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DISCLAIMER

This report has been reviewed by the Envirenmental Monitoring and _Suppurt _I_abaratm'gr-
Cincinnati, U.5. Environmental Protection Agency and approved for publication. Mention of trade
names or commercial products does not constitute endorsement or recommendation for use.
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FOREWORD

Environmental measurements dre required to determine the quality of ambient waters and the
character of waste effiuents. The Enwronrn&ntar Mnnltr:lnng and- support L,ahmamr-,,r |EM5L|—
Cincinnati conducts research to:

Develop and evaluate techniques to measure the presence and concentration of
physical, chemical, and radiological pollutants in water, wastewater, bottom
sediments, and solid waste,

Investigate methods for the concentration, recavery, and identification of viruses,
bacteria and other microorganisms in water,

Conduct studies to determine the responses of aguatic organisms to water quality.

Conduect an Agency-wide quality assurance program to assure standardization and
guality control of systems for monitoring water and wastewatsr.

This publication of EMSL-Cincinnati, contains the methods selected by consensus of EPA
sanior microbiologists for parameters of interest to the Agency. Federal agencies, states,
municipalities, universities, private laboratories, and industry should find this manual of assistance
in monitoring and ¢ontralling microbiological pallution in the environment,

Dwight G. Ballinger
Director, EMSL-Cineinnati
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PREFACE

The Federal Water Pollution Comtrol Act Amendments of 1372, the Marine Protection,
Research, and Sanctuaries Actof 1972, and the Safe Drinking Water Act of 1974, require that EPA
develop and select methods for environmental monitoring and research on public and private
water supplies, rivers, lakes, ground waters, wastewsters and the marine environment for the
purposes of setting and enforcing environmental standards and ultimately enhancing the quality of
the environment. This manual of methodology supports these needs,

Under the direction of a Steering Committee formed for the development of an Agency
microbiology manual, a saminar was held among representative Agency microbiologists in San
Francisco, January, 197 3. Assignments were made to committes members for the preparation of
first draft matarial. The basic design, format and content of the manual were established and the
first drafts prasented and raviewead at the second meeating of the Committes in Januwary, 1874 at
Cincinnati.

The drafts submitted by the Steering Committee members wers formatted and developed Into
the initial version under EPA Contract Mo, 88-03-0431 by Dr. Pasquale Scarping, Professor of
Environmental Engineering, Dapartment of Civil and Environmental Englneering, University of
Cincinnatl, working with the two EPA editors: Robert Bordner, Chief Microbiology Section,
Blological Methods Branch and John Winter, Chief, Quality Assurance Branch, both of EMSL-
Cincinnatl. Subsquently, these editors added technical detall and the necessary information
reflecting Agency policies. Valuable source documents for This Manual were Current Practices in
Water Micrnbiulngb Mational Training and Operational Technology Center and Handbook for
Euniuatin% ater Bactariological Laboratories, Municipal Environmental Research Center, bath of

. A, Cincinnati, Ohio. The refined product is presented here.

Comments or questions concerning the manual should be directed to:

Robert Bordner ar John Winter

U.5. Environmental Protaction Agency
EMSL-Cincinnati

Cincinnati, OH 45268
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PART . INTRODUCTION

A5 the only direct measures of pollution by man and other warm-blooded animals,
microbiclogical parameters contribute unique information on water and wastewater quality and
public haalth risk from waterborne disease. Microbiological analyses are conducted to:

Monltor ambient water guality for recreational, industrial, agricultural and water supply usas,

Assure the safety of potable water,

Monitor municipal and industrial discharges,

Identify the sources of bacterial pollutants,

and evaluate waler resources.

Rele of the Aguatic Microbiclogist

Although thair primary role is to produce wvalid data for management decisions,
microbiologists should also participate in survey planning and evaluation, develop new microbjal
parameters and methodology, consult on microbiological problams, establish and monitor criteria
and standards, testify in administrative hearings and court cases, train laboratory staffs and
rasearch special problems, Microbiologists should also go beyond sanitary microbiclogy to solve
taste and odor problems, to study microbiological transformations, and to apply other
measurements to the aguatic scosystem.

Scope of the Microbiology Manual Saries

This EPA manual provides uniform laboratory and field methods for microbiclegical analyses
of the environmaent. The analytical methods are standardized procedures recommended for use in
enforcement, monitoring and research. However, they are not intended to inhibit or prevent
methods research and development. Exploratory and developmental methods are compilad sepa-
retely for evaluation but are part of the EPA Microbiology Manual Series.

The environmental areas covered will include:
. All waters — fregh, estuarine, marine, shellfish-growing, agricultural, ground, surface,

finishad . recreational and industriel orocessina.
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All waters — fregh, estuarine, marine, shellfish-growing, agricultural, ground, surface,
finished, recreational and industrial processing.

INTRODUCTION

] All wastewaters of microbliolagical concern - domestic waste affluants, industrial
wastes such as food, dairy, meat, tanning, sugar, textile, pulp and paper, shellfish
processing and agricultural wastes such as feadiot and irrigation runoff,

- Other areas of the environment = air, sediments, s0ils, sludges, alls, lsachates,
vegatation, ete,

Coverage of the First Edition of the Manual

Although the scope of the Manual Serias is broad and inclusive of many parameters and
sample types, the first edition describes primarily the analytical methods that meest the immediata
needs of the Agency. These are the key parameters that are accepted and used for water guality,
eampliance monitoring and enfercemeant under Federal Water Pallution Control Act, PFL 82-600,
Marine Protection, Research, and Sanctuaries Act, PL 92-532 and the Safe Drinking Water Act, PL
93-523.The necessary supportive sections include: sa mple callection, equipment and technigues,
cultural media, glassware preparation, quality control, data handling, safaty, legal considarations
and selection of analytical methods,

Foous of the Manual

This Manual is intended for use by the supervisor or analyst who may be & professional
micrabialogist, a technician, chemist, anginaer or plant operator. Regardless of other skills, the
superviser and analyst should have received st least two weaks training in each parameter from a
faderal or state agency or from a university.

To assist the new analyst, Partll has been prepared as a basic discussion on laberatory operations
and for general guidance te permit use of the manual by those raguired to do microbiological
analyses, The tralned analyst will be familiar and knowledgeable of most of these technigues,
The analytical procedures in Part Il are written in a stepwise mannar so that the manual can be
used both at bench level and as a referance book. Part 1V emphasizes the important, but often neglect-
ed nead for quality control in microbiological analyses, while PartV deseribes general conslderations
for laboratory management,

Objectives
The objectives of This Manual are ta:

. Select the best method currently available for use in the environmental monitoring,
compliance monitoring, enforcement and research activities of the Agency.

] Establish unifarm application of micro biological methods so that only the best methods

are used and perpetuated, data from different laboratories or surveys can be fairly

compared and/or results can be stored in & common data bank. e.a. STORET. for later
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are uged and perpetuated, data from different laboratories or surveys can be fairly
compared and/or results can be stored in @ common data bank, e.g., STORET, for later
Usg.

. Provide guidance on the use of these methods, their advantages, limitations and
application to various types of water and wasies.

Establish recognized procedures far method selection and evaluation that will farm the
baseline against which other tests for the same or new parameters can be measured,

Emphasize the analytical quality control and management practices that -:.hnujd ba
performed in the laboratory to assure valid data,

SGEPA  MICROBIOLOGICAL MANUAL 1978

Criteria

The first edition of This Manual describes the parameters of health and sanitary significance.
In the futura, the critaria for addition of @ method to the Manual are:

™ The method Is required to satisfy new or changing needs of the Adency.

- The method is practical for field and laboratory use. Equipment, supplies and media are
available and tha procedure provides results within reasonable time limits.

[ The method offers significant advaniages over currant methods.

- The method has been validated by the developer or by others according to the criteria
for Comparative Testing of Methodology and Method Characterization. {Ses V-C-1).

- The method criteria and charactarization have baen reviewed and accepted by the EPA
Steering Committee for Microbiology.
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INTRODUCTION 3

PART Il. GEMERAL OPERATIONS

This Part d&scribasﬂje general procedures which are applicable m.the muthods of analysis for
all paramaters. Thsr Sections provide the basic background information that must be understaod
when the analytical procedures are carried out. The procedures are divided here into broad areas

of function:
Section A Sample Collsction, Preservation and Storage
Section B General Laboratory Equipment, Techniques and Media
Section C Isolation and Enumeration of Bacteria
Section D Salection of Analytical Methodology
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PART Il

GENERAL OPERATIONS

Section A Sample Collection, Preservation and Storage

Collection, preservation. and storage of
water samples are critical to the results of
water guallty analyses, The data are anly as
valid as the water sample,

A sampling program must be planned to
satisfy the objectives of the study yet remain
within the limitations of available manpower,
time and money, The survey should use the
minimum number of samples that adequataly
represent the effluent or body of water from
which they are taken. The number of samples
and location of sampling sites should be deter-
mined prior to the survey and must satisfy the
requirements needed to establish water qual-
ity standard or effluent permit viclations.

The microbiclogist should participates in
the planning which specifies the microbiologi-
cal tests neaded, the number of analyses to be
parformad, and the equipment required. Con-
sideration should be given to the weather and
othar local conditions prier to the formulation
of a final plan. For example, seasonal varia-
tions in water temperature and flows would be
impartant factors in deciding when to study
the effects of thermal pollution on bacteria.
Sample collectors must know the exact loca-
tion of the sampling sites and be fully trained
in the aseptic technigue of sample collection
as wall as the use of any specialized sampling
aquipment. The sample collector is respansi-
ble far the recording of all pertinent informa-
tion about the sample that might be significant
in ‘the ewvaluation and interpretation of the
laboratory data or that might be necessary in
potential enforcement action.

This Section is organized as follows:

1. Sample ﬁﬂntalnars
2, Sampling Technigues

Compaosite Sampling
Surface Sampling by Hand
Surface Sampling by
‘Weighted Bottle Framea
Depth Sampling
Soil Bampling
Sediment Sampling
Water Tap Sampling
3. Sample identification
Handling

4, Chain of Custody Procedures

and

5. Selection of Sampling Sites and

Frequency

Potable Water Supplies
Lakes and Impoundmeants
Stream Sampling

Marine and Estuarine
Sampling

Domestic and Industrial
Waste Discharges
Recreational Waters
Shallfish-Harvesting Waters
Frequency of Sampling

G. Praservation and Transit

Samples

. SAMPLING TECHNIQUES
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1. Sample Containers

1.1 Sample Bottles: Bottles must be resis-
tant to sterilizing conditions and the solvent
action of water. Wide-mouth borosilicate glass
bottles with serow-cap or ground-glass stopper
or heat-resistant plastic bottles may be used
if thay can be sterilized without producing toxic
materials (see suggested sampla containers in
Figure 1l-A-1), Screw-caps must not produce
bacteriostatic or nutritive compounds upan
starilization.

1.2 Selection and Cleansing of Bottles:
Sample bottles should be at least 125 ml val-
ume for adequate sampling and for good mixing.
Bottles of 260 mi, 500 ml and 1000 m| volume
ara often used for multiple analyses. Discard
bottlas which hawve chips, cracks, and etched
surfaces. Bottle closures must be water-tight.
Before wse, thoroughly cleanse bottles and
closures with detergent and hot water, fol-
lowed by a hot water rinse to ramove all trace
of datergent. Then ringe them three times with
laboratory-pure water {I1-8,8), A test for the
biological examination of glassware whare
bacteriostatic or Inhibitory residues may
be present, is describad in Part IV-A, 5.1.

1.2 Dechlorinating Agent: The agent
must be placed in the bottle when water and
wastewater samples containing residual ehlo-
rine are anticipated. Add sodium thiosulfate to
the bottle before storilization at 2 concentration
of 0.1 ml of &8 10 percent solution for each
125 ml (4 oz.) sample volume (1). This concen-
tration will neutralize approximately 15 mg-I
of rasidue chlorina.

1.4 Chelating Agent: A chelating agent
should be added to sample bottles wsed to
collect samples suspected of contasining
=0.01 mg/liter coneentrations of heavy metals
such as copper, nickel or zine, etc. Add 0.3
ral of a 15 percent solution of ethylensdia-
minetotraacetic acid (EDTA) tetrasodium salt,
for each 128 mil (4 oz.) semple volume prior to
starilieation {2, 3).

1.5 Wrapping Bottles: Protect the tops
and necks of glass stoppered boitles from
contamination by covering them before sterili-
zation with aluminum foil or kraft paper.

1.6 Sterilization of Bottles: Autoclave
glass or heat-rasistant plastic bottles at 121 C
for 16 minutes. Alternatively, dry glassware
may be starilized in a hot air oven at 170 C for
not less than two hours, Ethylene oxide gas
sterilization is acceptable for plastic containers
that are not heat-resiztant. Sample bottles
sterilized by gas should be stored overnight
before being used to sllow the last traces of
gas to dissipata. See Part -8, 3 for steriliza-
tion procadures. ’

1.7 Plastic Bags: The commercially-
available bags (Whirl-pak) are a practical sub-
stitute for plastic or glass sample bottles in
sampling seoil or sediment. Sea Figure 11-A-1,
The bags are sealed in manufacture and opened
only at time of sampling. The manufacturer
states that such bags are sterilized.

2. Sampling Techniques

Samples are collected by hand or with a
sampling device if {1) depth samples are re-
quired or (2) the sampling site has difficult
access such as a manhole, dock, bridge or
bank adjacent to a surface water,

2.1 Chlorinated Samples: Whan samples,
such as treated waters, chlorinated wastews-
tera or recreational waters, are collegted, the
sample bottle must contain a dechlorinating
agent {see this Section, 1.3}

2.2 Composite Sampling: In no case
should a composite sample be collected for
bacteriological exemination, Data frem indi-
vidual samples show & renge of valuas. A com-
posite sample will not display this range. Indi-
vidual resulis will give information about in-
dustrial process variations In flow and compo-

B EPA  MICROBIOLOGICAL MANUAL 1978
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FIGURE Il-A-1. Suggested Sample Containers

A Screw-cap Glass or Plastic Battla,
Plastic Bag [Whirl-pak).

C Glass Stoppered Bottle,
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SAMPLING TECHNIQUES

sition. Alse, one ar mare portions that make up
a8 composite sample may contaln toxie or nutri-
tive materials and cause erroneous results.

2.3 Surface Sampling by Hand: A grab
sample is obtained using a sample bottle pre.
pared as described in 1. abova. Identify the
sampling site on & chain of custody tag If
raquired, or on the bottle labal and an a field
log sheet (see 3], Remove the bottla covering
and elosure and protect frem contamination.
Grasp the bottle at the base with one hand and
plunge the bottle mouth down into the water to
avoid introducing surface scum. Position the
mauth of the bottle into the current away from
the hand of the collector and away from the
side of the sampling platform or boat [see
Figura Il-A-2). The sampling depth should be
15 ta 30 cm (B to 12 inches) balow the water
surface, If the water body is static, an antificial
currant can be created, by maoving the bottle
horizontally in the direction it is pointed and
away from the sampler. Tip the bottle slighthy
upwards to allow air to exit and the bottle to
fill, After remaval of the bottle from the straam,
pour out a small portion of the sample to allow
an air space of 2.5 to § em (1 to 2 inches)
above each sample for proper mixing of the
sample before analyses. Tightly stopper and
label the bottle.

2.4 Surface Sampling by Weightad Bot-
tle Frama: Whan sampling from a bridge or
othar structure above a stream or body of
water, the sample callector places the bottle in
a weighted frame (see Figure ll-43} that holds
the bottle securely. Remove cover and lower
tha davice to the water. It is preferable to use
nylen rape which does not absorb water and
will not rot. Face the bottle mouth upstream by
swinging the sampling devica first down-
stream, and than allow it to drop into the water,
without slack in the rope. Pull the sample de-
vice rapidly uvpstream and out of the water,
thus simulating the seooping motion of grab
sampling described in 2.3. Take care not to
dislodge dirt or other material that might fall

intrn tha nAnan hatile fram tho cassslies

samples from lakes, reservoirs, estuaries and
the oceans. These depth samplars require low-
erfing the sampling device and/or container to
the desired depth, then opening, filling, and
closing the container and reterning the device
1o the surfaca. Although depth measuraments
are best made with 8 pre-marked steel cable,
the sample depths can be determined by pre-
measuring and marking the nylon rope at inter
vals with a non-smeaaring ink, paint, or finger-
nail polish. The following list of depth sam-
plars is not inclugive but can serve as a gulde:

2.5.1 ZoBell J-Z Sampler: This sampler
described by ZoBell in 1841 (4] was designed
for deep sea sampling but is also used in fresh
waters. Figure [I-A-4 shows its general ap-
pearance, It has a metal frame (A}, & haawy
metal messenger [B), & sealed glass tube (C)
attached to a rubber tube (D), and a sterile
350 ml glass bottle (E} or a collapsible neo-
preng rubber bulb for shallow waters. The
messenger (B) is relagsad at the surface when
the sampler reaches the desired depth, and
breaks the glass tubing (C) at a file mark, The
bent rubber tubing (D} then straightens out and
the water is drewn in several inches from the
samplar. A partial vaouum created by aute-
claving of the sealed unit draws the water into
the bottle.

2.6.2 Niskin Sampler: This is sometimes
called a sterile-bag or "Book” sampler see
Figure I-A-5) {5). & messenger triggers the
opening of two plates (A) in V-fashion by spring
power, and cawses the sterile plastic bag (B) to
inflata. At the same time a plastic filler tuba {C}
leading to the plastic container is cut by &
guillating knife (D) and the bag fills with water,
The bag is then auvtomatically sealed with a
clamp {E} and the apparatus i brought to the

" surface, Samplers are available that will hold

1. 2,3, ar B liters of water.

2.5.3 Mew York Dept. of Health Depth
Sampler: This device [3ee Figure i1-A-8) de-
pends upon a vane (A) and lever (B} mechanism
to lift the glass smprzer [[+] as watar mema |s

PN HIFAR [ IR JR———
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DOPINY USIUTIRED IR L3 TEKE Care not o
dislodge dirt or other material that might fall
into the open beottle from the sampling
platfarm,

2.5 Depth Sampling: Several additional
davices are needed for collection of depth

pends upon a vane (A) and lever (B} mechanism
ta lift the glass stopper ) as water inertia is
applied by a sharp upward tug on the line (D)
altached to the apparatus. As the stopper s
lifted, the bottle fills before the detachment of
the stopper from the vane oocurs and closes
the sample bottle (B).

B SEPA  micROBIOLOGICAL MANUAL 578

http://nepis.epa.gov/Exe/ZyNET.exe/300014TD.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (28 of 407)1/24/2007 4:12:45 PM



Document Display | NSCEP | US EPA

FIGURE I-A-2. Demonstration of Technigue Used in Grab Sampling of Surface Waters,

SAMPLING TECHMIQUES 8
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FIGURE ll-A-3. Weightad Bottle Frame and Sampla Bottle for Grab Sampling,

SERA  MICROBIOLOGICAL MANUAL 1978

i

W,
"

o e -

http://nepis.epa.gov/Exe/ZyNET.exe/300014TD.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (30 of 407)1/24/2007 4:12:45 PM



Document Display | NSCEP | US EPA

o i

= = B

e | A
A
AN

B

: “1 & £

L .

Coy L}

.-"'/,' e

[EE "-._.-"-..-"

FIGURE II-A-4. Zobell J-Z Sampler. (&) matal frame, (B) messenger, (C) glass tube,
{D) rubber tube and (E) sterile sample bottle.

SAMPLING TECHNIQUES it
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FIGURE ll-A-B. Niskin Depth Sampler. (&) hinged plates, (B) plastic bag,
(C) plastic filler tube in sheath, (D) guillatine knife and (E}
closure clamp.

SEFA  MICROBIOLOGICAL MANUAL 1978
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FIGURE l-A-6. New York State Dept. of Health Depth Sampler. (&) vane, 131] lever
inclosed position, 132}1au3r in open position, (C 1}9!&35 stopperin

closed position, (C7) glass stopper in open pasition, (D) sUspension
line, and (E) metal frame,

SAMPLING TECHMNIQUES 13
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2.5.4 Kemmerer Sampler (7 This depth
sampler (see Figure [4-7) has been used with-
out sterllization to collect bacteriological
water samples in high pollution areas. The
szampler consists of a cylindrical brass or plas-
tic tube (F) that contains a rubber stopper or
valve at either end (D and G} The valves are
connected 1o a rod (E) that passes through the
center of the cylinder. The device is lowered
into the water in the open position, and a water
sample is trapped in the cylinder when the
valves are closed by a droppad messenger [B).
The Kemmerer sampler should not be used for
collecting bactariclogical samplas without ob-
taining data that support its use without
sterilization.

2.6 Sedimant Sampling with Van
Donsal-Geldreich Samplar [8): This device
(sea Figure |-4-B) collects sediment or mud in
sterile "Whirl-Fak" plastic bags (A) down to 80
footdepth. The bag mouth is wrapped over
a noseplece (B), and the bag iz kept closed
during descent to the bottom by a bag clamp
bar (H). As the mud plate (D) contacts the bot-
tom, the nosepiace (B) is driven into the sedi-
ment by the weight (C) of the sampler. As the
noseploce (B) mowves downward, the bag [A)
slides through the bag clamp bar [H), opens,
and fills with sediment. The bag is sealed when
the double noose (F) tied to the bottom of the
bag is pulled, before the apparatus is returned
to the surface.

2.7 Water Tap Sampling: Make certain
that samples ara not collacted from spigots
that |leak around their stems, or from spigots
that contain seration devices or screens within
tha faucet, For samples taken from direct water
main connections, the spigot should be flushed
for 2-3 minutes to clear the service line. For
walls equipped with hand or mechanical
pumps, pump the water to waste for five min-
utes before the sampla is collected. Remove
the cap aseptically from the sample bottle. Hold
the semple bottle upright near the base while it
is balng filled. Avoid splashing. Do not rinse the
bottle with the sample; fill it directly to within
2.6 cm {1 Inch) from the top. Replace boitle
closure and hood covering., Cautlon must ba
used to prevent contaminating the sample with

finger, gloves or other materials. If the well
doas mot have pumping machinery, collect the
sample using a weighted sterilized sample
bottle, such es described in 2.4 above, and
shown in Figure 11-4-3, Care must be taken to
avoid contaminating the sample with the sur-
face scum frem the water surface.

2.8 Boil Sampling

2.8.1 Selection of the sampling site is
based on knowledge of the area and the pur-
poses of the analysas, e, surface sampling for
natural background, surface contamination, or
below surface sampling to monitor treatment
effect such as irrigation, or stormwater rungff,

The actual sites for sampling and the num-
bar of paints to be sampled must be predeter-
mined by the survey cbjectives. Soll sampling
has the advantage of permitting the survey
planners to lay out a stable grid network for
sampling and resampling over a given time
period,

2.8.2 If a surface sample is dasired, scrape
the top one inch of soil from a square foot area
using a sterile scoop or spoon.

If a subsurfaca sample is desired, use a
starile scoop ar spatula to remowve the top
surface of one inch or more from a one foot
sguare area. Use a second sterile scoop oF
spaon totaka the sample.

Place samplings in a sterile one guart
screw-cap bottle until it is full, Depending on
the amount of moisture, a one quart bottle
holds 300-800 grams of soil. Label and tag
the bottle carefully and store at 4 C until
analyzed,

3. Sample Identification and Handling

3.1 Specific details on sample identifica-
tion are entered on a permanent label. Take
care in transerbing sampling information to
the label, becauvse the enforcement action may
depend upon evidence of primary labeling.
See 4, in This Section. Labels must be clean,
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closure and heod covering, Cautlon must be depend upon evidence of primary labeling,
used to prevent contaminaiing the sample with See 4, in This Section. Labels must be clean,
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FIGURE II-A-7. Kemmerer Depth Sampler. (&) nylon line, (B) messenger, (C) catch set sg
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FIGURE II-A-7. Kemmerer Depth Sampler. (&) nylen line, (B) messenger, (C) catch set so
thatthe sampler is open, (D) top rubber valve, (E) connecting rod between
the valvas, (Fj tuba body, (G) bottom rubber valve, (H) knot at the bottom of
the sugpension line and (|} rubber tubing attached to the spring loaded

check valve.
1

SAMPLING TECHNIQUES
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FIGURE II-A-8. Van Donsel-Geldreich Sediment Sampler. {4) sterile “Whirl-Pak™ plastic
bag, (B) nose piece, (C)weaight, () mud plate, (E) slide bar, {(F} part of the

double noose, (G) attachment far the suspension ling and {H) bag alamp

bhar.

SEPA

MICROBIOLOGICAL MANUAL 1978

waterproof, non-smearing and of sufficient
size for the necessary information. Labal must
be securely attached to the sample bottle, but
removable when necessary. Do not accept in-
sufficiently or improperby labaled samples for
gxamination. A sample label showing the mini-
mum information required is pictured In Figure
-89 .

3.2 Field Data Record: A field record
should be completad on each sample to record
the full details on sampling and other pertinent
remarks such as flooding, rain or extreme tem-
perature which are relevant to interpretation of
results. This record 8lso provides a back-up
record of sample Identification. One example
ig shown in Figure |1-4-10, -

3.3 Marking Device: & marking pen ar
other device must be non-smearing if wetted,
and maintain a parmanant legible mark.

3.4 Transport Container: Insulated ice
contalners in which the sample can be held, are
recommeandad.

3.5 Storage of Samples: A refrigarator is
necessary for storage of samples at the labora-

tory. The temperature range of the refrigerator
is 1-4 C,

4. Chain of Custody Procedures

4.1 General: An agency must demon-
strate the reliability of its evidence in pollution

{a)in actual physical possession, or

ib} in view after baing in physical posses-
sian, or

e} in physical possession and locked up so
that no one could tamper with it,

4.1.2 Personnel should receive copies of
study plans and know tha contents prior to the
study. A pre-study briefing shall be held to
appralse participants of the objectives, sample
locations and chain of custody procedures.
After chain of custody samples are collacted, a
de-briefing is held in the field to determine
adhereance to chain of custody procedures and
whether additional samples are required.

4.2 Rules for Sample Collection

4,21 Handle the samples as little as
possible.

4.2.2 Obtain stream and effluent samples
uging standard microbiological sampling
tachniguas.,

4.2.3 Attach sample tag orlabel (Figure
[l-A- 8 | to the sample container, The tag or
label should contain as- a minimum: serial
number of fabel. location, date andtime taken,
type of sample, sequence numbaer (first sample
of the day - sequence No. 1, second sample,
sequence No. 2, etc), analyses required and
sample collector. The tags must be filled out
legibly in waterproof ink.
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4.1 General: An agency must demon-
strate the reliability of its evidence in pollution
cases by praving the chain of possession and
custody of samples which are offered for ewi-
dence or which form the basis of analytical
rasults introduced into evidence. It is impera-
tive that the office and laboretory prepare writ-
ten procedurss to be followed whenever avi-
dence samples are collected, transferred,
stored, analyzed, or destroyed,

4.1.1 The primary objective of these pro-
cedures is to create an accurate written record
which can be used to trace the possession of
the gample from the moment of its collection
through its introduction into evidence, A sam-
ple isin custody if itis:

e a8 R e g e SR

legibly in waterproof ink.

4.2.4 Use 2 bound notebook to record
fisld measuraments and other pertinent
information necessary to refresh the sampler’s
memary if the person later becomes a witness
in an enforcment proceeding, A separate sot of
field notebooks should ba maintained for sach
study and stored in a safe place where it can
be protected and accounted for. A sample log
sheat with a standard format should be
established to minimize field entries and
include the date, time, survey,type of samples,
volume of each sample, type of analyses,
label and sample numbers, sample location,
field measurements such as temperature,
conductivity, D0, pH, and any other pertinent

SAMPLING TECHNIQUES 17

EPA, MATIONAL ENFORCEMENT INVESTIGATIONS CENTER

“Station Ne. Data Tima Sequence Mo
Station Location Grab
Comp.
BOD Matals Remarks|Presarvative
bt Solids Gil nd Groase
= Cop D.O.
E Mutrients Bact.
5 Othar
2
E Samplars:
1
FIGURE II-A-9. Example of 8 Sampla Label.
SERLAL SHEET WO,
=1 ]
FIELD DATA RECORD
SamnE DATE OF L TEMP| OTHER REMUARHS
ST | temeen oo e S
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US EFA, NEIC-Dranwer

FIGURE lI-A-10. Field Data Record,
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information or obsarvation (Figure l1-4-1 1). The
entries should be signed by the sample
collector. The responsibility for preparing and
storing sample notebooks during and after a
study should be assigned to a study
coordinator, or his designated representative.

4.2.5 A fiald collector is responsible for
the samples collected untll properly  dis-
patched to the recelving laboratory or turned
ovar to an assignad custodian, He must assura
that each container is in his physical posses-
sion or in his view at all times, or stored in 8
locked place where no one can tamper with it,

4.2.6 Color slides or photographs should
be taken of the sample location and any visible
water pollution. The signature of the photo-
grapher, time, date, and site location must bea
written on the back of the photo, Such phaoto-
graphs should be handled according fo the
established chain of custody procedures to
prevent alteration.

4.3 Transfer of Custody and Shipment

In transfer of custody procedures, sach
~ eustodidn of samples must sign, record and
date the transfer. Most regulatory agencies
develop chain of custody procedures tailored
to their needs. These procedures may vary in
format and language but contain the same
essential elements. Histarically, sample trans-
far under chain of custody has been on a
sample by sampla basis which Is awkward and
time-consuming. However, EPA’s Mational En-
forcement Investigation Center (NEIC), Denver
has set 8 precedent with its bulk transfer of
samples. Bulk trensfer Is speedier, reduces
paperwork and the number of sample custodi-
ans. The followlng description of chain of cus-
tody s essentially that of NEIC-Danver (3).

4.3.1 Samples must be accompanled by a
Chain of Custody Record which includes the
name of the study, collector's signature, sta-
tion number, station location, date, time, type
of sample, sequence number, number of con-
tainers and analyses requirad {Figure |l-4-12),
When turning over the possession of samples,
the transferor and transferee sign, date and
note time on the sheet. This record sheet al-

lows transfer of custody of a group of samples
in the field, te the mobile laboratory or to the
MEIC-Denver laboratory. When a custodian
transfers a portion of the samples identified on
the sheet to the field maobile laboratory, the
individual samples must be noted in the cal-
umn with the signature of the person relin-
guishing the samples. The field laboratory per-
son receiving the samples acknowledges re-
ceipt by signing in the appropriate colummn,

432 I 8 custodian has  not been
assigned, the field custodian or figld sampler
has the responsibility for packaging and
dispatching samples to the laboratory for
analysis, The "Dispatch” portion of the Chain
of Custody Record must be filled out, dated,
and signed.

4.2.3 Samplas must be carefully packed in
shipment containers such as ice chests, to
avoid breakage. The shipping containers are
padlocked for shipment to the receiving
laboratory.

4.3.4 Packages must be accompanied by
the Chain of Custody Record showing
identification of the contents. The original
must accompany the shipment. & copy is
retained by the survey coordinatar,

4.3.5 If samples are dellvered to the
labaratory when appropriate personnel are not
there to receive them, the samples must be
locked im & designated area within the
labaratory so that no one can tamper with
them. This same person must return to the
labaratory, unlock the samples and daliver
custody to the appropriate custodian.

4.4 Laboratory Custody Procedures

441 The laboratory shall designate a
“gample custodian™ and an alternate to act in
hiz abgence. In addition, the laboratory.shall
sel aside a5 a "sample storage security area”™,
an isclated room with sufficient refrigerator
gpace, which can be locked or just a locked
refrigerator in smaller laboratorias,

. 4.4.2 Samples should be handlad by the
minimum possible number of parsons.

SAMPLING TECHNIQUES 18
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SERIAL SHEET MO.
EMVIROMMENTAL PROTECTION AGENCY
Office OF Enfarcement
KATIOHAL ERFORCEMENT |NVESTIGATIONS CENTER
Bullding 53, Box 35337, Donver Fedesnl Cantar
. Denver, Calosada 50225
CHAIN OF CUSTODY RECORD
SdmFiE TPFE
irlﬂ"i:;: STATIDN LOCATION oulE i | qu-{-l " ’:’é‘ m’;ﬁ;fiﬁ e J"‘”:'."':.:‘_"-EAl
Cawp o
Relinguithed by: jsgaair) Rocalved by sgrate Dt Time
Rolinguished by: o) Received by: imasame Date/Time
Relinguished by: fmgsanm Recelved by: iSpmatrg DiatefTime
Ralinquished by: S Recoivad by Moblle Loboratary for Held Diata/Tima
analysis: Sprake) l
Dispatched by: spatan) Dote/Time | Received for Laborobory by [Crarte, Time
Method of Shipment:
Dindribufion; Orig — Accampany Shiprsend
1 Copy = Survey Coardinator Flald Fllas [

FIGURE 11-A-12. Chain of Custody Record.
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FIGURE I1-A-12. Chain of Custody Record,
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4.4.2 Incoming samples shall be received
only by the custodian, who will indicate receipt
by slgning the Chain of Custody Record Sheet
accompanying the samples and retaining the
shoeot as a parmanent record, Couriers picking
up samplas at the airport, post office, etc. shall
sign jointly with the laboratory custodian.

4.4.4 Immediately upon recelpt, the custo-
dian places samples In the sample room,
which will be locked at all times except when
samples are removed or replaced by the custo-
dian. To the maximum extent possible, only the
custodian should be permitted in the sample
room,

445 The custodian shall ensure that
microbiclogical samples are properly stored
and maintainad at 1-4 C.

4.4.6 Only the custodian will distribute
samplas to parsonneal who are to perform tests.

4.4.7 The analyst records information in
his laboratory notebook or analytical work-
shaeot, describing the sample, the procedures
parformed and the results of the tasting, The
notas shall be dated and indicate who per-
formad the tests. The notes shall be retained
gs a parmanent record in the laboratory and
should include any abnormalities which oc-
curred during the testing procedure. In the
event that the person who performed the tests
is not aveilable as a witness at time of trial,
tha government may bs able to introduce the
notes in evidence under the Federal Business
Rocords Act,

4.4.8 Standard methods of laboratory
analyses shall be used as described in the
“Guidelines Establishing Test Procedures for
Analysis of Pollutants,” (10} and amendments,
If laboratory personnel deviate from standard
procedures, they should be prapared to justify
thelr declsion during cross-examination.

4.4.9 Laboratory personnel are responsi-
bla for the care and custody of 3 sample once it

Ew bhammallmadl =is=o f2 bbb . F L _..BJ0 L_ ___

receivad from the custodian wuntil the tests
WWEFE FUN.

4.4.10 Once the sample testing is com-
pleted, microbiological samples can be dis-
carded but identifying tags and laboratory
record should be returned to the custodian.
Other documentation of work will also be
given to the custodian.

4.4.11 Tags and laboratory records of
tests may be destroyed only upon the arder of
the Laboratory Director, who will first confer
with the Chief, Enforcement Specialist Office,
to make certaln that the information 15 no
longer required.

5. BSelaction
Frequency

of Sampling Sites and

These will be described for potable and
recreational waters, streams, lakes, reservoirs,
estuaring, and marine waters as well as do-
mastic and industral wastewaters.

5.1 Potable Water Supplies

An expanded program to maintain the san-
itary. quality of potable water supplies has
been recently establishaed by the National In-
terim Primary Drinking Water Regulations (11}
The sampling program includes examination
of water as it enters and flows throughout the
distribution system. For application of the EPA
Drinking Water Standards, the frequency of
sampling and the location of sampling points
are established jointly by the utility, the
Reporting Agency, &nd the Certifying
Authority. Additionally, the laboratory, the
methods of analyses, and the technical
competence of personnel must be inspected
and approved by the Reporting Agency and
the Certifying Authority.

5.1.1 Sampling Water Supplies: Figure |I-
H-13 shows how reservairs and lakes used as
water supplies are sampled: (&) at inlets, (B) at
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4.4.9 Laporatory parsonnel are respongi- A-13 shows how reservoirs and lakes used as
bla for the care and custody of 8 sample once it water supplies are sampled: (A} at inlets, (B) at
i handed over to them and should be pre- other possible sources of pollution, (C) at the
parad to testify that the sample was in their draw-off point, (D) at quarter point intervals
possassion and view or secured in the labora- around the draw-off point at about the same
tory at all times from the moment it was depth and (E) atthe reservoir outlet.
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FIGURE I-A-13. Sampling a Water Supply Reservoir. [A) influent stream, {E) p-n.s.sihle
agricultural comtamination, [C) water plant intake. (D) multi-point
sampling around intake and {E) reservair outlet.
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5.1.2 Sampling Treatment Systems: Sam-
pling should be representative of the distribu-
tion system and include sites such as munici-
pal buildings, public schools, airports ahd
parks, hydrants, restaurants, theaters, gas sta-
tiong, industrial plants and private residences.
A systematic coverage of such points in the
distribution system should insure the detec-
tion of contamination from breaks in water-
lings, loss of prassure or crossconnections.
The sampling program should also include
spacial sampling locations such as dead-end
distribution lines that ara sources of bactenal
contamination {12).

5.1.3 Sample Frequency: The minimum
number of samples which must be collected
and examined each month is based upon the
population density served by the distribution
system (Table ll-A-1). Samples should be col-
lected at evenly spaced time intervals through-
outthe month. In the event of an unsatisfactory
sample, repetitive samples must be collected
until two consecutive samples vield satisfac-
tory quality water. Repetithve samplas from any
single point or special purpose samplas must
not be counted in the overall total of monthly
samplas.

B.1.4 5tandard Sample: The standards for
microbiological qualty are based upon the
numbear of organisms allowable in a standard
sample. A standard sample for the membraneg
filter technique is at least 100 ml. For the MPN
tost, a standard sample consists of five stan-
dard portions of either 10 mlor 100 ml,

5.2 Lakas and Impoundments

6.3.1 Selection of Sampling Sites: A
typical stream sampling program includes
sampling locations upstream of the area of
concern, upstream and downstream of waste
discharges, upstream and downstream from
tributary entrances to the river and upstream
of the mouth of the fributary. For more
complex situations, where several waste
dizgcharges are involved, sampling includes
sites upstream and downstream from the
combined discharge area and samples taken
directly from sach industrial or munigipal
wWaste discharge. Using available
bacteriological, chemical and discharge rate
data, the contribution of each pollution scurce
can be determined, See Figure Il-A-14 and
-A-15.

§5.3.2 Small Streams: Small streams
should be sampled at background stations
upstream of the pollution sources and at
stations downstream fram poliution sources,
Additional sampling sites should be located
downstream tc  delineata the zones of
pollution. Awvoid sampling areas where
stagnation may occur (backwater of a
tributary) and areas located near the inside
bank of 8 curve in the stream which may not be
representative of the main channal.

5.3.3 Large Streams and Hivers: Large
streams are usually not well mixed laterally for
fong distances downstraam from the pollution
sources. Sampling sites below point source
pollution should be established to provide
desired downstream travel time and dispersal

e e T 1 J ) g S
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5.2 Lakes and Impoundments

Figure I-A-14 shows the range of sam-
pling points in a recreational impoundment or
lake: {A)inlets, (B) source of pollution, [C) grid or
transect across the long axis of the water bady,
{D}bathing beach and (E) outlet.

5.2 Stream Sampling

The objectives of the initial survey dictate
the location, frequency and number of sam-
plesto be collected.

pollution should be established to prowvide
desired downstream travel time and dispersal
as determined by flow rate messurements,
Farticular care must be taken to establish the
proper sampling points as shown in Figure [1-4-
15 Sampling point(A)isthe upper reach control
station, (B} monitors a non-point source of

- pollution, (C) samples the waste discharge as it

anters the stream, [(D) shows guarter-point
sampling below the pollution to detect chan-
neling, (D) slso serves as an upstream monitor
on the tributary measured as (E), and {F} moni-
tors the downstream effect of the tributary
after mixing. Occasionally, depth samples
are necessary to determine wvertical mixing
patterns.

24 SEPA.  MICROBIOLOGICAL MANUAL 1978

TABLE 1-A-1

Sampling Frequency for Drinking Waters Based on Population

Minimum number of
samples per month

Population served:

Population served:

25 10 1000 s 1
1001 to 2500 e e
2H01 to 3300 . i 3
3301 o 4,100 4
4101 to 4,900 -]
4801 w 5800, L]
5801 to 6,700... r
6,701 w 7,600 a8
7.601 w 8,500 9
BE01 1o G400 ..o 10
9,407 ta 10,300, w11
10,301 to 11,10 T3
11,101 to 12,000 13
12,001 t0 12800 e .14
12801 to 13,700.. wee 16
13,701 to 14800 . 18
14,601 to 15500 i7
16,6801 to 16,300 s 18
16,301 to 18
17,201 to 20
18,101 to 21
18,907 to 22
19,801 1o 23
20,701 1o 74
21,501 1o 75

SO001 to S8000 . e a5
BEO3T to 110000 s 100
111,001 to 130,000 v 110
130,001 to 160,000.. . e 120
160,001 120
180,001 140
220001 1850
250,001 160
280,001 170
320,001 180
360,001 190
410,001 200
450,001 e 210
500,001 . 220
550,001 230
600,001 240
BE0.001 260
720,001 2680
TE0.001 270
B4 0,001 280
810,001 200
A70,001 e A0
1,060,007 wo 1,140000 . . 310
1,140,001 o 1,230000 . . 320
1,230,007 o 1,320,000 ..o 330
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20,701
21,501
22,301
23,201
24,001
24,801
25,001
28,001
33,001
37,000
41,001
46,001
50,001
54,001
9,001
64,001
T0,.001
TE.001
B3,001

S88E8888¢8

i B LUR A 1 o -

1,140,001 to
1,230,001 to
1,320,001 to
1,420,007 to
1,520,001 to
1,830,001 to
1,730,001 to
1,850,001 1w
1,870,001 14
2080001 to
2.270,007 to
2510001 to
2. 750,001 to
2,020,001 to
3,320,001 to
3.620,001 to
3960,0031 to
4. 310,031 to
4,690,001 or

el o TSNP

1,230,000 .o
1,320,000 ..o
1. 420,000 ...

2,060,000 ... 400
2270000 e 410
2E10.000 e 420
2,750,000 ... e 430
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FIGURE Il-A-14, Sampling a Lake or impoundment. (4] inlets, (B) potential source
of pollution, 131: village, IBz:l agricultural rum-off, |:E-3:| home septic
tank, (C) multi-point transect, (D} bathing beach and (E) outlet above
and below dam.
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FIGURE II-A-15. Sampling a Large Stream. (A} control station, (B) agricultural pollution,
{C}industrial discharge, (D} quarterpoint transect [E) tributary, and
{F) downstream monitoring.
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5.4 Marine and Estuarine Sampling

Sampling marine and estuarineg waters
requires the consideration of other factors in
addition to those usually recognized in fresh
water sampling. They include tidal cycles,
current pattarns, bottom currents and counter-
currents, stratification, seasonal fluctuations,
dispersion of discharges and multi-depth
samplings.

The frequency of sampling varies with the
objectives. When a sampling program is
started, it may be necessary to sample every
hour around the clock to astablish pollutional
loads and dispersion patterns. The sawage
discharges may occur continuously or
intermittently,

When the sampling strategy for a survey is
planned, data may be available from pravious
hydrological studies done by Coast Guard,
Corps of Engineers, Mational Oceanic and
Armospheric  Administration  (NOAA), LS,
Gaglogical Survey, or university and private
research investigations. In & survey, float
studies and dye studies are often carried out tor
determine surface and undercurrents. Initially
depth samplas are taken on the bottom and at
fiva fest increments between surface and
bottom. A random grid pattern for selecting
sampling sites is established statistically,

B.4.1 Marine Sampling: In ocean studies,
the environmental conditions are most diverse
along the coast where shore, atmospherse and
the surf are strong influences. The shallow
coastal waters are particularly susceptibla to
dally fluctuations in temperature and seasonal
changes.

Sampling during the entire tidal cycle or
during a half cyela may be required. Many
oceaan studies such as sampling over the conti-
nental shelf involve huge areas and no two
areas of water are the same.

Selection of sampling sitas and depths are
mast eritical in marine wataers. [n winter, cool-
ing of coastal watars can result in water layers
which approach O C. In summer, the shallow
waters warm much faster than the deeper

waters., Daspite the higher temperature, oxy-
gen concentrations are higher in shallow than
in deeper waters due to greater water mowves
mant, surf action and photesynthetic activity
from macrophytes and the plankton.

Moving from the shallow waters to the
intermediate depths, one observes 8 modera-
tion of these shallow water characteristics. In
the deeper waters, there Is a marked stabliza-
tion of conditions, Water temperatures are
lower and mare stable, There is limited turbu-
lence, little penetration of light, sparse vegeta-
tion and the ccean floor is covered with a layer
of silts and sedimeants.

5.4.2 Estuaring Sampling: When a survey
is made on an estuary, samples are often taken
from a boat, vsually making an end to end
traverse of the esteary. Another methed in-
volvas taking samplas throughout a tidal cycle,
avery hour or two hours from a bridge or from
an anchored boat at a number of fixed points.

In & large bay or estuary where many
gquare miles of area are involved, a grid or
series of stations may be necessary. Twao sels
of samples are usually taken from an ares on a
given day, one at ebb or flood slack water, and
the other three hours earlier, or later, at the half
tidal interval. Sampling I8 scheduled so that
the mid-sampling time of each run coincides
with the calculated occurrence of the tidal
condition.

In locating sampling sites, one must con-
sider points at which tributary waters enter the
main stream or estuary, location of shelifish
beds and bathing beaches. The sempling sta-
tions can be adjusted as data accumulate. For
example, if a series of stations half mile apart
consistantly show similar wvalues, some of
these stations may be dropped and other sta=-
tions added in areas where data shows mara
variability.

Considerable stratification can aocur be-
tween tha salt water from the sea and the frash
water supplied by a river. [t is essential when
starting a survey of an unknown estuary to find
out whethar there is any marked stratification.
This can be donea by chlaride determinations at
different locations and depths. It is possible for
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waters warm much faster than the deeper
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different locations and depths. It is possible for
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stratification to occur in one part of an estuary
and not in another,

On aflood tide, the more dense salt water
pushing up intoc the less dense frash river
water will cause an overlapping with the fresh
water flowing on top. A phenomenon called a
galt water wadge can form. As a result, stratifi-
cation accurs. If the discharge of pollution is in
the zalt water layer, the contamination will be
concentrated near the bottom at the flood tida.
The flow or velocity of the fresh water will
influence the degree of stratification which
occurs, If one is sampling only at the surface, it
is possible that the data will not show the
polluted underflowing water which was con-
taminated at a point below the fresh water
river. Therefore, where stratification is sws-
pectad, samples at different depths will be
neaded to measure vertical distributian.

5.5 Domestic and Industrial VWaste

Discharges

It is often necessary to sample secondary
and tertiary wastes from municipal wasta
treatrment plants and various industrial waste
treatment operations. In situations where the
plant treatment afficiency varles considerably,
grab samples are collected around the clock at
gelected intarvals for a threa to five day period.
If it is known that the process displays little
variation, fewer samples sre needed. In no
case should a composite sample be collectad
for bacteriological examination. The NFDES
has established wastewater treatment plant
effluent limits for all dischargers, These are
often based on maximum and mean valuas, A
gufficient number of samples must be col-
lected to satisfy the permit and/or to provide
statistically sound data and give a fair.repre-
sentation of the bacteriological guality of the
discharge.

5.6 Recreational Waters

E.6.1 Bathina Beaches: Samolino sites at

marinas, or garbage collection areas [12).
Samples of bathing beach water should be
collected at locations and times of heaviest
use. Daily sampling, preferably in the after-
noon, is the optimum frequency during the
season. Weekends and holidays which are pe-
riods of highest use must be included in the
sampling program, Samples of estuaring bath-
ing waters should be abtained at high tide, ebb
tide and low tide in order to determine the
eyvelic water quality and deterioration that
must be monitored during the swimming
SEES0nN.

B.6.2 Swimming Pools: Swimming pool
water should be monitored at least dally dur
ing maximum use paericds, preferably at the
owerflow. It is important to test swimming poal
samples for newtralization of residual chlorine
at pool side to assure that the dechlorinating
agentwas effectiva.

&.7 Shellfish-Harvesting Waters

Water overlying shellfish-harvesting areas
should be sampled during pericds of most
unfavorable hydrographic conditions, usually
at low tide after heavy precipitation, Howawver,
shellfish beds are sometimes exposed during
low tide and must be sampled during other
tidal conditions. Procedures for sampling of
shalifish and water in shellfish growing areas
are govarned by tha National Shellfish Sanita-
tion Program’s Manual of Operations {1.3).

5.8 Freguency of Sampling

The frequency of sampling depends upon
the type of poliution that Is to be measured.
Cyelic pollution and its duration are measured
as frequently as practical immaediately down-
stream from the source. Uniform pollution
inads are measured at greater distances down-
stream from the source and at less frequent
time intervals than cyclic pollution. Climatic
and tidal conditions must be considered. in
marine and estuarine samopoling. A common
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B.6.1 Bathing Beaches: Sampling sites at
bathing beaches or other recreational areas
should include upstream or peripheral areas
and locations adjacent to natural drains that
walld discharge stormwater, or run-off areas
draining septic wastes from restaurants, boat

RUIEASE MEREE WG LENEEN | AP ERAFLLE  RALFUILILELSIEG W dIn CClRans

and tidal conditions must be considered. in
maring and estuaring sampling. A common
gpproach for short-term studies is to collect
samples from each site daily and advance the
gampling intervals one hour during each 24-
hour period to obtain data for a 7-10 day

study. '
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Often the aumbers of samples to be
collected are specified by NPDES permits,
drinking water regulations, or by state
requirements. Some standards reguire a
minimum number of samples to ba coliscted
each month, Other standards are less explicit
and simply indicate that the geometric mean
coliform density shall not exceed a certain
level each month, with no more than 10%,
20%, etc. of samples exceeding a certain
value. Where the number of samples reguired
iz undetermined, a sufficient number should
be collected to measure the vanatiens in
stream conditions.

6. Preservation and Transit of Samples

The adherence to sample preservation and
holding time limits Is eritical to the production
of velid data. Samples excesding these limits
should not be analyzed. The following rules
must be observed,

6.1 Storage Temperature and Hendling
Conditions

Becteriological samples should be iced or
rafrigerated =t & tamperature of 1-4 C during
transit to the laboratory. Insulated containers
are preferable to assure proper maintenance
of storage temperature, Care should be taken
that sample bottles are not totally immersed in
watar during transit or storags.

6.2 Holding Timea Limitations

Although samples should be examined sz
soon a8 possible after collection, they should

not be held longer than six hours between
collection and initiation of analyses (14). This
limit is applied to fresh waters, seawaters and
shellfish-bed waters. The exception is water
supply samples mailed in from water treat-
ment systems. Current regulations pearmit
these samples to be held up to 30 hours.

6.2.1 Despite the establishment of a six
hour limit, sewsge samples, organically-rich
wastes and maring waters are particularly
susceptible to rapid increases or die-away and
hence should be held for the shortest time
possible to minimize change.

8.2.2 Temparary Field Laboratories: In it
uations where it is impossible to meet the six
hour maximum holding time between collec-
tion and processing of samples, the use of
temporary field laboratories located near the
collection site should be considered.

6.2.3 Dalayed |ncubation Procedure: If
sampling and transit conditions raguire maore
than six hours, and the usa of fiald laborgtories
is impossible, the delayed incubation proce-
dure for total and fecal coliforms and fecal
straptococei should be considerad,

6.2.4 Publle Transpartation: Docasionaliy,
commergial forms of transit such as airlines,
buslines or courlers can be used to transport
samples containad in ice chasts to the labora-
tory, These should be considered only when
storage time and temperature regquirements
and the proper disposition of the samples can
be assured.
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PART Il

GENERAL OPERATIONS

Section B Laboratory Equipment, Techniques and Media

Mast equipment and supplies described in
This Manual are available in wel-equipped
bactericlogy laboratories. Other items specific
for the membransa filter or multipletube dilu-
tion methods are wsad only in water laborator-
les, This Section describes the required aguip-
ment, media and preparation techniques used
In the laboratory or in the field, The contents
Include:

1. Equipment and Supplies

2. Cleaning Glasswara

3. Starilization

1. Equipment and Supplies

1.1 Inoculating MNesdlés and Loops
Meedles and loops of nichrome, platinum or
platinum-iridium wire are used to transfar
microbes aseptically from one growth medium
to another, A Z24-26 gauge nichrome wire is
recammended. The loep diameter should be at
least 3 mm. Thay are sterllized by heating to
redness in a gas flame or In an electric
incinerator. Restarilization 1s not reguired for
replicate transfers of the same bacteria or
bacterig-containing materials to a sterile
medium. Sterile, disposable hardwood
applicator sticks or plastic loops can be used
to inoculate farmentation tubes.

1.2 Plastic petri dishaes (80 x 12mm) with
tight-fitting ‘lids are preferred for MF proce-
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3.

Starilization

Proparation and Use of
Culture Media

Meodia Composition

General Use Media

ME Media for Coliforms

MPN Madia for Coliforms

Media for Fecal Streptococei

Madia for Safmoneliz and
Other Entarics

Medium for Actinomyceatas

Leboratory Purea Water

Dilution Water

1.2 Plastic petri dishes (B0 = 12mm) with
tight-fitting ‘lids are preferred for MF proce-
dures because they retain humidity and are
more practical for use in plastic bags sub-
mearsad in a water bath Incubater. Petri dishes
(60 = 15 mm) with loose-fitting lids can be used
in ingubators with controlled humidity or in
plastic boxes with tight cowers, containing
maist towels,

1.3 Incubators: Incubators are constant
tempearature air chambers or water baths
which provide controlled tamparature environ-
ment for microbiological tests. The incubator
must control temperature within specified
tolerance limits of the tests. The air type
incubator can be watar-jacketed, a dry alr unit
or aluminum block sguipped with thermostat-
econtralled heating unite that maintain 36 C %
0.5 C. Overcrowding of incubators with plates
and tubes must be aveided, because this will
interfere with the constency of the desired

EPA MICROBIOLOGICAL MANUAL 1979
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temperature. Water bath or aluminum block
type incubators wsed in fecal coliform tests
must cbntrol the incubation temperstiure of
445 C+0.2 C. Covers are required. Anacourate
thermometar in the water bath monitors tem-
perature. Recording thermometers are recom-
mended for use in the water baths.

1.4 Colony Counter: A standard counting
device equivalent to the Quebec Colony Counter
that provides good visibility and magnification
of at least 1.5 diameters on a non-glare ruled
guide plate is recommended.

1.5 pH Equipment: Electrometric pH meter
must be accurate to at least 0.1 pH unit.

1.6 Balances: For routine weighing of
rmedia and reagents, use a single pan top loader
balance having a sensitivity of 0.1 gram at a
lpad of 150 grams. For weighings of less than 2
grams, use a four place analytical balance
having a sensitivity of 1 mg at a load of 10
grams,

1.7 Media Preparation Utensils: Use suit-
able non-corrosive utensils of plastic., glass,
stainless steel, or non-chipped enamal. Utensils
must be chemically clean before use to prevant
contamination of media with chemicals such as
chlorine, copper, zinc, chromium and de-
tergents.

1.8 Pipets and Graduated Cylinders

1.8.1 Pipets: Because transfer pipeis are an
important element in any micreblological
method, they must ba properly used. If mouth-
plpetting is practicad for non-polluted waters,
plpets should be cotton-plugged for safety.
Blow-out pipets are not to be used,

The major types of transfer pipets (non-
volumetric) used in the laboratory are based
on the methed of draining:

{a) To Contain {TC) Pipets: Pipets calibrated

to hold or contain the exact amount specified
by the calibration. Pipet must be completaly
emplied 0 provide the stated volume. Ex-
amples: Transfer Micre and Dual Purpose
Fipets.

(b} To Deliver (TD) Pipats: Pipets designed
to ralease the exact calibrated amount when
the pipet tip is held vertically against the re-
ceiving vessel wall until draining stops. Exami-
ples: bacteriological, Mohr, serclogical, and
volumetric pipets.

To Contain and To Deliver pipets are indie-
ated by the letters TC or TD marked respec-
tively on the neck with other calibration
information.

(c) Blow-Out Pipets: These pipets are in-
tendad for rapid use in serology and are emp-
tied by forceful blow-out. Because the blow-
out action elways produces an aerosol such
pipets should never be used in the microbiol-
ogy laboratory. The pipets do not deliver the
calibrated amount until they are completely
emptied,

Blow-0Out pipets are marked with a double
band etching or fired-in marking on the neck.

{d) Dual Purposa Pipets: A new pipet which
combines threa calibrations. The pipet has an
upper graduation mark which is the To Deliver
and Blow-Out line, a lower graduation which is
the To EnntaJ'ﬂ lina, and carries the double
band for Blow-0ut.

For micrabiclogical analyses, only bacteri-
ological, serological or Mohr pipets are recom-

mended for use in n the To Deliver {'I'I.'.'r} miode,

Dual purpose or serological pipets which must
be used as blow-out pipets, are not recom-
meaended for microbiclogy because of the dan-
ger of infection through aeresol and the possi-
ble mix-up of TD, TC and blow-out type pipets
with  subsequent misuse and improper
delivery.

e} Pipet Standards/Specifications: Thare
are several tolerance specifications used to
characterize measurng pipets. The analyst
should be aware of these limits. When accu-
racy of measurements is eritical, use only pi-
petswithin the following Class A limits:

MBS Spacification for Mohr Measuring Pi-
pats, Class A Volume Tolerances Circular 602
and Federal Specification NNN-P-360

EQUNPMENT, TECHMNIQUES AND MEDIA 33

http://nepis.epa.gov/Exe/ZyNET.exe/300014TD.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (56 of 407)1/24/2007 4:12:45 PM




http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...

Document Display | NSCEP | US EPA

Capacity/Grad (ml) Talerance (ml

1/10 in 1/100 40,0025
2/10 in 1/100 +0.004
1 in 1/100 +0.01
1in 1/10 F0.01
2 in 1/10 +0.01
B in 1/10 +0.02
10 in 1710 +0.03
26 in 1/10 £0.08

For routine use, the following tolerances
are acceptabla:

APHA Specification, Bacteriological Pipets

Capacity/Grad_[ml) Tolerence {ml)

1in 1 40,028

1.1 in 1.1, 1.0 £0.025

2.2 in 2.2, 2.1 £0.040
2.0, 1.0

11 in 11 4+0.10

USPHS Specification, Bacteriological Plpets
for'Water Analyses

CHEHL‘.H!;"GI’EEI {ml}

11 im 11, 10, 1

Tolerance {ml)

40.06

1.8.2 Pipetting Devices: Mechanical pipat-
ting devices are recommended for all purposes.
Although several devices have recently be-
come available, soma are not practical for
water analyses because they are too slow and

cumbersome, A finger-mounted safety pipet-
tor which can be fabricated in the laboratory
(1, 2} is recommended as the most efficient. it
can be fitted with a mouthpiece, hand-haid
bulb or attached to a vasuum pump, Figure 11-8-
1 shows the finger-held model and Figure 1l-8-
2 shows an enlargement of the plastic ring
suction device.

1.8.3 Graduates: For normal laboratory
operations, graduates are used for measuring
volomes greater than 10 ml. When axtreme
accuracy is required above 10 mi, volumetrie
pipats up to 200 ml and volumetric flasks from
10 mi to & liters are available, The tolerances
given balow are accaptable for graduates.

1.9 Pipet Container: Onby aluminum,
stainless steel, pyrex glass or other non-
corrasive heat-resistant containars, either oyl-
indrical or rectangular in shape, should be
used, Pipets may be also wrapped in kraft
paper. Copper or copper alloy containers must
not be used,

1.10 Dilution [Milk Dilution] Bottles or
Tubes: Boresilicete or other non-corrosive
glass bottles with screw-caps and inert liners,

1.11 Fermentation Tubas and Vials: The
fermentation tubes should be large enough to
cantain the media and Inocula in no more than
half of the tube dapth. There should be suffi-
cient madia in the outer fermentation tube to
fill the enclosed inverted vial after sterilization
and partially submearge it,

MBS Specification, Tolerance of Graduates, in ml

MNHN-C-340
Volume Demarcations MBS Class A Type 1 Styla 1
2000 20 + 10,0
1000 10 +5.0
500 5 +1.3 +2.6
260 2 +0.8 +1.4
100 1 +0.4 +0.8
50 1 +0.26
24 SEPA MICROBIOLOGICAL MANUAL 1978
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FIGURE [1-B-1. Finger-Mounted Pipetting Device,

FIGURE 1I:B-2. Enlargament of Pipetting
g Device Tip.
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1.12 Sample Botiles: Sample bottles
should be borosilicate glass or plastic, resis-
tant to sterilizing conditions and the solvent
action of water and which do not produce toxic
substances upon sterilization, Wide-mouth
ground-glass stopper or screw-cap bottles ara
acceptable, Bottles equipped with screw-caps
gra acceptable provided that bacteriostatic or
nutritive compounds are not produced from
caps or liners. Bottles should be at least 126
mil valume,

2.Cleaning Glasswara

In microbiology, clean glassware is crucial
to insure valid results. Previously used or new
glassware must be thoroughly cleaned with a
phosphate-free laboratory detergent and hot
water, then rinsed repaatedly with hot water,
followed by at laast three rinses with labora-
tory pure water. To determine whether the
dotargent used contains inhibitory residues,
the test procedure for detergent suitability
should be performed each time a new type
detargentis purchased, See Part IV-A, 5.1,

3, Sterilization

Sterilization is the process that eliminates
living organisms from treated substances or
objacts. Disinfection is the destruction or
ramoval of the infectious agents by chemical
or physical means. Usually chemical sgents
are used as disinfectants (germicide and bac-
tericide are synonymous with the term, disin-
factant). Pastaurization is a form of disinfection
usad for materials which may be altered or
damaged by excessive heat. Low heat is applied
onca or repeatedly to sensitive liguids to destroy
vogetative cells, Sterilizetion can be accom-
plished by moist heat, dry heat, incineration,
filtration, radiation or by the use of the chamical
agent, ethylena oxide. Bottles should have loos-
gnad caps for penetration of steam or gas.

3.1 Moist Heat: The autoclave is used in
the laboratory for moist heat sterilization. It is
normally operated at 15 |bs, per 2q, in, steam

tion power and coagulates microbial proto-
plasm. The temparature in the autoclave should
be monitored, The relationship between the
pressure of steam and the temperature is
shown in Table 11-B-1, The autoclave is usad to
sterilize solid and liquid media, conteminated
materials, discarded cultures, glassware of all
wypes, filtering units, etc. Pressure cookers and
vartical autoclaves are not recommended.

3.2 Dry Heat: The hot-air oven is used to
sterilize glassware such as petri dishas, pipets,
sample bottles and flasks, hardwood applicator
sticks, and other articles, but not liguids or

. materials which will evaporate or deteriorate.

Since moisture is not presaent in the oven, a
temperature of 166-170 C (328-338 F) is re-
guired for a 2 hour period,

3.3 Incineration: Contaminated materials
that are combustiible may be disposed of by
burning. This methed is also used for steriliz-
ing inoculating needles and leops, and flaming
the lips of test tubes and flasks.

3.4 Filtration. Filtration is used to sterilize
liguids that are heat-sensitive, Filters include
thase composed of asbestos-cellulose (Seitz
filter), cellulosa asters (0.22 gm MF or molecu-
lar filtar), unglazed pereelain (Chamberland-
Pasteur filter), or diatomaceous earth (Berkfeld
filter). Although filters are normally used
to remove bacteria, poresities small enough

faor the removal of viruges are available.

3.5 Ultraviolet Radiation: Ultraviolet light
includes radiations between 150 and 4000
Angstrom units (&.L), but radiations less than
1800 A.L. are absorbed by atmospheric oxy-
gen. The greatest killing effect on microorga-
nisms ooours at 2600 AL Commercial germi-
cidal ultraviclet lamps emit primarily 2837
ALl which has B5 percent of the germicidal
ability of 2600 AU, Ukraviolet radiation at the
germicidal wavelength is usad to sterilize labo-
ratory eguipment such as membrane filter
units, inoculating rooms, bacteriological
hoods and glove boxes. See Part IV-4, 4.2, for
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the laboratory for moist heat sterilization. It is units, Inoculating rooms, bacteriological
normally cperated at 15 |bs, per sq. in. steam hoods and glove boxes. See Part IV-4, 4.2, for
pressure for 15 minutes, producing a tempera- maonitering procedures.

ture inside the autoclave of 121.6 C (260F) at

goa level, Steam under pressure provides 3.6 Ethylene Oxide Chamical
affectiva starilization since it has good penetra- Sterilization: Low temperature sthylene oxide

36 SEPA  MICROBIOLOGICAL MANUAL 1978

TABLE I1I-B-1

Relationship of Steam Pressure to Temperature in the Auwtoclave

Pounds of pressure of steam Comesponding Temperature
pef square inch in Degrees”
Calsius Fahranheit
a 100.0 212
5 108.3 227
10 115.5 240
18 121.6 2B0
20 126.6 260
25 130.5 267
30 134.4 274

*Corract at ses level and only if all air is evacuated from the sterilizing chamber since 8 mixture
of steam and air at a given pressure gives & temperature that is less than that of pura steam only.
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gas starilization i3 used to sterilize plastics,
rubber goods, delicate instruments and other
metarials that would be damaged by the high
tempearature of the steam pressure autoclava.
Vant sterilized materials according 1o operating
instructions.

4, Preparation and Use of Culture Media

The preparation of culture media and solu-
tions Is a critical aspect of water quality testing.
In many laboratorios media are prepared by
nonprofessional persennel. If such parsonnel
are properly trained and guided, they can
parferm the required tasks efficiently and
raliably. However, the supervisor should
monitor media praparation to maintain quality
control. Wse commercial dehydrated media
which reguire only weighing and dissolving of
the powder in labaratory pure water for prepa-
ration and are much more likely to have ur iferm
high queality than media compounded in the
laboratory. Sea V-4, 7.8-7.6 for quality contral
on praparation of madia.

4.1 Supplies of Dehydrated Madia: The
[nboratory worker should keep a record of the
lot numbers of eommercial media in use. The
data of receipt of media and the date of open-
ing should be recerded in the quality control
log. It is suggested that supplies of dehydrated
media ba purchazed for anticipated use owver
the next year. Whenever practical, one-quarter
pound bottles should be purchased to insure
minimal exposure of contents to atmosphere.
When a naw ot number of medium is used, the
gontents should be tested for expected per-
formance charscteristics (see Part IW-A for

used selectively sccording to the ifype and
valume of medium as described below:

4.2.1 MF Braths and Agars: Small volumes
of broth are rehydrated in a boiling water bath
for 5 minutes. Agars and larger volumes of
broth require direct heating to the first bubble
of boil. Such heating must be applied with
stirring and constant attention until agar is
dissohved.

#4.2.2 Other Broths: Some heat may be
required to dissolve the ingredients prior o
autoclaving. Heat ¢an be applied by flame or
waterbath.

4.2.3 Other Agars: Heat is required for
complete solution. For large volumes, direct
haat will affect solution more rapidly but rmust
be applied with stirring and constant attention
to prevent scorching.

4.3 Sterilization: Media must be dissolved
before autoclaving, to insure timing for com-
plete sterilization. The specific recommenda-
tinns for sterilization are described in subsec-
tion B, Composition of Media, in This Section.

The following general recommendations
aan be madea:

Group Starilization

MF and Salmoneila

. H o boil
Meodia wat 1 iling only

Media Containing Autoolave, ool
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gontents should be tested for expected per-
formance chargcteristics (see Part W-A for
datails). Stocks of dehydrated media should be
storad in a cool, dry place away from sunlight.

Autoclave, ool
then add blood

Media Containimng
Eload

115 © for 20
minutes
(10 lbs, pressurae)

Litmus Milk and
Othar Milk-con-
taining Media

4.2 Rehydration of Media: In this Manual,
dry ingredients are sdded to 1 liter (1000 ml}
of laboratory pure water. Howaver, liquids
gsuch as ethanol are added to graduate and
brought up te wolume with laboratory pure
ywatar. Care must be taken to completely dis-
solve and mix the ingrediants before dispansing
the medium into bottles, tubes or flasks. If
heat is necessary, it must be applied with cau-
tion and for the shortest possible time. Direct
hieat, boiling water bath and flowing steam are

Most Carbahydrate- 118 € for 15
Containing Media minutes
for Fermentation {12 Ibs. prassure]
Reactions such &8 or
Phenol Aed Broth, 121 C for 12 minutes
Triple Sugar Iron

Agar

38 SEPA MICROBIOLOGICAL MANUAL 1878

Culture media used for the examination of
water and wastewaters are described sepa-
rately for:

MPM, some Safmanails
Media and General
Uge Media such as
Trypticase Soy Broth
and Ager, Mutfient

Broth and Agar

121 Cfor
12-15 minutes
(15 Ibs. pressure)

6.1 General Usa Madia

E.2 MF Meadia for Coliforms

5.3 MPN Media for Coliforms

5.4 Media for Fecal Streptococci

5.5 Media for Safmonafia and
Other Enterics

5.6 Medium for Actinomycetes

As soon as the autoclave pressure hag
fallen to zero, the sterilized media should be
removied from the autoclave for cooling before
use or storage. Refrigerated meadia should be
allowed to come to roeem temparature before
use, Incibate MPN tubed media avernight and
discard tubes showing bubbles, Media that
have been poured into petri dishes should be

5.1 Ganeral Use Media

5.1.1 Nutrient Agar (Difco 0001-02, BBL
11471)

used on the day of praparation or refrigerated.
Water loss from evapaoration can be prevented
by storing plates in plastic bags. Plates should
be stored inverted. See Part IV-A, 7.9 for stor-
age limits.

Autoclaves should be inspected routinely
to insure proper functioning of pressure
gauges and thermaometers, The use of com-
marcially available temperature indicator de-
vicas within the sterilizer (heat-resistant spore
preparations, chemically-impregnated tapes,
vials containing chemicals, eie) i recom-
mended to insure sterility (see Part IV-A for
detalls).

Use: This medium is used to cultivate pure
culture isolates for subsequent gram atain and
other examinations and for genaeral cultivation
of micraarganisms that are not fastidious.

Composition:

Peptone 5.0 g
Beef Extract 30 g
Agar 1580 g

Final pH: 5.8 + .1

Preparation: Add -23 grams of nutrient
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detalls).

5. Composition of Media

The formulas for media used in this Man-
ual and for other more commonly-used media
are given in detail in this Section. Mormally,
these media should not be prepared from basic
ingredients when suitable commercial media
are available.

The catalogue numbers cited are those for
Y b, size if available, from the two US. many-
facturers whose media were used in most of
the method development wark. This listing is
nof restrictive; other sources can be utilized if
the user confirms that the formulas are the
same as those cited here and that the madia
produce comparable results.

Preparation: Add -23 grams of nutrient
agar per liter of laboratory pure water and
mix wall. Heat in boiling water bath to dissolve
the agar complately. Dispense in screw-cap
tubes, bottles or flasks and sterilize for 15
minutes at 121 C (15 |bg, pressurel. Remave
tubes and slant

5.1.2 Nutrient Broth (Difco 0003-02, BBL
11478)

Use: General laboratory use for the cultiva-
tion of non-fastidious microorganisms.

Composition:
Peptone 50 g
Beef Extract 30 g

Fimal pH: 6.8 = 1

EQUIPMENT, TECHNIGQUES AND MEDIA 39
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Proparation: Add 8 grams of nutrient broth
per litar of laboratory pura water and warm to
dissolvae the medium completely. Dispense in
gontainers and sterflize for 15 minutes at 121
C(15 lbs. prassure).

5.1.3 Trypticase Soy Agar (BEL 11042)
Tryptic Soy Agar [Difco 036302)

Use: A genaral purpose medium for tha
cultivation of fastidious microorganisms. An

axecallant blocd sgar is prepared by adding
sheep blood,

Composition:

Trypticase Peptone or

Tryptone 15.0 g
Phytone Peptone ar

Soytone 5.0 g
Sodium Chloride B0 g
Agar 16.0 g

Final pH: 7.3 4.2

Preparation: Add 40 grams of TS agar per
liter of laboratory pure water and mix wall.
Heat in a beiling water bath to dissolve agar
completaly. Disponse into tubss, bottles or
flasks and sterilize for 15 minutes at 121 C(15
1bs. prassure).

Far blood agar, eool the sterile, malted
agar to 45-46 C and add aseptically & ml of
sterile defibrinated sheep blood for each 100
mi of agar. Mix flask of agar by swirling and
dispanse into petri dishes. Blood from other
spacies may be used for particular purposes.

5.1.4 T::;Et‘m Soy Broth (Difeo 0370-02
Trypticase Soy Broth (BBL 11767} .

Use: A general purpose medium for the
cultivation of fastidious microorganisms,

Composition:

Tryptone or Trypticase

Dextrosa
Dipotassium Phosphate

M N
£n n
==

FinalpH: 7.3 + .2

Preparation: Add 30 grams of TS broth per
liter of laboratary pure water, Warm the broth
and mix gently to dissolve the medium com-
pletely. Dispense and sterilize for 15 minutes
to 121 C(15 |bs. pressure),

§.1.6 Standard Methods Agar (BBL
11637) Plate Count Agar (Difco 0478-02)
(Tryptone Glucosa Yeast Agar)

Use: Standard Plate Counts in water and in
general pour plats proceduras.,

Composition

Tryptone or Trypticase

Peptona 50 g
Yeast Extract 25 g
Dextrose 1.0 g
Agar 15.0 g

Final pH: 7.0 + .2

Preparatiom: Add 23.6 grams of tryptene
glucosa yeast agar per |iter of laboratory pure
water. Mix wall and heat in boiling water bath
to dissolve agar completely. Dispense into
screw-cap tubes, flasks or bottles and sterilize
for 15 minutes at 121 C{15 Ibs. prassure).

£.1.6 Phenol Red Broth Base (Difeo
0092-02, BEL 11505)

Lze: Phenol red broth base with the addi-
tion of carbohydrates is used in fermentation
studies of microorganisms because its pH
range of B6.9-8B.6 indicates slight changes

Peptone 17.0 g toward acidity. Although 0.5-1.0%
Soytone or Phytone carbohydrates have been used, the 1.0 per-
Paptone 30 g cent level is recommended to prevent reversal
Sodium Chloride 5.0 g of tha reactions.
40 SEPA  MICROBIOLOGICAL MANUAL 1978
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Composition:

Difeo (0092-02)

Beef Extract 1.0 g
Proteose Peptone Mo, 3 10,0 a
Sodium Chlaride 5.0 ¥
Phenol Red 0018 g
BBL (11508)

Trypticase Paptona 10,0 o
Sodium Chloride B.O g
Phenal Red 0.018 g

FinalpH: 7.4 + .2

Preparation: Add 156-16 grams ([de-
pending on manufacturer) of phenol red broth
base per liter of laboratory pure water. Mix
well to dissolve. To this solution, add 10 grams
of test carbohydrate if heat-stable. Mix to com-
plete solution. Distribute the medium in far-
mentation tubes and sterilize not more than 15
minutes at 118 C {12 lbs. “pressure). Heat-
sensitive carbohydrates or alcohols are filter-
sterilized and added to the sterile medium
tubes. Check pH and adjust if necessary with
0.1 N MaOH after addition and solution of the
carbohydrate.

5.1.7 Purple Broth Base (Difco 0227-02,
BEL 11558)

Use: For preparation of carbohydrate broths
in farmentation studies, for the cultural identi-
fication of pure cultures of microorganisms,
particularly the fecal streptococci. Althaugh
0.5-1.0 percent carbohydrate has been used,
1.0 percent iz recommended rather than 0.5
parcent to prevent reversal of the reaction.
BEL product does not contain beef extract.

Compaosition:

Proteose Peptone Mo, 2

Preparation: Add 15-16 grams {depending
on manufacturer) of purple broth base per liter
of laboratory pure water and mix to dizsolve.
Add 10 grams of the test cerhohydrate and dis-
solva. Diapanae in screw-cap fermentat'mn

at 118 C (12 Ibs. pressura).

Ten percent solutions of tha following car-
bohydrates are preparad for differentiation of
fecal streptococei.

L-Arabinose (Difco 01593, BBL 11960)
Raffinose (Difco 0174, BEL 12060)
D-Sorbitol (Difeo O 178)

Glycerol [Difeo 02E2)

Lactose (Difco D156, BEL 11881)
Inositol (Difea 0 164)

L-Sorbose (Merck 7760)

Sterilize heat-labile carbohydrates and
alcohols by passage through a sterile .22 am
membrane filtration unit. The carbohydrates
made up as 10% solutions are sterilized and
added to the sterile base medium at a 1%
concentratien, wi/unit volume,. Check pH and
adjust if mecessary with 0.1 N NaQH after
addition of carbohydrate. Careful use of asep-
tic techmniques is necessary to prevent contami-
nation. Az 8 QC check for contamination, incu-
bate the prepared (ubes for 24 hours at 35 C.

5.1.8 Purple Broth Base with Sorbose, pH
10 T

iMedium may not
availabla).

be commercially

Use: To determing the presence of Group
{ Streptococci.

Composition:

Same as purple broth base but add 1%
sorbose and adjust pH to 10.0,

Final pH: 10,0 4+ .2

of Peptone 10.0 i | Preparation: Prepare and sterilize purple
Beaf Extract 1.0 g broth base as in 5.1.7. Add sufficient volume
Sodium Chloride 5.0 g af a 10% filter-sterilized solution of sorbose to
Brom Cresol Purple 0.016 g proeduca a 1% final concentration of sorbose.
Adjust pH ta 10.0 with sterile 38% sodium

Final pH: 6.8 + .2 phosphate solution (NagP04+12 HaO)L
EGUIPMENT, TECHNIGQUES AND MEDIA 41

http://nepis.epa.gov/Exe/ZyNET.exe/300014TD.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (65 of 407)1/24/2007 4:12:45 PM




Document Display | NSCEP | US EPA

5.1.9 IMVIC Test Media

Use: Differentiation of the coliform group
bazed on indole production from tryptophane
broth, acid production in a glucose broth Indic-
ated by meathyl red calar change, farmation of
acetoin {actylmethylearbinol} in salt peptone
glucose broth and use of citrate as the sole
carbon source,

(a} Tryptone 1% (Difco 0123-02) Trypto-
phane Broth (BBL 11820)

Use: For the detection of indole as a by-
produst of the metabolism of tryptophane and
forthe identification of bacteria.

Compaosition:

Tryptone or Trypticase
Paptone 10.0 g
FinalpH: 7.2 -1- .2

Preparation: Add 10 grams of Tryptone or
Trypticase to 900 mi of labaratory pure water
and heat with mixing until dissolved. Bring
golution to 1000 ml in a graduate or flask
Dispense in five ml valume tubes and sterilize
for 16 minutes at 121 C{15 lbs, pressurel.

{b} MB-VP Broth (Buffered Glucose) (BBL
11382, Difco 00 16-02)

Usze: For the performance of the Methyl
Red and Voges-Proskaver Tests in differantia-
tion of the coliform group,

Composition:

Buffered Peptone or

Polypeptone 7.0 g
Dextrose B0 g
Dipotassium Phosphate 50 g

FinalpH: 6.9 4.2

Preparation: Add 17 grams of MR-VP me-
dium to 1 liter of laboratory pure water. Mix to
dissolve, Dispense 10 ml volumes into tubes
and sterilize for 15 minutes at 121 C (15 lbs.
pressure).

{c) Simmons Citrate Agar (BBEL 11619,
Difeo 008 1-02)

Use: Differentiation of gram-negative en-
taric bacteria on the basis of citrate utilization.

Composition:

Magnesium Sulfate
Monoammaonium Phosphate
Dipotassium Phosphate

Sodium Citrate

Sodium Chloride

Brom Thymol Blue

Agar 1

mompo oo
[alalale N
=R -

Final pH: 6.8 + .2

Preperation: Add 24,2 grams of Simmons
Citrate agar per liter of laboratory pure water.
Heat in boiling water bath with mixing for
complete solution. Dispense into screw-cap
tubas and sterilize for 15 minutes &t 121 C
{15 Ibs. pressure). Cool tubes as slants.

5.1.10 Maotility Test Madium {Edwards and
EwingKBEL 11435)

Use: Detaction of motility of gram-negative
enteric bacteria.

Compaosition:

Beef Extract 3.0 9
Peptone 10,0 g
Sodium Chloride O g
Agar 4.0 g

Final pH: 7.3 - .2

Praparation: Add 22 grams of dry medium
ta 1 liter of laborstory pura water, Add 0.05
grams of triphenyl tetrazolium chlarideslter.
Heat with mixing ta boil for 1 minute. Dispense
10 mi volumes into tuhas and sterilize for 15
minutas at 121 C (15 lbs. pressural.

5.2 MF Media for Coliforms

Prepare heat-sensitive _tlrn-ths in_starila
flagks.
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5.2.1 M-FC Broth Base {Difco OBB3-02)
M-FC Broth (BBL 11364)

Lse: Detection and enumeration of fecal
coliform microorganisms by the membrane fil-
ter procedurs.

Composition:

Tryptose or Biosate

Peptona 10.0 g
Proteose Peptane Mo, 3

or Polypeptone 50 g
Yeast Extract 3.0 g
Sodium Chloride 50 g
Lactose 125 g
Bile Salts Mo, 3 or

Bile Salts Mixture 1.6 g
Anlline Blue 0.1 g

FinalpH: 7.4 - .2

Praparation:

Rosolic Acid

Dissalve 1 gram of rasolic acid in 100 ml
of 0.2 N sodium hydroxide to make a rosolic
acid solution. Note: The quality of present sup-
plies is guite variable. Performance of new
batches should be compared against previous
batch before it s exhausted.

Autoclaving will decompose rosolic acid
reagent. Stock solutions should be stored in
the dark &t 4 C. Discard after 2 weeks or soanar
if the color changes from dark red to muddy
brown. The rosolic acid may be omitted from
testing samples with stressed organisms and
low background count,

M-FC Broth

Add 37 grams of M-FC medium te 1 liter of

labaratory pure water containing 10 ml of the

M-FC Agar

Prepare by adding 15 grams of agar per
liter of M-FC broth. Heat in boiling water bath
to selution then cool to about 45 C and add to
B0 mm diameter glass or plastic petri dishes to
a minimal agar depth of 2-3 mm. Allow 1o
solidify, Protect the prepared medium from
light. It can be stored at 4 C for up to 2 weeks,

Caution: Do not autoclave M-FC Broth or
Agar.

6.2.2 M-Coliform Broth (BBL 11119) M-
Endo Broth MF (Difeo 0748-02)

Use: & selective and differential medium
for enumeration of mambers of the coliform
group by the membrane filter technique.

Composition:
Tryptose or Polypeptone 10.0 1]
Thiopeptone ar Thiotone 5.0 q
Casitone or Trypticase 5.0 ¥}
Yeast Extract 1.5 q
Lactosa 12.5 a
Sodium Chloride 5.0 g
Dipotassium Hydrogen

Phasphate 4,376 g
Potassivm Dihydrogen

Phosphate 1.376 g
Sodium Lauryl Sulfate 0.050 g
Sodium Desoxycholate Q.1 q
Sodium Sulfite 2.1 q
Basic Fuchsin 108 g

Final pH: 7.2 + .2

Preparation: Add 48 grams of M-Endo
medium to 1 liter of laboratory pure water
containing 20 ml of 96% ethanol, Denatured
alcohol should not be used. Heat in boiling
water bath for solution, Store prepared meadium
in the dark at 4 C. Discard the unused medium
after 96 hours,

Frépare M-Endo agar by adding 15 grams
of agar per liter of M-Endo mediom. Heat to
bailing, cool to about 48 € and dispanse inta
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Add 37 grams of M-FC medium te 1 liter of
labaratery pure water containing 10 ml of the
rogolic acid solution. Heat in a boiling water
bath to dissclve before use. Store the prepared
medium at 4 C in a refrigerator. Discard unused
medium after 96 hours,

e — e i g me g maaaan

== grwires

of agar per liter of M-Endo mediom. Heat ta
boiling, cool to about 48 C and dispense into
glass or plastic petri dishes to provide minimal
agar depth of 2-3 mm and allow to solidify,
Protect prepared medium from light. It can be

stored at 4 C for up to 2 weeks,
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5.2.3 M-Endo Holding Medium

Use: Holding Medium in the delayed incu-
bation total goliform procedure.

Composition:

Same as M-Endo Broth but add 0.384
grams of sedium benzoate per 100 mi.

Praparation:
Prepare M-Endo Broth as described in
65.2.2 and add 3.2 ml of a 12% solution of

sodium benzoate per 100 ml of medium. Add
ayaloheximide if neaded.

Sodium Benzoate Salution

FinalpH: 7.2 + .2

Bissolve 12 grams of sodium benzoate in
gbout 85 ml of laboratory pure water, then
bring ta 100 mi final volume. Sterilize by auto-
claving or filtration, Discard the solution after
& months.

Cyeclaheximide Solution (Optional)

Cyeloheximide is used for samples that
hove shown problems of overgrowth with
fungl. Frepare an aqueasus solution containing
1.26 grams of cycloheximide/100 ml of labora-
tory pure water. Store solution in refrigeratar.
Discard and ramake after 6§ months. Add 4 ml
of the squecus solution of cyclohaximide per
100 ml of M-Endo Holding Medium.

Caution: Cyeloheximide is a powerful skin

Irritant that should be handled with care. See
Manufacturer's Directions {Actidione, Upjohn,
Kalamazoo. MI.

Composition:

Yeast Extract 1.2 g
Casitane or Trypticase Peptone 3.7 g
Thiopeptona or Thiotone a7 a
Tryptose or Biosate Peptone 75 g
Lactose 84 g
Dipotassium Hydrogen

Phosphate 33 g
Potassium Dihydrogen

Phosphate 1.0 a
Sodium Chloride 37 g
Sodium Desowxycholate 0.1 g
Sodium Lauryl Sulfate 0.068 g
Sodium Sulfite 16 g
Basic Fuchsin 08 g
Agar 14-16.0 g

Final pH: 7.2 4 .2

Praparation: Add 80 or 61 grams, depend-
ing on manufacturer, of agar per liter of labora-
tory pure water to which has been added 20 mi
of 95% ethanol. Heat in boiling water bath
to dissolve completely. Cool to about 45 C
and dispense into 80 mm glass or plastic petri
dishes to provide a minimal agar depth of 2-3
mim. Allow to solidify. If larger dishes are used,
dispanse sufficient agar to glve equivalent
depth. Protect prepared medium from light. It
can be stored at 4 C for up to 2 weeks.

Caution: Do not autoclave.

E.2.5 M-Caliform Holding Broth (Difeco
0842-02}{LES Holding Medium)

Use: Holding medium in the delayed-
incubation total coliform procadure.

Composition:

Tryptone or Trypticase
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Manufacturer's Directions {Actidione, Upjohn,

Kalamazoo, MI). Tryptone or Trypticase

Peptone 30 g
5.2.4 M-Endo Agar LES (Difco 0736-02, M-Endo Broth MF 30 g
BBL 11203] Dipotassium Hydrogen
Phogphate 30 g
Use: Determination of total coliforms us- Sodium Benzoata 1.0 g
ing a two-step membrane filter technigque with Sulfanilamida 1.0 g
lauryl tryptose broth as the preliminary Paraminobenzoic Acid 1.2 g
anrichment. Cycloheximida 05 g
44 SEPA  MICROBIOLOGICAL MANUAL 1978

FinalpH: 7.1 + .2 mentation tubes (150 x 20 mm tubes contain-
ing 75 » 10 mm tubes) for testing 1 ml or less
of samples. For testing 10 ml volumes of sam-
ples, add 7 1.2 grams of the meaedium per liter of
laboratory pura water and mix to dissolve. Dis-

panse in 10 ml amounts in fermantation tubes

Preparation: Add 12.7 grams per liter of
laboratory pure water and mix to dissolve. Do
not heat to dissalva madium.

5.2.6 M-VFC Holding Medium (3}

Usa: Holding medium in the delayed incu-
bation test for fecal coliform microorganisms.

{150 = 25 mm tubes containing 75 % 10 mm
tubes). Sterilize for 15 minutes at 121 C (156
Ibs. pressura). The concentration of the me-
dium should vary with the size of the sample

according to the table below.
Composition:

Casitone, Vitamin Free
Sodium Benzoate
Sulfanmilamide

Compensation in Lauryl Trypitose Broth
for Diluting Effects of Samples

oBO
miobe
-

Fimal pH: 6.7 4+ .2

Sample Sz Madium  Dehydrated
_ ] LTB Madium  pjjyrion Concen-  LTB in
Preparation: Add 4.7 grams of medium fTube in mi - fration gramsSliter
per liter of laboratory pure water containing
10 ml of 96% ethanol. Denatured alcohol
?hnuld_ not be used. I_—1_eat slightly to dlﬂsll}l'u'ﬂ 10 01 m L0 - 38
ingredients, then sterilize by membrane filtra: 10 10 Iu 71.2
tion (0.2 2 pym). Store prepared meadium at 4 C. 20 10 185 E3.4

Discard after 1 month.

