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PREPARATION OF THIS DOCUMENT

The background of this paper is described in the Foreword to the report itself. The paper
was prepared by the European Inland Fisheries Advisory Commission (EIFAC) Working Party on
Water Quality Criteria for European Fredhwater Fish with the cooperation of the United
Nations Environment Programme (UNEP).
The report is being issued in this series where the first nine documents of the Working Party
were published: "Report on finely divided solids and inland fisheries", EIFAC Tech.Pap., (1):
21 p., 1964; "Report on extreme pH values and inland fisheries", EIFAC Tech.Pap., (4):24 p.,
1968; "Report on water temperature and inland fisheries based mainly on Slavonic literature",
EIFAC Tech.Pap., (6):32 ID., 1968; "List of literature on the effect of water temperature on
fish", ETFAC Tech.Pap., (8):8 p., 1969; "Report on ammonia and inland fisheries", EIFAC Tech,
Pap., (11):12 p., 1970; "Report on monohydric phenols and inland fisheries", EIFAC Tech.Fau.,
(15):19 p., 1972; "Report on dissolved ovgen and inland fisheries", EIFAC Tech.Pap., (19):
10 p., 1973; "Report on chlorine and freshwater fish", (20):11 p., 1973; "Report on zinc ana
freshwater fish", EIFAC Tech.Pap., (21):22 p., 1973.
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011EWORD

This is the tenth technical paper on water quality criteria for EUropean freshwater fish for the
European Inland Fisheries Advisory Commission (EIFAC) - an inter-governmental organization with a
membership of 23 countries. The Commission has been active in its efforts to establish water quality
criteria for European freshwater fish since its Second Session, Paris, 1962, when it took note of a
recommendation of the United Nations Conference on Water Pollution Problems in Europe, 1961,1 at
EIFAC take the initiative in drawing up water quality requirements with respect to fisherie

2As VMS stated in its first nine reporte on water quality criteri , the Commissionuagreed that
the proper management of a river system demands that water of suitable quality be provided for each
use that is made or intended to be made of it and that the attainment and maintenance of such quality
is normally to be sought through the control of pollution. It was necessary, therefore, to know the
standards of quality required for each particular use in order to determine the degree of pollution
control necessary and to forecast the probable effect of augmented or new discharges of effluents. It
was nointed out that water quality standards for drinking water had been well defined by the World
Health Orgni7altion (WHO) and that standards for certain agricultural and industrial uses are also well
defined- However, water quality criteria for fish have not received the attention that they deserve.
ATI ten often, water has been considered quite adequate for fish as long as there has been no obvious
mortality which can be ascribed to known pollutants. Degradation of the aquatic habitat through pol-
lution and decrease in the annual production and subsequent harvest of fish have often passed unnoted.

With such reasoning in mind, it was agreed that the establishment of water quality criteria for
'`uropean freshwater fish be undertaken by the Commission. This was to be accomplished by a critical
examination of the literature, and very possibly experimentation to clear up contradictions and fill
in gaps of knowledge, followed by recommendations as to desirable requirements for various aquatic
orpalnisms or groups of aquatic organisms with respect to the various qualities of water. The final
criteria were to be published and given wide dissemination."

To accomplish this task, the Second Session of the Commission appointed a Working Party of experts
selected on the basis of their knowledge of physical, chemical and biological requirements of European
freshwater fish in relation to the topics to be studied.

Thisilorking Party prepared its first report on finely divided solids and inland fisheries (see
footnotel) which was submitted ts he Commission at its Third Session, Scharfling am Mondsee, 1964,
where it was unanimously approved .

The Third Session then suggested that the following studies be considered by the Working Party:

water temperature (including a review of the effect of heated discharges);

dissolved oxygen and carbon dioxide; pH; toxic substances including heavy metals, phenols,
pesticides and herbicides.

1/ See, respectively: EIFAC Report, Second Session, 1962, p. 21-2
UN (1961) Conference on Water Pollution Problems in Europe, held in Geneva

from 22 February to 3 March 1961
Documents submitted to the Conference. Vols. I-III, United Nations, Ceneva,600 p.

2/ Report on Finely Divided Solids and Inland Fisheries, EIFAC Tech.Pap., (1):21 p., 1964
Report on Extreme pH Values and Inland Fisheries, EIFAC Tech.Pap., (4)08 p., 1968
Report on Water Temperature and Inland Fisheries bm-a mainly on Slavonic Literature, EIFAC Tech.

Pao., (6):32 p., 1968
List of Literature on the effect of Water Temperature on Fish, EIFAC Tech.Pap., (8):8 p., 1969
Renort on Ammonia and inland Fisheries, EIFAC Tech.Pan., (11):12 p., 1970
Report on Monohydric Phenols and Inland Fisheries, ETC Tech.Pap., (15):18 p., 1972
Report on Dissolved Oxygen and Inland Fisheries, ETFAC Tech.Pap., (19):10 p., 1973
Report on Chlorine and Freshwater Fish, ETFAC Tech.Pap., (20):11 p., 1973
Report on Zinc and Freshwater Fish, EIFAC Tech.Paa, (21):22 p., 1973

HIPAR Report, Third Session, 1964, p. 11
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Elevated temperature was given first priority, and a draft on this subject vas prepared by the Working
Party during the following inter-sessional period. (At the Third Session the work of the Commission
was re-organized into three Sub-Commissions, one of which, Sub-Cos-nission III - Fish PnA Polluted Water -
regrouped all the activities of EIFAC in 'die field of vate: nellutica. The NoThing Party on Water
Quality Criteria for E4ropean Freshwater Fish haz sincp functioned under this Sub-Commission.)

The Fourth Session Of the Commission, Belgrade, 1966, after having studied this first draft of
review of literature on the effects of water temperature on aquatic life concluded that such a review
required more effort than the resources of the Commission permitted at the time. Meanwhile, it sugges-
ted that a water quality report for extreme pH values be prepared for the next Session of ElFAC, and
that a report on dissolved oxygen be prepared when funds become available for a full-time consultan t',

The report on extreme pH values and inland fisheries (see footnote2 ) was published in 1968,
time for presentation at the Fifth Session of ETFAC, Rome, 19682 where it was unanimously approved

At its Fifth Session the Commission again reviewed priorities for future studies and decided to
undertake critical reviews on the effects of ammonia and phenols on freshwater fishes.

It also recommended that guidance as to its future work in the field of water pollution control,
including the development of water quality criteria, be taken from the FAO/EIFAC Symposium on the
Natureand EXtent of Water Pollution Problems affecting Inland Fisheries in Etrope which was later held
in Jablonna, Poland, 15-16 May 1970, just before the Sixth Session of EIFAC.

The Fifth Session also approved in draft a report on water temperature and inland fisheries based
mainly on Slavonic literature. The report was published in November 1968 as the third in the EIFAC
water quality criteria series, and was followed in 1969 by the fourth pu4cation in the series, a list
of literature on the effect of water temperature on fish. (See footnote for both papers.)

Following the Jablonna Symposiu4/, the Sixth Session ofrAUFAC, Krakow, 1970, again reviewed the
Commission's programme with respect to water quality criteria-Li. Noting that a report on ammonia was
almost complete, it approved continuance of work on phenols, and the current work begun by the Working
Party on copper, zinc and mercury, and recommended the addition of 6yanides, deter-znts, Chlorine and
hydrocarbons as items for futuro reviews. It also recommended eventual resumption of work on water
temperature and 11e preparation of a review based on a critical worldwide report on dissolved oxygen
prepared for FA02/.

After the Sixth Session of EIFAC, the ETFAC Working Party has published-reports on ammoniapnd
monohydric phenols as the fifth and sixth reviews in this EIFAC,series of water quality papers2/ which
were presented to the Seventh Session of EIFAC (Amsterdam, 197221) where they were unanimously approved.

After the Seventh Session, the EIFAC Working Party on Water Quality Criteria drafted reviews on
dissolved oxygen, chlorine and zinc which were studied at its eleventh and twelfth meetings held in
Rome (15-17 January 1973) and Karlsruhe (25 May 1973), respectively. The reports on dissolvV/oxygen,
chlorine and zinc have been published as the seventh, einht4 aad ninth reviens of this serie and
Were approved by the Eighth Session of EIFAC (Avionoro, Scotland, 1974)-12/0 Thc Eighth Session gave
priority to cadmium as the subject of tho next report. It nocomnenicd in addition (i) that all completed
reports should be updated where necoocary and offered to a publiahor for printing in a single volume and
(ii) that research in the ffnld to provide information eeseatial for the formulation of water quality
criteria should be encour l t-EIFAC.

