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PREFACE
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were Dr. John Bushman. Mr. Earl Eiker, and Mr. James L. Gottesmaﬁ.
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Experiment Station (WES). The draft report was reviewed by Drs. James M.

Brannon, Robert M. Engler, Douglas Gunnison, and Robert H. Kennedy, all
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Mr. Donald L. Robey, Chief, Ecosystem Research and Simulation Division,
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Waide, J. B. 1986. "General Guidelines for Monitoring
Contaminants in Reservoirs," Instruction Report E-86-1,
US Army Engineer Waterways Experiment Station, Vicksburg,
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GENERAL GUIDELINES FOR MONITORING
CONTAMINANTS IN RESERVOIRS

PART I: INTRODUCTION -

Background

Water quality concerns in reservoirs
1. The US Army Corps of Engineers (CE), through its Civil Works

Program, is charged with the planning, design, construction, and opera-

tion of a wide variety of water resources projects. Among these proj-
ects are over 500 reservoirs that are either in operation or under
planning or construction. These projects are operated for many pur-
poses, including flood control, water supply, hydroelectric power gen-
eration, navigation, recreation, fish and wildlife conservation, and
low—flow augmentation. Some reservoirs are operated for only a single
purpose; others, however, are authorized as multiple-purpose reservoirs,
This may result in conflicting uses for reservoir storage, requiring
operators to be concerned with compatibility among project‘purposes.

2. The operation of a reservoir project must be consistent with

its authorized purpose(s). Historically, project operation has been

concerned primarily with issues relating to water quantity management,

Recently, however, reservoir management and operation have involved is-

B ¥ w
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sues related to water quality‘in addition to water ouantity. This con-
cern is the result of changss over the past 15-20 years in the public’s

perception of the importance of environmental quality as a genmeral

societal goal, as well as specific legislation at State and National ?¢%
levels which specifies water quality goals to be met by water resource ;};:

r"-
managers, Executive Orders that have reinforced specific statutes, and g:%:

litigation against the CE and other Federal agencies charging noncom-

|

»!

pliance with specific sections of Federal statutes.
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3. The most important legislation passed during this period
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relating to water quality management includes the Federal Water
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Pollution Control Act Amendments of 1972 (Public Law (PL) 92-500), which
required Federal agencies having jurisdiction over any activity result-
ing in the discharge or runoff of pollutants to comply with the substan~
tive requirement:s of Federal, State, interstate, and local laws for
pollution abatement, and the Clean Water Act of 1977 (PL 95-217), which
further required Federal agencies to meet both substantive and proce-~
dural requirements of pollution abatement laws and allowed citizenﬁ to
sue for noncompliance. Executive Order 11752 (1973) reinforced

PL 92-500 by directing Federal agencies to provide leadership in meeting
the gcal of protecting and enhancing the quality of the Nation's water
resources. Similarly, Bxécutive Order 12088 (1978), which revoked
Execnt ive Order 11752, reinforced PL 95-217 by mandating compliaﬁcé with
Polluiion Control Standards. As a consequence of these trends, the im- .
portance of environmental and water quality copsideratioﬂs to the design,
opefation, and management of reservoirs has become well established.

4. During the same period the above chﬁnges were taking place,

.identification of the water quality constituents or variables of primary

management interest has undergone similar‘cﬁange and redefinition. Ini-

tially, water temperature, especially of project releases, was the vari-

able of prime management concern. 'Considerable effort has been ex- , ‘ i}}j
pended, for example, to design multilevel outlet structures in order to f:%

o 74
meet release temperature objectives, Subsequently, environmental con- M

cern broadened to include consideration of dissolved oxygen and other

E .

r
o
’

w7 zer quality issues related to oiygen depletion in reservoir hypolimnia :325
(e.g., anaerobic conditions and sediment releases nf plant nut;ients and :f:;
reduced chemical species). Management options have included'such miti- ;Eﬁ
gation measures as reaeration of project releases, artificial destra~ '
tification, localized mixing, and aypolimnetic aeration. igig
5. Increased public awareness of environmental quality issues has Q}x
resulted in a further broadening of the reservoir manzgement issues to Siﬁ
include eutrophication, e.g., increased nitrogen an. phosphorus loadings !;!
to reservoirs, algal blooms, and taste and odor problems. Although the ;&Q
range of environmental and water quality issues associated with reser- F:%
voirs has expanded due to environmental legislation, management ﬁ;g
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‘reservoirs has begun to develop, related co the possible occurrence of

" because of the risks to human and aquatic populations posed by contami-

techniques for dealing with these issues are constrainecd due to opera-
tional requirements of the authorized project. Moreover, meeting water
quality objectives related to one project purpose may compromise objec-
tives associated with other authoriced purposes, further complicating

the management process.
6. Recently, a furrher expansion of water quality concerns in CE

toxic chemical contaminants, both metals and organic compounds, in res-~
ervoir waters, sediments, and biota. This expansion coincides with s
general scientific and puﬁlic concern regarding the presenée and impacts
of toxic contaminants dirpersed throughout‘the environment. The extent
and magnitude of possible contaminant problems in CE reservoirs aie un-
known. Moreover, basic processes regulating the transport, fate, and
effects of toxic contaminants in reservoirs remain poorly understood.
Nonetheless, this represe:ts another important expansion of reservoir
water quality concerns, and means that new types of operational restric-
tions on reservoir management may need to be‘considered'in the future,
If contaminant issues become more important to reservoir management,

then meeting water quality criteria may become more difficult. Also,

nants, the criteria themselves may become more stringent in the future.

Water quality criteria and standards

7. Although the importance and environmental {mpacts of potential

-"r’
‘kh.

y "

contaminant problems in CE reservoirs are just beg ning to be under- i 2;3
stood, the general concern with contaminants in the Nation's water re- :§{j1
LR _‘“

sources has led to the establishment of a number of water quality ;:;-:.g

criteria and standards relevant to the regulation of reservoir contam-
inants. Together with field sampling data on contaminant levels in
reservoir waters, sediment, and biota, these criteria and standards form

the basis for deciding vlether contaminant problems exist in CE reser-

voirs and how extensive such problems might be., For the purposes of
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this report, the criteria and standards dZscussed in the following para-
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graphs are the most important. The specific chemical contaminants
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covered by these criteria and standards will be discussed further in
Parts II and VIII of this report.

8. In response to the Clean Water Act of 1977 and a related
court order, the US Environmental Protection Agency (EPA) published
water quality criteria for 65 toxic pollutants affecting human health
and aquatic life (US EPA 1979a; Federal Register, 1980, Vol 45,
pp 79318-~79379). These criteria are based on the best scientific

knowledge currently available; however, they have no regulatory impact
by themselves, They are, however, the basis for many State water
quality standards that are enforced by State pollution control agencies;
Criteria proposed for the regulation of human health are estimates of
ambient water concentrations which represent either safe levels for
humans (noncarcinogens) or various levels of incremental risk
(carcinogens). Criteria for the protection of‘aquatic life were
proposed in the form of both a 24-hr average and a maximum water con-
centration. The 24-hr average value corresponds to an estimate of the
maximum chronic expoaure that can be tolerated by an aquatic organism,
while the maximum value estimates the maximum tolerable acute exﬁosure.
9. In response to the Federal Water Pollution Control Act Amend-
ments of 1972, the EPA published water quality criteria, again based on
the best scientific evidence available at that time, which were designed
to protect the health and welfare of humans, plankton, fish, shellfish,
wildlife, plant life, shorelines, béaches, and aesthetic and recreation
resources (US EPA 1976)., Referred to as the EPA 1976 Red Book criteria

these water quality criteria formed the basis for water quality stan-

dards that are still in effect in many States. However, the States are

gradually changing their standards to conform to the 1980 c: ‘-eria.

State standards may also reflect local conditioms, such as projected |

—

water uses, background levels of specific contaminants, presence of sen
sitive biota, and local hydrometeorological conditions. Some States
have nonspecific standards for contaminants, while others follow the
1976 or 1980 EPA criteria exactly (Khalid et al., 1983).. .

10. The US Public Health Service (PHS), under authority of the

(=9

PHS Act as amended by the Safe Drinking Water Act (PL 93-523), qulishe
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the National Drinking Water Standards, comprised of primary and second-
ary standards (Code of Federal Regulations (CFR) 1980, Vol 40, Parts 14l

and 143). Primary standards for both inorganic and organic chemicals in

drinking water at the tap went into effect in 1977, while secondary
standards for other variables went into effect in 1981, Tke limits
proposed in the Drinking Water Standards differ in many cases from the
EPA criteria, for two reasons (Khalid et al. 1983). First, as required
by PL 93-523, these standards take into consideration issues related to
technical and economic feasibility of éompliahce. whereas the EPA
criteria do nof consider such issues. Second, the basic risk model
underlying the Drinking Water Standards differs from that which forms
the basis for the EPA criteria. EPA's water quality criteria were not
intgnded as drinking water standards,

11. Finally, the US Food and Drug Administration (FDA) has esta-
blished maximum concentrations of contaminants in the tissues of select
aquatic species likgly to be ingested by human populations (US FDA
1979). Fewer contaminants are covered by the FDA regulations than by
the criteria and standards summarized here.

CE response to
water quality concerns

12. 1In response to the environmental and water quality concerns

enumerated above, the CE has issued a number of specific Engineer

Regulations (ER), including the following:
' a. ER 1110-2-240, "Water Control Management,”™ which

~  delineates overall policy and procedures required for
implementing CE responsibilities for water control

management.

b. ER 1130-2-334, "Reporting Water Quality Management Activ-
ities at Corps Civil Works Projects,'" which establishes
warer quality considerations as an integral part of CE
responsibilities for water control management and delin-
eates requirements fcr the monitoring and reporting of
water quality activities at CE projects.

¢. ER 1130-2-415, "Water Quality Data Collection, Interpre-
tation, and Application Activities,' which establishes
guidelines for activities involving the ceolilection,
interpretation, and application of water quality data
associated with water control management of CE proiects.
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13. Another CE rasponse to‘:he vater quality concerns discussed
previously involved sponsoring several water quality sympos. . .. which
collection, interpretation, and evaluation of water quality data at CE
reservoirs were discussed (Committee on Water Quality 1977, 1978, 1980,
1982, 1984). Also, in 1978, the Office, Chief of Engineers (OCE), ini-

‘tiated a major reseérch prograﬁ. Environmental and Water Quality Opera-
tional Studies (EWQOS) (Keeley et al. 1978). Research conducted under
the EWQOS Program has addressed a variety of reservoir water quality
issues with the purpose of developing design and operational guidance
for achieving water quality objectives in a manner that is compatible
wit. project purposes. Many of the results related tc reservoirs are
summarized in EM 1110-2-1201, "Reservoir wé§er Quality.”
Survey of reservoir .
contaminant problems

14, One component of the EWQOS Program, Work Unit IIC: Opera-

tional and Msnagement Straiegies for Reservoir Contaminants, involved

conducting an initial survey of contaminants in CE reservoirs. The pur-
pose of this survey wae to review, analyze, and interpret existing data
on the nature and magnitude of chemical contaminants in CE reservoirs,
and to suggest interim guideliﬁes for operational and managemenf tech-
niques useful for minimizing existing contaminant problems. These
guidelines were to be based on current knowledge of contaminant behavior
in aquatic environments. Thus, an anciliary purpose of this study was
to survey information on major prncesses affecting the transport, per-
sistence, and bioavailability of contaminants in reservoirs and their
tributaries (Khalid et al. 1983).

15. Information for this survey was compiled from a variéty of
sources, including the EPA STORET data base system, published and unpub-
lished literature, and dircct contacts with CE Division and District
personnel., Once available data were assembled, they were analyzed sta-
tistically and compared to water quality criteria and standards sum-
marized prev;ously. Because the data were assembled prior to publica-
tion of the 1980 EPA criteria, the water quality criteria proposed by
the EPA 1n 1979 and the 1976 Red Book criteria for water concentrations




along with the FDA limits on tissue concentrations for edible freshwater
specics were taken as the relevant standards fo- identifying CE reger-~
voirs with potencia contaminan:i problems. =halid et al, (1983) defined
a problem reservoir s one fur which the reported concentrations of one
or more contaminants exceeded either or both the 1979 EPA proposed
cciteria and the FDA guidelines. Results of this survey would not have
changed substan*ially had the 1980 EPA water quality criteria been
available for identifying pntential reservoir problems.

_ 16. Data on contaminant levels were assembled for 109 reservoirs
locatced in nine of the ten CE Divisions (Khalid et al. 1983). oOf
tness reservoirs, 71 (65 percent) were identified as having potertirl
co1itaminant problems. That is, the reported concentration of one or
more contaminants exceeded either or both the 1975 EPA proposed water.
ﬁuality criteria and the FDA guidelines for edibie fr -bwater apecie?.
All 71 reservoirs exhibited'apparent problems with metals; because of
data limitatiéns, only 20 of the 71 showed potential problems with
' organic contaminants. The 71 potential problem reservoirs were dis-
tributed across all CE Divisions for which contaminants data were avail-
able. In addition, one or more toxic substances were reported to be a
problem in an unspecified number of other CE.reservoirs, though reliabie
quantitative data on the degree of contamination were lacking. Finally,
Khalid et al, (1983) stated that comparisons of their results. with those
of previous surveys, including data from the Great Lakes, from EPA svm=~
maries for major US watersheds, and from a National Academy of Sciences
study, "may suggest an underestimation of the magnitude of organic con-
taminant problems" in CE reservoirs. A ' .

17. Alrhough Khalid =t al. (1983) suggested that extensive con-

taminant pfobiems potentially exist in CE reservoirs, these authors
cautioned that tiie assembled data base was not sufficiently reliable or
extensive to reach such.a definitive conclusion. Inde=d, perhaps the
major finding of this preliminary survey was that the existing data base
is inadequate to reach a reliaple and defensible conclusion conrerning

tie magnitude and extent of cont: .inant problems in CE reservoirs.
g ,
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Three general types of problers in the availsble data used by Xhalid
et al. (1983) can be identified.

18. The first general ptoBle- identified by Khalid et al. (1983)
involved the manner it which water juality data are typically entered
into available duta base management syaicns. particularly the EPA STORET
system. In most cases, results of wvhole-water (i.e., unfiltered) analy-
ses are entered, whereas vater quality criteria used for identification
of contaminant problems are based on exposurs to water-soluble concen- ‘
trations of contaminants. Raporied values oftcn reflect only the pre-

vailing lower limit of detection for a given contaminaut rather than a

_true concentration value. Such limits of detection may change over time

as analytical method: snd instrumentation improva. Typically, the fact
that an entered value ,s siuply a lower detection limit is not re orded
in the data base. Also, the analytical vsthods used to generate ! »
:ocordo& data are of unknown reliability and may have changed consid-
erably over time. All of these problems together, especially the probd-
lea of reporting detection linitn. may have combined to make reservoir
contaminant problems appear more vevere than they actually are,

19. A second general problem iden: .fied in the contaminant eirvey
concerns the paucicy of available dats., Especially for orgauics, but

also for metals other than iron, nanganese, leed, and zinc, available

data are insufficient to draw meaningful conclusions. For individual

chemical contaminants, data on wmetals concentrations in water and tis-
sues wers located for a maximum of only 66 and 2 reservoirs, respec-
tively, TFor individual organic contaminants, comparable figures for
water and tissuye concentrations were for a maximum of il and 10 reser-
voira, respectively, Overall, data on only 109 out of ovof 500 CE res~
ervoirs vere located, and the frequency of reporting was uneven across
Divisions (Xhalid et al, 1983). One should not conclude from the
resuiis surmarized earlier that those Divisions currantly reporting
more contaminants data have more severe contaminant problems, Moreover,
conclusions concerning regional protlems cannot be drawn from the data
compiled by Khalid et al. (1983).

10
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20. The third problem identifiable in the results of Khalid
et al, (1983) relates to the adiquacy of existing contaminant monitoring
programs, Most existing reservoir monitoring programs focus on classi~
cal water quality variables, with inadequate attention being given to
chemical contaminants. Most Divisions and Districts surveyed exhibited
a lack of adequate analytical capabilities and personnel trained for
wonitoring low-level contaminants, Thero vas also a general lack of
proper quality control in existing contaminant »onitoring programs and a
lack of clearly satated planning guidelincs for monitoring contaminants.
Finally, Khalid et al. emphasized the lack of a "quick-response"” capa-
bility, the ability to monitor quickly nnd'roliably the fate nnd'ilpnctn
of an accidentsl toxic chemical spill into a reservoir,

21, Based on the matarisl summarized in the preceding paragraphs,
it is apparent that an adequate contaminant monitoring program is an
essential first step in confronting potential reservoir contaminant
problems. Carefully planned, well-executed, and statistically sound
monitoring programs are required to: (a) d-cofﬁino 1f a contaminant
problem exists in a given CE reservoir, and if so, the magnitude aud
extent of the problem; (b) dochﬁnnt cowpliance with existing water qual-
ity criteria and standards; (c) develop reservoir management ortions for
dealing with impacts of reservoir coataminant probleme; and (d) verify
that chosen management techniques are actually effective irn reducing the
severity of any existing contaminant problems. Partly in response to
these needs, the OCE issued Engineer Technical Letter (ETL) 1110-2-281,
"Reservoir Contaminants," dated 17 June 1983. This ETL provided guid-
ance to all CE field operating activitiss on screening CE reservoir
projects to ascertsin the presence or absence of centnlinanti. Rosults
of these 3creening activities are to be included {n the annual Division
Water Quality Reports. It is the intention of this report to provide
assistance to CE Division and District personnel in respunding to the

raquivrements set forth in this ETL.
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Purpose and Scope

22. 'Thc purpose of this report is to provide general guidance to
CE Division and District personnel on the design and conduct of programs
for monitoring levels of chemicai contsminants in reservoirs. The injor
issues to be considered in designing and carrying out a reservoir con-
taminant monitoring program will be discussed. It will not be possible

to treat in a comprehensive manner every issue related to contaminant

monitoring, or to provide specific guidance on the design of a blanket
monitoring program applicable to all reservoirs and all contaminants.
To be effective, monitoring programs must be both flexible and site spe-

‘, cific. PFlexibility implies thet a monitoring program must be adapted to

chauges in management needs, to modifications of regulatory require-
ments, to improvements in analytical methodology and instrumentationm,
and to enhanced understanding of contaminant behavior in iquatic
environments. Site opecificity implies that the monitoring program is
specifically tailored to the unique characteristics of a given reservoir
and to the specific contaminant problems that are either known or
suspected to occur there. Thus, it is imperative that the reader of
this report adapt the general guidelines provided to his own unique
circumstances, and that he continually evaluate the cowponents of his
monitoring effort for possible improvement,

23. The need for this report derives specifically frowm several
conclusions of the initisl survey of reservoir contaminsnt problews
(Khalid et al. 1983): not all CE Divisions place the same emphasis on
contsminant monitoring, the eristing data base on contaminant levels in
reservoirs is inadequate, and existing contaminant monitoring programs
are often inadequate, In large measure, these deficiencies are a conse-
quence of the relative newness of the concern with contaminants and of
the fact that the presence of contaminants poses new problems for vater
resource managers not previously encountered vith more conventional pol-
lutants., As summsrized in Table 1, “hese new problems are the result of
severs]l key differences between conventional and toxic pollutants. In

contrast with conventional pollutants, toxic pollutants are more
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numarous, are typically synchietic rather than of natural origin, exist
in the environment and exert an impact at low concentrations, may per—

sist for long time periods aérongly sorbed to suspended or bottom sedi-

ments, may strongly bioccnce&tratc, and may biodegrade to compounds of
equal or greater toxicity. gccauso of these differences in properties,
toxic contaminants pose unfamiliar sampling and analytical problems for
which guidance 18 required. ’

24, This raeport is intended for use by all field personnel in-
volved in designing, conducting, and analyzing the results of water
quality monitoring programs in CE reservoirs. Guidelines provided here .
are intended to supplement oLilting information on general water quality
sonitoring programs. The focus is on expanding existing mouitoring pro-
grams for traditional water ’uality constituents so that reliable and
usable data on contaminant levels in reservoir waters, sediments, and

biota are also collected.

{

25. Much of the information presented here is treated more
thorcughly in other sources. This is espacially true for the topics of
sampling and analytical n.thgdl. st~tistical considerations, and the
design of general wacer quality monitoring netvorks. For these, summary

discussions of the relevant ?lsuos specifically related to contaminant
monitoring will be providcd,fand the reader vill bde referred to the more
definitive treatment clscvho#o. Thus, this repor: provides general
guidance on contaminant -oni%oring in reservoirs and serves as a guide
to other, more extensive treatments of monitoring issues in key litera-
ture sources. In addition EM 1110-2-1201, "Reservoir Water Quality,"
provides guidance for the assessment of reservoir water quality condi-~
tions including reservoir releases and tailvaters. The EM emphasizes
procedures to define progra% and/or study objectives and to select ap-
propriate techniques for aséessing water quality conditions in the
planning, design, and va::r;control managsoment of reservoirs,

26. Information contiined in this re,ort 1is organized as follows:
Part II presents the selaction of the chemical contaminants to be moni-
tored; Part III contains basic considerations concernine the design of

monitoring programs; Parts IV and V summarize information on field

|
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sampling methods and analytical methods; Part VI summarizes guidance on
the selection of contractors for conducting various portiong of a moni-~

‘toring program; Part VII summarizes issues concerning the management of

AN RS SO WIS

data resulting from a reservoir contaminant monitoring program; and
Part VIII considers the analysis and interpretation of contaminants data

in relation to water quality criteria and standards and to management

considerations., Proper use of this report assumes that the reader is
familiar with the issues and problems discussed in the study of Khalid
et al. (1983), which should also be considered prerequisiie to this
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PART II: SELECTION OF MONITORING VAﬁIABLES

27. ETL 1110-2-281 provides guidance on the contaminants to be
considered for possible inclusion in a wmonitoring program, and listsi
steps to be followed in screening specific projects for contaminant
probleﬁs. If the screening process set forth in the referenced ETL
reveals that inadequate data are available‘for reaching a management
decision on the prasenée of contaminant problems, or that such problems
do in fact exist, then field monitoring including sample collection and
analysis may be required. In such cases, the identification of specific
contarinant variables for inclusion in the monitoring program must be
based on the best available information and screening procedures.
| 28, The selection of monitoring variables wili depend in large

measure on the anticipated uses of the resulting data. Inasmuch as data

on contaminant levels in reservoirs will be used primarily to determine
compliance with relevant water quality criteria and standards, it is the
criteria and standards which define the potchtinl sampling variables.
Yet numerous chemical contaminants are covered by relevant critetii and
standards, and it may not be necessary to sample all of these in a given
reservoir. Conversely, other variables related to highly localized
problems not covered by general water quality criterisz may require moni-
toring. Thus, existing data and knowledge of contaminsant losdings, con-
centrations, and anvironmental behavior must be taken iato account in
making the final selection of variables. As with the design of the
overall monitoring pfogtam. the selectiun of monitoring variables must
be boch‘flexible and sjite specific, and must be continually reevaluated
 for effectiveness and relevance to manageuent needs. Unnecessary
sampling of contaminants wastes money and manpower and dilutes the
effectiveness of the overali monitoring effort. Given the analytical
costs and requirements for measuring contaminant concentrations in res-
ervoir samples, the'judicious selection of variables to be monitored is
even more critical for a contaminant monitoring program than for the

monitoring of more traditional water quality variables.
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29. The following sectioné discuss the selection of potential
monitoring variables in rclaiion to the criteria and standards sum-
“marized in Part I and the use of various screening procedures to further
define the sampling variables. The specific environmental compartments
(e.g., water, sediment) in which these variables are to be measured are

treated in Parts II1 and IV of the report.

Potential Contaminant Monitoring Variables

'30. In relation to the selection of potential monitoring vari-
ables, ETL 1110-2-281 defined a contaminant to be any water ﬁuality con-
stituent that "(a) impairs project purposes, either legislated or’

aétual; (b) violates Statﬁ/Fedcral water qual.ty atanda;ds; or

(c) threatens humans, fish, or wildlife." This is clearly an extremely
broad definition.'encompassing conventional pollufants.‘hcavy metals,
organic toxicants, and other variables of localized interest, |
31. Recognizing the need to restrict the operational definition
6f a contaminant, the refe;euced ETL further specified that, unless
definitg information exists that some other compound is of concern at a
. ‘given project, the list of coastituents to be considered for possible
sampling should be limited to those on EPA's list of priority pollutants
(exciuding volétiie organics), to chemicals covered by the EPA 1976 Red
Book criteria, or to chemicals covered by applicable State or Federal
criteria., This ETL aiso provided specific guidance on the inclusion of
suspected carcinogens in contaminant monitoring programs and defined the
concentration level of concern to be employed for carcinogens.' ’
32, In relation to the specifications contained in the‘previous
paragraph, Tatle 2 lists 77 chemical contaminants covered by the water
quality criteria and standards summarized in Part I. This list was com-
plled based on information provided in the contaminants survey of Khalid
et al, (1983). Contaminant concentratior; specified to be of concern in
these criteria and standards are tébulated in Khalid et al., in the
original documents referenced by these authors, and in numerous other

sources; they will not be repeated here. This list represents those
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chemical contaminants of prime regulatory concern in the Nation's
waters, It consists of the so-callad "List of 65" toxic pollutants
covered by the 1980 EPA criteria (see Part I), plus several additiomnal
variables covered in the EPA 1976 Red Book criteria and in a variety of
State water quality atandards. :

33. Similarly, Table 3 provides a list of 129 "priority pollut-
ants." This list of 129 priority pollutants was published by the EPA
and represents an expansion of the List of 65 previcusly published. The
List of 65 includes a number of generic compounds (e.g., chlorinated
venzenes, haloethers) comprised of several gpecific compounds eaéh, 80
that it actually contains more than 65 individual toxic‘chgmicals;

Thus, all of the individual chemicals included in the priority pollutant
list (Table 3) are also included in Table 2. Among the priority pollut-
ants, the organics classified by Mills ét al. (1982) as being volatile
are also indicated in Table 3. Although ETL 1110-2-281 excludes vola-
tile organic contaminants from consideratioﬁ, all are covered by rele~-
vant State and Federal water quality standards and should be considered
for possible inclusion in a monitoring effort. Table 3 also indicates
the contaminants listed by Mills et al. (1982) as being the most fre-
quently discharged into the Nation's waterways.

34. It is recommended that, at least initially, the chemical con-

taminants considered for possible monitoring be restricted to those

shown in Tables 2 and 3. However, although this list provides a useful
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starting point in selecting contaminants for monitoring, it cannot be
considered all-inclusive. It does not, for example, contain all vari-.

ables likely to be of local or restricted interest (e.g., weathering
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resulting from acid precipitation). More importantly, as new organic

- compounds are synthesized in industrial laboratories, as existing cri-
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teria are modified, and as improved understanding of contaminant be- w0

havior in aquatic environments reveals new chemicals of concern, this

list of chewmicals to be considered for possible inclusion in a monitor- dsﬂ‘
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ing program will need future modification. Again, Tables 2 and 3 repre-

sent a useful starting point for selecting monitoring variables, but the
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actual lisc of variables to be monitored at a given reservoir must
remain flexible and site specific. ' The use of various screening tech-
niques for selecting the variables from Tables 2 and 3 (and possib.y
othars of local interest) for specific inclusion in a monitoring program

at a specific reservoir 1s discussed in the next section.

Guidelines an? Procedures for Contaminant Selection

35. In addition to providing guidance on the variables to be con-
sidered for potentiai inclusion in a reservoir contaminants moaitoring
program, ETL 1110-2-281 also discusses the steps to be followed in
screening a reservoir project to determine the presence or zbsence of
contaminant problems that might necessitate a field monitoring effort.

The screening of a given raservoir was recognized as being an iterative

. process involving several key elements: assembly of existing informa-

tion; careful evaluation of this information for quality, reliabilitz,
and timelines3; and the reaching of a decision that no problem exists,
that additional information is required in order to reach a decision,
that 'a contaminants problem exists requiring the implementation of a
monitoring program, or that a reevaluation of the project is required at
some specific future date.

26. The referenced ETL also considers various sources of data on
reservoir contaminants, and discusses whether the decision that addi-
tional information is required before the presence/absence of a water
quality problem can be ascertained would necessitate either the location
of more difficult to obtain reports or informatiom, or the initiation of
a field sampling effort. Results of the initial survey of reservoir
contaminants (Khalid et al. 1983) strongly suggest that the data base on
’contaminant levels in most reservoirs is presently inadequate and that
the screcning of reservoir projects in compliance with the referenced
ETL will generally require at least some level of wonitoring effort.
Moreover, reservoir screening is an iterative process, requiring the
continual scrutiny of existing déta to datermine whether further moni-

toring of the same or different variables 1is required.
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37. 1t is anticipated that as the screening guidelines and proce-
dureg are followed, the number of contaminants requiring detailed con-
sideration will decline markedly. For example, consider a small reser-
voir located in an exclusively agricultural watershed for which existing
data on metals concentrations indicate tbat no countaminazion problem
exists, However, for this hypethetical reservoir, no data exist on syn-
ihetic organic cowpounds in the water, sediments, or bilota. The selec-
tion of variables for possible inclusion in a monitoring program at this
reservoir would focus on only those contaminants used within the Jater~
shed for agricultural purposes, most likely as herbicides or pesticides.
In any case, the need exists to apply a set of scientifically sound,
reliable, and easily used screening procedures to data om reservoir con-
taminants. Such screening methods should be capable of revealing
whether a water qurality problem exists in a given reservoir, and what
chemical variables are of specific concern from a regulatory standpcuint
and shrild thus be included in the sampling effort.

