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DISCLAIMER

The mention of trade names or commercial products in this hendbook is for illustration
purposes and does not constitute endorsement or recommendation for use by the L5,

Environmental Protection Agency.
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ABSTRACT

. One of the fundamental responsibilities of water and wastewater management is the
establishment of continuing programs to insure the reliability and validity of analvtical
laboratory and field data pathered in water treatment and wastewater pollution control
activities.

This handbook is addressed to laboratory directors, leaders of field investigations, and other
personnel who bear responsibility for water and wastewater data. Subject matter of the
handbook is concerned primarily with quality control (QC) for chemical and biclogical tests
and measurements, Chapters are also included on QC aspects of sampling, microbialogy,
biology, radiochemistry, and safety as they relate to water and wastewater pollution
control. Sufficient information is offered to allow the reader to imaugurate or reinforce
programs of analytical QC that emphasize early recognition, prevention, and correction of -
factors leading to breakdowns in the validity of water and wastewater pollution control
data.
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. Chapter 1

IMPORTANCE OF QUALITY CONTROL

1.1 Genaral

The znalytical laboratory provides qualitative and quantitative data for use in decision-
making. To be valuable, the data must accurately describe the characteristics and
concentrations of constituents in the samples submitted to the laboratory. In many cases,
because they lead fo faulty interpretations, approximate or incorrect results are worse than
no result at all,

Ambient water quality standards for pH, dissolved oxyeen, heavy metals, and pesticides are
gat to establish satisfactory conditions for drinking water, fshing, immigation, power
peneration, or other water uses. The laboratory data define whether conditions are being
met and whether the water can be used for its intended purposes. In wastewater analyses,
the laboratory data identify the characteristics of the treatment plant influent and the final
load imposed upon receiving water resources, as well as the elfectiveness of steps in the
treatment process. Decisions on process changes, plant modifications, or the construction of
mew facilities may be based upon the results of water laboratory analyses. The financial
implications of such decisions suggest that extreme care be taken in analysis.

Effective research in warter pollution control also depends upon a valid laboratory data base,
which in turn may contribute to sound evaluations of both the progress of the research itself
. and the viability of available water pollution-control alternatives.

The wnalvtical data from water and wastewaler laboratories may also be used to detenmine
the extent of compliance of a polluting industry with discharge or surface water standards.
If the lahoratory results indicate a violation of a standard, remedial action is required by the
responsible parties. Both Jegal and soclal pressures can be brought to bear to protect the
environment. The analyst should realize not enly that he has considerable responsibility for
providing reliable laboratory descriptions of the samples at issue, but also that his profes-
sional competence, the validity of the procedures used, and the resulting values reported
may be challenged (perhaps in court). For the analyst to meet such challenges, he should
support the laboratory data with an adequate documentation program that provides valid
records of the control measures applied to all factors bearing on the final results of investi-
gations.
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1,2 CQuslity Assurance Programs

Because of the importance of laboratory analyses in determining practical courses of action
that may be followed, quality assurance programs to insure the reliability of the water and
wastewater data are essential. Although all analysts practice quality control [QI.‘}_ in amounts
depending upon their training, professional pride, and the Iimp-;:-rtm:c:e of their particular
projects, under actual working conditions sufficiently detailed QC may he ncgln:-r,lu-:l-.hn
established, routine, quality assurance program applied to each analytical test can relieve
analysts of the necessity of originating individual QU efforts.

Quality assurance programs have two primary functions in the lzboratory. First, the
programs should continually monitor the reliability (sccuracy and precizsion) of the results
reported; i.e., they should continually provide answers to the guestion “How good {accurate
and precise) are the results obtained?” This function is the determinaiion of quality. The
second function is the contrel of quality (to meet the program requirements for reliability).
As an example of the distinction between the two functions, the processing of spiked
samples may be a determination of messurement quality, but the use of analytical grade
reagents is a control measure.,

Each analytical method has a rigid protocol, Similady, QC sssociated with a test must
include definite required steps for monitoring the test and insuring that its results are
correct. The steps in QC vary with the type of analysis. For example, in a titration,
standardization of the titrant on a frequent basis is an element of QC. In any instrumental
method, calibration and checking out of instrumental response are also QC functions. All of
the experimental variables that affect the final results should be considered, evaluated, and
controlled.

In summary, laboratory data, in quantitative terms, e.g., in milligrams per liter, are reported
by the analyst. These values are interpreted by industrial plant engineers to show
compliance or noncompliance with permits for discharge, by state pollution contrel agencies
to define the need for additional sampling and analysis to confirm violations, or by EPA to
demonstrate that prescribed waste treatment was sufficient to protect the surface waters
affected by the discharge.

This handbook discusses the basic factors of water and wastewater measurements that
determine the value of analytical results and provides recommendations for the control of
these factors to inmsure that amalytical results are the best possible. Quality assurance
programs initiated from, and based upon, these recommendations should increase
confidence in the reliability of the reported analytical results.

Because ultimately a laboratory director must assume full responsibility for the reliability of
the analytical results submitted, the laboratory director must also assume full responsibility
in both design and implementation for the corresponding quality assurance program.

1.3 Analytical Methods
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1.3 Analytical Methods

Many analytical methods for common water pollutants have been in use for many years and
are used in maost environmental laboratories. Examples are tests for chloride, nitrate, pH,
specific conductance, and dissolved oxygen. Widespread use of an analytical method in
water and wastewater testing usually indicates that the method is reliable, and therefore
tends to support the validity of the reported test results, Conversely, the use of little-known
analytical techniques forces the water and wastewater data user to rely on the judgment of
the laboratory analyst, who must then defend his choice of analytical technique as well as
his conclusions. Present Federal regulations, notably section 304(h) of Public Law 92-500
(Federal Water Pollution Control Amendments of 1977) and the Interim Drinking Water
Regulations specifically require the use of EPA-approved methods of analysis,

Uniformity of methodology within a single laboratory as well as among & group of

cooperating laboratories is required to remove methodology as & variable when there are
many data users. Uniformity of methodology is particulady important when several

1-2
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laboratories provide dats te a commaon data bank (such as STORET*) or cooperate in joint
field survevs. A lack of uniformity of methodology may raise doubts as to the validity of
the reported results. If the same constituents are measured by different analytical
procedures within a single laboratory, or by a different procedurs in different laboratories,
it may be asked which procedure is superior, why the superior method is not used
throughout, and what effects the various methods and procedures have on the data values
and their interpretations,

Physical snd chemical measurement methods used in water or wastewater laboratories
should be selected by the following criteria:

a. The selected methods should measure desired constitwents of water samples in the
presence of normal interferences with sufficient precision and accuracy to meet the
water data needs.

b. The selected procedures should wse equipment and skills ordinarily available in the
average water pollution control laboratory or water supply laboratory.,

¢, The selected methods should be sufficiently tested to have established their validity.

d. The zelected methods should be sufficiently rapid to permit repetitive routine use in
the exammation of large numbers of water samples,

The restriction to the use of EPA methods in all laboratories providing data to EPA permits
the combination of data from different EPA programs and supports the validity of decisions
made by EPA.

Regardless of which analytical methods are used in a laboratory, the methedology should be
carefully documented. In some reporfs it i stated that a standard method from an
authoritative reference (such as ref, 1) was used throughout an investigation, when closs
examination has indicated, however, that this was not stoctly true. Standard methods may
be moedified or entirelv replaced because of recent advances in the state of the art or
personal preferences of the laboratory staff. Documentation of messurement procedures
used in arrving at laboratory data should be clear, honest, and adequately referenced; and
the procedures should be applied exactly as documented.

Beviewers can apply the associated precision and accuracy of each specific method when
interpreting the laboratory resulis. If the accuracy and precision of the analytical
methodology are unknown or uncertain, the data user may have 1o establish the reliability
of the result he or she is interpreting before proceeding with the interpretation.

The mecessarily strict adherence to sccepled methods in water and wastewater analyses
ghould not stifle investigations leading to improvements in analytical procedures. Even with
accepted and documented procedures, occisions arise when the procedures must be
maodified; e, to eliminate unusual interferences, or to yield increased sensitivities, When a

FETORET 1= the acronvin used fo identfy the computer-oriented ULS, Environmental
Protection Agency water quality control information system; STORET stands for 5TOrage
and BEEToeval of data and information.

1-3
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modification of a8 procedure is necessary, it should he carefully formulated. Data should
then be assembled using both the original and the medified procedures to show the
superiority of the latter. Such results can be brought to the attention of the organizations
responsible for standardization of procedures. To increase the benefit, the modified
procedures should be written in a standard format for routine use as applicable. The
standard format usuwally includes scope and application, prnciple, egquipment, reagents,
procedures, calculation of results, and expected precision and accuracy.

Responsibility for the results obiained from use of & nonstandard procedure {ie., one that
has not become accepted through wide use) rests with the analyst and his supervisor,

In field operations, becauwse it may be difficult to transport samples to the laboratory, or to
examine large numbers of samples (e.g., for gross characteristics), the use of rapid field
methods vielding approximate answers is sometimes required. Such methods should be used
only with a clear undenstanding that the results obtained are not as reliable as those
obtained from standard laboratory proceduress. The fact that such methods have been used
should be documented, and the resuits should not be reported in the same context with
more reliable analytical information. When only approximate values are available, perhaps
obtained for screening purposes in the field only, the data vser would then be so informed.

1.4 Referonce

1. Standard Methods for the Examination of Water and Wastewater, 14th Edition,
American Public Health Associgtion, Mew York (1975).

14

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (16 of 192)1/24/2007 4:18:14 PM




Document Display | NSCEP | US EPA

Chapter 2

. LABORATORY SERVICES

2.1 Generzl

Cuality control of water and wastewater laborstory analyvses involves considerstion and
control of the many variables that affect the production of reliable data, The guality of the
laboratory services available to the analyst must be included among these wariables. An
abundant supply of distilled water, free from interferences and other undesirable
contaminants, is an ahsolute necessity. An adequate source of clean, dry, compressed air is
needed, Electrical power for routine laboratory wse and voltage-regulated sources for
delicate electronic instrumentation must be provided. This chapter, therefore, will be
devoted to deseribing methods of maintaining the quality of these services, as used in water
and wastewater laboratory operations.

2.2 Digtilled Water

Distilled or demineralized water 15 used in the laboratory for dilution, preparation of reagent
solutions, and final rinsing of glassware. Ordinary distilled water is usually not pure. It may
be contaminated by dissolved gases and by materials leached from the container in which it
has been stored. Volatile organics distilled owver from the feed water may be present, and
nonvolatile impurities may occasionally be carried over by the steam, in the form of a spray.
The concentration of these contaminants i usually quite small, and distilled water is used
for many snalvses without further punfication. However, it 15 highly important that the
still, storage tank, and any associated piping be carefully selected, installed, and maintained
.' in such a way as to insure minimum contamination,

Water purnity has been detined in many different ways, but one generally accepted detinition
states that high-punty water is water thal has been distilled or detonized, or both, so that it
will have a specific resistance of 500,000 £ or greater {or a conductivity less than 2.0
pmhofem). This definition is satisfactory &3 a base to work from, but for more critical
requirements, the breakdown shown in table 2-1 has been suggested to express degroes of

purity (1}
Table 2-1
WATER PURITY
- Approximate
Maximum X
Degree of Purity Conductivity Concentration
(umho/om) of Electrolyte
' (mg/l)
Pure I 2.5
Very Pure 1 0.240.5
Ultrapure 0.1 001002
Theoretically Pure 0,055 0,00
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The American Soclety for Testing and Materials (ASTM) specifies four different grades of
water for use in methods of chemical analvsis and physical testing. The method of
preparation of the varous grades of reagent water determines the limils of impurities, The
vanous types of reagent water and ASTM requirements are listed in table 22,

Type I grade water is prepared by the distillation of feed water having a maximum
conductivity of 20 pmho/cm at 25°C followed by polishing with a mixed bed of
ion-exchanpe materials and a 0.2-pm membrane filter.

Twpe Il grade water is prepared by using 2 still designed to produce a distillate having a
conductivity of less than 1.0 gmhofem at 25°C. This may be accomplished by double
distillation or the use of a still incorporating special bafiling and degassing features,

Type III grade water is prepared by distillation, ion exchange, or reverse osmosiz, followed
by polishing with the 0.45um membrane filter,

Type IV grade water is prepared by distillation, ion exchange, reverse csmosis, or
electrodialysis.

Properly designed metal stills from reputable manufacturers offer convenient and relinble
sources of distilled water. These stills are usually constructed of copper, brass, and bronze,
Al surfaces that contact the distillate should be hesvily coated with pure tin to prevent
metallie contamination. The metal storage tank should be of sturdy construction with a
tight=fitting cover, and have a filter in the air vent to remove airborne dust, gases, and fumes,

For special purposes, an all-glass distillation unit may be preferable to the metal still. These
stills are usuglly smaller, and of more limited capacity than the metal stills. An actial
comparson in which the distillates from an all-glass still and a metal still were analyzed
spectrographically for certain frace metal contamingnts is given in table 2-3. It can be sesn
that the all-glasz still produced a product that bad substantially lower contamination from
zing, copper, and lead.

All stills require pedodic cleaning to remove solids that have been deposited from the feed
water. Hard water and high-dissolved-solids content promote scale formation in the

Table 22
REQUIREMENTS FOR REAGENT WATER
. Maximum Minimum -
Grade ot Comattoty  Resstiity®  pHat 25°C Retention Tume
of Water Matter D:t ;;’.:-g]' ¥ at Hug F of KLIinD‘
Mg/ (umhojfem)  (MS - om) (min)
Typel 0.1 0.06 16.67 - &0
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Type I ol 0.06 16.67 = &0
Type I1 0.1 1.0 Lo - a0
Type III 1.0 1.0 1.0 65.2-7.5 ¢]
Type IV 2.0 3.0 0.2 5.0-8.0 10

]

*Sea reference

Table 2-3
. COMPARISON OF DISTILLATES FROM GLASS AND

METAL STILLS

Eiement and Concentration {gg/l)

Source

zn B Fe Mn Al Cu M Pk

All-Glass Seill <1 12 I =<1 =3 5 =2 =1
Metal Still g 13z =1 <=5 11 =2 26

evaporator, and cleaning frequency will thus depend on the quality of the feed water, The
boiler of an all-glass still should be drained daily and refilled with clean water. Buildup of
scale is easily detected, and the boiler and condenser coils should be cleaned at frequent
intervals, Metal stills usually incorporate a constant bleeder device that retards scale
formation o some extent. MNevertheless, these umts should be dismantled and cleaned at
regilar intervals. Cleaning should always be in accordance with the manufacturer's
imstructions,

Pretreatment of the incoming feed water will often improve still performance and raise the
quality of the distillate, For example, preliminary softening of hard water removes calcivm
and magnesium prior to distillation. Thiz redwces scale formation in the bodler and
condenser, thereby reducing maintenance service, These softeners employ the ion-exchange
principle using a sodium chloride cycle, and are relatively inexpensive to operate. A carbon

. filtration system, installed at the feed-water intake, will remove organic materials that might
subsequantly be carried over in the distillate. If trace concentrations of ions are a major
concern, the distillate may be passed through a mixed-bed ion exchanger,

At lesst two commercially manufactured systems are available for production of high-purity
water by ton exchange. The Millipore Super-Q System (Millipore Corp., Bedford, Mass)
consists essentially of disposzable cartridges for prefiltration, organic absorption, deioniza-
tion, and Millipore filtration. The company claims it can produce [0-ME2 water, containing
no particulate matter larger than 0.45 pm in size, from tap water, at the rate of 20 gal/h.
Continental Water Conditioning Corp., El Paso, Tex., advertises a svstem that can be
tailored to the needs of the customer. Performance specifications include minimum fow
rates of 45 gal/h and total dissolved solids of legs than 0.1 me/l when reguired.
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Specific conductance is a rapid and simple measurement for determining the inorganic
quality of distilled water. Stills of the types previously discussed are capable of producing a
distillate with a specific conductance of less than 2.0 umho/cm at 25°C, This is cquivalent
to 0.5 to 1.0 mgfl of ionized material. Frequent checks should be made to determine that
optimum performance is being maintained. A purlty meter installed between the still and
the storage reservoir will monitor the conductivity of the distillate, in terms of the
equivalent in milligrams per liter of sodium chloride. If the reading on the meter begins to
rise above the present limit of conductivity, effective action should be taken to eliminate
the source of contamination. Organic quality is more difficult to monitor, but the total
organic earbon determination is a simple and rapid test of organic contaminants,

23

A piping system for delivering distilled water to the area of use within the laboratory is a

convenient feature. In this case, special care should be taken that the quality of the water is .
not degraded between the still and the point of use, Piping may be of tin, tin-lined brass,

stainless steel, plastic, or chemically resistant glass, depending on the quality of the water

desired, its intended use, and on available funds. Tin is best, but is also very expensive. As a

compromise, plastic pipe or glass pipe with Teflon® O-rings at all connecting joints is

satisfactory for most purposes. The plass pipe has an obvious advantage when freedom from

trace amounts of crganic materials is important,

When there is no piped-in supply, distilled water will probably be transported to the
laboratory and stored in polyethylene or glass bottles of about 5-gal capacity. If stored in
plass containers, distilled water will gradually leach the more soluble materials from the glass
arid cause an incresss in dissolved solids. On the other hand, polyvethylens bottles contain
arganic plasticizers, and traces of these materials may be leached from the container walls,
These are of little consequence, except in some organic analyses. Rubber stoppers often
used in storage containers contain leachable materials, including significant quantities of
zine. This is usuelly no problem, because the water s not in direct contact with the stopper,
However, the analyst should be gware of the potential for contamination, especizlly when
the supply is not replenizshed by frequent use.

The delivery tube may consist of a piece of glass tubing that extends almost to the bottom
of the bottle, and that is bent downward above the bottle neck, with a 3- to 4-ft piece of
flexible tubing attached for mobility. Vinyl tubing is preferable to latex rubber, because it is
less leachable; however, a short piece of latex tubing may be required at the outiet for hetter
eontrol of the pinchcock. The vent tube in the stopper should be protected against the
entrance of dust,

Ordinary distilled water is quite adequate for many analyses, including the determination of .
major cations and anions. Certain needs may require the wse of double- or even

triple-distilled water. Redistillation from an alkaline permangsnate solution can be used to

obtain 3 water with low organic background. When determining trace organics by solvent

extraction and gas chromatography, distilled water with sufficiently low background may be

extremely difficult to obtain. In this case, preextraction of the water with the solvent used

in the respective analysis may be helpful in eliminating undesirable peaks in the blank,

Certain analyses require special treatment or conditioning of the distilled water, and these

will now be discussed.
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Certain analyses require special treatment or conditioning of the distilled water, and those
will now be discussed.

2.2.1 Ammonia-Frae Water

Removal of ammonia can be accomplished by shaking ordinary distilled water with a strong
cation exchanger, or by passing distilled water through & column of such material. For
limited velumes of ammonia-free water, use of the Quikpure {(Box 254, Chicago, M)
500-ml bottle is highly recommended. The ion-free water described in section 2.2.3 is also
suitable for use in the determination of ammonia.

2.2.2 Carbon-Dioxide-Free Water

Carbon-dioxide-free water may be prepared by boiling distilled water for 15 min and cooling
to room tempersture. As an alternative, distilled water may be vigorously serated with a

*Trademark of E. I. duPont de Nemours & Co,
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stream of inert gas for a period sufficient to achieve saturation and CO; removal. Nitrogen is
. most frequently used. The final pH of the water should lie between 6.2 and 7.2. Tt is not
advisable to store COy-free water for extended periods.

2.2.3 lon-Free Water

A multipurpose high purity water, free from trace amounts of the common ions, may be
conveniently prepared by slowly passing distilled water through an ion-exchange column
containing one part of a strongly acidic cation-exchange resin in the hydroxyl form. Resins
of a gquality suitable for analytical work must be used. Ton-exchange cartridges of the
research grade, available from scientific supply houses, have been found satisfactory, By
using a fresh column and hiph-quality distilled water, a water corresponding (o the ASTM
designation for type I reagent water (2} {maximum 0.1 mg/l of total matter and maximum
conductivity of 0.06 mhofom) can be oblained. Thiz water is suitable for use in the
determination of ammonia, frace metals, and low concentrations of most cations and
anions. [t is mol suited to some organic analyses, however, because this treatment adds
organic contaminants to the water by contact with the ion-exchange materials.

2.3 Comprassad Air

The quality of compressed air required in the laboratory is usually very high, and special

attention should be given to producing and maintaining clean air until it reaches the outlet.

(il, water, and dirt are undesirable contaminants in compressad air, and it 15 important to

install equipment that gencrates dry, oil-free sir. When pressures of less than 30 psi are

required, a rotary-type compressor, using a water sgal and no oil, eliminates any addition of

oil that would subsequently have to be removed from the system. Large, horizontal,
. water-cooled compressors will usually be used when higher pressures are required.

Compression heats air, thus increasing its {endency to retain moisture, An aftercooler is
therefore necessary to remove water, Absorption filters should be used al the compressor to
prevent moisture from entering the piping system. Galvanized steel pipe with threaded,
malleahle-iron fittings, or solder-joint copper tubing should be used for piping the air to the
laboratory.

When the compressed air entering the-laboratory is of low guality, an efficient filter should
be installed between the outlet and the point of wse to trap oil, moisture, and other
contaminants. As an  alternative, high-quality compressed air of the dry prade is
commercially available in cylinders when no other source exists,

24 Vacuum

A zource of vacuum in the chemical laboratory, while not an absolute necessity, can be a
mast vseful item. While used primarily as an aid in Gltration, it is also sometimes used in
pipetting and in speading up the drying of pipets.

2.5 Hood System

An efficient hood system is a requirement for all laboratories. In addition to removing the
various toxic gnd hazardous fumes that may be penerated when using orgamic solvents, or

that may be formed during an acid digestion step, 2 hood system may also be used lo
remove toxic gases that may be formed during atomic absorption analyses or other

2-5
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reactions. A regular fume hood should have a face velocity of 100 fit/min (linear) with the
sash fully open.

2.6 Elactrical Serviges

An adequate electrical system is indispensable to the modern laboratory. This involves
having both 115- and 230-V sources in sufficient capacity for the type of work that must be
done. Requirements for satisfactory lighting, proper functioning of sensitive instruments,
and operation of high-current devices must be considered. Any specialized equipment may
present unusual demands on the electrical supply.

Because of the special type of work, requirements for a laboratory lighting svstem are quite
different from these in other areas. Accurate readings of glassware graduations, balance
verniers, and other measuring lines must be made. Titration endpoints, sometimes involving
subtle changes in color or shading, must be observed. Levels of illumination, brightness,
glare, and location of light sources should be controlled to facilitate sase in making these
measuréments and to provide maximum comfort for the emplovees.

Such instruments as spectrophotometers, flame photometers, atomic absorption equipment,
emission spectrographs, and gas chromatographs have complicated electronic circuits that
require relatively constant voltage to maintain stable, drift-free instrument operation. If the
voltage of these circuits varies, there is a resulting change in resistance, temperature, current,
efficiency, light output, and component life. These characteristics are interrelated, and one
cannot be changed without affecting the others. Voltage regulation is therefore necessary to
eliminate these conditions.

Many instruments have built-in voltage regulators that perform this function satisfactorily,
In the absence of these, a small, portable, constant-voltage transformer should be placed in
the circuit between the electrical outlet and the instrument. Such units are availghle from
sSola Basic Industres, Elk Grove Village, 111, and are capable of supplying a constant output
of 118 V from an input that vares between 95 and 130 V, When requirements are more
stringent, special transformer-regulated circuits can be used to supply constant voltage. Only
the instrument receiving the regulated voltage should be operated from such a circuit at any
given time. These lines are in addition to, and separate from, the ordinary circuits used for
operation of equipment with less critical requirements,

Electrical heating devices provide desirable heat sources, and should offer continuously
varable temperature control. Hot plates and muffle furnaces wired for 230-V current will
probably give better service than those that eperate on 115 V, especially if the lower voltage
circuit is only marginally adequate. Water baths and laboratory ovens with maximum
operating temperatures of about 200°C perform well at 115 V. Care must be taken to
ground all equipment that could constitute a shock hazard. The three-pronged plugs that
ineorporate grounds are best for this purpose.

2.7 References
1. Applebaum, 5. B., and Crits, G. 1., “Producing High Purity Water,” Industrial Water
Enginesring (Sept./Oct. 1964

2. “Water,” Part 31 of 1977 Book of ASTM Standards, p. 20, American Society for
Testing and Materials, Philadelphia (1977).
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Chapter 3

. INSTRUMENT SELECTION

3.1 Introduction

The modern analytical laboratory depends wvery heavily upon instrumentation. This
statement may be completely obvious, but it should be remembered that the exceptional
eimiphasiz on electronic equipment has really bagun since the development of the transistor
and the computer. To a certain extent, analytical instrumentation is always in the
devclopment stage, with manufacturers continually redesigning and upgrading their
products, striving for miniaturization, hetter durability and sensitivity, and improved
automation. For lzboratory supervisors and staft members the net result s a bewildering
stream of advertizsing brochures, announcements, and catalogs of newly available equipment.
Conseguently, the selection of analytical equipiment iz alwavs difficult.

The instruments commonly used in water and wastewater analysis include the following:

Analyvtical balance
pHiselective-ion meter
Conductivity meter
Turbidimeter
Spectrometers (visible, ultraviolet (W), infrared (IR), and atomic absorption (AA))
Total carbon analyzer
Gaz chromatograph (GC)
Zas chromatopraph) mass spectrometer (GC/M3)
'. Temperature devices (such as ovens and water baths)
Becorders

These devices represent bazic equipment used in routine work and should be the subject of
carcful consideration before purchasze. Further, their operation and maintenance ought to be
primary considerations in sustained production ¢f satisfactory data. Obviously, fundamental
understanding of instrument design will assist the analyst in the correct use of instruments
and in some cases will 2id in detecting instrumental failures. Cabbration of gl laboratory
instrumentz with primary standards is encourssed whenever practical. This normally
involves a MNational Bureau of Standards standard reference material or calibration and
certification procedures. Calibration checks with secondary standards, made in each
laboratory or availahle from private sources, are encouraged on a frequent basis if not
required by t]lm analytical method each time an analvsis s made.

In the pages that follow an attempt is made {o discuss basic instrument desigpn and to offer
some remarks about desirable instrumentsl festures.

3.2 Analytical Balances

The most important piece of equipment in any amalytical laboratory is the analytical
balance. The degree of accuracy of the balance is reflected in the accuracy of all data related
o weight-prepared standards. Although the balance should therefore be the most protected
and cared-for instrument in the laboratory, proper care of the balance is frequently
overlooked.

il
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balances include top-loading, two-pan, microanalytical, electrosnalytical, semianalytical,
analytical, and other special-purpose instruments, Each type of balance has its own place in
the scheme of laboratory operation, but analytical single-pan balances are by far the most
important in the production of reliable data.

There are many fine balances on the market designed to mest a varety of needs. Types of I

Single-pan analytical balances range in capacity from the 20-g to the popular 200-g models
with sensitivities from 0.01 to 1 mg. Features of single-pan balances may include mechanical
and electronic switching of weights, digital readout, automatic zercing of the empty
balence, and automatic preweighing and taring capabilities. Even with all the design
improvements, however, modern analytical balances are still fragile instruments, the
operation of which is subject to shock, temperature, and humidity changes, to mishandling,
and to varous other insulis, Some of the precautions to be observed in maintaining and
prolonging the dependable life of 4 balance are as follows:

g. Analytical balances should be mounted on a heavy, shockproof table, prefersbly one
with an adequately large working surface and with a suitable drawer for storage of
balance accessories. The balance level should be checked frequently and adjusted
when necessary.

b. Balances should be located away from laboratory traffic and protected from sudden
drafts and humidity changes.

¢. Balance temperatures should be equilibrated with room tempersture; this is
ezpecially important if building heat is shut off or reduced during nonworking hotrs,

d. When the balance is not in use, the beam should be raised from the knife edges, the .
weights returned to the beam, objects such as the weighing dish removed from the
pam, and the weighing compartment closed,

e, Special precautions should be taken to avoid spillage of corrosive chemicals on the
pan or inside the balance case; the interior of the balance housing should be kept
serupulously clean.

f. Balances should be checked and adjusted pericdically by a company service man or
balance consultant; if service is not available locally, the manufacturer’s instruections
should be followed as closely as possible. Service contracts, including an automatic
preventive maintenance schedule, are encouraged,

g. The balance should be operated at all times according to the manufacturer’s
instructions,

Standardized weights to be used in checking balance accuracy, traceable to the Mational
Burzau of Standards, may be purchased from various supply houses, A complete set of
directions for checking the performance of a balance is contained in part 41 of ASTM
Standards (1).

| L (RSN, TRNE S B B . - e R L] e E W ]
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Standards (1),

Becauze all analytical balances of the 200-g capacity suitable for water and wastewater
laboratories have about the same design specifications with reference to sensitivity,
precision, convenience, and price, it is safe to sssume that there is no clear preference for a
certain model, and selection can be made on the basis of availability of service.

3-2

3.3 pH/Selective-lon Matars

The concept of pH as 8 means of expressing the degree of sffective acidity or alkalinity
instead of fofed acidity or alkalinity was developed in 1909 by Sorenson (2), It was not until
about 1940 that commercial instruments were developed for routine laboratory measure-
ment of pH.

A basic meter consists of & voltage source, amplifier, and scale or digital readout device.
Certain additional refinements produce varving performance characterstics between models,
Some models incorporate expanded scales for increased readability, solid state circuitry for
operating stability and extreme accuracy, and femperature and slope adjustment to correct
for asvmmetric potential of glass electrodes. Other features are scales that facilitate use of
selective-ion  electrodes, recorder output, and interfacing with complex date-handling
EVSLEITS.

In routine pH measurements the glass electrode is vsed as the indicator and the calomel
electrode as the referance. Glass electrodes have a very fast response time in highly beffered
solutions. Howewer, accurate readings are oblained slowly in poorly buffered samples, and
particularly so when changing from buffered to unbuffered samples. Electrodes, both alass
and calomel, should be well rinsed with distilled water after each reading, and should be
rinsed with, or dipped several times into, the next test sample before the final reading is
taken. Weakly buffered samples should be stirred during measurement. When nol in use,
glass electrodes should not be allowed to become dry, bul should be immersed in an
appropriate solution consistent with the manufacturer’s instructions, The first steps in
calibrating an instrument are to immerse the glass and calomel electrodes into a bulfer of
known pH, set the meter to the pH of the buffer, and adjust the proper controls to hring the
circuit into balance. The temperature-compensating dial should be set at the temperature of

. the buffer solution. For best accuracy, the instrument should be calibrated agsinst two
buffers that bracket the expected pH of the samples,

The presence of a faulty electrode is indicated by failure to obtain o reasonably correct
value for the pH of the second rofercnce buffer solution after the meter has been
standardized with the first reference buffer solution. A cracked glass elecirode will often
vield pH readings that are essantially the same for both standards. The response of
electrodes may alse be impaired by failure to mantain the KCL level in the calomel
electrode, by improper electrode maintenance, or by certain materdals such as oily
substances and precipitates that may coat the electrode surface. Faulty electrodes can often
be restored to normel by an appropriate cleaning procadure. Complete and detailed cleaning
methods are given in part 31 of ASTM Standards (3}, and are also vzually supplied by the
clectrade manufacturer.

Because of the asymmetric potential of the olass electrode, most pH meters are built with a
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Because of the asymmetric potential of the glass electrode, most pH meters are built with a
slope adjustment that enables the analyst to correct for slight electrode emors observed
during calibration with two different pH buffers. Exact details of slope adjustment and
slope check may vary with different models of instruments. The slope adjustment must be
made whenever electrodes are changed, subjected to vigorous cleaning, or refilled with fresh
electrolyvte. The slope adjustment feature is highly desirable and recommended for
consideration when purchasing a new meter.

Most pH meters now available are built with transistorized circuits rather than vacuum
tubes, which greatly reduces the warmup time and increases the stability of the meters.

3-3

Alzo, many instruments are desipned with a switching circuit so that the entire conventional
0 to 14 scale of pH may be used to read a single pH unit with a corresponding increasa in
BECUTACY,

This expanded-scale feature is of definite value when the meter is used for potentiometric
titrations and selective-ion work., It i=s of dubiouws value, however, in routine analysaes,
because pH readings more precise than +0.1 are seldom required. Primary standard buffer
galtzs are available from the National Bursau of Standards® and should be used in situations
where extreme accuracy s necessary. Preparation of reference solutions from these salts
requires some special precautions and handling (3,4) such as the vse of low-conductivity
dilution water, drying ovens, and carbon-dioxide-free purge gas. These solutions should be
replaced at least once each month.

Secondary standard buffers may be prepared from NBS salts or purchased as solutions from
commercial vendars. Foutine use of thess commersially gvailable solutions, which have been
vilidated by comparison to NBS standards, is recommended.,

The electrometric measurement of pH varies with temperature because of two effects. The
first effect is the change in clectrode output with temperature. This interference can be
contralled by use of instruments having temperature compensation or by calibrating the
instrument system including the electrode at the temperature of the samples. The second
effect is the change of pH of the sample with temperature. This error is sample dependent
and cannot be controlled; it should thersfore be noted by reporting both the pH and
temperature at the time of analysis.

