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This course is for _personnel who have.an operational or administrative
i-esponsibility for,the design and use of bioassay and biomonitoring, and
whothave no experience in conducting static bioassays. - | .
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After successfully completing the course, the student will have application
knowledge about the most commonly accepted practices and principles
- inyolved. in thg_@oratory use of aquatic grganisms to detect or evaluate
_ toxic and hazardous materials. He/she will be able to select, design,
. and operate a bicassay confornting to the current edition of Standard
Methods for thé Examination of Water and Wastewater. »
s ' , ; ~N
“The training cons‘,ists of classroom discussions, -laboratory exercises
"and demons\tratiﬁns, and demonstration and observation at the Newtown L
Fish,Toxgcology Laboratory which employs bioassay and related techniques. ‘
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Reference to commercial products, trade names, og

manufacturers is for purposes of example and illustration.
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THE DEVEL,OPMENT OF W%TER QUALITY%ITERIA IN THE UNITED STATES

re ' m

The genesxs of water quality criteria in the United States can be traced to the early 1900's.

\/Iarsh, in 1907, pubhshed on the effects of industrial wastes on fish. Shelford, © in 1917,

published effect data on fish for a fargé number of gas-waste constituents. In this early

publication he reiterated tRat the toxicity of waste differs’for diffefent species of fish and

generally is greater for the smaller and younger fish. Powers, 3 working with Shelford,
experimented with the goldfish as a test animal for aquat1c toxicity studies. ;

€ P 3
A monumental egrly effort to describe and record the effects of varxous’concentratxons of j
a great number of gubstances on aquatxc life was that of Elhs4 in 1937. Ellis reviewed the
. existing literature for 114 substances and in a 72- -page document listed lethal concentrations
found by the various authors. He provided a rationale for the uSe of standard test animals
in aquatic bioassay proctedures and used the common goldfish, Carassius auratus, and the
entomostracan, Daphma m;ag_na, as test species on which experxments wére made in constant
temperature cabinets. . : L

N f

~ -
Early efforts to summarize knowledge concerning water quality criteria took the form of

a listing of the concentration, the test orgamsm, the results of the test within a time period,

and the reference for a cause-effeot relationship for a particular ater! contaminant, [n J
early bioassay efforts insufficient attention was given to the quality "of the dilution water used _

for the gxperiment and to the effects of such dilution water on the relative toxicity of the testea
conta;r‘r:}nt As a result, conclusions from citations of such references were, at best, difficult
to for ate and most.often were left to the discretion of the reader. . N

In 1952 the State of California® published a 512-page book on "Water Quality Criteria" that /
contained 1, 369 references.’ This classic reference summarized water quality criteria promulgated
by State and interstate agencies as well as the legal application of such criteria. Eight major
beneficial uses of water were described. Three hundred pages of the dScument were devoted, to
cause-effect relatxonshxps for major water pollutants. The concentration-effect levels for the

pollutant in questxon were discussed for each of the d¢signated water used.

°

.-

The State of California’'€1952 "Water Quahty Criteria" was expanded and tremendously enhanced
into a second edition edited by Jack E. McKee and Harold W. Wolf a%d published in 1963 by the .
Resources Agency of California, State Water'Quality Control Beard,~ ,/TRis edition, which included
3,-827 cited references, was a monumental gffort in bringing together under one cover the world's
literature on water quality ctiteria, Crxterxa were identified and referenced for a host of water
quahty characteristics according to their effects on domestic water supplies, industrial water

- supplies, 1rr1gatxon waters, fish and other aquatic hfe, shellfish culture, and swxmmmg and other
recreational uses. Specific concentrations were arranged in ascending order indicating the degree
.of damage to.fish in the indicated time and under the conditions of exposure. ‘The results of such

a tabulation presented a range of values and, as would be expected by those mvestxgatmg such
conditions, there was often an overltap in values among those cdncentratxons that had been reported ¢
as harmfyl by others. Such an anomaly is due to differences in myestxgatwe techniques among
investigators, the characteristics of the water used as a diluent for the toxicant, the physiological
state of the test organisms, and variations in the temperature in which the tests were condicted.
Nevertheless, the tabulation of criteria values for each of the water quality constituents has been
helpful in predicsing a range within which a water quahtj constxtuent would have a déleterxous-effect

1

" upon the recewmg waterway. : ’ . C - vl
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* The Development of Water Quality Criteria in the United States

. . ISR

) v . .

In\1966 the Secretary of the Interior appointed\q number of nationally recognized scientists

t National Technical Advisory Committee to develop water quality criteria for five specified
uses of wager: agricultural, industrial, recreational, fish and wildlife, and domestic water
supply. In 1968 the report wa.s,;!,lblished.7 This report constituted the most comprehensive
documentation to date on-wate¥ quality requirements for partictular and defined water uses.

The book' was intended to be used as a basic reference by personnel in state'water pollution
control agencies engaged in water quality studies and water quality standards setting activities.
In some respects, this volume represented a marriage between fhe,bést available experimental
or i.nvestigat‘{vge criteria recorded in the l'yferature and the judgments of recognized water quality
experts with long experiende in associated management practices. Its publication heralded a .
change in the concept of water quality criteria from one that listed a series of concentration-
eﬁfect‘leyels to another t#t recommended concentrations that would ensure the protection of

the quality of the aquatic environment and the continuation of the designated water use. When

a specific aquatic life recommendation for a particular water pollutant could not be_myde because
of either a lack of information or conflicting information, a recn_ﬁnmeqdation was made\to substitute
a designated application factor based upon data obtained from a 96-hour bioassay using A sensitive
aquatic organism and the receiving water as a diluent for the toxicity test. '

The U.S. Environmental Protection Agency contracted with the National Academy of Sciences and
the National Techmcal Advisory Committee's "Water Quality Criteria" and to develop a water
quality criteria document that would include current knowledge. The result was a 1974 publication
that presented water quality criteria as of 1972. 8 g :

The Federal Water Pdllution Control Act Amendments of 1972 (P, L. 92-500) mandated that the
Environmental Protection Agency publish water quality criteria accurately reflecting the latest
scientific knowledge on the kind and extent of all identifiable effects on health and welfare which
may be expected from the presence of pollutants in any body of water. Y

~

L] \ AY
Section ,304(a) of P. L. 92-500 states: . ) ‘
(1) e Admnistyrator, after consultatién with appropriate Federal anJ State agencies and

other interested persons, shall develop and publish, within one year after the date of endctment
of this title (Oct. 18, 1972) (and from time to time thereafter revise) criteria for water
quality accurately reflecting the latest.scientific knowledge (A) on the kind and extent
of all identifiable effect$ on health and welfare including, but not limited to, plankton,
fish,{shellﬁsh, wildlife, plant life, shorelines, beaches, aesthetics, and recreation which
may be expected from the presence of pollutants in any body of wager, including ground
water; (B) on the concentrati.'on and dispersal of pollutants, or their byproducts, through
biological, physical, and chemical processes; and (C) on_the effects of pollutants or biological
community diversity, productivity', and stability,, including information op the factors affecting
rates of- eutrophication and rates of organic Apd inorganic sedimentation’for varying types

* of r'eceiving waters. . . s

’ (2) The Admimstrator, after consultation with appropriate ‘Federal and State agencies and other
. interested persons, shall develop and publish, within one year after the date of enactment
of this title (Oct. 18, 1972) (and from time to time thereafter revise) information (A) on the ,
factors necessary to restore and maintain the chemical, physical, and biological integrity
of all navigablé waters, ground waters, waters of the contiguous zone, and the oceans; (b)
on the factors necessary for the protection and propagation of»shellfish, fish, and wildlife
for classes and categories of receiving waters and to allow recreational activities in and on
therwater; and (C) on the measurement and classification of water quality; and (D) for the

Al

purpose of Section 303 of this title, on and the identification of pollutants suitable for maximum,-

¢ daily load measqi‘ement correlated with the achievement of water quality objectives.
. ‘ o 4 ’ - -
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: The Development of Water Quality Criteria in the-United States
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(3) SucH’cmtena and inforination and revisions thereof shall be issued to the States

e

t

and shall be pubtished in the Federal Register and otherwxse made available to
the pubhc. ‘ . .

X -t .

Section 101(a)(2) of P, L., 92-500 states: . N

I £
It 1S the national. goal that wherever attainable, an interim goal of water quality which
provides for the protection and propagatian of fish, shellfish, and wildlife, and provxdes
for recreation in and on the water be ach1eved by July 1,1983...

The objectives of this volume are to respond to these sections of the Act and thus establish water
quality criteria. The "Quality Criteria for Water' will be expanded periodically in the future to
wmnclude add1t1ona1 constituents as data become avalla‘b%e. While the NAS/NAE ''1972 Water Quality
Criteria' considered aluminum, antimony, bromine, cobalt, fluoride, lithium, molybdenum,
thallium, uranim, and vanadium, these presently are not-ircludediin this volume; however, they
should be given cohsideration in the development of Statewater quality standards and quality criteria
may be developed for them'in future volumes of the QCW. In particular geographical areas or for
specific water uses such as the irrigation of certain crops, some of-these constitients may have
harmful effects. Until such time that criteria for the 10 aforementioned constituents are teveloped,

'

. information relating to the1r effects on the aquatxc ecosystem may be found in the NAS/NAE "1972

Water Quality Criteria,"
. y L

L]

«* L4

‘ ! . .
‘N SR B SN W G W N e o N

mh m an
. ,

Q

-

3
3

_REFERENCES

1 M.C, Marsh, 1907.

paper No. 192, &7S: Geol. Sur. pp. 337-348.

-

kY

The effect of some industrial wastes on flshes. Water supply and irrigation

2 V.E. Shelford, "1917. An experimental study of the effects of gas*astes upon fishes, ,with especial
reference to stream pollution. Bull. [llinois State Lab. for Nat. History, 11:381-412.

3 E.®B. Powers, 1917. [he goldfish (Carasmus carassiug) as a test animal in the study'of toxicity.
111m01§ Biol. Mono. 4:127-193, ~ )

" 4 M.)M. Ellis, 1937, Detection and measurement of stream pollution. Bull. U.S. Bureau of .
Fisheries, 48-365-437," . -
) . Y .
5 Water qualitz criteria, 1952. State Water Pollution Control Board, Sacramento, Calif.
6 J.E. McKee and H W. Wolf, 1963. Water duality(criteria. State Water Quality Control, Board, .

. ‘Satramento, Calif, Pub. 3-A.

National Technical Advisory Committee to the Secretary of the Interior, 1968. Water quality’

criteria. U.S. Government Printing Office, Washington, D. C.
: < ’ ! o » .

Nafional Academy of Sciences, National Academy of Engineering, 1974. Water quality criteria,

1972. U.S. Government Printing Office, Washington, D.C. (1974).

r~

- - . - 4
.

.

DESCRIPTORS: : ’

L This outline was extracted, from: Quality
Bioassay, Methodf(').logy,Water- Quality Criteria Criteria for Water ~ 1976. The Development
“ N of Water Quality Criteria in the United States
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THE PHILOSOPHY OF QUAI;ITY CRITERIA

+
- . . - /

-

A D
"
L Y

1}

Y

Water qu.ahty critéria specxfy concentratxons of water constituents which, if not exceeded,
are expeéted to result in an aquatic ecosystem suitable for the higher uses of water. Such
criteria are derived from scientific facts obtained from experimental or in situ observations that
depict organism responses to a defined stimulus or material under xdentxﬁable or reglflated
.environmental conditions for a specxfxed time perxod. . -

. e

.

/

Water quality criteria are not'intended to offer the same degree of safety for survival and propoga-
tionat all times to all organisms within a given ecosystem. They are intended not only fo protect
essential and significant life in water, as well as the direct users of water, but also to protect . ‘
life that 1s dependent on life in water for its existence, or that may consume intentionally or un-
intentionally any edible portion of such life.. . - . .

.

The criteria levels for Jomestic water supply incorporate available-data for human health protection. I
Such values are different from the criteria levels necessary for protection of aquatic life, The |
Agency's interim primary drinking water regulatrons (40 FR 59566 Dec. 24, 1935), as required - ‘
by the Safe Drinking Water Act (42 U.S.C, 300f, et seg.), incorporate applicable domestic water
supply criteria, Where pollutants are 1deﬂtxf1ed in both the quality criteria*for domestic water

supply and the Drmkmg Water Standards,” ’the concentration levels are idgntical., Water treatment
may not sxgn;hcantiy affect the remadval of. certam pollutants. < s

What is essentxal and sxgrﬁfxcant life in'water?” Do Daphnia or stonefly nymphs qualify as such
life? Why does 1/108th 8f a concentration that is lethal to 50 percent of the test organisms (LC50)
constitute a criterion in some mstances, whereas I/20 or 1/ 10th of some effect levels constitutes
a criterion in other mstances" These are questlons that often are asked of those who undertake
the task of crxterxa formulation. - ‘ '

Al

-

The universe of organisms sOmposing life in water is great in kind and number. As in the human
_populatxon , physiological variability exists among mdxvxdua.ls of the same species in respense to
a given stimulus. A much greater response variation exists among specxes of aguatic organisms. -
Thus, aquatic organisms do Aot exhibit the same degree of parm, individually or by species, from
a given concentratiorr of a toxicant or potential toxicant within the environment. In establishing a
level or cencentration of a quality constituent as a criterion it is necessary to ensure a reasonable
- degree of safety for those more sensitive species that are important to the functioning &f the aquatic
ecpsystem even though data on the response of such species to the quahty constituent under considera-
.tion may not be available. -The aquatic food web is an intricate relatlonshxp of predator and prey
organisms., A water'constituent that may in some way destroy or eliminate an important segment
of that food web would, in all lik€lihood, destroy or serxously impair other organisms associated with
lt. f . . , . ~

.
o
.. -, -

Although experimentation relating to the effects of ‘particular substances under controlled conditions
began in the early 1900's, the effects of any substance on more than a few of the vast fumber of
a,quatl,c organisms have not been investigated. Certain test animals have been selectét by investi-
gators for intensive investigation because of their importance to man; becAuse. of their avaxlabxhty
to the researcher, and because of their physiological reSpor;,se'é to the laboratory environment. As
general indicators of organism responses such test organisms are representative of the e\(pected
resylts for other associated organisms. In this éontext Daphnia or stoneflies or other assocxated -
orgamsms indicate the general levels of toxicity to be expected among untested Specxes. In addxtxon,
test organisms are themselves vital links within the food web that results in the fish populatxon in

a pa*xcular waterway. . . ’
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The 1deal data base for criteria development would consist,of information on a iarge percentage
of aquatic species and would show the community response to a range of concentrations for a
tested constituent during a long’time period.” This information is not available but investigator
are beginning to derive such information for a few water constituents. Where only 96-hour’ .
bioassaydata are available, judgmental pruden‘ce dictates that a substantial safety factor be
employed to progect all life stages of the test organism in waters of varying quality, as well as
to protect associated organisms within the aquatic environment that have not been tested and that
may be more sensitive to the test constituent. Application factors have been used to provide the, ’
degree of protection gequired. Safe levels for certain chlorinated hydrocarbons and certain heavy
metals were estimate applying an 0.01 application factor to the 96-hour LCgq value for sensi- °
tive agquatic organisms. low~through bioassays have been conducted for some test indicator
organisms over a substantial period of their life history. In a few other cases, information is
available for, the organism's natural life or for more than one generation of the specieﬁs. Such
data may indicate a minimal effect level, as well as a no-effect level,

-

v
— - -

L

.

. .

The word "eriterion' should not be used interchangeably with, or as a synonym for, the work
"standard,' The word "criterion' represents a constituent’ concentiration or level associated

with a degrec of environmental effect upon which scientific judgment may be based.  As it is
currently associated with the water environment it has come to mean a designated concentration

of a constituent that when not exceeded, will protect‘an' organism, an organism community, or’

a prescribed water use or quality with an adequate degree of safety. A criterion, in some cases,
may be a narrative statement instead of a constituent concentration. On the other hand a standard
connotes 3 legal entity for a particular reach of waterway or for an effluent. A water quality
standard may use a water quality criterion as a basis for regulation or enforcement, but the
standard may diffel from a criterion because of prevailing local natural conditions, such as

_naturally ocourring organic acids, or because of the importance of a particular waterway,

economic considerations, or the degree of safsty to a particular ecosystem that may be desired.
. . -

-——
L]

' Toxicity to aquatic life generally is expressed in terms of acute (short term) or chronic (long
term) effects. Acute toxicity refers to effects occurring in a. short time period; often death is
the end point. Acute toxicity can be expressed as the lethal concentration for a stated percentage
of organisms tested, or the reciprocal, which is the tolerance limit_of a percentage of surviving
organisms, Acute-toxicity for aquafic organisms generally has been expressed for 24- to 96-

‘hour, exposures. . . .
Y . [N - .
Chronic effects often ocgur in the species_population x;ather'than in the individual., If eggs fail to
~develop or the sperm does not remain. viable, the species would be eliminated from an ecosystem
because of reproductive failure. Physiological stress may make a species less competitive with
others and may result in a gradual population decline or absénce from an area, The elimination
of a micrgcrustacean that serves as a vital food during the larval.period of a fish's life could
result ultimately in the elimination of the fish from an area. The phenomenon of bioaccumulafion
of ceftain materials may resulf in chrohic toxicity to the ultimate consumer in a food chain. Thus,
fish may mobjlize lethal toxicants from their fatty tissues during periods of physiological stress.
Egg shells of predatory birds may be weakened to a point of destruction in the nest. Bird chick
embryos may have increased mortality rates. There may be a hazard to the health of man if
aquatic organisms with toxic residues areiconsumed. ) ; . N

.

3

. \ -
g . -
s

"i‘he fact that_tt¥lng systems, i.e., individuals, populations, species and ecosystems can take uf),
accumulate, and bioconcentrate manmade and natural toxfcants is well docufnented, In aquatié -
systems biota are exposed directly to pollutant toxicants through submersion in a relatively efficient
sglvent (water) and are exposed indirectly through food webs and other biological, chemjcal, and
pi};sical interactions. Initial toxicant leyels, if not immediately toxic and damaging, may accumu-
late 1n the biota or sediment and increase to levels that are lethal or sublethally damaging to aquatic
organisms or to consumers of these organisms. Water quality criteria reflect a knewledge of the
capacity for environmental accumulation, per‘sistenc‘é', and effects of specific toxicants in specific

aquatic systems, . . e N
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7 A
1ons of toxic materials frequently cause adversg effects because they pass through the semi-
permeable membrances 6f an organism. Molecular diffusions through membranes may occur
for some compounds such as pest1c1de£ polychlorinated biphenyls and’other toxicants, Some
materials may not pass through membranes in their natural or waste-discharged state, but in
water they may be converted to states that have increased ability to affect grganisms. For
"example; certain microorganisms can methylate mercury, thus producing a material that
more readily enters physiological systems. Some materials may have multiple effects; for-
example, an iron salt may not be toxic; an iron floc or gel may be an irritant or clog fish gills
to effect asphyxiation; “iron at low concentrations can be a trace’ nutpient but at high concentrations
it can be toxicant. Materials also can affect organisms if their metabolic byproducts cannot be .
excreted. Unless otherwise stated, cnterta are based on the total copcentration of the substance
because an ecosystem can produce chemical, physical, and bxologlcal)nchanges that may be detri-
mental to organisms living in or using the water. .

. € B E .

\ “r

=

in prescmbmg water quality criteria certaln fundamental prlntsples dominate the xtabonmg pr ecess.
In establishing a level or concentration as a criterion for a given constituent’it was assumed that ;
. other factors within the aquatic environment are acceptable t6*maintain the integrity of the water! .
Intenrelationships and interactions among ogganisms ang.their environment, as well as the uiter-
relationships of sediments and the constituents they contain to the water above, are recogntzed

_as fact, \

N »

Antagomstic and synergistic reactions among many quality (.on';tituents in water also arc rec'ognizdd'.
as fact. The precise definition of such reagtions and their r‘elatlye effects on particular segments
» of aquatic life have not been identified with scientific precision. Historically, much of tke data
to support criteria defelopment was of an ambient concentr'atwn organism respornsc nature.
Recently, data are becoming | available on long term chronic effects ‘on particular species. Studies
now determine carcinogenic, teratogomc, and other insidious effects of‘toxic materials.
Some unpolluted waters.ln the Nation may exceed®designatud cmt_ema for particular const}tuenis
There 18avariability in the natural quality of water and certain“organi/sms become adapted to that
quality which may be considered extreme in other areas. Likewise, itis recognized that a single
criterton cannot identify minimal quality for the protection of the integrity of water for cvery
aquatic ecosystem in the Nation, To provide an adequate degree of safety to protect against long
term effects may result in a criterion that capnot be detected with present analytical tools.” I
sonie Lases, a mass balance calculation can provide a means of @ssurance that the ihtegrity of the
waterway is not being degraded. - . - )

.
-~

~

Water quality criteria do not have direct regula(tory impact, but they form the basis for judgnient
1n several Environmental Protection Agency programs that are derived from water quality’ cou=
siderations. For example, water 'quality Standards developed by the States under Section 303 of
the Act and approved by EPA are to be based on the water quality criteria, appropriately modified
to take account of,local conditions. The local ‘conditions to be considered include actual and pro-
Jected uses of the water, natural background levels of partlcular constituentsg, the presence or
absence of sensitive important species, characteristics “of the local biological gommunity, tenpera-
ture and weather, flow c}@racterxstlcs. and synerglstxc or. a.ntagomstm?:ffects of combmatxonb of
pollutants. ) .

.

.

Simmlarly, by prowdmg a Judgment on desirable levels of amblent water quality, water quality
cmtgma are the startlng point in derwmg toxic pdllutant éfflyent standards pursuant to Section |

— 307(a) of the Act. bther EPA programs, that make use of.water quality criteria include drinking
water standards, the ocean dumping program, deSLgnatLpn of hazardous substaaces, dredge spml
criteria devclopment. removal of in-place toxic materials, thermal pollut1on, and pesticide
regls'eratlon. ) ! . . K .