5.2 MPN Media for Coliforms

531 Lauryl Sulfate Broth (BBL 11338)
Lauryl Tryptose Broth (Difeo 0241-02)

5.3.2 Brilliant Gresn Bile 2% (Difco

0007-02) Brilliant Grean Bile Broth 2% (BBL
11079)

Use: Primary medium for the Presumptive
Test for the tatal coliform group. Use: Recommended for the confirmation

of MPN Presumptive Tests for membars of the

Composition:

Tryptose or Trypticase

coliform group.

Composition:
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Tryptose or Trypticase

Paptona 200 g
Lactose 50 g
Dipotassium Hydrogen

Phosphate 2756 g
Potassium Dihydrogen

Phosphate 275 g
Sodium Chloride B0 g
Sodium Lauryl Sulfate 01 g

Final pH: 6.8 4 .2

Praparation: Add 35.6 grams of the me-
dium ta 1 liter of laboratory pure water and mix
to dissolve, Dispense 10 ml volumes in fer-

EQUIPMENT, TECHNIQUES AND MEDIA

Composition:

Peptone 10,0 g
Lactose 10.0 g
Oxgall or Bile 200 g
Brilliant Green 0.33 g

Final Ph: 7.2 4.2

Preparation: Add 40 grams of brilliant
grean bile broth to 1 liter of laboratory pure
water, Dispense 10 ml volumes of the broth in
fermentation tubes (150 % 20 mm tubes con-
taining 75 = 10 mm tubes) Sterilize for 15
minutes at 121 C {16 |bs. pressurs).

45

6.3.3 Levine's Eosin Methylene Blue Agar
{Difce 0005-02, BEL 11220)

Use: lsolation of coliform-like colonies as a
praliminary to total coliform Completed Test
Proceduna.

Composition:

Paptone 10.0 s
Lactosa 10,0 g
Dipotassium Phosphate 2.0 g
Agar 15.0 [+
Eosin ¥ 04 g
Maethylene Blus 0.065 g

FinalpH: 7.1 4- .2

Praparation: Add 37.5 grams of Levine's
E.M.E. agar to 1 liter of laboratory pure water
and heat in 2 boiling water bath until dissolved
completely, Dispense inte tubes, flasks or bot-
tles and sterilize for 15 minutes at 121 C (16
Ibs, pressurel. A flocculant precipitate may
form after autoclaving. Resuspend the pracipi-
tate by gently shaking tha flask prior to pour-
ing the medium into sterile petri disheas.

6.3,4 EC Medium (Difeo 0314-02) EC Broth
(BBL 11187

Use: Dataction and enumeration of fecsl
colifarm bacteria.

5.4 Media for Facal Streptococci

6.4.1 KF Streptococcus Agar (Difce
0496-02) KF Streptococcal Agar (BBEL 11313}

Use: Selective cultivation and enumera-
tion of fecal streptococci by direct plating or
the membrane filter technigua.

Composition:

Proteose Peptone No. 3

ar Polypeptone 10.0 q
Yeast Extract 10.0 a
Sodium Chioride B0 g
Sodium Glycerophosphate 10.0 q
Maltose 200 g
Lactose 1.0 ¢]
Sodium Azide 0.4 a
Brom Cresol Purple

{in Difco medium only) 0.015 g
Agar 20,0 +]

Final pH: 7.2 4 2

Praparation: Add 76.4 grams of the me-
dium per liter of laboratory pure water, Dis-
solve by heating in a bolling water bath with
agitation. Heat in boiling water bath for S
minutes after solution is complete. Cawtion: Do
not autoclave. Cogl to 80.C and add 1 mi of a
filter-sterilized 1% agueous solution of 2, 3, §-
triphenyl tetrazolium chloride per 100. ml of
aaar. if necessary. adiust pH to 7.2 with 10%
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colifarm bacteria.
Composition:

Tryptose or Trypticase

Paptone 200 g
Lactose E.O g
Bile Salts Mo, & or

Bile Salts Mixture 1.5 g
Dipotassium Phosphate 4.0 g
Monopotassivum Phosphate 1.5 g
Sodium Chlorida 5.0 g

Final pH: 6.9 4.2

- Praparation: Add 37 grams of EC medium

PERAOS G RSANEE MRS NS ] P SRS R RS A EWEN | ) mEp ey e

triphenyl tetrazolium chloride per 100 ml of
agar. If necessary, adjust pH to 7.2 with 10%
MazC03. Do not hold the completed medium
{with indicator) at 44-46 C for more than 4
hours before uwse. Store prepared medium
{withouwt indicator) in the dark for up to 30 days
at 4 C, TTC sclution is light-sensitive. |t should
be stored in the refrigerator and protected
from |lght.

5.4.2 Azide Dextrose Broth (Difco 0837-02,
BBEL 1100:0)

Usze: Primary inoculation medium for Fecal
Streptococci Presumptive Test,

to 1 liter of laboratory pure water. Dispense Composition:

into fermantation tubes (150 » 20 mm tubes

containing 75 » 10 mm tubes), Sterilize for 15 Beef Extract 45 g
minutesat 121 {15 lbs. pressure). Tryptose or Polypeptone 15.0 g
46 SGEPA  MICROBIOLOGICAL MANUAL 1978
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Dextrose 75 g
Sodium Chloride 75 g
Sodium Azide 0.2 g

Final pH: 7.2 + .2

Praparation; Add 34.7 grams of azide dex-
trose broth to 1 liter of laboratory pure water.
Dissolve and dispense into tubes without inner
vials. Mote: Azide dextrose broth should be

pressura). Prepare the medium in multiple
strangth for larger inocula to preserve the cor-
ract concentration of ingredients. For exam-
ple, if 10 mi of inoculum is to be added to 10
ml of madium, the madium should be prepared
double strangth.

6.4.3 Ethyl Vielet Azide Broth (BBL 11226)
EvVA Broth (Ditco O808-02)

Use: Confirmed Test far fecal
streptococcl,
Composition:
Tryptose or Biosate Peptone 200 g
Dextrose 5.0 |
Dipotassium Phosphate 2.7 a
fMonopotassium Phosphate 2.7 g
Sodium Chloride 5.0 g
Sodium Agzide 0.4 g
Ethyl Violet 0. 83 mg

Final pH: 7.0 4- .2

Preparation: Add 35.8 grams of the me-
divm to 1 liter of laboratory pure water. Dis-
solve and dispense in 10 ml amounts into
tubes, Sterilize for 15 minutes at 121 C{15 Ibs.
pressure).

5.4.4 PSE Agar {Pfizar Selective Entaro-
soccus Agar) 2248, formerly from Pfizer Diag-
nostics Division. Now available from Grand
Island Biological Company {GIBCO), 3175 Sta-
ley Road, Grand lsland, NY 1407 2.

Usze: Izolation of fecal streptococei.

Composition:

Pfizer Peptons C 170 g
Pfizer Peptone B 30 g
Pfizer Yeast Extract 5.0 g
Pfizer Bile 10.0 g
Sodium Chloride B.2 4
Ezculin 1.0 g
Sodium Citrate 1.0 g
Farric Ammonium Citrate 085 g
Sodium Azide 0.25% g
Agar 160 g

Final pH: 7.1 + .2

Preparation: Add 58 grams of PSE agar to
1 liter of laboratory pure water, Heat in a boil-
ing water bath to complete solution. Dispanse
irnto tubes or flasks and starilize for 15 minutes
at 121 C{15 Ibs. pressure)}.

5.4.5 Brain Heart Infusion Broth {BHI)
{Difco 003702, BEL 110E8)

Use: For separation of enterococcus group
organisms from 5. bovis and 5 eguinus by
testing for growth at 10 C and 45 C. For
general cultivation of fastidious micro-
organisms.

Compaosition:

Calf Brain Infusion

2000 g
Besf Heart Infusion 2500 g
Feptone 10,0 g
Sodium Chloride 5.0 g
Disodium Phosphate 25 g
Dextrosa 20 g

Final pH: 7.4 + .2

Preparation: Dissolve 27 grams of brain
heart infusion broth in 1 liter of laboratory pure
water, Dispense in 8=10 ml volumes in screw-
cap tubes and sterilize for 16 minutes at 121 C
(1B ibs. pressure). If the medium Is not used the
same day as prepared and sterilized, heat at
100 C for several minutes to remove absorbed
axygen, and cool quickly without agitation,
Just prigr to inoculation.

5.46 Brain Heart Infusion Agar (Difco
04 18-02,BBL 11064
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Usa: Cultivation of streptococci isolates or
other fastidious bacteria.

Composition: Brein heart infusion agar
contains the same components as BHI broth
{see 5.4.5 abowve) with the addition of 15.0
grams agar.

Preparation: Heat in boiling water bath
until dissolved. Dispensa 10=12 ml of medium
inscraw-cap test tubes and slant after sterlliza-
tion. Sterilize for 15 minutes at 121 C {15 lbs.
pressural.

Final pH: 7.4 4 .2

5.4.7 Brain Heart Infusion (BHI) Broth with
5.5% Nacl

Use: ldentification of fecal streptococci.

Composition: Brain heart infusion broth
with 6.6% NaCl is the same as BHI broth in
5.4.56 abova with addition of 60.0 grams Na{l
per liter of madium,

Since most commercially available dehy-
dratad media already contain sodium chlaride,
this amount is taken into consideration for
datermining the final NaCl percentage above.

B.4.8 Brain Heart Infusion Broth (BHI), pH
8.6

Use: ldentiflcation of fecal streptococei.

Composition: Same as for BH| broth above
in 5.4.5 with addition of sterile 38% sodium
phosphate solution (NagPO4+12 Ha0) to
produce afinal pH of 9.6,

5.4.9 Braln Heart Infusion Broth with 40%
Bile

Usa: Verification of facal streptocoast.

Composition: Same as for BH| broth above
in B.4.5 with addition of 40 ml of sterile 10%
oxgall to 60 ml of basic medium or 668 ml to
gach liter of madium.

FinalpH: 7.4 4 .2

Preparation of Medium: Add 37 grams of
EHI brath to 1 liter of laboratory pure swater
and heat gently with agitation to dissolve. Dis-
pense B0 ml amounts of the medium into
screw-cap flasks. Sterilize for 15 minutes at
121 C{1B |bs. pressure),

Preparation of 10% axgali: Add 10 grams
of oxgall per 100 ml of laboratory pure water,
After dissolving and mixing, filtersterilize the
solution.

Preparation of Final Madium: Cool the BHI
brath and add 40 m| of the sterile 10% oxgall
solution to each 60 ml of sterile, cool BHI
broth, resulting in a 40% bile concentration.
Dispense as needed aseptically in 10 mil vol-
umes into sterile culture tubes.

5.4.10 Starch Agar

{Medium may not be commercially

available),

Use: Starch hydrolysis tests for separation
and conflrmation of fecal streptoccal spacies.

Composition:

Paptone 10,0 g
Yeast Extract 50 g
Sodium Chlorida 60 g
Starch (Solubla) 20 g
Agar 15.0 g

Finel pH: 6.8 4- .2

Preparation: Add 37 grams of starch agar
in 1 liter of cold laboratory pure water. Heat to
baoiling to dissolve and dispense into tubes,
flasks or bottles. Sterilize for 16 minutes at
121 C {15 Ibs. pressura). Cool medium after
sterilization and pour into petrl dishes, Allow to
salidify,

5.4.11 Starch Liquid Medium

(Medium may not be commercially

available),

Use: Starch hydrolysis for speciation of
fecal streptococci.
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- Composition:

Tryptone ar Trypticase

Peptore 100 g
Yeast Extract 30 g
Dipotassium Phosphate 20 g
Glucosa 085 g
Starch [Soluble) 50 g

Final pH: 6.8 + .2

Preparation: Add 305 grams of dry ingre-
dients to 1 liter of laboratory pure water and
heat to boiling. Dispense into tubes and steril-
jze: for 15 minutes at 121 C ({15 Ibs. pressura).

5.4.12 Nutrient Gelatin {BBL 11481, Difco
0011-02)

Lise: Detection of gelatin liquefaction for
identification of the fecal streptococci and
other microorganisms,

Composition:

Paptone 50 g
Beef Extract 3.0 g
Gelatin 1200 g

FinalpH: 6.8 4 .2

Preparation: Add 128 grams of nutrient
gelatin to 1 liter of cold laboratory pure water
and warm to. about 50 C to dissolve the me-
dium. Dispense 5 ml in screw-cap test tubes
and sterilize for 15 minutes at 121 C {15 lbs.
pressure), Store tubes in refrigerator until use.

B.4.13 Litmus Milk (Difea 0107-02, BBL
11343}

Use: To separate and identify fecal strep-
tococet and genarally to determine the action
of bactaria on milk.

Composition:
Skim Milk 1000 g
Litmus 075 g

Final pH: 6.8 4 .2

Prepargtion: Add 100 grams of litmus milk
to 1 liter of laboratory pure water and warm 10
about 50 C to dissolve the medium. Dispensa
10 mil volumas into screw-cap tubes and steril-
ize for 20 minutes at 115 C (10 lbs. prassura).
Do not overheat. Control pressure and time
carefully since overheating or prolonged heat
ing during sterilization can caramelize the milk
SLUQAar. ’

5.4.14 Skim Milk with 0.1% Methylene
EBlue

Use: Identification of fecal streptococei by
reduction of mathylensa blue,

Composition:

Skim Milk Powder
Methylane Blue Powder

100.0 g
1.0g

Final pH: 6.4 4 .2

Preparation; Add 100 grams of skim milk
powder and 1 gram of meathylene blue to 1 liter
of distilled water, and warm to 50 C to dissolve
the mediom. Dispense 10 ml volumes into
screw-cap tubes and sterilize for 20 minutes
at 115 € (10 Ibs. pressure). Do not owerheat.
Prolonged heating or overheating during sterili-
zation results in caramelization of the milk
suUgar.

5.4.16 Brain Heart Infusion Agar with
0.04% Potassium Tellurlte

Uze: ldentification of facal streptococe! by
tellurite reduction.

Composition:

Calf Brain Infusion 2000 g
Beef Heart Infusion 250.0 g
FProteose Peptone 10.0 g
Dextrose 2.0 g
Sodium Chlaride” 5.0 g
Disodium Phosphate 25 g
Agar 15.0 g

Final pH: 7.4 -+ .2
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Preparation: Add 52 grams of brain heart
infusion agar to 1 liter of cold laboratory pure
water. Heat in a boiling water bath to dissohe
the apar and dispense 100 mi velumes in
screw-cap flasks and starilize for 15 minutes at
121 C {15 lbs. pressure). Cool to 50 C and add
1 ml of sterile warm (50 C) 4% potassium
tellurite to each 100 ml flask of brain heart
infusion agar. This should produce a final po-
tassium tellurite concentration of 0.04%, Dis-
pense melted sterile medium into sterile petri
dishos,

5.4.16 Blood Agar with 0,04% Potassium
Tellurite

Use; Identification of fecal streptococci by
tellurite reduction.

Composition:

Evans Peptone 10,0 g
Sedium Chloride 5.0 g
Meat Extract {Lab Lemca) 10.0 g
Yeast Extract 30 g

Agar 150 g
Final pH: 7.2 4 .2

Preparation: Add 43 grams of blood agar
bese to 1 liter of laboretory pure water. Heat
in a boiling water bath to dissolve the agar and
dispanse 100 ml volumes in screw-cap flasks,
starilize for 16 minutes at 121 C (15 Ibs. pres-
sure) and cool to 44-48 C, Aseptically add 10%
sterile defibrinated horse blood 1o the medium.
The mixture is heated at 70 C for 10 minutes,
then cooled to 45 C. A filter-sterllized 4.0%
solution of potassium tellurite s added asep-
tically to give a final concentration of 0.04%.
Dispanse the completed medium into petri
dishas,

5.4.17 Tetrazolium Glucose (TG} Agar or
2, 3, B-Triphenyl Tetrazolium Chloride {TTC
Agar) [Medium may not be commercially

avallabla).

Uze: |dentification of fecal streptococei by
tetrazalium reduction.

Sodium Chloride 65O g
Agar 14.0 g

Final pH: 7.0-7.3

Preparation of BO% Glucose Solution:
Weigh out 50 grams of reagent grade glucose,
Add to 5O ml laboratory pure waterina 100 m|
valumetric flask, Dissolve glucose and bring
up to volume. Filtersterilize solution and store
in a serew-cap flask,

Preparation of 1% TTC Solution: Weigh
out 1 gram of 2, 3, § triphenyl tetrazolium
chloride. Add to 50 mi laboratory pure water in
a 100 ml volumeatric flask. Dissolve and bring
up 1o volume. Filter-sterilize selution and store
ifn a scraw-cap flask,

Preparation of Final Medium: Add 38
grams of TG agar to 1 liter of cold laboratory
pure water and heat in a boiling water bath to
dissolve the agar. Sterilize for 15 minutes at
121 C {15 lbs. pressure) and ¢oal to about 50
C. To 970 ml of liguid TG agar, aseptically add
20 ml of 50% glucose solution and 10 ml of
1% TTC solution. Mix well and pour into starile
patri dishes.

B.4.18 Blood Agar Base [Opticnal - 10%

- Blood) Difeo 00456-02, BEL 11036

Use: ldentification of hemolytic proparties
of fecal streptococoi.

Composition:

BBL 11038
Beef Heart |nfusion 3750 g
Tryptase or Thiotone

(Feptone) 100 g
Sodium Chloride B0 g
Agar 180 g
Difco 0045-02
Beaf Heart Infusion 5000 g
Tryptaose or Thiotone

[Paptone) 10.0 g
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tatrazolium reduction.

Tryptose or Thiotone

[Paptone) 10.0 g
Composition: Sodium Chioride B0 g
Agar 15.0 g
Paptone 10.0 g
Beaf Extract 10.0 g Final pH: 7.4 + .3

B0

SEPA
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Preparation: Add 40 grams of blood agar
base to 1 liter of cold laboratory pure water.
Heat in a boiling water bath to dissolve the
agar. Dispense in 90 ml volumes into screw-
cap flask, Sterilize for 16 minutes at 121 C (156
Ibs. pressure), Store at 4 C for later use. When
ready to use, heat/cool the blood agar base to
465-50 C and add 10% by volume of frash
sterile defibrinated horse blood, Mix and pour
into sterile petri dishes.

5.6 Madia for Safmonefia

5.6.1 Selenite F Broth (BEL 11607, Difeo
02765-02)

Use: Primary enrichment of salmonellas.

Composition:

Tryptane or Polypaptone 5.0 g
Lactose 4.0 g
Disodium Hydrogen Phosphate 100 g
Sodium Selenite 4.0 g

Final pH: 7.0 + .2

Preparation: Add 23 grams of selenite
broth to 1 liter of laboratory pure water. Mix
and warm gently until dissolved. Dispense in
tubes to a depth of 6 em and expose to flowing
steam for 15 minutes. Avoid excessive heat-
ing. Do not sutoclave. Starilization i5 UNNeces:
sary if broth |z used immediately.

6.5.2 Tetrathionate Broth Base (Difco
0104-02, BBL 117086}

Use: Primary enrichment of salmonellas.

Compaosition:

Preparation: Add 46 grams of tetrathion-
ate broth base to 1 liter of laboratory pure
water and heat to boailing. Cool to less than 45

€ and add 20 ml of lodine solution.” Mix and

dispense in 10 mi valumes into screw-cap
tubes. Do not heat after the addition of the
iodine. Do not autoclave. The tetrathionats
broth base without iodine may be stored for
later use, The complete medium (with iodina}
should be used on the day it is prepared,

*The iodine-iodide solution is prepared by dis-
solving 6 grams iodine crystals and & grams
potassium lodide in 20 mi of distilled watar,

5.5.3 Dulcitol Selenite Broth

(Medium may not be commercially
available).

Use: Primary enrichment of salmonellas.

Composition:
Proteose Peptone 4.0 0
Yeast Extract 1.6 g
Dulzital 40 g
Sodium Selenite 5.0 @
Disodium Hydrogen

Phosphate 1.26 g
Potassium Dihydrogen

Phosphate 1.26 g

Final pH: 6.3 4 .2

Preparation: Add 16.5 grams of duleitol
selenite broth to 1 liter of laboratory pure
water and heat carefully to dissolve ingredi-
ents, Do not boil. The prepared medium should
ke buff-colored. Dispense into screw-cap

tubes to a depth of 6 cm. Do not autoclava.
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Composition: tubes to a depth of 6 cm. Do not autoclava.
Proteose Peptone or 5.5.4 Tetrathionate Brilliant Green Broth

Polypeptone 5.0 g
Bile Salts 1.0 g Use: Primary enrichment for salmonellas.
Calcium Carbonate 100 g .
Sedium Thiosulfate 300 g Composition: Same as tetrathionate broth
base (5.5.2) with addition of 0.01 gram of
FinalpH: 7.8 + .2 ) brilliant green per litar.
EQUIPMENT, TECHNIQUES AND MEDIA ) 51
5.6.5 Brilliant Green Agar (BBL 11072, Phenaol Red 008 g
Difeo 0285-03) Agar 180 g

Use: As a primary plating medium for the Final pH: 7.4 + .2
Isolation of salmanellae. I

Composition: Preparation: Add 48 or 47 grams of XL

aggar base to 1 liter of cold laboratory pure
Yeast Extract 3.0 water, Heat In a boiling water bath to dissolve
Polypeptone or Protaose the agar. Prior to sterilization, add 1.25 ml of

Hel

Paptona 10.0 a 1% agueous brilliant green. Sterilize for 15
Sodium Chloride 5.0 g minutas at 121 C (16 Ibs. pressura). Caol the
Lactose 10,0 g  sterilized medium to about 45-80 C and add
Saccharose (Sucrosa) 10.0 g 20 ml of a solution containing 34% sodium
Fhenaol Red 0,08 g thiosulfate and 4% ferric ammonium citrate.
Brilliant Graen 0,0126 g  Pourinto starile petridishes.

Agar 20,0 g

) 5.5.7 Xylosa Lysine Desaxvcholate (XLD)
Final pH: 5.9 4 .2 Agar

Preparation: Add 58 grams of brilliant
green agar to 1 liter of cold laboretory pure
water and heat to boiling. Dispanse In scraw-
cap flasks and sterilize for 18 minutesat 121 C
{15 Ibs. prassura). Pour into sterile petri dishes. BBL 11837

Usze: Differentiation of Salmoneis.

Composition:

Warning: A longer period of sterilization

will reduce the selectivity of the medium. Hylose 35 g

L-Lysing EO0 o

B.5.E Xylasa Lysine Brilliant Green (XLBG) Lactosa 75 @

Agar Saccharose [Sucrosa) 75 @

Sodium Chloride 50 g

Use: Salmonelis Differentiation. Yeast Extract o g

e Phenol Red 008 g

Composition of XL Agar Base; Agar 135 g

Sodium Desoxycholate 26 g

BBL 11836 Sodium Thiosulfata 68 g

Xylose 35 g Ferric Ammonium Citrate 0.8 g

L-Lysine 50 g .

Lactose 75 g Difca 0788-02
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feimin 508 oo 0780-02
Soccharose (Sucrose) 7.5
Sodium Chlaride 50 g Xylose 3.75 @
Yeast Extract a0 g L-Lysine 50 g
Phenol Red 0.08 g Lactose 75 g
Agar 125 g SE!I:F:hEFDEE [S_Hc:rﬂg.e] 7.6 g
Sodium Chloride 50 g
Difeo 0555-02 Yeast Extract 30 g
— Phenol Red 0.08 g
Xylose 376 g Agar 15.0 g
L-Lysing 50 g Sodium Desoxycholate 26 g
Lactose 758 g Sodium Thiosulfate 68 g
Saccharose (Sucrose) 7.5 g Ferric Ammanium Cltrate 0.8 g
Sodium Chlorida BO g
¥east Extract 30 g FinalpH: 7.4 4 .2

52
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Praparation: Add 55 or 57 grams of XLD Yeast Extract 3.0 0
agar in 1 liter of cold laboratory pure watear, Peptone 15.0 a
heat to boiling with mixing. Do not overheat Proteose Peptone 5.0 g
and do not autoclave, Pour into sterile petri Lactose 10.0 g
dishes. Saccharose [Sucrosa) 10.0 g

Daxtrose 1.0 g

Mote: Taylor and Schelhart report better Ferrous Sulfate 0.2 a
recoveries by using XL Agar Base (BEL 11835 Sodium Chloride 5.0 g
or Difco 9555), see 5.5.6, and adding sepa- Sodium Thiosulfate 23 g
rately, sterile solutions of the last three ingredi- Agar 12.0 4]
ants (4] Phenol Red 0024 g

5.6.8 Bismuth Sulfite Agar (Difeo BEL 11748
007 3-02, BEL 11030

Peptone 200 aq
Use: Differentiation of salmonellag, espe- Lactose 10.0 q
cially & typhosa. Saccharose (Sucrosa) 10.0 g
Dextrose 1.0 q
Composition: Ferrougs Sulfate 0.2 q
Sodium Chloride 5.0 a
Polypeptone or Proteose Sodium Thiosulfate Q.2 g
Paptona 10,0 g Agar 13.0 g
Baaf Extract 5.0 g Phenol Red 0.025 g
Dextrose 5.0 a
Dizgodium Hydrogen Final pH: 7.3 4- .2
Phosphate 4.0 4]
F‘?‘"':"”S Sulfate ] 0.3 q Preparation: Add 66 grams or 69.4 grams,
Bismuth Sulfite Indicator B8O g depending on manufacturer, of triple sugar
Brilliant Green 0025 g iron agar to 1 liter of cold laboratery pure
Agar 200 g water and heat in a bailing water bath to dis-

FinalpH: 7.6 4 .2

solve the agar. Dispense into screw-cap tubes
and sterilize for 15 minutes at 118 C {12 |bs.
prassural. Slant tubes for a generous butt
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FinalpH: 7.6 4 .2

Preparation: Add 52 grams of bismuth sul-
fite agar to 1 liter of cold laboratory pure water
and heat to boiling. Do not autociave or over-
heat. Twirl the flask prior to pouring plates to
‘evenly dispense the characteristic precipitate.
Use the plated medium on the day prepared.

5.5.9 Triple Sugar Iron (TSI} Agar

Use: Differentiation of gram negative an-
terics by their differing ability to ferment dex-
trose, lactosse and sucrose and ability to
produce hydrogen sulfidea.

Compasition:

Difco 026502

Beef Extract 3.0 g

T mimw wggmna e A s o

-
and sterilize for 15 minutes at 118 C {12 |bs.
prassura). Slant tubes for a generous butt
Imoculated TSI slants must be incubated with
loosened caps to prevent complete blackening
of the medium from Ha 5,

A s A e —————

5.5.10 Lysine lron Agar

Usze: Differentiation of Profteus. Cltrabacter
and Shigella from Salmonella based on deami-
nation of lysine and hydrogen sulfide produoc-
tion. Salmonelfa cultures produce large
amounts of hydrogen sulfide and lysine decar-
boxylasa.

Composition:
Difco 0848-02

Paptone 50 g

EQUIPMENT, TECHNIQGUES AND MEDIA 53
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Yoast Extract 30 g
Doxtrosas 1.0 g
L-Lysing 10.0 g
Farric Ammonium Citrate 05 g
Sodium Thiosulfate 004 g
Brom Cresol Purple 002 g
Agar 1680 g
BEL 11362

Paptone 50 g
Yeast Extract 3.0 g
Dextrose 1.0 g
L-Lysine 10,0 g
Farric Ammonium Cltrate 06 g
Sodium Thiosulfate 0.04 g
Brom Cresol Purple 0.02 g
Agar 135 g

Final pH: 6.7 + .2

Freparation: Add 34.5 or 33 grams, de-
ponding en manufacturer, of [vsine iron agar to
1 liter of laboratory pure water. Heat in a
boiling water bath to dissolve the agar. Dis-
pense in 4 ml amounts in screw-cap tubes and
storilize for 12 minutes at 121 C (16 lbs.
pressure). Coal to glve a deep butt and short
slant. Inoculated L1A slants must be incubated
with loosened caps,

6.6.11 Urea Agar Base (BBL 11784, Difco
0283=02)

Use: To differantiata antaric microorga-
nisms, especially Profeus sp. on basis of
uraase activity.

Composition:

Faptona

Daxtrose

Sodium Chleride
Monopotessivm Phosphate
Urea

Phanol Red

=]
SCOoOMOA= =
[l R o e
[+ Qe e e ]

FinalpH: 6.8 4 .2
Preparation: Add 22 grams of urea agar

base to 100 ml of laboratory pure water. Dis-
solva and filtar-sterilize. Add 15 grams of agar

B4

to 800 mi labaratory pure water and boil to
dissolve. Sterilize for 15 minutes at 121 C{16
Ibs. pressure). Cool to BO-55 C and add asepti-
cally 100 ml of filter-sterilized urea agar bhase.
Mix and dispense in sterile tubss. Slant tubes
to form a 2 em buttand 3 om slant and cool,

=

rea Agar Base 10X Coneentrate (Difco

284-80)

[=]

Use: Same as urea agar base, for prepara-
tion of small volumes of urea agar.

Composition: & filter-sterilized 10X solu-
tion of urea agar base, 10 mi volumes in tubes.
Refrigarate 1o store,

Preparation: Add 1.5 grams of agar to 90
ml of laboratory pure water and dissolve by
boiling. Sterilize for 18 minutes at 121 C (16
Ibs. pressurel. Cool the agar to 50-55 C and
asaptically add a 10 ml tube urea agar base
concantrate. Mix agar and concentrate, Dis-
pense aseptically inta sterile tubes and slant.

5.6.12 Phenylalanine Apgar (BBL 115636,
Difco O745-02)

Use: Differantial tube madium for the sep-
aration of members of the Profeus and FProw-
dencla genera from other members of the En-
terabacteriaceae based on deaminase actheity.

Composition:

Yeast Extract 30 g
DL-Phenylalanina 20 g
Disodium Phasphate 10 g
Sodium Chioride 5.0 g
Agar 120 g

Final pH: 7.3 4 .2

Freparation: Add 23 grams of phenylala-
nine agar to 1 liter of cold laboratory purs
water. Heat in a boiling water bath to dissolva
the agar. Dispense in screw-cap tubes and
sterilize in the autoclave for 15 minutes at 121
C {15 Ibs. pressure). Slant and cool tubes.

oEPA  MICROBIOLOGICAL MANUAL 1978
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5.5.13 Malonate Broth {Modified) (BBL
11398, Difeo 0563-02)

Use: Differentiation of enteric organisms
based on utilization of malonate. Described by
Leifson and modified by Ewing, the medium is
used in differentiation af Salmanalia.

Compasition:

Yeast Extract 1.0 g
Ammonium Sulfate 2.0 g
Dipotassium Phosphata 0.6 q
Monopotassium Phosphate 0.4 |
Sodlum Chloride 2.0 a
Sodium Malonate . 3.0 g
Dextrose 0.25 q
Brom Thymol Blue 0.025 g

Final pH: 6.7 + .2

Preparation: Dissolve 3.3 grams in 1 liter
of laboratory pure water, Dispense into tubes
and sterilize for 16 minutes at 121 C (156 Ibs.
pressure),

5.5.14 Decarboxylase Medium Base (Difco
0872-02, BBL 1142%)

Uge: Differentiation of microcrganisms
based on decarboxylase activity in presence of
L-lysine HCI, L-arginine HCI, L-ornithina HCI,
glutamic acid or other amino acids.

Composition:

Paptona 8.0 g
Yeast Extract 3.0 g
Dextrose 10 g
Brom Cresol Purple 002 g

Final pH: 6.5 + .2

Preparation: Add 9 grams of base to 1 liter
of cold laboratory pure water and warm to
dissolve completely. Add 5 grams L-lysine,
L-grmithine, L-argining or other L-amino acids
as desired per liter of medium and warm to
dissolve completely. When DL amino acids are
used add 10 g rather than 5 g. If crnithine HCI
iz used, adjust pH with 10 N NaOH. [About 2.1
mi reguired for 1 liter of medium containing 5
grams of ornithine HCI). Lysine or arginine do
not reguire pH adjustment. Dispense in 5 ml
volumes into screw-cap tubes and sterilize for

15 minutes at 121 C (15 Ibs. pressure). The
proper pH far the complete medium (6.6} is
indicated by purple calar of broth,

Use. Recommended for detection of motil-
ity of gram-negative enteric bacilli.

Composition:

Beof Extract 30 g
Feptone 100 g
Sodium Chloride 5.0 g
Agar 40 g

FinalpH: 7.3 4- .2

Praparation: Add 22 grams of motility test
medium to 1 liter of cold laboratory pure water
and heat in a bailing water bath to dissolve the
agar. Dispense in tubes and sterilize for 15
minutes at 121 C{15 Ibs. pressure).

To aid in recognizing motility, add 0.05
grams of triphenyl tetrazolium chloridesliter
after sterilization.

5.5.16 Motility Sulfide Medium (Difco
D450-17)

Use: Determination of motility and the
production of hydrogen sulfide from l-cystine,

Compaosition:

Beef Extract 3.0 g
Peptone MNo, 3 10.0 a
L-Cystine 0.2 g
Ferrous Ammaonium Citrate 0.2 g
Sodium Citrate 20 g
Sodium Chloride 5.0 g
Gelatin 80.0 g
Agar 4.0 g

FinalpH: 7.3 + .2

Preparation: Add 104 grams of Maotility
Sulfide Medium to 1 liter of cold laboratory
pure water. After wetting powder, heat care-
fully to bolling on a hot plate to dissolve com-
plately. Dispense in 4 mi amounts in tubes, cap

EQUIPMENT, TECHNIGUES AND MEDIA 5B
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loosely and sterllize for 15 minwtes at 117 C
{10 Ibs. pressure).

5.6.17 H Broth {Difeo 0451-02)

Use: Praparation of H agglutinating anti-
gens of members of genus, Salmonelia,

Composition:

BEL 11288

Thiotona (peptons) 10.0 g
Beef Extract 3.0 g
Dextrose 1.0 g
Sodium Chigride B0 g
Dipotassium Phosphate 25 g
Difee 0451-02

Thiotone (Paptonsa) 50 g
Tryptone 5.0 g
Beef Extract 3.0 g
Dextroso 1.0 g
Sodium Chloride 5.0 g
Dipotazsium Phosphate 25 g

FinalpH: 7.2 4.2

Preparation: Add 21.5 grams of H broth to
1 liter of laboratory pure water, mix well and
dissolve by warming. Dispense 5 ml amounts
in screw-gap test tubes. Sterilize for 156
minutasat 121 C{15 lbs. pressure).

5.6 Medium for Actinomycetes
Starch-Casein Agar

iMedium may not
availabla).

be commercially

Use: lIsclation of actinomycetes from
wiater or soil.

Composition:

Solubla Starch (or

Glyceral) 100 g
Casein [Vitamin-free) 03 g
Sodium Nitrate 20 g

Soedium Chloride 20 g
Dipotassium Phosphate 20 g
Magnesium Sulfatas7 Hy0 005 g
Calcium Carbonate 002 g
Iron Sulfates7 H.O 001 g
Agar 15.0 g

Final pH: 7.0=7.2

Preparation: Weigh out ingradients and
add in turn to 1 liter of laboratory pure water in
a twa liter flask. Dissolve ingredients using
gentle heat. Add the agar last and place in a
boiling water bath. Heat and stir occasionally
until dissolved. Dispense 250 ml wvolumes in
BOO mil screw-cap flasks and 17 mlwvalumes in
sorew-cap tubes, Sterilize for 15 minutas at
121 C {15 Ibs. pressure).

6. Laboratory Purea Watar

Distilled or deionized water free of nutri-
tive and toxic materials is required for prepa-
ration of media and dilution/rinse watar.

8.1 Distilled Water Systems: Water dis-
tillation units can produce good grades of pure
water. Stills are dependable and long-lived if
maintained and cleaned properly. Use of sof-
tenaed water as the source water incraases tha
interval between cleanings of the still. Stills
characteristically produce a good grade of
wiatar which gradually deteriorates as corro-
gion, leaching and fouling set im. There is no
sudden loss of water quality unless a structural
failure occurs, Stills are efficient in removing
digssolved chemicals but not dissolved gases.
Fresh laboratory pure water may contain chlo-
rine and ammania. On storage, ammaonia will
increase and COz will spp=ar from air contami-
nation. Distilled water systems should be
monitored continuously for conductance and
analyzed monthly for chlorine, ammonia and
standard plate count and at least annually for
trace maetals. See Table V-A-3.

6.2 Deionized Water Systems: Deioniza-
tion systems produce a good grade of pure
water and can produce an ultrapure water
when combined with filtration and activated
carbon in 8 recirculating system.
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Sodium Nitrate 20 g

BB

carbon in 8 recirculating system.

EPA.  MICROBIOLOGICAL MANUAL 1578

In contrast to distilled water systems,
deionization systems do not gradually deterio-
rate, Rather, they continue to produce the
same quality water for a long period of tima
until the resins and/or carbon are exhausted,
whereupon the quality deteriorates gquicklhy.
Deionized water systems should be monitored
continually with a conductance meter and
analyzed monthly -for ammonia/amines, total
organic carbon, specific organic pollutants and
Standard Plate Count and at least annually for
metale. Amines may elute from the resin,
Organic carbon results from organic chemicals
in the water or from bactarial growih in the
columng, Use of a 0.22 um final filter is recom-
manded to remowve bacterial contamination.
See Table IV-A-3.

Avoid the sudden loss of good quality
water by continuouwsly monitoring perfor-
mance of the system, anticipating the remain-
img life of cartridges and replacing them be-
fore failure occurs.

6.3 Quality Control

Pure water gystems should be menitored
carafully as & part of the intralaboratory QC
pregram, The water quality should mest the
standards st in this Manual, Part V-4, 5,2-5.4,

7. Dilution Watar

Dilution water is used o reduce the num-
b of microbial cells/unit volume of sample so
that the density of cells (s low enough to permit
enumeration or manipulation by the technique
of choice: pour-plate, spread plate, MF or MPN,

The ideal dilution water is neutral in effect,
It maintains bacterial populations without
stimulating cell growth and reproduction,
demaging cells or reducing their ability to sur-
vive, grow or repraduce. Its basic purpose is to
simulate the chemical conditions of the natural
environment which are favorable to cell
stability,

diluents, but these are non-standard. Other
workers have used tap waters with the same
lack of uniformity and an added potential for
taxicity. Certainly for comparability of microbi-
ological data the dilution water must be uni-
farm betwean laboratories. The chamical ala-
ments and compounds required in natural con-
ditions to insure a halance of cell solutes and
maintain cell turgldity must be reproduced in
the laboratory,

Inorganic constituents such as sodium,
potassium, magnesium, phosphate, chloride
and sulfate, and scluble organics such as pep-
tone are used in synthetic dilution waters. pH
is usually held to a near-neutral reaction. Two
standard dilution waters ara:

7.1 Phosphate Buffered Dilution Water

7.1.1 Stock Phosphate Buffer Solution

Potassium Dihywdrogen
Phosphata (KHaPODy) 340 g
Labaratory Pure Water 500  m

Adjust the pH of the solution to 7.2 with 1
N MaOH and bring volume to 1000 ml with
laboratory pure water. Sterilize by filtration or
autoclave for 156 minutes at 121 C (15 |bs.
pressuna).

7.1.2 Storage of Stock Solution: After
sterilization of the stock solution store In the
refrigerator until used. Handle aseptically. If
evidence of mold or other contamination ap-
pears, the stock solution should be discarded
and a fresh solution prepared.

7.1.3 Working Solution
Stock Phosphate Buffer 1.26 mi
MgaClz Solution (38 g/liter) B ml
Laboratory Pure Water 1000 il

Final pH: 7.2 + 0.1
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environment which are favorable to cell
stability,

Final pH: 7.2 + 0.1

7.2 Peptone Dilution Water

Microbiologlsts have tried different ap-
proaches to obtain an ideal diluent. Some
waorkers have copied the natural environment
by wuse of sterile fresh or marine waters as

C&mpnsitinn:

Feptone 1.0 g

EQUIPMENT, TEGHNIGQUES AND MEDIA

a7

Laboratory Pure Water 1000 mil pressure). Final volumes after sterilization
should be 89 + 2 ml. Cool and separate bottles
outside of the 38 ml+ 2 ml limit. Tighten screw-
caps after sterilizetion and store in & cool

place.

Final pH: 7.0 £ 0.1

7.3 Preparation of Dilution and Rinse
Water

Dispense 102 ml volumes of phosphate Prepare dilution watar for ringing in 500

buffer or peptone dilution water into borosili-
cate glass, screw-cap dilution bottles scribed
at 98 ml. Loosen sorew-caps on bottles and
steriliza at 121 C for 15 minutes (15 Ibs.

ml or larger volumes and autoclave for 30
minutes or more. Bottles or flasks must be
separated sufficlently in the autoclave to per-
mit easy access for steam,
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PART IL

GENERAL OPERATIONS

Section C Techniques for Isolation and Enumeration of Bacteria of
Sanitary Significance

This Section desecribes the fundamental

laboratory proceduras needed far
microbiclogical analyses of water and
wasiewater, Althrowgh exparianced

microbiologists and technicians may not
reqguire the depth of information and the
degrea of detall givern in this Secton, it is
provided to serve the technical personnel who
are new fo envirenmental micrabiolegy. The
procedures included are;

1. Praparation for Analyses

2. Streak Plate, Pour Plate and
Spread Plate Methods

3. Mambrane Filtration Method

4, Maost Probable Number Mathod

1. Preparation for Analyses

1.1 Preparation of Data Sheots

Select a standard format for bench sheat
or card and use to record pertinent data:
sample [dentification, sampling conditions,
chlorine residual, temperature, pH, sampling
site, station number, date and time of
collection, sample collector, required chaln of
custody information, data and time received
and analyzed, time elapsed from sample
collection, analyses performed, sample
volumels), analyst, and laboratory
identification numbers, (See Figures 11:C-1, 2
and 3).

1.2 Disinfection of Work Area

Wipe the work area before and after use
with laboratoery-strangth disinfectant and allow

cnirfana ba doo hafars isn Qe Tabala W o3
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i, Most Probable Number Mathod
5. Staining Proceduras

B. _ Shipment of Cultures

The specific details unigue to tests are
described in separate Sections of Par (il
Standard Plate Count, Total Coliform, Fecal
Coliform, Fecal Streptococol, Salmoneffa and
Actinomycetes. Refer to Part IV, A & C for de-

VWIPE INE Work area Derore anag arer uses
with laboratory-strangth disinfectant and allow
surface to dry before use, See Table V-C-3.

Keep a covered container of iodophor or
guaternary ammonium disinfectant available
for emergency use, Phenolics are acceptable if
analyses for these compounds are not per-
formead as part of laboratory work.

1.3 Praetreatment of Samples
Prior to dilution of samples for analyses,

the analyst should examine the sample for free
chiorine residual and possible uneven distribu-

tgils of quality contral on these analyses, tion of Microsrganisms.

ISOLATION AND ENUMERATION BS

HICAOLOGT LABORATORY RECORD
WEMTRANE FILTER ANALFSIS
PROJECT: [L1eE
SANPLL FOUACE:
SANPLING DATE: TIME: FILTRATION DWATE! TIME
DOLLECTOR! TEWP; phi: ANALTST:
Yo, | CORINT | COURTAIDE mi vied, | COUNT | COUNTS 180 mi Wi, | OOUNT | CouNTS100 mI
——
Re o wa .
EPA-209 | Chnl
[LITEE Tyt -

FIGURE 1I-C-1. Microbiological Bench Card for MF Analysas.

WICRISIGLOGY LARGRATORY RECORD
COLIFORY MP ANALYEIS

http://nepis.epa.gov/Exe/ZyNET.exe/300014TD.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (86 of 407)1/24/2007 4:12:45 PM



Document Display | NSCEP | US EPA

COLIFORY MPW ANALYSIS

Sarpw Date Tine EiT  Rier
L
Tida Aol past 24 Hra. Dagéh Waler Trmp, " Sechi Diac.
Eibabien MPNARD
Coliform Pres, LST 24 Hs,
4B Hra

Celierm Coel BOLE 4 8Hrs |
Faral Cofferm EC 2 il His.

AFD, Region LI, USEPA

FIGURE II-C-2. Bench Card for MPN Analyses,

B0 SEFA MICROBIOLOGICAL MANUAL 1578
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BACTERIAL INDICATOR ORGAMISMS OF POLLUTION

STATION BEMCH NG
LOCATICHN
DATE HOURS S&0 HO.
COLLECTEDR . . . . P AMALYST
EXAMINED
MEPmn
FRESUMPTIVE COHFIAMED
oiL. — ELC
il LTE . B.4G.L.&. a4 50 MEMBAANE FILTER
3570 a5°C
=& hra. FER Y 4 hra 24 hra AT LT If COLONY
FILTEAED) P
- TOTAL
10 COLIFORMS
- i
FECAL
L= oL LEQH!.-EH

b oD E

= DRGAMIEME FER 100 ML,

11a —_—
1 TOTALS
— FECALS
10 ———
S GALMOGRELLA
IHQLATION
COMFIRMED MP™ - . L. PER 10O ML.
SERQTYPE 151
FECAL OOLIFORM MPN . 0 . _ . .. PER 1003 &iL
REMAFREKS

EEAL, Regian IV, LIS EP&

FIGURE II-C-3. Combinad Mic robiclogical Bench Card
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1.3.1 Water Samples with High Solids

{a) Blending of sadiments, primary efflu-
ants, sludge and highly turbid waters s essen-
tial for representative subsampling.

{b) Blend the entire water samplé contain-
ing particulates in 8 Waring-type blender. Use
only sutoclavable pyrex glass, stainless steel
or plastic blender containers with safety screw
covars to prevent relesse of aesrosols.

(g} Limit blending to no more than 30 sec-
onds at about 5000 APM to avoid overheating
or shearing damagea.

(d] Dilute sediments or soils containing
limited amounts of water at a 1:1, 1:2 ratio or
mora with dilution water to ensure good bland-
ing action and to reduce heat generation. Use
of & large blender container rather than smaller
units also reduces heat.

1.3.2 Dry Solid Samples

{a) Mix sample thoroughily and waigh 50
grams aliguot in a tared waighing pan. Dry at
105-110 C to constant weight. The final weaight
iz used in calculating numbers of arganisms./
gram dry solids.

(bl Prepare the initial dilution by weaighing
out a second aeliqguet of 11 grams of original
sample,. Add to a 99 ml voluma of buftered dilu-
tion water for & 1:10 dilution and blend sample
asaptically in 8 Waring-type blender at 5000
rpm for 30 seconds. Use only a pyrex glass,
stainless stesl or plastic blendar containar with
zafety screw lid to prevent release of aerosols.

(g} Transfer an 11 ml sample of the 1:10
dilution to a second dilution bottle containing
95 ml buffered dilution water and shake vigor-
ously about 25 times. Repeat this process until
the dosired dilution is reached.

1.3.3 Analytical Method

Although high solids samples with low
milcrobial densities may require MPN or pour
plate procedures, high density samples such as
pollutad soils, sludges and feces are diluted so
that the MF mathod is applicable,

1.4 Dilution of Samples

1.4.1 Necessity for Dilutions: Dilutions of
the original sample of water, wastewater or
other material are often necessary to reduce
the number of bacterial cells to measureable
levels or to isolate single cells Tor purification
and identification (see Part 11-B, 7 for details on
dilution water).

1.4.2 Serlal Dilutiens: A known quantity of
tha sample {usually 1.0 ml, but other volumes
can be used) is transferred through a series of
known volumes {e.q., 9 or 38 ml} of dilution
water. This procedure is repeated until the
desired bacterial density is reached. After dilu-
tion of the sampla, the bacteria are enumer-
ated using the membrane filtration, pour plate,
streak plate, or the most probable number
technigue,

For sase of calculation and preparation,
serial dilutions are usually prepared In suc-
ceading tenfold volumes called decimal dilu-
tions. The decimal dilution procedura is shown
in Figure |1-C-4.

1.4.3 Special Dilutions for Membrane Fil-
tration Procedures: The normally accepted lim-
its for colonles per plate in membrane filtration
meathods (20680, 20-B0 or 20-100) require
that decimal dilution series be modified to
assume an MF plate count within the accepted
limit.

The recommended methoed for obtaining
counts within these limits is to filter dilution
volumes of the decimal series which have a
factorof 3, 4 or & among them (see Table 1-C-1
for details).

1.4.4 Filtration Yolumes for Membrane
Filtar Analyses: For sample volumas of 1-10 mi,
add 20 ml of dilution water to the funnel befora
adding sample, to evenly disperse cells.

1.4.5 Preparation of Dilutions: Shake
sample bottle vigorously ([about 26 times in 7
seconds] to evenly distribute the bacteria.
Take care to secure the screw-cap and prevent
leakage during shaking.

B2 oEPA  MICROBIOLOGICAL MANUAL 1578
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ISOLATION AND ENUMERATION 863

TABLE [I-C-1

Aecommended Filtration Volumes of Samples in MF Analyses

MF Count Ronge 20-B0 MF Count Range 20-80 MF Count Range 20-100

Sampls val, ml added 8 Sample wval, mi added as:  Sampla vol, ml added  as:

o1 1 ml of 1072 o & mi of 107 o 1 ml of 1072

03 3 ml of 1072 A5 16 ml of 107" 08 § ml of 1072

A 1 ml of 107!

3 3 ml of 107 5 5 ml of 1077 25 25 af 107"

1.0 1 mi sample

3 3 ml zample 2.0 T ml sample 1.25 1.25 ml sampls

10 10 ml sample 2.0 E ml sample & 8 ml zamphs

a0 0 ml sample 30 30 ml sample 30 30 ml samplé
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{a) Withdraw 1.0 ml or 0.1 ml of original
sample to test samples directly fora 1 = 102
mland 1 % 10°" mlvolumes, respectively,

(b} Transfer a second 1.0 ml volume to a
99 mi dilution water bottle (Dilution A). Shake
sample vigorously about 25 times and with-
draw 1.0 ml or 0.1 mi of diluted sample for
testing of 1 x 1072 and:1 21073 ml gampla
volumes, Theresultant dilution is caloulated as
follows:

Volume of Sample _ Dilution
Wolume of Dilution Blank Ratio
+ Wolume of Sample

ar,
1.0 mi 1
99.0 + 1.0 ml 100

or 10°% (Dilution A}

() When 1.0 ml is transferred from dilo-
tion bottle A to a second dilution bottle (B), the
dilution ratio for bottle B dilution shown in
Figure 11-C-4 is the product of the individual
dilutions as fallows:

A » B = Final or Total Dilution Ratlo

or

1 1 1
10,000

.4 —
100 100

Volumes of 0.1 ml can be tested directly from
each serial dilution to provide intermediate
dilutions,

(d} Alternatively, if an initial sample wal-

to a 98.0 mi dilution blank, the final dilution
ratio = calculated as follows:

2.0 ml 2 1

280 + 2.0 mil 100 &0

{f} If 0.5 ml is added to & dilution blank
containing 99.5 ml of buffer, the dilution ratio
is caleulated as follows:

05 mi 0.5 1
995 + 06 ml 100 200

g} Varying the final volume tested will also
permit modification of dilutions without
increasing the number of dilution bottles as
follows:

A 1:200 dilution can be obtained by test-
ing 0.5 mlofa 1:100 dilution,

A 1:500 dilution can be obtained by test-
ing 2 mlofa 1:1000 dilution.

1.4.6 Prompt Use of Dilutions: The poten-
tial toxicity of phosphate dilution water and
the stimulatory effect of peptone dilution
water Increase rapidly with time. Therefora,
dilutions af samples should be tested as soon
as possible after make-up and should ba held
na longer than 30 minutes after preparation.

2. Btreak, Pour and Spread Plate Methods

2.1 Summary: There are three plate dilu-
tion technigues commonly used for isclating
and/or enumerating single colonies of bacteria:
the streak plate, pour plate and spread plate
procedures. These techniques describad herein
use solld or melted agar plating media to dilute
oul the microorganisms so that individual
Species or calls can be selacted or counted from
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(d} Alternatively, if an initial sample wal-
ume of 11 ml is transferred into the first 89 mi
volume dilution blank, an intermediate dilution
can be obtained with the added precision re.
sulting from measurements of 1 ml volumes

serially as opposed to the measurement of 0,1
ml valumes in {c).

(e} Different dilutions can be obtained by
varying sample and dilution preparations. For
example, if 2.0 ml of the sgample is transferred

oUl the microorganisms so that individual
Species or calls can be selected or counted from
mixed cultures. Because colonies can originate
from more than one call, results may be report-
ed ag colony-forming-units (CFUs).

2.1.1 Streak Plate Method: To obtain a
pure culture the analyst dilutes and isclates
bacteria from a mixed culture by drawing a
small amount of the bacterial growth lightly
across the surface of an agar plate in a pattern
with an inoculating needle or loop.

ISOLATION AND ENUMERATION

&5

In one sugpested pattern, the plate is
streaked in parallel lines over half of the sur-
face, rotated a guarter turn, stregked again,
rotated another gquarter turn and streaked
onoe more. The inoculum is progressively di-
luted with each succassive streak, and eventu-
ally single cells are deposited on the agar
surface, After suitable incubation, single iso-
lated colonies develop in the path of the
stroak. (see Figure I-C-5).

2.1.2 Pour Plate lMothod: The analyst di-
lutes and isolates cells in a bacterial suspan-
sion by consecutively transferring a portion of
tha original sample through a series of dilution
water blanks, After an appropriate series of
dilutions, the original bacterial population is
diluted out to 2 countable level, as described in
1.4. Aliquots of the diluted sample are added
to starila paetrl dishes and mixed with melted
agar. After the agar solidifies, the plates are
invarted and incubated for 8 predetermined
time. Surface or subsurface colonies will de-
valop in soma of the agar plates. These colo-
nies can be coumted to provide a quantitative
value for the bactarial density of the original
sample, or they can be picked for further quali-
tative study.

2.1.2 Spread Plate Mathod: The analyst
izolates bacterial cells by delivering & small
volume of &8 diluted sample onto a solid agar
plate and spreading the inoculum by use of a
gtarile glass rod bent at an angle of about 120°,
The inoculum is spread unifermly by holding
the stick at a set angle on the agar and rotating
the agar plata or rotating the stick until the

Plate Count Method (ses Part lll-A), The spread
plate method provides a quantitative method
for aerobic surface growth of cultures agalnst
which other surface growth methods such gs
the MF technique can be compared.

2.2.2 Begause the volumes tested with the
spread plate technigue are limited o
0. 1-0.5ml, the sample must be diluted to con-
tain at least 40-2000 cells/m| in order to have
a gounting ranga of 20200,

2.2.3 In the pour plate technigue, test vol-
umes are limited to 0.1=-2 ml per 100 ml petri
dizh 50 the sample must be diluted to contaln
G0=3000 cells/ml to have a 30-300 counting
ramge.

2.3 Apparatus and Materials
2.3.1 Incubatorset at 36 4 0.5 C

2.3.2 Water bath set at 44=46 C for tem-
pEring agar,

2.3.3 Colony Counter, Quabec darkfleld
model or equivalent.

2.3.4 Hand tally or electronic counting
davica.

2.3.6 Thermometer which has been
checked against a MNational Bureau of
Standards-Certified Thermometer or one of
equivalent accuracy.

2.3.8 Inoculating needie and loop,
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the stick at a set angle on the agar and rotating
the agar plate or rotating the stick until the
inoculum is distributed evenly,

2.2 Scopoand Application

2.2.1 Streak and pour plate methods pro-
yide the means to separate Indlvidual bactaria
g0 that each call will develep into an isolated
colony in or on a solid medium, The methods
can isolate specific bacteria by the use of sa-
lective or differential media.

The streak plate is only qualitative but the
pour plate procedure can be used to quantitate
bastaria present In a sample as in tha Standard

2.3.8 Inoculating needie and loop,

2,3.7 Pipet containers of stainless steel,
aluminum or pyrex for glass pipats.

2.3.8 Petrl dish containers of stainless
gteal, aluminum or pyrex glass for glass petri
dishes.

2.3.8 Glass spreadear rods.

2.3.10 Sterile T.D. bacteriologlcal or Mohr
pipets, glass or plastic of appropriate volume.

2.3.11 Sterile 100 mm » 15 mm petri
dishes, glass or plastic.

G SEPA  MICROBIOLOGICAL MANUAL 1978
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FIGURE II-C-5. Suggested Pattern for Praparing a Streak Plate.
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2.3.12 Dilution {milk dilution} bottles, py-
rax, markaed at 929 mi volumae, screw-cap with
neoprana rubber liner.

2.3.13 Bunsen/Fisher type burner or elec-
tric incinerator.

2.4 Media

2.4.1 Sterile agar medium dispensed in
bulk guantities in screwcepped bottles or
flasks.

2.4.2 Starile dilution water in bottles con-
taining 99 4 2 mlvalumeas.

2.5 Streak Plate Procadures

2.5.1 Malt the nonselective agar, such as
nutriont agar or Trypticase soy agar, temper at
44-46 €, and add about 16 ml agar to each
sterile petri dish. Allow to hardan and dry for
bast results in streaking.

2.56.2 Bend an incculation needla or loop
at an angle about 1 cm from the neadle tip to
prevent cutting of the agar during streaking.
Sterilize the needle by heating it to redness in
aflame, and air-cool,

2.5.3 Remove screw cap and pick a small
amount of growth from an isclated colony or
from a mass of growth.,

2.5.4 Draw the needle containing the
bacteria back and forth across the surface of a
provioushy-poured and hardened agar plate in
a spocifle pattern, such as shown in Figure 11-C-
5. Streak 1/3=1/2 of the agar surface. Flame
and cool needle after each step and inoculate
plata furthar by drawing the needle across the
area praviously streaked.

2.5.5 Rotate the plate one guarter turn
clockwise as each step is complated to make
the streaking easier. Streaking patterns other
than the model shown in Figure [I-C-5 can be
used; the ebjectiva is simply to deposit fewaer
and fewer calls along the streak until single
colls are deposited on the agar surface. After
Incubation, these cells will develop into wall-

separated pure colonies of bacteria, each theo-
retically arising from a single bacterium.

2.6.6 After streaking, incubate the petri
dishes at 35 C for 24 hours (or other appropri-
ate conditions) in an inverted position to pre-
vent condensation of water on the agar sur
face. Moisture interferes with development of
isolated colonies by spreading bacterial
growth over the agar surface.

2.8.7 For further purification, examine
plates after incubation for single, well-isolated
colonies. Pick typical colonies using a sterila
inoculating needle, suspend cealls in dilution
water, and restreak on an agar plate, repeating
steps 2.5.2-2.5.6. Isolated, single colonies
from a plate containing like colonies may be
consldered to be pure.

2.5.8B Streaking may also be done on se-
lective media, such as Endo or EMEB agars or on
selective/differential media e.g., in Salmonella
testing.

2.6 Pour Plate Procedura

2.6.1 Shaksa the sample bottle vigorously
about 25 times to disperse the bacteria. Dur-
ing shaking, close cap tightly to prevent leak-
age of sample and the danger of
contamination.

2.6.2 Using & 1.1 ml bacteriological pipet,
prapare the inktial dilution by pipeting 1 ml of
the sample Into a 99 ml dilution water blank.
This Initial dilution represents a 102 dilution
(zea this Section, 1.4, Dilution of Samplas).

2.6.3 Using the same pipet transfer 0.1
and 1.0 ml fram the undiluted sample to two
separate petrl dishes, '

2.6.4 Shake the 1:100 dilution bottie
vigorously again and pipet 0.1 and 1.0 mi of
the 1:100 dilution inte two petrl dishes using
another sterila 1.1 ml pipet.

2.6.5 Pour aseptically 12=15 mil of the
melted agar medium cooled to 44-48 C into
each petri dish. Mix agar and inoculum by
rotation, being careful to prevent spillover of

(53] oEPA.  MICROBIOLOGICAL MANUAL 1878
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agar. Ong recommendad technigue uses a se-
quence of five rotations to the left, five to the
right and five farward and backward. Allow the
agar to solidify on a level surface.

2.8.6 Invert the dishes and incubate at the
specific temperature and time, After incuba-
tion, well-isolated surface and subsurface colo-
nies should develop in some of the plates.

2.6.7 When the pour plate technigue is
used guantitatively, count plates containing
between 30 and 300 colonies. This Is the
technigue used in the Standard Plate Count
Method described in Part lll-A. Pour plate
counts are reported as the count per ml,

Count/mi =

Sum of Plate Counts

Total Volume of Sample in mi

2.7 Sproad Plate Procedure

2.7.1 Prapare the appropriate meltad
agar, Pour about 15 ml of the melted agar into
each 100 mm petri dish. Keep covers opened
slightly wntil agars have hardensd and mois-
ture or condensation have evaporated. Close
dishes and stors in refrigerator. Warm at room
temperature before use.

2.7.2 Prepare a series of dilutions based
upon the estimated concentration of bacteria
o that 0.1-0.6 ml of incoulum will give &
20-200 count (equivalent to a 40-2000
count/ml in the diluted sample). The dilutions
should bracket the estimated density of
bacteria, The analyst must remeamber that |f
only 0.1 ml volume i5 tested, it must be plated
on the agar plate marked with the next hlgher
dilution; for example, 0.1 ml of the 10-!
dilution ento the surface of the plate marked
1072, Inoculate agar plates,

2.7.3 Remove the glass spreader from al-
cohal and flame. Cool for 15 seconds. Test
glass rod on edge of agar to verify safe temper-
ature before use. This step can be simplified by
making and starilizing a8 number of glass
spreaders.

2.7.4 Place cool glass spreader on agar
surface next to inoculum. Position spreader so
that the tip forms a radius from the center to
the plate edge. Holding spreader motionless,
rotate plate several revolutions, or hold plate
and move tha spreader in a series of Sweeping
arcs. The purpose is to spread the inoculum
unifermly over the entire surface of the agar.

2.7.6 Lift the glass spreader from the agar
and place in alcohol solution, Cover plata par-
tially, leaving open slightly 1o evaporate excess
maisture for 15-30 minutes.

2.7.6 When agar surfaces are dry, close
dishes, invert them and incubate as required
for the specific test.

2.7.7 After incubation at the proper time
and temperature, isolated surface colonies
should develop in one or mora dilutions within
the acceptable counting range of 20-200 col-
lonieg, The maximum recommended number of
colonies/spread plate is fawer than for other
plate technigues because surface colonies are
larger than subsurface colonies and crowding
can result at lewer count levels,

2.7.8 Count the colonies by normal tech-
niques and report on a count/m| ar count/ 100
ml basis dependent on the use of the data.

2.8 Reporting Results

2.8.1 Significant Figures: To prevent false
precision in the reporting of counts, the plate
counts must be limited to the digit(s) known
definitely plus one digit which Iz in doubt
These combined digits are termed the Signifi-
cant Figures |3.F.).

{a) For example, if an analyst reports a
plate count of 124 to three significant figures
he is indicating that he is certain of the first
two digits, 1 and 2, but is uncertain whathar
the last digit is 3, 4 or 5. If the analyst were
reporting that same number to two significant
figures, he would report the first figures, 1, as
certain, the second figure, 2, as uncartain, and
the third figure, 4, as unknown. Hence he
would report it as 120, Inserting the zero only
as a spacer. Large counts of 1200, 12,000 and
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12,000,000 only contain two significant fig-
uras, OF course, zeros can be significant in
counts of 10, 80, 105, etc.

(b) In plate count and MF meathods, the
nurmber of significant digits which can be re-
ported are dictated by the method itself as
follows: within the acceptable counting range
of the method itself, e, 20-60, 20-80,
20-100 or 30-300 the actual number of colo-
nies obsarved is the bast estimate of the true
density, The number of significant figures are
egual to the number of colonias.

TABLE I-G-2

Mumber of Significant
Figures (S.F) Reported

Actual Pour Plates Membrane
Colony Spread Flate Filiration
Count Method Metiod
1 =29 1 5. F. 1 &.F
10 = 989 2 5.F. 2 5.F
100 = 300 3 &.F. —

2.8.2 Rounding Off Counts: Since plate
counts must be imited to the number of signifi-
cant figures obtainable by the method, the
non-zero numbear which is not significant
should be treated by the standard scientific
convantion:

{8} If the Insignificant digit s less than five,
replace it with a zero, e.g. 3530 becomes
3500,

it} If the insignificant digit is five, round
the preceding significant digit to the nearest
gven number, e.g.. with teo 5.F. 3450 be-
comas 3400, and 3550 becomes 3600.

() If the insignificant digit is greater than
five, drop the digit and increase the preceding
significant number by one, eg. 3480 be-
comeas 3600,

3. Membrane Filtration Method

3.1 Summary: Tha membrane filter
method provides a direct count of bacterizal
colonies on the surface of the filter. The
gsample is filtered as soon as possible after
collection. After the sample is filtered, the
membrane filter iz placed on & nutrient
medium formulated to encourage growth of
the bacteria for which thetestisdesigned and
tosupprassthe growth of othermicroorganisms.
After  incubation under the specified
conditions, the bacteria retained on  the
surface of the membrane devalap into visibla
colonies. The medium and the tamperature of
incubation influgnce the kinds and
appearance of bacteria that develop. Two-step
enrichment and delayed incubation MF
procedures can also be used, The two-step
procedure invalves an acclimation period on
another medium before the selective growth
step. '

3.2 Scope and Application

Maembrane filter methods are preferred
ovar MPN or other tachniques, where applica-
ble bacause of tha following advantageas.

3.2.1 Advantages

{a) One of the primary advantages of this
methad is its spead. Definitive results for total |
and fecal coliformsa can be obtained in 22-26
hours, whereas 48-96 hours are required for
the multiple-tube fermentation method,

(b} Considerably larger, more representa-
tive water samples can be examined than with
tha MPM. With waters of low bactaerial dansi-
ties such as finished waters, larger sample
aliguots can be used 10 enhance the reliability
of the results,

{e) The precision is greater with the MF than
the multiple-tube technigue because the former
makes a direct count of colonies/unit volumae.

{d} The method represents savings in timae,
labor, space, supplies and eguipment,

{e) Because of its portability, this proce-
dure is also wery practical for field studies.
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3.2.2 Limitations: Although the majority of
water samples can be tested by membrane
filtration, there are limitations with certain
samples and some problems with membrane
filters themsealves,

{a) Some samples contain large quantities
of colloidal materials or suspended solids such
as iron, manganese or slum flees or clay {1)
Other samples may contain algas. These
substances can clog the filter pores and
prevent -~ filtration or can cause the
doevelopment of spreading bacterial colonles,
When the bacterial counts of such samples ara
high, & smaller volume or a higher sample
dilution can be used to minimize the effpct of
sample turbidity. The membrane filter method
may be used with samples containing turbidity
try filtration of several smaller replicate sample
volumes and compositing the results.
However, with watars of high turbidity and low
bacterial count, the membrane filter methad
may not be applicable. In the latter situation
the multiple-tube procedure should be used,

{b} Large non-specific populations may
mask the appearance of indicators on selective
media such as M-Endo MF medium (4).

{c] Industrial wastewaters may contain
zinc, copper, or other heavy metallic com-
pounds {2} which adserb onte the membrane
surface and interfere with subsequent bacterial
devalopmeant (1, 2, 3).

idl MF analyses require preparation of
MPHN tubed media for verification.

(e} Inhibition may result in seawater or
from toxic materiale such as chlorine or
phanals.

{f} Indicator organisms stressed in the an-
vironment may be poorly recoverad (B

3.3 Apparatus and Materials

3.3.2 Water bath or other type of incuba-
tors such as the aluminum heat sink incubataor,
of aquivalant, set at 44.5 + 0.2 C for fecal
coliform test (Part I11-C).

3.3.3 Stereoscopic microscope, with mag-
nification of 10=18 x, wide-field type.

3.3.4 A microscope lamp producing dif-
fuse light from cool, white fluorescent lamps
adjusted to give maximum color or sheen
appearance,

3.3.5 Hand tally.

3.2.6 Pipet contsiner of stainless stesl,
aluminum or pyrex glass for glass pipets.

3.3.7 Graduated cylinders covered with
aluminum foil or kraft paper and starilized.

3.3.8 Membrane filtration units {filter basa
and funnel), glass, plastic or stainless steel, see
Figure [I-C-6. These are wrapped with alumi-
num foil or kraft paper and sterilized, See Fig-
ure [I-C-T for an exploded view of a Etalnfess
steal MF assembly and filter,

3.3.9 Uitraviolet sterilizer for the filter fun-
nel is optional (6]

3.3.10 Line wacuum, electric vacuum
pump or aspirator is used as a vacuum sourca.
In an emergency or in the field, a hand pump or
a syringe ¢an be used. Such wvacuum-
producing devices should ba equipped with a
check valve to prevent the return flow of air,

3.3.11 Vacuum filter flask, usually 1 liter,
with appropriate tubing. Filter manifolds. to
hold a number of filter bases are optional.

3.3.12 Safety trap flask placed betwean
the filter flask and the vacuum source.

3.3.13 Forceps, straight or curved, with
smooth tips to permit easy handling of filters
without damage.
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3.3 Apparatus and Materials

3.3.1 Incubator set at 35 + 0.5 C for total
coliferm-tast (Part Ill-B) and facal straptococci
test (Part 111-D).

e R b r ey e R el e W mmp b n

smooth tips to permit easy handling of filters
without damage.

3.3.14 Aleahol, ethanol or methanol, in
small wide mouthed wials, for sterilizing

foroceps.
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FIGURE 1I-C.6. Membrane Filtration Units Made by Varlous Manufacturars
for Detection of Bacteria in Agueous Suspensions.
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Stopper

FIGURE II-G-7. Exploded View of a Stainless Steel Membrane Filtration Unit,
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3.3.15 Bunsen or Fisher type burner or
alactric incineratorunit.

3.3.16 Sterile T.D, bacteriological or Mohr
pipets, glass or plastic, of appropriate volume,

3.3.17 Sterile petri dishes, 50 x 12 mm,
with tight-fitting lids and 60 % 15 mm, with
Ioose-fitting lids glass or plastic,

3.3.18 Dilution bottles (milk dilution)
pyrex, marked at 989 ml, screw-cap with
neoprene liners,

3.3.19 Membrane filters, white, grid
marked, 47 mm diameter, with 0.45 pm 4 .02
um pore size or other pore size recommended
by the manufacturar for water analyses,

3.3.20 Absorbent pads of cellulosic
paper, 47 mm diameter. The paper should be
of high quality and free of sulfites or other
substances that could inhibit bacterial growth.

3.3.21 Waterproof plastic bags.

3.3.22 Inoculation loops, at least 3 mm
dismeter, or neadles, nichrome or platinum
wira, 26 B&S gauge, in suitable holder, Dispos-
able applicator sticks or plastic loops as alter-
natives to incculation loops.

3.3.23 Madia: Media required for a spe-

rifte tazt chaAild he oranared in nre-ctarilizadd

to room temperaturs. Use starile forceps for
manipulation of absorbent pads and mem-
brane filters, contacting the outer adgaes anly,
to avoid touching the filtering area or damag-
ing the membrane filker surface. Sterilize for-
ceps by immearsing the tips in ethanol and
flaming. Place absorbent pad in bottom of 50
ar G0 mm petri dish. Add 1.8=2.0 ml broth to
the sterile absorbent pad. Saturate but do not
flond the pad. Tip the petri dish to drain off
excess If agar medium is used, add about 5-8
ml {to a depth of 2=3 mm) in the petri dish.

3.4.2 Arrange patri dishes in rows accord-
ing to the dilution series. Mark =ach dish to
identify the sample, volume or dilution to be
filterad. '

3.4.3 Using sterila forceps, place & meam-
brane filter, grid-side up, on the porous plete of
the filter base.

3.4.4 Attach the funnel to the base of the
filter unit, taking care not to damage or dis-
lodge the filter, Tha maembrane filter is now
fitted between the funnel and the base,

3.4.5 Shake the sample cantainer vigor-
ously about 25 times.

3.4.6 Prepare at least throe sample incre-
meants according to 1.4.3, in this Section,
Measure the desired volume of sample inte the
funnel with the vacuum turned off, To measurs
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3.3.23 Madia: Media required for a spe-
cifle test should be prepared in pre-sterilized
oerlenmeyer flasks with metal caps, aluminum
foil covers, or screw caps.

5.53.24 Dilution Water

{a) Sterile buffered or peptons dilution
water dispensed in 38 4 2 ml amounts in
scraw-capped dilution bottles.

(b} Sterile dilution water prepared in larger
volumes for wetting membranes before addi-
tion of the sample and for rinsing the funnel
after samplo filtration,

3.4 Procedura

3.4.1 Prepare the required media as out-
lined in Part lI-B. If the medium is an agar, cool

[ mmraiaer mmaragm maw m eTemsy BEE RETTAE e e m it

Measure the desired volume of sample inte the
funnel with the vacuum torned off, To measure
the sample accurately and to obtain good distrl-
bution of colonies on the filler surface, the
following methods are recommended:

{a}) Sample volumes of 20 ml or more:
Measure the sample in a sterile graduated cyl-
inder and pour it into the funnel. Rinse the
fraduate twice with starile dilution water, and
add the rinse water to the funnel, For potable
waters, 100 ml volumes may be measured
directly in a precalibrated funnal.

ib} Sample volumas of 10-20 mi; Measure
the sampla with a sterila 10 ml or 20 ml pipet
into the funnel.

ic) Sample volumeas of < 10 ml: Pour about
10 mi of sterile dilution water into the funnel
and add the sample to the sterile water using
appropriate sterile pipet.

74 SGEPA  MICROBIOLOGICAL MANUAL 1978
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{d} Sample volumes of less than 0.1 ml:
Prepare appropriate dilutions in sterile dilution
water and proceed as applicable in steps (b or
(o) above.

(e} The time elapsing between preparation
of sample dilutions and filtration should be
minimal and never more than 30 minutes.

3.4.7 Turn on the vacuum to filter the
sampla. Leave the vacuum on and rinse down
the funnel walls at least twice with 20-30 ml of
gterile dilution water, Turn off vacuum,

3.4.8 Remove the funne! from the base of
the filter unit. An ultraviolet sterilizer unit can
ba used to hold and sterilize the funnel be-
tween filtrations. Atleast 2 minutes exposure
time Is required for funnel decontamination
{6). Protect eyes from UV irradiation with
glassas, goggles, or an enclosed UV chamber
(71

3.4.9 Holding the mambrane filter at its
edge with a sterilized forceps gently lift and
place the filter grid-side up in the culture dish.
Slide the filter onto the absorbent pad or agar,
uging a ralling action ta avoid trapping air
bubbles between the membrane filter and the
underlying pad or agar. Reseat the membrane
if nor-wetted areas oceur due to air bubbles.,

3.4.10 Invert the petri dishes and incubate
at the appropriate temperature in an atmo-
sphere with close to 100% relative humidity
for the required time.

3.5 Counting Colonies: The grid lines are
uged in counting the colonias.

3.6.1 Count the colonies for the parameater
of interest following a preset plan such as
shown in Figura |I-C-B. Some colonies will ba in
contact with grid linas. A suggested procedure
to reduce arror in counting these colonies is
shown in Figure [I-C-9. Count the colonies in
the squares indicated by the arrows,

3.5.2 The fluorescent lamp should be
nearly perpendicular to the membrane filter,
Count colonles individuwally, even if they are in
contact with each other, The technician must

lgarn to recognize the difference betwesan two
or more colonies which have grown into con-
tact with each other and single, irregularly
shaped colonias which sometimes develop on
membrane filters. The latter colonies are usu-
ally associated with a fiber or particulate ma-
terial and the colonies conform to the shape
and size of the fiber or particulates, Colonies
which have grown together almost invariably
show awvery fina line of contact.

3.6 Calculation of Results: Select the
membrane filker with the number of colonias in
the acceptable range and calculate count per
100 ml according to the general formula:

count per 100 mi =

Mo, colonies counted
Wolume of sample filtered, Inm mi

3.6.1 Counts Within the Acceptable Limits

{a} The acceptable range of colonies which
is countable on @ membrane is a function of
the parameter as shown in Table [1-C-3,

(b) Assurme that filtration of volumes of 50,
15,5, 1.5, and 0.5 ml produced colony counts
of 200,110, 40, 10, &, respectively.

(e} An analyst would not actually count the
colonies on all filters. Eyﬁspactian e would
select the membrane filters) with 20-B0 eal:-
form colonies and then limit his actual count-
ing to such membranas.

(d} After selscting the bast membrane
filter for counting, in this case the MF with a 40
colony count, the analyst counts colonies
accarding to the counting procedures in 3.6
and applies the general formula as follows:

40
Colonles per 100 ml = — = 100 = 200
B
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FIGURE II-C-B. Colony-Counting Pathway. (The Inner circle indicates the
affective filtering area, dashed line indicates the pathway.}

FIGURE II-C-8. Enlarged Portion of Grid-Marked Square of Filter,
(Colonies are counted in squares indicated by the arrow.)
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TABLE 11-C-3

Acceptable Limits®

Parametars Lower Upper Remarks
Towal coliform bacteria 200 for potable waters) BO Limit, 200 colonies
Fecal eolifarm bacterla 20 60 of all types
Fecel streptococch 20 100

* Colony counts = or > the limits cited above must be identified a5 outside of this range.

3.6.2 More Than One Acceptable Count

{a} If there are acceptable counts on repl-
cate plates, carry counts independently to final
reporting units, then calculate the arithmetic
rean of these counts to obtain the finel re-
ported value,

For example. 1 ml volumes produce coli-
form counts of 26 and 36 or counts of 2600
and 36007100 mi:

2600 ; 3500 = 3100

and value = 3100100 mi

{b) If more than one dilution, indepen-
dently carry counts to final reporting units,
then average for final reported value.

For example, assuma that velumes of 0.3,
0.1, 0.02 and 0.01 ml produced coliferm colony
counts of TNTC (Too Numerous To Count), 75,
;0 and B, respectively. In this exampla, fwo
volumes, 0.1 and 0.03 produce colonies in
the acceptable counting range.

Independently cerry sach MF count to a
count per 100 mi:

75

J5 4 100 = 75,000/100 mi
0.1

30 100 =100,000/100 mi
do3 & 109 =100

Then calculate the arithmetic mean of these
counts ta obtain the final reported value;

7000 + 100,000 ~ 87.500
2
Report as: 88,000,100 ml.

3.6.3 If All MF Counts are Below the Lower
Limit, Select the Most MWearly Acceptable
Count {for non-potable waters)

For example, assume a count in which
sample volumes of 1, 0.3 and .01 ml produced
colony counts of 14, 3, and O, respectively.

Here, no colony count falls within recom-
ménded limits, Calculate on the basis of the
most nearly acceptable plate count, 14, and
report with a gualifying remark:

14
— w100 = 1400

1.0

Report as: Estimated Count, 1400 par qu

ml.

3.6.4 If Counts from All. Membranes are
Zero, Calculate Using Count from Largest Fil-
tration Volume

For example, sample volumes of 25, 10,
and 2 ml produced colony counts of 0, 0, and
0, respectively, and no actual calculation is
possible, even s an estimated report. Calou-
late the number of colonies par 100 ml that
would have been raported if there had been
one golony on the filter reprasenting the |larg-
est filtration volume, thus:

1

— ¥
25

100 = 4
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Report as: < (Less than) 4 colonies per
100 mi.

3.6.5 If All Membrane Counts are Above
the Upper Limit, Calculate Count with Smallest
'!.-l"_uma Filtered

For example, assume that the volumes 1.
0.3, and 0.01 ml produced colony counts of
THTC, 150, and 110 colonies. Since all colony
coumts are above the recommended limit, use
the celony count from the smallest sample
volume filterad and estimate the count as:

110 w 100 1,100,000
001 o
Aoport as:  Estimated Count

1,100,000 per 100 ml.

3.6.6 If Colonies are Too Mumerous To
Count, Use Upper Limit Count with Smallest
Filtration Volume

Azsume in Example 3.6.5 that the volumes
1.0, 0.8, and 0.01 mil, all produced too many
colonies to show separated colonies, and that
the laboratory bench record showed TNTC (Too
Mumerous to Count).

Use BO ceolonies (Upper Limit Count for

Total Coliform) as the basis of caloulation with
tha smallost filtration volume, thus:

B0
0.01 X 100 = 800,000

Report as: = (Greater Than) 8000,000 per
100 ml. o

3.6.7 If thare is no result because of con-
fluency, lab accident, etc. Report as: No Result
and specify reasan.

3.0.8 Heporting Results: Report bacterial
densities per 100 m! of sample. Ses Figure [i-
C-1 and I-C-3 for examples of forms for
raporting rasults.

3.7.1 A percent verification can be deter-
mined for any colony validation test:

Mo. of colonies mesting verification test
No. of colonies subjected to wenfication

= 104 = Percent verification

3.7.2 Verification is required for all posi-
tive samples from potable waters.

3.7.3 Verification is also recommended
for establishing quality control in research for
use with new test waters, new procedures or
new technicians, for identifying unusual col-
ony types and as support for data used in lagal
actions.

3.7.4 The worker is cautioned not to apply
the percentage of verification determined for
one sample to other samples.

3.7.6 The carsful worker may also pick
non-typlcal colonies and follow the verification
procedure to determine that false negative col-
anles do not accur.

3.8 Significant Figuras: See 2.8.1.

3.9 Repeatability and Reproducibility of
Counts: Analysts should be able to duplicate
their own colony counts on the same mem-
brane within 5% and the counts aof other ana-
Iysts within 10%. Failure to agree within these
limits should trigger a review of procedures.,

4. Most Probable Mumber (MPN) Method

4.1 Summary; The Most Probable Num-
ber procedure estimates the number of spe-
cific organisma in water and wastewater by
the use of probahllity tablas.

Firnaimend alloaleme 2f coce—lce cme Tm o —s
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el Aana iled TOT 8Xampies or Tonms Tor

tNe Use of probanility tables.
raporting rasults.

Decimal dilutions of samples arg inocu-
lated In series inte liguid tube media. Pasitive
tests are indicated by growth and/or fermenta-
tive gas production. Bacterial densities are
based on combinations of positive and nega-

3.7 Verification: A verified membrane fil-
ter test establizshes the validity of colony diffar-
entiation on a selective medium and provides
suppert avidence of colony interpretation,
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tive tube results read from the MPN table. The
MPN procedure may be carried to three stages
of complation:

4.1.1 The Presumptive Test provides a
preliminary estimate of bacterial density
besed on enrichment in minimally-restrictive
tube media. The results of this test are never
usod without further analyses.

4.1.2 The Confirmad Test, the second
stage of the MPHN, is the usual extent of testing,
Growth fram each positive Presumptive Test
tube is inoculated into a more selective inhibi-
tory medium. The tubes are incubated at the
prescribed temperature and time, the positive
reactions noted and counts calculated from
the MPHN table.

4.1.3 The Completed Test is the third
stage of the MPN uwsed for total coliform
analyses only. Positive tubes from the
Confirmed Test are. submitted to additional
tests to verify the identification of the isclated
microorganisms. Although the Completed Test
provides the greatest reliability, the amount of
time and the workload restrict its use to
periodic substantiation of Confirmed Tast
results, to other QC checks on methodology
and analysts, and to research.

4.2 Scope and Application

4,21 Advantages: The MPN procedure’

has the advantagas inherent in liguid nutrient
media.

{a) The Presumptive and Confirmed Tests
requirs only observing and recording of
gas/no gas for coliforms and growth/no
growth for fecal streptococei. The tests require
minimal experience, training or interpretation

(d) The MPM may be the only method appli-
cable to problem sample materigls such as:
bottom sludges, muds, soils and sedimenis
{with blending).

4.2.2 Limitations: The MPN procedure has
disadvantages:

{a] Thiz methed is ordinarily limited to a
maximum sample volume of 10 ml per tubs, but
100 ml portions are used in shellfish waters,

{b} The time requirad for the test may be as
long as 98 hours for & Confirmed Test result,

{z} The MPM tables are probability calcula-
tions and inherently have poor precision and
contain 8 23% bias at the § tube, three dilution
levels normally used.

{dj The man-hour requirements (o prepare
glassware and media and to perform the tests
are significant.

(e} Relatively large amounts of bench space,
incubator space and tube/rack storage space
are requiread,

ifi The procedure does not lend itself to
field work. As compliance monitoring of water
guality and effluent standards becomas a ma|or
legal requirement, the time, precision and
equipment limitations cited in [B), {c). (d] and («)
above are more serious for the large numbser of
field analyses which will ba required.

{g) Background organisms or foxic con-
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growth for fecal streptococel. The tests require
minimal experience, training or interpretation
by the analyst,

(b) Water samples with high turbidity or
large numbers of algae have no apparent dele-
terious effect on the tube reactions.

ic} If a toxic substance is present in the
sample, the resultant 1:10 or 1: 100 dilution of
that sample in the liguid broth may reduce the

{g) Background organisms or foxic con-
stituants in 10 mi volumes of maring Water can
interfere and be undatectad.

4.2.3 The minimum MPN test that is a

ceptable for water and wastewater analysas is.

the Confirmed Test because of the high proba-
bility of false positive reactions in tha Pre-

toxicity to the point of no effect.

sumptive Test,

ISOLATION AND ENUMERATION
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4.3 Apparatus and Materials

4.3.1 Water bath or air incubator set at 35
# 0.5 C for total coliform and fecal strepto-
cocci tasts. Water bath at 44.5 4- 0.2 for facal
coliform test.

4.3.2 Pipet containers of stainless stesl,
aluminum or pyrex glass for glass pipets,

4.2.3 Inoculation loops, 3 mm diameter,
and needle of nichrome or platinum wire, 26
BES gauge, in suitable holder,

4.3.4 Disposable applicator sticks or plas-
tic loops as alternatives to inoculation loops in
4.3.3 abovea,

4.3.56 Compound microscope, ofl immer
sion, 1000,

4.3.6 Culture tube racks, 10 » 5 open-
Ings; each opening to accept 25 mm diametar
tubas,

4.3.7 Gas burner, Bunsen/Fisher types or
elactric incinerator unit.

4.3.8 Sterlle T.D. bactericlogical or Maohr
pipets, glass or plastic, of appropriate sizes,

4.3.9 Dilution bottlas {milk dilution), pyrax
plass, marked at 99 ml volume, screw cap with
naaprana liner.

4.3.10 Pyrex culture test tubes 150 x 25
ar 150 » 20 mm containing inverted fermen-
tation vials, 75 * 10 mm and proper closures.

4.4 Media: Appropriate media dispanzsed
in test tubes or in fermentation test tubes, Sea
PartilB. for specific media.

4.5 Dilution Water: Sterile 93 + 2 ml
volumes in screw-gap pyrex glass bottles, See
Partil-B, 7.

4.6 Pregsumptive Test

4,6.1 Shake the sample or dilution con-
tainer vigorously about 25 times.

4.6.2 To perform the Presurmptive Test,
arrange a series of three or more rows of
culture tubes containing the test meadium in 8
rack, providing for five replicates in each row,
Use five rows for samples of unknown density,
inoculate each successive row with decreas-
ing decimal dilutions of the sample. For exam-
ple, in testing polluted waters for total coli-
forms, the initial sample inoculations might be
0.1,0.01,0.001, 0.,0001, 0.00031 ml of origi-
nal sample into successive rows each contain-
ing five replicate vaolumes. This series of sam-
ple volumes would yield determinate results
from test waters containing up to 16,000,000
organisms per 100 ml by use of the MPN
tablas.

When removing sample aliguots or dilu-
tiong for further inoculations, do not insert the
pipet tip mare than 2.5 cm {1 inch) below the
surface of the sample.
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ar 150 » 20 mm containing inverted fermen- surface of the sample.
tation vials, 75 % 10 mm and proper closures,

4 6.3 Incubate tubes for 24 + 2 hours at 38 C.

4..‘5:-1 1 Glrarn stain solutions (optional) A positive presumptive test is gas production
Sea This Saction 5.3. for the coliforms or growth for fecal strepto-
coccl, After 24 hours incubation, examine the

(a}) Hucker's Crystal Violet Solution (stain). tubes for gas formation and/or growth. Inecu-
late positive tubes into Confirmed Test media.

(b} Lugel’s lodine Solution (mordant). If there is no gas or growth reincubate these

negative tubes for an additional 24 hours,
(e} Acetone Alechol (decolarizer).
. . 4.6.4 If the Presumptive tubes are negative
{d) Sefranin Solution (counterstain). after 48 + 3 hours, discard tubes. If the Pre-
sumptive tubes are positive, the cultures are
4.3.12 Glass microscope slides, 2.5 % 7.6 varified in the Confirmed Test. Aecord the

cm {1 x 3 inchas) negative and positive results,
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4.7 Confirmed Test

4.7.1 The Confirmed Test s performed by

verifying pogitive tubes from the Fresumptive

Tast at 24 and 48 hours, If Presumptive tubes
are positive at 24 howrs, confirm them at that
time.

4.7.2 A pesitive test is indicated by gas
production for the coliform bacteria or growth
for fecal streptococe:. After 24 & 2 hours inou-
bation, examine the tubes for gas formation
and/or growth, If there is no gas./ growth, rein-
cubate these negative tubes for a second 24
hours.

4.7.3 After 48 hours + 3 hours examine
tubaes for gas andsor growth, record positive
gnd negative results. Discard negative fubes,
Raetain positive tubes if the test is to be carried
to completion for total coliform tests.

4.7.4 The fecal coliform MPN test is par-
formed by inoculating EC Broth tubes with
growth from all positive Presumptive tubes and
incubating them at the elevated temperature of
44.56 C for 24 hours. Gas production is the posi-
tive reaction.