Typical characteristics of a conventional expanded-scale meter are shown in table 3-1.
3.3.1 pH Electrades

A wide variety of special- and general-purpose pH electrodes are now available to mest all
applications in the general analytical lsboratory. A survey through any laboratory supply
catalog may confuse more than clarfy the selection process. A mgged, full-rangs, glass- or
plastic-bodied combination electrode is 2 good cheoice for routine wuse. An added
convenience i5 an electrods that contains solid geltype filling materials not requiring the
normal maintenance of an electrode containing liquid filling solutions,

332 Zelective-lon Elegtrodes
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3,42 Selective-lon Electrodes

Electrodes have been developed to measure almost every common Inorganic ion normally
measured in the water and wastewater laboratory. Application of these elsctrodes has
progressed at a much slower pace and currently only three are approved for EPA monitoring
applications.

Reference 5 includes methods for use of fluordde, ammonia, and dissolved oxypen
electrodes. Various techniques for use of these and other electrodes are reviewed in
references 6 through 9. A major problem in measuring the total parameter with electrodes is
that of relating the ion aciivity to ion concentration. Because the electrodes only messure

*MBS, Office of Standard Reference Materials, Institute for Materials Research, Washington,
D.C, 20234,

34
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activity, the challenge iz to put all of the parameters of intersst into the same measurable
ionic form and then to modify the activity to be proportional to the concentration. The
technique of known addition (spiking of samples) is recommended when unproven electrode
méthods are being wsed or when sample matrix problems are suspected or not controllad by
prior diztillation or separation techniques.

34 Conductivity Meters

Solutions of eloctrolytes conduct an electric current by the migralion of ions under the
influence of an electric field. For a constant applied EMF, the current flowing between
opposing electrodes immersed in the electrolyte will vary inversely with the resistance of the
solution. The reciprocal of the resistance is called conductance and is expressed in reciprocal
ohms (mhos). For natural water samples where the resistance iz high, the usual reporting
unit is micromhos,

Most conductivity meters on the market today use a cathode-ray tube, commonly known as
the “magic eye,” for indicating solution conductivity. A stepping switch for varving
reststances in steps of 10X facilitates reading conductivities from about 0.1 to about
250,000 pmha. The sensing element for a conductivity measurement is the conductivity
cell, which normally consists of two thin plates of platinized metal, rigidly supported with a
very precise parallel spacing. For protection, the plates are mounted inslde a glass tube with
aopenings in the side walls and submersible end for access of sample. Variations in designs
have included use of hard mibber and plastics for protection of the cell plates. Glazs mayv be
preferable, in that the plates may be visually observed for cleanliness and possible damage,
but the more durable encasements have the advantage of greater protection and reduced cell
breakage. Selection of various cell desipms is normally based on personal preference with
consideration of sample type and durability requirements.

In routine use, cells should be frequently examined to insure that (2) the platinized coating
of plates iz intact: (b) plates are nol coated with suspended matter; () plates are not bent,
distorted, or mizalined; and {d) lead wires are properly spaced.

Temperature has a pronounced effect on the conductance of solutions, and must be
corrected for when results are reported, The specified temperature for reporting data used
by most analytical proups (and all EPA laboratories) is 25°C. Data correction may be
accomplished by adjusting sample temperatures to 25°C, or by use of mathematical or
electronic adjustment.

Instrumental troubles are seldom encountered with conductivity meters because of the
design simplicity. When troubles occur, they are usually in the cell, and for most aceurate
work the following procedures should be wsed:

f. Standardize the cell and establish a cell factor by measuring the conductivity of a
standard potassium chloside solution (standard conductivity tables may be found in
various handbooks).

b. Rinse the cell by repeated immersion in distilled water,

c. Again, immerse the cell in the sample several times before obtaining a reading.
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d. If the meter is equipped with a magic eve, determine the maximum width of the
shadow at least twice, once by approaching the endpoint from a low reading
upward, and once from a high reading downward.

Becawse the cell constants are subject to slow change even under ideal conditions, and
sometimes to more rapid change under adverse conditions, it is recommended that the cell
constant be periodically established. Table 3-2 can be used for this operation.
For instruments reading in mhos, the cell constant is caleulated as follows:
K +K
1 F
L = E_.
105 K,
where

I = cell constant

ﬁfl = conductivity, in micromhos per centimeter, of the EC solution at the
temperature of measurement

K, = conductivity, in micromhos per centimeler, of the KCl solution at the same
temperature as the distilled water used to prepare the refercnce solution

K = measured conductance, in mhos

Many different manufacturers produce conductivity meters that perform well on water and
wastewater samples. Selection should be made consistent with sampling requirements,
avallability of service and sales, and individual personal preferance.

1.5 Turbidimeters (Nephelometers)

Many different instrument designs have been uwsed for the optical measurement of turbidity
by measurement of cither transmission or reflection of light. An equal or even greater

Table 3-2
ELECTRICAL CONDUCTIVITY OF POTASSIUM CHLORIDE REFEREMNCE SOLUTIONS

Temperature Conductivity

Solution Normality Method of Preparation 0 (umho/em)
A 0.1 7.4365 g/l KCl at 20°C 0 7,038
8 11,167
25 12,856
B 0.01 0. 7440 g1 KCl at 20°C 0 773
18 1,220
25 1,408
C 0,001 Dilute 100 ml of B to 1,01 at 20°C 25 147
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number of materials have been used or proposed as calibration standards, As described in
reference 10, EPA has standardized on the mstrument design and the standard tuebidity
suspension of Formazin for instrument calibration.

Both the analyst and the user of turbidity data should keep in mind that a turbidity
measurement 15 not a substitute for particle weight or residue analysis. Turbidity
imstruments can be calibrated to give gravimetric data on specific sample tvpes, but the
influence of particle geometry, specific gravity, refractive index, and color make estimates
of total weight impractical on a variety of sample tyvpes.

For production of data with maximum accuracy and precision, the following precautions
should be abserved:

a. Protect the sample cuvetie from scratches and fingerprints.

b. Use & constant orientation of the sampls cuvette while calibrating the instrument
and gnalyzing samples,

g. Use a well-mixed sample in the sample cuvette; do not take readings until finely
dispersed bubbles have disappeared.

d. Dilute samples containing excess turbidity to some value below 40 nephelometric
turbidity wnits (NTU); take reading; and multiply results by correct dilution factor,

3.6 Spectrometers

Because a large portion of routine guantitative measurements are performed colorimetri-
cally, the spectrometer or filter photometer s usually the workhorse of any analytical
laboratory. Indeed, the versatility of such instruments and the number of demands imposzsad
upon them have resulted in a variety of desipne and price ranpes. Systematic lsting and
detailed discussion of all instrumental types are bevond the scope of this chapter, however,
ultraviolet, visible, infrared, and atomic absorption instruments will be discussed.

A spectrometer is an instrument for measuring the amount of light or radiant energy
transmitted through a solution or solid material as a function of wavelength. A spectrometer
differs from a filter photometer in that it uses continuously variable, and more nearly
monochromatic, bends of light. Beoocawse filter photometers lack the versatility of
spectrometers, they are used most profitably where standard methodelogies are used for
routine analysis.
The ezzential parts of a spectrometer include the following:

a. A source of radiant energy

b, Monochromator or other device for isolating narrow spectral bands of light

¢ Cells (cuvettes) or sample holders for containing samples under investigation
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¢ Cells (cuvettes) or sample holders for containing samples under investigation

d. A photodetector (a device to detect and measurs the radiant cnergy passing through
the sample)

Each of the essential features listed, especially the monochromator and the photodetector

. system, varies in design principles from one instrument to another. Some of the
characteristics of the commonly used Perkin-Elmer model 124 double-beam grating
spectrometer are the Tollowing:

Light source

Vigible Fegiotl .. oo i v e vannavnarnssnaananasaasaass 1UNESiEN

Lamp UV repmon . o .. ... i nessranrassoasn-a. PDenterium lamp
Wavelength accuracy. . .. v ovvavvnrnnaraarasrraanaarasarase 205 0M
Spectral bandwidth . .. .. i i e e e e 0.5, 1.0, and 2.0 nm

Photometric presentation
Limear ransmdtlames . . .0ttt iis i nasairnasionnansnes 0 to 100 percent
Lincarabsorbance. . . ... oo in i oniieneanresinensnann-as WialdorQto 24

Photodetector B=1 36, . .. . i te it e ennnnnnaas. 190 to 800 nm

Sample cells, . ..o e i e i e a s ar e iR s a 1.0 to 10 cm

3.6.1 Visible Range

Desitable featurss on a visible-range spectrometer are determined by the anlicipated use of
the instrument. Simple, lmited programs requiring use of only a few paramelers can
probably be supported by inexpensive but reliable filter photometers. On the other hand, if

. the laboratory programs require & wide varety of measurements on diverse samples at low
concentrations, more versatile instruments may be needed. One of the prime considerations
iz adaptabilily to varous sample cell sizes from 1.0 to 10,0 cm.

3,62 Ultraviolet Range

A UV spectrometer is similar in design to a visible-range instrument except for differences in
the light source and in the optics. The UV light source is a hydrogen- or deuterium-discharge
larnp, which emits radiation in the UV portion of the spectrum, generslly from about 200
nm to the low-visible-wavelength region. The optical system and sample cells must be
constructed of UV-transparent material, which is usually quartz. A grating used in a UV
gystem may be specially cut (blazed) in the UV region for greater sensitivity.

3.6.3 Infrared Range

B i e e biiicincedn] o AT At aaan nem ramesiead la tha scectemietian oF onesbrarmatare
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3.6.3 Intrared Hange

A number of instrumental modifications are required in the construction of spectrometers
for measurcments in the IR region because materials such as glass and quartz absorb IR
radiant encroy, and ordinary photocells do not respond to it. Most IR spectrometers use
front-surfaced mimors to eliminate the necessity for the transmission of radiant energy
through quartz, glass, or other lens materals. These mirrors are usually parabolic to focus
the diffuse IR energy. Such instruments must be protected from high humidities and water
vapor to avoid deterioration of the optical system and the presence of extransous

absorption bands in the IR,

The energy or light source for an IR instrument may be a Nemst glower or a Globar, Each
of these sources has certain characteristics that recommend it for use, but the maore rugged
Globar is more commonly used because it also has a more stable emission. The receiving or
detection unit may be a thermocouple, bolometer, thermistor, or photoconductor cell. The
type of analysis being performed dictates the degree of sophistication requirad in the IR
instrumentation selected to acquire usable data,

3,64 Proper Usze of Spectrometers

The spectrometer manufacturer’s instructions for proper use should be followed in all cases.
Several safeguards against misuse of the instruments, however, are mandatory.

Instruments should be checked for wavelength alinement. If a2 particular colored solution is
to be used at a clogely specified wavelength, considerable loss of sensitivity can be
encountered If the wavelength control is misalined. In visible-range instruments, an excellent
reference point i the maximum absorption for a diluted solution of potassium
permanganate, which has dual peaks at 526 and 546 nm. On inexpensive instruments with
less resolution the permanganate peak appears at 525 to 550 nm as a single, flat-topped

peak.

For both UV and IR mstruments, standerd shsorption curves for many orgamic materials
have been published so that refercmce material for standard peaks is easily available,
Standard films of styrene and other transparent plastics are available for IR wavelength
checks. A very good discussion of factors that affect the proper performance of
spectrometers and standard reference materials available to calibrate them can be found in
publications of the MNational Bureau of Standards.* Use of certified standards is encouraped
whenever practical.

Too much emphasis cannot be placed on care of absorption cells. All absorption cells should
ke kept scrupulously clean, free of scratches, fingerprints, smudges, and evaporated film
residues, Matched cells should be checked to see that they are equivalent, and any
differences should be accounted for during use or in the final data. Directions for cleaning
cells are given in chapter 4,

Generally speaking, trained techmicians may operate any of the spectrometers successfully;
however, because interpretation of data from both the UV and IR instruments is becoming
increasingly complex, mere compliance with the operations manual may not be sufficient
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increasingly complex, mere compliance with the operations manual may not be sufficient
for completely accomplishing the special techniques of sample preparation, instrument
operation, and interpretation of sbsorption curves.

3.6.5 Atomic Absorption

There are a number of differences in the basic design and accessories for atomic absarption
(AA) equipment that require consideration before purchase and during subsequent use.
These choices concern the light sources, nebulizer burners, optical systems, readout devices,
and mode conversions, Because some of thess chodices are not readily obvious, the purchaser
or user must be familiar with the types and numbers of samples to be analvzed and the

*MES, Office of Standard Reference Materizls, Institute for Materials Besearch, Washington,
DuC. 20234,
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specific elements to be measured before making the choice. For a program analyzing a wide
variety of samples for a number of elements at varving concentrations, an instrument of
maximum versatility would be best, Most of the discussion that follows applies to use of
instrumentation in absorption, emission, or fluorescence modes,

3.6.5.1 Lamps

Hollow-cathode (HC) lamps or electrodeless-discharge lamps (EDL) are available for over 70
elements with single-element or multielement capability. Multiclement lamps are consid-
erably cheaper per element than single-element lamps, but the savings may not be realized if
the lamps are nol used strategically, because all the elements in the cathode deteriorate
when the lamp is used, regardless of which element is messured. The deterioration
phenomena result from the different volatilities of metals used in the cathode. One metal
volatilizes (sputters) more rapidly than the others and redeposits upen an area of the other
cathode metals. Thus, with continual use, a drift in signal will be noted with at least one
metal increasing and the other (or others) decreasing. If one can ignore the dubious cost
savings of multielement lamps, use of single-element lamps could result in more precise and
accurate data,

The line intensitiez of one slement in a multislement HC lamp will usually be legs than those
of a lamp containing a pure eathode of the same clement because this element must share
the discharge energy with the other elements present. However, this reduction should not
affect the output by a facter of more than onesixth to one-half, depending on the
particular combination and the number of elements combined. The output can he even
greater in some multielement lamps because alloying may permit a higher operating current
than for the case of the pure cathode. All HC lamps have life expectancies that are related to
the volatility of the cethode metal, and for this reason the meanufacturer's recommendations
for operating should be closely followed.

Fecent improvements in design and manwfacture of HC lamps and EDLs have resulted in
lamps with more constant output and longer life. Under normal conditions an HC lamp may
be expected to operate satisfactorily for several years, HC lamps used to be guaranteed for a
certain minimum ampere-hour period, but this has been changed to a 90-day warranty. [t is
good practice Lo date newly purchased lamps and to inspect them immediately upon receipt.
The operating current and voltage indicated on the lamp should not be exceeded during use.
An increase in background noise or a loss of sensitivity are signs of lamp detedoration.

A basic design feature of AA spectrometers is the convenience of the HC lamp changeover
system. Some instruments provide for as many as six lamps in a rotating turret, all
electronically stabilized and ready flor use by simply rotating the lamp turret. Other
instruments provide for use of only one lamp at a time in the lamp housing, and reguire
manual removal and replacement whenever more than one element is 1o be measured., A
quick-changeover system enables frequent lamp changes during the period of aperation. If
necessary lamp changes are infrequent, however, multilamp mounts do not represent a great
CONVENICNGE.

After the proper lamp has been selected, the HC current should be adjusted according to the
manufacturer’s recommendations and allowed to electronically stabilize (warm up) before
use. Dunng this 15-min period, the monochromator may be positioned at the correct
wavelength, and the proper slit width may be selected. For those instruments employing a
multilamp turret, a warmup current is provided to those lamps not in use, thereby
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minimizing the wanmup period after the turret Is rotated. In a single-lamp instrument, the
instability exhibited durng warmup is minimized by the use of a double-beam optical
system.

3.6.5.2 Burner Types

The most difficult and inefficient step in the AA process is converting the metal in the
sample from an ifon or a molecule to the neutral atomic state. It is the function of the
atomizer/burmer to produce the desired neutral atomic condition of the elements. With
minor modifications burners are the same as those used for flame photometry,

Basically there are two different types of bumers. They are the total-consumption, or
surface-mix burner, and the laminar-flow or premix burner. There are many variations of
these two basic types, such as the Boling, the high-solids, the turbulent-flow, the triflame,
the nitrous oxide bumers, and many others. As one might expect, there are many
similarities among the various burners, the different names resulting from the different
manufacturers. The element being determined and the type of sample solution dictate the
type of burner to be used. Generally, all types and makes of burner can be adjusted
laterally, rotationally, and vertically for selection of the most sensitive area of the flame for
the specific element sought.

MNonflame techniques have gained wide acceptance in AA analysis because of the extreme
sensitivity and the capability to directly introduce very diverse sample matrices. These
systemns, which replace the conventional flame burmer, come in various designs using
glectrical resistance to produce temperatures as high as 3,500°C.

1.6.5,3 Single- and Double- (Split-} Beam Instruments

There is a great deal of existing uncertainty among instrument users about the relative
merits of single- and double-beam instruments. Weither system is appropriate for all cases,

With a single-beam instrument the light beam from the source passes directly through the
flame to the detector. In a2 double-beam system the light from the source is divided by a
heam splitter into two paths, One path, the reference beam, poes directly to the detector.
The second path, the sample beam, goes through the flame to the detector. The chopper
alternately reflects and passes each beam, crezting two equal beams falling alternately wpon
the detector. If the beams are equal, they cancel the alternate impulses reaching the
detector, and no signal is generated. If the beams are different, the resulting imbalance
causes the detector to generate a signal that is amplified and measured. The difference
between the referance and sample beams is then determined as a direct function of absorbed
light. The advantages of the double-beam design are that any variations in the qource are of
reduced importance, and smaller dependence is placed upon the stability of the power
supply. Conversely, stabilization of the power supply can eliminate the apparent need for
the split-beam system. Furthermore, the beam splitter requires additional mirrors or optical
accessories that cause some loss of radiant ensrgy.

A single-heam system does not monitor source variations, but offers certain other
advantages. It allows use of low-intensity lamps, smaller slit settings, and smaller gain. As a
consequence, the single-beam instrument, properly designed, is capable of operating with
lower nolse and better signal-to-noize ratio, and therefore with better precision and
improved sensitivity. Because the simplified optical system conserves radiant ensigy,
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egpecially in the shorter wavelenpths, it facilitates operation in the low-wavelenpth range.

. With this advantuge, it should be possible to obtain better sensitivity for those elements with
a strong resonance line below 3530 nm and particulardy those below 300 nm. Backsround
correction techniques are alzo available in single-beam systems,

Double-beam instruments, however, offer the opportunity to perform more sophisticated
techniques like backpround correction, two-channel multielement analysis, use of internal
standards, and element rationing. If one of these techniques is necessary, a dowble-beam
instrument must be considered.

3654 Resdout Devices

Readout devices in even the lower cost AA instruments include digital concentration
display. Using high-speed digital electronics, data-handling techniques encompass multiple
calibration standards, regression analysis (o characterize the calibration curves, mean
variance and standerd deviation statistical proprams for sample caleulations, and various
forms of printout reports in addition to recorder output, Choice of 4 readout svstem is
predicated largely upon laboratorv needs and availability of budget. In general, any step
toward automation 15 desirable, but the degree of automation should be compatible with the
laboratory program.

J.6.5.5 Mizcellanoous Accessoring

A number of instruments contain & mode selector, making an instrument wsable for either

absorption or emission. The conversion to emission may be a desirable feature because

certgin elements are more amenzhle to analysizs by this method, Some models offer an
. option of atomic fluorescence and can also be used as & UV visible spectrometer.

Automatic sample changers are offered for almost all instruments on the market, and as has
been previously stated, any automation feature is desirable. However, unless & laboratory
program performs a large number of repetitious measurements daily, an automatic sample
changer is not required. As a practical measure, other commonly used sample-changing
devices, although not expressly designed for AA use, can be interfaced with most AA
instruments.

3.7 Organic Carbon Analyzers

A number of instruments designed to measure total organic carbon (TOC) in waters and
wastes have appeared on the market in the past several vears. The first of these units
invaolved pyvrolvsiz followed by IR messurement of the carbon dioxide formed. Sample
injection of 20 to 200 wl in a carrier pgas of air or oxyeen was performed with a syringe.
Combustion at §00°C te 900°C followed by IR analysis was performed automatically with
final owiput on an analog recorder. Systems using these principles are still produced and
represent a large part of the TOC market.

Other technigues of TOC analvsis that modify every phase of the original TOC instruments
have been introduced. Sample presentation in small metallic boats and purging of OOy from
golution are two new techniques, Wet chemical oxidation, either external to the instrument
or within the instrument, using various oxidants including ultraviolet irradiation is now in
wide use. Messurement of the OO, by reduction to methane (CH, ) and quantitation with a
flame iomization detector are also available. Various methods of data handling are now used,
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wide use. Measurement of the E'_‘UE by reduction to methane (CH,4 ) and quantitation with a
flame iomzation detector are also available, Various methods of data handling are now used,

313

ranging from recorder output to direct readings and printouts of concentration. Techniques
are also available for measuring materials bike soil and sludpes, and also the volatile
component of the TOC. Sensitivity on some svstems has been extended down to the
microgram per liter level. The major problems associated with TOC measurements are
interference from forms of inorganic carbon and the difficulty of obtaining a representative
sample in the prezence of particulate matter. Each system has its own procedure for sample
pretreatment or for accounting for these problems. When choosing a TOC instrumont,
consideration should be given to the fypes of samples to be analyzed, the expected
concentration range, and the forms of carbon to be measured.

3.8 Gas Chrometographs

Becouse GC% are available from a large number of manufacturers, selection of a particular
manufacturer mav be based on convenience. No single multipurpose GC instrument permits
analysizs of a wide range of compounds. In this case, a GC/MS could be considered (L 1). If,
howaever, relatively few tvpes of environmentally significant compounds are being surveved,
gn inexpensive system equipped with a glasslined injection port, electrolytic conductivity
detector, and analog recorder is a good choice. A review of the organic methods (12) to be
used will give the analyst all the necessary information on the specific instrument,
gpparatus, and materials necessary for each type or class of compounds. A discussion of
various quality control considerations in GC analysis is given in chapter 8 of this manual.

Data handling reguirements vary widely, and the need to automate GC data collection s
determined by the extent of the sample load. In & routine monitoring laboratory, GC
systems incorporating their own microprocessers and report generating capabilities would be
useful in solving this problem. Because such systems greatly increase the cost, the overall
economy of this choice must be considered.
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Chepter 4
L

GLASEWARE

4.1 General

The measurement of trace constituents in water demands methods capable of maximum
sensitivity. This is especially true for metals and trace organics such as pesticides, as well as
for the determination of ammonia and phosphorus. In addition to sensitive methods,
however, there are other areas that require special consideration. One such area is that of the
cleanliness of laboratory glassware. Obviously, the very sensitive analytical systems are more
sensitive to errors resulting from the improper use or cholce of apparatus, as well as to
contamination effects due to an improper method of cleaning the apparatus. The purpose of
this chapter is to discuss the kinds of glassware available, the use of volumetric ware, and
variows cleaning requirerments.

4.2 Type: of Glassware

Laboratory vessels serve three functions: storage of reagents, measurement of solution
volumes, and confinement of reactions. For special purposes, vessels made from materials
such as porcelain, nickel, iren, aluminum, platinum, stainless steel, and plastic may be
employed to advantage. Glass, however, is the most widely used material of construction.
There are many grades and types of glassware from which to choose, ranging from student
grade to others. possessing specific properties such as super strength, low boron content, and
resistance to thermal shock or alkali. Soft glass containers are not recommended for general
use, especially for storage of reagents because of the possibility of dissolving of the glass (or

. of some of the constituents of the glass). The mainstay of the modem analytical laboratory
iz 8 highly resistant horosilicate glass, such as that manufactured by Coming Glass Works
under the name “Pyrex™ or by Kimble Glass Co. as “Kimax.” This glassware is satisfactory
for all analyses included in reference 1.

Depending on the particular manufacturer, various trade names are used for specific brands
possessing special propertics such as resistance to heat, shock, and alkalies. Examples of
some of these special brands follow:

g. Kimax- or Pyrex-brand gluss is a relatively inert all-purposc borosilicate glass,

b, VWycor-brand glass is a silica glass (96 percent) made to withstand continuous
temperatures up to 200°C and can be down-shocked in ice water without breakage.

¢. Corning-brand glass is claimed to be 50 tfimes more resistant to alkalies than
conventional ware and practically boron-free (maximum 0.2 percent).

d. Rav-Scrb- or Low-Actinic-brand plass s used when the reagents or materials are light
sensitive.

g, Corex-brand labware is harder than conventional borosilicates and therefore better
able to resist clouding and scratching.

The use of plastic vessels, containers, and other apparatus made of Teflon, polyethylene,
polystyrene, and polvpropylene has increased markedly over recent years. Some of these
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materials, such as Teflon, are quite expensive; however, Teflon stopcock plugs have
practically replaced glass plugs in burets, separatory funnels, etc., because lubtcation to
aveid sticking or “freezing” is not required. Polypropylene, a methylpentene polymer, is
available as laboratory bottles, graduates, beakers, and even volumetric flasks. It is crystal
clear, shatterproof, autoclavable, and chemically resistant.

The following are some points to consider in choosing glassware or plasticware:

a. The special types of glass listed above, other than Pyrex or Kimax, generally are not
required to perform the analyses given in “Methods for Chemical Analysis of Water
and Wastes™ (1).

b. Unless instructed otherwise, borosilicate or polyethylene bottles may be used for the
storage of reapents and standard solutions.

¢. Dilute metzl solutions are prone to plate out on container walls over long periads of
storage. Thus, dilute metzl standard solutions must be prepared fresh at the time of
analysis.

d. For some operations, disposable glassware is entirely satisfactory. One example is
the use of disposable test tubes as sample containers for use with the Technicon
automatic sampler.

e. Plastic bottles of polyethylene and Teflon have besn found satisfactory for the
shipment of water samples. Strong mineral acids (such as sulfuric acid) and organic
solvents will readily attack polvethylens and are to be avoided.

f. Borosilicate glassware is not completely inert, particularly to alkalies; therefore,
standard solutions of silica, boron, and the alkali metals are usually stored in
polyethylens bottles.

For additional information the reader is referred to the catalogs of the various glass and
plastic manufacturers. These catalogs contain & wealth of information such as specific
properties, uses, and sizes.

4.3 Volumetric Analysag

By common usage, accurately calibrated glassware for precise measurements of volume has
beeome known as volumetric glassware. This group includes volumetric flasks, volumetric
pipets, and accurately calibrated burets. Less accurate types of glassware including
graduated cylinders and serological and measuring pipets also have specific uses in the
analytical laboratery when exact volumes are unnecessary.

The precision of volumetric work depends in part upon the accuracy with which volumes of
solutions can be measured, There are certain sources of error that must be carefully
considered. The volumetric apparatus must be read correctly; that is, the bottom of the
meniscus should be tangent to the calibration mark. There are other sources of error,
however, such as changes in temperature, which result in changes in the actual capacity of
glass apparatus and in the volume of the solutions. The capacity of an ordinary glass flask of
1000-ml volume increases 0.025 mi/deg with rise in temperature, but if the flask is made of
borosilicate glass, the increase is much less. One thousand milliliters of water or of most
0.1N solutions increases in volume by approximately 0.20 ml/deg increase at room

4.2
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temperature. Thus solutions must be messured at the temperature at which the apparatus

. was calibrated. This temperature (usually 20°C) will be indicated on all volumetric ware.
There may also be errors of calibration of the apparatus; that is, the volume marked on the
apparatus may not be the true volume. Such errors can be eliminated only by recalibrating
the apparatus or by replacing it

Volumetric apparatus is calibrated o contain or to deliver a definite volume of liquid. This
will be indicated on the apparatus with the letters “TC™ (to contain) or “TD" (to deliver).
Volumetric flasks are calibrated to contain a given volume and are available in various shapes
and sizes.

Volumetric pipets are calibrated to deliver a fixed volume. The usual capacities are 1
through 100 ml although micropipets are also available, Micropipets are most useful in
furnace work and are available in sizes ranging from 1 to 100 pl

In emptying volumetric pipets, they should be held in a vertical position and the outflow
should be unrestricted. The tip of the pipet is kept in contact with the wall of the receiving
vessel for a second or two after the free flow has stopped. The fliguid remaining in the tip 5
not removed; this is most important,

Measuring and serological pipets should also be held in a vertical position for dispensing
ligquids; however, the tip of the pipet is only touched to the wet surface of the receiving
vessel after the outflow has ceased. For these pipets where the small amount of liguid
remaining in the tip is to be blown out and added, indication is made by a frosted band near
the top.

. Bureis are used to deliver definite volumes. The more common types are wsually of 25- or
50-ml capacity, graduated to tenths of a2 milliliter, and are provided with stopcocks. For
precisc amalyvtical methods in microchemistry, microburets are also used. Microburets
generally are of 5- or 10-ml capacity, graduated in divisions of hundredths of a milliliter.
Automatic burets with reservoirs are also available ranging in capacity from 10 to 100 mlL
Feservoir capacity ranges from 100 to 4,000 ml

General rules in regand to the manipulation of a buret are as follows: Do not attempt to dry
a buret that has been cleaned for use, but rinse it two or three times with a small volume of
the solution with which it is to be filled. Do not allow alkaline solutions to stand in a buret
because the glass will be attacked, and the stopcock, unless made of Teflon, will tend to
freeze. A 50-ml buret should not be emptied faster than 0.7 ml/s, otherwise too much liquid
will adhere to the walls and as the solution drains down, the meniscus will gradually rise,
giving a high false reading. 1t should be emphasized that improper use or reading of burets
can result in serious calculation errors,

In the case of all apparatus for delivering liquids, the glass must be absolutely clean so that
the film of liquid never breaks at any point. Carcful attention must be paid to this fact or
the required amount of solution will not be delivered. The various cleaning agents and their
use are described later.

4.4 Federsl Specifications for Volumetric Glassware

Reference 2 contains a description of Federal specifications for volumetric glassware. Th":
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Referenice 7 contains a description of Federal specifications for volumetric gla_ﬁﬁwarc. The
Mational Bureau of Standards no longer accepts stock quantities of volumetric apparatis

4-3

fr-l:m] magufacturem or dealers for certificetion and retum for future sale to consumers. This
certification service is still available, but apparatus will be tested only when submitted by
the ultimate user, and then only after an agreement has been reached with the Bureau
concerning the work to be done,

Consequently, the various glass manufacturers have discontinued the listing of NBS-certified
ware. In its place catalog listings of volumetrc glass apparstus that meet the Federal
specifications are designated as class A and all such glassware is permanently marked with a
large “A." These NBS specifications are listed in table 4-1, The glassware in guestion
includes the usual burets, velumetric flasks, and volumetric pipets.

In addition to the “A" marking found on calibrated glassware and the temperature at which
the calibration was made, other markings also appear. These include the type of glass, such

Table 4-1
TOLEEANCES FOR VOLUMETRIC
GLASSWAREL
Type Canacity? - .
of pacity Limit aof Error
Claseware [:ml} ml)
Graduated flask 25 0.03
S0 0.05
1 .08
2000 010
250 .11
30 .12
500 0.15
1,000 0.30
2,000 .50
Transfer pipet 2 Q.00
5 0.1
10 0.02
25 0.025
30 0.03
50 0.05
100 0.08
200 0,10
Buret? 5 0.0
10 0.02
3qQ 0.03
S0 .05
100 0.10

L Ahridand fram raforancas 2
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100 0.10

! Abridged from reference 3.

2Less than and including.

}Limits of error are of total or partial capacity.
Fustﬂmaw practice iz to test the capacity at five
mnteryals,

as Pyrex, Corex, or Kimax; the stock number of the particular item; and the capacity of the

. vessel, If the vessel contains & ground-glass connection, this will also be included along with
the TD or TC symbol. An example of the markings wsually found on volumetric ware is
shown in figure 4-1. Class A glassware need not be recalibrated before use. However, if it
should become necessary to calibrate a particular piece of glassware, directions may be
found in texts (4) on quantitative analysis.

&5 Cleaning of Glass and Porcalain

The methad of cleaning should be adapted to both the substances thal are to be removed,
and the determination to be performed. Water-soluble substances are simply washed oot
with hot or cold water, and the vessel is finally rinsed with successive small amounts of
distilled water. Other substances more difficult to remove may require the use of a
detergent, organic solvent, dichromate cleaning solution, nitric acid, or agqua regia (23
percent by volume concentrated HNO; in concentrated HCL). In all cases it is good practice
to rinse a vessel with tap water as soon as possible after use. Material allowed to dry on
glassware i¢ much more difficult to remove.

Volumetric plassware, especially burets, may be thoroughly cleaned by a mixture containing
the following: 30 g of sodium hydroxide, 4 g of sodium hexametaphosphate (trade name,
Calgon), & g of trisodium phosphate, and 1 1 of water. A gram or two of sodium lauryl
sulfate or other surfactant will improve Its action in some cases. This solution should be
uzed with a bunct brush.