C . ‘ < ; - .. 2-3 .
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The Philosophy of Quality Criteria : '
. - ' - . . /

To provide the water résource protection for which they are designed, quality criteria should '
apply to virtually ail of the Nation's navigable waters with modifications for local conditions
as néeded. To violate quality criteria for any substant1a1 length of time or in any substantial . ]
portion of a waterway may resulf in an adverse effect on aquatic lifé and perhaps\a hazard to '
man or other consumers of aquatic life. v
© 7 ‘ . Vs
Quality criteria have bgen designed to prov1de long term protection, 'I‘hus,'they may prowvide

a bagis for effluent standards, but it is not intended that _criteria values become effluent standards.

It is recognized that certain substahnces may be applied to the aquatic environment with the con- |
currence of a governmental agency for the precise purpose of controlling or managing a portion
-of the aquatic ecosystem; aquatic herbicides and piscicides are examples of such substances. .

For such occurrences, criteria obviously do not apply. It is recognized further that pesticides
applied according to official label instructions to agrlcultural and forest lands may be washed to
a recewving waterway by a torrential rainstorm, Under such conditions it is believed that such l
dlffusé source inflows should receive consideration similar to that of & discrete effluent dischar rge R
and that wn such instances the criteria should be applied to the principal portion of the waterwa) -
rather than to that peripheral portlon receiving the diffuse inflow,

The format for presenting- water quality criteria includes a concise statement of the domindt ériterion
or criteria for a particular constituent followed by a narratwe intro duction, al.rationale that includes
justification for the designated criterion or criteria, and a listing of the references cited within

the rationale, An effort has been made to restrict subportmg data to those which have either been
published or are in press awaiting pubhcatlon. A particular constituent may have more “thari one
criterion to ensure more thaf one water use or c#ndition, i.e., hard or soft water where applicable,
su1tab111ty as a drinking water, supply source, protection of human health when edible gortions of
selected biota are consumed, provision for recreatiopal bathing or water skiigg, and pernntting an
appropriate factor of safecty to ensure pr'oteotlon for éssential war:‘n or cold water associated biota.

. - : ‘ X

Criteria are presented for those substances that may pccur in wate( where data 1nd1cate the potential
for harm to aquatic life, or to water users,, or to the consumers of the water ¢ of the aquatic 1tfe,
or to water users, Or to the consumers of the water o’r of the aquatic life. Presented criteria do

not represent auh a11-1nc¥=usue list of cbAstituent Contaminanfs Om1s‘s10ns from crlterla should rnot ~
be construed to mean that an ognitted qgahty constltuent is e1ther un*mportant or-nonhazdrdous.

o
s

4

.0

DESCRIFTORS: L c e T
- . © ' This outline was extracged from Qualityk Criteria
Bioassay, Water Quality Criteria Y for Water - 1976, \
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I , Tt ~ . . . . .
’ . . SIGNIFICANCE OF “LIMITING Fﬁr‘oas'f TO POPULATION VARIATION .
o ‘ . » ‘ P ) . ‘ .
‘Il;" - . R [ , R ~‘ N : - q o ~.,'. 7: S - ) y
. ! . I INTRODUCTION. . . . s © . A Liebig's, Law of:the Minimum enunciates
. . : i oo the first basic concept. In order for an
N ' A}All aquatic organisms do not react uniformly ' organism to inhabit a particular environ-
to the uariou% chemical, physxcal and - ment, specified 1evels of the rhaterjals’
o o . - biological features in their environment. necessary for growth and development
. ' - Through normal evolutionary processes - (nutrients, respiratory gases, etc.) must ..
various organisms have become adapted be present. If one of these materials is )
. to certain combinations of’ envirghental absent from the envirpnment or present -
) - conditions. The successful devefopment in minimal quantities, a giyen spécies
‘ and maintenance of 2 population or community will only survive in limited numbers, if
L depend upon harmeniqus.ecological balance at all (Figure 2).
g " between environmental conditions and o (r Copper, for exa s * -
' . tolerance of the organisms to variations is essential ip trace ounts for .
in one or more of these conditions. ) . . many specxes_, ~

A factor whose presence or absence exerts . :
some restraining influence upon a population *
through mcompatibihty with s) species
requirements or tol\erance is said to be a -

 w
)

RELATIVE 'ABUNDANCE
_ N—
oS
Extinction

. ‘ . 7 Jfmiting factor. The principle of limiting o
SR factors is one of the major aspects of the LN

. “\ ~ environmental control.of-aquatic‘organisms | St
- (Figure Jn o . T
' ) & < s ’ T fﬁ . W = MAGNITUDE OF FACTOR — HiGH * i f
o 11 P“R‘INCIPLE OF LIMITING FACTORS e ) e e - E

& "“ .f Figure 2; RelatiohshiW‘énvironmentai -~ -
il - This principle rests es entially upon two basic factors'ana theabundance of organisms. _
4 concepts. One of ‘We&ge | relates organisms to. | . . . . RN

the environmental supply” of materials éssential N . L

for their growth and de\gelopment The s cond 1 The subsidiary principle of factor T

pertains to the tolerance which orgagi 1smsr /intéraction states that high concentration 1'

exhibit toward t_nvwonn‘gental conditions.

or availability of some substafce, or .
H !

“ the action of some factor in the gnvxron~

. : '(" R P F,oo00 ment, may modify utilization of the" |
i y minimum one.” For example L |
i v’ . o “{L . |
' ¢ . : ' : a The uptake of phosphorus by the |
- 3 ,ummmo ouowm”c.“ss N ) algae Nitzchia closterium is influenced |
R . 2 e ~ =~ TUTMITATIOMNS by the relative quantities of nitrate ) !
. . o LQUILIBRIUM WIIN . and phosphate in the environment; =~ | - |
z ENVIRONMENT however, nitrate utilization appears '

o - INCREASE IN ' v
- 3‘ ~ THIfAtONS . %; bie;l uniagfé t;)cted by the phosphate 3 - |
" . & ‘rorutArloN _DECLINE veld, i ’
. o B . A |
o * , N .o b The assimilation of some algae is L e :
: 3 ‘ v closely related to temperature. |
] ' 3 , L ' o ) o],, ¢ The rate of oxygen utilization by fish '
o o Figure 1. The relationghips of limiting factors may be affected by many other sub- |
) ' - te popuiation growth”and development. stances or factors-n the envirgnment. |
-~ BLLECO, 20a.7, 79 ¢ : 3-1. .
PO . |
|




Significance of "Limiting Factors _to Population ariation ’ . —
d ]

] (F1gure 3). . . :
- ‘
7]
* 4 Minimum Mimfl of Range of Optimum Maximum Limit of
Toleratton of Factors Toleration
P e T -
Absent | Decreasing Greatest Abundance Decreasing Absent
i Abuncancé Abundance
s s o
Figure 3. Shelford's Law of Tolerance. .

.
L
.

- ERIC -

.

d Where str?muum is abundant mollusbs
". are able to substitute it, to a’partial
extent, for ca1c1um in their shells

(bdum, 1959). . e
2 If a material is present in large amounts,
but only a small amount, is available for
use by the #rganism, the amount available
and not_the total amount present detér-
mines whether or not the particular
. material is limiting (calcium in the form’
of CaCO ).

B Shelford pomted odt in his Law of Tolerance
that theré are maximum as well as minimum
" values of most environmental fa,ctors which
¢an be tolerated. Absence or failure of an
organism can be controlled by the deficiency
or exdess of any factor which may approach
the limits of tolerance for that orgamsm

1 Organisms have an ecological minimum
and maximum for each envirbnmental
factor with a range in between called
the critical range which represents ‘the
range of tolérance (Figure 2). "The ‘
actual range thru which an organism can
grow, develop and reproduce normally
is usually much smaller than its total =

.~ range of tolerance.

2 'Purely deleterious factors (heavy.metals,
pesticides, eté.) have a maximum

tolerable value, but no optimum (Figuhre[‘}). .

- .
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CONCENTRATION .

Figure 4. Relationship of purely harmful .

factors and the abundance of .
organisms§.

3 Tolerance to environmental factors
varies widely among dquatic organisms.

a A spécies may exhibit a wide range
of tolerance toward one factor and a
narrow range toward another. Trout,

' for instance, have a wide range of
tolerance for salinity and a ‘narrow
range for temperature.

~ v

b All stages in the life history of an
" organism do not necessarily*have the
same ranges of tolerance. The
period of reproduction is & critical
time in the life cycle of most
- organisms.

¢” The range of tolerance toward-one
. factor may be modified by another
factor. The toxicity of most sub-
stances increases as the temperature
- JAncreases., .

d The range of tolerance toward a’ given
factor may vary geographically within
the same species. Organisms that
adjust to local conditions are called

&% ecotzpes.‘ ‘ .
¢
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factor may vary seasonally, Ing npral

organisms tend to be more sensitive,

to enviropmerial changes in suy mer
"__.° thanin other seasons. This is

", primarily due to the hlgher supnmer.,

tempcratures.

4 A wide range of d1stribut1on ‘of/a sopecxes
is usually the result of-a wide’ range of
tolerances. Organisms with a wide
range of tolerance for all factors are
likely to be the most widely distributed,

s .alghough\the;r growth rate may vary
greatly, A one-year old carp, for
instance, may vary in size from less
than an ounce to more than a pound
depending on the habitat.

5 To express the relative degree of *

tolerance for a particular env1ronr_r‘1enta1

factor the prefix eury (wide) or steno

* C The law of the minimum as it pertains to

factors affecting metabolism, and the law
of tolerance as it relates to density and-
distribution, can be corhbined to form a
broad principle of limiting factors.

o 1 The abundance, distribution, activity-
and growth of a population are deter-
mined by’a’combination of factors, any
one of which\may through scarcity or

‘ overabunda;:g\(pp limiting.

The artificial introduction of various
substances into the environment tends
to eliminate limiting minimums for
some species and create intblerable
maximums for others.

The bi6logical productivity of any body

_ of.water is the end result of interaction
of the organisms present with the
surrounding environment,

(narrow) is added to a term for that
feature (Figure 5).

~

> ¢

VALUE ‘AND USE OF THE PRINCIPLE OF
LIMITING FACTORS.

¢+

Gl S o o0 aE R an
;1 ' '

%;

’ I

>

- , {
A The organism®environment relationship

is dpt to be so complex that not all factors |
are of equal importance in a given situatxon,
some links of the chain guiding the organism
are weaker than others. Undexstanding"™ -
the broad principle of limiting factors-and
the subsidiary principles involved make
the task of ferreting out the weak link in
a given situation much easier and possibly*
less time consuming and expensive.'

s

STENO THERMAL STENOTHERMAL
(ouootnzmmw""'!m“ (romnsmu)

"¢
"

1 Ifan organism has a wide range of
tolerance for a factor which is
relatwely constant in the environment
-that factor s not likely t6 be lirniting.
The factor cannot be completely .
eliminated from consideration, howeVer,
beeause of factor interactign,

4
v

@ e

RPN

RELATIVE ASUNDANCE

2 Man organism is known to have njrrow
limifs of tole#ance for a factor which is,
also variable in the environment, that
factor merits careful study since it
might be limiting, ) )

Comparison of relative lmits of -
tolerance of stenothermal and
eurythermal organisms.

- >

Figure l5.

°
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Signifjcance of "Limiting Factors' to Population Variation

¥

Because of the complexity of the aquatic
environment, it is not always easy to !
isolate the factor in the environment that
is limiting a particular population,
Premature conclusions may result from
limited observations of a particular
situations, Many important factors may
be overlooked unless a sufficiently long

_ period of time is covered to permit the
factors to fluctuate within their ranges of

" possible variation. Muth time and money
may be wasted on control measures without
the real limiting factor ever being dis- -
covered or the situation being improved.

" Knowledge of the principle of limiting
factors may be used to limit the number

of parameters that need to be measured Ore

observed for a particular study. Not all
of the numerous physical; chemical and
biological parameters need to be easured
or obserwved for each study undertaken.
The aims of a pollution survey are not to
make and observe long lists of possible

. .11m1ting factors but to discover which
factors are significant, how they bring
about their effects, the source or sources
of the problem$ nd what control measures
should be taken. :

L3

.

’

. -
Al

D Specific factors in the aquatic environment

determine ¥ather precisely what kinds of

* organisms will be present In'a particular.

q

area. Therefore, organisms present or
abseént can be used to indicate environ-
mental conditions, The diversity of

. organisms provides a better indication of

environmental conditions than does any
single species. Strong physio-chemical

» limiting factors tend to reduce the diversity

‘.

within a community; more tolerant species

are then able to undergo population g"rowth: .
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PROBLEMS
Env1ronmenta1 problems do not stop "at

Pollution in, the atrhpsphere and.oceans
taintg all ‘mations, even those~ben1gn1y

7 resources,
"L The smokestacks of one country often
A pollute the air and water of another.

N LY

.

Toxic effluents poured into an inter-
national river cam kill fish ina  °
neighboring nation and mltimately
pollute international seas.. -

-
S
[\

f )
*

e

.
-‘.
-
N . 1} -

B In Antarctmd,&jth()usands of miles from
pollution gqurcés, penguins and fish
contain .DDT 1in their fat, Recent layers
of snow and jce on the white continent .
‘contain measurable amounts of lead.
The increase can be correlated with the
earliest’days of lead smelting and com-
bustion of leaded gasolines. PCB's are
universally.distributed. (*”. :

.

o
x

C . International*cooperation, therefore, is

-

1 Sudden accidents that chaotically
damage the environment - such as oil
spills from a tanker at sea - require

, international cooperation both for

" prevention and for cleanup. ¢

. x - N ;‘« o L
Environmental.effects ‘cannot be
S—

. S a dump.
B 1 ‘et
* - »

D- "One of .the ‘penalties of an ecological
education-is that one lives alone in a
w0r1d of . wounds, Much of the damage
laymen,

uences of s¢ 1ence are noné of his |

‘_...'». C .‘ A
N 3 a R ‘.9 '
“ -

. R "( . "o
. GLOBAL ENVIRONMENTAL QUALITY
N . . '_k' .
I FROM LOCAL TO REGIONAL TO GL.OBAL =

national frontiers, or ideological barriers.. *

favored by geography, climate, or natural

nece$sary on many environmental fronts,

effectively treated by unilateral action,

.3 “The ocean can no longer be considered

"inflicted on land is quite invisible.to - .
An ecologist must either harden ,
/248 shell and make believe that.the conse=

business, or he must be the.d ctor who
_~ sees the marks of death 1n a community that
* beheves itself well and does not want to
¢’ be told otherwise, " Aldo I.eopold

ks

I CHANGES IN ECOSYSTE\/}; ARE .
OCCURRING CONTINUOUSLY = -

\A Myriad interactions take place at every
momént.of the day as plants and animals
respond to variations in their surroundings

dto each other, Evolutmn has producecl
(?ogr ‘each species, including man, a genétic
* . “composition that!limits hew far that- )

species can go in ad]ustmg to sudden ., ». =

e

changes in its surroundings. But within
these limits the several thousand species .

. in an ecosystern, or for that matter, the
millions in the blosphere, continuolsly
adjust to outside stimuli, - Since inter-
actionsjare so numhroﬁ"s thex form long
cha;ms f reactwns

. B’ Small changes in one part of an ecosystem
are likely to be felt and compensated for
eventually throughout the system.

“Dramatic examples of change can be seen
3 where’man has altered the course of .’
ature, It is vividly evident inthis well-
;Litjntloned but poorly thought out tampermg
th r1ver, lake\ and other ecosystems,
Q” N
1" The Aswan High Daxmgx

2 The St. LaWrence Seaway i

3 Lake Karlba . ' : o

4 ’:I'he Greafq't.akes . '

5 “Valley of Mexico - -

i 6 California gdrthquake (Scientific'.
American 3981, p. 333)

-7 Everglades and thé:Miami, Florida
. Jetport | N

A : . . .

. 8 Coppérhill, Tennessee (Copper Basin)

-~

9 .(You may. add others)
A N
L ge1

s
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C Ecosystem Stability . 2 Invertebrates [ : ] ". . &
+ 1 The stabilify of a parficu}ar ecosystem 2’ Asian Clams have a pelaglc veliger ) .
depends‘on its diversity.® The moxe _larvae, thus, a variety of hydro R
- mterdependenmes in an ecosystem, the . . installations are vulnerable to} Sub~ ] o
greater the chances that it will be able sequent pipe cloggmg by the adult ’
to compensate for changes 1mpos<7 ‘ clams, i . =
upon it. ‘/’ . )
. ‘ ’ b - Melanian snails are intermediate
* 2 A cornfield or lawn has little natural hosts for various trematodes - ¥, | l
'stability. If they are not constantly parasitic on man, . "
" ani carefully cultivated, they will not - . el , . )
) remain cornfields or lawns but will 3 Vertebrates * B
" - soon be overgrown with a wide variety . .
of hardier plants constituting a more a ‘At least 25 exotic species of fish -+
N % -, stable ecosystem. ' . have been established in North
o ) - . ‘ R Amerlcg L - l
! 3 The chemical elements that make up e
© living systems also depend on complex, * _b Birds, 1nc1uémg starhngs and .
P " diverse sources to prevent cychc cattle egrets. & N .
' shortages or oversupply. . _ ¥ o,
. . ’f* . ¢ Mammals, ingluding, nut,ria. ‘;’ .
4 ,Similar diversity is es sennal{for the — ) ‘ B
continued functioning of the cy,é‘ie by 4 Aq“atm Rlants v ‘
~* . which atmospheric nitrogen-is'made s )

" available to allow life to exist, This , Over twemty corrclrmon/exotm species’ -
cycle depends on a wide variety of - . are growing wild in the United States. . &
organisms, including soil bacterda and’ The problem -of waterway cloggmg has
fun which are often destroyed by ffbeen especially®severe in parts of the
pestitides in the sbil, gyt So‘utheast R '

. . - * } 5 Pathogens and Pests &

e 5 A numerical expres,sion of diversity . & ? :

e ) 18 of.ten used in defining stream watey . 7 IAtroduction of insect pests and tree '
: . . quality. * 'y v pathogens have hagd severe. economic . B
- . . < : oo, effects. Fo

. D Biological Pollution ‘ £ :
e - ¢ ' ) = . . -
i Contaminatibn of living native biotas by . III. LKWS br‘ E(,é LOGY N g ’
? introduction of exotic life forms‘has been . ' . o m o
e called biological pollutions by Lachner A Four prmciples have been enunc1ated by ST ot
et al. Some of these introductions are  ° ' Dr. Barry Commoner. . Y
compared to contamination as severe as - ~ Lot -
a dange%gs chemical release. They . 1 Everything is connected toeverything.- -
also thréatén to replac.@ known wﬂdhfep ‘. " else o . s ' : \:.';g
- resources with species of little or un=~ -, Lo R ) P 3 %
v known value. » ) 2 Everyihing must go somewhere, G
’ ¢« : . : R 5
1 'Tropical areas' have eSpeC1a11y~been . =~ 8 Naturé kngwé best, * . . .. l
‘ulnerable, ‘Florida is referréd to as “ - : . ‘ .
"abiological cesspool of intr duced life," : ; S o
gl P ° 1e, 4 There is no such thing as a free lunchf - -
i R ’ . . B’ These may be summa.mzed by the prmcip
Lao T "'you can't do just one ;hmg , ?l
' ) . 18 I L
‘ (. . .o R
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IV THE THREE PRINCIPLES OF

e ENVIRONMENTAL CONTROL (Wolman) ex
o : S .

ba

V LEOPOLD'S PR[NCIPLE OF BIOTiC

CAPITAL | A

""Phe releases of biotic c#pital tend to
becloud or postpone the penalties of
violence'. Can you apply this to other
parts of this outline? .

A f’OiJLUTION COMES IN MANY pACKAdES’ :
~ * 4 »

':' A The sourcesgof air, water, and land. ’ ;
|

%

. pollutjon are interrelated and often -

interc}xé.ngeable. : oo .

-

3

1 A single source ay pellute the aip
‘ with smoke and €hemicals, the land
with solid wastes, and a.river or lake
o - with- chemical'and 6ther wastes."

. 'S
Control of air pollution may produce
more solid wastes, which then pollute

the land or watpr.

3 Control of wastewater effluént/may
convert it into solid wastes, which
must be disposed-of bn land, or by.
combustion to the ain, .

”

4 Some pollutants - chemicals, rad1at1on,

pesticides - appear in all media.
%

B "Disposal" is as! important and as costl, .
as: pur1f1cation. :

PTes
2

VII*PERSISTENT CHEMICALS IN THE .
‘ ENVIRONMENT , S .

Increasingly COmpleX manufacturing processes-, ~

-

8 and aquat1c life. . .

N . e
be teratogepic (toxicants ¥
responmble for changes in the embryo W1tp
defects, éex., thali‘domldeﬂf oo

19

% Cw
- (‘f“_,;"i e Tyt iy (‘

L,

. which ind
) effect,
- . genic,
" hold level as in toxicity, Fortunately there”
are simple\rapid tests for mutagenicity using,

. - *  conclusive.

3 Pesticide's

¢

4

N .

ion), or carcinogenic (insults
e cancer,, €x., benzopyrenes) in
%t carcinc;gens are also muta-
For all of these there are no thresh-

s radia

cteria, Tests with animals are not always
! 1

A - . \

- -

K4 A\ N
Metals ~ ¢urrent lewvels of oadnuum, lead,
and other-bubstances are a growing concern’
for they affgct not wnly fish and wildlife put
ultimately tnan himself, Mecreury pollution,
for x’ampl , has become a serious problem,
yet mercur has been- present on ea»rth since

time 1mmem' r1a1 ~

1 A pestlc1d and its metabolites may

h an ecosysteng in many
(pestigides which are + &
aving a'long half-life in

ent includes the organo-

ways.
persistent,
the environ

ingested or'otherwise borne by the

target species will stdy in the

eavironment, possibly to be recycled

or conceatrated further through the.

natural action of food chains if th&‘
species is eatep, Most of the volWhe

of pesticides do not reach jheir target

ak all o o

!