4.7.6 Paasage of positive Presumptive cul-
tures through the Confirmed Test completes the
MPN series for fecal streptococci and fecal

36 C for 24 howrs. Pick typical coliform colonias
{or atypical colonies f no typical colonias are
present), inoculate into lauryl tryptose termen-
tation tubes and incubate at 35 C for 24-48
hours. The formation of gas in any amount in
the fermentation tubes constitutes a positive
Completed Test for total coliforms.

Typical colonies show a golden green
metallic sheen or reddish purple color with

nucleation.

Atypical colonies are red, pink or coloriess,
unnucleated and mucoid,

4.8.2 Optional Gram Stain Procedure

The gram stain test has been used in the
Completed MPMN Test for demonstrating gram
negative, nonsporeforming rods from isolated
colonies. Although the gram stain procedure is
proposad for revision of the 15th edition of
Standard Methods, it provides a final check an
results and remains useful for evaluating ques-
tionable colony types,

After incubation of the EMB agar plates for
24 howurs at 35 C {in 4.8.1) pick at laast two
typical colonies (or atypicals if no typical colo-
nies are present) and inoculate onto nutrient
agar slants. Incubate for 24 hours at 35 C, and
proceed as in 5, this Section,
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tures through the Confirmed Test completes the
MPN series for fecal streptococci sand fecal
coliformn bacteria.

4. 7.8 In routine practice, most sample ex-
aminations for total coliform are terminated at
the end of the Confirmed Test. Howewver, for
quality control, at least five percent of the Con-
firmed Test samples (and a8 minimum of one
gample per test run) should be carried through
the Completed Test,

4.8 Completed Test for Total Coliform
MPN

Positive Confirmad Test cultures may be
subjectad to final Completed Test identification
through application of further culture tests,
as follows:

C4.8.1 Streak Lavine's EMB agar plates from
each positive confirmatory tube and incubate at

agar siants. INCuDate 1or L9 Nours at 3o W, and
proceed as in 5, this Section,

4.9 Calculation of MPN Value

The calculated density of the Confirmed or
Completed Test may be obtained from the MPHN
table based on the number of positive tubes
and reactions in each dilution.

4.9.1 Table II-C-4 illustrates the MPN indi-
ces and 95% Confidence Limits for ganeral use.

4.9.2 Tabla I1-C-5 shows the MPMN indices
and limits for potable water testing.

4.8.3 Threa dilutions are necessary to
formulate the MPN code. For exampls in Table
N-C-4 if five 10 ml, five 1.0 ml, and five 0.1 ml
poftions are used as inocula and positive results
are observed in five of the 10 ml inocula,
three of the 1.0 inocula, and mone of the 0.1

ISOLATION AND ENUMERATION 21
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TABLE II-C-5

Most Probable Mumber Index and 25% Confidence Limits for Testing Potable Waters

Mumber of Positive Tubes ~ MPH
from five 10 ml Portions Index,/ 100 mil 85% Confidance Limits
. Lewer Upper
LH] <22 o 6.0
1 22 o1 ' 12.6
2 5.1 0.5 18.2
3 . 4.2 1.8 28.4
4q 18. 3.3 52.8
8 = 18, . 8.0 infinita
ISOLATION AND ENUMERATION 83
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ml inoculs, the coded results of the test are
5-3-0. The code |z |located in the MPN Table,
and the MPN index of 79 per 100 ml is
recordad.

4.59.4 When the series of decimal dilutions
iz other than 10, 1.0 and 0.1 ml, salect tha
MPN value from Table I-C-4 and calculate
according to the following formula:

10
MFPMN (From Table) x

Largest Quantity Tested

= MPNATOD mi

As an example, five out of five .01 mil
portions, two out of five 0.001 ml portions,
and zero out of five 0.0001 mi portions from a
zample of water, gave positive reactions. From
the code 5=2=0In MPN Table (Table |1-C-4), the
MPN index 49 is adjusted for dilutions:

10
49 (From Table) ¥ —— = 48,000
.01

The final
49,000/100 mi.

carrected MPN  Valug =

4.8.5 If mora than the above three sample
wolumes are inoculated, the three significant
dilutions must be determined. The significant
dilutions are selected wsing the following
rules;

(a) Only three dilutions are used in the
code for calculating an MPN value,

(b} To obtain the proper three dilutions,
salect the smallest sample volume giving all
positive results and the two succeeding lesser
sampla volumes. See Table |1-C-6, Test 1and 2.

(c} If less than three dilutions show posi-
tive tubes, select the three highest sampls
volumeas which will include the dilutions with
the positive tubes, See Table II-C-6, Test 3.

{d} If there are positive tubes in the dilu-

tions higher than these dilutions selected, pos-
itive results are moved up from these dilutions

= = ol e T

sample volume to increase the positive tubes
in the highest dilution selected. See Table |1-C-
&, Test 4,

(e} There should be no negative results in
higher sample volumes than those chosen,
However, if negative tubes are present, e.g.,
446, 5/6, 3/5 and 05 the highest sample vol-
ume with all positive tubes must be used along
with the next two lower sample volumes, Sae
Table II-C-8, Test 5.

if} If all tubes are positive, choose the three
highest dilutions, See Table ||-C-6, Tast 6.

gl If all tubes are negative, choose the
three lowest dilutions. See Table II-C-6, Test 7.

(h} If positive tubes skip a dilution, select
the highest dilution with pasitive tubes and the
two lowar dilutions. Saa Table II-C-8, Test 8,

(i} Ifanlythe middle dilution iz positiva,
select this dilution and one higher and
lower dilution. See Table I-C-8, Test 9.

4.8.6 A number of theoretically possible
combinations of positive tube results are omit-
ted in Table |I-C-4 becauwse the probability of
their occurrence is less than 1%. If such un-
likely tube combinations occur in mare than
1% of samples, review the laboratory proce-
duras for arrors and note sample types. Collect
fresh samples for analyses.

4.9.7 The MPHN can also be computed for
gach sample based upon the number of
positive and negative Presumptive, Confirmed
or Complated Tests, and the total number of
milliliters testad {10). MPM/100 m| =

Mo, of Positive Tubes = 100

f
J/ iNo. of ml in Negative Tubes) =
v Mo, of ml in All Tubes)

Example: From a sample of water, five out
of five 10 ml partions, two out of five 1.0 ml
portions, and zero out of five 0.1 ml portions
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TABLE W-C-&

Selection of Coded Results, Five Tubs Series

Positive Tubaes/mil Sample Valumia

Teat 10 10 0.1 0.01 0,001 0.0001 . Code
1 5 3 o 0 0 0 5-3-0
2 5 5 4 o 0 0 5-4-0
3 4 1 0 0 0 4-1-0
4 5 5 4 1 1 0 B-4-2
5 4 5 3 o 0 5-3-0
B 5 5 5 5 5 5-5-5
7 o 0 o 0 0 0-0-0
8 4 o 2 0 0 +0-2
9 o 1 0 0 o o-1-0

*Underlines indlcate positive tube series selected for code.
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gave positive rasults, Therefore, MPNA 100 mi

e}
7 = 100
——————— = 50,22
. / (3.5) » (55.5)
ar

MPN/100 ml = 50

4,10 Reporting Results: Report the MPN
value for water samples on the basis of 100 ml
of sample. Report the MPN values of solid type
samples on the basis of 1 gram of dry weight
sample.

Examplaes of bench forms are shown in
Figuras Il-C-1, 2 and 3.

.11 Precision and Accuracy

4.11.1 The precision of tha MPN valua
increases proportionately with the number of
roplicates tested.

4.11.2 Multipletube values are generally
high because MPN tables include a 23% posi-
tive blas.

4.11.3 MPN numbers represant only a sta-
tistical estimate of the true bacterizl density in
the sample. The 95% Confidence Limits for
aach MPN value included in the Tables 1I-C-4
and 5 show the limited precision of these
astimates.

B, Steining Procedures

5.1 Preparation of Bactarial Smears

5.1.3 Air-dry the smear and fix by quickly
passing the slide several times through & por-
tion of the flame.

5.2 Gram Stain

Gram staining is a general test for charac-
terization of bacteria and for examination of
culture purity.

5.2.1 Prepare and fix a bacterial smear as
i 5.1. For quality control, prepare a separate
smear of known gram positive cocci and gram
negative rods.

8.2.2 Flood the smear with ammonium
oxalate-crystal violet stain for one minute.

B.2.3 Wash tha slide in a gentle stream of
tap or pure water and flood with Lugol’s iodine
solution {mordant). Allow it to remain for onae
minute.

5.2.4 Wash the slide in water and blot dry.

5.2.5 Decolorize with acetone alcohol,
either by adding it dropwise on the tilted slide

piwmdhl dbna daliim mesloar odbame Blaasinem Fram bl
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5.1 Preparation of Bactarial Smears

5.1.1 Place a small drop of laboratory pure
wateron a clean slide,

B.1.2 Using a sterilized inoculating nee-
dla, pick & small amount of growth from the
agar slant. Mix the bacteria with the drop of
watar on the slide and spread evenly owver an
area the size of a quarter. Use loop for broth
culturas,

24,0 FECNONZE WILN aceiong aiconol,
aither by adding it dropwise on the tilted slida
until the blue color stops flowing from thae
gmear, or by gently agitating the slide up and
down in & beaker containing the aleohol wash
for about 30 seconds.

5.2.6 Flood the smear with the safranin
countarstain for 10 seconds. Wash and air-dry.

BG
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5.2.7 Examine under the oil immersion
objective. Gram positive calls retain the crystal
violet stain and are blue in color, Gram negative
cells are decolorized by the acetone aleohol so
that they accept the safranin counterstain and
appear pink to red.

5.3 Stain Solutions
Only those stains and dyes which are certi-
fied by the Mational Biological Stain Commis-

sion should be used.

6.3.1 Loeffler's Methylens Blue

{a) Methylene Blue-athyl alcohol solution.

(1) Dissolve 0.3 grams of methylene blue
(20% dye content} in 30 mil of 35% ethy| alcohol
(Solution A).

(2} Disselve 0.01 grams of potassium
hydroxide in 100 ml of laboratory pure water
{Solution B),

13) Mix solution & and B,

§.3.2 Selutiens for Gram Staining

{a) Ammonium oxalate-crystal violet
golutior:

{1) Dissolva 2 grams crystal violet (approxi-
mately B5% dye content] in 20 mil of 85%
ethyl alcohol (Solution A).

{2} Dissolva 0.8 grams ammonium oxalate
in BO ml labaratory pure water (Salution B).

{b) Lugol's iodine: Dissalve 1 gram ioding
crystals and 2 grams potassium icdide In
about 5 ml of pure water. After crystals are in
solution, add sufficient laboratory pure water
ta bring the final solution to a8 volume of 300
ml.

(e] Acetone-Alcohol: Combine fifty mil
wvolumes of acetone and 95% ethyl alcohal.

[d) Safranin: Dissolve 2.5 grams of safra-
nin in 100 mi of 85% ethyl alcohol. Store as a
stock solution. Forworking solution, add 10 mil
of stock to 100 ml of laboratory pure water,
mix and stora.

6. Shipment of Cultures

6.1 Confirmation or further identification
to serotype may be required if the bacteriologi-
cal data are to be used for specific needs such
as enforcement cases, epidemiological stud-
ies, tracing sources of pollution or scientific
publication. The selected cultures should be
sant to an official typing center or state health
laboratory with pertinent information far the
confirmatory identification. This service is usu-
ally availabla if the cultures are of public health
significance, but permission should be ob-
tained from the reference laboratory before
sanding cultures.

Obsarve the following instructions:

6.1.1 Send only pura culturas.

B Deanidds s aclbarn i dicaacaakla
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{2} Dissolve 0.8 grams ammonium oxalate
in 8O ml laboratory pure water (Solution B).

(3) Mix Solutions A and B.

* (4} Filter through cheesecloth or coarse
filter paper,

(5} Problems with the gram . stain tech-
nigue are frequently traceable to thae
ammanium oxalate-crystal violet solution, In
the event that decolorization is insufficient, the
amount of crystal violet in the solution can be

6.1.2 Provide a culture with discernable
growth on brain heart infusion agar, blood
agar basa or nutrient agar stab in a screw-cap
tube or vial sealed with a cork soaked in hot
paraffin. Triple sugar iron agar or ather sugar-
containing agars should not be usad.

6.1.3 Complete the reference laboratory
faorm which requires information on tha source
of the culture, tests completed. resulis
abtained and identification of the originating

reduced to as litte as 10% of
recommeanded amount.

the

outside of secondary container.

ISOLATION AND ENUMERATION

laboratory. Include form with cultures, but on

a7

6.2 Shipping Regulations for Cultures:
Transportation {(DOT) regulations apply to sur-
face and air transportation, but shipment of
cultures beyond 100-200 miles is only practi-
cal by air. Alr freight service is limited in many
areas, hence passenger-carrying aireraft must
be used for safe and quick service. Strict ship-
ping regulations are imposed on such passen-
ger service shipments (11), Packaging and la-
beling of the cultures must confarm with cur
rent fedaral shipping regulations for eticlogi-
cal agents described in: 49 CFR 173.387 (12)
and 42 CFR 72.26 {g) (13). The requiremants in
6.2.1-6.2.8 that follow are also shown in Fig-
ure [-C-10,

B.2.1 Place sach culture in a securaly
closed, watertight PRIMARY CONTAINER
{screw-cap test tube or vial} and seal the cap
with tape.

6.2.2 Wrap the PRIMARY CONTAINER
with sufficient absorbent material (paper
towal, tissue, etc.) to absorb the entire con-
tonts should breakage orleakage occur,

6.2.3 Place the wrapped, sealed,
PRIMARY CONTAINER in a durable, watertight
SECONDARY CONTAIMER (screw-cap metal
mailing tube or sealed metal can). Screw-cap
metal mailing tubes should be sealed with
tapa. Severzl PRIMARY CONTAIMERS of
cultures, each individually wrapped in
absorbant material. mav ha nleead s the

SECONDARY COMTAINER provided that the
total aggregate volume does not exceed 50
ml. (MOTE: Multiple secondary containers of
cultures, which individually mest the
packaging requirements for shipment of 50 m|
or less, can be overpacked in & single outer
shipping container, provided that the total
aggregate volume does not exceed 4000 mi).

6.2.4 Data forms, letters and other infor-
mation identifying or describing the cultures
should be placed around the outside of the
SECONDARY CONTAINER. DO NOT ENCLOSE
WITHIN THE SECONDARY COMTAIMER.

G.2.5 Place the SECONDARY CONTAINER
and information form in an OUTER MAILING
TUBE OR BOX.

6,26 Place an address Jabel and
ETIOLOGIC AGENT/MICROBIOLOGICAL CUL-
TURES label on the outer malling tube or box.

B.2.7 Individual primary containers of
greatar than 50 ml of culture material require
special packaging and cannot be transported
an passenger-carrying aircraft,

6.2.8 International shipments must also
conform to the added regulations: US Post
Office Publication 51, Air Cargo Restricted Ar-
icles Tariff 6-0 and DOT Regulations 48 CFR,

Condlmm 17%
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cultures, each individually wrapped in icles Tariff 6-0 and DOT Regulations 48 CFR,
absorbeant material, may be placed in the Sectlon 173,
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PART Ill. GENERAL OPERATIONS

~ Section D'_ Selection of Analytical Methods

This Section discusses the selsction of
methods for monitoring water and wastewater
in response to the Laws, the microbiological
standards that have baen established, and the
criteria that have been-recommended to en-
force the laws. The major problams that have
developed in the application of the methods
gre identified and solutions are given where
they are available,

1. Methodology

1.1 National Interim Primary
Drinking Water Regu-
lations '

1.2 NPDES Guidalines

1.3 Marine Sanitation Regu-
lations

1.4 Water Quality Standards

1.6 Water Quality Criteria

1.6 Alternate Test Proceduras

2. Problems in Application

2.1 Stressed Microorganisms

2.2 Incomplete Recovary/
Suppression

2.3 Interferance by Turbidity

2.4 Anslysis of Ground Water

2.5 Field Problams

2.8 Method Modifications
and Kits

2.7 Changes in Membrana
Filters and Methodology

2.B Klebsfelfain Industrial
Wastes

3. Recommendations for Methods
in Watars and Wastewaters
1. Methodolegy

Test procedures have been spacified and

published in Federal Register for drinking

water, wastewater discharges {NPDES) and

vessel discharges.

1.1 Mational Interim Primary Drinking
Water Regulations

Although the Mational Interim Primary
Drinking Water Regulations (Title 40 CFR Part
141) state that the total coliform analyses can
be performed by the membrane filter or MPN
procedures, the MF procedure is preferrad
because large volumes of samples can be
analyzed in 8 much shorter time, a critical
factor for poteble water, Samples containing
excassive noncoliform populations or turbidity
must be analyzed by the MPMN techmigue.
Thesa regulations specify the testing of
sample sizes of 100 mi for the MF technigue
and the testing of fiva replicate 10 or 100 mil
velumes for the MPN procedure. The law
directs that the samples be taken at points
representative of the distribution svstem.
The minimal schedules for the frequency
of sampling are based on population and
the required response s given for positive
test results. A detalled description of the
proposed criteria for interim certifi-
cation of microbiolegy laboratories under
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the Safe Drinking Water Act is given In
Appandix B.

1.2 National Poelluton Discharge
Elimination Systam (NPDES) Guidalines

The MPDES established guidelines for
analysizs of pollutants under PL 92-500,
Saction 304 (g). The parameters and methods
ara described in 40 CFR Part 136, as amended
(40 Code of Federal Regulations, Protection of
the Enwironment, ch. 1 = Enwvironmental
Protection Agency, Part 138, Guidelines
Establishing Test Procedures for the Analysis
of Pollutants). The method must be specified
and MPNs must be five tube, five dilution. See
Table 11-D-1.

1.3 Marine Sanitation Regulations

The regulations for marine sanitation
dovices (40 CFR Part 140) established
performance standards and specified the
analytical methods as those promulgated in
40 CFR Part 136, cited in 1.2 above.

1.4 Watar Quality Standards

Water quality standards {limits} have been
ostablished by law for drinking water and
cartain sewage and industrial effluents, These
standards and the reference sources are listed
in Table Il-D-2. A standard must be specified in
the NPDES parmitto be enforceable,

1.6 Water Quality Critaria

Water quality criteria have been
recommeandead by the EFA for cartain types of
water classified according to wse. These
critaria ara listad in Table 1I-D-3.

1.5 Altarnate Test Procedures

The amendments to 304 (g) also provide
procedures for approval of alternate methods.

2. Problems in Application

Although the methods described in this
Manual are judged the best available, there are
difficulties in the application of methods in
differant gecgraphical areas, in certain wastes
and in some potable and surface waters. Addi-
tional problems can stem from the indiscrimi-
nate use of new and simplified equipment,
supplies or media that have been proposed for
use in these procedures,

2.1 Stressed Microorganisms

" Some water and wastewater samples con-
tain microorganizms which should reproduce
but do not under the conditions of test. These
arganisms have been described as injured or
stressed cells. The stress may be caused by
temperatura changes or chemical treatment
such as chlorine or toxic wastes (1),

Stressed organisms are particularly
important in environmental measurements
because tests for bacterial indicators or
pathogens can give negative responges, then
recover later and multiply te produce
dangerous conditions. Subsections 2.1.1 and
2.1.2 describe efforts to recover stressed
microorganisms.

2.1.1 Ambient Temparature Effe cts.

Extrema ambient temperatures stress
microorganisms and reduce recovery of
microbiological indicators. For example, in
Alaska and other extremely cold areas,. the
severe change from cold stream temperature
ta 44.5 C temperature of incubation reduces
recovery of fecal coliforms. The two-step MF
test far fecal coliforms increases recovarias by
use of a 2-hour acclimation on an enrichment
medium at 35 C before normal incubation at
44.50C,

In contrast, water samples from natural
waaters at high temperatures may include largs
numbears of nan-caliform arganisms which in-
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The amendments to 304 (g) also provide
procedures for approval of alternate methods.
Mational approwvel for test methods is obtained
by application to EPA through EMSL-
Cincinnati while case by case approval is
obtained by application through the EPA
Regional Offices (40 CFR 136.4).

waters at high temperatures may include largs
numbears of non-caliform arganisms which in-
terfere with sheen production on MFs and
with positive gas production in MPN analyses.
An improved MF medium that provides greater
selectivity is desirable but may not be possible
without sacrificing recovery.

82 SEPA  MICROBIOLOGICAL MANUAL 1978

TABLE Il-D-1

Approved Test Procedures for the Analysis of Pollutants (40 CFR 136)

Parameter per 100 mil Mathod Refarance and Page Mo
sm' usGs? This Manual
Fecal Coliforms MPM 5922 Part il C, &
BAF 837 45 Part Il C, 2
Fecal Colifarms in MPN 922 Part I C, &
presence of chlorine MF 928, 937 Part I G, 2
Total Coliforms MiPM 316 Part 1l B, 4
MF 928 as Part Il B, 2
Total Coliforms in MPM 9186 Fart 1l B, 4
presence of Chlorineg MF 533 Part Wl B, 2
Fecal Streptococci MPM 843 Part Il O, 4
MF 844 50 Part Il O, 2
Plate Count a7 Part Il O, &

1 _—
Brandard Methods for the Examination of Water and Wastewater, 14th Edition. [(187BL

2 Elil_:!k. K. V., etal. Mathods for Collestion and Analysis of Aguatic Blological and
Microbiological Samples, USGS Technigues of Water Rescurces Inv., Book 5, ch. Ad {1873

3 Since the MF technigue usually yields low and variable recovery from chlorinated
wastewaters , the MPN method will be required to resolve any controversies.
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TABLE [l-D-2

Water Quality Standards

Microblalogical
Standards Referance
Watar or " Coliforms /100 ml Saures
Whastewater Total Feca
PFotable Water <5 - PL 93-523
Chiorinated Effluonts — 200-400 PL 92-500
2* Traatment VWastos — 200-400 40 CFR Part 133
Salactad Industrial Wastos — 200-400 PL 92-500
Laathar amd Tanning -_— 400 40 CFR Part 425
Fasd Lotz — 400 40 CFR Part 412
Mast Products — 400 40 CFR Part 432
Bast Sugar —_— 400 40 CFR Part 408
Canned Fruits and = 400 40 CFR Part 407
Vagetables
Taxtilas — 400 40 CFR Part 410
Effluents from Marine
Sanitation Davices with
Dlscharges Type | —_ 1000 40 CFR Part 140
and Amandmanis
Typa — . 200 40 CFR Part 140

and Amendments
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Typa Il — . 200 40 CFR Part 140
" and Amendments

SEPA.  MICROBIOLOGICAL MANUAL 1978

TABLE 1I-D-3

Water Quality Criteria

" Microblological Criteria

Water or Statistical Coliforms 100 _mi Reference
Wastewatar Measure Total Fecal Source
Public Water Supphy o lag ¥ 20000 EDD'D &
Recraational Water _ .
Primary Contact log X/ 30 days 200 8
maximurn /30 days, 400 B
in 10% of Samples ’ !
General Contast log X/30 days 1000 B
- maximum /30 days, L. 2000 - B
Im 10% of Samples
Agricultural Water . monthly X 000 1000 T B
Shellfish-Raising Waters
. Daily Median 70 14 . o R D.
Highest 10% of 230 43
Daily Values

A Water Quality Criteria, EPA. March, 1873, Superintendent of Dosuments, U.S, Govarnment Printing
Office, Washington, DT 20402,

B E"liﬂ_t!r Clualiry- Criteria, PWPCA, April 1,1968. Superintendent of Documents, U.5. Governmant Printing
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B ‘Water Quality Crivaria, F&PCA, April 1,1968. Superintendent of Documents, LLS. Government Printifig
Office, Washington, DC 20402, . y
€ National Shellfish Sanitation Pregram Manual of Operation. U.S. Dept. of HEW, 1965. Public Health

Service Publ. No. 33, Superintendent of Documeants, LU.S. Government Printing Office, Washington, DG
20402, .

Y

D Quality Criteria for Water, July 1976, O.W.H.M., US EPA.
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2,1.2 Chlorinated Effluents and Toxic
Wastas

Although thiosulfate is added to  all
samplas suspected of containing chloring, to
nautralize its toxic effects, the membrane filter
procedure yields poor recovery of coliforms
from chlorinated effluents as compared to
MPM recovery [1-8). A recent amendment to
40 CFR 136 added Coliform bacteria [Fecal) in
tha presence of chlorine, as a specific
parameter and recommended analysis by the
MF or MPN techniquas (7). A qualifying state-
ment appanded to the method in 40 CFR Part
136 raquires the five tube, five dilution MPN
and states: “Since the membrane filter
technigue usually ylelds low and variable
rocovery from chlorineted wastewaters, the
MPEN methoed will be required to resoclva any
controversioes.” Tharaefore, the MPN procedure
should be used in analysis of chlorinated
effluents where the data may be challanged by
legal or enforcemant actions. The MF may be
used currently for self-monitoring situations.
{Ses Tabla I-D-1).

FProposed changes in MF materials and
proceduras include new membrane filter for-
mulations, an agar overlay technique, modified
madia and twestep methods {1). Present modi-
fications of the MF method have not produced
recovarias of fecal coliforms from chlorinated
effluents equivalent to MPN recoveries. Thor-
ough evaluation and approval of proposed pro-
cedures by EPA are required before changes
will be acceptable.

Certain types of wastes show recovery
problems for total and facal coliforms:

1. Primary and Chilorinated-Frimary
VWasta Effluents.

2. Chlorinated-Secondary and Chlor-
inated-Teartiary Waste Effluents.

3. Industrial wastes containing toxic
metals or phenols.

When turbidity and low recovery prevent
the application of the MF tachnigue to coliform

analyses of primary and secondary effluents or
industrial wasies containing toxic materials,
tha MPHN procedure is reguired. However, the
two-siep MF procedure for total coliforms
described in this Manual and in Standard
Methods s acceptable for toxic wastas.

If tha MF procedure s applled to
chiorinated or toxic samples, the laboratory
should reguire data from at least 10 samples
collected over 1 week of plant processing (but
not less them 5 calendar days) to show
comparability of the MF to the MPN technigua.
See PartIV-C, 3 for details.

2.2 Incomplete Recovery/Suppression

When coliforms are present in low num-
bers in drinking wwater, high levels of none
coliforms can suppress growth or mask detec-
tion. This problem may appear a5 a mags of
confluent growth on a membrane filter or as
spots of sheen in this confluant growth. In the
MFM procedurs, presumptive tubes may show
heavy growth with no gas bubbles, dilution
skips or unusual tube combinations, When
these negative presumptive tubes are trans-
farred to BGLB, they confirm in this more re-
strictive madium, indicating that the coliform
gas production in the Presumptive Test was
supprassed by non-coliforms.

2.3 Interference by Turbidity

The tendency of bacteria to clump and
adhere to particles can produce inaccurate
rasults in the analysis of water samples. The
Mational Interim Primary Drinking Water Regu-
lations (NIPDWR) specify one turbidity unit as
the primary maximum allowable level but per-
mit up to five turbidity units if this level does
not interfere with disinfection or micrabiolagi-
cal analyses, Turbidity can interfere with filtra-
tion by causing & clumping of indicators of
clogging of pores. The turbidity as organic
solids can also provide nutrients for bacterial
growth and subseguently produce higher
counts, The type of particles varigbhly affects
tha filtration rate; for example. clay. silt or
organic debris clog more easily than sand.
Background organisms may also be imbedded

o6 SGEPA  MICROBIOLOGICAL MANUAL 1978
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in the particles and interfere with the coliform
detaction.

. 2.4 Analysis of Ground Water

Although total coliforms are a valid mea-
sure of pollution, their use as indicators in
analyzing ground waters and rural community
supplies may not sufficiently describe the
water guality. For example, ground waters fre.
quently contain high total counts of bacteria
with na coliforms. Such waters pass Interim
Drinking Water Regulations but technical judg-
ment must conclude thess ara not acceptable
as potable watars.

2.5 Field Problems

Assurance of data validity demands sam-
ple analyzes within the shortest time interval
after collection. This nesd requires figld ana-
lyses using either a mabile laboratory or field
kit equipment. Since a mobile laboratory may
not be available for a survay, it is likely that at
least a part of the analyses will need to be
completed in an onsite facility. If the analysas
can be done using membrane filtration tech-
niguas, field kits such as Millipore's Water
Laboratory and MF Partable Incubator (heat
sink} are particularly helpful for rapld set-up
and analyses of limited samples. However, if
large numbers of samples are tested per day or
the survey covers more than a few days, the
heat-sink incubator is impractical because of
limited capacity and high cost. In such surveys,
a mabile laboratory utilizing water-jacketed in-
cubators is more practical.

2.6 Method Maodifications and Kits

Commercial manufacturars continue to of-
fer proprietory kits and mathod modifications
to speed or simplify the procedures used in
coliform and fecal coliform analyses, primarily
for field use, Most of these units have not been
demonstrated to produce results comparabls
to the official procedures. If not tested to the
satisfaction of EPA, such method modifica-
tions and kits cannot be used for establishing
total or fecal coliform numbers for permits
under NPDES or for total coliform numbers
under the Safe Drinking Water Act. The proce-

dure required for acceptance of an alternative

procedure is described in 40 CFR Parts 136.4
and 136.5, as amendead,

2.7 Changes in Membrane Filters and
Methodology

There is an expected pattern of changes
in materials and methodology uwsed in the
manufacture of membrane filters. The changes
may or may not be announced by the manu-
facturar. Therefore, it is important for the
laboratory to monitor membrane performance
as described in Section A of Quality Control
in this Manual.

These changes include modification of
formulations and the replacement of the
0.45 pm pore MF by a 0.7 um retention pore
MF for improved recovery, Tests by Independ-
ent investigators show that several MF's give
comparable recovery (5, 6, B, 3}, howaver,
enrichment or two-temperaturg incubations
ara needed before recoveries approach the
MPN values (See 2.1.2 in this Saction),

This discussion of prablems with few
methodology and membrane maternials should
not be interpreted as indicating that EPA dis-
courages new developments. Rather EFA en-
courages the MF supply industry to test and
axamine procedures, to innovate and to re-
search. The membrane filter manufacturers
should be commended and encouraged to
continue their efforts toward solving problams
and improving materlals and technigues in
water microblology.

2.8 Kiebsialfain Industrial Wastes

Klabsiolla bacteria (part of the collform
group) multiply in certain industrial wastes, are
not differentiated from fecal coliforms by MF
and MPM procedures and consequently are
included in the results, These recoveries have
been reported in textile, papar and pulp mills
and other wastes, Objections have been raised
to the application of fecal coliform standards

METHOD SELECTION a7
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TABLE I-D-4

Selection of Methods for Problem Samples

Problern Area ' s  Paramater Chosen Method of Choice

Shellfish-harvesting waters . Total zoliform MPN®
) Feeal Coliform MPMN"
Marine & Estuarine Waters Taotal Coliform MF S MPH
Fecal Coliform MFSMPN
Treatad Industrial Wastas Fecal Coliform MF

(non-chlorinated, non-toxle)
Low Solids Wastes

Toxie Indusirial Wasies Fecal Coliform MPMN or shernate

{metals, phenolics) and
High Solids Wastes

procedura, tested
and approved*®®

Primary &nd Chiorinated-
Primary Municipal/Industrial
Effluant

Total' Coliform

MFN or alternats
procedure, tested
Jand approved®”

MPN or alternate
procedure, tested
- and - approwad*®*

Feeal Coliform

Chlorinatod-Secondary Effluent Tatal Califarm Two-Stap MF

Fecal Colifarm ~ MPN or alternate
procedurs, tested
and approved=®”

= 1 - o fRIash N, J baki L

*MPN recommended to conform with the MPMW method specified for axamination of
shellfish, c R - bringar P s :

"*Requires proof of comparability under EPA’s specified test regime that the alternata
procedure [MF, streak plate, ete] is wvalid.  See This Manual, VO, 3,
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to these wastes because Kiebsiella originate
from other than sanitary sources. Howewver,
EPA does consider large numbers of Kigh-
siells, Aeromonss and other noncoliforms as
Indlcators of organic pollution. Further, thesa
organisms do occur in low densities in human

Cantrol Act, the Marine Protection, Research
and Sanctuaries Act and the Safe Drinking
Water Act require recommendations on analyt-
ical methodology. Generally, the membrang
filter methods are preferred over MPN and
other techniques, where proven applicable.

and animal wastes.

3. Recommendations for Mathods in Waters

and Wastewatears In Tablell-D-4 , problem samples ara

identified and the analytical method recom-

The amended Federal Water Pollution  mended for parameters of choice,
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PART IIl. ANALYTICAL METHODOLOGY

Part lll of the manual describes the specific analytical procedures selected In response to the
parameters required under PL 32=500 and 83=523 (see Part V-D, Legal Conslderatlons) and to
ralated parameters for indicators and pathogens which.supplement the required Information. New
parametars and new methodology will be added as proven in actual usage. The methods are
presantad in Sections as follows:

Section A Standard Plate Count

Sectlon B Tatal Coliforms

Soction Focal Coliforms

Section D Fecal Streptococci

Section E Satmonalia

Section F Actinomycetes
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PART Il1.

ANALYTICAL METHODOLOGY

Section A Standard Plate Count

1. Summﬂw of Method

The Standard Plate Count (SPC) Methaod is
a diregt guantitative maasuremeant of the via-
ble aerobic and facultative anaerobic bactaria
in a water environment, capable of growth on
the selected plating madium. An aliquot of the
water sample or its dilution is pipetted into a
starile glass or plastic petri dish and a liquified,
tempered agar medium added. The plate is
rotated to evenly distribute the bacteria. Each
colony that develops on or in the agar medium
originates theoretically from one bacterial cell,
Although no one set of plate count conditions
can enumarate all organisms present, the
Standard Plate Count Method provides the uni-
farm technigque required for comparative test-
ing and for monitoring water quality in se-
lected situations.

2. Scope and Application | 1-6)

This simple technigue is a useful tool for
determinina the hacterial densitv of ootabla

tion of guantitative tests for caoliforms (1-3).
The procedura may also be used 1o monitor
quality changes in bottied water or emergency
water supplies,

2.1 Theoretically, each bacterium present
in a sample multiplies into a vigible colony of
millions of bactaria. However, no standard
plate count ar any other total count procadura
yvialds the true number because not all viable
bacterial cells in the water sample can repro-
duce under a single set of cultural conditians
imposed in the test. The number and types of
bacteria that develop are influenced by the
time and temperature of incubation, the pH of
the medium, the level of oxygen, the presence
of spacific nutrients in the growth medium,
competition among cells for nutrients, anti-
biosis, predation, etc.

2.2 This procedure does not allow the
more fastidious asrobeas or obligate anaesrobes
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This simple technigue is a useful tool for
determining the bacterial density of potable
wiaters and for quality control studies of water
treatment processes. The Standard Plate
Count provides a method for monitoring
changes in the bactericlogical guality of fin-
ished water throughout a distribution system,
thus giving an indication of the effectiveness
of chlorne in the system 25 well as the possi-
ble existence of cross-connections, sedimeant
accumulations and other problems within the
distribution lines. Totz! bacterial densities
greater than 500-1000 arganisms per mi may
indicate coliform suppression or desensitiza-

2.2 This procedure does not allow the
more fastidious asrobeas or obligate anaesrobes
io develop. Also, bacteria of possible impor-
tance in water such as Crenothrix, Sphasroti-
fug, and the actinomycetes will not develop
within the incubation period specified for pota-
ble water analysis.

2.3 Clumps of organisms in the water sam-
ple which are not broken up by shaking result
in underestimates of bacterial density, since
an aggregate of cells will appear as ana colony
on the growth medium.

STANDARD PLATE COUNT

101

3. Apparatus and Materials

3.1 Incubator that maintains a stable 36
+ 0.5 C, Tempereture is checked ageinst an
MBS certified thermometer or one of equivalant
BCCUracy.,

3.2 Water bath for tempering agar set at
44-46 C.

3.2 Colony Counter, Quebec darkfield
model or equivalent.

3.4 Hand tally or electronic counting de-
vice (opticnal).

2.5 Pipet containers of stainless steel, alu-
minum or pyrex glass for glass pipets.

3.6 Petri dish containers of steinless stesl
or aluminum for glass petri dishes,

3.7 Thermometer certified by Mational
Bureau of Standards or one of eguivalent
accuracy, with calibration chart.

3.8 Starile TD (To Delivar) bactericlogical

or Mohr pipets, glass or plastic of Epprnprlate
volumas, sea Part |I-B, 1.8.1.

3.3 Sterile 100 mm x 16 mm petri dishes,
glass or plastic,

2 10 Nilmtinn hnttlas mille Allotinnl neras

B. Procedure

5.1 Dilution of Samplae (Sea Part [IC, 1.4
for details)

5.1.1 The sample is diluted to cbtain final
plate counts of 30-300 colonies. In this range,
the plate counts are the most accurate and
precise possible. Sir.E- the microbial popula-
tion in the original water sample is not known
beforehand, a series of dilutions must be pre-
pared and plated to obtain a plate count within
this range.

51.2 For most potable water samples,
countable plates can be obteined by plating 1
and 0.1 ml of the undiluted sample, and 1 ml of
the 1:100 sample dilution (see Figure I11-4-1),
Higher dilutions may be necessary with some
potable waters.

5.1.3 Shake the sample vigorously about
25 timas.

5.1:4 Prapare an initial 1:100 dilution by
pipetting 1 ml of the sample into a 99 ml
dilution water blank using a sterile 1 m| pipet
{sea Figure lll-A-1)

5.1.5 The 1:100 dilution bottle is vigor-
ously shaken and further dilutions made by
pipatting aliguats (usually” 1 mi) inte additional
dilution blanks. A new sterile pipet must be
used for each transfer and each dilution must
be tharoughly shaken before rernn::-.rmg an ali-

———a R W L= EEE._sd
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3.10 Dilution bottles (milk dilution), pyrex
glass, marked at 99 ml volume, screw cap with
neoprene rubber liner,

3.11 BunsensFishar gas burner or electric
incinerator,

4. Media

4.1 Sterile Plate Count Agar [Tryptone Glu-
cose Yeast Agar) dispensed in tubes (15 to 20
ml per tube) or in bulk quantities in screw cap
flasks ordilution bottles. See Part [1-B, 5.1.5.

4.2 Storile buffered dilution water, 58 4 2
ml volumes, in screwcapped dilution bottles,
Seo Partll-B, 7. '

used for each transfer and each dilution must
be thoroughly shaken before removing an ali-
quot for subsequent dilution. ‘

5.1.6 When an aliquot is removed, the
pipet tip should not be inserted more than 2.5
em {1 inch) below the surface of the liguid,

5.2 Preparation of Agar

5.2.1 Melt prepared plate count agar (1ryp-
tone glucose yeast agar) by heating in boiling
water or by flowing steam in an autoclave at
100 C. Do not allow the medium o remain at
thesa high temperatures bevond the time nec-
essary to mealt it. Prepared asgar should be
malted once only.

5.2.2 Place melted agar in a tempering
watar bath maintained at & temperature of
44—46 C. Do not hold agar at this temperature

102 SEPA  MICROBIOLOGICAL MANUAL 1978
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FIGURE IIl-A-1, Typical Dilution Series for Standard Plate Count

STANDARD PLATE COUNT . 103
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longer than three hours because precipitates
may form which confuse the counting of colo-
nles. Maintain a thermometer immersed in a
separate bottle or flask in the water bath to
maonitor the temperatura.

5.3 Praparation for Plating

5.3.1 Prepare at least duplicate plates for
each sample or dilution tested. Mark and ar-
range plates in a reasonable order for use.
Propara a bench sheet or card, including sam-
pla identity, dilutions, data and other relevant
information.

5.3.2 Aseptically pipet an aliquot from the

. appropriata dilution into the bottom of each

patri dish, Use 8 separate sterile pipet to trans-

far an aliguot to each set of petri dizhes for

aach sample or sample dilution used. Vigor-

ously shake the undiluted sample and dilution
containers before each transfer is made,

B.3.3 Pipet sample or semple dilution into
marked patri dish, After delivery, touch the tip
once to a dry spot in the dish,

B.2.4 To minimize bacterial density
changes in the samplas, do not prepare any
morg samples than can ba diluted and plated
within 20-25 minutes.

6.4 Pouring Agar Platas

B.4.1 Use the thermometer in the control
bottle in the tempering bath to check the tem-
perature of the plating medium before
pouring.

B.4.2 Add not less than 12 ml {usually
12-15 ml) of the melted and cooled (44-46 C)
agar medium to each petri dish containing an
aliguot of the sample or its dilution. Mix the
incculated medium carefully to prevent spill-
img. &void splashing the inside of the cover.
One recommended technigue rotates plate
five times to left, five times to the right and five
times In a back and forth motion.

5.4.3 Pipet a one mi volume of sterile
dilution water into a petri dish, add agar, mix
and incubate with test plates. This control

plate will check the sterility of pipets, agar,
dilution water and petri dishes. See Part IV-C,
1.3.

5.5 Incubation of Plated Samples

5.6.1 After agar plates have hardened on a
level surface (usually within 10 minutas), invert
the plates and immediately incubate at 35 C.

5.5.2 Incubate tests on all water samples
axcept bottled water at 35 4 0.5 Cfor 48 4 3
hours. Incubate the tests on bottled water at
35 .4 0.5 C for 72 4 4 hours. The longer
incubation is required to recover arganisms in
bottled water with longer generation times.

b.b.3 Stacks of plates should be at least
2.5 cm from adjacent stacks, the top or sides
of the incubator. Do not stack plates more than
four high. These precautions allow proper
circulation of air to malntaln uniform tempera-
ture throughout the incubator and speaed
equilibration.

6.6 Counting and Recording Colonies:

After the required incubation period, examine
plates and select those with 30-300 colonies.
Count these plates immediately. A Quebec-
iype colony counter equipped with a guide
plate, appropriate magnification and light is
recommendead far use with & hand tally.

6.68.1 Electronic-assist devices are avail-
able which register calony counts with a sens-
ing probe and automatically tabulate the total
plata count.

Fully-automatic colony counters are avail-
able which count all colonies (particles) larger
than a preset threshold-size. These counters
scan and provide digital register and a visual
image of the plate for further examination and
recounting with different threshold if so
desired. :

Becaugse the accuracy of automatic con-
ters varies with the size and number of cala-
nies per plate, the analyst should periodically
compare [ts results with manual counts,
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B.B.2 The fallowing rules should be used
to report the Standard Plate Count:

{a) Plates with 30 to 300 Colonies: Count
all colonies and divide by the volume tested (in
mi). If replicate plates from one dilution are
countable (30-300), sum the counts of colo-
nies on 8l plates and divide by the volumes
tested {in mi) as follows:

Sum of Calonies _ 5.p. Count/ml

Surn of Volumes Tested, ml

Record the dilutions wsed, the aumber of
colonies on each plate and report as the Stan-
dard Plate Count per milliliter.

If two or more consecutive dilutions are
countable, independently carry each calcula-
tion of plate count to a final count per ml, then
calculate the mean of these counts/ml for the
reported valus.

For examplae, if 280 and 34 colonies ara
gounted inthe 1:100 and 1: 1000 dilutions of a
water sample, the calculation is:

250 _ 2p,000/mi
o1
24 _ 34,000/mi
001

28000 4 34000
2

Reporting Value =
= 1000 SPC/mI

(b) All Plates with Fewer than 30 Colonies:
If there ara less than 30 colonies on all plates,
recard the actual number of colonies on the
lowaest dilution plated and repaort the count as:
Estimated Standard Plate Count per milliliter.
For example. if volumes of 0.1, 0.01 and 0.001
ml were plated and produced counts of 22, 2
and O colonies respectively, the colony count
of 22 from the largest sample volume {0, 1 mi}
would be selected, calculated and reported as
follows:

Plate Count _ 22
Volume Plate 0.1

=220

Count reported: Estimated Standard Plate
Count, 220/ml

e} If 1 ml velumes of original sample
produce counts < 30, astual counts ara
reported,

(d} Plate with No Colonies: If all plates from
dilutions tested show no colonies, report the
count as <« 1 times the lowest dilution plated.
Far axample. if 0.1, 9.0 and 0001 ml vol-
umes of sample were tested with no wvisible
colonies developing, the lowaest dilution, 0.1
ml would be wsed to calculate a fess than (<)
count as follows!

1 1

— = = 10
Wolume Testad o

=

Count reported: Standard Plate Count,
= 10/ ml.

(g} All Plaies Greater than EEIIII' Colonies:
When coumts per plate in the highest dilution
axceed 300 colonies, compute the count by
multiplying the mean count by lha dilutiomn

e ke e

Plate Count par milliliter. For Eutample if
duplicata 1.0, 0.7 and 0.071 volumes of sample
were tested with average counts of > 500,
> 800 and 340 developing in the dilutions, the
count would be calculated as follows:

Plata Couwnt 340
Volume Tested 001

= 34,000

or count reported as; Standard Plate Coumnt,
= 34,000/ml,

5.6.3 Couwnt Estimations on Crowded
Flates: The square divisions of the grid on the
Ouebec or similar colony counter can be used
to estimate the numbers of bacteria per plate,
With less than 10 colonies per &g cm count the
colonies in 13 sguares with representative
distribution of colonies. Select 7 consecutive
horizontal squares and B consecutive vertical
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Plate Count 23 dizstribution of colonies. Select 7 consecutlve

YVolume Plate 0.1 =220 horizontal sguares and 6 consacutive vertical
STANDARD PLATE COUNT 108
squares for counting. Sum the colonies in 585 Remarks on Data Sheet: Any

these 13 2q cm, and multiply by 5 to estimate
the colanies per plate for glass plates (area of
65 sq cm) or multiply by 4.32 for plastic plates
{araa of 57 sq em). With more than 10 colonies
per 59 em, count 4 representative squares,
average the count per sq em, multiply by the
number of sg cm/plate (usually 65 for glass
plates and 57 for plastic plates) to estimata the
colonies per plate, Then multiply by the
reciprocal of the dilution to determing the
count/ml. When bacterial counts on crowded
plates are greater than 100 colonies per zq
cm, report the result as Estimated Standard
Flate Count greater than (=} 6,500 times the
highest dilution plated.

B.6.4 Spreaders: Plates containing
spreading colonies must be so reported on the
data sheet. If spreaders exceed one-half of the
total plate area, the plate is not used. Report as:
Mo results, spreaders.

Colonies can be counted an
representative portions of plates if spreading
colonles constitute less than one-half of the
total plate area, and the colonies are well-
distributed in the remaining portion of the
plata,

{a) Count each chain of colonies as a single
colony.

(b} Count each spreader calony that
develops as a film of growth between the agar
and the petri dish bottom as one colony.,

[e) Count the growth that develops in a film
of water at the edge or over the surface of the
agaras one calony,

{d} Adjust count for entire plate and report
as: Estimated Standard Plate Count/mil,

unusual eceurrences such as missed dilutions,
loss of plates through breakage,
contamination of equipment, materlals, media,
or the laboratory environment, as shown by
starility control plates, must be noted on the
data sheet. Report as: Lab Accident, ete.

6. Reporting Results

Report Standard Plate Count or Estimated
Standard Plate Count as colonies per ml, mot
par 1'D-Dﬂl.

Standard Plate Counts should he rounded
to the number of significant figures (5.F.)
obtainable in the procedure: 1 S.F. far 0-9
actual plate counts, 2 S.F. for 10-99 actual
plate counts and 3 5.F for 100-300 actual
plate counts. See Part ILC, 2.8.1 of this
manual,

7. Precision and Accuracy

7.1 Prescott et al (7) reported that the
standard dewviation of individual counts from
30-300 will vary from 0-30 percemt. This
plating error was 10% for plate counts within
the 100-300 range. A dilution error of about
3% for each dilution stage is Incurred in
addition to the plating error. Large variations
can be expected from high density samples
such as sewage for which saveral dilutions are
neCessany.

7.2 Laboratory personnel should be able
to duplicate their plate count values on the
same plate within 5%, and the counts of others
within 10%. If analysts' counts do not agres,
review counting procedures for analyst error,
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PART Ill. ANALYTICAL METHODOLOGY

Section B Total Coliform Methods

This section describes the enumerative
techniques for total coliform bacteria in water
and wastewater. The method chosen depends
upon the characteristics of the sample. The

Sectlon is divided as follows:

1. Definitlon of the Coliform

Group

2. Single-Stap, Two-Step

and Delayed-Incubation

Membrane Filtar (MF)
Methods

a, Verification

4, Most Probable Mumber

(MPN] Method

5. Differentiation of the

Coliform Groupn by Further

2. Single-Step, Two-Step and Delayed-
Incubation Membrane Filter Methods

2.1 Summary: An appropriate volume of a
watar sample or its dilution Is passed through
a membrane filter that retains the bacteria
present in the sample,

In the single-step pracedure the filter retalning
the microarganisms is placed on M-Endo agar,
LES M-Endo agar ar on an absorbant pad satu-
rated with M-Endo broth In 8 petr dish, The
testis incubated at 35 Cfor 24 hours.

Im the two-step enrichmeant procedure the filter
retaining the microorganisms is placed an an

absorbent pad saturated with lauryl tryptose

{lauryl sulfate) broth. After incubation for 2
hours &t 35 C, the filter is transferred to an
absarbent pad saturated with M-Endo broth,
M-Endo agar, or LES M-Endoe agar, and incu-
bated for an additienal 20-22 hours at 35 C.
The sheen colonies are counted under low
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5. Differentiation of the
Coliform Group by Further
Biochemical Tests

1. Dafinition of tha Coliform Group

The coliform or total coliform group
includos all of the aerobic and facultative an-
gerobic, gram-negative, nonspore-forming,
rod-shaped bacteria that ferment lactose in
24-48 hours at 35 C. The definition includes
the geners: Escherichie. Citrobacter. Entero-

bated for an additienal 20-22 hours at 35 C.
The sheen colonies are counted under low
magnification and the numbers of total caoli-
forms are reported per 100 ml of original
sample.

In the delayed-incubation procedura, the
filter retaining the microsrganisms is placed
on an absorbent pad saturated with M-Endo
preservative medium in a tight-lidded petr
dish and transported from field site to the
labaoratory. In the laboratory, the filter is trang-
ferred to M-Endo growth medium and incu-
bated at 36 C for 24 hours, Shean colonies are

boctar, snd Klabsioiia,

108

counted as totel coliforms per 100 mi.
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2.2 Scope and Application: The total coli-
form test can be used for any type of water or
wagtewater, but since the development of the
fecal coliform procedure there hags been in-
creasing use of this more specific test as an
indicator of fecal pollution, Howewver, the total
coliform test remains the primary indicator of
bacteriological quality for potable water, distri-
hution system waters, and public water sup-
plies because a broader measure of pollution
is desired for these waters. It is also 8 useful
measure in shellfish-raising waters.

Although the majority of water and waste-
water samples can be examined for total coli-
forms by the single-step MF  procedure,
coliforms may be suppressed by high back-
ground organisms, and potable water samples
may require the two-step method.

If the membrane filtration method is used
to measure total coliforms in chilorinated
spcondary or tertiary sewage effluents the
two-stap enrichment procedura s required.
Howewer, it may be necessary to use the MPN
mathod because of high solids in tha wastas or
toxicity from an industrial waste (see Part 1I-D,
this Manuall

The delayed-incubation MF method is
useful In Survey maonitoring or amergensy

[ RIS TN T N S | S —"

is checked against an NBS centified thermom-
eter or equivalant. Incubator must have
humidity control if loose-lidded pertri dishes
ara used, See Part 11-B, 1.2,

2.3.2 A binocular (dissection) microscops,
with magnification of 10 or 15, and a day-
light type fluorescent lamp angled to give max-
imum sheen appearance,

2.3.3 Hand talby.

2.3.4 Pipet container of stainless steel,
aluminum or pyrex glass for glass pipets,

2.3.5 Sterila 50-100 m| graduated cylin-
ders covered with aluminum foill or kraft paper,

2.3.6 Sterile, unassembled membrang fil-
tration units (filter base and funnel), glass, plas-
tic or stainless steel, wrapped with aluminum
foil or kraft paper. Portable fisld filtration units
are available.

2.3.7 Vacuum source,

2.3.8 Vacuum filter flask with appropriate
tubing. Filter manifolds which hold a number
of filter bases can also be used,

2.3.9 Ultravialat sterilizer for MF filtration

RN R [ p—_—— L]
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The deslayedancubation MF method i8
useful In Survey maonitoring or amergensy
situations when the single step coliform test
cannot be performed at the sample site, or
when time and temperature limits for sample
storage cannot be met. The method eliminates
field processing and eguipment needs. Also,
gxamination at a central laboratory parmits
canfirmation and biochemical identification of
the organisms as necaessary. Consistent results
have bsan obtained with this method using
water samples from a variety of sources (1, 2).
The applicability of this methad for a specihic
watar source must be  determined in
praliminary studies by comparison with the
standard MF method.

2.3 Apparatus and Materials

2.3.1 Water jacket, air, or heat sink incu-
bator that maintains 36+ 0.5 C. Tamperature

2.3.9 Ultravialat sterilizer for MF filtration
units joptionall.

2.3.10 Safety trap flask between the filter
flask and the vacuum source.

2.3.11 Foareeps with smooth tips,

2.3.12 Mathanol or ethanol, 35%, in small
vial, for flaming forceps,

2.3.13 Bunsen/Fisher burmer or alectric
incinarator.,

2.3.14 Sterile TD bacteriological or Mohr
pipets, glass or plastic, of appropriate size.

2.3.15 Sterile petrl dishes with tight-
fitting lids, 50 = 12 mm or loose-fitting lids 60
# 15 mm, glass or plastic.

TOTAL COLIFORMS 108
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2,3.16 Dilution bottles (milk dilution), py-
rex, marked at 99 ml volume, serew cap with
naocprans rubber liner,

2.3.17 Membrane filters, white, grid-
marked, 47 mm diameter, with 0.45 pm <+
0.02 pm pore size, or other pore size, 83 recom-
monded by manufacturer for water analyses,

2.3.18 Abzorbent pads,

2.3.19 Inoculation [oops, at least 3 mm
diamater, or needles, nichrome or platinum
wira, 26 B&S gauge, in suitable holder.

2.3.20 Disposable applicator sticks or
plastic loops as alternatives to inoculation
loops.

2.3.21 Shipping tubes, labels, and packing
materials for mailing delayed incubation
plates,

2.4 Medis: Media are prepared in pre-
sterilizad erlenmayer flasks with metal caps,
aluminum foil covers, or serew caps.

2.4.1 M-Endo broth or agar (See Part 1.8,
5.2.2).

2.4.2 LES M-Endo agar (See Part [-B,
5.2.4).

2.4.3 Lauryl tryptose broth (See Part |-,
5.3.1).

2.4.4 Brilllant green lactase bile broth
{Sea Part |l-B, 5.3.2),

2.4.56 M-Endo helding medium (See Part 1-
B, B.2.3),

2.4.6 Sodium benzoate, U.S.P., far use in
the delayed incubation procedure (See Part II-
B, 5.2.3).

2.4.7 Cycloheximide {Actidiane - Upjohn,
Kalamazoo, MI) for usa as antifungal agent in
delayed incubation procedure {Sees Fart 11-B,
5.2.3),

110

2.6 Dilution Water (See Part II1-B, 7 for
preparation).

2.5.1 Sterile dilution water dispenszed in
99 + 2 mi amounts in screw-capped dilution
botties.

2.5.2 Sterile dilution water prepared in 1
liter or larger volumes for wetting membranes
before addition of amall sample volumes and
far rinsing the funnel after sample filtratian,

2.6 Procedure: Refer to the general proce-
dure in Partll-C for more complete details,

2.6.1 Single-Step Procedura

{a) Prepare the M-Enda broth, M-Endo agar
or LES M-Endo agar asdirected in Part 11-8,

ib) Place one sterile absorbent pad in the
bottom half of each petri digh, Pipget 1.8-2.0 ml
M-Endo broth onto the pad to saturate it. Pour
off excess broth. Alternatively, pipet 5-6 ml of
malted agar into each dish (2-3 mm) and allow
to harden before use. Mark dishes and hench
farms with sample identities and volumes.

ic] Place a sterile membrane filter an the
fllter base, grid-side up and attach the funnel to
the base of the filter unit: the membrane filter
is now held batween the funnel and the base.

{d) Shake the sample bettle vigorously
about 26 times and measure the desired val
ume of sample into the funnel. Select sample
volumes based on previous knowledge to
produce membrane filters with 20-80 eoli-
farm colonies. See Table [FC-1. If sample vol-
ume is = 10 ml, add 10 ml of sterile dilution
water to the filter before adding sample,

It is desirable to filter the largest possible
sample volumes for greatest aceuracy. How-
aver, if past analyses of specific samples have
resulted in confluent growth, “too numerous to
count” membranes, or lack of sheen from
excessive Lurbidity, additional samples should
be collected and filtration valumes adjusted to
provide isolated colonies from smaller volumaes.
Sea 2.7.2 in this Section for details on adjusting
sample volumes for potable waters.

SEPA.  MICROBIOLOGICAL MANUAL 1578
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The suggestad method for measuring
sample volumes is described in Part [I-C, 3.4.8.

{&) Filter sample and rinse the sides of the
funnel at least twice with 20-30 ml of sterile
difution water. Turn off the vacuum and re-
move the funnal from the filter base. Asapti-
cally remove the membrane filter from the
filter base and place grid-side up on the agar or
pad,

{f} Filter zamples in order of increasing
gample volume, filter potable watars first.

{g} If M-Endo broth is used, place the filter
on an absorbent pad saturated with the broth.
Reseat the membrana, if air bubbles agour, as
avidenced by non-wetted arsas on the mem-
brane. Invert dish and incubate for 24 + 2
hours at 35 + 0.5 C in an atmosphere with
near saturated humidity.

{h} If M-Endo agar or LES M-Endo agar |5
used, place the inoculatad filter directly on the
agar surface. Reseat the membrane if bubbles
occur. Invart the dish and incubate for 24 4 2
haurs at 35 4 0.6 C in an atmosphere with
near saturated humidity.

{i} If tight-lidded dishes are used, there is
no requirement for near-saturated humidity.

{i} After incubation remaove the dishes from
the incubator and examine for sheen colonies,

(k} Proceed to 2.7 for Counting and
Recording Colonies.

2 6.2 Two-Step Enrichment Procedura

{a) Place a sterile absorbant pad in the top
of each petri dish.

{b} Prepare lauryl tryptose broth as di-
rectad im Part 11-B. Pipat 1.8-2.0 ml lauryl tryp-
tose broth onto the pad to saturate 1. Pour off
axcess broth.

ie) Place a sterile membrana filter on the
filter holder, grid-side up and attach the funnel
to the base of the filter unit; the membrane

filter s now held between the funnel and the
basa,

{d] Shake the sample bottle vigorously
about 25 times to obtain uniform distribution
of bacteria. Select sample volumes based on
previous knowladge to proeduce membrane fil-
ters with 20-B0 coliform colonies. See Tabla
I-C-1. If sample wvolumeis < 10 ml, add 10 ml
of sterlle dilution  water to fllter before adding
sample.

{a) Filter samples in order of increasing
sample volume, rinsing with sterlle buffered
dilution water between filtrations. The me-
thods of measurement and dispensation of the
gample into the funnel are given in Part I-C,
3.4.8,

iff Turn on the vacuum to filter the sample
thraugh the membrane, rinse the sides of the
funnel at least twice with 20-30 mi of sterile
dilution water. Turn off vacuum and remowve
funnel from base.

{g} Remove the membrane filter asepti-
cally from the filter base and place grid-side up
on the pad in the top of the petri dish. Reseat
W F If air bubbles are observed.

{h) Incubata the filter in the petrl dish with-
out inverting for 1 1/2 -2 hours at 35 + 0.6 C
in an atmosphere of near saturated humidity.
This completes the first step in the Two-Step
Enrichment Procedurea.

{il Prepare M-Endo broth, M-Endo agar, or
LES M-Endo agar as directed in Part [1-B.

If M-Endo broth is used, place a new sterlle
absorbent pad in the bottom hall of the dish
and saturate with 1.8-2.0 ml of the M-Endo
broth. Transfer the filtar to the new pad. Reseat
MF if mir bubbles are cbserved. Remove the
used pad and discard.

If M-Endo or LES M-Endo agar is used,
pour 5-6 ml of agar inte the bottom of each
petri dish and allow to solidly, The agar me-
dium can be refrigerated for up to two waeks,
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{il Transfar the filter from the lauryl tryp-
tosé broth onto the Endo medium, Reseat if air
bubbles are observed.

{k} Incubate dishes in an inverted position
for an additional 20-22 hours at 35 + 0.5 C.
This completes the second step in the Two-
Step Enrichment Procedurea.

{HH Proceed 1to
Recording.

2.7 Counting and

2.6.3 Delayed Incubation Procedure

{a) Prepare the M-Endo Holding Medium or
LES Holding Medium as outlined in Part 1I-B,
5.2.3 or 5.2.8, Saturate the sterile absorbent
pads with about 2,0 ml of halding broth, Paur
off excess brath, Mark dishes and bench forms
with sample identity and volumes.

b} Using sterile forceps place a mem-
brana filter on the filter base grid side up.

(e} Attach the funnel to the base of the
filtar unit: the membrane filter is now held
betwesen the funnel and base.

(d) Shake the sample vigorously about 26
times and mesazsure into the funnel with the
vacuum off, If the sample is < 10 ml, add 10
ml of starila dilution water to the membrane
filter before adding the sample.

(1) Select sample volumes based on previ-
ous knowledge to produce counts of 20-B0
coliform colonies. See Table H-C-1.

(2} Follow the methods for sample mea-
surement and dispensation given in Part I-C,
3.4.6

(g} Filter the sample through the mem-
brane and rinse the sides of the funnel walls at
least twice with 20-30 m| of sterile dilution
water.

{f) Turn off the vacuum and remove the
funnel from the base of the filter unit.

(g} Aseptically remaove tha mambrane filter
from the filter base and place grid side up on

an absorbent pad saturated with M-Endo Hold-
ing Medium or LES Holding Medium.

(b} Placa the culture dish in shipping can-
tainer and sand to tha examining labaratory.
Caliform bacteria can be held on the holding
madium for up to 72 hours with little effect on
the final counts, The halding period should be
kept to a minimum.

{i) At the examining laboratory remave the
mambrane from the holding medium, place it
in another dish containing M-Endo broth or
agar medium, and complete testing for coli-
farms as described abowve under 2.6.7.

2.7 Counting and Recording Colonies:
After incubation, count colonies on thoss
membrane filters containing 20-80 golden-
green matallic surface sheen colonigs and less
than 200 total bacterial colonies. A bimocular
|dissection) microscopes with 8 magnification
of 10 or 15x is recommended, Count the
colonies according to the general directions
given in Partll-C, 3.5,

2.7.1 The following general rules are used
in calculating the total coliform count per 100
ml of sample. Specific rules for anakysis and
counting of water supply samples are given in
2.7.2,

{a) Countable Membranes with 20-80
Sheen Colonies, and Less Than 200 Total Bae-

used according to the rules givan in Part 1I-C,
3.6, and calculate the final value wusing the
formula.

Total ColiformsS 100 mil:

Mo. of Towal Coliform Colonies Counted

Volume in ml of Sample Filtared

=100

(b} Counts Greater Than the Upper Limit of
B0 Colonies: All colony counts are above the
recommended limits, For example, sample vol-
urmas of 1, 0.3, and 2.07 ml are filtered to
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fram the filbar base and place grid side up on

umaes aof 1, 0.3, and O.01 ml are filtered to
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produce total coliform colony counts of THE,
160, and 110 colanies.

Use the count from the smallest filtration
volume and  report as a greater tham
county 100 ml. Inthe example abowvea:

110

— 108 = 1.1
oo1 * 00,000

ar = 1,100,000 califorms 100 ml,

{c) Membranes with Mora Than 200 Total
Coelonies (Coliforms plus Mon-califorms).

{1} Estimate sheen colonies if possible,
calculate total eoliform density as in {a) above.

Report as: Estimated Count/ 100 ml.

(2} If estimate of sheen colonles Is not
possible, report count as Too Numerous to
Count [THNTC).

() Membranas with Confluent Growth

Report as: Confluent Growth and specify
the prasence or absence of shean,

2.7.2 Special Rules for Potabls Waters

ja} Countable Membranes with 0-80 Shean
Colenies, and Less than 200 Total Colonies

Count the sheen colonies per volume filter-
ed, Calculate and report the number of Total
Coliforms 100 ml.

(b} Uncountable Membranes for Potable
Water Samples

If 100 ml portions of potable water sam-
ples cannot be tested because of high back-
ground counts or confluency, multiple velumes
af less than 100 ml can ke filtered, For example,
if 80 colonies eppear on the surface of one
mambrans through which a 50 ml portion of

thia commla woe maccad and B Aalanioe sn

If filtration of multiple volumes of less than
100 mil still resukts in confluency or high back-
ground count, the coliforms may be present
but suppressed. These samples should be ana-
Ivzed by thie MPN Test. This MPN check should
be made on at least one sample for each prab-
lam water once every three months,

{c) Membranes with Confluent Growth

For potable water samplas, confluence
requires resampling and retesting.

(d) Werification. Because unsatisfectory
samples from public water supplies containing
B or more eoliform colonies must ba verified,
at least & colonies need 1o ba verified for each
positive sample. Reported counts are adjusted
based on verification.

{g) Quality control proceduras are specis
fied by EPA under the law, and described in
Appendix C in this Manual.

2.7.3 Reporting Results: Report total coli-
form densities per 100 ml of sampla. Sea
Figure 1l-C-3 for an example of & bench farm for
reporting results, & discussion an significant
figures is given in Part [1-C, 2.8,

2.8 Precision and Accuracy: There are
no established precision and accuracy data
available at this time,

3. verification

Verification of total coliform colonies from
M-Endo type media validates shean as evi-
denca of califorms, Verification of represents-
tive numbers of colonies may be required in
avidence gathering or fer quality control pro-
cadures. The verification procedure follows:

3.1 Using a sterile inoculating neadle, pick
growth from the centers of at least 10 wall-
isolated sheen colonies (5 sheen colonies per
plete for potable waters). Inoculate each into a
toiha Af lsnrel trvntnes henth and inmuhate 2448
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IT o GHaOnies gppaar on ing suriace or ane
mambrans through which a 50 ml portion of
the sample was passed, and 50 colonies on
& second membrane through which a sacond
50 ml portion of the sample was passed, the
colonies are totaled and reported as 110 total
coliforms per 100 mi.

ITHA LTSS FIGEEI GOIPTIED (D SO0l G iima o
plate for potable waters). Inoculate each into a
tube of lauryl tryptose broth and incubate 24-48
houwrs at 36 ¢+ 0.5 C. Do not transfer exclu-
glvely into brilliant green bile lactose broth,
However, colonies may be transferred to LTB
and BGELE simultaneously.

TOTAL COLIFORMS 113

2.2 At the 24 and 48 howr readings, con-
firm gas-positive lauryl tryptose broth tubes by
inoculating & loopful of growth into brilliant
green lactose bile broth and incubate for
24=48 hours at 36 <= 0.6 C, Cultures that are
positive in BGLE are interpreted as verified
coliform colonies (see Figure HE-B-1).

3.3 W questionabla sheen occurs, tha
worker should alse verify these colonies.

4, Most Probable Mumber (MPN) Method

4.1 Summary: This method detects and
astimates the total coliforms in water samples
by the multiple fermentation tube technigue.
Thea method has three stages: the Presumptive,
the Confirmed, and the Completed Tests. In
the Presumptive Test, a series of lauryl tryp-
tose broth fermentation tubes are inoculated
with decimal dilutions of the sample. The for-
mation of gas at 35 C within 48 hours consti-
iutes 3 positive Presumptive Test for members
of the total coliform group. However, the MPN
must be carried through the Confirmed Test
for valid results. In this test. inocula from posi-
tive Presumptive tubes are transferred to tubes
of brilliant green lactose bile (BGLE) broth. The
BGLE medium containg selective and inhib-
itive agents to suppress the growth of all non-
coliform organisms. Gas production after incu-
bation for 24 or 48 hours 3t 35 C canstitutes a
positive Confirmed Test and is the point at
which most MPN tests are terminated. The
Completed Test bagins with streaking inocu-
lum from the positive BGLE tubes onta EMB
plates and incubating the plates for 24 hours

at AR T Twnircal and atvnicsl calanisz are

4.2 Scope and Application

4.2.1 Advantages: The MPN procedure is
a tube-dilution method wsing a nutrient-rich
medium, which is less sansitive to toxicity and
supports tha growth of environmentally-
stressed organisms. The method is applicable
to the examination of total coliforms in chlori-
natad primary effluents and under other
strassed conditions. The multiple-tube proce-
dure is also better suited for the examination of
turbid samples, muds, sediments, or sludges
because particulates do not interfere visibly
with the test.

4.2.2 Limitations: Certain non-coliform
bacteria may suppress coliforms or act syner-
glstically to ferment lauryl tryptose broth and
yvield false positive rasults. A significant num-
ber of false positive results can also occur in
the brilliant green bile broth when chlorinated
primary effluents are teksted, especially when
stormwater 15 mixed with the sewage (3). False
negatives may occur with waters containing
nitratas (4). False positives are more common
insadimants.

4.3 Apparatus and Materials

4.3.1 Water bath or air incubator set at 36
+ 0.5 C.

4.3.2 Pipet containers of atainless steel,
Aluminwm, or pyrex glass for glass pipets.

4.3.3 Inoculation loops, at least 3 mm
diameter and needles of nichrame or platinum
wire, 26 B & 5 gauge, in suitable haldars,

4.3.4 Disposable sterile applicator sticks
or plastic loops as alternatives to inoculating
loops.
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TUI BT LR PUSILES DULD BUUES L e Of PIASNGC IDOPS 85 SIErnatves 10 INoCuaung
plates and incubating the plates for 24 hours loops,

at 35 C. Typical and atypical colonies are

transferred into lauryl tryptose broth fermenta- 4.3.5 Compoaund micrascope, ol
tion tubes and onto nutrient agar slants. Gas immersion.

formation in the fermantation tubes and pres-

ence of gram-nagative rods constitute 8 posi- 4.3.6 Bunsen/Fisher burner ar electric in-
tive Completed Test fortotal coliforms.  See cinerator unit. .

Flgure H-B-2. Tha MPNper100miis caloulated ) '

from the MPN table based upon the Con- 4.3.7 Sterile TD Mohr or bacteriological
firmed or Completed test results. pipets, glass or plastic, of appropriate size.
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Pick 10 shean colonies
from each sample

Lauryl Tryptose Broth
24 haurs at 36 C

N

Gas 4 Gas—

Reincubate
24 hours at 36 C

\,\ Gas + Gas -
1 Negative
\/ Test

Erilliant Green Lactose Bile Broth
24 hoursat 35 C

Gas + Gas—
Vrifiod Relncubate
Coliform 24 hoursat 35 C

L‘Dfﬂﬂ}l" /\

Gas 4 Gas -
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Califermm Tasy
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FIGURE 111-B-1. Verification of Total Coliform Colonies on the Membranea Fitter

TOTAL COLIFORMS 118
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~ N

Gas_ + Gas -
Magative Taest

Easin Methylens Blue Agar

24 hrat35 +05C
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u Mutrignt Agar Slant Lauryl Tryptese Brath Tube
- 24hrat36 L O5C Za-dBhrat 38 LOEC
& Gram + Gram fias + Gias -
§ Sporaformers Nonspore-forming ‘ I

Hbﬂﬂli\'ﬁ Calllarms Coliforms . Hegal.i'\-u-

Tast Prasant Present Test

FIGURE I1I-B-2. Flow Chart far the Total Coliform MPN Test
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4.3.8 Pyrex culture tubas, 1580 = 25 mm
or 150 x 20 mm, containing inverted fermen-
tation vials, 75 = 10 mm with caps.

4.3.9 Culture tube racks to hold fifty, 25
mm diameter tubes.

4.3.10 Dilution battles (milk dilution) py-
rax glass, 99 ml volumae, scraw cap with neo-
prens rubber liners,

-l_1.4 Media

4.4.1 Prasumptive Test: Lauryl tryptose
broth. See Partll-B, 5.3.1 . Lactose broth is not
used because of false positive reactions,

4.4.2 Confirmed Test: Brilliant green bile
broth. (Sesa Part lI-B, 5.3.2).

4.4.3 Completed Test:

{a) Eosin methylene blue agar (see Part 11-B,
B.3.3).

(b) Mutrient agar or plate count agar slants
{see Part 1B, 8.1.1 and 5.1.5),

4.5 Dilution Water: Sterile dilution water
dispansed in 88 4+ 2 ml amounts praferably in

screw-capped bottles, (See Part 18, 7).

4.6 Procedure: Part |-G describes the gen-
eral MPN progedura in detail.

4.6.1 Prapare the media for Presumptive,
Confirmad or Completed Tests selected. (Ses
Partll-B, 5.3).

4,8.2 Presumptive Test {See Figure II-B-2)
To begin the Presumptive Test, arrange fer-
mentation tubes of lauryl tryptose broth in
rows cf B tubes each in the tube rack. Select
sample volumes and ¢learly label each bank of
tubes to identify the sample and wvolume
inoculated.

{a) For potable waters, five portions of 10
ml each or five partions of 100 ml each are
used,

{b} For relatively-unpolluted waters the
sample volumes for the five rows might be

104, 10, 1, 0.1 and 0.01 ml, respectively; the
latter two volumes delivered as dilutions of
original sample.

(c) For known polluted watera the initial
gample incculations might be 0.1, 0.01,
0.001, 00001, and 0.00001 ml of original
sample delivered as dilutions into successive
rows each containing five replicate volumes.
This series of sample valumes will vield detar-
minate results from a low of 200 to a high of
16,000,000 organisms per 100 ml,

(d) Shake the sample and dilutions wigar-
ously about 25 times. Inoculate each S-tube
row with replicate sample volumes in increas-
ing decimal dilutions and incubate at 35 C +
0.6 C.

(e} After 24 1+ 2 hours incubation at 35 C,
gently agitate the tubes in the rack and exam-
ing the tubes for gas. Any amount of ges
constitutes a positive test. If there is no gas
production in the tubes, reincubate for an
additional 24 hours and reexamine for gas.
Positive Presumption tubes are submitted
directly to the Confirmed Test, Results are
recorded on laboratory bench forms.,

if) If a laboratory wsing the MPN test on
water supplles finds frequent numbers of Pre-
sumptive test twbes with heavy growth but no
gas, these negative tubes should be submitted
to the Confirmed Test to check for supprassion
of coliforms.

{g} If The Presumptive Test tubes are gas-
negative after 48 + 3 hours. they are dis-
carded and the results recorded as negative
Prasumptive Tests. Positive Presumptive tubes
are verified by the Confirmed Test.

{h} ¥ the fecal caolifrom test is to be run,
{Part 1IC), the analyst can inoculate growth
from positive Presumptive Test tubes into EC
meadium at the same time as he ingculates the
Confirmed Test Mediurm,

4.6.3 Confirmed Test{See Figure |1-B-2)

(8] Carefully shake =ach positive Presum p-
tive tuba. With a sterile 3 mm loop or a staerile
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applicator stick, transfer growth from each
tube to BGLE. Gently agitate the tubes 1o mix
the inoculum and incubate at 35 4+ 0.6 C.

(b} After 24 -1 2 hours incubation at 36 C
axamine the tubes for gas, Any amount of gasin
BGLE constitutes a positive Confirmed Test
f there is no gas production in the tubes
(nogative test) reincubate tubes for an addi-
tional 24 hours. Record the gas-positive and
gas-negative tubes, Hold the positive tubes for
the Complated Test if required for quality con-
trol or for checks on questionable reactions.

(g) After 48 4+ 3 hours reexamine the
Confirmed Test Tubes. Record the positive and
nagative tube resuliz, Discard the negative
tubes and hold the positive tubes for the Com-
ploted Test if required as in (b) above.

{d} In routine practice most sample ana-
lysos are terminated at the end of the Con-
firmed Test. However, the Confirmed Test data
should be verified by carrying 5% of Confirmed
Tosts with a minimum of one sample per test
run through the Completed Test.

(e} For certification of watar supply labora-
tories, the MPN test is carried to completion
{except for gram stain) on 10 percant of positive
confirmed samples and at least one sample
quarterly,

#,6.4 Complated Test (See Figure ||-B-2)

Positive Confirmed Test cultures may be
subjacted to final Completed Test identifica-
tlon through application of further biochamical
and eulture tests, as follows:

{a} Streak one or more EMB agar plates
from each positive BGLE tube, Incubate the
plates at 35 4= 0.5 Cfor 24 4 2 hours,

(b} Transfer one or more well-isclated typi-
cal colonies (nucleated with or without a metal-
lic sheean) to [dury] tryptosa broth fermentation
tubes and to nutrient or plate count agar

into lauryl tryptose fermentation tubes and
incubate tubes for up to 48 4 3 hours.

ic} The formation of gas in any amount in
the fermentation tubes and presence of gram
negative rods constitute a positive Completed
Test for total coliforms,

4.6.5 EE?EII_EH. E}nsidaratinnﬁ. for Potable
Waters

Sample Size - For potable waters the stan-
dard sample shall be five times the standard
portion which is either 10 millilitars or 100
milliliters as described in 40 CFR 141 {5).

. Confirmation - If a laboratory using the
MPH test on water supplies finds freguent
numbers of Presumptive test tubes with heawvy
growth but no gas, these negative tubes
should be submitted to the Confirmed Test to
check for suppression of coliforms.

Completion — In water supply |abhoratories,
10% of all semples and at least one sample
quarterly must be carried to completion but
no gram stain of cultures is required,

4.7 Calculations: The resulis of the Con-
firmed or Complated Test may be obtained
from the MPHN table based an the number of
positive tubaes in each dilution. See Part |I-C,
4.9 far details on calculation of MPHN results,

4.7.1 Tabla II-C4 illustratas the MPHN in-
dex and 35% Confidence Limits for cambina-
tions of positive and negative results when five
10 mi, five 1.0 ml, and five 0.1 ml volumes of
sample are tested.

4.7.2 Table I-C-6 provides the MPN indi-
ces and limits for the five tube, single volumas
used for potable water supplies,

4.7.3 When the series of decimal dilutions
is othar than those inthe tables select the MPEN
value from Table [I-C-4 and calculate accord-
ing to the following formmula:

slants. Incubsate the slants for 24 4 2 or 48 + 10
: . F T
3 hours at 35 4- 0.5 C. If no typical colenies are MPN {From Table) x Largest Volume Tested
present, pick and inoculate at least two atypi-
cal [pink, mucoid and unnucleated) colonies = MPNS100 mi
118 SEPA.  MICROBIOLOGICAL MANUAL 1978
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4.8 Reporting Results: Report the MPN
values per 100 ml of sample. See an axample
of a report form in Figures 111-D-2 and i11-0-3,

4.9 Precision and Accuracy: The precis
gion of the MPN wvalue increases  with in-
creased numbers of replicates tested. A five
tube, five dilution MPM is recommended for
natural and waste waters. Only a five tube,
single volume series Is required for potable
waters,

5. Differentiation of the Coliform Group by
by Further Biochemical Tests

5.1 Summary: The differentiation of the
membears of the coliform group into ganera and
species is based on additional biochemical and
cultural tests [see Table III-B-1). These tasts
require specific training for valid results.

5.2 Apparatus and Materials
5.2.1 |ncubator set at 35 + 0.6 C.

5.2.2 Pipet containers of stainless steel,
aluminum or pyrex glass for glass pipets.

5.2.3 Inoculation loop, 3 mm diameter
and needle.

5.2.4 BunsensFisher type burner or alec-
tric incinerator.

5.2.6 Sterile TD Mohr and bacteriological
pipets, glass or plastic, of appropriate volumaes,

5.2.6 Graduates, 25 - 50O mi.

£.2.7 Test tubes, 100 = 13 mm or 160 =
20 mm with caps, in racks.

5.2.BE Aeagants

(a} Indala Test Reagent: Dissolva B grams
para-dimethylamino benzaldehyde in 75 mi
isoamyl {or normal amyl) aleohol, ACS grade,
and slowly add 25 ml cong HCl, Tha reagent
should be yvellow and have a pH below 6.0, If
the final reagent is dark in color it should be
discarded.

Some brands are not satisfactory and oth-
ers become unsatisfactory after aging. Both
amyl alcohol and benzaldehyde compound
should be purchased in as small amounts as
will be consistent with the volume of wark
anticipated. Store the raagent in the dark in 8
brown bottle with a glass stopper.

(b} Mathyl Red Test Reagent: Disscive 0.1
gram methyl red in 300 ml of 95% ethyl alco-
hol and dilute to 500 ml with distilled water.

(ch "."nge:'s-Pmsl-;a uer Test Reagents

(1) Naphthol solution: Dissolve & grams
purified alphanaphthol {melting point 9256 C
or higher) in 100 ml absolute ethyl alcohaol,
This solution must be freshly prepared each
day.

{2) Potassium hydroxide selution: Dissolve
40 grams KOH in 100 mi distilled watar.

{d) Oxidase Test Reagents

{1} Asagent A: Weigh out 1 gram alpha-
napthol and disselve in 100 ml of B5%
athanal.

(2} Reagent B: Weigh out 1 gram pare-
aminodimathylanilline HCl {or oxylate) and

dissolve in 100 mi of distilled water. Prepare
frequently and store in refrigerator.

5.3 Media

5.3.1 Tryptaphana broth for demonstrat-

' Ing indole production in the Indole Test. (See

Fartll-B, 5.1.9 {a) for preparation}.

5.3.2 MR-VP broth (buffered glucose) to
demonstrate acld production by methyl red
color change in the Methyl Red Test and to
demonstrate acatyl methyl carbinol
production in the Vogas-Proskauar test. (See
Part1l-B, 5.1.9 (b} far praparation).

5.3.3 Simmon’'s Citrate Agar to demon-
strate utilization of citrate as a sole source of
carbon. (See Part II-B, 5. 1.9 (¢} for preparation).
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5.3.4 Nutrient agar slant for oxidase test.
{Sea Partil-B, 5.1.1 for preparation).

5.3.5 Decarboxylase medium base con-
taining Iysine HCI, arginine HCl or ornithine
HCI o demonstrate utilization of the spacific
aminge aclds. (See Part 1I-B, 5.5.14 for
preparatian}.

5.3.6 Matility test medium (Edwards and
Ewing). (See Section I[-B, 5110 for
praparation),

5.3.7 Multitest Systems {optional to Sin-
gle Test Series)

(a) AP| Enteric 20 [Analytab Products, Inc.).
{b} Enterotube (Roche Diagnostics).

[e] Inolex [Inolex Biomedical Division of
Wilson Pharmaceutical and Chemical Corp.).

[d) Minitek (Baltimare Biolegical Labora-
tories, Bioguest).

(e} Pathotec Test Strips (General Diagnos-
tics Division of Warmer-Lambert Company).

{fi r/b Enteric Differential System [Diagn-
ostic Research, Inc.).

5.4 Procedure

5.4.1 Biochemical tests should always be
performed along with positive and negative
controls. See Table IV-A-5,

5.4.2 Indole Test

{8} Inoculate a pure culture into 5 ml of

{d} A dark red color in the amyl alocohal
layer on top of the culture is 3 positive indole
test; the original color of the reagent, a2 nega-
tive tast An orange color may indicate the
presence of skatole and is reported as a 4
reaction,

5.4.3 Methyl Red Test

(a} Inoculate a pure culture into 10 mil of
buffarad glucose broth,

(b} Incubate for B days at 35 €.

ich To & ml of the five day culture, add 5
drops of methyl red indicator,

id) A distinct red coler is positive and dis-
tinct yellow, negative. Orange color is dubious,
may indicate a mixed culture and should be
repeatad.

5.4.4 Voges Proskauer Test This procedure
detects the production of acetyl methyl carbinol
which in the presence of alphanapthol and
potassium hydroxide develops a reddish color.

{a} Use a pure culture to inoculate 10 ml of
buffered glucose broth or 5 ml of salt paptoneg
glucose broth or use the previously inoculated
buffered glucose broth from the Methyl Red
Test.

it} Incubate the inoculated salt peptone
glucose broth or the buffered glucose broth at
35 4 0.5 Cfor 48 hours.

(e} Add 0.6 ml naphthol solution and 0.2
ml| KOH sclution 1o 1 ml of the 48 hour salt
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(g} Inoculate a pure cultura into 5 ml of
tryptophane broth,

{b) Incubata the tryptophane broth at 354
0.5 C for 2442 hours and mix well,

(e} Add 0.2-0.3 ml test reagent to the 24
hour culture, shake and allow the mixtura to
stand for 10 minutes. Observe and record the

(e} Add 0.8 ml naphthol solution and 0.2
ml KOH selution 1o 1 ml of the 48 hour salt
peptona or buffered glucose brath culture in a
saparata clean tast tube. Shake vigorously for
10 seconds and allow the mixture to stand for
2—4 howrs.

{d} Observe the results and record, A pink
to crimson eolor is a positive test. Do not read
after 4 hours, & negative test may develop a

results.

coppearor faint brown color.

TOTAL COLIFORMS
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5.4.5 Citrata Test

(a} Lighthy inoculate & pure culture into &8
tube of Simmon’s Citrate Agar, using a needle
to stab, then streak the medium. Be careful not
to carry over any nutrient material,

{b) Incubate at 35 Cfor 48 hours,

{c] Examina agartube for growth and color
change. A distinct Prussian blue color in the
prasence of growth indicates a positive test;
no calorchange is a2 negative test,

£.4.6 Cytochrome Oxidase Test
{indophenol): The eytochrome oxidase test can
be done with commercially-prepared paper
strips or on a nutrient agar slant as follows:

{a) Imoculate nutrient agar slant and incu-
bate at 35 C for 18=24 hours. Older culturas
should not be used.

ib] Add 2-3 drops of reagent A and raag-
ant B to the slant, tilt to mix and read reaction
within 2 minutes.

e} Strong positive reaction (blue color
slant or paper strip) occurs in 30 seconds,
Ignore wesk reactions that ocour after 2
minutes,

5.4.7 Decarboxylase Tests (lysine, argi-
ning and ornithine)

[a}TIm complete decarboxylase test series
raqmms tubeas of aa.n:',h ofthea am:nu amds anda

for the reactions of the other tubes to be valid,
Positive purple tubes must have growth as
evidenced by turbidity because uninoculated
tubes are alzo purple; nonfermenters may
remain alkaline throughout incubation,

B.4.8 Motility Tast

{a} Stab-inoculate the center of the tube of
Maotility Test Medium to at least half depth.

(b) Incubate tubes 24-48 hours at 36 C,

(c) Examine tubes for growth. If negative,
reincubate at room temperature for 5 more
days,

(d) Mon-motile organisms grow only along
the line of inoculation. Motile organisms grow
outward from the line of inocculation and
spraad throughout the medium producing a
cloudy appearance.

i) Addition of 2, 3, 5 triphenyl tetrazolium
chloride (TTC) will aid recognition of motility.
Growth of microorganisms reduces TTC and
produces red color alang the line of growth.

5.4.89 Additional Blochemical Tests: If
other biochemical tests are necessary to fur-
ther identify enteric bacteria, for example spe-
cific carbohydrate fermentation, see the Tabla
ll-E-5, Biochemical Characteristicsof Entero-
bacteriaceas.

5.4.10 MUFtI‘tBEI Eystums Mulll‘tEEl sys-
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[a) The complete decarboxylasa test series
requiras tubas of each of the amino acids and a
control tube containing no amino acids.

(b} Inoculate each tube lightly,

(e} Add sufficiant sterile mineral il to the
broths to make 3-4 mm layers on the surface
and tighten the screw caps.

{d} Incubate for 18-24 hours at 38 C and
raad. Megative reactions should be re-
incubated up to 4 days.

(o) Positive reactions ark purple and
negative reactions are yellow. Read the control
tube without amine acid first; it must be yellow

5.4.10 Multitest Systems: Multitest sys-
tems are available which use tubes containing
agar media that provide numerous biochemi-
cal tests, plastic units containing a8 series of
dehydrated media, medis-impregnated discs
and reagent-impregnated paper strips. Some
of the systems use numerical codes to aid
identification. Others provide computerized
identification of bacteria. A number of inde-
pendent investigators have compared ong or
mare multitest systems with conventional ar
traditional biochemical tests. Some of the ear-
liar systems have been improved, Most of the
recant studies report the correct identification
of high percentages of isclates. The systemns
ara described in Part [[I-E, 5.6.

122 EPA,  MICROBIOLOGICAL MANUAL 1978

REFEREMNCES

1. Gieldreich, E. E.. P. W. Kabler. H. L. Jetar and H. F. Clark, 1955, A delayed incubation membrane
filter test for caliform bacteria in wﬁ!&r-.ﬁl!'_le_r. Jour, Public Hﬁal:l_- 451462, :

2. Brezenski, F. T. and J. A. Wintar. 1969, Use of the dalayaed incubation mambrane filter test for

determining coliform bactaria in saa water. Water Res. 3:583.

3. Geldreich, E. E., 1975, Handbook for Evaluating Water Bacterindlogical Laboratories (Znd ed.),

EPA-BTO/9-T75-008. U5 Environmental Protection Agency, Cincinnati, Ohio.