38. Among the availiable screening methods are a set of scientifi-
cally sound, easily applied, and thofoughly documented techniques pub-
lished by the EPA (Mills et al, 1982). These techniques grew out of an
earlier set of methods developed for use in 208 planning studies for
conventional pollutants (Zison, Haven, and Mills 1977). The revised and
expended techniques, ccasisting of a wide range of both empirical and
mechanistic algorithms usable on desk-top calculators, are intende& to
yleld a preliminery assessment of toxic pollutants in aquatic environ-
ments. Thus, these screening procedures are management tools useful for
achieving water quality goals in reservoirs and other aquatic environ-
ments. The individual algorithms are based on those key processes
(e.g., sorption, volatilization, photolysis) governing toxicant fate and
transport in aquatic environments; these processes are analyzed in terms
of first-order kinetics. The procedures are applied at several sequen~
tial levels of analysis, each successive level being characterized by
fewer simplifying assumptions about the environmental behavior of the
toxic chemical in question. Each level thus represents a successively

more realistic "worst-case" scenmario. The results derived at each level

19

3
.

11

>

LK)
.

.

K
»~
-

»
hY
~

4

.
>
Ry

YN
.

rea
. “ 54
P




PR TN N

of analysis are compared with existing water quality criteria, the con-

clusion being reached that either a water quality problem is not antici-

pated (no further analysis required) or is likely (go to next level of
analysis or recommend monitoring).

39. Thus, the primary goal of applying these screening procedures
is to identify those water bodies where toxicants could reach hazardous
levels as defined by relevant criteria. Careful and iterative applica-
tion of these screening methods can thereforevhelp in deciding whether
monitoring is required in a specific reservoir, and Qhat specific vari-
ables should be included in the monitoring program.  For example, mea~
surements or estimates of contaminant loadings to a given reservoir
(e.g., derived from National Pollution Discharge Elimination System
permit records) could be used with these techniques and the associated
information on behavior and properties of toxicants summarized in the
methods documentation (Mills et al. 1982) to predict whether any
contaminants could reach hazardous concentrations. Careful application

of these techniques could also suggest management options required for

" mitigating impacts of toxicants in reservoirs, or what additional

information on toxicant fate and transport is needed in order to reach a
reliable management decision.

49, Application of these screening procedures involves a number
of steps, including assembly of the required data and information, iden-
tification of any problems obvious from an initizl inspection of the
existing information, determination of the variables to be screemned,
application of the methods, consideration of iikely errors in the analy-
sis, reevaluation of results, and formulation of recommendatioms (Mills
et al. 1982). The consideration of possible errors is a critical aspect
in the proper use of these methods. The environmental behavior of‘toxic
chemicals 1s complex, whereas the screening methods are fairly simple
and straightforward in their conceptualization and ignore many important
processes 1in order to reach a quick answer, The user must be aware of

likely sources of error and simplifying assumptions in evaluating re-

- sults from a particular application. Proper scientific and engineering

judgment must be exercised in using screening techniques such as these,
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In many cases, the proper conclusion is that a more refins& anhlysia is
required.

41. To avoid redundancy, further consideration of the actual
screening methods contained in Mills et al., (1982) is givemn in Part VIII
of this report, as part of a general discussion of the interpretation of
wonitoring data. Several other similar screening approaches are also
referenced thzre. The basic point to be emphasized here is that some
type of screening procedure must be employed to dgc;de vhether a moni-
toriug prograﬁ is required for a given reservoir, as well aé what spe-
cific chemicals, from the list of contaminants of.possible interest
‘Tables 2 and 3), are to be sampled in such a program. The number of
- contaminants requiring monitoring at a specific reservoir will almost
always be much smaller than the total list shoun‘in Tables 2 and 3.
Moreover, such scrgening procedurss must be used continuously to evalu-

ate the results and relevance of the current program design.
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‘voir samples for contaminant concentrations, as well as the analysis and

PART III: SAMPLING PROGRAM DESIGN

42, Once the decision has been reached to undertake a mcnitoring
program at a specific reservoir for specific chemical contaminants,
based on the general considerations outlined in Part II, it becomes
necessary to specify the sampling objectives and to design the field
sampling program. Water quality monitoring is a formidable and costly
task, particularly for toxic contaminants., Its success depends on the
development, documentation, and proper implementation of an appropriate
sampling plan. If such a plan is we’l conceived and based on both rig-
orous statistical principles and information concerning the reservoir
and contaminants in question, then the sampling program has the poten-
tial of yielding reliable and representative data which are interpret-
able in relation to monitoring program objectives. If this is not the
case, and the sampling plan is poorly conceived or creates a source of
error or bias in the resulting data, the purposes of the overall moni-

toring program’will be compromised and the subsequent analysis of reser-

interpretation of analytical results, will be meaningiess \crlebach
1979, Langford 1979, Reckhow and Chapra 1983, Thornton et al. 1982,
US EPA 1982).

43. Development of an appropriate sampling plan begins with the
clear and careful specification of sampling objectives or purpose. To
be useful, such objectives should be narrow and well defined, and should
be operational in that they lead to the development of a specific sam-

pling plan that will realize the stated objectives. The plan itself

should follow directly from the sampling objectives, should be statisti- bi-
cally sound, should be based on all available information on the reser- ' :figés
voilr and contaminants in question, and should lead to the collection of :}ﬁ;iﬁ
samples which are representative of the environment and the target or Eéa&ﬁ

parent population(s) of interest. (Note that, in relatiou to sample

i
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program design, the term population is used here in the appropriate sta-
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tistical sense rather than in the sense of a biological population.
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That is, the term "parent population" refers to the total universe of




‘denotes the collection o’ observations which actually comprise the

-mizing (subject to project constraints) uncertainty in momitoring data

ohservations available for sampling, while the term "sample population”

chosen sample. Inferences are drawn in rel:.tiom to the parent popula-
tion based on samnling statistics calculated from the sample population.
Thus, the term population as used here may refer co actual or potential
observations made on reservoir water, sediments, or biota.)

44, Because it is not possible to medsure the entire population
of interest, project objectives are realized by characterizing that
population through sampling which 18 as accurate and precise as pos~-
sible. subject to project constraints of cost, time, and manpower.

Thus, the chosen s#mpling deéign must balance sampling costs againsi the

reliability or uncertainty inlerent in the resulting data, thereby mini-

or partitioning that uncertainty or variability into interpretable and
meaningful components.’ Various pilot or reconnaissance efforts, perhaps
involving remoie'sensing. may be undertaken priér‘to seleﬁting the final
sampling design (Erlebach 1979, Langford 1979, Reckhow and Chapra 1983,
Rice and Anderson 1979, Thornton et al. 1982, US EPA 1982). ,

45. As with all other components of the monitoring program, the
sampling plan selected should be both si%e s~écifi¢ and flexible, This
plan must reflect the application of the general criteria discussed here
to the reservoir‘under study through the use of all site-specific infor-
mation available to the project manager. A number of factors must be
considered in developing a site-specific sampling plan, including the
following: contaminant properties and eavironmental behavior; watershed
and basin characteristics; hydrologic, climatologic, and geochemical

characteristics of the reservoir and the surrounding watershed; inpool

hydrodynamics and general water quality dynamics; reservoir morphometry;

and project purposes and operation. Flexibility simply implies that the
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sampiing plan may be modified over:time as new information and data f%
accumulate gnd as san)ling purposes or objectives change. i
46. 1In the paragraphs which follow, factors that should be con- iﬂ%ﬁ:
sidered in designing a flexible, reservoir-specvific sampling plan are %{???i
reviewed. The first section below discusses a number of general issues t‘5%§
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related to sampling plan design, while the second summarizes basic
statistical principlei underlying sa-ﬁling. Subsequently, reservoir-
specific factors which influence the determination of sample size, the
selection of specific sampling locations, and the choice of sampling
frequency are discussed. Implemencation of the chosen sampling design
is concidered in Part 1V, '

47. The design of water quality monitoring programs is discussed
in a number of other useful references. Gaugush et al. (1984) and
EM 1110-2-1201 both provide extensive discussions of the design on moni-
toring and iatensive ssmpling programs for reservoir water quality
studies., Other sources, including Reckhow (1979s, 1979%), Reckhow and
Chapra (1983), and US EPA (1982), discuss sampling design in a general
water quality context. Both the American Chemical Society (ACS) (1980)
and Kratochvil and Taylor (1981) discuss sampling design in relation to
the analysis of environmental samples for contaminant concentrations. ‘

' Basic references on statistical sampling theory include Cochran (1963)

and wost of the statistics texts cited in Parts VII and VIII of this
report, These referencas should be consulted for further details con-
cerning sampling program design,

General Sampling Considerations

48. This section discusses a number of general issues which
should be considered in deaigning field sampling efforts as part of a
reservoir contasminant sonitoring program, These factors include sxist-
ing knovledge of (a) water quality conditions in the study reservoir,
(b) general contaminsnt problems in reservoirs, and (c) countaminant
behavior in aquatic enviromments, as well aa the specification of
detailed sampling objectives, the decision as to which oniironuontal
compartments to sample, and the developwent and documentation of the
rerulting sampling plan. |
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Relation to ongoing water
quality monitoring programs

49. Existing data on water quality conditions in the study reser-
voir should be invaluable in designing a sampling plan for contaminants
in that reservoir. Such data will provide information on when, where,
and howv to sample for contaminant concentrations, and say provide gen-
eral information on the major physical, chemical, and biological pro-
cesses that determine the betavior of both conventional and toxic pol~
lutants in the study reservoir. Moreover, it iay be possible to combine
contasinant sampling with ongoing ssmpling programs for conventional
vater quality coustituents. This will not only provide important ancil-
lary information wvhich will prove useful in interpreting results of con-
taminant sampling, but may also reduce sampling costs and manpower
requirements for a new and separate contaminant monitoring affort.

50. The project manager should not feel éo-pellod to combine con- .
taminant sampling with ongoing water quality sawpling progrt-‘if this
would compromise the stated sampling objectives. Bacause the existing
data base on reservoir contaminants is so sparse, and because the envir-
onmental behavior of toxic pollutants differs in msny ways from that of
sore conventional pollutants, it may be necessary to design a new and
largely separate saapling effort for reservoir contsminants. Thus, to
the extent that combining contazinant sampling with oukotng water qual~
ity monitoring reduces sampling costs and provides useful asncillary
data, it should be encouraged. But, to the extent that {t co-gron1l0¢ '
basic objectives of the contaminant monitoring effore, it ahouid be

avoided.

Knowledge of existing
reservoir contaminant problems

51. Information on axisting coutaminant problems in CE reser-
voirs, as summarized by Khalid et al. (1983), should alsc he useful in
designing a saapling program for contaminants in & specific reservoir,
whether that specific reservoir was included in the Khalid et al. survey
or not, Results of this survey provide important information on the

nature and sources of contsminant problems in reservoirs, on the
25
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existence of data bases on reservoir contaminants as well as problems to
avoid in entering new data or retrieving data from these data bdases, and
on the proper analysis and interpretation of the results of contaminant
monitoring programs. Although many of these issues are treated in
detail in this report, information on existing reservoir contaminant
programs contained in the earlier report of Khalid et al. should be con-
sidered carefully by anyone undertaking the design of a -anpling progral
for reservoir contaminants.
Knowledge of contaminant
behavior in aquatic environments

52, Also essential to the design of an acceptadble ssmpling plan
for reservoir contn-inant; is information on those factors wvhich regu-
late the environmental behavior of toxic pollutants in aquitic environ-
ments. Because the physicocherical and biological enviroument of reser-
voirs (snd streams) is so different from that of pollutant sources, one

must have a thorough general understanding of those factors which regu-

late contaminant persistence and availability in order to design a
proper sampling plan (Khalid et al. 1983), In particular, one must
understand the posiiblo sources of contaminants to reservoirs, as well
as the physical, chemical, and biologicul_f:cfot: wvhich regulate not
only contaminant transport, dispersion, and partitioning in reservoirs,
‘but also their uptake, asccumulation, and (ffects in aquatic food chains.
Especially critical for orgauic contaminants is an understanding of
sediment dynamics in reservoirs.

53. Both Khalid et al. (1983) and Mills et al. (1982) summarize
extensive information on contaminant behavior in reservoirs (and other
aquatic environments), on contaminant properties which regulate their
environmental behavior, and on contsminant sources to aquatic environ-
ments. The latter reference also contains screening procedures that are
useful in deciding what transport and transformation processes are most
important in regulating the environmental dynamics of specific contami-
nants. Other useful sources of information on contaminant sources,

properties, and environmental behavior include Callahan et al. (1979);
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Lyman, Reehl, and Rosenblatt (1982); Stumm and Morgan (1981); Tinsaley
(1979); and Verschueren (1983).
Specification of sempling objectives

54. As indicated above, sampling program design begins with the

clear and concise statement of sampling cbjectives, which are narrow,

well defined, and operational, Because menitoring for its own sake is
costly and results in data of dubious quality and utility, sampling
objectives must be carefully and thoroughly specified at the outset and
the sampling program designed specifically to realize these objectives,
Failure to define sampling objectives carefully will compromise the suc-
cess of the entire sampling effort. Conversely, proper specification of
objectives facilitates the design of an effective and ntaiistically
efficient sampling program which balances sampling costs against data
uncertainty/reliability, and enhances the value of sample collection and
analysis for realizing the stated objectives.

55. The sampling objectives should specify the target popula-
tion(s) about which information is desired (i.e., the real population .

. about which inferences are to be made), the specific measures or obser-
vations to be made on this population, the varisbles or parameters to be
measured (e.g., the contaminants to be analyzed), the problem to be
solved (i.e., the decision to be reached or the goal to be achieved),
and how the analysis and interpretation of sampling results relate spe-
cifically to the resolution of this problem (Gaugush et al. 1984,
Langford 1979, Rice and Anderson 1979, Sanders and Ward 1979).

56. In relation to reservoir contaminant ptoblcns; many different
nnmpling‘objoc:ivos may be envisioned, each leading to a different sam-
pling design., Moreover, sampling objectives may evolve over time, as
data accumulate, as "old" problews are resolved, or as "new" problems
are discovered. Thus, sampling program design may changt over time,

often substantially.
57. In some cases, sampling objectives may involve determining

whether or not a given reservoir is in compliance with existing water
quality criteria and standards (i.s., do measured concentrations of cer-

tain contaminants exceed specified standards?)., For such a general
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objective, existing data may be quite sparse and field sampling may
involve a fairly coarse sample collection network in space and time. In
other cases, sompling objectives might involve the detection of temporal
trends in contaminant concentratioﬁa, requiring a more fine-scale sam-
pling network and more extensive background data. Similarly, sampling
objectives could involve determining whether some specific reservoir
manageneht'piocedure had led to the mitigation of a previously detected
contaminanc‘problen. As with the previous case, such an objective night
require a more restricted sampling network in spatial terms, and would
be based on a much more axtensive background data set.

58. Another type of study objective is one that specifies the
conduct of a number of ancillary, intensive studies on the processes
that regulate contaminant behavior in the study iescrvoir, with the hope
of identifying a specific -anagcncﬂt option for mitigating a known con-
taminant problem. Sinilarly. specified objectives could call for the
collection of considerable ancillary daca on traditional water quality
variables, to assist in the interpretation of contaminant -onitofing
results. ' '

59. These hypothetical objectives obviously are not as detailed
or specific as those for an actual sampling program design. They are

. included to emphasize the fact that many different objectives are pos-
sible in reservoir countaminant monitoring prograszs. '
Envirommental
compartments to be sampled

60. One of the major dccipiops‘td be made in finllizing the sam—-

pling plah for & contaminant monitoring program concerns the specific
environmental cowpartment(s) to be sampled——i.e., water, sediment, or
biota. Although most of the relevant vater quality criteria and stan-
dards reviewed in Parts I and II1 specify critical water-soluble concen-
trations that are not to be exceeded in aquatic environments, the direct
collection and analysis of samples of reservoir water for contaminant
concentrations may not always be the most desirable sampling strategy.
This is especially true if water concentrations are quite low, near

analytical detection limits, and also highly variable in space and/or
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time. In such cases, the collection and analysis of sediment or bio-~
legical tissue samples may be more useful in detecting contaminant prob-
lems in the study reservoir.

6l1. P2ciding which coumpartments to sample in a specific reserveir
requires general understanding of the major factors regulating the
environmental behavior of specific contaminants in aquatic environments
(see paragraphs 52-53 above). Specific chemical contaminants may be
degraded chemically or biologicaily under certain environmental condi-
tions; they may also change form due to the action of a variety of bio-
geochemical proces:ns. Because of the action of these processes, cer-
tain contaminants :ay accumulate in sediments and/or biosccumulate in
aquatic food chaina. Such contnninants may persist in reservoirs for
long time periods, especially in aédi-‘nta, 1f chey are particularly
resistant‘to degradation and strongly sorbed to organic matter. The
degradation products of contaminants may also persist and be toxic
(Khalid et al. 1983, Mills et al. 1982). Understanding such relation-
ships is critical to selecting the proper environmental canpartménts to
sample in a given monitoring program in order to realize stated sampling
objectives., Some of the general issues to be considered in deciding
vhether to sample reservoir vater, sediments, or biota are reviewed in
the next three paragraphs.

‘ 62. Water. Because (a) most vater quality criteria and atandatda
specify water~snluble cdntaninant concentrations not to be exceeded, and
{b) most monitoring programs will have ss their major objective the
determination of crmpliance with these criteria and standavds (i.e., is
the rcseryoir in cowpliance or in violation?), most sampling programs
for reservoir contaminants will focus on the collection and analysis of
vater samples from appropriate sampling locations, at times specified in

“the sampling plan.

63. Indeed, the majority of monitoring progvams in this country
focus on water ssmpling; most existing sampling and analytical protocois
are similarly based on water sampling, In the majority of cases, as
long as water samples ave properly filtered so that the resulting data

correspond to the form of the contaminant specified in the relavanc
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criteria and standards, this is an acceptable and useful approach. How-
ever, under the more difficult sampling conditionsl(paragraph 60), the
collection and analysis of water samples alone may'provide data of great
uncertainty that are not useful for detecting the presence of reservoir
contaminant problems. Moreover, collection of only water samples pro-
vides almost no information oun the factors reguliting the environmental
behavior of the concamirants in question in the study reservoir.

64. Sediments. Particularlv because the dynamics of many toxic
pollutants, especially organic contaminants, are so closely tied to the
dynamics of sediments within reservoirs, the determination of contami-
nant coucentrations in sadiment samples may be an especially important
component of a reservoir monitoring program. Major inputs of contami-
nants to rsservoirs may occur in association with sediment trhnayo:t.
with contaminants often being lost from the water coluum due to subse-
quent sediment depolitibn. Contaminants may also be 7eleased to the
water column at slow rates over long time periods due to diffusion out
of contaminated bottom sediments, or to éhe resuspension of bottom sedi-
ments and the desorption of adsorbed contaminants. Thus, sediments may
serve both as short-term sinks and as long-term sources of contaminants;
in the latter case, this may be trua long after inputs of contaninaﬁts
to the reservoir have been eliminated (Xhalid et al. 1983, Mills et al.
1982, US Geological Survey (USGS) 1977). -

- 65. Collection and analysis of both suspended and bottom sediment
samples may reveal not only the existence of contaminsnt problems in the
" st-ipled reservoir, but .lso what procesads‘arc critical to the reguli-
tion of contaminant concentrations in the water columm and in aquatic
biota. Also, the collection, careful vertical sectioning, and labora-
tory analysis of sediment cores may provide important information on the
contamination history of a specific reservoir.

66. Biota. Because biological organisms are capable of accumu-
lating contaminants present at low envirommental concentrations to
potentially toxic levels within their bodies, they may be especially
valuable components of a contaminant sawpling plan. In particular, they

may prove to be especially sensitive indicaturs of the presence of
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contaminant problems in the study reservoir, even if the occurrence of
such problems is not detectable from water or sediment sampling
(Erlebach 1979, Khalid et al. 1983). Organismc may take up and biocon-
centrate contaminants from water or sediments (bottom or suspended).
Uptake may occur through the ingestion of contaminated food or sediment;
from water through absorption across gili surfaces, adsorption to the
outer body surface (e.g., by phytoplankton), or cuticular diffusion; or
via direct absorption from sediments. The degree to which contaminants
are concentrated by organisms is related primarily to the lipid content
of the organism, the watef solubility of thg contaminant, and the
duration of contact between organism. and contaminant source.

67. Because various animal species are especiaily mobile (e.g.;
fish) or live in 1ntin§tq contact with sediments (s.g., benthic organ-
isms such as oligochaetés), they may be especially valuable components

of 2 sampling program to detect the presence of reservoir contaminant

problems. Aquacic macrophytes and phytoplankton may also be important
candidates for sampling, depending on the enviromnmental conditions and
contaminants involved. The sampling plan must specify what particular
species are to be sampled, as well as (under some circﬁmstances) what
life stages and body tissues are to be collected and analyzed.
Development of sampling plan ‘

68. Once the sampling design has been finalized, it should be
carefully documented in a detailed, written sampling plan (ACS 1980,
Erlebach 1979, Plumb 1981, US EPA 1982). The final plan should have

been agreed upon by all program participants, and should be circulated

‘I?f,:t

to these same individuals for their reference and retention. Develop-

ment of the final plan may have required the conduct of pilot or recon-

<
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naissance studies, perhaps in association with ongoing water quality
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surveys of the reservoir in question. Preparation of a written sampling
plan is essential to the success of reservoir contaminant mounitoring

progrzms, especially those programs of long duration., The sampling plan
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should be flexible, allowing for the incorporation of design changes or
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iaprovements based on fi§ld experience or sampling results., It should
also b¢ updated as sampling objectives or design evolves.
69. All aspects of the sampling program should be thoroughly
described in the sampling plan. Specific factors to be included are:
the detailed sampling objectives, including definition of the target
population(s) of interest, the observations to be made on this popula-

tion, the variables to be measured, the problem to be solvad, and the
relation of data analysis and interpretation to problem resolution;
details of sample size, replication, location, and frequency; discussion

(1f appropriate) of statistical considerations underlying the specified
sample design; specification of field sampling methods and apparatus, as
vell as methods of sample treatment and processing; desired leval of

TR w

precision/acceptable error level in study results; appropriato confi-
dence levels for subsequent statistical analyses of zampling data; and
all other information required for the documentation and s’ccessful
implementation of the chosen sampling design. The ditailed sampling
plan 1is one component of the quality assurance plan fot the overall mon-

itoring program, which includes other elements zs specified in Part IV.

Statistical Considerations in Sampling

70. 1In addition to the general sampling consideratiPns discussed

in the previous paragraphs, the design of sampling program% for reser-

o % %]

voir contaminants must be based on the rigorous applicatioh of sound

g ¥
v e

statistical principles., In some cases, the paucit: of bachround data

i

on contamipants in reservoir waters, sedirents, and biota pay make it 123
difficult to determine the appropriate sampling size and f%equency {ACS N
1980, Reckhow 1979b). Moreover, for contaminant monitorin% programs, ;%
sample size and frequency may be more strictly regulated Qy‘available é}

project resources than by other, more traditional samplinq considera~

tions (Plumb 1981). Nonetheless, the application of statﬂatical prin-

R
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]
ciples, perhaps combined with the conduct of short-term pilot studies,
can still lead to the design of eff{{ciesnt and effective sémpling

e

programs for reservoir contaminants, and to considerable éavings in
|
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time, manpower, and money (Kratochvil and Taylor 1981; Reckhow 1979a,
1979b). ‘

71. Application of rigorous statistical priaciples to the design
of contaminant monitoring programs forces one to consider explicitly
those factors which determine the final experimental design, and to
examine the specific trade-offg inherent in the choacn design between
the costs of sampling and the uncertainty in the resulting data (Reckhow
1979s, Reckhow and Chapra 1983, Thornton et al. 1982). Too often water
quality wmonitcring programs are designed based solely on issues of sam-
pling convenience in space and time. Although such programs may be
relativeiy easy to implement and inexpensive, they may also generate
data having little utility in relation to stated project purposes. To
be effective, sampling must reflect both the cost of sampling and the
variance or uncertainty inherent in the populations being sampled.

7?2, Equations arising from s:atistical ssmpling theory, sum-
marized below, allow one to do this explicitly. In these equations,

sampling convenience may enter in relative to the cost of sampling. But

it must be balanced against the uncertainty and, hence, utility of the
resulting data for realizing stated sampling objectives, Froper appli-
cation of the statistical equations summarized here, based on sound
scientific and engineering judgment, will not only lead to the design of
an efficient sampling plan, but also to the definition of data needs in
relation to sampling objectives and to the explicit quantification of
uncertainty in the resulting population estimates. Moreover, sample
design based on statistical principles will explain or eliminate as much
variability as possible throngh the selection of sampling variables,
'locations, and times, subject to project constraints of cost, time, and
manpower,
Sample size and allocation

73. The first set of decisicns to be made in the rigorous design

of samplihg programs for ccntaminants concerns the specification of sam- é;j
ple size as well as (where appropriate) the allocation of total sampling :jsi
effort among discrete sampling strata. These decisions, in turn, iii-
require user-supplied information on the desired level of precision (or :25
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its converse, error) in sampling results, the cost of sampling, and the
variability inherent in the populations being sampled. Relevant sta-
tistical formulas for making these decisions are summarized in Table 4

and are discussed in the following paragraphs in relation to several

- types of random and nonrandom sampling programs.

74. Simple random sampling. Simple random sampling involves the

random selection of sample locations in such a manner that every poten-
tial sampling site has an equal probability of being included in the
chosen sample population. Sample locations are frequently selected with
the use of random number tables. The key assumﬁtion involved in the
design of such a sampling program is that all sampling units are essen-
tially homogeneous with respect ‘to the variables of interest. Thus,
this type of sampling approach would be employed if there was no reason
to subdivide the total reservoir into subareas or sirata for sempling
purposes. In other words, this type of sampling approach would be
applicable only to unstratified reservoirs that do not exhibit strong
longitudinal or latéral gradients in contaminant concentrations or other
relevant properties. |

75. Equations 1 and 2 in Table 4 provide a means of estimating
sample size and cost for a random sampling program to achieve a speci-
fied level of precision in sample data, given the amount of variability
in the population being‘sampled. These two equations may be solved
iteratively in order to match sample siée and desired precision with
available project resources. Also, Equation 1 (and similar equations'
for the case of stratified random sampling) must be solved in iterative
fashion in order to match the calculated sample size with the proper
value chosen from Ehe Student's t distfibution. Initially, a value of
t=2.0 may be chosen, corresponding'to a 95-percen£ confidence level and
n > 30. Then, the equation is resolved, with appropriately selected
values of t corresponding to the most recently calculatéd sample size,
until convergence is achieved (see Thornton et al. (1982) for examples).
Where the sampling‘program involves a number of different contaminants,

one should choose the largest calculated value of the sample size in
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order to achieve the desired level of precisioh for all sampling
variables.