The tenth review, which follows, is the ron copper and freshrater fish. For ths pronaration of
this report, the following exports were apsns 'i the IDIT'AC Uonhing Party on ':nten reielity Criteria:

EIFAC Report, Four Ao:, 1966, p. 12

EIFAC Report, Fifth Si. ion, 1968, pp. 14-5

2/ Holden, A.V. 0,00 R. Lloyd (1972), Symposium on the astarc and Enetent of Water Pollution Problems
affecting Till:nd Fisheries in Enropo0 Syntheois of Dational Renorto, Tech.Pa 0, (16):20 p.

1/ ETFAC Report, Sixth Seseion, 1970, p. 13

Doudoroff, P. and D.L. Shumway (1970), Dissolve. Reqp of 1Trin-nnter Fishes, FAO
Tech.Paa, (86):291 p.

ETFAC Report, Seventh Session, 1973, p. 18

ETFAC Report, Eiith Session, 1975, p. 11

viii
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Mr. J.S. AlUbaster United 'n o ) Convener
Dr. D. Calamari Italy)
Mr. M. Grande Nbrway
Dr. T.D. Hasaelrot Sweden
Mr. R. Lloyd. United
Dr.

A.Dr.U.K, Eesch
7, 14-salz roland)

Ge=eny, . .1. Rep.)

The thanks of the Working Pexty are hereby conveyed to Messrs, V.M, Brown, J.F, de L.G. SolbS,
Dr. J. Gardiner and Dr. J. Hall of the Uater Recearch Centre, Stevenece U.K.) who have provided
comtructive criticism of the draft cooper 7aPort.

FAO, a':

Mr. J.-L. Gaudet - Secretary to EIFAC

The Working Party used the same general basis for their work on which they had agreed for the
preparation of their first report that:

"Water quality criteria for freshwater fish should ideally permit all stages in the life cycles
to be successfUlly completed and, in addition, should not produce conditions in a river water which
would either taint the flesh of the fish or cause them to avoid a stretch of river where they would
otherwise be present, or give rise to accumulation of deleterious substances in fish to such a clegrRe
that they are potentially harmful when consumed. Indirect factors like those affecting fish-food
organisms must also be considered should they prove to be important."

This report will be presented to the Ninth Session of EIFAC (Helsinki, Finland, 9-15 June 1976).
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SUMEARY.

Copper is a common pollutant in surface waters; its mode of action on aquatic organisms is not
clear but toxicity is largely attributable to Ou2+. The cupric form of copper (which is the species
commonly found) is readily complexed by inorganic and organic substances and is adsorbed on to parti-
culate matter. For this reason, the free ion rarely occurs except in pure acidic soft waters, The
analytical techniquescommonly used do not distinguish between toxic ionic copper and non-toxic soluble
copper complexes and are not accurate at low concentrations, making the interpretation of field data
difficult; where possible, copper concentrations are expressed in this report as "soluble copper", i.e.,
that which paases through a millioore filter of average porosity 0,45 A.

Toxicity (L050) is increased by reduction in water hardness, temperature, dissolved oxygen,
chelating agents such as EDTA ana NTA, humic.acias, amino acids, and suspended solids but little is
known of the effect of eH.

Acutely lethal concentrations (i.e.; 48- or 96-h LC50)of copper to European species of fish in
hard water ranga over orders of magnitude. Ve reliable comparative data are available for different
species in soft water, for the young stages; or for sub-lothal effects.

Significant adverse effects on growth of some species, including rainbow trout, occur at about
0.1 of the 96-h LC50.

Aquatic plants and algae and invertebrates are generally more resietaat than fish and there is
no evidence that fisheries in waters oontaining copper have been adversely affected because of a
reduction in food organisms,

The tozioity of copper in natural waters, except soft water free from organic matter and sus-
pended solids, is less than that predicted from laboratory testa in clean water, probably because of
the presence of non-toeic complazes and insoluble precipitates. Sewage effluents containing copper
are aleo lees toxic than would be predicted from laboratory data. The presence of non-toxic complexes
may partly explain the existence of brown trout populations where the annual 50 and 95 percentile
values of soluble copper were 0.17 and 0.38 of the 48-h 0050 to rainbow trout, and some non-salmonid
species where the corresponding values wers 0,17 and 0.66 respectively.

Only tentative water quality criteria can be formulated at oresent because there are virtually no
field observations that indica-te unequivocally the concentrations of copper that are not inimical to
fish populations or fisheries. This is mainly because analytical methods for low concentrations are
inadecruate and the methcds commonly use do not diatinguish between toxic and non-toxic soluble forms.
Also, quantitative data on the size and structure of the fish populations are not available and other
poisons are frequently present with copper, Only meagre qualitative data are available for non-
salmonid species.

In the absence of data on the precise effects of copper on natural fieh populations, considerable
reliance has to be placed on laboratory data; it is ano.enetod that the maximum safe concentrations
should be based on annual 50 and 95 percentile values of soluble oopper of 0.05 and 0.2 respectively
of the threshold 0050 to rainbow trout, taking into aocouet the effect of water hardness aa shown in
Table I. Peak concentnations (>0.5 of the threshold L050) may be more damaging in the winter than in
the summer.

The presence of organic matter might allow the values in Table I to be increased up to 3-fold.
The valuea should be decreased to allow for low temperateve ene. for the presence of other poisons and
also adjusted to allow for the different sensitivities of otlier species of fish, as illustrated in
the appropriate sections of the report.



'Water hardness
(mg/i as CaCO)

10

50

100

300

50 percentile 95 percentile
(lg 011/1)

1.0*

6.0

10.0

28.0

5.0*

22.0

40.0

112.0

EIFAC/1"227

Table I Approximate maximum annual 50'and 95 percentile concentrations of soluble copper for rainbow
trout. Adjustments can be made for the presence of organic matter, low temperature, harmfUl
substances and other species (see main report)

* The presence of fish in waters containing higher concen-
trations may indicate the predominance of soluble, non-
toxic, organo-copper complexes
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1. INTRODU

,

Co7,7, LfOrK,.1 11: 7 7-mal1y at, concentrations of <5
'lei/].,butcaLl al]e "oo 7n-ason'c ril3) 2 iP of mitin activitiesothc:cf ono70. prsen;-, wi.th other heavy motels

(especially :,-iae) zt c:ele7nio'_, 2777, 7i.th otTler r.oisons2 mehing it difficult to
distinguish th:_, 7:-; 4C 7'r,0 =7.7, r''7 on 07icidc.,ez2 molltscicide.

1.1 of COD er in fresh

In the aezebL race, ueters the ouly stable
onidatieu sta%L.3f ;:g7.2-_, v '=lo77 to form complexes (i.e., the
stability co-::na.*;s )f 1=77,;: ;_71 :IcAin%r7 of coppar i9 7ator is dominated by
this tendoncy d:cce11-7-1 cmr pros,o7at a') the free ion hes been found to
ba about 1 L7, 777:7 7=7,7 or,s-anic loads aua thosoof high pH

7.5). o: -7:2=-17 cì 7E, Imtcr, could a significant proportion be
present al,

Co!.mpl-_ St122 1971b)0 The complexes
usually p4'sc.,.6 r27i arAilo e.ctas and, in waters receiving
domesi,ic ajaniC,L- c72.d a,s.ants much the detergent builders
polyphospha.Le aoiC CHTA),Thc a bit cone_2te of ell these complemes are
known (Sillen 196.) e2 cz71Lc)le77.t7.enea;., be calculated ir the pH and con-
cAolt cf ,77.= iotent class of copper compounds found
in natural atc.7: mrbotaLe5J: Fcsw accurate stability constants are
known.

1: DEL 7Zoilc._, c.,n111na,.%o ::v)10.17., established, Certaiu of the.humic
wimple:Les, heye.71. 1974) aud once formed, probably by
slow rc'arraz:cm:u-, cE 2 iabf.1.:. :1=ic =.01cm, 7;do;:qnc_Y6 response te changas in the composition
of 'Caoa. 1;7'1 ocm1=. :7411 In s/ow.