4, Tubiash, H., 1951, The Anaerogenic Effect of Nitrates and Nitrites on Gram-negative Enteric

Bacteria. Amer. Jour. Public Health 4 1:833.

5. Matiomal Interims Primary Drinking Water Regulations, 40 Code of Federal Ragulations {CFR) Part

141.14 (b} and [g]. Published in Federal Regigter, 40, 59566, Decamber 24, 1375,

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (158 of 407)1/24/2007 4:12:45 PM



Document Display | NSCEP | US EPA

TOTAL COLIFORMS : 123

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (159 of 407)1/24/2007 4:12:45 PM



Document Display | NSCEP | US EPA

PART IIlL

ANALYTICAL METHODOLOGY

&

Saction C Fecal Coliform Methods

The direct membrane filter [MF), the
delaved-incubation MF and the multiple-tube,
most probable number (MPN) methods can be
used to enumerate fecal coliforms in water and
wastewatar. For a general description of the
fundamental laboratory technigues refer to
Part II-C, Tha method chosen depands upon
the charactaristics of the sample, The Section
isdivided as follows:

1. Dafinition of the Fecal Coliform

Group

2, Dirsct Membrana Filtar (MF)
Method

3. Delayed-Incubation Membrane
Filter Mathod

4, Verification

5. Most Probable Number (MPN)

Method

1. Definition of tho Facal Coliform Group

1.1 The fecal coliforms are part of the total
coliform group. They are defined as gram-
negative nonspore-farming rods that ferment
lactose in 24 + 2 hours st 44.5 + 0.2 C with
the production of gas in a multiple-tube proce-
dure or produce acidity with blue colonies in a
membrane filtar procedure,

1.2 The major species in the fecal coliform
group is Escheriehia colf, a species indicative
of fecal pollution and the possible presence of
aenteric pathogens.

124 <EPA

2. Direct Membrane Filter (MF) Mathod

2.1 Summary: An appropriate volume of a
water sample or its dilution is passed through
a- membrane filter that retains the bacteria
present in the sample, The filter containing the
microorganisms is placed on an absorbent pad
saturated with M-FC broth or on M-FC agarin a
petri dish. The dish is incubated at 44.5 C for
24 hours. After Incubation, the typical blue
colonies are counted under low magnification
and the numbaer of fecal coliforms is reported
per 100 ml of original sample,

2.2 Scopa and Application

2.2.1 Advantages: The results of the MF
test are obtained in 24 hours. Up to 72 hours
are required for the multiple-tube fermentation
method, The M-FC method provides direct enu-
meratlon of the fecal coliform group without
enrichment or subsequent testing. Over 93%
of the blue colonies that develop in this test
using M-FC medium at the elevated tempara-
ture of 44.5 C 4+ 0.2 C are reported to be facal
coliferms {(1). The test is applicable to the ex-
amination of lakes and reservoirs, wells and
springs, public water supplies, natural bathihg
watars, secondary non-chlornated effluents
from sewsage treatment plants, farm ponds,
stormwater runoff, raw municipal sewage, and
feedlot runoff, The MF test has bean used with
varied success in marine waters.

2.2.2 Limitations: Recent data (2, 3)
indicate that the single-stap MF fecal coliform
procedure may produce lower results than
those obtained with the fecal coliform

MICROBIOLOGICAL MANUAL 1578
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multiple-tube  procedurs, particularly  for
chlorinated effluents. Since chlerination
strasses fecal coliforms and significantly
reduces recovery, this mathod should not be
used with chlorinated wastewater.
Diginfection and toxic materialzs such as
matals, phanols, acids or caustics also affect
recovery of fecal coliforms an the mambrane
filter, Any decision to use this test for stressad
microorganisms requires parallel ME/MPN
evaluation based on the procedure described
inPartIV-C, 3.

Recently-proposed solutions to problems
of lower recovery (2, 4, B, 8} include the use of
two-step incubation, two-step incubation over-
lay and/or enrichment techniques and modifis
cation of membrane filter structures.

2.3 Appa I:ﬂtl.hﬂ and Materials

2.3.1 Water bath, aluminum heat sink, or
other incubator that malntains a stable 44.5 +
0.2 C. Temperature is checked against an NES
certified tharmometer or ane of equivalent
accuracy,

2.3.2 Binocular (dissesting wpe) micro-
scope, with magnification of 10=15x and
daylight-type fluorescent lamp.

2.3.3 Hand tally.

2.3.4 Pipet containers of stainless steel,
aluminum or pyrex glass for glass pipets.

2.3.5 Graduated cylinders, covered with
aluminum  foll or kraft paper  before
sterilization.

2.3.6 Sterile, unassembled membrane fil-
tration units (filtar basa and funnel), glass, plas-
tic ar stainless steel, wrapped with aluminum
foil and kraft paper.

2.3.7 Vacuum Source.
2.3.8 Vacuum filter flazk, with appropriate

tubing. Filter manitolds which hold a number
of filter bases can also be used,

2.3.9 Safety trap flask betwesn the filter
flask and the vacuum source.

2.3.10 Forceps with smooth tips.

2.3.11 Ethanol, 35 % or methanaol, in small
vial, for sterilizing forceps,

2.2.12 Bunsen/Fisher burnaer or electric
incinerator.

2.3.13 Sterile TD bactericlogical or Maohr
pipets, glass or plastic, of appropriate size.

2.3.14 Sterile petri dishes, 50 » 12 mm
plastic with tight-fitting lids.

2.3.15 Dilution bottles {milk dilution), py-
rax glass, marked at 99 ml volume, screw-cap
with neoprane rubber liner,

2.3.16 Membrane filters, white, grid
marked, 47 mm diamater, 0.454-0.02 um pore
size or other pore size recommended by manu-
facturer for water analyses. The Millipore
HC MF, not the HA, is recommended.

2.3.17 Ahsorbent pads.

2.3.18 Water-proof plastic bags.

2.3.18 Inoculation loops, 3 mm diamegter,
of needle of nichrome of platinum wire, 26
B&S gauge, in suitable holder,

2.3.20 Dizposable applicator sticks or
plastic loops as alternatives to inoculation

loops.

2.3.21 Ultraviolet sterilizer for MF filtra-
tion wunits (optional).

2.4 Media

2.4.1 M-FC broth or agar prepared in pra-
starilized erlenmeyer flasks (Se= Part [I-B, 5.2.1).

2.4.2 Lauryl tryptose broth prepared in 10
ml volumes in fermeantation tubes (see Part ll-B,
B5.3.1) fer verification.

FECAL COLIFORMS 125
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2.4.3 EC medium prepared in 10 ml vol-
umes in fermentation tubes {see Part 1I-B,
5.3.4) for verification,

2.6 Dilution Water (See Part IL,B, 7 for
praparation).

2.5.1 Sterile bufiered dilution water or
peptone water dispensed in 3842 ml amounts
in screw-capped dilution bottles,

2.5.2 Sterile buffered water or pepione
water prepared in 500 ml or larger volumes for
wetting membranes before addition of the
sample, and for rinsing the funnel after sample
filtratiomn.

2.6 Procedure: The genersl membrana -
tar procadure is described in detzil in Part 11-C.

2.6.1 Prepare the M-FC broth or agar me-
dium as outlined in Part 11-B, 5.2.1. Saturate the
sterile absorbent pads with about 2.0 ml of
broth or add 5—6 ml of M-FC agar to the bottom
of aach 50 ¥ 12 mm petri dish (to a depth of
2=3 mmij. Pour off excess liquid from broth-
saturated pads, Mark dishes and banch farms
with sample identity and sample volumes,

2.6.2 Using a sterile forceps place a sterile
membrane filter on the filter base, grid side up.

Attach the funnel to the base of the filter unit;
« the membrane filter is now held between the
funneal and base,

2.6.3 Shake the sample vigorously about
25 times and measure the sample into the
funnel with the vacuum off. If sample volume is
< 10 ml, add 10 ml of sterile dilution water to
tha filter before adding the sample.

2.6.4 Sample volumes for fecal coliform
enumeration in different waters and wastewa-
ters are suggested in Table 1-C-1. These val-
umes should provide the recommended count
of 20-80 colonies on a membrane filter. Facal
coliform levels are generally lower than total
coliform densities in the same sample; there-
fore larger volumes are sampled.

2.6.5 Do pot filter less than 1.0 mi of
undiluted sample. :

2.5.6 Filter the sample and rinse the sides
af the funnal walls at least twice with 20-30 mi
af sterile dilution water.

2.8.7 Turn off the vacuum and remove the

" funnal from the filter base.

2.6.8 Aseptically remove the membrane
filter fram tha filter base. Place the filter, grid
side up, on the absorbent pad saturated with
M-FC Broth or on M-FC agar, using a rolling
maotion to prevent air bubbles,

2.6.9 Incubate the petri dishes for 24 + 2
hours at 446 4+ 0.2 C in sealed waterproof
plastic bags submergad (with the petri dishes
inverted) in a waterbath, or without plastic bag
in a heat-sink incubator. MF cultures should ba
placed In incubator within 30 minutes of
filtration.

2.6.10 After 24 hours remove dizshes from
the incubator and examina for blue calonies.

2.7 Counting and Recording Colonies:
Select those plates with 20-80 blue |{some-
times gresgnish-blue} colonies. MNon-fecal
colonies are gray, buff or colorless and are
nat countad. Pinpoint blue colonies should be
counted and confirmed The colonies are
counted wsing & microscope of 10-18x and
a fluorescent lamp, Use of hand lens or other
simple optical devices of lower magnification
make difficult the identifleation and differentia-
tion of typical and atypical blue colonies.

2.7.1 The genaral counting rules are given
in Part II-C, 3.5. The following rules are used
in calculating the fecal coliform coumt paer
100 ml of sample:

(8] Countable Membranes with 20-60
Blue Colonies. Count all blue colonies using
the formula:

Mo, of Fecal Coliform Colonies Counted
Volume in ml of Sample Filtened

facal coliform

100
* count/ 100 ml
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For example, if 40 colonies are counted
after the filtration of 50 ml of sample, the
calculation is:

50 % 100 = BO fecal coliforms/100 ml.

{b)} Countable Membranas With Less Than
20 Blue Colonies. Heport 8s: Estimated
Eunt.r"lﬂﬂ_n"l_land specify the reason.

{c} Membranes With No Colonies. Report
the count as: Less than {calculated valuel 100
ml, based upon the largest single volume
filterad,

For example, if 10, 3 and 1 ml are filtered
and all plates show zero counts, select the
largest volume, apply the general formula and
reportthe countas a < (less than) value:

1
FHiﬂ'ﬂ:lﬂ

ar < 10 fecal coliformss 100 mil,

{d} Countable Membranes With More Than
EQ Blue Colonies. Caleulate count from high-
est dilution and reportas a » value.

(o) Uncountable Membranas With More
Than E_'ﬂa]unies- Use B0 colonies as the
basis of calculation with the smallest filtration
volume, e.g., 0.01 ml:

B0
001 ¥ 100 = 800,000
Report as: = 500,000 fecal

coliforms 100 ﬂ

2.7.2 Reporting Results, Report fecal coli-

farm dangities nar 100 ml Sas dlecieeian an

2.8.2 Labworatory personnel should be able
to duplicate their own colony counts on the
same plate within 5%, and the counts of ather
analysts onthe same plate within 10%.

3. Delayed-lncubation Membrane Filter (MF)
Method

2.1 Summary: Bacteria are retained on
Q.45 pm filters after passage of selected sam-
ple volumes through the filters. The filkers are
placed an M-VFC broth (a minimum growth
medium) and transported from field sites to the
laboratory. In the laboratory, the filters are
transferred ta the M-FC medium and incubatad
at 44.5 C for Z4 hours. Blue colonies are goun-
ted as fecal coliforms.

3.2 Scope and Application

3.2.1 Advantages: The delayed incubation
MF method is vseful in survey monitoring or
emergency situations when the standard fecal
coliform test cannot be performed at the sam-
ple site, or when tima and temperature limits
for sample storage cannot be met. The method
gliminates field processing and equipment
needs. Also, examination at a central labora-
tory permits confirmation and biochemical
identification of the organisms as necessary.
Consistent results have been obtained with
this method using water samples from a vari-
oty of sources (7).

3.2.2 Limitations: The applicability of this
method for a specific water source must be
determined in preliminary studies by compari-
sof with the standard MF method. For exam-
ple. limited testing has indicated that the
delayed-incubation method is not as effective
in saline waters (7).

1 2 Aanaratine and Matariale
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2.7.2 Reporting Results, Report fecal coli-
form densities per 100 ml. See discussion on
significant figures in Part II-C, 2.8.1.

2.8 Precision and Accuracy

2.8.1 Ninetythree parcent of the blue cal-
onies that develop on M-FC medium at the
wlovated temparature of 44.5 4+ 0.2 C were
varified as facal caliform{1).

IN S NNeg ywaiers [ .

3.3 Apparatus and Matarials

3.3.1 Water bath, aluminum heat sink, or

equivalent incubator that maintains & 44.5 4=
0.2 Ctemperature,

3.3.2 Binocular {dissection) microscope,

with magnification 10 or 15,  binocular,
wide-field type. A microscope lamp producing

128 SEPA  MICROBIOLOGICAL MANUAL 1578

diffuse daylight from cool white fluorescent
lamps.

3.3.3 Hand tally.

3.3.4 Pipet containers of stainless steel,
aluminum or pyrax glass for glass pipets.

3.3.B Graduated cylinders, covered with
aluminum fail or kraft paper before
sterillzation.

3.3.6 Sterile unassembled membrane fil-
tration units [filter base and funnel), glass, plas-
tic or stainless steel wrapped with aluminum
foil or kraft paper.

A3 T Vacuum source.

3.3.8 Filter flask to hold filter base, with
appropriata tubing. Filter manifold to hold a
number of filker bases can also be usad, In the
field, portable fleld kits are also used.

3.3.9 Safety trap flask betwean the filter
ing flask and the vacuum source.

3.3.10 Forceps with smooth tip.

4.3.11 Ethanol, 95% or methanol, in small
vial, for sterilizing forceps.

3.3.12 Bunsen/Fisher type burnar.

3.3.13 Sterile TD bactericlogical or Mohr
pipets, glass or plastic, in appropriate volumes.

T e . s T ep—

3.3.18 Ultraviolet sterilizer for MF filtra-
tion units (optional).

3.4 Media: The following media are pre-
pared In pre-sterilized erlenmeyer flasks with
metal caps, aluminum foil covers, or screw-
Caps:

3.4.1 MVFC holding madia {see Part II-B,
5.2.6).

3.4.2 M-FC broth or agar [see Part II-B,
§.2.1).

3.5 Dilution Water

3.5.1 Sterile dilution water dispensed in
88 4 2 mlvolumes in screw-capped bottizs.

3.5.2 Sterile dilution water prepared in
large volumes for wetting membranes before
the addition of the sample, and for rinsing the
funnel after sampla filtration.

3.8 Procedure: The general membrang fil-
ter procedurs is describad in detail in Part II-C.

3.6.1 Prapare the M-VFC holding medium
&3 outlined in Part |I-B, B.2.6. Saturate the
sterile absorbent pads with about 2.0 ml of M-
VFC broth. Pour off excess broth. Mark dishes
and bench forms with sample identity and
volurmes.,

3.6.2 Using sterile forceps place a mem-
brane filter on the filter base grid side up.

o S Rbade ol dbs il b s hase AF e
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pipets, glass or plastic, in appropriate volumes.

3.3.14 Sterile patri dishes, 50 x 12 mm
plastic with tight-fitting lids.

3.3.15 Dilution bottles (milk dilution), py-
rex glass, 99 ml volume, screw-caps with nea-
prens rubber liners.

3.2.16 Membrana filters, white, geid mark-
ed, 47 mm in diamater, 0.45 +0.02 pm pore size,
or other pore size recommended by the manu-
facturer for water analyses. The Millipore HC
PF, not the HA is recommeandad.

3.3.17 Shipping tubes, labels, and packing
materials for mailing delayed incubation plates.

brane filter on the ther Dase gna sige up.

3.6.3 Attach the funnel to the base of the
filter wnit; the membrang filter i now held
between the funnel and base.

3.6.4 Shake the sample vigorously about
256 times and maeasure Into the funnael with the
vacuum off. If the sample is = 10 ml, add 10
mi of sterile dilution water to the membrang
filter before adding the sampla.

{8) Sample volumeas for fecal coliform enu-
meargtion in different waters and wastewaters
are suggested in Tabla (1-C-1. These volumes
should produce membrana filters with a ré-
commended count of 20-60 colonies,

FECAL COLIFORMS
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{b} Follow the methods for sample mea-
surement and dispensation given in Part 1I-C,
3.4.6.

3.6.5 Filter the sample through the mem-
brana and rinse tha sidas of the funnel walls at
least twice with 20-30 ml of sterile dilution
water.

3.6.5 Turn off the vacuum and remove the
funnal from the base of the filter unit.

3,6.7 Aseptically remove the membrana
filtar from tha filter base and place grid side up
on an absorbent pad saturated with WFC
mediurm.

3.6.8 Place the culture dish in shipping
container and sand to the examining labora-
tory. Fecal coliform bacteria can be held on the
VFC holding medium for up to 72 hours with
littla effect on the final counts. The haolding
period should be kept to a minimum.

3.6.9 At the examining laboratory remove
the membrane from the holding medium,
place it in another dish containing M-FC broth
or agar medium, and complete testing for fecal
coliforms as described above under 2.6,

3.7 Counting and Recording Colonies:
After the required incubation select those
nlates with 20-680 biue (sometimas aresnish-

4. Verification

Verification of the membrane filter test for
fecal coliforms establishes the validity of cal-
any differentiation by blue coler and provides
supporting evidence of colony interpretation.
The verification procedure corresponds to the
facal coliform MPN (EC Medium) test.

4.1 Pick from the centers of at least 10
well-isolated blue colomies. Inoculate into laury|
tryptose broth and incubate 24-4B hours at
35+0.5 C.

4.2 Confirm gas-positive lauryl tryptosa
broth tubes at 24 and 48 hours by inoculating
a loopful of growth into EC tubes and incubat-
ing for 24 hours at 44.5 + 0.2 C. Culturas that
produce gas in EC tubes are interpreted as
varified fecal coliform colonies {see Figure |-
C-1).

4.3 A percent verification can be detar-
minad for any colony-validation tast:

Mo, of colonles meeting verlficatlon test
Mo, of eolonies subjected to warlflcatlon

w100 = Percent werification

Example: Tweanty blue colonies an M-FC
medium were subjected to verification studies
shown in Floura IE-C-1. Fiohtean of these colo-

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (166 of 407)1/24/2007 4:12:45 PM




Document Display | NSCEP | US EPA

LT I'F 3 AL TEENNT,) EEETW) PNOPLARFE RETEE] TR RPN DR
After the required incubation select those
plates with 20-680 hlue {sometimes greenish-
Blue) colonies, Gray to cream colored colonies
araé not counted, Pin-point blue colonies are
not counted unless confirmad. The colonies
ara enumerated using 8 binocular microscope
with a magnificationof 10or 15=

Refer 1o 2.7.1, for rules usaed in reporting
the fecal coliform MF counts.

3.8 Reporting Results: Record densities
a5 facal coliforms par 100 ml. Refer to Part [1-C,
2.B, for discussions on the use of significant
figuras and rounding off values.

3.8 Precision and Accuracy: As reported
in 2.8, this Section.

IR PRy B NETERILY  RAFRAGE  LLIELAEIATEEN WIIE RN
medium were subjected to verification studies
shown in Figure II-C-1. Eighteen of these colo-
nies proved to be fecal coliforms according to
provisions of the test:

i
Percent wverification = z_g_ #* 100 = 90%

4.4 A percent verification figure can be
applied to the direct test results to determine
the verified fecal coliform count per 100 ml:

Percent werlflcation
100 *

count per
1040 mi

Werified fecal
coliform  count

Example: For & given aample, by the M-FC
test, the fecal coliform count was found to be

120 SEPA  MICROBIOLOGICAL MANUAL 1578
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Fick 10 blue colonies

Lawryl Tryptosa Broth
24 hours at 35 C

Gas + Gas -

Reincubate
24 hours 2 36 C

Gas + ‘Gas-
Negative
EC Broth Tast

Fdhoursat44.5 C

Gas .+ Gas—

Varified Negaive
Facal Caliform ;:i
Colany f

FIGURE I-C-1. Verification of Fecal Coliform Colonies on the Membrane Filter
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42,000 organisms per 100 ml. Supplemental

studies on selected colonies showed 92%
verification.

Varifled fecal 937
coliform count ™ §qg ~ 44000 = 38840

Rounding off = 38,000 fecal coliforms
per 100 mi

The worker is cautioned not to apply per-
centage of verification determined on one
sample to other samples.

b. Most Probable Number (MPN} Mathod

5.1 Summary: Culture from positive tubes
of the lauryl tryptose broth (same as presump-
tiva MPN Method, Part 11-B) is inogulated into
EC Broth and incubated at 44.5 C for 24 hours
{sea Flgure M-C-2). Formation of gas in any
quantity in the inverted vial Iz a positive reac-
tion confirming fecal coliforms. Fecal coliform
densities are calculated from the MPN table on
tho basis of the positive ES tubes (8).

B.2 Apparatus and Materials
B.2.1 Incubator that maintains 35 4- 0.5 C.

B.2.2 Water bath or equivalent incubator
that malntains a 44.5 4= 0.2 Ctemperature,

B5.2.3 Pipet containers of stainless steel,
aluminum or pyrax glass for glass pipets.

B.2.4 Ingceculation loop, 3 mm diameter
and needle of nichrome or platinum wire, 26 B
& 5 gauge, in suitable holder. Sterile applica-
tor sticks are a suitable altarnative.

5.2.B Starila pipets T.D., Mohr or bacterio-
loglcal, glass or plastic, of appropriate size.

5.2.6 Dilution bottlas (milk dilution). pyresx,
989 ml volume, serew-cap with neoprene liners.

5.2.7 Bunsen or Fishartype burnar or elec-
tric incinarator unit,

132 ' SEPA,

5.2.8 Pyrex test tubes, 1680 x 20 mm,
containing inverted fermentation vials, 75
10 mm, with caps.

5.2.9 Culture tube racks to hold fifty, 25
i diameter tubes.

5.3 Madia

5.3.1 Lauryl tryptose broth (same as total
coliform Presumptive Test medium) prepared
in 10 ml volumes in appropriate concantration
for sample valumes used. (Part -8, 5.3.1).

5.3.2 EC medium prepared in 10 mi vaol
umes in fermentation tubes (Part [1-B, 5.3.4).

5.4 Dilution Water: Sterile buffered or
peptone dilution water dispensed in 99 + 2 ml
violumes in screw-capped bottles.

5.5 Procedure: Part II-C describes in detail
the general MPN pracedure. See Figure |1[-C-2.

B.5.1 Prepare the total coliform Prasump-
tive Test medium, (lauryl tryptose broth) and
EC medium, Clearly mark each bank of tubes,
identifying the sample and the wvolume
inoculated,

5.5.2 Inoculate the Presumptive Test me-
dium with appropriate guantities of sample
following the Presumptive Test total coliform
procedure, (Part HI-B)

5.5.3 Gently shake the Presumptive tube.
Using a sterile inoculating loop or a starile
wooden applicator, transfer inocula from posi-
tive Presumptive Test tubes at 24 and 48
hours to EC confirmatory tubes. Gently shake
the rack of inoculated EC tubes to Insure mix-
ing of inoculum with medium.

5.5.4 Incubate incculated EC tubes at
44.5 + 0.2 C for 24 4 2 hours. Tubes must be
placed in the incubator within 30 minutes after
inoculation. The water depth in the water bath
incubator must come to the top.level of the
culture medium inthe tubes.

B.5.5 The presence of gas in any quantity
in the EC confirmatory fermentation tubes af-
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Sample
Lauryl Tryptosa Broth
35+ 05C
E Gas + Gas =
E 34 hr 24 hr
&
=
E Reincubate
o 24 hr
B |
Gas -+ Gas-
MNegative
Test
Elevated Tempearature Test
EC Mediumardd 5 4+ 0.2 C
E
L Gas + Gas =
= 24 hr 74 hr
i}
=
©
=
8 Facal Coliforms Present Negative
Tiast
Calcwlate
Facal Caliform
APN

FIGURE HI-C-Z. Flow Chart for the Fecal Coliform MPN Tests.
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ter 24 4 2 hours constitutes a positive test for
facal coliferms.

6.6 Caloulations

5.6.1 Caleulate fecal coliform densities on
the basis of the number of positive EC fermen-
tation tubes, using the table of most probable
numbers (MPN).

5.6.2 The MPN results are computed from
three dilutions that include the highest dilution
with all positive tubes and the next two higher
dilutions. For example, if five 10 ml, five 1.0 ml,
and five 0.1 ml sample portions are incculated
initially into Presumptive Test mediom, and
positive EC confirmatory results are obtained

from five of the 10 mil portions, three of the 1.0
ml portions, and none of the 0.1 ml partions,
the coded result of the test is 5-3-0, The code
ig located in the MPN Table II-C-4, and tha MPN
par 100 ml is recorded. Sea Part I-C, 4.9 for
rules on selection of significant dilutions,

5.7 Reporting Results: Report the fecal
coliform MPN values per 100 ml of sample,

5.8 Precision and Accuracy: The preci-
slens of the MPN counts are given as confi-
dence limits in the MPHN tables, Note that the
precigion of the MPN value increases with
increased numbers of replicates per sample
tested.
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PART IIl.

Section D

The membrana filter (MF), most probable
number {MPN), and direct pour plate proce-
dures can be used to enumerate and identify
fecal streptococei in watar and wastawater,
For & general description of these fundamental
technigues refer to Part II-C. Tha method se-
lected depends upon the characteristics of the
sample, The Section |s divided as follows:

1. The Fecal Streptococcus Group
2. Meambrane Filter Mathod
3. Verification

4. Maost Probable Number Method

&. Pour Plate Method
6. Datermination of FC/FS Ratios
7. Idantification to Species

1. The Fecal Streptococcus Group

1.1 Facal Streptococci and Lancefield's
Group D Strepitococcus: The terms “Fecal
Sl.rel:rm-cnccus and ‘Lann:afmlds Group D

ANALYTICAL METHODOLOGY

Fecal Streptococci

1.2 Fecal Streptococcal Intermediates
and Biotypes: Current information indicates
that other streptococeci belonging to Lance-
field's serological Group Q occur in the feces
of humans and other warm-blooded animals,
especially chickens. 5. awvium is characteristi-
cally found in the feces of chickens and occa-
sionally in the feces of man, dogs and pigs. The
Group O antigen is found in the cell wall of
these organisms, and in addition, the Group
antigan is located between the cell wall and
the cytoplasmic membrana whara it oocours
naturally in the established Group D species.
These common antigens indicate a relation-
ship between Group D and Group O orga-
nisms. The Group O Streptococccl may ac-
count for the occurrence of the "intarmediate
strains or biotypes™ of Group D Streptococci
{1 Group O arganisms grow on media com-*
monly used for the isolation and enumeration
of enterococei. Kenner et al. (2) observed that
enteracoccus blotypes ocour mare commaonly
in the feces of fowl than of pigs, sheep, cows
and humans, Forty percent of the streptococe
istlated from the foces of fowl by Kenner et al,
ware enterococcus biotypes with the rest be-
ing the enteroccoccus group. |t is probable that
some of the biotypes they described weare
Gmun {1 Etml:rt-::lc-::rcm The Grnup ﬂ Stremn
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Group D Streptococcus; The terms “Fecal
Streptococcus” and “Lancefield's Group D
Streptococous” have been use synonymously.
When used as indicators of fecal contamina-
tion the following species and wvaristiss are
implied: 8. fascalis. 5. fascalis subsp. fliguefa-
ofens, 5. faecalis subsp. zymogenss, 5. fae-
ciurm, 5. bowvis and & eguwinus. For sanitary
analysas, madia and methodology for quantifi-
cation are selactive for these organisms,

some of the biotypes they described weare
Group O Streptococei. The Group Q Strepto-
coccl, with a type specles, should be consid-
arad in the Fecal Streptecoccus Group.

1.3 Definition of the Fecal Streptococ-
cus Group: The term, fecal streptococai, will
be used to describe the streptococci which
indicate the sanitary quality of water and

FECAL STREPTOCOCCH 135

wastewater. The fecal streptococci group in-
cludes the serological groups D and O,

Fecal Streptococci

5. faeecalis

5. faecalissubsp. Vguefaciens

Group

&. fascalissubsp, Zymogenos

Enterococcus

5. faecivm

=

& bovis

&. eguinus

a
& avium ..I E o
w0

1.4 Viridans Streptococci: The viridans
streptococe, primarily &, salfvarius and 5. m#-
#s are not considered as part of the fecal
streptococei as defined in 1.2 and 1.3. These
inhabitants of the nasopharyngeal tract have
been reported by a few workers in feces and
do grow on some fecal streptococei media,
However, thelr low numbers when present, the
low frequency of occurrence and the limited
data available at this time concerning their
presence, have resulted in their exclusion from
the classification of facal streptogogai,

1.6 Scope and Application: Fecal strepto-
coooi data verify fecal pollution and may pro-
vide additional information concerning the re-
cency and prabable origin of pallution. In com-
bination with data on coliform bacteria, fecal
streptococci are used in sanitary evaluation as

a sunnlamant tn faral nnlifareae whan 5 macs

animals. High numbers of these organisms are
associated with pollution from meat process-
ing plants, dalry wastes, and run-off from feed-
lots and farmlands. Because of limited survival
time outside the animal intestinal tract their
presence indicates very recant contamination
frem farm animals.

2. Membrane Filter (MF] Methad

2.1 Summary: A sultable volume of sam-
ple is passed through the 0.45 pm membrane
filter which retains the bacteria. The filter is
placed on KF Streptococcus agar and neu-
bated at 35 C for 48 hours. Red and pink
colonies are counted as streptococai (1, 2).

2.2 Scope and Application: The mem-
brane filter technique is recommended as the
standard method for assaying fecal strepto-
cocel in fresh and marine waters and in non-
chlorinated sewaga. Wastewaters from food
processing plants, slaughter houses, canner-
ies, sugar processing plants, dairy plants, feed-
lot and farmland run-off may be analyred by
this procedura. Colonies an a8 membrane filter
can be transferred to biochemical media for
identification and speciation to provide infor-
mation on the scurce of contamination. The
general advaniages and limitations of the MF
methad are given in Part 11-C.

2.3 Apparatus and Materials

2,.3.1 Water bath, aluminum heat sink or

air incrihatar et st A8 LN R M Tamnaratora
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EFMPOILIRA . WEILIE LSS W GO pacoieriag, recdl
streptococci are used in sanitary evaluation as
a supplament to facal coliforms when a mare
precize detarmination of sources of contami-
nation i5 necessary. The occurrence of fecal
streptococci in water indicates fecal contami-
nation by warm-blooded animals. Thay are not
known to multiply in the envirenment. Further
identification of streptococcal types present in
the sample may be obtained by biochemical
characterization. (Sea Figure [1I-D-2 “Isalation
and Identification of Facal Streplococci™).
Such information is useful for source investi-
gations. For example, 5. bows and 5 eqguwinus
are host spacific and are assoclated with the
fecal excrement of non-human warm-blooded

2,.3.1 Water bath, aluminum heat sink or
air incubator set at 35 +0.5 C. Temperature
checked with an NBS thermometer or one of
aguivalent accuracy.

2.3.2 Sterecscopic (dissection) micro-
socope, with magnification of 10 ta 15, pref
erably wide field type. A microscope lamp with
diffuse light from cool, white fluorescent tubes
is racommanded. '

2.3.3 Hand tally.

2.3.4 Pipet containars of stainless steel,
aluminum or pyrex glass for glass pipets.
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#.3.5 Starile graduated cylinders, covered
with aluminum foll or kraft paper.

2.3.6 Sterile, unassembled membrane fil-
tration units (filter base and funnel), glass, plas-
tic or stainless steel, wrapped with aluminum
foil or kraft paper,

2.3.7 Vacuum source.

2.3.8 Filter suction flask to hold filter base,
with appropriate tubing. Filter manifolds that
hold a number of filter bases can also be used,

2.3.9 Sataty vacuum flask.

2_3.10 Forceps, with smooth tips,

2.3.11 Ethanol, 96%, or methanol, in
small wial for sterilizing forceps.

,2.3.12 Bunsen/Fisher burnar of electric
incinerator.

2.3.13 Sterile T.D. bacteriolagical or Mohr
pipets, glass or plastic, of appropriate size.

2.3.14 Sterile petri dishes, 50 = 12 mm
plastic or 60 > 15 mm glass or plastic.

2316 Dilution bottles (milk dilution), py-
rex giass, marked at 99 ml valumeas, Screw-cap

weith nannrans filkhar linar

2.5.2 Sterile buffered water or peptoneg
water prepared as described in Part 1B, 7, in
large volumes for wetting membranes befora
the addition of the sample, and for rinsing the
funnal after filtration.

2.6 Immediata MF Procedure: The gen-
eral membrane filter procedure is described in
detail in Part [I-C, 3.

2.6.1 Clearly mark each petri dish and
aseptically add -8 ml of the liguified agar
medium [to each dish to a depth of 2=3 mm).

2.6.2 Place a starile membrane filter on
the filter base, grid-side up and attach the
funnel o the base of the filter unit; the mem-
brane filter is now held securely batween the
funinel and base.

2.6.3 Shake the sample vigorously about
25 timas and measure the sample inte the
funnel with the vacuum off. -

2.6.4 Filter appropriate volumes of water
sample through the sterile membrane to ob-
tain 20-100 colonies on the membrane
surface.,

Al least 3 sample increments should ba
filtered in arder of increasing volumes. Where
no background information i available, more
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rex giass, marked at 99 ml valumeas, Screw-cap
with necprena rubber liner,

2.3.16 Membrane filters, manufactured
from celiulose ester materials, white, grid
marked, 47 mm in diameter, 0.45 4 0.02 pm
pore size or othar pore size ps recommended
by the manufacturer for fecal streptooooci
analyses.

2.3.17 Ultraviolet starilizer for MF filtra-
tion units (eptional).

2.4 Media: KF Streptococcus agar pre-
pared as described in Part (1.8, 5.4.1.

2.5 Dilution Water
2.5.1 Sterile buffered dilution water or

peptone water dispensed in 98 + 2 mi vol-
umes in screw-capped dilution botties.

filtered in arder of increasing volumes. Where
no background information is available, mora
may be necessary. The metheds of measure-
ment and dispensation of the sample into the
funnel are given in Part -G, 3.4.6.

2 6.5 Filter the sample and rinsa the sides
of the funnel at least twice with 20-30 mi of
sterile buffered dilution water. Turn off the
wacuum and remove the funnal from the filter
basea.

2.6.6 Aseptically remove the mambrang
fram the filter base and place grid-side up on
the agar.

2.6.7 Incubate the petrl dishes in the in-
verted position at 36 + 0.6 Cfor 48 hours.

7 6.8 After incubation, remove dishas and
gxamine for red to pink colonies and count,
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2.7 Counting and Recording Colonies:
Seloet those plates with 20-100 pink to dark
red colonies. These may range in size from
barely visible to about 2 mm in diameter. Colo-
nles of other colors are not counted. Count the
eolonies as described in Part 11-C, 3.5, using
low-power (10-15x) microscope egquipped
with overhead illumination.

Foeal streptococcal density is reported as or-
ganisms per 100 ml. Use the general formula
to calculate fecal streptococei densitios:

Fecal Streptococoi/ 100 ml =

Mo, of Fecal Sireptocopcus Colonies Counted

Voluma of Sample Filtered, mi

= 100

For example, if 40 colonies are counted
after the filtration of 50 ml of sample the
calculation is:

Fecal Streptococei/ 100 ml =% w 100 = 80.

See PartlI-C, 3.6 for calculation for results.
Flennrlialg: Results: Report fecal strepto-

coceal densities per 100 ml of sample. See

disgussion on significant flgures in Part II.G
2.8,

2.8 Pracision and Accuracy

2.8.1 Extensive precision and accuracy
data are not available, hewever, KF Strepto-
coccus agar has been reported to be highly
affigient in the recovery of fecal streptococei
{2, 3, 4). In the analyses of feces, sewage and
foods, KF yialded a high recovery of fecal
straptococci with a low percent (18.8) of non-
fazal streptococc, ’

2.8.2 Leboratory personnel should be able
to duplicate their colony counts on the same
platas within 5%, and the counts of others
within 10%,

2.9 Delayed MF Procedure: Because of

the stability of the KF agar and its extrems
salectivity for fecal streptococel, it 12 possible

138

to filter water samples at a field site. place
membranes on the KF agar medium in tight-
lidded petri dishes and hold these plates for up
to 3 davs. After the helding period, plates are
incubated for 48 hours at 35 C and counted in
the normal manner. This 72 hour halding time
can be used to air mail the membranes on KF
agar to a central laboratory for incubation and
counting. (Natianal Pollution Surveillance Sys-
tem FWPCA, data collected from geographical
locations around the Nation: and Kenner et al,,
Kansas City data.)

3. Verification

Periodically, typical colonies growing on
the membrang filter shoeuld be verifiad. When
a survey s initiated or a new body of water is
being sampled, it i5 recommended that at
least 10 typical colonies from the membraneg
or Bgar plate used in computing the final
density be plcked and transferred into BHI
broth or onto BH| agar slants. After 24-48
hours incubation, subject the cultures to a
catalase test. Catalase activity indicates the
nonstreptococei. Atypical colonies should also
be verified to determine false negative reac-
tions on the mambrane filter. Final confirma-
tion of fecal streptococai is achieved by
determining growth of catalase negative
isalates in BHI broth at 45 C and in 40% bile
within two days (see Figure ll-D-1).

3.1 Apparatus and Materials

3.1.1 Incubators set at 35 + 0.5 Cand 45
+05C.

3.1.2 Inoculating neadle and loop.

3.1.3 Bunsen/Fisher burner or electric
incinerator,

3.1.4 Solution of 3% hydrogen peroxida.

3.1.5 Glass microscope slides, 2.5 = 7.6
cmi{l x 3 incheas),

SEPA  MWICROBIOLOGICAL MANUAL 1978
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4.1.6 Media

{a) Brain heartinfusion (EHI) agar. (See Part
I-8, 5.4.6).

ib} Brain heart infusion (BAI) broth: (See
Part1l-B,5.4.5).

3.2 Procedure

2.2.1 Plates for verification should con-
tain 20-100 colonies. Pick at least 10 typical
colonies from the selected membrane or agar
plate and inoculate inta a BHI agar slant and
into a BHl broth tube.

3.2.2 After 24-48 hours incubation at 35
+0.5 C, transfer a loopful of growth from the
BHI slant ta 2 clean glass slide and add a few
drops of freshly tested 3% hydrogen peroxide
{H,04) to the smear. If the catalase enzyme is
presant, it cleaves the Hy0a to water and visible
oxyvgen gas. Bubbles constitute a positive cata-
lase test and indicate non-strepiococcal spe-
cies. Confirmation need not be continued, Use
a platinum loop, not nichrome, to aveid false
pasitive reactions.

3.2 .3 if a negative catalase reaction oCours,
transfar a loopful of growth from the BHI broth
to fresh BHI broth and BHI broth + 40% bile and
incubate at 45 C and at 36 C, Growth within two
days indicates fecal streptococcal species (see
Figure I-D-1 and 111-D-2).

3.2.4 Further identification of streptococ-
cal types present in the sample may be ob-
tained by biochemical characterization, (See
Figure HD-2 to 11HD-4 for identification of fecal
streptococei. Such information is useful for
investigating sources of poallution, See Part [I-B
for praparation of media used in the schematic
outlines).

4. Most Probable Number Method

4.1 Summary: The multiple-tube proce-
dure estimates the numbear of fecal streplo-
coccl by Inoculating decimal dilutions of the
sample into broth tube media. Positive tubes in
the Presumptive Test are indicated by growth

{turbidity} in azide dextrose broth after incuba-
tion at 35 C for 24—-48 hours. To confirm the
presence of fecal streptococei, 2 portion of the
growth from each positive azide dextrose
broth tube is streakad onto PSE or eguivalent
esculin-azide agar and incubated at 36 C for
24 hours (B). The presence of brownish-black
colonies with brown halos confirms fecal
streptococci. The MPMN is computed on the
basis of the Confirmed Test results read from
and MPM table.

4.2 Scope and Application: This method
can be used for detaction of fecal streptococei
in water, sewage or feces, but is more time-
consuming, less convenient and less direct
than the other procedures. The MPN must be
used for samples which cannot be examined
by the MF or direct plating techniques because
of turbidity, high numbers of background bac-
taria, metallic compounds, the presence of co-
agulants, the chlorination of sawaga effluents
or sample volume limitations of the plating
technigue.

4.3 Apparatus and Materials

4.3.1 Water bath or air incubator set at 35
+ 0.5 C. Temperature checked with an NBS
thermometer or one of eguivalent accuracy.

4.3.2 Plpet containers of stainless steel,
aluminum or pyrex glass for pipets.

4.3.3 Culture tuba racks to hold fifty 25
mim diameter tubas,

4.3.4 Sterile T.D. bactericlogical or Mohr
pipets, of appropriate sizes,

4.3.5 Dilution bottles (milk dilution), pyrex
glass, 989 ml velume, screw-capped, with neo-
prene rubber liner.

4.3.6 Test tubes, pyrex, culture 150 = 26
ar 150 » 20 mm, with caps.

4.3.7 Inaculating loap, 3 mm diameter, in
holder or disposable applicator sticks or loops.

4.3 8 Bunsen/Fisher burners or electric
INGinerator,
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10 Colonles Typieal in Appesrance of
Fecal Straptococsi on lzolation Badia

Breln Heart Infusion Broth and Agar Slant
(24 = 48 Hourg 8135 C)

Catalaze Negative

Growthat 45 C Growth in40% Bile

Verification of Fecal Streptococci

FIGURE II-B-1. Verification Procedure for Fecal Streptococci.
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PSE Agar
iBrownigh-black colony
with brown halo)

KF Agar

Ipink-red colony)

Catalase Megative

Growth at 45 © and 10 C

Growth in 685% NaCl
and pH 3.6 BHI Broth

0.1% Methylene Blug in Milk

PN

Reduction Ma Reastion
Entarococous Teintati'.'a
Group Group O

See Figures 11-D-3
and D=4

Growth at 4% C only

Positive Starch Hydrolysis

Lactose
Fermentation .
Acid only Mo change
5. bowvig 5 pguinus

(Livestock and
Poultry Sources)
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and 11=D=3

FIGURE IIi-D-2. Izalation and Identification of Fecal Streptococci, General Schame
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#.4 Media

4.4.1 Azide dextrose broth prepared in 10
ml volumes in test tubes without fermentation
vial (see Part I1-B, 5.4.2 for preparation). Ethyl
violat szide broth is not used because of false
positive reactions.

4.4.1 Azide dextrose broth prepared in 10
ml volumes in tast tubes without fermentation
wial {see Part1I-B, 5.4.2 for preparation),

4.4.2 Pfizer Selective Enterococcus [PSE)
or equivalent esculin-azide agar in pour plates
[see PartII-B, 5.4.4 for preparation). ’

4.5 Dilution Watar: Sterile dilution water
dispensed in 98 ml + 2 ml amounts in screw-
capped bottles.

4.6 Procedure: The general MPN proce-
dure s described in detail in Part [I-C, 4,

4.6.1 Prepare the media for the Presump-
tiva Test, (azide dextrose broth) and the Con-
firmad Test, (PSE Agar plates). (see Part [I-8,
5.4.2 and 5.4.4 respactivaly).

4.6.2 Mark culture tubes to identify sam-
ples and sample velumes.

4.6.3 Shake the sample vigerously about
26 timas,

4.6.4 Inpculate the szide dextrose broth
with appropriate sample volumes for the Pre-
sumptive Test. The number of fecal strepto-
cocci in a water polluted with rounicipal
wastes Is genarally lower than the number of
coliforms. Therefore, larger sample volumas
must be used to inoculate tha MPN tubes for
focal streptococci than for coliforms. For ex-
ample, if sample volumes of 1.0,0.1, 0.01, and

o

4.8.5 Shake the rack of inoculated cultura
tubes to mix well and incubate them at 36 |-
0.5 C for 48 hours + 3 hours. Examine tubes
for turbidity after 24 + 2 hours and 48 4 3
hours,

4.6.6 Read and record the results from
each tube. A positive Presumptive Test shows
growth consisting of turbidity in the medium ar
a butten of sediment at the bottom of the
culturg tube, or both.

4.6.7 For the Confirmed Test, streak
growth from each positive azide dextrose
broth tube onto PSE Agar plates, making cer-
tain that the label on the plate corresponds to
the positive azide dextrose tube usad,

4.6.8 Incubate the PSE Agar plates at 36
+ 0.5 C for 24 hours.

4.6.9 Read and record the results of each
plate corresponding to the positive azide dex-
trose tube. A positive Confirmed Test is evi.
denced by the presence of brownish-black cal.
onias with brown halos. The number of posi-
tive confirmed azide tubes in aach dilution is
used to compute the density from an MPN
tabile.

4.7 Calculations

4.7.1 Calculate fecal streptococeoi densi.
ties on the basis of the number of pasitive
Confirmad Tests from the PSE agar plates,
using the Table of Most Probable Numbers
{MPM} in Table |1-C-1.

4.7.2 The MPHN results are computed from
3 usahle Confirmed Test dilutions, For exam-
ple, if positive Confirmatory Test results are
obtained from & of the 10 m| partions, three of
the 1.0 ml portions, and none of the 0.1 ml

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (180 of 407)1/24/2007 4:12:45 PM




Document Display | NSCEP | US EPA

facal streptecocel than for coliforms. For ax-
ample, if sample volumes of 1.0,0.1, 0.01, and
L0071 ml are used for the coliform test, a
series of 10, 1.0,0.1, and 0.0 1 ml volumes ara
inoculated for the fecal streptococel test, Use
single-strangth broth, 10 ml tubes for Inocula
of 1.0 ml or less, and double-strength broth, 10
ml tubes for inocula of 10 ml. Sample volumes
from feedlots, meat packing plants, and storm-
water run-off with more fecal streptococei
than coliforms must be adjusted accordingly.

obtained from & of the 10 m| partions, thrae of
the 1.0 ml partions, and none of the 0.1 ml
portions, the coded results of the test is 5-3-0,
The code is located in the MPN Tabla [I-C-4,
and the MPN per 100 m! s recarded. Sea Part
-G, 4 for details.

4.8 Precision and Accuracy: The precision
of the MPN value increases with Increased
numbers of replicates tested, Five tubes are
recommended for each dilution.
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5. Pour Plate Method

5.1 SBummary: Aliqguots of the water sam-
ple or diluted sample are delivered to the bot-
tom of a petri dish, and liguified Pfizer Seloc-
tive Enterococcus (PSE} agar, equivalent
esculin-azide agar or KF agar is added and
tharoughly mixed with the water sample. Facal
streptococei on PSE agar are 1 mm in diameater
and brownish-black with brown halos after
18-24 hours at 35 C. On KF agar fecal strepto-
cocci are red or pink after 48 hours at 35 C.

5.2 Scope and Application: The pour
plate method is recommended as an alternata
procedura to the MF technigque when chlori-
nated sewage effluent and watar samples with
high turbidity are encounterad. PSE agar, the
medium of choica, has several advantages: (1}
it requires anly 24 hours incubation compared
to 48 hours for other media, and (2Z) it exhibits
consistent recovery, regardless of sources.

With the pour plate technigque, anly small
volumes of sample may be analyzed, This is a
disadvantage when the fecal streptococcal
density is low and a large volume of sample

would be required for an accurate density de-

termination. Conzeguently, the MF technigua
should be used unless the water is so turbid
that filtration s impossible.

6.3 Apparatus and Materials

E34 Ale lmmiihator cat of TR L AR O

%.3.6 Sterile T.D. bacteriological or Mohr
plpets of appropriate sizes.

5.3.7 Sterile 100 mm =
dishes, glass or plastic.

15 mm petr

5.3.8 Dilution bottles (milk dilution], pyrex,
99 ml volume, screw-capped, with neoprene
rubrber liners,

5.3.9 Bunsen/Fisher burner or electric
incinerator.

5.3, 10 Hand tally.

5.4 Madia: Sterile Pfizer Selective Entaro-
cooous agar (PSE), equivalent esculin-azide
agar, (Part 1B, 5.4.4) or KF Streptococcus agar
(Part 1B, 5.4.1) are prepared in pre-sterilized
arlenmever flasks or bottles with metal foil
COVErs, Oor Screw-oaps.,

5.8 Dilution Water: Sterile dilution water
dispensed in 88 4 2 ml amounts prefarably in
serew-capped dilution bottles (sea Part 1B, 7).

5.6 Procaedure

§.6.1 Shake tha sample bottle vigorously
about 25 times to disparsa the bacteria, Take
care that the closure is tight to prevent leakage
of sample during shaking.

5.6.2 Dilute the sample to obtain final
plate counts between 30-300 colonies. The
numbar of colonies within this range gives the

et accnrats aetmatian af the minrnkbial non-
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5.3.1 Alr incubator set at 35 4 0.5 C.
Temperature |s checked sgainst a-National
Bureau of Standards thermometer or ona of
eguivalant accuracy.

5.3.2 Water bath for termpering agars set
atdd-46C,

5.3.3 Colony Counter, Quebec darkﬁéld
model or equivalent.

5.3.4 Pipet containers of stainless stesel,
aluminum or pyrex glass for glagss pipets.

5.5.5 Petri dish containers for glass or

PIETE COUNLs DElwWwERll SW=aLin GUIrines. 1o
number of colonies within this range gives the
most accurate estimation of the microbial pop-
ulation. Because the magnitude of the micra-
bial population in the original water sample is
not known beforehand, a range of dilutions
must be prepared and plated to obtain a plate
within this range of colony counts.

B.6.3 Transfer 0.1 and 1.0 ml from the
undiluted sample to each of 2 separate petri
dishes.

5.8.4 Prepare the initial 1:100 or 102
dilution by pipetting 1 ml of the sample into a
29 ml dilution water blank using a sterile 1.1
ml pipet (see Part II-C, 1.4 "Preparation of

plastic petri dishes,

Dilutions,” and Figure [-C-1}.

FECAL STREPTOCOCCI
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5.6.5 Vigorously shake the 1:100 dilution
bottle to obtain uniform  distribution  of
bacteria.

5.6.6 Pipet 0.1 and 1,0 mi of this 1:100
dilution into each of 2 separate petri dishes
using anothar sterile pipet.

5.6.7 Make sdditional dilutions as re-
quired for raw wastes or stormwater run-off
and prepare pour plates containing the dilu-
tien aliguots.

5.6.8 Prepare duplicate petri dishes for
gach sample increment (Figure I-A3), Mark
each potri dish with the number of the sample,
the dilution, the date, and any other necessary
information. Deliver the liquid into the dish,
and touch the tip once against a dry area in the
petri dish bottom while holding the pipet
vertically.

B5.6.9 Pour 12-18 ml of liquified coolad
agar medium into each petri dish containing
the sample or its dilution. Mix the meadium and
the sample thoroughly by gently rotating and
tilting the petri dish. Wot more than 20 minutes
should elapse between dilution, plating, and
addition of the medium. Rafer to Part II-C, 2.6,
for further iInformation.

5.6.10 Allow agar to solidify as rapidly as

(a) Plates with 30-300 Fecal Streptococ-
cal Colanies: Count all colonies for each plate
within the 30-300 range. Calculate the aver
age count for these plates correcting for the
dilution as follows:

Sum of Colonies

= =
Sum ef Volumes tested, ml 100 = F&100 ml

(b) All Plates Greater than 300 Colonies:
When counts for all dilutions contain more
than 300 colonies, eq., =500 for 1.0 ml,
=500 for 0.1 mi, and 340 for 0.01 ml; com-
pute the density by counting the plate having
nearast to 300 colonies. In this case use the
0:01 ml plate,

349 100 = 3,400,000
0.0 T

Aepart as Estimated Fecal

Streptococcal
Count, 3,400,000/100 ml

[z} All Platas with Fewer than 30 Colonies:
If all plates are less than 30 colonies, record
the actual number of colonies on the lowest
dilution plated and report the count as the
Estimated Fecal Streptococcel Plate Cownt

per 100 ml.

[(d) Plate with No Colanies: IF plates from all
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5.6.10 Allow agar to solidify as rapidly as
possible after pouring, and place the inverted
PSE plates at 35 + 0.5 C for 18-24 hours and
KF platas at 48 + 3 hours.

5.7 Counting and Racording Colonies

5.7.1 After the specified incubation period,
select those plates with 30-300 fecal strepto-
coccal colonies. Fecal streptococci on PSE agar
are brownish-black colonies, about 1 mm in
diameter with brown halos. On KF agar, fecal
streptococel are pink to red and of varving
sizes.

5.7.2 Count colonies in the plates with the
aid of a colony counter (10-158= magnification)
aquipped with a grid,

5.7.3 Observe the following rules for re-
porting the fecal streptecoccal plate counts,

[d) Plate with Mo Colonies: If plates from all
dilutions show no colonies, assume a count of
one {1) colony; then divide 1 by the largest
valume filtered and report the value as a less
than {<) count. For example, if 0.1, 0.07 and
0,001 ml were filtered with no reported cole-
nies, the count would be:

9
— ® 100 = < 1000
0.1

Report the count as: < 10100 ml

(e} When all plates are crowded, it is possi-
ble 1o use the square divisions of the grid on
the Quebes or similar counter to estimate the
numbers of colonies on the plate. See Part 11l-
A,5.§.3 for details.

5.8 Precision and Accuracy: Replicate
plate counts from the same sample deviate
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becausa of arrors introduced from a variety of
SOUMCES.

Prescott et al. (B) reported for the Standard
Plate Count (but appliceble here) that the stan-
dard dewviation of individual counts from
30-300 will vary from 0-20%. This plating
error was 10% for higher plate counts within
the 100-300 range. The authors pointed out
that a dilution error of about 3% for each
dilution stage is incurred in addition to the
plating error. Therefore, large variations can
be expectad from high density samples such
as sewage from which several dilutions are
made.

Laboratory parsonnel should be able to
duplicate their plate count values for the same
plate within 5%, and the counts of others
within 10%.

6, Determination of Fecal Coliform/Facal
Streptococcus Ratios (FC/FS)

The relationship of fecal coliform to fecal
streptococcus density may provide informa-
tion on the potential sourcels) of contamina-
tion. Estimated per capita contributions of in-
dicator bacteria for animals were used to de-
velop FC/FS ratios (7, 8} These rgtios are as
Tollgws:

FC/FS Hatios
hlian 4.4
Duck .8
Sheep 0.4
Chicken 0.4
Pig 0.4
Cow 0.2
Turkey 2.1

From the data, it was reasoned that ratios
greater than 4:1 were indicative of pollution
derived from domestic wastes composed of
man's body wastes. Ratios of less than 0.7
suggested that contamination ariginated from
livestock and poultry wastes, milk and food
processing wastes of from stormwater run-off
(non-human source). Further speciation of the
fecal streptococct provides more specific

gource information. There are several precat-
tions to be observed when ratios are being
usad,

(a)} Bacterial densities can be altered dras
tically wheh the pH of the sample is below 4.0
or above 9.0,

(b} Due to limited survival capability of
some of the fecal streptococcei, it is essential to
sample close to the pollution source to obtain
reliable ratioz, This is espacially true for the
highly sensitive 5 bows and 5 eguinus
species,

ic) It is difficult to wse ratios effectively
when mixed pollution sources are presant.

(d} In marine waters, bays, astuaries, and
irrigation returns, FC/FS ratios have been of
limited value in accurately defining major pol-
lutional sources.

g} If fecal streptococcal counts are
< 100/ 100 ml, ratios should not be applied.

7. Identification of Fecal Streptococci to
Spacias

7.1 Summary: Although the fecal st. pto-
cocoi are enumerated as described in the wre-
vious sections and are verified with simple
biochemical tests in Part IIl-D, 3 above, it is
importamt at times 1o identify the fecal strepto-
cocci to specigs to further verify animal and
human sources of pallution and to determine
the sanitary significance of isolates. This iden-
tification to speeies is performed wsing the
additional biochemical tests described to dif-
farantiate and confirm the Group O strepto-
cocci, the bowvis-eguinus Group and the entero-
cocci. The enterococei can be saparated as 5.
faeciumand 5. fagcalisvarieties or into groups
gecording to ariginal source.

7.2 Scope and Application: The initial
biochemical test confirms that the isolates are
fecal streptococci by negative catalase reac-
tion, Group O streptococei and enterococsl are
separated from the bovis-equinus group by
positive growth at 10 and 45 C and are then
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vorified by growth in 6.6% NaCl and at pH 9.6.
The enterccocci are séparated from the Group
1 streptococci by reduction of methylene blue
milk. Subsequently, the enterococci are either
speciated or separated by origin using addi-
tional biochemical tests. The Streptococcus
bowis and eguinus are verified by hydrolysis
of starch and separated by lactose fermanta-
tion. These tests require specific training for
valid results.

7.3 Apparatus and Materials

7.3.1 Incubsators set at 10 4- 0.6 C, 36 4
0.5 C, and 45 4+ 0.5 C (water baths recom:-
manded for 10 and 45 C). Temperatures
chooked with a National Bureau of Standards
thermometer or one of equivalent accuracy.

7.3.2 Pipet containers of stainless steel,
aluminum or pyrex glass for glass pipets.

7.3.3 Sterile T.D. bacteriological or Maohr
pipats, of appropriate sizes,

7.3.4 Sterlle petri dishes 100 % 16 mm of
60 x 15 mm, glass or plastlc.

7.3.58 Dilution bottles (milk dilution), pyrex,

989 mil volume, screw cap, with neoprens rub-
ber liners.

7.3.6 Inoculation [eop, 3 mm diameater, or
naadle.

7.4.7 Bunsan/Fisher burnar or electric
incinerator.

7.3.8 Madia

(2) Brain haart infusion (BHI) broth. (Part |I-
B, 5.4.56),

(b} Brain heart infusian (BHI) agar. (Part (1B,
5.4.6).

fc] Brain heart infusion (BHI} broth with
6.5% NaCl, (Part1I-8, 5.4.7).

(d) Brain heart infusion (BHI) broth, pH 3.6,
(Part ll-B, B.4,8).

(e} Brain hesart infusion [BHI) broth
with 40% bile. (Part1l-B, 5.4.9),

(f) Starch agar plates. (Fart1l-B, 5.4, 10).

(g} Starch
54.11)

[iquid medium. {Part 1B,

[k} Mutrient gelatin, (Part11-8, 5.4.12),
{i) Litrmus milk. (Part |I-B, 5.4.13).

{I) Skim milk with 0.1% methylans blus.
(Part 11-6, 5.4.14).

{k} Potassium tellurite in brain heart infu-
sion. (Part 1B, 5.4.15).

{1} Potassium tellurite in blood agar
{optional). {Part II-B, 5.4.16).

{m} Tetrazolium glucose (TG) agar or 2, 3,
Btriphenyl tetrazolium chloride (TTC) agar.
{Part1l-B, 5.4.17).

in) Blood agar with 10% blood. {(Part II-B,
5.4.18L

(o) 1% D-zorbitel solution in purple broth
base. (Part 1I-B,5.1.7).

ip) 1% glycerol in purple broth base, (Part
-8, 5.1.7).

{a) 1% L-arabinose solution in purple broth
bage, (Part11-B, 5.1.7).

ir) 1% lactose solution in purple broth
base. (Partll-B, 5.1.8).

(&) 1% sorbose sclution In purple broth
base. (Part -8, 5.1.8).

i) 1% sorbose solution in purple broth
base atpH 10, (Part 1B, 5.1.8).

7.4 Procedure: Follow the schematic out-
lines in Figures [11-D-2 to 4 for the identification
of fecal streptococcal speacies,

7.4.1 Isolation and Confirmation of Fecal
Streptococei (Figure [[1-D-2)
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{a) Pick colonies typical of fecal strepto-
cocel from the membranes or the pour plates,
and inoculate them anto BHI agar slants and
into BHI broth tubes,

(b} After-Z4-48 hours incubation at 35 4
0.5 C, transfer a loopful of growth from the BHI
slamt to a clean glass slide, and add a few
drops of freshly-testad 3% hydrogen peroxide
to the smear. A positive contral such as staphy-
lococous and a negative control such as 5.
faecaks should be used for testing the 3%
HED:.

(c] If the catalase enzyme is prasent, it
cleaves the H,04- to produce water and visible
oxwymen gas bubbles, The presence of bubbles
constitutes a positive catalase test that indica-
tes non-streptococcal species. Verification
need not be continued.

{d] If the catalase test is negative, a separa-
tion of the enterococcus and O gioup orgs-
nisms from 5. bows, and 5 egquinus can be
made by testing for growth at 10 and 45 C,

T.4.2 _Sﬂa_rgtil:m of Enterococci and
Group Q Streptococei (Figure 111-D-2]

{a) Transfer 1 drop of the growth from the
BHI broth tube from 7.4.1 to each of 2 BHI
broth tubes.

(b} Place 1 tube in a 46+4-0.5 C water bath
and obaerve for growth (g3 evidenced by tur-
bidity} within 2 days. Place the ather tube in a
10+ 0.5 C water bath and check for growth
within B days, Growth at 10 and 45 C Indicates
that the culture is a potential member of the
enterococcus of O groups. On the other hand,
5. equinus and 5. bovis exhibit growth at 45 C
but net at 10 C. {(See 747 for these
speciations),

7.4.3 Confirmation of Enterococcus Group
(Figure III-0O-2)

This is done by testing for growth in 6.6%
NaCl and at pH 9.6 in BHI broth and observing
for reduction of 0.1% methyleng blue in milk,
Pogitive reactions in all ceases confirm the
prasemce of the enterococcus group. Positive

reactions in 6.5% MNaCl and pH 8.6 BHI broths
and no reaction in0. 1% methylene blue indicate
tha tentative identification of group Q.

(&) Growth Test in 6.5% NaCl-BHI Broth:
Transfer 1 drop of 24 hour BHI broth culture to
8 tube of BH| broth containing 6.5% sodium
chloride, Incubsate at 35 4- 0.5 C, and check far
growth as evidenced by turbidity within a 3-7
day pariod. Growth is a positive test.

(b} Growth Test in BHI Broth of pH 9.6:
Transfer 1 drop of the 24 hour BHI broth cul-
ture 1o a tube of BHI broth adjusted to pH 9.6,
Incubate at 35 4 0.5 C, and check for growth
g5 evidencad by turbidity at 1, 2, 3, and 7 days,
Growth Is a positive test,

{c) Reduction of 0.1% Methylena Blue in
Skim Milk: Transfer 1 drop of the 24 hour BHI
broth culture to a tube of sterile skim milk
containing 0.1% methylene blue, Positive re-
duction of methylene blus is evidenced by the
color change from blue to white,

7.4.4 Separation of Enterococcus Group

by Species (Figure 11l-D-3)

The enterccocci can be separated into
spacies as describad in 7.4.4 or into groups by
original aocurce as described in 7.4.5. The
enterococcus group can be- separeted into
specias by abserving the reduction of potassium
tellurite and 2, 3, 5-tripheanyl tetrazolivm chilo-
ride and the fermentation of D-sorbitol and
glyceral.

{al Streak the 24 hour BHI broth culture
onto an agar plate containing a final concen-
tration of 0.4% potassium tellurite. Invert the
plates, incubate at 36 4+ 0.5 C, and observe
the plates sach day for 7 days. Colonies reduc-
ing the potassium tellurite will appear black on
this medium.

(bY Streak the Z4 hour BHI broth culture
anto tetrezolium glucose agar (TE). Reduction
of tetrazolium to formazin is observed after 48
hours at 35 - 0.8 C. The degress of reduction
are indicated as follows: '
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prasemca of the enterococcus group. Positive are indicated as follows:
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Enteroocooous Group

Enteracotoud. by Spacias . Enteracoss! by Origin
Eaductios of K Tals, Tetrazolium Separation of Vagetation
#nd Farmentation of D-garbaal Insoot and Anisal
and Ghyoerol Saurces
Poabthve Neagartees
Hydralysis Fanmanbation [Sen Figurme 111-014]
of Galatin af L-Arabinose
Poakiive Nagatise Paditiva
5, fracaly
Subsp, Fguefecions Beta-Hemolysls £ fawcivem
Poaltive Magatia
& fascailn & Fadcalia

Subsp. symegenes

FIGURE NI-D-3. Identification of Fecal Streptococci, Separation of Enterococcus
Group by Species and by Original Source of Culture.
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FIGURE NI-D-3. Identification of Fecal Streptococci, Separation of Enterococcus
Group by Species and by Original Source of Culture.
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Strong Reducticn {+ 4 to +3) = Red cen-
tered colony.

Moderate Reduction [+ 2) = Pink centerad
colony,

Weak Reduction {+1) = Pale pink cen-
tered colony.

Mo reduction {0) = White colony.

{c} Transfer a small amount of growth from
each 24 hour BHI agar slant culture to sepa-
rata purple broth base tubes containing 1% D-
gorbitol and 1% glycercl. Be careful not to
penetrate the agar slant and carry ovar agar to
the carbohydrate medium. Incubate the inocu-
lated carbohydrate media at 35 + 0.5 C, and
note acid production over a 4 day incubation
period. A negative reaction in Dsorbital ar
glyceral shows that 5. feecium is present. The
indicator will be unchanged (purple in color).

id) Reduction of potassium tellurita (black
calanies), reduction of tatrazoliom to formazan
on TTC agar and the fermentation of glycerol
and D-sorbital indicate & faecalfis and its varie-
ties. The determination of 5. faecalis subspe-
cies is performed as follows:

(1} -Stab-inoculate gelatin with a small
amount of growth fram a 24 hour BHI agar
slant. Incubate the culture at 35 + 0.5 C for
2-14 days, according to the rate of growth.
Aftar incubation, place the tube in a cold water
bath or refrigeratar 15-30 minutes to deter-
mine whether or not the gelatin will still salld-
ify. Uninoculated contrals must be run in paral-
lel, especially when prolonged incubation peri-
ods are encountered. Ligquefaction dictates 5.
faecalis subsp. Nguefaciens, whereas solidifi-
cation indicates 5. fascalis or 5 fascalis
subsp. zpmogenes The latter 2 strains are
separated by their hemolysis reactions.

Alpha-Hemalysis = Some streptococci par-
tially lyse red blood cells and reduce hemaoglo-
bin to methemeoglobin producing a discolor-
ation of the red blood cells. This appears as
greenish zones around the colonies.

Bata Hemolysis - Enzymes of facal strepto-
cocci completely lyse red blood cells produe-
ing vellowish hue, or clear, colorless zone in
the bload agar surrounding the colony. 5. fae-
calissubsp. zymagenss demonstrates beta he-
maolysis of the blood.

Gamma-Hemaolysis = Soma streptococei
produce no hemaolysis which is designated as
gamma hemaolysis, 5 feecalis is alpha or
gamma hemobhytie,

It is important to note that upon serial
transfer of the cultura in the laboratory, hemal-
ysis may be lost. This is especially true for 5
fascalis subsp. symogenss where beta hemal-
yals may not occur after serial transfer.

{e) Negative reactions in potassium tellur-
ite and tetrazolium media and failure to fer-
ment D-sorbitol and glvceral indicate 5
fasoium.

if} Transfer & small amount of growth fram
the Z4 hour BHI agar slant to a purpla broth
base tube containing 1% L-arabinose. Be care-
ful not to penetrate the agar slant surface and
carry over agar to the carbohydrate medium,
Incubate the Inoculated carbohydrate medium
at 3B 4- 0.6 C, and note acid production over a
4 day incubation period, If 5 Ffeecium is
present, the L-arabinose is fermented, acid will
be produced and the medium will turn vellow.

7.4.5 Separating Enterococci by Origin
(Vegetation, Insect and Animal Sources)
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FUDSR. Zpmogenas. The 1ater £ Strains are
separated by their hemolysis reactions.

{2} The hemaolytic properties of the facal
streptococc are determined by streak or pour
plates. Melt blood ager base, cool and add
10% sheep blood. Inoculate streak plates or
prepare pour plates and incubate for 48 haurs,
After incubation, read plates. Overnight refrig-
eration may enhance the hemolytic reactions,
Hemalysis is classified as 3 types:

f.4.5 Separating Enterococei by Origin
(Vegetation, Insect and Animal Sources)

In contrast to the separation of entero-
aooci by species described in 7.4.4, the mem-
bers of the enterococous group can be sepa-
rated according to original source of culture.
The starch hydrolysis tests separate the enter-
ococci originating on vegetation from those
typically found in insects and animals; the pep-
tonization of litmus milk test separates the

FECAL STREPTOCOCC!

149

from warm-blooded animal-

insectorigin
source enterococel, as shown in Figure 111-D-4,

5. faegaliz from vegetation hydrolyzes
starch while S faecalis subsp. Nguvefaclfens
from insects and enterococci from warm-
blooded animals do not. The starch hydrolysis
test can be performed satisfactorily with
starch agar plates or In & lquid starch tube
modium (9}

{a) Starch Hydrolysis Plate Tast

{1) Pour the starch agar medium into petri
dishes and allow to solidify. With a wax peneil
divide the bottoms of the petri dishes into 6
individual areas to allpw the testing of B
isolates.

{2) Streak each isolate from a 24 hour BHI
agar slant onto one of the areas and incubate
at 35 - 0.5 C for 24 hours,

{3) After incubation, flood the agar me-
dium with Lugeols iodine solution [Part |I-C,
5.3), Streaks showing clear hydrolytic zones
with absence of the usual blue-black color of
the starch-iodine complex in the zonss sur-
rounding the colenies are considered positive,

i{b) Starch Hydrolysis Tuba Test

(1) The starch test may also be performed
using a liguid madium instead of starch agar
platas, Inoculate tubes of sterile liquid medium
'lmth tha test nrgamsrns After IE hours of

PR I S T .

(c] Peptonization of Milk: Peptonization in
litrmus milk s used to separate 5 faecalis
subsp. Mguefacfens (from Insect sources) from
enterococsi derived from warm-blooded ani-
mal sources.

(1} Transfar 1 drop of the isolate growing
in a 24 hour BHI broth culture to a tube of
sterile litmus milk.

(2} Incubate the tube at 38 4 0.5 C, and
observe at 1, 2, 3 and ¥ days.

(3} A positive paptonization includes liqui-
faction and clearing of the milk with the devel-
apment of a brownish color. Peptonizatian in-
dicates 5. faecaliz subsp. Vgusfaciens. Color
changes without clearing, or coagulation are
negative reactions and indicate enterococci

from warm-bloaded animal sources are
prasent.

7.4.8 |dentification of Group Q
Streptococci

The group Q Streptococel are initially sep-
arated from the Enterocogcus Group and tenta-
tively identified by growth in 6.6% NaCl in BHI
and in BHI broth at pH 8.8, but no growth in
0.1% maethylene blue in milk. See Figure 11kD-
2.

Other pertinent physlological characteris-
ties of Group O Streptococci are: fermentation
of sorbose, growth In sorbose medium at pH
10, but no growth in tellurite medium and
negative hydrolysls of starch and gelatin. The
tests may be carried out as follows:
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platas, Incculate tubes of starile liguid medium
with the test orpanisms. After 1B hours of
Incubation at 35 4 0.5 C, test the tubes for
starch hydrolysis using a modification of the
ledine test (8). For this modification, 0.2 ml of
2% FeCl solution and 0.2 m! of Lugol's iodine
salution are added to & ml of the incoulated
medium and to § ml of the uninoculated me-
dium [control}

(2} Hold the tubes for 3 hours at room
temparature, Compare the incculated tubes to
the control tube. The control tube {negative
tast) maintaine a violat color, but positive test
cultures hydrolyze the starch and decolorize
the mediuvm to a raddish-wiolat hue.

160 SEPA

nagative hydrolysis of starch and gelatin. The
tests may be carried out as follows:

(a) Inoculate a sorbose fermentation tube
with a small amount of growth from an isclate
on a 24 hour BHI slant. Be careful not to
penetrate the agar slant surface and carry over
agar to the carbohydrate medium. Incubate
the carbohydrate medium at 36 4 0.5 C and
note acid production over 8 4 day incubation
period. Sorbose fermentation is indicated by
acid production and change in the medium
color from purple to yellow,

ib) Transfer a small amount of growth from
the 24 hour BH| slant to the 1% sorbose me-
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Separation of

Emterococcus Group
by Original Souree,
Vegetation, Insact
and Anlmal Sources

Starch Hydrolysis

Positive

Wegative

Feptonization of
Litrrius Milk
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Positive
Atypical 5. faseaiis
5. fascaiis Subsp. Vguefaciens
[egetation sources) {insact Saurces)

Megative

Enterccocci
Warm-blooded
Anlmal Sources)

FIGURE NI-D-4. Identification of Fecal Streptococci, Separation of Enterococe! from

Wagetation, Insect and Animal Sources.

FECAL STREPTOCOCCH

151

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (191 of 407)1/24/2007 4:12:45 PM



Document Display | NSCEP | US EPA

dium [described In Part |15, 5.1.8 above}which
has been adjusted to pH 10 with sterile 38%
sodium phosphate solution [see Part 1I-B,
5.4.8). Incubate the inoculated medium at 35
& 0.5 Cfor at least 4 days, Growth indicates a
positive test, )

iz} Inoculate the growth from a 24 hour
BHI slant into BHI broth containing 0.04%
potassium tellurite and incubate at 35 + 0.5 C
for 7 days, Group O organisms do not grow on
this meadium,

(d] Stab-inoculate gelatin with a small
amount of growth from the 24 hour BHI slant
Incubate the culture at 35 4+ 0.5 C for 2-14
days, according to the rate of growth, After
incubation, place the tube in 2 cold water bath
of refrigerator for 15-30 minutes to determine
whether or not the gelatin will solidify. Unino-
culated control must be done in parallel, espe-
cially when prolonged incubation periods are
used.

() Group Q organisms do not hydralyze
starch. Parform starch hydrolysis test as in
7.4.5 (a) or (b) above.

) Srreprococcus awium Sp. constitute
Lancefield’s Group Q. Consequently, Group O
antiserum may be used in the precipitin test to
provide further identification. Howewvar, the Q
antigen Is mot demaonstrable in all strains,

SEPA

therefore, identification in those cases will de-
pend solely on physiological characteristics.

7.4.7 Separation and Spesiation of 5. bo-
wisand 5 equinus

{a) & bowisand 5. eguinus were separated
from the Enterococci and Group O Strepto-
cocci by growth at 45 C but no growth at 10 C
{see Figure I11-0-2}. 5. fowsand 5 equinus can
be separated by the lactose fermentation test
inwhich 5. bowisproduces acid and 5. eguinus
produces no change,(c)below.

ib) Starch Hydrolysis Test: Perform starch
hydrolysis test as in 7.4.5 (a) or {b)

Positive starch hydrolysis test confirms 5.
bowisand 5. eguiniis

{c) Lactose Fermentation Test: To differen-
tiate between 5. bowis and 5 aguinus by lac-
tose fermentation, transfer a small amount of
growth from the 24 hour BHI agar slant to a
purple broth base tube containing 1% lactose
and an inverted fermentation tube. Do not pen-
etrate the agar slant surface and carry owver
agar 1t the carbohydrate medium. Incubate
the incculated carbohydrate medium at 35
0.6 C and observe the reaction over a 4 day
incubation perlod. 5. bhows gives an acid reac-
tion anly; &, equinugshows no change.
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PART Il

ANALYTICAL METHODOLOGY

Section E Salmonella

Recommended mathods are presented far
racovary of Safmanelfa from water and waste-
watar and thelr subsequent identification. The
meathods are particularly useful for recreational
and shollfish-harvesting watars. Mo single
mothod of recovery and identification of these
organisms from waters and wastewaters is
appropriate for all sampling situations. The
method selected depends on the character-
istics of the sample and the microbislogist's
exporience with the technigues. Multipls
option technigues ara described for sample
concentration, enrichment, [solation and
identification. Tha Section is divided as
follows:

1. The Genus, Salmonslla

2. Methods for Concentration of

Salmonells

3. Primary Enrichmant far
Salmonella

4, Izolation of Sefmonelis

B. Biochemical [dentifleation of
Salmonella

8, Serologlcal Test for Salimaonalla

7. Quantitative Technigues

B, Optional Fluorescent Antibody
Secrooning Technique

1. The Genus, Salmanella
1.1 Definition

The genus Safmonelfa | comprised of a
large number of serclogically related, gram-
nagative, nonspore-forming bacilli that are
0.4-0.8 pm in width = 1-3 gm in length, and
which occasionally form short fillaments. They
are motile with peritrichous flagella or are non-
matile, Ordinarily salmenellae do not ferment
lactose, sucrose, malonate or salicin but do
ferment numergus carbohydrates including
glucose, inositol and dulcitol. Thesa bacteria
are positive for lysine and ornithina decarboxy-
lasa and negative for urease and phenylalanine
deaminase. Usually they produce hydregen
sulfide and do not liquify gelatin, All of the
known Ssfmonalis species are pathogenic for
warm-blooded animals, including man. They
gause enteritis, (via contaminated water, food
or food products) enteric fevers and are found
in reptiles, amphibians and mammals. Edwards
and Ewing have puplished an authoritative

wark on the isolation and characterization of

Salmonelfa (1)

In Bergey's 8th edition (2], the salmonellas
have been reclessified tentatively into 4 sub-
genera containing |l subdivisions. However,
the problam of Keufman's listing of many sero-
types, and the lack of agreemant as to what
constitutes the genus Safmonelia or s spe-
cies, leaves the taxonomy in a fluid state.

1.2 Identification Scheames

A comprehensive scheme of the recom-
mended isolation, detection and identification
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methods is outlined in sequance in Figure [II-E-
1.

When space and eguipment are limited,
the number of options at each stage depicted
in Figura [II-E-1 can be reduced and salmoenal-
lae isolated successfully. One such simplified
scheme is outlined in Figure IlI-E-2,

The pracedures outlined In these schema
are described in the following subsections
2-8

2. Mathods for Concentration of Salmoneiia

The initial steps for detection of salmonel-
lae in water and wastewater require concan-
tration of the organisms by one of several
methods: the gauze swab, diatomaceous
earth, the cartridge filter, or the membrane
filter technlgue. The volume of sample tested
I directly ralated to the level of poliution,

2.1 Swab Techniqua Modified After
Moore's Method |3)

2.1.1 Summary: In this method sterile
pauze swabs are immersed for about B days
Just below the surface of & water or wastewa-
ter. After the exposure period during which
bacterial concentration occurs, the gauze
swabs are retrieved, placed in sterile bags,
iced and returnad to the laboratory for axami-
nation, The swab, portions of the swab, or the
exprassed liquid from the swab are added to
enriachment media for selective growth of sal-
monellae and suppression of coliforms and
othear non-salmonellae.

2.1.2 Scope and Application

(a)-Advantages: Tha gauze swab technigue
15 superior to grab sampling, because salmo-
nellae concentration  occurs in the swab
permlitting improved detection. Although this
technioue is not guantitative. it has oroved

{b) Limitations: This is not a quantitative
precedure, since some salmonellae may pass
through the swahb, othars may desorb from the
swab during the exposure period, and the
water volume sampled is unknown, It s not
possible to prediet the salmanallas concentra-
tion in the water or wastewatar from the con-
centration in the swab nor does the procedura
reflect changes or cycling of salmonellae con-
centrations &t the sample site.

2.1.3 Apparatus and Materials

{a) Cheesecloth rell, 23 em wide.
b} Paper cutter or [arge pair of shears,
ie} Length of 16 gauge wire.

id) Sterile 250 ml flasks or jars, screw-cap,
containing enrichment media, Part lI-E; 3.3.10.

(e} Sterile plastic bags (e.q., Whirl-pak or
heavy-duty food freezer bags). '

(f) Insulated containar with ice {optionall.
2.1.4 Procedura

(a) Prepare a swab from a length of cheese-
cloth 180 em long = 23 em-wide by folding
the length & times to form a pad 36 cm = 23 om,
Cut the folds at one end. From this end, cut
the pad inte & parallel strips, 4.5 cm wide and
268 em long. leaving an uncut top section of
10 em(see Figure'lll-E-3).

{b) Bind the top of the gauze swab with 16
gauge wire to fofm a mop-hedd shape, with the
strips hanging free (see Figure |[1-E-4),

e} Wrap swab In' kraft paper and
autoclave.

(d] Place the swab just below the surface
of the water or wastewater to be examined and
sacure with the wire to 8 solid support,
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permlitting improved detection. Although this of the water ar wastewater to be examined and
technigue s not guantitative, it has proved secure with the wira to 8 solid support,
effactive in detection of low numbers of salmao-
nellae In waters and wastewater. The tech- (e} Leave the swab In place for about B
nique Iz simple and inexpensiva. days.
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SAMPLE

CONCENMTRATION OF SAMPLE

Gauze Diatomaceois Cartridge Mambrang

Swab Earth Plug Filter Filter
ENRICHMENT

Dulzival . Taetrathionate

Selenite Selenite Tetrathionate Brilliant

Broth Broth Broth Grean Broth

FA Screening Option [ - — — = =

ISOLATION PLATING

Xylose Lysine Kylose Lysine Briliiant Bismuth
Dasoxycholate Brilliant s ' “A ; Sulfite
Agar Groan Agar resn Aga Agar

I
BIOCHEMICAL IDENTIFICATION

iPrimary Scraening)
1

Tripla Sugar Urea Lysina Cytachroma
Iran Agar Agar lron Agar Oxidese Tast
I
ADDITIONAL BIOCHEMICAL IDENTIFICATION
{fdinirmal Blochemical Set by Single Tube or Multitest Systems)

Lysine Trvotophans Malonate Phanylalanine Phenol Red
Decarboxylaze w%mﬂﬁ n Broth Deaminasa Dulcitad
Brath Broth Broth

l

SEROLOGICAL VERIFICATION
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SEROLOGICAL VERIFICATION

|

Polyvalent O Wi = = = = | Palyvalent H
I
Confirmation by &
Aeference Laboratory

FIGURE II-E-1. Scheme for the Concentration, Isolation and Identification of Safmonealia.
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SAMPLE

CONCENTRATION OF SAMPLE

Membrane
Filter
{ENRICHMENT
Duleitol Tatrathionate
Selenita Broth
Eroth :
ISOLATION PLATING
Xylose Lysine Brilliant
Desoxycholabe Green
Apar Agar
BIOCHEMICAL IDENTIFICATION
[Primary Scresening)
Triple Sugar Uraa
Iran Agar Agar

ADDITIONAL BIOCHEMICAL IDENTIFICATION
{Multitest System)

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (197 of 407)1/24/2007 4:12:45 PM




Document Display | NSCEP | US EPA
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{Multitest System)

|

SEROLOGICAL VERIFICATION

Palyvalent O

FIGURE llI-E-2. Simplified Scheme for Concentration, Isolation and [dentification
of Safmansalia.
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FIGURE [lI-E-3. Dimensions of the Gauze Swabs,
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«—16_ GAUGE WIRE

FINGERS
OF SWAB

FIGURE Il1-E-4. The Gauze Swab in Position.
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{f} After the exposure period, retrieve the
swab and place it directly inta a sterile plastic
bag (Whirl-Pak), ice and return ta the labara-
tory for examination. See enrichment step
3.4.1. Alternatively, the swabs may be placed
in enrichment media and incubated on-site,
then iced and returned to the central
laboratory.

2.2 Dintomaceous Earth Technigue

2.2.1 Summary: The filtering action of dia-
tomaceous earth is used to concentrate the
arganisms (#), Diatomacaeous earth is loosely
packed on top of an absorbent pad In the
funnel of an assembled memhbrane filtration
unit. One to two liters of a water semple are
passed through the diatomaceaus earth using
vacuum and portions of the diastomaceous
aarth plug are added aseptically to enrichment
broth.

2.2.2 Sco pe and Application

(a) Advantages: Although it is not enumer-
ative, this method [s guantitative in the sense
that knpown volumes of water or wastewater
are filtered through the diatomaceous earth.

(b} Limitations: The diatomageous esarth
filtar Is easily clogged with the suspended
matarial found in turbid waters. This slows the
filtering process but may not prevent its usa.
Also salmonellae may pass through due to
improper formation of the distomaceous filter.

2.2.3 Apparatus and Materials

(2) Diatomaceous earth (Johns-Manville's
“Calite” or aquivalant),

(b} Sterile membrane filter unit (filter base
and funnel), plastie, glass or stainfess steal,
wrapped with aluminum foil or kraft paper.

{z) Vacuum source.

{d) Vasuum flask, 2-liter, to hold the filter

base, with appropriate tubing. An alternative is
a commercially-available manifold.

160 SEPA

(&) Safety trap flask between the filtering
flask and the vacuum source.

if} Sterile spatula,
(9) Forceps.

{h} Sterile graduated cylinders, 1000 mi
size, covered with aluminum foil or kraft paper.

{i} Containers far glass pipets.

{il Sterile absorbent pads of cellulosic pa-
per, 47 mm in diameatar,

(k) Sterlle T.O., 10 ml Mohr pipets, glass or
plastic.

{1} Rinse water, sterile phosphate buffered
water, prepared in large volumes, See Part I-B,
7 for preparation.

2.2 4 Procedure

{8) Assemble the membrane filter unit, sub-
stituting an absorbent pad for the membrane
filter,

(b} With the funnel in place, loosely pack
approximately 2.5 em thickness of diatama-
ceous earth on tap of the absorbent pad.

(c) Add enough sterile buffered water with
@ 10 mil pipet to saturate the diatomaceous
aarth. Draw water thraugh filter under vacuum
{18 1b.).

{d} Filter 1 liter or more of the sample
under vacuurm. The volume of sample filtered
will depend upon the estimated amount of
pallution in the water or wastewatar.

(e) Rinse the funnel at least twice after
sample filtration with 20-30 ml of the rinse
water.

if) Remove the funnel. Add the absorbent
pad, the diatomaceous earth plug or halves
of each to flasks of selacted enrichmant broths.
See the enrichment step 3.4.2,

MICROBIOLOGICAL MANUAL 1878
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2.3 Membrane Filtration of Samples

2.3.1 Summary: The watar or wastewater
sample is passed under positive pressure
through a 0,45 pm pore, 142 mm diameter
filter in a pressura filtration unit. After filtra-
tion, the membrana filter is aseptically divided
inta portions that are added to enrichment
broths.

2.3.2 Scope and Application

{a} Advantages: Membrane filtration is
usad when the sample volume desired is larger
than the 1-2 liters employed with the diatoma-
ceous earth technigue, whan the 5 day sample
pariod for the swab technigue is not feasible,
or when the sample is not too turbid to permit
paszsage of the desired volume, The method is
useful for water of very low organic and partic-
ulate matter content. It is quantitative in that it
retaing all cells from the filtration of a known
volume of water or wastewatear.

{b) Limitations: Use of this technigue is
somewhat limited because the sample may
clog pores and prevent filtration. Also, the limi-
tations of membrane filtration cited in Part 11-C,
3.2.2,are gpplicable.

2,3.3 Apparatus and Materials

{a) Membrane filter holder, stainless steel,
142 mm, autoclavable for use in pressure fil-
tration. {Galman Dise, Filter Holder, 11872,
Millipore 55 Filter Holder, ¥¥22 14200, or
equivalent).

ib} Dispensing pressure vessel, 10712 liter
gize. (Gelman 15108, Millipore XX87 Q0003,
or equivalent).

) Pressure pump, capable of maintaining
high pressure necessary for pressurs filtration
{7 kg/em? maximum pressure).

(d) Forceps, with smooth tips.

ie).Sterile shears to divide meambrane.

{f} Dilution water, phosphate buffered, pre-

pared in large volumes.

igl Membrane filter, white, grid-marked,
142 mm in diameter with 0.45 + D02 pm
pore si2a.

{h) Prefilter {Millipore AP15-142-50 or
equivalant).

2.3.4 Procedure

{a) Aseptically add the sterile membrane
filter to the sterlle filter holder.

[b) Add a 2=20 liter sample to the dispens-
ing pressure vesse|, The sample size is limitad
by the level of solids or turbidity in the sample.

ic) If samiple is turbid use a prefilter ahead
of the membrane filter.

{d} Using positive pressure, force the sam-
ple through the membrane filter,

(g) After filtration, the mambrane and pre-
filters are added to enrichment media. See
enrichment step 3.4_3,

2.4 Cartridge Filter Technigue (5]

2.4.1 Summary: The watar or wastiewaler
sample is drawn uvnder negative pressure
through a filter of borosilicate glass microfi-
bers bonded with epoxy'Tesin, The volume
filtered may be measured. After filtration, the
filter 13 placed aseptically into enrichment
broth.

2,4.2 Scope and Application

{a) Advantages: Because this tachnigue
can be used to filter 20 liters or more of sam-
ple, it is applicable to waters with low concen-
trations of grganisms. It can be combined with
an MPN procedure for a gquantitative estimata
of bacterial density.

ib) Limitations: The presence of high num-
bers of background arganisms may make re-
covery of Salmanella very difficult by this tech-
nigua. The autoclave must be sufficiently large
to hald sample reservoir containers. As with
other filtration procedures, high turbidity in the
sample lengthens filiration time.
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if} Dilution water, phosphate buffered, pra-

pared in large volumes.

sample lengthens filtration time.
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ather flltration procedures, high turbidity in the
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2.4.3 Apparatus and Materials

(3} Vacuum pump, capable of operation at
a prossura differential up to 69 kN/m2,

{b) Vacuum gauge.