N
“r

2 B1olog1ca1 magnification
“ : AY

Initially, low levels of persistent
pesticides in air, oil, and water

may bé concentrated at every step

up ‘the food chain, Minute aquatic
organisms and scavengers, which °
screen water and bottom mud having -
pestlc1de levels of a few parts per
billion, can accuimulate levels

measured in parts per million -

a thousandfold increase., The sediments
including fecal deposits are continuously
recycled by the bottom animals. o

a Oysters, for instance, will con-
centrate DDT 70, 000 times higher *
in their tissu®s than it's concentration
in surrounding water. They can ,

#2180 partially cleanse themselves
in water free of DDT - S

-
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Global Environmental Quality
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b Fish feeding on lower arganisms

* build up concentrations in their involved. Some adve
.visceral fat which may reach geveral. " have more than an intended meaning, '
thousand parts pel‘ million and levels ’ )

.'in their edible fiesh of hundreds of H Wittingly or unwittingly we have all becoyie/
parts petr million,” - a King Mithridates. And‘even a fishis no

. r e longer a fish! ) "
Larger a.mmals, such as fish-
eating gulls and-other birds, can , ,
further concentrate thetiremicals, VIO ACID RAlIN
A survey an organochlorine residues
in aquatic birds in the Cnadian |, -+ -+ Acid rain is also becoming a roblem
prairie provinces showed that ¢ in this country.
California’ and ring-billed gulls were

- among thé most contaminated, IX EXAMPLES OF SOME EARLY WARNING
Since gulls breed in colonies, breed- SIGNALS THAT HAVE BEEN DETECTED
ing population changes canbe s "BUT FORGOTTEN, OR IGNORED., .
detected and related to levels of . - TN ™
chemical contamination, Ecological A Magnetic rn'icro-asphepules in lake sediments
research on colonial birds to m¢nitor now used to detect changes in 1ndustr1ar1\ X
the effects of chemical pollution on zation indicate our slowness to recognize
the environment is useful. indicators of environmental change.

.
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-
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~ . .
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"Polychlormated b1pheny1s" (PCB's). B Salmomcj fish kills.in poorly buffered clean _
PCB's are used in plastlcfzers, asphalt, lakes in Sweden. Over the. past year§ there
ink, paper, and a host of other produgts. had been a successjve increase of SO, in the
Action has been taken ta curtail their air and precipitation. Thus, air-borne con-
;releage i the environment, since thei tarination from industrialized European ]
effects are similar to hard pest;mxdesf:L . ] countries-had a great influence on prev1ously
. : unpolluted waters and their life.

Other compounds which are toxic ‘and - .
accumulate in the ecosystem: C Minimata, Japan and mercury poliutibn,

L]
|

*

2z

.-

1 Phalate esters - may interfere with D Organochlorine levels in commercial and’
pesticide analyses _— sport fishing stocks, ex,, the lower.
. ) . ‘ . Mississippi River fish kills.
2 Benzopyrenes . . L - \
. ‘ X SUMMARY .. '
R,efractory compounds hke pentachloro- - N , ) ,f ) P
phenal and ‘hexachlorophene are poorly - A ,Ecogy'stems' of.the world dre linked CT
‘removed by both water treatmé}lt plants " . together through biogeochemical cycles
andvWastewater treatmentaplants. e ~ which are ‘determined by patterns of
] o . 3" .. ~ ~ , - transfer and concentrationd of substances
1t is e“stima*ed ‘that 80% to 90% of cancers’ . in the biosphere and.surface rocks.
are caused by chemidals both in the.work=- é
.ing envirdh iment and total environment. " B Organismg determine or stron 1 ‘ nfluen e
This is shpwn by%high risk industries and i Ghegmica]. and physical charactegri’s:;ics of ¢
living are/a/s. i . . . the atmosphere, so11 “and waters,

u\- 3 - ~ . -
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: MOStﬁf the broblems of | ersisten‘t and - C The inability of man to adequately pred1ct
dang'erous hénicals in tie “enyironinent * .. or control his effects on the’ environment
..are "after<the-fact", The solution "’ . is.indicated by his lack of knowledge con~
\ obviously is tied to prevention. This is ‘ -cerning the.net effect of atmdspheric
fextremely complicated by economics,. ‘ $ pol]:ution on the.earth's climate,
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D Serioys potential hazards for man which . y L. .
are all globally dispersed, are radia- - . . . .
nuclides, organic chémicals, pe ic'ides., . . . e
and combustion products. ' . '

! ) B - &

X7E Environmental déstruction is in lockstep N ‘ ) ' _

with our. population growth L s ‘o ) ..

o

- ’ » . - &

%
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oo . ECOLOGY PRIMER . -
5 l . (from Aldo LeOpold',s A SAND COUNTY ALMANAC) g
5. L, .9
::;v . L3 A . : , . . A ox . » ﬁ-‘
. i ) I Ecology.is a belated attempt to convert viI A thl.t(tge is right when it tends to preserve ~
' ~ our collective knowledge of biotic materials the in Ygri;y, stability. and beauty of-the
o , into a callective wisdom of biotic manage- 4 biotit ccﬁnmunity It is wrong when'it » |
. ment,: . | tends otherwise. . . :
i ,l II The outstanding scientific discovery of vt BEvery farm i,s a textbook on al. B
T the fwentieth century is not television or ecolog'y, every stream is@agte ook i p
;. radio, but rather the complexity of the qh aquatic ecology; con’éervafion is -
3 ' land organismi, ' . - the translation of the book. !
III  One of the penalties of arrecological edu~ VII There are three spiritual dangers in noto -
. a cation is that one lives alone in‘a’Wworld owning a farm ‘
- of wounds., Much of the damage inflicte L.
! * on ] land is quite invisible to laymen,' An A One ig the danger‘ of supposing that break-

1}

ecologist must either harden his shell
and make believe that the consequences.
of science are none of his budiness, or-.
he must be the doctor who sees the marks |
of ‘death in 4 community that believes 2
itself well and does not want to be told
otherwise, _ -

v EcQLSystems have been sketched out as*,
pyramids, cycles, and energy circuits. -
The ooncept of land ag ar energy circuit
conveys three basic ‘tdeass

. '&

Y g
PN
3
e
B 4

/
7

. S
AN
“Zn .

A :I‘hat land is not merely soil,

B That?the ‘native plants and animals kept
the energy circuit open; others'may or
may not.

.
N, -
.

'C ‘That man-made cha.nges are .of a different.
order than evolutionary changes, and have

~effects. more: compx:ehensiventhan is intend-~
ed or foreseen (See” figures 1-4). -

, D-To kee‘p.eve_ry.cog»'and'wheel‘—is«the*fir'st- -
W precaution‘ of intelligent tinkering.
V . ﬁiﬁocess ot‘" Ai?éi%ihé pyramid for
human occupation releasés, stored energy,
and this often gives rise, during the

pioneering period, to a deceptive exuber-
ance of plant and-animal:life, hoth wild

L4
]

5

[

»lm i» _and tame, These réleases of-biotic
S Ty " ‘capital tend to becloud or postpone the
{ . . penalties of- violence. .
l
BI. ECO. 26b. 9, 79 " ) _'\

X

s

AR RDFERENCES

~
L. A N
e ~

fast comes/rdm the*grocery.

“5 Two is that heat comes from the furna‘ce.
C And three is that gas comes from’the -
pump._ t VA

5
.

.In general, the trend.of the tvidence
indicates that inland, ‘just as in the °
fishes body, the symptoms may lie in

- .one organ and,the cause in another.. The
practices we now.call con‘servaﬂon are,”
+ toalarge extent. local allemattons of .
. .'hiotic pain. - They are necessary, but
they must not be confused with cures. |
An Atom athsrge 1nﬂthe biota-is too free

to know freedom; an atom back in the sea _ _.
has forgotten it, Fer every atom lost to
the séa, the prairie pulls another Sut of .
“the decayirig:rocks. « The only certain ”
tnuthj&.that its_creatures. must suck
hard, live fast, and die often, lest its
_losses exceed its ins. .
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' . CLASSIFICATI(PN OF COMMUNITIES, ECOSYSTEMS, AND TROPHIC LEVELS . . . 3
; 1 , 5. - » LY I N 4 ‘ ]
i I A COMMUNITY is"an assemblage of V1 Colectors strain, filter, or otherwise
y l population&of plants, animals, bacteria, 7 _g—collect fine particulate organic matter
- and fungi that live in an environmental and . from the passing current. . .o
‘L interact with one-another, forming together . T
p l E a destinctive living system with its own 2 Shredders feed on leaves, detritus, -
. - . composiﬁon, ricture, environmental - .and coarse particulate organic matter,,
e relations, deve‘h)pm , and function., ‘ . : ' A
L . - . 3 ‘Grazers-feed on attached growths.
, ' .+ Al An ECOSYSﬁM is a community and its -~
.. o environment treated together ag 2 functional | 4 Predators feed on.other organisms, .
’ A f‘?‘"system of complementary relationships, . . ..
! '/ and transfer’ and tirculation of energy and IV  Taxonomic Groupings ) )
. matter. (A delightful litte essay on the Vo
° odyssey offatoms X and'Y through an A TAXOCENES, a specific group of organisxns.
vy ecosystem is in Leopold'g, A Sand County Ex. midges. For obvious reasons most .
' ' ' Almanac,.) . L > systematists (taxonomists) can specialize
‘ . > : - ¢ "in-only one group of organisms, This fact
LI TROPI-iIC levels are a convenient means ° . .is-difficult for the non-biologist to grasp.
‘ ' "X3  of classiff ing organisms.according to’ ‘
. v '(* nutrition, or food and feeding, {See © -B Size, which is often dictated by the inves-
\ Eigure 1,) . tigator s sampling equipment and specific.
{ k\ A : » interests; ..
. A‘ pRQDseER, the photosynthetic plant o . \A T
< } first organism on the food chain séquepte, - V  Arbitrary due to organism habitat Pl‘efel"'
' e = \Fossil fuels wete produced photosyn e~ -, . ences, available samplitig devices,
; . " \tically. ) .l ' personal preference of the 1nvest1gator. -
S T - ' S and mesh sizes of nets' and sieves. ‘
e Fi'erbj.vore or primary CONSUMER. the - : o - o
‘ . first,,animal which feeds on plant food. A PLANKTON organisms suspended in a
3 v . . body of water and at the mercy of currents,
o ‘,y: C Eirst carnivore or secondary CONSUMER, - , This group has been subject to numerous
- . v an animal ‘feeding on a plant-eating animal. divisional schemes., Plants are PHYTO=-
‘ . . « PLANKTON, and animals, ZOOPLANKTON, .
. | = D Second carnivore.or tertiary CONSU’VIER Those retained by nets are obviously, MET
ni - feeding on the preceding. : PLANKTON. Those passing thru even the
‘ ' . ! % + finest meshed nets are NANNOPLANKTON,
‘B Tertiary carenivore. ' . ‘ ‘ . T FO
, ‘ o, B PERIPHYTON: the community of-miéro-
F Quaternary carnivore. e : organisms which grow on submerged *
o ' objects (substrates). Literal meaning
G DECOM-POSERS OR REDUCERS, bacteria - ""to grow around plants » however
which break de down the above organisms. ‘standard gldss microslides are sub-
Often called-the middlemen or stokers of * mersed in the aquatic habitat to s
 the furnace of photosynthesis. . . standardize results, ‘
. -, N RN K
R . H Saprovores or DETRITIVORES which feed - C BENTHOS 18 offen used to mean
l “on bacterda and/o,. fungis MACROINVERTEB ATES, although there
v g e ) - are benthic organisms in other.plant'. )
. I Macroinvertebra.tes have been’i‘"subdivided ‘animal, and protist groups. = Benthié .
.f e £ into. trophic 1eve1s according to feeding . refers strictly to the bottom substrates of
v hibits (See Figire 1 from Cimmin's), - . lakes, streams, and other water bodies,
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. of the surface fil

- are trapped by this neat little barrier of

MACBOINVERTEBRATES, are animals
retained on|a No, 30 mesh screen (approaf-_

-imately 0.5 mm) and thus visible to the

naked eye. /[ ] ‘Y
MACROPHYTXS, the|larger aquatic plants
which are divided into emerséd, floating,
and submensed communities. Usually
vascular plants but maysinclude the’ arger

. ;algae ‘and "primitive" plants, These have
posed tremendous economic problem in

the-large. man-.made lakes, especiallx
in tropical areas. .

NEKTON; in freshwater, essentiglly fish,

" salamanders, and‘the larger c¢rustacea.
In contrast to PLANKTON, these organisms -

<

are not at the mercy of the current. e

NEUSTON,, or ,P\:éUSTQN, are inhabitants
(meniscus organisms),
either supported by it, hanging from, OTsg .
breaki.ng through it. Other organisms’ :
nature., The ticro members ofithis are !
easily sampled by placing a clean covér

. slip on top of the surface film then either

leaving it a specified time or exami.mng

-

it immediately under the mxcroscope‘ -

DRIFT, macroi.nvertebrates which drift

‘ with the streams current either perlodxcally .
» (diel or 24 hour), behavwrally, catastro-

phically or i.ncxdentally.A

BIOLOCIAL FLOCS, are‘’suspended
microorganisms that are forined by

. vardous means: In wastewater; treatment
plants they ar encouraged in concrete aer
aeration basins using diffused air or -
oxygen (the héart of the activated sludge
process) e N

T . little schemes to clagsify them.

~

~ W,

J MANIPULATED SUBSTRATE COMMUNI-~

“TIES. _Like the preceding community,
théses are manipuldted by man.
artificial or natural substrates in a body

ﬁ:f water will cqus¥ these cofnmunities
o appear thereon.

®

" K We will again emphasize ARBITRARY,,

becausé organisms confound our neat*

Many
move from one community to another
for various reasons.. However, al

. these basic scheme do have intrinsic
value,, provided they are used with .
reason. .o ._:-;—, S

- .
PR v ‘e
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""" BIOASSAY AND BIOMONITORRNG

o . 12

= e 1Y ’ \ e e ' - ) .
I INTRODUCTIO Ty 3 This method was first developed for e
. o ) . . ‘ the. use of fishes, but has been found B
" _ " A An assay is an evaluation, ' adaptable to a widé vamety of
; o . ' organisms. v
' ?\A bioassay is an, evaluatwmm‘which living S ) :
' : organisms provide the scale. St D Other Types or Plans -of Bioassay
& l’ The scale or degree of response 4nay N 1 Many other designs for the expression (
6 ) be the ra,lefof growth or decrease of a’ ' of toxicity have been deV1sed such as ' \' ;
gfl populat:lon colony, or individual; a / those based on“time=-conténtration - — -
<. b‘efﬂv;orlal physiological, or repro- . curves. Each las its advantages and :
e i ctive response, or s1mp/1y a live or proponents, but the basic Standard L
2 l md-live response. I Method design remains the most .
: : - ) . ‘widely used. o ) .
s 2 11 types of bioassays may have a role o , CTETT
play .water quality evaluation at . a In situ exposure of experimental ‘
or another. - _ organisms in cages or live cars,
[ o -~ at Selected sites above and below -
3 The partwular group of. bwaSS?srﬂ\ . ! a suépected oint or pollution is an N
O d1scuSse below are those which con~ ) lj obvious andWime.tested procedure, ’
N tribute t } the evaluation of the effects i but lacks the precision of laboratory
’ of 1'1qm,d wastes on aquatic environments tests. It has the advantages of
' _in which e&\gpemmental organisms such . ‘popular appeal, ‘and of expressing
: as fish are\ subjected to a series of ° actual environmental condjtions, <
cohcentrat1ons of a known-or suspected . = . ’
toxicant under adequately- controlled . b The familiar BOD test is a bioassay
conditions fof a stipulated per1od of . . of the organic content of water ‘
time. <. - .~ .subject to biodegradation, . e
C .H1stor1031 H1ghhghts A ) ( E Biomopitoring # e
T
1 Prior to 1940,, there\ was little or no .. Water quality surveillancesor monitoring °
uniformity in performing or reporting- . by meahns of observing biota can be con~ ‘ . j
bioassays of water pollutarits. % @ gidered from.two aspects; field and. ot

o R laborgtory. It differs from bioassay

" 2 "By mid-forties, the need for a. rimarily in the objectiver a bioassay -.
standardized-technique was becoming 8 an attempt to deteymine a specific
painfully obvious, . ’ defined value or thréshold, whereas a .

. b1omonito_ring operation is an attempt to . _
a The Atlant:lc Refining Company ‘ ' © use lwng organisms to agcertain,whether, 3
- . privately published the first or not é.quatic life is endangered. L e e §
statement of what i§ today, bas1cally, T R
our standard method (Hart, Doudoroff, - 1 eriodic biological field surveys, , . . R
. and Greenﬁank 1945), ", 4 i samples, or other observation may - Sy
T - '_ . “déxonstrate recent excesgsive pollution o "’3
b This was refined ahd accopded wide © for gxample. | . A
Ak, . (bt not tniversal). indust:&l . - X
v academic. affd gévernmental - . . : 2. Organisms ina series* of f10w~through

e acceptance int195l (Doudoroff, et al . tanks ina laboratory may demonstrate- o
. P "“the occurrence of an unacceptable




Bioassay and Biomonitoring )

T

b -

o,
Vs A

"increa'sedn thé»toxicity of an effluent,
without measuring ‘how much" or -
ha-t "
A \

) ' - g B Routine Procedure for Static Tests

I THE STANDARD METHOD BIOASSAY .

A Introdu c'tion ’

“o

N\
Thls procedure is intended for use by oo

' industrial and otfler laboratories.

. Its objective is to evaluate the toxicity
of wastes and other water pollutants

* to fish or othef aquatijc organisms.

\
Potential applications are numerous.
o - .
a Dilution and/or treatment necessary
to avoid acutd toxic effects can be
. e&timated.
» ~ e
b The efficacy of an existmg treatment
can be tested.
c, The potential usefulness of a proposed
" treatment can be estimated.
The design of the test need not involve
a chemical knowledge of the toxicant.

a. Synergism Fnts onism, and other’
interactions of chemical component
, cannot always be anti¢lpated, but
_are automaticallyi in the
result vy ‘ ) .

b AL chemical and physical information .
available is, however, essential to
the adequate interpretation and =~

applicz.tion of test resulis. /1 Lo

r] 1

The test is best used for local
application, Generaljzations ghould

- be made with great caution, - .

- Field-observations should be made of

resulis of application over.a significant

,‘period of time, -~

‘.

- Careful digtinction should be made

bet{i/een fish- mortality due toa .
physiological toxicant; and that due
"to]ackngO KA

~ 8 A uniform testing procedure is ‘
essential to effective action in water
' pollution control,

1 Test organisms should be fish or other

.
A
.
.
.
_ :

~
&

-

»

organisms of local significance,

'‘» a The most sensitive species

'They should be accurately identified,

N\ s
2 Test water should preferabl‘y be taken .
from ‘the re receivmg stream just above
the discharge being evaluated or in a
lake or estuaryy beyond the influence
of the discharge. ‘ .

a If this is unsuitable, cleaner but

~b Artificial "standard" watersare -

3 Other éxperin{ental conditions

3
45

‘L
3 ‘ <
. : Y. B .

v’.
available should be selected, but:

They should be species which are
amenable to capt1v1ty

‘
<«

.
-
. .Ov M

-4

They should be relatively uniform
in size. Individuals less than 3
inches in length are usually most
convement

|

" They should be healthy and

thoroughly acclimated to the
laboratory.

. A
A careful record should be kept i -
of their origin, handling, and
condition. e .

. A )
s

gimilar waters froth a more
remote station may be substituted.

not recommended for general use,
although many formulae have been
proposed

. .
Ve N .
&- -; ‘- . - - - -
i B - d ..
D Fam 4 B _ M . -

In estuarine .situations, a series of °
tests (marine grid) should be run;:
using waters of high and low
salinities as characteristic of the -
region,

-
~
o

.
s
+

e
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a Temperature. The tests should be -
performed.at a uniform temperature
in the upper part of the expected
summer range, e.g., 25t 20C for
warm water fish, and 156 £20C for
cold water species.

b Test containers should be of glass,
widemouthed "pickle jugs'" or
battery jars are satisfactory. Five

.and one gallon siz e both useful,
but the larger size is required fox,
conclusive results. . .

2w,

¢ Artificial aeration should not be
used to maintain the dissolved
oxygen concentration. If this falls
below approximately 4 or 5 ppm at
any time during the test, féwer fish
should be used per container or an
auxiljary ‘oxygenation procedure .

- - invoked-that is designed to avoid

undie loss of volatile toxicants.

d . The number of test animals shopld
not,berless than 10 per concentration
for reliable éonclpsions; these may
be distributed between.two or more,*
containers.

e Ratio of fish to solution. There
should be not more than one gram
‘of fish per liter of test solution. -

>

4 Experimental pro cedure

-

a A11 dilutjons for a’given run should
" be prepaz;eﬁgl from the same sample, *

b’ Duration. Tests ‘should be run for .
at least 48 holirs; preferable 96,

Y

¢ Dead f1sh should be removed as Soon ‘
. as observed. Survivors should be, ' .~
counted and recorded each 24 hours, -

“a Feedin g durmg the test should be
avaided. 5.

e ,E)tperimental' concentrations.
Any appropriate series of concen-
trations may.b¢ used.’ A lggarithm1c
series such as is suggested‘in,
Table I is very convenient.

f _Epression of results, The measure ‘ B

® ‘e
: s

) - TABLEI ’
A Guide to the Selection of Experimental . ¢
Concentrations, Based on Progressive .
Bisection of Intervals on a Logarithmic .
Scale. -%
Col. 1 Col. 2; Col.3 Col.4 Col. 5 .
10.6  =--- ——-- - 1 - & -
ceeemmme | ee- / 8.7 ™

c--- B 7.5 ---- - .
ceememee L eee ——-- 6.5 |- K
. @ e 5.6 T e g
ceme t mmee eee- ae-- 4.9
ememeeeees 4.2 -se-

cew= cem- [ .- 37. '

---- 3.2 Hem 0 mmeet mmes )
ceeemeee el ——e-c 2.8 .
----- ceeeeeee 204 ==

ceme aeee ——-- —--- 2.1 .