The lea- ecqublo coeee °e:eno\ o.om,oblo cowTitens in natural fresh waters
containng bfca2i:e7,-Le. ca V7 ie oaJic o bica7bonate concentration of
5 7. 10-3 c-J11111:ef.-: oo2.723iL.;.7; 27:e.; f-,1.7xe (m, 5 pdg/i) at pH 7, and

3 107-9 i or 00':6 1,_3/1) S. 2ocz,nno o2 "rloe7.7er, total dissolved copper concen-

trations :1'1 0.7A roizblishmwt o? equilibrium is in any
case a sle7, WOO:C2,

T'Ller.:- 1:,:; -(=1 (-...;.! :,.-. :.---.1 o2 nc, el2emianl c7.7..poic.tio.7. of copper in accounting for dif-

ferenc',,,a in ,:h.: ',.J:-: ,a:7 ".-,.(- L7e,:l _IL 7.-', o2 =2",7.:.:, chemical composition Stiff, 197m, 1971b;
Calesa-_ ar=la 7:=:11 ''-iV sel".. ?97,":) 7t hc_c boom enT:pstO para. 20) that the
to::icity can be 77A..,7'1 t:: ',1-2.-1 'C5.2.:_-o*,ee.z..icn of colublo cospor, i.e., Cu4-:. and 01.1CO3 (Shaw and
Brown, 1974.), 1,17.;; :-.,,,c.. 73.21- :..2 -',IL: 'J.,:i:.:_, r,2.7:. 3'21=, unTublichal) aprear.s to demonstrate ade-
que,cly -,,Lau r.: -1: -.17,7 ,::::: !::t7:..7t: 1::3,7-tamt 20m0

Like ec-_, t:.-aco -e';o7.:, ,:,7!7:,22 ,LE: aloe r3adil7 aorbod on to solid peoticlos suspended in water

r.-,i ou q,c, c2.Z4ciz:., :,--le'Le:::, :°:':o=a1.:.;1,72 sr.:,)T3-_oe c.2 the -'6eto2 cepzor orssent in unfiltered

natural '7E.k..Y :c r. ';'...i,,:7:-.2o-.-o ee.71 -7, c.e.sco:z_tc-', -;f:',,h 1=ulato r:atorial Stiff, 1971b; Nachéina

and Fsidman, i97:),

r- :::7--.: a: ::;..z.e ZO:-L.:ë7,`L'S.::.,;7 ,.'Dy.,71., 7:':-,,77-1:T'oe(atomic absorption spectrophotometry,acti-

vation colo7.,:xe mthc:lo) mor_ro tho total concentration of
copper in -, _:,-:1-.3 .2,L-67: ,i'';,C7 z27n33to -!.';'t: c:no,o7r:;7,sio71 e copper essociatod with parti-

culate 7.1.7c-71. c::: :.-7,77,- ':.:-. f.:,: .t-,rn,ic.:1;...bo 0:1:77orttiation a7d identification of
cyan on:: f,:,-: '-.' ::*1.' :.7-,,,1,.:- ';T,;3C7::,, .:',-,,;7, roro cAclo:o/r,o Noce:.:rwos involvi7's the copper specific
ion el3c:1-, -._:' ,:.,',.:%7 =,:.. %-:1-2-,-_ 7::,,V.:': 'c':,-,' o-. .77..K1r1M1" crl:o7 ,e--)tIloelfl. Amlic striming
voltanlm37 c r2 s:, -_-, - "J-c:!--,, ';o o!ml-,:e i_:f.,41pV-4:ao.71 (0;.4 a%li D1N-Shue-Chan, 1974),

a:7d etcr t11(,: :':'.:::, ,_2 ---i--:' 1-;:e7). :,,.7: ,7-',?7=-1 7,.=:71.Y,y' r- C047470 mothcd of determining the

total d4ssoi-,,,:l . ate'l I.1):,i,c:.--;-:.%icio Ce-miolo.:o cl:atio22.7_ alcntificztion cannot, however, be made and

beccuce of Ylae lc-7 -7,3m9tcfc,:_,T 2 :faif:),.1-..;C :.Q-:C 2G:.71 (t11 ElF;'; ImNrtent state) is present, this

is ver:,- c'jf?icl. -^ CH _,--Ti:. ''. 3--,..7L7 '''' n:2 ::r'-"J. ef.luatie life,

7',., 7111 be _-::"e ::::-- '-; 1 .7-:,f_;' --!..:_;:e-:1[, t::1,7', 3o. -,2,-co o: Enea of ;;be published data on
the kv.:fo:,%:_-- of _-_::::_a., Y :-.2:-.' -: :_-',:?- :,- =77:%:' Y.-_7:;c:' 7:,7 '':Y: -.7rloqr,-.',c.7 e c.221ytica1 iaformation



(10) 'Leo torleLty c2 c et::

to -.1:1; oreci:;t:Itat e::' =2.7; ,.:.-2 -::*b,-:. ,;7.,,,I.s. --he:-by c-7--71:_. T : :":',f:, lee:- _-: ..:17e. . - ' :le - c ' e e_ e --., L',Z

1.-he 4:ill Cc- t ai:-Ly efe,-.'.7.:T.-: I c-'Icue-1 c. ee.lcs=',,2?Lt:Ic:_e- e.:.: c- . - -- - 7 _-.: -, e.=-- : - f..:-..e ::f et. 7e-; I2.,, -___
of :-7.o2- -.:.-ills :". se= 2::: ce:-.7. 72=L27-en cr=io) ( ile,'Let i. t

_
c-* L.--c12:-;a2s2,..-r2.), '2127; IL2r2 = - _

an", 117 --o' c..:7 &of. G1-
Effe..oto oeoz.-,:nte:7_taa1vicas C7° 7. .cc ::-:::L _ , el:L(7:17K: :.1r_1;.-

of t:1°C 0 - d con-1:a/L172.3 - _ 2".. o-2

cuiltZahca., 1969 o

Bil=i end Jonah- ce- ife-. icLe.. ceLe o F crhops-,-

roducod c cehacit,h- ef -411, -,-- . _ 1, _

J-3 77/aPOCilt mor-tal.Yoy

L.idie fron esphyniat ' :"f 7 '12".-Z ether
sneumes -orobobly hei2.; Lar..,Ifloated. `, on-e:nen_y-7_ 7_7 -e-norn- 7--- fen---7intornrc 'a hie:: - ew ;rum lichoc)

(Pu.adulus he ';,c-.7.-ecl itnao) =7. Larer ein -La :oh coa°;.4..- " ono:roes
have ocon forno. foVee- cn r1970).
Lo vitro haaer.a.:ninon:ea. ef7ocy of co-,mor " 3..';2. a

utetnic 0:ea/acetic tranneatoina.se (PaCir) enc"::o eere ez-nr.ni) shelled

bition by 65 a--;3 130 mg 0e/1 ten-7-octf_vely (Ghricr`.;:enser, '971, higher
than ;;hose likely to be Zohn=:;. 1-1:ea -ola_sena eí fInh cxnarw. z.vara. 56)o
However: with brooh tront (EolvelLeus fon.-tinehli:e) ne of
were detrimental to an_ny-lh.m1 Levo-.:th )

Little is !co.-..e.e of tho sienyificance of h:oh=oce: corcentaantfonacf corpez in the bloc liver
and kidney of tr,,cfc;:: troatcf. with 7.71 conanntrhtf.:x= jf;aia-o-oari. :eti: :973) cori in ';bole
fish ox.posed to loc conoonte-o.,' ('Eforr-I 1c2(.7.7), 7,;::e c le'o!c occUOL he gill,
liver and kid.noy 'kut :not thec larod biec:2 ane_ bro-.n, bhirecad (Iotalurus
nebulosas) =nosed tomfo----,lethal cone:7-21,:aations cf car.toe., Nij rerd an4 1o1Ln 1973); cLui come-
;That simila esula; .2er bnnegill (Loa.:anis 1,977), Tissue levelet
brown bullhead' when LaIll.of. 77 :21:: 07,,' 0:713:712 '60 IC thceo of con-
trols kept bcforehcrol in adenaor Ot,erool'noIn C7.-'..,";60, 5'3 SL.

ACA227

on water quality: oso.3cia117 'z;arly rrblicctiono fe s6 ceE,t iniq.1T mor
complex than -chos s DPCCLUCS.ftIniLe iz:rcrate.77. :11.:1:_es,/t1 azIn_ =9 29, and 73 83.
2 IJCT ILiHAL ACTION a:
2.1 cction

(13) It nry thera%0%':, that little of t`
with certai2ty0

(14) The curve 2
tration can be no f. :;

tautly, the
noes, dissolved eer_cee,
and stages in th: ifInetc
ccu-ve may indioct., a Enoa-,er

2

cf xedi-n ' - 7: r 7 -2: Ile lcgari i;his of copper con:,-.n-
as-7-qy e -2," T50; the shape, and more impor-

of tOle * fack)rs suCh se water hard-
:, e:;titea; eluo , cY-.) different for different s:-..-ecies

; 9Le_ce e : msy cross eae7o. ot'u -
tiro of =Ave,' at HIgh esacontraie: z..-enther and yet a

higher median /c'shal nraochond eoneeatration: ioG, 2c- tozlo ; eeee_. ' -s

a)

Lictol (15C) .ohat'" -4_ff' -h--,ahold concentration,e.; ,
for raith1.- ',Ten 005 m3 0-2../1 e-t both 15C all ;0- ,3 2:1/1:cu- C-a7CA7C1 co.acentrations

higber Cs:%; hlfar7 77- ,

Sip, 1"-riy In: 7.7 22 0.5 2.3 s - _ K:ner-h-oont cf 'che Etrziron-
mTit 1'1571) _ r e:han'6 7: r (:)" 05eC vas close
to 'Um,: _ _ (1913). 23C-31 0 Ezil as CaGO,
an'l a .6c.e-ae-22:' - :2