(o) Water trap (heavy-walled flask or bottle,
with at least a S-liter capacity) closed by a 2-
holed rubber stopper, with 2 short pieces of
glass tubing insertad.

{d} Glass and rubber vacuum tubing, with
shut-off valve.

(8) Optianal for MPN technigque: manifold,
capable of 5 simultaneowus filtrations,

{f) Starile, 20 liter, heavy-walled pyrax
glass carboy, calibrated from 1=20 liters (Carn-
ing CWG No. 4344900),

ig) Balston (Lexington, MA) type ASA car-
tridge filter, 2.5 X 6.4 cm or equivalent and 3
type 90 filter holdar. Filters, filter holders and
tubing are wrapped and sterilized by autoclave
at 121 Cfor 158 minutes.

2.4.4 Pracadura

{a} Cennect the parts of the filtration appa-
ratus as depicted in Figure I11-E-B.

{b} Callact or transfer water sample to ster-
ile, calibrated container.

iz} Insert filter and filter holder into sample
containar. Protect container from contaminas
tion by sealing glass tubing in neck of con-
tainerwith sterile cotton and aluminum fall.

[d) Start vacuum pump and filter desired
wolume of water, To avoid rupture of filter, the
prassure differentlal should not exceed B9
kN/m=,

fa) After filtering sample, aseptically re-
move fllter and filter holder, Separate filter and
nlasn in annranciata anrichmant medinom. See

(g) When a new sample is to be filtered,
replace glass tubing, filter, filtar holder and
sample container with new sterile units.

3. Primary Enrichment for Salmonalia

Selenite and tetrathlonate broths are used
for primary enrichment. The selenite may be
combined with dulcitel to improve the selectiv-
ity for salmonellag. The tetrathionate may be
used as a broth base alone or combined with
brilliant green dye which enhances its seleativ-
ity for salmonallaa other than 5. typfi

3.1 Summary: After concentration of sal-
monellae, the gauze swabs, distomacecus
earth plugs, membrane filters or cartridge fil-
ters are placed in flasks of selenite, tetrathion-
ate or other selected broth. The broth encour-
ages salmenallag to grow while inhibiting
other bacteria, Multiple flasks of the enrich-
ment broth are incubated for 3—4 days at se-
lected temperatures, After incubation, cultures
are streaked onto differential plating media for
salmoneliae isolation, These differantial plates
should be streaked from the enrichment media
every 24 hours over a 3-4 day period.

3.2 Scope and Application

3.2.1 Advantages: The enrichment mg-
thods described provide an optimal environ-
ment for salmonellae and other enteric patho-
gens, and to some extent suppress the other
organisms that are presant.

3.2.2 Limitations: Although enrichmant
broths provide an optimal environment for sal-
monellag development, recovery is not guanti-
tative.

3.3 Apparatus and Materials
3.3.1 Incubators setat 35 - 0.5C, 41.5 +

0.6 C, and opticnally 8t 37 + 0.5 and 43 + 0.5
.
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mova filter and filter holder. Separate filterand 0.5 €, and opticnally st 37 4 0.5 and 43 + 0.5
place in appropriate enrichment medium, See C.
3.4.4,

3.3.2 Sterile shears and spatula,

(f} Place another sterile filter in the filter

holder and repeat filtration procedure,

3.3.3 Sterile forceps,

SEPA  MICROBIOLOGICAL MANUAL 1978

3.3.4 Sterile beakars, 200 ml size coverad
with aluminum foil-or kreft paper.

3.2.5 Sterile erlenmeyer flasks, 125 ml
siza, to hold 60 ml of enrichment broth.

3.3.8 Bunsen, Fisher burner or electric
incinerator.

3.3.7 Sterile petri dish.

3.3.8 Sterile aluminum foll.

3.3.9 Alcohol, 85 % ethanol, in a vial.
3.3.10 Madia

ja} Selenite broth ([Difco 0276, BBL
116808, ar equivalent). (See Part II-B, 5.5.1).

lih] Tetrathionate broth {Difee 0104, BEL
11708, or equivalent). (See Part -8, 5.6.2).

(&) Duleital selenite broth {see PFart (-8,
5.5.3)

(dj} Tatrathionate brilliant green broth
{same as (b} above with the addition of 0.0
gram of brilllant green per liter of madium].
(See Partll-B, 5.6.4).

2.4 Procaduras for Enrichmant

Select at least two enrichment media,
preferably one selenite and one tetrathionate
type, for each sample, The actual choice of
medium is based on the experience of the
analyst,

Salepite and tetrathionate enrichment
broths are useful for all Salmensaila including

-—

32.4.1 The Gauze Swab: Squeeze the gauze
swab in the plastic bag to eaxpress the liquid
fram the swab into a sterile 500 ml beaker,
After this, the ertire swab or portions of itmay
be placed dirsctly inte the enrichment broth
using sterile forceps and shears to divide the
swab if necassary into the number of portions
reguired for the errichmant media to be used,
For example, 2 enrichmeant meadia incubated at
2 temperatures, 35 C and 43 C, would require
4 portions. The pieces of swab and measured
volumes of the liguid can be apportioned imto
125 ml flasks containing B0 ml of enrichment
broth made double strength to compensate for
the dilution effect of liquid,

3.4.2 The Diatormaceous Earth Plug: Re-
mowve the distomaceous earth plug from the
membrang filtration funnel by carefully tap-
ping the funnel on a sheet of sterile metal foil.
Tap the sides of the funnael and shake it gently
to dislodge the plug. Transfer the antire plug to
an enrichment broth or divide the plug into
halves using a sterile spatula. Add one half of
the plug to each 1256 ml flask of medium used.
Inoculate at least 2 media in flasks containing
EQ mi of sterile single-strength broth. Incubate
at 2 temperatures. Halve the absorbent pad
with sterile shears, and add a portion to each
of the previously inoculated flasks.

3.4.3 The Membrana! Filter: Remove the
membrane filter aseptically from the filter base
with sterile forceps, and hold over the bottom
of a sterile petri dish. Cut the membranea in
quarters with the sterile shears, and let the
guarters fall grid-side up Into the petri dish
pottom.  Insert aseptically each gquarter of a
membrane filter inta a 125 ml flask containing
50 mi of single-strength medium.

3.4.4 The Cartridge Filter: Remave tha car-

teiela Filbar Froam tha halder azantically and
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Selenite and tetrathionate enrichment
broths are useful for all Salmanella including
5 typhi Although the addition of brilliant
grean to tetrathionate broth base increases its
selectivity for salmonallas, it inhibits the recoy-
ery of 3. fyph/ It is reported that tetrathionate
broth is toxic to salmonellae at a temperature
of 43 C (8). Dulcitol selenite madium may not
complelely recover 5. fyphi, 5. cholerae-suls,
% pnieritidis bioserotypes Paratyphi A and
Fullorum, from some samples because thess
species ferment duleiel slowlhy (7).

3.4.4 The Cartridge Filter: Remave tha car-
tridge filter from the holder aseptically and
place in the selectad enrichment medivm.
Mare than | filter may be used |h succeassion on
a single sample and placed in the same culture
medium. Repeat for the second enrichment

medium,

.48 After inoculetion in 3_4_.1, 3.4.2,
3.4.3 or 3.4.4, incubate enrichment flasks at
35 C, 41.5 C and other selected temperaturas

1683
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for at least 24 hours, However, some salmonel-
laa sre slow-growing and recovery may be
increased by incubating for successive 2d.
hour periods up to 896 hours before streaking
on isolation agars,

3.4.6 If & sample must be collected in an
area some distance from the central laboratory
responsible for Safmenelfa identifications, the
gtheme can be interrupted at different poinis,
First, the samples can be concentrated, iced
and transported back to the cantral laboratory,
Second, the semples can be concentrated,
placed in enrichment media, incubated at the
selacted temperature for 18-24 hours at a fleld
laboratory then iced and transported to the
cantral laboratory,

3.5 Incubation Temperature as a Selec-
tion Technigue for Salmonsllae

3.5.1 Historlcally 37 € has been used for
the isolation of enteric microorganisms be-
cause it is representative of the gut tempera-
ture of humans and othar warm-blooded
animals. Thiz temperature was considered
optimal for the detection and isolation of
thase entarics,

8.5.2 Some workers have used 35 C in
place of 37 C because the latter temperature is
close to the upper toleranca limit for the group
and might prevent the growth of some desired
species. This inhibitory effect would be most
significant if the 37 C temperature were not
wll-controlled and might be exceaded by 2-3 C.
Cansequently, double temperatures of 35 C and
37 C came into common usage 11 B] for isola-

Bl o mmall D = aSfr o3

tion and Isclation of Salmonella from water
{11,12,13).

4.5.5 Although investigators have wsed
differant elevated temperatures, the results
are inconclusive for a single incubation tem-
perature. The general conclusion of most stud-
igs on comparison of recoveries of salmonel-
law at different incubation temperatures is that
a greater number of isolates and more spacies
are isolated at 41-43 C than at 36=-37 C (9,
14-18). This manual recommends two tempear-
atures in enrichmant and isolation procedures
for Salmonalia, 35 Cand 41,6 C,

Optional Fluarescent Antibody Screening
Technigue

The FA technique is a rapid screening me-
thod that can be wsed after primary enrich-
mant but it is tentative and optional, The de-
tailed procedure is describad in Part III-E 8
following the conventional methods for detec-
tion and identification of Salmonealia.

4. Isolation of Salmanalla

4.1 Summary: The organisms that de-
velap in the primary enrichment broth madia
are isolated and differentiated on solid madia.
The enriched cultures are streaked every 24
hours for 3-4 days onto the surface of XLD,
BG, XLBG and bismuth sulfite media. After
incubation, the plates are examined for typical
colonies of salmonsllae which are picked and
characterized biochemically and serclogically,

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy.. -ZyActlonL& Back=ZyActionS& BackDesc=Results%20page (205 of 407)1/24/2007 4:12:45 PM




Document Display | NSCEP | US EPA
Lansequently, double temperatures of 35 C and
37 C eame into common wsage (1, 8) for isola-
tlen and identification of Enterobacteriacase.

characterized biochemical iy' and VsiaFnlagi cally,

4.2 Scope and Application

3.5.3 Because the large populations of
normal gut microorganisms interfere with the
isolation of pathogens such as Salmonella
from humans and other warm-blooded ani.
rals, temperatures above 37 C were proposed
to reduco the background misroorganisms.

4.2.1 Advantages: Pure cultures of Salmo-
neffa can be isolated by the careful selection
and use of plating media and incubation tem-
paratures, Brilllant green agar is favored for
the development and identification of salmo-
nellae except for 5. fyphi and a few other
species whereas bismuth sulfite agar allows
the growth of most Salmonella including 5.
typhi

3.5.4 The 43 Ctemperatiure was propoged
as an aid to the isolation of Salmonells, partic-
ularly from various heavily contaminated ma-
tarials (3, 10). The 41.5 C temperature has

4.2.2 Limitations: Bacteria ather than sal-
been recommended by others for the detec- ma

monellas may compete with the salmonallae
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on the secondary differential madia, thus inter-
fering with their isolation and identification.
The use of brilliant green agar at an elevated
temperature of 4 1.6 C reduces the number of
interfaring arganisms, but also inhibits devel-
oprent of soma serotypes of Salmonalla.

4.3 Apparatus and Materials
4.3.1 Incubatorssetat35 + 0.6 C, 41.6 +

0.5 C, and optionally at 37 4 0.6 Cand 43 +
05C.

4.3.2 Water bath set at 44-46 C for tem-
pering agar.

4.3.3 Petri dish canisters for glass petri
dishas,

4.3.4 Thermometer certified by Mational
Bureau of Standards or one of sguivalent
ACCUracY.

4.3 5 Inoculating nesdla and 3 mm loap.

4,3.6 Calony Counter, Quebec darkfield
model or equivalent.

4.3.7 Bunsen/Fisher bumer, ar electric
incinerator.

4.3.8 Starile 100 mm = 15 mm petri
dishes. alass orplastic.

4.4.4 Bismuth sulfite agar (see Part II-B,
5.5.8). :

4.5 Procedure

4.6.1 Prepare two selected media [(XLD,
BG, XLBG or bismuth sulfite agars) in petri
dishes. A3 a minimum xylose lysine desoxy-
cholate (LD} and brilliant graen (BG) or xylose
lysine brilliant green (XLBG) sgars are recom:
mended. Bismuth sulfite agar permita the pre-
sumptive detection of 5. typhi and/or 5
anteriditis.

4.5.2 Streak the surface of a previgusly
poured and solidified agar with a loopful of the
enrichmant culture.

4.6.3 Duplicate plates should be streaked
from each enrichment culture every 24 hours
for 3—4 days.

4.5.4 Inoculate duplicate plates from each
gnrichmeant culture and incubate, one each, at
35 Cand 41.5 C(and optionally a1 37 Cand 43
C). Incubate the XLD and XLBG plates for 24
hours, and the BG agar and bismuth sulfite
agar plates for 48 hours,

4,55 After incubation, examine plates for
colony appearance. Table ll-E-1 describes the
appearance of colonies on XLD, XLBG, BG and
bismuth sulfite agars. The salmonellas colo-
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4.3.8 Starile 100 mm = 15 mm petri
dishes, glass or plastic.

4.3.9 Sterile phosphate buffered or
peptone dilution water in bottles, 23 + 2 mi
wvolumes (see Part11-B, 7 for preparation).

4.4 Media: The following agar media are
dispensed in bulk gquantities in serew-capped
bottles or flasks, (See Part 1B, 4 for
praparation),

4.4.1 Xylose lysine desoxycholate (XLD)
agarisee Part -8, 5.5.7).

4.4.2 Brilliant green (BG) agar {see Part II-
B, 5.5.5). '

4.4.3 Xylose lysine brilliant green (XLBG)
agar(see Part Il-B, 5.5.58).

appearance of colonies on XLD, XLBG, BG and
bismuth sulfite agars. The salmonellas colo-
nies on BG agar are pinkish white with a red
hackground. Lactose fermenters will form
greenish colonias or other colorations. Doca-
gionally, slow lactose fermenters such as Pro-
teus, Citrobacter, Psendomonas and Asromo-
nas mimic Salmonella.

4.5.6 Pick growth from the centers of well-
Isolated colonies that have the characteristic
appearance of salmonellae, and streak onto
the sereening media described in This Section,
5.4.1 and 5.5.1. Isalatad, single colonies fram
a plate where all colonies appear alike may be
assumed to be pure. At least 2 colonies of each
type suspected to be Salmenelia should be
picked.

4.5.7 The suspected colonies of Salmao-
nella should now be characterlzed by the sin-

SALMONELLA 165
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TABLE IlI-E-1

Colonial Appearance of Salmonells and Other Enterics om |solation Madia

Colany Appearance Salmonalis Othar Enterics

1. Bismuth Sulfite Agar

Round jot black colonies 5. typhi
with or withowt shean

" " " 5. snteriticis ser
Enterltidis
" - “ 5. enferitidis ser
Schottmueliari
Flat or slightly raised 5. anforitidis ser Frofeus spp.
groon colonias Typhimurium
" " " 5. arteritigls bioser
Paratyphyi
" " & cholorassuis
2. Brilliant Grean Agar
Slightly pink-white, Salmonolls spp

opagqua colonles surrcundad
by brilllant rad madium

mOE & & & E & = = momo®m oEmom E E & E 8 = = = = = = = = = = = = ¥ T oW oEEW W E = ®m®W E s % = = &% == = = = = &8 &

Yallow-greon colonles Escharichia, Kilebsfalls,
surrounded by yellow-groon Frofeus spp, ﬂa:‘tﬂ!ﬂ; ar
zone sucross fermanters)

3. MLD or XLBG Agar

Red, black centored colonlss Salmonells spp.
Red colonias Shigelfa spp.
Yallow colonies Ezcharichia spp.

and biotypes
- Cirrobacter spp.
Klebsielia spp.
Emterobacter spp,

FProteus spp.
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gle biochemical tests or multitests inPartill-E,
5.6. An O-1 bacteriophage screening test may
also be used on the isolate for a rapid (4-6
hours} determination of the tentative identifi-
cation of Salmonella, Results must be verified
(20, 21}

&. Biochemical ldentification of Salmonella

E.1 Summary: Salmonellae can be identi-
fied to genus by determining their reactions ina
garies of biochemical tests. These tesis can ba
made in single tube media or in commercial
multitast systems. This Sectlen offers the mini-
mal requirad sat of tests, a series of additional,
optional tesis and a brief description of available
multitest systems, These tests require specific
training for valid results.

5.2 Scope and Application

5.2.1 Advantages: The biochemical reac-
tions characterize the Salmonelialike isolata,
permit a separation from closely related bacte-
ria, and provide presumptive identification as
Saimaonella, Confirmed identification requiras
additional serological tests,

The multitest systems have a number of
advantages over single tube media prepared
inthea laboratory:

{g) The differant designs of these systams
permit the user to select tests to fit his needs,
facilities and budget.

{b) The multitest systems may be used with
confidence in the laboratory or in field situa-
tions as rapid and convenient screening me-
thods for cultures suspected to be Salmonelia.
Large numbars of cultures can be examined in
a relatively short time; and those tentatively
identified as Salmonelia can then be held for
later serological confirmation.

{c} These systems offer the advantages of
minimal space requirements, immediate avail-
ability, and econamy whan compared with the
preparation and use of tubad media. They are
ideally suitad to field work and to small labora-

tarles that do not routinely perform these iden-
tification tests.

{d} The systems offer these same advan-
tages for the identification and differentation of
ather enteric bacteria such as E. coli, Kiabsialla,
Entarobacter, Citrobacter and Shigella.

§5.2.2 Limitations: Whathar accomplishad
by individual tube or multitest methods, bio-
chemical identification of large mumbers of
cultures is expensive and time-consuming. It
ghould not be attempted independently with-

aut previous training and experience in read-
ing reactions and interprating results.

5.3 Apparatus and Matarials
5.3.1 Incubator set st 35+ 0.5 C.

5.3.% Bunsen/Fisher burner, or electric
inGinerator.

5.3.3 Inoculating needle and loop.

§.3.4 Culture tubes, 100 = 13 or 160 =
20 mm.

5.3.5 Fermentation tubes, 75 x 10 mm.

5.3.6 Clasuras to fit culture tubes.

§.3.7 Thermometer certified by National
Bureau of Standards, or one of eguivalent
ACCUracy.

5.4 Media

5.4.1 Screaning Media

{al Triple Sugar lron Agar (TSI} (Difco
0266, BBL 11749). See Partll-B,5.5.9.

{b) Lysine lron Agar (LIA) (Difco OB43, BBL
11363). See Part|I-B, 5.5.10.

(e} Motility Sulfide Medium [Difeo 0450).
SeePartll-8,5.5.16

(d} Urea Agar Base Concentrate [Difco
02E4). See Part -8, 5.5.11.
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{e) Cytochrome Oxidase Test Reagents

Reagent A, Weigh out 1 gram alpha-
napthol and dissolve in 100 ml of 95%
ethanal. :

Roagent B. Weigh out 1 gram of pare-
aminodimethylaniline HC (or oxylate) and dis-
solve in 100 ml of laboratory pure water. Pra.
para frequantly and store in refrigarator.

5.4.2 Minimal Biochemical Set

{8} Phenylalanine Agar (Difco 0746, BBL
11637). See Partll-B,5.5.12,

{b) Ferric chloride reagent: Prepare 2 10%
solution [w/v) of ferrle chloride in laboratory
pure water. Store in a brown bottle in the
rafrigerator.

(e} Indole test {tryptophane broth), See Part
[I-B, 5.1.9.

{1} Tryptone (Difco 0123).
(2) Trypticase (BBL 11821).

{3) Indole Test Reagent: Dissolve § grams
paradimeathylamine benzaldehyde in 75 mil iso-
amyl or normal amyl aleshal, ACS grade.
Slowly add 25 ml cone HCL The reagent
shauld be vellow and have a pH below 6.0: if
the final reagent is dark in color it should be
discarded. Examine the reagent carefully dur-
ing preparation because some brands are not
satisfactory after aging. Both amyl alcohaol and
benzaldehyde should be purchased in a small
amount consistent with the volume of work
anticipated. Refrigarate the reagent in a glass-
stoppored bottle,

Thera has been some difficulty in abtain-
tng amyl alcohal, If this problem occurs, Glllies
dascribes an alternate paper strip test for in-
daole production [22).

{d}Malonate Broth, Modified {Difco 0560,
BEL 11436). See PartII-B, 5.5,13.

5.4.3 Optional Bicechemical Tests

(8] Carbohydrata Utilization

Purple Broth Base (Difco 0082, BEL
11506). See Part |1-B, 5.1.7 containing:

Dulcitol {Difeo 0162),
Lactose [Difeo O 166), or
Inositol (Difeo 0 164)

ib] Decarboxylasa Activity
(Difea

Decarboxylase Medium Base
0872). SeePartll-B, 5.5.14 cantaining:

Lysine HCI (Difeo QO 705),
Arginine HCI {Difea 0B83). or
Ornithine HCI |Difco 028 3)

{c) ONPG Reagents
(1) Monosodium Phosphate Salution

Dissolve 6.9 grams MaHsPoy«+HOH in 45
ml of laboratory pure water. Add 3 ml of 30%
MaOH and adjust pH to 7.0, Ering to 50 m| with
laboratory pure water and store in refrigeratar.

(2) ONPG Solution

Dissolve BO grams of o-nitrophenyl-g-0-
galactopyranoside (ONPG) in 15 ml pure water
at 37 C. Add & mi of 1 M MaH,PO,4 from {1}
above. This 0,76 M solution of ONPG should
be colorless. Store in a refrigerator, A portion
of the buffered solution sufficient for the num-
ber of tests to be dona should be warmed to 37
C before use,

5.4.4 Multitest Systems [optional ta Sin-
gle Test Series)

{a) APl Enteric 20 (&nalytab Products, Ing.).
(b) Entarotube (Roche Diagnostics).

{c] Inolex ({Inolex Biomedical Division of
Wilsen Pharmaceutical and Chemical Carp.)

{d} Minitek {Baltimore Biological Labora-
tories, Bioguest),
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{e) Pathotec Test Strips (General Diagnos-
tics Division of Warner-Lambart Company).

ifi /b Enteric Differential
(Diagnostic Research, Inc.}

System

5.5 Procedures: Since cultures are found
which react atypically, an isolate should not be
eliminatad because of a single anomalous re-
action, rather the bicchemical reactions
should be considerad as a group, For example,
Lia tubes not showing HpS production, but
having alkaline slants and alkaline butts may
be atypical 5. fyphl These tubes should be
ratained for further characterization.

Further, to insure that the madia are yield-
ing proper reactions, the analyst is urged to
incorporate both positive and negative control
cultures imte Single Test and Multitest
Progedures,

5.5.1 Screening Tests: Pick growth from
the center of a single izclated colony on a
selective plating medium and inoculate into
the primary scraaning medium,

Farmentation tube reaction code for TSI
and L1A Agars:

Report slant/butt where K, 4 and AN
indicate alkaline, acid and neutral reactions
respectively; G, g indicate large and small
amounts of gas production, respectively; and
HsS 14 to 44 indicate lavels of blackening
due to hydregen sulfide production. For
example, K Ag is an alkaline slant and an acid
butt with a small amount of gas.

& (8} Triple Sugar lron Agar

{1} Inoculate by stabbing the butt and
streaking the slant.

{2} Incubate at 35 C for 18-24 hours with
cap loose.

{4) Typical reactions:

Balmarnella: K/Ag with HaS, T4 to d 4.

5 typht: KAA with Ha 5, trace to 14+,
Citrobacter; K/Ag or A/Ag with HyS, 14+
to 3+,

(§) Atypical reactions: TSI tubes showing
alkaline slants and acid butts without Hy$S
production should be inoculated into Motility
Sulfide Medium to verify the negative Hz3
reaction. If still HaS negative, parfarm serolog-
jcal testing to confirm an atypical Salmonella,

% [b)Lysine lron Agar

{1} Inoculate by stabbing the butt twice
and streaking the slant,

{2) Incubate for 18-24 hours, and if nega-
tive for an additional 24 hours, at 35 C.

(3} Read and record reactions. The slant or
butt is yellow from an acid reaction and
blue/purple for an alkaline reading. Gas
production is evidenced by bubbles in the me-
dium and Ha S production by blackening of the
medium along the stab line. Proteus has a
distinctive red slant caused by oxidative deam-
ination and a yellow butt.

(4} Typical reactions:

Salmonaila: KK or KN with HaS ().
5. typhi: K/K with Ha5 ().
Citrobacter KrAowith Has —or 4,
Proteus: Rired)’ & with Ha 5 +)

# [c)Urea Agar(Christensen)

(1} Inoculate slant only, using a heavy
inaculunm,

2} Incubate for 18-24 hours at 35 C with
cap loose. 4 positive reaction for Profeus may
be recarded in 2-4 hours, but all nagative tests
at 2—4 hours must be held for 18-24 hours.
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cap loose.

{3) Read and recerd reactions. Color of
glant or butt is yellow for an acid reaction or
red for an alkaline reading. Gas production is
evidenced by bubbles in thé medium, and H35
production by blackening of the medium.

be recarded in 2-4 hours, but all negative tests
at 2—4 hours must be held for 18-24 hours.

{3) Reactions ara red for urease positive

and vellow for urease negative. Salmonella
give negative urease reactions. Cultures of
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Citrobacter may yield weak delayed positive -

reactions at 18-24 hours.
& (d} Cytochrome Oxidase Test

The eytochrome (indophenol) oxidase test
can be done with prepared paper strips or the
following teston a nutrient agar slant

(1) Inoculate nutrient agar slant and incu-
bata at 356 C for 18-24 hours. Older cultures
should not ba used,

(2] Prepare reagents as in 5.4.1 [e).

(3) Add 2-3 drops of reagent A and reag-
ant B to the slant, tilt to mix and read reaction
within two minutes,

(4} A strong positive reaction (blug ealar
slant or paper strip} ocours in 30 seconds.
lgnore waak reactions that occur after two
minutes. Pseudomonads, seromaonads and
vibrios are positive. Salmonelia Is nagative.

5.5.2 Minimal Biochemical Set: After read-
Ing the TSI reaction, use growth from the slant
to inoculate the minimal biochemical set (in
B.4.2 above) with a straight wira neadle, Suffi-
clent culture to inoculate all of the minimal
blochamical media is provided by one applica-
tion of the tip of the needle to the TSI growth.

=« [a) Phanylalanine Agar
{1} Inoculate surface of slant heavily.

(2] Incubate for 18-24 hours at 35 C with
cap loose. A positive reaction for Proteus may
be recorded in 4 hours but negative tests must
be hald for 18-24 hours,

T - -

& (b} Indole Test

(1) Inoculate the tryptephane broth lightly
from the TS| agar slant culture.

(2} Ineubate the broth at 35 4 0.5 C for 24
+ 2 hours, with cap loose,

(3} Add 0.2-0.3 ml indole test reagent to
the culture, shake and allow the mixture to
stand for 10 minutes.

(¢} Observe and record the results.

(5} A dark red color In the amyl aleohol
layer on top of the culture is a positive indole
test; the eriginal yellow colar of the reagant is
anegative tast,

(&) With rare exceptions, Salmonalls and
Citrobacterara indole-nagative,

# (¢} Malonate Broth Test

(1} Inoculate fram the 18-24 hours TSI
agar alant culture.

(2} Incubate for 48 hours at 35 C, Observe
tubes after 24 and 48 hours. Positive reactions
are indicated by a change in colar of the me-
dium from green to a deep blue. Lots of malo-
nate medium should be checked with positive
and negative cultures,

(3} Salmonalla arfzonas and some strains
of Citrobacter utilize malonate. Other Salmo-
neila do not.

#® (d} Fermentation of Dulcito! in Phanal Red
Broth Base

(1) Inoculate the Dulcitol broth lightly us-
ing a 24-hour culture,
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ba hald for 18-24 hours,

(3) Test for phenylalanine deaminase by
allowing 4-5 drops of a 10% solution of farric

chloride to run down over the growth on the
slant,

{4) A dark green color on the agar slant
and in the fluld Is a positive reaction. A yellow
or brown color is negative, Salmonalla and
Citrobectergive negative reactions.

(1) Inoculate the Dulcitol broth lightly us-
ing a8 24-hour culture,

(2} Incubate at 38 C and examine daily for
7 days.

{3) A positive reaction is production of acid
with yellow color,

(4} Maost salmonellae and some Citrobac-
ter utilize duleitol. Some that do not wse |t oF
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usa it slowly include: 5. typhi, 5. choleras-suwis,
5. anteritidis bloser Paratyphi A and Pullorum,
and 5, entertidis sar Typhimurum.

6.5.3 Optional Biochemical Tests: If the
minimal set of biochemical tests has not satis-
factorily identified culturas as Salmonelia, or
variable reactions have been observed, pro-
cead with the following optional tests.

s (a) Fermantation of Lactose in Phanol Red
Broth and Inositol in Phenol Red Broth

{1} Inoculate the broth lightly using a 24-
mowr culture.

{2) Incubate at 35 C and examine daily for
I days.

{3} A positive reaction is production of acid
and yellow color with or without gas
productian.

(4] Saimaonella do not utilize lactose, but
some strains of Citrobacterdo,

Some Salmonella do utilize incsitol.

# (b} Decarboxylase tests {lysine, arginine
and arnithina)

{1} The complete decarboxylase test sarias
requires tubes of pach of the amino acids and a
control tube containing no amino acids.

(2} Imoculate sach tube lighthy.

T I e e L = IR Y S

menters may remain alkaline throughout

incubation.

{B) Salmonella ara positive for lysing; posi-
tive or delayed positive for arginine; and posi-
tive: for ornithine. 5. typhi and bioser Gallina-
rum are negative for ornithine. Citrobacter and
bigser Paratyphl A are negative for lysine.
Strains are variable for arginine and ornithine.

# e} Gelatin Liquefaction

{1} Inoculate nutrient gelatin tube by
stabbing.

{ZHncubate at 35 Cfor 5 days.

(¥} Cool tubes to 20 C and inspect. Fallure
to solidify is a positive reaction.

(4} All Group | Emtercbhacteriaceas are
negative, except for 5. arizonae which shows a
delayed positive reaction (see Table IlI-E-5).

e (df ONPE Test o-nitrophenyl-G-D-
galoctapyranoside (23)

(1) Emulsify a large loopful of growth from
gach culture in 0.25 ml of physiclogical saline
ina 10 7% mm farmantation tube.

{2) Add ane drop of toluene to each tube
and shake well. Lat tubes stand for B minutes
in 35 Cwater bath.

(3) Add 0.25 mi of buffered 0.76 M ONPG
salution to each tube (see 5:4.3, (g} ()} and

..... bade amale b BRI weatar hath
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[2) Inoculata each tube NgRTY.

{3) Add sufficient sterile mineral oil to the
broth to make 3—4 mm layer on the surface
and tighten the screw cap. :

{4) Incubate for 18-Z4 hours at 36 C.
Megative reactions should be reincubated up
to 4 days.

I5) Positive reactions are deep purple and
negative reactions remain yellow. Read the
contral tube without aming acid first i1 Mmust
be yellow for the reactions of the other tubes 1o
be wvalid. Positive purple tubes must have
growth as evidence by turbidity because
uninoculated tubes are also purple, nonfer-

(3 ACI0 WP LD T OT DFUTTETEQ W F D I LANr
solution to each tube {see 5:.4.3, (g} (1)} and
imncubate again in 35 Cwatar bath.

(4) Aead tubes At ¥2, 1 and 24 hours. A
positive result is develepment of yallow color.
Lactose farmenters have B gelactosidase so
Citrobacter are positive and most Salmonella

negative,

s [g) Motility Test A test for motility is used
in seralogy but is not recommended in the
blechemical reactions because:

{1} Mast members of the family Enterobac-

teriaceas are motile, so the test would not add
much to a characterization of the isolate,
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(2) A negative test cannot be considerad
conclusive until the culture is passed once ar
twice through a metility or broth medium and
the isolate retested.

B.6 Multitest Systems: Multitest systems
are available which use tubes containing pre-
pared agar media, plastic units containing de-
hydrated media, media-impregnated dises and
reagent-impregnated paper strips. Some of
tho systams use numerical codes to ald identi-
fleation of bacteria. Others provide computer-
lzod identification of bacteria, A numbar of
independent investigators have compared one
or morg multitest systems with conventional
biochemical tests. Some of the earlier systems
have been improved. Most of the recent stud-
ies report the correct identification of high
parcantages of isolates (24-29),

6.6.1 The following systems for the idanti-
fication of Enterobacteriaceas are commer
clally avallable. These have been quality tested
by the manufacturers and others and can be
usedwith confidence.

{a} APi Enteric 20 consists of 20 small
chambers (called cupules) in a plastic strip,
sach comtaining dehydrated mediom. An iso-
lated colony is used to prepare a cell suspen-
slon to inoculate the media. The inoculated
modia are incubated for 18 hours at 35 Cin a
spocial plastic chambar. A numerical ldentifi-

reageni-filled capillary chambers. A single iso-
lated colony is picked inte broth and cultured
for 3% hours at 36 C. After incubation, the
broth tube i centrifuged, the cells resus.
pended in water and inoculated into each cap-
tllary chambear on the card. Fach card is Incu-
bated for 3 hours at 35 C in its own plastic
container. |solates can be identified in 7 hours
unless additional tests are requirad. A numer-
cal binary coda named Varident is part of the
aystem, '

(d) The r/b Enteric Differential System con-
sists of 4 Beckford tubes, 2 basic and 2 ex-
pander tubes, The 4 tubes contaln agar media
and are constricted to form upper and lowaer
compartments which provide 14 biochemiecal
reactions. The tubes sre stabbed, streaked and
incubated at 36 C for 24 hours. A color chart of
typical tube reactions is provided for
idantification.

(2] The Pathatec Test Strips are individual
biochemical paper strips Impregrated with
reagents that test for enzymes or end products
characteristic of cartain bacteria. A cell sus-
pension prepared from isolated colonies is
used as the inoculum to demonstrate the big-
chemical reactions. An incubation period of 4
hours &t 36 C may be required for the cell
suspension. The earlier Rapid I-D System has
been discontinued. A new identification sys-
tem for anterics is planned for marketing in
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muodia ara incubated for 18 hours at 36 Cin a
spocial plastic chambar. A numerical ldentifi-
cation system based on thousands of reaction
combinations is available. The identification
systam is updated periodically. Computer sar.
icas may be obtained which are more compre-
hansive and accurate than the manual system
{27, 28).

{b) Improved Enterotube with B compart-
ments of agar media in 2 single plastic tube
provides taests for 11 biochemical reactions,
The media are inoculated by touching one end
of a wire to an Isolated colony and drawing the
wire containing the inoculum thraugh the me-
dia. The Enterotuba is incubated for 18-24
hours at 36 C. A manual numerical identifica-
tlon ald, ENCISE, is part of the system.

(e} The Inolex system {formerly Auxotab) is
comprised of a test card unit containing 10

172 SEPA

been duscnnunued A new identification Sys-
tem for enterics is planned for marketing in
1978-1373,

T s amepeae n e e pWERSAlE | RENER

(f) The Minitek Microorganism Ditferentia-
tian System consists of 10 impregnated discs
that test far 12 biochemical reactions. A singla
colony suspended in special broth serves as
the inoculum, The 10 basic discs are part of 34
dises and 37 reactions offered to identify aero-
bic and anaercbic bacteria. The inoculated
discs are contained in a plastic tray within a
humidor and incubated at 35 C for 18-24
hours. Accessary aquipment required to proc.
ess the dises includes plastic inosulum plates,
& 10-disc dispenser, a special pipatter, pipet
tips, & pipet tips organizer, an incubation humi-
dor, a color comparator card set and inoculum
broth. The system stresses the biochemical
aptions and flexibllity of the system. A flow
diagram is provided for identifications.
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5.6.2 Factors for Selection: The B multi-
test systems briefly described above were
designed for the biochemical identification of
members of the family, Enterobacteriaceas.
Maost of the isolates suspected as Safmonells
could be identified by anmy of the multitest
systemns. Some of the factors that should be
considered in selecting 8 multitast system are.

{a) Biochemical Reactions in the Multitest
System: Since analysts working with Salmo-
nelfa develop a series of tests that yield good
results for tham, they should considar a system
which fits their preferred test pattern.

{b) Need to Identify Atypical Salmaonella:
Because it iz important for the laboratory to
identify typical and atypical Safmonafia from 8
geries of samples, systems that use numerical
identification should be selactad (AP, Emtero-
tuba, and Inolex), Further, systams contalning
the most tests have a better chance for identifi-
cation of typical and atypical Saimoneffa. Only
one system, AP, requires no additional tests,

{c) Multitests: Tha production rate and the
time span required to identify typical
Salmaonealis varies with the system as shown in

Tabie lI-E-2,

{d} Refrigerated Storage: Refrigerated
space Is required for some systems. This can
ba a problem in purchase of a large supply.
Tabla 11-E-3 shows the reported shelf-life of the
rmultitest  systems, with and  without
refrigeration.

(e} Purchase of Special Equipment: Some
of the test systems contain all materials and
equipment necessary 1o do the analyses.
Others require purchase of special items of
equipment for full use. For example, Inolex
requires 8 small centrifuge; AFl can be sight-
read or can utilize a profile register for aasy,
rapld identification of atypical and typical
strains: Minitek uses a starter kit which
includes special plates, broth, plpetter, pipet
tips, color comparator card set, incubation
humldor, pipet tips, organizer and dispenser,

ifi Safety Considerations: The probability
of laboratory-acquired infections is directly

proportional to the amowunt and number of
axposures to pathogens. Some multitest sys-
tams are more dangerous to handie than oth-
&rs bacause they require more opening, clos-
ing and manipulating of the test container
which may pose added hazards 1o the worker.
Some systems such as Enterotube and rfb use
direct colony picks for reactions. AP, Inolex,
Pathotec and Minitek require culturing and
gdditional handling of cell suspensions which
are greater hazards.

(g) Cost and Source of Multitest Systems:
The per unit cost of the multitests varies with
the system, as shown in Table H1-E-4.

5.7 Biochemical Charactaristics of
Enterobacteriacensa: The analyst may wish ta
differentiate salmonellae from the other
Entercbacteriaceae by applying additional
hicchemical tests, Table HI-E-B iz a chart of
these biochamical reactions.

5.8 Serclogical Verification: The analyst
should understand that completion of the bio-
chemical tests does not yield identification of
Salmonelia. The cultures that have been bio-
chemically confirmed should be wverified
serologically.

6. Serological Testing for Safmonella

8.1 Summary: Serological typing of Sak
manafia strains I3 done by using slide
agalutination for somatic (0) antigens and tube
testing for flagellar (H) antigens.

6.2 Scopa and Application: Serological
testing completes the identification of Saimo-
nefla. Ir is the only testing which identifies to
serotype and bioserotype levels. However, Se-
rological testing is an axpansive, complex pro-
gedure that should be carried out only by
trained personneal.

6.3 Apparatus and Matarials
6.3.1 Small inverted fluorescent lamp.

6.3.2 Incubator set at 36 4+ 0.5 C, and a
water bath setat50 C.
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TABLE IN-E-2

Preduction Rate and Time Requirements of Muititest Systems®

Multitost Analyst's Time Tima Span of Cultures
System Pear Culture in Min. Tast in Hours Par Day Par Analyst
AP i0 18-22 80
Enterotubo 8 18=-24 100

Inclex 30 7 10-15

r/b DIff. 8 24 BO
Pathateo 16 4 20-30
Minitak 10 18=24 80

*Bezad on expariance In EMSL-Cincinnati.

TABLE IN-E-3

Roported Shelf-Life of Multitast -E\rstamu With or Without Refrigeration

Refrigaration Mo

System Reguirad Refrigeration®
AP 12 maonths _ —

Inolex - ] 12 months
Pathatec ) 3 years** 12 months
Entarotubs 7 months _

2] B-12 months —
Minitak 2 years —

“Store In cool, dark place, ambient tamparatuns,

**Refrigaration not required, but will extend the shelflifa.
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TABLE MI-E-4

Cost and Source of Multitast Systems'

Pultitest Cost Cost Address of
System per Unit per Box Manufacturer
APl Entaeric 20 §2.08% $61.25 (26/box) Analytab Products, Inc,
200 Express Strest
Plalmview, NY 11803
Improved Enterotube 8216 564,00 [(GSA) (25/box) Roche Diagnostics
Div. of Hoffmann-La Roche, Ine.
Nutley, NJ 07110
Iruerl i 0,91 $22 80 {25/ /box) inolex Biomedical Division
Inolex Corporation
3 Scignoce Road
Glenwood, IL  &0425
r/b Enteric Differ- %1.80 $38.80 (20 sets/box} Diagnostic Research, Ine.
ential System 3 tubess 25 Lumber Road
set Roslyn, Long Island, NY 11576
Pathotec Test 80.20 20,00 (100 tests/ WarnerLambert Company
Stripsa box) Genaral Diagnostics Dlvislon
Maorris Plains, NJ 07860
Minltek $1.80° §90.00 (B0 tests kit Baltimore Bialogical Laboratories
: . Cockeysville, MD 21030
1. As of Octeber, 1977,

2. Plus $99.00/year, if the numerical idemtification system. Analytical Profile

Inolex Service, i5 used

3. Reguires one time purchase of accessories for $84.10,
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TAELE III-E-5

Biochemical Characteristics of the Enterobacteriscese
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6.3.3 Bumsen /Fisher burner or elsctric
incinarator. -

£.3.4 Inoculating leop (3 mm) and needla.

6.3.5 MeFarland Barium Sulfate Standard
310 (Difen 068 1).

6.3.6 Test tubes, 150 25 or 160 x 20
mm and 100 3 13 mm,

B.3.7 Glass microscope slides, 5.0 » 7.6
am (27 ¥ 3] cleaned to remove grease and oil.

6,38 Salmonaila O Antiserum Paly (Difeo
2264, BBL 40707, Sylvana 27-108A or
equivalant).

6.3.9 Salmonaiie Vi Antiserum (Sylvana
27-106A, BEL 40708, Difco 2827, or
equivalent).

B.3.10 Salmanefls O Antisera Sat Al
(Difgo 2892) includes 1 vial each of Groups, A,
B.Cy. Cq. D, Eq. Ey, Eg, Ey. F. G, Hand |; Poly A
and Vi.

Salmoneis Grouping Serum Kit (BBL
40709 includas ona vial each of Groups A, B,
1. Cq, D and E Polywalent and Vi.

6.3.11 Salmonsifs H Antiserum (BBL
407-99, Difco 2406-47 or equivalent).

6.3.12 Capillary pipets with rubbar bulb.
6.4 Media
6.4.1 Brain heart infusion {BHI) broth (BBL

11068, Difeo 0027 ar equivalent) (Part 1B,
5.4.5).

6.4.5 Blood asgar base (without blood)
{Difco 0046-02, BBL 11036, or aguivalent)
{Part |-B, 5.4.18).

6.4.6 Mutrlent agar (Difco 0001-02, BBL
11471, orequivalent) (Part 1I-D, 511

6.4.7 Phenolized saline (0.6 grams phenal
in 100 mi of 0.5-0.85 % NaCl solution).

6.4.8 Formalinized saline (0.6 mi formalin
im 100 mi of 0.5-0.85% NaCl solution)

8.5 Procedure: as described in Figure II1-E-
1, there are serolagical procedures for the 3
antigen groups, O, VWi and H. Howaver, it is
usually necessary only to test for the O and Vi
antigens for verification of the Saimonaliz
identification.

6.5.1 Slide Agglutination Test for O
Grouping (30}

{a)} Prepare a dense suspension of organ-
ismse from a fresh 24 hour BHI slant in 0.5 mi
of phenolized saline solution. The suspension
should be homogensous and at least as
concentrated as that of McFarland Barium
Sulfete Standard 810, which corresponds to
a= 10" cells/ml.

(b} Mark rectangular areas on an aleohol
cleaned glass slide with a wax pencil. Marlk
heavy continuous lines to prevent flow of sus-
pensian from one section to another as shown
in the example baelow. For safety, it is recom-
mended that the outside perimeter be in-
scribed with a wax ling to prevent flow off the
edge of the slide. Note that slide sections 1, 2
and 3 are controls and section 4 is the one
complete test:
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5.4.5).

§.4.2 Brain heart infusion (BHI) agar slant
(BBL 11064, Difco 04 18 or equivalent) (Part 11-
B, 5.4.5),

6.4.3 Motility medium (Difco 0863, BBL
11436, or equivalent) {Part 1B, 5.5.16).

B.4.4 H-broth (Difco 0451, BEL 11289, or
equivalent) (Part II-B, 5.5.17},

SALMONELLA

complete test:

1 2 3 4

Section 1-Add antiserum alone.

Section 2 - Combing antiserum and
0.85% MaCl,

Section 3 - Combine bacterial suspension
and 0.85% NaCl. '

Section 4 - Combine bacterial suspen-
siom, 0.85% NaCl and antiserum.

For large numbers of cultures, the 2 = 3
inch (50 » 75 cm) glass slide can be used to
accommedate 12 or mare sactions per slide In
2'rows. It is recommended that only one cul-
ture be tested at one time against the series of
sera to avoid premature drying. As in the fol
lowing example:

=
s
m
(]

]

X
=i

zexlT)
2225
O

O
10>

CULTURE
SUSPESNION

T

(g} Place a drop of Safmaoneliz polyvalent O
antisarum near the top of a rectangle and a

{g) Mix the antigen and antiserum further
by tilting the slide back and forth until aggluti-
nation {or clumping) is apparent. If agglutina-
tion is not evident or if it is weak at the end of 1
minute, consider the reaction negative. Com-
pare reactions with controls, As a QC function,
test antisera against cultures of known reac-
tions, monthly or as indicated,

(h} I the polyvalent test is positive, test the
culture with Safmareffa O groups A, B, C, D
and E antisera, Kits containing additional O
group antisera are described in 6.3,

£.5.2 Slide Agglutination Test for VWi Anti-

isolated without the capsule-like Vi antigen.
The procedure described in 6.5.1 will identify
it as Salmonelfa, O group DL If the biochemical
reactions are characteristic of 5. fvoh record
the results presumptively as S fBobL ne Vi
antigen detactad and in this case, check ather
colonies from same plate for Vi antigen. If Vi
antigen is prasent, it will block O agglutination
and the procedure described in 6.5.1 will not
identify the serogroup. If 5 fpd/is suspected,
proceed as follows:

{a} Te three rectangles on a glass slide,
add respectivehy:

{1 Polyvalent Saimonealfs antiserum.
(2} Group D Salmonalia O antiserum,

(3} Vi antiserum.
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(g} Place a drop of Safmaoneliz polyvalent O
antisarum near the top of a rectangle and a
drop of saline nzar the bottom.

(3} Vi antiserum.

(b Mix with antigen as in procedure 6.5.1.

{d} Using & wire loop, suspend a sufficient
amount of growth from an isolated calony ar a
BHI slant into the drop of saline to produce a
milky suspension,

{c) Reactions and interpretation:

{1} Mo agglutination in any rectangle - not
acamman Safmonaila,

(e} Mix the suspension with the antiserum,
using the wire loop. Make a long, narrow track
rather than a circular pool.

(2} Agglutination in polyvalent antiserum
anly - possibly a Sadmonaflz othar than Group
D. Check antigen in other O groups.

{f) Flame !nn:p wall between uses to pra- {3) Agglutination In Vi antiserum only or in
vant cross-reactions from contaminatlon of Wi and weakly in polyvalent — presumptive 5,
Sara. HEhi

178
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{d} Follow-up on reactions (3} immadiately
above:

{1) Make a heavy suspension of antigen in
0.5 ml of phanolized salina.

{2} Heat the suspension for 15 minutes in a
boiling water bath.

{3} Cool and retest suspension in the
above three antisera. Include the three con-
trols as in 6.5.1 (b).

{4} Compare results of slide agalutination
abtained with live and heated antigens. 5. &y~
phiwill give the following reactions:

Antigen
Antigsrum Line Haitad
Polyvalent Salmomelia + ar - +
O group D - +
Wi + =

6.5.3 Alternative Progedure for Salmo-
nelia, Including 5. typhi: Edwards & Ewing and
Douglas & Washington describe this alternate
procedure as a more rapid serological method
{1, 30

{a} lnoculate H-broth from an 18-24 hour
pure culture and incubate 18 hours at 30 C or
with heavy incculum in 35 C water bath for 4
hours.

ib) Dilute the 18 hour culture 1:1 with
formalinized saline and mix. Allow to stand at
rogm temparature for 1 hour,

(e} Pipet 0.5 ml of the formalinized culture
to small fest tubes {13 2 100 mmj, 1
tubesantiserum.

id) Prepare dilution of polyvalent H antis-
era-according to directions of manufacturer
{usually 1:1000). Add 0.5 ml to each tubs
using a fresh pipat for sach tube. Mix by pipet-
ting the solution up and down several times,

(g} Incubate tubes far 1 hour in 50 C water
bath. If the H-antigen is present,
flocculation/agglutination may accur in 5-10
minutes but will occur within 1 hour. The posi.
tive test is indicated by a diffused, fluffy sedi-

" ment in the bottom of the tube. A negative

reaction gives a tight “button-like” group of
cells in the battom of the tube,

6.5.8 Confirmation of Salmoneila to sero-
type by an official typing canter or state health
labaratery is recommendad when required for
tracing sources of contamination. for enforce.
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{1,30)

(a) Slide test the organism for agglutina-
tion in polyvalent O, Vi, and all of the common
O group antisera at the same time, When indic-
ated, heat antigen as described in 6.5.2 (d).

ib) Interpret results as outlined in 6.5.1
and 6.5.2.

B.5.4 Tube Test for H Antigen (1) Before
tasts are made for H (flagellar) antigen, test for
maotility by inoculating the pure cultures into
Maotility Test Medium {5.5.16], incubating and
reading. If the tests are negative, transfer the
cultures again through the motility mediom
before performing the flagellar antigen- test.
Maotility medium in large diameter tubes or
small petri dishes may be inocculated on one
gside and motile descendants picked on the
other side after 24 hours, The test procedure
follows: :

m e A ama o ae i mmrraan wp prERApp e A el armas bas faacammagn

labaratery is recommended when reguired for
tracing sources of contamination, far enforce.
ment or for other Agency actions. This service
& wsually available if cultures are of public
health signiflcance, See |I-C, & for detalls on
proper shipment procedures,

7. Quantitative Technigues

7.1 Summary: These guantitative me-
thods are time-consuming, but necessary
when it is desirable to determine salmonellas
densities in recreational waters, shellfish-
raising waters, stormwater run-off, wastewa-
tars and sludges.

7.1.1 Samples are concentrated if neces-
gary by the standard techniques described in
this Section,

SALMOMELLA 1789
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7.1.2 Samples or sample concentrates are
inoeulated into enrichment media in the stan-
derd S-tube, 3-dilution sequence of the MPHN,
Seo Part |1-C,

7.1.3 After incubation, each tube culture
is streaked on selective plating media.

7.1.4 Colonias reacting as Salmanella are
picked and confirmed blochemically or
sarologlcally,

7.1.6 Based on the confirmation above,
the number of tubes confirmed as positive for
Salmanalls ara tabulated and the MPN index
caloulated from the regular MPN table.

7.2 Concentration by MPN (15}

The need for concentration and sample
volumes required vary with the anticipated
salmonellae densities, High density samplas
such as sewage may be inoculated directly as
10 ml portions into double-strength, or as 1 ml
or legs pertlons Into  single strength
anrichment media in MPN tubes {15). Low
density samples may be concentratad by MF,
diatoraceous earth, or cartridge filters before
analysis by the MPN procedura,

7.2 Concentration by Membrane Filter
or Diatomaceous Earth Filter (12, 31, 32, 33)

Another quantitative technique uses either
g large MF {142 mm diameter, 0.45 pm pore]
with filter aid (12) or distomaceous sarth with
a support pad. One liter or larger sample iz
either mixed with 1% Celite and filtared through
an MF or is filtered through the diatomacegus
esarth and pad. After filtering, the Celite/MF
of diatomaceous plug and pad are placed in
& sterile 1 pint (473 ml) blender jar containing
100 mi sterile 0.1% peptone water and blended
at about 5000 RPM for 1 minute on & Waring
blender {see Part 1I-C, 1.3). Beginning with
10 ml of the homogenate, serial tenfold
dilutions {5 replicates per dilution) are inocu-
lated into anrichment media, Verification tests
are done on each positive enrichment tube
and the MPN is calculated from the number of

tubas which wverify.

7.4 Concentration by Cartridge Filter |5)

The cartridge filter is particularly useful for
concentrating large sample volumes (5). The
sample is placed in a sterile, calibratad
container and measured volumes (e.g. 10, 1
and 0.1 liters} are passed through separate
filters as described in this Section, 2.4, To
speed the analyses, & replicate portions are
filtered simultaneously through § cartridge
filters wusing a manifold. If turbidity Iz a
problem, successive filters may be used. The
filters are removed aseptically and placed in
the selected enrichmant media. The
concentration procedure ia repeated for each
sample volume. Verification tests are done on
each enrichment culture and the MPN iz
caleulated from the positive verification tests.

8. Optional Fluorescent Antibody Screaning
Technigue

The flugrescent antibody (FA) technigue
may be wsed as a rapid screening mathod for
the detection of salmonellae particularly from
large numbera of samples, after primary
anrichment cultures (18-24 hours). Becauss
this technique does not require pure culiures
ar serological typing, positive FA resulis should
be confirmed by the isclation procedures
degeribed in this Section, 4.5. If the FA test
is negative, the salmonsllas detection pro-
cedure may be terminated.

8.1 Summary: An ocptional FA screening
tachnigue concantrates bacteria from & water
sample in diatomaceous earth { Celite’ or
equivalent), See this Section, 2.2. The diato-
maceaus earth with the entrapped bacteria is
added to enrichment broth. After incubation
of the broth, loopfuls of enrichment culture
ara transferred to selective plating media
te produce spot cultures on the agar sdr-
faces, After the plates are incubsted for 3
hours, slide impression smears are prepared
from the micro-colonies and stained with a
Salmonella polyvalent antiserum labeled with
fluorescent dye. Fluorescent cells indicate a
positive reaction and the possible presence of
Salmonella,
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8.2 Scope and Application

8.2.1 Advantages: Rapid screening of
large numbers of samples for Saimonella
glimingtes negative samples from furthar
testing.

8.2.2 Limitations: Careful interpretation of
flugrescence is critical for this technigua but
diffioult to attain, Positive FA resufts must be
confirmed by the convantional cultural
technigues described above (see Partlll-E, 4, 5
and 6 ). The cost of equipment for fluorescence
microscopy is approximately 55,000,

8.3 Apparatus and Materials

8.3.1 Equipment

(=) Light  mlcroscope and low
autoflusrescence optics suitable for UV
microscopy,

i} Condenser, Cardioid Dark-Field, oil
immersion abjective 35, with iris disphragm
and with a numerical aperture [MN.A) at least
0.05 lass than N.A. of ebjective lens.

{2} Filter Systams

Heat Filters - BG22, KG1, KG2 or
equivalent.

Excitation Light Filters — UG1 and BG12 or
equivalent.

Barrier Filters - GGB and 0G1 or
equivalent.

(d} Imtense Llght System: Fluorescence
illuminator  with power source, voltage
regulator and mercury arc, guartz iodide or
tungsten light source,

(&) Incubatorsetat 35 C 406 C

B.3.2 Materials

{a) Non-drying low flucrescence immer-
sion oil.

{b) Flugrescent antibody pre-gleanad
micro slides, 2.6 » 7.6 em.

(o] Cover glasses for FA slides, . 16-.19 mm
thick.

(d) FA Kirkpatrick fixative (Difeac 3188, or

equivalenth

(e} Petri dishes, 100 x 15 mm, pyrex
glass,

{f) Mail polish.

{g) Phosphate buffered saline, pH 8.0, Add
10 grams of dry FA buffer {Difco 2314-33, or
equivalent) to 1 liter of fresh |laboratory pure
water, Dizsolve completely and adjust pH to
B.O with NaQH.

(h} FA mounting fluld (Difeo 2329-87, ar
equivalent), reagent grade glycering adjusted
to pH of 8.0-8.8,

(i) Laboratory pure water,

() Methanol ar ethanol, 96%, for sterilizing
forcaps.

(k) Staining assembly consisting of jar,
caver and slide rack with handla. At least 5 are
needad: | each for fixative, eathanal and
laboratory pure water and 2 for buffered saline
rinses.

{1} FA Salmonelia polyvalent conjugate is
a fluorescein conjugated anti-salmonallaa
glebulin  {Difea 3187, 318B6; Sylvana
27-1004, or eguivalent).

When the conjugate is rehydrated, pre-
pare 0.2-0.3 ml aliguots and freeze for futura
use. Aehydrated conjugates storad in the re-
frigerator are not stable. (See 8.4.5 for titration
of conjugates).

{m} Moist chambar usaed to hold slides
containing conjugsated-stained smears. & sim-
ple chamber consists of a culture dish bottom
(150 = 20 mm) placed over wet toweling, A
larger dish for this purpose may be prepared
by placing molst towels onto a flat tray, then
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placing the slides face-up on this surface and .

covaring the tray with an invertad glass baking
pan arsimilarmetal pan.

8.3.3 Medla

{a8) Brain heart infusion (BHI} broth [Difco
0038, BBL 11059, or equivalent). See Part 1I-B,
B.4.5.

(b} Brilliant green agar (BG) (BBL 11073,
Difco 02B6-01). Sea Partll-8, 5.5.5.

(g} Xvlose lysine desoxycholate agar (XLD)
[BBL 11838, Difeo OT788-01). See Part 1B,
B.5.7.

{d} Xylese lysine brilliant green agar
(XLBG) XL agar base (BBL 1 1E36, Difco O555).
See Partli-8, 5.5.6.

8.4 FA Staining Technigues {13, 34, 35)

B.4.1 Praparation

Collect samples and concentrate them by
cartridge filtar, membrane filter or diato-
maceous earth technigue as describad in this
Section, 2.2, 2.3 and 2.4.

After concantration, place whole or half
plugs and pads, cartridge filters or membrane
fittars into flasks of selenite broth, tetrathionate
broth, duleitel selenite broth or tetrathionate
brilliant green broth. Incubate flasks for
18-24 hours at 35 and 41.5 C. See this
Seoction, 3.

B.4.2 Spot Culture Flates: After the primary
anrichment has been incubated 18-24 hours,
prepars spot culture plates on the differeantial
media: brilliant green (BG) agar, xylose lysine
desoxyeholate (XLD)} agar, and xylose lysine
brilliant green (XLBG) agar as follows:

(8} Mark the bottem of the plate to locate
the drops of incculum then place 1 drop of
enrichment cultura at 4 separate polnts on the
surface of each solid medium.

(b} Space the drops 6-7 cm apart on the
plate so that whan an FA microscope slide is

later placed aver 2 of the drops, bath inocula-
tion points will be included on the slide. This is
essential, since glass slide impression smears
of the Inoculated polnts will be made after
incubation of the plates,

e} After the spots have been placed on the
agar surface of the differential plates, incubate
the plates at 36 C for 3 hours.

{d) Aemowve the plates after incubation and
maka impression smears.

8.4.3 Impression Slides: Place a clean FA
1 % 3 inch glass slide (nonfluorescent) over 2
of the inoculated points on the agar., Press
down lighthy, without mowving the glass slide to
gither side. Too much pressure will cause
maowvemeant of the slide and accumulation of
agar on the slide. Repeat the process for the
remaining 2 inoculation points with another
clean slide. Make impression slides for each
diffarential plate.

8.4.4 Fixing Slides

{a) Air dry the smears.

{b) Fix for 2 minutes in Kirkpartick’'s Fixa-
tive (mix 80 mi absalute athanal, 30 ml chlara-
farm, and 10 ml fermalin).

{c) Rinsa the slides briefly in 35 % ethanol.

{d} Air dry. Do not blot.

B.4.5 Titration of Conjugates

Afver the slides have been fixed, stain with
Salmonella FA conjugate. However, sach lot
number of conjugate must be titered before
LIS, ’

Based on the previous experience of the
analyst or other workers, the conjugate and
test components must have bean proven with
water samples. Sources of polyvalent conju-
gates known to be acceptable (CDC Approved
List) are: Burroughs Welloome & Company,
Clinical Sciences Inc., Difea Laboratories and
Sylvama Company.
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Sylvama Company.
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The Difco Bacto-FA Poly Canjugate con-
tains antibodies against the major O, Vi and H
antigens. The Sylvana Salmonella Polyvalent
OH Globulin represents tha somatic antigens
of Salmonealia O groups A throwgh 5. The Difco
Panvalent conjugate is not recommended be-
cause of excessive cross-reactions.

Titar the conjugate as follows:

{a} Inoculate a known Salmanella culture
intg BHI broth. Incubate at 35 C for 18-24
hours,

{b} From this broth culture, make smears
an ¢lean FA glass slides. Prepare enough
smears for each conjugate dilution and con-
trols, Include a known 4 + Sailmonella control
to be used as a reading standard. Air dry the
emeaars and follow the instructions for fixing
slides, Part|1I-E, 8.4.4.

ic} Prepare the following dilutions of the
conjugate in buffered saline: 1:2, 1:4, 1:8, 1:8
and 1:10. Mast batchas ara effactive at the 1:4
dilution.

id} Cover a smear with ang of the conju-
gate dilutions or the undiluted conjugate.
Place slides in moist chamber and proceed as
in Part 111-E, 8.4.6 (b)-[f) and 8.4.7 (a)k(b). Use the
known 4 4+ Salmonella control as the standard.

ie} The titer of conjugate to be used is the
second highest- dilution which gives 4+
fluorascence. For exampla, if the conjugate
dilutions outlined above in 8.4.5 ¢} above gave
fluocrescence intensity ratings (in order) 4+,
A, 44, 24, 14, the conjugate dilution to be
employved would be 1:4, This value should be
marked on the conjugate bottle. Prepare an
amount of chosen conjugate dilution sufficiant
for each day's run.

8.4.8 Staining Impression Slides: After the
slides have been fixed, thay are stained with
Salmonella FA conjugate,

nalfa culture as a procedure control. Place the
slides in a moist chamber to prevent evapora-
tion of the staining reagent. Tap off excess
reagent onto papar towal.

(o) After 30 minutes, wash away the ex-
cess reagent by dipping the slides into 8 bath
of saline buffered at pH 7.2,

ic) Transfer the slides to a sacond bath of
buffered saline for 10 minutes.

(d) Replace the rinse solutions in {b) and (c)
above, after each use,

(#] Remove slides, rinse in & laboratory
pure water bath and allow to drain dry. Do not
biot.

{f) Place & small drop of FA mounting fluid
(Difco 2329-B7) onto the smear and cowver
with a coverslip. Seal the edges of the cover-
slip with nail polish. Such slides may be stored
for up to 1 year in a freezer at -70 C with
minimal loss of fluorescence.

{g} Examine the slides wunder &
fluorescence microscope (300-1000 ) fitted
with the proper filters. Use a known 4+ slida
for comparison. Read slides within 2% hours if
slides have not been sealed. and stored in a
deep-freeze,

8.4.7 Interpretation of Fluorascence, Re-
porting Results

(a} Fluoresence results are recorded as
shown in the following table. The number of
fluorascing cells and the degree of
fluorescencescell are the criterla on which
positive results are based. Smears with large
numbers of strongly fluorescent cells (34 or
44} are positve; weakly fluorescent cells are
negative, Smears with few flucrescent cells
should be examined carefully.

(by Cultures giving positive FA reactions

1A L mr 24t ranetr ko jenlatad an Aiffarantial
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Salmonella FA conjugate, by Cultures giving positive FA reactions
{4+ or 3+) must be isclated on differantial

{a) Cover each smear with one drop of the plating media, confirmed by biochemical iden-
predetermined dilutions of conjugate [Difeo tification, and verified serologically. Cultures
FA Salmanella Polyvalent, or Sylvana Polyva- displaying negative FA results may be

lent OH Globulin). Include a known 4 4+ Salmo- discarded.
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Reting Intensity Description
Positive A4 Erilliant yellow-green flugrescance, cell sharply-outlined

a+ Eright yvallew-green flusrescance, cell eharply outlimad with

dark centers

Nagative 2+ Dull yellow-green flusrescence, cells not sharply outiined

1+ Faimt graen discernible in denss areas, cells mol outlingd

0 Mo fluoréscence
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PART Il

ANALYTICAL METHODOLOGY

Section F Actinomycetes

1. Summary of Method

The pour-plate technigue is the prinicipal
method for measuring actinomycete popula-
tions. Selective media are employed that favor
actinomycata development over fungi and
other bacteria. The mass of branching fila-
ments characteristic of this bacterial group
offars distinctive features for identification. To
facilitate identification and counting of the ac-
tinomycete colonies, plates are prepared by
the twodaver agar technigue. Since only the
upper layeris inoculated, the method assures a
predominance of surface colonies:

2. Definition

2,1 The actinomycetes are a group of

miaraarnsnieme with  saelle raasinn fram

3. Scopse and Application

3.1 Actinomycetes are of interast in water
treatment and waste treatment facilities be-
cause of the taste and odor problems they
cause in potable waters and fish, and the foam-
ing problems they can cause in waste treat-
ment plants.

3.2 The taste and odor problems result
from volatile products characterized by an in-
tense earthy-musty odaor {2, 3). Evidence points
ta 2 highly odoriferous metabolites, geosmin
and 2-methylisobormeol, as the sources of the
prablem (4, B, B). It appears that the relative
abundance of these 2 metabolites in natural
waters is linked to an ecological factor not yet
racnivad Tranas nf thaze nradoucts can imnarct
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2,1 The actinomycetes are a group of
microorganisms  with cells ranging  from
0.5-2.0 pm diameter but normally less than
1.0 gm diameter, which usually develop as
non-septate hyphae in branching mycelial
masses. Tha actinomycetas are genarally
saprophytic but some are parasitic or patho-
genic 1o plants, animals and man.

2.2 The actinomycetes are fungal in mor-
phelogy and in spore formation, but lack a
membrane around nuclear materials. They
have a8 sensitivity to bacterial antibiotics, are
susceptible to specific phage and have other
blochemical charactaristics which class them
as filamentuous, branching bacteria (1), Al
though actinomycetes are found in water and
sadimonts, the grestest natural resarveir for
these organisms is the soil,

DRl AT WY W LIGEDS & IS LERSNIILES JIF 1 L s
waters is linked to an ecological factor not yet
resolved. Traces of these products can impart
a disagresable persistent odor to a municipal
water supply, which is extremaly difficult to
tregt. These natural odorants, prevalent in
many parts of the world, can also affect com-
mercial fishing.

3.3 Actinomycete distribution in waters
with an earthy-musty edor shows a correlation
between actinomycete counts and odor levels,
Indlcating such enumeration to be a wsaful
parameter in measuring quality of water. The
aenus of most interest is Strepfomypcas.

3.4 Actinomycetes have also been recog-
mized as the cause of disturbances in the opar-
ation of activated sludge wastewster treat-
ment plants where massive growths of these
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organisms can produce thick foams (7, B). The
genus involvad is NMocardia,

3.5 Because of diverse nutrient require-
meants, no singla madium has been devised
that will support the growth of all actinomy-
cetes, Moreover, the culture media that have
proven useful in their isolation are not necas-
sarily the preferred media for encouraging
abundant growth, The isolation media are re-
strictive and nutritionally poor. They act by
depressing growth of other microorganisms
and by favoring a higher proportion of acting-
mycete colony development.

3.6 The pour-plate method does not indig-
ate whether the isolated colony originated
from individual spores, spore aggregates,
small mycelial fragments ora mycelial mat,

4. Apparatus and Materials
4.1 Incubator setat 28 + 0.5 C.

4.2 Water bath set at 44-46 C for termper-
ing agar.

4.3 Electric oven sat at 105-110C.

4.4 Hand tally or electronic counting de-
vice joptional),

4.5 Thermometer which has been
checked against a MNational Burgau of
Standards-Certified Thermometer.

4.6 Pipet containers of stainless steel, alu-
minum &r pyrex glass for glass pipets.

4.7 Patri dish canister of stainless steel or
aluminum for glass disheas,

4.8 Erlenmeyer flasks, pyrex, screw-cap,
250 and 500 ml volume.

4.9 Sterile T.D., bactericlogical or Maohr
pipets, glass or plastic, of appropriate size.

4.10 Sterile 100 mm = 16 mm petr
dishes, glass or plastic,

4.11 Screw-cap culture tubes, borogilicate
glass. 25 3 150 mm.

4.12 Dilution bottles (milk dilution), pyrex,
marked at 39 mi, screw-cap with neoprens
rubber liner.

5. Media

5.1 Sterile starch-casein agar or equiva-
lent agar prepared in 17 mil volumes in screw-
cap tubes and in 2680-300 ml volumes in 500
mi, screw-cap bottles or flasks. See Part |18,
5.6,

5.2 Sterile buffered dilution water in bot-
tles containing 88 - 2 mi volumes. See Part |-
B, 7.

5.3 Cycloheximide Stock Solution. Weigh
out 100 mg eyeloheximide (antifungal
antibiotic), bring to 100 ml with distilled water,
pour into 8 screw-cap flask and. mix until dis-
solved, Sterilize for 156 minutes at 121 C (156
Ibs. pressure). Cycloheximide is available as
Actidionefrom the Upjohn Company,

6. Sample Preparation
8.1 Water Samples

6.1.1 Fill sample bottle anly 354 full so
that ample airspace is left in the bottle for
thorough mixing of the water sample.

B.1.2 Mix water sample by shaking vigor-
ausly about 25 times Using a pipet, transfer
11 ml immediately after mixing to a 98 ml
water blank.

6.1.3 Repeat for desired dilutions, A dilu-
tion of 102 is usually sufficient for plating
water samples,

6.2 Soll Samples

6.2.1 Mix soil sam ple thoroughly and
waigh out a 50 gram sample in a tared weigh-
ing pan. Dry at 105-110 C to constant weight.
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The fimal weight is used in calculating numbears
of organisms/gram dry soil.

€.2.2 Prepare the Initial dilution by weigh-
ing out 11 grams of soll and adding to a 99 ml
volume of buffered dilution water for & 1:10
dilution. Shake dilution bottle vigorously for 1
minute.

6.2.3 Transfer a 11 ml sample of the 1:10
dilution to a second dilution bottle containing
88 ml buffered dilution water and shake vigor-
ously about 25 times. Repeat this process until
the desired dilution is reached. Dilution of
1072 to 1078 are usually necessary for anumer-
ation of soil samples.

7. Plating Proceduras

FPropare triplicate plates for each test dilu-
tien using the two-layer agar technigue as
follows:

7.1 Cool flask of starch casain agar to
44-46 C and pour 15 ml layer in EEH:h petri
digh, Allow to harden.

7.2 Melt starch-casein agar in tubes and
cool to 44—48 C. Add 2 m| of sample or sampla
dilution and 1 ml of eycloheximide solution.
Mix tube contants wall.

7.3 Pipat immediataly 5 m| of the inocu-
lated agar over the solid agar base layer in
each plate with gentle swirling to evenly dis-
tributa the inoculatad agar. Each & ml contains
0.6 ml of the particular dilution usad. This 0.5
factor must be taken into consideration in cal-
culating the final dilution,

7.4 After plates are solidified, invert and
incubate at 28 C for approximately 7 days and
count,

B.2 Aules for making plate counts are
given in Part lll-4A, 5.6.2.

8.3 Examine plates macroscopically hold-
ing toward a light source. Actinomycete colo-
nies appear dull or chalky when covered with
aerial mycelium, The edges of the colonles are
less dense producing a halo effect. Colonies
adhere strongly to the agar and have a tough,
leathery texture, In contrast, bacterial colonies
appear shiny or opalescent with a soft texture,
adhere weakly to the agar, and show no gen-
eral distinction between the edge and the col
any as a whole (see Figure Il1-F-1).

B.4 Actinomycete colonies can be verified
at a magnification of 100 . Because of their
filamantaus growth, they typically have fuzzy
borders which contrast sharply to the smooth
borders characteristic of bacteria. (See Figures
11l-F-2 and 3}

B.5 Addition of cycloheximide to the isola-
tion medium suppresses development of fun-
gal colonies. If fungi do develop, they can be
differentiated from actinomycetes by their
woolly appearance and much larger call diam-
ater, With a little experiance in examining fun-
gal and actinomyceta calonies, it is fairly sasy
to distinguish them macrascopically.

9. Reporting Results

5.1 Calculate the actinomycete density in
water samples in counts/ml according to the
fallawing equation:

Sum of Replicate Flate Counts

Total Yolume of Original
Sample Tested, in mli

Sum of Replicate Plate Counts

Mo of Sample Dilutian Agar Plate
) Replicates Tegted Diilution
B. Counting of Colonies Factor (See 7.3)
B.1 Select plates for counting with - Actinomycete
30=200 colonles, Count/ml
188 SEPA  MICROBIOLOGICAL MANUAL 1978
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FIGURE II-F-1. A plate containing bacterial and actinomycete colonias.

#—The dull, powdery appearance of a sporulating actinomycete colony.

B— The smooth, mucoid appearance of a bacterial colony.
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FIGURE WIF-2. An actinomycete colony showing the branching filaments
that cause the fuzzy appearance of its border, = 226
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FIGURE III-F-3. A bacterial colony with its relatively-distinct, smooth
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FIGURE IIl-F-3. A bacterial colony with its relatively-distinct, smooth
border. w 225
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For example, if the triplicate sample val- 6.2, this Section. Calculate the counts as
umes tested at a 1:10 dilution yielded 45, 39 follows:
and 42 actinomycete colonies, the calculation
would be: wt. of collected sail

128 wt. of dried soil conversion factor

Blrep) w L1 (dil) x OB (APD. facton
corversion factor = count/gm collected

s0il = count/gm dry sail
126 B4

= . ’ Determine count/gm collected soil by the
015 Actinomycetes/ml equation given in 9.1,

9.2 Correct the actinomycete counts from
sail and mud samples for water contents. Sae
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PART IV. QUALITY ASSURANCE

Regulatory agencles making decisions on water quality standards and wastewater discharge
limits require formal analytical quality control programs for their laboratories and program
participants to assure wvalidity of their data, For example, water quality regulations include
provisions for guality control and testing proceduras (the Safe Drinking Water Act, Mational Interim
Primary Drinking Water Regulations published in Federal Register, Title 40 Part 141, B95E66,
Decamber 24, 1976). Further, the Act states that analyses for maximum contaminant levels must
be conducted by laborstories approved in 8 formal certification program. The quality control
procedures specified in the Manual for the Interim Certification of Laboratories Invelved in
Analyzing Publie Drinking Weter Supplies (Appendix B) are 8 recommendeaed minimal program and
are not eguivalent to the comprehensive system described in Part IV of this Manual.

A laboratory quality contral program is the orderly application of the practices necessary to
remove er reduce the errors that occur in any laboratory operation due to personnel, equipment,
supplies, sampling procadures and the analytical methodology in use.

A quality control program must be practical, integrated and require only a reasonable amount
of time or it will be by-passed. When properly administered, a balanced, conscientiously applied
quality contral program will assure the production of uniformly high quality data without inter-
fering with the primary analytical functions of the laboratory. This within-laboratory program
should be supplemented by participation of the laboratory in an interlaboratory quality control
program such as that conducted by EPA and detailed in Part V. The major considerations for quality
control are discussed under three separate Sections:

Section A Laboratory Operations

Sample Collaction and Handling

Laboratory Facilities

Laboratory Parsonnal

Leboratory Equipment and Instrumentation

. Genaral Laboratory Sunnlias
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4, Laboratory Equipment and Instrumentation
B, General Laboratory Supplios

&, Membrane Filters

7. Culture Madia

Soction B Statistics for Microbiology

Measures of Control Tendency
Measures of Dizpersion
Mormal Distribution

Poisson Distribution
Measzures of Parformance

SEPA  MICROBIOLOGICAL MANUAL 1978

Section C Analytical Quality Control Procedures
Quality Control on Routine Analyses

1.
2. Quality Control in Compliance Monitoring
3 Comparative Tasting of Methodologies
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PART IV. QUALITY ASSURANCE

Section A

Seetion A describes the checks and moni-
toring procedures that should be performed
on materials, supplies, instrumentation and
the physical facility, These checks should be
dosumentad completely and recorded as per-
formed. See Part V-4, 1.2 for details on this
documentation.

1. Sample Collection and
Handling
2. Laboratory Facilities

3. Laboratory Personneal

4, Laboratory Equipmernt and

Instrumeantation
B. General Laboratory Supplies
6. Membrana Filters
7. Culture Media

1.Sample Collaction and Handling

Tha acquisition of valid data begins with
collection of a representative water sample or
other environmental material being tested.
Samples must be maintained as closely as
possible to original condition by careful han-
dling and storage.

134 SEPA,

Laboratory Operations

Sample sites and a sampling fregquancy
ara selected 1o provide data representative of
the characteristics and the variability of the
water quality atthat station. The most important
quality contrel factor in sampling is the
immediate analysis of the sample. If the sample
cannot be analyzed at once, it should be
refrigerated and analyeed within six hours.
Recommended procedures for collecting,
transporting and handling water and waste-
water samples are described separately in
Part lI-A of this Manual.

2. Laboratory Facilities

2.1 Ventilation: Laborataries should be
wellventilated and free of dust, drafts and
extremes temperature changes. Central gir con-
ditioning has advantages: 1) The incoming alr
is filtered, reducing contamination of the labo-
ratory and culture work, 2} The uniform tem-
perature control of air conditioning permits
stable operation of incubators. 3) With closed
windows, drafts and air currents which can
cross-contaminate  surroundings  and  work
areas during warm weather are minimizad, 4)
Low humidity reduces malsture problems with
media, chemicals, analytical balances and
ather instrumentation.

2.2 Space Utilization: ldeally the areas
provided far the preparation and sterilization
of media, glagsware and equipment should be
separated from the laboratory working area
but located close encugh for convenience. In
public health labaratories that analyze many

MICROBIOLOGICAL MANUAL 1578

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (240 of 407)1/24/2007 4:12:45 PM




Document Display | NSCEP | US EPA

different types of samples a separate work
area is desirable for water analysis. Special
work areas such as an absolute barrier or
vented laminar flow hood (see Part V-C) are
often used for dispensing and preparing sterile
media and tissue cultures, for transferring
microbial cultures or for working  with
pathogenic materials. In smaller laboratories it
may be necessary to carry out these separate
activities in different sections of the same
room. However, limited facilities and restricted
work space may serioushy hamper the quality
of the work and influence the wvalidity of
results, Visitors and through traffic should be
discouraged in work areas, Through traffic can
e prevented by laboratory design.

2.3 Laboratory Bench Areas: Sufficient
clean bench space should be available for the
analysas to be performed efficiently. For rou-
time work, 6 linear feet is the recommeanded
minimum work area for each analyst. Research
work or other analyses using specialized
equipment may require significantly more
space per worker, These estimates of bench
space are exclusive of work areas used for
preparatory and supporting activities. Labora-
tory lighting should be even, screened to re-
duce glare, and provide about 100 footcandle
light intensity at working surfaces.

Bench tops should be set at heights of
36-38 inches with a depth of 28-30 inches.
This height is comfortable for work in a stand-
ing or sitting position. Desk tops or sit-down
benches are set at 30-31 inches height to
accommaodate microscopy, plate counting. cal-
culations and writing activities. Bench tops
should be stainless steel, epoxy plastic or
other smoath impervicus material which is in-
ert, corfosion-rezistant and has minimum
SEAMS.

2.4 Walls and Floors: Walls should ba
covered with waterproof paint, enamel or
other surface matarial that provides a smooth
finish which is easily cleaned and disinfected.
Floors should be coverad with good gquality
tiles or other heavy duty material which can be
maintained with skid-proof wax, Bacteriostatic
agants cantained in some wall or Moor finishes
increase the effectiveness of disinfection.

SGEPA. MICROBIOLOGICAL MANUAL 1978

2.5 Monitoring for Cleanliness in Wark
Areas: High standards of cleanliness should
be maintained in work areas. The laboratory
can be monitered for cleanliness by one or
more of the procedures described below,
Since these monitoring procedures cannol re-
cover all of the microorganism populations
present, absolute limits are difficult to develop.
Rather, the tests should be used regularly on a
weaekly or other basis to monitor counts in the
same work areas over tima or to make compar-
isons between different work areas.

2.5.1 RODAC Agar Plates (1)

Work areas and other surfaces can be
checked by RODAC plates which contain gen-
eral growth media for total counts or selective
media for coliforms, enteric pathogens, strep-
tococel, staphylococei, or other microorga-
nisms cultured in the laboratory. RODAC is an
acronym for Reproducible Organism Detection
and Counting. The RODAC dish has a test ares
of about 25 ocm with Quebsc style grids em-
bossed in the plate. It is specifically designed
to enumerate the microbial population of flat
solid surfaces by contact technigues.

(a} Purchase RODAC plates prefilled with
desired test medium orf prepare plates by fll-
ing the center well with about 16 ml of appro- -
priate agar. When preparing agar in the labora-
tory, add 0.07 % soy lecithin or 0.5% polysor-
bate [Tween 80) to the agar to. neutralize the
affact of the disinfectant on test surfaces.
Cooling leaves a raised bed of agar about 1
mm higher than the rim of the dizh, allowing
contact of the sterile agar to the test surface
for direct counts.

.{hl To sample an area, remove the plastic
cover and carefully press the agar to the solid
surface being sampled. Itis important that the
entire agar layer contacts the test surface, Usa
a rolling motion with uniform pressure on the
back of the plate to insure complete contact,
Replace the cover and incubate in an inverted
position  for the appropriate time and
temperature,

(¢} Count the colonies with a OQuebec col-
any counter and report as the number of colo-
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nles per RODAC plate or number of colonias
par 25 5q. om,

2.5.2 Swab Method (1)

{a) The swab contact method can be used
to manitor the contamination of work arsas
and especially those with cracks, corners,
crovices and rough surfaces. Dacron swabs
rinsa out mora easily than cotton ones, These
may be purchased from Econ Micrebiolegical
Laboratory, 2716 Humbaldt Avenue, South,
Minnaapolis, MN. Rayon swabs are available
from Fuller Pharmaceutical Company, Minne-
apolis, MN, and Consolidated Laboratories
Ine., Chicago Heights, |L. Swabs made of cal-
cium alginate which is saluble in water, can
glso be used. These are available from Consoli-
dated Laboratories, lnc., Chicago Haights, IL.

Rinze Solution Vials — Add 1.25 ml stock
phosphate buffer solution, 5 ml of 10% ague-
ous sodium thiosulfate, 4 grams Asolegtin [As-
sociated Concentrates, 32-30 61st Street,
Woodside, Long Island, NY 11377) and 10
grams Tween 20 or Tween 80 (Hilltop Re-
sgarch, Ine., Miamiville, OH 45147} to 500 mi
distllled water; heat to solution in bailing water
bath. Cool and make up to 1 liter, Dispense in
scravi-capped vials in 10 ml or other volumes
and sterilize for 15 minutes at 156 |b. pressure
(121 C). Because Asclectin iz hygroscopie,
stora it in a desiccator and weigh quickly.

(b} To sample an area, open a sterile swab
container, grasp the end of the stick and re-
move aseptically, Open a 10 ml vial of newtral-
lzing buffar, moisten swab head, and press out
axcass solution against the inside of the vial.
Hold the swab handle at 8 30° angle against
the sampling area. Rub the swab head slowly
and throughly over approximately 8 sq. in. of
surface area. Repeat procedure 3 times over
the same area, turning the swab and reversing
directions. Place the swab head in the neutral-
izipg buffer vial, rinse brlefly in selution and
press cutthe excess liguid.

Tast four more 8 sq. In. areas of surface,
rinsing the swab in solutlon after each swab-
bing. After the fifth area has been swabbed,
romova the excess liquid, place swab head in

wial and break or cut with a sterile scissors
lgaving the swab head in the vial. Replace the
cap and store vial at 4 C or on ice until analysis.

Vihen using alginate swabs, rinse solutian
vials should contaln 4.5 ml after sterilization,
Frepare a 10% solution of sodium
hexametaphosphate in appropriate vials and
steam sterilize. Fellow the above swabbing
procedures but after swabbing the fifth 8 sq.
in. area, deposit the swab haad in the rinse vial
and add 0.5 ml of sterile hexametaphosphate
solution.

To begin plating, shake the vial vigorously
to dislodge the bacteria from the swab. Pipat 1
ml and 0,1 ml aliquots of the rinse solution.
The 1 ml portions represent a 1:10 dilution
gnd the 0.1 ml portions represent a 1:100
dilution. Pour the plates with Standard Me-
thods Agar. Mix and cool to solidify and incu-
bate at 35 C for 48 hours.

(¢) Count colonies and convert the value to
the numbear/ml which equals the count per B
sq. in. aof araa,

2.5.3 Air Density Plates (1)

The number of microorganisms in the lab-
aratory air is directly proportional to the
amount and kind of activity, These organisms
affect results when the suspended cells con-
tact materials and equipment or when they
sattle on exposed test materials and surfaces.

ia) The numbers and types of airborne
microorganisms can he determined by expos-
ing petr plates for a specified time at points
where inoculating, filtering, plating and trans-
far work is done. This exposure method can ba
used to maonitor total bacterla or the specific
organisms being tested such as coliforms, an-
teric pathogens, streptococci, staphylococei,
yeasts or molds,

{b} Pour the petr| dishes with the appropri-
ate agar and allow to harden. Store poured
plates im the refrigerator if they are not used on
the same day.

e} Remove petrl dish covers and place
dishies top side up an sterile towels. Expose the
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ramova the excess liquid, place swab haad in dishes top side up on sterile towels. Expose the
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plates in selected work sites for 15 minutes
and mark them with sample site identification.
Replace covers. Incubate Standard Methods
Agar at 35 C for 48 hours and other media for
the specified time periods.

{d} Count the colonizs and report the num-
ber per square foot, The numbar of organisms
which settle in 15 minutes of exposure on a
petri dish i equivalent to that for 1 &g,
ft./minute because the area of a standard-size
petri dish is approximately 1/15 sq. ft. The
microbial density should not normally exceed
16 colonies per sqg. fr. Air density plates should
be taken weekly during peak work periods for
routing monitoring.

2.8 Laboratory Maintenance: Laboratory
benches, shelvas, floors and windows should
be cleaned on a scheduled basis. Propar maln-
tenance is evidenced by lack of dust and soil
build-up on shelves, in corners, etc. Flpors
should be wet-mopped and treated with a dis-
infectant solution to reduce contamination of
alr in the laboratary, Sweeping or dry-mopping
should not be permitted in a microbiology
laboratory, Work benches should be wiped
down with disinfectant before and after each
uge and at the and of the day.

Every attempt should be made to maintain
the laboratory areas free of clutter. Laboratory
benches, space under benches, shelves and
drawers accumulate equipment, materials and
supplies at a steady rate. The disorder can
interfare with laboratory oparations. It can be
controllad by making a directed effort to clean
up work areas immediately after each use and
by conducting a waeekly clean-up of the labora-
tory, Discard unneeded materials and store
aquipment and supplies notin current use. The
mast important step in maintaining an orderly
laboratory s to have ample storage space
maar-oy.

3. Laboratory Parsonnal

ety and complaxity of the tasks and tests per-
farmed determine the professional and on-the-
job-training required.

3.1 Professional Microbiologist: Tha mi-
crobiclogist directs and participates in the col-
lection and storage of samples, the prepara-
tion of glassware, equipment and madia, the
analysis of a variety of waters and wastewa-
ters and the evaluation of procedures as re-
quired. He takes part in the quality control
program. He counts, tabulates and summa-
rizes data and prepares or helps to prepara
reports from the results. He should have at
lzast & BS degres in microbiology of a BS/BA
degree in biology with a minor in
micrabialogy.

The professional microbiologist initially
carries out routine tasks and progresses to
more difficult work as he gains experience,
When he reaches the senior level he performs
the most complex dutias.

3.2 Senior Grade and Supervisory Micro-
biologists: & senior grade microbiclogist per-
forms the duties described in 3.1 but carries
out a wider range of assignments and more
difficult tests. He participates in program plan-
ning and laboratory management and solves
significant microbiological problems that re-
quire a higher than banch-level skill and knowi-
edge. The experienced microbiolegist consults
and advises on procedural problems and trains
personnel. He provides expert testimony,
interprets results, prepares reports and
recommends  microbiplogical standards  or
actions for regulatory programs.

The supervisory microbiologist performs
administrative functions of: planning and
directing water quality monitoring programs,
designing field surveys, advising administrative
pfficers on pollcy matters related to micro-
biology and inspecting laboratery facilities. He
is recognized for his authoritative scientific
competence,

= » - -
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3. Laboratory Parsonnel competence,

3.3 Technicians: The technician performs
semi-professional and professional duties of
limited scope amd complaxity. Typically, he
assists professionals by doing the routing tests.,

mMicrobiologists, technicians and support
persennel in the microbiclogy laboratory must
have training and experience appropriate to
the laboratory's analytical pregram. The wvari-

197
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Under supervision, ha parforma tasks invalving
8 saries of steps. Tachnicians learn through
on-the-job  instruction and by perfarming
standard tasks repatitively.