Dichromate cleaning solution (chromic acid) is a powerful cleaning agent; however, because
of its destructive nature upon clothing and upon laboratory furniture, extreme care must be
taken when using this mixture. If any of the solution is spilled, it must be cleaned up
. immediately. Chromic acid solution may be prepared in the laboratory by adding 1 1 of
concentrated sulfuric acid slowly, with stirring, to a 35-ml saturated sodium dichromate
solution. This mixture must be allowed to stand for approximately 13 min in the vessel that
is being cleaned and may then be returned to a storage bottle. Following the chromic acid
wash, the vessels are rinsed thoroughly with tap water, then with small successive portions
of distilled water. The analyst should be cautioned that when chromiem is included in the

PYREX oW L KIMAX

or

USA TYFE LSA

g BTAMDARD
-— TAPER——
1R EIZE 149

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (47 of 192)1/24/2007 4:18:15 PM



Document Display | NSCEP | US EPA

BTAMDARD
g w—— TAPER—=

), e O AES _— e
500 ml £ 0,20 m| #—— voLumE ————= G ml

e TC20PC
ST A

ND 56B0 < 57 ————" N0 28013

TG 20°C —————

Figure 4-1. Example of markings on glassware.

scheme of analysis, it is imperative that the last traces of dichromate be removed from the
apparatus. To this end, a substitute for dichromate cleaning solution, called Nochromix,* is
available and may be used to advantage. Fuming nitric acid is another powesful cleaning .
agent, but is disagreeable to handle. As with dichromate, when the acid becomes dilute, the
cleaning mixture i no longer effective. A mixture of concentrated sulfuric and fuming nitric
acids is even more efficient but is also hazardous to use, A persistent greasy layer or spot
may be removed by acetone or by allowing a warm solution of sodium hydroxide, about 1 g
per 50 ml of water, to stand in the vessel for 10 to 15 min; after rinsing with water, dilute
hydrochloric acid, and water again, the vessel is usually clean. Alcoholic potassium
hydroxide is also effective in removing grease. To dry glass apparatus, rinse with acetone and
blow or draw air through it.

4.6 Special Cleaning Reguiraments

Absorption cells, used in spectrophotometers, should be kept scrupulously clean, free of
scratches, fingerprints, smudges, and evaporated film residues. The cells may be cleaned with
detergent selutions for removal of organic residues, but should not be soaked for prolonged
periods in caustic sclutions because of the possibility of etching. Organic solvents may be
used to rinse cells in which organic materials have been used. Nitric acid rinses are
permissible, but dichromate solutions are not recommended because of the adsorptive
properties of dichromate on glass. Rinsing and drying of cells with alcohol or acetone before
storage is a preferred practice. Matehed cells should be checked to see that they are
equivalent by placing portions of the same solution in both cells and taking several readings
of the transmittance (T, percent) or optical density (OD) values,

For certain determinations, especially trace metals, the glassware should also be rinsed with

a 1:1 nitric acid-water mixture. This operation is followed by thoroughly rinsing with tap

water and successive portions of distilled water. This may requirs as many as 12 to 15 rinses, .
. especially if chromium is being determined. The nitric acid rinse is also especially important

if lead is being determined.

Glassware to be used for phosphate determinations should not be washed with detergents
containing phosphates. This glassware must be thoroughly rinsed with tap water and
distilled water. For ammonia and Kjeldahl nitrogen, the glassware mmust be rinsed with
ammonia-free water, (See ch., 2.)

Glassware tan he imed in the detarmination af Fracs aroanie canchmante in matas soel e

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (48 of 192)1/24/2007 4:18:15 PM



Document Display | NSCEP | US EPA
ASSLILEERFLILEESL L S WL, | QR L, G )

Glassware to be used in the determination of trace organic constituents in water, such as
chlorinated pesticides, should be as free as possible of ormanic contaminants, A chromic acid
wash of at least 1 5 min is necessary to destroy these organic residues. Rinse thoroughly with
tap water and, finally, with distilled water. Glassware may be dried for immediate use by
rinsing with redistilled acetone. Otherwise glassware may be oven dried or drip dried.
Glessware should be stored immediately after drying to prevent any accumulation of dust
and stored inverted or with mouth of plassware covered with foil.

Bottles to be used for the collection of samples for organic analysss should be rinsad
successively with chromic acid cleaning solution, tap water, distilled water, and, finally,
several times with a redistilled solvent such as acetone, hexane, petroleum ether, or
chleroform. Caps are washed with detergent, rinsed with tap water, distilled water, and

*Available from Godax Laboratories, & Varick Street, New York, N.Y. 10013,
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solvent. Liners are treated in the same way as the bottles and are stored in a sealed
contalner.

4.7 Disposable Glassware

When the risk of washing a pipet for reuse becomes too great, as in the case of use with
toxic materials, or when the cost of washing glassware becomes prohibitive, dispozable
vessels may be the answer, provided they meet the necessary specification. Various types are
available including bacteriological, serological, and microdilution pipets. Disposable glass-
ware generally is made of soft glass although plastic vessels and pipets are also available.

4.8 Specialized Glassware

The use of vessels and plassware fitted with standard-taper, ground-glass, and ball-and-socket
joints has increased because of certain advantages such as less leakape and fewer freezeups.
Standard-taper, interchangzable ground joints save time and trouble in assembling apparatus.
They are precision-ground with tested abrasives fo insure an accurale fit and freedom from
leakage. Ball and socket joints increase flexibility of operation and eliminate the need for
exact alinements of apparatus. Symbols and their meaning as applied to standard joints,
stoppers, and stopcocks are shown below.

4.8.1 Standard Taper ()

The symbol T is used to designate interchangeable joints, stoppers, and stopeocks that
comply with the requirements of reference 3. All mating parts are finished to a 1:10 taper.

The size of a particular piece appears after the appropriate symbol. Primarily because of
greater variety of apparatus equipped with % fittings, a number of different types af
identifications are used:

a. For joints—a two-part number as § 24/40, with 24 being the approximate diameter
in millimeters at the large end of the taper and 40 the axial length of taper, also in
millimeters

b. For stopcocks—a single number, as § 2, with 2 mm being the approximate diameater
of the hole or holes through the plug

c. For bottles--a single number, as ¥ 19, with 19 mm being the appropriate diameter at
top of neck, However, thers are differences in dimensions hetween the bottle and
flask stoppers

d. For flasks and similar containers—a single number, as 3 19, with 19 mm being the
appropriste diameter of the opening at top of neck

4.8.2 Spherical Joints 3)

“The designation § is for spherical (semiball) joints complying with reference 5. The complete
desipnation of a spherical joint also consists of a two-part number, as 12/2, with 12 being
the approximate diameter of the ball and 2 the bore of the ball and the socket, also in
millimeters.

4-7
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4.8.3 Product Standard (E)

The symbol § is used for stopcocks with Teflon plugs, the mating serfaces being finished to o
a 1:5 taper. As with I stopcocks, a single number is used, Thus, £ 2 means a Teflon
stopcock with a hole of approximately 2-mm diameter in the plug.

4.9 Fritted Ware

For certain laboratory operations the use of fritted ware for filtration, gas dispersion,
absorption, or extractions may be advantageous,

There are six different porosities of fritted ware available, depending on its intended use.
Poresity is controlled in manufacture, and disks are individually tested and graded into these
classifications. The extra-coarse and coarse porosities are held toward the maximum pore
diameter as listed. The medium, fine, very fine, and ultrafine are held toward the minimum
pore diameter a5 listed in tabla 4-2,

Pore sizes are determined by the method specified in reference 8,
4.9.1 Recommended Procedures for Meximum Filter Life

a. Mew Filters. Wash new filters by suction with hot hydrochloric acid, followed by a
water rinse.

b. Pressure Limits. The maximum, safe, differential pressure on a disk is 15 1bjin2.

¢, Thermal Shock, Fritted ware has less resistance to thermal shock than nonporous
glassware. Hence, excessive, rapid temperature changes and direct exposure to a .
flame should be avoided. Heating in a fumace to 500°C may be done safely,
provided the heating and cooling are gradual. Dry ware may be brought to constant
weight by heating at 105°C to 110°C.

MNever subject a damp filter of ultrafine porosity to a sudden temperature change. Steam
produced in the interior may causs cracking.

Table 4-2
FRITTED-WARE POROSITY
Porosity Designation L 0re Size Principal Uses
Grade (um) r '
Extra Coarse EC [70-220 Coarse filtration; gas dispersion, washing, and
absorption
Coarse C 40-a0 Coarae filtration; gas dispersion, washing, and
absorption
Medinm M 10-15 Filtration and extraction
Fine F 4-5.5 Filtration and extraction
Very Fine VF 2-2.5 General bacteriz] filtration
Ultrafine UF 0.9-1.4 General bacterial filtration
4-8

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (51 of 192)1/24/2007 4:18:15 PM



Document Display | NSCEP | US EPA

4.4,2 Cleaning of Used Filters

. In many cases, precipitates can be removed by rinsing with water, passed through from the
underside, with the pressure not exceeding 15 lb/in?. The suggestions that follow will be
helpful in dealing with material that will not be removed by such a reverse water-wash:

Muaterial Removal Agent
ABUMEN. . e e e Hot ammenia or hydrochloric acid
Aluminous and siliceous residues. . ... Hydrofluoric acid (2 percent) lollowed by concen-

trated sulfuric acid; rinse immediately with
water until no trace of acid can be dotected.

Copper or iron oxides . .. ... ... .., Hot hydrochloric acid plus potassium chlorate
Fatty materdals . .. ... ......cc00.n Carbon tetrachloride

Mercurie sulfide. . .. ..o oo Hat agua regia

Organic matter .. .. ..ovveaivneen- Hot, concentrated cleaning solution, or hot, con-

centratad sulfuric acid with a fow drops of sodi-
mm nitrite

Silver chloride. . . ... ... ... ... Ammonium or sodium hvposulfite
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Chaptar 5

. REAGENTS, SOLVENTS, AND GASES

5.1 Introduction

The objective of this chapter is to provide general information and suggestions that will
sarve to keep the analyst conscipus of his responsibilities in analytical quality control, as
they relate to reapents, solvents, and gases. While the materal presented here will assist the
analyst in producing high-gquality data, it is by no means complete. It is incumbent on the
analvst to obtain details of special precautions required ito insure proper selection,
preparation, and storage of reagents, solvents, and pases from the descriptions of individual
methods,

5.2 Reagent Quality

Chemical reagents, solvents, and gases are available in a wide variety of grades of purity,
ranging from technical grade to various ultrapure grades. The purity of these materials
required in analytical chomistry varies with the type of analysis. The parameter being
mensured and the sensitivity and specificity of the detection system are important factors in
determining the purity of the reagents reguired. For many analyses, including most
inorganic analyses, analytical reagent prade is satisfactory. Other analyses, such as trace
organic and radiological, frequently require special ultrapure reagents, solvents, and gases. In
methods where the purity of reagents is not specified it is intended that analytical reagent
grade be used. Reagents of lesser purity than that specified by the method should not be
used. The labels on the container should be checked and the contents examined to verify

. that the purity of the reagents meets the needs of the particular method involved. The
guality of reagents, solvents, and gases required for the various classes of analvses—inorganic,
metals, radiclogical, and organic—are discussed in this section.

Reagents must always he prepared and standardized with the utmost of care and technigue
apainst reliable primary standards. They must be restandardized or prepared fresh as often as
required by their stability. Stock and working standard solutions must be checked regularly
for signs of deterioration; e.g., discoloration, formation of precipitates, and change of
concentration. Standard solutions should be properly labeled as to compound, concentra-
tign, solvent, date, and preparer.

Primary standards must be obtained from a reliable source, pretreated (e.g.. dried, under
specified conditions), accurately prepared in calibrated volumetric glassware, and stored in
mniamn:rs that will not alter the reagent. A large number of primary standards are available
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specified conditions), accurately prepared in calibrated volumelric glasswans, and stored 1n
containers that will not alter the reagent. A large number of primary standards are available
from the Natiomal Burean of Standards (NBS). A complete listing of available standards is
mven in reference 1. Primary standards may also be obtained from many chemical supply
companies. Suppliers for special quality reagents, solvents, and gases are noted in later
discussions of the various classes of analvses, Reagents and solvents of all grades are available
from many chemical supply houses,

Thers is some confusion among chemists as fo the definition of the terms “Analytical
Rragent Grade,” “Reagent Grade,” and *ACS Analytical Reagent Grade.™ A review of the
literature and chemical supply catalogs indicates that the three ferms are synonyvmous.
Hersafter, in this document, the term “Analvtical Reapent Grade™ (AR) will be used. It is

5-1

intended that AR-grade chemicals and solvents shall conform to the current specifications of
the Committee on Analvtical Reagents of the American Chemical Society (2). .

References 3 through 5 devote several chapters to problems related to preparation,
standardization, and storage of reagents. The information provided therein is particularly
appropriate to inorganic determinations. The type of volumetric glassware to be used, the
effect of certain reagents on glassware, the effect of temperature on volumetric
measurements, purity of reagents, absorption of pgases and water vapor from the air,
standardization of solutions, instability, and the need for frequent standardization of certain
reagents are among the topics discussed. Tt 15 recommended that the analyst become
thoroughly familiar with these publications.

5.2.1 Genoral Inorganic Amalyses

In general, AR-grade reagents and solvents are satisfactory for inorganic analvses. Primany
standard reagents must, of course, be uwsed for standardizing all wolumetric solutions.
Commercially prepared reagents and standard solutions are very convenient and may be
used when it is demonstrated that they meet the method requirements. All prepared
reagents must be checked for accuracy.

The individual methods specify the reagents that require frequent standardization, or other
special treatment, and the analyst must follow through with these essential operations. To
avoid waste, the analyst should prepare a limited volume of such reagents, depending on the
quantity reguired over a given period of time, Examples and brief discussions of the kind of
problems that ocour are given in ssction 5.3,

As far as possible, distilled water used for preparation of reagent solutions must be free of
mensurable amounts of the constituent to be determined. Special reguirements for distilled .'
water are given In chapter 3 of this manual and in individual method descriptions.

Compressed gases, such as oxygen and nitrogen, used for total orpanic carbon determination
may be of commercial grade.

5.2.2 Metals Analyzes

All standards used for atomic absorption and emission spectroscopy should be of
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All standards used for atomic absorption and emission spectroscopy should be of
speetroguality. It is recommendad that other reagents and solvents also be of spectroquality,
although AR grade is sometimes satisfactory. Standards may be prepared by the analyst in
the laboratory, or spectrographically standardized materials may he purchased commer-
cially. Standards required for determination of metals in water arc not generally available
from the Mational Bureau of Standards.

Analytical-reagent-grade nifric and hydrochloric acids must be specially prepared by
distillation in borosilicate glass and diluted with delonized distilled water. All other reagents
and standards are also prepared in delonized water.

In general, fuel and oxidant gases used for atomic absorption can be of commercial grade.
Air supplied by an ordinary laboratory compressor is quite satisfactory, if adequate pressure
is maintained and necessary precautions are taken to filter ofl, water, and possible trace
metals from the line. For certain determinations such as aluminum, AR-grade nitrous oxide

is required.

5-2
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623 Radiological Analyses

The great sensitivity of radioactive counting instruments requires that scintillation-grade
reagents and solvents, or equivalent, be used for all radicactivity determinations. Some of
the reagents, for example, strontium carbonate and yttrium oxide carriers used for the
determination of strontium-90 and yitdum-90, must be stable, that is, free of radicactivity,
Barium sulfate, used for coprecipitation of radium, must be free from all traces of radium.
These reagents and solvents are commercially available from chemical supply houses.

Calibrated standard sources of specific radioactive materials with known count and date of
counting are available from various suppliers. No single company supplies all standards.

Gases used for radicactive counting must be of high purity and extra dry. Gases such as
helium and air are aged for about 30 days to allow radicactive background to decay. All
gases are checked for background before use. Some cylinders contain inherent radioactivity
that is imparted to the gas. When this background is above normal, the gas should not be
used for radioactivity determinations.

5.2.4 Organic Chemical Analyses

The minimwn purity of reagents that can be usged for organic analyses is AR grade.
Reference-grade standards should be used whenever available. Special note should be taken
of the assay of standard materials. Owing to the greast sensitivity (nanogram and
subnanogram quantities) of gas chromatography (GC), which is often used to gquantitate
organic results, much greater purity is frequently required (&). The specificity of some GC
detectors requires that reagents and solvents be free of certain classes of compounds. For
example, analyses by electron capture require that reagents and solvents be free of
electronegative materials that would interfere with the determination of specific compounds
in the sample. Similarly, use of the flame photometric detector requires that reagents and
golvents be free from sulfur and phosphorus interference. Pesticide-guality solvents,
available from several sources, are required when doing low-level work. AR-grade solvents
are permissible when analvzing industrial waste samples.

However, the contents of each container must be checked to assure its suitability for the
analvses. Similarly, all amalvtical reagents and other chemicals must also be checked
routinelv.

The quality of gases required for GC determinations varies somewhat with the type of
detector. In general, the compressed gases are a prepurified dry grade. Grade A helivm from
the 1.5, Bureau of Mines has always been satisfactory. The Dohrmann nitrogen detection
system requires the use of dltrapure hydrogen for satisfactory resulis. Argon-methanc used
for electron-capture work should be oxygen free and should have an oxygen trap in the
supply line. The use of molecularsieve, carrier-gas filters and drying tubes is required on
combustion gases and is recommended for use on all other gases. Tt is recommended that the
analyst familiarize himsell with an article by Burke (7) on practical aspects of GC,

All reagents, solvents, and adsorbents used for thin-layer chromatography must be checked
to be certain that there are no impurities present that will resct with the chromopgenic
reagent or otherwisc interfere with subsequent qualitative or quantitative determinations.
Glass-backed layers prepared in the laboratory or procoated layers supplied by a
manufacturer may be used; however, precoated layers are more difficult to scrape. It is

33
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recommended, therefore, that layers prepared in the laboratory be used when zones are to
be scraped to recover isolated compounds. Flastic-backed lavers are generally unsatisfactory
for this type of analysis.

Adsorbents most commonly used for column chromatographic cleanup of sample exiracts
are Florisil,* silica gel, and alumina. These must be preactivated according to the method
specifications and checked for interfering constituents.

5.3 Elimination of Determinate Errars

To produce high-guality analytical data, determinate errors must be eliminated or at least
minimized. For purposes of this discussion, we assume that a competent analyst and reliable
equipment in optimum operating condition are available, Thus, determinate errors that
might result from an inexperienced or careless analyst and poor cquipment are eliminated.
The remaining sources of error are the reagents, solvents, and gases that are used throughout
the analyses. The quality of these materials, even though they are AR grade or better, may
vary from one source to another, from one ot to another, and even within the same lot.
Therefore, the analyst must predetermine that all of these materials are free of interfering
substances under the conditions of the analyses. To do this he must have a regular check
program. Materials that do not meet requirements gre replaced or purified so that they can
be used.

b.3.1 Reagent Blank

The first step the analyst must take is to determine the background or blank of each of the
reagents and solvents used in a given method of analysis. The conditions for determining the
blank must be identical to those used throughout the amalysis, including the detection
system. If the reagents and solvents contsin substances that interfere with a particular
analysis, they should be treated so that they can be used, or satisfactory reagents and
solvents must be found.

5.3.2 Method Elank

After determining the individval reagent or solvent blanks, the analyst must determine the
method blank to see if the cumulative blank interferes with the analyses, The method blank
iz determined by following the procedure step by step, including all of the reagents and
golvents, in the quantity required by the method. If the cumulative blank interferes with the
determination, steps must be taken to eliminate or reduce the interference to a level that
will permit this combination of solvents and resgents to be usad. If the blank cannot be
eliminated, the magnitude of the interference must be considered when calculating the
concentration of specific constituents in the samples being analvzed.

A method blank should be determined whenever an analysis is made. The number of blanks
to be run is determined by the method of analysis and the number of samples being
analyzed at a given time. In some methods, such as the AutoAnalyzer procedures, the
method blank is automatically and continuously compensated for becguse a continuous
flow of the reagents passes through the detector. In other procedures, such as the gas
chromatographic determination of pesticides, 3 method blank & run with each series of
samples analyzed. Usually this is one blank for every nine samples.

*Trademark of Flordin Ca,
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5.3.3 Elimination of Interferences and Other Sources of Error

. Procedurcs for eliminating or at least minimizing impurities that produce specific
interferences or high general background vary with the reagent and method involved. These
procedures may include the following: recrvstallization, precipitation, distillation, washing
with an appropriate solvent, or a combination of these, Examples of procedurss used for
various types of analyses are given below. For complete information, the analyst should
consult the individual meathods.

E.3.23.1 Genersl Inorganic Anzlyses

Analytical-reagent-grade chemicals and solvents usuzlly present no interference problems in
inorganic analyses. However, some reagents do not always mest methods reguirements. An
example is potassium persulfate used in phosphorus and nitrogen determinations. This
reagent is frequently contaminated with ammonia. Therefore, it is routinely purified by
passing air through a heated water solution of the reagent. The purified potassium persulfate
is recovered by recrystallization.

A problem more commonly encountered in inorganic analyses is the rapid deterioration of
the standard reagents and other ingredients. To minimize or eliminate thiz problem, some
reagents, for example, ferrous ammonium sulfate, must be standardized daily. Others, such
a5 sodium thiosulfate used for dissolved oxygen defermination, may require a substitute
reagent such as phenylamine oxide. Solid phenol, which readily oxidizes and acguires a
reddish color, can be purified by distillation. Starch indicator used for idiometric titrations
may be prepared for each use or preserved by refrigeration or by addition of zinc chloride or
other suitable compounds,

. 5.3.3.2 Metals Analyses

In general, specirograde chemicals, solvents, and gases present no interference problems in
atomic absorption or emission spectrographic determinations. However, standards that do
not meet the requirements of the method are sometimes obtained. Ordinarily, no effort is
made to purify them. They are simply replaced by new reagents of sufficient purity. Some
reagents may form precipitales on standing. Such reagents will reduce the accuracy of
quantitative analyses and should not be used,

5.3.3.3 Aadinlogical Analyses

In general, reagents that do not meet the purity requirements for radiological determina-
tions are replaced with reagents that are satisfactory. However, in some instances (for
example, barium sulfate used for coprecipitation of radium) it may be necessary to perform
repeated recrystallization to remove all forms of radium, and reduce the background count
to a usable level. In some instances, solvents that do not meet requirements may be distilled
to produce adequate purity. In some cases, gases having background counts may be usable
after aging as described earlier. If not, they should be replaced with gases that are
satisfactory.

5.3.3.4 Qrganic Analysss

Many AR-grade chemicals and solvents, and at times pesticide-quality solvents, do not meet
the specifications required for the determination of specific organic compounds. Impurities
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that are considered trace, or insignificant, for many analvtical uses are often present in

greater quantities than the organic constituents being measured. Coupled with the .
several-hundred-fold concentration of the sample extract that is usually required, such

impurities can cause very significant interferences in trace organic analyses. Reagents and

solvents found to be unsatisfactory, under the conditions of the analyses, must be replaced

or cleaned up so that they are usable. Some useful cleanup procedures are—

a. Washing the inorganic reagents with each solvent that the reagent contacts during
the analysis

b. Washing the adsorbents, such as silica gel G and Florisil, with the solvents that are
used for a specified column or thin-layer chromatographic procedure, or reactivating
the Florisil by firing to 630°C

¢ Preextracting distilled water with solvents used for the particular analysis invaolved

d. Preextracting aqueous reagent solutions with the solvents involved

e. Redistilling solvents in all-glass systems using an efficient fractionating column

f. Recrystallizing reagents and dyes used in colodmetric ar thin-laver determinations

If the reagents and solvents thus produced are not of sufficient purity, they should be
replaced.

Dirty gases (quality less then specified) are particularly troublesome in gas chromatographic

analyses, They may reduce the sensitivity of the detector, and produce a high or noisy

baseline. If this occurs, the cylinder should be replaced immediately. Similatly, if eylinders .
of compressed gases are completely emptied in use, the end volumes of the pazs may produce

a similar and often more severe effect. Oils and water miy get into the system and foul the

detector. When this occurs the system must be dismantled and cleaned. Overhaul of the

detector may be required. To reduce chances of this, it is recommended that all gas

cylinders be replaced when the pressure falls to 100 to 200 psi. Filter driers are of little help

in coping with this type of contamination.

5.3.4 Btoring and Maintaining Quality of Reagents and Solvents

Having performed the tasks of selecting, preparing, and verifying the suitability of reagents,
solvents, and gases, the analyst must properly store them to prevent contamination and
deterioration prior to their use. Borosilicate plass bottles with ground-glass stoppers are
recommended for most standard solutions and solvents. Plastic containers such as
polyethylene are recommended for alkaline solutions. Plastic containers must mat be used
for reagents or solvents intended for organic analyses, However, plastic containers may be
used for reagents not involved with organie analyses if they maintain a constant volume, and
if it is demonstrated that they do not produce interferances end do not ahsork constituents
of interest. It is important that all containers be properly clesned and stored prior to use.
(Refer to ¢h. 4 for details.)
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of interest. It is important that all containers be properly cleaned and stared prior to ues.
(Refer to ch. 4 for details,) prior to use.

S_tund‘an:l reagents and solvents must always be stored according to the manufacturer’s
directions. E?.eagams or solvents that are sensitive to the light should be stored in dark
bottles and in a cool, dark place. It is particulardy important to store materials used for

3-6

radiological determinations in dark bottles, because photoluminescence will produce high
. background if light-sensitive detectors are used for counting. Some reagents require
refrigeration.

Adsorbents for thin-layer and column chromatography are stored in the containers that they
are supplied in, or according to the requirements of individual methods. When new stock
golutions are necessary, dilutions of the old and new standard should be compared to
determine their acouracy.

The analvst should pay particular attention to the stability of the stendard reagents.
Standards should not be kept longer than recommended by the manufacturer or in the
method. Some standards are susceptible to changes in normality because of absorption of
gases ot water vapor from the sir. Provisions for minimizing this effect are given in
reference 4.

The concentration of the standards will change as a result of evaporation of solvent. This is
especially true of standards prepared in volatile organic solvents. Therefore, the reagent
bottles should be kept stoppered, cxcept when actually ir use. The chemical composition of
certain standards may change on standing. Certain pesticides, for instance, will degrade if
prepared in acetons that contains small guantities of water. Thus, it is essential that working
standards be frequently checked to determine changes in concentration or composition.
Stock solutions should be checked before preparing new working standards from them.

5.4 References

1. Catalog of Standard Reference Materials, NBS Special Publication 260, National Bureau
. of Standards (Tune 1975).
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“Reagent Chemicals,” American Chemical Society Specifications, 5th Edition, American
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3. Manual on Industrial Water and Industrial Waste Water, 2nd Edition, ASTM Special
Publication 148-H, American Sociely for Testing and Materials (1965), p. 869.

4, “Standard Methods for Preparation, Standardization, and Storage of Standerd Solutions
for Chemicgl Analvsis,” from Part 31 of 1976 Book of ASTM Stendards, American
Society for Testing and Matorials, Philadelphia (1977),

5. Standard Methods for the Examination of Water and Wastewater, 13th Edition,
American Public Health Association, New York (1971).

6. Methods for Organic Pesticides in Water and Wastewater, .5, EPA, Environmental
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Burke, J., “Gas Chromatography for Pesticide Residue Analysis; Some Practical
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Chapter &

QUALITY CONTROL FOR ANALYTICAL PERFORMANCE

6.1 Introduction

Previous chapters discussed basic elements of quality control (QC) pertaining to laboratory
sorvices, instrumentation, plassware, reagents, solvents, and gases; the reader should refer to
the appropriate scctions to delerming necessary specifications and requirements for QC.
Assuming that these basic variables are under QC, that approved methods are being used,
and that the complete svatem is initially under QUC, valid precision and accuracy data must
imitially be developed for each method and analyst. Then, to insure that valid data continue
to be produced, systematic daily checks must show that the test results remain reproducible,
and that the methodology is actually measuring the quantity in each sample, In addition,
QT must begin with sample collection and must not end until the resulting data have been
reported. QC of analytical performance within the laboratory is thus but one vital link in
the dissemination of valid data to the public. Understanding and conscientious use of QC
among all field sampling personnel, analytical personnel, and management personnel is
imperative, Technical approaches are discussed in the following sections.

6.2 The Industrial Approach to OGC

In the 1920%, Dr, Walter A. Shewhart of Bell Telephone Laboratories, Inc. developed the
theory of control charts as a basic method for evaluating the quality of products from
manufacturing processes. Hiz book (1) on statistical QC grew out of this original work.
Later, acceptance of his concepts and related statistical techniques within industry led to
refined, quantitative evaluations of product quality in manufacturing. Dr. Shewhart's work
on production processes assumed s uniform product manufactured in large numbers and
inspecied on a continuous basis through the periodic analysis of samples of & production
units. The resulting dats, x,, x,,...%,, were then used to estimate precision, as the
standard deviation & or range £, and sccuracy, as the anthmetic mean X, These statistics
were calculated as follows:

i-’fﬁt - (E".TI-)i."n

S:
=1

R = the largest of the X, - the smallest of the X

#
Sox
i=1

=

n

These statistics were evaluated by plotiing them on control charts developed from similar
statistics taken while the process was under properly controlled operation. The elements
commeon to such control charts are represented in figure 6-1. They include an expected
value (the central line) and an acceptable range of ocourrence (the region between upper and
lower control limits),

a-1
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Figure 6-1. Essentials of & control chart,

There are many reference sources available that discuss in sreat detail the classic Shewhart
control charts and related statistics that have since been developed far specific industrial
applications (2-4). In addition, many authors have discuszed applications of a relzted type of
control chart called 2 cumulativesummation {cusum) chart (2,4). Rather than evaluating
each sample independently, the cusum chart evaluates the cumulative trend of the statistics
from a seres of samples. Because sach successive point is based upon a cumulative data
trénd, cusum charts are often considered more effective than control charts in recognizing
process changes and, therefore, may minimize losses from production of unaceeptable units;
however, cusurn charts require the more difficult caleulations, and optimally desipned
Shewhart techniques have been found to be almost as effective (2,47, so there is no universal
agreement on the choice between them,

6.3 Applying Control Cheris in Environmental Laboratories

In industrial applications, separate control charts are recommended for each product, cach
machine, and each operator. Analogous system variables in an environmental laboratory are
the parameter, the instrument, and the anslyst. However, environmental laboratories
routinely have to contend with a varable that has no industdal counterpart—the true
concentration level of the investipated parameter, which may vary considerably among
semples. Unfortunately, the statistics that work well for industry are sensitive to the
vaability in true concentration that is commaon in environmental analysis; e.g., the classic X
and R statistic valwes increase substantially as concentration increases. This variability in
true concentration means there are no expected values for randomly selected samples, so
that the accuracy of testing methodology must be evaluated indirectly through the recovery
of standards and spikes. As a result, it has been difficult for environmental laboratories to
satisfactorily apply industral QC techniques.

There are two possible approaches to the solution of the problem of variation in the true
concentration level; either use of a statistic that is not sensitive to this variation or
application of the industral techniques within restricted concentration ranges. Obviously,
the former should be preferred because it actually solves the problem and does not require
the development and maintenance of a series of charts for each parameter.

6.3.1 Quality Gontral Charts far Accuracy

Two replacements for the Shewhart X control chart have been suggested for evaluating the
recovery of a series of different standards or spikes. One of these, a cusum chart using the
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. gquare of the difference between the observed and true values, is described in an EPA
Region VI QC manual (5). The other alternative uses the classic Shewhart technique to

evaluate the percent recovery instead of X, It is recommended that the percent recovery be
calculated as

F=100 observed
known

for standards, or

observed - background
spike

F= 100

for recovery of spikes into natural water backprounds. An example of the linear relationship
between percent recovery and the known concentration of standards and spikes is demon-
strated in the accuracy plots of 8 recent EFA method study report on analysis of mercury
(6). Both approaches are being used on a daily basis by various environmental laboratories,

The data in table &1 were used in the EPA Region VI manual (3) to illusirate the
development of a cusum chart. The actual data have besen reordersd here to appear in
ascending order of the known values. Mote that the mean and the range of the a‘r.i valuas
increase with increasing concentration:level, and this viclates a basic premise for acceptable
control chart statistics. Because the percent recovery data do not show any such trend, it is
the recommended control chart statistic for controlling accuracy.

. From the data in table 6-1, a Shewhart control chart for percent recovery can be calculated
in the following way :

Average percent recovery

F
- a2
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) ‘/ 234,074 - (2,310)2 /23 .
23
= /94,0751

=4.70

Therefore, the upper control limit becomes the following:

UCL=F+ 38§,
= 100.4 + 3(9.70)

=129.5
Table 6-1
ANALYSIS! OF TOTAL PHOSPHATE-PHOSPHORUS STANDAEDS, IN mg/|
TOTAL PO, -P
. Percent
Point Enown  Obtained mffnd:'mc': ;2 Recovery B
f-';.