I2 21ce etl - - 7 - ' - --; o-01 do the Inottemperata
for 7-.:7-1 -2O=260 r zr: - oc.T.L771A c.f..- ezyce:- 1,.VOr

2.2 Factors evels

VA,* of action of copptIr fish is known
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70 p.s.rc2t c2.7 -°6ae air-saiTaratico: vain.; aul at n value LoPt7:eiln 7.0 and 7.5, the 6-da7 L050 at 6°C
asid 2°C 1:a_> -1.7.d2t 0.3 and 0.5 .:f ralue at 15°C (Dopartm:nt of tho asvirownent, 1973). Thus for
rainbo:r 1;1.out ai. 600,a: conlp:o--,E rith surnival time ut acutely lethal concentrations can be
increased tut uhe 6-dey isr.150 rodnced by two trds, prori,Sliag au on:ampls of crossing ove of the
concentration-reoponse euxoee, ancluctLon in the gar-v.-iv-al time of gold2ish (Garassius auratus) accli-
mated to the tes% 'oeii.,)e-ratre aol enlepeed to i.5 1,1 GO in v woi-y soft ater has beea found at 27°C as
comparad mich iti°C .(. .ToocheCii, 62), 5:-1.sElar results havo fouild for che minnov (Fhon-inus
phoninus) though Kos r-dey 1050 was uachaaged (Lie-I:on and Upber, i958). Rehuoldt et cl
also fouad ao dif,T'oros;e3 in 96-h h'E50 yaluse foe, sin Horth Anarican npecies tested at 17°C and 28°C.

b) Dissol

Loy COLCei.ii02_,2 L2 12ofJazn cnc 0:°..:loity of ifaisons 1;o fish (Lloyd, 1961a),
an: f:: oop:::: the 4a-1, L-D50 7,JAIr.;BL ainf; snz tlith a a2dueuien in the dissolved-oxygen
conosnratioa ;e0 3 thof L a1:-aL naaticLIosinE,

There aos. fcr data on the .5::,occs of -1:1: oa the toicety of coppor, but it is leaoum that copper is
precipitated oh ha_a 7atar a; all7cliha DE valuas, sTor oesamplo, for a nominal coaceatration of 5 mg Cu/1
at pH 7.45, 2.54 d,-; Cr./1 =.,a, in 'foluioaa af7e2 24 h I7hG-2,eas at pE C only 1 mg/1 was ir solution after
2 hours (Depaft.,mnt of the Ehve.r=oat, . KOT 17:_n°;T: whether the precipitate is toxic.

(20) Liepolt and (1958) Cha-t in hard watcy
for rainbou trout -ras 0,5 mg Coll ac pH values o-s: both
reduced az the ic-ar !;:.: value. L.iso: Eha- and (

for rainbou zrout -fco, conoentrations
and 7.5 in hseEl -aUer

d) Hardness

Copper ha: 3h,G;' tc MOYC tOnC ln UCZT J-74 hevz1 water Department of Scientific
Industrial Retne,aach 1962)4 ,L.-.3V-3 made -7ith rainbo7 tron at three differeart levels of hardness (12,
42 and 320 mg/1 as CaCO3) %o -hich the fieh rare acclimated beforPhaut showed that the 7-day LC50 was
about 0.03, 0.6 and 0.5 mg Call reepecircly.

Tabata (1969) also ,7or_eE .i.;11 rainLow troutcaE carp that the 24-h LC50 increased almost
3-fold with en 8-fold -1.oraase jn hardaoss effected by the addition of calcium Chloride and magnesium
sulphate. LInyd onggeeted that a linear relation e::ists between the logarithm of
threshold li.C50 cf 51.1C, logsrithm of total :-ater hardness.

e) Salinity

(23) With ju,-onila. T:om;oe1.0 --s) acclimated to different salinities the toxicity of
solutions coat..i.niag copu.er --eUroohacz iiecreased -ith increase in salinity (.3irdsong and Avault, 1971),
the 96-h 1,1350 in ,A2 ng (Eoll ala :0 ,s'11 ahot G-12/1 at 30 g-A0

f) ar

- 3 -

(250 WV1 ES CaCOn) the tlti-eshold concentration
5.6 and 6.4 although the survival time was
i9W found that The median period of survival
of copper (Cu2' and CuCO3) at pH values of 6.5

Some orgaaic substances of lo- to_asity Co fish so.oh as othylene-diamiastetraacetic acid (TA),
NTA, citric aoid, humic subsCaaceo, anE natural ami.ao aoids, can reduce the aca4e tonicity of copper
(Sprague, 1968; ...dshiha:a aai Tabata, 1965; :an:Ls-try ofTeohoology, 1970).

Grande (1966) -z,-,1-tal5,:2_1 iacraased suso;ivc1 o2 Aticatic sairon fingerlings (Salmo salar) in soft

water containing' i C.-J/1 aioee -ni ,o1 cf ca aoount of EDTA sufficient for a complete chelation of
the metal, aha-, aha noin 5.7sr,) obserreoi a 50 percsai t_or-,elity of rainbow trout in 8 aays at

0.5 mg Ca/1 fu 7he sEcsaice or, E.aC ro ky;-,L.Lf.v .¡ m3 Gu/i in the presence of 12 mg NTA/l under
otherwise tha sacad1-c.hat;1. L-D,!-_-tha eca of n1) fu2 'g Cu/1 survival time of rainbow trout
:as progressiely c:o_c r io ut7-r,Yo acid Ero7oe e% ea_ 197a).

Zitko et al. (1973) elao for7fd thct fuc nloananns of Tannin anid foflucz,d the to=icity of coiner;

the 96-h LC50 261,.- ,T=f7:1,o i'lantfn nalifon in ,a,::;of' herig a hafdn= of 14 mg/i as Ca00", and a tam-
peratuve of 3.8 L-c, ,''ef -an 0.0S: afdO o5 Cn11 dn the I-if-an:au: of 5 i0 mgil of Mimic acid
respectivel,;,-, and aho-lf.; 0 02 0L/L in 1";Y:; ah-ahah, 1,s., a aadno6ian in toicity of 0.22 and 0.12

respectively_ ooal: t.,c72) of.;1;-,3 a --i:a127 hazdaa 7atoa? (2L,--98 m,°./1 as CEO3 ) found a
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or7aLio

h)

a hard
zatiT.1 oF. '

hatchia. beore a77!--

2::pc-rir:en't,s

showed '6hat at 0,02,
compard i0

saTa C3:1711.610:7. -

These concentratiors,lì
21d 1_,050 vas 0.0Zi,

lingness to eat fooci.
sac an.d

Yearling and f'a.

in the rangs 0.6 ta
and Industraa RC;E

Hazol
fesisart c
a he'raPOE'S
0.02 rei
comFrod
197)

c::perimBnt

to 16°C
of soms salraniC:

a harclo, o
vas 75
r&12uo:.,i

heraeo '
fish also

of

a ha.-_ancs
CaCO3

17.?£10,7, ively
racidtlantic salmoP under

_ percsut Lu ths controls.
2-tiaicralmor. for /vhich the

Z'_,771) 0.02 =lioatea by- their unwil-
o 6iff-)rc7 olEJcI.b:tween eggs, yolk-
=r7, than thcoc of rainbow -rout0

tsha-:/ytecha) ,rere wore

0.06 Gu/1 13°C ieC and
ao-a;,:dy cic to f].-; and

ancl tbe sac fry respective,ly,
ln s controls. Kola.' and

adult brook trout or
1311reniles dur1rs-

rail,3511g -P.rcm 6°G ir.

' the early :;;;ages

30t c=co',:ure to water having
LC50 adul-ts

nz cf larval mnrascì2og :7ao. gvaatly
7 sunrived

romo,

eg6,s

on ths resis-Zance
fourd the

cf thc prc,;any

i
et 0, 20 a 30 r

0.2 azi8. 0.14

to acute: levels of copper
as CaCO (Dnarmment of Scientific



from Paderr`.s _ 5i:evalia-f, 1969)
sofd, -trated de,- :al dc--e cdbd.: ba. Pest) rere in the

Sace.amento -S ee-ocan-"acc;":d.:-.1 ;a.? eas-ce-a ;_a_oac"1 o aets.e-li, the. survival
of introduced_ iita-cd'oss:r---: eat. ed

(36) Rainbow trou to s-r1"c-.:-;:-_-t, a":6-er beln; Cc: at 0.5 of the 14-d LC50 of
copper, during whic . tirns -_en.acn-ceatiozte of metal in some organs,
survived about as 1 "hcse sa,celaatly r-..-aaaracscd ',o capcer tG'ele.11F2i and Marchetti, 1973).