76, Use of these equations (and others in Table 4) requires that
an estimate of the sample variance be available for each of the monitor-
ing variables of interest. ‘Such estimates may be (a) provided‘by exist-
ing data on the population to be sampled or ¢n a similar population,

(b) based on informed judgment, or (c) based on the conduct of an appro-

priate pilot study. Where preliminary estimates of variances are used,

it may be necessary to redefine'sampie size later as more reliable data
become available (Cochran 1963, Reckhow and Chapra 1983).
77. Stratified random sampling. Stratified random sampling in-

volves partitioning the total reservoir into discrete subareas or strata
for sampling purposes.  Within each stratum, sampling is conducted ran-
domly. Each stratum is assumed to be relatively homogeneous but to dif-
far in relevant characteristics from other chosen strata. In other
words, strata are defined such that within-stratum variances are mini-
mized whereas between-stratum variances are maximized. Such a sampling
design requires data on variances of contaminant variables of interest
within the study reservoir; thié information again may result from a.
properly designed pilot study. Typically, stratification producés a
more efficient samnling plan and reduces the total sample size required
to achieve a czsired level of precision in estimated pOpulatién param-
eters, as compaved with simplé random sampling. It would be the sample
design of choice in a density-stratified reservoir or one exhibiting

pronounced lateral or longitudinal gradients in contaminant concentra—

tions or other relevant properties (i.e., most existing reservoirs). 1In

genérai, the gains in sampling efficiency are diminished after a few
(three to five) strata are defined (Reckhow and Chapra 1983, Thornton
et al. 1982, US EPA 1982). |

78. Table 5 presents equations for calculating total sample size
and cost, as well as allocation of sampling effort among chosen strata,
for three types of stratified random sampling designs. ‘

a. In equal allocation, an equal number of sampies are col-
lected from each chosen stratum (Equations 4-5). No
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stratum is weighted more heavily than another (e.g., due
to differences in size among strata), and sampling costs
are sssumed to be roughly equivalent across all strata.

b. Proportional sample allocaticn iuvolves distributing
totel sampling effort among strata according to user-
selected weighting factors (Equations 6-7). These fac-
tors typically represent the fraction of total reservoir
surfece area or volume (or some other measure of rslative
size) which is accounted for by a given stratum. Thus,
in this approach, those strata that are larger or which
exhibit greater variability in relevant population param=-
eters receive greater sampling =ffort. Again, however,
sampling costs are assumed to be effectively constant “or
all strata, : :

c. In the last case considered, optimal allocation, sampling
efforr is allocated among strata based on differemnces in
sample variability, stratum size, and sample costs (Equa-
tions 8-10). Hence, those strata that are larger, or
which exhibit greater sample variability, or which are
less costly to sample, receive a greater fraction of the
total sampling effort. Two separate equations are given
for total sample size, depending on whether precision or
cost is assumed to be fixed at the outset. Equation 8
.will lead to the estimation of the population parameters
of interest to a user-specified level of precision at

~minimum cost. In contrast, Equation 9 will minimize the
uncertainty present in the estimates of the population
parameters of interest, subject to a user-specified cost
constraint., In general, the iterative solution of Equa-
tions 3 and 8, such that a matching of desired precision
and resultant costs is achieved, would seem to be a more
desirable approach to specifying total sample size for
optimal gllocation of sampling effort in contaminant mon-
itoring programs than would the solution of Equation 9.

79. Systematic random sampling. This type of sampling design is

frequently employed in reservoir water quality studies. It involves
regular sampling in space, once the initial sampling location is
selected randomly. Frequently, sampling sites are loc$ted with refer-
ence to a regularly spaced grid, wﬁich is superimposed on a map of the
study reservoir. A systematic random sampling design is often easier to
implement than a truly random aesign, and it may prove to be an effec-
tive means of sampling over the entire reservoir surtace and of uncover-
ing heterogeneities that might be missed in 2 random sample. It may

also be a useful design for initial pilot studies prior to sélecting the
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final sampling design (Gaugush et al. 1984, US EPA 1982).

80. Although most statistical analyses of sample data assume that
such data have resulted from a strictly random sample, thess same analy-
ses may still be performed on data generated by a systematic random sam-
pling design, especially if the initialization point is chosen in a
truly random manner. In particular, random sampling equations, both for
sampling program design (Tak'e 4) and for final data analysig, may be
employed for systematic random sampling if no bias 1s introduced by the
sampling design itself, if the population being sampled does not undergo
periodic variation, or if such variation is unrelated to (sot confounded
with) the location of sampling points (Reckhow and Chapra 1983). Where
these conditions are met, Equations 1 and 2 shown in Table 4 for a
,8imple random samplingkdesign may be employed to determine gsample size
and cost for a systematic random sampling désign.

- 81. Nénrandom sampling. In general, because it complicates the

analysis and interpretation of sample data, a nonrandom sampling design

should not be used as part of a reservoir contaminant monitoring pro-

gram. Such a design should be employed only if specifically justified’
" 'in relation to the reservoir or variablas of interest or to sampling

objectives (US EPA 1982). For example, 1t might be a useful design to

determine whether a specific reservoir management strategy resulted in

the reduction of contaminant concentrations in a given fish population
located in a specific region of the sampled reservoir. S

. Sampling frequency
82. The second major decision to be made in sampling program

design for reservoir contaminant monitoring concerns specifying the
times at which samples should be collected, i.e., determining the sam-
pling frequency.‘ In a very real sense, rigorous specificstion of sam-
pling frequen-y is an identical problem to the specification of sample
size and allocation as discussed in the paragraphs above. o

83. Determining sampling frequency involves specifying the loca~-

tion of sampling points in time, just as determining sample size and
allocation involves specifying the location of sampling points in space.

Thus, based on the same equations as summarized in Table 4, ome may’
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specify sampling frequency in a simple, stratified, or systematic random
fashion. In this case, however, one is interested in deriving estimates
of population variance over time at a specific location, rather than
variance of population properties in space, as vas the case above.

Using this approach, one may specify different sampling frequencies at
different sample locations, if such an approach is justified by existing
_ data and study objectives. Such an approach, however, may lead to
practical prodlems in implementation,

84, The case is made below (paragrsph 105) that specification of
sampling frequency in a stratified random fashion is preferable to
either simple or systematic randow sampling in time. In such a case,
the total sample period (e.g., 1 year) is stratified intc sesningful and
iaunntially homogeneous periods based on knowledge of those processes
(e.g., hydrologic events, diological growth) regulating contaminant
behavior in the sampled reservoir. '

85, One major differences does exist in the specification of sam—
pling frequency as compared with the determination of sample size and
allocation. Statistical formulay susmariszed in Table 4 assume that
individusl ssmple values used to calculate the required sample variances
are statistically indepevient (i.e., uncorrelated), However, most real
time series of envirommental variables of interest show a high degree of
serial sutocorrelation, i.e., individusl ssmple observetions are corre~
lated over time and, hence, are not statistically independent. In wmost
practical cases relevant to the design of contamii.ant monitoring pro-
grams, this lack of strict statistical independence does not represent
an overly severe violation of the assumptions underlying the equations
susmerized in Table 4, which may be used to sovecify appropriate sampling
frequencies. |

86. In cases vhere the degree of serial autocorrelation in rele-
vant vater quality time series is felt to be uufficiontly large to wvar-
rant & more sophisticated spproach te determining sampling frequency,
perhaps based on time series anaslyses vhich take explicit account of the
autocorrelation structure of existing data, the resdar is referred

specifically to Loftis and Ward (1979), as vell as to the general
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discussions found 1*‘30: and Jenkins (1976) and Gaugush et al. (1984).
Another useful refersnce is the paper of Casey, Nemetz, and Uyeno
(1983), who derive akatistical messures of the effectiveness of
specified sampling frequencies for detecting water quality violatious.

Factors Influ.ncingﬁNunbct'of Samples

|

87. Discussions {n the previous paragraphs susmarize basic sta-
tistical principlaofupon wvhich sampling design should be based for con~
taminant lonitoringfprograna. Application of these principles in a
given monitoring prégrnn requires a variety of reservoir- and
con::-inant--pccifid information in order to calculate the desired
quantities listed in Table 4. The typci of program-specific factors
which need to be co&nidcred in determining total ssmple size are
reviewed in this scétion.

Cost and -anfavcr riquircncnts

88. Because the determination of contaminant concentrations in
environmental lllpl‘l is sﬁch a difficult task, requiring the careful
application of ptopfr and often highly sophisticated procedures of sam-
ple collection, handling, and chemical analysis, sample size may be more
closely related to éoat and manpower requirements than t> any other sin-
gle factor (Plumd 1981). This is especially true 1if numerous organic
contaminants arse tojbo ansalyzed as part of the monitoring effort. This
statesqnt does not ?-ply that precision of sampling results is a less

important consideration. Indeed, as emphasized earlisr, ssmpling design
But,

seeks to balance sample cost against resulting data uncertainty,
it does emphasize that the resources required to process environmental
samples for contaminant snalyses wi'l be a prime determinant of the num—

ber of samples to be collected in a reservoir wonitoring program.

) }
le{ 89, In ordorito detcrmine the relationship between sample size
o |
!& and resources required to process this sample load, estimates of the
5;4; cost and manpover requirements for each step in the monitoring program,
.ﬂt, from sample collection through laboratory analysis and data reduction,
o3 |
W must be available. ! In relation to this need, Plumb (1981) provides
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estimates of the analytical costs, manpower requirements, and approxi-
mate naximum daily sample loads for the laboratory analysis of a wide
variety of traditional and toxic pollutants. Similarly, the EPA has
published (Federal Register, 1979, Vol 44, pp 75028-75052) cost esti-

mates for the implementation of their recommended procedures for the

analysis of organic priority pollutants (Longpotto- and Lichtenberg
1982). These and other availabla cost estimates can be used with the
proper equations from Table 4 to match sample size against availadble
project rescurces, ‘

' Precision of concentration estimates

90. The user-specified level of precision in sample results is a
second factor that influences sample size. Although s high degree of
precision in monitoring data is a do-irnblo goal, which increases con-
fidence in study results, the specification of precision in the final
sampling plan must be balanced against both project resources (i.e.,
cost) and population variability. Where variability in the popula-
tion(s) of interest is relatively low, a high degree of precision may be
achieved without collecting more samples than can be accommodated by the
authorized project budget. Conversely, if population variadbilicy is
quite high, a lower level of precision may have to be accepted {f total
costs are to remsin within the project budget. .

91. The specified level of precision (and hence ssmple size) is’
‘also related to study objectives. For exswple, if the -njér study ob-
jective 1s the initial determination of the presence or absence of‘con-
taminant problems in the study riccrvoir. then a somewvhat lower level of
precision (and hence a smaller sample size) may be acceptable. However,
if the objective is to determine whether a specific reservoir management
strategy has resulted in the reduction of a known contsminant problem
(e.g., a reductinn of polychlorinated biphenyl (PCB) levels in a reser-
voir fishery), then a higher level of precision (and s concomitantly ‘
larger sample size) may be required. Thus, the influence of proéicion
on sawple size must be considered carefully {n relation to sampling
objectives, inherent varisbility in the target populations of interest,

and aveilable project resources (Reckhow and Chapra 1983),

" e adee  allle ol el i
-.‘, 'J‘.‘-r/. :s' ‘T.’.Y‘-‘V‘,""V’,‘v’:.‘.viv.‘ffv.vfﬁ YT f.v',.v,.‘v_.—_-_.:',.:..:..:_..:,. R ‘. A G ERERY
AN M A P VDL I PR e P B T R R A R L A FANCHRPEUAPC U »




Reservoir age,
morphometry, and operation

92. The interrelated factors of reservoir age, morphometry, and
operation influence the choice of an appropriate sample size. These
factors affect the spatial heterogeneities in the distribution of con-
taminant concentrations and other relevant water quality characteristics

in the reservoir. Where such hetsrogeneities are pronounced, a larger:
sample size will be required in order to achisve the desired level of
precision, Conversely, vhers such hetarogeneities are less pronounced,
a smaller sample size is acceptable.

_ 93. Among these three factors, morphometry is hloarly the most
important. Complex, sinuous, highly dendritic reservoirs having large
littoral zones as vell as numerous coves and embsyments present severe
sampling challenges and require larger sample sizes than do less complex
rc-orvﬁirs. Intsractious between morphometry and inflows, which wmay be
confined largely to a zone of conveyance along the old river channel,
can increase spatial heterogeneities, especially through in-pool hydro-
dynamics and mixing processes (Ford and Johnson 1983). Location of var-
ious project faatures such as bridges, vhich slter circulation patterus,
can similarly influence the presence of aspatial heterogeneities and
hence sample sizs.

94. Age is important in relation both to the developwment and spa-
tial differentiation of aquatic sedimaunts as rtjultt‘d by in-pool circu-
lation patterns, and to the establishment and habitat differentiation of
blological populations within reservoirs. Reservoir operaticn, espe-
611117 the timing, magnitude, and vertical placement of project re- '
leases, can aiso contributs to spatial heterogeneities, largely through
effects on in-pool hydrodynamics and mixing processes. These and other
sources of heterogeneity increase the populatiocn variances of interest
and thus the required sample sire, and should be carefully considered in
finalizing the sample plan.

Occurrence of spatial gradients

95. Vertical, longitudinal, snd lateral gradients in contaminant

concentrations and other water quality variables reprcsent special cases
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of spatial heterogeneity which sust be evaluated fully in relation to
sample size determiration. The presence of vertical stratificatiom,
produced by the interaction of surface energy exchange and mixing pro-
cesses with the depth and inertia of the impounded water, can exert a
profound influence on contaminant behavior 1n'the study reservoir.
Longitudinal gradients may also be quite important in many reservoics,
providing another sourca of spatial heterogeneity 15 contaminant dig-
tribution. These gradients largely result from the fact that most res-
ervoirs are larger, deeper, and -orpho-;trically‘uore complex than natu-
ral lakes, with & single large inflow located a considerable distance
from the outflows (Thornton et al. 1982).

N 96. The interaction of inflow placement and mixing with this
morphological pattern typically results in profound changes in water
quality conditions and scdinentatioh‘pattctns along the longitudinai
axis of the reservoir (Thornton et al. 1381). Lateral gradients may
also influence the dyna-ic; and distribution of reservoir contaminants.
Such patterns result from the ro-tricticn of inflows to a zone of con~-
veyance along the old river channel and from the presence of largi.
shallow littoral zonas around the reservoir -irgin. All of these
sources of spatial hccotogqnnity sust be evaluatad when deteraining -

sample size using the statistical formulas in Table 4.

Factors Influencing Selection of Sampling Loca.{ons

97. In those circumstances in which a reservoir conta‘inant moni-
coring program is to be based on either a simpie'or a systematic random
sampling design, the detailed consideration of s'te-specific information
in locating sampling poiﬁts in apncc'vill be ralatively unimportant.
Those reservoirs for which such a sampling design is chosen will tend to
be relatively swmall, shallow, ana homogeneous. In these cases, sample
location will typically be determined with the aid of a random number
table (simple random aarpliﬁg) or by superimposing a regularly spaced
grid over a topographic or other map of the reservoir (systematic random

sanmg ling). However, for larger, more cordplex reservoirs which exhibit
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pronounced spatial gradients and heterogeneiries (the majority of CE
reserveirs), a stratified random sampling design will be most appro-
priate. 1In these cases, specification of sampling locations will in-
volve defining relatively homogeneous sampling strata based on all rele-
vant site-specific information, and allocating total sampling effort
among the chosen strata. The actual location of sampling points within
the defined strata should be done in a random fashion (simple or sys-
tematic). The major factors to consider in defining discrete sampling
strata for contaminant wmonitoring programs in reservoirs are discussed
in the following paragraphs.
Cost and manoower rzquirements

98. Although cne cannot simply choose sampling sites based solely
on convenience, neither can one ignore the effects of site accesaibil#ty

or ease and cost of sampling on the specification of sampling locatioms.
Sampling sites should be randomly selected and representative of the
strstum within which they occur. However, the location of a large aum-
ber of sampling sites in areas of poor accessibility, or in areas where
sample collection is difficult and time consuming, will reduce the total
number of sites that can be reliably sampled in & reagonable time frame,
and perhaps lead to reductions in the reliability and precision of over-
all monitoring results. Thus, the effects of sample site location,
‘accessibility, and ease/coct of sampling must be evaluated énrefully in
velation to study objectives, project resources, and data reliability.
Sampling convenience should not be the major factor used in selecting
sampling locations, but its influence on sampling costs and manpower
requiremnnfs must be cons_dered in relation to project funds and other
available resources.

Reservoir age,
morphometry, and operation

99. As indicated above, these interrelated factors are responsi-

ble for the presence of spatiai heterogeneities in the distribution of
contaminants and other water quality constituents of interest in the
sampled reservoir., These hetcrpgeneities include spatial variability in

dissolved contaminant concentrations and in physical aud chemical
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properties of bottom sediments, as well as specific habitat associations
of biological populations of reservoirs. Thus, such heterogensities
should provide the basis for the definition of sampling strata withia
the study reservoir in a lﬁnnar consistant with stated samrling obiec-
tives., For example, coves end other nesr-shore littoral sites would be
placed into a different sampling stratum than would sites in the main
pool of the impoundment near the dam. Such strata would differ in many
relevant properties which influence contaminant behaviox, 1ﬁc1udihg
sediment characteristics, resident biological populations, and hydro-
dynamics and mixing processes, and should thus be sampled
differentially,

100. Major tributaries which drain watersheds havingz dissimilar
land-use pattarne (e.g., predominantly forested versus predominantly
agricultural) would also bs a basis for stratum definition, as would the
location of project features that alter vater circulation patterns and
create zones of relatively turbulent or quiescent water. Stratified
random sampling designs include consideration of spatial heterogeneities
in order to produce an efficient sampling plan that ainimizes sampling
cost while maximizing data reiiability in relation to sampling objec~ '
tives and available project resources.

Occurrence of spatial gradients

101. Gradients—along the vertical, lomgitudinal, and lateral
reservoir axes--represent special types of spatial heterngeneity which
rrofoundly alter the behavior of contaminants in reservoirs and thus
require careful evaluation in relation to the definition of sampling
strata (Gaugush et al. 1984, Xhalid et al. 1983, Mills et al. 1982,
Plumb 1981, USGS 1977). Vertical gradients (i.e., density stratifica-.
tion) are exfremely important in relation to contaminant behavior in
reservoirs. Where stratification is absent, the reservoir is fully
mixed, and hypclimnetic anoxia is not present. However, in stratified
reservoirs, vertical mixing is inhibited, density currents are preva-
lent, hypolimmetic reaerartion is reduced, and bottom anoxia is likely to
occur. All of these factors in turn influence sites and rates of depo-

sition and resuspension of ssdiments and associated contaminanis, as
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well as rates of contaminant release from bottom sediments to the over-
lying water column. Vertical gradients of contaminant concentrations
and other physicochemical properties are also present within bottom
sediments, reflecting the contamination history of the reservoir.

132. Llongitudinal gradients also greatly influence the dynamics
of chemical cortaninants in reservoirs, especially through the regula-
tion of sediment dynamics. As inflows enter the rsservoir and plunge,
velocities slow and sediments are deposited on the reservoir bottowm,
with coarser fractions nearer the headwaters and ever finer fractionc .
inflows approach the dam (Gunkel et al. 1984). Because finer sedimeats
typically have higher organic matter contents along with smaller parti-
cle sizes, they tand tc be most contaminated. These fractions normally
settle out in the de2p pool near the dam where anoxia is possible due to
vertical stratification, creating longitudinal patterns in sedirent
properties and contaminant concentrations. Thus, the interztion of
vertical with longitudinal gradients may lead to the deposition of the
most contaminsted materisls in the deep pocl vhere release rates are
likaly to be highest due to bottom anoxia.

103. Lateral gradients in contaminant concentrations in sediments
may also be present, resulting from the fact that the highly organic
sediments in near-shore littoral zones serve as an excellent sipk for
contaminants. All of these gradient-related factors influence contami-
nant concentrations in reservoir sediments and waters, as ve3:l ss the
availability of coniaminants to aquatic organisms, Clearly, such fac-
tors wmust be taken into account in the definition of sampling strata.

Location of pollutant sources

104. 1In those cases vhere specific sources of toxic pollutants to
reservoirs can be clearly identified (e.g., a point source discharge of
industrial vastes, PCB inputs via only one of several reservoir tribu-
taries), then the specification of sampling strata and sites should take
into account the location of these contaminant sources, This can be
accomplished by defining sampling strata as a series of concentric zones
radiacing outward (e.g., downstream) from the pollutant source, or by

establishing one or more sampling tran3ects originating at the source,
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with discrete sampling points located along the transecc(s) in a random

or systematic random fashion.

Factors Influencing Sampling Frequency

105. Water quality problems are highly localized phenomena, boch

- in space and in time, and they occur in neither a random nor a sys-

tematic manner in either dimension. The problem of sampling design re-
duces to makipg best use of all availsble information on the problem
under study so as to obtain maximum useful data on the resl-world popu-
lations of interest at minimum cost. Thus, as discuased‘in the para-
graphs above, the allocation of sampling effort among discrete sampling
strata involves taking into account existing information on 8p§tial
variability in those processes controlling the distribution snd dynamics
of the contaminants of interest in the study reservoir. In this wvay,
variability in contaminant distributions cover space is either reduced or
partitioned into meaningful components, thereby producing an efficient
sampling plan that balances resulting data reliability and representa-
tiveness against available resources. In the same way, the allocation
of sampling effort over tine; i.e., the determination of sampling fre-
quency, involvee using all available information on temporal variability
in those processes regulating contaminant dynamics in the reservoir
under study in order to divide the total sampling period (e.g., 1 year)
into discrete temporal strata among which sampling effort is ailocated.
It is 2xactly because simple and systematic random sampling designs in
time do not make use of available information on temporal hetero-
geneities in contaminant distribution and dynsmics that‘they are gen-
erally less effective than stratified random sampling designs for deter-
mining sampling frequency.

106. The same total sample load may be processed in all three
types of random s#mple designs., But, because it dces take into account
information on temporzl variabilities in key regulatory processes,
stratified random =2mpling is to be preferred as a means of determining
sampling frequency (Gaugush et al., 1984, Khalid et al. 1983, Mills
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et al, 1982, Thornton 2t al, 1982), Thus, brief consideration must be
given to the types of information useful for splitting the sampling
periodlinto discrete sampling periods or temporal strata.

107. Among the most important information to utilize in defining
discrete temporal strata for sampling purposes is data on hydrologic
processes, especially as related to in-pocl hydroé-mumics. The identi-
fication of both low~ and high-flow events is important, the former
, because it indicates the potential‘occutrencé of a vatiéty of general
vater quality problems (e.g., anoxia, metals release from sediments),
the latter due to the influence on sedimen: and hence contaminant trans-
port‘into and within the study reservoir. Periods of snowmelt may also
be critical in relation tc contaminant and sediment 1;ad1ngs to and
transport within impoundments. Dsata on temperature, precipitation, and
other meteorological variables are also useful for defining temporal
strata, in part since they Influence reservoir thermal structure and
also due to their effects on biological popuiations within reservoirs.

108. The timing of stratification cycles providéé another source
of important information relative to the identification of sampling
stratd in time, Sampling should be conducted during nonstratified
(i.e., isothermal) periods, during times of maximum sttatiflcation; and
vheu stratification is forming (spring) and breakirg down (tall).
Related to siratification cycles is the occuirence of periods of pro-
longed anoxia, in either hypolimnetic or metalimmetic regions of the

reservoir, which should aiso be refiected in the definition of sampling

frequency. Finally, information on behaviorsl changes, feeding habits,

'1ife cycles, and perindicity of biological populations inhabiting reser-

’i

voirs should be taken into account. Such information {s important be~-

™

cause it indicates when reservoir biota may be susceptible to centami-
nant uptake from reservoir sediments or water, and alsoc becausa it
provides information as to when biota are readily sampied.

109. Clearly, all of these types of information are not indepen-
dent; for example, anoxia typically cccurs in the hottest part of late ‘
summer when the reservoir is most strongly stratified and flows are

lowest, whereas high flows typically occur in spring when temperatures
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are still relatively cool and the reservoir is unstratified or weakly
stratified. Nor 1s the 1nfotmation required to define sampling strata
in time independent of that needed to identify spatial sampling strata.
However, these types of information must be considered in order to
define temporal sampling strata that are meaningful in relation to the
behavior of contaminants in reservoirs. EM 1110-2-1201 presents similar
recommendations for general water quality monitoring programs for reser-
voirs, ahd provides an exaumple of stratification of the year into dis-

crete sampling periods based on the types of information discussed

above.

&
~
]

P
o2,

....
R

!‘:

YA YSS
\..J"J‘\f/‘.".l m

)

b

.

5

RSPy
IR N

| N

'3

~~
———
.
.




-~

, meaningless.

TART 1IV: CSAMPLING METHODS

110. As discussed In Part I1II, preparation of s detailed sampling
plan involves specification of what samples are to be collected, at what
times, from what locations, and with what methods. Specificat;on of a
statistically sound and detailed sampling plan is essential to the suc~
cess of a monitoring program. Yet preparation of such a plan is not
sufficient to guarantee the success of the program or the soundness or
utility of the resulting data. The plan‘must be implemented by'well-
trained personnel using standard sampling methods and apparatus, proper
techniques for sample handling and processiang, and appropriate quality
assurance/qualiiy control procedures. Program personnel must be
thoroughly familiar with all procedures specified in the ssupling pro—
tocol. FErrors in executing the sampling plan will compromise the value
of the resulting data, if not the entire monitoring program, and will

render the subsequent analyses of samples for contaminant concentrations

i11. Thus,lproper methods of sampie éollection, handiing. preser-
vation, and storage are essential to obtaining valid and representative
results. Once samples have been collected and processed in accordance
with the sampling plan, une must be able to assume that the samples are
representative of both‘the original environments and the parent popula-
tion(s) of interest, and that the samples do not clhenge from time of
collection through time of analysis., Otherwise, use of the standardized

analytical methods specified in Part V and the proper quality assurance/

quality control precedures is of academic interest only. Because so

many unique problems exisf in relation to the sampling and analysis‘of
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toxic contaminants (e.g., Table 1), it 1s especially critical that

s
-

"
s

T
2%

a

sampling and sample handling be performed carefully to avoid compromis-

ing the integrity of the samples.

112. 1In order to avoid as many problems as possible in field sam- !!!
pling programs for reservoir contaminants, the following paragraphs :;i
present recommendations on the p 'oper methods for sample collection and EES
handling as well as sample containers, storage, and preservation, :}
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Table © summarizes recommendations on sample volumes, containers, pres-
ervation, and storage times. (Although this table summarizes currently
accepted information on proper methods of sample handling for the indi-
cated types of snalyses, the reader should carefully consult the appro-
priate analytical methods detailed in Part V for any additional cr

specialized procedures required in processing samples for specific con~ .

taminant analyses, particularly for organic contaminants.)

113. Proper quality assurance procedures during field sample col-
lection and handling are also discussed below. Much of the information
sumnarized in this part is discussed in greater detail in many widely
used sampling manuals; references to these manuals are'provided in the
following paragraphs. The followirng general manuals provided most of
the information on sample collection, containers, storage, and preser-~
vation: ACS (1980); ASTM (1982); Brown, Skougstad.'anq Fishman (1970);
Plumb (1981); US EPA (1979b, 1982); and USGS (1977).

Sample Collection and Handling

114, Proper sampling begins with the selection and correct imple-

mentation of documented and acceptable ﬁrocedutes and apparatus. The
procedures and apparatus selected depend on the type of euvironmental
sample being collected--water, sediment, or biota. Teneral recommenda-
tions for each environmental sample type will be summarized separately.
115, Water samplec may be collected manually using various types
of sample bottles (e.g., Kemmerer, Van Dorn), or automatically using
various types oif pumps., In general, manual water sampling is preferable
for contaminant monitoring programa, Where pumps are employed, the user
must be careful to ensure that they do neot in any way contaminate the
sample in relation to subsequent sample analyses. For example, for
analyses of organic contaminants, the pump should not contain any Tygon
tubing and should have no oil on valves or other movable parts. Both
USGS (1977) and US EPA (1982) discuss the advantages and proper use of

manual versus automatic water sampling devices.
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116. Water samples may also be taken as grab or composite sam-
ples, Composite water samples are more typical of stream sampling
programs than of reservoir sampling. Also, it is difficult to employ
composite sampling if constituents to be analyzed are subject to change
with storage, if information on concentration variability in time And/or
space is desired, or if tervoral trends in contaminant variables are of
interest. Again, USGS (1977) and US EPA (1982) provide informative
discussions of the relative advantages of grab versus composite sgmpling
as well as proper methods of compositing. In general, grab sampling of
reservoir waters should be employed in contaminant monitoring programs
(see also ASTM 1982; Brown, Skougstad, and Fishman 1970; and US EPA
1980). ' '

117. Sufficient water volumes should be collected for all analyt-
ical tests planned. Table 5 summarizes recoumendations on water sample
volumes by chemical contamirant ciass (Table 3). (These may vary some-~
what depending on the actual contaminant concentration in the Qample,)
Larger samples may be taken and then partitioned into subsamples for
subsequent analysis 1f the methods of sample preservation and storage
are compatible. Approximately 8 i of water would be required to analyze
a single sample of all of the contaminants considered in Part V of this
report.

118. Depending on the contaminant(s) to be analyzed, it may be
necessary to fill sample bottles completely, without the presence of air
bubbles (Table 5). For exawple, for purgeable organics, bottles: should
be filled slowly to overflowing, ccvered with a septum, and sealgd with
an airtight screw cap; no air bubbles should be present. Ex;ept as
noted in Table 5, conventional water sampling practices such as those
summarized in ASTM (1982, Method D3370) should be employed (see also _
Brown, Skougstad, and Fishman 1970; Plumb 1981; US EPA 1980, 1982; and
USGS 1977). _

119. Since one will typically be interested in contaminant con-
centrations in filtered rather than bulk water samples, samples should
be filtered as soon as possible after collection, either in the field or

immediately upon receipt in the laboratory. In general, a 0.45-um
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filter should be employed (AHPA 198la, US EPA i979b). To avoid problems
with sorptinmn and contamination, especislly for organic coutaminsnts,
either glass fiber or metal-membrane filters should de employed. Once
bulk water samples have been {iltered, one has a sampls of suspended
sedimants for subsequent snalysis in addition to the filtered water
sample. Especially if one is intereeted in anslyses of suspended
sediments, grad water samples using manual procedures arag preferable in
order to avoid problems with la-plo heterogeneity and differential ssa~

pling of cunpcndcd sediment size fractions.