---- 1.8 ceee - .
——— e, A —-e- 155 | .
T - A

B R IPIELTI AuCP TEI PR

1.0 meem . mee- S
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Effluents of unknown, mixed, or
variable compomtmn are usually
best expressed as percent by volume,
while pure substances, or specific .
analyzable compornents are usually
expressed.as milligrams per liter
(ppm). A céntrol or reference tank
containing dilution water oniy (with
no toxicant) is essential,’ to dem-, -
onstrate that all experimental®™
organisms would have survived had
it not been for the toxicant being
tested. .

.

.

of relative toxieity is the lethal con~ :
centration (symbol: LC). ‘The time f
of exposure "'t!! muyst be Shown along
with the percentage of fish surviving
(written as a postscript). For )
exam le, a 96 hour LC50 (optional:
LC5098 hry of 3 toxic substance is
that ffcen:tration in which 50% of.
the experimental organisms survive
for 96 hours. (Figure 1). "
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Biocassay and Biomonitoring

© the CRITICAL RANGE 1IN ACUTE TOXICILY
SUB-LETHAL _ T -
CONCEN- CRITICAL RANGE
TRATIONS o

100

PERCENT
SURVIVAL

a0

0->\NCREASING CUNCENTRATIDN OF TOXICANT =100 -

=3
Figure 1

THE CRITICAL RANGE
X = LC50t Concentration

° -

.1)

-

A LC50t is the equivalent of 3
median tolerance limit (TLmt).

a

The toxicant may be volatile.

b Toxic materials may be masked by

2) This is analogous to the LC, " d high, BODgp#bso..., .
g (concentration survived by v -~ .3 it
* 50% of the population) of the ¢ The toxicant may be progressively
toxicologist, but is more adsorbed on container walls,. fish

. universally usable with the, slime, metabolized or otherwise
o, parameters encountered in the ¢hanged so that actual concentrations
‘water environment, ‘some of in tanks change with time
; which (such astemperature) . _
yoT : cannot be expreSSed as Standards or requirements other than
- concentz;ations. those involving toxicity per sé may be
2 ‘ . involved. '
L * '3) LC50's for 96 hours or less are : : : ' .
e : trbitrarily referred to a8 measures ° Preliminary and concurrent investi-
of, "acute" toxicity, while LC50's for’ gations =~ . ‘
' longer periodsof. time are. variously : S
i & referred to'as smg-acute, chronic; a .Obtain all available information
A - etc (E050 or efféctive concentration). gbout unknown‘to be.teste\i.
2 v )

L - e

b Does the material lend itself to this

. C Special Probl ms of Static Tests
: type of test?. | =

P . Wb R '-‘
1 Unaerated aquaria with fmite quantiues
g of foxicant are not always satisfactory
(static fests) .7 ‘ '

¢ Run feasible on the spot analyses
_ inclyding-DO.

a 9

‘‘‘‘‘‘‘
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. 4~ Wastes} -with a high BOD or COD
a Suggested p'reliminary tests:
' ' 1) Set up two ident1ca1 exploratory
R tests. S
- ' 2) Aerate one but not the other.
: \ 3) If great-difference develops _
\ - between them, special pro- <
- ' T cedures are indicated,
. o~ b Oxygenation or aeration of dilution
water before maKing dilutions may
help. . .
A} -., ’ . T
- ¢ Renewal of splutions at stated intet-
. ' vals (12,24, or 48 hours) is approved.
) Fish are not harmed by being care-
N fully transferred from one container
to another. It is useful where:
/ 1) Initial DO is adequate but slowly
R exhausted.
. . .,
2) Toxicant is volatile, progressively
adsorbed, prec1p1tated or. other-
_wise changed
D Continuous Isldw onceduresy .
1 Continu“o s flow procedures imply the
" continudus or periodic renewal of the
solutions in the experimental containers,
at the same time maintaining the stated
’ concentrations (including control), Th
variety-of devites and flow plans to
. accomplish’this are almost infinite,
. two general principals will be outlinied
below ‘assaymg and. mon1toring. *
- 2 Continuous flow bioassay, genera1

d Significant quantities of solutions -
removed from tesf containers for
analysis should be replaced with
similar volume of same dilution,

a.dvantages (F1gure 2): .

a - Materials with moderate oxygen
demands may be tested '

Bioassay and Biomonitoring

A 1 -
o Materials which degrade or are
volatile may be testedge

e g.\e to the constant removal of

' metabolic and other wastes, and
the constant supply of Iresh
oxygenated water, fishmay be fed
and so maintained over a longer
period of time. Containers must

‘clean condition.

E Test Concentrations and End Points for

Continuous Flow A ssays
[

1 Test concentrations are in general less

restricted than for static tests. They .

need not be so high as to insure
achieving the desired end point in 48.
or 96 hours, although they may be so
set if desired.

2 Geometric type ‘series of concentragf'ons
are still desirable (See Table 1),

3 Sub-lethal levels may be tested over *
entire life histories of organisms to
determine long range effects.

4 "In general, the setup should be pre-

- pared, calibrated and operated for
several days, or until the concen~

" trations have bedome chemically and ~
physically stabilized-before introducing
th& fish or other experimental
organisms, )

Total Fish Weight and Liquid Volume in
Continuous Flow Assays

In general the constant renewal of test .
solution might appedr to make possible
testing more or larger fish in less water.
Actually; flow-through volume and total
weight of fish must be so related that
adequate oxygen,is maintained, Further-
more, over the longeruper1ods of time .
involved, "lebensraum''(or territory)-
must be taken into account. Organisms
must not be crowded to the extent-that
aggressﬁe behavior and other ecological
compet1t1ve factors are introduced,

¢

of course be maintained in reasonably

2 B B U e e
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BASIC SETUP FOR CONTINUOUS FLOW BIOASSAY ~

N
- E: 1o n represents one of nevcrll exponure tanks containing s T
graded scries of dilutions of the toxicant, including onc control

- with noac.

G End Points or Reactions to be Evé.luat,ed v

by Continuous Flow Assays <
1 The original and traditional end point
of biological evaluations such a8 those
discusged here was the death ©f the
organism. This was simple, -direct,
and usually unequivocal. rrent
prictice, -however, ofter involves much
~ more sophjsticated reactions such as
"+ peduction in the reporductive capacity,
+~G¥ a change inAhe’ breathmg rate (mover
+ment of gills). .
H Special Problems of Flow Through o
Bzoassays e . ..
2
1 Due to’ the physical reqmrements of
maintaining stated- concentrations of
cheinicals over 1ong periods of time, -
laboratory- setups are usually com=
plicated and always' requ1re attention
and mamtenance. o

2 The problem of disease control
frequently developga in populations“held
over a long period of “time. - .

' ‘ "“*‘ n‘!.‘i

‘ . .
'( L [} e - o . -
-~ + hd -
R e, , -
193
. o
. - o e e T -
«' , L ‘i

&

*

v

3 Water and/or power failure may
“~jeopardize an assay experiment after
months of time have been expendegd.
' 4 The expense of a long continued test

":‘r miay pot be justified by the result.

45 The ‘above points demonstrate that in’
general, flow through biocassays are °
not adapted to day-to~day routine

* toxicity determinations, .

III REPORTING INTERPRETATION.AND -
APPLICATION OF BIOASSAY BESULTS

*.

-

“A. 'Reportmg

-

-1 Reports should includeran orderly
- tabulation of all pertinent data such as:

a - The type © %setup used and duration
of test ' ) .

.,
b Identity of experimental an1mals

. * ¢
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ater
- .
erimental temperature

, f [Volumes of experimental liquid in
each container .
Records™ of routine analyses such as \
DO and pH

h< Records of chemical ané.lyses of *
toxicants in experimental tanks

i LC,50t or other end point, and data
from whijch it wag determined.

B Interpretation and Application
\

1 TheLC 50 ~—is an estimate of the mid-
point -of ‘the critical concentration range
the interval between the highest con-
centration at which all test animals ~
survive, and t/he lowest at which they
all die (Figure 1).

The final step, is to ex’crapo]ate from .
this.well establistted mid ‘concentration
to a safe concentration well below the
“critical concentration ‘range .
xtrapo]atmg or rather: apphcatmn
factors' to accomplish this are still »
under development and will robably
not be fully developed for many years.

- Available data indicate that these
factors must be iable according to
the toxicant in quegtion acting in' com-
binatton with the receivmg water in
question; angi'cons?.dermg the entire

~ aquatic comnzunity. . o

4 Other cdnsiﬁemﬁ?ns
B
3 ‘a’ Radioactive wastes, must be evaluated
with regard to their chemteal toxicity
as Well as. their- radmactivity

-

b~ Sub-acute levels of many toxicants
such as lead, arsenic, cadmium,
etc. may exert 4 low level chronic
_— toxicity over a long period of time,
"Safe levels" of a waste in regard.
to toxicity to aquatic life may still -
exceed stan--.rds of other types such
as color, orgamc content, suspended
'solids, etc. .

N

IV BIOMONITORING AS COMPARED TQ

BIOASSAY "(Figiire 3) - -

A Bidassay ,1sv (as stated above) the evaluation ,
of the effects of stated concentrations of
the t&st material for given periods of
time.

B Biomonitoring is the use of organisms to _
detect change in an effluent (surveillance).
It operates continuously and indefinitely,

C Bioassays typ{ica.lly~ involve relatively
small flows and employ often especially
prepared.(perhaps repeatedly prepared)
batches of experimental material, while
biomonitoring typically involves larger
flows, from operating industries or other
installations. '-

. -

D Bioassays basically determine:

.1 1Is the s'ubstance‘deieterious, and if so:

2 How deleteric;u_s is {t?

E Biomonitorihg is useful to

v .~

Demonstrate -the continuous suitability
of an effluent (or a predetermined
dilution thereof) for the survival of the
, test orgamsm .
Detect a change (usually. deleterious)
*in the biological acceptabihty of the.
.» effluent,

-
- - Ry
.

e 3 To detect a thange.in the effect of a” f‘
* . mixture of the effluent and the receiving
_water on the test organism (i.e. to * -

detect g change i the receiving water).

»
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or in situations where large changes
might occur rather quickly (as for example,
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F ‘Biomonitoring was originally effective Diluters; U.S. Environmental
only with relatively fast acting materials, Protection Agency, Envirdnmental .

. Researchr Laboratory-Duluth, Ecolog1ca1

the accidental .

.

. Research Serieg (in press)

°

-

ch-B

A FullToxt Provided by ERIC

pickle liquor), Recent developments in < )
the field of biotelemetry now make it Weber, C.I. (et al) Biological Field and
“feasible to "wire' a fish with electrodes’ Laboratory Methods. U.S.E.P.A.
(like the astronauts) arld so to immediately Env, Monitoring Series. 670/4-73-001.
record electronically any sudden or subtle (Revision in progress) i . Lo
change in the effluent which affects the i
physiological parameters being moni&t&g ed Peltier, BAll 1978 Methods for Measuring
.. onthelive ﬁSh ) Lo the acute toxicity 6f effluents to aquatic
. ) organisms. EPA Envir. Monit, Series , -
- . : (in press) : ) :
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- .  BIOASSAY FACILITIES AND EQUIPMENT\ ' N
, S \- .|
I S .
e ‘INTRODUCTION - - 5 When the dvailable e toxican®W¥in limited

-

<
A Types of organisms and where they can
be obtained are .discussed elsewhere,®
B Here we are con
and equipment’ Pfor wor
- ammals

rn t‘f with.fagcilities
g with the “test rare,

-
.
~ . .

II’ EXTENT OF FACILITIES AND
EQUIPMENT NEEDS R N
A, Depend on Several ‘Considerations ’

1 Number and size'of test akgls T

* 2 Type of study. - .

a Static vs flow-through
. 4
b Death- survival ys autopsy- Sublethal
effects
. o ' "o .
¢ Laboratory setup vs outdoor setup

°

_{ 3» Space limitatians

N 4 Budget and staff available or planned )

5 Extent of bioassay program ‘

, .3 . Comparative toxicity of various process
Cus efﬂuents in. an. indus{rial .operation,

’1;1

:' -‘5.; 4 Screening organisms for *relative
sensitivity to a given toxicant o

. NN
- PRy Tan e el s RS i A
U e e -u(. e T R “ v . L
Y IR el T T ke e e
] L - R : =4
. . B L > .
o . e . - t
T - P PN - . 4 +
T N s
. "“5»‘- @’b 3 T <, - R

.‘ *51'310-24&7.79 e T

. ZpTl

- quantity it is sometimes necessary to' -
use a sta,tic ioassay. ° )

T,¢

B Advantage of ;Sfa ¢ Test., N—

1 Simplest to set, up, 3

’—-}cn

l
C%comings of Static T&\est

u-‘

1 Animals aré bathed in their owh waste
materials, gome \of fwh;ch are toxi‘c

.

o=

2. Many toxicants, deeay Wwith time, floe,
. or precipithte,. relsultmg in lower than
. desired concentrat ons. e
3 Some test organisms can absorb much
of the' toxicant into their tissues and
reduce con'centrations in water. .
|
D Situations V@uch Should be Analyzed by
_ Using a Flow Through Setup - .

-

N

) 1 LC determmations }m genheral, excep-
. tions only for extremely shortsterm
tests. y

.

2 Any test in which the size or hardiness
of the test-organisms compar'ed to the*
volume of the test. chamber. suggests ‘
problems, of waste products buildup

7

¢ ‘ . - or potential diminishing concentrations
: . Il STATIC OR FLOW THROUGH ‘of toxicant. S
R Static Studies Suitablé for: - 3. Long-termotests studymg effects of
A s . “. ~  continuous- or periodic exposures.
il KRR Screening tests for "ball park" toxicity L , N
- . _ -, 'valueg to be uged in long-term Tl . ’ : ‘ .
“l : testing. R, * E. Shortcomings ef Flow-Through -
" : 2W€omparative toxicity of compounds 1 Requires more space, time, and
L _ having similar metabolizing qualities. ‘ equipment
v ‘ e, * -

.F Advantage of Flow-'l‘hrough o

1’ ‘More accumte rpsults,
v NECESSARY FACILITIES AN D EQUIPMENT

A For Statie- Bioassay I B

’1 Discussed elsewhere . '. . Gt

e

M
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Bioassay Facilities and Equipment - s - - l i
- . - - . ) . N ~. “
B For Flow Through Bioassay : - - forair tubmg, air stores; small . .
. . w  clamps, variety of plastic and rubber *

1 Test-chambers - glass, fiberglass,
plastic, and stainless steel.

: , 2" Dosage apparatus for adding toxmant
i . sincluding gear pumps, constant- -level~

float siphons, Mariotte bottles, dipping

' bird gadgets, syringe devices, and
‘various combinations, of adjustable~
volume venturi-giphon units.

-

v 3 Water ﬁow control devices, mcludmg
< adJustable headboxes, constant level .
-« float valves, sunple shut-off valves,
"* Capillary or taperad gldss tubing, and
* adjustable~volume venturirsiphon units.

. -

‘ 4 Combination(units handling both . -
. toxicant and water,_ 5

. » .

s b Serial dilute rs i . ‘
. c Simphfied automatic dosage
apparatus, o

’

C For Special.{\pplication_ ] ° .
1" Mount degasser:

2 Temperature control devices and
recorders : 3.

¢
7

7z s
i,

3 pH controlling unit and‘recorders

4 l)erhineralizers and carbaon filters

5 Paddle wheel s’etup‘ . Lo

-~

6 Variety of test chambers -

4

| Swunmmg ability apparatus’ - . - %

RE
S

A -

8'3*"Movex_i3ent detectors and recordars -
.. e ) ¢ : e v
. g Egg:.céllectiqg' and hafching apparatus.

D Additional Items Needed or Useful

o . K

1 Necessities° include° air ptmms or - *

/- -tubmg. glass and brass ﬁttings , } .

=y

v

a, "Slurp-“chamber" apparatus I
-~ column, planktoh"countmg e.qglipment .
'E Space Requirenie_nts in General

S

. compresséd air system, plastic air " . .

°

tubing, variety of regular and ‘capillary
glass tubing,. rubber stoppers, formalin
or.alcohol preservative, chemical
laboratory ‘glassware (including pipets,
graduate cylinders, etc.), fish-holding
tanks for reserve specunens, small
» dip nets," -food, data recor;img form R
. stamps, pipet bulbs, water quality .
- gnalyzing equipment (for DO, pH hard- .
" ness, alkalinity, *etc.), Toxicant analy-
sis equipment (colorimeter, pblarograph,
chromatography—setup),_portable aerating .
‘equipment, fish and water transporting,
R containers, fishytreating comp;ounds’%
- (antiblotics, parasite control. chemicals)
-refrigeration fa0111t1es.
2 Items with special application:” Dissec~
tirdg equipment, “tigsue processing ma-
" terial (for fixing, embedding, and
staining), microtome, microscopes,’
'drying and aShing ovens, vacuum pump,
. Sscales and, balance., activated.carbon

.
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«
1 Area for holding;_fish for future testis .

.’ S

Area.For test chambers

3 Area for diluent water storage

T

4 Area.for dosage appai?atus . ..

5 Area for water quality and toxicant
analy51s equlpment : -

6 Sink and drainboard spac"é

7 General storage .area.

&

-Additional spacg:«for Ltpec‘fiu
equipment. o

PE - - B

e ;’

«

;

F Exanmle of a_Static Bioassay Laboratory
(see Figure 1) ? L .

- 1 Area Number 1 provides space for
holding and acclimatrzing fish Each’




P

4 . * - g
“large aquarium for holding fish (A)

n"‘ )
is £ .

adequate for accommodating abqut 200~ . _
300 avérgge size test speciments, - An

adequate air supply must be available
at all times to provide for ¢ontinuous

aeration, "Aquarium filters (C) of the '
inside type help in keeping the aquarium

clean but best results comé-from -

continually trickling fresh water into e
the holdinig tank. :Ordinary tap water

can often be used for holding fish if

chlorine has been removed, for

example, by passing the water through

an activated c;arbochlumn (E) and .

Aol

temperature changes are not too
.abrupt, The smaller aquarium (B)
may be used for acclimating the test .
fish to the experimental water or hold=
ing them without food for period
immediately preceding the tests. oo

2 Area Number 2 provides for storage -
' and preparation of dilution water.
While containers for hauling and storage
may be of ether inert materials, size,
and shape, the polyethylene items
illustrated (L, M) have been very
satisfactory for this use. In addition -

- Bioassay Facilities and Equipment
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o . - N ‘.
4 : to the regular supply it may be desirable ° \ DILUENT WATER N
" * 3 to have a supply of distilled or de- ' .
FRE . mineralized water, . - AC Type of 'diluent water depengls an the type ' ?

, ' of data sought. . .
o + 3 Area Number 3 can be useg for prepar- - . ) : N
co. ing experimental test concentrations . 1 Fresh, brackish, or salt water - 4

of the efflient in the dilution water and depends 6n organisms. " I:'i":
e for exploratory tests to determine’the N .- . ' :
approximate toxic range. In these _ 2 If interested in the effect of a parti- T
o tests air may be needed, depending on cular ‘compound in a particular water . ' *
. the nature of the effluents. i .  body{stream, lake, estuary, etc.), . *
’ - . , then use water from the locatian where Oy
4 Area Number 4 supplies bench space . this.compound would enter the wat%ﬂvay.
for holding 20 full-scale test chambers ’ Co b : l
(G) on each'side which permits the 3 Genersfly for other purposes, the best - e
‘ « carrying on of at least 4 full-scale bio-- water is the one you have most readily ' )
- assays simultaneously. Air must be™ available. Tap water @an be dechlori- l K
) . provided. A convenient arrangement -, nated; spring, stream, or pond waters - .
. for supplying air or oxygen is through are ysually suitable. Well water is )
< " a system of small'tubing and 3-way * * not generally recomniended, however.
: ‘ air valves so that the gupply to each . . . . '
g ’ test aquarium_can be regulated in- ® . 4 By mixing water from two sources in
dependently. This system may be large aerated storage facilities, close |
attached either to the air supply or to - * water quality can be’ maintained. l :
an oxygen cylinder (H) equipped with -_ A -
, . & pressure reduction valve and * . .- . ¢ . . .
- -regulator. | ) N . oL -
. \ - ) ’ l ‘
~ 5 Area Number 5-is for-conducting the - . T - "
—  necessary chemical tests for oxygen'’ - . - e
" control and to prgvide information : - , . :
necessary for interpreting bioassay This outline was prepared by T. O\ﬁ Thatcher, ’
data, Squeeze-o-matic burettes (N) Former Aquatic'Biologist, Researchand L
. have been found quite useful for rapid Development,. Cincinnati Water Research ’ "
L3 Ca3

performance of certain chemical teats.- Laboratory, FWPCA, > ~
. N J - )
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. IMPORTANT DATA FROM AGUTE MORTALI{TY TESTS - ‘
. ‘. ' oLt '
Rl C - ’ . .8 -
RN \ . - > . ) .

MEDIAN LETHAL CONCENTRATION (LC50) 2  If a moderate amount of copper sulfate. .
: " .’is put into a jar of water, mbdut-20 .  °

Mortality . - . * . percent will dissolve and about 80
- percent will'become a bagic copper . 7.