Oseid. Sof- 72) acca Oce 1-1,--ce era c u 5011:clans containing copper
was two tc - ."-Ls" E.: O-11-7.2 :353',..O.2_,!loOS':,.....C'"; 3 01 :27CLOSE...3.1 sulphide(5 to 15 jg,..1.) -ht'e_eca tad_ )

k) - effect

Doudoroff (52) deaddi L'he L -be-a oa: fa docteC_ etat- (Pc-...nathentacoe adenelly csocavevsd. an
ea:posts:do 6E' COL'-'"O2.2".E.S 8 2:2./1 ,El 0 2 firri Cii eoas, -aaLcar, Jos. eutscumbed -laithat-q
this period_ foa. a ;;;C__; Y c. o: C;323 -2- ;ra oione rasco,cLe:rel,y. Lloyd.
(1961b) obta-raieft so Ltc--o:-.--a rseu." ras,..dc,-,- to; Daft La oaf , (h.otaciness es CaCO.,,)
but found. cha _oft= Lions t occat-eaccoolia':i c leec 'thcaa. Sh.c e-ce and t-d. L0500[ -
copper and_ sine raccattLiaraly. -dt a affect of afne r: o,-- offdlntidn r both the soft and a
hard wE276e-2 (hEZOOSEEO j.20 raigiL cot cc,(;"--), a_af_ uccf. 'chess motals en water
having a ha.rcl.:..ass ci; ccayi a T. CE- C).; -E - EEO__ C72,"O"Y OliEE '0122E, 2 :EC, j7OrSili1e
salmon could be ¿o-c, :co cd_caLt-aL . o ,Its, cotccooccanclin3 Lc50 of che
separare mc'e-Ora,

D. Calarna.ri
96-h LC50 values re-jai:cc.
of 320 mg /i as Cak",-.),,

The 43-Cl c7,50
to ba eriecussold
(Brou arid Do5-tc.--;, ;S'70:

(01 ) --Taton C1973)
n..:sture eon _ -

cythe.,e- tiolar
cra Lions of -,c--dmind -

(43) ITherber-t t- C. -not_ La a' -nd eotata.tannety a-scat-arm chloride end
coppor saelph.a..te er,haad -same- ad.` E'OrE:-E EZLiY._tata Lid:toehold tccdocantraciola of
'che misature -as aleax, Cc :no eflra caidc Yc facra to: 7C--='.:L'E-.E.:2E-OL'E.; Of Che threshold; concen-
trations of the ind.tannbos_ .SC :near ass-ofi foodol for taaa-sates of copper enncl phenol,
and fo:o cot-acts-La- :Lac dtad fooda.o.1 (".6-..cc::: ';F70), Co-:rase eall Schscor (-1968) also report an

addi cive effec t 0-1 1-'2_111 ;L.," O.? end_ copper in soft
Tractor. Colora:" 7...."2"O8'2C-E,._ coptcr and strafacteats aasci
forand. ao--7 272-1 ...:22:2727. ° --co ion.Lor thca tha-b esapected,
but -s,h. EL-. "2- -"Ci.;° E---717-COEE:12 T050, 077:7-OSESC.CIE C.3 a

sum of -'ohc, v..--,T=.1.:1; a 0.1riply
additi-de effect, "Oe7r;s: vos:er.-

(4A) Thus -Cato ost.":: 1 ot.-b-ar :ZOO, .fE en oar:A:a:es r-ich copper demons-
-trace a sisaplc --bfdLf_a acta.a." "dac -f.:sis che vor,-, or the fractions
of the 46-h ra050 c_f t:Caa:a

Uptake

) C.; n t-ca.nce of fractions of the
-ith cepT:: O water having a hardness

__L - s bc on found.
- :1;,,',C,- of - rt poisons

EEO:OS-2', -O2.11E_OC 0O-EL- 0E8 Or alac po=acliciceo for

at-ar 'a- f S'i`2.7 203 as C'eCO3) ,he
dab: -asce ,EEZ. 11OE2_ :2_0"--)--.1°A,lial conocen-

Tos,, cylattna

(45) An oral 300 a a. --" Tu': ; ca 3 dars (Nehring, 1964)

but no informa Lf2. _ _ C :22;

Tj c:27

(42) Thus at. 0' C.;canc-fl:: OE-EltE f",O.--Eliofcafror o-cher healty
111"OtalS Cen be lat.,21iLc deco: :Lad"' fea ran: rhaa '';--71anzesl.-Caanires Ly cf.' t"..K, meLaffis ea:pressed_ as
re-act:lens of -ha -htacd-cld co5L"

i) Accl imat ion

1) Joi:t



Ccacsatraticas from 0.02 'cc or-e., 10 Es.: :f o fish, iae
ranee bsing atCributani maLri!,y o1-1--sr hasdnoar, cnacfaa of :flan, 2,afsa:soa cd' 1,sst cad C:s-s:
i.e the life cycle. rivnovon, :a oL:aw Casow :2,2C, 2 to d and 19 2^ Chore ic coasidarabIa ancsr-
tain'cy as o che amount ard SI,CJiCLiC2 of aslablc sc000r espaciaIly a.1;lo saasant:otions, 711a c2ten
facdos-.8 relate to Use note-, ssacancrasica sf onstsr asnasaaatly 2- ln,faa,-

Co:can1nasAons cf 0.02 'co 0,02 ag Ou 1 intalrel 'chi; hs2,als of fed s- 'cooet sac salw:a :n
vory cr (74 ogA EC slfs`11.1y as,sdar actsc(as 1;00-) 0,03 Ag cja./.1 ed
aot affact tile hatching eses (7;?-7,T- 33), In hardsr ratas 1.250'2230 mel as Car.C,

agf1 increasod ths ra'cs o- srsczaaa, af 7 trou,. ;sac;

ry, juv

.6) Ths early stages ol fIe lilo cycle ca asa are nor: ,acasi'cirs eo7,,sof -Oraa tha adait
'pare. 37 ara 33). 'Brock arose, arc= to lc asc: scroitiro ard dtireao7o salmon pera susceptible 'chan
r:irbow trout (licEle, aad Loasit 's,r; ±,-5TTC Ot CI,. Ransort. 1962).

Por adul;, rasabcy *caoat fa asa racer 174 de 35 ss LC90 is betacon 0.02 to
0,1 ,11:;" 0a/i hereas in hard -a%ss 1:1'00-7,00 sa dia00,) 7"1.-; a2esceefr,y, 0 7 3o 1 mg A.

_ash

.I7b work has baca raparad for 1;ho yo=g stsg-a of 1o:rose-Jo:a coLvao fish bat studies ca other non-
salmoaid species 1oara. 33 ' r c cccD'j ocnaitive them adults'.

The 96-h LC50 for ccal Lin w:fs: a'coaC 220
CaCO3

) ',as foaae to
Nba 0.46 Gu _ by CalaTc7i a.p_d '5L .r.g/1 C3 CaCO3) bhe values yore

less 1 mg CP/1 2ol, fac ,T1720-.1.2C E--,,C OD1c7-- fcos a'sicor L77,'Tei00 including the eel
(Anguilla rostre.e.) they -or 0,- StMic CCEllt:TaB (.7.ehwoldt et al., 1971).
Values 1-tere about 3 mg/1 !co:-..2 121girr, mg/l foz eel anguilla) at 100C in recent
tests in a hard tla'cor 250 mg/1 :1' COC.eliG2 and for ri:dd (Scardinus
erhroohthalcIus), co,=, carp, 7-) 'csstod consarwoa'.1y ';hay were about 0.6,
0.6 and 0,3 mg Gu/1 rpspec.6f.-s1r saswyll -asd .,2 ea/1 for mafrs- (Dapartmont of the
Environmont, 1970. Per o_ e:C.I'biC) in °:.7."..'1%- sf the same hardness at 12°C
the 4-cl. LC50 was 0,76 mg Cu./1 s-- socT:;-ol, yassc), a slichtly sof-6er water
(abou-i, i00 mg/1 cp Cc_CO3) IFhsT. 1hrJahcid e ' ra:,) - 6°C and oH 7.7 CT 0,08 tO
0,15 r cu/l (Hasdn:,

b) Lou,,erm letu

(53) "ith fathead La_anow in hana rntsn
ras ir ono 'boa- a is: nortcift- aa' fr
a 30 rorczat ca 95 1.,g Onil 10,2
CaGO,: thera a.- s ce'mar:,al'Ist7 sr scrt
15,241, oZ 1-he 5E -30). 7Ty acan snrc ,d