120. Bottom sediments may be sampled with variocus types of coring
devices (e.g., piston-driven, gravity), dredges, or grab samplers. Use
of dredges for bottcm sediment sampling leads to the collectiom of
large, well-uixed samples useful for qualitative analyses. OCrsd sam-
pling generally provides l;tge sawples of surface materials, whereas
cores ;oncrcliy provide the least disturbed sediment samples. Whichever
sampling approach is taken, the method itself sust not introduce bias
into results due to diffctentialypeﬂotration of the sampling device into
the sediments in relsation to the occurrence of vertical gradients in
sediment characteri-tics. Cors ssmplers are generally preferable in .
this regard, and wmust be used {f ovne is interested in examining vertical
' trends in contaminant concentrations and other sediment properties.

Once semples have been collected, they should be placed into an appro-
priste type of sample container as discussed below; containers should be
completely filled without the presence of air bubblas., Plumb (1981)
provides a particularly thorough discussion of the collect{on and pro-
cessing of sediment ssamples for contaminant analyses; this reference
should be consulted for further details. US EPA (1979b) and USGS (1977)
also provide thorough discussions of sediment sampling methods.

12]1. Saepling of reservoir biota involves a var{ety of appro-
priate methods and types of equipment, In all cases, however, grabd
rather than composite samples should be taken for biological analyses.
For planktonic organisms (phytoplankton, z~zplankton), various types of
net and bottle samplers may be employed. Periphyton samples are ob-

tained by scraping various natural (e.g., rocks) or artificial (e.g.,
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Plexiglas plates) substrates found or placed into the desired sampling
environment. Macrophytes are collected with apprupriate clipping and
harvesting techniques. Benthic macroinvertebrates msy be sampled from
natural or artificial substrates or through the use of grabs, cores,
dredges, nets, or screens. Fish samples may be collected using appro-
priate electrofishing, netting, seining, or chemical : wmpling methods.

' 122, Because ssampling methods for biologicsl organisms in aquatic
environments are summarized in such great detail in many other manuals,
detailed discusaions of these mathods will not be duplicated here.

Among the manuals the reader should consult for further information on
proper sampling methods for reservoir biota, the following are the most
complete in regard to contaminant and general water quality lt‘pling
requirements: Slack et al. (1973), US EPA (1982), USGS (1977, Sec~-
tion 4), and Weber (1973). General limmological sampling procedures for
reservoir biota, water, and sediment ssmples are contained in Lind
(1974), Welch (1948), and Wetzel and Likens (1979).

123. Once reservoir water samples have Sccn collected, they
should be handled as described in the following paragraphs, for use vith
the appropriate analyticsl methods summarized in Part V. The informa-

tion below on sample coutainers, storage tinnn. and preservation methods

is summarized in Table 5. These rccouannda:ions also generalily apply to

g ? the digests (metals analyses) and extracts (organic analysese) prepared

A from sediment and biological tissue samples. However, some additional

ﬁétﬁ guidance is provided below on the handling of sediment and tissue sam-

§7§*  7 . ples prior to digestion or extraction.

;;éf 124. ?or sedaiment samples, the types of sample containers speci- |
gi, ; fied below and in Table 5 for water samples may also be employed. How-

$$§$: 5 ever, it aay be more convenient to contain the sample in various types ]
;?‘;u of plastic lincrs‘that fit inside sediment coring devices, or to extrude
i}:ﬁ;t the sample carefully and quickly in the field into some other type of

iR plastic bag. Once in the appropriaste container, the sample should be

E? preserved until it is extracted or digested., Sample processing should

;3 begin quickly, immediately if possible, to prevent significant sample E

alteration or deterioration (see recommended holding times specified in
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Table 5). In no case should sediment samples be stored longer than
4~7 days prior to being extracted or digested as specified in the appro-
priate analytical method. '

125, The method selectad for sediment sample storage and preser-
vation depends in part on the type of snalyses snvisioned. Preservation

. of sediment samples for bulk chemical analyses is generally easier and
legss demanding than for detailed sample ftactionatibn anilysos. Samples
for bulk analvsis may generally be stored frozen, wet and refrigerated,
or air dried. However, freezing and air drying uny‘result in the loss
of some chemical contaminants of interest, and should be used only if it
is known that the specific contaminant(s) to be analyzed are not ad-
versely impacted, Samples for detailed fractionation, as well as for
many bulk analyses, must be stored in a wet state only, in a refriger-
ator at 2° to 4° C, in an airtight container protected from light. This
should b~ rognrded as the preferrved -cthod of sediment salplc storage
and preservation prior to extraction and digestion.

126, Once sediment samples are rcnovcd from storage, subsequent
subsampling and processing should be performed under a nitrogen atmos-
phere within a glove box. It is also generally advisable to pass the
sample through a No. 10 mesh (ZQ-n) screen in order to remove larger’
particles prior to further processing. Plumb (1981) provides detailed
discussions of the processing of sedimenf samples for contaminant analy-
ses‘(water samples also), including proper methods of storage, preserva-
tion, extraction, and digestion. Other useful discussions may be found
in Baker (1980), US EPA (1982), and USGS (1977).

127. Biological tissue samples are ator#d. preserved, and pfoc-
essed in various ways depending on the specific types of samples in-
volved, Planktonic organisms are typically stored in the same types of
containers as specified for water samples. Periphyton may be scraped
from various substrates into similar containers filled with water from
the same environment. Both types of bilological samples are often pre-
served with mercuric chloride (1 ml/t) for up to | week, Samples of
macrobiota (benthos, macrophytes, fish) are typically placed in plastic

bags or wrapped in foil, Storage in a wet state, in a refrigerator at
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2-4® C in an airtight container protected from light, is probably the
best method of sample preservation, Under some circumstances, samples
may be stored frozen at -12° to -18° C or freeze dried. However, such
procedures can result in the loss of some contaminants of interest.

They should be employed only if it is known that they will not adversely
impact the specific contaminants to be snalyzed., As with sediment sam-
ples, biological tissue samples should be extracted or digested quickly,
preferably immediately but certainly not later than 1 week after sample
collection (see recommended holding times in Table 5).

128. Biological samples are ftequently'fprther fractionated or
subsampled prior to digestion or extraction., For example, as dictated
by study objectives and analytical methods, specific organs may be re-
moved for analysis or soft tissues may be geparated frow hard Sody
parts. Metals analyses requife the digestion (wet or dry) of tissue
samples, wvhile oirjanic analyses require some type of solvent extraction
procedure, Grinding or maceration of tissues may be a required means of
sample preparation prior to sample digestion or extraction. Various
manuals, including the folloving{'provide detailed instructions on.the
processing of biological tissue samples for contaminant analyses: APHA
(1981a), Gaul and McMahon (1983), and US EPA (1980, 1982).

129. Once sediment énd tissue samples have been digested and ex-
tracted properly, the resulting solutions can be treated further as
specified for water samples. Thus, on the assumption that the sorts of
proceduyres just summarized for collecting and handling samples of reser-
voir sediments and biota have been properly employed, no further dis-
tinction will be made in the following sections between water, sediment,
and tissue samples, ‘ '

130, Occasionally it may be necessary to ship or mail samples
from the field site to the analytical laboratory for subsequent proc-
essing. In such cases, the times required for sample transit should be
kept as short as possible to avoid sample degradation. Moreover, the
guidance contained {n footnote 5 to Table 5 should be followed in pre-

paring samples for transit.
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Sample Containers

131, Selection of proper containers for contaminant monitoring
programs should be based on consideration of the following container
characteristics: size, weight, resistance to breakage, interferance
with chemical contaminants to be analyzed, cost, availability, and pro-
cedures required for coﬁtainer cleaning and preparation for sampling.
Where the appropriate analytical methods call for the use of glass con-
tainers, containers made of ei:her Pyrex or Kimax Soroailicate glass ars.
preferred. Such containera are inert and easy to clean. If analytical
methods call for thc use of plastic containers, those made of linear
polyethylene should be chosen. In both cases, vidc-nouth contlinctn are
best in that. they are easy to fill and clean,

132. Table 5 summarizes recommendations on sample containcra by
chemical contaminant or contaminant class (Table 3). In general, for
organic analyses, sample containers should be 1- to 2-% borosilicate
glass jars having Teflon~ or foil-lined lids or septa, or Teflon~ or
foil-lined airtight, screw-on caps. For purgeable otganics.'io-l
boroailicat.‘glnas vials with screw caps should be used. Septa for
these vials should b: made of Teflon-lined silica. For nonpurgeable
organics, containers should be 1- to 2-% amber glass hottlea'of French
or Boston round design. Glass vials may also be used. Caps should be
airtight, screw-on caps lined with Teflon or foil. However, the use of
wide-mouth containers iQ not appropriate where sample interaction with
the cap liner or ou’tsidevenvironment is important. '

133. Jars, lids, and liners used for organic analyses should be
cleaned by washing for approximately 15 min in‘chromic acid, rinsed with
tap water and then organic-free distilled water, and finally rinsed
several times in redistilled, interference-free solvent (e.g., acetone,
hexane, petroleum ether). Following air drying in a contamination-free
environment, lids and liners shoﬁld be placed on the jars, which should
then be placed into a sealed container until used.

134. For metals analyses, containers should be 1-% jars made of

linear polyethylene having airtight, screw-on polypropylene caps without
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liners. Containers and caps should be washed in s nonphosphate deter-
gent, rinsed with tap water and then distilled-deionized water, soaked
in 1:1 analytical reagent grade nitric acid (up to 12 hr), rinsed with

3 to 5 portions of high-quality distilled water, and then drain-dried in
a clean environment. Jars should be capped and placed in a sealed com~
tainer until used. Note that, if necessary to remove organic stains,
containers -ay‘bevinitially wvashed in chromic acid rather than

detergent.

Sample Storage

135. Table 5 suniarizil recommendations on maximum holding times
for samples to be analyzed for the indicated chemical contaminant or
contaminant class (Table 3). In general, these recommendations repre-
sent the maximum permissible times to store environmental samples prior
to extraction or snalysis, assuming that samples have been stored in
proper containers and properly presefved. One should be especially
careful conco;ning prolonged storage of samples if chemical contaminants
to be analyzed are either chemically unstable (e.g., herbicides) or
volatile (e.g., phenols). Information contained in footnote 6 to
Table 5 should be carefully considered in determining storage times for

samples collected during resetvoir contaminant wonitoring programs.

Sample Preservation

136. vProper methods of sample preservation are essential to
guarantee sample integrity. Inasmuch as complete sample preservation is
impossible, one can only hope to retard the rate of sample change or '
degradation. Preservation techniques are designedlto retard biological
growth in the sample, hydrolysis, and adsorption, as well as to reduce
volatility. These techniques are generally iiﬁited to the following
approaches: chemical addition (to the sample container prinr to field.
sampling), pH control (to keep metals in solution), refrigeration (the
best all-around method), freezing (not generally recommended since it
may lead to loss of some contaminants), and protection from light (to

retard photolytic degradation of the sample). Alternative means of
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sample preservation may be employed if their effectiveness can be
clearly established.
137. As summarized in Table 5, preservation of samples to be
analyzed for organic contaminants involves various combinations of chem~
ical additions, pH control, refrigeration, and protection from light.
For metals analyses, refrigeration and pH control are. the primary
methods of sample preservation. Footnote 4 to Table 5 contains 1-por-l
tant information on the use of sample preservation techniques in reser-

voir contaminant monitoring prograss.

Quality Assurance

138. Voll—designed and properly implemented quality assurance
procedures form an essential componeut of the $ver111 monitoring pro-
gram. Quality assurance refers to specific pr#tedures félloved during
the conduct of the sampling program, as vell n$ during subsequent sample
processing and analysis, which are designed tolenaut. the accuracy,
comparability precision, tebroducibility, rel
tiveness of sampling and analytical results of the monitoring program.
Discussed in the subsections which follow are ?h. coordination of qual-

ability, and representa-

ity assurance procedures; specific procedures *nvolved in the prepara-~
tion of field reagents, spiked and split samplés, and reagent hlanks;
and procedures for documenting the chain of sample cnstody throughout

was summarized from more

the monitoring program. Most of this material
extensive discussions in Lang et al. (1981) and US EPA (1979¢). Other
useful sources of information on quality assur;nce procedures include
Bicking, Olin, and King (1978); Friedman znd Erdmann (1980);: Plumb
(1981); Sherma (1976); Stratton and Bonds (197;); and US EPA (1982).
Additional discussion of quality assurance pol&cies and procedures is
contained in Part VI of this report in relatio; to the conduct of woni-
toring programs under contract.
Coordination

139. Cocrdination in implementing the anlity assurance progran

is achieved by establishing clear lines of authority and responsibility
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awong project personnel, and by developing, documenting, and circulating
to all program participants a thorough and complete quality assurance
plan. This plan should cover all facets of the monitoring program, from
initial sample collection through sample analysis and data management,
analysis, and interpretation., The plan should also specify matters
related to personnel qualifications, training, and continuing education.
Specifically, the plan should delineate analyticsl criteriz (precision,
accuracy, and linii of detection) for all contaminant variables of
interest; sampling program design as well as sampling and asaalytical
methods to bé used; requirements for documentation of all field, labora-
tory, and chain-of-custody procedures; schedule of performance and qual-
ity asgurance audits; schedule and procedures for equipment/instrumenta-
tion calidbration and maintenance; requiresments for data management,
review, and interpretation; and all other matters essential to proper
completion of the monitoring program.

140. Responsibility for proper and timely project completion
rests with the project manager, who also typically serves as the quality
assurance‘coordinator. His role in quality assurance matters is analo-
gous to that of the contract manager for contaminant monitoring studies
performed under contract. He is responsible for overall integration of
the quality assurance plan, for monitoring results of quality contrtol
testing for all field and laboratory activities, and for screening re-
sulting data to detect errors prior to program completion., Direct
responsibility for day-to-day field and laboratory operations should
rest with the field crew chief and the laboratory supervisor, respec-
tively, who have been specifically appointed for this purpose.

Together, these three individuals are responsible for integrating all
aspects of the monitoring study. They are specifically responsible for
coordinating the proper placement in the field and subsequent laboratory
analysis of reagent blanks, spiked and split samples, and performance
test samples, as discussed in the subsections which follow.

141, The field crew chief and laboratory supervisor each is
directly responsible for: personnel trasining and supervision in his

respective environment; proper conduct of approved and acceptable
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sampling and analytical methods, as specified in the quality sssurance
plan; calibration, maintenance, testing, and proper cperation of field
and laboratory equipment and instrumentation; proper maintenance of
chain-of-custody and other required recorda in appropriste logbooks;
pror3r labeling of samples/sample extracts; and regular conduct of
quality control checks and tests, as well as the reporting of quality
control results to the project manager. Each should be kﬁovledg-able
concerning all aspects of thebuonitoring program under his respective
supervision. '

142, Part VI of this r~port contains field and laboratory quality
control procedures appropriate for monitoring studies performed under
contract, These procedufes should also be implemented by the field crew
chief and the laboratory hupervisor for contsminant monitoring studies
conducted in~house. Similarly, Parts VII and VIII contain what are
essentially quality control recommendations which should be followed by
the:ﬁtoject manager in the data management and interpretation phases of
the contaminant nonitoring program,

Field reagents . :

143. Reagents and solvents used in field sampling should be of

equivalent purity and quality to those used in laboratory analyses,
Acids for field spiking and preservation of metals should be of analyti-
cal reagent (AR) grade or better, Low-temperature redistillation of
such acids in borceilicate glass way be required to reduce background
impurities *o below detection limits. The minimum purity of reagents
used in analyses of organic toxicants is again AR grade. Other, more
stringent requizements for these reagents may exist depending on the
analytical method used'(i.e.,'even greater purity required in regard to
certain classes of compounds, such as electronegative materials for
electron capture detection in gas chromatography). For use with water
and tissue samples, in which toxicant concentrations may be especially
low, analytical requirements may dictate the use of pesticide-quality
solvents. Reagent water prepared in the laboratory for field dilutions
should conform to ASTM Specificat’ons, Type I or II. Both Lang et al.
(1981) and US EPA (1979¢) provide more detailed recommendatious
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concerning the required purity-of‘field reagents and solvents.

144. For field use, performance test samples should be prepared
in the laboratory from EPA-certified check samples or other commercial
sources, aud provided to the field crew chief for random placement among
field samples. Such samples are analyzed as a check on sample degrada-
tion and contamination resulting from field sampling and sample han-
dling, preservation, and processing. These analyses are distinct from
test samples which are prepared and analyzed in the laboratory, without
transit to the field, in order to assess the accuracy of th; analytical
method employed for a given chemical contaminant and to develop and
check instrument calibration curves (see paragraphs 202, 210, and 212).
Field sample spiking and sflittiqg

' 145. Preparation in the field of reagént blanks, spiked samples,

and split samples is prone to many sources of contamination. Noqethé-
less, along with the analysis‘of performaﬁce test samples as discussed
in the previous paragraph, preparation and analysis of these gample
types represents the only viable approach to deterﬁining sample degrada-
tién f;om timé of sampling to analysis; sample contamination due to
preserQatives, distilled water, containers, or handling; sample homo-
geneity; and the acéuracy, precision, and percent recuvery of the ana-
~ lytical method(s) being used in a given contaminant monitoring study.
Thus, careful preparation and analysis of all these sample types are
esgential ingredients of a prcper quality assurance program., Laboratory
analysis of test samples, reagent blanks, and spiked and split samples
is discussed in Part VI as part of the Govermment quality assurance plan
in managing contractor studies.

146. Spiked samples are prepared and analyzed in order to deter-
mine che degree to which -~ampling and sample haudling, shipment, and
storage have altered tb- sample in respect to its representativeness of
the field environment from which it was collected. Such samples also
provide a means =i calculating the percent recovery of analytical
methods employed in the monitoring study. Similarly, split samples pro-
vide information on sample homogeneity, help determine spike recovery,

and provide a means of assessing the precision of laboratory analytical
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methods as well as the comparabilicy of analytical results obtained from
different laboratories or methods.
147. Spiking solutions should be purchased or prepared in the
laboratcry from primary standards dissolved in distilled water or water-
miscible organic solvents for field use. Prepared spikes should be

' transferred in the field from the stock solution to a premeasured ssm—
ple. Only duplicate (i.e., split) water samples should bé spiked in the ,
field; sediment samples should not be spiked at all. Spiked tissue sam-

ples should be prepared in the laboratory as discussed below. In pre- i
piring both the spiking.solution and the spiked sample, proper quantita- .

" tive transfer methods using clean volumetric pipettes must be followed.

The identity of the spiked sample, the spike concentration, and the

associated splits and reagent blanks must be recorded in the logbook. »

148. Preparation of split samples involves thorough sample homog-

”

enization and splitting, as well as careful labeling of all splits and

recording of the identity of split samples and associated spikes and |
‘blanks in the logbook. Splitting of water and sediment samples should

be performed in the field, while the splitting of tissue samples should

be done in the laboratory.

Reagent blanks

149. Reagent blanks are analyzed in order to provide a check on
degradation or alteration of reagents in the field as influenced by such . z
factors as time since vreparation and exposure to contamination from
sample containers and handliﬁg. Reagent blanks prepared in the fileld
should be submitted for laboratory analysis along with all spiked and
split sets of samples. Each blank should be prepared from high-quality
distilled water plus the proper preservative for each type of sample and
chemical contaminant being analyzed. In preparing reagent blanks, one !
should be aware of proper sample size for the appropriate laboratory .
analytical procedure to be employed. To be useful for their intended

purpose, reagent blanks must be numbered, labeled and recorded, stored,

Tissue smiking and splitting ' /

150. Spiking and splitting of tissue samples should be performed “
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in the laboratory in a manner specified bv the appropriate analytical
method (see Part V) employed for the nzrticular chemical contaminant of
interest, Ia general, spiked s#n: split tissue samples should be ana~
lyzed at the same overall frequency as water samples.

Chain of custody
151. Chain-of~custody procedures refer to steps taken in main-

taining an accurate written record of the receipt and disposition of
samples by all persons involved in sample collection and processing
during a contaminant monitoring program. Such procedures provide a
means of proving conclusively that samples havé been in the custody of
authorized and trained personnel from the time of collection through
sample analysis and data interpretation. Proper underatanding and
implementation of chain-of-custody procedures are esseantial to main~
.taining the integrity of samples and for protecting study results from
legal challenge. ' . '
152. Lang et al. (1981) and US EPA (1979c¢) define sample custody
or possession and provide thordugh examples of chain-of-custody proce-
dures appropriate to water quality monitoring programs; these‘sourﬁes
should be consulted for further details. 1In general, proper implemen-
tation of these procedurés involves maintaining a custodial record in
bound notebooks, specifying the location and duration of sample storage
as well as sample handling for each step in sample processing, from
initial collection through analysis and disposal. Such records are
~ maintained by a sample custodian (e.g., field crew chief, laboratory
supervisor) appointed at each step of sample handling and prbcessing.‘
The fewer the number of people handling a given set of samples,>the
smaller is fhe danger of sample tampering or contamination. Samples
should be retained by the final custodian until pérmanently archived or

until it is permissible to dispose of them.
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PART V: ANALYTICAL METHODS

153. Once field samples have been collected and processed as
specified in Part IV, they must be analyzed for the chemical contami-
nants of interest. The rigorous chemical anzlysis of environmental sam-
ples for toxic contaminants typically present in trace quantities
presents a severe challenge to analytical chemists, and poses problems
very different frém those encountered in the analysis of more conven-
tional pollutants. Because of this, only widely accepted and recom-
mended methods specified in the most current editions of appropriate
methods manuals should be employed in analyzing reservoir samples for
concentrations of chemical contaminants. These methods must be
thoroughly documented, validated, and tested, and carefully followed by
a reliable and well-trained analyst. Any revisions of published methods
must also be verified and documented. ‘

154. fhe analytical methods to be used must be specified in the
sampling or quality assurance plan for the overall monitoring program.
The accuracy, precision, and limits of detection of the chosen analyti-
cal methods should also be documented in the plan. Préper quality
assurance/quality control procedures as specified in Parts IV and VI of"
this report should be followed throughout the laboratory analysis por-
tion of the project. Omly if all these recommendations are followed
will thé monitoring program result in reliable and representative data
which are scientifically acceptable and not subject to legal challenge.

155. The choice of analytical methods to be employed in a reser-

voir contaminant monitoring program should be based on the following

criterza: (a) the methods selected should measure the constituent of

interest with the desired levels of accuracy, precision, and specificity &%
in the desired types of environmental samples; (b) the methods should E}

employ the types of skills and equipment/instrumentation available ia a Q;:
modern analytical laboratory; (c) chosen methods should be in wide use, ;i
or at least be sufficiently used so that the validity of the methods is E?
beyond question; and (d) methods should be sufficien;ly rapid for rou- a;l

tine use with large sample loads. ACS (1980) provides an especially

o
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succinct yet t?orough discussion of the many factors to be considered in
relation to the laboratory analysis of environmental samples for con-
taminant concentrations, Other valuable sources of {nformation include
APHA (198la); ]rouu. Skougstad, and Fishman (1970); Gaul and McMahon
(1983); Goerlifz and Brown (1972); Longbottom and Lichtenberg (1982);
Plumb (1981); ictma (1976); US EPA (1978, 1979b, 1979c, 1980, 1982);
and USGS (1977).

156. It is the intent of this chapter to summarize the most
widely used, recommended, and acceptable analytical methods for the
toxic pollutants listed in Tables 2 and 3. A detailed listing of these
methods is prJvided as Table 6. Thorough documentation of thess methods
would require many volumes and is clearly beyond the scope of this
report. Suchjdocumentation is provided in the numerous manuals and
" reports citediin the footnotes to the table; these references should, of
course, be coésulted by the reader of this report for furtner details on
the analyticaﬂ methods cited. Although the methods cited in Table 6 are
specifically desigued for water samples, they may also be used for sedi-
ment. and tiss&e samples that have been processed, digested, and ex-
tracted as deécribed in Part IV and in the references cited therein.

157. 14 preparing Table 6, those widely used and readily accessi-
ble manuals wﬁich are directly relevant to contaminant and general water
quality monitéring programs were consulted. The numerocus footnotes fol-
lowing Table é provide additional details regarding the methods cited.
This table isisimilar in organization and content to versions previously
published (e.é., Federal Register, 1984, Vol 49, pp 43234-43442); how-
ever, unlike ihe earlier versions, Table 6 contains citations to methods
in the most rgcent manuals of the EPA, USGS, ASTM, APHA, and AOAC (Asso-
ciation of Official Analytical Chemists).

158. Methods are cited in Table 6 for all contaminants listed in

\
Tables 2 and 3 except asbestos and kepone. Analytical methods for
asbestos havelrecently been published in an EPA study (Chatfield et al.
1983). Methods for kepone are contained in Gambrell et al. (1984). The

Monitoring and Support Laboratofy, US Environmental

Environmental
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Protection Agency, Cincinnati, Ohio, can be contacted for detailed
rtco..enditioul on snalytical methods for kepone, as well as technical
information on the proper implementation of the methods cited in
Table 6. Technical questions can also be directed to the Analytical
Laboratory Group, Environmental Laboratory, US Army Eng;nepr Watervays
Experimant Station, Vicksburg, Miss.

159. Although the methods cited in Table 6 are the most commonly
recoi-cnded ones, current statutes (Federal Register, 1984, Vol 49) pro-

vide that alternative analytical methods way be employed, provided that
thess methods are thoroughly documented, tested, and vo}iiiod. and known
to produce reliable and representative results. The burden of proof '
concerning the ncceptlbility of such alternative methods clearly rests
with the laboratory or organization that wishes to eﬁploy them on a

routine basis.
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PART VI: CONTRACTOR SELECTION

160, 1t was suggested earlier in thislreport (paragraph 23) that
deficiencies in exiating contaminant monitoring programs in CE reser-
voirs are in large measure related to the newness of the concern with
toxic chemicals, and to the fact that toxic pollutants pose new problems
for water resource managers not encountered with more conventional pol-
lutants (e.g., Table 1). One consequence of these new problems is that
field and laboratory methods required to collect, process, and analyze
reservoir samples for contaminant concentrations in the microgram/litre
(vater samples) or microgram/kilogram (sediment or tissue sampies) range
(or even lower) are more sophisticated and difficult to perform and
require greater attention to quality assurance procedures than for the
more conventional pollutants (ACS 1980, Ballinger 1979). Moreover,
these methods require the use of new and highly sophisticated analytical
instrumentation, Thus, greater training requirements exist for person-
nel conducting contaminant monitoring programs than for traditional
water quality monitoring programs (Khalid et al., 1983).

161. In comparison with these needs, many CE Division and Dis-
trict offices may not have in-house analytical capabilities or peraonnil
with adequate training to conduct monitoring programs for contaminanta,
This situation is further complicatéd by severe personnel limitations
within wany CE Division and District offices, Much of the work involved
in a contaminant monitering program, perhaps including both fileld sam~
pling and laboratory analysis, may therefore have to be done under con-
tract., However, conducting reservoir monitoring programs under contract
raises concerns about the quality control procedures employed by the
contracting organization, and ultimately about the reliability of the
resulting data (Ballinger 1979, Khalid et al. 1983).

162. In order to avoid problems with the quality and reliability
of data resulting from monitoring done under contract, guidance is pro-
vided here on the awarding and management of contracts to conduct con~
taminant monitoring programs, as well as on quality assurance proce-

dures, The material that follows was summarized primarily from Engler
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(1981) and Lang et al. (1981). Other useful sources of information in-
clude EM 1110-2-1201; Bicking, Olin, and King (1978); US EPA (1979c,
1982); Priedman and Erdmann (1980); Plumb (1981); Sherma (1976): and
Stratton and Bonds (1979). These sources should be consulted for
further details,

[

Types of Contractor

163. Available contractors may generally be classified into three
broad categories: ‘private firmg, scademic institutions, and.other
govermment agencies (Federal, regional, State). Although considerable
variation exists among *he contractors of each category, each contractor
type offers certain advantages and disadvantages relaﬁiyo to tﬁe conduct

of reservoir contaminant monitoring programs,

>3

164. Privace consulting firmu are operated for profit, tond to be
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accustomed to working in & contracting environment, involving specific

»

. objectives and firm deadlines dictated by the funding agency. Moreover,
they will often conduct a broad range of studies, from basic research to
routine surveys. Such firma often exhibit great flexibility in con-
ducting projects, as they can draw the required expertise from a diverse
scientific and technical staff. Responsibility for project completion
is typically clearly defined in such firms, with a project manager and
specific staff assigned to a given project. |

165, Costs for projects contracted to academic 1ns§1tucions may
be quite low in comparison with the other two contractor types, in part
due to lower overhead rates and to the us? of student labor, The exper-
tise available at such institutions, Including both faculty and advanced
graduate students, is typicaily great, so that highly competent individ-
uals are available for conduq:ing specific studies, If the institution
is located near the reservoir in question, direct experience in working
on that system as well as existing, site-specific data may be available.