The major result of an acute mortality test precipitate. Some of the precipitate . h
with g particular toxicant and a certain will form-a scum on the water and the
species of fish is the LC50, ie, the . ») rest of it wil] be distributed throughout -
concentration that kills half of the fish, b — the water, probably aith most of it on -
In order to calculate the LC50, one must the bottom of the jar, depending on how
know the percent mortality for a series well the fish stir up the water. Should
of concentrations of the toxicant. Deter- ‘ one calculate the LC50 based on the - -
minipg the percent mortality merely total amount ‘of copper in the jar, the
involves counting the live and dead fish, d1ssolved ‘copper, or the aér:glnnt of
but one should report the criteria for - copper dissolved and susp ed I thet .
determining whether a fish is live or . -water? Thé answer to this question K
dead. ) must take into account’the fact that some

R ) w ’ " species of+fish spend most of their time
Concentragion of Toxicant - near the surface and some spend most

- of their time sitting on the bottom,
. Measuring the concentration of the ' ‘

toxicant'is a more difficult prpblem, In - 3 If phenol is placed,in the water, it will
some casés researchers do ngt measure - exist both as unjonized phenol and as
the concentration of the toxicant. This is, ionized phenate ion, It is possible that
especlally true of toxiclty tests conducted - one form is much moreﬁtoxic than the
with complex mixtures. In these cases, . other. However, practi¢ally all methods -
the results are calculated based on the for measuring phenol in water Wwill ‘
amount-of toxicant that was supposed to , measiire the total arQount of phenol in
have been used, (The calculation ofan LC50 the water, . A\ - .
from the mortality vs. concentration data ' .
" will be covered in a later lecture). : These ekamples’ mdlcate that one must
. decide.exactly how the sample must be
In mogst cases.the concentration f toxicant taken'and what analytical methods can
in the water is measured .However, it be used, ‘Very often the use of the )
. is not a‘[ways easy to decide what measure- . results oﬁthevd‘bmcity test will determine
. ment te make. Consuier the fc?llowing ) 7,,, e answers tosthese questions. s Usually
‘cases: - L e ‘ \ * for static bioassays the LC50 calculation
) S -ig'baséd on the total amount .of toxicant -
21 Ka sma]l’ amount of DDT is put. ) put in the test conta gt the beginning

into-a jar of ‘water about 70.percent © of the test. This*proce lare obviously

will absorb. to the glass walls of the - has its drawbacks;" For ontinuous-flow
Epproach isto’

, -+ Jar, about 30 pergent will accumnulate %‘ tests, generally the best:
at.the. air-wa,terdnterface, ‘and about _ take a sample under the gurfaece of the -
R 10 percent will dissolve-in the water, +  water.. __,c se:of the® qonstant mixing »
. i:,q Should éne. base an: 1.C50 calculation in-the test o) mber, “this usually, but”
4 b e

the total: amount of DDT,in the Jar, , not always, represents the total concEn- :
xon the concentration of DDT dissollved tration of | texicant to which the fish are
exposed . . LT e
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1. ' The decision as to how the sample should B About the Physical Setup
be collected and/or what measureiment .

should be made must depend on what Information on the physical setup should A
question the test is supposed to answer, include the type of test chambers used, ', ;
; , The two common questions are: ! the volume of water used, the number of i
S - ‘ fish per test_chamber,. and the average -
S . ‘1. How much toxicant must be added to - grams of fish per liter of water and
‘ o tt}'e water to affect the fish in a experimental degign. For continuous-flow .
A : certain way? - tests-one should report the flow rate. -
# 2. How much toxicant must the 'fish. be C  About thé¢ Toxicant l,’
/ ’j exposed to in order to aff"ct them . _ e - S
' e in a certain way? . . Information about the toxicant should + .
- B ‘ . identify the source of the toxicant and . l :
- C Calculatio_n of the LC50 its’composition, One- should also describe -
a0 - . ) ‘ ‘ - the formulation of stock solutions used -
' In F&porting the results of a toxicity . to introduce the toficant into the test -
«k. . test one should report the LC50 for a - . s chambers.” N . l
. % given length of exposure with its confidence - / . o - ’
limits, the way the concentration of the - D’ About the Water Yo L T
A . toxicant was determined, and.the method v ‘ - ' )
) +  used- to’calc‘uxigate the LC50 from the - - * Information about the water. shoyld include t
concentration-mortality data. ‘Some ‘ the pH,:alkalinity, dissolved oxygen, . « . ‘
ople report the concentration-mortality . hardness, total dissolved solids, and Lt
- data itself. . . T e T __ temperature, . Conductance and acidity ; '
i _ o o ) Ve may be useful. Calcium, magnesium,
e, " ‘ ’ .- . sodium, potassium, chloride, and -- .
. - v . . ; . * Sulfate measurements can help\characterize l
I OTHER INFORMATION \ » 7 N\ the water.” Many people also report the -
. : . PR > source of the water and any pretreatment A
A About the Organism ‘ ’ S .- such as aeration, -activated charcoal, or ,
: ) Y softening. One should also measure and . , I
, There is much other information about an ~ ' report any unusual qonstituents in the T
. acute mortality test that shatild be reported -water, constitients present in unusual .
o a.long with the L.C50 value, This can be amounts, or constituents which aré’ known ' )
%; = s brokeh down into four categories. One ° “to affect markedly the todicity of the ‘ oL .
_ shpuld report information ‘about the fish, materiaf under test, . ~ R
" the test conditionsy the toxicant, and the _ :
water used in the test. This inforrnation ‘ Once you hav‘e decided what measurements l" ,
is important because there are many. things .~ to make, it is important to use a good R
" that can affect the LC50, and unless-this o mgthod for the determination, One is . -
information is reported, no ome else.can . . ' aétually better off having no information . "W
use the data. Umder. information,about _ rather than having wrong informatjon. I ‘ -
. the fish, one should report "both the. - would*recommend use of methods from “the 2t
A scientiﬁc and common names, the dge, . EPA manual titled "Methods for Chemical !
i life stage, sex of the fish, and the range of _ Analysis of Water and Wastes'"whenever .
< the lengfhs—br weights or both. Very often * possible. The manual has two bagic purposes; |
pebple report where the. f:i”%l} were obtained | - A
and their condition, any“treatments used . . 2. To identify the simplest possible l ;
on theniL .and'the holding‘ and acclimatization legally defensible .methods; ) |-
procedui'es used, . . ) . .' . Ve
i oot e 2, To promote standardization s& that
N | oo L U "' results will be comparable from one
[ | ( L - - 1aboratory to another . »
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' .. ~III OTHER TOXICITY TESTS . . ’ 2 -
' . This outline was prepared by C. E. Stephan, :
/ The same kinds of information should P Supervigory Research Chemist, Newtown ] A
- ' be reported for any-other kind of s, Fish Toxicology Laboratory, Newtown, ..
; toxicity test with.apy other test organism, - * =Ohio 45244, » . -
' ‘. . REFEB_ENCiE§, ' ' Descriptors: Bioassay,  laboratory tests s ;
Zoo & - ’ , : . ) T
l 1 Standard Methods, APHA, . - o . oY
° "

. 2 Methods for Chemical Analysis of ‘ ‘ .

Water and Wastes, 1971. . . .

! -~ I . .
. . B 6)
l i 3 Cope, Oliver B., Standards for reporting - .
E fish toxicity test, Pro%. Fish-Culturist, ot :
l 23 (4) 187189, Oc_tc:ge , 1961, - . . .
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e 4 Buikema, A.L., Jr; Lee, D.R.; and i . i

. ) Cairns, John, Jr.- A Screening Bioassay . : -
- l ‘ ‘Using Daphnia Pulex for Refinery Waste
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EXPERIMENTAL DESIGN . - | B

In geperal terms a tox1c1ty tes! is used

to investigate the effect of a toxic agent -
on a test organism, Because of biglogical
variation Between individuals, in order”
for the'test to be m_ea‘hingful, the effect
must be studied for a grioup of.individual
test organisms, not just one individual.

In addition, an investigator generally
runs a toxigity test to determiine the .
" level of a toxic agent that will produce ’

" a given degree of effect, i.e., to

‘determine an endpomt Therefore, in

. practice, a‘?gx;nmty test is usually run

_to determine the level of a toxic agent that
produces a defined endpoint in a populatxon

of test organisms, Usually this is C
accomplished by exposing portions of the
population to different levels of the toxic _
agent and observing the effect of, the toxic
agent on the various portions.. In the
_Acute Mortahty Test, this means observing
the percent that is killed at each level of
the toxic agent and then detérmining the
level that would kill 50 percent of the
population, -For a toxicant, this is ¢alled
the median lethal concentration (LCSO). .
This test procedure imposes certain’

e requ1rementsron the experimental design

of the test if the results are to valid.

i : AL
Randomization- . .

The first requirement is randomization, . ~ -
b&j‘kof the test animals and the test chambers.

Randomlzatwn of the test ammals is important
so, that the portwn of the populatlon exposed

sentative of the whole population——at least D
as. representa,twe as one can. make it, .
Randomization; of the test chambers. is
important-to inimize the effects of
external facto‘rs on the results of- the test. .
There are severa1 ways- randommatlon
can.be- performed ‘such as by drawing, cards
- out of a hat or uging, a£able:of random '
~ numbers. .In general strat:.fied random1za-s
’ol,on is better }than fotal random1zat10n

\\,

THE STATISTICS OF TOXICITY TESTS

. cannot make the nephcatces identical, so

,‘to each level of the toxic-agent is* repre- ..

Replication ' -

The second requirement for"a good tox101ty
test is.replication of test chgmbers.
Duplication is about s far as most
investigators will go. Replication is
needed because randomization cannot :
overcome all problems. One must get
an 1dea how much variation exists in the
testwand the only way to do this is
through rep11cat~10n There are two kinds
of replicates--those run at the same time
and those run at different time. Sometlmes
it is said that replicates run at the same .
time measure reprdducibility, and those
run at different times measure repeatibility.

Numbers of _Sub.jects. ‘ o

A third requirement is to have an adeguate
number of test animals in the population =~
and in the portions of the population. This :
is rephcatwn of test animals. Five animals
per portion is about a bare minimum; ten

is a good compromise between theoretical

and practical necessity. It is obvious that.s +
if only five animals are used in a portion,
‘the results for a portion can oaly be 0, 20,.

40, 60 80, and 100 percent. A difference

of one animal between&duphcate portions .
means a difference of 20 percent, If there

are ten animals per portion, a difference of
one animal will mean'onlysa 10 percent | :
difference, 'Even the best:random distribution .

3
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there must be enough ammfls in each rephcate )
to minimize the consequences of such dlffer- -
ences. .

N

Number of Partial Kills . Lt

~

(1) g& fourth requirement_ of & good

. sexperimental design for toxjcity

' ®ests is that there be énough levels .

-of the” ‘fokic agent: tested so. that the
Jevel, produting 50 percent kill ¢an
be determined accurately., Ifone el

- only tests levels that kill either 0 ok

. pericent or 100 percent of the ammals, B

* all he knéws is that.the L.C50is.. . "~

_between two of the 1evels tested,

.



*‘ANALYSIS OF THE DATA - P @ g

 planned for the data. - The only data collected ’ - :
. from most r;)out:sne toxicity tests is ﬂj Kempt pEorne, O., The Desi@ and Analysis

The re are several methods for analyzmg 4 Standard Methods, APHA;.
concentra’aon-mortahty data. . It is generally' ' 0 ’

_accepted that the best way is to detérmine - . . . :

. the median lethal concentration (LC50) - . R o
‘Stétistically this is a.good endpoint -and it - - LT . ‘ B
is about as useful as any other one, All This outline prepareciihy C. E. Stephan,

‘based.on a plot of concentration vs, , ' . . A : > o

l‘< . -

. . ‘ ' . ” 14

* * If, .on the other hang, -the'investigator method to method are the coordinates
tests levels that kill 0, 20, 40, 60; _ and the. means of connecting the points.

80, and 100 percent of the animals, . Standard Methods describes the commonest
he can determine the LC50 rather ' graphical method, but in gé€neral graphical ,
accurately. There are biological methods are approximate methods, give
and practical limitations on how no measure of confidence limits, and are
. accurately one can determine an not useful with certain kinds of*data,

" LC50, Howewer, if results are to Most pedple who want to Use a better 3 " o~
be very meaningful, as a bare ’ method'use the Litchfield-Wilcoxon '
minimum the test should have two « method, This is a semi-graphical
concentrations that produce,partial approximate probit method, but this is
kills. With two paftial kills, one * rather time consuming unless a compufer
can calculate the L.C50 and its ' can be used, Others use various other
confidence limits with fair agcuracy. paramegric or nonplarametric methods,

: - such as the logistic method of Bergson,
(2) The degree to which an investigator - or a moving average method. All of these
' worries about each of these require-, are discussed by Finney. Some of these
ments must depend on the confidence % method$ assume a particular relationship
one wants to have in the data. One between concentration and mortality and
can ignore all four requirements and some do not. Generally it is impractical -
still get a "ball park" figure, but to try to get enough data to prove whether
""ball park" results are not very or not a specific relationship exists. ‘

. useful. Of course, it is ridiculdis Fortunately, most often the calculated
to go into great detail on the statistical , LC50 and its confidence limits are about .
requirements for a good toxicity test . the same for all computational methods. .
and ignore other things such as the e R '
biological and chemical requirements. ‘ -

N , ‘ : * REFERENCES , o

- . .
\
1

Once the test has been r,lIm, the remaining "1 Cochran, W. G. and|G. M. Cox, .,

problem is to calculate the results from  _ Experimental Designs, ,Wiley, New York,
the-data collected. However, what can be 1950. .

done with the data is often limited by what 2

data were collected and how they were . 2. “Finney,’ D J Statistical Methods in
collected. Thus the d=2sign of the experlment B101leca1 ASSJ, 2nd Ed1t10n Griffin, )
should take into.account the ultimate use Lo.}don‘ 1964

concentratlon-mortal'lty data. " of Ex

riments, W11ey, New York, 1952

of the methods for calculating an LC50

i - hemist t ish
can be visualized a$ graphical methods Supervisory Research Chemist, Newtown Fist

Toxicolog§ Laboratory, Newtown}\QH 45244,

percent mportality. What changes from s - Descriptors; = S,
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S IN INTRopUCTIONWf‘" T ‘ (2)  the-concentration that kills 50%
‘ K . of the subjects (J_.Céo)'
fo An endpoint dina toX1c1ty test is.a : “ 1
' ' defined magnitude of a spec1.f1c obsetved (3) the highest concentration that ln"]ls
effect of.a toxic agent on a living organism, -~ * none of the subJeets“(LCO) .
* Thus the ‘selection of an- endpoint mvolves } ;
- both_the"selection of the effect and the” 'C It has been found*that stat1st1ca11y« and
selectiop of the magnitude. At one time-, practically the 150 is the best endpoint, ‘
"toxlc was generally .used to mean "to Although.it*is sometimes argued that LCO d
cause death" and death was almost the " should be 4 more useful endpoint, the LCo
only effect studied. However, ‘today it K is difficult t@determme.
is generally recognized that toxic agents w5
cause many damagmg effects other than ) g
death,. and so “toxic" is used to mearn . : )
"to cause an adverse ‘effect” and "lethal’ ~ III OTHER EFFECTS ~ ;
" is used to mean .to cause death.' - . ‘}
. - . toe : There are many effects other_than death i
’ that can be and have been used. -Warner £
: _ (1967) reviewed many histological, R
1 DEATH " ' s physiological, bjochemical, behavioral, . ,
- L - . activity and groWth effects and endpoints.” =~ °
A Death was probably the first effect used The possibilities are only limited by man's .
in toxicity tests and is still the mdst widely ingenuity, time, and money. —
used effect because it possesses four very - .~ . ’ RN
useful properties: : o bt » B
' (1) It applies equally well to all IV CRITERIA FOR THE SELECTION OF <
v organisms; - '+ ENDPOINTS - . :
(2) It apphes equa/uy well to all " A From all the effects tha(t can possibly be - ;
toxic agents; .« . used for toxicity tests, one must -choose -

-

fm,sthe best effect for one's own tests, Death

(3) Usually it can be Jetectéd rather ¥ is obviously widely used effect, but itis .-~

) ‘ easﬂy without the use of spec1ahzed generally not sensitive enough. From the.
C equ1pment ‘ - T more ‘sensitive effects one must choose L
' SRR : oné that is practical and will meet'the . ;. %1

(4) It is an obviously important . needs of ﬂthe,_expemr‘nent e e iﬂ;ﬂ\w:

adversef'effect—. . o £ 8]
- B Generally the f1rst con derat1on is time- - .
Because of these propert1es, death will - . and equipment, and thesk are obviously ’
probably always be the basic observed important, but usefulness should be the

L effect for toxicological studies.. L , primary concern. Water pollution con‘trol
i LN S is a. matter of. solvmggpract{cal problems. ~
, B If an endpomt is to be defined using dga\ 3 _Thus an effect should be useful. For many

R

]

as the effect, m'terms of a. group.of . X . of the effect that can be used in short;
subgects, there are several magmtudes \ senS1tive tests, there is no informatl} n on
of death that can~be*uSed ~such as: s i‘ . usefulness and some- of these require,

) 7 A\ elaborate equipment .
¢ (1) : »the lowest: concentration that kills ) T ‘ »
N a11~of the sub;ects (LClOO) P o t R L

.
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The Selectivn of Endpoints for Toxicity Pastsin.,

AT . . M

CHRONIC TESTS \ e

Much of the work of the National Water

Quality Laboratory is now centered
around what we call the chronic test. -

’ In'these tests the animals are &xposed

to the toxic agent before and during’
spawning and the eggs*and fry produced

are exposed for about th1rty days or more,

In these tests, we look for effects on survival,

growth and reproduction, ‘because such

effects are obviously important andxare

. rather easy to study. Chronic tests .

- ) generally last or eleven months or more,

) In addition, we are studying the usefulness

. of some other sublethal effects by

| comparing the results of acute tests

with those of.the chrohic tests.

‘ « . 4 !
» .

L2, Sprague, J. B., Meas‘urement of

Laboratory Tests

.
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L JNTRODUCTION o
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A The report of the: Coancll on Environ-
mental Quality (1970) repeated],*,r stresses
the .need for the development of predictive,
simulative. -and managerial capabilities
to combat air and water poIlutlon. The -~

niast capability depends on the first two,
e-gtandard static jar fish bioassay,

hicit uses death-as a response, enables

ne-to predict the toxicity of a particular

aste to/fish, One limitation of this
rocedure is that it uses a grab sample
which represents the quality of the waste
at only one point in time. The water
used to make the dilutions is also taken®
at one point in time. At the actual
industrial site, the quality of the waste.
d the river water vary through time;
aste sample partially
s limitation, but may mask
1atlon Jh are b1olog1ca11y ipor‘ant

B

.

7 e

\
C One could put fish in a cont1nuoas ﬂow of
waste diluted with river water, bu\t then
. there is one.further limitatios of the
standard bioassay: death is used as the
response, In order to prevent damage °
to orgamsms, it is necessary to have an

>

of each of six bluegill sunfish, a
" single fish per t tank, is recordesd
every hour throﬁ‘ghout a test except
durmg the s:mulated sunrise and
sunset when an additional record J.‘S .
made on the hal¥f hour., Each dayis -
- divided into four intervals; first
"half day, second Half day, first half
‘night and second half night (Table I).
Before any statistical analysis can
. be periormed, recordings for day
1 must be completed After the
cumulative mpvement for dayl14s - -
recorded, statistical analyses are °
performed after the completion of
s each designatediime interval. For
example, the cumulative movement
. recorded hourly for each fish during |
day 1, first half day values are compared
to the cumulative movement recorded L
hourly for each fish during day 2, first
half day values. |

4

CRWA
RN

: .
b s a P e N p

:

A

X

I T A T e

«

.

2 Bas=d on the results of 20 laboratory |

o, expemments 'stress detection' is |
* defined as the presence ol twoe or - .