1 0.34 0.33 0.01 0.0001 97 9,409

2 0.34 0.34 0.00 0.0000 100 10,000

3 0.40 0.40 0.00 0.0000 100 10,000 [ ]

4 0.49 0.49 0.00 0.0000 100 10,000

5 0.49 0.49 0.00 0.0000 100 10,000

6 0.49 0.63 014 0.0196 129 16,641

7 0.50 0.47 0.03 0,0009 94 2,836

8 0.50 0.53 -0.03 0.0009 106 11.236

9 0.50 0.56 - 0.06 0.0036 112 12534
10 0.52 0.59 -0.07 0.0049 113 12,769
11 0.66 0.70 -0.04 0.0016 106 11.236
12 0.66 0.60 0.06 0.0036 91 8,281
3 0.67 0.65 0.02 0.0004 97 9,409
14 0.68 0.65 0.03 0.0009 96 9.216
15 0.83 0.80 0.03 0.0009 96 9,216
16 0.98 0.75 0.23 0.0529 77 5,929
17 13 1.2 0.10 0.0100 92 8464
18 1.3 13 0.00 0.0000 100 10,000
19 1.6 1.7 ~0.10 0.0100 106 11,236
20 2.3 2.3 0.00 0.0000 100 10,000
21 2.3 2.4 ~0.10 0.0100 104 10,816
22 3.3 33 0.00 0.0000 100 10,000
23 4.9 4.6 0.30 0.0900 94 8.836
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2 3.3 3.3 0.00 0.0000 100 10,000
23 4.9 4.6 0.30 0.0900 94 8,836

Totals 234,074

! Using a colorimetric method with persulfate digestion.

G4

and the lower control limit becomes

LOL = 1004 - 25.1

T1.3

The completed control chart is shown in figure 6-2.

Following normal procedures, the control chart must indicate the conditions under which it
was developed: i.e., laboratory name, parameter, method of analysis, date of preparation,
gnd any other information unigue to the initializing data, such as range of concentration
and identification of analyst(s). A control chart is not generally applicable under other
conditions.

To verify the control chart, the initializing data should be checked to be sure that none of
the values exceads these new control limits. In addition, if its distribution is proper, about
68 percent of the initializing data should fall within the interval £ 3 Sp. It has been
suggested that the control chart is not valid if less than 50 percent of the initializing data
falls within this interval,

In applying the control chart, either of the following two conditions would indicate an
out-of-control situation:

2. Any point bevond the control limits
'. b. Seven successive points on the same side of the value F of the central line

When an out-of-control situation occurs, analvses must be stopped until the problem has
been identified and resolved, after which the frequency should be increased for the next fow
percent-recovery QO checks, The problem and its soelution must be documented, and all
analyses since the last in-control point must be repeated or discarded.
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Figure 6-2. Shewhart control chart for percent recovery data,
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A final note of caution regarding use of a single percent-recovery £ control chart over o
broad concentration range is necessary. As noted earlier for the analysis of mercury, a good
linear relationship of the form

X =P (known concentration) + K

where K Iz a constant, seems appropriate for many parameters. However, to justify use of a
single percent-recovery control chart, K must be small enough relative to the Flknown
concentration) term that it has little or no practical effect upon the value of X. This will
usually be true for moderate or high concentration levels, but may not be true at very low
concentration levels. As a result, for some parameters it may be necessary to develop a
scpnlilte PETCENT-TECOVETY OF Shewhart ¥ chart for each standardized low concentration level
sample,

6.3.2 Ouality Control Charis for Precision

Beecause the charactefistics of the range statistic change as concentration changes, two
alternatives to Shewhart's R chart have been wsed in envirenmental laboratories to evaluate
the precision of routine sample analyses.

One alternative is a cusum chart using the sum of the squared difference between duplicate
determinations on randomly selected routine samples (5), Because the range R for duplicate
analyses is equal to the difference between them, the cusum statistic equals the sum of
squared ranges > | R2. However, if R changes significantly as concentration level changes,
then R2 iz affected even more and, therefore, is nor as good a criterdon for judging whether
precision of the system is within gcceptable limits,

The other alternative uses a chart similar to the & chart, but the chart statistic is either the
percent relative standard deviation (100S/X), the coefficient of variation (CV or §/X), or
the industrial statistic /. For the duplicate determinations A and B, [ equals the absolute
value of their difference divided by their sum, or 14 - B|/(4 + B), and can be shown o be -
equivalent to the other two statistics:

s
10(CV) = lﬂﬂ"f

cnn BNT
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For the sake of computational ease,  scems to be a logical alternative to R,

&6
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experience with duplicates on routine samples taken during the last 2 vears by EPA Region
VII, | appears to decrease substaniially as concentration increases. In recognition of this
possible dependency, control charts for F should only be developed from and applied to
results within a limited concentration range. Note that control charts for £ could be applied
unider similar limitations,

. The next concern is whether [ is independent of changes in concentration level. Bazed upon

Asg an illustration of the concentration dependency of these precision statistics, table 6-2
provides estimates of B and [ for different concentration ranges of three parameters. These
parameters were selected because approximately 100 sets of duplicates were available that
wera well distributed over a reasonably broad concentration ramge. The ranges for the sum
of duplicates 4 + B used in table 6-2 were selected because they were convenient and the
data tended to be well distributed among them. Data judged to be out of control were
discarded before any calculations were made.

Table -2 indicates the concentration dependence of both the range &£ and the industrial
statistic § for these three parameters. Because [ is not independent of concentration and is

Table 6-2
ESTIMATES OF THE BRANGE (R=14A-E|) AND THE INDUSTRIAL STATISTIC
If=14 = El/id + £)] OF THREE IMFFERENT PARAMETERS FOR VARIOUS CON-
CENTREATION EANGESL

Mo, of
Parameter “’;EEEHUT Sets of I4d+R R i
Duplicates
. BOD, S5-day (mg/l) 2 to =220 21 11.7 1.04 00888
20 to =250 20 as5.2 1.94 00552
S0 to =100 27 72,2 3.33 00482
100 to <300 29 20,1 6,52 00319
300 to <600 17 3944 11.1 00282
600 to =2,000 12 1,041 12.1 00116
2,000 up 3 8,683 177 00284
Chromium (ug'l) 100 to =280 3k 123 0352 00306
20 to =50 15 334 0.57 00170
S50 to =100 14 T2 1.12 00155
100 Loy <2300 15 170.3 3.80 0,0223
300 o 1,000 B 480.3 5.25 0.0100
1,000 up 5 6,240 Ta.0 0.0120
Copper (ug/1) 10 to =230 16 222 0,93 0.0617
30 to <250 23 38.2 1.35 0.0368
50 po <100 21 0.8 1.1 0.0169
100 to <2200 24 131.9 2.33 0.0177
200 to =400 10 268.0 2.81 0.0105
400 up 3 T02.0 4,56 0.0065

' From EPA Surveillance and Analvsis Laboratory, Region VIIL
I Average values,

&7
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Tahle 63
SHEWHART UPPER CONTROL LIMITS (UCL) AND CRIT-
ICAL RANGE R, VALUES FOR THE DIFFERENCES BE-
TWEEN DUPLICATE ANALYSES WITHIN SPECIFIC CON-
CENTEATION RANGES FOR THREE PARAMETERS!

Parameter Cmﬁ:i;'f;mn UCL R,
BOD, 5-day (mg/1) 1to <10 3.40 3.5

10 to <725 .34 a

25 to <50 109 11

S50 to <150 21.3 21

150 to <2300 363 3a

300 to <I1,000 iog 340

1,000 up 379 1579

Chromium {pg/f1) 5 to <10 1.05 |

10 to <225 1.86 2

25 to <50 3.66 4

50 to <150 12.4 12

150 to <500 17.2 117

500 up 249 3249

Copper (ug/1) Sto<l1s 304 i

15 to =25 441 4

25 to <50 373 5

50 to <100 T.62 &

100 to <200 &.19 ig

200 up 149 315

1From EPA Surveillance and Analysis Laboratory, Region VIIL
Equal to half of the range of 4 + B given in tahle 62,
1Bazed on fewer than 15 sets of duplicate analyses.

more difficult to caleulate and develop control charts for, the use of & charts for a series of
sequential concentration ranges for each parameter seems practical. However, becanze the
primary concern when using any range chart is whether the upper control limit has been
exceeded, an even more practical approach would be to develop a table of these limits for all
concentration levels of each parameter, As an example, table 6-3 contains the calculated
Shewhart upper control limits for the range R from duplicate analyses within the various
concentration levels for the three parameters in table 6-2. These limits were calculated, as
uwsual, from the Shewhart factor £ for ranges based upon duplicate analvses and the
dppropriate average value of the range & gven in table 6-2. For example, the UCL for 25 to
50 mg/l of BOD was calculated as follows:

UCL=D,R
=3.27(3.33)
=10.9

6-8
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Table 6-3 also contains a critical range R, column, Because the data from EPA Region VII

. were almost always whole units with only a very occasional half unit reported, the R, value
is the UCL value rounded to the nearest whole unit at higher concentration levels and to the
nearest half unit for the lowest concentration level. However, there is an exception to this
rule among the low-conceniration K. values for copper that demonstrates an advantape
beyvond the simplicity of using such tables, The UCL value for copper at 25 to 50 pgil s
inconsistent with the UCL values for adjacent concentration levels, and the B, value has
been adjusted to resolve this inconsistency. Without the table, such inconsistencies could
very easily g0 unnoticed,

The examples in table 6-4 illustrate how to use the R, values in table 6-3. This technique,
consisting of the development and wse of a table of critical-range R, values at different
concentration levels, 15 recommended to control precision. Normal control chart procedures
should be followed as in section 6.3.1 regarding identification and verification of the table.
The table should ke updated periodically as additional, or more current, data become
available, or whenever the basic analytical svstem undergoes a major change. If any
difference between duplicate analyses exceeds the criticaleranges value for the appropriate
concentration level, then analvses must be stopped until the problem js identified and
resolved, and the frequency should be increased for the next few precision checks, After
resolution, the problem and its solution must be documented, and all analyses since the last
in-control check must be repeated or discarded.

6.4 Recommended Laboratory Quality Assurance Program

A minimum laboratory quality assurance program should include control procedures for
each parameter as described in the following sections.

. 6.4.1 Standard Curves

A new standard curve should be established with each new batch of reagents, using at least
seven concentration levels,

6.4.2 Duelity Control Checks for Eech Analyticel Run
With each batch of analyses, the following tests should be run:

4. Ome blank on water and reagents

Tahble 6-4
CRITICAL BANGE WVALUES FOR WVARYING COMCENTREATION
LEVELS
e Condition
Parameter Duplicates R R, HR=ER_ of System
BOD {mg/1) 20 and 24 4 i Yes Marmal
Chromium {ug/) Gl and 75 15 12 M Cut-of-control
Copper {pg1) di and 31 5 1§ Yes Mormal
IThis R, value is wsed because (46 + 51)/2 = 48.5, which 15 between 25

and 50.

9
http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Zy...=ZyActionL & Back=ZyActionS& BackDesc=Resul ts%20page (73 of 192)1/24/2007 4:18:15 PM



Document Display | NSCEP | US EPA
and 50,

b, One midpoint standard
2. One spike to determine recovery
d. One set of duplicate analysis

The results from b through d should be compared with previous in-control data by using the
appropriate technigue recommended in section 6.3,

B3 Interlzhoratory QG
An interlaboratory QC program would require each laboratory to do the following:

g Analyze reference-tvpe samples to provide independent checks on the amalytical
gystem. These may be available from EPA as QC samples, from the National Bureau
of Standards #s standard reference materials, or from commercial sources. I
performance limits are not provided, the results should fall within the routine limits
of each laboratory for a standard at a level comparable to the specified true value,

b. Participate in performance eveluation and method studies as available from EPA,
from the American Society for Testing and Materials, and from other agencies,

6.5 Outline of a Comprehensive Quality Assurance Program

In the following discussion the symbols used represent the results of analyvss according to
the scheme:

Ay = fimst replicate of sample 4
A, = second replicate of sample A4
B = zample taken simultanecusly with sample 4
Bgp = field spike into sample B
By, ™ laboratory spike into sample B
D = field spike into distilled water

Dy, = laboratory spike into distilled water
T = true value for all spikes

The laboratory spikes Bgp and Iy are the only analyses that may not be necessary. All
other analyses must be done simultaneously.

6.5.1 Steps for the Field Personnel

A comprehensive quality assurance program would include the following steps for sach
parameter in the monitoring study:
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parameter in the monitoring study:

Take independent simultaneous samples 4 and § at the same sampling point.
Depending on the parameter, this mipht involve side-byside grab samples or
composite samplers mounted in parallel.

b. Split sample 4 into the equal-volume samples 4, and A,.

c. Split sample £ into equal volumes and add a spike T to one of them: the latter
sample becomes sample Bgp. As with all spikes, the addition of T should

approximately double the anticipated concentration level.

d. Add the same spike T to a distilled water sample furnished by the laboratory and

designate this sample as Dp.

These QC samples must be treated in the same way as routine samples: ie., the volume, type
of container, preservation, labeling, and transportation must be the same for ali.

6.6.2 Steps for the Laboratory

The laboratory pemsonnel should perform the following steps for quality assurance:

4. Analyze the blank and midpoint standard recommended in section 6.4, If results are

unzatisfactory, resolve problems before continuing.

b, Analyze sample Dp. If the percent recovery of T is unsatisfactory (see section
6.3.1), create a similary spiked, distilled-water sample L}y and analyze to test for a
systematic error in the laboratory or fundamental problems with the spike. If the
percent recovery of T from D} is satisfactory, any systematic error occurred before

the samples reached the laboratory,

¢ Analyze samples B and Bgp. If B is below the detection limit, or if B is greater than
107" or less than 0.17, disregard the remainder of this step and proceed to step d, If
the percent recovery of T from Bgp is unsatisfactory {see section 6.3.1), spike an
aliquot of sample ¥ the same way in the laboratory so that a similar recovery can he
anticipated. Analvze this sample gy to test for immediale ssmple interferences or a
bad background result B. If the percent recovery from B is satisfactory, then the
interference must require a longer delay before analysis, or other special conditions
not present in the laboratory, in order to have a noticeable effect upon recovery of

the spike.

d. Analyze A; and A;. If the absolute (unsigned) difference between these results

exceeds the critical value (see section 6.3.2), then precision is out of contral.

e Calculste the absolute difference between A; and B. If it is unsatisfactory (zee
section 6.3,2), the field sampling procedure did not provide representative samples,

If initial caeealldn cd manls o afoo fom oo
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seLtan 0.3.4), e held sampling procedure did not provide representative samples.

If initial results at each of the laboratory steps were satisfactory, then the validity of the
related data has been indisputably established. If results at any step are unsatisfactory,
resolution depends upon the problem identified. Laboratory problems may just require that
the analyses be repeated, but field problems will usually require new samples. Figure 6-3 is
intended to clerify the intardependence of the preceding laboratory steps b through o

In figure 6-3 it must be noted that there is no way to identily addirive sample interferences;

ie., those that have an equal effect upon the background-plus-spike results (Bcy or Bgyp)
and the background result . Recovery of a spike will not show such interferences.
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Problems causing systematic errors that may occur in the feld include the Tollowing:
. a, Contaminated preservative, distilled water, or containers
b, Contamination by sampling personnel

€. Deterioration through excessive holding time or use of an ineffectual preservation
technique

d. Use of a bad field=piking procedurs
6.6 Related Topicz
6.6.1 Advanced Laboratory Automation and Itz Effect on QC

Advanced laboratory automation systems under development analyze samples antomatically
and vse 8 control computer to interpret the resulting data and produce an analytical report,
The primary benefits of such a sysiem are not only that the datg-recording and caleulation
crrors common to manual analvses have been inherently eliminated, but alzo that extensive
C can be accomplished guite easily and cheaply. The computer can be programed to
automatically recognize different kinds of QC samples and to establish or recall appropriate
control limits. Thus the QU overhead is reduced considerably and QC procedures previously
too costly or complex become practical.

As an example of 3 QU procedure that is considered impractical for manual use, regression
could be used to determine the relationship between concentration change and the accuracy
and precision stetistics discussed carlier. Using these relationships, very responsive, single

.. © amecuracy and precision charts could be developed for each parameter, As computer-assistod
analysis becomes common, automated laboratories will very likely replace the manwal
procedures recommended ecarlier in this chapter with evaluation criteria bassd upon
Fepressions.

6.6.2 Method Comparability {Equivalency)

Requirements for method comparability are under development for proposed alternatives to
the methodology specified in Public Law 92-500, section 304{g), A final verslon of these
requirements should be available from EPA at a later date.
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Chapter 7

. DATA HANDLING AND REPORTING

1.1 Introduction

To obtain meaningful data on water quality, the sample collector must obtain a
representative sumple and then deliver it unchanged for analvsis, The analyst must perform
the proper analysis in the prescribed fashion, complete calculations, and convert resulis to
final form for permanent recording of the analytical data in meaningful, exact terms. These
results are transferred to a storage facility for future interpretation and use,

The following sections discuss pracessing of actual values, recording and reporting of data in
the proper way, some means of quality control of data, and the storage and retrieval of data,

T.2 The Analytical Value
1.2.1 Significant Figures

The term “significant figure™ iz used, somestimes rather loosely, to describe a judgment of
the reportable digits in a result. When the judgment is not soundly based, meaningful digits
are lost or meaningless digits are reported. On the other hand, proper use of significant
fipures gives an indication of the reliability of the analytical method used.

The following discussion describes the process of retention of significant figures.

. A number is an expression of quantity, A Ngure or digit 15 any of the characters 0, 1, 2, 3, 4,
5, 6, 7, & 9, which, alone or in combination, serve to express 2 number, A sipnificant figure
is a digit that denotes the amount of the quantity in the particular decimal place in which it
gtands. Reported analytical values should contain only significant figures. A valuc is made
up of significant figures when it contains all digits known to be frue and one last digif in
doubt. For example, if a value is reported as 18,8 mg/l, the 18 must be firm while the (L8 is
somowhat uncertain, but presumably better than one of the values 0.7 or 0.9 would be.

The number zero may or may not he a significant figure depending on the situation,

Final zeros after a decimal point are always meant to be significant figures. For example, to
the nearast milligram, 9.8 g is reported as 9800 g.

Feros before a4 decimal point with nonzero digits preceding them are significant. With no
preceding nonzero digit, a Zzero before the decimal point is not significant.

If there are no nonzero digits preceding a decimal poing, the zeros after the decimal point
but preceding other nonzero digits are not sipnificant. These zeros only indicate the position
of the decimal point.

Final zercs im a whole number may or may not be significant. In a conductivity
measurement of 1,000 gmhofcm, there is no implication by convention that the conductiv-
ity is 1,000 £ 1 ymho, Rather, the zeros only indicate the magnitude of the number.

- '
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A pood measure of the significance of one or more zeros interspersed in 8 number is 1o
determine whether the zeros can be dropped by expressing the number in exponential form.
If they can, the 2eros may nol be significant. For example, no zeros can be dropped when
expressing a weight of 100.08 g in exponential form; therefore the zeros are sipnificant.
However, 8 weight of 0.0008 g can be expressed in exponential form as 8 ¥ 10-* g, 50 the
zeros dare not significant. Significant figures reflect the limits in accuracy of the particular
method of analysis. It must be decided whether the number of significant digits obtained for
resulting values is sufficient for interpretation purposes. IT not, thers is little that can he
done within the limits of the given laboratory operations to improve these values, If more
significant figures are needed, a further improvement in method or selection of another
method will be required.

Onee the number of significant figures obtainable from a tvpe of analysis is established, data
resulting from such analyses are reduced according to sst rules for rounding off,

7.2.2 Rounding Off Numbers

Rounding off of numbers is a necessary operation in all analytical areas. It is automatically
applied by the limits of measurement of every instrument and all glassware. However, when
it is applied in chemical calculations incorrectly or prematurely, it can adversely affect the
final results, Rounding off should be applied only as deseribad in the following sections.

7.2.2.1 Rounding-0ff Rules

If the figure following those to be retained is less than 5, the figure is dropped, and the
retained figures are kept unchanged. As an example, 11.443 is rounded of f to 11.44.

If the figure following those to be retained is greater than 5, the figure is dropped, and the
lost retained figure is raised by 1. As an example, 1 1.446 is rounded off to 11.45.

If the figure following those to be retained is 5, and if there are no figures other than zeros
beyond the five, the figure 5 is dropped, and the last-place figure retained is increased by
one if it is an odd number or it is kept unchanged if an even number. As an example, 11.435
15 rounded off to 11.44, while 11.425 i5 rounded off to 11.42,

T.2.2.2 Rounding Off Arithmetic Operations

When a series of numbers is added, the sum should be rounded off to the same number of
decimal places as the addend with the smallest number of places. However, the operation is
cnmp[eltmi with all decimal places intaet, and rounding off is dome afterward, As an
exemple,

11.1
11.12
+11.13

33.35
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33.35

The sum must be rounded of f to 33.4,

When one number iz subtracted from another, rounding off should be completed after the
. subtraction operation, (o avold possible invalidation of the operation.

When two numbers are to be multiplied, all digits are carried through the operation, then
the product i rounded off to the number of significant digits of the multiplier with the
fewer sipnificant digts.

When two numbers are to be divided, the division is carried out on the two numbers using
all digits. Then the quotient 15 rounded off to the number of significant digits of the divisor
or dividend, whichever has the fewer.

When o number containg & significant digits, its root can be relied on for n digits, but its
power can rarely be relied on for n digits.

7.22.3 Rounding Off the Results of & Series of Arithmetic Operations

The preceding rules for rounding off are regsonable for most caloulations; however, when
dealing with two nearly equal numbers, there is a8 danger of loss of all sipnificance when
appliad to a series of computations that rely on a relatively small difference in two values,
Examples are calculation of variance and standard deviation, The recommended procedure is
to carry several extra fpures through the calculations and then to rounsd of f the final answer
to the proper number of significant figures.

1.3 Glossary of Statistical Terms

To clanfy the meanings of statistical reports and evaluations of water quality dats, the
following statistical terms are infroduced. They are derived in part from usage (1,2) of the
. American Society for Quality Control,

Accuracy —The differcnce hetweoeon an average valuc and the truc value when the latter is
known or assumed.

Adthmetic mean—The atithmetic mean (or average) of a set of & values is the sum of the
values divided by m:

n
2K,

=1

¥=
i

Bias—A systematic error due 1o the experimental method that causes the measured values to
deviate from the true value.
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deviate from the true value.

Confidence limit, 95 percent—The limils of {he range of analytical values within which a
single analysis will ba included 95 percent of the time,

95 percent CL = X + | 965

where CL is the confidence level and § is the estimate of the standard deviation,

Constant—A nonvarying qualitative or quantitative characteristic of the population.

Geometric mean—A messure of central tendency for data from a positively shkewed
distribution (log narmal),

= H
X, =f (X 05,) .. (Y,

> log X,

_ i=1
A = antil

. = antilog "

Interference—A biological or chemical attribute of a test sample that positively or negatively
offsets the measursed result from the true value, If interference that is not segregated and
identified is present, it enlarges or reduces the method bias.

Median—Middle value of all data ranked in ascending order. If there are two middle values,
the median is the mean of these values.

n—The number of values X; reported for a sample.
N—The total number of values X; of the entire population or universal set of data.
Population—The total set of units, items, or measurements under consideration,

Precision=Relative to the data from a single test procedure, the degree of mutusl agreement
among individual measurements made under prescribed conditions.

Preeision data—Factors that relate to the variabions among the test results themsslves: i.a.,
the scatter or dispersion of a ssmes of test resulis, without assumption of any prior
information,

Range<The difference between the laghest and lowest values reported for a sample.

Relative deviation {coefficient of variation)=The ratio of the standard deviation 5 of a set of
numbers to their mean X expressed as percent. It relates standard deviation (or precision) of
a 5=t of data to the size of the numbers:

]
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a set of data to the size of the numbers:

&
CV = RD (percent) = ICHJE

Relative error—The mean error of a series of measurad data values as a percentage of the
true value X,

RE (perecent) = 100 - X
X,

Sample—Groups of units or portions of material, taken from a larger collection of units or

quantity of material, that provide information to be used for judging the quality of the total
collection or entire material as a basiz for action on them or on their production processes,

74
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. Series—A mumber of test results with common properties that identify them uniquely.

Skewness—A messure of the asymmetry of a frequency distribution,

(X, - X°
K [
na’
This measure is a pure signed number. If the data are perfectly symmetrical, the skewness is
zero. If K is negative, the long tail of the distribution is to the left. If K is positive, the long
tail extends to the right.

Standard deviation—The square root of the variance of the universe,

N N 2
> k7 - (EA’,) N
=1 i=1

N

iF =

Standard deviation estimate—The most widely used measure to describe the dispersion of 2
set of datz. Normally ¥ £ 8 will include 68 percent, and X + 25 will include about 95
percent of the data from o study:

" k. 2
St - (z. x,) n
=1 =1

. 5= ESE

Standard deviation, single analyst—A measure of dispersion for data {Tom 4 sin_gl-z. analyvst
that is calculated here using an equation developed by Youden for his nonreplicate study
design (3,

2 - 0y

=1
- 1)

where ) = the difference in paired values obtained from a single analyst.

Universe—The total set of items or measuremeants,

Variable—An experimentally determined estimate denoted X for a particular quality or trait
of the population,

7.4 Report Forms

The analytical information reported should include the measured parameters; the details of
the analysis such as burette readings, absorbance, wavelength, normalities of reagents,
eormection factors, blanks; and the reported data values.
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To reduce errors in manipulation of numbers a general rule is to reduce handling and
transposition of data to an absolute minimum. Ideally, a report form includes prliminary
information about the sample and its analvsis, and the same form is used for the final
entering of data into a computer; however, such report forms sre not vet common. Rather,
a variety of methods is used to record data,

141 Loose Shoats

Reporting of data onto loose or ring-binder forms iz a means of recording data that allows
easy addition of new sheets, removal of older data, or collection of specific data segments.
However, the easy facility for addition or romoval also permits loss or misplacement of
sheets, mixups in date sequence, and ultimately questionable status of the data for formal
display or presentation as courtroom evidence.

74,2 Bound Books

The use of bound books is an improvement in data recording that tends to result in a
chronological sequence of data Insertion. Modification beyond a simple lined book improves
its effectiveness with little additional effort. Numbering of pages encourages usc of data in
sequence and also aids in referencing data through a table of contents ordered according to
time, type of analysis, kind of sample, and identity of analyst.

Validation can be easily accomplished by requiring the analyst to date and sign each analysis
on the day completed. This validation can be strengthened further by providing space for
the laboratory supervisor to witness the date and the completion of the analyses.

A further development of the bound notebook is the commercially available version
designed for research-type work. These notebooks are preprinted with book and page
numbers, and spaces for title of project, project number, analyst signature, witness
signature, and dates. Each report sheet has a detachable duplicate sheet that allows
up-to-date review by management without disruption of the notebook in the laboratory,
The cost of research-type bound notcbooks is about four times that of ordinary note-
books.*

Use of bound notebooks has been limited to research and development work where an
analysis is part of a relatively long-term project, and where the recording in the noteboak is
the prime dispesition of the data until an intermediate or final report is written.

However, bound notebooks can and should be used in routine analytical laboratories such as
those concerned with water quality. The need for repeated information on sampling and
amalyses can be answered by use of preprinted pages in the bound notebooks.

7.4.3 Preprinted Report Forms
Most field laboratories and installations repetitively analyzing fixed parameters develop their

own system of compiling laboratory data that may include bound notebooks, but a means
of forwarding data is also required. Usually, laboratories design forms to fit a related group

*Scientific Notebook Co., 719 Wisconsin Ave., Oale Park, Tl 60304,

T-6
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of analyses or to report a single type of analysis for a seres of samples. As much

. information as possible is preprinted to simplify use of the form. With loose-sheet,
multicopy forms (using carbon or NCR paper) information can be forwarded on the desired
schedule while also allowing retention of data in the laboratory. Still, the most common
means for recording data in rowgh form are internal bench sheets or bound books. The
bench sheet or book never leaves the laboratory but serves as the source of information for
transfer of data to appropriate report forms, (See fig, 7-1.)

In most instances the supervisor and analyst wish to look at the data from a sampling point
or station in relation to other sampling points or stations on a particular river or lake, This
review of data by the supervisor prior to release is a very important part of the QC program
of the laboratory; however, such reviews are not easily accomplished with bench sheets. For
review purposes, a summary sheet can be prepared that displays a related group of analyses
from a number of stations such g shown in fgure 7-2. Because the form contains space for
all of the information necessary for reporting data, the completed form can also be used to
complete the data forms forwarded to the computer storapge and retrieval system.

The forms used to vepert data to storage systems provide spaces for identification of the
sampling point, the parameter code, the type of analysis used, and the reporting
terminology. Failure to provide the correct information can result in rejection of the data,
ar insertion of the data into incorrect parameter fields. As sample analyses are completed,
the data values are usually reported in floating decimal form along with the code numbers
for identifying the parameter data fields and the sampling point data fields, Figure 7-3
shows an example of a preprinted report form wsed for forwarding data to keypunch.

7.4.4 Plagtic-Coated Labels and Forms

. A recent addition to good sample handling and data management is the availability of
plastic-coated (blank or preprinted) labels, report forms, and bound report bools. These
materials are waterproof, do not disintegrate when wel or handled, can be written on while
wet, and retain pencil or waterprool ink markings though handled when wet.

7.4.5 Digital Readout

Instrumental analvses, including automated, wet-chemistry instruments such as the Tech-
nicon AutoAnalyzer, the stomic absorption spectrophotometer, the pH meter, and the
selective electrode meter, provide digital readownt of concentrations, which can be recorded
directly onto report sheets without further calculation. Programmed caleulators can be used
to construct best-fit curves, to perform regression analyses, and to perform series of
calculations leading to final reported values.

7.4.6 Keypunch Cards and Paper Tape

Becauze much of the analvtical dats generated in laboratories is first recorded on bench
sheets, then transferred to data report forms, keypunched, and manipulated on small
terminal computers {or manipulated and stored in a larger data storoge system), there is a
danger of transfer error that increases with each data copy. The analyst can reduce this error
by recording data direcily from bench sheets onto punch cards that can be retained or
forwarded immediately to the data storage system. Small hand-operated keypunch machines
are available.

9
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Figure 7-3. Example of STORET report fomm.

T.4.7 STORET=Computerized Storage and Retrieval of Water Quality Data

Becausze of their ul:jilit].-’ to record, stors, retrieve, and manipulate huge amouwnts of data, the
use of computers is & natural outgrowth of demands for meaningful interpretation of the
great masses of data penerated in almeost all technical activities,

In August 1961, numerous ideas were brought together concerning the basic design of a
system celled STORET for storage and retrieval of water pollution control data. A
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refinement of this system is now operated by the Technical Data and Information Branch,
Division of Applied Technology, Office of Water Programs, EPA.

Thizs is a State/Federal cooperative activity that provides State water pollution control
ppencies with direct, rapid access inte a cenfral computer system for the storage, retrieval,
and analysis of water guality-control information.

If properly stored, the data can be retrieved according to such descriptors as the point of
sampling, the date, and the specific parameters stored, or all data at a sample point or series
of points can be extracted as a unit.

Full details on wse of the STORET system are given in the recently revised STORET
handbook (4).

74,8 Automated Laboratory Systems

The use of digital readout, keypunch cards, and paper tape have been overshadowed by the
development of customized, fully automated online computer systems that make measure-
ments, caleulate results, perform guality control, and report analytical data simultaneously
from a full range of laboratory instruments, (See fig. 7-4.) Such systems can contain the
following functions:

a. Manual or automatic sampling and testing of a series of samples, standards,
replicates, and check samples

b, Detection of the measurement signals from the series of samples

¢, Conversion of signals to concentrations, generation of a standard curve, and
caleulation of sample values in final units

d. Caleulation of the deviation and recovery wvalues of the results and indication of
acceptance or nonacceptance based on limits established by the analyst

e. Provizion of the output in a form designated by the analvst: dial, paper recording
chart, digital readout, cathode ray tube, or printed report form

The degree of hands-on operation required in the system is specified by the analyst.

If an automated system is properly designed and operated, most calculation and transposi-
tion errors are avoided and the proper level of guality control is automatically exerted.
Laboratory automation systems for water analyses are being developed and coordinated by
EMSL-Cincinnati for use in 2 number of EPA laboratories (5).

7.5 Refersnces

1. “CGuide for Measure of Precision and Accuracy,” Anal. Chem. 377, 480 (1961).

2. “Glossary of General Terms Used in Quality Control,” Quality Progress, Standard Group
of the Standards Committes, American Society for Cuality Control, I7), 21-2 (1569).

3, Youden, W, 1., Statistical Techniques for Collahorative Tests, Association of Official
Analytical Chemists, Washington, D.C, (1967
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4, “STORET, EPA’s Computerized Water Quality Data Base, the Right Answer,” U.5. EPA,
. Dffice of Water and Hazardous Materials, Washington, D.C. {1977).
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Chapter &
. SPECIAL AEQUIREMENTS FOR TRACE ORGANIC ANALYSIS

8.1 Intreduction

The high sensitivity of the instrumentation wsed in trace organic chemical analysis and the
low concentration of organic compounds being investigated dictate that special attention
must be given to this analyvtical field. Contamination of the sample from any possible source
must be diligently ruarded apainst, and interferences in the sample must be carefully
controlled. Strict attention to method and highly refined technique are required to produce
valid quantitative and qualitative results,

Two manuals have been developed by the Environmental Monitoring and Support Labora-
tory (EMSL) in Cincinnati covering the two broad areas of quantitative and gualitative trace
organic analysis, Reference | contains both general and specific quality assurance programs
designed to insure the production of acceptable measurements when using the methods
contained in that manual. Reference 2 contains specific, detailed quality assurance programs
covering both the performance of the instrument and the interpretation of the resulting
spectra.