However, in at least some academic institutions, the focus is strictly
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on basic research; the faculty may be unwilling to become involved in
routine monitoring studies. Also, many faculty are unaccustcmed to
working in a tightly controlled contracting enviromment, and may have
their academic year schedules coustrained by teaching responsibilities;
their flexibility during times when classes are not in session is typi-
cally much greater., One other factor must be considered: responsibil-
ity for contract completion is not as clearly defined as in private
firms. The contract is actually written with the institution; the
faculty member who will conduct the work is the designated principal
investigator, but there is no other project manager per se who will
oversee project completion.

166. Monitoring programs can also be contracted to a wide variety
of governmeni agencies under interagency aéreement. The availability
and characteristics of agencies willing to participate in such agree-
ments vary widely. In general, agency costs are intermediate between
those of private firms and academic institutions. Those agencies which
routinely participate in interagency agreements for water quality stud-
ies generally are willing to conduct a variety of studies, from routine
to more basic; are familiar with working in a contracting environment;
have internal management procedures that specify clear responsibility
for proper and timely project completion; and have 1n—hoﬁae expertise
for conducting the work in a professionally competent manner, However,
the availability and flexibility of such agencies to participate in
interagency agreements may be conitrained by their own internal priori-
ties and missions. Also, the possibility exists that the agency's pri-
orities can be redefined after the agreement has been initiated, thus
affecting the manpower and expertise allocated to the monitoring

program,

Contracting Methods '

167. Several different methods exist for contracting reservoir
contaminant monitoring programs, The preferred method involves the com-

petitive select.un of an appropriate contractor deemed to be technically
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qualified and capable of corduc desired program in a timely and
cost-effective manner. Competi. itractor selection may be accom-
plished through one of two processes: formal advertising or
negotiation. ] |

168. Formal advertising involves an Invitation for Bids (IFB)
from all qualified contractors in a manner deemed necessary to ensure
full and free competition for services., Although formal advertising is
the preferred approach to competitive contractor selection, it has sev-
eral potential problems fur use in contracting contaminant monitoring
programs, First, it is virtually impossible to specify in the IFB‘every
technical detail of the monitoring program to which the chosen contrac-
tor must adhere. Second, because this method does not involve the eval-
uation of contractor proposals, it is difficult to determine whether all
potential contractors who respond to the IFB are technically qualified
to carry out the prog.am as desired.

169. Competitiv: contractor selection via negotiation involves
evaluation of proposals received in response to a Request for Propéaals

from all organizations deemed capable of p?rforming the desired monitor-

"ing. This approach hes several advantages for use in monitoring pto¥

grams, First, contractors can propose the use of techniques not
preséntly being employed by or familiazr to the contracting Division or
District Office. This may result in cost savings or in technical im-
provements in the resulting study. Second, the ability to review pro-
posals from potential contractors will enhance 1ﬂentification of that
organization most technically capable of conducting the specified
program,

170. In the sowmewhat unusual situation that only a single con-
tractor is available to carry out the desired monitoring program in a
technically competent manner, and the total program cost does not exceed
some specified value (typically $10,000-25,000), the contract can be
awarded under a sole source purchase order. Under the proper set of
circumstances, this is an acceptabie and even desirable method of

awarding a monitoring contract.
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171. .One may still be able to award the contract under purchase
order if the meximum cost does not exceed the .eiling specified in the
previous paragraph. In this case, competition is ensured by soliciting
several different sources deemed capable of conducting the monitoring
program, Generally, three to five sources are considered adequate.

172. Awarding the monitoring program to another government agency
"ipvolves initiation of an interagency agreement with that agency. Under
some circumstances, it may ba possible to award momitoring céntracts to
firms listed on the Federal Supply Schedules (FSS) published by the Gen-
eral Services Administration. Because this method of contractor selec-

tion can often result in significant cost savings, the FSS should be
reviewed periodically to determine whether contaminant monitoring pro-
grams can be accomplished via this wmethod of contractor selection. '

Contracting Process

173, The contracting process involves a series of seduential and
well-defined steps, beginning with the decision to conduct a specific

monitoring program under contract and terminating with the contract

H

¢'4

bf' avard. However, these steps do not necessarily need to be followed in
;ﬁ: rigid fashion. Within reasonable bounds, the overall process can be
by

:2: used creatively in order to realize the desired monitoring goals,

Throughout the contracting process, the project manager should work
closely with procurement personnel, and should allow sufficient time so
that the procurement can be accomplished properly and with required
flexibility. Frequently, the process takes up to 6 months before the
final contract is signed by both parties involved. The discussions
which follow focus primarily on competitive contractor selection via
formal advertising and negotiation. Procurement via other contracting
methods discussed in the previous section involves modification of the

procedures followed in these two basic methods of contractor selection.




Competitive procure-
ment via formal advertising

174. By definitirn, formal advertising is a method of selecting a
centractor as a result of competitive bidding procedures. The method
requires the solicitation and evaluation of bids from potential contrac-
tors and award of the contract to the lowest responsive and responsible
bidder. Procuremenﬁ via formal advertising involves the following
steps: determination of need for contracting; preparation and internal
review of detailed scope of work (SOW); preparation of IFB; preparation
of Government cost estimate (this step may be omitted); distribution of
1FB widely so as to maximize éo-petition; formal opening and evaluation
of bids; selection of contractor; awarding and execution of contract.

It is the preferred method of competitive procurement unless negotiation
is specifically authorized by law. However, as discussed earlier (para-
graph 168), this method has several drawbacks for use in selecting con-
tractors for monitoring programs.

175. 1f formal advertising is to be a workable procedure for
selecting a contractor and realizing stated monitoring goals at a rea-
sonable cost, severai requirements must be met. First, the IFB must be
prepared in sufficient detail that potentisl contractors know exactly
what they are bidding on and can respond appropriately. Second, a coﬁ-
petitive market for contractor services must exist, i.e., at leaat tvo
potential contractors must submit bids in response to the IFB. Third,
given at least two fesponsive bids from responsible contractors, the
award must go to the lowest bid. Finaliy, sufficient lead time must
have been allcwed that all procurement steps can be followed properly.
If any of these requirements is not met, the procurement process will
suffer and it may be necessary (and autﬁorized) to contract via
negotiation., Tor monitoring studies, the key shortcomings may be
(a) the inability 1o specify sufficient details of the desired monitor-
ing program in the IFB, and (b) the submission of at least two respon-
sive bids from potential contractors that can be judged to be techni-

cally responsible based snlely on their bids.
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176. Essential to successful procurement via formal advertising
18 a thorough and clearly written SOW. The required level of detail
depends on the exact nature of the monitoring program; in general, suf-
ficient detail should be included that no ambiguity in project purposes
or design exists. A detailed scope 1s even more critical to procurement

by formal advertising than by negotiatrion. In a sense, the SOW for this

‘method of competitive procurement should be written with as much detail

as though the study were being performed in-house by Government
scientists, "

177. The SOW should contain a clear and concise statement of mon-
itoring objectives; thorough discussion of the relationship of the moni-
toring program to other ongoing projects; clear discussion of sampling
and analytical methods to be employed; a concise statement of analyticél
methods. and detection limits; thorough specification of program mile-~
stones and report submission requirements; specifiéation of approaches
to be followed in analyzing monitoring dafé and interpreting study re-
sults (if this is not to be done in-house); delineation of contractor
quality control and quality assurance requirements; and any other de-~
tailed specifications or requirements deemed uecessafy to ensure that
the monitoring program is carried out reliably and as desired.

178. The level of detail should be neither so narrow as to need-
lessly restrict contractor flexibility, nor so broad that items periph-
eral to the main purposes of the monitoriﬁg program can be. explored. A
thorough, well-written scope will (a) eliminate many potential problems
that could arise'dufing the conduct of the monitoring program; (b) clear-
ly define the contractor's obligation and thereby protect the Govern-
ment's interests; (c¢) provide the contractor with sufficient information
to prepare a responsive bid and to conduct the study as desired; and
(d) enable the contract manager and contracting officer to determine

wherher the contractor has complied with the terms of the contract.

179. For competitive procurement via formal advertising, a pro-
éedural réquirement exists that the scope should be as free of technical
language as possible. Instead, the scope should be written clearly in

conventional language understandable to persons of diverse backgrounds
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(e.8., attofneys. accountants, procurement personnel); the technical
content of the SOW should be reduced to essential information. This
requirement again constrains the applicability of procurement via formal
advertising to the contracting of technical monitoring studies,. and
makes procurement via negotiation a more desirable approach. The scepa
which meets the procedural readability requirement may be techn’-:ally
lacking, whereas the scope which contains sufficient technics! detail to
ensure the success of the monitoring effort maf not satisfy the pro-
cedural criterion of readability to persons of diverse backgrounds.

180. Although not mandatory, preparation of a Government cost
estimate may help to ensure that the contract award is both fair and
reasonable. If prepared, this estimate should include all facets of the
study vhich.will be included in the contractors'kéosc estimates, These
same comments apply to cdntracting via regotiation,

181. The IFB is a formalized document requesting potential con-
tractors to offer to contract with the Government under the terms and |
conditions stated therein. Once prepared, it must be distributed widely
to ensure significant competition. Bids receivad in response ta this
invitation must be formally opened and evaluated as to their responsive-
ness and the responsibility of the bidder. A bid will be judged unre-
sponsive 1if it does not conform to the essential requirements of the
invitation. Substantial deviations from terms stated in the IFB cannot
be waived once bids are opened. Bids,‘including the apparent low bid,
may also be rejected if it is determined that the bidder is not techni-
cally or generally responsible., Bid evaluation may involve many fac-
tors, including preaward visits to inspect the lowvest bidder's facili-
ties. Following bid evaluation, which includee consideration of price
and other factors, the award is made to the lowest responsible bidder.

Competitive procure-
ment via negotiation

182. Procurement by negotiation should be followed under condi-
tions authorized by law and whenever it furthers the public interest.
However, the decision to follow procurement via this method does not

eliminate the requirement to obtain maximum cowpetition consistent with
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contracting needs. The Defense Acquisition Regulation (DAR) identifies
seventeen conditions or exceptions under which negotiating authority is
provided. The most important of these in relation to the conduct of
contaminant monitoring programs are contracting for: (a) personal or
professional services; (b) services of educational institutions;

(c) supplies or services for which it is not practicable to contract via
formal advertising; and (d) experimental, developmental, or research
work. ' ‘ .

183. Each negotiated contract must contain reference to the spe-
cific authority under which it was negotiated. Note that the DAR also
contains procedural and contracting formslities that must be observed
when procuring by negotiation. Division or District counsel and pro-
curement personnel should be consulted concerning authority to contract
via negotiation and the procedures required. -

184. Under coﬁtracting by negotiation, the formal procedures and:
somewhat rigid rules of contracting via advertising need not be fol-
lowed. . Instead, proposals (RFP) or quotations (RFQ) are requested from
all qualified contractors. On the basis of the proposals or quotes re-
ceived, a contract is negotiated with that contractor making the best
overall offer to the Govermment. During the regotiat{ion phase, price
bargaining may or may not be involved, depending on whether or not the
most favorable offer received is fairly and reasonably priced. Again, a
number of steps are involved: determinaticn of need for contracting;
preparation and internal review of detailed SOW; preparation and distri-
bution of RFP (RFQ); preparation (optional) of Government cost estimate;
evaluation of proposals (quotes) received; negotiation with contrac~-
tor(s) in competitive range; (possible) evaluation of negotiated propo-
sals (quotes); selection of contractor; and awarding and execution of
the contract. '

185. As with procuremernt via formal advertising, preparation of a
detailed and carefully written SOW is essential to contracting by nego-
tiation., Guidance on.information to be included in the scope (para-
graph 178) applies here as well. However, the scope prepared for this

method of competitive contractor selection need not be as detailed as
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for procurement via advertising. Preparation of a less stringent SOW
allows potential contractors greater latitude in preparing their pro-
posals (quotes), encourages innovation and cost effectiveness in program
design, and therefore provides an excellent basis for evaluating
competing proposals (quotes).

186. The RFP (or RFQ) distributed to potential contractors should
provide sufficient information to allow preparation of complete propo~
sals (quotes) that are responsive to monitoring program requirements.
Among the items to be included in the request are a clear and concise
statement of monitoring objectives; the sbw; instructions on naming of
the principal investigator and other key personnel, including specifica-
tion of responsibilities and levels of participation for each investiga-
tor; detailed instructions on technicil and pricing matters; description
of the anticipated level of Government participation (if any) in the
monitoring program; appropriate forms for cost estimates; any require-
ments for a listing of recent and/or current Government contracts;
thorough specification of proposal (quote) evalu#tion criteria; address
and deadline for proposal (quote) submission; address for further infor-
mation, along with any stated restrictions on obtaining additional in-
formation; and any other information deemed necessary for the submission
of complete and responsive proposals (quotes).

187. In order to ensure maximum competition, the RFP (RFQ) must
be issued to as large a group of potential contractors as possible.

Once proposals (quotes) have been received, they must be evaluated by a

panel of reviewers of diverse backgrounds. Both numerical and narrative
reviews of each propcsal or quote should be prepared. The overall goal

of the review process is to identify either the top contractor or the
contractors in the competitive range for negotiation, as well as the

items to be negotiated. The criteria for evaluation should have been
established early in the contracting process, and should be known to '
potential contractors prior to proposal or quote submission (e.g., pub—
lished in the RFP/RFQ as previously suggested).

188. The review process should focus on the technical soundness

of the work proposed, the degree of innovation exhibited, the degree of
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compliance with the RFP/RFQ, qualifications and experieuce of the par-
ticipating investigators, cost, available facilities, snd work schedule.
In general, technical competence should take precedence over business
mitters, However, considerations of cost may be quite 1mportan£; espe—
cially i1f the review reveals several contractors of nearly equal compe-
tence. Also, a contractor's cost {and time) estimates tay reflect his
understanding of the technical matters involved. ' '

189. 1If a thorough and detajled SOW has been included with the
RFP (RFQ), contractor qualifications and experience will be weighted
more heavily than technical matters, which would be of more significance
if contractors are allowed to design the details of the study. Reviews
should pay particularly close attention to whether especially well-
qualified and (possibly) well<known investigators will actually partici-
pate directly in the study or only serve as technical "consultants"”
(i.e., window drzssing). ,

190. Negotiation begins once the top contractor or contractors
within the competitive range have been identified by the review process.
Negotiation involves considerable judgment on the parﬁ‘of all parties
involved in order to reach mutual agreement on a final coutract accept-
able to both the chosen contractor and the Government. This may involve
reviewing negotiated proposals (quotes) submitted by each contractor in.
the competitive range prisr to a new deadline., Both technical and cost
considerations may be included in the negotiations. Once the negotiated
proposals {quotes) have been reviewed by the same panel that partici-
pated in the initial review, a final contractor {s chosen, and the con-
tract is awarded and executed. Again, this may involve such factors as
preaward site visits or the submission of test sample analyses.

Procurement via
other contracting methods

191. Other contracting methods involve modifications of the steps
just summarized. For most of these methods, the steps involved are
simpler and less time consuming. In the case of sole source purchase
orders and interagency agreements, no advertising or solicitation is

involved. However, it 1s perhaps even more critical that a clear and
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detailed SOW be prepared and that the final contract be carefully nego-
tiated so as to be acceptable to both parties involved. For contracts
initiated under non-sole source purchase orders, the procedures involved
are essentially identical to those described for procurement via nego-
tiation, except that a shorter time period is involved and fewer

responses typically need to be reviewed.

MonitorinéﬁCnntrac:or Performance

192. Once tn§ contractor has been selected and ihe contract
awarded, attention must turn to managing the contract and monitor.ing
contractor performance. This is clearly the most critical and time- .
consuming portion of the entire cont_-acting effort. The contracting
organization cannot tacitly assume that thg chosen contractor will per;
form the monifroring study in a timely and proper manner. Unless con-
tract management is done in an active and careful mauner, on a regular
basis, the*qﬁhlity, reliability, and applicability of the results of a
given monitoring study cannot be guaranteed. Methods of contract man-
agement will vary widely depending on the duratiom, complexity, and
nature of the monitoring'scudy being completed under contract, as well
as'on the type, expertise, aqd reputation of the contractor performing
the work. Hcwever, some general guidance on useful approaches to moni-
toring contractor performance can be provided.

193. A centract manager should be appointed to monitor each con-
tract awarded. This individual should be capable of interacting
directly with the contractor on technical matters, should possess sig-
nificant expertise directly related to some substantial portion of the
overall monitoring study, and should have been involved throughout the
contracting process described in the previous section. Depending on the
size and complexity of the study being conducted, secondary managers
having expertise relevant to specific aspects of the study may also be
involved. However, the appointed contract manager should have primary

authority for ensuring overall contract completion,
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194, The pﬁrpoées of monitoring contractor performunce are numer-
ous, including the determination of whether (a) adequate progress is
being made in comparison with the proposed time schedule; (b) the scope
is being met, with no significant deviations; and (c) proper attention
is being given to quality assurance/quality control procedures in all
aspects of the monitoring study. In addition, monitoring allows the
contract manager to correct or address unanticipsted condftions., Peri-
ocic performance monitoring throughout the life of the contract will
help in determining the need for future fundingj for continuation of the
contracted study or initiation of related or followup studies. Periodic
(e.g., quarterly or semiannual) visits, meetings, and/or worksﬁops,
involving both the contract manager(s) and contractor representative(s),
should be held in order to review in detail the accomplishments since
initiation of the monitoring study. During the time betweén meetings,
frequent contacts (é.g.. by phone) between the contract manager and con-
tractor will reveal whether the study is progressing satisfactorily,

195. Essential to the management of monitoring contracts is :he
submission and careful review of contractor reports., The schedule.for
report 3ubmission should be specified in the contract and strictly
adhered to by the contractor. Interim progress reports should be re-
quired at regular intervals, dependent on the duration amd nature of the
monitoring study. Such reports should focus on overall study progress,
data acquisition and verification, and quality assurance/quality control
considerations. Reports should be reviewed thoroughly by the contract
manager and other secondary managers as appropriate, with prompt feed-
back provided to the contractor on problems discovered. Near the end of

the study, a draft final report should be submitted and subjected to

careful technical review by several individuals with expertise relevant
to the monitoring study, including the contract manager. Peview com-
ments should be incorporated intc the final report prior to the termina-
tion of the contract period.

196. One final aspect of cortract management relates to quslity
assurance considerations. Careful attention to quality assurance proce-

dures is critical to the reliability of monitoring data on centaminant
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concentrations in reservoir waters, sediments, and biota, Thus, a qual-
ity assurance plan must he developed early in the contracting process.
This plan must guide preparation of the scope of work, and should be
instrumental in selecting a contractor to conduct the monitoring study.
For use as a postaward contract management tool, the quality assurance
plan should specify data verification procedures and minimum acceptable
performance and quality contr.' activities which must be conducted and
documented by the contractor. The plan should also specify the quality
assurance requirements of the prime contractor relative to work per-
formed by any subcontractors who participate in the -oni:oring'atudy.
Because of thc‘inportinc- of quality assurance to the proper conduct of

contaminant monituring studies under contract, this subject will be con-

. sidered further in the following section. ‘ ’

. Quality Assurance Program

- 197. In a general sense, quality assurance refers to actions
taken during the course of a study to ensure that field and laboratory
quality control policies and procedures are being properly iwplemented.
Quality control refers to field and laboratory sctions taken on a regu-
lar, day-to-day basis to achieve a desired level of accuracy, compara-
bility, precision, reproducibility, and relisbility in the results of
sampling and analytical procedures. With specific referenca to the con~-
duct of contaminant wonitoring programs under contract, Government qual-

ity assurance refers to testing, evaluations, and inspections performed

'by the Covernment in verifying that (a) the coantractor conducts the won-

itoring study in compliance with contract requirements; (b) final re-
sults meet stated contract criteria; and (c¢) the contractor's field and
laboratory equipment and i{nstrumentation, personnel, and sampling and
analytical procedures are sdequate for proper quality control
procedures, '

198. Similarly, contractof quality control refers to testing and
inspections performed by or on behalf of the contractor in controlling

nis procedures, equipment, materials, and personnel so that contract
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requiréments are met in a satisfactory manner. The exact manner in
vhich quality assurance and control policies and procedures should be
designed and implemented will depend on the details of a given monitor-
ing study and on the extent of the contractor's involvement (i.e., only
field sampiing, only laboratory analysis, both field and laboratory par-
ticipation). Nonetheless, general guidance on both Government quality
assurance and contractor quality control can be provided. The success
of the entire study may depend on how these general points are imple-
mented specifically for that study. | ‘
Government quality assurance

199. The Government's quality assurance progriﬂ is coordinated by

the contract nanagei. He is responsible for ensuring that all aspects
of the contracted study are conducted properly, that the contractor's
quality control policies and procedures are sppropriate, that they are
being followed regularly, and that the results of quality control tests
are acceptable. The gogi of the overall quality alsuranéo program is to
ensure that any problems in data resulting from the monitoring study are
detected and corrected prior to the end of that study. The contract
manager realizes this goal by maintaining direct contact with the con-
' tractov's quulity control supervisor and project manager (they may be
the same individual), and by reviewing carefully contractor progresa‘
reports as they are submitted to detect probleme in study results or
inadequacies in the contr;ctor'l routine quality comntrol procadures.
200. At the initiation of the project, especially when working
with a contractor for the first time, the contract manager should carry
out the comprehensive quality assurance program as specified in Sec-
tion 6.5 of US EPA Handbook (1979c). This requirement should be spe-
cificqlly stated {n the. contract, During‘the course of the monitoriang
study, quality assurance prrcedures should ensure that the contractor's
internal quality control testing comprises 1520 percent of his total
analytical effort, and should involve the analysis of performance test
samples, spiked and split samples, and reagent blanks. The contract
manager is responaible for the conduct of these aﬁalyses and should

submit the proper materials in such a manner that the contractor does
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not know the‘identity or the coﬂtaminant concentration in the samples to
be analyzed. The contract manager should carefully monitor the results
of these analyses and should develop quality control charts based on the
test samples submitted to the contractor.

201. If problems develop which caniot he easily resolved, the
contract manager should employ the services of a referee laboratory to
ascertain the exact nature of the problems discovered (e.g., can they be
traced to field or laboratbry proc.durés?). Based on the outcome of
these analyses, the contract manager may require the inspection of the

laboratory or the eveluation of field sample collection and handling

. procedures.

202. For quality assurance purposes, commercially available or
EPA check samples should be used for the analysis of performance test
samples. However, if appropriate materials are not available, they can
be prepared with proper care from distilled watar aalplis spiked with
high-quality standards for the chemical contaminant in qﬁeation. In
general, one performance test sample should be analyzed for approxi-
mately every 25 samples analyzca; Rasults must be carefully examined by
the contract manager to determine whether the laboratory is performing ‘
vith acceptable accuracy (for test samples not transported to the field)
as vell as vhether significant sample degradation and/sr contamination
are occurring (for test samples placed in‘the field).

203. Yor many contaminants and sample types of interest, per-
forﬁanca test samples iay be unavailable or hard to obtain. In such:
cases, spiked wvater samples may be analyzed as a substitute, However
spiked sediment or tissue samples should not be used for this purpose;‘
Also, as a general rule, roughly every 25th field sample should be
spiked; both spiko4’and unspiked porctions of the sample should be ana-
lyzed. Result- of such analyses can be used to calculate the percent
recovery of ‘he analytical procediure employed, and aléo provide informa-
tion on _he degree to which sampling and sample treatment have altered
the sample in terma of its representativeness of the environment from

which 1t was collected.
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204. The third type of sample analyzed for qualiry assurance pur-
poses, split samples, provides a means of aasessing the contractor's
analytical precision, as well as examining compazability of results
among two or more contractors, A sample to be split should be
thoroughly homégenized and divided into at least two subsamples; each
subsample should be independently analyzed, by the same or several con-
tractors. As before, approximately every 25th-30th sample should be
split for quality assurzace purposes. This recommendation applies to
sediment and tissue samples as well as to water samples,

205. Reagent blanks, the final sample type analyzed for quality
assurance purposes, provide information on degradation and contamination
of reagents used in fie.d sampling. Appropriste reagent blanks should |
be submitted for analyais along with each set of spiked and split
samples. ‘

206, 1f the contractor is conducting only the laboratory analysis
portion of the monitoring contract, the contract msnager is responsible
for the proper submisaicn of performance test samples, reagent blanks,
and spiked and split samples for analysis. However, 1f the contractor

is conducting both field and laboratory components of the study, he is

P S
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responsible for the spiking and splitting of field samples and the

preparation and field placement of reagent blanks. In this case, the

Y
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Government 's quality assurance testing essentially involves strictly the

&

submission and analysis of performance test samples. Nonetheless, the

'-‘ By -

contract manager should still ensure that the contractor is conducting

.

reagent blank and spiked sud split sample analyses properly and at the

T eta "
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same rate as though the Government were conductingvthe ntudy.

207. The Government quality assurance program shculd also include
consideration of those quslity assurance items discussed in the final
section of Part IV of this report. .

Contractor quality control

208, The contractor must develop a written internal quality con-
trol program and make it available for review and retention by the con-
tract manager. This plan should focus on all procedures which comprise

the mcnitoring study, including equipment and instrumentation,
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calibration and maintenance, reagents and supplies, data management and
analysis, sample collection andianalysis. and personnel training and
continuing education. In a very real sense, discussions contained in
all other parts of this report represent factors which should be con-
sidered in such a quality contrfl plan. '

209. Quality control considerations for field sampling should be
thoroughly outlined in the vrit%cn sampling program or plan. This pro-
graa should delineate all details of sample location, collection, and
subsequent treatment. Sa-plinggoquip-ont should be routinely tested,

. calibrated, and subjected to -nhufactuxer'u recommended maintenance pro-
cedurss. Si-ilirly. sampling -;thods should be regularly evaluated to
deteraine whether they are 1nd¢;d sampling the target population. Ran-
dom quality control checks lhouhd be performed on all procudures for
sample location, collection, anh handling to ensure that proper methods
are being followed as ddsired.!

' 210. Minimum contractor quality control requirements for labora-

tory analyses are outlined in several of the references cited earlier
(paragraph 162). In general, éhcsc minimum requiresents include speci-
fication of the following: (a) fractiom (15~20 percent) of the tocal

analytical effort to be devoted to quality control testing; (b) inclu-

sion of sample replicationm, p-Jcant recovery determinations (preferably
from spiked sample analyses), and performance test ia-plc analyses in
~ the quality control testing; (é) analyses of reagent blanks on each ana-
lytical run (not included in tﬁc above percentage); (d) establishment
and maintenance of instrument éazibrntion curves; (e) use of standard

addi{tion techniques for atonicjabsorbtion analyses; and (f) development

l

of quality control charts fronft;st sample analyses.

211, Special quality coﬁtrol precautions must be taken for any
organic contaminant analyses via gas chromatography. Among those pre-
cautioﬁs which‘should be speciiied in the quality control plan are the
following: (a) injection procédures and precautions; (b) quality of
standard solutions; (c) ﬁrocedﬂrcs for maintaining the integrity of test
samples and reference material#; (d) proper methods for checking the

deterioration of stock and staﬁdard solutions; (e) requirements for the
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redistillation of solvents to remove interfering substances; (f) re-
quirements for proper chromatograph operation at optimum conditions;
(g) specification of the range of linearity for chromatograpn operation;
and (h) procedures fdr daily monitoring of chromatograph performance.

212. The quality control plan should also specify the schedule
and procedures to be followed in calibrating and maintaining laboratory
equipment and instrumentation. Equipment and instruments should be

“ calibrated using NBS (National Bureau of Stundards) standards whenever
they are available, or other acceptable methods when they are not
available. Similarly, equipment and instruments should be routinely
maintained and serviced as specified by the manufacturer. Calibration
2nd asintenance should be carefully documented, and such documecotation
should be available for inspection by the contract manager.