I " more abnormal movemenigpatterns |
| recorded during the 'same time interval.. |

. B Fish Breathing

-

early warning. of dangerous conditions, \ ) . A
so.that corrective action can be taken. ' /L . 1 Breathing rates may be determined from .
In other words, symptoms of ill h=alth, . polygraph recdrdings of breathing signals, -
*  which occur before death, must’be dete ! The fish are tested inh plexiglas tubes ’
. ed if there is to be time for diagnosis and s throagh which dechlorinated tap water
. treatment. ¢ k', or some toxic solution is metered at
, A . e i a flow rate  of approximately 100 ml/min,
‘ i . S . 7 - Breathing signa}ls are detectéd by three
. ' . R . platinum w1re/4%ectrodes placed in the..
o 8 MEETHODS AND MA;EB,IALS ) water; an active electrode, an different N
W T , _electrode, and a ground, test .
A Fish Movement Patt’erns. e chambers and-methods of acchmating ‘ N
S “ the fish are’ described in more detail -
1 Fish mo\rement patterns can be momtored by.Cairns, et al. (1970) The photoperiod
using the teonnique of light beam inter- ) is the same as that for the i‘1sh movement
- .ruption described.indetdil by Cairns, T study. : o
o etal (1970) Dawn and- dusk are R I DR .
simulated by a motor-sdrlven dimmmg 2 The .1sh are p.aced m test chambers by '
s : adu: reaf Ve 6:00 p. m.,and the recordmgs br-*gan*a.t' .
" intensity .of, the room. ights.dver- 6:00 a the next day to alloW tHe fish:. .. ¢
L half—hour psriod starting.at. 6:3‘0 a.m. R
N SR r;tdragg,al}yf: reases, the ';;n‘tsnsity s N
. .. to O over :a-half-hour. périod starting. .
mo

Th" cumulative‘movement
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toxicant for perfods of one to sv.x days. © . I0I RESULTS '
ish thus serves as . n.
. In addition, one or ) A Fish Movement Patterns C
two- fish ar never exposed tQ the - ’ < wh
toxicant and serve as controls through- - 1 Table 1 shows the results of one - - . T |
ioh experiment. In one experiment, * continuous flow experiment carcied - o
_ . --usinig zinc as the toxicant, reported out for 20 days. During this experiment
.7 in Table VI, six control fish were . fish were exposed to zinc oa day 7 . '5
,exppsed to water contammg no addeds . from 1:00 p.m, until 7:03 p.m, at .
: " zinec forfour days. which time the flow was returnzsd %o .
B (3 -
e . -y ) normal dilution water. The znrc————‘;" /
» + a Prenm;nary* exidence suggested that concen‘rations reached their maximum _
i the’ data could be analyzed by sepdra- at 7:00 p.m, and atomic ahsorption Cede
: - ting the experimental day into four ' analyses on effluent samples collected ) a
- periods; a period from 6:00 to 8:00 a.m. ‘at this time-showed the following * ' »
when the breathing rates changed . conceatrations: tank one, 13.32; e
markedly, & period from 9:00 a, m. tank two, less than 0, 083; tank thresg ) o
to 3:00.p. m. when the rates were 11,39; tank four, 12,72; tank five, ] 2
. comparatively high, another period 13.32;7and tank" six, 12,59 mg/l Zn
e- of rapid change from 6:0J t0,8:00 p. m,, The results show that these concentrations
o - and a night period from 9200 p.m. to of zinc developing over the six hour -
o - 5:00 a. m’, when fhe rates were compar- " Interval of exposure were insufficient o ‘ ' )
dtively low (Sparxs, et al., 1970). to cause a dctectable,&hange in the E
S s e - N AU _ movemient patterns of the fish. By T Al
b Bluegills increase their orea‘hmg . 8:30 a.m, of day 8 the effluent ziic B ' o
v < rates when expo'sed to zinc (Cairns, . concentrations~ were less than 2,30 in g
. ‘ et al., 1970) An individual fish was . all casds, .- - L E
7 . ' thus congidered %o have shown a - : : :
‘ response each time its breathing rate 2 To determine the percent survival aad
; during a time period exceeded the " *recover ry patterns of the fish ohce stress e 3
maximum breathing Te observegd . detection occurced, zinc flow was AU
during the cor.respondmg period of the " reinitiated at 1:00 p.m, on day 13 of . . :
first day, before any zinc wag'added. A . - ‘this experiment Between 8:00 and X -
) respdiise was, scored for' each value ' 9:00 p.m: on day 13 the zinc concentratlon :
on the segond day that was "ngher ‘than in the efflusnt reachsd a maximum of:
the first day maximum for the ‘compar- 5 7.51 for tank ohe; less than 9,05 for
T za.ble period. The- control periods o tank two; 7.49 for tank three; 7,52 for
l(before any zinc was added) and the * tank four; 7. 49 for tank five; and 7.54 mg/1
experiment where no:zinc was added for tank six.. The concentrations remained
 at all were used to determine how many , near the above values until the statistical
. / false detections this “method of andlysis. analy howed “stress detection ]
,would produce. The experimental oL , - .during the)first: half night values, ‘on day

. -"‘_”:/ periods‘ (after zinc\was added) deter— 14 (Tabl”1y As soon as stress detection

LT mined 20w quickly the.mé&thod of . .. ogcurred the ﬂow was returned to normal
o - a'ialysis could detect zinc concentratiorrs .. :zﬁlon water. At 10:00 a.m, on day 15 ’
.. Zimwater. T “'r _ v anatyses showed all efflusnt concentra-
MR CIRPAEPR 'J : R < " tions to be legs’ thanO 70 mg/l Zn*t, Py
Zepero e O ‘Zincaconcentrations were determined . _ S'ress detection contifiued to be registered '
3« c o ,a-y - daily bf atomm absorption spectro-*" for two consecutive time intervals followmg
L p}),otometry. L the initial detection, bu" 4cter that no stress’
2 h "‘ \» s ome dAtéction was Tegist teted.and the frequency -

e

of abnormal patterns returned to prestress -
Ievels within 48 hoars. In this e*{periment

%
2
.
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as with all others in which dilution -
water’ containing zinc was replaced with
dilution water minus-zinc at-that time
of stress detection all fish survived!

Lt ey

3 The results from the series of experiments °

at progressively lower zinc concentrations
indicate that the lowest detectable con~

centration is between 3.65 (Table II) and 35%

.2.93 mg/1 zinc (Table III) for.a 96~hour
exposure;

"B F1sh Brea.fhmg ' ] B

KN

1 Table IV shows the “reathing rates of =~ -

five fish on.days 1, 2, and % of experiment
8. The first four fish were exposed to a
measired zinc coacentration of 4,16 mg/l,
beginnihz at 10 a,'m, onday 7. The fifth
fish»served as a control and was not
exposéd to any added zinc. The amplitude
of the breathing signals decreaszd every

,night, and the breathing rates for fish 2, .~

in particular, could not be determined
during some portions »f the' dark 0r=r10d
(7:30 p.m, - 7:00 a,m,). The maximum
breathing rates for each fish.during each
period of the first day are circled. The
~breathing rate of any figh during @ time

x ) \

" ’ e
- .
- * N

.
.

After the zi:nc was introdueed, al -

four of the exposed fish showed responses
simultaneously on five occasions, and
three fish showed respoases during the
same time interval on 19 occasions, If
the criterion for detection'of water
counditions potentially harmful to fish
were two or more responSes during the
same time period, then three false
detections weuld have occurred before
any z¥c was added, and 4.16 mg/l zinc
would have been correctly dstected eight -
hours after it was introdaced. If the |
detection criterion were three or;more
responsas Anting the same time period
then no false detections would have
occurred and the zinc would still have .
been corcéftly detected after eight hours.

R
o ada e

Ly,

The lowest zinc conczatration tested was’
2.55 mg/l, - Using 4 detectioa criterioa
of simultaneous respoases by-three fish,

‘this coacentration was detected 52 hours

a‘ter lhe zinc was added, with no false .
detections sccurring during the four hq,urs
before zinc was added (Table VI), The
responses of six control fish that were
exposed to dilution water coataining no
added zinc are also shown for comparison, -
Note that there was ao tendency toward

h—— period of day 2 or day 7, which is greater
than the maximum breathing rate recorded
for that fisti daring thz correspondmg\time
. period,of the first day has a rectangle

'drawn around it, The total number of

mﬂreased b*‘ea.thmg rates through time, in
the contro® fish, and that no more than one
coatrul fish.showed an nckeased breathing
ra.te during olig-time” period, R,

.

:' } fish showing increased breathing is .. v Lo I
. given at the bottom of each column, On 4 Table VII-summarizes information on -
: . day 2, fish 2 showed insreased breathing three experiinents that indicates *he - 3
S S on just two occasiohs. In coatrast after . effectiveness of the S"M'mnthod of o
s ' _zinc was added on day 17, three and four. ' _ analysis.when d,fferent criteria for !

L exp°r1menta1 fish at a time showed

moreasad breathmg

" detection are u: >ed Changing the criterjon
. for detection from one to three responses . "

?f;f ' . Coe . per time period generally increases the * | ;
¥ . -2 Table A% SMmar‘tzes thes results-of lag time and dgcreasef the number of BN
R ’ succegsive comparisoas of the first day false detections. ,The lag time is the . :

time from the addition of zinz to the first
detection, A false detectmn is one oscurr-

maximal breathing rates to breathing .
_Trates on subseduent arys (SCM. mathod

%5 o of analysis), for ,exp,eximent 8. During ‘ mg bofore any zinc 1s addad to ,ﬂie wte. . :
o N ) the cohtirol period beore apy zine - -7 v : et e
= ' ! " was added there:-were: 15 odcasionis when = . S J-f‘ S R
% ot T a sinrrle exporimemal figh. responded ‘ n . . R
‘ ‘ '+ &nd three occasiongwhen two esperimental IV DISCUSSION . ) I

T fish responded-at thz .same tife... At-no . 9 : ’ s

. . time during the.Econtr:ol p°riod did more | A The experiments deSCrlbed above sho‘ that &3 i
s , ths.n ‘two fisn show. resp 1368 together. . the movements and breathing rates of'bluegill i ‘{g

A, 2

e . -.' *‘,\ - ’\«\ u‘
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C In an actual industrial situation water and

o

L laboratory for further experimentS*LF:lg.ﬁ 1)

¢

*sunfish can be used to detect sublethal
conzentrations offzinc. The criterion
for detection is a certain number of fish
showing an arbitrarily defined response
in breathing rate or activity during one
time: period ’

D

’
S

13

detection, the risk Of no* detecting stressful &
conditions soon enough must be weighed
against the risk of false detections, and .
the choice would prooab;Ly be détermined
by the nature of the poliitant. If a pollutant
is easily, detected by the biological monitoring . E
system, is slow-acting, and if the toxic
effects are reversible, then the criterion
for detection might be respons=s by 3/4
of the test fish, to avoid the false detections
that would necess1tate expensiye remedial
action or a temporary shut-dowmn, . On’the
othar hand, an m:i.lstry that producésjan,
effluent containing a fast -actind toxicant ,
whose fects are irreversib?

"B . In cnocgmg a specific criterion for

-

LY

»
¢
)
&
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would:
probably use a criterlon"that leads to repid
detection {rgspons2s by 174 to. 1/'2 of the
test fishd, gnd would have tosgo to the
expense of installing holding popds ox {
recycling facilities %o accommodate:

» relatively igh fiamber of false deteetlons. .
Alternatively, a safety fagtor could:be
introduced Jy metering proportlonaflly
mo>re wasts/into the dijution water delivered
to the test fish than is delivered o the R..

" stream., Ths safety factor cduld be, ° i
determined by growth and reprodpction

- e*cpamments w1th fist?, - . . -

Q

" °
a

9

" F

.
’

waste qualities are apt-to vary u*lpredictably, .
and it-would certainly be desirable.to have
a redmdant detection system. It.is conceiv-

-#.able that some. harmful combinatioh .of,
enviroamental coaditions and waste quality
would be detected by moni‘oring one biolog1ca1 -
functiba, Put not by monitoring ancther. ’
It ig also jpossible that excessive turbidity .
would dis rupt the. light beams o“ the:movement
mohitor, and Tiot affect.the- brea:thing monitory. .
or that an excessive con"emration o“electro- \\
lytes would affect the eleo.trodes of the breath-
.ing monitor, . bt not affect the activity monitor.
Therefore, the actiyity mon,tor and the

. breathing mo itér have been combined in.our

P

v

s rate of data aequ.isition and a.nalysis
cogld be greatly speeded up if the
moaitoring system were automated as
.shown in Figure 2, The ,sa.mpling rate
would be controlled by a minicomputer
which could receive dadta from the
movement monitor and the polygraph =%
via a “multiplexey‘as often as avery minitte.
The minicomputet would be programmed .
1o perform statistical analyses every 10" 5 -
minutes;»for em.mple, and output the
resalts on a telnprmter. '
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Figu¥e 3 ’shows how the fish monitoring
units would be used at an acfuil industrial |
* site. A monitoring unit would be lozated -
on éach waste stream in the p‘a.nt and on
the combined waste stream. The exparimen-
tal fish in =ach unit would be exposed to  -* -
waste diluted with water from the river ~"#
above the.plant, and control fish would be
exposed ta up;tream water alone (Fig.. 4).
The informatiow from/each monitorsing
°unit could be analyzed by a ceutral data
processor, and whe&there wa3s u warning
responss, th°a.ndastry could “ell which
_waste stream was qf‘:fault If the problem
'was outgide the ﬁ‘.a the contrdl fish el
would sitow resgonse T
©Ll LEoe) .
Figﬁ‘re 5:ghows ho‘i« the.in-glans m’onito:'ing\
systems would dg mteg;'ag into u river
mana.g\_ment system. in-’plant monitoring
units are ghowh as squires, and in afdition
* to supplyin inforrhation’to gach industry,
‘th'e monftoringlunits also inférm the control
center, ¢In sucha system, there are séveral ..
alternative dama,ge preventiOn measures
that"*’could be uaad, “in addition to whatever
. mleasures, . such as shunting Wastes to a .
o"d..ng pond or recycling wastes for further
treatment, are dvailable to &ach industry.
If the monitoring suaits at Indu.;try 2 Indicate
that toxic waste conditions are developing,
then the control center. might have Industry 1
holdits waste untfd't danger of combining
wastes from Inriuas:,ry 1 and 2 In the river
. were alleyiated by_control meagures at
Indnstry 2. Alternatively, the coatrok center
might call for & ‘release of water fromthe
-.upstream dam té dilute the efﬂuont from '
mddstry. :
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G It is likely that "fish sensors"in '7. Mount, D. I "and C. E. Stephan, 1967, N
con'kinuous monitoring units at industrial A method for establishing acceptable m
‘sites can warn of dnvelop' toxic conditions - .. toxican® limits for fish-~Malathion %;;—
in-time to forestall acute=dmagsto the . - and the buto'{yetha:lo ester of 2, 4-D, ‘

fish populations in streams, In conjunction ™ <~ Trans, Amer, Fish, Soc, 95(2):185-193,
with stream water. quality standards for - s . N -
chroaic exposure, sych biological monitoring 8 Sokal, R. R, and F. J. Rohlf, 1969.

systems should ma¥€ it pogsible for healthy ' Biometry, W H. Freeman a.nd Co. ..
* figh populdtions to co-exist with industrial. 776 pp. .o
water use, - s i
- : . 9 Sparks, R. E,, W. T. Waller, J. Cairns, Jr.
- ™ T ~and A, G, Heath, 1970. Diurnal variation

. in the behavior and physi ologv of bluogills
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I INTRODUCTION

A Ecologists must be wﬂlmg to take a

- chande and predict the ecological

_consequences of alternative schemes for

\water reso@cmmf we areto
realize the maximum beneficial use of our
resourceé‘_Hi"tb“chally, ecolog15ts""‘“
have lagged behindtheir engineering
colleagues in developing prediction

_ capabilities for a number of reasons,

-

1 Unfortunately, the operational charac-
teristics ¢ ecosystems are poorly
uiinderstood when compared to the
_engineers systems. Engineers can
predxct that with so much concrete,
steel, etc,, and with a given amount of
labor and money, a dam can be built
' on a river which will gnable them to
regulate flow behind the dam, The
flow figures can be predicted with | .
- reasnnable accuracy, and when the dam
is built, the performance is generally
‘'within the original estimate. However,
due to the complex chemical, physical
and biotic interactions of an ecosystem .
prediction of the ecological conssquences
. of ‘any, activity is more involved. The
ecologist has developed only-relatively
. recently rather primitive predictich
systems for complex natural enviroaments,

22

"2 Another reason that ecologists have *

" lagged behind engineers is that-appropriate
channels of information exchange between
them have not always been open, Two
contrasting plulosoph1es have existed

v

' ecological management of our water
_resources, _Engineers, water resource

€conomists and indiistrialists. have -

generally had a construction philospphy

of lifé which has conflicted with the-

conservationists or protective philosoply.,

Those who build power plants, dams,

reservoirs, canals, etc.,* have used the

. technology of the time most econotmcally

" appropriate with. the expectation that -

h 8
A
A\l
]
24 -
L
s “« e . L R

what they.are bmldmgwﬂl have a very
short life span in terms of geologic tlme,
and that‘when the structure is oatmoded
or uneconom1ca1, it will be torn down or
replaced Plans are,also stroagly time
%W -

A ruiText provided by enic [lB8

ECOLOGICAL CONSIDERATIONJN PLANNING = e v
WATER QUALITY SURVEYS ) v

irf the past which haye hindered the. R

s

..

- ———ete,, prevail; thus, the engmeer is often

iRy
Lo e w7
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)
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L, .

pendent and once completed must be

&ﬁmtiated in a.relatively shorf'time peiiod
or they will become outdafed., Complex
*sets of conditions involvmg technology,
financmg,, land acquisition, power demands,

characterized by a time anj 1 %ide waity -
® for no man atfitude. The oonservatiomst
_ on the other hand realizes that oace a
rare species endemic to any area is
- lost, it is gone for all time, and that .
ecosystems,once damaged mayxbe dlffzcult‘.'f
if not impq3s sible, to restore to their

. or 1ginal cond1t1on. .t . e
. A -

»

B Fortunately, a new awareness on the parts
of the advocates ©of both phﬂosoph1es that = -
ouar life support system on earih hak two
components, one industrial and the other
e\.ologlcal has forced ecologists and .
engineers to work togethe We cu“rently
realize that the sarvwal of our present
social system depends upon our ability to o
davelop a haronious “elat1ons‘np between
"these components,
a . ‘ -
C Thnse people involved in water resources
management realize that some of the
frustration and public outery about water,
resources pro;ects could have been avoided
if proper considaration was given to
e¢cological 1nformat1on before coastruction. ° .
Present trends in legislative‘action coinbined ¢
with the ever growing concern over the
" quality of the euvironment, the.'environmental
impact" of afly new water resoarces develop-
ment will be closely scrutinized. It is our .
objective here to br1ef1y pres=nt some T
*ecological information that shoald be consid-
ered along w1th other parameters in river -
basin planmng ‘

6

<@
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»
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E PRECONSTRUCTIO\I ECOLOGICAL SURVEY—
e
A One of the comngo‘n' problems of water’

. respurces development is to select a
project site which allows maximum use
without eavironmental degradation, In .
ordzr to get this type of information, it
is necesgary t to develop a series ¢
prediction systems which will allow an ;
ecol logist to rank the potent1al construotion
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3

. . sites. Perhaps one of the best ways to
oo obtain important types of ecological

‘ . information to be used in river basin
s planning is through a pre constructlon

: g, » .

Im'% A"iireconstruction' survey should Be

- - carried out by a team of chemists,

ecologist, engineers, and taxonomists’

) to get a complete pictyre of the chemical,
phaysical and biological condition above
and selo# the potential site location.

If adequate background data are’to,be \
generated, the team should consist of*

one or moce chemisis, a bacterlo‘og1st,

an algologist, a protozoologist, one or

. moré inrvertebrate zoologists (including
an aquatic entomologist), and ichthyologist,

- and a sanitary engineér. . Since this involves
" ++ a number of well-trained people, it can be
moderately expensive, .

o

2 The exact cost would depend.pa a number
of factors including the size and strucfgre
of the river and the number of species

... likely'to be éacountered, Obviously, the i
) lower Mississippi is a more difficult *
river to survey than a.small river that’
one can throw a rack across, In addition,
a, stream already degraded by po'lution is
likely to have fewer species resulting in
less cost for identifying the various
organisms collected than an unpolluted
. stream with a very high number of species.

3 Before such,a survey is contemplated, it
is yell to have a preliminary survey by -
a generalist used to dealing with these
preblems who can make a firm estimate
of th2-cosis involved and.place reliable
R ) time estimates on completion of the
s+ project,
B A survey of this nature w111 prov1de a wide
variety of information valtable in making
-'a choice between prospective p"o;]ect
- lov.,atlons. S

* ¢ ..

;
BN

1 It w111 establish a baseline of biological,
chemical and physical water Qquality

L - which can be ussful in determini.ng the
Sno s ~ waste a.ssumla’flve eapac1ty and other
. . heneﬁcml uses of the.§7stem, If one

, egeloglcafl survey. ) o . water supply, recreation a:id aesthetics
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views the waste assimilative capacity
of a river as a natural resource, then
it is only logical to make use of that

capacity along with othér uses such as

N
e
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. . .
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to derive the maximum beneficial use )
from the system. . ) e

S

e g
2SN
< b g

A

2 A preconstruction survey will determine
pre-existing man mnade or natural stresseg

- ou the receiving system.," In order to
avoid blame, there is no better defense
than an'aggres:we offense, Preconstruc-
tion data which documents the water quality
is extremely valuable, partlcularly in
receiving systems which are already
partially under stress from other waste |
dig@harges. It is'essential to establish '
thy pregence of natyral stress on a system
and *Mus avoid Hlame after project construc-
tion is completed and operations begin.
Natural stress can take range from siltation
and the introduction of organics from leaf

 litter, to thermal changes duz to the

introd mtlon of undergroan:i aquifers,

av

i
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3 How many water resources projects do
you know that are located nzat critical
spawning areas of striped bass,® just '
above, or in the mld.dle of an 1mportant
fishery, in an area wheére the aquatic

gﬁge is particularly-vulnerable, and the”
like? Many of these situations could
have been avo1d«=cﬁ:hrough a preconstructmn )

survey*before site s=1ect1on was made.
Alterations in design of di scharges could
have received yaluable input infgrmation
based on this identification of valuable
wildlife resources. For example, in |

me cases, it might be desigable to design .

aste discharge systems sq’that the wastzs
i§ held against one bank of the stream or
river leavifig a free chamnel ‘on the-other
side where migratory f1sh could pass
tht‘oagh the area.

~

- en e
l - . N

¢ IRt

4 A pr#constructlon' survey is a convincing .
demonstration that the resource develope& s
are sincere in their effoits to protect the
environment, The information derived from
the survey, can often furnish information
about the ecological higtory, of the area and
make some predictions about future, trends, ’

Eax
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31 of which are.useful to engineexs
designing the waste disposal ‘System
and to theadministrator concerned
s .about public relatioans: “ .

5 Th:;ough identification of crltical
physical, chemical and hiological
. parameters, the p*‘econstructmn e
survey can help water quality personnel
_ predict the mixing zone upon project

operations, *This i§ an impo*l.ant factor
from a regulatory as well as publlc
relation§ viewpoint;
\
‘.‘\ - /J]\!'
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. I PBEDICTIVE BIOAS? AY

A of equal 1mportance to the pr econsfruc—
* tion survey in project site selection is
the availability of toxicity information’

. based on a predictive bioassay. Even if
a building site for an industry has.been”
selected, but before coastruction begins
or preferably before final designs of the

%y..w -« .~ - ..'plant.are approved, some.bioassays,

l _should’be éarried out. ) .