Technicians' tasks begin at the simplest

level but can progress to the more detailed
procedures performed by the professional mi-
crobiologist. However, these higher lavels of
skill and knowledge are generally limited to
the specific areas in which they have received
on-tha-job-training.

3.4 Support Personnel: Laboratory aides
and clerks provide the necessary support serv-
ices to the labofatory. Aides prepare glass-
ware, make media and sterilize materials. Ona
or, more aides are recommended for ewvary
bench microbiclogist. Clerical duties include
recording data, filing records, typing reports,
ordering supplies, maintaining invantories,
distributing mail and answering the talephane,

3.6 On-the-Job-Training and Experisnce:
In addition to the formal academic training, the
professional  microbiclogist should  have
experience in  aquatic or environmental
microbiology. Technical or on-the-job-training
for at least two weeks s required for each
parameter tasted in water microblology. The
formal training of the technician ranges from
high school to technical or asademic training
short of a degree in microbiology. Technical
and scientific experience is often substituted
for advanced formal training.

Tha microbiologist and technician should
be encouraged to attend courses at centers of
oxpartise such as universities, commercial
rnanufacturers, US EPA facilities, the Center
for Disease Control (CDC) of USPHS, FDA and
other federal and state governmantsl agen-
clas. Cuursas might inglude fluurescent antl—

b aflis @e =2 o . T m_ =i

non-professional technician, an approved can-
sultant microbiologist should be available far
guidance and assistance.

Work assignments in the laboratory
ghould be clearly defined. The analyst should
be trained in basic laboratory proceduras and
should perform well at a given leval of respon-
sibility before new assignments are made. Tha
supervisor should periodically review proce.
dures such as sample collecting and handling,
media and glassware preparation, sterllization,
routine testing procedures, counting, data han-
dling, and quality control technigues, Problem
areas should be identified and solved by the
staff, Improved laboratory results will be the
measure of effective personnel practice and
traiming.

4, Laboratory
Instrumentation

Equipment and

Quality control of laboratory apparatus in-
cludes servicing and monitoring the operation
of incubators, waterbaths, hot-air sterilizing
ovens, autoclaves, water stills, refrigeratars,
freazars, ete. Each item of equipment should
be tested to werify that it meets the manufac-
turer's claims and the user's needs for accu-
racy and precision, Maimtenance should be
parformed on a regular basis by a technician
who is familiar with the equipment.

4.1 A summary of recommendad monitor-
ing progedures for laboratory equipment is
given in Table IV-A-1_

4.2 Monitoring Procedures for UV
Lamps

4.2.1 Spread Plate Irradiation

Thls test shauld be run when a new UV
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othaer federal and state governmental agen-
cles. Coursas might include fluorescent anti-
body techniquas, Isolation and identification

of the Enterobacteriaceae and laboratory
safaty.

3.6 Laborstory Supervison: ldeally, the
laboratory should be directed by & profes-
slonal microbiologist. However, in a small
laboratory where the staff consists of a single

188 SEPA

This test should be run when a new UV
lamp is installed and rerun quarterly to mea-

sure coftinuing effectiveness of the UV
irradiation,

(a} Prepare 100 ml or more of plate count
agar. Pour 10-18 ml of the melted agar into
each 100 mm patri dish as needed. Keep cow-
ers opened slightly until agar has hardened

MICROBIOLOGICAL MANUAL 1878

and moisture and condensation have evapo-
rated. Close dishes and store in refrigerator
umntil use.

{b) Prepare a series of dilutions of a coli-
form culture so that 0.6 mi of inoculum will
give a 200-2580 colony count {see Geldraich
and Clark).

(o) Pipet 0.8 mi of the selected dilution to
each agar plate.

{d} Remove a glass spreader-rod from tha
aleohol container and ignite by passing
through flame. Let burn completely and cool
for 15 seconds, Test glass rod on edge of agar
to verify safe temperature before use, Glass
spreaders may also be autoclaved.

{e} Place sterile, cool glass spreader on
agar surface naxt to inoculum. Position
spreader so that the tip forms a radius from the
eenter to the plate edge, Holding stick motion-
lass, rotate plate several revolutions, or hold
the plate and move the stick in a series of
sweeping arcs to spread the inoculum uni-
formly over the antire surface of the agar,

if} Lift the glass spreader from the agar and
place In disinfectant solution,

{g) Repeat the spread plate procedurs with
other petri plates.

{h) With cover remavad, place agar spraad
plates under UV lamp at points where starility
is desired.

Hh Ml me mme bmmesladted alabe domdar soedis

4.2.2 Measuremants of LIV Light Intensit';r

To monitor performance of UV lamps, itis
necassary to measure U light intensity using
the UV light meter manufactured for this pur
posa. The shortwave UV meter Madel J-225 is
gvailable from UV Products, Inc., San Gabriel,
CA 91778 for about 5125 This instrument ar
equivalent is recommended.

{a) Measure and avarage light intensities
of a new UV lamp at proper distances of use,
Record results in QC log, noting readings and
dates afinstallation.

b} Monitor lamp intensity quarterly there-
after. Replace bulb when light is down to 80%
of original intensity.

(6] Measure and average light intensities
of replacemant lamp at proper distances.
Record readings and date of installation.

5. $neral Laboratory Supplies
5.1 Laboratory Glassware

5.1.1 A summary of procedures for main-
tenance of glassware is given in Table [V-4-2).

B.1.2 Glassware pH Check: Traces of
some cleaning solutions are difficult to remove
completely, Before wsing a batch of clean
glassware, test several pieces for an alkeline
or acid residue by adding and dispersing a few
drops of bromthymal blue or other pH indica-
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is dasired.

{i) Place one inpculated plate under ordi-
nary laboratory lighting as a control.

{j Expose plates for two minutes.

(k] Close plates and incubate at 36 C for
24 hours, Remove and examine for growth.

(1} Count all plates and record results.
Control plate should contain 200-250 colo-
nies. Ui-irradiated plates should show 98%
reducticn in the count of the control plate. If
count reduction is less than B0%, replace

lamp.

or acid residue by adding and dispersing a few
drops of bromthymal blue or other pH indica-
tor and obsarving the color reactions. Brom-
thymaol blus is particularly advantageous for
this check becausa it shows calor changes of
yvellow to blue green to blue, in the pH rangs

6.5 10 7.3

To prepare bromthymol blue indicator,
add 16 ml of 0.01 N NaOH to 0.1 gram of
bromthymaol blue. Dilute to 250 ml with dis-
tillad watar {0.04 % aolution).

5.1.3 Test Procedure for Suitability of De-
tergents Usad in Washing {2)

GA/LABORATORY QPERATIONS 189

{a) Wash and rinse six, 100 mm diameter
petri dishes In the usual manner. These are
Group A,

(b} After normal washing, rinse a second
group of B petri dishes 12 times with succes.
sive portions of nontoxic distilled water.
These are Group B.

(c) Wash 8 petri dishes with the detergent
wash water wsing detergent concentrations
normally employed, and dry without rinsing.
Those ara Group C.

(d} Sterilize dishes in the usual manner.

e} Add the proper dilution (usually two
different dilutions are used) of a water sample
yielding 30-300 colonies to triplicate petr
dishes from sach Group (&, B and C). Proceed
according to the Standard Flate Count Proce-
dura in Partill-A.

{f) The results are interpreted as follows:

{1} Differences in bacterial counts of less
than 15% among all Groups indicate the detar-
gent has no toxieity or inhibitory effect.

(2) Differences in bacterial counts of 15%
or more between Group A and B demaonstrate
that inhibitery residues are left on glassware
after the normal washing procedure used,

EL. LI D

water; however, the potential guality of the
wiater will vary with the type of system used,

The quality of water obtainable from a
pure water system differs with the sysiem used
and its maintenance. The acceptable limits are
givan in Table IV-&4-3,

5.3 Water Suitability Test

5.3.1 Summary: The water sultability
procedure of Geldreich and Clark (3] is a
sensitive test for determination of toxic or
stimulatory effects of distilied or deionized
water on bacteria. |t is based on the growth of
Enterobacter asrogenes in a chemically defined
medium. Reduction of 20% or more in the
bacterial population compared to a control, is
judged toxic. Increased growth greater than
A00% is called stimulatory,

5.3.2 Scope and Application: The test
iz recommended far periodic use and as a
special measure of water suitability, This
test called the Test for Bacteriological
Properties of Distilled water, in the 14th
edition of Steadard AMethods is reguired
annually of laboratories in the Interim Corti-
fication Program for Drinking Water Suppliss,

However, the test iz not easily done on
an infrequent basis because i requires: work
aver a four day period to complete, an ultra-
pure control water and very pure reagents,
and absolute cleanliness of culture flasks,

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (246 of 407)1/24/2007 4:12:45 PM




Document Display | NSCEP | US EPA

aftar the normal washing procedure used,

(2} Disagreement in averages of less than
16% between Groups A and B, and greater
than/16% between Groups A and Cindicates
that detergent used has inhibitory
properties which ara eliminated during routine
washing.

B.1.4 Starility Checks on Glassware

After sterilization of a load of bottles,
flasks or tubes, test items of each type for
starility by adding to one of each aerobic or
anaerobic broth medium (e.g., lauryl tryptose
or fluid thioglycollate broth). Incubate and
check for growth.

5.2 Pure Water Quality: Pure water sys-
temns are meant to produce the best possible

pure control water and very pure reagents,
and absoluie cleanliness of culture flasks,
patri dishes, test tubss and pipets, etc It is
8 complex method that requires skill and
experiance, is very sensitive to toxicants and
cannot be related directly to routine analytical
results.

5.32.3 Apparatus and Materials

{a}) Incubater set at 36 + 0.5 C.

(b)Water bath for tempering agar set at
44-46 C.

{c) Colony counter, Quebec dark fisld
model or equivalent,

td} Hand tally or electronic counting de-
vice {optional).

{e}] Pipet containers of stainless steal,
aluminum or pyrex glass for glass pipets.

if] Patri digh containers of stainless stesl
of aluminum for glass petri dizshes,

200 SEPA  MICROBIOLOGICAL MANUAL 1978

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (247 of 407)1/24/2007 4:12:45 PM



Document Display | NSCEP | US EPA

jg) Thermometer certified by National
Burgau of Standards or one of equivalent
accuracy, with calibration chart.

ihy Sterile TD (Te Deliver) bacteriological
or Mohr pipets, glass or plastic of appropriate
volumes, see Part 1I-B, 1.8.1.

{i} Sterile 100 mm = 15 mm petrl dishes,
glass or plastie,

{j} Sterila pyrex glass flasks, 100 ml
500 ml, and 1000 ml volume.

{k] Dilution bottles (milk dilution). pyrex
glass, marked at 98 ml volume, screw cap
with neoprene rubber liner.

{) Bunsen/Fisher gas burner or electric’

Imzinerator.

(m} Ineculation loops, at least 3 mm
dismeter, or needles, nichrome or platinum
wire, 26 BES gauge, in sultable holder.

5.3.4 Madia

{a} Sterile Plate Count Agar (Tryptone
Glucose Yeast Agar) dispensed in fubes (15
to 20 ml per tube)l or in bulk gquantities in
screw . cap flasks or dilution bottlas. See
Part.ll-B, 5.1.5.

b} Sterile buffered dilution water, 98 + 2
mi volumes, in screw capped dilution bottles,
See Part 1-B, 7.

{c) Nutrient agar slants with slopes approx-
imately 8.3 em (2% in) length in 126 x 18 mm
serevy cap tubes.

5.3.5 Reagents: Sensitivity of the test
depends on the purity of the reagents used.
Use reagents of the highest purity and
prepare them in water freshly redistilled from
& glass still.

{a} Sodium ecitrate solution: Dissolve
0.29 g sodium citrate, MagCgHzO42H0, in
500 ml redistilled water.

(b Ammonium sulfate solution: Dissolve
0.80 g ammonium sulfate, (NH4l3504 in
BO0O mil redistilled water,

ic) Salt mixture solution: Dissolve .26 g
magnesium sulfate, MgS504 -TH20; 017 g
caleium chloride, CaClg-2H:0; 0.23 g ferrous
sulfate, FeS04-7H20; and 2.50 g sodium
chloride, NaCl, in 500 ml redistilled water.

{d} Phosphate buffer solution: Stock
phosphate buffer solution, diluted 1:25 in
redistilled water, see Part 1I-B, 7.1 in this
Manual.

Boil reagent solution 1-2 minto kill vege-
tative cells. Store in sterilized glass-stoppered
bottlas in the dark &t 5 C for several months bu
test for sierllity before each period of use,
Prepare the salt-mixture solution without the
ferrous sulfate tor leng-term storage. To use
the micture, add an approprigte amount of the
freshly prepared and freshly befled iron salt.
Solutiens with a heawy turbidity should be
discarded and & new solution prepared. Bac-
terial contamination may cause turbidity in the
phosphate buffer solution, Discard if this
QCCUTS.

5.3.6 Culture; |solate a pure culture of
Enterchacter agroganes (IMVIC typa --4+)
from a polluted stream of sewage sample.

5.3.7 Procadure

{a} Collect 200 mi each, of the unknown
Test Water and the Contrel Water {laboratory
pure refarence water] in sterile 500 ml screw
cap flasks. Boil for 2 minutes and cool to
roegme tE'I'I'IpBFElIJI’E.

(b} Label five, sterile 200 ml screw cap
flasks ag A, B, C, D, and E. Add the Taest
Watar, Contral Watler, and reagents to each
flask as described in the following table:

Contral Test (mi) Qptional Testa (mi)
Unknown

Reagents Control Tast M utrient Mitregan Carbon

Water Water Available Source Source
A B [ D E
Sodium clirate solution 2.5 2.5 - 2.5 x
Ammonium sulfate sclution 2.5 2.5 - - 2.5
Salt-mixture solution 2.5 2.5 2.5 2.5 2.5
Phosphate buffer (7.3 + D.1) 1.5 1.6 1.6 1.5 1.6
Tast Waiar - 2.0 210 21.0 21.0
Control Water 2.0 . 5.0 2.5 2.5
Total voluma ' 30.0 3.0 30.0 .o 300

QAL ARORATORY OPERATIONS 2':'1
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{c] Perform a Standard Plate Count on
prepared reagents, Control Water, and Test
Water as a check on contamination,

{d} On the day before performing the
distilled-water suitability test, inoculate a
strain of £ serpgenes onto a nutrient agar
slant, Streak the entire agar surface to
develop a continuous-growth film and
incubate 18-24 hours at 35 C. To harvest
viable colls, pipet 1-2 ml sterile dilution water
from a 99 ml water blank onta the 18-24
hour culture. Emulsify the grewth on the
slant by gently rubbing the bacterial film
with the pipot, being careful not to tear the
agar; then pipat the suspension back into the
original 99 ml water blank.

(8] Make a 1:100 dilution of the original
bottle into & second water blank, a further
11100 dilution of the second bottle into a
third water blank, then 10 ml of the third
bottle into a fourth water blank, shaking
vigorously after sach transfer. Pipet 1.0 ml of
the fourth dilution{1:107%) into each of Flasks
&, B, C, D, and E. This procedure should
rosult in a final dilution of the arganizms to
a8 range of 30-B0 viable cells from esach mil
of test selution,

{f} Variations among stralns of the same
organism, different orgeanisms, media, and
surface area of ager slopes will possibly
necassitate adjustment of the dilution pro-
cedure in order to arrive &t a specific density
range between 20 and 80 wviable cells. To
establish the growth range numerically for a
gpecifle erganism and medium, make a series
of plate counts from the third dilution to
determine the bacterial density. Then choose
the proper volume from this third dilution,
which, when diluted by the 30 ml in Flasks A,
B, C, D, and E, will contain 30-80 wviahle
cells#/ml If the progedures are standardized
a5 to surface area of the slant and laboratory
technic, it is possible to reproduce results on
ropeated experiments with the same strain of
microorganism,

(g) Add a suspension of Enferobacter
aerogenes (IMVIC type ==+4) of such density
that each flask will contain 30-80 cells/ml,
prepered as directed above, Cell densities
below this range result in ratios that are not

consistent, while densities above 100
caells/ml decrease sensitivity 1o nuirients in
the Test Water., Make an initial bacterial
count by plating triplicate 1 ml portions from
each culture flask in plate count agar, Mix
well and incubate Test A through E at 35 C
for 24 42 hours. Prepare final plate counts
from sach flask, using dilutions of 1, 0.1,
.01, 0001, and Q0001 mi.

5.3.8 Calculations
{a} For growth-inhibiting substances:

colony caunt/ml Flask B
calony count/ml Flask A

Ratla =

A ratio of 08 to 1.2 (inclusivel shows no
toxic substances; a ratic of less than 0.8
shows growth-inhibiting substances in the
wiataer sample.

ib} For nitregen and carbon sources that
promote growth:

colany countsml Flask ©
calany counts/ ml Flasgk &

Ratio =

{c) For nitrogen sources that promote
growth:

colany sounts ml Flask O
colony countsml Flask A

Ratio =

id) For carbon sources that promote
bactarial growth:

calony counts ml Flask E
colony countsml Flask &

Ratig =

(e} Do not calculate ratios b, ¢, or d when
ratlo a indicates a toxic reaction. Ratios b, ¢,
or d, in ex¢ess of 1.2 indicate an available
source for bacterial growth.

5.2.9 Interpretation of Results

[a) The coleny count from Flask A afier
20-24 hours at 35 C, will depend on the
number of organisms initially planted in
Flask A and on the strain of E. serogenas
used im the test procedures. This iz the
reéason the control, Flask A, must be run for
each individual series of tests. However, for
a given strain of £, asrogenes under identical
enviranmental conditions, the terminal count
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should be reasonably constant when the
imitial plant is the same. The difference betweean
A0 and 80 cells in thae initial plant in Flask A
will produce a three-fold difference in the final
counts, providing the growth rate remains
constant. Thus, it is essential that the initial
colony counts on Flask & and Flask B be approx-
imately eqgual to secure accurate data.

ib) When the ratlo exceeds 1.2, it may be
assumed that growth-stimulating substances
are present. However, this procedure is ex-
tremely sengitive and ratios up to 3.0 would
have little significance in actual practice
Therefore, when the ratio is between 1.2 and
3.0, Tests C, D, and E do not appear to be
necessary except in special circumstances.

{¢} Usually Flask C will be wary low amnd
Flasks D and E will have a ratio of less than 1.2
when the ratie of Flask B to Flask A is batweaen
0.8 and 1.2. The limiting factors of growth in
Flask A are tha nitrogen and erganic carbon
present. An extremely large amount of
ammonia nitregen with no organic carbon
could increasa the ratio in Flask D above 1.2, or
the absence of nitrogen with high carbon con-
centration could give ratios above 1.2 in FlaskE,
with a B:A ratlo betweean 0.8 and 1.2,

(dy A ratio below 0.8 indicates that the
water contains toxic substances, and this ratio
includes all allowable tolerances. As indlcated
in the proceding paragraph, the ratio could go
a3 high as 2.0 from 1.2 without any undesirable
ConsSequUences.

5.4 Use Tests for Media, Membranes and
Laboratory Pure Water

The Use Tesl, a pragmatic approach to
evaluation of materials and supplies, uses the
routine methods of analysis 1o compare current
and new batches or lots. Such tasts operate
on the theory that if a stimulatory or toxic effect
cannot be demonstrated in actual test wse,
there is no affect.

When a new shipment or lot of culture
medium, membrana filters or a new source of
laboratory pure water is to be used, or at annual
testing period for water, conduct comparison
tegts of the current lot in use (reference lot)
against the mew lot (test lot) as follows:

541 Use a single batch of pure water,
glassware, membrane filters, or other needad
materials as specified to control all other vari-
ables except the one undar Study.

54,2 Use the reference lot and the test lot,
to conduct parallel pour plate or MF plate count
tests on five natural or treated water samplas
apcording to standard procedures in this
Manual,

When comparing sources of pure WwWater,
conduct the tests in parallel using the reference
water and test water saparately for all water
purposes in the tests [dilution, rinse, meadia
praparation).

5.4.3 After incubation, compare the
bacterial colonies from the two lots for size
and appearance. If the colonies on the test lot
are atypical or noticeably smaller than colonies
on the reference lot plates, record the avidence
of inhibition or other problem, regardless of
count differances.

5.4.4 Count plates and caloulate the indi-
vidual counts par ml or per 100 ml, as required
for fimal reporting valueas.

6.4.5 Transform the final reporting values
to logarithms,

5.4.6 Camplle the log-tranasformed results
for the two lats in paraliel columns and calculate
the + ar = difference, d, between the two trans-
formed results for each sample.

5.4.7 Calculate the mean, d, and the
standard deviation g4 of these differances.

5.4.8 Calculate the Student's t statistic,
using the number of samples as n:
d

it =
ST

5.4.9 Use the critical value, 2.78, selected
from a Student’s t table at the 05 significances
level for five samples (4 degrees of freedom), for
comparison against the caloulated value,

5.4.10 If the calculated t value does not
excead 2,78, the lois do not produce signifi-
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tests of the current 101 In use [reference 107) T TU 0T TNE CAICWlaled 1 vaiue aoes not

excoad 2,78, the lois do not produce signifi-

against the mew lot (test lot) as follows:
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cantly different results and the test lot s
accaptabla,

54,11 If the calculated t value exceeds
2.78, the lots produce significantly differant
rasults. If the test lot resulte exceed reference
lot results, the test lot is more stimulatery. Fthe
test lot results are less than the reference lot,
the tast lot is less stimulatory.

5492 If condition 5.4.3 or 5.4.11 securs,
reviow test conditions, rerun the test and/or
abtain diffarant lotg for testing and use,

6.6 Reagents in General: The quality of
test reagents must be assured. They must be
corractly prepared and properly stored, The
following genaral rules should be followed:

5.5.1 Use ACS or AR grade chemicals that
mesat ACS spacifications for preparing reagents,
Impurities in uncertified or lesser grades of
chemicals may inhibit bacterial growth, provide
nutrients or fail to produce the desired reaction.

6.5.2 Date chemicals and reagents when
received and whaen openad for use.

5.5.2 make reagents up to volume in volu-
metric flasks. For storage, transfer to good
quality plastie (polyethylene, polypropylene or
tetraflusrasthylens) or borosilicate glass bot-
tlaz with pelyethylene or other inert plastic
&loppers or caps.

5.5.4 Identify prepared reagents with the
generic name, the concentration, the date pre-
pared and the initials of preparer.

5.b.5 Store reagents under the conditions
racommendad by the manufacturer,

6.5.6 Run positive and negative controls
with each series of cultural or blachemical
tosts,

5.6 Serological Reagents

6.6.1 Evaluate serclogical antisera against

knowledge in manufacturing processes. Con-
tinuity of reagent qualitly depends on com-
pltiance of each new reagent with mirimum
specifications.

5.6.2 Repeat guality control procedures
each time that reegent batches are prepared,
regardless of the expiration date given by the
manufacturer,

5.6.3 Discard sera or antigens if contami-
nation is discoverad.

8.6.4 Select another working dilution if the
level of activity has dropped,

5.7 Fluoreseent Antibody Reagents

Highly specific reagents, antigens of high
purity and very spacific potent antibodies are
required for fluorescent antibody technigues.
The antisera must exhibit high stzining intensi-
ties. Some sera may have high titers in one type
of serclogical test, but demonsiraie poor
staining titer and vice versa.

5.7.1 Store desiccated fluorescent anti-
body (FA} reagents at 4 C. Prepare aliquots of
the rehydrated conjugate in screw-cap glass
vials, freeze and store at -20 C uniil working
dilutions are prepared,

5.7.2 Test FA reagents for correct reactions
with positive and negative controls before each
use, Results of positive controls should be
within one dilution of the average titer.

5.8 Dyes/Stains: Organic chemicals are
uged as selective agents (e.g., brilliant green in
brilliant green lactese bile broth), as indicators
in bactariological media (phenol red lactose),
and as bacterioclogical stains (gram stain). Dyes
from any commercial supplier vary from lot to
lot in percant dye, dye complex, insolubles and
imert materials present. Because dyes for micra-
hiological uses must be of propar strength and
stability to produce the cerrect reactions, pur-
chase anly dyes which have bean certified by
the Biological Stain Commission for biolonlcal
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6.6.1 Evaluate serclogical antisera against
known antigens and compare with antisera that
have demonstrated acceptable reasctivity, The
quality of commercial serological reagents is
subject to methodology changes and new

chase anly dyes which have bean certified by
the Biological Stain Commission for biological
uge,

5.8.1 Fluerescent Dyes: An Important fac-
tor in the preparation of antisera-dye conju-

204
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gates is the purity of the fluorescein dye.
Infrared studies reveal that the purity of fluor-
escein isothiccyanate {FITC) commonly used
in FA tests, ranges from 30 to 100% in com-
meraial products. |deally 100% pure FITC
preparations are used, Dyes of lass purity may
be satisfactory if the weight used to labal tha
protein component of the serum aliows for the
impurities, and if the impurities do not increase
non-gpacific stalning.

§.8.2 Check bactericlogical stains before
usa with at least one positive and one negative
contral culture.

6. Membrane Filters
6.1 Government Specifications

&.1.1 The gquality and performance of
membrana filters vary with the manufacturer,
type, brand, lot number and storage conditions.
Membranaes considered for purchase by federal
agencies must conform to the government
specifications published in 1874 Military
Specifications (4). The detalled specifications
required of the manufacturar by the federal
governmant are an important advantage 1o
other users of membrane filters because by
meesting federal requirements, manufacturers
realize it I8 most efficient to make all mam-
branes to these specifications. Hence, meam-
brane filters purchased from companies selling
to fedoral agencles meet the federal specifi-
cations,

6.1.2 The specifications list requireamants
for pore size, porosity, flow rata, diffusibility,
autoclavability, sterility, diameter, thicknass,
bacterial retentlon and bacterial cultivation.
The gridlinas must ba eaasily visible, permanant

and mnaf imnrintad ks fhe earfaces en Bz to

6.2.1 Some manufacturers certify that
their membranes mest stated specifications
on sterility, retention, recovary, pore size, flow
rate, pH, total acidity, phosphate and other
extractables.

6.2.2 Most manufacturers sell sterile
membranes and those packaged for steriliza-
tion by the user. Membranes may be sterilized
by autoclaving, ethylane oxida or irradiation,

6.3 User's Quality Assurance

6.3.1 In addition to the guality assurance
provided by thie manufacturer, the user should
determing that the membranes perform satis-
factorily by Inspecting and testing aach lot he
arders. The membranes shouwid not be mis-
ghapen or the gridlines distoried after
autoclaving.

6.3.2 A membrane should allow good dif-
fusibility of medium and be complataly wetted
within 15 seconds after It Is placed on tha
madium substrate with na dry areas indicated
by colorless or lighter-colored araas.

§.3.3 After incubsation, the colonies
should be of the expected size, with defined
gshapa and clearly delineated edges. The golar
and morphology of the colonies must be typl-
cal of those dafined by tha test procedura.

8.3.4 The analyst should observe that the
gridline ink does not “bleed” across the sur-
face, or restrict celony development on or ad-
jacent to the cross-hatching, Colonies should
be evenly distributed across the membrane
surface. Membranes containing sizable areas
with no calany development are gquastionable,

R A ASTAM Taet Prasadiirae
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Dacierial FroemeETitiesn and  vaclennanl GUiRivaieuen.
The gridiinas must be saslly visible, permangnt
and not imprinted inte the surface so as to
cause channalling of growth. The grid ink must
not stimulate or inhibit growth.

6.1.3 The pads must have a specified di-
ametar and thickness, limited acidity, no
waxes, sulfites, and other stimulating or inhib-
itive materials, and must absorb uniformly a
specified volume of mediurm.

6.2 Manufacturer's Quality Assurance

WEELIE LI SNl IF Wl W S U o G0 DR G0 67 Sl T B M

6.4 ASTM Test Proceduras

Because of varigble recoveries of micro-
organisms on different mambrane filters, thera
i a oritical need for standard procedures for
evaluating membrane filters. Procedures are
being developed by Committee D-19.08.04 of
AETM for physical, chemical and microbialogi-
cal characteristics of membrane filters. The
procedures are intended for the larger labora-
tory and the manufacturer to test new batohes
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ar lots of MF's. Brief descriptions of these tests
for bacterial retention, inhibitory effects, re-
covery, extractables and flow rate fallow.

6.4.1 Bacterial Retention Test

The tast is based on filtration of a standard
culture through a 0.45 gm MF into a broth.
Sterile equipment and aseptic technigues must
be used. Five randomly-zelected membranes
from five randomly-selected packages should
be tested. Control membranes should be taken
fram the same package as the test mem-
branes.

{a) Add 140 ml of double strength Trypti-
caso soy or Tryptie soy broth to a liter vacuum
flask and attach vacuum tubing. Wrap flazk in
kraft papar and sterilize.

(b) Using an 18 hour broth culture of
Serratia marceseens, prepare a final dilution in
0.1% peptone, containing 1000 cells per
100 mil.

{c} Assemble a8 membrane filtration appa-
ratus using s sterile vacuum flask contalning
tho broth. Insert the test filter, turn on vacuum
and pour in 20 ml of sterile rinse water to set
the membrane. Filter 100 ml of the culture
suspansion. Rinse funnel twice with 20 mil of
peptone water.

(d] After the filtration remove funnel and
transfer the membrane filter to a Trypticase
soy or Tryptlc soy agar plate, Then aseptically
remove membrane filteration base frem the
{!Iask.and insert a sterile stopper. Repeat

6.4.2 Inhibitory Effacts: The tast for inhiki-
tory effects compares membrane filter counts
an one or mora test lots of membrane filters,
with spread plate counts on Plate Count Agar
using a spacific pura culture of Escherieliia ool
(IMWIC + + — =),

' {a) Prepare a dilution of the stabilized 24-
hour culture in 0. 1% peptona dilution water so
that 0.2 ml contains 30-150 viable cells. Add
about 20 ml of sterile dilution water ta the
funnzl before filtration.

ib) Filter five replicate sample volumaes of
0.2 ml through five replicate membrane filters
of each MF test lot and place each on a plate of

Tryptic soy agar,

(¢} Prepare the corresponding spread
plates in randam fashion to avoid a time affect,
fallowing a randomization table,

{d} With the same pipet, deliver five addi-
tional 0.2 ml volumes ta the surface of five
plates of Tryptic soy agar. The samples are
distributed evenly over the surfaces of the
plates with sterile glass rods.

(&) Incubate the membrane filters at 44,5 C
and agar plates a1 35 C for 24 hours. Count tha
colonies. Compare recoveries on spread plates
and membrana filters, Acceptable filters should
recovar some set percentage of the spread
plate count. This percentage should be estab-
lished by each laboratory based on previous
performance by a known accepiable lot.

6.4.3 Recovery (5): The procedure for re-
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remove membrane filteration base frem the
flask and insert a sterile stopper. Repeat
filtrations four more times with sterile ME
assamblias, culture flagks and membranes,

(e} Incubate agar plates and flasks for 48
hours at 36 C. Examine membranes for growth
outside of filtering areas which indicates a
leaky filtration assembly that could cause a
false positive test. Turbidity in the culture flask
indicates bacterial growth and failure of the
membrana to retain the 0.2=0.3 ym sized bac-
teria, but does not indicate the numbers of
organisms passing tha filter,

{f) Turbidity indicates filter failure. Repeat
the test and control procedures.

.

e T b

6.4.3 Aecovery (5): The procedure for re-
covery compares the fecal coliform counts an
test membranes to the counts on spread plates
using M-FC agar substrate. Four polluted
waters and one raw sewage sample are
analyzed.

{a} To determine sample test volumaes, pre-
pare s=rial dilutions of each sample in 0.1%
peptone water to produce a suspension con-
taining approximately 20-60 facal coliforms
per .1 ml. Hald ariginal samples at 4 C. Detar-
mine the fecal coliform density of each of the
samples or dilutions by membrane filter or
spread plate test. Read the results after 22-24
hours incubation at 44.5 4+ 0.2 C.

208
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{b) If the fecal coliform density in the raw
water samples is less than 10 per 0.1 ml, seed
the sample with raw sewage, allow to stabilize
at 4 C for 24 hours and test as in {a}. Then
procead with the standard test procedura.

(c] Use the optimum dilutions from (a} or (b)
for the test membranes and the spread plate
controls.

id) Perform the mambrane filtar tests ac-
cording to the procedure describad in Part [1-C,
3 of This Manual.

{g) Prior to beginning the spread plate
tests, air dry thesurface of the M-FC agar con-
tained in 100 mi petri dishes. Aseptically de-
liver 0.1 ml of the selected sample dilution to
the agar surface and spread with a sterile bent
glass rod. Allow the sample aliquot to be com:-
pletely absorbed before inverting the dish.

{f} Alternate MF tests with spread plate
controls to randomize systematic errars.

g} Insert patri dishes into waterproof bags
or seal with waterproof tape, and submerge in
the waterbath incubator. lncubate for 22-24
hours at 44.5 4 0.2 C. Record the temperature
continuously during the incubation periad. Af-
terincubation, remave platas and examing.

or suspected to have a high concentration of
pseudomonads or asromonads, perform the
cytochrome oxidase test. As in the verification
procedurs, a minimum negative oxidass test
confirmation of 80% should be achieved for
the membranes to he consldered acceplable,

6.4.4 Extra cta_i_: !a 5

{2) Total Extractables

(1) Dry filters for 158 minutes at 70 C then
bring to room temperature in a desiccator.
Weigh to constant weight on a four-place ana-
Ivtical balance.

(2] Boil filtars in 100 ml of distilled water
for 20 minutes. Remoaove the filters and dry at
T0 € for 60 minutes. Bring filkers to room
temperatura in a desicoator and reweigh to
constant weight. Weighings shall be to the
naarast 0.1 milligram,

Original Welght — Weight After Extraction
Qriginal Weight

Fercaent

X 1 Extractables

bl Snacific Extractahles
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ter incubation, removea plates and examine.

(h} Count the blue colonies. If more than
one dilution was prepared, select the plates
with batween 10 and 100 colonies, but prefer-
ably with 20860 colonies. Calculate the arith-
metic mean of the five replicate fecal coliform
counts and the five replicate spread plates.,
Determing percent recovens:

MF X Count

w 100 = % Hecovery
Spread Plate ¥ Count

(I} Verification: Pick 20 blue colonies from
sach of 2 randomly-selected filters and 2
spread plates. If plates contain less than 20
colonies, pick all blue colonies. Verlfy the colo-
nias in EC media as describad in Part 1[I-C, 4 of
This Manual. To be' acceptable, BO% of the
colonies must verify. If the samples are known

{b) Specific Extractables

(1} Immarse filter in ASTM Type 1 reagent
grade water for 24 hours {B).

(2} Remove filter and assay the extract for
metals, totel organics, phosphorus and
BMMmonia.

G.4.5 Flow Hate

Water flow rate shall be determined by
timing the passage of 500 ml of particle-fres
distilled water through a filter at 26 C and at a
differential pressure of 70 centimeters of mer-
cury. Particle-free water for this test is produced
by passage of a high purity water through a
0.2 pm membrane filter, three times in succes-
sion, &t 25C and at a differential pressure of
177 cm of mercury.
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The flowrata = ~¢ X 500 ml

EFA ¢m?

= ml/min/em®

Where: t = experimental time in minutes for
filtering 500 ml of particle-free dis-
tilled water

and

EFA = effective filtering area of a 47 mm diam-
ater filter

An average flow rate reported by manufac-
turers for 045 pm pore size, 47 mm diameter
filters Is 65 ml/min/em.

7. Culture Media

Since even the best cultural procedure is
ineffectual if the medium iz not prepared cor-
roethy, it is important to train parsonnel to use
tha best materials and technigues in media
preparation, storage and application. Some
factors that must be considerad follow:

7.1 Ordering Media

7.1.1 Order meadis in quantities to last up
to one yoear, Always use oldest stock first.

7.1.2 Whanever possible and practical,
order media in 14 pound multiples rather
than one pound bottles to insure sealed pro-
tection of the supply as long as possible. Most
deterioration of media ocours after bottles are
opened.

7.1.3 Maintain an inventory record of me-
dia: the dates received, sires, number of units,
eto. Roview the inventory quarterly for naces-
sary reordering, Date esach bottle when re-
ctlved and when opened. Bottles should be
inspactad for color changes, caking or other
indication of deterioration. Discard such bot
tles and reordar,

7.2 Holding Time Limits for Media

Because of the myriad of environmental
conditions affecting media, and the wnigque

compesition and sensitivities of different
media, It is impossible to establish universal
time limits for holding wunopaned bottles of
madia. Therefore, a conservative and protec-
tive recommendation is to limit the storage of
uncpened bottles of cultural meura to twao
years. This limit should insure gn-n.d perfor-
FI'IEN:E:_‘I' “media with proper s storage
conditions.

7.3 Preparation of Media

T.3.1 In high humidity areas, store opened
bottles of media in a large hinged-door desic-
eator. Open bottles s briefly as possible during
the weighing process and return to the desic-
cator immediately after use,

7.3.2 Discard opened bottles of media &
months after initial use.

7.3.3 Weigh meadia to the nearest 0.1
gram on a single pan, top loader ba!ance as
quickly as possible,

7.3.4 Keep balance out of drafts and away
from high humidity. Use a plastic shield around
the balance to protect from drafts.

7.3.6 Clean the balance and surrounding
arga immediately after weighing media,

7.4 Solution of Madia

7.4.1 Check cleanliness of glassware, Usa
bromthymol blug indicator to spot-check pH of
glassware [5,1,2 in this Section).

7.4.2 Prepare media in a deionized or dis-
tilled water of proven guality. Ultra-pure water
from a recirculating deionization system is ra-
commended. Measure volumes with the great-
est accuracy possible using the proper pipet or
graduate (Part 118, 1.8).

Check the pH of media after selution and
after sterilization using a laboratory model pH
mater. Enter results in the OC record book.
The reading should be within 0.2 units of the
stated value. If not, discard batch and remake.
It the pH is still incorrect, use another bot-
tle or batch., pH differences indicate a prob-
lem of distilled water quality, deterioration of
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medium or improperiy-prepared medivm. The
problem must be identified and corrected. The
problem should ba carefully documented in
the guality control record book and reported to
the manufacturar if the data indicate the me-
dium as the source of error,

7.4.3 Note in the QC record any unusual
color developmeant, darkening, or precipitation
of media. Check the sterilization time and tem-
peratura. If there is a drastic change in appear-

cance, discard mediom and remake it. If the
problem still exists, remake the batch using a
different lot of medium.

7.4.4 Contasiners for preparation of
batches of broth or agar should be twice the
volume of the medium being preparad.

7.4.5 Media should ba stirred continu-
ously while being heated to avoid burning.
Agar media are particularly susceptible to
scorching and boilover, The only insurance
against scorching or boilovar i use of a boiling
water bath for small batches of media or con-
stant attention while heating larger batches on
a hot plate or burnar. A combination hot plate
and magnetic stirrer is recommeandad for solu-
tion of media,

7.4.6 Bottles, tubes .nr plates of prepared
madia are identified and dated.

7.5 Sterilization by Autoclave

7.5.1 Media should be sterilized for the
minimal time specified by the manufacturar.
The amount of time reguired to sterilize 8 me-
dium in an autoclave will vary with the type
and volume of medium and the size and shape
of containers. See the table in Part 118, 4.3
on sterilization.

7.65.2 Since the potential for damage to
media increases with incressed sxposurs to
heat, the amount of lag time before the auto-
elave iz at full pressure and tempearature can
be a critical factor in whether media are dam-
aged. The danger from an extended heating
period is reduced with use of a double-walled
autaclave which allows the operatoer te main-
tain full pressure and temperature in the jacket

between loads. As soon as the autoclave is
leaded and cloged, steam can be admitted to
the chamber and in a ralatively short time, full
pressure and temperature are developed in the
chamber, The total exposure tima for media
sterilizad 15 minutes at 121 € should not
gxceed 45 minutes.

7.5.3 Avoid overcrowding in an autoclave
which reduces its efficiency. Large volumes of
media should be preheated to reduce the lag
period before placing them in the autoclave.

7.6.4 Remove sterile madia from the auto-
clave ag s00n 8% prassure is at zero.

7.5.5 Media must be discarded if contami-
nation is suspected, Reautoclaving is not
permitted.

7.5.6 A praventive maintanance contract
is recommended for autoclaves. It should in-
clude chacks on the accuracy of pressure and
temperature gauges and recaorders and aopera-
bility of safety valve.

7.5.7 Check the effectiveness of steriliza-
tion weekly, using strips or ampuls of Bacillus
sragrothermopiniius spores. Commercial pack-
ages of these sporas are available in ampuls of
growth-indicator media. Sterilization at 121 C
for 12-15 minutes will kill the spores. Incubate
the autoclaved cultures at 5560 C and if
growth occurs, sterilization is inadagquate.

7.6 Sterilization by Filtration

7.6.1 Non-autoclavable solutions can be
sterilized by membrane filtration, With careful
praparation of the sterile filtration and recaiving
apparatus, passage of a solutlon through a
0.2 pm membrane filter will produce & sterile
solution,

7.6.2 The filtration and subseguent sterile
dispensations should be parformed in a safety
cabinet or bio-hazard hood.

7.7 Gaseous Sterilization

Equipment, supplies or other salid or dry
materials which are sensitive to heat can be
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starilized by long exposure to ethylene oxide
gas (ETD) wsing available commercial equip-
ment. Check sterility with culture of 8 subilivs
VBT, Mgerspores.

7.8 Use of Agars, Broths, and Enrich-
ment Media

T.8.1 hgars

{2} Ager plates to be used for streaking or
spread plates are kept open slightly for 15
minutes after pouring or after taking out of
refrigerated storage to evaporate free mois-
ture which would cause confluent growth on
streak plates.

(b) Agar plates vsed for MF and spread
plate work must be free of lumps, uneven
surfaces, pock marks, bubblas or foam which
pravent good contact between the agar and
the membrane or uniform growth on spread
plates.

(o) Melted agars should be held in 8 tem-
pering water bath at 44-48 C but no longer than
thres hours. As a safety precaution against the
use of agars which are too hot and might kill
calls, place a bottle of agar in tha same bailing
water or under the same autoclave conditions
as the agars to be used. After the agar is meltad,
transfer agear to a tempering bath. Insert
thermometer in the agar bottie and use it to
datarmine when the temperature of the agars
is at approximately 44-46 C and safe for use
in pour plates,

7.8.2 Broths

(a) Handle starila MPN farmentation tubes
of lauryl tryptose broth or brilliant green bile
broth carefully prior to use. Shaking can en-
trap air in the inner tubes and produce a false
positive. Examine frash tubes before use and
dizcard any with a bubble.

(b} Reduced media such as thioglycollata
broth oxidize in storage. Before use, these
broths must be heated in bolling water for
20-30 minutes ta reduge the medium,

7.8.3 Enrlahmants

(a) Bring the base medium to 44-46 C
before addition of a labile constituent,

(b} Warm enrichments such as blood or
sgrum to room temperature before adding to a
base medium.

(¢ Once labile material is added to a me-
dium, prepare plates or tubes as s00n as possi-
ble, Do not hald the batech medium in a water
bath for more than 10 minutes.

7.9 Storage of Media

7.8.1 The recommended timea limits for
holding prepared meadia in the laboratory are:

MF broths in screw-cap a6

flasks at 4 C hours
Wark Week)

MF agars in plates with Two
tight-fitting cowvars Viaaks
at 4 C

Agar or broths in loose- One
cap tubes, at 4 C Week

Agar or broths in screw- Three
cap tubes, tightly Months
closed, at 4 C

Agar plates (non-MF) with Two
loose-fitting cowvers, in Waeks
sealed plastic bags, at
4 C

Large wvolumes of agar in Three
sorew-cap flasks or Months

bottles tightly-closed,
at 4 C

7.8.2 Store fermentation tube media in
the dark at room temperature or 4 C. i refriger-
ated, incubate overnight at room temperature
to detect false positive gas bubbles,

7.8.3 Since loss of meisture is a major
problem of storage, screw-capped tubes and
flasks are recommended. Prepoursed agar
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plates can be sealed in plastic bags to retain
maoisture and refrigerated.

7.9.4 A simple check for loss of moisture
in broth tubes can be made by marking the
original level in several tubes of each batch
and than observing the loss of maisture over
time. If the estimated moisture loss exceeds
ten percent, discard the tubas of broth.

7.9.5 Protect media containing dyes from
light. If color changes are observed, discard
the medium,

7.89.6 Preparad sterile broths and agars
are. available from commercial sources. Thair
usa may be advantageous when analyses are
done intermittenthy, whan staff is not available
for such preparation work, or when cost of
their use can be balanced against other factors
of labaratory operation. However, purchase of
prepared media doas not reduce the responsi-
bility af the laboratery for checking the pafor-
mance of the madia, regardless of the stated
guality control practices of the manufacturer,

7.10 Quality Control of Prepared Moedia

7.10.1 Maintain & book with a complate
record of each batch of medium prepared.

Include the date, the name of the medium
and lot number, amount of medium weighad
out and volume of medium prepared, the
record of sterilization, pH measurements,
pH adjustments mades, special handling or
preparation techniques, epg., use of heat-
sansitive compounds or components, and
nams of preparer.

7.10.2 Incubate five parcant of each bateh
of medium for 2 days at 35 C and inspect for
growth,

7.10.3 Cheack each batch of madium whemn
uzed by inoculating 2 tbes or plates with pure
cultures of species producing positive and
negative reactions for that medium,

7.10.4 Test new batches of differential
media by inoculating with organisms of known
fermantative or other blochamical ability. Simi-
larly, enrichment and selective media are
tested for productivity of the desired microor-
ganisms and inhibition of other microorga-
nisms. Tables IV-A-4 and IV-A-B list a group of
arganisms with the broths, agars, biochemical
tests and reactions to which they can be
applied.

7.10.5 Record sterility and positive/ negs-
tive performance checks in the media prepara-
tion portion of the quality contraol log.
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TABLE Iv-a-1

Monitoring Laboratory Equipment

Itarm bonitoring Procedurs
1. Balence a. An analyticsl balanca with a sansitivity of 1 mg or lass at a
10 g load shauld be used for weighing 2 g or lass. For larger
quantities, a8 balance with accurscy of B0 mg ot a 180 g load
sheuld be used
B, Chack balance monthly with a spt of cartified class 5 walghts,
. Wipe balanda and weights clesn after asch was.
d. Frotact welghis from laboratory stmosphers and carrosion.
&. Contreot with a8 quallfiad axpert for balance meintenance an an
anfual basis,
2. pH Moter a. Compansate for temperature with aach usa.
b. Date stendard buffor soluticrs when first epened and chack
monthly with another pH meter.  Discard the buffer solutisn i
the pH is more than 4 0.1 pH unit from the manufasturers
statad wvelue or If it is contaminated with microorganiemea.
2. Standerdize with at least one standard bufler [pH 4.0, pH 7.0,
or pH 10.0] before sach use
d. Do not re-use buffer solution.
a. Have metars inspected at least yoarly as part of & maintenance
contract,
3. Water Dabonlzer & Moniter water for conductance dally, Monitor trace metals and
other taxie or nutritve compounds monthly. Sea Tables VA3,
b. Aeplace cortridges as indicated by menufacturer or as indicated
by anahtical results,
t. Monitor baoterlal counts at exit paint of unit  Replace the
gartridges whan standard plate count axsesde 10,000/mil.
4, Watar Still a. Draln and clean monthly according to instructione from the

=

manufaciurar,

Merale asmd Aladn Atebllled cekers casaemie Ao esmeio
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manufacturar.

b, Dwain and clean distilled water reservoir quartarly,

Chack distillad water continuously of daily using a condustanca
meter.  Spa Tabla 1WA-3,

Conduct chamical tesis an water to detect toxicity or stimulation
affect. Ses Table IV-4A-3,

Condugt standard plate counts manthly on stored water and
cloan out reservalr o count > 10,000/ml

SGEPA  MICROBIOLOGICAL MANUAL 1978

TABLE IV-A-1
{eontinuad)

Monitoring Laboratory Equipment

Itarmi Monitoring Procedura

E. Dispensing Apparatus 8. Check socuracy of dispansation with an MBS clags A, -gradusted
cylinder &t the stert of esch voluma change and pericdioslly
throughowt extended rns.

b, Lubricate moving pare according to manufactures's instructions
or at lgast onca per month.

&. Correct immadigtely any leaks, loosa conneations or malfunctions

d. After dispensing each typs of madium, pass a large volumae of
hot distilled water through dispanser ta remove traces of agar
ar madium.

@, At the pnd of the work day., break down wunit into paris, wash
well, ringe with distiled water and dry.

6. Litrawviolat a. Remowve plug from outlet and clesn uitraviclet lamps monthly by
Starillzer wiping with & soft cloth mokstensd with ethanel

b. Taest ultraviclat lnomps with light meter guarterly; if thay amit
leg=s than 80% of their rated Inltial output, replace tham,

o. Paorform spread plaste ircadiation test quartarly, ses This
Section, 4.2.1,

7, Mambrana Filtar & Check funnal support for laaks.
Equipmant
b, Chack funnel and funnel support to maoke cartain they are
emodth. Discard funnal If Inside surfaces are sorotched.

e Clean thoroughly after aach work day.
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8. Spectrophotometer a, Maintain gquality control and calibration check as recommandad
by the manufacturer.

b Have inspacted yearly by a factory maintenanos man,

8, Conrifuge a. Chock brushas and bearings for wear svary six months,

b. Check rheostat control against & tachormeter &t various loadings
avary iz months to ansure proper gravitational felde.
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TABLE IV-A-1
{continued)

Monitoring  Laboratory Equipment

Hem Monitoring Procadure

10,  Microscope a. Allow only trainad tachnlclans to use.

b, Appoint cne [aboratory worker to bBa rasponsibla for the care
of the microscope,

. Clean optics and slage after avery use. Use only lans papar
for cleaning.

d. Keap covarad when not in usa.
a. Establish annual maintenance on contrast,

f. Malntaln In one locatlon i possibla,

11, Misroscops, a. Allow only tréined technicians to use microscope and light
Fluorascance sourse.

b, Keap a log of lamp operation tima.

o. Monitor lamp with metar. Saa Saction 4.2.2.  RAnoplace tha
lamp whan < B0% of original fluorascence s observed.

d. Check lamp alignmant, particularly if bulk has been changed,
Raalign tha fluorascent light sourca If nacassary.

%, LUse known 44 fluorescenge slides as controls.

12. Safaty Cablnaet a. Check filkters monthly for oluooino or obwious dirt acoumulation.
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12, Safaty Cabinat a. Check filters monthly for plogging or obwious dirt acoumulation.
{Hiead) Claan or raplace filter as neadad.

B. Check cabinet for leaks and for rate of air flow awvery thres
months,

6. Expose blocd agar plates o air flow for one hour once per
month 0 measurs gontamination

d. Aamowa plug from the ouwtlat and claan ultroviolat lamps avary
two waeks by wiplng with a soft cloth molstened with athanal

o, Test ultraviolat lamps quartarly with a light matar. | lamp
amits bass then BO% of the rated owtput, replace lamp.

f. Perform mainenance as directed by the manufacturar,

g. Purchese amd use & pressure monlor confral deviea to measura
afficiancy of air Flow.

214 SEPA  MICROBIOLOGICAL MANUAL 1978
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TABLE IV-A-1
{continued)

Monitoring Laboratory Equipment

Monitering Procedurs

13. Thermometers and a8, Check the accuracy of thermometers and tomperaturs recording
Recording Devicas instruments, in the monitoring ranga, at leaet annuoslly against &
certified tharmometer or one of sguivelam sccurscy. Tharmomater
graduatiens should nol escaed the 0.2 or 0.6 C devistion parmitted
in the analtical method. Check mercury columns for breaks,
b. Record calibration checks in quallty control (OC) record, hark
NBS calibration correction on each tharmometer o on the ouiside
ol the incubator, refrigerator or freezer containing the thermomeatar
¢ Aecord daily temperatere checks on charts and kaep for 81 laaat
thren years, A simple. one year chert is shown in Figure W-f-1.
14. Water Bath a. Check and record temperatura daily. Bath muwst maintain the uniform
temparaiura necded for the test in usa.
b. Maintain sccwrate thermomater comaletely immersed in wates bath.
& A recording tharmometar and alarm system are recommandad,
d, Clean maonthly,
&, Usa only atainlaas siaal, rubber, plastkc-cootad, of athar
mfrnsinn-nrun! racks.
16. Refrigerator at 4 C a. Ehm.:l: and record temparatere dably
k. Clean manthiy.
¢, Requira identilication end dating of all matarial
d, Daftrost unit and digéerd guidated meteriels in relrigerater and
fraceer comparimanis avery ihrees months.
18, Hot Ak Ovan a. Test parformance with spore sifips oF suspensions quarlefly.
B Equip and monitor sterilizetion with & thermométer sccurate in
160-180 C ranga
17. Freazers 8, Check temperature and record daily.
b, Usa of recording thermemeter and alarm system recommandad,
& Require identification and dating of all materials.
4, Clean and defrost freesar evary six maonths, Discard ouwtdated !
rmaterisle.
GQA/LABORATORY OPERATIONS 218
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TABLE IV-A-1
{eontinued)

Monitoring Laboratory Eguipment

lem Monftering Procadure

18. Autoclave 2. Rocord temparasture and prassure for sach rum, Recosding
thermametar rocommsnded,

b. Warify that sutoclave maintains unblorm oparating tamporetuna.

©. Check opsrating temparature with & min/max thermometer on a
waekly basis

d. Test performance with spore sirips of suspensions weekby, I
‘evigeance of contamination occurs, check until tha cause is
Idantified and eliminated.

6, Procure semi-annual preventive maintonance Inspections.

18,  Incubstar (Alr/Watar-Jacket) 8. Check and record tempaerature daily.

b. H partinlly-submarsible glass thermomater is wsed, bulb and stem
miest be immersed v owater to the mark on stam.

& Messure temporntures dally on tap and bottom shelves.
Farigdically measure temperatura on all ghelvas in usa.

d. Expand test points groportionately for wailk$n incubators
e. Recording thermometer and alarm system are recommandad,

£ Locate Incubstor whara room tempersture does not go ouiskie
of the 16-27 C range.

216 SEPA  MICROBIOLOGICAL MANUAL 1978
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lmaLEument Temperature Boom

Bead daily.
Recard temperature in space provided.
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FIGURE IV-A-1. Equipment Operation Temperature Record.
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TABLE IV-A-2

Glassware Maintenance

Item Monitaring Procedurs
1. Utensile and Use wiensils and conminers of non-corrosive and non-gentaminating
Contalnars far materials such as pyrex glass, steinless, stool or
Madia Preparation alurminum.
2. Glasswars (Reusabla) 8. Wiith each use, axamine glassware aspeclally screw-capped dilution

bottles and flasks, for chipped or broken adges and stchad
surfoces, Ddscard chipped or badiy-siched glasswars.

b. Inspact glassware after washing. |If weter beads excesslvely on tha
cleanad surfaces, run the glassware through again

o. Test for acid or alkaling residuss by adding bromthymel blue indicator
to représentative glasswere lems [2ea B.1.2 in This Sectionl

d. Test for residual defergent by the test in 5.7.3. This Section.
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Laboratory Pure Water for Bacteriological Testing

TABLE IV-A-3

Parameter

ldeal
Maonitoring
Fraquernay

Lirnit

Chamical Tasts

Conductivity

pH

Continuously
or with sach
Life

With each use

i=2 ;Emhns.-“'cm
at 26 C

5875

Total Orgenic Maonthly < 1.0 masliter
Carbon
Trace Metal, Single Mamihly =005 mg/sliter
Trace Matals, Total Manthly < 1.0 mg/liter
{Qd, Cr, Cu Ni, Pb, Zn)
Ammonia/SAmines Moy <01 mgSliter
Frea chlorine With each use =0.1 mg/liter
Biological Taests
Standard Plata Count
Frosh Water Moty < 1000 basteriasml
Stored Watar Manthily < 10,000 bactaria/ ml
Water Suit- Yoarly and whan Ratio: 0.8-3.0
ability Test conditions change
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Water Suit-
ability Test

Water LUlse-Test

Yearly and when
conditions changa

Yaarly and when
aonditions change

Ratio:  ©0.8=3.0

Calculated
t walue
= 2.78

QA/LABORATORY OPERATIONS
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TABLE IV-A-4

Cuallty Control of Media

Madium

Control Cultures

Expeciad Rasulis

M-Endo BF Broth

Escherichia coli

Golden grasn metallic ahaan

of Agar Entarabaciar serofenss Golden green matallic shaan
Achromobactar 2p Rad colonles
Praivdamonss S5 Rad colonies
Salmanaila #p Rod cobenies f madium ovarhoatad
M-FC Broth E coll Blua colonles
or Agor & pnaumaonize Blua golonies
E aorogenss Mo growth
Brilllant Graan Bile E coli Growth with gas
Lactoea Broth E aaroganss Growth with gas
L Fraunal Growth with gas
Staph. auvreus Mo growth
Lauryl Trypiose E ecolf Growih with gos
Brath E ssrogenss Growth with ges
5. i Marked 0 complete Inhiblilon
& EUreUs Marked 1o complete Inhiblilon
Lavina's Easin E coff Mucloated black calonias with

Mathylens Blus Ager

E aseroganas

golden grasn metallic sheen
Fink colonies with dark canters

[ T Calorless colanies

Saimonals sp Calorless ocolonias

flabsiolln sp Larga brown mucoid oolonies
Xyloga Lyaine Salmanalls sp Red colonies, to red with black centars
Desaxysholala Agar Klabsialla ap Yellow colonies
IOk F aal Yallfwe malAafibas
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Kylega Lysine Salmonalls sp Red caolonies, to red with black centars
Desaxysholala Agar Klabsialla ap Yellow colonies
HLLD E coi Yaollow colonies

£ asraganas Yollow colonies

Blasmuth Suitite Agar Falm. tyihoss Black colony with black or brownish-
black zona, with or without shean
Other Safmonals sp Raised graen colonies
Coliferme Green oolonies

Brilliant Grasn Agar Snplmonalis sp Pink-white opague coloenkes surrpunded
by brilliant red zone '
E galf inhiblton or yellow gresn colonies
B vilgans Marked to complete inhibitien or red
colonias

BEPA  MICROBIOLOGICAL MANUAL 1878

TABLE IV-A-4
{continuead)

Quality Control of Media

M adiam Cantred Culturas Expactad Rosults
KF Streplogoccus Agar Serag, fascals Fink 1@ rad colonies
Strap.  pyopenes Mo growth
5 aureps Mo growth
E calf Mo growth
PEE Agar 5. fascalisz Black colaniess
E colf No growth
& aureps Mo growih
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TABLE IV-A-5

Quality Control of Biochemical Tests

Toat

Contrgd Culture

Expacted Results

BHI Broth at pH 8.6 Strap. faacalis Positive:  growth
Strag,  mits-ralivarnios Negative: no growth
BHI Broth with 8.6% 5. fascalis Positive:  growth
Nac1 5. milig-salfvarius Magative: no growth
Arginine Dehydrolass Ealm. tpphimurium Pasitive;  alkaline reastian i
Mopllor's madiem) reddigh winlat color
Salm. Masmard Megative:  yellow color
Lysine Deocarbosylaza & nepiimier Posltive:  alkaline reaction
(Mosollers medium) raddish violet color
5. Mexmnasd MNegative:  acid, yallow reaction
Ornlthine Dacarbox- &, fypimurisnr Positive: alkaling reaction
yinze [Moalars raddish violet color
madium] &, Mascrend Magative: yallow color
Indols Produciion Excharichis ool Positha; rad color
(Tr¢ptophana Brothj Satmonels sp Negative: orange/yellow caler
Eitarabactar oarogoenas Megativa: orange/yellow color
Mathyl Red |(Buffered £ calf Posltivec  red color
Paptone Glucese Brath) £ sereganss Hegative: no change
Voges-Proskauar E awroganes Fasitiva: pink calar
{Buffared Paptons E ool Megative: ne color change
Glucose Erath)
Citrate Utllization E sarogenes Positive: growth, changs to
(Simmans Citrate Broth) blug golor
L Hegative: no color changa,
no growth
Urgase PFreduction Protaus mirabiils Positiva: solor change, pink
[Christangans Urea to red
Apgar) Salmanalls sp MNagative: no color change
Catalase 5, Awreus Positiva: bBubblas
(BHI agar slant) & faecals MWagative: no bubblas

SEPA  MICROBIOLOGICAL MANUAL 1978
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TABLE IV-A-5
{continued)

Elualit.'gr Control of Biochemical Tests

Tast

Canbrol Culture

Expectad _H'BGIIHE-

Cytochrome Owidase

PReudormngs  aEruginoss

Posltive: biva color

(MNpha-napthol and para- E calf Megative: 0o changa
amina-dimethylen line & aurans Megative:  no change
oualats]

Phanylalanine P mirabils Positive:  green color
Deaminase Satmonalls sp Negative: - no color change
|Phanylalanine Agar £ dal Megative: no color change

Mplonate Utlization

K. proumoniae

Pogitivé: Bue calor changs

Blue, 0.1%

Growp” O Streptococoi
Strep, salvarlus

TR peruginess

. perfringens

[Malonate Broth} £ eolf MNagative: no growth or colos
changs
MBk, Mathylens 5 feecails Paositiva: reduction of

methylena bloe
Megative: no growth
Magative: no growth
Paptonization and digestion
Acid, coagulation and gas

Tatrazolivm Chlaside

Mitrate Reduction E golf Pogithve: rad eolor change
{Potagsium MNitrate B apruginosa Megativé:  no cobor changs
Broth]

2, ¥, B-Triphanyl 5. fescalis Positive: reduation of TTC

{rad colar)

In TG Agar Strayy. Faacivor Megative: no color change
Telurite Agar 5, fapcalis Growth
5 faeclum Mo . growedh
Bata-Hamolysis 5 faecals Paositive:  hysis of red blood cells
In Blood Agar VAR, ZPMOgETas
5. faecalis Magatiee: no lysls of red blopd omlls
Slant Butt HaS Production
Hydragan Sulfide £ ool A A G -
{Triple Sugar P vidgaris A A G +
lron Agar} S DDA K A G +
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TABLE IV-AB
[continued)

Quality Control of Biochemical Tests

Tast Cantrad Culturs Expasted Results
Slamt B Hy5 Praduction
Lysina 5. typhirmusiven K K —+
[Lysina lron Agar) 5. flaxmari K A -
Galatin Liguefasction 5. mMarcescens Positiva: liguefaction
at 20 C 5. fescalis Posithva: liguafaction
[Mutriant Galatin) war,  Dgalfaeiams
5 fracalis Mapgativa:  no lguafscthsn
L. parfringens Positive:  Hguefactlon
£ colf Megative: no ligualaction
REFEREMNCES
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PART IV. QUALITY ASSURANCE

Section B Statistics for Microbiology

The Section is divided into five major An example of microbiological data is shown
argas of statistical measure: in Tabla [V-B-1
1. Measures of Central Tendancy TABLE 1V-B-1
2 Measures of Disparsion Microbiological Results, Count/100 mi
3. Normal Distribution 78 290 330
. c 110 230 480
d, Paoisson Distribution 130 280 490
130 330 780
170 330 S50
In this Section the computational formats 220 330 1100
for the more commanly used measuras in sta-
tistics are described. In the following discus-
sion let ®; denote atypical observed result so Arithmetic Mean, X = 372.7
that (x4, X5, x,) represents a sampla of n ob-
sarvations. A good reference book for further Geometric Mean, X, = 287.8
details on these parameters is Dixon and
Massay (1), Median = 308

1. Measures of Central Tendency Mode 130

1.1 The Arithmetic Mean: The most com-

monly used measure of central tendency is the Standard Deviation (5) - 293.2
arithmetic mean which is often simply called
“the mean”. Denote the sample mean by X and Range = 1021

the population mean, of which X is an esti
miate, by . The computational formula is;

n The sample mean is calculated as follows:

T -
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2
- 5
1l
whers Iy =X + % + = %

6704
n 18

= 3727

QASSTATISTICS

228

1.2 The Geometric Mean: A second mea-
sure of central tendancy that is preferred for
cartain distributions such as the Polsson. It will
be discussed later, in 4.3 but is defined as:

Ry = Wiqlixahobe)

The geomatric mean of the data in Table [V-B-1
is287.8.

1.3 The Median: Anather measure of cen-
tral tendency is the median. The median is the
value such that half of the other values are
preater and half are less. To find the sample
madian, tha data are arranged in ascending or
descending order and the middle value is
pickad. When there is an even number of ob-
sarvations, the average of the two middle val-
was is taken. For the data in Table IV-B-1, the
median is 305,

1.4 The Mode: The mode, one other mea-
sure of central tendency, is the most frequently
atcurring valua. In Table IV-B-1 the mode is
330, since this value occurs four times. The
population mode is the value corresponding to
the peak of the frequency distribution curve.

Frequency distributions with more than one
peak are called multimodal, In a symmaetrical
frequency distribution, the mean, median, and
mode are all equal.

2. Measures of Dispersion

2.1 The Standard Deviation: Of the sew-
aral measures of dizpersion, the most commaon
iz tha standard deviation. Denote the sample
standard deviation by 5 and the population

waliia b relfaf adhiah © lo am actlemabnl wibume sha

is tedious. It is relatively simple to show the
following relationship:;

The derived formula is preferable because of
its adaptability to the desk calculator. The sam-
ple standard deviation of the microbiological
data in Table NW-B-1 is calculated as follows:

s _ [18) (3961541 - (5709)%
18 (17)

71307738 - 45010681

306
(26297087
- 306
= "|||' g5033 = 283.2

Confidence Limit (35% and 99%): The range
‘of values within which a single analysis will be
included, 85% or 99% of the time.

85% C. L = 1.865

X 4

X+

2.2 The Variance: The sample value 52 is
referred to as the sample wvariance and is
merehy the square of the sample standard devi-
ation. Oftan it is more convenient In conversa-
tion as well as computation to refer to the
variance. This should not cause confuslon If
the above relationship is kept inmind,

28% C. L = 2585

T 2 w2 eiibmalte o . T s anw

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (276 of 407)1/24/2007 4:12:45 PM



Document Display | NSCEP | US EPA
I3 1NE Slanuar Qevianan, enore me sample
standard deviation by 5 and the population
walua by oof which 5 1s an estimate), whean the
computational formula s

the above relationship is kept inmind.

The population variance is represented by
a<. s formula is:

n
-

4]

{52:

This is the same as the formula for 52

Howevar, the computation using this formula axcept that the true population mean u is used

228 SEPA  MICROBIOLOGICAL MANUAL 1978

rather than its estimate X and the numarator is
divided by ninstead ofn= 1,

In caloulating the sample variance the true
mean i not known and the estimate of the
mean from the data is used instead. Bacausa
the sample mean is baing used to calculate the
variance of the sames data, only n = 1 of the
sguared difference terms are independent. It
can be shown that the estimate of the variance
must be based vpon the sum of independent
gquared terms, thus indicating the division by
i = 1, which is called the number of degrees of
freedom (d.f) in the sample. As a rule, in any
calculation, for every parameater that must be
estimated, ona degras of freedom is lost.

2.3 The Range: The range is also used as a
measure of dispersion. It is the difference be-
tween the highest and lowest values in a set of
data.

R = max{xh—minfx)

Forthe data in Tabla IV-B-1 the range is then:
R=1100-78 = 1021

A rough estimate of 5 can be made by dividing

the range of the sample by the square root of n,
the number of cbservations, whenn < 10z

Lge of Ihe range asa muasur& of dispersion is

[N SR M e S,

3.1.2 Small deviations from the mean are
extramaly likely.

3.1.3 Large deviations from the mean ara
extramely uniikaly.

3.2 The normal distribution is caomplataly
defined by its mean, Y, and itz standard devia-
tion T in the following mannar:

3.2.1 The area under the normal curve
between uminus sand y plus Jis 68 percent of
the total area, to the nearest 1 percent.

3.2.2 The area under the normal curve
between g minus 20 and u plus 27 is 35 per-
cant of the area, to the nearest 1 percent,

3.2.3 The area undar the normal curea
between Y minws 35 and 1 plus 37 is 38,7
percent of the total area, to the nearest 0.1
pereent,

3.3 If the frequency distribution of a sam-
ple iz 8 good approximation to the normal
curve, these characteristics of tha normal
curva can be used to develop a great deal of
information about the undarlying population.

4.Non-symmetric Distribution

4.1 Asymmetry: In some invesligations
ane encounters distributions which are not
gymmetric. For example, distributions of
bacterial counts are often characterized as
hawng 8 skewed dlEtthHtlDﬁ l:ne::ausa of the

[ e ——— TR
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Uze of the range as a measure of dispersion is
generally limited to instances where the labor
of computing the standard deviation is
impractical.

3.The Mormal Distribution

3.1 The most important theoretical distri-
bution in statistics is the familiar bell-shaped
normal distribution which is symmetric about
its peak (see Figure IV-B-1), The following as-
sumptions give rise to this distributional form:

3.1.1 Values above or below the mean ara
equally likely to accur.

bacterial counts are often characterized as
having & skewed distribution because of the
many low and a few extremely high counts, This
characteristic leads to an arithmetic mean
which is considerably larger than the median
of the geomeatric mean. The frequency curves of
these distributions have a long right tail, as
shown in Figure 1V-B-2, and are said to display
pogitive skewness.

4.2 Logarithmic Transformation: For
practical and theoretical reasons, statisticians
prafer to work with symmetric distributions
like the normal curve. Therefore, it is usually
necessary to convert skewed data so that a
symmaeatric distribution resembling the normal
digtribution results. An approximately normal

QASTATISTICS ’ 227

FREQUENCY

50 =20 -lo0 u
QUANTITY MEASURED

+lg +20 +30

FIGURE IV-B-1. Normal Distribution Curve,

/N
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distribution can bae derived from positivaly-
skewed distributions by expressing the original
data as logarithms, An example of coliform
counts and their logarithms are shown in
Table IW-B-2. & comparison of the frequency
tables for the original data and their logs in
Tables IV-B-3 and 4, shows that the logarithms
mora closely spproximate a symmetric
distribution.

4.3 The Best Measure of Central Ten-
dency for Microbiological Data: Assuming
that the microbiclogical data has been normal-
izad through a logarithmic transformatian, the
arithmetic mean is the best estimate of central
tendency. However, there is a direct relation-
ship betwesn this mean and the geometric
meaan of the original data:

il_ﬁ og X
{log X} = S —
m

- log WRLIPGL X, = log Xg

Therefore, the best measure of central tend-
gncy for microbiclogical data is the log-
transform.

The mean of the log MPN data in Table [V-
B-Z is:

1]

T

i= 737

H o= 1 = 32 = 21826
n 18

and the true mean of the MPN data is:

= antilog [2.1828) = 152

REFEREMCES

1. Dixen, W. J. and F. J. Massey, Jr., 1868, Introduction to Statistical Analysis, 3rd Edition, MeGraw-Hill,

Ina., Maw York, MY,

TABLE IV-B-2
Coliform Counts and Their Logarithms
Coliform
Counts 100 ml log MPHM
PN
11 1.041
27 1.431
36 -1.556
48 1.681
BO 1.803
BE 1.8248
120 2.0BD
130 2.114
136 2.134
161 2.207
37 2.501
801 2778
T80 2,881
1020 3.008
3100 3,491
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TABLE Iv-B-3

Comparison of Frequency of MPN Dats

Class Interval Fraguency (MPN)

0 ta 400
400 w800
BOO to 1200
1200 to 1600
TE0) o 2000
2000 to 2400
2400 w 2800
2800 to 3200

=k

= O D DD - b -

TABLE Iv.B-4

Comparison of Frequency of Log MPN Data

Class Interval Frequency (log MPRN)

1.000 to 1.200
1.300 to 1.800
1.600 to 1.800
1,900 to 2,200
2.200 to 2.500
2500 o 2.800
2800 to 3.100
3100 to 2.400
3.400 to 3.700

T bkl R == O - R
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PART IV. QUALITY ASSURANCE

Section C

The Section on Analytical Quality Control
is divided into three major areas of statistical
TEET S

1. Quality Contral on Routine
Analyses

2. Quality Control in Compliance
Monitoring

3. Comparative Tasting of
Methodology

4, Method Characterization

1. Quality Control on Routing Analyses

Each laboratory must establish quality
contral owver the microbiological analyses in
use. Fifteen percant of total analyst time
ghould be spent on quality controf practices
digcussed in this Manual,

1.1 Duplicate Analyses: Run duplicate
analyses on 10% of the known positive sam-
ples analyzed and a minimum of one per
month, The duplicates may be run as split
samples by more than one analyst,

1.2 Positive Control Samples: Test a min-
imum of one pure culture of known positive
reaction per month for each parameter tested,

1.3 Negative (Sterile) Control: Include
one negative control with each series of sam-

Analytical Quality Control Procedures

ples using buffered water and the madium
batch at the start of the test series and fallow-
ing every tenth sample. When sterile cantrols
indicate contamination, data on samples af-
fected shouwld be rejected and a request made
for immediate resampling of those waters
Involvead.

1.4 MF Colony Counting by More than
One Analyst: At least once per month, two or
more analysts should count the colonies on the
same membrane from a polluted water source.
Colonies on the membrane should be verified
and the analysts’ counts compared to the veri-
fied count.

1.6 Check Analyses on Water Supply
Program by Stata Laboratories: Im a local
laboratory, @ minimum rumber of the water
supply samples should be analyzed by the
State laboratory. For example, “leboratories
that are required to test less than 100 samples
per month should submit an additional 10% of
the number {o the State laboratory for analysis.
Water systems with sample requirements
above 100 per month should submit an addi-
tional 2% to the State Laboratory for analysis.

1.6 - Reference Sample: Laboratories
should analyze reference samples quarterly
when available for the parameters measured.

1.7 Performance Sample: Laboratories
should analyze at least one unknown perfar-
mance sample per year when available, for
parameters measured.
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1.8 MF Verlfication: Five percent of the
enalyses parformed should be verified,

1.8.1 Total Coliforms: Pick at least 10
isolated sheen colonfes from each sample.
Transfer into lauryl tryptose broth. Incubate
and read. Transfer positive tubes into brilliant
gresn bile broth for verification of colifarms.,

Sinca samples from public water supplies
with & er more sheen colonias must be verified,
gt least 5 eolonies are picked from each positive
potable water sample,

The laboratory should make avery effort Lo
detect coliforms from samples with excessive
non-coliforms on the membrane filter. Any
sheen colonies appearing in mixed confluent
growth must be verified (see Part II-B).

1.8.2 Fecal Coliforms: Pick at least 10
isolated colonies eantaining blue to blue-green
plgment and transfer ta lauryl tryptose broth.
Incubate and read. Transfer positive tubes to
EC broth where gas production verifies fecal
goliferm organisms (see Part 1II-C).

1.8.3 Fecal Streptococei: Pick at least 10
isolated pink to rad colonies from MF or pour
plates. Transfar to BHI agar or broth. After
growth, perform catalase test. If negative [pos-
sibla fecal streptococci) transfer growth to BHI
and 40% bile BHI broth tubes and incubate at
45 C and 35 C respectively. Grawth at both tem-
poraturas  verifies fecal streptococci (see
Part Hl-Dy},

1.9 MPN Completion of Total Coliform Test

1.8.1 For routine analyses, complate tha
MPFHN test on five percant of the positive con-
firmed samples and a minimum of one sam ple
pirtast n,

1.8.2 For potable waters, complete the
MPN test once each quarter on 10 percent of
positive eonfirmed samples. If insufficient pos-
itive tubes result from potable water samples,
perform the completad test on poasitive annres

1.10 Measuremant of Analyst Precision:
If the routine work of the laboratory includes
samples from differant wastewaters, surface
waters, water supplies or finished waters, the
following steps should be accomplished for
each type.

Step 1

Farform duplicate analyses on the first 15
typical samples with positive responses,
Although each set of duplicates must be
run by the same analyst, all analysts per-
forming routing analyses should contrib-
ute & share of this initial data,

Stop2

Calculate the logarithrs of results, If ei-
ther of a set of duplicate results is rern,
add 1 to both values before calculating the
logarithms.

Step3

Calculate the range (R) for each pair of
transformed duplicates and the mean (R}
of these ranges,

Step 4

Thereafter, run 10% of routine samples irn
duplicate. Transform the duplicates as in
Step 2 and calculate their range. If this
range is greater than 3,27 H, analyst preci-
sion is out of contral and all analytical
rasults since the last precision check must
be discarded. The analytical problem must
be identified and resolved before doing
further analyses [1).

Step b

In order that the criterion used in Step 4
be kept updo-date, periodically rapaat

Stare P onel B iiemine Sl oo w o
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itive tubes result from potable water samples,

perfarm the completed test on positive source
wiatars,

SEPA

“wrQer Iat me crienon used in Step 4
be kept up-do-date, periodically repaat
Steps 2 and 3 using the most recent sets
of 16 duplicate results.

MIGROBIOLOGICAL MANUAL 1978

2. Quality Control in Compliance Monitering
[Mational Pollution Discharge Elimination
System)

21 For any legal assurance of non-
compliance within a permit, analytical results
must excesd the parmit limit by a statistically
significant amount. This requires allowanoe of
the analytical deviation known to occur at 8
level equal to the permit limitation.

2.2 It is apparently common for many
maonitoring agencies to judge compliance with
microblological parmit limitations based upon
one analysis each for single grab samples
taken at about the same time on 3 consacutive
days. The largest of thesa 3 results is then
compared to a maximum discharge limitation,
while’ the arithmetic mean is compared to a
daily " average limitation. Judgment based
upon such a sampling program is only valid
under cartain assumptions; namely that there
is no relationship between the discharge level
and the time of sampling, and that the variabil-
ity amang analytical results for samples taken
simultaneously Is either inconsequential or
can be properly estimated from previous data.

The first assumption is usually invalid be-
causa the discharge lavel is dependent upan
production of processing operations which are
not uniform, but rather follow some daily or
weekly cycle. To keep such periodic oyeles
from biasing the results, the grab samplens
should be taken at randomly-selected times
during the study or, if thare |5 somea knowladge
of the cycle, at times selected systematically to
define its extremes.

The second assumption is important in

2.3 Whenever the analytical standard de-
wigtion must be estimated from the study data
the following procedure should be followed
for each major type of discharge.

Step 1
Take 3 simultaneous grab samples at each
of K {at least 3) randomly or systematically
selected sampling times  which  are

sxpected to represent the rangs of
discharge throughout the study period.

Step 2

_ Analyze the samples and convert the re-
sults to logarithms.

Step 3

Using these logarithms, calculate the fol-
lowing statistics:

3 3
5 = i=1 j=1 i=1

I

x|
o= (T M3
j=1

K -
X = i_E1 XK
I=

where: 5 = the pooled estimate of the
analytical standard deviation

X, = the analytical result for the "
grab sample taken at

coamalianmn time i
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The second assumption is important in
order to make a compliance judgment. As
noted in 2.1, this judgment must take into
account the estimated analytical standard de-
viation at a level equal to the permit limit. If an
appropriata astimate of this standard devia-
tien is not already available than it must be
estimated during the compliance study, &ither
from multiple analyses of each grab sample or
from single analyses of multipla grab samples

.ﬁ” = [Ng GNArTICGa rMsUuiL 1w wme |
grab sample taken at
sampling time i,

© X, = the mean result for the 3 grab
gamples taken at
sampling thme i,

¥ — the overall mean for the K

taken simultaneausly,

QA/ANALYTICAL PROCEDURES

sampling times
throughout the study
period.

233

Step 4

The maximum discharge limitation (D)

Fws been violated if for any sampling time

Fp - 1gul2KNSAT = D

where t gg(2K) is the Student’s t value at a
86 percent confidence level and 2K de-
graas of freadom.

Step§

An average limitation (D) over the study
period (daily, weekly, monthly, etc.) has
been violated if:

£ - 19502K)[S/VER) » T

2.4 If an estimate of the analytical stan-
dard deviation (5} is available that has at least
30 degrees of freedom, and If the estimate
applies to tha same type of waste and was
generated from samples at a level near the
discharge limitation of the permit under study,
then Steps 1-5 can be modified as follows:

Stap l_

Take one grab sample at each of K (at least
3)sampling times selected as before,

Step2

Analyze samples and convert results to
logarithms.

3. Comparative Testing of Methodologles

2.1 Protocel for Testing: If a laboratory
proposes & new or modified methed for accept-
ance certam  minimal festing Should be
completed,

3.1.1 Caollect and test at [east 10 samplas
from each sample source or type for which the
method is intended, Le., fresh surface water,
sewage treatment plant influent or effluent,
industrial effluents, saline water, eto. Source
waters should be chosen which are represents
ative and which span the relevant range of
concentrations.

3.1.2 Collect the samples and perform the
analyses over 1 week of plant processing, but
not fess than 5 calendar days.

3.1.3 Take an even number of aliquots (at
least 8) from each sample and simultansously
analyze half of them using the accepted me-
thod and the other half using the proposed
alternative method. Throughaout this protocol,
the analysis of aliqguots from a single sample
using one method will be referred to as “repli-
cate analyses” and the resulting data will often
be referred to as “replicates,”

3.2 Statistical Analyses: Compile the
data and perform the following steps for each
sample typa:
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logarithms.
Step 3 Step 1: Transform the Data

K

Caleulate: X = | I XK
i=1 Calculate the logarithms of the basic data

and use these transformed data &s the

Stap 4 basis for all subsequent statistical

=epa analyses,

Dimax has been violated if X; > D, + 25

for any sampling time i. The characteristics of microblological

data have been discussed by many
authors. OF particular impartance to this
procedure is the eoffact that a logarithmic
transformation has on such data (2, 3).

Etapﬁ_

D hasbeenviolated if X = D + 25/vE.
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This is done by applying Cochran’s Test (4}

Specifically, a logarithmic transformation

mormalizes the distribution of results from as follows:
replicate anabyses of the same sample and "
equalizes  the within-sample standard el - L2
- T € = Sha’ T 5
deviations amang samples with different _ =1
microbiological densities. These
conditions are required assumptions for K = the number of samples
many aof tha statistical procedures that o _
follow, 5§; = the standard deviation estimate from
the set of replicates for the i™"
Basic Stetist] sampla,
Step 2: Calculate the Basic Statistics _
eR s , Smax = the largestvalue for 5 i =1,2,... K

Calculate the arithmetic mean [X] and
standard deviation {S) for each set of
replicates, and tabulate the data and their
basic statistics.

Step 3: Test for Suspected Outliers

For each sat of n replicates, test for outli-
ars by caloulating the Extreme Studen-
tized Daviate as T = (Xg - XIS, where Xg
= the maximum or minimum replicate,
whichever is farthest fram .

Look up the critical T value for the number
of replicates on each sample and a .01 {1
percent) slgnificance leval in Standard
D2777=72, 1975 Book of ASTM S5tan-
dards, Part 31, Water, page 15. IF T is

Araatar than tho sritical valias  raisct all

Look up the critical C value for n-1 degrees
of freedom on each of K standard devia-
tions and a .01 significance level, L.e., Cgq
{r=1, K)in Dixon and Massey (5).

If C < Cggin-1, K}, then pool the standard
deviations for the method (M) as follows:
K
Sh = (I S
=1 :

52'is the pooled within-sample variance
estimate for the method.

If C = Cgg(n-1, K), then the within-sample
standard deviation of this method is not a
constant over the concantration range
representad if the data. To corract for this,
tha data must be stratified, e, subdi-
vided. into sats of samples which have a
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UL!!E‘F&_, T3P DR W M LY s amn
dards, Part 31, Water, page 15. IF T
greatar than the. critical value, reject all
data for that sample with 99 p-Efnﬂnt confi
dence that Xg is an outlier.

This unfortunate loss of data is neceasary
because the following statistical proce-
dures hava been simplified and only apply
to the unique situation where, for gach of
K sample, there are axactly n replicates by
each of the two methods.

Step 4: Test for Equality Among the
Within-Sample Standard Deviation
Estimates

For each method, test for equality of the
standard dewiation estimates (S) calou-
lated in Step 2 from the replicates for each
sample.

2 e a2 4 e e — e -

the data must I:e stratified, |.a.. subdi-
vided, into sets of samples which have a
common standard deviation among the
results of replicate analyses by this me-
thod, Care should ba taken to minimize the
number of strata to those that ara required
in order to justify the development of
pooled within-sample standard deviation
estimates. If both methods require stratifi-
cation, common strata should be dewval-
opad which are jointly suitable. Step 4
should be repeated to verify the proposed
stratification. Subsagquently, Step 5§
should be carried out for sach straium
independently. If you hawve any problems
with stratifying the data, pleasa seek the
assistance of a qualified statistician/data
analyst before proceeding.

Step 5: Test for. Equality of the Pooled
Within-Sample Variance Estimates

QA/AMALYTICAL PROCEDURES 235
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Having developed & pooled within-sample
variance estimate for each method, within
commen strata if necessary, test the
aquality of these estimates by performing
the following Frast:

2 Z 2 2
F = Spy /Sh . where Sea > 5
My My MMy

Look up the critical F value for Kn-1)
degrees of freedom for each variance and
a .05 significance level, i.e., Fgs (K[n-1),
K{n-1}), in any standard statistical
reference. If F < F g5 (K(n-1), Kin-1)), then
tha two methods produce results with
within-sample variances which are not
significantly different. F F = Fgg (Kin-1),

Kin-1}}, then there is a statistically
significant  difference  between the
variances,

Step 6: Test for Equality of the Method
Maans

Finally, calculate the difference between
the method means for each of the K sam-
plas as;

sewvage treatment effluents. Recognized prob-
lems in Method 1 include: deviation among
replicate results is considered axcessive, Bver-
ages show a positive bias of about 40 percent,
and the procedure is difficult and time-
consuming.

Suppose that Method 2 is quicker and
easier than Method 1. Then, if the following
statistical analysis shows the performance of
Method 2 to ba at least equal to Method 1, EPA
may designate Method 2 as an alternative to
Method 1. If Method 2 offered no cperational
advantage over Method 1, the statistical analy-
sl5 would have to show the performance of
Method 2 to be significantly superior to Ma-
thad 1.

Steps 1and 2

Transform the Data (Table IV-C-1} and Cal-
culats the Baslc Statistics:

The lagarithmic transformation was found
mast appropriate for the data in Table IV-
-1, sea the results in Table IV-C-2.

Step 3
dj = E'M,‘ = X b= 12k Test for Suspected Outliers in Table IV-C-
2.

Using the mean (d) and standard daviation

[S4) of these differances, caloulate the Stu- T - M- ki)

dent’s statlstic as: - s

t = d
Sa v Sample 2, method 2, replicate 1:

Refer to a statistical reference for the crit-

lcal Student’s t value at the 0B signifi- Xeg=33711

cance level and -1 degrees of freadom,

i.a, tgpll-1)L I1ft = tg5(K-1), then tha means | 33711 - 3.6773|

for the two methods are significantly T 1738 = 178

diffaront. '

3.3 Example of the Statistical Analysis Sample 4, mathod 2, replicate 1:
Procedure

Xp= 27497

Statement of the Prablem

Method 1 is the accepted method for de- [2.7497 - 25285 .68
tormining fecal coliform levels in chlorinated T = NET = b
238 GEPA  MICROBIOLOGICAL MANUAL 1978
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TABLE V-G

Treatrment Plant Effluents

Raw Sample Data from the Analysis of Chilorinated Sewage

Replicatas {(Xg)

Date  Method in eounts/ 100 mi L Xn SR
3/11 1 1850, 1350, 1050, 1800, 1150 7.200 1440 368.1
2 1200, 850, 850, 500, 1060 4,250 850 286.0
311 1 7800, B100, 6900, 6450, 7150 34,400 BEEO 1163.3
2 2380, 5300, 5650, 6350, B450 26,100 6O20 1645.8
3717 1 4000, 4400, 2650, 3000, 3650 17,700 2540 715.4
2 2400, 2150, 2080, 1600, 2200 10,400 ° 2080 28741
3,18 1 625, 512, 512, 462, 700 2,811 562 a7.6
2 E62, 360, 300, 275, 275 1,762 362 1211
3/24 1 3870, 2330, 3330, 3670, 2530 16,730 3146 685.2
2 2730, 3830, 2630, 2200, 1730 13,120 2624 822.3
3/28 1 7200, 4400, 7800, BEOO, 6200 31,200 8240 1410.0
2 4400, 4000, 4400, 3800, B200 22,600 4520 986.0
a/26 1 1200, 1000, 1000, 1200, 1600 8000 1200 245.0
2 700, 800, 500, 900, 900 4000 200 141.4
QA/ANALYTICAL PROCEDURES 237
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TABLE IV-C.2

Logarithmic Transformation of the Data in Table 1W-C-1

Sample Transformed Replicates _
Me. Mathod M = log Xg Y x 5

1 1 3.2672, 3.1303, 3.0212, 32663, 3.06807 15.7347 31489 1118

2 2.0792, 29254, 2R128, 2.6990, 3.0212 1485417 38083 1544

2 1 3.8921, 38085, 3.7708, 3.7364, 3.B543 19,1622 3.8324 0O7GE

2 33711, 3.7243, 3.7520, 38028, 3.7384 18 3866 36773 1738

: | i 3.8021, 26435, 34232, 34771, 35623 17.7082 35418 0803

2 38802, 3.3324, 23118, 32041, 33424 16,6708 33142 0684

4 i 2.7959, 27083, 27083, 26648, 28451 13.7242 27448 0735

z 27487, 25441, 24771, 24393, 243093 128496 25289 1301

5 1 35877, 3.3674, 35224, 36647, 34031 17.4453 348891 0084

2 3.4362, 3.5944, 34031, 33424, 32380 17.0141 34028 1310

g 1 38573, 3.6435, 38921, 381856, 3.7160 18.8284 3.78B7 .1033

z 3.6435, 3.6021, 36435, 35563, 3.7924 18.2377 3.6478 . .0BHE

7 1 3.0792, 3.0000, 30000, 3.0752, 3.2041 16.3826 30725 QB36

2 28451, 2.77EZ, 29542, 29542, 285432 14,4880 2.B972 .QB18
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Sample 5, method 2, replicate 2:

Xe = 3.5044
[3.65844 - 34028 .
T - = 1.48
310

Sample &, method 2, replicate 5:

Xg = 3.7924
|3.7924 - 3.647E '
] == - d
T 0886 8

The critical T value for sets of B replicate |

and a .01 significance level is 1.78, Since
none of the T values is greater than 1.76,
we must accept all of the suspected
values.