213. Also included in the quality control plan should be consid-
erations relating to contractor data reports, i.e., specification of
significant digits, units, and limits of detection and quantitation.:
The plan should further specify the manner in which both monitoring data
and results of quality control testing will be included in regular
progress reports to the contract manager, and should indicate plans for
the retention (duration and wethod) of field samples/sample extracts and

" raw data.
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PART VII: DATA MANAGEMENT

214, Once field samples have been collected and analyzed for con~
centrations of chemical contaminants of interest, the resulting data
must be processed in a manner that facilitates subsequent data storage,
analysis, and interpretation. This requires the establishment of gen-
eral procedures for data management. For such procédures to be effec-
tive, one must assuie that all previous steps in the monitoring program
have been conducted in a technically and legally defensible manner, that
is, data must have resulted from a properly designed and well-executed
sampling program, and from acceptable and properly documented methods of
sénplo handling and laboratory snalysis, with careful attention through-
out to proper methods of quality assurance. ‘

215. The goal of data management is to facilitate (a) storage of
reliable data in a form accessible by others, (b) subsequent analysis of
data in relation to the stated study purposes, (c) interpretation of
analytical results in relation to management needs, and (d) effective
communication of results and management decisions to othars. It 1s‘jutt
as important to practice proper techniques of quality assurance during
the data management phase as during earlier phases of a monitoring pro-
gram. Otherwise, the reliability of the data cannot be guaranteed, and
their usefulness for the purposes for vhiéh they were collected will be
limited. '

216. Because louitoring data must be managed for a vide variety
of possiblé uses and users, blanket recommendations on the establishment
of data ianage-ent procedures for a contaminant monitoring program can-
nét be given. The general discussions contained in this part of the
report will focus on the initial screening of laboratory data; available
data base management systems as wvell as proper steps for data entry,
editing, and retrievai in a given cat: base; and nseful approaches for
summarizing and analyzing data resulting from a reservoir contaminant

monitoring program.
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Initial Screening of Laboratory Data

217. As summarized in Part V, valid and legally acceptable analy-
tical chemical methods must be used to generate data on concentrations
of chemical contaminants in samples of water, sediments, and biota from
CE reservoirs. This requires strict adherence to rigorous analytical
ptocédutqs such as those outlined in ACS (1980). These procedures
guarantee that raw measurements on field samples are converted into
meaningful data that are interpretable in relation to étudy objectives.
All resulting laboratory data must be carefvlly screened before they are
entered into a data base management system or analyzed, to ensure that
they do not contain errors that would compromise their utility.

218. Two analytical concepts central to the.initial screening of
laboratory anaiyses of environmental samples are the limit of detection
(LOD) and the limit of qu;ntitation (LOQ).‘ The entry of limits of
.dete;tion directly irto the STORET water quality data bsse maintained by
the EPA, as thougﬁ they were actual sample measurements, was one of the
most persistent problems in data base management identified by Khalid
et al. (1983) in their survey of potential contaminant problems in CE
reservoirs. Because proper understanding of these concepts is essential
tovthe correct interpretation of data resulting from contaminant moni-
toring, the analytical basis for these concepts will be briefly sum~ ,
marized. ACS (1980) should be consulted for further details.

219. Both the LOD and the LOQ are related to random errors in
laboratory measurements of chemical concentrations, assuming that all
practical means of controlling systematic errors have been employed.
That is, both are related to the éstimate of the precision of the vali-
dated analytical method being used. Assume that the concentration of
some specific chemical, termed the analyté by sanalytical chemists, is
being deCermined; The concentration C of the analyte is related to the
magnitude of the signal S measured on some specific piece of hnalytical
equipuent (e.g., peak height on a gas chromatogram, digital counts
measured by atomic absorption spectrophocometry), through the response

function S = f(c). 1In graphical form, the response function is known as
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the calibration curve. The total signal measured for a specific envi-

ronmental sample is composed of a part due to tne analyte and a part due
to the blank or background contribution. Independent measurement of the
.blank signal allows calculation o} the net analyte signal by difference.

220. The precision of the analytical method is related to the
absolute variability in the response signal and is defined by the stand-
ard deviation of the net analyte signal., Since the net analyte signal
is the linear difference between the total and blank signals, its stand-
ard deviation includes contributions due to variability in both.

221. The limit of detection is the smallest analyte concentration
that can be reliably detected by the analytical method. It is defined
by the extent to which the total signal exceeds the blank signal. ACS
(1980) recommends a factor of 3 above the mean blank signal.

222, Similarly, the limit of quantification is the smallest
analyte concentration that can be reliably quéntified. Because reliable
quantification is a more severe requirement than detection, the LOQ
should be above the LOD. How much above depends on such factors as the
precision of the analytical sethod being employed, the purposes of the
study, and the applicable water quality criteria and standards. ACS
(1980) recommends that the LOQ should be at least a factor of 10 above
the mean blank signal.

223, These definitions of the LOD and LOQ influence the manner in
which laboratory data on contaminant concentrations in samples of reser-
voir waters, sediments, and biota are to be reported and interpreted
(ACS 1980}. Concantrations belov the detection limits are not detecta-
ble with any degree of certainty; such concentrations should be reported
as not detectable, with thg LOD given in parentheses. Concentrations
betwveen LOD and LOQ are detectable with a degree of certcainty, though
the exact numerical value is somewhat uncartain. As the concentration
increases above the LOQ, the numerical reliability of the analyte con-
centration increases, Numerical values for concentrations within the
region of detection should be reported, with the LOD again given in
parentheses. The numerical significance of such values must always be

considered in relation to the LOQ, however,
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224. The recommendation of ACS (1980) concerning the value of LOD
‘is probably quite adequate for the purposes of reservoir contaminant
monitoring programs, A useful value of LOQ, however, is sbmewhat less
certain., The value of the parameter may vary across monitoring programs
and for different chemical contaminants in relation to the precision of
the analytical method being used, the purposes for which the data were
obtained, and the existing véter quality criteris and standards.

'225. Special attention should be given to situations in which the
specified LOD or LOQ is gre#tet than the existing criteria. In such a
circumstance, the analytical method emplocyed is so imprecise that no
meaningful conclusions concerning possible violations of water quality
criteria can be reached.

226. All data resulting from laboratory analyses‘of environmental
samples should be carefully screened to ensure that they conform to the
rigorous definitibﬁs cf LOD and LOQ summarized sbove. In particular,
concentrations below the LOD must be reported as not detectable: numeri-
Eel results should not be reported for such samples. Laboratory analy-
tical data should also be énrefully subjected to other sorts of screen-

ing procedures before they are entered into data bese management

A

systems. If automatic laboratory data acquisition systems are employed,

then their accurate and reliable functioning should be periodically

AN

reviewed. All equations and algorithms used to convert rav measurements

o -
-

made with analytical equipment to data on contaainant concentrations
should also be checked at regular intervals. This includes all labo-
ratory calibration curves, which should be updated periodically for any
changes in instrumental sensitivity and reliability, All data forms
generated in laboratory analyses, whether manually or automatically,
should b2 carefully filed for subsequent reference in the event that
questions arise concerning the accuracy of specific analytical results,
227. All analytical methods used in a given monitoring program
should be carefully documented. Such documentation shculd include spec-
ification of the values of LOD and LOQ for each individual chemical con-
taminant. Any other useful methods of initially screening laboratory

data to ensure that only reliable and meaningful data are entered into
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data base management systems must also be employed. Entry of question-

able or erroneous data into a water quality data base can compromise the

purposes of a given monitoring program and must therefore be prevented.

Data Base Management

228. Because the volume of data generated in water quality moni-
toring programs is typically so large, the use of manual procedures for
data storage and analysis is impractical. Thus, a key component of a
reservoir contaminant moﬂitoting program involves establishment of a
comprehensive computer-based data base management system, By defini-
tion, a data base management system involves a combination of personnel,
computer hardware, and computer algorithms for the storage, retrieval,
analysis, and display of raw data as well as analytical results (Saul
et al. 1982). The purpose of such systems is to provide a structured
approach to processing large quantities of data into useful results on
which sound management decisions can be based. To be useful, a data
base management system should provide eagy access to all potential
users. ‘Sufficient documentation should‘be available to enable users to
take advantage of all features of the system. The system should facili-
tate maintenance of individual data files and periodic updating. The
management system should also have available a wide array of capabili-
ties for analyzing and displaying stored data (Ssul et al. 1982).

229. Commercially available data base management systems can be
classified into two broad categories, general purpose and special
purpose. Ceneral purpose systems focus mainly on strategies for data
base construction and algorithms for the storage and retrieval of infor-
mation. The analysis of stored data typically is not a major concern of
‘1ast general purpose systems. By contrast, special purpose systems tend
to simplify data base management and data storage and retrieval strate-
gies. These systems focus on providing a wide array of statistical and
mathematical routines for analyzirng stored data. Table 7 summarizes
relevant information on ;ix commo " used general purpose data base

systems, while Table 8 provides similar information on five routinely
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used special purpose systems. Other systems are also available, but the

eleven systems summarized in Tables 7 and 8 are those most frequently

}sed in water quality monitoring programs, especially by CE Division and
istrict Offices.
230. Which system is chosen for use in a specific reservoir con-

taminant monitoring program will depend on the requirements of that spe-

cific monitoring program as they relate to the capabilities of the

available systems. Among the factors which should be considered in
choosing a specific system are the following: the type of support pro-
vided by the system vendor, the specific data base management strategies
employed by a given system, the availability of statistical and mathe-
;macical routines for data analysis, system capabilities for graphical
{and tabular data display.'system programming capabilities, system com-
ipatibility with other available systems, and system cost.

{‘ 231. The successful management of data resulting from a reservoir

contaminant monitoring program will probably necessitate the combined

use of both general and special purpose data base management systems.
Entry of data into one of the general purpose systems shown in Table 7
would allow the resulting data to be accessed by a wide array of poten-
itial users. This would facilitate both the reservoir-specific analysis
of potential contaminant problems as well as comparative analyses at

regional or national leveis.

f 232. FR 1110-2-334 specifically requires that water quality data
jcollected at CE reservoirs should be entered into STORET; this should
Jinclude data on contaminant conceﬁtrations in reservoir waters, sedi-~
fnents. and biota. However, available general purpose data base manage-
;ment systems do not provide sufficient algorithms for thorough statis-
tical analysis of the stored data, nor is it possible to maintain

| rigorous quality control over data stored in a national system such as
STORET. Thus, data management for reservoir-specific contaminant moni-
‘toting should also include the establishment of a localized data base,
either for specific reservoirs or for a set of reservoirs under the

¢ jurisdiction of a given CE Division or District. Such a localized sys-

tem should be based upon one of the special purpose systems listed in
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Table 8. Rigcrous application of quality assurance procedures to data
storage in a local datﬁ base would ensure access o it iiabhle data on
contaminant levels in reservoirs and would facilitate thorough statisti-
cal analysis of the data srored there, Saul et al. (i982) provide a
brief discussion of the establishment of a localized data base manage-

ment system for a reservoir water quality monitoring program built upon

. the special purpose SAS system (Table 8). C

233. The key aspect of data management for a contaminant monitor-
ing program is the careful and continual practice of quality assurance

procedures in the entry of data into the chosen data base. Unless this

'is done, the reliability of the stored data cannot be guaranteed and the

purposes for which the data were collected cannot be fully realized.
Data resulting from field and laboratory analyses should be entered onto
appropriately designed coding forms, and entered into the data base by
keypunching or by direct entry via computer terminal.

234. fhe data entered should be subiected to careful point-by-
point verification. The form of data entry should be consistent with
considerations of the number of significant digits in the data, i.e.,
uncertainty should exist only in the last significant digit entered. If
contaminant concentrations measured in laboratory analyses were unde-
tectable, they should be entered into the data base as such, perhaps
through the use of a specially Aesigned code., Limits of detection
should never be entered intu the data base sas thbugh they ware measured
values, For reference purposes, the limits of detection and quantita-
tion should be éntered into the dats pase in conjunc;ion with each set
of data stored there (not with each individual sample entry).'

235. Once the data have beén entered into the data base, they
should bé subjected to editing programs specially designed to detect
errors, SQch programs should search for data formatting errors, unrea-
sonable values (e.g., pH >14), values outside the range of expected con-
centrations, and cther sources of likely efror.' The complete listing
and visual inspection of individual files in the data base system may be
a useful component of the data editing phase. All data entry and coding

forms should be filed for future reference should questions arise
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concerning the accuracy of specific observations. Methods used to
generate specific dats 3hould be thoroughly d.cumented, and such written
documentation should be referenced in the data base entries and filed
for easy retrieval. Once all reasonable proc:dures for guaranteeing the
reliability and quality orf the entered data have been taken, the data
should be transferred to mass storage devices (i.e., tape and disk) in

a manner consistent with the chosen data base management 3ystem.

236. Equally rigorous quality assurance [ ~-ocedures should ﬁe ap~
plied to the retrieval of contaminant data from the data base. If the
data reside on a locally designed management system, for which quality‘
assurance procedures are known to have been consistently applied, then
the problem of assuring the quality of retrieved data is reduced. How-
ever, for data retrieved from national general purpose systems such as
STORET, the problems of data relisbility are considerable. Khalid et
al. (1983) thoroughly discuss the procedures they followed in assessing
the reliability of data retrieved from STORET. ONther procedures chat
can be followed will be discussed in the final section of Part VII and

in Part VIII.
237. The use of data base management systems in reservoir water

quality monitoring programs is discussed in greater detail in various

other sources. In particular, Gaugush et al., (1984) and EM 1110-2-1201

should be consulted.

Data Summarization and Preliminary Analvsis

238. Once monitoring data have been entered into the data base
and thoroughly verified and edited, they should be summarized and '
subjected to initial statistical .-alysis. This component of the over-
all data management process will facilitate the subsequent thorough sta-
tistical analysis and interpretation of results in relation to study
purposes, and will ennance communication of study results in forms use-
ful to others. The exact form in which da:ta should be initially sum-
marized will vary according to the purposes of the specific monitoring

program, but some general suggestions can be given,
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239. Various graphic end tabular dizplays can be useful in reduc-
ing the total volume of data and revesling overall trends to be explored
in subsequent snalyscs. These displays ipclude such techniques as fre-
quency tables or histograms and scatter plots of changes in contaminant
concentrations over tino; with depth, or along longitudinal or latersl
reservoir sxes. Use of such dats displays can suggest the form of the
statistical distridbution underlying the dsta of interest and thus pro-
vide inforsation on the degree to which the dets conform to assumptions
underlying the specific statistical procedures to be eaployed in final
dats analysis pad interpratation phases. Frequency tadles or higtograms
can be especially useful in screening the data to ensure that limits of
detection have not been entered into the data base or aisidentified
during the data retrieval process as analytical messurements (Khalid et
sl, 1983). The occurrence of a very high frequency of extremely low
concentration values would cause the data user to suspect that limits of
detection hed indeed been entered directly into the data basa or that
the retrievel process had not sdequatsly identified such numbers.

240. Initial dats summarizstion should also lnclude calculation
of various besic sample descriptive statistics. Such statistics are
snother sesns nf reducing the total volume of data, providing estimates
of associated population perameters of interest, and suggesting Jetailed
statistical tests to be employed nubscquontlx. Among these statistics
are the sample mean, variance snd standard deviation, minimum and
maximum values, range, sample size, and various percentiles. 1 sup-
gested by specific data displays, it aay also be useful to calculate
statistical regressions at this time, in order to explore further trends
apparent in the dats, ' . ' |

241, The summarization and preliminary analysis of data resulting
from water cuality monitoring progfans is discussed in groater detail in
EX 1110-2-1201, Caugush et al, (1984), Reckhow and Chaprs (1983), and
US EPA (1982), Useful general refetrences for summarization and statis-
tical snalysis of environmental data include Box, Hunter, and Hunter
(1578), Creen (1979), Mosteller and Tukey (1977), Siegel (19%6),
Snedecor and Cochran (1972), Sokal and Rohlf (1979), Steel And Torrie

(1980), and Tukey (1977).
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PART VIII: DATA INTERPRETATION

242. The final phase of a monitoring program involves the
thorough statistical analysis of the resulting data and the interpreta~
' tion of analytical results in relation to study purposes and management
needs. The purpose of monitoring is to support the management of reser—
voirs and other water rescurces. Thus, interpretation of monitoring
data must lead to unaabiguous results vhich can be translated into fea-
ciblo management options for reducing the aovcrity of any contaminant
problml discovered during the course of the mitoting program,

" Although the success of the data interpretation phase will de enhnucod
by & well-designed sampling program based upon specific and clearly
stated goals, the translation of study results into feasible management
options is a diffiéult process (Ballinger 1979, Briggs 1379, Xhalid,
et al. 1983, Mills et al. 1982, Rice snd Anderson 1979).

243, Datue available for selecting and evaluating management op-
tions are froquontlyrinudoquato or of the wrong type. Moreover, deline-
ation of feasible management approaches requires considerable supporting
information and data on contaminant uéurcoo and properties and on the
environmental behavior of contazminants of concern. Finally, options
available for minimizing thc»ihvority of reservoir coutaninin: problems
may be quite constrained, Reservoir contsufnation is a general water-
shed problem, and svailable management options may be severely limited
1f contaminant loadings to a reservoir cannot be controlled.

244, For the data interpretation phase to yield defensible re-
sults, wonitoring data must have resulted from & stacistically sound and
‘vcll-ex-cuced sampling program, All data base management. procedures
must have been carried out in such a manner that careful attention has
been given to thc‘rrlinbility and quality of the resulting data. Ini-
tial screening and summarization of the dats basa, es well as prelimi-
nary statistical analysis, should have preceded thorough analysis and
interpretation. The specific analyses to be performed during the data
interprecation phase will be dictated by the stated purposes and objec-

tives of che monitoring program, In general, the gosl of this phase
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wvill be to determine whether contsminant problems exist in a reservoir,
as vell as to identify any nonrandom trends in water quality condiiisas
in the reservoir under study (s«.g., such as might result from the appli-
cation of certain management procedures designed to reduce a previously -

identified contsminant problem).

245. A subsidiary goal of the data interpretation phase might be
to angiyzi accessory hfdrologic and water quality data soc as te under-
stand basic physical, chemical, and biological processes vhich.regulato
contaainant bdehavior in the reservoir in question, and therebdy to iden-
tify likely management options for mitigating any existing contaminant
problems. Although identification of potential contaminant impacts on
bilological populations within the rescrvoir might be an important con-
sideration in many circumstances, it {s beyond the scope of this report
and will not be considersd hers. |

246, The primary focus of the msterial which follows is the in-
terpretation of data taaﬁlting from a specific monitoring program de-
signed tc detect the occurrence of contaminants {n a single reserveir.
However, it sust be recognized that the screening of reservoirs for pos-
sible contaminants -aj require the analysis and interprstation of data
collected fur diverse purposes and/or derived from many sources, Yor
exsmple, data drawn from a national water quality data base (e.g., |
STORET) may be used as part of a prsliminary screening to decide whether:
field wonitoring is required. Similarly, data resulting from a liaited
sampling program msy be analysed to detarmine the effects of some man- -
agement technique applied to minimize the presence of known
contaminants. ‘ ‘

247, Where the data to be analyzed have resulted from a
reservoir-specific monitoring program and have been 3tored in a local
dats base, and vhere rigorous ¢uality assurance procedures have been
carefully followed throughout, poteutial problems in data interpretation
will de minimized. Howvever, vhere data have been drawvn from other
sourcs. , they must }e¢ analyzed and interpreted carefully in relation to
unknown problé-s vhich may be masked in the data base. Thus,. the dis-

cussions vhich follov provide a thorough basis for interpreting data on
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contaninant lcvéls in reservoir waters, sediments, and biota, whather
the data have resulted from s car~fully designed, reservoir-specific

monitoring program or not.
248, The following section discusses the potential problems in
interpreting the mass of information included in a water quali:yidata'
base, The next section reviews basic concepts of statistics and
ptobabili;y theory that must be considered in interpreting contaminant
data in relation to cxiating vater quality criteria and standards. The
third section following reviews thess :riteria and standards and ‘ :
discusses how they should be une& together with monitoring data to Y
decide whother contaminant probleus exist in a given tesorvoir; Next,
the use of available screening methods to manage raservoirs in relation
to potential contaminant problems is discussed. The final section ‘
considers the specification and evaluation of management options for

minimizing contaminant problems'diacovéred during a monitoring program,

VPotontial Problems in Data Interpretation

249, As suggested above, it may be necessary to intatpt;t data
derived from a variety of sources during the course of & reservoir mon-
itoring program. Not all of these data may have been collect?d or
entered into the water quality data base of interest in a manner that
ensures the quality and reliabilicy of the data or the conclusions drawm
. from Ehcn. The potential user needs to be aware of problems which can ,

be masked in such data, co that he can avoid reaching false and unsup-

portable conclusions based upon his data analyses, - ' g
250, Sowe problems that may be hidden in a reservoir contaminants :

data base are of a fairly general nature, and are common to many large-

scale wvater quality monitoring networks (Ballinger 1979, Briggs 1979,

Rice and Anderson 1979, Sanders and Ward 1979, Wolman 1971). These in-

clude problems .ssociated wirh the general paucity oX data, short record

lengthe, changes during the course of the monitoring program in sampling

location and frequency, unavailability of useful accessory data on hy-

drologic and general water quality conditions, data collected in a
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haphazard fashion, and lack of information on data variability in time
and/or space. Most of these problems are symptomatic of a poorly de-
signed field monitoring effort; little can be done to correct for them
during the data interpretation phase. Other, more specific problems
exist, however, which can be avoided if data analyses are carefully
applied and interpreted. | k

251. Ome such problem concerns the entry of limits of detection '
into the data base as though they were actual analytical readings
(Khalid et al. 1983), Careful data screening and preliminary analysis -
should detect the occurrence of such problems, If no:i, however, false

_conclusiocns can be reached, p#rticularly if the prevailing limit of de-
tection for a paiticulat chemical contaminant is larger than the criti-
cal concentration specified in relevant criteria and standards. In such
cases, uncritical interpretition of data analyses would lead to the pos-
sibly false conclusion that a water quality problem exists in the sam-
pled reservoir, Instead, the 6n1y reasonable interpretation in such
instances (in the absence of additional supporting data) would be that
one cannot ascertain with certainty whether or not a water quality
problem exists in the reservoir in question without further monitoring
using more sensitive analytical methods.

252. Another data base problem that could lead to improper con-
clusions concerns changes over time in the analytical methods‘employéd
in a monitoring program, especially if the various methodologies have
not been carefully cross-calibrated (Khalid et al. 1983, Shapiro and
Swain 1983). In the absence of specific information on the comparabil-
ity of data derived from the several methods, false conclusions con-
cerning trends apparent in the contaminants data could be reached, This
problem could be particularly acute if combined with the one Just dis-
cussed, 1.e,, 1f limits of detection have been entered directly into the
data base without being identified as such, and these limits have de-
creased in magnitude due to improvements in analytical methods. In this
instance, uncritical interpretation of trends in the data base would
incorrectly suggest that water quality conditions had improved over

time, when all that had really occurred was a lowering of the minimum
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|
detectable conhentration of the chemical contaminant of interest.
Shapiro and SwLin (1983) provide a particularly instructive example of
problems that can result from changes in analytical methods (and in con~
tracting laborLtories) over long periods of time in water quality moni-
toring prograJa.

253. Another potential data interpretation problem that could
lead to false iconclusions stems from the incorrect comparison of moni-
toring data with the relevant water quality criteria and standards
(Khalid et al. 1983, Rice and Anderson 1979). These criteria and stan-
dards reflect the best available scientific information ¢1 the maximum
tolerable eprsures to toxic chemicals for human and aquatic popula-
tions. Typicélly. these critical concentrations were derived from labo-
ratory Bioasaifs in which organisms were exposed to kiuown concentrations
of the‘éontam#nant of interest in water-scluble form. Thus, monitoring
data for compétison with these standards should reflect analyses of fil-
tered rather Ahaﬁ bulk or unfiltered sawples, The actual dissolved con-
centration of?a given contaminant in unfiltered water samples may depend
largely on th% concentration of suspended sediments in the sample, which
may be unknowﬁ and may vary considerably from saﬁple to sample; Thus,
comparison oficoncentrations measured on unfiltered samples with exist-
ing criteria énd standards could lead to erronecus conclusions concern-
ing the preseéce or absence of contaminant prob;ems in a given
reservoir., |

254, Aﬁfinal problem that must be considered during dafa inter-
pretation conéerns a basic ircompatibility between water quality cri-
teria and staﬁdards and field monitoring data (Loftis, Ward, and Smillie
1983;‘Sanders%and Ward 1979). As they are typically written, standards
repregent fixéd upper limits that are not to be exceeded by concentra~
tions measure% during a monitoring program. In comparison, monitoring
data represent samples drawn from some parent population about which
information 1s desired. By its very nature, sampling 18 a statistical
process, There exists a finite possibility that a measured concentra-
tion could exéeed a fixed standard due strictly to natural variability

ov sampling e}ror. Similarly, trends in field monitoring data could

|
|
|
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reflect random variation or natural cycles rather than real trends

for improvement or deterjoration of water quality associated with an~
thropogenic impacts. Thus, data analysis and interpretation must be
able to distinguish actual vater quality trends from apparent trends
resulting Jrom sampling error and natural variability in time and space.
This involves the use of statistical methods an§ concepts from probabil-~
ity theory during the data interpretation phase, The following section
summarize. bagic statistical and prébability coﬁcepts vhich should be
conigidered in comparing monitoring data witan relevang standards,

Statistical Conaiderations

Statiétical‘approaches
to data Interpretation

255. At ‘the end of a monitoring program, after all‘field dats
have been screened and entered into the data base, one may be tempﬁed
simply to scan the resulting data, locate the maximum concentration ob~ -
gserved, and conclude based upon a compariéon of this concentration with
the relevant water quality standard that a contaminant problem either
does (maximum concentration > standard) or does not (zaximum concentra-
tion < standard) exist in the sampled reservoir. The same procedure
could be repeated far all of the contaminants measured during the course
of the monitoriﬂg program. Although this ptocedure'seems straightfor-
ward and is easy to apply and interpret, it fails () to take into
account the statistical nature of monitoring data and (b) to distinguish
clearly the actual degradation of water quality due to authropogenic
impacts from randcm and/or cyclicai variations in contaminant concentra-
tiong which are unrelated to human impacts on water quality conditions
in the sampled reservoir. Tﬂus, alternative procedures dbased on appro-
priately applied statistical concepts should be employed tn 1ntérpre:
monitoring data in relstion to existing criteria and standardé (Briggs
1979; Erlebach 1979; Loftis, Ward, and Smillie 1983; Rice and Anderson
1979; Sanders and Ward 1%79).




256.. To better understand the discussions which follow, consider
Figure 1. Assume that the concentration of some specific chemical .

7<)

AREA REPRESENTS THE PROBABILITY
OF EXCEEDING THE RELEVANT
WATER QUALITY STANDARD, Xs

-
x

Figuré 1. Representation of the probability distribution £(X) of
sample values for concentrations of a specific contaminant in random
water samples from a given reservoir; X represents the observed
sample mwean and Xc reprasents the relevant water quality standard
for this chemical ‘
éontaminant of interest follows a normal distribution (any other distri-
bution could serve as an gxample), and that randomly located samples of
water have been collected from a specific reservoir and properly ana-
lyzed for contaminant concentrations, Various sample descriptive sta-
tistics ares calculated a3 point estimates of the unx *m popﬁlation.
parameters: 'the true population mean is estimated by the sample mean
(X), and the dispersion of values around the mean is represented by the
sample variance (s*?), standsrd deviation (s), and standard error of the
mean (si). For this normal population, the problem is to determine,

based strt:ily on the sample values, whether or not the reservoir is in

violation of a specific standard, represented by Xs in Figure 1. Even‘

4f X < Xs as depicted, there exists a finite probability that a single
randomly drawn sample, or the mean of a randoely drawn sample popula-

tion, will exceed the relevant standard due gstrictly to sample error or
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natural variability, regardless of whether a water quality problem

exists or not. This probability is not clearly related to whether or
not one or more concentrations in the orig%nal sample exceed Xs .,
Thus, data interpretation must be able to distinguish "real"™ water qual-
ity violations from apparent wiolatioms re$ulting strictly from the sau-
pling process., Because of this, data anal}sis and intérpretatiou_must
relate monitoring data to relevant water q&ality criteria and standards
through the use of sampling statistics (Loftis, Ward, and Smillie 1983;
Sanders and Ward 1979).

257. 1In this instance, a concentrat#on specified in an appropri-
ate water duality~standard is no longer inéerpreted ags a fixed upper.
limit never to be exceeded, but rather as an upper limit not to be ex-

ceeded some specified percentage (e.g., 95§or 99 percent) of the time.

' This specified percentage represents the f%action of the total ares

under the probability distribution of sampie concentrations £(X) ,.
lying to the right of the standard Xs (Figure 1).