&oa,C at !L ' bat all eclad at s3

6

Salmonids

L mortaliby s.7 2C :!;';PCC2'; aq7a: vou Uopt Tor 17 weeks in a hard water (250-260
as CaGO,) centaitlag 0.23 ,g Ca/1 :acans 0,6 af tas 9E 0 113,2% ba4 little or no mortalil.:y no

fouad et low'ebo conaontra":sns (.Tapracons 7sbe jfyinsa-:rX, ?9;73- ilbam and Benoit (197i) kept
brook Grout:, for 3 ort:3-, 777a Ga00,1I1 o7uning cope:s- ath adrits %hers
--tes a 57 peroant ,sc'calfty at 32 1_!g OuA 1.0,32 cc L-ra 120 romsifAK: r1-% 17 a,./.1 but
with the allyins ,ro7-owea a connicts Inateify at '2,1os aowrr concaa:saa'cion. 1ho carie species in
waxer of ake SC= TI,-JO0:=1a :=S;a1.7.°Ty or ',11 r2:4.1°002 a%; Gull in 21 days
and 60 porco-1; :d1.'y a; 32 6c7c,

, _a 0a03,) faaa 956; Formkt; and Sr,opham, 1949)1 there
_ ssa-21s,-: ereeCed af'-ar 11 noaxhs at 33 11,,,-; 0141 and

in soft wa'scr (30 mg/i as
c: 50 poroont ki]l at i8 v,g GuA

an: nasanan-f 7.2=2.;T curvi7cf oqually roll when kept for

, 27

2.3 Simrnary of tof7c

a) 7 values
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In replicate tests Calamari sr .c7.--tti (1970) Zc. a 50 percent moreality among goldfish at
20 and 30 days respectively at a conol..zMation of 0.12 i -: 00 (0.26 of the 96h LC50) in uater having
a hardness of about 220 mg,!]. as CaCO, A. a terrrel c; ì5.5 G. Recontly the 50d LC50 for the
stone loach was found to be 0.29 m6 6-,41 in water hi.. a hardness equivalsnt to 250 mG/1 as CaCO3

(J.F. de L.G. Solbt and Cooper, pers. comm.).

3. SUBLETHAL Ee.tehCTS ON FISH

3.1 Enzymes

The few enzymes that have been studied (para. 11) m inhibited only at' oncentrations of
copper that are either rapidly or potentially lethal to i h. With brown bullh ristensen et al.,
1972) as with brooktcout (McKim and Benoit, 1971) the only measured longterm Thcqas a reduced ---
level of PGOT at above 27 ug Cu/1 (0.15 of the 96h LC50).

3.2 Tissue residue anal ses

No accumulation of copper occ: in the opercula: red blood cells, or blood plasma of brown bull-
head exposed for up to 20 months to copper levels up to iO4 veil in water of total hardness 202 mg/1 as
CaCO (96h LC50, 170-190 tIg 0u/l) (Brungs ee al., 1973). Hove-Jar, Gill anE liver levels increased
with3exposure to concentrations greater than 27-53 !Ig Curl (0016 'o 0.31 of lice 96h LC50) and kidney
levels increased az 104 .g/1 uithin 30 days, but not at 27 ,,g/1 uithin 20 months. Also brown bullhead
exposed to sublethal concentrations of copper had higher levels of copper in their tissues when killed
by copper solutions Than those so killed after having Previously be= hclE in clean waTer. After 24
months exposure in the laboratory bo coriper solutions in Lake Superior uater (total hardness 45 mg/1
as CaCO3) bluegill shoyed incressed cooper levels in ehe gills ae concentrabions above AO Lg., Cu./1, and
higher liver and kidney levels ere mee,mured at 162 f,!g Ou/1 Ella above (Bsnoit, 1975). However, survival
was reduced at levels higher than 40 tlg/1 for fry and 77 4g/1 for adults. KcKim and Benoit (1974) found
that progeny of brook troub --7hich had beea emmosed to 4.5 c2d 9.4 1,243 010 (total hardness 44 mg/1 as
CaCO) were not mora susceptible, nor did they accumulate copper in their eissues, uhen exposed to these
coppr levels.

Increased copper in fish tissues, e escially gill. has also been observed in 1yearold common
carp fed on a diet enriched with coPper Iozepson, 1971). Prolorged feeding of this species with a
copper ammonium compound caused elevated levels of copper in the tissues,especially the liver, disturbed
protein synthesis anE reduced serum globulins (Seme'uk and P..vdoev: 1972).

Elevated levels of copper in the tissues (gill and liver) of some species have therefore been
associated with adverse Physiological effects.

3.3 Blood anal ses

When chPrnel catfi . Tetlurus uactatus) usre =posed to 2.3 mg Gm for A day total hardness
206-236 mg/1 as CaCO3), a 1 1lethal level, the serum osmolarity decreased duri2g the first 2 days,
followed by a recovey to normal levels (L:vis and Lewis, 1971). Ho7ever, opomure to 5 mg Cu/1 vas
lethal in 2 days. Similar resulbs 70.1-0 obtained ;:ith &olCcn chlacc (ilosmigenuo cr,7soleucaz) and in
both species the effects vare alimina'6e6. by b1he addition of 235 mOem IT2.01 le the solution. At these
copper concentrations both species vera coaeed vith precipiatcd mucus.

Measurements of red blood cells, hasmatecrit and haemoglobin levels of brooh trout exposed to 24,
39 and 67 Ilg Cult (total hardness 46 mg/1 as CaCO3) sho...:ed a traasient lacrea.sa, and chloride a decrease,
during the first 21 days, but after 337 days ther was no maam=ablc difference betveen fish exposed
to up to 32.5 ug Cu/1 and the controls lioEim ot al., 1970). HiL,her levels wero detrimental to murvival
and growth of this s ecies (McKim and BeuoiT, 1971). Similar e=periments vith brolm bullhead exposed
to 3.4 to 104 wg. Cu for up to 20 months shoT:ed ths,-G glucose and haemaeocrit increased within 6 days
at 104 u.g/l, the highest concJion, and that al levels above 49 rg cu/1 (0.26 of The 96h LC50),
Chloride, haematocrit, haamoloti.:::. 11 glncose incr:esea .a., 30 daTe (Christensen et al., 1972).

61) Transient increases in cortim .. T. cortisone CIUL'iiIT a 24h period were observed in sockeye salmon
(Oncor -4chus erka) exposed to 6 , /1 in %ater having a hardness of 12 mg/1 as CaCO3 levels of

'
0.. mg Cu were lethal within 24 h leleen aad Dye, 1975).

(62) Thus transient changes only bave been observed in blood analyses of some species exposed to con-
centrations of copper lower than between 003 and 0.26 of the 96h L050.
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304 Life cle

(63) Several long-teim studiek have heen made on the effects of chronic, to cozocr solutions
on tha survival, graeth sud spanning success on opocies of Forth elorica, arE Banoit (ISW
-round that, nr the .1bpaCcn-y in LF.L:3 Sunorior waten (harinoss 45 LVII _ 9 '60 8,0
seasonal tecoenatuns A'Gto 'she c-;coovich, sud survival of yearling 1Y;-.:.C'_ stlf-ot E at a,
copper concahtration .o1: 32.5 vgil over an 8-mouth en-oosure ueriod, altha,lal flucczz-Zal et
this laves. Hower-se. Chip concentration affected the hatching succesc c_ Ltd ostrove, la-712
above )7,4 f2g/1 aPfoct:d the growth sud survival of alovinsr both na._-enoesd sa_ents-
owa7a 3-month seniad, 2, cresols-at COefft of cooper on "o rec c-wscahcracions
of 3,4 tc 32,5 t!..3,-1: aftsr 23 weeks the growth rote of 01.7 re--n-esis

at concentra:,lons at tO 9.9 ,,"1-1c It nas 007,-,011vaccl. -Chat thc C diE
not sienifisantly affect brook 'crcut urder these experimental oonditic_- so hotnesr 0,; 0,lr
the 96-h L050 walus, Here raoratly, Halm sud Benoit (197) have ,:-.1720,21 -ha; toe; Lx:- hnooh
trout anposed as abowe to 4.5 E-221.. 9.5 tLs, Ou/i were ro-a /710:1'E ;7; pcnoerenatanpa end
conclude that a sewede lr cyele ennas-iman- avo rasnito --:ro oephsE,ly acceidoable so snbeEara
for many generations.

4) Tests with blue6ill ov _ a 24-month c:posure osriod shoved -hat sa-caLqal :E_ SE7,_ CO?r,S1*
- els greater than AO t's/1 and that growth -las retarded at 7;-162 (L.Cr7t11 o.? larvae

reduoad as 77 pgil 7nd survival was !es s at 20 and 70 Lg-,1i oer hcsoneoo es
(-CO and a saasonal ra,zso, o: temporature of 13-28°0). 991--.; level o? 40 C,ft was 0-04 al the 96-h

3 -LP50 clue eor this on:oies Idedor Chase conditions.