Stepd_

Test for Equality Among the Within-

Sample Standard Daviation Estimates I:S:l
for Each Method in Table |WV-C-2:

2 8 a2
RecallthatC = Sqa’ T 5
i=1

Eor Method 1: C = (.115)%/.0590 —~ 2108

173881071
= .2822

For Method 2 C

The ecritical Cochran statistic for 7 wvari-
ances with 4 degrees of freedom each and
a .01 significance level equals 5080,
Since both the calculated C values are less
then the critical value, the within-sample
variances are squal and we can procesd to
calculated pooled variance and standard
deviation estimates for each method:

Step 5

Test for Equality of the Pooled Within-

Sample Uanance Estimates

F = SE.,E fs,ﬁ,] ~  .01B3/0084 — 1.82

The critical F value at .05 significance
level, when both variance estimates hawve
T{4) or 28 degreas of freedom, eguals
1.B8. Since the critical value is not ex-
cegded, these methods do not produce
glgnificantly diffarent within-sample vari-
ances, The same statement can be made
regarding within-sample standard
deviations.

Step B

Test for Equality of the Method Means

First, for each sample, calculate the differ-
enca betwean the means in Tabla 1V-C-2.
These differences {d) are shown in Table
IV-C-2 along with their mean (d} and stan-
dard deviation [Sg4). Then calculate:

= J.-"S,d.-"m = 17EG/.0647/T)

= 176570207 = 8.54

The eritical Student’s t value at a .06 sig-
nificance lavel and § degrees of freedom
is 2.45. Since the caloulated value ex
ceads the critical value, the methods do
produce significantly different means.

To Summarize the Results

{a) The within-sample standard deviations

for thasea ma-thl::ds- are not significantly differ-

LI LU p———
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deviation estimates for each method:

s, = 2590 _ 0oB4 .o By, = 0918
1 7 1

2 1071 _
e — - |:|153 a*s S -

SMI = h-l1

1237

{a) The within-sample standard deviations
for these methods are not significantly diffar-

ent at the .05 significance level,

b} The mean for Method 1 is significantly

higher than the mean for Method 2 at well over

the 05 significance level.
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Discussion of the Aesults

Referring to Table IV-C-3, it can ba easily
seen that Method 1 produces the larger mean.
The differance can be caloulated as:

antilog{3.3733) = antilogf3.1867) 100
antilog(3, 1967)

2362 - 1573
= (T) 100

783

= [ =———

1873

100 = 50.2%

Since Method 1 results are known to be
about 40% greater than the true value, it ean
be astimated that Method 2 results are about 7
percent |ess than the true value. Therefore,
besides being guicker and easier, Method 2
offers comparable precision with improved ac-
curacy. Such results would qualify Method 2
forapproval as an alternative to Method 1.

4. Method Charactarization

The choice of a method of analysis among
sevaral considered should be based on com-
parison of relative performance using thess
maasureahle characteristics,

4.1 Specificity is the ablility of a method to
recover the desired organisms identified by a
salective or differential charactaristic and veri-
fied by additional tests. A methed is judged
specifie if the recovered microorganisms ver-
iy as the desired organism, and the colonles
designated as “other organisms” do nat verify
gs the desired organizm when picked and
tested, The acceptable level of specificity for &

trary degree, for example, three orders of mag-
nitude, comparad with growth and recovery on
non-selective media,

4.3 Precision is a measure of the deviation
among multiple measucements of a single
quantity. The most widely used expression of
precision is the standard deviation (o} which is
equal to the square root of the variance and
indicates tha deviation of the values abaut the
Ean.

Like accuracy, the true pracision of a me-
thad must be gﬁﬂ&rat_ed in a collaborative
study among at least 15 laboratories.

4.4 Accuracy is a measure of the close-
ness of abserved values to a known true value,
The lack of available standards for comparison
af microbiclogical methodology has resulted
in methads with known precision, but with
limited accuracy information.

In micrabiology, accuracy has been deter-
mined by applying the test method to a sus-
pension of 8 pure culture while indepandently
determining tha cell number in the suspension
using a non-selective medium. Natural watar
samples are testad with and without the pure
culture spike and the recovery determined by
difference. The recovery fram the spiked sam-
ple is compared with the count on the non-
selactive medium (assumed to be true valus)
and expressed as a parcant of this true value.

True accuracy of a method must be gener-

atad in & collaborative study among at least 15
laboratories using known levels of arganisms.

4.5 The Section on Sanitary and Haalth
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gs the desired organizm when picked and
tested. The accaptable level of spacificity for a
method cannat be set sbsolutely, for example
as 80%, but rather must be establishad for
standard procedures or for new parameters on

& best judgment basis by comparison with the
accepted mathods.

4.2 Selectivity is the ability of a method to
encourage growth of the desired organism
while reducing other organisms by some arhi-

4.5 The Section on Sanitary and Health
Effects Microbiology in the American Society
for Testing and Materials (ASTM) Commities
D-19:24 has also proposed a charagleristic
called Counting Range. The Counting Range is
described as the range from the lowest num-
ber to the highest number of colanies that can
be measured on a single agar plate or mem-
brane filter, without affecting the reliability of
the mathod.

240 SGEPA  MICROBIOLOGICAL MANUAL 1978

TABLE IvV.C-3

Analysis of Differance Between Means

Sample Mean from Table V-C-2 for Difference Betwesn
Mo Method 1{¥p,) Method 2 (Xp.) Maans (dy = E,,q‘ - Xyl
i 3.14689 3,9083 2386
2 3.8324 3.6773 BB
3 35416 3.3142 2274
4 2.7448 2,529 2149
B 3.4891 3.4028 JOBE3
B 3.7857 36476 1382
7 3.0725 2.8972 1753
X, = 33733 ¥, - 3.1967 J ~ 1765 S, = .0547
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PART V LABORATORY MANAGEMENT

Part V addresses those laboratory activities which supplement the analytical methodology and
are primarily the responsibility of the labaratory manager.

Soction A Developmant of a Quality Control Program
Section B Manpowar and Analytical Costs

Baction C Safety

Section D Legal Considerations

MANAGEMENT. OF QUALITY CONTROL 243
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PART V.

LABORATORY MANAGEMENT

Section A Development of a Quality Control Program

1. Intralaboratory Quality Control

1.1 To insure a viable quality assurance
effort, management must recognize the need
for a formal program and require its develop-
mont. Management must commit itself to the
program by setting aside 16% of the labora-
tory man-years for quality control activity. It
must maot with supervizors and staff to estab-
lish levels of responsibility for managemant,
supervisors and analysts. Laboratory person-
nel should participate in the planning and
struaturing of the QA program.

1.2 Onee the QA program Is functioning,
supervisors review laboratory operations and
quality control with analysts on a fraquent
(waakly) basis. Supervisors use the results of
the regular meatings with laboratery person-
nel to inform management on a regular
{monthly) basis of the status of the QA pro-
gram. These meetings are important to identify
the problems at the laboratory level and to get
the backing of management in the actions
necossary to correct prablems,

2, Documentation of the Intralaboratory
Quality Control Program

Unless a rocord is made of the gquality
control checks and procedures described in
Part IV of thiz Manual, there is no proof of
perfermance, no evidence for future reference
and for practical purposes, no quality eontrol
program in operation, The following decumen-
tatlon should be made and maintaimed.

2.1 An Operating Manual is prapared _
which deseoribas the sampling technigues, ana-
lytical methods, laboratory operations, mainte-
nance and quality contrel procedures, Specific
details are given on all procedures and quality
control checks made on materials, supplies,
equipmant, instrumentation and facilitias. The
frequency of the checks, the person responsi-
ble for each check (with necesssary back-up
assignments), the review mechanism in the QC
program to be followed, the frequancy of the
review and the corrective actions to be taken
are specifed. A copy Is provided to each
analyst.

2.2 A Eamele Log is maintsined which
records chronologically information an zam-
ple identification and origin, the necessary
chain of custody information, and analysas
parfarmead,

2.3 A Written Record is also maintained of
all analytical QC chacks: positive and negative
culture contrals, sterility checks, replicate ana-
lyses by an analyst, comparative data betweean
analysts, use-test results of media, membrane
filters and laboratory pure water, replicate ana-
Ilyses done to establish precision of ana Iysts, or
of methodology wsed to determine non-
compliance with bacterial limits and water
quality standards.

3. interlaboratory Quality Control

An interlaboratory quality control program
consists of: 1) formal collaborative method

244 SEPA  MICROBIOLOGICAL MANUAL 1978
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studies to establish precision and accuracy of
selected methodology, 2) specific minimal
standards for personnel, sampling and sam ple
preservation procedures, analytical methodal-
ogy, equipment, instrumentation, facilities and
within-laboratory quality control programs, 3)
verification of acceptable standards through
annual on-site inspactions, 4) periodic parfor-
mance tests of analytical capabilities using

unknown samples, &) follow up on problems
detected in onsite inspactions and perfor-
mance avaluations,

EPA hag established such a Interlabora-
tory guality gontrgl program in Fesponse 1o
the PWPCA Amendments of 1972 and the Safe
Drinking Water Act of 1874,
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PART V. LABORATORY MANAGEMENT

Section B Manpower and Analytical Costs

Laboratories planning to begin or increase
microbiclogical actlvities have difficulty in de-
termining their added manpower, equipment
and supply needs, This Section provides esti-
mates of added costs:

1. Time Expondituras
Equipmant' and

2, Spacialized
Supplies

1. Time Expenditures for Microbiological
Analyaas

Tha following estimates of time required
for membrane filter (MF) and most probable
number (MPN) tests were prepared in re-
sponse to information requests from Regional
Officas and States planning new or additional
microbiological work. The estimates are
presented as guidelines only.

The Microbiological Methods Sesction,
ENME and the Quality Assurance Branch, both
of EMSL-Cincinnatl prepared the estimates
based on average performance of ane techni-
clan qualified by short-course or on-the-job
training and experience in the specific tech-
nigquas. The procedures are those described in
This Manual,

1.1. MF Anslysas

Iyst on day one. Two hours are required to
complete the counting, celeulation of resulis
and verification on day two.

If fecal and total coliform tests are per-
formed using 3 dilutions, twenty (20} samplas
can ba analyzed in one day by one analyst. On
the second day, counting of plates takes an
estimated 2 152 hours. An estimated four
hours are needed for preparation of media,
dilution water, dishes and pipettes for the test
period if analyses ara performed over five
days. The time estimates include 10% davoied
to quality contral procedures.

1.2 MPN Analyses

After preparation of tubed meadia, one
waorker can procesa 15 samples for MPN anal-
vees for total and fecal coliforms in an B-hour
day. The procedures include 5 tube % 5 or more
dilutions to assure the positive and negative
tubes result in 3 significant dilutions needed to
obtain the optimum MPN index. If 15 samples
are analyzed each day for a 5 day week, prapar-
ation and clean-up of tubad media and supplies
for the test period would require an estimated
8 hours, Estimates include 10% of time devotad
to quality control procedures {Part IV of this
Marnuall,

Since the MPN requires reading and trans-
fer of growth from positive tubes of lauryl
tryptose broth to brilliant green bile broth and
EC broth at 24 and 48 hours, the time span for
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1.1. MF Analysas

If only fecal coliform bacteria are being
tosted, thirty (30) samples (estimating 3
dilutions/sample) can be prepared by one ena-

tryptose broth to brilliant green bile broth and
EC broth at 24 and 48 hours, the time span for
one day's samples may cover four days. These
timeas are indicated as B, 4, 2 and 1 hours on
the four successive days, New samples tested
on tha 2, 3, 4th dey, ete., add to sach day's

248
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workload. This add-on effect results in 8 hours
+ & hours + 2 hours + 1 hour for a8 workload
of 16 howrs from the 4th day omward, Either
the sample load must be reduced or one must
provide a second technician. The accumulative
load is showmn in Table V-B-1.

2. Specialized Equipment and Supplies

The follpwing tables of materials and
equipment are provided as guidance to labora-
tories, Tables V-B-2, 3 and 4 are designed for a
minimal program of 2 samples/day, 7 days a
wesk Estimates of expendable supplies are
based on those used in 1 year. Tables V-B-5, 8,
7 and B are designed for laboratories planning
a program of 15 samples per day, 5 days per
week. Estimates for expendable supplies are
based an thoge uged in 1 week.

The following essumptions are made:

The basic laboratory facility and equiprient

are available (space, benches, lighting, utilities,

chemicals and standard glassware),

The laboratory will do membrane filtrations
ae gsingle anmalyses at three dilution levels or
MPN's as five fube, five dilution tests.

The amounts of supplies or numbers of
items are based on needs, then adjusted to
take advantage of quantity discounts by the
dozen, box, 100's, etc. For both laboratory
efforts, the expendable items are based on 2
waeks usage, while consumable media are
based on usage week in the high effort labora-
tory and usageyear inthe low effort laboratory.

Laboratories doing primarily drinking
water analyses may require fewar items; other
laboratories analyzing only polluted waters may
require more items.

Costs are current figures provided to give
reugh estimates only. The necessary character-
istice of equipment and materials are cited to
assist the purchaser in his choices.
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ANALYTICAL COSTS
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TABLE V-B-2
General Equipment and Supplias
Minimum Program
Cost
of
ltem Quantity Quantity®
Incubator, gravity convection, 35 + 0.5 C 1 $360.00
DWH, 18 x 13 = 28", (48 = 48 = 71 cm)
Incubator, waterbath, 445 + 0.2 C for fecal coliferms, 1 38000
LWH 18 = 12 = Tw", 48 x 31 = 18 cm)
Bterllizer, steam, bench top, electric heat sith temperature 1 150:0.00
and pressure controls and gavges 1LD: 8% (23 om)
diamatar chamber, 16" {41 cm} desp
pH meter, analog, O=14 pH. range, acowracy 4 0.1 pH ' 1 226,00
units, temperature compensated, with electrode
Owen, double wall, gravity eonnection BT te 225 C, i 575.00
autamatie temperature sonteal, 1LD:  LHD
18 = 18 » 167, (48 » 46 x 41 cm)
Refrigerator, 3 cubis ft. (18 M‘!r wilth freszer ’ 1 425.00
cormpanmant
Thermometar. mercury, range 0-50 C graduatad in 0.1 C. 2 40,00
Maats MBS spacs.
Fullnder meodicatad 100 el 1 sal seadocostlane 1% R NN
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Mpats MBS spacs.

Cylinder, graduated, 100 ml, 1 ml graduations 12 BE.00
Cylinder, graduated, B0 ml, 1 ml graduations 18 85.00
Bottles, dilution, 99 ml mark, serew-cap, Pyrex glass 48 50.00

Bottle, sample, polypropylans, wide mouth, screw-capped
autoclavabla,

125 mil 12 590
280 mi 12 9.00
500 mi 12 13.00
Botthe, sample, alass, wide mouth, screw-cap, autoclavable
130 mi 12 G.80
210 mil 12 8.32
Beaker, stainless steel, 4 gt waterbath for media 1 15.00
preparstion
Pump, vasuum, polypropylens, water powered, 11.5 1 292

liters S min capacity

*1978 prices,

AMNALYTICAL COSTS 249
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TABLE V.-B-2

General Equipment and Supplies
Minimum Pragram (continued)

Cost
of
[tem Guantity Quantity®
Burnor, Bunsen, ufility 1 5.26
Masdle, inoculating, in holder 2 2,50
Tongs, flask 1 opr 5.25
Pan. ink, falttip. waterproof 12 SO0
Belance, torslon, two pan. 200 g cepacity. accurete 1 310000
te 10 mp. with 100 g weight
Hot Plate/Magnetic Stirrer, variable speed and heat, 1 126.00
B » 87, [16 % 15 em) top
Pipettar, automatic, volume of 550 ml, speed: of . 1 485.00

10-60 dellverles/minute with glass syrnge

*“1978 prices.

SEFA  MICROBIOLOGICAL MANUAL 1978
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TABLE V-B-3

Equipment and Supplies for MF Analyses
Minimum Program

Cost
ol
fterm Quantity Quantity®

Filters, membrane, white, gridded 47 mm, 0.45 pm 100 MFs H40:0,00
ar equivalent pore size in pkas of 100
Pads absarbent, 47 mm (optional) 2100 MFs pads 32.00

in pkgs of 100
Dishes, petri. plastic, tightlid, 50 mm = 12 mm 2100 dishes .. 210.00

in boxas of 500
Bag, plastic, waterproof for 44.5 C waterbath . 1I:H,;.H:| I;: boxas . Eo,gb
incubator af 50D
Pipet. glass Mohr or bactericlogleal, 10 ml 24 . 45.00
in 0.1 ml incremants
Fipet, glass Mohr or becteriologleal, 2.0 or . 18 S 28.00
2.2 mi, In 91 inerements
Pipet, glass Mohr or bactericlogical, 1.0 or ' 18 e .00
1.2 mi, in Q.1 inerements
Can, pipet, stainless steel, 2.5 = 265 = 16" 3 4300
6.5 x 65 x 41 em
Jar, polypropylens, for disinfection of pipets, 1 20,00
6.6 x 20" (185 »x B0 cm)
Flask, wacuum, pyrex glass, 1 lter 1 5.00
Water Trap, glass bottle, stoppered with glass tube 1 1,00
inlet,/ outlet
Tubing, rubber, vacuum, 378" 0D & 3732”7 LD. 48 89,00
{1.3 em 0.0, & .24 cm 1D}
Pincholamp, flat jaw 2 2.00
Foreeps., blunt with smooth tip 2 1.00
Microscope, dissecting, binocular, 15 power 1 200.00
[lfuminater, migroscope, fluorescent, fite round tube 1 B2.00
MiCroscope
*1978 prices.
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TABLE V-B-3

Equipment and Supplies for MF Analyses
Minimum Program

{continuad)
Item Quantity Cost!
M Endo MF broth [optlonal) B x “WlSyr &860.00
LES Endo egar [optlonal) B x WRSyr T2.00
M-FC broth B ® WSy &4.00
Rosolic Acid (for M-FC brath) 54 = 1 goyr Seh. 00
Mathenol, 85%, In small vial for forceps disinfection 1 ptsyr 1.00
Ethanol, 85%, unadultersted, for M-Enda, MF broth BOG mlfyr 5.00

and LES Endo agar

Equipment and Supplies for Verification of MF Analyses
Minimum Program

Itam Quantity Cost!

Tubes, Culture, w.o, lip, borosilicate glass, 8= 24 §30.00
160 = 20 mm, rousable?

Tube, fermentetion, borosilicate, w.o. lip, 8 24 15.00
76 ® 10 mm, rausebla 2

Rack, wira, for 10 x 4 culture tubes 3] 48.00
Basket, wire, rectenguler galvanized, -] 35.00
0 =6 = 6" (26 = 15 = 15 cm)

Caps, culture tubs, aluminum 22 mm 1.D. E-E R 40.00
Lauryl Tryptose broth 1#&5r 13.80
Brilllant Graan Bila brn-th. 185yr 17.90
EC broth 14.5yr 18,45

11878 prices.
ayailable as disposables,
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TABLE V-B-4

Eguipment and Supplies for MPN Analysas
Minimum Program

Item Amount Cast!

Tubes, Culture, w.o. lip, borosilicate glass, 2 x 576 $170.00
160 x 20 mm. reusable?

Tubes, Cultura, w.o. lip, borosificate glass, 288 70.00
150 = 25 mm, reusable?

Tube, fermentetion, borosilicate, w.o. lip, 2 w 720 105.040
75 % 10 mm, rousable?

Rack, wire, for 10 x & cubture fubes 16 x 1 ' 225,00
Basket, wirs, rectangular galvanized, 1M = 1 BO.OO
10 % B = 87, [26 » 16 = 15 om)

Caps, culture tube, aluminum 22 mm LD, B0 = 12 160.00
Caps, culture tube, aleminum 27 mm LD 24 = 12 B0.00
Lauryl Tryptose broth 14 = 1§t/yr 20000
Brilllant Green Bile broth 168 = Tdesyr 30000
EC brath 16 = 1fEsyr 250.00

11978 prices,
Lavailable as disposables.
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TABLE V-B-&

General Equipment and Supplies
Full Program in, Microblology

Cast
of
ltem Cuantity Cuantity®
Fipets, glass, Mohr or bactericlogical T.0., 10 mi H3E 70.00
in 0.1 ml graduations
Pipats, glasz, Mohr or bacteriological T.0., 2 ar 2.2 mi ag G000
im 0.1 ml graduations
Plpats. glass, Mohr or bacteriological T.0., 1 mi 85 85.00
Im 0.1 ml graduations
Can, pipet, stalnless steel, 2.6 » 2.5 x 16" 15 210,00
6.5 » BF x 41 cm)
Jar. polypropylens, for disinfection of pipets, 2 40.00
BE5 x 20" [166 x 50 em)
Cylinder, graduated, 100 mi 24 132.00
Cylinder, graduated, 50 ml A6 170.00
Bottle, dilution, pyrex glass, merked at 99 mi, 96 10000
SCrew-cap
Bottle, sample, glass, wide mouth, screw-cap,
dutoclavable
125 ml 72 42 00
250 mil 72 . 50.00
Bottle, sample, polypropylens, wide mouth,
Loraw-gap, autoclavable
125 mil 96 F2.00
260 ml 96 108.00
500 ml 43 52.00
1000 ml 24 38.00
Thermomatar, mercury, 0-50 C, graduated in 0.1 C, 2 ) 40,00

meats MBS specifications
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Thermomaeter, mercury, 0-50 C, graduated in 0.1 C,
meats MBS specifications

Beaker, stainless steal, 4 quart, waterbath for
media preparation

Flask, vacuum, aspirator, pyrex glass, 1 liter

Watertrap, glass (glase botthe, stoppered, with glass
tube inlet and outlet)

*1578 prices.
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TABLE V-B-5

General Equipment and Supplies
Full Program in Microbiclogy |continued)

Cost
. of

[term Cuantity Quantity™
Tubing, rubber, vacuwum, 3716 LD, x 3732 0.0 48 9.00
{1.3 em LB = 2.4 cm 0.0}
Meadla, inoculating, with holder . 4 6,00
Tongs, flask ! 1 pr . B.26B
Pen, ink, felt thp, waterproof 12 11.00
Balance, single pan, electric, top loader, 200 g capacity, 1 TO, 00
sensitivity 8.02 g for weighings of 2-200 grams
pH meter, analog, O-14 pH range accuracy 4 0.1 pH 1 225,00
units, temparature compensated ling veltage, with
comb. electrode

18
pH meter, same as above, with accurasy |- 006 i 50000
maH units
Burner, gas, Bunsen 2 10.60
Hot plate-magnetic atirrer combination, variable | . 125.00
spead and heat, 15 » 16 em, top
Incubator, 3% C 4+ 05 C, water jacketed radiant heat, 2 3380.00
1B = 38 = 277 46 = 96 x 63 cm)
ar ’ ’

Inéubator, 3% C £+ 0.5 C. forced air. large, single chamber 2 230000
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ar :
Inéubator, 3% C £+ 0.5 C. forced air. large, single chamber 2 230000
LD: DWH 18 = 36 = 277, (46 = B8 = 88 cm)
Incubator, 445 C 4 0.2 © water bath circulating, 1 T20.00
L, LWD 36 = 18 x 3" (81 = 46 > 24 cm)

Sterilizer. large rectangular, double-wall steem. eleciric 1 1400000
automatic, LD, LYWH 38 » 20 = 207

M[7 = 51 = 51 cm)

Owven, doubla wall, gravity convectlon AT ta 226 © 1 T50.00
L0, LWH 24 % 20 = 207 (61 = 51 = 51 em)

Refrigerator, 13 cublc foot, with freersr sompartment, 1 00,00
automatic defrost

1378 prices.
ANALYTICAL COSTS 2BE

TABLE V.B-§

Equipment and Supplies for MF Analyses
Full Program in Microbiology

Cost
of
ltern Quantity Cuantity™®

Membrang filtration assembly, stainless steel, for 3 . $360.00
A7 mm filters
Mambrane filtration assembly, plastic, autocclavable, 3 24,00
for 47 mm filters
Mambrane filiration assembly, pyrex, for 47 mm filers 3 120,00
UV sterilizer unit for sterlizing MF filtration assemblies 1 550.00
Manifold, FVC, 3 place, for multiple filtrations ) 1 200.00
Microscope, binocular, dissecting type, 15 power 1 200.00
Lamp, flucrescent, microscope llluminator, fits round i 62.00
tube microscope
Filters, membrana, white, 47 mm 048 ym or eguiv, - 300 §7.00
pore siza, gridded
Pads, sbsorbent, 47 mm 300 4,60
Dishes, patri, plastie, 50 = 12 mm, tight kid 500 50,00
Bans. nle=zile watarmrasf far enhmoreinn ~F BE™  dichao B 2 A
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Lushes, petr, plastic, 50 x 12 mm, tight bid 500 50.00

Bags, plestic, waterproof for submersion of M-FC dishes B00 30.00
in waterbath

Botile, ringe water, round, wide-mouth, screw-cap, 24 38.00
polypropylane, 1000 mi -

Forceps, blunt with smooth tip 3 4.00
Counter, mechanical, hand type 1 9,00
Pump, wacuum, polypropylens, water powersd, 11.5 1 3.00
litarz/min capacivy

or
Pump, vacuum/prossure, electric, ponable, produces 1 130.00

20% marcury vacuum

Pinchelamp, flatjaw 12 6,00

*1978 pricas.
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TABLE V-B-7

Equipment and Supplies for MPN Analyses
Full Program in Microbiology

Coasl
of
Item Quantity Clsantity!
Basket, wire, rectangular galvanized, 180 CE1520,00
10 = & = 67 (264 »x 16 = 15 cm)
Rack, wire, for 10 = & culwre tubes, 150 F260.00
160 x 2B mm
Tubes, culture w.o. lip, borosilicare glass, 30 « &676 25E0.00
150 % 20 mm, reusable?
Tubas, culture w.o. lip, borosilicete glass, 17 = 288 1200.00
150 = 25 mm, reusable?®
Tubes, fermentation w.o. lip, borosilicate glass, 21 = 720 110000
75 % 10 mm, recsabla?
Caps, culture tube, aluminum, 22 mm LD 1260 = 12 A126.00
Caps, culture, tube, aluminum, 27 mm LD, 408 x 12 1020.00
11878 prices.
2available as disposables.
ANALYTICAL COSTS 257
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TABLE V-B-8

Media for Full Program in Microbialagy Laboratory
Usage for each Week 100 Samples

Medium Usage/ Weak Cost/ b’

MF Analyses:

M Endo MF Broth 0.1 b/ waek $17.90
M-FC Broth 0.07 lbfwaek 24.85
LES Endao Agar 0,17 Ibfwesk 20.85
Rosalie Acid (for M-FC Broth) 1 glwesk 1.70/9

MPH Analysas:

Lauryl Tryptose Broth 186 ibSwk? 13.80
Brilliant Graen Bile Broth 2.2 Ibdwk 17.90
EC Broth 2.04 b/ wk 16.45
EMEBE Agar variable 18.70

MF Veriflcetion Costs on 5 Samples/Week
20 Colonies/Sample

Louryl Tryptose Eroth 07 b/ waek 13.80

Brilllant Groen Bile Broth 07 b wask 17.90

EC Broth 07 IbSweak 16,46
118978 prices,

2For single strength madium,
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PART V.

LABORATORY MANAGEMENT

Section C Laboratory and Field Safety

Introductian

This Section has been compiled from the
best available sources. The proceduras given
for general laboratory safety follow the OSHA
regulations {1, 2). Specific recommandations
for microbiology were selected from literature
of the Center for Disease Control, the Mational
Institute for Occupational Safety and Health of
the Public Health Service, the U.5. Enwiron-
mental Protection Agency and other sources
{3=12)

Safety procedures should be performed
as an integral part of the analytical methods
and should be included in program planning
on a day to day basis.

The objectives of a laboratory and field
safety program are 1) to protect the laboratory
worker, the laboratory environment and the
surrounding community from microbial agents
studied and 2) to protect the integrity of the
microbiological studies. The program is dis-
cussed as follows:

1. Administrative Considerations
2. Sources of Hazard

3. Field Guidelines

4. Laboratory Guidslines

5. Biohazard Control

8. Safety Check List

1. Administrative Considerations

1.1 Development of a Safety Program

1.1.1 If a laboratory safety program is to
be effective, management must know the
causes of infections in arder to devalop and
upgrade safety procedures, equipment and
rules, and to reduces incidence of infection. Tha
lack of information on sowrces of laboratory
infection (Tablg ¥-C-1 and 2} prevents improve-
ment in safety programs and emphasizes the
need for reporting all accldents. A prepondar-
ance of evidence in the literature indicates that
if the known causes of labgratory infections
wereg eliminated, the remaining infections
could be considered to be caused by airborne
transmission.

Some common micrebiclogical proce-
dures shown to produce asrosols include pi-
patting into a potri plates or flasks, opaning
lyaphilized culture ampuls, opening culture
containers, inserting a hot loop into a culture
container and ramoving the cover from- stan-
dard blender after mizing a sampla.

1.1.2 Job attitudes can be the cause of
laboratory accidents: overly rigid work habits,
failure to recognize dangerous situations,
work at excessive spaad and deliberate viola-
tions of rules. These attitudes can only be
overcome by the development of safe work
habits through continued education and
training.
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habita through continued education and
8. Safety Check List training.
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TABLE V-C-1

Laboratory-acquired Infections Related to Personnel and Work®

Type of Infective Agent

Total F# of
Distribution Infactions Bactaria Viruses Rickettsia Parasitas Fungl
No. of casoes 2262 1303 513 253 62 BB
Ho. of deaths a6 53 31 B 2 2

Type of Parsonnael (where known)

Tralned Sclentiflc

Parsonnal** 1634 BESG 3=A8 208 BT 57
Studants B2 RO -_— 1 i —
Animel Caratakers 221 137 39 40 i 4

Clarks, ocgcasional
vigitars, malntenance 87 48 —_ 16 ] 23

Types of Work {where known)

Disgnostic 525 . 383 ag 3 16 17
Rasaarch 728 288 230 186 R 21
Biologlcal Reapent

Productlon 51 18 i 1 —_ —
Clazswaork ar ar — — - —_

Combination of
Activitiaz 585 336 81 133 11 3a

*Rafaranca 3,

**Includas resserch assistants, professional and technlcal workers and graduate students,
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TABLE V-C-2

Sources of Laboratory-acquired Infections®

Type of Infgctive Agent
Source of
Infection Bacteria Parasites Fungi
Work Sitwation but No Known. Incident
Clinical spesimens 103 17 -_—

Autopsy, including known

accldents a8 —_ —_—
Aarosols 136 1 3a
Handled infected animals

and ectoparasites 126 & —
Work with agent 412 16 27
Discarded glassware 21 -— 1

Known accidents

Mesdiz and syringe g8 3 2
Pipetting 1 1 —
Spilling and splattering 41 g 2
Imjury with broken glass,

Bte. 44 - 1
Bite of animal or

actoparasite , 28 B 2
Centrifuge 2 — 3

*Referance 3.
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SAFETY
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1.1.3 Safety training of laboratory and
field persennel, formulation of safety regula-
tions, and the establishment of mechanisms
for reporting and investigating accidents are
prime responsibilities of the laboratory and
fleld supervisors and higher management
First aid courses should be provided to the
laberatory supervisor and at least one other
permanent amployeaes.

Each employee should have a copy of the
safety program. Jeint supervisor-employag
safety committees should identify potential
laboratory hazards and formulate workable
safety regulations. Laboratory safety regula-
tions should stress the protection of the laborg.
tory personnel, janitorial and maintenance
staff and others who might come in contact
with the laboratory and its parsonnel.

1.2 Reporting Lﬂbﬂlﬂ‘tﬂﬂl‘ Infections and
Accidents

1.2.1 Because many laboratory accidents
are not reported, most lsboratory infections
are never traced to a specific cause. Ta im-
prove safety, it is important to maintain good
records of laboratory accidents and infections.
Itis necessary to know the pathogens involved
and the circumstances under which the infec-
tion or accident cceurred. It is recommended
that each laboratory set up a formal system for
raporiing accidents as they ooour so that ap-
propriate prophylatic measures may be insti-
tuted, A record of accidents with after affects,
particularly those resulting in infaction, can be
of considerable value,

It is recommended that the safety officer
at sach installation conduct a quarterly safety
inspaction of the facilities to identify and cor-
rect dangerous conditions or procedures. He
gshould make full use of the safety chack lists
developed for the laboratory, An example of a
safety check list is given at the end of this
Section.

2. SBources of Hezard
2.1 Causstive Agenis '

Only a small percentage of microorgan-
isms are capable of producing disesse In
man;  they include bacteria, fungi, yeasis,
protozoa, actinomycetes, animal and human
viruses, and rickettsiae (3, 4). Because
innaguous and infectious microorganisms
cannot be differentiated in natural materials
&nd because migroorganisms considered
harmless may produce disease in man under
favorable conditions, it is good practice to
treat all micreorganisms and materials as if
they are pathogens or disease carrlers,

2.2 Sources in Sampling

Laboratory and field personnel! collecting
samples and isoalating cultures from natural
sources must be made aware that pathogens
are  present in  environmental samples.
Disease-causing arganisms are found in natu-
ral waters, municipal effluents and sludgas,
industrial wastewaters from packing plants, in
s0ils and runoff from feedlots and from sepitic
tank systems. These pathogens have af5n been

L T N O R
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HONICUIRrT Nose suimng n inraction, Gan he
of considerable valua.

501l and runoff from feedlots and from septic
tank systems. These pathogens have also been
found in inadequatelydreated finished water

1.2.2 In ) EPA, laboratory-acquired systems and in ground water supplies. Before
infﬂnthnﬁﬂ‘rﬂnmdapts must be reported to the waorking with environmental samples, field
immediate supervisor, EPA Farm 1440, persannel should have tharough training in

Suparvisor's Report of Accident, and Form Ca
1, "Federal Employee’s Notice of Traumatic
Imjury and Claim for Continuation of
Pay/Compensation,” must be completed by
the employee and the supervisor and filed
within two working days. Form CA 2, “Federal
Employes's Motice of Occupational Disease
and Claim for Compensation” is to be
complated by the employes and submitted
within 30 days,

asaptic technique and handling pathogens,
2.3 Sourcas in tha Laboratory

Tabla V-C-1 and 2 presant data on
laboratory-acquired infections in the United
States which were collected in 8 survey of
BO00 laboratories over a 20-year pariod (3),
Table V-C-1 shows the distribution of
laboratory-acquired infections according to

262 SEPA MICROBIOLOGICAL MANUAL 1978

personnel and their work. It is significant that 3.1 Automotive Safety

trainad scientific personnel had 1534 of the

1924 infections identified by type of persan-
nel. Among laboratory workers, researchers
led with 726 of 1938 infections. These data
gupggest that the majority of infections acour
because of carelessness of trained and knowl-
aedgeable workers and not because of igno-
rance. Howewver, new technicians should be
made aware that culturing microorganisms
from natural sources davelops extremely large
numbers of cells which could cause disease if
not properly handlad.

Table V-C-2 presents data on the sources
of laboratory-acquired infections. This table
shows that the five most common accidents
causing laboratory infection were:

1. Accidental inoculation with syringes
and neadles.

2_ Accidental oral aspiration of infectious
material through a pipet.

4, Cuts or scratches from contaminated
glasswara.

4. Spilling or splattering of pathogenic
cultures on floors, table tops, and other
surfaces.

A, Bites of animals or ectoparasites.

3.1.1 The driver should make certain that
he has valid state and agency driver licenses
an his person before aperating a vehicle,

3.1.2 If the driver absarves a questionable
or unsafe condition when first operating a ve-
hicie, he should return it directly to the carpoal
regardless of work demands.

3.1.3 Continuous driving in excess of ten
hours, in  any 24-hour period, s not
recommended.

3.1.4 QOccupants of vehicles should wear
seat belts and shoulder harnesses, whara pro-
vided, whenaver vahicles are in motion. Tha
driver should carry a kit provided by the labor-
atory that includes fire extinguisher, flares,
reflectors, and a first-aid kit

3.1.5 Safety screens should be installed in
carryall and van-type vehicles to separate tha
cargo and passenger compartments. |f safety
gcreans are not installed, cargo should not be
stacked higher than the back of the seat.

3.1.6 Employess required to tow a traller
should be instructed in the proper handling of
the eguipment invalvad.

3.1.7 Vehicles used to tow any kind of
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5, Bites of animals or ectoparasites.

It is significant that in about 80% of the
laboratory infections studied in Table V-C- 2
the mechanism was not known. It was only
known that the individual had worked with the

agent or had tended infected animals.

3. Field Safety Guidelines

The sample collector or investigator must
also consider safety in his work. The potential
for accidents in field work 13 much greater than
in the laboratory. The following rules on field
gafety were extracted from a comprehensive
safety manual developed by EPA’s Mational
Enforcement and |nvestigations Center at
Denver (5). They are intended as guidelines to
assist the laboratory in developing its own
protocol,

3.1.7 Vehicles used to tow any kind of
trailer should be equipped with west-coast
type mirrars and the necessary connections
for trailer sigmal, tail lights, brakes, and safety
chains.

3.1.8 If a boat Is trensportad in a pickup
truck, it should not abstruct the vision of the
driver ar axtend owver the vehicle cab.

3.1.9 A driver backing a wvehicla with a
trailar in tow should have someong outside the
wvahicla ta direct hirm,

3.2 Boat Safety

3.2.1 Only qualified employees should op-
erate watercraft. Boat operators must have
completed  advanced emergency  first-aid
training.

SAFETY 283
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2.2.2 The boat operator must not oparate
the boatwithout a sacond person ¢n board.

3.2.3 The boat operator is responsible for
the safety of persons and equipment on board.
He should provide a & boat safety briefing to
occupants bafare embarking.

3.2.4 Occupants must wear life jackets
onboard. No exceptions are permitted. Soft-
soled, non-skid shoes are recommended,

3.2.5 Flare gun, fire extinguishers and first
ald kit should ba kept on each boat,

2.6 Boats operated in estuaries or opan
seas should be equipped with depth-finding
instrumants, navigational aids and two-way ra-
dios adequate to communicate with at least
one shore stetion. Boats with marine radics
should monitor distress frequancy except
whan transmitting.

3.2.7 Boats should not be operated in high
winds, storms, heavy rain, fog, etc. Boats
should not ba operated maore than ona half
mile from launch point on estuaries, large
lakes, and large rivers until acquiring reliabla
weather forecasts.

3.2.8 The operator should attach a red
pennant to the radio mast when operating at
slow speeds (e.g., sampling, dredging, towing).

3.2.9 The operator must install and use
lights according to established practice for
night operations.

3.3 Goneral Rules for Sampling

3.3.1 Require two people on each gauging
ar night sampling erew orf on other hazardous
projects.

3.3.2 Wear safety glasses, safety shoes,
hard hats, respirators, gas masks, and ear-
protection devices, as appropriate in hazard-
OUS areas,

264 SEPA

3.3.3 Wear fluorescent vests or jackets
while sampling from roadways and bridges.
During sampling, post a yellow flasher on ap-
proaches at each end of the bridge. On heavily
traveled roads post flagmen or warning de-
vices at each end of bridge that lacks 2 4-inch
walkways. Such sampling points should be
avoided whers possible.

3.3.4 Waar rubber gloves while handling
samples that might be toxie or corrosive, Waear
work gloves while handling sampling equip-
ment. During collection and transport, the fisld
worker should stere containers to prevent
spilling or splashing of samples, Disinfect
hands immediatcly after handling sewage
samples and equipment for sampling sewage.

4.3.56 Do not sample from railroad bridges
unless there is an adeguate walkway ar the
railroad dispatcher has been contacted and It
has been positively determined that no trains
will run during sampling period.

3.3.8 Equip vehieles for sampling and as-
sociated work with rotary amber caution
lights. Operate such lights whenever vehicles
ara driven slowly on roadways or are parked
near roeadways. Do not park wvehicles on
bridges.

3.3.7 Inform employees of the zafaty rules
in force within industrial sites. Employees
must conform to rules promulgated by the
Industry while on-site.

3.3.8 Praperly ground electrical apparatus
employed in field oparations and use battery
straps to handle or move wet-cell batteries.

3.9 Sampling from Manholes

3.4.1 Erect barricades around manholes
where samples are being collected. Do not
laave manholas uncovered while unattendad
aor unbarricaded.

3.4.2 Do not enter @ manhole until it is
claared by using & blower for at least five

MICROBIOLOGICAL MANUAL 1578
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minutes, Following the five-minute ventilation,
use a lead acetate swab to check for HyS. If
H-5 is present, waar a respirator when enter-
ing manhole. Substitute a respirator for blower
ventilation where explosive gases are prasemt
{i.e., in storm sewer or domestic sewer}.

2.4.3 A sample collector entering man-
holes must weaar safety lines handled by two
persons outside of manhaoles. Keep safety lines
taut at all times. Fifteen minutes is the maxi-
mum time allowed in manhale. Kesp a vehicle
at hand in case of amergency.

3.4.4 Do not enter sewer lines for any
reason.

3.6 Sampling Channels and Streams

3.5.1 Sample collector must work from
behind a barricade or wear a safety line at-
tached to a secure object when sampling fast-
moving channals or streams from shore, walk-
way, etc. The samea rule applias to any opan
channel when footing is guestionable, ie.,
snow, steep bank, etec,

3.5.2 Wade only to knee-depth in swift
waterstreams, or to hip-depth in placid water,
When wading in fast moving water secure
safety lines to shore and have at least two
other persons in attendance.

3.6.3 Attach lines from sampling devices
to a secure object but never to sampling
pergannel

3.6 Sampling Under lce

3.6.1 Two people are a minimum craw for
operations invaolving ice cover. One person
must remain on solid footing until thickness of
ica is known.

3.6.2 Do not sampla on ice if the ice thick-
ness (s less than four inches.

3.68.3 Wear life preservers and sacure
safety lines to an object aon shore when sam-
pling on ice-covered water.

4, Laboratory Safety Guidelines

The following safety rules are intended as
guidelines, They were developed from the
available safety literature (3-8) and have con-
sidered the Occupational Safety and Health
Administration (OSHA) regulations (1, 2). Us-
ing such source materials, the labaratory direc-
tor, laboratory supervisor or senior profes-
sional should develop rules that are specific
far the laboratory program and the arganisms
involved.

4.1 Personal Conduct and Clothing

4.1.1 Store coats, hats, jackets, and other
items of personal elothing outside of the mi-
crobiology laboratory. Do not mix laboratory
and street clothes in the same locker.

4.1.2 Waar a non-flammable laboratory
gown ar coat in the laboratory. If clothing
becomes contaminated, autoclave before
laundering. Laboratory clothing should not be
worn in clean areas or outside the building.
Open-toed shoes, or extreme shoe styles
should not be worn, since they provide little
protection or are unstabla.

4.1.3 Wear goggles or safety glasses to
pratect eyes from UV irredition.

4.1.4 Wash hands carefully after labora-
tory and field duties, using a germicidal soap.

4.1.6 Use forceps or rubber gloves when
thare is a significant danger of contamination
such as during the clean-up of pathogenic
material,

4.1.8 Do not touch one's face, lick labels
ar put pencils and other matarials in one's
mouth.

4.1.7 Don't smoka, aat, drink or chew gum
in the laboratory or while sampling. Do not
keep food or drinks in the lab refrigerator or
cold room. Do not brew coffes or tea in the
laboratory area.

BAFETY 2686
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4.1.8 Keep conversation to an absolute
minimum during bench work to prevent self-
Infaction or loss of analytical data,

4.1.9 Keep reading matter, surplus materi-
als and equipment out of the laboratory area.

4.1.10 Leboratory and field personnel
handling poliuted samples should be vaool
nated against typhoid, tetanus and polio.

#.2 Leboratory Equipment
4.2.1 Limit traffie through the work areas,

4.2.2 Treat all cultures and semples as i
they are potentially pathogenic. The degree of
risk Iz increased greatly in culture work be-
causo the microorganisms are produced in
vary large numbers,

4.2.3 Do not mouth-pipat polluted water,
wastewater or other potentially infectious or

toxie fluids; use a bulb ar other mechanical '

device. Sea Part [I-B, 1.8.2.

4.2.4 For potable watars, plug pipets with
non-absorbant cotton. Do not use pipets with
wet plugs.

4.2.5 Use a hooded bunsen burner or
shiglded electric Incinerator to protect agalnst
splattering during culture work,

4.2.6 Maintain benches in a clear and un-
cluttered condition for maximum efficiancy
and safaty.

4.2.7 Perform all culture work in a

biohazard hood to protect cultures and
workars,

4.2.8 Do not use the kitohen type blander
for mixing materials ocontaining infectious
agonts. Safety blenders are available in which
Infectious materials may be mixed without dis-
semination of infectious asrosols,

#.2.9 When a vacuum line is used, |nter-
pose suitable traps or filters to ingure that
infactious agents do not enter the systam.

4.2.10 Lyophilization procedures can be a
source of lahoratory infection. When vacuum
is applied during lyophilization, the contami-
nated air is withdrawn from the ampuls
through the pump and into the room. Use bio-
logleal air filters or air decontamination proce-
dures to reduce hazard. Aerosals are also often
created by opening lyophilized ampuls. Re-
duce this hazard by wrapping the ampul in 8
disinfectant-soaked pledget of cotton before
breaking.

4211 Read I-C-6 for instructiong on
proper packing of cultures for mail shipment
before sending any isalates to a central labora-
tory for confirmation,

4.2.12 Periodically clean out freerars, ice
chests and refrigeratars to remove any broken
ampuls, tubes, etc.,, containing infectious ma-
tarials. If units contain pathogenic cultures,
use rubber gloves during this cleaning. Use
regpiratory protection if actinomvycetes, fungl
aor other easily disseminated agents are
involved,

4.3 Disinfection/Sterilization

4.3.1 Disinfact table tops and work carts
before and after laboratory work, A bottle of
disinfectant and gauze squares or towelling for
washing and wiping purposes should be avail-
able in laboratory for routine and emergency
Lse,

4.3.2 Use a disinfectant which specifies
germicidal activity against the organisms most
often encountered in the laboratory, Organo-
iodine complexes, quaternary ammonium
compounds, phenclics and aleohols which are
effective against vegetative bacteria and
viruses are recommended for general use,
However, these disinfectants are not sporo-
cidal. If spore-forming bacteria are encounter-
ed, formaldehyde or formaldehyde/alcohal
solution is recommended, See Table V-C-3.

Mercury salts, chlerinecantaining com-
pounds or home-use products are not recom-
mended for the labaratory.
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TABLE V-C-3

Mormal Use Concentration of Disinfectants

Use
Compound Consantration
mg S liner
Organo-dadine Complexss 100150
Qaternary Ammaonium
Compaunds TOO-B00
Phenolics LE1 %
Aleohol, TO% wiv watar
salution
Formaldehyde B%
Formaldapde in
TO% Alcohol Solution B%

4.3.3 If a culture ar infective material is
gpilled, notify the labaratory supervisor at
onca, then disinfect and clean up the area.

4.3.4 Mever pour vieble cultures or con-
taminated materials in the sink, Never leave
infectious matarial or equipment unattended
during use.

4.2.5 Immediately after use, place con-
taminated pipets in a disinfectant container
which allows completa immarsion; place cul-
tures and contaminated materials in color-
coded biohazard bags and seal. Disinfectant
containers of pipets and sealed bags of materi-
als are autoclaved as units,

4.3.8 Place used glasswars in special cans
marked for autoclaving. Keep broken glass-
ware in 8 separgte container. Place plastic
iterns in separate cans to prevent fusing of
plastic around glass items.

4.3.8 Check autoclaves with the use of
gpore strips or spora suspensions of B stear
athermeaphilus anmd Maximum-minimum
recording thermometers, Ideally autoclaves
are equipped with temperature recording de-
vices so0 that a permanent record may be
maintained,

Check hot air ovens and gas. sterilizers
periodically with spore strips or the indicator,
B. subtiliswar. niger.

4.3.8 Wet-mop floors weekly, using watear
containing a disinfectant. Dry or wet pickup
vacuum cleaners with high-efficiency exhaust
gir filters are recommended. Wax floors with
bacteriostatic floor waxes if availabls.

4.4 Chemicals and Gases

4.4.1 Label containars plainly and parma-
nantly. Dispose of material in uniabelled con-
tainers carefully. Wipe or rinse regidual ma-
terial from the external surfaces of reagent
cantainers after use.

4.4.2 Store flammable salvents in an ap-

proved solvent storage cabinet or a well-
ventilated area.

4.4.3 When opening bottles which may be
under pressure i.e., hydrochloric acid, ammo-
nium hydroxide, cover the bottle with a towel
to divert chemical spray.

4.4.4 Use hottle carriers to transport bot-
tles containing hazardous chemicals (acids,
comosives, flammable ligulds). Large cylinders
arg transportad only by means of a wheeled
gart to which the cylinder is sacured. Store and
transport compressed gas cylindars with ship-
ping caps on, in an upright position, always
securaly clamped or ¢hained to a firm support
and away from heat.

4.4.5 Reagents and chamical which might. .
react in water drains or be dangerous to the
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plastic around glass items. 4.4.5 Reagents and chamical which might. .
react in water drains or be dangearaus to the
grvironment must be disposed of in other
ways, Examples are 1) sodium azide which
reacts with metal drains to produce very axplo-
sive lead or copper azides and 2) marcury and

4.3.7 Mark contaminated items as Con-
taminated befare removal from the laboratory
for autoclavimg., Use temperature-sensitive
tapes which indicate exposure to heat, Pre-

printed tapes or tags simplify this task,

its salts which should not be returned to the
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anvironment. Consult refarencs taxts to deter-
ming the proper dizspasal procedure for each
chemical (&, 3).

.5 Handling Glassware

4.6.1 Discard broken, chipped or badly
scratched glassware. Use gloves or swaep up
broken glass, do not use bare hands. Pick up
fine glass particles with wet paper towelling.

4.5.2 Fire polish tubing and rods.

4.5.3 Protect hands with gloves, towel, ar
tubing helder when inserting tubing into stop-
pers. Lubricate the tubing with water or glyoer-
ine. Handle tubing close to the stopper and out
of line with end of the tube,

4.5.4 Use sshestos-centered wire gauze
when heating glass vessels over a burner.

4.5.56 Do not attempt to catch falling
glassware,

4.6 Electrical Equipment

4.6.1 Keep matarials, tools and hands dry
while handling electrical equipment.

4.6.2 Usa grounded outlets only.

4.5.3 Do not use electrical equipment near
flammabile solvents.

d4.6.4 Use only carbon dioxide or dry pow-

der fire extinguishers in case of fire in or near
any electrical equipment.

4.7 Emergency Pracautions

4. 7.1 Install and maintain both foam and

5. Biohazard Contral

5.1 Safety Cabinets

5.1.1 The safety cabinet is the most impor-
tant primary barrier available to the micrabial-
agist for isalation and containment of microor-
ganisms and for protecting the laboratory enwi-
ronment, and the surrounding area from con-
tamination. Transfers of cultures sspecially
pathogenic fungi, actinemycetes and yeasts
should be conducted inthe safety cabinats,

5.1.2 UV lamps are commonly used in
bigchazard hoods to maintain sterility of the
work area, Goggles should be waorn to protect
the worker and cultures should be protected
from undesirable exposurs (see Part IV-A, 4 in
this Manual),

5.1.3 There are several types of ventilated
cabinets available foruse (10, 13}

{a) Partial Barrier Cabinet

The open or closed front cabinet is usually
referred to as a partial barrier ventilated cabi-
net. This cabinet can be usad with the glove
panal removed, depending upon an inward
flow of air of at least 100 linear ft. per min. to
prevent escapa of airborne particles. |t can
also be used with the glove panel in place and
arm-length gloves attached, in which case it
will be maintained under a reduced air pres-
sure of about one inch of water gauge. When
operated closed, the partial barrier nesads an
attached air lock for movement of materials. &
third mode of operation consists of using a
cabinet with glove panel attached, but with
gloves removed.

Rl A kbanli e Rariar Maklnas
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4.7.1 Install and maintain both foam and
carbon dioxide fire extinguishers within easy
access of the laboratory.

4.7.2 Fire exits should ba clearly marked
and accossible.

4.7.3 Install and maintain a complete first
ald kit and an oxygen respiration unit In the
laboratory.

b} Absolute Barrier Cabinet

The second type of ventilated cabinet is
the gas-tight cabinet system, referred to as an
absolute barrier cabinat. Absolute barrier cabi-
nats are connectad to form a modular cabinet
system with enclosed refrigerators, incuba-
tors, etc, Air is drawn into the cabinet system
through ultrahigh efficiency filvers and is ex-
hausted through ultrahigh efficiency filters.

SEPA MICROBIOLOGICAL MANUAL 1578

{c) Vented Laminar Flow Cabingt

This third type of safety cabinet is not gas-
tight. It relies on high efficiency filters to pro-
tect the worker and the environment, In the
Figure V-C-1, the blower (1) set into the bottom
of tha cabinet pushes air up through a rear
duct into the tap of the cabinet {2) and causes a
slight negative pressure in the work area (3). In
the top of the cabinet (2), part of the air is
forced out the exhaust through a High Effi
ciency, Particulate, Air (HEPA) filter (4). How-
ever, the major part of the air |3 forced down
through & large HEPA filter (5), in a vertical flow
inte the work area (8). This vertical flow {lam-
inar flow) combines with the negative pressure
from the blower to draw in enough make-up
from the room to replace that exhsusted
above. The make-up air (7} is pulled through
vents at the edge of the hood opening and is
drawn down to the blower without contacting
the work area. It combines with the filterad air
and ig recirculated through the HEPA filtars.
The laminar flow draws off any contamingting
particles emanating from the work area. HEPA
filters are 89.88% efficient in removing parti-
cles 0.3 pm dlameter or larger, by the DOP test.

E.1.4 Selection of a8 Cabinet

The partial barrier cabinet with epen front
gives some protection to the worker and the
laboratary environment but does not protect
the cultures. With the glove panel in place, it
protects the warker and adjacent laboratory
area. The absolute barrier and laminar flow
cabinets provide the greatest protection 1o the

wimel ne omd tha Aoldoroe

microorganisms, a gas-tight absolute barrier
cabinet with glove ports or laminar flow cabi-
net is recommended. Thesa provide protection
of cultures as well as the worker and the work
environment. Because laminar flow cabinets
do not require glove openings, yet do protect
personnel and culture work and are easy 1o
usa, thay are recommended for gll but the most
hazardous microbiological operations.

6.2 Biohazard ldentification

5.2.1 The revised Federal Occupational
Safety and Health Act of 187 2 requires bialog-
ical hazard signs and tags to signify the actual
or potential biological hazard (1, 101 The haz-
ards are defined as infectious agents that
present 8 risk to human well-being. These
signs and tags are used to ident/fy equipment,
containers, raoms, materials, experimental an-
imals, or combinations of the abowve, which
contain or are contaminated with viable haz-
ardous agents.

B.2.2 The biclogical or blohazard symbol
design is shown in Figura V-C-2. It has a fiuo-
rescent orange or orange-red color, and may
contaln appropriate wording to indicate the
nature or identity of the hazard, the name of
the individual responsible for its control, pre-
cautionary information, ete. The wording must
not be superimposed on the symbol. Back-
ground color is optional, but enough cantrast
must be provided so that the symbol can bae
clearly defined.

B Safatv Chacl List
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cabinets provide the greatest protection 1o the
worker and the culturas.

For routine water bacteriology and limited
work with pathogens, a pantial barrier cabinet
with glove panel can be used. If a significant
portion of the workload Involves pathogenic

SAFETY 289

6. Safety Check List

The laboratory safaty check list that fol-
lows is provided as a guide for a laboratory to
incorporate wholly or in part into its own safety
program.
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FIGURE V-C-1. Laminar Flow Cabingt.
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FIGURE V-C-Z. Example of Biohazard Sign.
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Safety Check List
fer Microbiological Water Laboratories

Survey By

Leboratony:

Location:

Date:

Coda: S==Satisfactory, U=Unsatisfactory

1. Administrative Considerations

=) Laboratory has & formal documented safety program.
(4] Each worker has a copy of the safety program.

ic} Employees are aware of procedures for reporting accidents
and unsafe conditions.

{d) Mew employess are |nstructed on laboratory safety.

(e} Joint supervisor-employves safety committes has been estab-
lished ta identify potential laboratory hazards.

{fl Records are maintained of accidents and conseguences. JE—
(g} Mama and phone number of the supervisor and an alternate are N

posted at deor of the laboratories so he may be comtacted
in ease of an smergency.

(h} Laboratory supervisor and at least one other permanent
omployes have attended appropriate first aid courses, K
20, when: .
[data)
{i} Emergency telephone numbers for fire, ambulance, health

centers, and poison control canter are placed In a conspie-
ugus loeation near the telephone.

i Empleyees know the location of first aid supplies.

(k) Emergency first aid charts, and hezardous agents charts
areé posted in the laboratory.

(1) Fire evacuation plan is established for the laboratory
and i5 posted im a consplcuous location.

2. Poarsonal Conduct

(=} Pargonal clething is stored outside of the microbiclogy

laboratory,
ey Lab coats and street clothes ere kept in separate
lockers.
272 SEPA  MICROBIOLOGICAL MANUAL 1978
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{c) Laboratory coats are wormn at all times in the laboratory.

{dy Germicidal soap or medicated surglcal sponges are available R
for employees’ use.

(e} Preparing . eating or drinking food and beverages are not PR
permitted in the laboratory,

i Smoking or chewing gum are not permitted in the laboratory, rrr———
[31] Faod of drink are not stored in laboratory refrigerators.,

ikl Reading materials are not kept in the laboratory. —
i} Laboratory coats are not wormn outside the lab,

¥ Employess who have cuts, abraslons, etc. on face, hands,

arms, etc. do not work with infectious agents.

3. Laboratory Equipment

(&) Bulbk or mechanical device i: used to pipet polluted water, =
wastawater or other potantially infectious or toxic fulds

(b} Pipets are immersed in disinfectant after wse.
el Benches are malntained in clear and uncluttered condition.

()] Centrifuge cups and rubber cushions are in good condition,

&) A suitable disinfectant is available for immeadiate wse. S —
f Blender is used with sealed container assembly.
[a3) Micrascopes, colony counters, etc. are kept out of the work

ared,

{hi Water baths are clean and free of growth and deposits

i Employess are instructed in the operation of the autoclave
and operating instructions are posted near the avtoclava.

i Autocleves, hot air starilizing ovens, water digtilling e
equipment, and centrifuges are checked routinely for safe
aperation,

Give frequency and last date

Avtoclawe

Water still J—

Cantrifuge

Hot Air Owan —

(kb Mo broken, chipped or scratched glassware are in use

|

(1) Broken glass s discarded In designeted containers.
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Electrical circuits are protected agalnst overload with
cireuit breakers ar ground-fault breakers.

Power cords, control switches and thermostats are in good —_—
woarking order.

Water taps are protected agalnst back-siphoning.

Disinfection/Starilization

Proper disinfectant is wsed routinely to disinfect table
tops and carts before and after laboratory work.

Aeceptacles of contaminated items are marked. !
Parformance checks of autcclaves, gas sterilizers and hot afr

ovens are conducted with the use of spore strips. spore

ampuls, indicators, seie.

Itam Frequency Last Date

Safety glasses are provided to employess.
Safaty glasses are used with toxic or comosive agents and
during oxposure to UV irredieton.

Biohazard Control

Bichazard tags or signs are posted in hazardous areas.

Safaty cabinets of the appropriate type and class are
provided.

Lab personnel are vacoinated for typhoid fever, tetanus
and polia.

Floors are wetmopped weekly. with 2 disinfectant solution,
Personnel are trained in the proper procedures for handling

iyophilized cultures whare used.

General Handling and Storage of Chemicals and Gases

Contalners of reagents and chemicals are lebelled properly.

Flammable solvents are stored in an approved storage
cahinet or wellventilated area away from oll burners,
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(b} Flammable solvents are stored in an approved storage
cahinet or wellventilated area away from oll burners,
hot plates,. ete

(c) Bottle carriers are provided for hazardous substanees, —

274 SEPA  MICROBIOLOGICAL MANUAL 1978

i) Ges eylinders are securely clemped to & firm support.
le) Toxic chemicals are clearly marked poison or toxic.

7. Emergency Precautions
{al Foam amd carbon dioxide fire extinguishers are installed

within easy access (o laboratory and are propeerly
maintaingd,  Fregquandy =

313 Eye wash stations . showers . Gxygen
respiralors ., and fire blankets are available
within eBasy actess.

fa) Flre exits are marked clearly.
{d} Firet aid kits are availeble and in good conditlon.
i) At least one fulltime employvee is trained in first aid. —_—
if) Source of medicel assistence is eveilable and known to
e oyees,
&. Suggested Areas of Improvement
9, General Commaents:
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10,

11.

12.

13.

(Signature of Installation Officer) [date)
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PART V. LABORATORY MANAGEMENT

SECTION D LEGAL CONSIDERATIONS

This Section is intendad to guide practic- 1.4 The Marine Protection,
ing microbiolagists in assessment of their ree- Research and Sanctu-
spansibilities and role under the three federa! aries Act of 1972,
laws on water quality. it Is not intended as Public Law 92-532
farmal legal guidance or as representative of 1.5 The Safe Drinking Watar
afficial fegal position. It is based on the tfiree Act of 1974, Public
Foedaral faws on warer quality, (1. 2 and 3\, on Law 93-523
A FPrimer on the Law, Evidence and Mansge-
ment of Federal Water Poliution Control Cases, 2.  Application of the Laws
Legal Support Division, US EPA May 1972 () to Microbiclogy
and on “Enforcement Activities,”” David |, She-
dreff, in Proceedings of the First Microblology 2.1 Gathering and Preserving
Saminar on Standardization of Methods., US Evidence
EPA, Mareh 1873 (5). Lawyers should be con- 2.2 Admissibility of Evidence
suilted for the exact interpretation of the laws 23 Preparation for
and their appiications, Testimony

. 2.4 Testimony in Court
The Section describas the portions of the
Federal laws on water quality that are relevant

ton mlrrahlalasiete and ralofos anabdlaal s
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Federal laws on water quality that are relevant
to microblologists and relates analytical me-
thods and record-keeping to these laws. It also
shows how the analytical results become evi-
dence in administrative or court proceedings
and will help the analyst to understand his role
as 8 witness, A brief outline of the contents of
the Section follows:

1. Enabling Legislation [Federal
Laws Daaling with Water
Quality)

1.1 Scope and Application

1.2 Faderal Laws Daaling
with Water Cuality

1.3 Federal Water Pollution
Control Act Amend.
ments of 1972 Public
Law 32-500

1. Enabling Legislation

1.1 Scope and Application: To under-
stand the role of microblology in environmen-
tal and compliance monitoring, it is necessary
to briefly describe EPA's responsibilities for
development of methodology, assistance to
the States, promulgation of criteria and guide-
lines, establishmeant of compliance with per
mits and conduct of enforcement actions.
Much of the work of the microbiologist in EPA
will involve generation of data to determine
compliance with the Federal laws on water
quality. These laws with related regulations
limit the choice of analytical technique and
somatimes require more documentation than
the analyst might otherwise provide,
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1.2 Federal Laws Dealing with Water
Quality (6)

Congress has passad three principal laws
on water quality which concern the microbiol-
ogist The Federal Water Pollution Contral Act,
as amended; the Marine Protection, Research
and Sanctuarias Act, commonly known as the
Ocean Dumping Law; and the Safe Drinking
VWater Act. These acts have a common theme:

1.2.1 Legislation is passed by Congress
providing the general framework of Federal
intarast and control of an area of the environ-
ment. EPA promulgates general rules describ-
Ing, requiring and/or limiting the gualities of
wastowater discharges or drinking water.,

1.2.2 EPA or appropriate state agencies
issua permits placing specific limitations on
dischargas, establish Maximurm Contaminant
Levels in drinking and ambient water, and pro-
vida general rules controlling underground
injections,

1.2.2 Parmittaas or others subject to the
particular act may be required to self-monitor
their discharges, and report findings to the
State andSor EPA,

1.2.4 Provisions are made for enforce-
mant actions when permit, variance, or abate-
ment schedules are violated.

1.3 Fadaral Water Pollution Control Act
Amendments of 1972, Public Law 92-500

(1

{Sea Appendix A for listing and summary
of partinent sections of the law, and the related
microbiological activities).

1.3.1 Eankgmund and Summary (B): This
iz the most comprehensive program ever en-
acted to pravent, reduce, and eventually elimi-
nate water pollution. The two genegral goals of
tha Act are: To achieve wherever possible By
July 1, 1883, water that is clean enough for
recreational uses and for the protection of
aquatic life; and by 1885 to have no dis-
charges of pollutants into the Nation's waters.

278 SEPA

The law extends the Federal program to all
LS, surface waters, not just interstate watars.
The States have submitted water guality stan-
dards for intrastate waters to EPA for approval
or ravision. While the States retain primary
responsibility to prevent, reduce, and elimi-
nate water pollution they must now do so
within the framework of a new national pro-
gram. The law sets forth guidelines for the
control of industrial and municipal water pollu-
tion, expands watar quality standards, estab-
lishes a new system of permits for discharges
into the Mation's waters, and creates stringent
enforcemeant machinery and heavier penalties
forwviolations.

1.2.2 The Regulatory Scheme (6 Under
this act the Gtates establish the minimum
water quality standards for streams and thasa
standards are approved by EPA. The Adminis-
trator determines minimum acceptable efflu-
ent limits for municipal treatment plants and
for specific industries based on current tech-
nology. These limits become maore restrictive
over time. Using the more stringent water qual-
ity or treatment limitations, the Administrator
or State determines specific limits for a dis-
charge. These limits set forth in a’permit for a
direat discharge are enforceable by civil pan-
alty, civil or criminal process, or revocation of
parmit.

A microbiclogist may be called as a wit-
ness to prove the violation of the permit by
direat discharge or to prove the wviolation of
specific limitations placed on industrial firms
discharging. to municipal plants. Genarally
these micrabiclogical limitations will relate to
digcharges from municipal treatment plants or
fram Industries such as food processors.

Other enforcement activities for the micro-
biclogist under the PWPCA include a permit
program covering sewage sludge discharges
and standards for discharges from marine san-
itation devices and their performance (40
CFR/40 Amendments, 41 Mo, 20, January 29,
1978). If such permits or standards contain
microbiclogical limitations, the microbiologist

" may be called on to prove or disprove a viola-

tion (Section 405). Standards have been set
far discharges from marine sanitation devices
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and their performance (Federal Register 41,
January, 1978).

1.3.3 Analytical Guidelings and Criminal
Sanctions (6)

Analytical guidelines and criminal sanc-
tions for improper analysis or furnishing false
results are included in the Act. Section 304 (g)
calls for the Administrator to promulgate
"..guidelines establishing test procedures for
the analysis of pollutants..”. The initial guide-
lines for monitoring the Mational Pallution Dis-
charge Elimination System (NPDES) (7) contain
test procedures for total coliforms, fecal coli-
forms, and facal streplococei using methods
referenced from the 14th Edition of Standard
Methods{B). The guidelines defining second-
ary treatment originally included fecal caoli-
foarm limitations, and permits issued to munici-
pal plamts until July, 1976 contain such limita-
tions. These regulations were amended in
July, 1878 and no longer contain microbiolog-
ical limitations. Such limitations may still be
required in permits issued after that date if
required for compliance with water guality
standards or if such parameters are required in
arder to comply with State law. Guidelines for
certain food related industries include fecal
coliforms  as a limiting parameter. . The
amended guidalines for municipal and indus-
trial wastewaters place restrictions on the
maasurament of fecal coliforms in chlorinated
o toxic wastewsters. For these wastewaters
the mambrane filter or most probable number

(MPN) methods may be used, but the MPM is,
the method of choice when the results may be
invalved in controversy. {Rafer to the amend-
ments to 40 CFR Part 136 {3)). The methods
are described in Partlll, B, C and D,

Microbiolaglsts performing analyses re-
quired under this Act should be aware of the
specialized enforcement procedures in See-
tion 308 (g) of FWPCA relating to analyses and
reports of results: “Any person who knowingly
makes any false statement, representation, or
certification In any application, record, report,
plan, or other document filed or required to be
maintained under -this Act or who falsifias,
tampers with, or knowingly renders inaccurate
gny monitoring device or method required to

ba maintainad under this Act, shall upon con-
viction, be punished by a fine of not more than
10,000, or by imprisonment for not more
than six months, or by both. ™

1.3.4 Alternative test procadures are per-
mitted for use in NPDES, 40 CFR Part 136 and
in the Drinking Water regulations undaer 40
CFR Part 141. Information on application for
use of alternative test procedures is given in
these issues of CFR. The details of the compar-
ative testing which may be required are given
in this Manual, under Quality Control, Part IV-C.

1.4 The Marine Protection, Research
and Sanctuaries Act of 1972, (Ocean-
Dumping) Public Law 92-632 (2}

(See Appendix A for listing and summary
of pertinent sections of the law, and the related
microbiological activities),

1.4.1 The Regulatory Scheme: The Marine
Protection, Research and Sanctuaries Act of
1972 regulates the dumping into ocean
waters of all types of materials which would
adversely affect human health and walfare, the
maring environment., ecologiocal systems- or
economic development, '

This Act bans dumping of radiological,
chamical or biological warfare agents and
high-level radioactive wastes. With one excep-
tion, permits are required for transporting ma-
terials for ocean dumping and for the dumping
itself. The Corps of Enginears issuas parmits
for dredge spoils; EPA issues permits for all
other materials (see Appendix A). The excep-
tion is fish-processing wastes. Since they are a
natural ccean waste product, no permit is re-
quired wunless harbors or other protected
waters arg invelved as the receiving waters, or
unless the EPA Administrator finds that such
deposits in certein offshore areas could endan-
ger health, the environment or ecologlcal
systams.

In avaluating permit applications, EPA and
the Corps of Engineers must consider:

The need for the proposed dumping.
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The effect on human haalth and welfare,
ineluding economic, sesthetic and recrea-
tional values,

The affect on fisheries, resources, plank-
ton, fish, shellfish, wildlife, shoralines,
beaches and marine ecosystems.

The affect of dumping particular valumes
and concentrations of materials and the
persistance of the effect,

The affect on other uses such as scientific
study, fishing and vther resource exploitation,

Appropriate locations and methods of dis-
posal or recycling, including land-based
alternatives and the probable impact of
raguirlng the wse of such alternate loca-
tions or methods.

The law charges the Secretary of Com-
marce with responsibility for & comprehensive
snd continuing research program involving
the possible long-range effects of pallution,
overfishing or man-Induced changes in ocean
ecosystems. Research efforts are to be coordi-
nated with EPA and the Coast Guard.

The baskc research chjective of the law is to
fird ways 1o minimize or to end all ccean dumping
within five yvears. It will cover the effects of dump-
ing materlals into ocean or coastal waters and
Inte the Great Lakes or their connecting waters.

1.4.2 Civll and Criminal Sanctions: The
law provides for both civil and criminal panal-
tias for violations but there is no penalty for
dumping materials from a wvessel as emer-
gency action to safeguard life at sea. Any indi-
vidual may Initiate a civil suit to enjoin any
person, iIncluding Federal, State and lacal gow-
arnmont or agency, who is alleged to be vialat-
ing any prohibition, limitations, criterion or
parmit established or issued under this law.,

1.5 The Safe Drinking Water Act of
1974, Public Law 93-523 (3)

{(Sea Appendix A for listing and summary
of partinent sections of the law, and the related
microbiological activities),

1.5.1 National Objectives: This Act has as
its main cbjective the establishment and en-
forcement of primary drinking water stan-
dards. These standards, which aré to be en-
forcad by the States, will apply to public water
systems and specify maximum levels of: 1)
Those contaminants which may have adverse
health effects (primary standards) and, 2) those
contaminants which should be limited to pro-
tect the public welfare (secondary standards),
The protection of underground drinking water -
sources by regulation of State underground
injection contrel programs and the appoint-
ment of a 15-member National Drinking Water
Advisory Council are also provided for under
this Law,

1.6.2 The Regulatory Scheme

Interirm Primary Drinking Water Regula-
tions: The Administrator of EPA proposed na-
tional interim primary drinking water regula-
tions 30 days after enactment of the Law. The
interim regulations were promulgated in De-
cember, 1975 {10).

Secondary Drinking Water Regulations:
Following the enactmant date of this Law, pro-
posed secondary regulations will address the
aesthetic characteristics of water such as
taste, appearance, etc. Minaty days later these
secondary regulations will ba promulgated,
but will not be enforceable.

Study of Maximum Contaminant Levels in
Drrinking Water: The National Academy of Sei-
ences condugted a study to determine the
mMaximum Contaminant Levels which should
be recommended to protect human health,
The study investigated contaminants that
might have adverse health effects but the lev.
als of which could not be detarmined in drink-
ing water. The results of the above study are
reported to Congress. EPA then publishes pro-
posals in the Federal Register for recom-
mended maximum levels, which will subse-
quently ba promulgatecd, )

Revised Primary Drinking Watar Regula-
tions: Following the Mational Academy of Sci
ences study, EFA proposes revised primary
drinking water regulations to be adopted in
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180 days and to be effective 1B months after
promulgation. These primary drinking water
ragulations specify 8 Maximum Contaminanit
Level or require the wse of treatment tech-
niques for each contaminant in lies of
Maximum Contaminant Lavels.

Regulation of State Underground Injec-
tion Control Programs: The Act provides for
ragulations which contain minimum require-
ments for effective (State] programs to pravent
underground injectlon which endangers drink-
ing sources. To be approved, a State program
must prohibit underground injection without a
state parmit within three years after the enact-
ment date of the Law. Applicants for under-
ground injection permits must satisfy the State
that the injection will not endanger drinking
water sources. Mo regulations are promul-
pated that allow underground injection which
endangers drinking watar sources.

1.5.3 Quality Control Requirement

inthe Safe Drinking Water Act, the Admin-
istrator can specify analytical methodology
which includes quality control and testing
procedures.

1.5.4 Enforcement

(a) State Primary Enforcement Responsi-
bility: A State has ‘tha primary enforcement
rasponsibility for protection of drinking water
if it has a program acceptable to EPA, The EPA
Administrator must determine that the State
has drinking water regulations no less strin-
gent than Federal regulations, The State may
permit varlances and exemptions as pre-
scribed in the Law, and must have an adequate
plan for providing safe drinking water undar
emergency circumstances. In addition, the
State must have monitoring programs that
comply with Federal requirements and must
possess sufficient enforcament guthority,

termines that the Siate no longer meets its
requirements under the Act.

[b) Federal Enforcement: If a State fails to
assure enforcement of drinking water regula-
tiens, the EPA Administrator notifies the State
concarning the vialation, and provides advice
and technical assistance to the State and to
the public water system that is in non-
compliance, to  bring the system into
complianca.

1.5.6 Civil and Criminal Sanctions: The
EPA Adiministrator may bring a civil action to
require compliance with either the national
primary drinking water regulations or with any
requirement of an applicable underground in-
jection contral program. A maximum penalkty
of £b,000 per day may be imposed by the
court for each day in which a violation occurs.

"2, Application of the Laws to Microbiology
2.1 @athering and Preserving Evidence

2.1.1 Stream Standards: To establish a
standard wiclation, it is necessary to show the
navigable waterway is below approved water
quality standards. Water quality criteria spec-
ify permissible levels of chemical and bialogi-
cal constituents for recelving waters. It must
be demonstrated that the defendant’s dis-
charge caused or contributed to a reduction in
receiving water quality below one or more
applicable standards. Samples should be col-
lected 1) upstream of the discharge, 2) at the
point of discharge and 3} downstream of the
discharge at a point after 8 ressonable mixing
zone,

Although all State water quality standards
include criteria for the same basic parameters,
there are differences among the siates as (o
the sampling and test procedures which must
be followed in order to establish & standards
violation. It is thus imperative that only the
testing method spacified be used in order to
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comply with Federal requirements and must
possess sufficient enforcement gauthority,

Approval by the EPA Administrator of the
State's undarground injection program glves
to the State the primary enforcemant responsi-
bility until such time as the Administrator de-

viclation., It Is thus imperative that only the
testing method specified be used in order to
show that a particular state water guality stan-
dard has or has not bean vialatad.

2.1.2 Effluent Standards: The Agency has
not provided specific guidance in sampling
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and test protocol to microbiologists working
with the effluent standards and compliance
monitoring. A protocol must vary with the way
in which the permits are written. The stan-
dards may set maximum values and average
values by the day, week, month, and year with-
out defining the number and kinds of sample
required to establish compliance with & given
standard, Specifications of numbers and types
of samples are nesded to provide weekly,
monthly oryearly maxima or averages.

Each Reglonal Office of EPA has devel
oped an approach to compliance monitoring.
Uniformity of sampling and testing schemes is
desirable for data validation and for compari
son of data between different laboratories.
The need for uniformity is evan more impor-
tamt with the transfer of the responsibility to
the states for issuance of permitz, as legally
pormitted. Some states are following EPA-
Regional guidance while others are develop-
ing thair own plans for compliance monitoring.

The sampling plan should select the sam-
pling technigues, volumes, frequency, replica-
tion, ett., to mest the standard being chal-
lenged. All sampling and analyses to wverify
compliance with a particular standard should
be performed in the same fashion and with the
same freqguency. Threa rules for a good sam-
pling plan are: 1) fit the design to meet the
effluent standard, i.e., usa a reasonable means
to obtain statistical validity 2) apply the plan
unifarmly and 3} document the plan, indicate
its source and record its use.

2.1.3 Drinking Water Standards: The Safe
Drinking Act has established Maximum Contami-
nant Levals (MCL"s) on an interim basis for com-=
munity and non-community systems, The MCL's
gre based primarily on the 1862 Public Health
Servica Standards. For micrabiology, the minimal

idual or corparate) property without his cons
sent cannot be Introduced into evidence in
either a civil or a criminal case because of the
Fourth Amendment guarantes against unrea-
sonable searches and seizures. Consent need
not be obtained to take samples on the public
portions of a waterway, usually up to the ordi-
nary high water leval {11). Almost all Fourth
Amendment objections can be prevented by
sanding an advancea, written notification of the
time, scope, and purpose of any proposed EPA
inspaction, or sampling visit and by aobtaining
the writtan consent of the party to be in-
spectad {12). If a search warrant has not been
opbtained, unannounced investigatory inspec-
tions may be made only if the voluntary con-
sant of 2 person in authority is secured (13).

2.2 Admissibility of Evidence

2.2.1 Types of Legal Action: Viaolations of
Public Laws 92-500 82-532, or 93-523 can
result in civil penalties assessed by the Admin-
istrator, a hearing board, or a court; eriminal
sanctions by a court; or a court order reguiring
a discharge source to take or cease a particular
action. Except for civil penalties imposed by
the Administrator, formal hearing will be
required.

2.2.2 Authentication of Testimony: Au-
thentication as a condition precedent to ad-
migsibility may require testimony under gath
(14), Witnesses are subject 1o oross-
gxamination. The form and admissibility of evi-
dence presented in Federal courts are clearly
defined in the Federal Rules of Civil Procedura
(18} and the Federal Rules of Evidence {14).

These formal rules of evidence may be par-

tially annulied for administrative hearings. Lab-
oratory records may not be acceptable evi-
dence without proof of authanticity.
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gre based primarily on the 1862 Public Health
Service Standards. For microbiology, the minimal
sampling frequency per month s specifled in
Title 40 Part 141, Samples shall be taken =t
regular time intarvals and in numbers propor-
tional to the populations served, Samples shall
also be takem at poinis representative of the
conditlons in the distribution systems.

2.1.4 Constitutional Protections: Sample
ovidence taken frem the defendant's (indiv-
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The hearsay rule is one of the most direc-
tive statutes. |t states that generally persons
may anly tastify to what they know parsonally
and that they must be subject to Cross
examination, However, some exceptions to thae
hearsay rule are allowed. Evidence that would
normally be hearsay is admissible in the ad-
ministrative hearing, if it has probative valua in
the opinion of the hearing officer. Also, evi
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dence may be presented in written form in a
hearing, but this s mora likely when the pre-
ceeding is not a full-fledged trial-type hearing.

Additional exceptions to the hearsay rule
are cited in the recently-anactad Federal Rules
of Evidence {14). These rules state that under
cartain circumstances a witness does not have
to be present for his statement to ba admissi-
ble. In addition, records of regularly-conducted
business activities, public reports, reports pre-
pared by law enforceament parsonnel and fac-
tual findings resulting from legal investiga-
tions may be admitted without the testimony
of the person or persons [nvolved,

2.2.3 Admissibility of Records: Under Rule
803 (8) of the Federal Rules of Evidence {14},
written records made in the regular course of
any business (i.e., laboratory operation) may
also be introduced into evidence in clvil ac-
tions without the testimony of the personis)
who made the record. Prior to enactment of
the Federal Rules of Evidence, this authority
was contained in the Federal Business
Records Act, 28 U5, Code, Section 17324,

Although preferable, it is not always possi-
ble to have the individuals who callected, kept,
and analyzed samples testify in court, In addi-
tion, if the opposing party does not intand to
contest the integrity of the sample or testing
evidence, admission under the Business
Records Act can sawve much trial time. Far
these reasons, it is important that the proce-
dures fallowed in evidence, sample collections
and analvses be standardized and deseribad in

whathear it was specifically done In anticipa-
tion of litigation, This caution in admitting avi-
dence is an indication of distrust of the situs-
tion, not of the individuals involved,

2.2.6 Contacts with Parties to Adjudica-
tory or Adversary Proceedings: The following
statemants are gquoted directly from the May 5,
1876, memorandum of the Acting Assistant
Administrator for Enfarcement, US EPA (16):

As we are now becoming involved in mora
and more adjudicatory hearings on
MPDES [Maticnal Pollution Discharge Elim-
ination System) permits and in enforce-
ment actions, both through Administrative
Orders and in the Courts, it is very impar-
tant that our staffs clearly understand that
contacts and discussions with parties to
these proceedings be carefully controlled.

We have recently had Inguiries about
casaes in which reguasts for adjudicatory
hearing had been granted and in which
EPA technical staff members, without the
knowledgs of sither the attorney assigned
or aof the Enforcement Director, met with
Company repreeantntivas to discuss the
pending case. In sach case, the merts of
EPA's position as compared to that of the
company were discussed, as werg possi-
ble areas of compromise with respect to
EFA's position.

Case preparation and decisions on strat-
egy for adjudicatory hearings are the re-
soonsibilitv of our realonal attornevs with
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dures followed in evidence, sample collections
and analyses be standardized and described in
an instruction manual which can be offered as
evidence of the standard operating procedura
followed by the laboaratory.

Aecords: Although the statutes do not specifi-
cally cover the point, it is clear from the exami-
nation of cases that one of the requirements
for admissibility is that the document has in-
herent probability of trustwarthiness. Thus, a
trial judge has discration in allowing or not
allowing a document into evidence.if thare is
doubt as to its trustwarthiness. One criterion
for the judge to consider is whether the partic-
ular analysis was done as a routine matter or

RN AT W ESRAE EIWET NI TN WOWOWIE WIS WOIR s aw

egy for adjudicatory hearings are the re-
sponsibility of our regional attorneys with
assistance from Headquarters Counsel for
Adjudicatory Hearings, Accordingly, |
would appraciate your instructing your
staff membars not to discuss permit ques-
tions or technical issues applicable to a
particular industrial facility which is the
subject of an adjudicatory hearing or an
enforcament action until the appropriate
Enforcement Division attorney, aither in
the Regional Office or in Headgquarters is
notified.

The foregoing is not to be construed as
discouraging settlement discussions in
pending cases, but is only intended to
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provide for orderly resolution of matters
which can be negotiatad.

2.3 Preparation for Testimony

2.3.1 Gathering and Praserving Evidence
in Water Pollution Enforcement Actions: In ev-
ary water pollution sult, expert testimony will
ba of primary importance. To meeat its burden
of proof, the Government may have to present
sxpert tastimony on sampling, laboratory ana-
lysas, test results and the harmful effect attrib-
utable to the defendant's discharge. If tha Gov-
arnment’s expert witnesses do not testify ef-
footively, the lawsuit may be jeopardized.

2.3.2 Testimony on Sampling: In the order
of proof in a trial concerning pollution there
will ba tastimony by witnesses who have taken
samples. The samplas may be effluents, recaiv-
ing waters, potable waters, sludges or sedi-
mants, These witnesses will explain how,
where and whan the samples wera takan. Tha
choice of sampling location and what to sam-
ple depends to a large extent on the type of
legal acticn eontemplatad.

2.3.3 Documentation -u_f Proceduras: |n an-
ticipation of possible court presentation of avi-
dance, laboratories must maintain an ardarly,

complete and permanent record-keaping and
filimm evertarm A Inhnrotnre anacating manoal

preferably in a bound book or on bench cards,
that can be incorporated into a pearmanent
record log. Provision should be made for the
signatures of sample collectors, analysts and
direct line supervisors in the sample log and In
the dats log so that the laboratory data are
authenticated. As described in Part V-A of this
manual, a quality contral log book should be
maintained on 8 dayto-day basis. It should
record quality control checks aomn: media and
supplies, aguipment and instrumentation, the
actual analyses, data handling and storage.
Training of analysts should include familiariza-
tion with the quality contral book and identifi-
cation of their responsibilities in the program,
Each analyst should have a personal copy of
the manual as a guide.

2.3.4 Pre-Trial Discovery: Whanever an
agency 15 a party to any federal court litigation,
it will be subject, under the Federal Rules of
Civil Procedure, to pretrial discowery. The
agency will be required to answer the oppos-
ing party's gquestions and to produce re-
quested documents. Technical personnel re-
sponding to a motion to produce documents
should deliver related documents to the
agency attorney handling the case. Docu-
ments should not be withheld because they
appear to be damaging to the government's
case, The responsible governmant attorneays
will determine, on the basis of the law of dis-
rnvary. which dacuments must be submitted
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complete and permanent record-keaping and
filing system. A laboratory operating manual
should be usad in all laboratories. The manual
formalizes the operation of the laboratary by
deseribing in detail the sampling procedures,
tha line of technical responsibility, specific
analytic methods followed, data handling pro-
cedures, the continuous quality control pro-
gram astablished for daily operations, partici-
pation in interlaboratory and intralaboratory
guality control programs and safety guida-
lines. Sinee routines change, personneal should
gign dated recaipts that indicate they have
racelved the operating instructions and modifi-
cations whan [ssuad,

Complate records of samples recelved
must ba kept In a2 separate log and official
chain of custody requirements must be ab-
servad. The laboratery data records, analytical
rosults and computations should be written,

M. B INE SN IR EG e T LA AL e e
will determine, on the basis of the law of dis-
covery, which documents must be submitted
to the opposing pary.

A sensible filing system should be sat up
and followed. The objective of a filing system
is to store information so that it can be found
guickly. Infoermation which is known but 15 not
reflected in the file 1s of no use and will not be
available whan needed. However, the filas
should be examinad regularly and outdatad ar
superfluous information discarded to maintain
manageability. Critical or outspoken com-
ments on notes, routa slips or in margins,
should not be retained unless the originator
and recipient are prepared to defend them in
CoOurt

2.3.5 Testimony on Methodology: A wit-
ness may be required to provide testimany on
methods of analyses and test results. For ac-

284 SEPA  MICROBIOLOGICAL MANUAL 1378

http://nepis.epa.gov/Exe/ZyNET .exe/300014TD.txt?Zy...=ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (343 of 407)1/24/2007 4:12:46 PM



Document Display | NSCEP | US EPA

ceptance in court, the withess must be able to
testify that the analytical method or procedura
employed has wide use in the microblological
community. For example, the procedures out-
lined in Standard Adefhodz(8) and in This Man-
ual are recognized and acceptad. In court
cases on record, results obtained uging Sian-
dard Methods have been admitted into ewvi-
dence while deviations from Standard Ne-
thods have had to ba explained and justified.

It may be necessary to present tastimony
on parametars that are not inciuded in these
publications or on special types of samples to
which the mathods described are not applica-
ble. In such cases effective testimony may be
based upon the best methodology currently

available, utilizing as substantiating evidance

published reports, other method manuals, etc.
to demonstrate that the methods do have rec-
ognitian in the scientific community.