258. In taking a statistical approach to the interpretation of
monitoring data, one must assume that the underlying sampling program
was properly designed and executed. That is, sample size must be suf-
ficiently large to estimate population par;meters of interest with rea-
sonable confidence; samples must have beeu |[drawn randomly, if not from
the entire reservoir then from essentially homogeneous strata; and gam-
pling frequency must be sufficiently great to provide reliable informa-
tion on natural temporal variability in contaminant concentrations.
This last point 1s critical: knowledge ofsdata variability in time and
space is essential to the proper interpretétion of monitoring data on
contaminant levels in reservoirs in telatign'to standards and criteria
(Ballinger 1979, Briggs 1979, Erlebach 197#, Rice and Andersonm 1979,
Sanders and Ward 1979). Also, knowledge of the possible environmental
behavior of the contaminant(s) of interest%must have been taken into
account in designing the field saumpling ef#ort, and must be considered
in interpreting monitoring results (Khalid et al. 1983, Milis et al.
1982).
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259. A number of statistical possibilities for interpreting mon- -
itoring data must be considered (Loftis, Ward, and Smillie 1983; Sanders
and Ward 1979). On the one hand, the data user may want to determine
whether or not the sampled reserzvolr is in compliance with existing

water quality criteria and standards. Alternatively, one may be. inter-

ested in identifying trends in the data base which reflect an improve-

ment or degradation of water guality conditions in the reservoir under
study. Finally, interest may focus on examining relationships between
contaminsnt concentrations and hydrologic or other water qu.lity vari-
ables. Identification of such relationships may reveal key processes
regulating the environm2ntal behavior of the contaminants of interest,
and may suggest management tb-hﬂiques for mitigating any contaminant
problems dezected. Each purpose for data interpretation will require a
different statistical trectmeut of the available data. Statistical
approaches useful for each of these three general purposes will he
briefly discussed,

Detection of water
quality violations

260. Determining whether or not a sampled reservoir iz in viola-

tion of existing standards involves the use of statistical inference,

i.e., testing the hypothesis that a single random sample exceeds the

standard (X > Xs), or that the mean of a random sample population ex~

ceeds the standard (X > Xs). If one is testing an hypothesis involving

a gingle random sample, then one uses the sample standard deviation in

the approrriate statistical calculations., By contrast, hypotheses in~

volving the mean of a random sample population require the use of the

standard error of the sample mean., As discussed later, which hypothesis

one tests deprnds on the nature of the relevant standard.

261. A number of legitimate statiscical approaches exist for

testing’such hypotheses. In order to illustrate the procedure involved,

dacta on two hypothetical populations have been generated and are sum~

marized in Table 9. These hypothetical data could represent the con-‘

certration of any contaminant in any environmental compartment sampled

(i.e., water, sedimert, tissue); for the purposes here, assume they
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- standard error, the first upper confidence limit will always be larger

represent concentrations in (filtered) water samples in units of micro-

grams per lirre., These readings might have resulted from a biweekly
sampling of water from a single homogeneous stratum of a reservoir, or
(preferably) an equivalent number of samples collected on an event-
oriented basis, For.this exsmple, let the relevant standard be
100 ug/L. ‘ _ _
262, These hypothetical data are fairly typical of the sample
réadings one might expect in a field sampling prograw. Each of the two
sample data sets rontains a number of zero readings, and both contain
one or more concentrations in excess of the standard. In the first sam-
ple population, only a single value is slightly larger than the stan-

dard; in the second, 12 of 26 values exceed the standard, often quite

* subntantially. Means of both hypothetical populations are less than the -

sta. dard, and the variation of sample values around each mean 1is quite
large (the coefficient of variation was chosen at about 0.75-0.80 for
each population). Thus, an initial scan of the two data sets might sug-
gest that a reservoir from which the first sample was collected is not
in violation of the stated standard (even though the maximum value does
exceed the standard), while a reservoir from which the second sample was
taken is in violation., Several statistical techniques exist for attach-
ing specific probability statements to these initial impressions,

262, Ome valid aﬁproach to making initialvimprgssions concerning
these two populatibns quantitative is the calculation of appropriate
confidence intervals, ﬁSince one is oanly interested in whether or not

sample values exceed the standard, the one-tail upper confidence 1limit

"is the quantity to calculate. For the first population in Table 10, the

upper 95-percent confidence limit on a single randomly chosen sample
value is 94 ug/f. Similarly, the upper 95-percent confidence 1imit on

the mean of a random sample population is 51 ug/f. (The first confi-

‘dence limit is calculated using the appropriats value from the Stu-

dent's 't distribution and the sample stsndard deviation; the second
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than the second. Statistically, this simply says that there is always
more urcertainty in the magnitude of a sin-le sample value “kar in the
mean of 3 set of sample values, a restatement of the Central Limit
Theorem from probabili -y theory.) Compavrabie upper confidence limits
for the seccnd population in Table 9 and 186 and 101 ug/f, r=spec-
tfvely. Both of the upper confidence limits for the first populacion
are legs than the standard of 100 ug/%, while both values for the second
populaﬁion excced this atandard, Using « higher level of probability
{e.g., 99 percent) would raise all upper limits, while the reverse would
be true ii lower probcbility levels were chosen.

264. A second approach 18 to test whether tne reservoir in ques-—
tion 18 in violation through the use of the standard normal distribu-
tion. In this case, the stated water quality standard is converted to a
standard normal variate by subtracting the observed sample mean and then
dividing by the sample standard deviarion cr the standard error. UQae
then determines the associated probability level by looking up this
vaiue in a table of the cumulative standsrd normal distribution. For
the first population in Table 9, the prolabilities that a single random
sample or the mean of a random sample pcpulation will exceed the stan-
dard based on this approach are 0.030 and 0.0, respectively. Comparztle
values for the second populaticn are 0.37% end 0.056. As did the upper
confidence limits, these values tend to confirm the initisl impression
that the first reservoir is not iIn violation nf the standards, while the
second is.

265. Because the above probability values are based on sample
egtimates of the standard deviation and standard error. there is a cer-
tain amount of uncertainty associated with them, Loftis, Ward, and
Smillie (1983) liscuss how to place confidence bounds around such proba-
bility statements based on the standard normal distribution. Ar alter-
native procedure is simply to use the Stud t's t distribution iastead
of the standard normal. Using this distribution for the first hypothet-
ical population, the probabilities that a single random sample or the
mean of a random sample population will exceed the standard are 0.038:

and 0.0, respectively. Comparable values for the =zcond population are
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0.380 and 0.065. These values are quite similar to those based on the 5
standard normal, but slightly larger since the true population variance

is unknown,

266, All of Lhesc methods represent valid applications of sam—
pling statistics to the comparison of monitoring data with water quality
criteria and standards. In order to use them properly, the user must
maks two decisions, First, one must determine whether he is interested
in the probability that a single random asmple value exceeds Ehe\ct:ﬁ~ .
dard, or the probability that the mean of a random sample population
exceeds the standard. In general, if the standard is stated in the fora
of a maximum value not to be eaxceeded ({,e., corresponding to an acute
toxic effect), then it {» the probabilizy that a single random sample
value vill exceed the standard that should he calculated. Alterna-
tively, 4f the standard (s stated as re~e type of average value (e.g., &

24=hr average) not to be exceeded (i.v., corresponding to a chronie

effact), then {t is the probability that the mean of a random sample
populacion will exceed the siandard that should be determined. Secoud,
one must decide vhat probability level to adopt as thi. eriterion for
violation. Where the consequences of exceeding the wtandard for the
health of human and aquatic populatic: ¢ ere great, and/or the scientifie
basis of the iLtandard is somewhat uncertain, a higher probadility cri-
terion should be adopted (e.g., 95 or 99 percent), On the other hand,
{f exceeding the standard does not pose extreme risk for human or aqua-
tiec populations, and/ovr the scientific basis for the existing standard
is quite certain, then cbnavhatvxovor probability levels could be chosen
(e.g., 80 or 50 percent).

267. The appropriate prohability level will differ n-ong con=
taminants and reservoirs !spending on many study-specific factors,
Wherever there is resal uncertainty as te the appropriate level, one
should always choose 8 high enough level to ennuro‘tha nafety of human
and aquutic populations likely to be impacted by any contam{nant prob-
lems in the reservoir in question. Choice of a ! igher prohability meaus
that a smaller mean concentration is required to conclude that a reser-

voir {s nov in‘complilnco with existing criteria and atandards, In
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statistical terms, the higher the probability level chosen, the smaller
is the chance of concluding erroneously that no contamingnt problems
exist in a given reservoir vhen in fact some do (i.e., sccepting a false
null hypothesis or making a so-called Type Il error).

268. A slightly different apprvach to detecting standards viola~
tions was developed by Lottin, Werd, Smillie (1983), and Sanders and
ﬁard (1979). Their approach involves calculating the number of viola-
tions expected during the course of a field uonitbring program, This
expected value is calculated ss the product of the sample size and the
ﬁrobability of exceeding the standard, If the observed nuaber of viola-
tions is greater than the expected number, one would conclude that a
vater qualitf problem oxiuted. This approgch has merit for detecting
violations of standards for conventionsl pollutants, purticdlarly in
streans and rivers. However, it contains a number of hidden assump-
tions, and could lead to serious errors in judgment for detecting prob-
lems with toxic pollutsnts in reservoirs. In particular, the spproach
implicitly assumes that the probability of exceeding the standard can be
celculated based upon a ssmple from a time period known not to de in-
pacted by human activities. The original references ghould be consulted
csrefully for s conploto‘dilcuision of the approsch,

269. All of the statiscical methods discumsed here for detecting
violations of standards for toxic chemicals in reservoirs are bdased upon
certain specific assumptions (e.g., the variable in question follows a
specific distribution, such as the normal or lognormel). Thus, as part
of the dats interpretation phase, the validity of these underlying as-
sumptions should be carefully eveluated. This involves other ntntinti-
cal nrocedures such as goodness-of-fitz tests, If the svailable data on
contaminant concentrations in reservoirs do not conform to these assump-
tions, other nonparametric or distribution-free statistl al methods
shornld be employed, Nonetheless, {n determining vhether or not the
sampled reservoir is in compliance with existing water quality criteria
and standards, i: is preferable to use statistical methods based on rea-
sonable assumptions than not to follow a stat{stical approach at all

(Leftia, Ward, and Smillie 1983; Sanders and Ward 1979).
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Detection of water quality trends .

270. A second general purpose for analyzing menitoring data in-
volves identification of monrandom trends., One aight be nterested in
changes in reservoir contaninant levels due to changes in industrial
activities or sgricultural praéticcl in the contributing wutershed.
Alternstively, one may wish to determine vhether some managemeént prb-
cedure vas leading to a reduction of contsminant concentrations within
the reservoir. Or, one could be interested in examining spatial gra-
dients in contaminant ccencentraticns along hoti:antai or vertical reser-
voir axes, Data on contsminant levels in samples of water, sediment, or
‘biological tissues could be aralyzed for the detection of irondn for sny
one of these purposes.

271. A number of statistical spproaches exist for detecting
trends in water quality data., Perhaps the simplest involves tte
caleulation of linesr or nonliniar regressions of changes in contaminant
concentrations in time or space. Such regression analyno.'vill detect
whether the apparent trend {s statistically significant or not, as well
as predict the rats at vhieh contaminant concentrations are changing.
More sophisticsted methods of trend detection, involving procedures from
time series analysis and statistical filtering, are also possible.

272. Another approach to detecting trendas in reservoir contami-~
nant concentrations involves testing specific statistical hypoi heses

concerning changes in mean concentrations in time or space., Fo' exam-
ple, data on contaminant concentrations before and after the implewmenta-
tion of some specific msnagement procedure might be sudjected to a two-
sanple (pooled) t-test to detect the significance of obcerv?d changes in
contaminant concentrastions attributable to reserveoir management,

273. The hypothetical dsts in Table 9 again serve to {llustrate
the procedure involved, Data for population 2 could represent water
concentratinns prior to implementation of the management approach, while
population | data could repressnt postmanagement conditions., On the
assumption that no other changes in the fcaorvoir or the watershed have
occurred, these data suggest that the specific management approach

enplojed led to a reduction in concentration of this hypothetical
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contaninant of 41 ug/t., For these data, the pooled estimate of variance
is 2397 ug/L, the estimated atandard error of the differencs in mean
concentrations 1s 14 ug/L, and the calculated t value is 2.98; the
sssociaied probadility level is sbout 0,007, One would conclude from
this anulysis that contaminant levels had indeed been reduced by the
managemant *ethod iuployid. ‘ |

274, The statistical‘approach just illustrated can be expanded to
more thon two time periods through the use of analysis of variance tech-
niques., With theec techniques,6 cne cen partition the total variation in
the data set into both temporal and spatiasl components, snd test for the
significance of the observed trends 1n time and/or space as desired.
'Thus, for example, one could examine the significance of measured dif~
. ferences in coataminant éonctutrationl tmcnﬁ several spatial strata over
tvo or manre time periods in a single analysis. How one specifically ,
employs such statistical methods for detecting differences in concentra-
tions in time and/or space will be determined by the design of the field

saupling program.

Identification of
vater quality relationships
275. The third general purpose pravicusly identified for sna-

lyzing and interpreting contsminant monitoring data involves exsmining -

relationships between contaminant concentrarions and hydrologic and
other general water Gquality variables. Yor example, one might examine
relationships between contaminant concentrations and total tributary
flowv into the reservoir, or between contaminant éonéen:ratious and con-
certrations of suspended sediments. Data on other water quality vari-
ablas to be ﬁsed in such analyses mfight be‘dr:vn from a variety of
sources, including CZ Division water quality surveys on specific reser-
.voirs, studies by local un'versities or »>uata or other Federal agencies,
or nationsl water quality data bases such as STORET and WATSTORE.
Another excellsnt scurce of such data i3 an exteunsive data base on water

quality conditions in CE reservoirs described by Walkex /1981, 1982,
1984). ' '
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276. Various statistical procedures exist for examining relation-
ships between contaminaut concentrations and other water quality vari-
ables, These include the fitting of various linear Qnd nonlinear
regression models of assumed relationships between contamitant concen-
trations and other variables which are believed to regulate the behavior
of the coutaminants of interest in the sampled reservoir. Alterna-
tively, one could examine relationships between contaminecat snd other
water quallty variables through the use of statistical correlation prd-
cedures. Both simple univariate and multivariste partial and canonical
correlation analyses could prove useful, depending om study purposes and
field sampling design, ' Again, the main intent of such statistical ana-
lyses is to identify relationships between contaminant and othor vari-
ables, and thereby hopefully to identify key processes which sppear to
be regulating the enviromnmental behavior of the contaminants of inter-
est. Understanding such key regulatory processes might suggest
management approaches useful for mitigating any reservoir contaminsnt
problems detected.
Other scurces of information

277. The purpose of this section has been to stress the impor-
tance of adopting a rigorcus statistical apprdach to analyzing and

interpreting data on reservoir contaminant levels resulting from a moni-
toring program, and to 1llustrate the types of appréachea that may bde
employed. For detailed discussion of appropriste statistical methods,
the reader is directed to the following references: EM 1110-2-1201;
Gaugush et al. (1984); Box and Jenk:ns (i976); Box, Hunter, and Hunter
(1978); Drapier and Smith (1981); Green (1979); Morrison (1976);
Mosteller and Tukey (1977); Parzen (1960); Reckhow and Chapra (1983);
Siegel (1956); Snedecor and Cochran (1972); Sokal and Rohlf (1979);
Steel and Torrie (1980); Tukey (J977); and US EPA (1982).

Compliance with Regulatory Criteria and Standards

278. The major purpose for analyzing dara on contaminant concen-

trations {n reservoir water, seciiments, and biota~-whether thease data
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were derived from a reservoir-specific monitoring program or from some

general water quality data base-~3is to determine whether or not a spe~ .
cific reservoir is in compliance with existing water quality critaria
and standards., Successful realization of this purpose requires (a) that
the data user 1s thoroughly familiar with the stacistical considerations
discussed in the previous section and (b) that he is aware of the rele-
vant criteria and standards and knows how to employ them to identify
problem reservoirs. The intent of this section 1s to review briefly the
available criteria and standards and to provide genersl guidance on how
~ and when to use them to determine if a given reservoir does or does not
comply with them. The statutory basis and general content of the role-
Qant criteria and standards were summarizea in Part I of this repott;‘
Part 1I listed the various chemical contaminants covered by these regu-
lations., The actual concentration levels specified by these regulations
may te found in summary tables in the reservoir contaminant survey by
Khalid et al. (1983) and in the original sources cited therein,

279. The following criteria nnd.standa:ds are available for com-

parison with data on contaminant concentrations in reservoir water sam—

ples: the EPA 1980 and 1976 Red Becok criteris, the PHS National Drink-
ing Water Standards, and state water quality standardg. The EPA 1980
criteria, based on the best scientific informaiicn currently availsble,
specify maximum concentratibns for the protection of human health and
aquatic life. The human health criteria are stated in the form of maxi-
mum concentrations not to be exceeded, while the criteria for aquatic
life specify both a 24~hr average and an absolute maximum concentration
not be to exceeded., These two aquatic life criteris corvespond to
chronic and acute toxic effects, respectively. Based on improved
scientific information, these criteria supplanted the‘eatlier 1976 cri=~
teria, which also specified separate levels for the protection of human
- health and aquatic life, The 1976 criteria did not, however, specify
separate average and maximum criteria for aquatic life. The concentra-
rions for aquatic life specified in the 1976 criteria gererally fall

between the two levels specified in the newa2r 1980 criterie.
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280. These EPA criteria do not by themselves have any regulestory

impact, unless they are incorporated into state water quality standards,
vhich are enforced. Most current state standards are based on the 1976

criteria, slthough a gradual transition to the newer 1980 criteria is in
progress. The PHS Drinking Water Standards differ from the EPA criteria
since they take into account economic and technical feisibility of com-

pliance (the EPA criteria do not consider such factors), and since they

are based upon a different risk model. They are also stated in the form
of maximum concentrations not to be exceeded. ’

281, Which of the available criteria and standards one utilizes
to detect the presence of contaminsit problems in a given reservoir will
depend on the purposes for which the monitoring dzta were collected. In
general, since they may reflect local considerations not covered .in na-
tional criteria, one should base decisions concerning compliance on th§
relevant standards for the state in which the reservoir is locatad.
.However, 1f the state standards are still baied on the older EPA 1976
Red Book criteria, one should strongly consider using the never, more
scientifically sound 1980 criteria, especially if they differ substan-
tially froe the 1976 criteria and/or the relevant state standards. For
the few chemicals listed in Tables 2 and 3 not covered by the 1980 cri-
teria, state standards or the 1376 criteria should be follovtd,

282, 1f the purpose of data interpretation is to derive informa-
tion at a national or regional level on the occurrsnce of contaminant
problems in a variety of CE reservoirs (e.g., all reservoirs in a Divi-
sion, all CE reservoirs), then tle 1980 criteria should certainly be
cnﬁloyed.' Unls.s there exists strong acientific evidence to the con-
trary, one should probably employ the most stringent standard available,
80 as to provide maximum possible protection to human and aquatic popu~-
lations likely to be impacted by the occurrence of any reservoir con-
caminanf problems. ‘

283. Whichever set of standards is chosen as the basis for inter-
preting data on water-soluble concentrations of the contaminants of in-~
terest, proper statistical procedures should be employed for comparing

the standard with field monitoring data. As nlréady emphasized, if the
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standard is stated as an absolute maximum concentration not to Be ex~
ceeded (8.g., the 1980 EPA criteria for the protection of human health),
then decisiona concerning reservoir coumpliance should be based on the
calculated probability that a single random sample will exceed the stan-
dard. In contrast, 1f the standard is stated in the form of an averages
concentration not to be exceeded [e.g., the 1980 EPA criteria for the
protection of aquatic life from cnronic effects), then compliance deci-
sions should be based on the calculated probadility that the mean of a

- random ssmple population will exceed the standaxd.

284, For data on contaminant concentrations in tissue samples
from finfish and shellfish species ingested by human populations, the
relevant standards are provided by the FDA regulations on maximum con-
centrations of contaminants in aquatic organisms, Since these regula-
tions are stated in the form of maximum concentrations not to be ex-
ceeded, the decision as to whether or not contaminant problems exist in
the sampled reservoir should be based on the calculated probability that
a siagle random sample will exceed the stated standard. '

285. For other types of samples not covered by these standards,
it 1s possible to calculate and use various derived standards for the
purpose of deciding whether or not a potsntial contaminant problem ap-
pears to exist in the sampled reservoir. For example, for sediment con-
centrations, tentative standards can be calculated based on the appro-
priate water-soluble standard and theoretical considerations concerning
the equilibrium partitioning of the contaminant in queation between
sediment and wvater (i.e., derived standard equals water standard multi~
plied by equilibrium partition coefficient).

286. Similarly, a sediment standard could be derived from an FDA
tissue standard with knowledge of the equilibrium bioconcentration of
that contaminant from sediment by an appropriate finfish or shellfish
species. Such derived standards are also possible for various'aquatic
species not diregtly covered by the FDA regulations, based on knowledge
of the relevant water-soluble standard and the biloconcentration factor

of that chemical from water by the species in question. Such approaches
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are discussed in a number of other sources (e.g., Khalid et al. 1783;
Lymaen, Reehl, and Rosenblatt 1983; Mills et al. 1982). -
287. Although many such derived standards may be calculated, they

should be used and interpreted with extreme caution. Such derived stan~
dards have an uncertain legal basis, and many scientific objections
exist to using counstant values for partition and bioconcentration coef-
ficients, Such coefficients are known to vary considerably as a func-~
tion of many physical, chemical, and biological factors. Thus, although
these approaches to calculating derived standatxt»may be useful in cer-
tain well-defined situations, the user should be avare of the many pit-
falls and assumptions involved. The use of derived standards is cur-
rently receiving considerable attention, and more definitive guidance '
may be avaiiable in the future,

288. The specifics of data comparison with water quality criteria
and sta.dards will be dictated by the detailed purposes of a.given moni- -
toring program. Also, the criteria and standards may themselves éhange
over time, as new laws are enacted and as the scientific basis of water

quality regulation improves,

Use of Screening Methods in Reservoir Management

Need for screening methods

.289, After the monitoring data have been'analyzed ana compared
with appropriate criteria and standards in a statistically rigorous .
manter, a decision must be reached concerning the proper future manage-
ment of the reservoir under study. If a contaminant problem has been
detected, management options for minimizing adverse environmental im-
pacts resulting from the problem must be identified and evaluated as to
their cost and likely success., If no contaminant problem has been
detécted, then it may still be necessary to schedule a reevaluation at
some future date In relation to projected changes in human impacts on
the reservoir. In either case, reliable techniques fcr translating mon-

itoring results into feasible management options wmust be employed.




290,

the management of reservoirs in relation to the occurrence of toxic

As compared with the case for more conventional pollutants,

pollutants is more difficult; the environmental controls required to
minimize adverse environmental impacts are more costly; and the
penalties—in terms of adverse impacts on the health of human and aqua-
tic populations--fér errors in judgment are more severe (Hilis et al.
1982). Thus, the translation of monitoring results into management
options requires the use of efficient tools that are based on thorough
knowledge of key processes regulating the envirommental behavior of
toxic contzuinants, both organic and inorganic. | . 1

291, Ome pattiéularly useful set of tools for traﬁslating moni-
toring results into management options is contained in a set of screen=-
ing procedures published by the EPA for assessing the environmental
quality of aquatic environments 1nélﬁding reservoirs (Mills et al,
1982). Part II of this report briefly reviewed the use of these screen~
ing procedures in celation to the selection of variables to be included
in a contaminant monitoring program. These methods, which combine
empirical and mechanistic approaches applicable to both conventional and
toxic pollutants, were designed to provide a rapid assessment of the
presence of pollution problems in water bodies, as well as an evaluation
of managemént options for mitigating any problems identified.

©292. Recogaizing that water pollution is a watershed-level prob-
lem, these methods focus on factors that influence the inputs of pollut-
ants to water bodies, as well as those that regulate the behavior of
pollutants within aquatic ecosystems. The primary output of‘the methods.
is a prediction of pollutant concentration in the water budy in ques-
tion, with a secondary output for reservoirs being the concentration of
pollutants of interest in tissues of aquatic organisus, primarily fish.
Thus, these methods are similar in spirit to commonly used loading or
regression models for predicting the eutrophication potential of lakes
and impoundments (e.g., Reckhow and Chapra 1983, Walker 1982).

293. The content and use o these screening procedurés‘in rela~

tion to the management of coutam! int problems in reservoirs will be

sumrarized in the paragraphs whi« follow. Detailed descriptions of the
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individual methods, including numerous example calculatiocns, may be
found in the manual prepared by Mills et al, (1982). This manual also
contains a wealth of background information on the priperties, scurces,
and environmental bekavior of contiminants essential to intelligent
application of the screening procedures.

294. As background information to the discussicn of tae proper

use of the screening procedures for managing contaminant problems in
reservoirs, the following paragraphs present a review of the technical
content and concepts of the procedures.

Screening'uachods ,

295. The individual screening methods developed by Mills et al,
(1982) are based on a genersl screening procsdure that can be adapted
for specific application to three types of aquatic enviromment: river,
impoundmernt, and estuary. Methods appropriate for each environment can
be used separately, or the methods can be used in an interactive manner
to provide an integrated analysis of aquatic systems interconnected by
flows. Although the methods specifi-zszlly develcped for impoundments are
of immediate concern here, the riverine techniques may also prove useful
for assessing contamivant problems in reservoirs. These riverine
mathods may be applied directly to shallow, unstratified inpcundménts;
or they may provide a means of assessing contaminant loadings to reser- '
voirs from upstream sources. Al_o, the riverine methods provide a mech-
anism of analyzing the fate and impacte of contaminant spills on reser-
voirs, thus providing the "quick response capability" identified by
Khalid et al. (1983) as missing from existing contaminant monitoring
programs for reservoirs. Mills et al. (1982) provide two examples of
analyzing the fate and transport of a toxic chemical aspilled into a
river, for toxicants that are both less and mc-e dense than river water,

296. These screening methods are based on the conceptualization
of major processes regulating the enviromnmental behavior of contami-
nants, As shown in Table 10, up to 13 processes in four major cate-
gories which influence contaminant fate and transport in aquatic envir-
onments may be considered in 2 given analysis. All of these processes

are potentially important for understanding the behavior of organic
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contaminznts; some, however, do not apply to the analysis of metals
(e.8., photelysis). The effect of each of these processes on contami-
nant concentrations in the water body of interest is formulated in terms
of firast-order kinetics, Application of the resulting equations allows
prediction of the steady-state concentration of a given contaminant,
calculated as the concentration in the inflow to the reservoir divided
by the quantity one plus the product of the water residence time and the
composite losé or turnover rate, This composite turnover rate is in
turn calculated as the summed rates of loss from each of the processes
listed in Table 10, —hizh is feit to exert a significant enough influ-
mce on tﬁe contaminant under investigatlon to be included in the

analysis. ;
297. In order to use the techniques intelligently, cne must have

thorough understanding of the specific processes affecting the environ-
mental behavior of a given contaminant ia the reservoir of interest, as
well as of the likely sources and relevant chemical properties of that
contaminant. Mills et al. (1982) piovide‘extensive background informa
tion on these topics. Other useful references for information on con-
taminant properties, sources, and environmental behavior include
Callahan et al. (1979); Khalid et al. (1983); Lyman, Reehl, and
Rosenblat: (1982); Stumm and Morgan (1981); Tinsley (1979); and
Verschueren (1983).

298. Once the specific processes to be included in a given analy-
sis are identified, application of the artual screening methods proceeds
in a sequential manner. Thrza different levels of analysis are possible
for predicting the water-soluble concentratiom of the contaminant under o
cousideraticn (Table 10). Each successive level provides a more realis-
tic prediction of the steady-state contaminant concentration; involves
fewer simplifying assumptions concerning the processes influencing the
environmental behavior of that contaminant; and requires more informa-
tion on contaminant properties and rate coefficients.

299. After calculaticns at each level have been completed, the
predicted concentration 1s compared either witlt existing water quality

criteria and standards or with wensured concenrrations, to determine if
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that level of analysis either suggests the presence of a contaminant
problem or explains the observed results, If no contaminant problem is
detected at a given level, or if the predicted concentfation agrees well
with observed values, then the analysis terminates at that step. Other~
wise, the procedure continues on to the next, more refined level of
analysis.

300. The first level of analysis involves treating the contami-
nant of interest as a conservative substance (Table 10). That 1is, cnly
contaminant additions to and losses from the reservoir associated with
flows are considered; no internal reactions are included in first-level
calculations. In terms of comparing the predicted concentration with
water quality standards, this level provides the worst-case analysis,
i.e., the highest predicted concentration. For this level of analysis,
no data are required on internal reaction rates; only information on
estimated loads and flows are required. This level will overpredict the
contaminant concentration at steady‘ctate if other than ~trictly advec-
tive processes are affecting contaminant dynamics, but it will also
underpredict the duration of contaminant exposure since it does not con-
sider contaminant releases to the water colummn from sediments.

301. The second level of analysis specified in the screening pro-
cedures adds consideration of other transport and speciation processes
to the first-level analysis (Table 10). Thus, this second level focuses
on all processes which affect contaminant removal from the water column
or transport out of the water body. It does not include consideration
of processes which transform the contaminant in qhestion. This level
represents a re.atively straightforward refinement of the first-level
analysis. Additional data requifed for this level are generally readily .
availabls or estimable from known chemical properties of a given con-
taminant. The steady-state contaminant concentration predicted at:this
level will be lower than at the first level since'variods losslprbcessgs
cousidered here were ignored in first-level calculations.