Similar tests with fathead minnow snoosed for 11 months to CD-01= EOlUti0::S a soft ,rater (hard-
ness 31.4 mg CaCO5; temporature 19-2°C) showed that spawning -potential ras reduced at 18.4 ws./1 Cu
but that at levels up to 10,6 i!g/tI, grouth and reproduction ware normal (ir,eunc sud Stephan )969); tbese
levels were 0.22 and 0.13 of the 96-h LC50 resoectively. Fowever, tests in a hand va,or ,c8 mg/1 as
CaCO ) showed that growth aLa fecundity were unaffected below ths range i4.5 'co 33.0 Cuil which was
0.033to o.o7 of the 96-h L150 IE,5.11,B of 450 ugis o_ouat. 1968).

/-

Comparable data are not availabla for Eurooean species but Grande (1966) found that salmon fry
were unwilling to feed when held in solutions containing 20 'Ls Gail in soft water which was ecuivaleat
to 0.4 of the 21-d LC50 (para. 31)0 Rainba7 trout ke-ot for '17 weeks ot concencratiols of 0,l6 to 0.05
mg Gu/1 (about 0.32 to 0.1 of the 96-h LC50) grsw less rapidly in thc hieher than in che loro: baleen-
trations and controls DeuaoCment of .che Enviroamont, 1973).

ThiLs sho'n hiehast 'levels of copor toa fa _c to prouuce adveese
effects on fish vera (enpress,,,d as f,-ootions of '0he 96-h LC50) betsen O ,nd 0.17 for the o?
brook Cl out sud nainbow troL, ara 0.C, and 0.07 for tha erowth and ropzeductioa o: fathoad ratir_ol7 in
soft and hard water resoscrir717; gronth and ,7nr,,ival of bluegill '7-217a- affectad en

comparable data are aailaPlfe fan Darocsan spac2es.

3.5

Eaoanimants 'che ef he- metals on th ra.a"al ohere-reoentors of common ca-p shcnsd
that a conoencraten of afenzecssd thv, es Cho sugar and salt neceotons
(Hidaka, :970), 2-,so sifoocca rsewelsas o2 zookaye salmon- soh() 7almon (Oncohrynehus hisutch) anE
rainboll in-out co II cc! d.,:praots, aszine aoiEs End hand 7.'::::52Qr on-Cd1r2sished after more Chan 2h
enposure of the fifri a co±centracion of 40 .g 0-01/1 (Hara, 1572)- 'f:owcver, the flatuc. fc,:- ths ddlution
water vas not given in either of these studios. Ths "cough frecucnoyl of brook m.-out was :ound to
increase 7 _thin the rauda to 15 Cuil (water har,daess 45 mg1 as CaL0,, 707 Ge.y,12z-

rature ,.ree.11iise a peak 5 'no 20 h afel onooenne and decreasine th,3raef-ce, et el.,

1973). IS similar, though mole prolonged, transitory response ras fouhd. by For,al sud EUhr (1974) rho
found that las6e-mou 'ceseass (Kicropteras salmoides) enoosed to 100 rz Cu/I ne-0ef has 4 m-amass 5g/1 es
CaCO3, t,msene-cues 2:;c0) 1:CY'S-E366. Choir resooratcny Zriausacy during the .7?rst 3 da:,f-s of erposure with

a grLual 2L:70.1`.2 "co .:_07M.7.1 in 'che following 4, days

Increase Ln or fin snoozed to anb-lechal copper solutions is fs-11 1:1ow.v for ena,mole,

brook trout expossi co cop;sr solution,: of 6 to ;-?5 ,LL7/1 Brammord et al,, 1973) Lacroased their ac6i-
vity Co 4-6 c. of ).".1e controls dur'ng the fira 8 h or enoo7Pre; a-ctivity paverns noturned
tO normal .--ays an thooe fi3la e.71-7,022a o up to 2 g Cu/i. Similarly, brook tnsnt anoosed '-no

copper :s-7,-31: g,._a-cer than 17 ,L,-211 =topped feedLng 012,71 at 12 r.6/1 aa inicial reuosd reading ralo
hi non_ h ribit sensgichly) afta:' 4 days; thoss levels were similar 'so those at which the

survi-ral aeE orook nocut bagan 'so os affea6sd (licKim and Banoit, 1971) (para, 63).



9

ElFAC/T27

70) Sprague (1964b) shoe-ed. that Atl,antic selaen Parr eould detect levels of cower in a eoft Trater
20 mg/ as Ca00,) as lo w as 2.4 tag/1, which '7'Ll3 0,05 G: 'die lethal threahold concentration; in these

laboratory expermente the fi2h acre given a choice of ciec- cr oelluted .aater in a short tuba with a
sharp interface between the tiro solutions, and ie the absenc: of other aGimuli. However, field obser-
vations at a counting fence (eurders, and Sprague, 1967) sheaelal that acluit celmon migrating upstream
were turned back only by much hi-rler concentrat5cas, ceruivalcat to 0.35 to 0.43 of the joint lethal
threshold concentratiom for the miature of ::".i2C and coprer present in the river. Kleorekoper et al.,
(1973) found that goldfish, wilich avoided water with a copper concentration of 10 vgil (total hardness
5.4 mg/1 as CaCO3), were attracted to this water whee the tcazeratare roe increaeed by 1.0 to 1.400
above the acclirdtion temeerahlre and Vals -interaction betexien temeeratrae and copPor provided a stronger
attractant than temperawee alone le other enperimente, TiLae ot al. (1972) fouLd that the charac-
teristics of the copper geeaient were MO23 important in behaviour a*endies than the actual cooper levels
present and that aoldfish, chEeveel catfish and leree,-yeuti, bees cely dieplayed alight dhauses of
behaviour in such solutions; a. concentration of 50 tag 0a/1 ras a sideht aetractant in water of total
herdness 5 m_ as CaCO3 for goldfish and channel catfish.

3.6 Mixtures of poisons

Although mixtures of copper and other heavy metals are apprcnima-tely additive in their acute lethal
toxicity at combined lethal levels (para. 38 to 42), Eaton (1973) found that the specific gub-lethal
effects of copper on fathead minnow - reduced growth and inhibition of secondary se:ma' characteristics -
were only slightly enhanced in the presence of aub-lethal levels of cedmium and sine which produced
other specific sub-lethal effects.

Summary

Much of the 'lark suerlerized in this section is fragtentaay, aael only very general conclusions can
be made. Several aethors indicate the: the sub-lethel ofdects measured in copper solutions are tran-
sitory and persisi for a fea de--m coUld emoly ',het 20M:: aaclimatioa tahes place. Except
for work on thre long-term effects cf coposa eolutioes on the fathead minnow (Yount, 1968) and bluegill
(Benoit, 1975) in hard waters, coacentrations beloa 0.1 of the threshold or 96-h 1,050 appear to exert
no measurable effect.

4. FIELD OBSERVATIONS ON FISH

4.1 Toxicity in natural waters ara se effluents

The majority of the labora;:. imenio reeoeaed no fin---; i;his re72ow have determined the
toxicity of soluble copper to fiT e ia absence of organic matter. Eat, as shown earlier (para. 24
to 29), the toxicity of copper can be re&oced if it is precipitated or compleaed with organic compounds,
both of which can occur in field situations, so that values of total coppea uaually measured may or
may not be Ereater than the ectual toaec aaount peesent. For erample, Beuess et al. (1976) found
that for fathead minino" the 96-h L050 for total coaeer in a nee,ural stream water containing sewage
effluent varied be'tween 1.6 and 2,0 mg/1 (aeies otaLie taste), ehereas the corresponding values for
"dissolved" coppee (after feltaitiea ro a:eleve particied :a3.45 a) acre 0.60 and 0.98 na/1. The water
hardness varied between 8E ad 352 mg/1 ea Ga,C0 aad the pH aelue between 7.5 and 8.5; considerable
precipitation cceurred at the higher hardeeae ad pE aaluss. Ghrenic toets showed that the maximum
level of no observed effect waz between 0,07 and 0.13 cf eha 96-h L050 value for "dissolved" copper,
ana these values asro higher then Yhoss giaen by Ierna (968) for this species, es were the 96-h LC50
values themselves (cf. para. 53).