This chapter is organized with threc sections devoted to general material applicable to all
organic analysis, and one section abstracting highly specialized materials from each of the
two manuvals cited.

. 8.2 Sampling and Sample Handling

Begardless of the intent, all numbems generated by a water quality laboratory are ultimately
represented as the concentration levels in the sample matrix at the time of collection. Such
numbers tend, antomaticaily, to endomse the sample collection, preservation, and shipment
procedures, Thus, quality assurance programs limited to the care of the sample beginning
with its receipt by the laboratory arc inadequate. The laboratory must share responsibility
for the preservation and shipment of all samples that it will accredit with concentration
walues. Two approaches are available that will generally protect the laboratory from
generating numbers that may not reflect actual conditions of the sample at the time of
collection. The best, but usually least practical solution, is for the laboratory personnel to
collect all samples. The alternative is for the laboratory to adopt a policy of sample réjection
based on minimum standards of sample identification and age. Guidelines for establishing
these standards are discussed in this section. It is recommended that copics of this material
be supplied to all sample collectors along with an understanding of the specific policy of the
laboratory toward rejecting samples that do not mest these criteria.
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be supplied to all sample collectors along with an understanding of the specific policy of the
labomatory toward rejecting samples that do not meet these criteria.

In all of the cases to be discussed, it is the responsibility of the project director to (8)
coordinate his sampling, preservation, and shipment with the laboratory, (b} obtain clean
gample containers from the laboratory, (c) provide adequate sample identification and
compositing instructions, and (d) provide duplicates and blanks #s required by the
laboratory. Additional prearrangements should be made with the laboratory if sample
splitting is desired, to create separate supernatant and settleable matter samples, or if
caleunlations on a wet-weight basis in addition to the standard dry-weight calculations are
desirad.

-1

Bottles and caps are to be supplied by the laboratory because rigorous cleaning is required
even for new bottles, Mew and recycled bottles should be washed as described in reference
1. Samples received in bottles of unknown origin or questionable cleanliness should be
rejected by the laboratory. For water samples that are to be analyzed bv solvent extraction
methods, narrow-mouthed, screw-cap bottles such as Boston rounds are preferred because
they have less tendency to leak and are easy to handle in the laboratory. One-liter bottles
are generally more expensive than quart bottles, thus most laboratories use the clear 32-0z
eontainers. The bottle should be sealed with Teflon (du Pont) lined caps, For water samples
of intermediate pH, aluminum-foil-lined caps may be used when Teflon (du Pont) is not
available, Oil and prease samples can be collected with Polyseal caps—the conical liner pro-
vides an excellent seal against pressure during shipment and sample extraction. Screw-cap,
widemouthed plazs bottles are preferred for sediment samples because they are easier to
handle in the field and in the laboratory. Precleaned, 16- or 32-07 bottles with Teflon (du
Pont) or foilHined screw-cap closures should be provided by the laboratory, Masking tape or
other suitable labels should be applied to the dry bottles,

Sampling for purgeable organics requires special consideration and equipment. The sample
container should consist of a 45-ml, screvw-cap vial fitted with a Teflon (du Pont) faced, sili-
cone septum.® The vials, septa, and caps should be washed in hot detergent water and thor-
aughly rinsed with tapwater and organic-free water, then dried at 105°C for 1 h. The vials
should then be cooled to room temperature in & contaminant-free area, When cool, the vials
should be sealed with the sapta, Teflon (du Pont) side down, and screw cap and maintained
in this sealed condition until filled with sample.

The bottles used for collecting water samples for solvent extraction should not be overfilled
or preringed with sample before filling because oil and other material that can cause
erroneoisly high results may remain in the sample bottle after rinsing. Bottles should be
fillead with sample to about 20 percent of capacity, and the level should be marked to
determine if leakage occurs, Because full sample bottles are difficult to pour from during
extractions, complete filling should be avoided. In the collection of sediment samples,
nonrepresentative debris such as large stones or wood should be discarded.

Diultiple samples are usually reguired for purgeable organics anglysis because of leakage and
because the measurement process is destructive to the sample. All vials should be identified
with waterproof labels, The water sample vials are filled to overflowing from a bubble-free
source 5o that a convex meniscus is formed at the top, They are sealed by carefully placing
the septum, Teflon (du Pont) side down on the opening of the vial and screwing the cap
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source so that a convex meniscus is formed at the top. They are sealed by carefully placing
the septum, Teflon (du Pont) side down on the opening of the vial and screwing the cap
firmly in place,

Shipment and receipt of samples must be coordinated with the laboratory to minimize time
in transit because it is the prerogative of the laboratory to reject samples where delays in
shipment have caused them to apge beyond acceptable holding times. To avoid the need to
resample, the sampler should determine in advance the most efficient and reliable form of
transportation for the semples. All samples for organic analysis should arrive at the
laboratory on the same day collected, or should be shipped and maintained at less than 4°C
for armival by the next day. The samples are usually shipped in insulated ice chests, Water
samples should be prechilled before packing to reduce the iee requirements during shipment.

*Vial and septum are avsilable from Pierce Chemical Co., P.O. Box 117, Rockford, TIL
61105, Wial: Mo. 13074; septum: No, 12722,

g2
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The bottles should be stabilized in the container with styrofoam and covered with ice, The
.' information needed to identify the samples should be attached to the outside of the ice
chest.

A part of the quality assurance program lor a laboratory must be the development of a clear
policy for accepting or rejecting samples. Because organic analyses are expensive in terms of
manpower and supplies, it is poor management to commit such resources just to obtain data
of guestionable validity, Water samples that clearly have not met the preservation crileria
during shipment (e.g., in the case of a spill) should be accepted only if resampling is
impossible. Results from such samples must be gqualified in the laboratory report.

Upon receipt, the samples should be checked for adequate identification, sample tempera-
ture or presence of ice in the chest, and leakage. Samples for volatile organics should be
checked for air bubbles, although it is extremely difficult to avoid the development of very
small bubbles regardless of the type of semple bottle employed. The samples are logged in
with the receipt time noted. Unless the condition of the samples fails to meet the criteria for
acceptance by the laboratory, required preservatives are added immediately and the samples
are all refrigerated.

The laboratory staff should be alerted to the arrival of the samples, so that the required
analysis can bepin as soon as possible. When sediment samples are to be reporied on &
wet-weight basis, or when a water sample is to be filtered or divided into supernatant and
settleable subsamples for separate analysis, the sample processing should begin prompily.

When analysis of water samples is to be restricted to the water phase only, filtration is
required. This may be accomplished with 4.7-cm, glass-fiber filter disks that have been

. pressiractad with acetone and sllowed to dry. The flter disks must not contain organic
binder. The disks are placed on a membrane filter holder and up to a liter of water is
filtered, The filtrate iz transferred without rinsing to a clean sample container and treated as
a normal, whole-water sample.

When separate reporting is required for the settlesble and supernatant phases, the water
sample {or a large portion of it) is allowed to seftle overnight in a closed glass container at
4°C, If phase separation oceurs, the supernatant phase is carefully decanted or siphoned into
a graduated cylinder without disturbing the surface of the settled material. After the volume
of supernstant is noted, the supernatant is filtered as just described into a clean glass
container and stored at 4°C, The volume of seftled material s determined either by marking
the slurry level on the side of the sample container for later calibration, or by transferring
the slurry without washing into a calibrated vessel. A portion of wellmixed slorry s
removed for a determination of percent solids, The remaining slurmy is stored in a sealed
glass container at 4%C,

When both dry-weight and wet-weight results are required for sediments and shudges, a
percent-solids determination should be performed soon after receipt of the sample. A
representative portion (ideally 10 to 25 g) of well-mixed sample is weighed into a tared
Erlenmever flask and dried at 105°C to a constant weight. Then percent solids are
calculated for the sample,

Routine laboratory management invelves detailed recordkeeping beginning with the initial

contact with the sample collector. A master flowsheet should be prepared for each sample,
listing parameters to be determined and pretreatment operations to be performed. The

5-3
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master flowsheet is kept at a fixed location and is desipned to handle dated entries
indicating when operations are completed. Methods requiring extraction permit double
entry on the master flowsheet so laboratory throughput times can be caleulated in terms of
receipt-to-extraction and receipt-to-completion times. A separate set of forms follows the
sample through the laboratory. Each sample form records information for a class of
parameters and details cleanup operations and other method options, Calculations and cross
references to chromatograph files are entered on the sample form also.

A chain-of-custody program lends significant legal support to the results genersted, The
program begins when the laboratory dispatches the sample collectors. Each time a sample is
collected, a form is initiated stating where and when the sample was collected, with cross
reference to a number on the sample container. The sample collectors return to the
laboratory with the samples in their guarded possession and deliver them personally to the
responsible person in the laboratory. The person (custodian} receiving the samples in tum
signs each ledger to acknowledge receipt and locks the sample in a refrigerator, The analyst
then comes to the custodian and signs for the sample that he is taking for analysis. In this
way full documentation of the sample handling i maintained from sample collection
through completion of the analysis,

8.3 Extract Handling

Each method in reference 1 is prepared in sections identified by titles. This style of
presentation is aimed at presenting the analyst logical places to interrupt his analysis. Often,
because of the length of the method, the analyst is unable to complete an analysis in & single
day. When planning a partial analysis, certain factors must be considered. Because the
organics are generally more stable in solvent than in water, it is alwavs preferable to extract
a sample and hold the extract rather than to hold the sample. Extracts to be held overnight
or longer should first be dried by treatment with sedium sulfate,

The methods include several transfers of the solvent extract from one piece of glassware to
another. These quantitative transfers are made using several small portions of solvent to
wash the walls of the previous container. A 5-ml, luer-lock glass syringe with a 2-in., 20-gage
needle is convenient for this purpose, Solvents tend to creep up the outside of a container,
such as an ampoule, while pouring. To minimize contamination during transfer, solvent ex-
tracts are poured as ropidly as possible, Extracts can become contaminated not only from
oils from the skin of the handler but also from other extracts handled at the same time
where deposits on the outside of the container are unintentionally transferred from one con-
tainer to another. Instead of using labels, contamination problems from this source can be
reduced by efching permanent numbers on ampoules. Sample log sheets should he used to
index the extract with a numbered ampoule, eliminating the need for tape or wax pencils.

Or the several ways to dry a solvent extract with sodium sulfate, passing it through a
chromatographic column packed with 2 to 3 in. of anhydrous crvstals is the most
convenient and quantitative. When a wet extract is being transferred from & separatory
funnel to a Kudemna-Danish (K-I)) concentrator, it should be drained directly through the
column to eliminate the need for an intermediate piece of glassware and the resulfing
transfer step. Prewashing the sodium sulfate column with extracting selvent is recom-
mended, although interferences can be controlled by preheating the salt in a shallow tray at
400°C for 30 min. After the extract has passed through the columsn, 20 to 20 mil of
extracting solvent are used to wash the residual extract from the column.

84
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The standard K-D concentration apparatus consists of a three-ball Snyder column, a 500-ml

. flask, and a calibrated ampoule. It 15 desipned to concentrate 100- to 300-ml volumes of
extract to a final volume of 3 to 10 ml. To use the apparatus, one 10,20 mesh boiling chip
(previcusly rinsed with solvent and heated for 1)2 h) is added, and the assembly is supported
above a concentric-ring water bath with the tip of the ampoule below the surface of the
water. The lower ground-glass joint must be kept above the water. The water temperature
should be adjusted for mild distillation, with no chamber flooding or splashing (gbout 10°C
to 20°C above the boiling point of the solvent). When the volume of liquid reaches 1 to 2 ml
(checked freguently), the assembly should be removed and allowed to cool. The chambers
and flagk will drain to a Gnal volume near 10 ml The flask and the lower ground-glass joint
are minsed with a minimum of solvent, The evaporation can be continued with the
microscele K-D concentrator if further concentration is required.

The microscale K-Id concentrator is designed to concentrate extracts from 5 to 10 ml to 1.0
ml A fresh boiling chip must be added, and a twe-ball micro-Snyder column 15 attached to
the ampoule. The ampouwle i supported above the water bath, and the exiract is
concenirated to about 0.7 ml. The column and ground-plass joint are rinsed with 2 minimum
of solvent, and the volume is adjusted o 1.0 mi.

The K-D} concentrator can be used to exchange solvents. When the sample is dissolved i a
solvent unsuitable for 2 cleanup operation or for gas chromatography (GC), it can bhe
displaced by a suitable higher boiling solvent. The actual volumes that should be wsad to
effect the exchange vary with the solvent pairs depending upon the difference in boiling
poinis and azeotrope formations, but a general procedure 15 to concentrate the extract to 10
ml, add 20 ml of the higher boiling solvent, and reconcentrate to 10 ml.

. After extractions and subsequent K-D concentrations, solubilities of some materials may be
exceeded, High sulfur levels are a particular problam encountered in sediment extractions,
Extracts should be decanted from eampoules where sulfur has crystallized. In some samples
the extractable organic levels are so high the extract fends to solidify and will not
concentrate further, When this occurs, 8 small aliquot of the extract shouwld be taken and
diluted az appropriate for final analysis.

A significant source of the varation in GC analysis can be attrbuted (o the mjection of a
portion of the cxtract into the apalytical system. Manual injections of 2 to 3 pl with the use
of a 10-ul syringe will introduce varance even when the injection volumes are determined to
the nearest 0,05 pl. OF a variety of injection technigues in use, the solvent flush lechnigue
has heen found to be acceptable for quantitative work. This technigque is described in detail
in reference 1.

3.4 Supplies end Reagants

Beference compounds of materials should be assaved and of 98 percent purity or higher. If
the purity is less than 98 percent, the approprate correction factor must be included in all
calculations of standard concentration. The reference materials should be cataloged, dated,
and stored in a refdgeralor.

Stock solutions of these reference materals should be prepared in a high-hoiling, inert
solvent, if possible, to minimive errom due to evaporation or solvent-induced decomposi-

F
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8-5

tion. The laboratory should have an accurate six-place balance for preparing small quantities
of reference standards. The following method of preparing stock solutions is recommended;
Weigh 10 mg (to the nearest 0.01 mg) of reference standard into a small aluminum welghing
pan.* Drop the entire pan into a 10-ml velumetric flask, Dissolve the reference matedal in
about 5 ml of solvent, then dilete to volume, Label the solution with compound name,
concentration, solvent used, date prepared, and initials of preparer. Store the volumetric in a
refrigerator, except when prepasing dilutions. When the standard is a replacement for an
existing stock solution, the two solutions should be compared, and the results as well as the
suspected reason for any variation should be permanently recorded in the laboratory files.

Working standards are prepared from one or more stock solutions after they have warmed to
room temperators, As these working standards uswallvy represent three to six orders of
magnitude of dilution of the stock standards, it Is obviously necessary to take great care in
preparing them. Serial dilutions are recommended with a maximum of 1:100 dilution for
each step. Although 10-p]1 volumes can be read within 1 percent with a 10-ul svringe, the
inherent problems with the dead volume in the syrnge make the uge of such equipment less
desirable for preparing working standacds than volumetric pipets. New working standards
should be prepared frequently unless long-term stability has been demonstrated. When
several compounds are combined into a single standard for simultaneous GO, they must be
closely monitored for chemical interactions,

Pesticide-quality solvents are usually required, and each new lot should be checked for
interferences prior to use. The solvent check, representing approximately 10 percent more
solvent than required for any method, should be concentrated and analyzed for method
interferences under all GC conditions applicable to that solvent. [f interfering peaks or a
broad solvent front are obsarved, the solvent should be redistilled in an all-glass distillation
system, with a distillation column,** Ifinterferences persist, the solvent lot should be
discarded. This preliminary lot check does not eliminate the need for routine solvent blanks
to monitor for purity changes over a period of fime.

Diethvl ether must be shown to be free of peroxides before use. Peroxide test stripst can be
used for a guick, convenient test. The alumina column procedure for removing peroxides,
deseribed in litérature supplied with the test strips, has been used successfully to remove all
peroXides from the solvent. The solvent should always be stabilized with 2 percent
volume/volume ethvl alcoheol. Chromatopraphic elution patterns are based on ether
containing this alcohol.

Granular sodium sulfate should be purchased in glass containers. If purchased in a large
container (5-1b bottles or larger), It should be transferred to smaller bottles for daily vse.
Before sodium sulfate is used for chromatographic work, it should be heated to 400°C for
30 min and shown not to be contaminated. When the sodivm sulfate is used fo drv extracts
before concentration, the heating is wsually vnnecessary because impurities will be removed
by preelution of the drying column with sohvent.

W Available from The Perkin-Elmer Corp., Morwalk, Conn.: Mo, 2190041,
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W Available from The Perkin-Elmer Corp., Norwalk, Conn.: Mo, 2190041,
** Available from Lab Glazs, Tne., Morth West Blvd., Vineland, N.J. 08360; Widner No.
LG-5930.
TAvailable from Scientific Products, 1430 Waukegan Rd., McGaw Park, Ill. 60085; Quant
peroxide test strip, No. P1126-8.

Florisil (Floridin Co.) is purchased from the manufacturer preactivated at 630°C and trans-

. ferred to glass containers with Teflon (du Pont) or foil-lined lids. Prior to use the Florisil
(Floridin Co.)is heated in a shallow apen dish for 5 hin a 130°C oven. The Florisil {Floridin
Co.) can then be transferred into a scaled, glass bottle and stored indefinitely at 130°C until
neaded. Cleanup methods using Florisil {(Floridin Co.) require that a lawric acid value he
determined [or each lot before use. In addition, the determination of a pesticide elution pat-
torn is recommended. These procedures are described in detail in reference 1.

Carrier gases are 4 verv important part of the chromatographic system; therefore, special
care ghould be taken in their selection and handling. Only high-purity or equivalent carrier
mises should be purchased, and they should be filterad, online, through a 5-A molecular
gieve, Porous polymer and other column packings degrade at elevated temperatures in the
presence of trace quantities of oxwygen. Oxygen in the carrier gas also adversely affects the
performance of electron-capture detectors, Therefore, some type of online oxygen-removal
svstem is recommended for these applications. The chemical traps should be changed or
regenerated with each new cylinder of carrier gas. One purifier® has been found to last
through many cvlinders without replacement. A better grade of gas is required for
temperature programimg than for isothermal operation. Combustion gases may be of lower
quality but should be at lsast equivalent to dry air or purified hydrogen, Repulators should
have stainless steel internal parts and be of two-stage desipn. External tubing should be of
good quality, such as refrigeration tubing. Such fubing should be rinssd with solvent and
heated at 200°C under gas flow before use in the analytical system,

The purchase of precoated GO column packings is strongly recommended over the
preparation of coated materials in the laboratory, The commercial products are, generally,
of higher quality and comsistency than those prepared by the average analyst. All tubing
should be cleansd before packing by passing a series of solvents {e.g., hexane, chloroform,

. and acetone) through it Glass columns should also be silviated. {Instructions are included
with the purchase of silylating agents.) Dry the tubing thoroughly before packing it.

A vibrator should never be used o settle the packing material in the column. Such vibration
may fracture the solid support material, expose uncoated active sites, and produce inferior
chromatographic separations. When vacuum alone is inadequate and further settling i
required, the column may be tapped with 2 pencil or similar object while the vacuum s
being applied. Unless otherwise stated, stainless-steel tubing should be packed before coiling
il to fit the GC apparatus.

8.5 Quality Assuranca
8.5.1 Messuraments

Most of the guality assurance programs suggested in chapter 6 of this manual cannot easily
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Most of the quality assurance programs suggested in chapter 6 of this manual cannot easily
be gdapted to the methods for organic compounds. The reasons for this, and the suggested
approach for a suitable program for the organic analytical laboratory are discussed in detail
in reference 1 and only summarized here.

Reference 1 supgests that quality assurance for organic anabyzis be divided imto three
separate categories. The first categoiy represents the determination of purgeable com-

*Awvailable from Matheson Gas Products, P.O. Box E, Lyndhurst, N.J. 07071, Hydrox
Purifier madel No, 5301.

87

pounds. This determination is performed in a closed analytical system; the complete analysis

can be performed in 1 h; and the number of theoretically possible interferences is somewhat .
limited. The second category represents liquid/ligquid partition methods in a regulatory

situation. Here a wery limited number of compounds are being measured; there is a high

occurrence of positive results; and it is imporfant to cstablish that the method works

satisfactornily on the particular sample matrix, The third category represents liquid/liquid

partition methods in 2 monitoring situation. Here 2 large number of compounds are often

being mezsured simultansously; thers is a low occurrence of positive results; and cach

sample matrix may be differemt. Quality assurance i aimed at establishing that the

laboratory is using the method cormectly.

The purgeable methods are unique among organic methods because the standards are treated
in exactly the same way as the samples, and there is no inherent method bias. The methods
are amenahble to a variety of quality assurance programs. The approach that has been found
dpplicable to all types of samples and provides the maximum data for the expended offort
eonsists of the addition of one or more internal standards to the matrix before purging, Data
generated in this program provide a continuous monitoring of the equipment and establishes
matrix applicability for the test.

For liguid/liquid extraction methods in a regulatory situation, the emphasis is plased on
duplicates and dosed semples. Both field duplicates and laboratory duplicates are used in the
propram to establish sampling and subsampling validity. The dosing of samples to establizh
method accuracy for the matrix is an integral part of this program. Where the analytical
program will extend over a long period of time the construction of control charts is
recommendad.

When the liguid/liquid extraction methods are used for monitoring, the emphasis is placed
on an external control series, A standard labomatory matrix is develaped. With sach senes of '.'
samples the matrix is dosed and analyzed with the samples. Data generated over a period of

time can be wsed to monitor the performance of the eguipment and the analyst, with

relatively tight specifications to define problems that arise. Control charts can be con-

structed to alert the analvst to problems, but there iz no provizion for rejection of results for

samples of this type.

8.5.2 ldentifications

The combined gas chromatography/mass spectrometer (GO/MS) has emerged as the most

e LT T T, I A e T P 1 m# dln memeriemmr memdn] cealesdianl abamicd Té alama
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The combined gas chromatography/mass spectrometer (GO/MS) has emerged as the most
important single instrument at the disposal of the environmental analytical chemist. [t alone
can provide both the sensitivity and the high depree of certainty necessary for an
identification culled from a complex environments] matrix. The instrument has generated
an aura of well-deserved respect, and its results are seldom questioned, For these reazons it is
mandatory that strict guality assurance programs be followsad in both the generation and the
interpretation of mass spectra, The EMSL, with the cooperation of many other EPA GC/MS
users, has produced a procedural manual (2) generally for use with a Finnigan guadrupole
instrument. A detailed quality assurance program constitutes an integral part of the manual.
The actual detailed program is beyond the scope of this manual but has been summarized in
the following paragraphs.

To insure that a quadrupols mass spectrometer generates quality specira, the program
provides for at least dafly performance evaluation with a reference compound, and
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readjustment of the instrument as necessary. The operator prepares a solution of decafluoro-

. triphenylphosphine (DETPP).™ When this compound is injected into the GC/MS using any
of several compatible GC columns, the resulting elaborate spectrum can be evaluated using
eriteria developed at EMSL-Cincinnati (3).

Drecafluorotriphenylphosphine key ions and the ion-abundance criteria that are used for
determining whether the meass spectrometer is generating high-guality spectra are as follows:

Abundance Critera

Mass (ami) fon Abundance Criteria
3l 30 to 60 percent of mass 198
(i1 Less than 2 percent of mass 69
70 Less than 2 percent of mass 69
127 40 to 60 percent of mass 198
197 Less than 1 percent of mass 198
198 Base peak, 100 percent ralative abundance
199 5 to 9 percent of mass 198
275 10 to 30 percent of mass 198
365 | percent (or greater) of mass |98
. 44| Less than mass 443
442 Greater than 40 percent of mass 198
443 17 ta 23 percent of mass 442

If these specifications are not met, the guidelines provided for adjusting the instrument (2,3)
must be considered.

Having produced quality spectra, the analyst must always ascertain, by analyzing a method
blank under exactly the same analytical and instrumental conditions, that the specira are
relevant. Most commercial systems have a software program, extracted ion current profils
{EICP), that permits the sample and the blank to be overlayed on a graphic display device
when each iz scanmed for & perticular mass. When large numbers of spectra result from a
sample and the blank must be checked for a match for each one, this technigue simplifies

the screening process,

If the spectra are found to be unigue to the sample, it is normally processed through a
mass-spectral scarch-and-match system. The computerized version of such a system consists

“A‘mgahte from PCR Research Chemicals, Inc., P.O. Box 1778, Gainsville, Fla. 326072 Mo,
118983,

8-
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of an organized collection of many thousands of compound spectra stored in a large central
computer accessed by the analyst through telephone linkups. On the bazis of 8 or 10 major
masses the computer can rapidly search the complete svstem for similar spectra. These
spectra are ranked for similarity to the unknown using a mathematical alporithm. The
resulting similarity index (SI), which can be further refined to a guality index {2), is a
measure of the depres of confidence the analyst may place in the identification. If 2 match
is mot found, the analyst must revert to manual interpretation of the spectra and deduce the
structure of the compound by its frapmentation patterns.

After a tentative idenfification is made, several other types of supporting experiments
become possible. Retention-time GO/MS datz of & pure compound (standard) may be
compared with analogous data from the sample component. Similarly, the mass spectrum of
the standard, obtained wnder the same conditions that were used for the sample, may be
compared with the sample component spectrum. The standard may be dissolved in water at
an appropriate concentration, izolated, and measured. The recovery of thiz spike in the same
froction in which the suspected component appeared and the obhsarvation of equivalent mass
spectra for the splke and the sample component constitute strong evidence for confirmation
of the identification.

B.6 Raferences

1. Methods for Orpanic Analyvsis of Water and Wastes, 1.5, EPA, EMSL, Environmental
Research Center, Cincinnati {in preparation).

2. EPA GC/MS Procedural Manuwal, Budde, W. L., and Eichelberger, I, W., editors, 1st
Edition, Vol. 1, U.S. EPA, Office of Research and Development, EMSL, Cincinnati (in
pressk

3. EBichelberger, J. W, Harrs, L. E., and Budde, W. L., Anal. Chem., 47, 995 (1975},
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Chapter 8
SKILLE AND TRAINING

8.1 Ganeral

Analytical operations in the laboratory can be graded according te the depres of
complexity., Some analyses require no sample treatiment, and the measurement can be
performed in minute: on a simple ingtrument. Other determinations require extensive
sarmmple preparetion prior to complex instrumental examination. Conseguently, work
assignments in the laboratory should be clearly defined. Each analyst should be completely
trained and should fully understand all the assignments of his job before being given new
responsibilities. In this regard, all analysts, subprofessional or professional, should be
thoroughly instructed in basic laboratory operations, according to the degree of professional
maturity. Some of the basic operations that should be reviewed periodicully with laboratory
personnel follow.

9.1.1 Sample Lopging

Foutine procedure for recording of samples entering the laboratory and assipning primary
responsibility should be emphasized. The information that is required and the routing of the
sample to the analyst is then established. The stability, preservation, and storage of samples
prior to analvses are then discussed.

9.1.2 Sample Handling

The analyst should understand thoroughly at which points in his procedures the sample is to
b settled, agitated, pipetted, etc., before he removes it Mrom the orginal container.

8.1.3 Measuring

The analysts, especially new employees and subprofessionals, should be instructed in the use
of volumetric glassware. The correct use of pipettes and graduates should be emphasized as
discussed in chapter 4 of this manual,

8.1.4 Weighing

Because almost every measuring operation in the analytical laboratory is ultimately related
to a weighing operation, the proper use of the analytical balance should be strongly
emphasized. Maintenance of the balance, including periodic standardization, should be
repeatedly emphasized to all personnel. The correct use and maintenance of balances is
discussed in chapter 3 of this manual.

3.1.5 Glasswars

All glassware should be washed and rinsed according to the requirements of the analysis to
be performed. Mot only must the personnel assigned to these tasks be instructed, but also all
lab personnel should know the routine for washing and special requirements for particular
uses of glassware. In addition, the precision tools of the laboratory such as pipets, burets,
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graduates, and Messler tubes should be inspected before use for cleanliness, broken delivery
tips, and clarity of marking. Defective glassware should be discarded or segregated.

9.1.6 Instrumentation

Cperation and maintenance of analytical instrumentation is of primary consideration in the
production of valid data. All instruments must be properly calibrated, quality-contral
checks documented, and standard curves verified on a routine basis. Details on instrimental
quality control are presented in chapter 3 of this manual,

9.1.7 Datz Handling and Reporting

As with sample logging, the routine procedure for recording results of analyses and pertinent
observations, ineluding quality control checks, should be emphasized. Analytical data
should be permanently recorded in meaningful, exact terms and reported in a form that
permits future interpretation and unlimited wse. Detsils are discussed in chapter 7 of this
manual.

9.1.8 Quelity Contral

The need to continuously assess precision and recovery values of methodology is a prime
responsibility of the analyst. Sslf-evaluation through the analyzes of replicates and recovery
of spikes from samples representative of the daily workload provides confidence and
decumentation of the quality of the reported data,

8.1.9 Safety

Labaratory safety should be discussed on a confinuing basizs with all employees, but it
should be emphasized when an employee is assigned to perform new dulies,

8.1.10 Improvament

In summary, quality control begins with basic labosatory techniques. Individual operator
error and laboratory error can be minimized if approved technigues are consistently
practiced. To insure the continued use of good technigue, laboratory supervisors should
periodically review the basic techmigues and point out areas of needed improvement with
each analyst,

Continuing improvement of technical competence by all laboratory personnel is, of course,
the final responsibility of the laborstory supervizor. In a well-orpanized laboratory, however,
& big-brother attitude of higher ranking to lower grade personnel should be encouraged; each
person should be eager to share experiences, tricks of the trade, special skills, and special
knowledge with subordinates. Obviously, efficiency and results will improwve,

9.2 Skills

The cost of data production in the analytical laboratory is based largely upon two factors:
the pay scale of the analyst, and the number of data units produced per unit of tima.
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The cost of data production in the analytical laboratory is based largely upon two factors:
the pay scale of the analyst, and the number of data units produced per unit of time.
However, because of the larpe variety of factors involved, estimates of the number of
measurements that can be made per unit of time are difficnlt. If the analyst is pushed to

Table 9-1
. SKILL-TIME RATING OF STANDARD ANALYTICAL OPERATIONS
N Skill Required  MNurber
feasurement (Rating No.)! Per Day

Simple Instrumental:

rH 1 100-125
Conductivity 1 100-125
Turhidity 1 T5=100
Color 1 60-75
Dissobved Oxvgen (Probe) [,2 100-F25
Fluoride (Frobe) 1,2 100-125
Simple YVolumetric:
Alkalinity (Potentiometric) 1 5075
Acidity (Potentiometric) 1 5075
Chloride 1 100-125
Hardness 1 100=-125
Diszolved Oxygen (Winkler) 1,2 TE100
Simple Gravimetric:
Solids, Suspended 1,2 20-25
Solids, Dissolved 1,2 20.25
Solids, Total 1,2 25-30
Solids, Volatile 1,2 25-30
Simple Colorimetric:
Nitrite N (Manual) 2 T5-100
Mitrate W {Manual} 2 40-50
. Sulfate {Turbidimetric) 2 70-80
Silica 2 TO-B0
Arsenic 2.3 2030
Complex, Volumetric, or Colorimetric:
BOD 2,3 1520
COD 2,3 25-30
TEN . 2.3 25-30
Ammonia 2.3 25-30
Phosphorus, Total z,3 S0-60
Phenol (Distillation Incheded) 2.3 20-30
(1l and Grease 2.3 15-20
Fluorde (Distillation Included) 2.3 25-30
Cyanide 2.3 2-10
Special Instrumental:
TOC E% T5-100

hfatale fher & A% Bl Mo llawda o Mo e
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SPECIEl INSTTUMEenial;
TOC

2.3 T5-100
Metals {(by AA), No Preliminary Treatment 23 150
Metals (by AA), With Preliminary Treatment 2.3 a0-80
Organics (by GC), Pesticides, Without Cleanup 3.4 35
Organics (by GC), Pesticides, With Cleanup 3.4 24

1 Skill—leqlui.ﬁ'-li Iﬂlll'ng numbers are defined as follows:
1—aide who is a semiskilled subprofessional with minimum background or
training, comparable to G5-3 through G5-5.  (Continued)

produce data at a rate beyond his capabilities, unreliable results may be produced. On the

ather hand, the analyst should be under some compulsion to produce a minimuin number of

measurements per unit of time, lest the cost of data production become prohibitive. In table .
9.1, estimates are given for the number of determinations that an analyst should be

expected to perform on a routine basis. The degree of skill required for reliable performance

is also indicated.

The time limits presented in the table are based on use of approved methodology. A tacit
assumption has been made that multiple analytical units are available for measurements re-
quiring special equipment, as for cyanides, phenols, ammonia, nitrogen, and COD, For some
of the simple instrumental or simple volumetric measurements, it is assumed that ather
operations such as filtration, dilution, or duplicate readings are required; in such cases the
number of measurements performed per day may appear to be fewer than one would nor-
mally anticipate.