302. The third level of analysis completes the consideration of
contaminant dynamics within the water column by including those pro-

cesses which affect contaminant transformation to other forms which may
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or may not be toxic, depending on the chemical under study. Again, most

of the new data required at this third level are estimable from kuown
chewical properties., As was the case in the transition from the first--

to the second-analysis level, the predicted contaminant concentration at

' steady state will be lower at this level since additional contaminant

loss processces not considered at previous levels are includcd here.

303. Although not'identified as such in the screening procedures
(M1lls et al.‘1982), a fourth level of analysis 1s required to predict
the accumulation of contaminants in tissues of aquatic organisms
(Table 10). The screening methods specifically include techniques for
predicting the direct concentration of contaminants from water through
the use of bioconcentration factors, ‘

304. The specific application of the general screening approach
described above to reservoirs involves additional simplifying assump-
tions, in terms of ignoring processes that are considefed of seccndary
importance in regulating contaminant behavior in impoundments
(Table 10). Also, the reservoir-specific screening methods consider a

number of processes other than those listed in Table 10, which specifi-

" cally determine contaminant transport and fate. These other processes

include thermal stratification, sediment deposition and accumulation,
nutrient—relatéd eutrook’ _.on potential, and the coupled dynamics of
dissolved oxygen and biochemical oxygen demand. A similar list of
processes 1s included in the riverine-specific methods. These addi-
tional processes are important in that proper understanding of their
role in influencing contaminant dynamics in the water body in question
is essential to the assessment of potential contaminant problems.

' 305. One should recognize that these screening techniques yield
predictions of maximum concentrations that could occur in reservoirs and
other aquatic systems if steady-state conditions were ever achieved.
However, since a variety of transient events always disrupt the attain-
ment of truly steady-state btehaviors, the predicted concentrations will
almost always exceed field-measured values. Thus, these predictions
essentially represent worst-case scenarios, with various levels of real-

ism attached to them depending on the level of analysis at which a
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specific prediction was generated., The accurate prediction of contani-
nant concentrations would require the consideration of teaporally and
spatially variable kinetic processes at a level far too detailed to de
useful as a screening tool for routine management application.

306, As emphasized earlier, these screening methods make numerous
sizmplifying assumptions in order to provide a rapid assessment of con-
taminant problems in water bodies. They represent extremely useful and
scientifically defenaible mansgement tools, but only 4if used with proper
scientific and engineering judgment and with careful consideration of
the likely errors contained 1o a given application. In particular, one
should closely exsmine the likelr sources of uncertainty in screening
predictions of stesdy-state contaminant concentrations, by using ranges
of values for kinetic coefficients rather than single poinz estimates.
Uses in managing reser-
voir contaminant problems

307. The primary goal of applying these screening methods to res-
ervoirs is to identify the occurrence of specific contsminant problems
in epecific impoundments. However, the methods cheuselves are sc gen-
eral that they can be used for a variety of other related purposes, and
at various times during the courre of a reservoir monitoring program,

In order to illustrate the types of uses which are possible, five spe-
cific examples of their use for interpreting monitoring data and eval- -

uating reservoir management strategies will be discussed,

308, As mentioned in Part II, chese screening methods can be use-

ful in deciding whether a monitoring program is required at a specific
CE project, as well as what specific variables from those listed in
Tables 2 and 3 should bde included, Together with estimates of contami-
nant loadings to a given reservoir and information from Mills et al.
(1982) or other sources on contaminant pTopertiee and kinetic coeffi-
cients, the screening methods could be used to predict likely contami-
nant concentrations in the main pool of the impoundment, Existing datas,
perhaps derived from such sources as National Pollution Discharge
Elimination System pernit records or USGS‘gnging stations, could be used

to estimate contaminant loadings. Alternatively, extensive {nformation
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supplied in Mills et al. (1982) on contaminant loadings to aquatic
environments, categorized by type of industrial and agricultural activ-
ity in the contributing watarshed, would be useful in estimating the
required data.,

309. 1f, at any one of the three levels of analysls, the pre-
dicted concentration vas less than the concentration specified in the
applicable standard, one would conclude-—with appropriate reservations
based on the errors and simplifications inherent {n the screening
wethods—~that a water quality problea did net exist in that yarticﬁlnr
impoundment, and that field nonitoriﬁg was not required. On the other
hand, if the predicted coucentration at sach level of snalysis exceeded
the standard, then the need for some type of field monitoring effort
would be indicated. This approach might be erpecially useful for reach-
ing conclusionas concerning the likelihood of contaminant probiems in new
‘or proposed reservoirs.

310. The screening methods could also be used to aid in inter-
preating specific results from a reservoir monitoring program, especially
if measured concentrations exceeded rslevant water quality standards,
Here, screening predictions of contaminant concentrations would be com-
pared with measured values in order to identify those processes which
appear to be most important in regulating the envirormental behavior of
a given toxic chemical in the sampled reservoir. For example, 1f the
contaminant concentration predicted from a first-level anslysis was
greater than the observed concentration, one would conclude that various
speciation, cransformation, and tranaport processes wers important in
regulating the dynsmics of that contaminant,

311. By judiciously including or ignoring specific processes in
second- and third-level analyses, one might Ye able ta identify the com-
bination of processes regularing contaminant dynamics in the sampled
reservoir. Of course, appropriate asclentific and engineering judgment
would have to be employed in such an iterative applicstion of the
screening methods; one could not aimply apply thes in "cookbook" fash-
ion. Through such an analysis, one might identify processes about which

better information was required in order to understend the environmental
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dehavior of the contaminant of interest. If so, thcﬁ sccessory inten-
sive field studies of those specific procesbcu might be warranted as
part of a continuing monitoring progra.. |

312. Knowledge of the specific processes that appear to be most
important in regulsting the behavior of specific contaminants in a given
reservoir would be very useful in identifying management options which
might be cuploycd to reduce the ssverity of any contaminant probless
observed. Thus, 1if tde screening methods could be used successfully to
identify kay regulatory processes as suggested sbove, then they could
also be used to identify and evaluate potentially useful management
approaches. For example, 1f aértcning results demonstrated that sedi-
ment resuspension and subsequent desorption of contaminants into the
vater column wers much more important in determining contaminant levels
‘1ﬂll given reservoir than loadings from upstrecy. sources, this would
suggest the application of very different management techniques than if
the converse wvere true.

313. The judicious application of scresening methods could also
provide a means of evaluating the success of the management opticns so
identified. This would involve estimating the effects of the candidate
mansgement procedures on the key regulatory processes, and then pre-
diéting the changes In contaminant concentrations resulting from appli-
cation of the several management options. Thus, the screening methods
could be used not only to identify feasible management options, but also
to evaluat, their likelihood of success in reducing the magnitude of
specific contaminant problems., Again, this represents an unusual appli-
cation of screening proceduras to the assessment of reservoir contami~
nant problems, and requires that carsful attention be given to likely
sources of error and uncertainty in the ethods so as to avoid serious
errors in judgment,.

314, A fourth important use of the screening methods would bde to
identify specific instances in vhich a more refined analysis wvas re-
quired before any reliable decisions on reservoir management could be
reached, For example, applicntion of screening procedures to the re-

sults of a alven monitoring program could fail to idenéify with any
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degree of certainty which processes were regulating the behavior of the

~ contaminants of interest, .’ could fail to yield any defensible conclu-
sions concerning useful management options. In such instances, the only

' reagonable conclusion to reach would be that a more detailed dnalysis of
the problem was warranted, perhaps involving the select intenszive field
studies combined with a detailed water quality modeling study using an
available numerical model. Deciding when more detstled approackes are
varranted represents a valid and cost-effective use of screening

" methods. It simply 18 not possible to take in-dzpth approache; to all
posesible reservoir contaminant probiems; screening methods can be used

reliably to identify specific situations where mors intensive analyses
sre needed. _

315. A final useful application of screening methods in relation
to managing reacrvoir‘cohtaminant problems involves deciding whether and
wvhen the rsevaluation of a specific reservoir may be required, For
example, data on diizting water quality conditions in a given reserveir
could be used together with information on projectsd land-use changes in
the contributing watershed to decide vhether substantial future changes
in reservoir contaminant concentrations are 1ikely, and whether a futurs
sonitoring prograa may be required. GCivem the persistence of toxic
chemicals in the environment, and the continued synthesis of new and
potentially toxic organic chemicals in this nation's industrial labora-

tories, tha‘continuing evaluation of reservoirs for the presence of con-

taminant problems seems likely. The screening mathods discussed here

represent particularly useful management tools for this purpose.

Other available approaches
316. Although the screening methods published by FPA (Mills

et sl, 1982) and discussed in detail here represent the most comprehen-~
asive set of management tools for evaluating contasinant probiems in res-
ervoirs in relation to field aonitoriﬁg programs, they are not the only
such tools aveilable. In particular, these methods are quite similar to
an extensive body of approaches developed for predicting the eutrophica-
tion potential of lakes and reservoirs. These tachniques were specifi-

cally developed for use with conventional pollutants, but could be
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adapted for uss in relution to toxic pollutant:.' The following sources
should be consulted for information on these approaches: EM 1110-2-1201,
Reckhow and Chapra (1983), and Walker (1982).

317. One particularly useful feature of these methods for pre-

dicting eutrophication potential is the avallability of statistical
approaches for assessing sources and levels of uncertainty in predicted
reservoir water quality conditions. These statistical approaches could
be adapted for application to contaminant prgbleis in reservoirs.
Reckhow and Chapra (1983) provide a useful 1ntro¢uctibn to the exten-ive
1iterature on proper procedures for exsmining model prediction
uncertainty. '

Management Options .

318. Tﬁe final step in 2 reservoir contaminant monitoiing program
involves 1dcntifying, evaluating, and implementing specific management
approaches for reducing the severity 6! any problems discovered. All
dats mansgement, analyzis, and interpretation ptoccduryu smployed as
part of the monitoring program should be designed to facilitate this
goal, Howevar, successful realization of this gosl may be difficult,
for a variety of reasons cited in previous pagis of this report,

a. Insufficient or inappropriate data can hinder the
development of management conclusions.

b. The identification of management approaches useful for
mitigating existing contaminant problems requires sup-
porting information on contaminant sources, properties,
and environmental behavior. Yat much of this informa~-
tion is currently of a preliminary nature, and much
remaingd to be learned ghout contaminants in reservoirs.

€. Management of contaminant problems in multipurpose res-
ervoirs may involve compromises among conflicting
water quality objectives associated with different
project purposes,

d. The potential impacts of toxic chemical contaminants
on the health of human and aquatic populations using
a given resgervoir are more severe than are the
impacts of more conventional water quality parameters,
such as dissolved oxygen depletion or plant nutrients.
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@. The same geperal limited range of management options is
T availsble for managing contaminant problems as is cur~
rently available for other water quality concerns. Con-
sequently, additional operational constraints are being
placed on a limited number of management practices.

319, For all these reagsons, the management of contaminant prob-
lem? in raservoira is difficult and costly and invoives careful consid-
eration of likely -onsequences of incorrect decisions. Although the
detiiled consider .zion of management approaches for reservoir contami-
nané problems is beyond the scope of this report, brief consideration is
givén below to the identification and evaluation of management options

as ﬁart of the data interpretation phase. Other sources, such as Khalid

et 31. (1983), should be consulted for furtber details cn menagement
appfoachea currently being employed in CE reservoirs in dealing with

contaminant problems.
L 320. Several key ide s must be kept in mind in identifying and
eva

uating management options for reservoir contaminant problems.

a. Partly because of the persistence of toxic chemicals in
aquatic environments, it i3 not possible to eliminate
contaminant problems. One can at wost succsed in keep-
ing them within acceptable bounds,

b. The pollution of reservoirs with toxic pollutants is a
watershed-level problem; it is not a problem that can be
confined to the specific reservoir in question. Thus,
reservoir management is contingent upon management prac-
tices in effect in the contributing watershed. More-
over, management approaches employed in a given reser-
voir will impact a number of downstream aquatic systems

! as well, Clearly, then, the mcnagewent of reservoirs in

! relation to the occurrence of contaminant problems is

only one part of the management of contaminant problems

in entire water rescurce sysatems or networks. Resarvoir
management cannot be isolated from this larger context,
for contaminant or any other wvater quality probleas.

¢. In order to identify potentially successful management
approaches for reducing the severity of any cuntaminant
problems observed in a given reservoir, one must have a
relati+ely good understanding of current contaminant
concentrations in reservoirs, as well as knowledge of
contaminant sources and understandiag of the key pro-
cesses regulating the environmental dbehavior of the com-
taminants in question. In the abcence cf such gpecific
information, uncertainty will continue to plague
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reservoir management, As discussed in this report, the
intent of monitoring programs is to supply exactly this
information, and thereby to facilitate the proper man-
agement of reservoirs in relation to the possible oc~-
currence of toxic chemicals in reservoir waters, sedi-
ments, and biota.

321. In considering possibls reserveir management strategles for
reducing the severity of any detected contaminant problems, a basic dis-
tinction must be made. That is, are significant loadings or inputs of
contaminants from the contributing watershed still occurring? Different
types of management concerns and possibilities must be considered in
reservoirs impacted by continuing contaminant loadinza than in those
vhere contaminant lo;dingn from extarnal sources have been controlled.

322. 1f significant contaminant loadings to the reservoir in
question are still occurring, the range of possible management ap-
proaches for mitigating observed water quality problems will be quite
_constrained. In such circumstances, the only viaole management approach
say involve either retaining the toxic chemicals within the impoundment '
ur passing them downstream, prefarably at diluted concentrations. Such
mansgesent approaches cculd 1nvoivc the use of multilevel withdrawal
structures, with the intent being either to prevent contaminant losses
in outflows altogether or to diluts contaminant con:entraztions to lower,
scceptable lsvels. Alternatively, management might involve use of some
typs of trap to contain inputs of contsminated sediments, thus confining
the majority of the pro§1é- to & sssll portion of the upper reaches of
the reservoir. Clearly, all such approaches are temporary and "stbp~-'
gap”; in such circumstances, the overvhelming management concerr is to
control loadings from the surrounding watershed.

323. Fanagement coacerns and possibilities in reservoirs no
longer being subjected to contaminant inputs are quite different from
thosae descridbed in the previcus paragraph. Por such impoundmerts, the
major continuing problems are likely to be associated with relesses of
tuxic chemicals from contaminatsd sediments at slow rates over long time
periods. As continuing sedimentation buries contaminated sediments
under newex, clean materials, existing problems may tend to diminish
vith time. In the interim, however, various management approaches
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should be employed to reduce the magnitude of current problems, For
especially contsminated sediments, dredging ray be a viable option for
reducing coutaminant inputs to the water column. If anaerobic condi-
tions occur and lead to higher contaminant release rates, then ap-
proaches such as artificial destratification and hypolimnetic aeration
should be considered in order to mitigate existing prohlems. Depending
on the identity and properties of the ccntaminants being released from
sediments, various chemical ccantrol methods might be applied to reduce
inputs to the water column, Again, multilevel withdrawal structures
would piove helpful in reducing contaminant loadings to downstream sys-
tems in reservoir outflow.

324, Whatever generic management approaches seeam appropriate for
reducing the magnitude of existing contaminant problems in a given rea~
ervoir, they must be adapted for use at that impoundment in a highly
site-specific manner. Specific management atrategies must be identified

%

.

based on thorough analyses of available data on contaminant

s
:
‘-fi

concentrations in »eservoir waters, sediments, and bilota. Such analyses
should include rigorous statistical analyees and application of relevant
screening procedures, as well as perhaps the use of numerical water
quality models if suggested by other analyses.

325. Management options so identified chould be carefully eval-
uated for their likelihood of succéss in reducing the severity of exist-
ing contaminant problems through the application of screening methods as
well as more refined analyses such as numerical models, As with the
design of monitoring programs, the management of reservoir contaminant
problems must be adapted to the specific characteristics of the regser-
voir under study, and must be sufficiently flexible to allow modifica-
tion over time as the nature of the existing contaminant problems
changes. Well-designed and carefnlly conducted wonitnring programs can
contribute substantially to the sound management of potential contami-
nant problems in CE reservoirs, but only if the general guidelines pro-

vided iu this report are carefully considered and followed,
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Table 1

Summary of Select Properties of Conventionzl and Toxie Pollutentat

Property Conventional Toxzic
N¥umber of pollutants { 10-25 100-1000; more being
:ategory \ synthesized ,
Mode of origin Typically asturasl Mostly synthetic

Quantity of pollutant
required to produce
sdverse impac.

Typicsl conccntratioi
range .

Major fora for
environmental

transport

Mean residence time in

raservoir

Capability for
bdlodegradation

| Typically large

(e.g.s 1000 kg/day)

'

ppa (ng/t, mg/kg)

Dissolved or
adsorbed to
sediments

Approuinitoly equal

to water rasidence
time

Ratural or may
biodegrade to
harnless substance .

Can be small (e.g.,
few kilograns/day)

prd (ug/t, ug/kg)
or lower

Tyrically highly
adsorbed to sediments

PR

Often mich greater
than water residence
tise

May be transformed
into compound of
equal or grester
toxicity; may resiat
biodegradation dut
bioconcentrate

f

* Modified from Mills et al, (1982),
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List of Chemical Contaminants Coversd by Relevant

Hater Quality Criteria snd Standards®

Chemical Contazminant

Relevant Criterignw

Acenaphthene
Acrolein
Acrylonitrile
Aldrin, dieldrin
Antimony

Arsenic

Asbestos

Benzone

Benzidine

Beryllium

Cadaiva

Carbon tetrachloride
Chlordane '
Chlorinsted benzenss
Chlorinated ethanes
Chloroalkyl ethers

Chlorinated nasphthalene

Chlorinated phenols
Chloroform

Continued)

EPA76, EPABO
EPA76, EPASO
EPA76, EPASO
EPA76, EPASO, F¥DA, S
EFA76, EPASQ
EPA76, EPASO, PHS, S
EPA76, EPASO
EPA76, EPASO
IPA76, EPASO
EPA76, EPASO
EPA76, EPASO, PHS, S
PA76, EPASO
EPA76, ETPABO, YDA, S
EPA76, EPASO
ZPAT6, EPASO
EPAT6, EPASO
EPAT6, EPASO
EPA76, EPASO
EPA76, EPASO

* Based on inforpation tadulated in Khalid et si. (1983). Thae
so-called "List of 65" pollutants ars listed first, followed by other

chemicals covered by relevant criteria,

*%* Symbols refer tv tslevant water qualizy criteria susmarized 1in
Part 1. EPA76 and EPASO refer to the 1976 EPA Red Book and the 1980

EPA criteria, respectively,

FDA refers to the YDA guidelines on

toxicant concentrations in edible freshwater species; PHS, to the PHS
National Drinking Water Standavds; and §, to verious State water

quality standards,

(Sheet 1 of 3) -




Table 2 (Continvad)

Cacmical Contgminant Relevant Criteriav®
2-chlorophanol EPA76, EPA80
Caromium EPA76, EPASQ, PHS, 8
Copper ¥PA7E, EPASO, PES, S
Cysnides EPA7S, EPABO |
DOT , EPA76, EPASO, YDA, §
Dichlorobenzenes EPA76, EPASO
Dichlorobensidine EPA76, EPARO
Dichloroethylenas KPA76, EPA3D
2-4~dichlorophenol | EPA76, EPASO
Dichloropropanes/propenes : EPA76, EPAS0
2,4~dimethylphenol EPAT6, EPASC
Dinitrotoluene EPA76, EPASO
Diphenylhydrazine KPA76, EPASO
Endosulfan 'EPA76, EPASO
Indria EPA76, EPASQ, FDA,

- . PusS, §
_Bthylbenzene EPA76, EPASO
Fluoranthene RPA76, EPARD
Haloethers EPATG, EPASO
Balomethanes | 'EPA76, EPASO
Beptachlor "EPA76, EPARO, FDA, S
HRexachlorobutadienu RPA76, EPASD -
Bexachlorocyelohexsne XPA76, EPASO, PES, 8
- Baxechlorocyclopentadiens EPA76, EPASO
Izophorone EPA76, EPASQ
Lead KPA76, EPASO, PuS, S
Nercury EPA76, EPASO, ¥DA,

res, 8
Naphthalene KPA76, EPASO
Rickel EPA76, EPASQ, S

(Continusd) g
(Sh_«t 2 of 3)
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]
Table 2 (Concluded)
Chomical Contezinant Relevant Griterindd 5
Nitrobenzene EPATS, zm[so ;
Nitrophenols EPATS, E?ﬁﬁﬂ ?
Nitrosanines EPA76, EPASO f
Pentachlorophenol EPATE, EPAS0
Phenol : . EPA76, EPASO i
Fhthalate esters EPA7G, 2?480
Polychlorinated biphenyls {PCBs) EPA76, zméao. A, S
Polynuclear aromatic hydrocarbons EPA76, :p&ao
Seleniua ' " EPA76, ®PASO, PUS, 8 .,
Silver ~ EPA76, EPASO, PES, 3 b
2,3,7,8-tetrachlorodibenro-p-diozin EPAT6, EPASO ;
Tetrachloroethylene EPA7S, m{ao ?
Thallium - | EPAT6, EPASO !
Toluene ' EPAT, EPASO ;
Toxaphena . EPA76, EPASO, VDA, 8
Trichlorsthylene : - EPATS, mafso
Visyl chlorids | EPATS, E&:&O ‘
Zine - EPA76, EPASO, P85, S :
Ircn XPA76, PHS, S
Manganese | EPA76, 7ES, S
pa | | 2a76, Pas, $ |
Diasinon s
Guthion EPA76, § ?
Kepone i
Malathion . EPA7S, § 4
Methoxychlor ZPA76, PHS, S
Mirex | ' EPA7S, DA :
Parathion  FPA7S, S
2,4-D EPA76, PES, S ;
2,4,5-TP (S1lvex) : EPATS, m#’, s

i
L
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Table 3
Liat of 129 Priority Pollutants*

1. Purgeabls Organics

A. Purgesbles:
Benzene (a, b)#**
Chlorobeuzene (a)
Toluvene (2, b)
Ethylbenzene (a, b)
Cardon tetrachloride (a)
1,1-dichloroethane (a)
1,2~dichlorcethane (a)
1,1,1=trichloroethane (a)
1,1,2=trichlorocethane (a)
1,1,2,2-tetrachloroethans (a)
Chloroethane (a)
Chlorcdidromomethane (a)
Tatrachlorocetiylens (a)
Vinyl chloride

3, Acrolein and acrylomirrile:
Acrolein (a)

Chloroform (a, b)
1,1-dichloroetbslens (a)
1,2-trans-dichlorosthylene (a)
1,2-dichlotropropane (a)
i,3-dichloropropens (a)
Methylbromide (a)
‘Methylchloride (a)
Mathylenechloride (a, b)
Bromofora (a)
Dizhlorodbromensthane (a)
Trichlorofluorvmethans (a)
Dichlorodifluoromsthene (a)
Trichlorcethylens (a)

Acrylonitrile (a)

A. Phthalate estors:
Dimathy. phthalate
Diethyl phthalate

Di-n-butyl phthalate (b)

11. Base/Meutral Extractable Orgzanics

Di-n~cctyl phthalate

Bis(2-ethylhexyl)
phthalate (b)

Butylbenzyl phthalate

(Continued)

* Modified from listings im US EPA (1982) and Mills et al. (1982).

Zach pollutant shown ia this tad
individuslly or gemericaily,

#* Smgll lettsrs in parenthsses fo
following mesning:

le is also listed in Tidle 2 either

1llewing pollutant name have the

s = cited as volatile organic by Mills et al, (1982).

b ~ cited by Mills ez al. (1932)
into the Naticn's watsrways.

as a pollucant frequently discharged

{Zheet 1 o£’3)




Table 3 (Continued)

C.

7.

G.

Haloethers: ‘
Bis(2-chloroathyl) ether (a)

Bis(2-chloroisopropyl) ether (a) -

2-chloroethyl vinyl ether (a)

'Chlorinated hydrocarbons:

Hexachloroathane
BEexachlorobutadisne (a) ,
Hexachlorocyclopentadiene (a).

Bis(Z~chloroethoxy) metheane
4-chlorophenylphenyl ether
4-bromophenylphenyl ether

1,3~dichlorobenzene (a)
1,4~dishlorcbenzene (a)

1,2,4-trichlorobenzons (a)

1,2-dichlorobenzene (a) Hexachlorobenzene
2-chloronaphthalane |
Nitroaromatics and isophorous:
Hitrobenzene 2,4~dinitrotoluens
2,6~dinitrotoluene Isophoronc
Nitrosaminas: S
N-nitrosodimethylzmine N-nitroscdipropylamine
K-aitrosodiphenylanine
Benzidines and hydrazines:
Benzidine ‘ 3,3'-dichlorobenxidine
1,2-diphenylhydrazire -
Polynuclear arcmatic hydrocarbomns: -
Acenaphthene - ’ Acinaphthylnno
Yluoranthens (a) Anthrzcene (a, b)
Kaphthalene (b) Benzo(g,h,1)perylene
Benzo(a)anthracene (a) Pluorene '
Benzo(a)pyrens (a) Phenanthrene (a3, b)
Benzo(b)fluoranthene Dibenzo(a,h)anthracene
Banzo(k)fluoranthene Indeno(1,2,3~c,d)pyrene
. Chrysene ‘ Pyrene

' IIi. Acid Extractadble Organiecs (Phenols)
Phenol (a, b) Pentachlorophenol
2,4~dimethyiphenol A-chloro-3-methylphenol
Z-chlorophencl 2-nitrophencl

{Continued) .
: (Sheet 2 of
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Table 3 (Concluded)

2,4-d{chlorophencl _ 4-nitrcphencl
2,% 6é~trichlorophencl "~ 2,4~dinitrophencl

4,6-dinitro-2-methylphenol
‘ IV. Pesticides, PCB's, and Dioxin

A, Pesticides:

Aldrin (a) Endrin
Dieldrin (a) . Endrin aldehyde
Chlordane (a) - Heptachlor (a)
&,4'-CDE (a) . Beptachlor spoxide
4,4'-DDD (a) a - BHC
4,4'-DDT (a) 8 - BHC
¢ - Endosulfan (a) & - BHC
"~ 8 = Endosulfan (a) y - BHC
Endosulfan sulfate (a) Toxaphene (a)
'B. PCBs |
Arochlor 1016 () . Arochlor 1248 (a) £
Arochlor 1221 (a) .Arochlor 1254 (a) :
Arochlor 1232 (a) | Azochlor 1260 (a) o
Arochlor 1262 (a) 2
C. Dioxin '%
2,3,7,8-Tetrachlorocdibenzo-p—-dioxin (TCDD) &
" V. Metals '
Antimony . Mercu:ry h:
Arsenic Nickel (b) ;
Beryllium ‘ Selenium {
Cadmium Silver _ "“
Chromiua (b) ' Thallium » ‘
Copper (b) Zine (b) ‘ ﬁ
Lead (b) ‘ SR

VI. Miscelianeous
Total cyanides (h) Asbestos (fibrous)

(Sheet 3 of 3)
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Table 9
. Hypothetical Data (units of microrrams per lisre) on
Concentrations of Some Contsminant in Random

Water Samples from 8 Specific Reservoir®

Population 1

Semple concentrssions: 48, 66, 31, 72, 104; 52, 60, 72, 0, 0, O, 18, 0,
66, 47, 62, 4, 0, 40, 80, 71, 58, 38, 0, 0, 61

Summary statistics: n =26 X =40
' s2 = 1001 s = 32
li'ﬁ
Population 2

Sample concentiations: 135, 132, 62, 145, 169, 104, 120, 144, O,
o, 0, 0, 37, 0, 131, 94, 125, 7,
0, 79, 161, 142, 117, 75, ¢, 9

Summary statistics: n= 26 X =81
82 = 3792 s = §2

li" 12

* Data presented for two separate sample populations in relation to a
water quality standard of 100 ug/2.
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Table 10
Summary of Processes Regulating the Environmental Behavior of

Contaminants Which are Considered in the EPA

Screening Procedures*
: Process
Level of Included
Analysis Process  in
at vhich Relevant Reservoir
Process Process to Toxic Specific
___Catesory Irndividual Process Considered Metals? Mathods?
Transport Advection First Yes Yes
Precipitation- Second Yes No
dissolution
Sedimentation Second Yes Yes
Solubility Second Tes No
Volatilization Second No Yes
Speciation Acid-base reactionas - Second Yes No
Sorption Second Yes Yes
Transformation Biodegradation Third No Yes
Hydrolysis Third Yes Yes
Oxidation-reduction Thizd Yes No
Photolysis Third No Yes
Bioaccumulation  Bioconcentration Fourth Yes Yes
Biomagnification —th Yes No

* Information summarized from Mills er al, (1982).,
** Process not explicitly included in screening methods,
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