~ N ‘

1 These ohoald be carried oat with.a
.o simuldted p’ant waste as 1ose as
po;slble in quality to the anticipated
oporatmg waste unde“ the worst poss1b1e
conditions. - N
2 Ideally, bioassays.should vomtain three
. elements of the food chain, i.e.,
; rimary producers such as algae,
.invertebrates, and g fish, Just
- because a waste doesa't kill fish
directly, it may ultimately preVent -
their surviva#gge;to -its toxicity to
an intermediate in the food»cnam It
_1s important to pro*ect other eléments
of the aquatic community besides fish,
For example, the loss of algae may -
) impair the ability of the aquatic system
R to z'eceive' and transform organic wastes.

-

3. W.hen eondur'tmg predxctive bioaSSays,
. water-quality of tho Pproposed site location

should e used smce there are documented

" ) _examples of synergistlc interactions
. R resulting in mcreased toxic1ty. If a

. Ecological’ Cons1derat1on in Plann g e;: uality Surve_ys

©

. -
N

-, RN ..
plant is conside“lng locating a syste'n
' already receiving heavy mgtal discharges
and plaus to add additional hgavy meta‘s,
then a predictive bioassay using the, -
" receiving water quality is essential :
sincze, for example, the toxicity of zinc* .~
combined with copper is ten times their
individnal toxicityw

>y

N
T o T S

o

Predictive bioassays can be usaful in -
helping detexr mm a site selection fof a
variety of: reasOnr yFor example, an
industry having a dis harge containing

heavy metals should .2onsider 10..atmg in

an area where thelhardn of the watex

is high since for zinc the B8 hiour TL50 ~ -
in hard water is 10,1 - 12{5 ppm for the

‘bluegill su”zflsh where the 93 hour TL50

in soft water‘is 2.9 - 3.8 (McKee and Wolf,
1963). s~ , ..
Predictive bioassays can be ased to allow y
the plaat to make maximum use of the
system,, to identify potentially hazardous

, interactions, and to see if preliminary

- wast2 {reatment design is likely-to be - A
adequate, and if no%, can be usedio - - .

_ organisms;

vamous toxicants, |

.
v

v

A

estirhate the d-.gree of ad:htlo.aal treatment
reaned

.

. -
No longer can an indastry be solely concerned ‘

with determining the acute toxicity of its
waste products. Bloa.ssays of industrial
wastes have progressed from s‘xo"t—term
tests using a single spscies with death as

an end point to 1ong;-te“m tests involvmg .
several spzeies and even communities of
‘The use of respiration, growth,
reproductive siccess, electrocardiogram
movement petterns or other functional
changes may replace the use-of death as

a criterion of respons‘”emfp The latter requir—eo—__
more time and expense but provides -
valuable predictive .information concemmg
the ''biologically safe conCentratm*xs -af

- . T

’ - ges ‘ C
SIMULATION TECHNIQUES -

The development of simulation tecnmques )
mvolvmg the use of scale models becomes -
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r _—
increas,ngly*lmpovtant as our population
grows and more intensive use is made of the

.finite space available to us. In the past

when we damaged an éavironment seriously,

we could rmove on to'a new wdamaged
eavirqQament ancl -avoid ‘miost of | .the immediate

consequences of boor m:magement Perhaps

"'the last big movement of this sort m the

United States was the exodus from the Dust
Bowl:
of the United States are at or near, tolerable
stress levels, we no longer can go to virgin
territory and escape our euviroamental -,
mistakes, As a qonsequence, we can afford
fewer mistakes without immediaté. panalty .
than we could in the past. .
On: of the ob sious protective rreasures we
might take to prevent major ecological or
eavironmental problems is o simulate

_prospective new usss in scale or laboratory

models and restrict mos% of\our mistakes to
these, This practice is too common in, ;
engineering (for example, the U, S, Army
Corps of Engineers river models at the
Waterways Experiment Statioa, Vicksburg,

‘Miss. ) and industrial circles that it would

hardly need mention were it not for the fact
that ecological scale modzls or environmental
simulation s jstems are not now. commonly
used. . A
However, egologists now are becoming quite
interested in dev'elopmg szale models to

- simulate various environmental systems

and the practice should become mcreasmgly
common in+he future., Of course, these
suffer the weaknesses of all scale models
and-are still in primitive stages of‘develop-
ment. They need not be extremely e\:ppnswe
and may be usad to generate data which could
be useful in preventing large Scale mistakes,
For example, many of the events which Invr:
ocecurred in Lake Erie could probably lnve

.beea gimulated in models.

An example of a scale modal we cosnmonly
use in our lahoratory is a model stream to
which we havé attached a model steam
condenging sysiem allowmg=an incremental
ingrease with a‘variable contact time in the |
condengor {Figure 1), Water'from the model
stream is passed through the condensor ..
systsm a.nd then throag‘l a serfes of plexiglass

-

However, since most of the ecosystems

\
&

troughs where we allow algal arid protozoan

* communities to establish, Thess experi-
mental troaghs aré comparsd to control «
troughs, and some predictive in‘ormation
on the effects of passage through the ‘
system oa downsiream community .
structure determined,

¥
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V ECOLOGICAL QUALITY CONTROL
TECHNIQUES '
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Since we are a society almost compulsivaly
dedicated to change, we are desperately in
need of adequate predictida systems, The

‘preconstruction survey, predictive bioassay
and scale models previously d.scussed
allow the ecologist ot make some of thes:
p*ed«ctlons and help identify the various ‘
alternative uses which might be made of” .
the eavironment and to estimaté what the ’,
conszquences of these will be. If these

techniques were utilized in prospsctive
wer cesource projects, we would be on

our way to having adequate environmental

N\

- e,
~ ¢ A

\

p]annmd. However, envxronm@nta‘! T r
planning alone will not be effective ualess ’
good quality control techniques are daveloped,
as well as a.deqaate emn.roamenta‘ management
pr ac’uces | ‘

i
" .

B Just as in an mduatrlal Pprocess where we
,Jhave a system of checks and balanaces to
insure p¥oduct coatrol, we must begin to
develop thé capa.‘nh}xes for environmental
quality ¢ontrol provided an equitable
env1ro'1'nnnta1 use. plan can be developed.

. —

1 This will reane rap1d biological, ,
physical and clifffiical ipformation
systems, so that we gst a continuous %
" .flow of information snabling us to
' predict unfavorable changes in our
water resource systems,

)

2 Of the three types of information
‘systems.previously nfentioned, the o
development of rapid hiological
‘monjitors providing contifous .

* information has lagged hehind the ’
other two in dovelop'nent. We can
continuously monitor in a river many

of the physical and chemical parameéters
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fo" ana]yseo. Howeve‘, thevdevelopmen‘ )
of rapid biological information systems,
botl in~stream- and m-plant is essential

mai.nfenanee of adequate environ-

We need to know theseffects oa biolpgical
organisms of a. waste discharge before it
enters the receivipg stream as well as the
biological gffe\.ts after it enters the sfream’,

- and this information should be produced
rapidly, Present systems are much too

. ::]ow in view of the fact that the constituents

waste :,trea.m are likely to vary from, VI

hour to hour and from day to \day Poten~ ’
tially disastrous materials should be
detected before thny enter a re"cewmg
stream if at all possible and at the ve

. least, before substantial damage has

heen done in the receiving stream itselfy - -

-

- A

b}

Several potentially useful methods for
rapid in-plant monitoring are beinz
explored (Cairns, et al, 1969) &ad one .
rapid in-siream method is now dperational ,-B
\ (Cairns, and Dickson, 1371). The ia~plant
methods just mentioned use changes ia heart
rate, breathing signal, and movements of * |
the entire fish within « noatainer to detect
sublethal concentrations of tozicanis in A
waste discha‘.rg If succeasful these ad

. oi;her 'early warning' m-plant systems

Lo ¢buld be used *o determins tie toxicity of

a waste befpre it leff the plant so that the , ,
appearance of a hazmful concentration of + -
a toxicant would antivate a control system
-and shunt the waste immediately-to a

holdmg “pond or recycle it for additional
vtreatment

~

-,

.C

d L4
. - ¢
-

. o o .

C Thfs\ continual information about the toxicity .
- of a waste shonld enapje sanitary.engineers’

e to 1dt>nt1fy periods of operation likely to . -
produce‘the most tomc"\vasf%, as Well a3
identifying those c0mponents\of the production

- process which contribute most of the toxxmty.,

v

¢

D Full dev'e10pmen* of usefal early. warning’
* systems with rapid informatioa feedbaek
will probably take a .xumber of years and
T will, require the cloke cooperation of. a
.,;k variety. of disciplines. ¢ No- doubt, the early .
B developmental pez;xod will have its sﬁa‘re of

. &R

o

Ecolog1ca1 Consxde‘ration in Planning W"ater Qual ity Surveys ' U

A s € o e e = TS - S > ---.--'--..—--.-
)

- ]
- ]
¢ Qo

[y

-
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T

failures, but it is highly probable that
effective systems can be produced and
" that their use will substantially improve’
environmental quality contré® Since
the ultimate test of the effectiveness

of a waste treatment process should be
in the receiVving stream, in-stream
early wa,rninvg systems also should be
developed#o insure a continual flow

of information, a )
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SYSTEMS MANAGEMENT OF WATER - |
5ESOURCE,S , - )

{ -

Preseat advances in biolgical monitoring -

,combin=d with physical and chemica
itoring cdpabilities indicate that in

thé nzar future we can develop and operate

a.river basin with varied wates resource g

uses %0 maximize beneficial use without

ecolo’gical damage, N

-

-

. _“
. .
N . -
.

t

F.igu're 111ustrates a river basin
management.system which includes . - -,
resef'vpn'a, agricultural uses, industries
and nowns, etc,, poncep.ually, utilizing

a central control center and rap1d physxcal
cl;em1ca1 and biological momtormd systems
ecologwal damage could be prevented, ’
through the ope ration of the system as

a whole rathsr than esch water respurce
-uset being concemed only with his own
dlscharg-,.

v b

4

»

-

PSR INY N

If an industry in th-= system had a sp111

of t %ic material which was rapidly

detected through the -coa’inuous vnomtor;.ng

"Sjstems, the followmg activities might

be coordinated by the coatrol cente-ru-/\
’ - g -

Upsftream reservoirs could mcrease

discharges fox dilution of tomcants.

. .
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; 'V[unicipal water users could curtail
use of water and d(;end on reserves
toxicity was dissip®ed R
Downstream mdusfmes coald shunt.to
holding pouds-to prevent sy'lergls,tm
mte“aetion§. ~
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D Obviously, the water resoyrces managemen*
scheme just outlined is optimistic and
depends on the cooperative activzties of
state and Federal government ag §well as
private users of water resources, However,
we are rapidly approaching-the time when
technology is available to do this job.
Implementation of such a program to
protect and wisely utilize our water resources
now depends on our st incerity, .
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* DILUTION TABLE

£

Conce

ntr§tion dgsired

.

To prepare solutions of concentration indicated at left, take number,
of milliliters of stock solution shown below, and make up toone liter
with-suitable dilution water, )

e

. .
~

P e v L
;zx;‘.wﬁ -, L

‘BIL, BIO. mét. 5d. 6. 65
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.~

.

A

v
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e

O;iginan.v prepared for Training by C Henderson; modified and arranged by H. W, Jackson,

ppm --- | - ppb ) Stock sol: }Stock sol: Stock'solz Stock sol:  [Stock sol: | Stock sol: r
%. -or- or 1% 1% .01% .001% .0001% | .00001 % )
mg/l g/l 10gm/l | 1gm/1. | 1gm/l |.0l1gmA ].001gm/1}.0001gm/l
" 1,000,000 |~ ' 1 - :
10, - . 100, 000 " .
1.0 10, 000.. 1000 - ]
.56 5, 600 560 ¢ Co
.32 3,200 320 . ©
.18 1, 800 180 Mas,;;3_‘«“
.1 1,000 100 1000 ,
/ ,056 © o s60%). 56 , 560 .
. .032 320 ° 32 320 .
.018 . 180 18 180
.01 100 10 100 1000 .
. N s ~ £
.0056 56 5.6 56 560
.0032 32" 3.2 32 320 -
.0018 18 1.8 18 180
.001 10 - 1.0 10 100 4 1000 -
.00056 5.6 M 5.6 56 560
.00032 3.2 . 3.2 a2 320 .
. 00018 1.8 ‘ 1.8 18 180
. +40001 1.0 1000 1.0 10 100 1000
*,000056 .56 560° 5.6 56 560 °
.000032 | ..32 320 3.2 32 320 ,
.000018 .18 180 . ) 1 1.8 18 . 180
.00001 .10 100 - 1.0 10 100° 00
+0000056—4-.056-. — |56 e T 5.6 | 56 60
.0000032 | -.032: 32 ‘ 3.2 32 ° 320
.0000018 1018 . 18 R 1.8 18 180 T
* ,000001 .010. 10 1,0 10 100 . ~
.00000056 | .0055 = | @&.6 5.6 56/ . :
.00000032 | .0032 3.2 . 3.2 oL
--.00000018 | .0018 1.8 ¢ 1.8 18 * & 5
" ,0000001 | ,o001lc 1.0 1.0 | 10
.000000056 | . 00056 .56 o TR
.000000032| .0003 132 w D 3.2 :
© .000000018§ .00018 L8 \ ’ - k 18 A
.00000001 | .0001 .10 . i R . ?_0 :
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USE OF LC

-
v

4 . ' - -
NOTE: The LC, Paper" has been especially
designed for use ‘nsthe Trammg Program of
Water Programs Operations. (It is not known
to be commercially available.) The same

.results can be obtained with conventional

graph paper {two- cycle sem1-1og is
recommended)

I INTRODUCTION . .

A Measurements of Toxicity
Bioassay results using fish are expressed
in terms of Tolerance Limits (LC) for time
"t", The percentage of experimental
animals surviving for the specified period

i of time is written as a subscrlpt to the LC

. symbol, For example, the ""96-hour
Lc.50" is that concentration of a substance
whicn 50% of the experimental fish can
tolerate for 96 hours, The 1,c5¢ is
equivalent to the median tolerance limit

m).

e

__PAPER

S
- e

Ny )

“e

controls should be clearly explained in
the ""Notes' at the right. If control
survival is satisfactory, proceed as
follows (if not, repeat-the test).

PREPAB.ATIONS FOR CA LCULATING
Al1Csp

Fill in preliminafy information as called
for. oa the right side of the sheet, including
the subscript.’'50" in the title and also in

the box after "Final R.eg"t"ilts"; and the time
intervals to be employed; e. g., 15 min.,

1 hr.,.4 hrs.; or 24 hrs., 48 hrs,, 96 hrs,,
etc. (These are the Timz "t's'"), Cirtle -
the term in which the exper1menta’1 con-
centrations gre expressed; fill in'the name
of the test species, the tempera.ture range,
and describe the dilution water.‘ Any
number of LC,,'s may be calculated from

a g1ven setup at successive time intervals,

-

Insert d=cimal points and/or zeros in the

) B f’reliminary Procedures

The use of LC with the percentage subscript
llows the designation of‘p entage surviv-
als ether than 50%; e.g., aL.C b would -
indicate that only 10% of the f;.sh could
tolerate a given concentration for time t,
whilé a 1_,C90t would indicate -a conceiitration
which could be tolerated by 90% of the fish
for the'time specified, The LCs59 is curr-
. ently the standard and should always be
“F . determined.

Unless spec1f1ed fo the contrary, ‘the lab-
oratory exercise.in th1's trainmg couré&‘
will concentrate .on “the- determination of
LCsq¢'s, and the instructions below are 80"
_written, - - e .

+

Examine»the controlh container A
bioassayjest should not«be accepted as |
;eliable unless at east’ ‘90%.0f the control
animals survive. Death o£ any of the e

II TO ESTIMATE THE LCgo AT TIME "T" -

" ".A Find the "Percent Survival” scale at:the R

B Locate the highest test concentratmn -

. straight: lipe. - . s . V-

colurmin of e rais-above—”Broassay—Corr—

centiégtlons to represent the dilutions
actually used in the test. I the series
used does not"fit the lines provided, use _ .« .
the coordinate LC__ Paper; or requést |
further instructions.

I . .

- d - - Z

= o

_bottom eof the graph. Indicate the percent | |
“survival af each of the concentrations :
tested. Use a code to mark the points at
_successive timés as: a finy ciréle,

tr1ang1e, ar square, or a color code. L
. ] *

showing greater than ' 50% ‘survival, )
Connect this point to the survival percentage I
of the fext highest concentration w1th a o
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. Use of LC__ Paper . Y7 ’
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[PS— 12 haad

C Read on the scale it the left, the value of
the point where the above line and the 50%
survival line intersect. This value is

<« the LCsb concentration for the ti{&g{ﬂ
‘ interval in question.. ' '
: D . If théFe are points below (i.e., at lesser -

e

concentrations) which show less than 50%
survival, an unreliable population of
experimental animals, poor handling, or
other detrimental factor may be indicated.
Re-examine the survival of the controls,

»  If itlis less than 100%, consider the
adviEabillity of repeating the test,

AT AL
e,
.

S

o\

IV COMMENTARY

t concentration is that wﬁich will

- p \)
of the test. If by chance one of the experi-
mental concentrations happened i» have 50%
survival at time "t" that isithe LCgq con-
£entration, no further calculaticn is n2cessary
"(provided there is no higher concentration

- which showed an equal or higher survival
rate), .t

[
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e .
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‘TheLC _ _ - |
N . gO . . - This outline was prepared by H. W, Jackson, Y
permit half of the experimental organisms - : . bt AT .
to survive for time "t" under the conditions Chief Biologist, National Training Center,
. ) — . WPO, EPA, Cincinnati, OH 45268. .
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SEC 151 . ) BIOASSAY:RECORD SHEET '
(6-58) B R -
Series: Company: . B Date‘
| ;Pet?hnicia;xg B | . : 1 . : starting Hour ~ N
Material bein }:tes-ted: S ’ ’ - T -
S;)urce: o ~ - .
Source of dilution water: \ . " TR e -
Test species o 7 " Temp. rang . -
" No..individuals per concpﬁtration: S - o ‘
- Start ‘L, N . R
Dilution: L . K Control
~pH C »~
, Hardness ! - , : .
*  Other - ]
. 24 hours / . ' t
No suryivixi - T i : . ,
% survival | — - ) ‘ ‘l
DO - T Y : i
Eﬂ* = 1 | ] Lo
Othrer» i ‘ ‘ : _
48 hours | ‘ ) N
* "No survivi ' 1. : . A} ,
PP I ) e
"fﬂ"l- . - | o = . ﬁ
Other - ) s . - E v e 9
o pgihours [ v - ~ S
%No surviv e | I S B B
‘;ﬁ:)survival i e 3 S \ ' |-
: - o ; B ;i . ' . =
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BIOASSAY RECORD SHEET

Series: ‘ i .. Compafny: ' Date: ,
Technician; ' - ‘ . Starting Hour:

. Materjal being tested: ) -
Sog.rc.e: B .
Source of dilution water: ,/ ) )

’ “Test speciés . J Temp, range:

No. individuals per conce‘ritfﬁtio_n: v ‘ .
Mr " Start - . DT
"Dilution: Control
DO ‘ e - . W '
. oH ' —
Ha.rdfness .
"«. __Other - .
S 24 hours _ 2
No surwﬁving . X . ‘ -
s survival . 1 o
. - ' T - — 2 .
Other L ‘ - _ —
' 48 hours ot ,
i No survivingis ° . ' 1.. 7 ' ‘
, %usurvi\;al n,‘ ) |
| pH: i ] ) -
Other A . tp -
,96 hours . ) - g
No survivi c ' ' . ; e
% survival - : ) ‘ -
DO - : - .
pH R "““ ‘
<Other’.. ) , d.
ST ’ . ~BI, BIO. met. 9c. 11.69

_eiees




- . N 4 - - a a EEM o~ -~ T - 7 N GF et v, i LN
. R SRR AR 6

" . PR
. . : , NS AP
SR ‘ x 4 R IS
. . ! .

|

Q& ! e
v,

Intervals

5
.

r

4o
P
¢

Dilution Water (source & characteristics)

Final

—
]
=
[e]
()] [\¢]
-t e
O -
t)
- 3 a3 . : v . Q. .
.- (&) 2b —~— 1 ° ’ to ¢ fe,w
A 4 . / ] . in
‘ ) q o} R . ° h o -t -
o - | - © y . . O ° . o1 o1 - - - S
0w oz .Mw e . v ot
B i Mv- .f o ﬁ 4 N N %- . X m m,. PR
N i Y] w M . - *
t ol : e w JT e
- . w ) a, . 80 | PN * T - 5
. . % % ﬂ o ' : i -
y 5 . oz 42 . o w m .2
= gy Sl ‘-
' ] .. & o um D RN P S p
o b 0 O, C ) . om @ . . . i
Tha o P L et -t = - . wk M .
10 [ 3 - ~ (4] '3 - ~ F Y %
o, ' D [ ] [ Q &~ . (3 N ~ 1 s.7 LF
&, - . Be] g a2 © . ' . . Kh
. ‘o jod =] () u .
H .
o s [N
g 5 o g
5 . o g
) = B

S
Téchnician

Startin

Not
Dad
T

»

5 Tﬂ
2

o

0 __ Mate
I:points)

3 o

RS

. (insert-de

ST
LCT "PAPER
!!‘Tﬁf_iﬁﬂ_ Results
0 .
180
e 100
!
18 .2
Q)%f -
o : _ e
4
‘Bioassay*Scale - -~
cimal
Yai}?yge.
s ‘7{‘%‘ .(‘ e RS A

. a.
£ . . o >
: N
L of v - . v ¢
. iy g (5 50 DR I NG STEO 1 N PURSS I N TN IR SEYY IR P KW T S =
} s : Y i P IOGTIIAN SESKUDAY N [ PR o ML I RCW | L O P EAN (i) "
| : s N K] g
ST m e e e C £
H ETSNIATE & CIETSS Jucry (ENERI T - B
: . IR T rEa T Y
S e P QO o b . i - I oy I Al 1) .
he b, - 3 ' « fon - - et Lo SLASTE > X )
; e S e b R 5 g -
] | s s bk :
A Dt - f.«n.“.w..!..-n.i1l,. . . e BN e . ...L: “ %y I DRI m ooVA» N m .
ORI [UVOINENTS I S VO M N z R M : 153 I - N
-+ ol b bt i , [0 WA IO SN G, &
— it — R — [ - eIy U Y3 (BRI o o ok
- JRIS SR i o} ke N ey Rue 5 ...m . in.w» B
PSR (B peven Y n I T e - .
3 + i hnﬂ § S50 |3 - - RO
. H IaRs WEms ;3 I R N
w: ..\ n—J. YK " U ,.“w . o .W.
x L ]” : . -
¥ ’ - il f B h
Y i 1 AR s : = ‘o 78, h
. i 1 * - N
i : 11 £y & e E
» A gy 1 . ¢ f 0 e .w.l X
0 S I3 N4 4
‘5 } ; H ' N
e ] - \
T . : + T. .

tel:

14
o
o o Wa e PN

.