The specific test methods to be used inthe
application of the Federal Water Pollution Con-
trol Laws may be identified in the Code of
Federal Regulations (CFR). For example, the
procedures required for Section 304 (g) of the
Federal Water Pollution Control Amendments
of 1972 appear in 40 CFR, Part 136. These
guidelines establish the methodology to be
uged for compliance monitoring and the me-
thods become those that are acceptable as
standards in court. Part 136 of 40 CFR also
provides a mechanism and rule for obtaining
approval for any alternate procedure that may
be proposed when the recommended method
is not appropriate.

2.3.8 Testimony by Expeart: A court may
require that an expert witness’ opinion be
based on studies and tests conducted or su-
parvised by him personally, However, exparts
are frequently permitted to offer testimony in
the form of an opinion In'the area of compe-
tance or based on someone else’s work, Such
testimony can be devaloped through the use of
hypothetical questions and abjections tend to
add weight to the expert’s testimony rather
than to cast doubt on the . witness’
G'.'.Il'l'll:lﬂtEll'l'E-"Ll'.

2.4 Testimony in Court

2.4.1 General Instructions for a VWitness:
The following suggestions are made for pros-
pective witnesses to lessan the apprehensions
everyone feels when first testifying before a
board, commission, hearing officer, or in court.
Even wetaran -witnesses often experience
some anxiaty. However, if a witness is properly
prepared on the subject matter of his testl-
many and his conduct on the witness stand, he
is much more confident about testifying. The
witness will be required to take an oath to tell
nothing but the truth. The important point is
that there are two ways to tell the truth—one is
in a halting hesitant manner, which makes the
board member, hearing officer, judge or jury
doubt that the witness is telling all the facts in
a truthful way, and the other is in a confident
straight forward manner, which gives cre-
dence to the witness' words,

If a scigntist is a witness in a casa involy-
ing testimony cancerning the appearance of
an object, place or condition, he should refresh
his recallection by inspecting the object, place
or condition, eto., before the hearing or trial,
Later he should try to picture the item and
recall the Important points of his testimony. He
should repeat this procedurs until he has thor-
oudghly familiarized himsalf with the points that
will be made In the testimany.

Before testifying, the witness should visit
a court trial or board hearing and listan to athear
withesses testifying, This will familiarize Rim
with such surroundings and help him to under-
stand court protocol and the problem of tasti-
mony. The scientist should arrive at the hear-
ing in tima to listen to other witnesses testify
before taking the witness chair himself,

A good witness listens to the queastion and
then answers it calmly and directly in a sincere
manner. He knows the facts and can communi-
cate them. He testifies in this manner on &ross-
examination as well as on direct examination.

The witness should wear neat, clean
clothes when he testifies and should dress
conservatively. He should speak clearly and
not chew gum while testifying.
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2.4.2 Direct Examination

(2) In 2 discussion an administrative proce-
dures, E. Barratt Prattyman, Retired Chief
Judge, U.5. Court of Appeals for the District of
Columbia, gave the following advice (4):

The best form of oral testimony is a serlas
of short, accurate, and complete state-
ments of fagt. It is to be emphasized that
the testimony will ba read by the finder of
the facts, and that he will draw his findings
from what he reads...confused, discursive,
incomplets statements of fact do not yield
satisfactory findings.

{b) The witnass should stand upright when
taking the oath, pay attention, say I do”
clearly, and not slouch in the witness chair, If
the witnass has prepared answers to possible
guastions, he should not memaorize them. It is,
however, very important that he familtarize
himself as much as possible with the facts
aboutwhich he will be called to testify,

(e} During direct examination, the witness
may alaborate and respond mare fully than is
advisable on cross-examination. However,
when volunteering information, he should not
ramble or stray from the main point raised in
his lawyer's question. Testimony Is a dialogue,
not 8 monologue. If testimony concerns a spe-
cialized technical area, the court or hearing
board will find it easier to understand i it iz
prasented in the form of short answers to a
logical progression of questions. In addition,
by lstting his lawyer control the direction of hig
testimony, the witness will avoid making re-
marks which are lagally objectionable or tacti-
cally unwisze.

Id} The witness should be serious at all
timas and avaid laughing or talking about the
case in tha building where the hearing or trial
is baing held.

{8) While testifying, the witness should talk
to the board member, hearing officer or jury,
looking at him or them maost of the time, and
speaking frankly and openly as if to a friend ar
neighbior. He should speak clearly and loudly

enough so that anyone in the hearing room or
courtroom cen hear him easily. The withess
makes certain that the reporter taking the var-
batim record of his testimony is able to hear
him and record what he says. The case will be
decided entirely on the words that are re-
ported as the testimony given at the hearing or
trial. The witness must give complete state.
ments in sentence form; half statements or
incomplete sentences may convey the thought
in the context of the hearing, but be unintelligh
ble when read from the cold record months
later.

2.4.3 Cross-Examination

(@) Concaming cross-examination, the fol
lowing advice is given to prospective wit-
ressas (4): .

Don’t argue. Don't fence. Don't guass,
Don't make wisecracks. Don't take sides. Don't
get irritated. Think first, then speak. If you do
not know the answer to a gquestion, say so. If
you do not know the answer but have an opin.
ion or belief on the subject based on informa-
tiom, say exactly that and let the hearing officer
decide whethar you shall ar shall not give such
information as you have, If a 'ves or no” answer
to & question is demanded but you think that a
qualification should be made to any such an-
swar, give the “ves or no’ and at once request
permission to explain your answer. Don't
worry about the effect an answer may have.
Don't worry about being bulldozed or embar-
rassed; counsel will protect you. If you know
the answer to a question, state it as precisely
and succinctly as you can. The best protection
against extensive cross-examination is to be
brief, accurate and calm.

The hearing officer, board member or jury
wants anly the facts, not hearsay, conclusions,
or opinions. The witness usually will not be
dllowed to testify about what someone elze
has told him,

(b) The witness must be palite, even to the
attormey for the opposing part. He should not
be a cocky witness. Thiz will lase him the
raspact and objectivity of the trier of the facts
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in the case. He should not exaggerate or em-
broider his testimony.

{ch The witness should stop instanthy whean
the judge, hearing officer or board member
intarrupts, or when the other attarney objects
to what is said. He must not try to sneak the
answer in or nod his head for a "yas” or "no”
answer. The reporter has to hear an answer to
record it. If the question is about distances or
time and the answer is only an estimats, he
must say that it is only an estimate.

{c} The witness shouwld listen carsfully to
the gquestions asked. Mo matter how friendly
the other attorney may seem o0 GrOSS-
examination, he may be trying to damage the
testimony. He must understand the gquestion
completely and should hawve it repeated if nec-
essary, then give a thoughtful answer. He must
not give a snap answer. He cannot be rushed
into answering, yet taking too much tima
would make the board member, hearing offi-
cer ar jury think the witnass is making up the
BNIWETS,

id) The witness must answar the question
that is asked-—not the guestion that he thinks
the examiner {particularly the cross-examiner]
intended to ask. The printed record shows anly
the question asked, not what was in the exam-
iner's mind and a8 non-responsive answear may
be very detrimental to the case. This situgtion
exists whean the witness thinks ”1 know what
he is after but he hasn't asked for it.” Answer
only what is asked. The witness must explain
his answers if necessary.

{g) If by chance one’'s answer is wrong,
correct it immediately; if the answer was not
clear, clarify it immediately, The witness is
sworn to tell the truth. Every material truth
should be readily admitted, even If not to the
advantage of the party for whom he (s testify-
ing. He must not stop to figure out whether the
answar will help or hurt his side,

if} The witness must give positive, definite
answers when at all possible and avaid saying
“I think™, “1 belisve”, “in my opinion.” i he
does not know, he must say so and not maka
up an answer. One can be positive about tha

important things which he naturally would re-
mambear. If asked about little details which a
person naturally would not remamber it 15 best
to say that one doas not remember, but he
must not lat the cross-examiner place him in
the trap of answaring question after question
with “l den’t Know.”

{g) The witness must not act nervous, He
should avoid mannerisms which will make him
appear frightened, not telling the truth, or not
telling all that he knows, Above all, it is most
impartant that the witness not lose his temper.,
Testifying at length is fatiguing. Fatigue will be
recognized by Crossness, Nervousness, anger,
careless answars and a willingnass ta say any-
thing or answaer any quastions in ordear to leava
the witmess stamd. When the witness feels
these symptoms, he must recognize them and
strive to overcome these feelings. Some attor-
neys an cross-examination ry to wear aut the
witness 3o he will lose his temper and say
things that are not correct, or that will hurt the
testimony, The witness must not let this
happen.

{h} If the witness does not want to answer
a gquastion, he should not ask the judge, hear-
ing officer or board member whether he must
answer it If it i an improper question, his
attorney will object for him. One must not ask
the presiding officer, judge or board member
for advice or help in answering a guestion. The
withess is on his own, If the question is an
improper one, hiz attorney will object. If the
judge, hearing officer, or board member then
directs the withess to answer it, he must do so.
He cannot hedge or argue with the opposing
atterney,

(i} There are trick guestions which may ba
asked and which, if answerad, signify “yes"” or
“no”, and will damage the credibility of the
testirmony, Two exam ples follow:

(1) "Have you talked to anybody about this
matter?” Iif you say "na’”, the hearing officer or
board member, or a seasoned jury, will know
that is not correct because good lawyers al-
ways talk to the witnesses befora they testify,
If one says “yes”, the lawyer may try to infer
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that you were told what to say. The best thing
to say s that you have talked to Mr. .
your lawyer, to the appeliant, ete., and that you
ware just asked what the facts were. All that is
wantad is tha truth,

{2) “Are you getting paid to testify in this
appoal?” The lawyer asking this hopas your
answer will be "yes"”, thereby inferring that

you are being paid to say what your side wants
you to say. Your answer should be something
like “"Mo, | am not getting paid to testify, | am
anly getting compensation for my time off
from wark, and my expenses incurred in being
here.” A witness should never be pald a contin-
gency fee as it indicates strongly that singce his
compensation depands upon the results, he
miay ba inclined to overstate the case.
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APPENDIX B

FROM: Manual for the imtarin Cartification of Lrboratories involved in Analysing Pubiic Drinking Waler Suppies, EPA
BO0/E-7 B-008, May, 1376, OMTS, Office of REssarch and Dewelepment, LLS. Environmental Protestion Agansy,

VWashington, DC 20460

Chapter V

MICROBIOLOGY: CRITERIA AND PROCEDURES FOR INTERIM

CERTIFICATION OF LABORATORIES INVOLVED
IN ANALYSIS OF PUBLIC WATER SUPPLIES

The criteria and procedures described herzin, shown in bold, are minimum requirements consid-
ered essential for laboratories seeking certification for microbiological analysis of public water sup-
plies. The requirements include laboratory equipment and supplies, laboratory practices, methodology,
gample collaction, and certain quality control measures, The other items, involving personnel, facili-
ties, additional quality control procedures, data reporting, and action response, are optional. For a
commercial laboratory to qualify for certification in microbiology, it must process a minimum of 20
potable water samples per month using either the multiple tube procedure or membrane filter test,

Until National Revised Primary Drinking Water Regulations require certification of water supply
laboratores, all specifications will be considered as guidelines to be used by certification officials.
At that time, minimal requirements will be essential to certification of laboratorics invalved in anal-
wais of public water supplies,

The minimum reguirements must be in complianee, or action must be taken to correct defi-
ciencies prior to certification, A laboratory that exceeds these minimum requirernents is encouraged
to maintain and improve those higher standards for facilities, equipment, methodology, and quality
contral, as well as to continue the upgrading of personnel through training efforls to ensure routine
production of reliable data. )

The required methods of analyses are referenced in “Standard Methods fov the Examination of
Water and Wastewater,” 13th edition; however, some criteria in this document are more specific and
permit fower variations than “Standard Methods.™ '

The guidelines for quality assurance procedures are those in EPA's quality assurance program as

hed I e TOTHA Afencnnl SEIfmrabislaciea] Mathads Fae Manitaring the RFrvisaamant™ (FWET. EPA
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The guidelines for quality assurance progedures are those in EPA’S quality assurance program as
cited in the EPA Manual, “Microbiological Methods for Monitoring the Environment™ (EMSL EPA
Cincinnati). A valuable source of further detail and background information for the laboratory eval-
nator is available in EPA's “Handbook for Evaluating Water Bacteriological Laborateres™ (EPA-
670/9-7 5006, August 19741,

Minimum requirements are shown throughout in bold.

PERSONNEL! (OPTIONAL REQUIREMENTS)

Analysr

The analyst performs microbiological tests with minimal supervision in those specialties for
which he is qualified by education and/or training and experience.

! Exceptinne will be made for fhose persons emploved by the laboratory and eurrently doing the cequired analy-

gz prriof to promulgation of the interim regulations provided that within 2 years after June 24, 1977, they receive a
mimimum af 2 weeks of pdditional training in water microbdologl.

297

®  Academic fraining: Minimum of high school diploma in academic or laboratory-oriented
vocational courges,

® Job training: Minimum of 30 days on-the-job traming plus one week of supplementary train-
ing acceptable to the Federal and State regulatory agency or agency responsible for primacy.
Personnel should take advantage of courses available to Federal and State regulatory
aAEEncies,

®  Supervision: Supervision by an experienced professional scientist. In the small water plant

laboratory consisting of a single analyst, the services of a State-approved outside consultant
must be available.

Supervisor{Consultant

The supervisor directs technical personnel in the proper performance of laboratory procedures
and the reporting of results. If no technical supervisor is available, a consultant should be available.

*  Academic training: Minimum of a bachelor’s degree in microbiclogy, biology, chemistry, or
a closely related fleld. Exceptions will be made for employees of laboratories that serve
communities with populations of 50,000 or less if they receive at least 2 weeks of additional
training in water microbiology from a Federal agency, State agency, or university.

® Job training: Technical training in water microbiology for a minimum of 2 weeks from a
Federal ageney, State agency, or university in the parameter to be tested. Consultant must
have I year of bench experience, approved by the State, in total coliform analyss. State
laboratory expertise would be the most desirable souree of outside consultation.

® Experfenrce; One vear of bench experience in sanitary (water, milk, or food) microbiology.

LABORATORY FACILITIES (OPTIONAL REQUIREMENTS)
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LABORATORY FACILITIES (OPTIONAL REQUIREMENTS)

Labaratory space should be adequate (200 ft* and 6 linear ft of bench space pet analyst) to
aceommodate periods of peak work load. Working space requirements should inglude sufficient
bench-top area for processing samples; storage space for media, glassware, and portable equipment
items; floor space for stationary equipment (incubators, waterbaths, refrigerators, etc.); and associ-
ated area for cleaning glassware and sterilizing materials. The space required for both laboratory
work and materials preparation in small water plant laboratories may be consolidatad into one
room, with the various funetions allocated to different partz of the room.

Facilities should be clean, air-conditioned, and with adequate lighting at bench top (100 ft-
candles).

Laboretory safety, which must be an integral and conscious effort in laboratory operations,
should provide safeguards to avoid electric shock, prevent fire, prevent accidental chemdcal spills,
and minimize microbiological dangers, facility deficiencies, and equipment failures, While safety
is not an aspect of laboratory certification, the evaluation should point out on an informal asis,
potential safety problems observed during an on-site visit.

258 @EFA  microBioLOGICAL MANUAL 1578
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LABORATORY EQUIPMENT, SUPPLIES, AND MATERIALS (MINIMUM REQUIREMENTS)

The laboratory must have available or access to the items required for the total coliform mem-
hrane filter or most probable number procedures as listed below.

pH Meter: Accuracy must be £0.1 units.

Balances—top loader or pan: Balance must be clean, not corroded, and be provided with ap-
propriate weights of good quality. Balance must tare out and detect 50-mg weight accurate-
ly: this sensitivity is required for use in general media preparation of 2g or larger quan tities.
Temperature-monitoring devices:

_Glass or metal thermemeters must be graduated in 0.5°C increments.
_Confinuous temperature recording devices must be sensitive to within 0.5°C.
—Liquid column of glass thermometers must have no scparation.

— A cerfified thermometer or one of equivalent accuracy must be available.

Air (or water facketed } incubarorfincubator rooms waterbaths/aluminum block incubators.

—Unit must maintain internal temperature of 35.0° £ 0.5°C in area of use at maximum
loading,

—When aluminum block incubators are used, culture dishes and tubes must be snug-fitting in
block.

Avfoclave:

—Auntoclave must be in good operating condition when observed during operational cvele or
when time-temperature charts ave read. Vertical autoclaves are not recommended. For
most efficient operation, a double-walled autoclave constructed of stainless steel is sug-
gested (oplional).

— Autoclave must have pressure and temperature gauges on exhaust gide and an operating
safety valve,

_ Autoclave must reach sterilization temperature {121°C) and be maintained during steriliza-
tion cycle: no more than 45 minotes is required for'a complete cycle.

—Depressurization must not produce air bubbles in fermentation media,

Hot-air oven: Oven must be constructed to ensure a stable sterilization temperature. Its use
is optional for sterilization of glass pipets, bottles, flasks, culture dishes, ete. {optional).
Refrigerator: Refrigerator must hold temperature at 1° to 4.4°C (34° to 40°F).
Opticaljeounting/lighting equipment; Low power magnification device {preferably binocular
microscope with 10 to 15x) with fluorescent light source must be available for counting MF
colonies. A mechanical hand tally can be used for counting coloties (opticnal),

Imocularion equipmens”

—Loop diameter must be at least 3 mm and of 22 to 24 gauge Nichrome, chromel, or
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platinum-iridinm wire. Single-service metal loops, disposable dry heat-sterilized hardwood
applicator sticks, pre-sterilized plastic, or metal loops may be used (optional).

& Membrane filtration equipmen:

—Units must be made of stainless steel, glass, or autoclavable plastic. Equipment must not
leak and must be uncorroded.

—Field equipment is acceptable for coliform detection only when standard laboratory MF
procedures are followed,

&  Membrane filvers and pads:

—Membrane filters must be manufactured from cellulose ester materials, white, grid-marked,
47-mm diameter, 0.45 um pore size. Another pore size may be used if the manufacturer
gives performance data equal to or better than the 0.45-um membrane fAlter.

—Membranes and pads must be autoclavable or presterilized.

® Laboratory glassware, plastic ware, and metal utensils:

—Except for disposable plastic ware, items must be resistant to effects of corrosion, high
temperature, and vigorous cleaning operations. Metal utensils made of stainless steel are
preferred (optional). )

—Flasks, beakers, pipets, dilution bottles, culture dishes, culture tubes, and other glassware
must be of borosilicate glass and free of chips, cracks, or excessive eiching. Volumetric
glassware should be Class A, denoting that it meets Federal specifications and need not be
calibrated before use,

—Plastic items must be of clear, inert, nontoxic material and must retain accurate calibration
marks after repeated autoclaving.

®  Culture dishes:

~Sterile fight or loose-lid plastic culture dishes or loose-lid glass culture dishes must be used.

—For loose-lid culture dishes, relative humidity in the incubator must be at least 90 percent.

—Culture dish containers must be aluminum or stainless steel: or dishes may be wrapped in
heavy aluminum foil or char-resistant paper.

=0pen packs of disposable sterile culture dishes must be resealed between uses.

® Cuffure tubes and closures:

—Culture tubes must be made of borosilicate glass or other corrosion resistant glass and
must be of a sufficient size to contain the colmure medium, as well as the sample portions
employed, without being more than 3/4 full. It is desirable that the fermentation vial
extend above the medium (optional).

=Caps must be snug-fitting stainless steel or plastic; loose-fitting aluminura caps or screw
caps are also acceptable.
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® Measuring equipment:

—Sterile, glass or plastic pipets must be used for measuring 10 ml or less.

—Pipets must deliver the required volume quickly and accurately within a 2.5 percent toler-
ance,

—Pipets must not be badly etched; mouthpiece or delivery tips must not be chipped; gradua-
tion marks must be legible.

—Open packs of disposable sterile pipets must be resealed between uses.
—Pipet containers must be aluminum or stainless steel.

—Graduated cylinders must be used for samples larger than 10 ml; calibrated membrane
filter funnel markings are permissible provided accuracy is within a 2.5 percent tolerance.
GENERAL LABORATORY PRACTICES (MINIMUM REQUIREMENTS)
Srerilization Procedures

& The following times and temperatures must be used for autoclaving materials:

Marerial Temperature Minimum Time
Membrane filters and pads 121°C/10 min.
Carbohydrate-containing media 121°C/12-15 min.
{lauryl tryptose, brilliant green
lactose bile broth, ete.)
Contaminated materials and discarded 121°C/30 min.
fests
Membrane filter assemblies (wrapped), 121°C/30 min,
sample collection bottles (empty), '
individual glassware items
Rinse water volumes of 500 mi to 1,000 121°C/45 min.
mil
Rinse water in excess of 1,000 ml 121°C/time adjusted for volume; check
fot sterility
Dilufion water blank 1217C/30 min.

Membrane filter assembles must be sterilized between sample filtration series. A filtration series
ends when 30 minutes or longer elapse batween sample filtrations. At least 2 minutes of UV light or
boiling water may be used on membrane filter assembly to prevent bacterial carry-over between
filtrations (optional}.

Dried glassware must be sterilized at a minimum of 170°C for 2 hours.

Laboratory Pure Water ( Distilled, Deionized, or Other Processed Waters)

® An analyst must test the quality of the laboratory pure water or have it tested by the State
or by a State-anthorized laboratory.
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#  Only water determined as laboratory pure water (see quality control section) can be used
for performing bacteriological analyses.

Although processed water may be acceptable for routine chemistry, there is a good chance that
it contains encugh of some constituent to be toxic or stimulatory to microorganisms {optional),

Rinse and Dilurion Warer

Stock buffer solution must be prepared according to “Standard Methods™ using laboratory pure
water adjusted to pH 7.2. Stock buffer must be autoclaved or filter-sterilized, labeled, dated, and
stored at 17 to 4.4°C. The stored buffer solution must be free of turbidity,

Rinse and dilution water must be prepared by adding 1.25 ml of stock buffer solution per fiter
of laboratory pure water. Final pH must be 7.2 + 0.1,

Media Prepararion and Storage

The following are minimum requirements for storing and preparing media:

® Laboratories must use commercial dehydrated media for routine bacteriological procedures
as quality control measures, )

& Lauryl tryptose and brilliant green lactose bile broths must be prepared according to
“Standard Methods™; lactose broth is not permitted,

® Dehydrated media containers must be kept tightly closed and stored in a cool, dry location.
Discolored or caked dehydrated media cannot be used.

& Laboratory pure water must be used; dissolution of the media must be completed before
dispensing to colture tubes or bottles.

# The membrane filter broth and agar media must be heated in a boiling water bath until com-
pletely dissalved.

® Membrane filter (MF) broths must be stored and refrigerated no longer than 96 hours. MF
agar media must be stored, refrigerated and used within 2 weeks.

® Most probable number (MPN) media prepared in tubes with loose-fitting caps must be used
within 1 week. If MPN media are refrigerated after sterilization, they must be incubated over-
night at 35°C to confirm usability. Tubes showing growth or gas bubbles must be discarded,

® Media in screw cap containers may be held up to 3 months, provided the media are stored in
the dark and evaporation is not excessive (0.5 ml per 10 ml total volume). Commercially
prepared liquid and agar media supplics may be used (optional).

& Ampouled media must be stored at 1° to 4.4°C (347 to 40°F); time must be limited to man-
ufacturer’s expiration date,

METHODOLOGY (MINIMUM REQUIREMENTS)

The required procedures, which are mandatory, are described in the 13th edition of “Standard
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The required procedures, which are mandatory, are described in the 13th edition of “Standard
Methods™: standard coliform MPN tests (p. 664-668), single step or enrichment standard total
coliform membrane filter procedure (p, 679-683). Tentative methods are not acceptable. All other
procedures are considered alternative analvtical techniques as described in section 141,27

302 EPA  MICROBIOLOGICAL MANUAL 1878

of the Mational Interim Primary Drinking Water Regulations. Application for the use of alternative
methods may require acceptable comparability data.

The membrane filter procedure is preferred because it permits analysis of large sample volumes
in reduced analysis time. The membranes should show good colony development over the entire
surface. The golden green metallic sheen colonies should be counted and recorded as the coliform
density per 100 ml of water sample. The following rules for reporting any problem with MF results
must be observed:

o Confluent growh: Growth {wiih or withoot discrete sheen colonies) covering the entire
filtration area of the membrane. Resulis are reported as “confluent growth per 100 mi, with
(or without) coliforms,” and a now-sample requestod.

&  TANTC{ Too numerous o count): The total number of bacterial colonles on the membrane is
too numerows {usually greater than 200 total colonies), not sufficiently distinct, or both. An
accurate count cannot be made, Results are reported as “TNTC per 100 ml, with {or with-
out) coliforms,”™ and a new sample requested.

o Confluent growelh and TNTC: A new sample must be requested, and the sample volumes
fltered must be adjusted to apply the MF procedure; otherwise the MPN procedure must be
used.

o Confirmed MPN test on problem supplies: 1f the labovatory has elected to use the MPN test
on water supplies that have a continwed history of confluent growth or TNTC with the MF
procedure, all prespmptive tubes with heavy growth without gas produetion shonld be sub-
mitted to the confirmed MPN test to check for the suppression of coliforms. A count is
adjusted based upon confirmation and a new sample requested. This procedure should be
carried out on one sample from each problem water supply once every 3 months,

SAMPLE COLLECTION, HANDLING, AND PRESERVATION (MINIMUM REQUIREMENTS)

When the laboratory has been delegated responsibility for sample collecting, handling, and pres-
ervation, there must be strict adherence (o correct sampling procedures, complete identification of
the sample, and prompt transfer of the sample to the laboratory as deseribed in “Standard Meth-
ods,” 13th edition, section 450, p. 657-660,

The sample must be representative of the potable water system. The sampling program must
include examination of the finished water at selected sites that systematically cover the distribution
netwaork, '

Minimum sample frequency must be that specified in the National Interim Primary Drinking
Water Regulations, 40 CFR 141.21.
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Minimum sample frequency must be that specified in the National Interim Primary Drinking
Water Regulations, 40 CFR 141.21.

The collector must be trained in sampling procedures and approved by the State regulatory
authority or its delegated representative.

The water tap must be sampled after maintaining a steady flow for 2 or 3 minutes to clear serv-
ice line, The tap is free of aerator, strainer, hose attachment, or water purification devices.

The sample volume must be a minimum of 100 ml. The sample bottle must be filled only to the
shoulder to provide space for mixing. '

The sample report form must be completed immediately after collection with location, date and
time of collection, chlorine residual, collector’s name, and remarks.,
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Sample bottles must be of at least 120 ml-capacity, sterile plastic or hard glass, wide mouthed
with stopper or plastic screw cap, and capable of withstanding repeated sterilization. Sodiom thio-
sulfate (100 mg/l) is added to all sample bottles during preparation. As an example, 0.1 ml of a 10
percent solution is required in a 4-o0z (120-ml) bottle.

Date and time of sample arrival must be added to the sample report form when sample is re-
ceived in the laboratory.

State regulations relating to chain-of-custody, if required, must be followed in the field and in
the Iaboratory.

Samples delivered by collectors to the laboratory must be analyzed on the day of collection,

Where it is necessary to send water samples by mail, bus, United Parcel Service, courier service,
or private shipping, holding/transit time between sampling and analyses must not exceed 30 hours.
VWhen possible, samples are refrigerated during transit and during storage in the laboratory (optional).

If the laboratory is required by State regulation to examine samples after 30 hours and up to 48
hours, the laboratory must indicate that the data may be invalid because of excessive delay before
sample processing. Sumples arriving after 48 hours shall be refused without exception and a new
sample requested. (The problem of holding time is under investigation by EPA.)

QUALITY CONTROL PROGRAM

Mintmum Reguirement

A written description for current laberatory quality control program must be available for
review. Management, supervisors, ahd analysts participate in setting up the quality contral pro-
gram. Each participant should have a copy of the quality control program and a detailed guide
of his own portion. A record on analytical quality control tests and quality control checks on
media, materials, and equipment must be prepared and retained for 3 years.

Analytical Quality Control Tests for General Laboratory Practices and Methodology

Minimum and aptional requirements for analytical quality control tests for general practices
and methodology are:

& Minfmum reguirements:

—AL least five sheen or borderline sheen colonies must be verified from each membrane con-
tainine five or more such eolaniere Comafe mact e adineted hacod s waeifioailan Tha
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—ATL least five sheen or borderline sheen colonies must be verified from each membrane con-
taining five or more such colenies. Counts must be adjusted based on verification. The
verification procedure must be conducted by transferring growth from colonies into lauryl
trypiose broth (LTE} tubes and then transferring growth from gas-positive LTH cultures to
brillinnt green lactose bile {BGLEB) tubes. Colonies must not be transferred exclusively to
BGLB because of the lower recovery of stressed coliforms in this more selective medium,
However, colonies may be transferred to LTBE and BGLE simultaneonsly. Negative LTE
tubes must be reincubated a second day and confirmed if gas is produced, It is desirable to
verify all sheen and borderline sheen colonies (optional).

—A start and finish MF control test (rinse water, medivm, and supplies) must be conducted
for each filtration series. If sterile controls indicate contamination, all data on samples

affected must be rejected and a request made for immediate resampling of those waters
involved in the laboratory error.

SEPA  MICROBIOLOGICAL MANUAL 1578

—~The MPN test must be carried to completion, except for gram staining, on 10 percent of
positive confirmed samples. If no positive tubes result from potable water samples, the
completed test except for gram staining must be performed quarterly on at least one
positive source waber.

—Laboratory pure water must be analyzed annually by the test for bactericidal properties
for distilled water (“Standard Methods,” 13th editlon, p. 646). Only satisfactorily tested

- water is permissible in preparing media, reagents, rinse, and dilution water. If the tests do
not meet the requirements, corrective action must be taken and the water retested.

=Laboratory pure water must be analyzed monthly for conductance, pH, chlorine residual,
and standard plate count. If tests exceed requirements, corrective action must be taken
and the water retested.

—Laboratory pure water must not be in contact with heavy metals. It must be analyzed
initially and annually thereafter for trace metals {especially Pb, Cd, Cr, Cu, Ni, and Zn). If
tests do not meet the requirements, corrective action must be taken and the water re-
tested.

—Standard plate count procedure must be performed as described in *“Standard Methods,”
13th edition, p. 660-662. Plates must be incubated at 35° £70.5"C for 48 hours.

—Requirements for laboratory pure water:

pH 55-7.5
Conductivity ) Greater than 0.2 megohm as resistivity or
less than 5.0 micromhos/cm at 25°C
 Trace metals:
A single metal Mot greater than 0.05 mg/l
Total metals Equal to or less than 1.0 mg/]

Test for bactericidal properties of dis-

tilled water (*Standard Methods,™

13th edition, p. 646) 0.8 -3.0
Free chlorine residual 0.0
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1L 3 SOlnon, p. 0S0n) LI B Y
Free chlogine residual 0.0
Standard plate count Less than 10,000/ml

—Laboratory must analyze one quality control sample per vear (when available) for param-
eter(s) measured.

—Laboratory must satisfactorily analyze one unknoym performance sample per year (when
available) for parameter{s) measured,

®  Opfional regquirements.

—Duplicate analyses should be run on known positive samples at a minimum frequency of
one per month, The duplicates may be run as a split sample by more than one analyst,
with each split being a 50-ml sampla,

—Water plant labormatories should examine a minimum of one polluted water source per
month in addition to the required number of distribution samples.

—If there iz more than one analyst in laboratory, at least once per month each analyst
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should count the sheen colonies on a membrane from a polluted water source. Colonies on

the membrane should be verified and the analvsts’ counts compared to the verified count,
—=A minimum number of the official water supply samples required for each system should

be analyzed by the State labaratory. For example, systems that are required to have foss

than 10 samples examined per month should submit one additional sample to a State

autherized laboratory. Water systems with sample requirements above 10 per month

would submit two additional samples to a State authorized laboratary.

Cuality Control Checks of Laborarory Media, Equipment, and Supplies

Minimum and optional requirements for quality control checks of laboratery media, equipment,
and supplies are:

& Minimune requiremenis:

=pH meter must be clean and calibrated each nse perdod with pH 7.0 standard buffer, Buf-
fer aliquot must be used only once. Commercial buffer solutions must be dated on initial
use,

—Balances (top loader or pan) must be calibrated annually.

~Glass thermometers or continuous recording devices for incubators must be checked year-
ly and metal thermometers quarterly (or at more frequent intervals when necessary)
against a certified thermometer or one of equivalent accuracy.

—Temperature in air (or water jacketed) incobator/incubator room;waterbaths/aluminum
block incubators must be recorded continuously or recorded daily from in-place thermom-
eter(s) immersed in liquid and placed on shelves in use.

—Date, time, and temperature must be recorded continuously or recorded for each steriliza-
tion cycle of the autoclave,

—Hat air oven must be equipped with a thermometer calibrated in the range of 170°C or
with a temperature recording device, Records must be maintained showing date, time, and
temperature of each sterilization cyele. It is desirable to place the thermometer bulb in
sand and to avoid overcrowding (optional).

—Membrane filters used must be those recommended by the manufacturer for water analy-
sis. The recommendation must be based on data relating to ink toxicity, recovery, reten-
tion, and absence of growth-promoting substances.

—Washing processes must provide clean glassware with no stains or spotting, With initial use
of a detergent or washing product and whenever a different washing product is used, the
rinsing process must demonsirate that it provides glassware free of toxic material by the
inhibitory residue test (“'Standard Methods,” 13th edition, p. 643).

—At least one bottle per batch of sterilized sample bottles must be checked by adding ap-
proximately 25 ml of sterile LTB broth to each bottle. It must be incubated at 35 = 0.5°C
for 24 hours and checked for growth.

—Service contracts or approved internal protocols must be maintained on balances, auto-
clave, water still, ete,, and the service records entered in a log book.

SEPA  MICROBIOLOGICAL MANUAL 1978
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—Records must be available for inspection on batches of sterilized media showing lot num-
bers, date, sterilization time-temperature, fnal pH, and technician’s name.

o Optional requiremenis:

—Positive and negative cultures should be used, and testing should be carried out to deter-
mine recovery and performance compared to 2 previous acceptable lot of medium.

—Media should be ordered on a basis of 12-month needs. Bottles should be dated on receipt
and when opened initially, Except for large volume uses, media should be purchased in 1/4-
It bottles. Bottles of media should be used within & months after opening; however; in no
case should opened media be used after one vear. Opened bottles should be stored in a des-
iccator to extend storage time Devond 6 months, Shelf life of vnopened bottles is 2 vears.

—Testing should be carried out in media and membranes to determine recovery and per-
formance compared Lo previous acceptable lot,

—Lot number of membrans filters and date of receipt should be recorded.

—Heat sensitive tapes and spore strips or ampoules should be used during sterilization. Maxi-
mum registering thermometer is recommended. '

DATA REPORTING (MINIMUM REQUIREMENTS)

Where the laboratory has the vesponsibility for sample collections, the sample collector should
complete a sample report form immediately after each sample is taken. The information on the
form includes sample identification number, sample collector’s name, time and date of collection,
arrival time and date in the laboratory, direct count, MF verified count, MPN completed count,
analyst's name, and other special information.

Results should be calculated and entered on the sample report form to be forwarded. A careful
check shonld be made to verify that each result was entered correctly from the bench sheet and
initialed by the analyst.

All results should be reporied immediately to the proper authority.

Positive results are reported as preliminary without waiting for MF verification or MPN comple-
tion. After MF verification and/or MPN completion, the adjusted counts should be reported.

A copy of the sample report form should be retained either by the laboratory or State program
for 3 years. If resulls are entered into a computer storage sysiem, a printout of the data should be
returned 1o the laboratory for verification with bench sheets,

ACTION RESPONSE TO LABORATORY RESULTS (MINIMUM REQUIREMENT}

When action response is a designated laboratory responsibility, the proper anthorities should be
promptly notified on unsatisfactory sample results, and a request should be made for resampling
from the same sampling point.
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SAMPLE FORMS FOR ON-SITE EVALUATION OF LABORATORIES INVOLVED IN
ANALYSIS OF PUBLIC WATER SUPPLIES—-MICROBIOLOGY

LABORATORY:

STREET:

CITY: STATE:

TELEPHOME NUMEER:

SURVEY BY:

AFFILIATION:

DATE:

CODES FOR MARKING ON-SITE EVALUATION FORMS:

S—_Eatlsfactory
U =Unistiffectory
A —Not Applicable
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Laboratory Evaluator
Location Date
PERSONNEL

The form dealing with personnel can be found on the following page.

LABORATORY FACILITIES
Space in laboratory and preparation room is adequate for needs during peak work periods

(200 ft* and 6 linear ft of usable bench space per analyst).
Facilities are clean, with adequate lighting (100 ft-candles) and air conditioning,
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NOTE: Materlal on pages 53-85, except where indisated, are minimum requiremants.
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Laboratory Evaluator
Location Diate
LABORATORY EQUIPMENT, SUPPLIES, AND MATERIALS
1. pH Meter
Manufacturer Model

Clean, calibrated to 0.1 pH units each wuse period; record maintained . ... ... ...... -
Aliquot of standard pH 7.0 buffer used only onee . ... ... st icaae e -

2. Balance—_Top Loader or Pan

Manufacturer : SR Madel

Clean. Detects a 50-mg weight accurately (for a general media preparation of >2-g
L = e T —_
Good quality weights in clean condition .. ... 0ot e e —

3. Temperature-Monitoring Devices

Accuracy checked annually against a certified thermometer or one of equivalent

BOCUTHEY . & oo ol ety e e v 0w o mma v nn e b e e d e e e ma s a et bae e e et et e —
Legible gpraduations in 0.5  Caneramemts o ..t or v e s v ne s nnnssssnnssosss —
No separation in Hauid column .. 0. .. ... ... .. oo, e —_—

4. Incubaror or Incubator Room
Manufacturer Maodal

Sufficlent size Tor daily WOk 108 - .. ..\ ve' s e s e st s ee e _

T Tt fniie barmearndiarmn mentmdnioed e oloboss la ol asc s seead F3E8 A0 3 a0 S0
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Sufficlent size Tor daily WOk 1080 . . ..\ v en s e s e st s ee e _

Uniform temperature maintained on shelves in all areas used (35.0° £ 0.5°C) ... ... S

Calibrated thermometer with bulb immersed in lquid and located on shelves inuse. . e .

Temperature recorded daily or recording thermometer sensitive to £ 0.5°C . . ... ... -
. Autoclave .

Manufacturer Modsl

Reaches sterilization temperature (121°C), maintains 121°C during sterilization
cycle, and requires no more than 45 min foracomplete cvele, ... .. oo ool L.
Pressure and temperature gauges on exhaust side and an operating safety valve ... .. -
Mo air bubbles produced in Termentation vials during depressurzation. .. ... ...... —_—
Record maintained on time and temperature for each stedlization eyele .. ........ ——

&, Hor-Air Oven

Manufacturer Model

Operates at a minimum of 170°C | R e.o_
Thermometer inserted or oven t‘:qmppn:d w1th L::mpnratum—r:mrdm; H'u:nnﬁml:!er

DB . v v v v s e m e ey e e e r e e e m e e e e h e ——
Time and temperature record maintained for each sterlization evele . .. .. ... ... .. _
Thermometer bulb in sand {optional)

7. Refrigerator
Temperaturs maintained at 1% to 4.4°C (34 10 40°F) . .. o0 e i i i e e e —

8. Optical Equipment

Low power magnification device (preferably binocular microscope with 10 to 15X)
with fluorescent light source for counting MF colomies . . ... ... .. oo ——
Colonies counfed with a mechanical hand tally (optional).

9, Inoculation Equipment

Stenlized loops of at least 3-mm diameter, 22 to 24 gauge Nichrome, Chromel, or
B W g s .
or
Disposable dry heat-sterilized hardwood applicator sticks or presterilized loops . . ... ———

10, Membrane Filiration Equipmernt

Manufacturer Model
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Manufacturer Model
Made of stainless steel, glass, or autoclavable plastic ... .. ... et ieiinarinanas —_—
Monleaking and uncomoded . ... u e i e i a e e e —

11, Membrane Filvers and Pads

Manufacturer Model
Filters recommended by manufacturer for wateramalvses, . ... ... o i ienninns —
Filters and pads prestenilized orantoclavable & ... . . o e e

12, Glass, Plasric, and Metal Utensils for Media Preparation

Washing process provides glassware free of toxic residue as demonstrated by the

inhibitory residue test . ... .. .. oo i i e ea s -
lass items of borosilicate, free of chipsand cracks .. ... ... o i innnnnnn e
Lltensils clean and free from foreign residues or doed medium . ..., ..., . 000 ivee ——
Plastic items clear with visible graduations .. ... ... ... . ... . ... i S
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I13. Sampie Borrles

Wide-mouth hard glass bottles; stoppered or plastic screw-capped ; capacity at least

1 15 | -
Glass-stoppered botiles with tops covered with aluminum foil or kraft

PHIPET w4 v ww s vmn v mmes s ccsomasasuannnssnatsmansasnsnsessosssssssas —
Screw-caps have leakproof nontoxic liners that can withstand repeated sterilization

(30 M B T21%00 ettt e e e i e et e e e —
Sterile sample bottles contain 10 mg of dechlorinating agent per 100 ml of sample ., —

14, Pipets
Brand Type

Bterile; glass or plastic; with a 2.5 porcent folerance . ... oL L o it
Tips unbroken; graduations distinetly marked, ... ... oo oo e e _

15, Piper Containers

Aluminum, staindess stesl 0 i i e et e a e e e —_
Pipets wrapped in quality kraft paper (charresistant) .. ... ....... ... . . o0us -
Open packs of disposable sterile pipets resealed between wges. .. ... ..o onn o ian s S

16, Cufture Dishes

Brand Type
Sterile plastic or BlARE . . ...t e e e e -
Open packs of disposable starile plastic dishes resealed between uses . ... ... ...... S

Dishes are in containers of aluminum or stainless-stecl with covers or
are wrapped with heavy aluminum foil or char-resistant paper. . ... . ... ... ...

17, Culture Tubes and Closures

Sufficient size to contain sterile medium and sample without danger of spillage
Metal or plastic caps; plastic PIUES. . . v vr it v h e e v e e e e r s nan e
Borosilicate glass or other corrosion-resistant glass ... ..., ... ... ... oo vinnncn S
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Laboratory Evaluator

Location Date

GENERAL LABORATORY PRACTICES

1. Sterilization Procedures

Eatisfactory sterlization procedures and/or fecards ... ... 0o e e
Tube broth media and reagents sterilized 8t 121°C 12to 15min . ..o eer ...
Tubes and flasks packed loosely in baskets or racks for uniform heating and cooling .
MF prestedlized or autoclaved at 121°C for 10 min with fast exhaust .. ... ..., ...
MF assemblies and empty sample bottles sterilized at 121°C for 30 min. ... .......
MF assemblies sterilized between sample filtration semes . ... 0. oot ieinernn..
Rinse water volumezg of 500 to 1,000 ml sterlized at 121°C

e N ¢ 1 1 et
Dilution water blanks auteclaved at 121°Cfor30min. .. ... oot it i i innrnn..
Wire loops, needles, and forceps sterilized. - .. ... .. ... 0 it in e
Total exposure of MP'N media to heat not over 45 min. .. .ov e ieen e oennen..
Timing for sterilization begins when autoclave reaches 121°C. ... oo ...
Individual glassware items autoclaved at 121°Cfor30min. ... ... uon ...
Individual dry glassware items sterlized 2 hous at 170°C (dry heaty . .. .. ..., ...,
Pipets, culture dishes, and inoculating loops in boxes sterilized at 170°C for 2 hours .
MPM media removed and cooled as soon as possible after sterlization end stored in

cool dark place (optional)
NV light or koiling water for at 12ast 2 min may be used 'on membrane filter assam-

blies to reduce bacterial carry-over between each filtration (optional)

LEEEETEE T

2. Laboratory Pire Warer

Only laboratory pure water used in preparing medis, reapgents, rinzse water, and dilu-
8 e -

Source: Laboratory-prepared Purchased

If laboratory-prepared:
Btill manufacturer
Deionizer manufacturer
Fecord of recharge frequency

Production rate and quality adequate for laboratory needs. . ..o oo e e ienn e e
[nspected, repaired, cleaned by service contract or inchouse service . ... .. ... ... .. -

2. Chemical quality contral

Fecord of satisfactory annual analyses for trace metals
A single metal not greater than 00Fme/l . ... .0t i nonn, _
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Total metals: equal to or less than T.Omg/1. ... ... oot ioae ol —_—

Record of monthly analyses of laboratory pure water

Conductance: =02 mepohm resistivity or <5.0 microhmos/cm .. .o oo v e s —
o 5 0 -
Standard plate count: <<10000/ml . ... ... .. i i e iea S
Free chilorine residoal: 000 .. o 0 it i e -

b. Microbiological quality control

Test for bactericidal properties of distilled water (0.8-3.0) performed at lzast
1 1

Testing laboratory Dhate Ratio

3. Rinse and Dilution Water

Stock buffer solution prepared sccording to “Standard Methods,” 13th edition. .. .. ——
Stock buffer solution adjusted to pH 7.2 . ... oo o i i it it e —
Stock buffer autoclaved at 121°C, stored at 1% to 4.47C (34° to 40°F) or filter

o —
Stock buffer labeled and dated . .- ¢ —

Stock potassium phosphate bu.ffl:r sr_!]utlcln Iil 25 ml} addud per J.1l.4.:r dntlﬂtd Wﬂtr‘:r
for rinse and dilution water

Final pH 7 2 £ 0. L. i it ss oo it assaascassnseasns

4. Media

Dehvdrated media bottle kept tightly closed and protected from dust and excessive

Iumidity in stOFREe BFEA% - . . . .. ... e e e e —_
Dehydrated media not used if discolored orcaked .. ... . . . i i
Laboratory pure water used in media preparation. . . ..o v vnrrms nranrnrrnnss —_—
Dizszolution of madia complete before dispansing to culture tubes or bottles .. ... .. S
MPN tube media with loose-fitting caps used in lessthan 1 week . ... ... . ... ... —.

Tube media in screw-capped tubes held no Iﬂng-zrthan3mcmth'-: Ceee
Ampouled media stored at 1% to 4.4°C and time limited to manufacturer’s ﬂxp-u'ﬂ-

Media stored at low temperatures are incubated overmght prior to use and
tubes with air bubbles discarded ... ... i i e e e N
Media protected from sunlight ..o ..o it i s i s n s N
MF media stored in refrigerator; broth medium used within 96 hours, agar within
two weeks if prepared in tight-fittingdishes, .. ... .o i i na e
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MF mediz stored in refricerator; broth medium wsed within 96 hours, agar within
two weeks if prepared in tight-fittingdishes, .. ... 0 i i ii i -

5. Lauryl Tryprose Broth

Manufacturer Lot Mo.

Single strength composition, 35.6 g per liter pure wWater. . .. .o cvvven v avonna.y -
Single strength pH 6.8 = 0,2; double strength pH 6.7 £ 02, ... . ..., —
Mot less than 10 ml per tube ..., ... . Caa s
Media made to result in single strength aftcr add;l.tlcln {!t' fm.mpla purthns .......... S

8. Brilllany Green Lactose Bile Broith

Manufacturer Lot No.

Medium composition 40 g per Hiter pume Water ..o ou et s e s en st rnnnasneans e
FINl PH 7.2 2 0.2 o oe e et e et e et e e e e e e et e e e -

7. M.Enda Media

Manufacturer Lot No.

Medivm composition 48.0 g per liter pure water optionally 15 g agar added/l... ...
Feconstituted in laboratory pure water containing 2 percent ethanol (not

dematured) o o cv v i vt iniinna s e R s E s e s s R e g s r R A b pee e e
Final pH 7.2 £ 0.2 . C e sas e s r R r e e
Medium held in l:nmlmg watar h:lﬂ'l untul -:mnplete]y dmmlvnd ............... ——

& Standard Plate Count Agar

Correct composition, sterile and pH 7.0 £ 0.2 ..o it i iins i iessrsanenans
Sterile medium not remelted a second time after sterilization. . ...... Penaae s
Culture dishes incubated 48 hours at 35" £0.5°C. ... e i e e es e
INo more than 1.0 ml or less than 0.1 ml sample plated (gample or dilution). . .
Liguefied agar, 10 ml or more; medium temperature betwesn 447 to 46°C. . ..
Melted medinm stored no longer than 3 hours bafors Ua8. .. o v o e e et e i vs s onns
Only plates with betwesn 30 to 300 colonies counted; when 1 ml of undiluted

sample is plated, colony density may be lessthan 30, ... ... v n vt i v nannsnns
Only two significant figures recorded and calculated as standard plate count;

1

LT
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Laboratory Ewvaluator
Location . Date
METHODOLOGY

Methodology specified in “Standard Methods,” 13th edition, or EPA manual .. ..... .. -

M-Endo broth, M=Endo agar, or Les Endo agar used in a single step procedura. .. ... ... ——

In two-step Les M-Endo procedure, MF incubated on lauryl-tryptose-broth-saturated
absorbent pad for 1.5 to 2 hours at 3.5% £ 0.5°C; then on M-Endo broth or Les
Endo agar for 20 to 22 hours at 357 2 0.5°C ... ...,

1. Toral Coliform Membrane Filfer Frocedure

Samples comtaining excessive bacterial populations (greater than 200), confluency,
or turbidity retested by the MPN procedure. . ... .o oo oo iiinon,
Filtration assembly sterile at start of each series . ... ....... e ane e
Absorbent pads saturated with medium, excess discarded; or 4.0 ml of agar medium
can be used per culiure dish instead of apad . ... ..o e i e
Sample shaken vigorously immediately before test . ... ... v i ii i tn e renns
Test sample portions measured and not lessthan 100ml ... ... . ... oot
Funnel rinsed at least twice with 20- to 30-ml portions of sterile buffered water .. ..
MF removed with sterile forceps grasping area oulside effective fltering area. ... ...
MF rolled onto medium pad or agar o air bubbles are not trapped. . . ... ... ......

2. Incubation aof Membrane Filter Cultures

Total incubation time 22 to 24 hours at 357 £ 0.5°C
Incubated in tight-fitting culture dishes or loose-fitting dishes incubated in high
relative humddity chambers .. oo in i e v rannanrasrr e s

3. Membrane Filter Colony Counting

Samples repeated when coliforms are “TNTC™ or colony growth is confluent, possi-

bly obscuring coliform development andfor detection. .. ... ..o vty -
Total coliform count calculated indensity per 100ml ... .. o v oo e e
Samples containing five or more coliforms per 100 ml are resampled and tested . ... —
Low power magnification device with fluorescent light positioned for maximum

sheen visibility . .. .. .. vt e ia i et e R s s E R —
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Low power magnification device with tluorescent Hght posilioned [OT Maximum
sheen visibility . .. .. .. v e i it e st s e et a —

4. Ferificarion aof Toral Colfiform Colonies

All typical coliform (sheen) colonies or at Ieast five randomly selected sheen colo-

nies verified in laury]l tryptose brothand BGLB. . .. ... o oo it iiiinnn e —_—
Counts adjusted based on verification. . .. .. o it i ieiiee i nanran S

All atypical coliform (borderline sheen) colonies or at lesst five randomly-selectad
colonies verified in LTB and BGLB .. .. .. e e e ae e —_—
Counts adjusted based on verification .. . . oo i v o i vsscconrsonnesrnsrnernesrna P
317

5. MF Field Equipment
Manufacturer Maodel

Only standard laboratory MF procedures adapted to field application . . ....... ... —

. Toral Coliform Most Probable Number Procedure
g. Presumptive Test

Five standard portions, either 10or 100ml . ...... ..

Sample shaken vigorously immediately before test .. .. ..., .00 vnss s —_—
Tubes incubated at 35° £ 0.57°C for 24 £ 2 HOUIS o .00 v e i o e e e
Examined for gas (any gas bubble indicates positive test) ... ... ... ... ... ... -

Tubes that are gas-positive within 24 hours submitted promptly to confirm test .

Megative tubes returned to incubator and examined for pes within 48 + 3 hours;
positives submitted to confirm test .

Public water supply samples with hmwy grﬂwt.h ant:l no gas pmdur.:tiun o=
firmed for presence of suppressed colifOmmIS. . ... 0ot v ressronerssnns

Adjusted count reported based upon confirmation. ... ... oot an e,

Adequate test labeling and tube dilution coding (opticnal)

b. Confirmed Test

Presumptive positive tube gently shaken or mixed by rotating .. ... ......... -
One loopful or one dip of applicetor transfermed from presumptive tube to

Incubated at 35°C + 0.5%; checked within 24 hours £ 2 hours for gas production.

Positive confirmed tube results recorded ; negative tubes reincubated and read
R S e T T

¢, Completed Test

Applied to 10 percent of all positive samples each quarter . ... .. ............ -
Applied to all positive confirmed tubes in each test completed. . ... .. ... ..., —_—
Positive confirmed tubes streaked on EME plates for colony isolation . ..., .... —

Plates adequately streaked fo obtain discrete colondes. . ..
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Positive confirmed tubes streaked on EME plates for colony isolation . ... ..... —
Plates adequately streaked to obtain discrete colomiss. . .. .. oot eroennnrns
Incubated at 35" £ 0.5°C for 24 £ 2HOWS o . oottt st et et e e inarnns
Typical nucleated colonies, with or without sheen, on EMB plates selected for
completed testidentification .. . ... . L
If typical colonies absent, atypical colonies selected for completed tést
L
If no colonies or only colorless colonies appear, confirmed test for that particu-
lar tube considered REEatIVE . . . ... e
An isolated typical colony or two atypical colonies transferred to lauryl tryptose
1

Cultures producing gas in laury] tryptose broth within 48 + 3 hours are consid-
=
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Laboratory Evaluator

Location Date

SAMPLE COLLECTION, HANDLING, AND PRESERYATION

Representative samples of potable water distmbution system - ... oo, e R

Minimal sampling frequency as specified in the National Interim Primary Drinking Water
Begpulallong ... covivrirvanrenrnn R A S L S —

Sample collector trained and approved as required by State regulatory authority or its

. delegated represemlaliveE . oo v u v an i ana e e e e e —

1, Sample Botiles

Sterile sample bottles of at least 120 mi; able to withstand repeated sterilization. ...
Ample air space remains after sample collected to allow for adequate _rnixing ....... S
Sodivm thiosulfate, 100 mg/l, added to sample bottle before sterilization . ... .0 ... —

2. Sampling
Sample collected after maintaining a steady flow for 2 to 3 min Lo clear service
Tap free of acrator, strainer, hose attachment, water purification, or other devices ..
Samples refrigerated when possible during transit and storage periods in the labora-
tory {optional)
3, Sample Idenrificarion
Sample identified immediately aftercollection. ... ... oo oo e

TAeewlflamidme dow mlendmn svembme nmssmam Dmbs ceem Besen aeed data af anllostinm omd snldo
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Sample identified immediately aftercollection. ... ... oo oo e _
Tdentification includes, water source, location, fime and date of collection, and col-

lector's name; insufficiently identified samples discarded. . . (. ... e
Chlorine residual where applicable . ..oy o e i s e a e it e s

4, Sample Transit Time

Transit time for potable water samples sent by mail or commercial transportation,

notinexcess of 30 houre . .. L e e e e e -
Mo gample processed after 48<hour trapsit/stommge ... .. o0 e i i S
Samples delivered to laboratory by collectors examined the day of collection .. ...,
Data marked as questionable on samples analvzed after 30 hours. . ... L. oL i o

5, Sample Receipt in Laborarory

Sample logeed in when received in laboratory, including date and time of arrdval and

] - T b —
Chain-of-custody procedures required by State regulations followed . ... 0020 N
319
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Laboratory. Evaluator

Location Date

QUALITY CONTROL
A written laboratory quality control program is available forreview. ... ... oo oo oo —

I, Analyrical Quality Control

A record containing results of analytical control tests gvailable forreview ... .00 —

a. Verification of MF Colonies

At least five coliforms verified from each positive sample. . . ..., . v enreran
Sheen colonizs in mixed confluent growth reported and verified (optional)

b. Mepative Coliform Controls .

A start and finish MF control test (rinse water, medium, and suppliss) run with

each Al ation SBTiEs . . . ... . e n e —
When controls indicate contamination occurred, all data on affected samples
rejected and resampling requested . .. ...l

¢. Total Coliform Confirmed Test

Presumptive tubes with heavy growth but no gas production submitted to con-
firmed test to check for suppression of coliforms. Confirmation procedure
carried out every 3 months on one sample from each problem water supply ...

d. Duplicate analyses (optional)

Duplicate analyses run on positive polluted samples not to exceed 10 percent
but a minimum of one per month (optional) ... ... . ... ... ... ceeuinns N

@, Paositive Control Samples (optional)

One positive contral sample (polluted water) run each month (optional)

f. Colony Counting (If More Than One Analyst in Laboratory) {optional)

Two or more analysts count sheen colonies; all colonies are vedfied; analysts®
counts compared to verified counts; procedure is carried out at least once per
month (optional)

g. Check Analyses by Stats Laboratories (optional)

A minimum of samples, proportional to the local laboratory work load, proc-
essed by State laboratory (see criteria for recommendations) (optional)

SEPA  MICROBIOLOGICAL MANUAL 1578
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2. Ouality Control of Equipment, Supplies and Media
a. Records

Satisfactory records containing complete quality control checks on equipment,
supplies, and media available forinspection. . ... e i i

b, Eguipment and Supplies

Service contracts or approved intemal protocol maintained on balance, auto-

clave, water still, etc.; service records entered imalogbook .. ... oo ne —
Glass thermometers calibrated annually against a certified thermometer; metal

thermometers checked quartes]y ... o oo i e R
pH Meters standardized with pH 70 buffer. . ... oo cii o on e
Laboratory pure water analyzed as described incriterda . ... ... ... ..l e
Lot numbers and dates of receipt of membrane filters recorded (optional)
Heat-sensitive tapes and/or spare strips/ampoules used during sterilization (optional)

¢, Media Quality Control

Laboratory chemicals of Analytical Reagent Grade .. .........cooiiviianas -
Dryes certified for bacteriological use. . ... ... o iainn o rr e
pH checked and recorded on each batch of medium after preparation and
Gtz aiOn . ...t e e e e hss s a A R b mda s e s i E
Causes for deviations beyond £ 0.2 pH units specified ... .. .o
Media ordered on a basis of 12-month need; purchased in 1,/4-lb, quantities,
except those used in large amounts (optional)
Bottles dated on receipt and when opened (optional)
Opened bottles of routinely used media discarded within & months (if stored in
desiccator storage may be extended) (optional)
Shelf life of unopened bottles not in excess of 2 years (optional)
New lots of media quality tested against satisfactory lot using natural water
samples (optional)

an
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Laboratory. Evaluator

Location Date

DATA REPORTING
Sample information and laboratory data fully recorded _ ... .o, ... ... . .. ... —
Direct MF counts and/or confirmed MPN results reported promptly ... ... . ......... R
After MF verification andfor MPN completion, adjusted counts reported. .. .......... -

One copy of report form retained in laboratory or by State program for 3 years .. ... ..
Test results essembled and available for inspection {optional)
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Laboratory — Ewvaluator

Location [ate

ACTION RESPONSE TO LABORATORY RESULTS

Unsatisfactory test results given action response and resampled as defined in National

Interim Primary Drinking Water Regulations . ... ... ..o oo R
State and responsible local authority notified wuh.l.n 48 hours after check samples con-

firm coliform occurrence . ‘s e men b et e p—
All data reported to State am[ ii:u:aJ authurltlﬁ ml'.hln 40 dﬂ:.fs ..... STETERTIEE e _—
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INDEX
inhibitory effects, 208
Absorpbent pads, 74, 205 recovery, 206
Accidents, reporting, 262 Asymmatry of data, 227
Accuracy, method, 240 Autoclave, steam
guality control, 216
Actinomycetes, analytical mathod for, 188 specifications, 36, 37, 38

temperature control, 218
Agar, nutrient, 39
Automotive safety, 263
Agglutination test
for H antigen, 1793 Azlde dextrosa broth, 46
for O grouping, 177
for O and VI, alermate procedure, 178

for Wi antigen, 178 Balances
quality control, 212

Air density plates in quality control, 198 specifications, 33
Alcohal Bacteria

for sterilizetion procedures, 71, 74 sep  total coliforms, 108

in MF media, 43-45 fecal coliformsa, 124

fecal streptococci, 135

Alternale test procedures, 82 Salmonells, 154

standard plate coumt, 101
Analytical cost, 246
Bathing beaches, sampling, 28
Anelytical quality control
comparative testing of methodologies, 238 gy tess
in complisnee monitoring, 233 10 © and 45 ©, 148
in routine analyses. 231 6.5% MaCl and pH 9.6, 147
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in compliance monltoring, 233
in routine analyses, 231

Antisera, for serological testing of
Salmaonailz, 177

Applicator sticks, 32, 74, 80
Arabinose (L) fermaontation. 41, 149

Arabinose, (L), Solution In purpla broth
base. 41
Arginine decarboxylase test, 122, 171

ASTH tests For membrane filters
bacterlal retention, 208
extractables, 207
flow rate, 207

10 C and 48 C, 146

6.5% MNaCl and pH 38, 147
with 0.4% potassium tellurite, 147
Banch forms

for membrang filter analyses, 60

for MPN analyses, B0

Blochemical characterization of the
Enterobacteriaceas, 1TE

Biochemical identification of Salmoneta, 187

Biochemical tests
collfforms, 118
fecal streptococci. 148
multitest systems, 172
Salmoneia, 167

325

Blohazard, comtrel of, 268
Bismuth sulfite agar, 53
Blending, hlgh solide samplas, &2

Blood aper base, with 10% blosd, 50

P

Blood agar with 0.4% potessium tellurlte, BO
Boat safely, 263
Bottles, sampla, 38

Hrain heart infusion
agar, 47
agar with potassium tellurite, 49
broth, 47
broth pH 9.6, 48
broth with 40% bile, 48
broth with 6.5% MWaCl, 48

Brillant green egar, 52

Brilliant grean lactose bile broth, 45

Etn;n;ﬁth','mnl Blua, pH check on glassware,

Buffered glucese medium, see MRVP EBroth,
42

Bufferad water
peptona, 57
phosphata, S7

Check lizt, safety, 289

Chelating agent, B

Chemicals and gases, safe use of, 267
Chlorinated effluents, &, 96
Chigrination of wastes, 6, 96
Chlorina, damage to cells, 6, 96
Citrobaeter, 108

Cleaning glasswara, 36

Colifarms, differentlation of, 119
Caolifarms, fecal
definition, 124
MF test, delayed incubation, 128
MF test, direct, 124
MF test. wverification, 130

MPH test, 132

Coliform test limitations
fezal ealiforms, MF, 124
total coliforms. MF, 108
total califorms, MPH, 114

Caoliforms,  total
differentiation of, 118
MF test, immediate two=step, 111
MF test, single step, 110
MF test, delayed., 112

MF warification, 113
BEPK] taew 114
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poptona, 57 MF test, delayed., 112
phosphata, S7 MF verification, 113
MPM test, 114

Caleulating resulis Colony
BMF analyses, 75 counting . pour plate, &9
MPN analyses, 81 counting ., spread plate, B9
spraad plates, 69 counting ., membrane filter, 75
counting by mare than one analyst, 231
Catalase test, 147 spreader colonies, 108

Calite [diatomeceous earth), 160 Colany counters, 33
Conjugate
approved list, 182
fluorescent antibody, 182
titration of, 182

Cantrifuge, quality centrol of, 213 '
Cortification program, Appendix B, 287

Citrate test, 1232
Comparative testing of methodologies, 234

Chai f
sin of sustody, 17 Completed MPN, 81
Ses alse Total Coliform, 118
Characterization of Enfercbacteriacess, 176 Analytical Cuallty Control, 231
326 SEPA MICROBIOLOGICAL MANUAL 1978
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Composite sampling, 8 ' Differgntiation of coliforma, 118

Concentration techniques, for Salmonelz, 155  Differentiation of Enferobacterizcese. 176

Confirmed MPM, 81 . Diluticn
See Fecal Coliform, 132 bottles, 34, 74
See also Fecal Streptococei, 142 nacessity for, 62

See also Total Coliform, 117 sarial, 62
- . water, BY, 62

Costs of microbiological analyses, 246
- : Dilution water

Counting coloniss, mors than one analyst, 231 peptone dilution water, &7
phosphate buffer solution, stock, &7
Counting range, methad characteristic, 240 phosphata buffer, 57

preparation of dilution and rinse water, 58

Cross-examination, in court, 288
Diirect MF method, 124

Culture dishes, 32
Disinfectants, safe use, 266

Culture media

dehydrated , 38 hstilled watar, 56
preparation and wee, 38, 208
quality contral of . 211 Documentation, of quality control progam, 244

rehydration of, 38
spacific media, 38

-
sterilization, 38 Drrinking  water

analysas of, 108
Culture tubes, 34 reguisticns, 280

Cultures, shipment of, B2 Cry heat sterilization, 36

Cytopchrome oxidase test, 122, 170 Dulcitod fermentation test, 170

Dulcitol selenite broth, 51

ta t f tian, 227
Data transtormatian Duplicate analyses, 231

Decarboxylase medium, H5

Decarboxylase tests, 122, 171 EC medium (broth), 46

Dechlorinating agent, sodium thiosulfate & EDTA, chelating agent, &

Decontamination of laboratory, 266 Electrical equipment, safe use, 268

Deionizad water. 56 Enrichment procedures, Saimonedz, 162

Delayed incubation MF mathod Enterobacter, 108

far fecal coliforms, 128 _
for total coliforms, 112 Enterobactenaceas, differentiation of ,

Table, 176
Depth samplars

Kemmerar, 14 Eosin mathylans blue agar, 48
Mew York Dept of Health, 8
Miskin, & . .
ZoBall L., B o Equipment and instrumentation
. costa of, 246
Detergent suitability test for glassware, 198 quality comtrel of, 198

327
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Equivalency program, 92
Esoherlehia, 108
Estuaring waters, sampling in, 28
Ethenol, 43-45, 71, 74

Ethyl violet azlde broth, 47
Ethylana oxide sterilization, 38

Evidsnco, lagal, 281

Facilitios, requlrementzs for, 194

Facal coliform
dafinition ‘of the group, 124
MF, delayeddincubation method,
MF direct method, 124
MF verification, 130
MPN, 132

128

Facal stréptococcl

confirmation of enterococeci,

dafinition of, 136

dotarmination of fecal eoliform/facal
straptococosl ratios, 146

identification of Group O streptococei,

identification of specles, 1485

isolatlon smd confirmation, 146

membrane filter mathod, 138

membrang filtar verification, 138

MPN rmethod, 139

pour plate method, 143

saparation of enterococei and Group Q
streptococci, 147

separation of enterccoccus group by species,
147

separation of enterococoi by origin, 1418

saparation and speciation of 5 bowis and
&, egqiinus, 152

147

180

Fecal stroptococci test limitations
MF mathod, 1386
MPN procedura, 133
pour plate mathod, 143

Faderal Water Pollution Control Amendmaonts,
Act of 1872, 278

Farmantation
twbes, 34
vials, 34

J28

Farmentatlon tests
erabingse (L), 149

glyceral, 147

inpgitel, 171

lactase, 152, 171
malonate, 170
gorbosa,. pH 10, 180

sarbitol (0, 147
Fleld kits, 97
Field log sheets, 17
Fiald problems, o7
Field safety guidelines, 283
Filter, cartridga, 161

Filter, diatomaceous earth, 180

Filter, membrane (MF method
concantreting enteres, 161
fecal coliforms, 124, 128
fecal streptocoeci, 136
general, 70
total coliforms, 108

Filter funnel, 71-73

Filtration sterilizatlon, 36

Filtration techniques for concentrating enterics
cartridge (Balston], 161
diatomaceous earth, 180
mambrana filter (flat), 161

Filration woluma, &2

Fluorescent antibody testing, 180
Fluorezeent antibody resgents, 204
Fluorescent dyes, 204

Flugrascant light, 71

Forcaps, 71
Freezor, 215

Fumnel, membrane filtar, 71-73

Gelatin hydrolysis test, 149, 171

Glassware
claaning, 36
detergent sultabllity tesr for, 798
dilution bottles, 34
fermentation tubes and vials, 34

SEPA  MICROBIOLOGICAL MANUAL 1978
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graduates and pipets, 33 -
pH sheck, 199

quality control, 193
sample bottles, 36

starility checks, 200
sterilization, 36

Glucese broth, buffered (PARVP broth), <2
Glycerol, fermentation test, 147

Grab samples, B
Graduated cylinders, 34
Gram stain, BE

Ground water, analysis of, 27

H antigens, test for, 178

H broth, 56

Hazards, laboratory sources, 262
Heat, dry, sterilization by, 36
Heat, moist, sterilization by, 36
Hemolysis test, 148

Hoods [safety cabinets), 268

Hat air sterilization, 38

Hydrogen ion concentration, 212

IAVIC test media, 42

Ini;_:inaru'lim, sterilization by, 36
Incomplete recovery, Suppresgion, 96
Identification of Enferobacteriaceas, 176

Immediate incubation MF method, (direct ME),
124

Impression slides, 182
Ingubation temperatures for Saimonellz, 184
Incubators

guality controd, 216

specifications, 32
temperature control, 216

indole test, 121, 170

Industrial wastes, &lebsiels In, 87
Infections :
labaratory acquired , 262
reporting, 282
injured cells, 82

Inoeulation loops, needles, applicator sticks,
32

Inoculstion of cultures, methods for, G5
Interference, by 'I!u;'b|d'il'.-, a5
Interlaboratory guality controd, 244
Intralaboratory quality control, iﬂi, 244

lsplation of bacteria
pour plate method, 865
spread plate method, b
streak plate method, 65

Isolation of Salmoreifa, plating methods, 164

lsolation technigues, G5

KF streptococcus agar, 46
Eemmerar sampler, - 14
Kiabsiafla In industrial wastes, 97

Klebwialls pnewmoniae, 108

LES MF holding medium, 44

Laboratary check list for safety, 269
Laboratory egquipment, guality conwrol of, 188
Laboratory facilities, gquallty control of, 194

Laboratory mansgement
development of a QC program, 244
tegal considerations, 277
manpawer and analytical costa, 248
safety, 258

Laboratory personmel, quality contral of, 197

Laboratery pure water, BE, 200
usa tast for, 203
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amann g wwnzae e g
spocifications, 32
temperature control, 216

Laboratery pure water, BE, 200
usa tast for, 203

328

Laboratory records, 17
MF analyses, 58
MPFN analyses, 53

Laboratory supplies, quality control of, 1899
Lactosn, fermentstion, 162, 171

Lactosa in purple broth bese, 41

Lekes and impoundment sampling, 24
Lauryl wryptose sulfste broth, 45

Laws, Faderal ‘Water

Federal Watar Pollution Control Act
Amendments of 1872, Publg Law
92-500, 278

Marine Protection, Research and
Sanctusfies Act of 1972, Public
Lew 82-532, 279

Safa Drinking Watar Act of 1974,
Public Law 93-E23, 280

gections relevant to mlcmbinlngT-. 289

Leavina's EMB agar, 46

Limitations of,

coliform tost (totel), MF, 108
collform test (total), MPM, 114
focal coliform tasy, MFE, 124
fecal coliform MPN method, 132
facal stroptococcl test

MF method, 138

MPN methed, 138

pour plate method, 143
MF muethod, genersl, 70
BPN mothod, general, 78

Litmus milk, 49
Lysine decarboxylase test, 122, 171

Lysino iron ager (LIA} test, 53, 168

M-FC aAgar, 43

M-FC broth, 43

M-Endo holding medium, 44
M-Endo mpar LES, 44

o - -

fecal coliform, 124, 128
fecal streptococcl, 136
general MF techniques, 70
total coliform, 108

M-Coliform broth, 43

M-Coliform holding broth, (LES holding medium),
A4

MPM, (most probable number), 78
MRAP broth, 42

M-VFC holding medium, 45
Malonate broth, &5

Marine water, sampling of, 28
Malonate broth test, 170
Manpower and analytical costs, 246

Marine Protection Research and Sanctuaries Act
of 1872, 92, 2749

Maring Sanitation Regulations, 92, see Marine
Protection, Research and Sanctuarles Act of
1872, 273

McFarlands barium sulfate standard, 177

Mean
arithmetic, 225
gearmetric, 228

Media, culture
aride dextrose broth, 46
bismuth sulfite agar, B3
blond agar bese, with 10% blood, 50
blood agar with 0.4% potassium tellurite, 50
brain heart infusion agar, 47
brain heart infusion agar with potassium

tellurite, 49

brain heart infusion broth, pH 9.6, 48

brain heart infuslon broth with 40% bile,
48

brain heart infuslon broth with 6.5% NaGl,
458

brilliant green agar, 52

[ 7 [ B, s mas g
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M-Endo epar LES, 44
M-Endo broth MF, 43

MF mothods
concentration of Salmenalia, |,
cost, 246

brilliant green agar, 52

brifliant grean bile broth 2%, 45
comparative lesting, 203
decarboxylaze medium, 55
dulcitol selanita broth, 51

EC medium {brath), 48

330
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eogin methylane blue agar,
agar, 4G
ethyl violet azide broth, 47
general use, 38
glucose broth, buffered |MRVP broth), 42
H broth, 66 .
IMVIC tast media
tryptone 1%, 42
MB-VF broth, 42
Simmon's citrate agar, 42
KF streptococous agar, 46
lagtose 10% in purple broth base, 41
lauryl tryptose broth, ses lawryl sulfate
broth, 45
LES MF holding medium, coliform, see
M-goliform holding broth, 44
litmues milk, 49
lysina iron agar, B3
M-coliformn broth, 43
Mecoliform  holding broth, See LES
holding medium, <44
M-Endo agar LES, 44
M-Endo holding mediem, 44
M-FC agar, 42
M-FC broth, 42
B-VFC holding mediem, 45
malonate broth, 55
madia for fecal streptococci, 46
media for Sgimonefz and other enterics, 51
medium for actinomycetes, 56
MF media for coliforms, 42
matility sullide medium, B%
maotility test maedium, 42
MPMN media far coliforms, 45
nutrignt agar, 39
nutrient broth, 38
nutrient gelatin, 482
phenylalanine agar, B4
plate count agsr, [Standard Methgds Agarg.
40 .
potassium  teflurite in blood agar, 50
potassivm teflurite in brain heart infusjon
agar, 49
purple broth base, 41
purple broth base with sorbose, pH 10, 41
PSE apar (Pfizer selective enterococous), 47
sglenite F broth, 21

see Levine's EMB

triple suger lron agar, 53

7.3, Gtriphanmyl tetrazolium chloride agar,
{tatrazolivm Glucose Agarh, B0

tryptic soy broth, 40

tryplicase soy agar,- 40

tryptone glucoss yeast agar (Standard
Methods Ager), 40 .~

tryptophane broth, {tryptone,

urea agar base, 54

urea agar base, 10X, B4

xylose lysine brilliant green agar, 52

wylose lysine desoxycholate apgar, 52

o), 42

Media dispensing apparatus, 213

Medla, gquality control of, 208
usa tast for, 203

Median, 226
Membrane filtar apparatus, 71

Membrarne [lter meathod
concentrating Saftmonells, 161
costs, 248
fecal coliforms, 124, 128
fecal swreptococci, 136
total coliferms, 108

Meambrane filters
ASTM tests for, 205
changes im, 97
comparative testing, 203
governmeant specification,. 206
guality control of, 211
specifications and use, 74
use tests, 205

Measurement of HI'IEI'.I"EI:E; precision, 232
Mater, for UV light, 1939

Method charascterization, 240

Meathod modifications, 87

Method selection, 31
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T T

PSE agar (Pfizer selective an‘taml:um:ut] d'} Method selection, 321

sglenite F broth, 51

Simmon's cltrate agar, 42 Methyl red test, 121

gskim milk with 0.1% methylens blus, 49

standard methods agar, 240 Methylene blue, reduction in milk tgsp, 147

gtarch agar, 48

starch casein agar, B8 Microbiologists' responsiblities under. water

starch Nguid medivm, 48 laws, Appendix A, 283

TTC sger (Tetrazolium Glucose Agar, B0

totrathionate brilliant green broth, B1 Microscope, compound

tetrathionate broth base, 51 ' guality control of, 214
tetrazolium glucose agar, (TTC agar), 50 (use in stain ‘examination, &0, BT

331

Mlcroscopa . fluorescence . Owen, dry hest, 38
usa In fluoreseent antibody technigues, 180 o '
Mhrﬂ:l:::p-ar low powar Parellel testing, 96, 234
quality comtrol, 214
usa In MF mmhﬂ‘d, 71 PE'“M*‘”S. 1654
laborat f idalimes ,
Milk. peptonization test, 150 _‘hipm;“rv;fa :utrm?:; -B;;H 285
Mode, 228 sources of hazard, 262
Blolst heat sterilization, 36 . Peptone, dilution water, 57
Most probable number (MPN) methods Parformance cheracteristics
;::;Tlciﬁlﬁmms 132 in method development, 240
L] E th d -
focal streptococci, 135 o method evaluation amt comparieon, 240
ganaral fechnigue, 78 Parf
fablas, ﬂji erformante sample, 231
Salmonelia, 180 i
e caforns, 114 oo, Peetiertions. eaupment anc
Motility test, 122, 171 balance, 33
diluetion blanks, 58
Matility test madium, 42 general, 198
" . graduates, 33
BMultitest systems, (blochemical tests), 122,172 incubators, 32
maembrane fllers, 2086
pipets, 34
Mational Imterim Primary Drinking Water
Rogulations (MIPDWER]}, 21 Personal safety, 265
Mational Pollution Dizcharge Elimination Personnel, requirements, 187

System (MPDES) Guidelines, 92

Petri dishes, 32
mambrame filters, 74
pour and stroak, 66

pH measuremanis

Mew Yaork Dept of Health depth sampler, B8 glassware, 185
madia, 208

Negative Controls, 231

Neutrelization of toxic materials and metsls, &

Mizki lar,
ekin sampler, 8 oH meter

quality contral, 206
spocifications, 33
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257 ’ quiilrt-.r contral, Z06

Normal distribution, spacifications, 33

Nutrlant agar, 39 Phenol red broth base, 40

HNutrlent broth, 3% Phanylalanine agar, 54
Mutrlant gelstin, 48 Phenylalanine test, 170

Phosphate-buffered water, &7

O and Vi antigens, alernate test for, 179 .
igen rmate test for Pipet santainers, 34

0 Group test for Safmonsffa, 177

Pipats
ifications, 34
ONPG test (O-nitrophenyl-B-D-galecto- speol .
pyranaside), 171 tolarances, 34
Ornithine decarboxylase tast, 122, 171 Pipetting devices, 34
33z SEPA  MICROBIOLOGICAL MANUAL 1978

Plate count agar. (Standard Methods Agar), culture media, 208
40 development of a QA program, 244
. . gquipment and Instrumentation, 1898
Plating methods general laboratory suppliss, 199
pour, &5 laboratory facilities, 1394
spread. 65 laboratory management, 244
streak . 66 laboratory operations, 194
membrane filters, 205
Plates, culture, 32 : © personnel, 187

routine analyses, 231
sampling collecticn and handling, 184
Plates, spot culture, 182 statistics for microbiclogy, 228

Portable eaguipment, see Fleld kits, 97 . Quality assurance of media
v preparation, 208

purchase, 208

record maintenance, 2711

sterilization, 209

Pogitive controls, 231

Potable water analyses storage recommendations, 210
MF procedures, 108 uge of agars, broths and enrichment
MPN procedures, 114 media, 210
special rules for counting, 113
total coliforms, 108 Quality sssurance program
documentation, 244
Potable water, sampling, 22 imtarlaboratory, 244

imtralaboratory, 244

Potassiym tellurite

in Mood agar, BO Quality control records, 154, 244

in brain heart infusion agar, 489

Quantitation of Salmonaia, 178

Pour plate method .

Standard Plate Count, 101 Quebse colony counter, B8

Fecal Streptococci, 143

Praclslon, methad, 240

- e e s Renge. 227
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Praclslon, methad, 240

7
Presumptive test fienge. 22
Total Coliform, 117
Isoclatiom and Emumeration, 78 Reagents, quallty control of

chemical, 204
dyes and staina, 204

Pretreatment of samples, E5 FA reagents, 204

PSE agar, 47 sorclegical, 204
Racords
Public water supplies, sampling, 22-24 fiold. 17
' laboratory
Pura cultures, B5 ) _ Ty 1o, 60.81
MPN, 18, &80
Furple broth base, 41 . qualty control, 244
Purple broth base with sorbosa, pH 10, 41 sampling, 22
Recovery

ambient temperature effect, 92
incomplete recovery, 96
interferences, 96

suppressicn, 96

Cuelity sssurance
analytical guality controd procedures, 231
comparative testing of methodologies, 234
compliance monitoring, 233

333
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Rocreational waters, sampling
bathling baaches, 28
swimming pools, 2%

Reference semple, 231
Rafrigerator

quality eentrol, 215
temparature control, 216

Repeat sampling, potable water supplies, 24

Reporting infoctions and accidents, 262

Rasulls, reporting
MF analyses, 75
MPN analyses, &1
spread pletes, B9
AODAC plates, agar, 185
Rosclle acid, 43

Rounding off numbers, 70

Safe Drinking Water Aot of 1974, 280

Safety

administrative considerations, 259

biohazard control, 268
flald guidalines, 283
leboratory guidelines, 265
safaty check list, 2648
sources of hazard, 282

Safoty cabinets [hoods)
dascription, 268
quality control, 188, 214

Safaty check list, 28%

Safaty guidelines
sutomative, 263
biohazard contrel, 268
boat, 263
field, 263
laboretory, 268
safaty check list, 268
sampling rules, 264
sampling wnder ice, 266

Safaty program, development, 258

Salmenalla

biochemlcal identification proceduras

minimal bicchemical set,

168

multitest systems, 172
optional biochemical tests, 171
BCreening tests, 169
cartridge fikker, 161
concentration, 156
definition of genus, 154
diatomacecus earth, 160
flusrescent antibody screening technigue,
180
iselation of, 164
membrane filtratlon, 181
primary anrichment, 182
guantitative technigues, 179
cartrldge filter, 180
MF/digtomaceous sarth filter, 180
serological testing, 173
slide agglwtination test for O
grouping, 177
slide agglutination test for Wi
antigan, 178
alternative slide agalutination teat.
1749
tube test for H antigen, 179
swab, technique, 155

Sample

contaimers, 6

dechlorinatlon af, 8

dilutiom of, &2

high solids, &2

holding tifme limitations, 30
idantificatlon and handling, 14
preservation and ftransit, 30
pretreatmant, 59

report forms, 17-18, 20, 21
solid-lype, B2

storage temperature, 30
volume, B8

Sample Collection, Quality Control in, 184

Sampling

ghain of custody, 17

domastic and Industrial wastes, 29
eguipment, B-14

frequency of, 24

general use lakes and impoundments, 24
maring & estuarine waters, 28
potable water supplles, 22
recreational waters, 29

safety, 264

gediment, 14

shellfish-harvesting watars, 29

site selection, 22

sludges, 14

sail, - 14

streams, 24

334 SEPA  MICROBIOLOGICAL MANUAL 1575
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Sampling techniques, & Spread plates

wechnigue, 66
Screening procedures for Salmamalis manitoring UV light effectiveness, 198
biochemical tests, 169
flouresaent antibody technigue, 180 Spreader colonias, 108
Sediments, 52 Stain
crystal wviolet, &7
Sediment sampler gram procedurs, 826
Van Donsel-Geldreich, 14 . Loefflar's methylena blua, B7
Lugal's iodine, &7
Selection of analytical methods, 81 saframin, &7

gmears, preparation of, BE
Saleativity, method, 240

Staining prodedures, B84
Selenite dulcitol broth, 51

Standard deviation, 226
Selenite F broth, &1

Standard methods agar, 40
Serological testing, Salmonells, 173 Andard m 9

i ts, Z04
Serclogical reagents, 20 Standard plate count

. . a ratus. and materials, 102
Serratis marescens, retention test for ppa !

counting and reporting results, 104
MFPs. 208 dilution of sample, 102
, a2 media, 102
Sewage precision and accurscy, 106
Shellflsh-harvesting watars, sampling, 29 procedura, 102

geope and application, 101
Shipment of cultres, BY
Starch agar, 48
Significant flgures, B9
Starch cassin agar, 56
Simmeans Ciwrate agar, 42

Starch hydrolyais test, 150
Slides, impression, 182

i liquid dium, 48
Sodium thiosulfate, for dechlorination Starch llquid medium

[neutralization). & Statistice for microbiclogy

. maasures of central tendency, 224
Soll sampling. 14 meagsures of dispersion, 226
Sorbitel (D] fermentation test, 148 normal distribution, 227

Sorbose pH 10 fermentation test, 'IEE.
Steam sterilization, 36

Specifications .. performance and tolerance

balances, 33 . Sterilization procedures

dilution blanks, S8 alcohol, 74

gradugtes, 3Ad dry heat, 38 .

Incubators, 32 ethylene oxide chemical, 38

MFs, 205 flltration, 36

pipets, 33 incineration, 36

moist heat (steam), 36

Specificity, maethod, 240 ultraviolet irradiation, 36
Spectrophotometer, quality control, 213 Sterilizer .. steam, 38
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Storage
dehydrated media, 208

imprassion slides, 183
preperad media, 210
samples, 30

Streak plate method, BB

Streptococei, feoal
definition, 135
detarmination of FC/FS ratios,
Idantification of species, 145
methods for enumearation and identiilcation |

136

MF mathod ,
MF wvarification, 138
MPN method, 138
pour plate method, 143

145

136

Streptomycetes (actinomycetas), 186
Strazsed micreorganisms, 82
Stream sempling, 24

Suitability test, defargent, 199
for Isboratory pure water, 200

Supplies
costs, 247
quality contral of, 199
Supprassion, 96
Surfoce sampling
by hand, B
by weighted frame, 8
Surface sampler, B
Swab contact method, 196
Swab technique for concentrating enterics, 156
Swimming pools, Sampling, 28
Tables, MPMN, B2
Tamparature of incubatlen for Saimonetls 184
Temperature recording devices, 215
Taest, water suitability, 200
in court, 284

Tastimony,

Tatrathionate brilliant green broth, §1

Tetrathionata brilliant grean broth enrichmeant
for Safmowmslia, 163

Tetrathlonate broth base, 51

Tetrathionate brath enrichment for
Salmonelis, 163

Tetrazaliurm chloride, 2,3, S-triphanyl
reduction test, 147

Tetrazolium glucose agar (TTC agar), 6O

Tharmomeatar, 215
Time axpenditures for microbiological analyses,
246
Titration of FA conjugate, 182
Talerances
balances, 33
dilution blanks, &8
graduates, 33
incubators, 32
pipets, 33

Total Coliforms, Analyses for

differantiation of, 119
MF test, delayed, 112
MF test, single-step, 110
MF test, two-step, 111
MF test. werfication, 113
MPM test, 114

Toxic metals, neutralization of, &

Training for personnel, 198

Transit time, 30
Triple sugar iron agar (TSl test, 168

2,3, Briphenyl tetrazolium chloride agar,
{tetrazolium glucose agarj, 50

Triple sugar iron agar, 53
Tryptic soy broth, 40
Trypticase soy agar, 40

Tryptong glucoze veast agar,.[Standard Methods
&gark, 40

Tryptophane broth, 1%], 42

ftryptone
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Tatrathionate brilliant green broth, §1 Tryptophane brath, (tryptone, 1%), 42
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TTC (2,3, Sriphenyl tetrazolium chloride), 147 Watar, deioniged, S6
TTC agar (tetrazolium glucose agar), BO Water, delonizer, 212
Tubes, culture, 34 Water, dilution, 57, 62

Turbidity standard, (McFariand’s barium suffate), Water, distilled, 58

177 :
Water, laboratory pure, 56
Ultrawlolet lamp sterilizer © Water lews, Federal, 277
meter, 1989 .
monitering efficlency, 198 Water guality criteria, 33
usa, 7B

Watar quality standards, 92
Ultraviolat light meter, 212, 193
Water quality [esis
Ultravialet sterillzation, 38 use test, 203
water suitability- test, 200
Umnsetisfactory samples. potable waters, 24

Urea agar base, 54 Weter still, 58, 212
Urea agar bass, 10X, 54 Water sultability, test for, 200
Ureasa test, 169 Water tap sampling, 14
Use test for medis, membranas, and | - Waterbath, for tempering agar, 86, 68, 102
laboretory pure watar, 203
’ Waterbath, Incubator

Van Donsel-Geldreich sediment sampler, 14 quality control, 216

. specifications - 32
Warisbllity of replicates (precision) 240 temperature control, 216
Varience, 226 Waorkload , guidelines for, 248
werlfication

ganaral. 7B

fecal coliferma, 130
fecal streplococei, 138
membrane filer tests, TB
total coliferma, 113

¥ylose -lysine brilliant gresn agarf, 52

Eylozse lysine désu:wchulata agar, 52
Wi antigen, test for, 178

: Zobell J-Z sampier, B
Vages-Proskauer test, 121
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