8.3 Training

For more experienced, higher grade personnel, formal training in gpecial fields, possibly
leading to specialization, should be almost mandatory. Such training can be fostered
through local institutions and through the training courses provided by the EPA. Reglonal
policies on after-hours, Government-supported training should be properly publicized.

Formalized treining for lower grade personnel, comparable to G5-3 to G5-5, is relatively
scarce. However, skills can be most efficiently improved at the bench level on a personal,
informal basis by more experienced analysts working in the same area. Exposure of
personnel to pertinent literature should alse be a definite program policy.
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(Continuad)

2—aide with special training or professional with minimum training with
background in general laboratory techniques and some knowledge of
chemistry, compargble to G8-5 through G5-7,

3—experienced analyst capable of following complex procedures with good
background in analytical technigues, professional, comparable to G359
through GS-12.

4—experienced analyst specialized in highly complex procedures, profes-
sional, comparable to G5-11 through GE-13.

2Rate depends on tvpe of samples.

-4
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Chagter 10
. WATER AND WASTEWATER SAMPLING

10.1 Intreduction

The quality of data regulting from water and wastewater sampling surveys s dependent
upan the following six major activities: {a) formulating the particular objectives of the water
sampling program, (b collecting representative water zamples, (¢} maintaining the integrity
of the water samples through proper handling and praservation, {d) adhering to adequate -
chain-of-custody and sample identification procedures, (&) practicing quality assurance in
the field, and () properly analyzing the pollutants in the water samples. Thess areas are
cqually important for insuring that environmental data are of the highest validity and
quality. -

The present section addresses aspects of quality control (OC) concerned with the collection
of environmental samples and data in the field. It includes a capsule summary of the specific
areas mentioned previously and a list of references (table I0-1) that provide specific
guidance in these arcas, rather than a collection of guidelines on sumpling procedures.

10,2 Areas of Sampling
The specific areas that comprise an overall water sampling program are as follows.
10.2.1 Dbjectives of the Particular Eamp'!ing Program

. The objectives of the sampling program affect all the other aspects of the sampling program.

Sampling program objectives are determined by the following activities: {a) planning
(areawide or basin), (b) permitting, (¢} compliance, (d) enforcement, (e} design, ([} process
control, and (g} research and development. The tvpes of water sampling programs to be
emploved, depending on suitability to program objectives, include reconnaissance surveys:
point-=source characterization; intensive surveys; fixed-station-network monitoring; ground-
water monitoring; and special surveys involving chemical, biclogical, microbiological, and
radiclogical menitoring.

Factors that must be considered in meeting the objectives of the sampling program are the
extent of the manpower resources, the complexity of the parameters of inderest, the
duration of the survey, the number of samples, the frequency of sampling, the tvpe of
samples (grab or composite), and the method of sample collection (manual of automatic).

10.2.2 Collection of Reprasantative Samples

The objective of all water and wastewster szmpling is to obtain a representative portion of
the total environment under investigation. The techniques for obtaining representative water
samples may vary with the length, width, and depth of & body of water, its physical and
chemical parameters, and its type to be sampled {(such as municipal or industrial effiuents,
surface waters and bottom sediments, agrcultural runoff, and sludges). In collecting
representative samples, the following factors should be considersd.

10-1
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10.2.2.1 Site Selection

. The location -of the sampling site is critical in obtaining representative data. Preferably,
water sampling sites or point sources of pollution from municipal and industrial effiuents
are located at points of highly turbulent flow to insure good mixing, however, inaccessi-
bility, lack of site security, or power unavailabilily may preclude use of the best sites, but
these impediments should not be used as ressons for collecting samples at unacceptable
locations, Locations of sampling sites for streams, lakes, impoundments, estuaries, and
cogstal arsas vary, but in general ocour in the following bodies: (a) in water bodies for
sensitive uwses (swimming and drinking water supply), (b) in major impoundments or
reservoirs near the mowths of major tributaries and in the rivers cntering and leaving the
impoundments, {c) in water bodies polluted by man’s activities, (d} in rivers upstream and
downstream from tributaries, and (2) where hydrological conditions change significantly,

10.2.2.2 Types

The basic tvpes of water and wastewater sampling methods are grab sampling and compozite
sampling, Composite sampling may be conducted manually or automatically. The six
methods for forming composite samples, all of which depend on either a continuous or
periodic sampling mode, are the [ollowing: (a) constant sample pumping rates, (b) sample
pumping rates proportional to stream flow rates, (¢) constant sample volumes and constant
time intervals between samples, (d) constant sample volumes and time intervals between
samples proportional to stream flow rates, (g) constant time intervals between samples and
sample volumes proportional to total stream flow volumes since last sample, and (f)
constant time intervals between samples, and sample volumes proportional to total stream
Mow rates at time of sampling. The choice of using the grab sampling method or one of the
six compositing sampling methods is determined by program objectives and the parameters

. 1o be sampled.

10,2,2.3 Automatic Samplars

The use of automatic samplers eliminates errors caused by the human element in manual
sampling, reduces personnel cost, provides more frequent sampling than practical for manual
sampling, and eliminates the performance of routine tasks by personnel, Criteria for brand
selection of automatic samplers include evaluations of the intake device, intake pumping
rates, sample transport lines, sample gathering systems {including pumps and scoops), power
supplies and power controls, sample storage systems, and additional desirable features to fit
particular sampling conditions. There are many commercially available automatic samplers;
however, because no single automatic sampler is ideally suited for all situations, the user
carefully selects the automatic sampler most suited for the particular water or wastewater to
be characterized. Precautions must be taken in regard to using certain types of samples in
potentially explosive atmospheres.

10.2.2.4 Flow Measurament

An essential part of any water or wastewater sampling survey as well as a necessary
requirement of the MNational Pollution Discharge Elimination System {NPDES) permit
program is accurate flow measurement, which can be divided into four categories:

a. Flow meisurement in completely filled pipes vunder pressure—common devices
employed are orifices, Venturi tubes, flow nozzles, Pitot tubes, magnetic flow
meters, ultrasonic flow meters, and clbow meters.
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meters, ultrasonic flow meters, and clbow meters.

10-3

b. Trajectory methods, either full or partially full, measured at the end of the
pipe—common flow measurement methods are the California and Purduz pipe
methads, These methods are normelly considered as estimates rather than accurate
megsurements.

¢. Flow measurement in open channels and sewers—common methods are the velocity-
area measurement, time-of-passage measurement, and level measurement methods
using weirs and flumes.

d. Miscellaneous flow measurement methods—commen methods include use of Man-
ning formula, tracer and salt dilution techniques, water meters, pump rates, and
measurernents of level changes in tanks and calibrated vessels.

Flow measurement data may be Instantansous or continuous. For continuous measure-
ments, a typical system consists of primary devices such as weirs and flumes and secondary
devices such as flow sensors, tramsmitting equipment, recorders, and totalizers, The
improper installation or design of a primary device or malfunction of any part of a
secondary device results in erroncous flow data, The accuracy of flow measursment data
also varies widely, depending prncipally on the accuracy of the primary device and the
particular flow measurement method used. In any case, an experienced investigator should
be able to measure flow rates within £10 percent of the true values.

10,225 Statistical Approach to Sampling

Four factors must be established for everv sampling program: (a) number of samples, (b)
frequency of sampling, (¢} parameters to be measured, and (d) sampling locations, These
factors are usually determined in varying deprees by details of the pertinent discharoo
permits or are more acbitrarily set by the propram resource limitations. Mevertheless, the
nature of the statistical methods selected and sclentific judgment should be wsed to establish
the best procedures.

10,226 Special Sampling Procadures

Special sampling procedures should be employed for municipal, industrial, and agricultural
waters, surface waters as well as bottom sediments and sludges, and for hiological,
micraobiological, and radiclogical studies.

10.2.3 Sample Preservation and Handling

During and after collection, if immediate analysis iz not possible, the sample must he
preserved to maintain its Integrity. The only legally binding reference EPA has for sample
preservation methods is the NFDES permit program specified in reference 13. However,
these sample preservation procedures serve as a puide for other program ohjectives,

Proper handling of the samples helps insure valid data; consideration must also be glven to
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Proper handling of the samples helps insure valid data; consideration must also be given to
care of the field container material and cap material, cleaning, structure of containers,
contalner preparation for determination of specific parameters, container identification, and
volumes of samples.

A.

10.2.4 Chain-of-Custody Procedures

. All programs involved in water and wastewater survevs should document and implement a
chain of possession and custody of any sample collected, whether or not the resulting data
are to be used in enforcement cases. Such procedures insure that the samples are collected,
transferred, stored, analvzed, and destroved only by authorized personnal. See section 12.7
for detailed procedures that can be used on all sample types,

10.25 Quality Assurance in the Fiegld

Quality assurance programs for sampling equipment and for field measurement procodures
(of such parameters as temperature, dissolved oxygen, pH, and conductance) are necessary
to insure data of the highest quality. A field quality assurance program administersd by a
guality assurance coordinator should contain the following documented clements:

The analytical methodology; the special sample handling procedures; and the preci-
gion, sccuracy, and detection lmits of all analvtical methods used.

The basis for selection of analytical and sampling methodology. For example, all
snalytical methodology for NPDES permits shall be that specified in reference 13, or
shall consist of approved alternative test procedures. Where methodology does not
exist, the quality assurance plan should state how the new method will be
documented, justified, and approved for use.

The amount of analyses Tor quality comtrol (QC), expressed as a percentage of
overall analyses, to assess the validity of data, Generally, the complete quality
gssurance program should approximate 15 percent of the overall program with 10
and 3 percent assigned to laboratory (M and field O, respectivelv. The plan should
include a shifting of these aliocations or a decrease in the allocations depending
upon the degree of confidence established for collected data,

Procedures for the recording, processing, and reporting of data; procedures for
review of data and invalidation of data based upon QC results.

Procedures for calibration and maintenance of field instruments and automatic
samplers.

A performance evaluation svstem, administered throuwgh the quality assurance
coardinator, allowing field sampling personnel to cover the following areas;

(1) Qualifications of ficld personnel for a particular sampling situation.
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(1) Qualifications of ficld personnel for a particular sampling situation.
(2) Determination of the best representative sampling site.
(3) Sampling technique including location of the points of sampling within the body
of water, the choice of grab or composite sampling, the tyvpe of automatic
sampler, special handling procedures, sample preservation, and sample identifi-

cation.,

{4) Flow measurement, where applicable.

10-5

{5} Completeness of data, data recording, processing, and reporting.

(6) Calibration and maintenance of field instruments and equipment.

(7) The uze of QC samples such as duplicate, split, or spiked samples to assess the
validity of data,

g Training of all personnel involved in any function affecting the data quality.

Cuality assurance in sample collection should be implemented to minimize such commen
errors 4s improper sampling methodology, poor sample preservation, and lack of adequate
mixing during compositing and testing. The checks listed in the following sections will help
the qu:llft:.-' assurance coordinator to determine when the sample collection system is out of
control

10.2.5.1 Duplicate Samplas

At selected stations on a random time frame duplicate samples are collected [rom [wo sels
of field equipment installed at the site, or duplicate grab samples are collected. This provides
a check of sampling equipment and technique for precision,

10.2.5.2 Split Semples

A representative subsample from the collected sample is removed and both are gnalvzed for
the pollutants of interest. The samples may be reanalyzed by the same laboratery or
analyzed by two different laboratories for & check of the analytical procedures.

10.2.5.3 Spiked Samples

Known amotnts of 2 particular constituent are added to an actual sample or to blanks of
deionized water at concentrations at which the accuracy of the test method is satisfactory.
The amount added should be coordinated with the labomatory. This method provides a
proficiency check for accuracy of the analytical procedurss.

10.2.5.4 Sample Preservative Blanks

Arpide and rheamicsl nresarvatives fan harnme roantaminated afler o mrarad AF os in the fiald
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Acids and chemical preservatives can become contaminated after 2 period of use in the field,
The sampler should add the same quantity of preservative to some distilled water as
normally would be added to a wastewater sample. This preservative blank is sent to the
laboratory for analysis of the same parameters that are measured in the sample and values
for the blank are then subtracted from the sample values. Liquid chemical preservatives
should be changed every 2 weeks—or sooner, if contamination increases above predeter-
mined levels,

10.2.5.5 Precision, Accurecy, and Control Charts
A minimum of seven sets each of comparative data for duplicates, spikes, split samples, and

blanks should be collected to define scceptable estimates of precision and accuracy criteria
for data validation.
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10.2.6.6 Calibration of Field Equipment

Plans should be developed and implemented for calibrating abl field analysis test eguipment
and calibration standards to include the following: (a) calibration snd maintenance intervals,
(b) listing of required calibration standards, (¢} environmental conditions requiring calibra-
tion, and {d) a documented record system. Wriitten calibration procedures should be
documented and should include mention of the following:

a. To what tests the procedure is applicable.

b. A brief description of the calibration procedure. (A copy of the manufacturer’s
instructions is usually adequate. )

c. A lsting of the calibration standard, the reagents, and any accessory equipment
required,

d. Provisions for indicating that the field equipment s labeled and contains the
calibration expiration date,

10.3 Referances

1. Huibregtse, K. K., and Moser, I. H., Handbook for Sampling and Sample Preservation of
Water and Wastewater, EPA-600/4-76-049 (Sept. 1978).

2. Olson, D. M., Berg, E. L., Christensen, R., Otto, H., Ciancia J., Bryant, G., Lair, M. D.,
Birch, M., Keffer, W., Dahl, T., and Wehner, T., Compliance Sampling Manual,
Enforcement Division, Office of Water Enforcement, Compliance Branch (June 1977).

. 3. Weber, C. L, Biological Field and Laboratory Methods for Measuring the Quality of
Surface Waters and Effluents, EPA-6T0/4-73-001, U.5. EPA (Tuly 1973

4. Lauch, . P., A Survey of Commercially Available Avtomatic Wastewater Samplers,
EPA-600/4-To-051, U.5. EPA (Sept. 1976),

5, Shelly, P. E., and Kirkpatrick, G. A., An Assessment of Automatic Sewer Flow
Samplers, EPA-600/2-75-065, U.S. EPA (Dec. 1975).

6. Handbook for Monitoring Indusirial Wastewater, U.5. EPA, Technology Transfer {Aug.
1973

7. Aregwide Assessment Procedures Manuwal, Vol, 1T, App. D, EPA-GOD/9-To-014, 1.5,
EPA (July 1976).

B. Winter, J. A., Bordner, E., and Scarping, F., Microhiological Methods for Monitoring
the Environment, Part I—"“Water and Wastes™ U.5. EPA, EMSL, Cincinnati (1977).

9, Water Measurement Manual, 2d Edition (Rewvised), U.S. Department of the Interior,
Bureau of Reclamation (1974,

10, EKulin, G., and Compton, P., A Guide to Methods and Standards for Measurement of
Water Flow, Special Publication 421, National Burean of Standards (May 19735).

11, Methods for Chemical Analysis of Water and Wastowater, U5, EPA Technology
Transfer (1974).

12. Hamis, D0 I, and Keffer, W. J., Wastewater Sampling Methodologies and Flow
Messurement Techniques, ERA-907/9-74-005 (Sept. 1974).

13, Guidelines Establishing Test Procedures for the Analysis of Pollutants, Federal Bepgister,
41, Mo, 232 (Dee. 1976).
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Chapter 11

. RADIDCHEMISTRY

11.1 Introduction

The objective of this chapter is to provide general information and swgpestions that enable
the analyst to execute his responsibilities in analyvtical quality control () as they relate to
radiochemical analyvses. Because chemical and radiochemical responsibilities should be
considered together, the following requirements could be included with the items specifiad
in the preceding chapters as tasks for the radiochemist: verifyving the validity of laboratory
data, recommending methodology, interpreting the results, and examining the need for
standard procedures.

Environmental radiation measurements are made daily by Federal, State, local, and private
agencies. The data obtained from these measurements arc used by the US. EPA and other
agencies for such purposes as estimating doses, describing health effects, establishing
slandards and puides, and conducting regulatory activities, It iz imperative to insure the
precision and accuracy of the data, so that policy decizsions concerning environmental
quality are based on valid and comparable data.

A radiation QC program should be designed to encourage the development and implementa-
tion of QC procedures at all levels of sample collection, analysis, data processing, and
reporting. It should enable the analyst to verify his analyses and document the validity of
the data. In addition, such & program allows the determination of the precisien and accuracy
of environmental radiochemical analyses.

. 11.2 Sample Collaction

Analytical resultz can be no more meaningful than the integrity of the samples that are
analvzed. Representative samples must be collected so the data for any aliquot can be
related fo a well-defined pollution sourcse, For most analyses (table 11-1) the sample should
be preserved at the sampling site to maintzin its integrity and to minimize activity losses
from absorption on container walls. If at all possible, analyses should be performed soon
after receipt of the samples at the laboratory.

Sample container types and descripiions have slrcady been discussed. Both plastic and glass
contaimers have been recommended, and each has its particular merit. Cost most likely
determines which of the many types of plastic containers will be wsed; in general, thosc
more expensive should be more resistant to adsorption losses. Because sample analyses are
recommended soon after collection, less expensive plastic ware can be tolerated. In any
event, containers should be discarded after use to prevent contamination of subsequent
samples,

Glass bottles are popular items, readily available in all sizes. Although the possibility of
breakage either im handling or shipping is obviously great, the very small sizes for radioactive
tracer standards and calibration sources can withstand breakage. Use of the larger size
bottles for these purposes should therefore be avoided. It iz poor economics to ship
radioactive samples in fragile glass containers when unbreakable types serve the purpose
much better,

F
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11.3 Leboratory Practices
. 11.3.1 Laboretory Safety

The peneral principles of laboratory safety are covered in chapter 14, The hazards to be
gvoided are histed, and the importance of good housekceping practices is stressed, These
practices reduce the potential hazard of the many chemical operations being performed. In
the radiochemical laboratory they eliminate the probability of mdiological oross-
contamination from sample to sample and from sample to glassware. Many of the materials
used in the laboratory are potentially hazardous because of their chemical properties or
their radicactivity and therefore should be handled with the uitmost care and respect.

In the radiochemical laboratory, the prevention of contamination by radicactive materials
requires attention to radiation-protection practices, an ongoing personnel-monitoring pro-
gram, and the designation of & segregated storage area for radioactive sources following use
m radiochemical analyses. Adequate labeling of work areas, of samples for analvsis, of
aliquots, and of scparsted fractions helps to control radiation hazards and to imsure
personnel safety,

The handling of radioactive materials involves safety hazards of a type not usually sssociated
with & chemical laboratory., Special precautions and instruments should be wsed to insure
the preatest personal safetv, It is imperative to wear monitoring devices {(personal film
badges)y at all times,

A number of health and contamination hazards are to be considered. Many radioactive
materials arc dangerous even in extremely minute guantities if inheled or ingested, All
radioactive materials are capable of contaminating laboratories, instruments, and clothing,

.' All radicactive materials in large concentrations are dangerous because of the effects of their
radiation external to their containers. To control these hazards, the following rules shouid
be in effect at all times,

a. For the case of radivactive materials that are capable of being volatilized or airbome,
perform all work in a closed ares or hood. Perform distillations, evaporations, and
other such processes in a well-ventilated hood.

b. Do not bring food or liguid refreshments into a laboratory engaged in work with
radicactive materizls. The same applies to the counting rooms.

¢. Do not smoke when handling radiocactive materials,

d. After working with radicactive materials, wash hands thoroughly before eating or
handling uncontaminated materals.
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d.  Alter WOPKIng With radicactive materials, wash hands thoroughly belore ealing or
handling uncontaminated materals,

11.2.2 Laboratory Analyses

Atandard radiochemical procedures or their equivalent are needed to comply with sensitivity
detection limits for each nuclide as designated by the quality asswrance program (2).
Radiochemical procedures have been compiled for a multitude of nuclides in a multitude of
mediz (3-9) and descriptions of specific separations are to be found in the scientific
literature, As laboratory technigues become more sophisticated and as more senzitive
instrumentation is developed, these procedures will be improved.
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Depending on the medis, the radioactivity levels, snd the nuclide composition, there are
sevieral approaches that can be made when a sample is received for QC determination. The
requirements for an acceptable QC program are described in section 11.4.

Before starting such a program, the leboratory should be already set up for radiochemical
analyses and the analysts should have the prescribed education and experience.

11.3.3 Laboratory Rediation Instruments

The types of radiation counting systems (described in ref. 2) nesded to comply with the
requirements are set forth in the following paragraphs. Only those instruments needed for
analyzing specific radionuclides are required. Such instruments should meet the specifica-
tions discussed in the next sections.

11.2.3.1 Liguid Scintillation System

A liquid seintillation system must measure tritium with the sensitivity required by the
Mational Interlm Primeary Drnking Water Begulations, Efficiency of the svstern should be
greater than 57 percent for trtium. The trtium figure of merit (E_)?/B should be greater
than 100.

11.3.3.2 Ges-Flow Proportionzl Counting System or Aliemative

A gas-flow proportional counter, or the alternative described later, is required for
measurement of gross alphs- and gross beta-particle activities, radium-228, strontinm-89,
cesium-134, and iodine-131. The detector may be either windowless (internal proportional
counter) or of the thin-window type. A minimum shislding equivalent of 5 cm of lead must
surround the detector. A cosmic (guard) detector should be operated in anticoincidence
with the main detector. The man detector should have an efficiency greater than 20 percent
for polonium=-210 and carhon-14 and preater than 40 percent for strontivm-H0. The detector
background should be less than 1.3 counts per minute.

The detector plateau should be less than 1.5 percent per 100 V and should be at least 1000V
wide for carbon-14 and lass than 2 percent per 100 V for strontium-90,

A seintillation system designed for alphe- and beta-particle counting may be substituted for
the pas-flow proportional counter described, In such 2 svstem a Mylar disk coated with a
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A seintillation system designed for alphe- and beta-particle counting may be substituted for
the pas-flow proportional counter described, In such 2 svstem a Mylar disk coated with a
phosphor (silver-activated zinc sulfide) is either placed directly on the sample (for alpha
measurements) or on the face of a8 photomultiplier tube, enclosed within a light-tight
container along with the approprigte electronics (hiph-voltage supply, amplifier(s), timer,
and scaler). Rediation shislding, although desirable, is not required for this system.

11.3.3.3 Gamima Spectrometer System

A sodium iodide (Mal) detector connected to a multichannel analyzer is required for
determination of manmade photon emitters. A 7.5- by 7.5-cm Mal crystal is satisfactory;
however, & 10- by 10-cm crystal is recommended. The crvstal detector must be shielded
with a minimum of 10 cm of iron or equivelent.

It iz recommended but not required that the distance from the center of the crystal detector
to any part on the shield should not be less than 30 cm. The multichannel analyzer, in
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addition to the appropriate electronics (high-voltage supply, preamplifier, and linear
. amplifier), must contain & memaory of not less than 200 channels and at least one readout
device.

11.3.3.4 Seintillation Gell System

A scintillation system must be designed to accept scintillation flasks (Lucas cells) for
measurement of radium-226 by the radon-emanation method. The system consists of a
light-tight enclosure for the scintillation flasks, a detector (phototube), and the appropriate
clectronics (high-voltage supply, amplifier, timers, and scalers). The scintillation flasks
required for this measurement may either be purchssed from commercial suppliers or
constriacted according to published specifications.

11.4 Quality Control
The following requirements are recommendead for all laboratorics:

a.  All QC data should be available for inspection to determine validity of laboratory
results.

b. Each laboratory should participate at least twice each wyear in EPA laboratory
intercompatison studies (10),

g. Each lzhoratory should participate once each wvear in an appropriate EPA-
administered performance study on unknowns. Fesubts must be within the control
limits established by EPA for each analysis.

. d. Counting-instrument operating manuals and calibration protocols should be available
to analysts and technicians,

e. Calibration data and maintenance records on all radiation instruments and enalytical
balances must e mainteined in a permanent record.

f. Minimum daily QC

(17 To verify precision of methods, a minimum of 10 percent of the samples shall be
duplicates, Checks must be within 2 standard deviations of the mean range.

{2} If less than 20 samples per day are apalyzed, a performance standard and a
hackeround sample must be measurad. IF 20 or more samples are analyzed per
day, a performance standard and a backeround sample must be measured with
gach 20 samples. Checks must be within £2 standard deviations of the mean
range.

(3) Quality contrel performance charis or performance records must be maintained.
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Chaptar 12

. _ MICROBIOLOGY

12.1 Background

The quality assurance program described in this chapter is a symopsis of a detailed program
prescribed in parts IV and V of the EPA microbiological methods manual (1) Quality
assurance is a program of integration of all intralaboratory and interlabharatory quality
contral {QC), metheds standardization, and QC management praciices into & formal,
goordinated, continuing effort.

12.2 Specific Needs in Microbiology

A quality assurance program for microbiclogical analyses must emphasize the control of
laboratory operations and analytical procedures because the tests measure living OTEANiSmE
that continually chanpge in respomse to their environment. Further, because true values
cannot be provided for the microbial parameters, microbiologists do not yet have the
advantages of analytical standards, QC charis, and spiked samples available to other
disciplines for measurement of accuracy. Because known values cannot be applied, it is im-
portant that careful and continuous control be exerted over sampling, personnel, analytical
methodology, materials, supplies, and equipment.

12,3 |ntralaboratory Quality Control

practices necessary to eliminate or reduce systematic error and to centrol random error,
This withindaboratory program must be practical, integrated, and time-efficient or it will be
bypassed. When properly administered, such a program helps to insure high-quality data
without interfering with the primary analytical functions of the laboratory. This within-
laharatory program should be supplemented by participation ol the laboratory in an
interlaboratory quality assurance program such as that conducted by EPA.

. Intralaboratory QC is the orderly application within a single laboraiory of laboralory

Intralaboratory QO for microblology should cover the following areas:
a. Laboratory operations

(1) Sample collection and handling

{2} Laboratory [acilities

(3) Laboratory personnel

{4} Lahoratory eguipment and instrumentation
(5} Laboratory supplies

(6} Culture media

{7y Analytical methodology

b, Analytical QC

(1) Sterlity checks
(2} Positive and negative contrals

N
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(3) Duplicate analyses

(4) Single-analyst precision

{a) Comparison of results between analvsts

{6) Verification of membrane filter analyses

(7} Completion of most probable number analyses
(8) Data handling

124 Interlzgboratory Quality Contral

An interlaboratory quality mssurance program is an agreed-upon system of minimal
requirements necessary to maintain a quality standard among a group of laboratories, Such a
program may be voluntary or compulsory for participants. It may include the following
activities:

8. Selection and approval of uniform sampling methodology and analytical methodol-
OgY

b. Collaborative studies to establish the precision and accuracy of selected methodol-
oY

¢. Preparation of guidelines to set minimal group standards for personnel, equipment,
instrumentation, facilities, and intralaboratory QC programs

d. Onsite inspection of laboratory capabilities
e. Periodic evaluation of laboratory performance on unknown samples
f. Followup on problems identified in onsite inspections and performance evaluations

As a part of its interlaboratory quality assurance program, EPA has selected microbiological
methodology and standards for laboratory operations (1). EMSL-Cincinnati is currently
conducting research on the development of QC samples for use in performance testing and
method-validation studies.

12.5 Davalopment of a Formal Quality Assurance Program

Unless records are kept of the QC checks and procedures, there s no proof of performance,
no value in future reference, and for practical purposes, no quality assurance program in
operation. To insure a viable quality assurance program, management must first recognize
the need and require the development of a formal program, and then commit 15 percent of
the laboratory man-years to QC activities. The laboratory manager holds meetings with
supervisors and staff workers to establish levels of responsibility and functions of
management, supervisor, and analyst in the quality sssurance program. Laboratory person-
nel participate in planning and structuring the program.

Once the quality assurance program is functioning, supervisors review laboratory operations

and QC with analysts on a frequent (weekly) basis. Supervisors use the results of the regular

meetines with labomtory personnel to inform manasement of the statie nf the aeaoram an o
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and QC with analysts on & frequent (weekly) basis. Supervisors use the results of the regular
meetings with laboratory personnel to inform management of the status of the program on a
regular (monthly) basis. These meetings identify problems through participation of labora-

tﬂr&;ﬂpﬂfm“ﬂfl and provide the backing of management for actions required to correct
problems.
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I 126 Documentation of a Quality Assurance Program

A laboratory operating manual should be prepared that describes operation, maintenance,
and QC of laboratory cperations and analyses as practiced. The review mechanisms and the
frequency of review in the quality-assurance program are included.

12.6.1 Sampling

A sample log is used to record information on samples received in the laboratory including
details of sample identification and orgn, the necessary chain-of-custody information,
analyses performed, and final results.

12.6.2 Laboratary Dperations

A QC record is maintained on media preparation, instrument calibration, purchase of
supplies, QT checks on materials, supplies, equipment, instrumentation, facilities, and
analyses.

12.6.3 Apalytical Quality Control

A record of analytical QC checks is maintained on positive and negative controls, sterility
checks, single-analyst precision, precision between analvsts, and use-test results from
comparizon of lots of media, membrane fAlters, and other supplies,

12.7 Chain-of-Custody Procedures for Micrabiological Samples

. 12,71 General

A regulatory apency must demonstrate the reliability of its evidence by proving the chain of
possession and custody of any samples that are offered for evidence or that form the basis
af analvtical test mesults introduced into evidence in any water pollution case. It is
imperative that the office and the laboratory prepare procedures to be followed whenever
evidence samples are collected, transferred, stored, analyzed, or destroyed.

The primary ohjective of thess procedures is to create an accurate written record that can be

uzed to trace the possession of the zample from the moment of its collection through ils

introduction into cvidence. A sample is in custody if it is in any one of the following states:
2.  Im actual physical possession

b, In view, after being in physical possession
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b, In view, after being in physical possession
¢. In physical possession and locked up so that no one can tamper with it
d. Inasecured area, restricted to authorized personnel
Personnel should reccive copies of study plans prior to the study of & water pollution case.
Prestudy briefings should then be held to apprise participants of the objectives, sample
locations, and chain-of-custedy procedures to be followed. After the chain-ol-custody

gamples are collected, a debriefing is held in the field to venfy the adherence to the
chuin-nf-custody procadures and to determine whether additional samples are required.

12-3

12.7.2 Rules for Sample Collaction
An agency or laboratory engaped in sample study activities should follow these riles:
a. Involve a minimum number of trained persons in sample collection and handling,

b. Establish guidelines for particular procedures to be used for each type of sample
collection, preservation, and handling,

¢. Handle samples as little as possible.
d. Obtain stream and effluent samples using the appropriate sampling technigues.

e. Attach sample tag or label securely (see fig. 12-1) to the sample container at the
time the sample is collected. The tag should contsin the following items as a
minimum: the serial number of the tag, the station number and location, the date
and time taken, the type of sample, the sequence number {e.g., first sample of the
day—sequence No. 1), the preservative used, the analyses required, and the name of
the sample collector. Tags should be completed legibly in waterproof ink.

f. Use bound field notebooks to record field measurements and other pertinent
information necessary to reconstruct the sample collection processes in the event of
a later enforcement procesding, Maintain a separate set of field notebooks for each
study and store them in a safe place where they can be protected and accounted for
at all times. Establish a sample log sheet with a standard format te minimize field
entries and include the serial number of the sheet, the date, time, survey, tvpe of
samples taken, volume of each sample, type of analyses, (unique) sample numbers,
sampling location, field measurements (such as temperature, conductivity, dissolved
oxygen (DO), and pH), and any other pertinent information or observation. (See fig.
12-1.) The entries should be signed by the sample collector. The responsibility for
preparing and retaining field notebooks durdng and after a study should be assigned
to a study coordinator or his designated representative.

g The sample collector is responsible for the care and custody of the samples until the
samples are properly dispatched to the receiving laboratory or given to an assigned
custodian. The sample collector must insure that each container is in his physical
pﬂasessimlil:nrhin his view at all times, or stored in a locked place where no one can
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custodian. The sample collector must insure that each container is in his physical
possession or in his view at all times, or stored in a locked place where no one can
tamper with it.

h. Take color slides or photographs of the sample locations and any visible water
pollution. Sign and indicate time, date, and site location on the back of the photo.
To prevent alteration, handle such photographs according to the established
chain-of-custody procedures.