300
200
100
90
80

gy et v T o

i : Py : TS
G O Lt Shmr S hee Elaem AR SRR
e i RS s e V- L o X A IR g TS AR Bk

l l ’ ' » . S £ Cadl ISR : :
I B v “ .
: " -l - , ;o ; -




DSt .Ju\:. Jim, [

I ;. R | m ~;€ H . e .. P AT
"I-l"'lm an S B am
& 2
3 = ‘. . . 'S . . W o . i . o
.~ ; ‘)» A 0 “,y
| . ‘o . N
i . ¥ 3 o -t . . 4 d
i ° e o > ‘ - v 3
. 2= @ ; L
3 o, By 4 . . . * -
) P8 ¥ 0 F H Iy . ‘ .
! & N - \ [N PETN ¢ .
% ’ o .M 2 4 ° . %«- 4 £ [ 32 I - B4
e o .h > .mw. B 5 'S . ~ )
X = co = k -
AOu .. Q wu wm . rOQ -
& 5 M L2 P £ : - - ' . $ * Qe !
BRI ) 3] t - . i . :
g i 2 sl. i : —d
| - . ® - L] - . ot
&> m ' . b= o . Q N
£ i . .
. - ﬁ ) 4 3] . : . i id . m .
. : @ H . : ; y .
1B A v B _ . 5 2 S.
N R et ) WN (] Q \ a Y
‘ . ~ g W% 80 0 . o . . &
. , § 2 § % i P -BF
- . i y . 5
& , £ 4 & o : g B )
' R - w9 0 4 - - K fa8
_, 3 3 Q g ] o o '
* o o N o P - = N L.l *
v .o o ‘5 & o 3 > “ : §° y
\ b G ® 5 0 o o 8 .
- = - - 0. .
3] 6% 0 o] @ oo o4 i . .
i i v i 9 o ul . . =1 AN o -
S b pe] m = 8 & w B 3 o . ~ o . ~
8 i Ea + g ¥ we H A L . ,,. v N -
< g &g 6 . 9 o o 0 : : V . & 3 . o
o = n [+ () ] ] (=) . &, . . . TE . .
st - s | . ¢S L -
& O
% 5] . < . . %8, ..
: f, o . g = - © ‘9 3 N ¢ ; Y0 0 1 .
<0 [<] - o .
4 o N * ey - 0N o\m. i o
. Ae » - 3 « ‘ - . g
: “ . - >R (] .
. N - . * 85 - ! 4
o Q . 3 . oo - - o O .\m N R
' . ¥ e A v 3 . St - ] .
. L . ~ N " . M R ~ 3 @ < »
: . SN . Qe « U .
| ] s - i s - a® m = a..wl. v
) | SOMRRDARIS Auny PPN NS S R T [ i ISR IO RS e LI 3 Y —m N M -
“ BEThr 0 U A R S R SR | DG RV PN K : . | .
T e v+ T RS e £
O QU SOAMPMGRpE I & 1 QN MR I s TR] L v
.x* pi iehipaebiuiilh gl 8 fit S SER B o T — J Worow
| i i : 3 Qs »
_.n.-.....s!..H S e REET p iy -SRI E ..
, ....M Sa ity SO B IV I I | RPN g t P, B0
1 \ PR IUME I NPRNR S5 BYSE S R e e ! BN 1 m.. [ m T R
T T T rrrnmmen °
me v e mree e wem - - . o . ”..r,.. .......L.‘u-—w.vd m..
. IR RO SSIpenan paas 1o . —peaer pog ppunn o e \b
. (R ....L..):.r.l_.vrw fm b b Wl :.".u. ﬁ.-: ~ré jys «wﬂ [
: T PO Y [308 Y0¥ = Tt @y v
4 : [ ,J.Hq.w.* ns . T e 3T i i " R LA % : » i v [+
RS A S Btk e 3 Mpr iR Bl e 0 =2 BT
. - ™ il P g et [FITILENY EYEN: T 1 r A A T TR R Yl 1 0 - .
MRS i Lith (s umraenisl 1a8 : o o e R S AR 8 Ui i FH Y ,. CE
_' PETS PR MOIRAR 8 RTT11 FTRLA GRS Tt 4 3 N RE e oy ”.U' e i A AR . .»T .
' O g b
[~ o © = o o o0 © © 9 © % Q o . © & - o o a o
WOMO,O.O =3 = oo @ &~ 9 a¥ ¥ .. R N o .....mC..o,.
oo @ I~ 0 I < Py — . S, A o
— 4 N - -, L. g ~ . .
) : 1 ) ] . \ N o A R
f ) * .,
- . - . * %
. . 4 . « . . = >
‘ \
| 1 R * 3 MM .,.
T & o mi o ,
A N L A A R T S T . VR ot -




Percent

o - -

A Survival

et e
AN PR

2
£

o100 . .
.. Bloassay | "
Concentrations

~
‘ N e

“This paper not.commercially available: =g BI BIO.m

e ~ , -
: A . B B
ik L3 el ol R .
St a BN e T T N A A . o

<
- ~

et.16a,11.69 "~ °
R

v v s .‘ N
SEC 187-. . - LC. PAPER " ‘
e : ~ . IXY 0 .
LR@V,O 11t69) 4 . R
Bt (Coordinate) - _ B . .
' - o . : Sheet No, or Code:
' h I . _ Material Tested:4 .
. — - . ‘o
-. - . . - - . = BT
© e - - v - Starting Date: Hour; ‘ :
. - - . .-
. . . : ~ Ti * Infervalg, . L
- e . . . ] N i - \ > .
"~ Final -|LC - c .
= Results:- ) .o . ;
. 2 'x‘ " ) K -
. « '_: o v Coa . - F - ' . » .
= = - . * Concentrations Expressed as (circle one): ;
. “ 4 P’
. ,
- - —, %, mg/l, other: e —— ) 4
- ) - . .. .
i * Test specics: o - . "
‘ - = ,. ’ . - e ]
= Temperature Range: > )
: . L . «' a
Dilution Water (source Eﬂ@rm-u-ri.dié: > ,
e v - - ' ¢,
+ ) - Yy . . .
S 1= Notes:
s 3 - e ’ . .
l PN - e P \ : B
. - - - . .
. — ~ . &»
. N ! 7~ - a
l M‘ ’ 2 } ¥ 't 4 )
T . i - : .® : C o
A~ . . i 117 —
e nt A % . L s% ‘-
s ¥ T ot :
:” ) ‘) j ."
i ; Bl - 4::‘
1. = - ;
- { . N " é;;
I — .
R Y BTy
w « b A ,) ; . ‘ .
o ~ L /7. . ~ i
s < ! 4 :ﬁ%ﬂ . )
A .
. e ] :
L ] ‘ , Technician: =




PR N ' nf' L - I “\"}' ’ . g
s. - s, ‘* . ', : v ) [ ]
KAl LC. P{APER L X .
. i - LN '“ . '4\
(Coordmate) -
T . Sheet .NO. or COde* T
- , . 1
® . ""1 \ . . ol s
—T- — Ma.ter1a1 Tested° J ' ’{/\ ‘ : .
A Startmg Date: 7 *Hour: J »
i ‘ . sl . Time  Intervals R :
d ' ) . - i kI
. . * - Final LC \: . » 4 A
' - , —— - . Restlts: w 'f .
S T : - * . 5 —l P
., ’ » N .
~Cencentrations Expressed as (circle one): \'
3 1. . 2
A ~ » ° . b
. - —= * %, mg/l other' 3
AN - : Y Te‘st bpéCleS’ . . I '
, , Temperature-Raﬁge: — . Bl
. . ° > ¢
. : — . ... # . L i
> . [ ° ¢ ' . Dilution Water (source & characteristics):
v i ~ o . . [
P : Jd. 3 "
P 1T R e '
. . ¥ . Notes : cummm
- ! \
v . : . * . . P R
° » N ' o . . v B
- — = '
2 " % N P
. - P , '
. : T- —T - <+ ks
: - = .. l
N . ’ s =~ - cT
. - . ) v NES B ~ . :
N ’ o I e i A S I < = ' :
S T, - ’ .
3, 3 DA 2t ’ - ~ - -“nc::
* B 51 .. * . i o - L nd
| evé ‘| %m,‘ . .
a—‘f L — i N - " ';-r' © R e -
b N PN - K. . * -
L] - A - . . L4 [
R z, 9 Q‘h‘ ~ Pl
. ; N - — -
"’.“o o e e P 1. . LA heds
" = T = P ¢« .
4 o * hars A "4
——t — -3 - e Ll
A " _ B .. - -
— - . TeChnie AN T Cem——— —
~0. 80 -100 L f -
- Scale Percent Bioassay"
et Survzval Concentrations 80
g Note- This p@per'”not commercially ava11ab1e~ — BI.BIO,.met,'16a. 11,69
T e N 1Y * ‘
L, - o3 VED L L s T o .- ' i *




BRI LRk N AT e TR T3 S bk @ eyl = 2
T,

E T R A ey S

rgs
b s Bt

7
- 20 :
T l'
'n;
2 S
l E 30 =
g 40 — S s
«w = : = T
€3] = £ =% e =t = = e E— :
l ¢ = = = = &=
=== = ==——c——= = = == = -
B 60 — e — E==== == : e
5 + e = = 8 ——a= —= “"—:
z 2 ==
(&7 = T = == T T— < —ii—:
' g 70 == =====—1=5 ===== ===
== : == : : =
o~ = = $ = = = =
A T = T T s T
80— > = =Th ==p He—tte =
: = s s — e T L : — = sesses i e e et B
-t . - } r At + e 1 7 — _i e w— sy
11 g + LS > X . — 39 N - —— ry T
- S8 Raaoe s = — At  ra R auma noum e Tttt
T S massassiieirie e e
1 t sans < 1 T + & .03 Bl Ty Nt S N1 t
l 90— T 4 oas A A T nay LU : .;‘ Y LTV A § M M -
¥ T © T i T (] Tf Tt T MEAR! NN 12 BSLN 7 1k 1AagY1 ™ B -
. T [0S SR AR T i LB g DR T FEN B! IS T Y T T ¥ 0 »
' T 15551 56900 ISR LRI AL S0 AR R — | l’ ST SO N ISR UART LN O I {3 ! ;H,,l R [Q:£|~| ] .
ARG A DO A DR 7 20 L 5 S O S AR L O T 11y DA 114 11T R S
' o 1 U IRE S REEREE BT AT 1 ]p’ '” N 4] I D i 3 mi:‘ ' ‘i: i [IRM - H
1 L LELE R0 L A M 0 QR LSS AR LI 1§ TR AR e
o 100t LRI e | M 3 T e
Wt K i . | .
as 'p LA ML R LR IR AT 401 A .
5 : . 55 L R SR b 1 ey
S 5 25 . . 05 2.5 5 10 2 50 o100 Y
Y 4 . Tags

N
>
w
=3
=1
e
.

4

¢

-
£

.
et

. \-. ) N .
AIEEN e o .

Py T ——— .-

Matenal Tésted: - —= —
Siiu'iing Date: :

= N

b

o 353

s 5
— — 3

. . - JUERE 8 . s
o - & * ”"Qg ‘ 1

ia owrN PR W
St ?;;‘t;“m{:

B 82
e ¥
Srer e, o i AR

e e ; ?Observer-

PN

1.‘(--,-};«» R \gﬂs«w




M . ot « . A ...-..—..iﬁ....q.: ...-..s.\....’ e o ot Am dee emme s - ean I / . N - o -
. LIPS . . °
- ' . - . N . Lo 4
) (Extracted -from: ORSANCO “24-Hour Bioassay, January 1974) - l .
- . , ., . . .
d . ¢ _; * ° ~ .
Fl . 1} - A}
. A L4 ’ N
~ | . - e B . ¢ . -
< . . . . - B
R G ) BIOASSAY PAPER (Log-probit) Code: ) '
. . hd . . ° L. .
- 0 plolq ° ' . : oo
" — T i HIE I
2 ECIIGLE il ACHSER |
) AL 4 HREREER ilf L R L
$ it H T r
Y TR % INEHNE K | | I',Ah.[q ! “; e
- i ) T A T LA M4l ‘,1 , =
TR T BrLGit 3 2 ® LK I I“H 41t ik ”‘ I ”E :
CEARED DTN MRS A1 00 i NI I NN T
10‘ 584 SR ISLN LML K17 13411 ) T s ; n e o X% 1 i ‘ ! Hil % ]V
1 E T Tt (aans 0 f HI it ! ! .
A“YV I' M1 )] 1304 T AR S84l v T 1T IH 9N ™ T 5‘lr %1 !\
e i o
20 : = o o T 4l S A =t
; 30_E= = > == = : SR == I
= m b re— = T = ——
~D 40— = < : 7 = >
7] === — E=—— === 5
. 2 S = = — —— — 3
el D —— == = = —3
Ef == —= E— = o= == 3
b * T —_ x = _7
Z 60 —— = — = = ==—=3
R — 1
: = = =
(=== == : - =
L <0} N T = — =
f = ‘ : =
b = s L pui
) - 3 % jom |
80— = = : == '
. . —— = =
- * " T ¥ e " .
® . < : ey Tt — .
C . N += —— B - Z e —
- -~ oy T ot ™ + 12 i T ¥ v;: i " — .' 0 ;' ! ; - } 2
. A ::x :»Fr; ,-,;, ( YO e Tt RS FSRA RLAL AN A RN ERE j
e L e L A 1 A
‘e -':. SERYEN I I o tit :I« . ! L .l; . ' :n Iu | n‘
RIS RN LTS N A BRI ST illiit ,;‘H ‘
A IEEEE NG I Prpt ""'.3 "'i BN I
s e loo_s:lgot‘ LA :I,j;”' ,Vi'l ?'H! 1] -HnH LY ShAKHN : !
. as=¥ - = 5 Lo [ e . ' : ~
L a . s 0 ; .
S obs 7y 5 S, 5 G 50 100
” T \‘ ? - [y ¢ * . R
¢ < -~ @ " y s LI T, e ,'
. e d 'o.' . p . - . b .. >
. P S Tt e " E > L : P O . e -
. . ‘. A . - . RAYER - .- i
:-"o ;-v ‘o v e . . ‘. . 421‘.': é\f - . . . .
‘Ialcrial Twled U UL S TP —t . LS — o
: .o e S e e s ‘ . R , s T
. . K ¥ [y - . .
ro. Startngate‘ - — — , Hour: _. - . ) .
. Concemranons exp‘rmsed as (cu'cle one) %, mg/lnter LI ' . o '
Sl ) ] A B R R ;@‘@3’ P
oy i = ,M _ .+ Temperaturk: : . . .
ENNE Tﬁt sﬁecm — — - é., — p - e e = - L
e . > ,v - -, . -
b D’thon water source and c)xgractensucs- LR S - . L
S 2 ‘e it . . ) PRN i :
1, f.: & Mﬁ’ N Y - . . y! °© L,:‘ , .‘;
LA L S - . [ k9 K
. ‘:-.Q;,..', ’ g, . N T L
o -
g Othér hoteft i S0 2
7, : e !"-‘,c"v"-‘ . ,.
e
g
‘ “ K ‘I

REE,
A5 mc'
:

. o rullurmuurvmc
%%
. Senie?




o b ' . .
-~ ) . . i * - . (Y
° , e . rq ' - . & -
' . (Extracted from: ORSANCO 24-Hour Bioassay, January 1974)"- e
N N . . a . € -
S . . ‘ W .
1 N . ‘ . '
l . . BIOASSAY PAPER (Log-probit) Code:
' -‘ g « 0 . v ) T e * : *
_ 0 plot . .. . . . s
. as 2™ = T T h'W T 3
| RIS [ T
T T il el TN ]
RIS G AT iR T
T KU HLLE B HULD Lt T DA
14 o !l IR0 1444 it LR 1] 18 LR h,} l!. i H
SRS 100 AT W AL T NG OR : T I Ll T
T LA A LN NN !'H v 'I Tn T 1] TR ' ‘ ! HIC LA I | LA
10 prt ettt et e T thpiri8 HHHT ' T
e S o ettt Hty i~
- it = rH bty HrrH + T
10001 LAAL R 40 12 11 MM ! c !
I TR Lt 6 B S St T 5 £33 e ! D3156004 8000 B VA 17
t + it T T s ex st oo s o % e T
; 20 : : S et . e i Tt
2 e SEe :
BE = =
. & : = =—=——
(/)] 40 ~ — T
= e e e o
', C V== == = =
< I - e — =
= = = :
A 60 - - -~ T ————————x —— ——— T
8 — = —r —=— -
2 170 e ﬁi === : ——
<2 I T : =
o =1 = ==
80 ; : = T — =
— AN ) 3 ;I
' e yus - z T _5
A T — ———
Pa | —+r , i —_
= —= L +— — § -
' . V- - —_—— T ~ +
— +t e - SEEEETE | T | BABU T oy T R I 0 T T
T g 13 T - - T IR O X3 <y T N g O T ] T N . 13 *
|IEEE L1 R R R TR N K L Ol R B Tt K RN NERIEEI N R
R % IR EE A REREN R RN IR I E [RERSE R IO 8N ISR
. PO TRRaIa| of v d-e vt o b oh i bs e s b el 3 Tt ) R H I B L T R L O
l R R N A S A O Y AT 31 I I L L T W Y S SR N U [
s 100 plot [T 1T TR nliainy thod o it T RITH f Hin NN RN TN PYLE TN OV R O R
POt P L i d*l»l'.N"n‘!rﬁi.u“’."’ TR ke ?HH{M IR EN Ml e G e L
gs 98 ] - i . i . i i - I
B .01 0.25 - 0.5 1.0 2.5 5 10 25, ©50 100
. ) .« % WASTE~ :
T N N » N ’ f !
. ’ ’ * - . v
L) . . N L e
' .. Material Tested:- . it
: Staiting Date: Y A S Hour:
' *  Concentrations expressed.as (circle one): %, mg/liter, — .
. 3 ~ . : '
et 3 e . -
~ 7 .. Test species — — , L _ Tefnp‘erature.\ — . Y
h - - - H ‘ N ) * -. .’ . .r < ° *
\Dilution water source and characteristics: 3 . - . e
¢ N o ' - T e ~ ’
=
Vo AN S . . . ,
%‘g K ' Te ‘v"v‘,‘ L "" v / ’ ’ -
L . [ . ..' . . M \ A . R , i _ . ‘ . . .
" .« ._Other notes: _ — - - - —Z ~ :
Y 8 Y
0’ ar -
o » ' Y
. s
. [
o .
N ’

. % N . )
(el e dtads T B N e e TR, v e -

ST e e ooy gt e % a2 G v b, Yrg i e S e P




tfsJ:;x..a?R

ean

- \
3 . +
rd » B
B N I [ - *
, P ) ¥ ~
g T T 1= . - g .
- -, .
. . . - . "
- N 4
A3 “ A
- _ - ! i 41 .
. | » ~ .
P hd - . N
g n L
i L 2 (N /2 Y N -
_ : 3 71
s - - -
- { R o . ,
N ;
‘ : - - L N . o
o Y N | I : A - 9
. , 7 ol + . N o
/, o ., 1 " ® 3
! . | » N - ; ’
, n { ) N T ‘
<;> . ”» B M + . §
- M 5 T <
i rd ~ i : -] L
. - H g N - v 1 -
. i - . A 3 ® "
d -4 i a .
o . -
e J 2, U3
» : N .
- - O p T
3 5 . v 1
o ] £ . ) J 10 ] -
2 : - o i o ’ TTTTY.*
& / * . KR L
B n ~ . T T s 3 + I
. — % ry M - - .
- & Al o1 g s 15 L. M N
i ~
t - . . < - | A . . N} ' .
i . v L - NMIED » N B
- . . ol 5 =1 s
B 0 5 - ~
N : 53 1 f
. [ B Y ¢ |
N H ; - 0 ;
. R R 3 [\ R 1 1
- . & - % *
"~ Y > “ 4
3 0 - LB T
2 ‘ &
. . M ¥ N N 1
. . 1 L 1 1 =) l.? 1l IS IR
. - M ¥
. ] 1 v .
! . | v v (2 v - v
N I
- t A
- - . ’ N . ; NE
- . . y ' B Ll g
o MG ' id - .
* = i ] y 1T LTI ; g M0
i) N +
. 1 - -~
N . . j» . . " y o , BNERND
3 . 1T
. . i , Y - K o] . =
., I : . 1 o B d . N , X .
9 - B . : N [ [T T TLET. T [
. £ - N o+ I S
“ : : - S EEE - ah e
A A [ 4 [ el v r T ) A T .
. . 7 3 . g B
3 . . ‘ T L 7 ; “TF ="
a ., . . Je BB LT N L >
. T - 5 ~
- . ’ "o - ., T - ry
te » - . . « h * 1 et = -
" . ‘ ®
. f
4 s ’ [} -
a : . ' i -
3 » -
b . 2 x . [ ~ . . . - ! L d ,
o3y L \ t R ~ « ° N . [
viad oLy . fo . - . ” .4
Slan A s a o s, Ly A e N o - . - . , L. Cx M e a b " i T e L,