12.7.3 Transfer of Custody and Shipment

In transfer-of-custody procedures, each custodian or sampler must sign, record, and date the
transfer. Most environmental 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. Historically, sample transfer under chain of custody has been on a
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Figure 12-1. Example of chain-of-custody sample tag. (@) Front. (&) Back.

sample-by-sample basis, which iz awkward and time consuming. However, the EPA National
Enforcement Investigation Center (MEIC) at Denver has set precedent with its bulle transfer
of samples. Bulk transfer is speedier and reduces paperwork and the number of sample
custodians. The following description of bulk transfer of custody is essentially that of the

Office of Enforcement (2).
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of the study, collectors” signatures, station number, station location, date, time, type
of sample, sequence number, number of containers, and analyses required. {See fig.
12-3.) When turning over possession of samples, the transferor and transferee sign,
date, and time the record sheet. This record sheet allows transfer of custody of a

. a. Samples must be accompanied by a chain-of-custody record that includes the name

CHAIM OF CUSTODY RECORD

SAMPLERS mpunon
EaRFLE TR

e aen STATION LOCATHIN nATE T il . ey ,:,:;.:',‘:.':5.5 ::__"'__,‘;':;;_

Zomg. | Gk
Hallnmlghed tl'p':m-n"“'\-' Resaived :h'r'.' Ve ki Datay/Time
Relinguished by: s Ralinguishad by: mesi= Date/Time
Refinguished By s Raceied By: wase Date/Tima
Recalved by mpun Recenmed by Mobile Lﬂ|‘.'|-r2l.|'.'.°l‘l.r.|r'||I far field Date!'Time

EaFE| P | o e—
Dispatahed By meme Dt/ Time | Aecehed for Laboratory by: Date,/ Time
iethod of Shipment:
CEgti it Ovig —Siceomsars Shipman
1 Crpy—Ruvy Cosrdiname Fisld Fila

Figure 12-3. Example of chain-of-custody record.
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group of samples in the field to the mobile laboratory or to the central laboratory.
When a custodian transfers a portion of the samples identified on the sheet to the
maobile laboratory, the individual samples must be noted in the column with the
signature of the pemson relinquishing the samples. The laboratory person receiving
the samples acknowledges receipt by signing in the appropriate column,

b, If the custodian has not been assigned, the field custodian or feld sampler has the
responsibility of packaging and dispatching samples to the laboratory for analysis.
The dispatch portion of the chain-of-custody record must be filled out, dated, and
sirmed.

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

d. Packages must be accompanied by the chain-of-custody record showing identifica-
tion of the contents. The original must accompany the shipment. A copy is retained
by the survey coordinator.

e. If sent by mail, register the package with return receipt requested. If sent by
commaon carrier, a Government bill of lading should be obtained. Receipts from post
offices and hills of lading will be retained as part of the permanent chain-of-custody
documentation.

f. If delivered to the laboratory when appropriate personnel are not there to receive
them, the samples must be locked in a designated ares within the laboratory, so that
no one can tamper with them or must be placed in a secure areg. The recipient must
return to the laboratory, unlock the samples, and deliver custody to the appropriate
custodian,

12.7.4 Laboretery Custody Procedures
Suitable laboratory procedures during custody of samples include the following:

a. The laboratory shall designate a sample custodian and an alternate custodian to act
in hiz absence. In addition, the laboratory shall set aside a sample storage security
area. This should be a clean, dry, isolated room with sufficient refrigerator space
that can be securely locked from the outside.

b. Samples should be handled by the minimum possible number of persons.

¢. Incoming samples shall be received only by the custodian whe will indicate receipt
by signing the chain-of-custody record sheet accompanying the samples and
retaining the sheet as a permanent record. Couriers picking up samples at the airport
or past affice shall sign jointly with the laboratory custodian,

d. Immediately upon receipt, the custodian places the samples in the sample room,

B L I S e . L S
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d. Immediately upon receipt, the custodian places the samples in the sample room,
which will be locked at all times except when samples are removed or replaced by

the custodian. To the maximum extent possible, only the custodian shall be
permitted in the sample room,

12-8

e, The custodian shall insure that microbiological samples are properly stored and

.. maintained at 4°C,

f.  Omly the custodian will distribute samples to personnel who are to perform tests,

g. The analvst records in his laboratory notebook or analvtical worksheet, identifving
information describing the sample, the procedures performed, and the results of the
testing, The notes shall be dated, shell indicate who performed the tests, and showld
include any abnormalities that occurred during the testing procedure. The notes
ghall be retained as a permanent record in the laboratory. In the event that the
person who performesd the tests is not available as a witness at the time of a tral, the
Covernment may be able to introduce the notes in evidence under the Federal
Business Fecords Act.

h. Approved methods of laboratory analvses shall be used as requirad by Public Laws
92-500, 93-523, 92-532, and amendments,

i Laboratory personnel are responsible for the care and custody of 2 sample once it is
handed to them and should be prepared to testify that the sample was in their
possession and view or secured in the labaratory at all times from the moment it was
received from the custodian until the tests were run.

j.  The lsboratory area shall be maintained as a secured area and shall be restricted {o
authorized personnel.

k. Once the sample analyses are completed, the unused portion of the sample, together

with identifyving labels and other documentation, must be retumed to the custodian.

. The returmed, tagged sample should be rtetained in the custody room until
permission to destroy the sample is received by the custodian,

I. Samples should be destroyed only upon the order of the lahoratory director, in
consultation with previously designated enforcement officials, or when it is certain
that the information is no longer required, or that the samples have deteriorated.
The same destruction procedure is true for tags and laboratory records.

12.1.5 Ewvidantiary Considerations

Reducing chain-of~custody procedures and promulgated analytical procedures to writing will
facilitate the admission of evidence under Rule 803 (&) of the Federal Rulez of Evidence
{Public Law 93-575). Under this statute, written records of regularly conducted business
activities may be introduced into evidence as an exception to the hearsay rule without the
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{Public Law 93-575). Under this statute, written records of regularly conducted business
activities mayv be introduced into evidence as an exception to the hearsay rule without the
testimony of the person(s) who made the record. Although it would be preferable, it is not
glways possible for the individuals who collected, kept, and anzlyzed samples to testify in
court. In addition, if the opposing party does not intend to contest the integrity of the
sample or testing evidence, admission under Rule 803(8) can save a great deal of trizl time,
For these reasons, it is important that the procedures followed in the collection and analyses
of evidentiary samples be standardized and described in an instruction manual, which, if
need be, can be offered as evidence of the regularly conducted business activity followsad by
the laboratory or office in generating any given record.

In eriminal cases, however, records and reports of matter observed by police officers and
other law enforcement personnel are not included under the business record exceptions to o
the hearsay rule previously cited. (See Rule 8303(8), Public Law 93-595.) It is arguable that

those portions of the compliance inspection report dealing with matters other than sampling

and analysis resulls come within this exception. For this reason, in criminal actions, records

and reports of matter observed by field investipators may not be admissible, and the

evidence may still have to be presented in the form of oral testimeony by the personis) who

made the record or report, even though the materials come within the definition of business

records. Inm a criminal proceeding, the opposing counsel may be able to obtain copies of

reports prepared by witnesses (even if the witness does not refer to the records while

testifying), which may be used for cross-examination purposes.

Admission of records is not automatic under either of these sections. The business records
section authorizes admission “unless the source of information or the method or circum-
slances of preparation indicate lack of trustworthiness,” and the caveat under the public
mecords exception reads “unless the sources of information or other circumstances indicate
lack of trustworthiness,™

Thus, whether or not the inspector anticipates that a report will be introduced as evidence,
the inspector should make certain that the report is as accurate and cbjective as possible,

12,8 References

1. Winter, J. A., Bordner, R., and Scarpine, P., Microbiological Methods for Monitoring the
Environment, Part [—*“Water and Wastes,” U.5. EPA, EMSL, Cincinnati {1978).
2. NPDES Compliance Ssmpling Manual, U.5. EPA, Office of Water Enforcement (June

1977). .
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Chapter 13

AOUATIC BIOLDGY

Duality assursnee puidelines for aquatic biology programs (fully described in ref. 1) are
summatized in the following section.

131 Summary of General Guidalines

Successful guality assurance proprams in aquatic biology are based on the following essential
elements:

An understanding and acceptance of the importance of guality contrel (QC) and a
commitment on the part of the biology staff to fully integrate QU practices into
ficld and lzboratory operations

A staff with adeguate formal traiming and experience and proper specialization to
meet program neods

Adequate field equipment, storage and laboratory space, instrumentation, and
tAXOnomIic references

Careful advance preparation and design of field and laboratory studies

Strict adherence to approved methodology, where available, and careful consider-
ation of the technical defensibility of the methods and their application

Use of replication in sample collection and analvsiz where feasible, and determina-
tion of the accuracy and precision of the data

Freguent calibration of field and laboratory instruments

Proper sample identification and handbing to prevent misidentification or imter-
mixing of samples

Use of blind, split, or other control samples to evaluate performance
Development and regular use of in-house reference specimen collections, and use of
outside taxonomic experts to confirm or provide identifications for problem

specimens

Meticulous, dual-level review of the results of manwal arithmetical data manipula-
tions and transcriptions before the data are used in reports or placed in BIO-
STORET (2)

Participation in EPA formal interlaboratory aguatic biology methods studies, and
use of EPA biological reference materials

Documentation of methodology and QC practices employed in the program
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13.2 Dizscussion

A brefl deseription of each of the areas mentioned in seciion [3.] 18 provided here to
indicate the scope of the guality assurance program.

13.2.1 Staff Commitment

To establish and maintain an cffective guality sssurance program inm agquatic biology, the
supervisor must actively support and frequently monitor the use of QC practices in all
aquatic biology activities. Thiz will require the commitment of 10 to 15 percent of the total
manpower resources. The supervisor must review field and laboratory operations with his
stall frequently (weekly) to inmsure that QC practices are followed and properly docu-
mented.

13.2.2 Staff

The quality and reliability of the data rest heavily on the competence of the staff. The range
af aguatic orpanisms studied by biological proprams is very broad, and each community
requires unigue skills in sample collection and analysis, and in data interpretation. Severdl
disciplines, therefore, must be mepresented on the stafl to deal effectively with the
taxonomy and ecology of the major groups of sguatic omganisms, which include the
phytoplankton, zooplankton, periphyton, macrophyton, macroinverteébrates, and fish.

13.2.3 Fecilities

The quality of the data also depends upon the availability and performance of laboratory
equipment. Such items as sampling gear, current meters, spectrophotometers, and micro-
scopes must be available and must mest performance standards related to the biclogical
parometers messured. Laboratory instrumentation must provide the sensitivity and accuracy
required by the state of the art in sample analysis. Adeqguate laboratory and storage space
must also be provided.

13.2.4 Advance Planning

Thorough advance planning of field and laboratory projects i= necessary to maintain the
required control over the technical sspects of the project and to insure the collection of
meaningful data. Factors taken into consideration include the objectives of the study, the
parameters to be messured, station selection, the sampling frequency and replication,
seasonal cyeles in the properties of communities of aquatic organisms, and QC measures {o
be incorporated into the various phases of the project.

13.25 Use of Approved Methodology

Methods in the EPA manual “Biological Field and Laboratory Methods for Measuring the
Quality of Surface Waters and Effluentz™ (1) should be employved where applicable. The
manual contains concensus methods selected by a committes of senior Agency aquaftic
biologists as the preferred methods for use within EPA. If program activities require
methods for parameters not covered by reference 1, methods may be selectad from other
sources if their application is technically defensible.
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. 13,26 Replication

Comparisons of biological parameters measured in control and affocted regions of water
bodies, and in laboratory experiments, may be meaningless if the precizsion of the results is
not known. Preliminary measurements must be made in each study to determine the scatier
in the data and to establish the number of replicate samples required to achieve the level of
precision required to detect differences in the responses maasured.

13.2.7 Instrument Calibration and Maintenance

Sampling equipment and laboratory instrumentation with mechanical metering devices and
electronic components are calibrated on a regularly scheduled basis to insure the accuracy af
the data, Standards are obtained, such as WBS-certified thermometers for temperature-
measuring devices, class-5 weights for balances, and absorption filters for spectrophotom-
eters. Records of calibrations, repular performance checks, and service for each devics are
maintained in bound log books in such a manner that the history of performance of the
instrurments may be easily reviewed. Analvticel reagents are labeled and dated when
received, and are protected from deterioration if labile. The expected shelf life of each
reagent is recorded on the label, and the material is not used after the expiration date.

13.2.8 Sample Labeling

Samples are securely labeled in the fiald and recorded in a bound log. Information on the

label should include the station, date, time of day, depth, and other relevant information. A

unigque lot number is assigned to the sample and reconded on the label. Waterproof paper

and ink must be used for the labels, and are recommended for the field logs. Depending on
. requirements, labals are placed inside samples such as macroinvertebrates,

13.2.9 Quality Control Samples

The accuracy of the data from routine analyses such as counts and identification of
organisms and chlorophyll and bomeass measurments is determined by introducing blind,
split, or reference samples in the sample processing stream. These samples are either
prepared by the supervisory aquatic biologist, laboratory quality control officer, or
analytical QC coordinator, or are obtained from EMSL-Cincinnati. The results are discussed
at regularly scheduled staff meetings and any problems identified are discussed and
corrected,

13.2.10 Organism Identification and Reference Specimens

Accurate identification of aguatic organisms to the species level is essential to the
interpretation of biclogical data. A set of reference specimens is eslablished within each
laboratory, to be used ag taxonomic (identification) standards in processing samples and in
training new personnel. The set is representative of the aquatic organisms collected by the
program, and each specimen embodies the morphological characteristics essential to the
identification of thal taxon. The identity of these specimens is verified by outside
taxonomic experts, who also examine organisms that pose unusually difficult identilication
problems in routine sampls analysis,

Y
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13,2.11 Data Records, Editing (Proofing), Review .

Data collected manually are entered in a bound log or on specialized bench sheets that fully
deseribe the orgin and nature of the sample and that are maintained in a binder or file,
Source date such as organism ebundance, metabolic rates, and chlorophyll, which are
manually or electronically manipulated or franscribed from one record o another, are
doublechecked by a second person. All manual calculations and all electronic caleulations,
where data are manually keyboarded, are performed twice, except where the source (input)
data are included in the output and can be proofed. Keyboarded data are carefully proofed
before they are submitted for computer manipulation.

13.2,12 Interlaboratory Methods Studies

The aquatic biolopy programs parficipate in formal imterlaboratory biological methods
studies performed by EMSL-Cincinnati, Studies on chlorophyll and macroinvertebrate
identification methods have besn completed, and additional studies on phytoplankton and
penphyton identification methods are planned in the future,

13.2.13 Documentation for the Quality Assurance Program

A laboratory operations manual is available (1) that describes the scope of the program,
orpanizational structure, gualifications of the stallf, available space and equipment,
methodology employed for sample collection and anelyvsis, and QC procedures.

13.3 Reforences

1. Weber, C. L, Editor, Biclogical Field and Laboratory Methods for Measuring the Quality .
of Surface Waters and Effluents, 2d Edition, EPA-6T0/4-73-001, U.5, EPA (July 1973).
2. MNacht, L., and Weber, C. L, BIO-STORET Final Design Specification, U.5. EPA {1974).
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l Chapter 14

LABORATORY SAFETY

14.1 Lew and Authority for Safety and Health

Public Law 91-596 15 the Occupational Safety and Health Act of 1970 (1). The purpose of
this act is the following:

To assure zafe and healthful working conditions for working men and women; by
authorizing enforcement of the standards developed under the act; by assisting and
encouraging the Stales in their efforts to assure safe and healthful working
conditions; by providing for research, information, education, and training in the
field of eceupational safety and health; and for other purposes.

The intent of the act (1) is “to assure so far as possible every working man and woman in
the Nation safe and healthful working conditions and to preserve our human resources.”

The responsibility for promulgating and enforcing occupational safety and health standards
rests with the Department of Labor. The Department of Health, Education, and Welfare is
responsible for conducting research on which new standards can be based, and for
implementing education and fraining programs for producing an adequate supply of
manpower to implement the purposes of the act, These responsibilities are performed by the
National Institute for Occupational Safety and Health (NIOSH).

. Section 19(4) of Public Law 91-596 states the following (1):

It shall be the responsibility of the head of each Federal agency to establish and
maintain an effective and comprehensive occupational safety and health program
that is consistent with the standards promulgated under section 6. The head of each
agency shall (after consultation with representatives of the emplovees thereof)—

(1) provide safe and healthful places and conditions of employment, consistent
with the standards set under section 6;

(2) acquire, magintain, and require the use of safety equipment, personal
protective equipment, and devices reasonably necessary o protect employ-
P

(3) keep adequate records of all occupational accidents and illnesses for proper
evaluation and necessarv corrective action:
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(3) keep adequate records of all occupational accidents and illnesses for proper
evaluation and necessary corrective action;

(4) consult with the Secretary with regard to the adequacy as to form and
content of records kept pursuant to subsection (a)(3) of this section; and

(5} make an annual report to the Secretary of Labor with respect to occupa-
tional accidents and inmjuries and the agency’s program under thiz section.

Such report shall include any report submitted under section THO2(e2) of
title 5, United States Code, :

Executive Order 11807 was issued in the fall of 1974 to provide general direction to the
heads of Federal agencies and to the Secretary of Labor in establishing occupational a-a[n;t;..r
and health programs in the Federal Government. The executive order details the following
duties:

a,  Appointment of a Safety and Health Official,

b. Establishment of 4 management information system.

e, Establishment of an cccupational safety and health program.

{1) Adoption of safety and health standards as effective as the Secretary of Labor’s
standards.

(2) Institution of procedures for. processing reports from employees on hazardous
conditions.

(3) Institution of periodic inspection of facilities,
(4} Provision for abatement of hazards in facilities.
d. Provision for training of agency persannel.
(1) Training of supervisors at all levels.
{2) Training of those responsible for conducting inspections of facilitiss.

(3) Tralning of other employess. Attention is called to the list of OSHA training
requirements.

g. Assistance of the Secretary of Labor.
(1) Compliance with the recordkesping and reparling requirements.
(2) Observation of the guidelines issued in 28 CFR 1960.

{3) Cooperation with the Secretary of Labor in the performance of his responsi-
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{3) Cooperation with the Secretary of Labor in the performance of his responsi-
bilities.

f. Izsuance of puidelines Tor a safety and health program.
g. FPrescription of recordkeeping and reporting requirements.

h. Provision of consulting services to Federal agencies in adoption of standards, training
agency personnel, and in other mattars.

i. Upon request and subject to reimbussement, performance of such services as
evaluation of safety and health conditions in the agency, recommendation on the
adoption of standards, inspection of facilities for safety and health hazards, and
training of agency personnel in safety and health matters.

14-2

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.ixt?Z...ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (147 of 192)1/24/2007 4:18:15 PM



Document Display | NSCEP | US EPA

j.  Evalustion of agency programs and report of the condition te the President. This
. ftem in the execiutive order gives to the Secretary of Labor a degree of enforcement
of safety end health rules and reguiations within Federal apencies.

k. Section 4 continues the Federal Advisory Council on Occupational Safety and
Health. Note that at least one-third of the members are to be labor representatives.

14.1.1 Occupetional Sefety and Health Administration Regulations

The Occupational Safety and Health Act of 1970 covers laboratory workplaces as well as
industrial and manufacturing workplaces (1), Many large laboratories have already come
under the scrutiny of the Occupational Safety and Health Administration (OSHA); small
and medium-=sized laboratories can expect direct involvement in the future.

The 1970 act set up NIOSH within the U.S. Department of Health, Education, and Welfare.
NIOSH provides OSHA with the scientific information it needs to effectively perform its
regulatory function,

The initial OSHA regulations were, and in some measure still are, a collection of many
will-established standards taken from industry and from standards-making proups. The
American National Standards Institute, the National Safety Council, the National Firc
Protection Association, and the American Society for Testing and Materials were some of
the prime sources for these OSHA standards. Certain existing State health and safety
regulations that predated OSHA were used to develop the Federal OSHA regulations.

Efforts are continually underway to refine and quantify current OHSA regulations through

. courl decisions resulting from appeals of compliance citations, through continuing reviews
of standards by OSHA safety compliance officers, through the work of NIOSH, and through
imternal reviews,

Because of the continual publication of revisions of the regulations consisting of refinements
and clarifications, as well as dissemination of newly issued regulations, lnboratory operators
must expend great efforts to keep strictly up to date. What was permitted yesterday may
not be permitted today.

The first place to start in keeping up to date on OSHA regulations is to obtain a copy of the
Federal or State regulations that apply, In States not operating their own OSHA function,
copies of applicable regulations are usually available without charge from the local office of
the U.5. Department of Labor, In other States, copies of their regulations are available from
similar State offices and boards either free or at a nominal charge. In either case, appropriate
steps must be taken to keep up to date on revisions and reissues, Usually this means getting
on & mailing list for automatic receipt of this material as it is published. Because entire
sections of the regulations may be reissued to incorporate only a few changes, it is usually
necessary to completely study these reissues to determine the actual change that has been
miade,

As OSHA moves more into the complicated areas of chemical and biological laboratory

workplaces, the level of the compliance inspector’s knowledge must be increased
accordingly.
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14.1.2 Federal and State DSHA

There is no completely identical OSHA standard in fores throughout the United States.

A provizion of the act of 1970 permits Federal OSHA to certify individual State OSHA
operations when they are satisfied that applicable State regolations and compliance
enforcement methads fulfill the provisions of the Federal act (11

While many State OSHA applications are in process, the following States and territories are
certified or at least provisionally certificd to permit their own OSHA operation:

Alaska
Arizona
California
Colorada
Connecticut
Hawaii
Indiana

Iowa
Kentucky
Maryland
Michipan
Minnesata
Mevada

Morth Caralina
Oregon

South Carolina
Tennesses
Dtah
Vermont
Washington
Wyoming
Virgin Islands

All other states and territores are under Federal OSHA jurisdiction.

Even though the Federal Government supports 50 percent of the cost of State OSHA
programs, these States apparently would prefer that the Federal Government take on the
entire cost burden for them,

An important difference between Federal and State OSHA operations lies in their
jurisdictions. While State OSHAs are responsible for State-operated workplaces, Federal
OSHA can only inspect Federal workplaces. Tt cannot enforce compliance, There is,
however, 2 current effort by the General Accounting Office to urge Congress to remove this
restriction on Federal OSHA's effectiveness in dealing with Federal workplaces.

While Federal OSHA is not permitted to offer a consulting service, most State O5HAs can
and do. Some who were unaware of this difference have called local Federal OSHA offices
for advice, All they succeeded in doing was to invite an inspection. Normally, however,

14-4

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Z...ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (149 of 192)1/24/2007 4:18:15 PM




Document Display | NSCEP | US EPA

inspections of [acilities, be they manufacturing or laboratories, are tripgered by an
. employee’s complaint or an accident report, either as required by law or through police,
fire, or hospital channels,

Reactions to OSHA operations vary widely. Many laboratories have been cited for violations
and have been heavily fined. Yet Dr. David Pettit, Technical Director of Kelco's operations
in San Diego, says, “We feel that OSHA standards are not unrealistic, just good laboratory
practice.™

14.2 EPA Policy on Laboratory Safety

EPA has issued an Occupational Safety and Health Manual (3) in which policy, responsi-
bilities, accident reporting, inspections, standards, and training are described. The Agency
has also issued 2 Safety Management Manual (4) that contains information on safety
protection plans at EPA facilities and air, water, and road safety.

The EPA Occupational Safety and Health Manual (3) establishes policy, responsibilitics, and
procedures for the conduct of the EPA safety and health program,

The policy of EPA is to administer its programs in a manner that assures adequate
protection of its own employees and property, and that for which it has a responsibility.
Every mansper, supervisor, and emplovee is responsible for identifying risks, hazards, and
unsafe situations or practices and for taking steps to insure adequate safety in the activities
under his supervison.

A facility safety officer designated for each umit must be responsible for assisting the

. officer-in-charge in developing, organizing, directing, and evaluating the safety and health
program and coordinating illness and inquiry reporting and recordkeeping requirements;
amalyging accidents and injuries for prevention and control; and providing technical advice
in the implementation of program standards and policy.

Safety in any laboratory requires continuing attention. Use of new or different technigues,
chemicals, and equipment requires careful reading, instruction, and supervision, and may
require consultation with other people with special knowledge or sxperisnce.

Prevention of laboratory accidents requires positive attitudes toward safety and training,
and suitable information for understanding laboratory and chemical hazards and their
CONSeqUences.

Responsibility for safety within the laboratories for an organization mav be considered to
exist at three different levels—individual, supervisory (or instructional), snd organizational
(or institutional ). .

The division of responsibility needs to be clearly assigned and accepted, steps need to be
taken to see that the responsibilities are exercised, and the assignments need to be reassms:d
if uncxpected problems develop.

Each individual who works in a laboratory is responsible for leamning the health and safety
hazards of the chemicals he will be using or producing, and the hazards that may ocour from
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the equipment and technigues he will employ, so that he can desipn his setup and
procedures to lmit the effects of any accident. The individual should investigate any
gecident that eccurs, and record and report the apparent causes and the preventive messures
that may be needed to prevent similar accidents.

The supervisor has the responsibility for giving all the necessary directions, including the
safety measures to be used, and the responsibility of seeing that employees carry out their
individual responsibilities, Whoeover directs the activities of others has a concurrent
respansibility to prevent accidenta! injuries from occeurring as a result of the activities.

The organization of which the laboratorics are part has a fundamental responsibility to
provide the facilities, equipment, and maintenance for a safe working environment and to
provide an organized program to make the Improvements necessary for a safe working
environment. Unless the organization fulfills its responsibilities, it cannot expect its
supervisors, employees, or students to fulfill their responsibilities for laboratory safety.

The Environmental Protection Agency has a designated safety and health official who is
responsible for assuring that formal safety and health imspections are conducted at all EPA
workplaces, He will notify the Administrator regarding uncorrected safety and health
deficiencies.

14.2.1 Formal Safety Inspections

Formal safety and health inspections at workplaces where there is an incressed risk of
accident, injury, or illness because of the nature of the work performed, as in the case of
chemical operations and material-handling or materal-loading operations, must be made by
a safety and health specialist, A “Safety and Health Specialist™ is defined in 29 CFR
1960.2¢h) as a person who meets the Civil Service standards for the position of Safety
Manager/Specialist G5-018, Safety Enginesr GE-803, Fire Protection Engineer GS-804,
Industrial Hygienist G35-690, Fire Protection Specialist/Marshall GS-081, or Health Physicist
G8-1306, or who is an employee of an equally qualified military agency or nongovernment
orpanization.

Formal safety and health inspections need not be made by a safety and health specialist at
workplaces where there iz little risk involved, but should ke conducted by a person having
sufficient training and experience in the safety and health needs of the workplaces invalved
to adequately perform the duties of an inspector as set forth in Executive Order 11807,
Inspectors should be accompanied on formal safety and health inspections by repressnta-
tives of the officer in charge of the reporting unit being inspected and representatives of the
employvess of such establishments., Management and cmployes representatives should be
familiar with and maintain OSHA standards.

To insure safe and healthful working conditions for EPA employeess, safety and health
inspectors are authorized to enter without delay and at reasonable times, any building,
mstullatmn. famlatg.r, nunstruntmn s;te or nthm' ared, wc-rkplnce of en?nnnme.nt where mrk
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inspectors are authorzed to enter withowt delay and at reasonable times, any building,
installation, facility, construction site, or other area, workplace, or environment where work
is performed by emplovess of the Agency, to inspect and investigate during regular working
hours and at other reasonable times, and within reasonable limits and in a reasonable
menner, any such place of employment and all pertinent conditions, structures, machines,

14-6

apparatus, devices, equipment, and materials therein; and to question privately any
. employee, or any supervisory employee, or any officer in charge of a reporting unit,”

14.2.2 Informal Safaty Inspections

An informal safety and health inspection is performed on either a scheduled or unscheduled
basis by the facility safety officer, regional safety officer, supervisory management, or
members of a safety and health committee. EPA Form 1440-2, Health and Safety
Inspection Checklist (fiz. 14-1), shall be used by the inspector or spokesman of a safety and
health committes conducting the inspection to note salety and heslth deficiencies identified
during the inspection process,

A maore detailed checklist for safety evaluation of the laboratory is given in appendix A.
This inspection list contains many specific recommendations and guidelines for laboratory
safety.

14.3 Laboratory Safety Practices®

14.3.1 Introduction

14.3.1.1 Safe Use, Hendling, &nd Storage of Chemicals

Chemicals in any form can be safely stored, handled, and used if their hazardous physical
and chemical properties are fully understood and the necessary precaufions, including the

use of proper safeguands and personal protective cquipment are obsarved,

The management of every unit within a manufacturing establishment must give whole-
.' hearted support to a well-integrated safety policy.

14.3.1.2 General Rules for Laboratory Salaty

Supervisory personnel should think “safety.” Their attitude toward fire and safety standard
practices is refllected in the behavior of their entive stafl.

A safety program is only as strong as the worker's will to do the correct things at the right
time,

The fundamental weakness of most safety programs lies in too much lip service to safety
iules and not enough sction in putting them into practice.

Bafatw #irackices chanld he nrartical and anfaesaalda
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Safety practices should be practical and enforceable,

Mccident prevention is based on certain common standards of education and training of
personnel, and provision of sefeguards against accidents.

*This description was prepared by Paul F. Hallbach, Chemist, National Training and
Operational Technology Center, U.S. EPA, Cincinnati, Ohin 45268,
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Figura 14-1. Health and safety inspection checklist.

14.3.2 Laboratory Desion and Equipment
14.3.2.1 Type of Construction

The construction of the laboratory should generally be fire resistant or noncombustible.

14-8
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Multiple story buildings should have adequate means of exit.
Stairways should be enclased with brick or conerete walls,

Laboratories should have adequate exit doors to permit quick, safe escape in an emergency
and to protect the occupants from fires or accidents in adjoining rooms. Each room should
be checked to make sure there is no chance of a person being trapped by fire, explosions, or
release of dangerous gases,

Laboratory rooms in which most of the work is performed with flammable liquids or gases
should be provided with explosion-venting windows,

14.3.2.2 Arrangement of Furniture and Equipment

Furniture should be arranged for maximum use of aveilable space and should provide
working conditions that are efficient and safe,

Aisles between benches should be at least 4 ft wide to provide adequate room for passage of
personnel and equipment.

Desks should be isolated from benches or adequately protected.
Every laboratory should have an evewash station and a safety shower.
14.3.2.3 Hoods and Ventilation

Adequate hood facilities should be installed where highly toxic or highly flammable
materials are used,

Hoods should be ventilated separately and the exhaust should be terminated at a safe
distance from the building.

Makeup air should be supplied to rooms or to hoods to replace the quantity of air exhavsted
through the hoods.

Hood ventilation systems are best designed to have an airflow of not less than 60 ft/min
(linear) across the face of the hood with all doors open, and 150 ft/min (linear) if toxic
materials are invalved,

Exhaust fans should be sparkproof if exhausting flammable vapors and corrosive resistant if
handling corrosive fumes.

Controls for all services should be located at the front of the hood and should be operable
when the hood door is closed.

All laboratory rooms should have the air changed continuously at & rate depending on the
materials being handled.

Recent California OSHA repulations require the presence of a means of visual indication of

the existence of the airflow in the hood and specify the height and type of hood exhaust
permitted,

14-9
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14.3.2.4 Electrical Services

Electrical outlets should be placed outside of hoods to afford easy access and thus protect
them from spills and corrosion by gases.

Moninterchangeable plugs should be provided for multiple electrical services.

Adeqguate outlets should be provided and should be of the three-pole-type to provide for
adeguate grounding.

Rubber or nonconductive composition shoe soles should be required (except when
flammable vapors are present). Shoe soles should not be of a type that readily absorbs water
or other liquids.

14.3.2.5 Storage

Laborateries should provide for adequate storage space for mechanical equipment and
glassware that will be used regulardy.

Flammable solvents should not be stored in glass bottles owver 1 1in size. Large quantities
should be stored in metal safety cans. Quantities requiring containers larger than 1 gal
should be stored outside the laboratory.

Explosionproof refrigerators should be used for the storage of highly volatile and flammable
solvents.

Cylinders of compressed or liquefied gases should not be stored in the laboratory.

Alphabetized storage of chemicals should be avoided to prevent the unintentional mixing of
two incompatible chemicals in an accident situation.

An appropriate antidote must be readily available for every stored chemical compound for
which an antidote is specified.

14.3.2,6 Housekezping

Housekeeping plays en important role in reducing the frequency of laboratory accidents.
Rooms should be kept in a neat and orderly condition. Floors, shelves, and tables should be
kept free from dirt and from all apparatus and chemicals not in use.

A cluttered laboratory is a dangerous place to work. Maintenance of a clean and orderly
work space is indicative of Interest, personal pride, and safetymindedness.

Passageways should be kept clear to all building exits and stairarays.

Metal contalners should be provided for the disposal of broken glassware and should be
properly labeled.

Separate approved waste disposal cans should be provided for the disposal of waste
chemicals.

14-10
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Flammable liquids not miscible with water and corrosive materials or compounds that are
. likely to give off toxic vapors should never be poured into the sink.

Laboratory operators must be sure that unguarded rotating equipment such as belt-driven
vacuum pumps is provided with guards all the way around and that the guards are always in
place.

Whenever heavy laboratory equipment must be moved frequently, rollers should be
provided. In other cases, proper lifting equipment should be available.

14.3.2.7 Fira Protection

Laboratory personnel should be adequately trained regarding pertinent fire hazards
mssociated with their work.

Personnel should know rules of fire prevention and methods of combating fires.

Fire extinguishers (CO, type) should be provided at convenient locations and personnel
should be instructed in their use,

Automatic sprinkler systems are effective for the control of fires in chemical laboratories.
14.3.2.8 Alarms
An approved fire-alarm system should be provided.

Wherever a hazard of accidental release of toxic gases exists, a gas alarm system to wam
. occcupants to evacuate the building should be provided,

Gas musks of oxygen or compressed-air-type should be located near exits and selected
personnel trained to use them.

14.3.3 Handling Glaswara
14.3.3.1 Receiving, Inspection, and Storage

Packages containing glassware should be opened and inspected for cracked or nicked pleces,
picces with flaws that may become cracked in use, and badly shaped pieces.

Glassware should be stored on well-lighted stockroom shelves designed and having a coping
of sufficient height around the edges to prevent the pieces from falling off.

14.3.3.2 Laboraiory Practice
Select glassware that is designed for the type of work planned.

To cut glass tubing or a rod, make a straight, clean cut with a cutter or file at the point
where the piece is to be severed. Place a towel over the piece to protect the hands and
fingers, then break away from the body.
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Large size tubing is cut by means of 2 heated nichrome wire looped around the piece at the
point of severance.

When it is necessary to insert a piece of glass tubing or a red through a perforated rubber or
eatk stopper, select the correct hore so that the insertion can be made without excessive
strain.

Use eleetric mantels for heating distillation apparatus, etc.

To remove glass splinters, use a whisk broom and a dustpan. Very small pieces can be picked
up with a large piece of wet cotfon.

14.3.4 Gases and Flammeahle Solvants
14.3.4.1 Gas Cylinders

Large cylinders must be securely fastened so that they cannol be dislodged or tipped in any
directicn.

Connections, gages, regulators, or fittings used with other cylinders must not be inter-
changed with oxygen cylinder fittings because of the possibility of fire or explosion from a
reaction between oxygen and residual oil in the fitting.

Eetum empty cylinders promptly with protective caps replaced.
14.3.4.2 Flammable Solvents

Stare in well-ventilated designated areas,

Flash point: the temperature at which a Hquid gives off vapor sufficient to form an ignitible
mixture with the air near the surface of the liguid or within the vessel used,

Tenition temperature: the minimum temperature required to initiate or cause self-sustained
combustion independently of the heating or heated element.

Explosive or flammable Hmits: for most flammable liquids, gases, and solids there is a
minimum concentration of vapor in air or oxygen below which propagation of flame does
not occur on comtact with a source of ignition. There is also a maximum proportion of
vapor or gas in air sbove which propagation of flame does not occur, These limit mixtures of
vapor or gas with air, which if ignited will just propagate flame, are known as the “lower and
higher explosive or flammable Hmits,™

Explosive range: the difference between the lower and higher explosive or flammable limits,
expressed in terms of percentage of vapor or gas in air by volume.
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expressed in terms of percentage of vapor or gas in air by volume.

Vapor densiry: the relative density of the vapor as compared with air.

14-12

Underwriter's Laboratories classification: a standard classification for grading the relative

. hazard of the various flammable liquids. This classification is based on the following scale:
Ether class 1400
Ciasoline class 20 to 100
Alcohol (ethyl) class 60 to 70
Kerosene class CA0 to 40
Paraffin oil class 10 to 20

Extinguishing agents that are appropriate for each of the four classes of fires are required.

14.3.5 Chemical Hazards
14.3.5.1 Acids and Alkalies

Some of the most hazerdous chemicals are the strong or mineral acids such as hydrochlosic,
hyvdrofluorie, sulfurie, and nitric.

Oirganic acids are less hazardous because of their comparatively low fonization potentials;
however, such acids as phenol (carbolic acid), hydrocyanic, and oxalic are extremely
hazardous because of their toxic properties.

Classification of acids i according to mineral or organic composition, Acids should be
stored together, except that perchlorc acid should not be placed next to glacial acetic acid.
Picric acid should be stored separately.

. 14.3.5.2 Oxidizing Materials
Oxidizing agents, in contact with organic matter, can cause explosions and fire. They are
exothermic and decompose rapidly, liberating oxygen, which reacts with organic com-
pounds.
Twpical hazardous oxidizing agents are-—
Chlorine dioxide
Sodium chlorate: chlorates
Patassium chromate

Chromium trioxide
Perchloric acid; perchlorates

14.3.5.3 Explosive Power
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14.3.5.3 Explosive Power

Many chemicals are explosive or form compounds that are explosive and should be treated
accordingly.

A fow of the more commeon examples of this class of hezardous matedals are—

Acetylides
Bilver fulminate

14-13

Peroxides

Peracetic acid

Mitroglycerine

Picric acid

Chlorine and ethylens

Sodium metal

Caleium carbide
14.3.5.4 Toxicity

Laboratory chemicals improperly stored or handled can cause injury to personnel by virtue
of their toxicity.

There are four types of exposure to chemicals:
a. Contact with the skin and eyes
b. Inhalation
c. Swallowing
d. Injection
Special classes of toxie agenis:

g, Carcinopens—laboratory operators should recheck the OSHA 1974 regulations on
crcinogens.

b. Mercury—complete cleaning of spills is essential for compliance with OSHA limits.
14,3,6 Pracautionary Measures
14,3.6.1 Clothing and Personal Protective Equipment
Chemical laboratories should have special protective clothing and eguipment readily

available for emergency use and for secondary protection of personnel working with
hazardous materials.
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available for emergency use and for secondary protection of personnel working with
hazardous materials,

Equipment should be providad for adequate—
a. Eye protection
b. Body protection
g, [IRespiratory protection
d. Foot protection

e, Hand protection

14-14
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. 14.3.6.2 Bodily Injury

Burns, eve injuries, and poisoning are the injuries with which laboratory people must he
most concerned.

First emphasis in the laboratory should be on preventing accidents. This means observing all
recognized safe practioss using necessary personal protective equipment and exercising
proper control over poisonous substances at the source of exposure,

S0 that a physician can be summaoned promptly, every lahoratory should post the names,
telephone numbers, and addresses of doctors to be called in an emergency requiring medical
CATE.

A consulting physician should specify the type and extent of first aid materials required for
the laboratory.

14.4 Report of Unsafe or Unhealthiul Condition

In EFA a procedure has been established for reporting an unsafe or unhealthful condition by
the emplovese or supervisor. The procedure alzo provides for communication between the
emplovess; supervisors; safety official; head of the unit; and, in the case of an unresolved
repart, the Department of Labor.

A sample of an unsafe or unhealthful condition reporting form is shown in fgure 14-2, and
a zample notice of an unhealthful or unsafe condition is shown in figure 14-3.

. 14.6 References

1. Public Law 91-5%6, Occupational Safety and Health Act of 1970 (Dec. 29, 1970).
2, Occupational Safety and Health Manual, T1.8. EPA (Jan. &, 1978,
3. Bafety Manspement Manual, 1.5, EPA, TN 1440.]1 {(Dec. 4, 1972},
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APPEMNDIX A

SUGGESTED CHECKLIST FOR THE SAFETY EVALUATION OF EPA LABORATORY AREAS
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A-
Organization: Diate:
Location: Building:
Room{s): By:
Item Inspacted Yes Mo MLAL Comimants

Fire Prevention
1. Isfire alarm factlity avallable® [.38{b1(7)]

2. Ase all exits maintzined to provide frec and unob-
structed egress from all parts of bullding? [36lbM41])

3. Aze all exits free of locks or fastening devices that
could prevent free escape? [ 36(bI(4)]

4. a. Isthe fire detection system in working order?
b. Is the sprinkler system in working order?
c. Are fire doors in workdng order? [ 3a{d)(2)]

& Are corridors and hallways at least 44 in wide?
[T

6. Do all exits discharge directly to a street, yard,
court, or ofher open space? [L3T(RI(1)]

T. Areall exits marked by proper sign and illuminated?
Ara latters in sign not less than 6§ in high, 3/4 in
wide? [L3T(gXa)]

B. Ts access to exits marked in all cases where the exit or
t_h-t way fo reach it is not Immediately visible?

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Z...ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (167 of 192)1/24/2007 4:18:15 PM




Document Display | NSCEP | US EPA

B. Ts access to exits marked in all cases where the exit or
the way to reach it is not immediately visibile?
[-3T(a)52]

. Iscare token to Insure that no exil signs are obscured
by decorations, furnitare, or equipment? [.37(g)(3]]

10, Is exit access arranged 3o that it is not necesary to
travel toward any high hazard area to esoape?
3705

Note: Adapted from a safety Inspection work sheet developed by the Canter for Disease Control (CDC).
The pertinent zection of the Code of Federal REopulations, title 29, part 1910 is given within brackats at the
end of each item.
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Listed below are explanations glven by OSHA to questions that are not immediately clear on the safety
. checklist for laboratory areas. Each explination is numbered sccording to the comesponding question on
the facing page.

1. Sslf-explanatory.

2.  Self-explanatory.

3. At no time should an exit door be locked or fastened in a2 manner that prevents it from being
immediately opened from the inside of the building in the svent of emergency. Safety ln:rpm:mrs
sh-::-u]-:l check all doors marked “EXIT™ to insure that they can be readily opened.

4a,b,  The building manager should conduct pericdic tests (a5 recommended by the manufacturer or as
required by local code) to insurs propet working order of the fire deteston system and the
automatic sprinkler system.

4u,  Fire doors are designed (o be closed in the event of fire. Aulomatic fire doors normally remain
open; however, the heat producsd by a fire will cavse them to close. Regular fire doors are designed
to stay closed ar all times, except for the passage of personnel. Vo fire door should ever be blocked
ipen @r fedy will interfere with fir furofion. Fire doors wre ty pically used to anclomss :t:l'in-.;:lys and fo
separate buldings and corndors.

. 3. Belf-explanatory,

6. An exit should never discharge into a location that could potentially trap personnel. For example,
an exit should not discharge into a closed courtyard,

7. Self-explanatory.

B A sign reading “EXIT or similar designation, with an arrow indicating the direction, shall be placed
in every location where the dirsction of travel to reach the nearest exit is not inmediately apparent.

9, Seli-explanatory.

19, In designing and maistalning exit routes from a belding, care should be taken to avold routing
people throwgh or near a high hazard arca. An example of 2 high bazard ares i 8 coridor of room
whers flammable Bguids aee stored.

A3
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Item Inspected Yea uifs M.A. Comments

11. Are pigles mpintained clenr ond unobstrocted for
movement of parsonnel and fire-fighting equipment?
[.22(6)(1)]

12, Isall fire protection equipment and apparatus identi-
fied with the color red? [ 144X 1]

13. Arc portable fire extinguishers maintained fully
charged and operable and kept in desipnated places at
all Hmes? [15T(2)(1]

14, Are fire axtinguithers conspicuouddy focabed, readily
sccessible, and svailable along normal paths of fravel?
[.15TaM2)]

15, Are extinpuishers and locations conspicnously
marked to indicate intended uzage? [ 157(aK4d}]

16. Are extinguishers mounted =0 that the top is not
more than § ft above floor; not more than 3% £t if
welght equals more than 40 b7 [L1ST(al(6)]

17. Arc all extinguishers mounted in cabinets placed so
that the instructions face outward? [L157(a)(T)]

18. Are extinguishers available suited to the class of fire
anticipated in eacl area® [L157(b)(1}]

19. Are extinguishers placed according to distances for
proper coverage?
Within 75 ft—eclass AL
Within 50 in—class B, [.157(c)]

20.  Are extinguishers inspacted, maintatned, and re-
placed by spares whan they are digchanged or mics-
ing? [.157(d)]

21, Are lasboratory rooms with pobential fire hazards
equipped with proper extinguishers for emaerpency
situations? [.157(b)]

23, I fammable lbguids are used kn 2 laboratory, s the
mechanical ventilation sufficient to pemove vapore
before they reach a hazardons concentration?

[-106(e)(2)ii))

A4
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i1

12.

La.

14,

15,

20,

21

22,

SBalf-cxplanatory.

Sell~explanatory.

Self-explanatory. During a safety inspection alf fite extinguishers showld be checked agingt the
requirements of this guestion.

Fire extinguishers should rever be located in places where they are concealed [rom general view.

Fire extinguishers must be clearly lnbebed to indicate the type of fire they are capable of fghting.
The following code is used o classify types of fires:

Clasr A =fires in ordinary combustible materials such as wood, cloth, paper, and subber

Clasr B—fires in flammable liquids, gases, and greases

Clage O—flres that involve energized electrical equipment where the elsctrical nonconductivity
of the extinguishing medium & of importance; when electrical squipment is deenerpized,
extinguishers for class A or B fires may be safely wsad

Clese D—fires in combustible metals such 25 magnesivm, titaniom, zirconivm, sodiuvm, and
palaszinm

Inspector should makes certain that no fire extinguishers (other than wheelsd-ty pe exlinguishers) ars
placed on the floor.

Self-explanatory_

See explanation to question Mo, 15 for classificstlon of fire hazards. Fire extinguishers {of more
than one type, If necessary) should be selected and located aceording Lo anticipated fire hazards,

Self-explanatory.

Salf-explanatory.

In certain instances, lnhomtores con be fire treps. When Lhis i8 the caze, fire extinguishers shonld be
provided inside the laboratory so that cccupants can fight their way out of a fire emergency. Safoty
inspectors should check for escaps routes to the nearest comidor when congidering this guestion.

Salf-explanatory.
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A=3

Item Inspected

Yea

Mo

H.A.

Coammanis

23,

24,

235,

26.

7.

28.

29,

30.

3l.

32
33,

35,

6.
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Are hose ouwtlets within casy reach of persons stand-
ing on floor and not over & {t from floor?
[1SB{BI 1 H1]

Do all connections an dry sfandpipes have a sign
reading “DIRLY STANDPIPE-FOR FIRE DEPART-
MENT USE OMLY*? [.15E(bXTN

Are putomatic sprinkler systems provided with at
least one fire department connection with at beast
4:in pipe size? [.159(b}1)}]

Are fire department connections designated “ATUTO
SPKR" or “OPEN SPER™T [.159(R)(4)(v)]

Is there a water flow detection device on the sprin-
kler system that whl activate the fire alarm?
[.15%0eH10]

Are fire alarm boxes readily accessibbe and within
normal path distance of 200 fe? [L183(hH3])

Are all fire slarm systems inspected and tested at
weoekly intersaie? [.1630c)]

Are “NO EMOEING™ signs posted in prohibited
arcas? [ 1OG{d T WiEE)]

Flammable Liguid Storage

Are drums which contain flamemahbla liguids con-
structed of noncombustible materials?
[.106(b( 1)

Are storape drems vented? [L108{b3I2Hav)]

Are fammable Bauids sterad in proper containers?

[-10&{d){ZNE}]

Are safety cans and portabls containers of flammatle
liquids painted red with yellow band or name of con-
tents? [ 144 {aM 1 (i)

Are storage cabinets being used for storing flammakble
liguids? [.1060d){3]]

Are storage cabinets labeled “FLAMMABLE-KEEF
EIBE AW AW T 1AW




Document Display | NSCEP | US EPA

36. Are storape cabinets labeled “FLAMMABRLE-KEEF ‘ | | |
FIRE AWAY™Y [L1060dN3}i1)]

23,

2d,

25,

6.

7.

4.

3l

3L,

EES

34

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Z...ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (173 of 192)1/24/2007 4:18:15 PM

an.

AH

This guestion apphies to bulldings equipped with water and hoss standpipe systems. Hose outlets ara
normally located in stairways or in the corridor immediately outside the staireay.

Self-explanatory. The building manager should be able to answer this guestion,

Fire depariment connections to automatie sprinkler svstems are normally located on the outside of
the building being protected. The size of the connection iz weually embossed on 2 metal plate o1 on
the connection itself,

The designations “AUTO-SPER™ or "OPEN-5PER™ are found smbossed on a plate at the fire
department connection. Fallure to display one of the dedgnations i3 a violation of OSHA.

This question is self-explanatory, The building manager should know if the facility is equipped with
a sprinkler waterflow detection device.

Self-explanatory.

This procedun: should be part afa fEpilar maintenance program.

The laboratory supervisor shall designate areas where smoking is prohibited and "NO SMOKING™
spns shall be placed in these arcas.

Flammable liguid storage drums should be constructed of stesl or some other noncombustible
materkal.

Self-ex planatory,

Flammable lquids may be safely stored in glass comtainers if the total capacity of the contalner i 1
gal or less. Larper quantities of flammable liguids showld be stored in safefy cang approved by a

recognized fesfing laborafory.

Self-explanatory.
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34, Self-explanatory.

35, Selfexplanatory.

36, Selfeexplanatory.

Item Inspected Yes Mo MNLA, Comments

37, Is the storge area provided with sither a gravity or
mechanical exhaust ventilation system?

[.106(d)(4)(iv)]

38. Ars entinguishers available whers flammable or com-
bustible liquids are stored? [.106(d3(71]

39, Iz ot least ane poctable lire extinguisher of rating not
less than 12-B units located outside of, but nof mome
than 10 £t from, door opening into room used for
storage? [AOGIdMTICICa)]

40. 1Is at least one portable fire extinguisher with rating
not less than 12-B units located not less than 10§
nor more than 25 ft from Nammable liguid storage
loeated outside of a storage room but inside of a
building? [ 30&{d )} 7)1

41, Are *NO SMOEING® sipns posted in the flammah]e
ar combustible Liqued stornge areas? [.]ﬂﬁl:djl:".":ll:i_i_'i}]

Flectrical Hazards

42, Are all new electrien] installations and all replace-
ments, modifications, or repairs made and being
maintained in sccordance with the National Electri-
cal Code? [.309]

43. Does the interior wiring systam have a grounded con-
ducter? e, three-wire system? [L300-NEC(200-21]

44, Do all eleatrical appliances have Underwriter's Labo-
ratories Inc, approval, or that of some other na-
tionally recognized testing laboraoory?
[.300=MEC(S0-82]

45, Are the cords of all slectrical squipment in good

canditian. not froved or enbiced . pte 7
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45, Are the cords of all slectrical squipment in good
condition, not froyed or spliced, ete.?
[.308<WEC{400-5)]

46, Are cordsused properdy (not run undes muge)d
[.309—NEC(400-4)]

47. Is therz only one plug-in per socket autlet; ie., no
multiple plug-ing to one socket? [L309=MNEC(240.2}]

48, Are the lighting levels such that good illumination is
pravided in all walking, working, and service areas to
insuge safety? | 309—NEC(LI0-1602))]

A-B
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37, The building manager or enginesring department should know the answer to this question.

38, Self-explanatory. Fire extinguishers approved for fighting class B fires should be available in
flammakle liquids storags areas,

39, This question is selfexplanatory but should be reraad several times for full comprehension. Fire

axtinguisher miings are often stomped on the titk: plate along with other specifications. More: This
question is to be used only when inspecting flammable-liquid storage rooms.

40, This questlon ks self-explanatory, but should be reread several titnes For full comprehension. Nore;
This question la to be used only when inspecting lammable liguid storage cutnde of a special desig-
nated room, but inside of a building,

4], Gelf-explanatory.

42, Prior to adding any new electrical facilities to a laboratory, it s the responsibility of the laboratory
supervisor or bullding manager to check with the electrical codtractor to insure that the National
Electrical Code is abserved, This rule ig retroactive to Mar, 15, 1972,

43. Al conveniznce outlets shall be of the three-pronged type, These outlets shonld be checked with a
prounding tester to Ineurs proper wirlng.

44, Approved applisnces will bear the label of a recognized testing laboratory.

45,  Bslf-cxplanatory.

&6,  Self-explanatory.

47, Multiple cutlst (cobe) adaptors or extension cords with multiple outlet ends should not be used to
plup maore than one appliancs inlo & single sockel.

4R,  Bellexplanatory.
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Item Inspected Tes Mo MN.A. Coimtonents

49, Are circuit breaker panels and cutoff switches
located so as to be readlly accesalble?
[-300-NEC(240-25(b)) and (10925 400(2))]

50, Are all gircuit breaker switches marked or lnbeled?
[.309-NEC(240-25(=))1

Alsles, BExity, Floors, and Stalrways
51, Areall Noors kept clean and dey? [L220a)02)]

52, Are all Noors, areas, and passagaways free from pro-
truding niails, splinters, holes, and loose boards?
[.22(a)(3)]

53. Are alsles and passapeways clear of all obstructions
and In good repalr? [22(b11)]

54, Are aisles and passapeways wide enough to oparate
equipmeant safely? [ 220111

55, Is Noor loading within poesfed masimum limits?

[.22(d}]

56. Does every floer opening having standard guarded
milings? [.23(a){1]]

57. Do fxed staire make an angle to the horizontal be-
tween 30° to 50°7 [.24(e)]

58. Arc all opensided flocrs, platforms, ramps, 4 £ above
adjacent floor or ground, guarded with reiling?

L23eH11

A-10
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459, Circuit breaker cabinets shonld nerer be locked,

51, Each circoit breaker switch shall be labeled as to the lights, cutlets, or appliznces it conirols.

. Self-explanatory.

=n
ot

51. Selfcexplanatory.

53, Self-explanatory,
34, SBelfexplanatory.
55. Safe fAoor loadings must be posfed and sbaerved In all buildings and on all oo,

56. Specifications for stondard rafling: A standard ralling shall consist of a top rail, intermediate Tail,
amnd poals. [t ghall have a werlical hakght of 42 in nominal From upper surface top rail to floor,
. platform, runway, or tamp level, The top rail shall be smooth surfaced throughout e length, The
intermediate rail shall be approximstely halfwsy betwesn the top rail and the {loor, platform,
owaEy, ar ramp.

Spacifications for stendard reiling to be wred on sigivwaes: A stair railing shall be of construction
sirmilar to & standard railing (for a floor opening), but the vertdeal hedght shall not be more than 34
in mor less than 30 n from wpper surface of top rall to surface of tread in line with fuce of visor at
forward edge of tread.

37, A Bixed stairways must rise at an angle within the limits shown:

-

ACCEPTABLE SAFE ZONE

b

Ao HORIZONTAL

38, Sell-explinatory,

.
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Item Inspected Yes MNa M.A. Comments

59, Are flights of stairs having four or more risers
equipped with railings or handrails? [L23(d}N1]]

60, Arestair treads repsonably uniform and shy resist-
ant? [24(0)1

1. Areall plages kept elean and orderly and in a sanitary
conditionT [ 14 1{a){ 1))

62, Are trash meceptacles of approved usa? [L141{a)(3)]

63, Is cvery enclosed work place 5o constructed and
maintained to prevent entrance and harborage of
rodents, insacts, and vermin? [.141{a){4]}]

64, Is drinking water potable and available within 200 £t
of location ot which employess work?
[ A4} LK)

65, Are toilet facilltize adequate for both sexes and in
secordanes with regulations listedT [1410(ck 1))

&6, Are toilet rooms eonstructed so that each water
closet ocoupias a separate compartment equipped
with daar, lateh, and elothes hanger? [L1410c)(2 )01

§7. Does door to tollat reom have a self-closing device,
and i% entrance sereened so interior is not visible
from outside? [.141{e}2)(ix}]

6B, Doss every water clogat have a hinged open-front seat
made of nonabearbant material? [ 14 1(c){3 )]

59, Are snitable woshing facilities available and main-
talned in a sanitary condition? [ 14 1(d)(1)]

70, If employess are allowed to lunch on the premises, is
an adequoate space provided for that purposa?
L1410 (g)(2Y]

T1. Are adequate waste dispossl contalners provided?
[.141{g)C2}]

T2, Are changs fooms provided for each sex whers 1t is
necessary to change alathes? [L1410e)1))

T3, Are changs rooms provided with separale slorage
Iacilities for street clothes and protective clathing?
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T3, Are changs rooms provided with separale slorage
Incilities for street clothes and profective clathing?
[.141(e}]

74. Are nofss levels acceptable? [L95]

59, Self-explanatony,

60 Stair treads should be free of cracks and other unsven arcas.

61. Belf-explanatory.

62, Trash receptacles used for garbage disposal should be equipped with tight-fitting lids.
43,  ESelf-cxplanatory.

64, Seli-wxplanatory,

63.  Self-explanatory.

6,  Self-explanatory.

. 67, Self-explanatony,

68, Self-explanatory.

68, Sultable washing facilities consist of a lavalory with hot and cold water, a suitsble cleansing apent,
aind individual hand towels,

0. Self-explunatory, Employess are nof permitted to eat in any laboratory that uses agents that are

dangercus g0 health if ingested. It ks the responsibility of the laboratory supervisor to enforee this
ruje,

7

—

« Belf-explanatory,

http://nepis.epa.gov/Exe/ZyNET .exe/30000PWG.txt?Z...ZyActionL & Back=ZyA ctionS& BackDesc=Results%20page (180 of 192)1/24/2007 4:18:15 PM



Document Display | NSCEP | US EPA
T1. Self-explanatory,

7L Self-explanatory.

T3, Secif-explanatory.

4. I any employses are exposad to noeise levels groates than 20 dB at any time during the day, a safeiy
expert should be comsulted to determine if cormective meastures need to be taken.

A-13

Item Inspected Tes Ma MLA. Comments

75, Is necessary protective squipment provided, used, and
maintained in a sanitary, safe, and rellable condition?
[.132{a}]

T6. Are eye protectors provided where machines or
opemtions pres=nt the hazard of fiying objects, glare,
liguids, radiation? [.133{z)]

77, Are sufficlent washing facllities (Inchading eye washes
and deluge showers) available for all persons required
to handle liguids that may burn, ieritate, ete.?
[-151(e))

T8, Are emnployess in the area exposad to air contami-
nants enly in accordanee with proper limis?

[.1380a){1]]

19, 13 a resplratory protection program used whese
neaded? [.134(a)(2}]

B0, Arewritten standard operating procedures governing
the selection and use of respirators established?
[134E3000]

81. Has the user of the respirator been instructed and
trained in the proper wee and lirmitations of the respi-
rater? [134(b}31]

82, Are respirators regularly cleaned, disinfected, in-
spected, and stored In 8 convenisnt, clean, and sani-
tary location? [134(b)(5)]

B3, Hasthe person assigned the task requiring a respira-
tar been determined physically able to perr_-:u:m U:e:_
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B3, Hasthe person assigned the task requiring a respira-
tar been determined physically able to perform s
work and wse the equipment by the local physician?
[134(b)107]

84, Are breathing pas containers marked in accordance
with the American Wational Standards identifving
contents? [L1340d34)]

85. Can gos maosk canisters be identified by properly
worded labels and color cads or atmespheric cons

taminant? [.134(gH 1}

84, 1= the compressor for supplying air to respirators
equipped with necessary safety and standby eguip-
ment? [134{d3(23(i)]

A-14
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75, Protective squipment, mcluding personal protective equipment, shall be provided, ussd, and
mzlntained in a sanitary and reliable condition wherever work-associated hazards may cause infury
of impairment in function of awy part of the body throuph absorption, inhalation, or physical
contact. Laboratory supervisors should recopnize such hazards and take the action necestary to
insure that employess use adequate personal protection to avoid njury.

76,  Bafety plasess or goggles may be obtained through the CDO Safety Odfice.

7. All laboratories using Hguids that may burn or iritate must be equipped with some fype of
EMETEEncyY ove wash eguipment.

78, If laboratory supervisors have any questions concarning safety concentrations of air contaminunts,

they should contact the CDC Office of Biosafety,

79, Respirators fhot are applicable and suitable for the purpose intended shall be provided when such
equipment i necessary to proftect the health of emplovees. The CDC Office of Biosafety will
provide the proper respirators fora given hazard.

8, Sell-explanatory.

£l. Belf-explanatory.

82, Self-explanatory. Bespiratotrs should be cleaned and diginfacted after spoh e,

B3, Belfwxplanatory.

&4, Self-explanatory.

85,  Selfexplanatory,

46, Compressors for breathing air should be eguipped with receivers of sufficiant capacity to enable the
reapirator wearer to escape from a contaminated atmosphers in the event of compresser failore:
alarms to indicate compressor fallure and overhanting shall be installed in the system.
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Item Inspectad b Mo NLA, Comments

287. [Is each employes who works in an area where radio-
active materinl is used furnished and wearing film

badge? [.o8(d)i2)]

288, [t radiation exposurs of individuals to the body
limited te 1% rems per calendar quarter? [5a{h)]

89. [scach mdintion area pacted with the proper radis-
tion caution sign? [96{e)(1)]

90, Areall radiation area emplovees insfructed in the
gafety problems, precautions, and devices to mini-
mize exposure? [L9a{i)]

91. Arerecords maintained of the radiatlon exposure of
all employees whe are monitored? [.96(n]]

92, Are radicactive materials stored and disposed prop-
erly? Are storags comtainers labeled? [ 960 K]

Compremed Goses

93, Is each portable gas container for gases such as hy-
drogen legibly marked with the name of contents?

[ 252{a)(2)(iWa)]

94, Are compressed gas cvlinders determined in safe con-
dition by visual and other inspection required n
regulationsT [L101{a)]

95, Does the compressed gt cylinder or tank have an
installed pressure reliel device? [L101{c)]

06, Are all comprassed gas cylinders stored and secured
g0 they cannot fall? [L2520a)(2WEI0L)]

7. Are profection caps in plase on comprassed gas cylin-
ders except when inuse? [2520aM20EMd)]

G8. Iz each mobils hydropen supply unit secured to pre-
vent moverment? [L1030(b}H1)1(ivi{el]

98, [Is the hydropan storage area permanently marked
YHYDROGEN-FLAMMABLE GAS-NO SMOKING
OR OPEN FLAMES™? [L103(b}1)(v)]

A-lo
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87, Seif-explanatory,

B3, Self-cxplanatory.

E9.  Self-explonatory.

W), Seli-explanatory.

Qf. Scli—exp:la:mtu Y.

92, Seli~explimatory.

93 Belf-explanatory.

. 24, Deep dents or heavy corrosion of a gas cvlindsr might indicate a dangarous situation.

95, Belf-explanatory.

96, When either storing of moving a comprésed gas cylinder, care must be laken to prevent the cvlindes
from falling. OSHA requires that compresssd gas cylinders cither be chained or strapped In an
upright position at all times.

37, Selfeexplanatory.

Frofaee to Questions B8 through 107
A gasecils hydrogen system ks one in which the hydrogen is delivered, stored, and discharged in the gaseous
farm to t!‘l: consumer's piping, The system includes stationary or movable containers, pressure regulatars,
safety relief devices, manifolds, intercomnecting piping, and controls. The system terminates at the point
whers hydrogen al service pressure first enters the consumer’s distribution piping. Systems hawing a total

hydrogen content of less than 400 ft¥ are nor covered by the following guestione.

98, Mobile supply units should be strapped or chained to prohibit movernent,

9%, Belf-explanatory.

Y
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A-1T

[tem Inspectsd Y Mo M4, Comments

100, Is the hydrogen system in an adequately ventilated
area? [ DOI(BHANUNAI)]

101, Isthe hydrogen system 20 ft from stored flammable
materlals or oxidizing gpases? [L103(bH2IGEHANZ])]

132, Isit 25 ft from open flames, electrical eqguipment, or
other zources of ignition? [103(b)(2MUNEC)]

103. Isit 25 ft from concentrations of people?
[ 103(h)CI N {dH4}]

104, Isit 50 ft from intakes of ventilation or air-
conditioning eguipment and air compressora?
[ 10362 MR ()]

105, Is it 50 £t from other flammable gas stomps?
[ 103 (e)CIHENLIEN]

106, [3it protected from damage duc to falling objects oz
working aotivity in the area? [L1030b MK T

107, Aze zafety rellef devices armngad to discharge up-
ward and unobstructed to the open alr and prevent
impingsment of gas upon container, adjacent strocs
tire, or personmel? [L109{61 Kiil(b)]

Storage

10E. [sstoruge of matorkal stable and secure against slid-
ing, collapse, falle, or spills? [ 176{b}]

109, Arestorape aceas kept free from scoumulation af
materials that constitate hazards from tripping, fire,
explosion, or pest harborsge? [176(e]]

110,  Are dangerots parts of machines or snergized equip-
ment, which mey injure, colored orange whers ex-
posed? [144aX2)]

111, Tsyellow the color used for designating physical
hazards and caution in the particular environment?
[.144(a)(3}]

112, 15 the color preen used to dasigoate “SAFETY™ and
location of first aid equipment? [.144(a)(4]]

113. Ts purple the solor used to designate radiation
hazardsT [1440=2Wa11
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113. Ts purple the solor used to designate radiation
hazards? [144(a}6)]

114, Arethe colors Black and white wied for traffic and
housskeeping markings? [ 144{a)(71]

10, Selfeexplanatory.

101,  Self-explenatory.

102, Self-explanatory,

103, Belf-explanatory,

104, Seifexplanatory,

105, Salf-explanatory,

106, Self-explanatory,

107, Self-explanatory,

10E.  Self-explanotory but very fmpokiant,

109, Self-explanatory.

100, Belf-explanatorny,

111, Belf-explanatocy,
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I11.  Self-explanatory,

112, Belfexplanatory.

113, Self-explanatorny,

114, Falf-explanatory.

A-19

Ttem Inspected Yoz Ho N.A. Comments

115, Areall aceldent prevention dghe used to minimize
workplees hazards? [ 145(a}el]

116, Aresll exposed steam and hot water pipes within 7 ft
of floor or working platform coverad with an ingulat-
ing material or pearded? [L264{aW4)(iii}]

117. At all loading docks employing powarsd industrial
trucks, are whee) chocks veed to prevent teailers or
railroad cars from rolling? [.178(k)(1)]

118. Iz medical help readily availzble through persenosl
and flrst ald supplies approved by consulting phiysi-
chan? [LIS1{LI]
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115, Bealf-explanatory.

116, Self-explanatory.

117, Belf-explanatory.

118. 1In the abgence of an infirmary, cliniz, or hospital in near proximity to the workplace that is nsed fos
treating all injured employees, a person or persons shall be adequately trained to render flrst add.
First nid supplies approved by the consulling physician shall be readily available.

A-2
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