Laboratory tests oe sewags effluen.e coe÷aiei-g trade 'astc aesidues (Lloyd and Jordan, 1964)
showed that when copper Wa.S 'Cre."2:6 in aelacively hi(11 eencentra-6ioaeChe observed toxicity was less
than that predicted feom the poisona preeant. caperiments with seaage effluents showed that
the toxicity of copoce presen4 -as not eeduced by a censtnnr pr3gartiOn 'Gut varied with the total amount
of copper present (R, Lloyd, comm.). These "slidiue ealuas', aere sacad in the prediction of copper
in river waters contaening cappee-hiaaieg I'LW?;,3 effluents, but ctie general aalidity of such an approach
is doubtful. Zitko et al, (1973) shoaed thao the presence of 10 ag/i humic asid increased four-fold
the 96-h LC50 o2 essener ira soft wease. (';4 rg/1 as 1",o00,) .T.07 feclintic calmen parr; these authors as
well as Montgomery arad Stiff :i971) aecommend the U73(3.f a specific ion electrode for the calculation
of copper torinit:. Stiff (197ia) hao added emino acids and aaiypaa:aidoc to the list of soluble organic
compounds capable of comeleaing coppea. Samilaa coapionimg effiects of humic acid have also been

reported by Grande (966)(paez0 24 to 28).
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GO tlAte; tap 5J caMition of
L050 still fert.hor, se tZie c;s: :50 ni, enlj
250 WI ooppsr. Wilsen (1912) osnoltdes that it io impeccGble to p-alict
natural T-Tatene; even 77iya a spo...,2ic ion cloctredo ther is corei intr,aferae
copper concentrations rEli7 difficefty has been denonstrated by 'Litho A

Recently,P.a,sahopf. (174) here presented 6.tharctehe .ni.o.nlee, no to rrappzht th.:i conclusion
that, in tho absence n2 malto, onley ionic coppar :Ga" _ eniJ fish, an'. increant.pp-
alkalinity 1,c-decor: p-apae-ica c2 cepaar joss prosent. h- -n ['-n. _es Wis.:- end
BroTpi. (1974) obocivel that '6110 coneehrations ofhe;.h coppor oar".-ene;:e :eppe.... ions pe2atse1 to
tho lethal tonicity of copper to rainbeh- troet. Galaani and Ehnche-i ::974) ha ralzbon trovt in
cages in Laho Orta, It--.1.17, in posonco of cap:-anf. 7-trInf that h'he L050 e7,rivod fnom ihte
rel:ting to 5-12°G, pE tre5 aal handn-Jss of 21-26 r n/l (95 percent con-
fidence limits of 60-32 -ehich is in isasonable da-La ir2Tal 2i and 22

42 Comparison of field observations with laboratory data

Boevase of nic Zactors (hiscumod iibv i o unaha_thstic -h2 fina Ache cprrclotion
ha'6wson. field obses-,sAielne ch7 ehe rclation be c. to::ic'ty or fihe, total --oppela coacentratioe
=CSD;; in vary puro. c "2:X2 corcan! os.hpent-E1 ts ec-,p1icated further by
the fact that riven° ah, 11aer.. hh:7,hh ccntain ceenzr chelain sire, sensUmes other
metals ouch es cedyca_it ehh it is ,77:--; c7.122-1. to sepa---. ..e/e1h inetch:nel coneibetion0 when present
in low concentratiohs.

Grande (1966) 1.cenC... that salnoulds wehae pi-aeon:1 in cc :i co:D'-2 )2= .75ptr LeeelJt
may havo been as high aa 60 rs/1 (mol ha.7.-1Ences 2-15 msil as ua00,), ce-en in :he presence of conside-
rable concentrations 0i; Lino; 111.1: co-op.o.r J.C7A lo ths ..a.;;pen the 21-d LC50 of 40 to
60 twt obtained by t1i1,:; enthon nefL 7,7.a0 (14 ml oJ C77.6.7,,, in strears in 1e7t11 Ualos con-
taining copper and zinc anel staUce: Lftcn21voly fon a 7can f-cr IfL-27; 973 (C:c.anp end Tierney, pers0
comm.), modora6ep.:..1hliaAons of bn:na, (Se),eo ,f_lea the 50 and 95 perconile
valeos for the cohcentaJ..acns of tr.W'ah-:] of Kle "1050 for Tonal:en trout- (ia tho
presence of sine al cene2-5iohn coyivnicht '6c, 0.16 r.aa 0.2L: Z9Y tGhhespond1n3 psrcentiles); fish
were virtually absont ;iiOrG the corrospondins. porenotiloc for C.-.:6T.32 ware 0,34 sad 0.78 (in the presence
of zinc equivalen to 0.01 epi 0.02 :or 1he corresoonqin: perch.t:les).

Obsorvations on tl.e dinr.t.r Churnet, 2n:land, showcei hc broz:n bletlhced (Gottus rpbio),
thr3c-spiaed stickleback (past.-a-estous arnIcatus) and minnol7 wore onccent -eherc th: annt..CaT 50 anci 95
percentile values for ',dte concentration of copper vole 24 and 63 re..7:1 (ocro,11rnient to 0.12 and 0.30
respectivoly of thc pr.°_,dicteL 1e-1 lethal concentrarcion. te t2011°O. The median o_ra 95
percentile for tbc eml of oil polintae,..ts 7-'370 0.16 and 0.33 0; '.he LT0, he difference boin largely
attribte.able ;;o sino, Tnc v-7ene-7 alcs._'-ration of organic I L.77Ci 3odl and a aitJcle sample
of soluble coppor thi.r! h-h1 -.hc p)rcent^,-;e cmrehiti-,n' labile copear complonos 61;
Cu00,, 24; sea. -;0; inert lumia an,.1 Gnpric ion 3 (J.F. do L,G SolOG,
pers. comm.). In the L;.'-f17 0113'D `1"-, 111Grie!ly ana industrial wastoo,
data supplied by '6E_ Es,11./hins .1ethori%y o i73 iThlicatcd that mineracm, stickle-
back, roach (dntilu, hErb (Lsuciecus o 4cro the 50 and 95 pc7ce-htile
coma:at:cations of c 50 30rz, (;-a/L z: !zf'al o0,17 ant 0.66 or
dictcd 48-h L050 te hal.n.bo7- tnout Hart and J.S. Llabascah
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5. SUMMARY OF DATA ON ALGAE

5.1 Algnz

Toxic effects of copper on al gaa are usually thoueht to be camecd by ionic copper Steen,en-Uielsen
and Wium-Andersen, 1970) although 3esolub10 cooper Ln contact with alges in culturc may also be to:eic
(Fitzgerald and Faust, 1963). However, under field conditions more copper is 7.'2Crai72.:: for the treat-
ment of blooms in hard water, where much precipitation of ball.) copper carbonato occura, ha ra soft
waters but no precise rnformation is available. Higher concenGrations of copper are generally required
to kill algae in culture thaa to control thein erol-th Le. l'OSCYVOLOS noseibly because in the latter
the ratio of copper to algnl biomass is greater, ahe encene chclating caPacity lowen, and only an
algistatic effect is reeuired.

The effects of copper on algae have beea reviewed by Whitton 1970a The growth of most genera
is checked at 0.1 to 0,4 .g., ?eascott, Haloney 2:21(.1 :;almer, 1956; Nhitton, 1970b) but
concentrations of 0,4 to 2.0 ,73 ane tolerated by cone :eat-anal eoeuaatione (Eutohcr, 1946; Uhitton,
1970a; Bench et al., 1972), COD-2 ir1-0i6E1 Oh0.60S7M1hGGi3 (G=fi'.)1(1 ;9.12; Ste:men-nelson. et el.,
1969; Hassell, 1963) sud receiratioa (Reesall, 1952) of crania:a:a algase he entuat cf the response--
appearing to increase with incnease La the concentration of copper per emit of biomasa (c.g., McBrien
and Hassell, 1967) and with increase in light intensity (nelson, 1969). Temrarature is aleo impor-
tant, work by Windle-Taylor (1965) showing that algal grouth in a PaS02-VOir 172.E MOVZ effectively checked
at temperatures abcrre 6.5°C than at those below it. Horne and Goldn'211 (1974) also showed that uith the
blue-green algae Aphanieomenon and Anabeena nitrogen ira- ion es -ell as photosynthesis --Yes inhibited
in lake waters on the addition of small amounts of corener(5 to 10 y3/1); holeever, ratee in the lake
waters without added copear but already conta/nienn either 2 to 3 ng Cu/1 or 60 to 70 ng Cu/1 were neither
inhibited by, nor related to. the indigenous concontaation o2 coeeer, suggesting that these background
levels were largely chelated and tha t there was little encese chelating capacity available. Chelation
can arise from the preseace of orgaaic as well as inorganic liasade,some of which might be produced by
algae. For example, Anabasna ovlindrica oroduces eolneeepaide in culture able, to biad about 0.3 mg
Cu/mg total peptide nitrogen (Fogg and Wcsnake, 1953); in the absence of nolypsntide 0.5 mg Cu/1
reduced cell movement and 4 mg Cu/1 was lethal -.heroes in its oresence the correseonding concentrations
were 2.25 and 32 mg/l.

In lakes treated for algnl blooms c i 'ions of ! the teee not necessarily uni-
form and soon decline following treatment C. itton, 1970a in practice fish are seldom adversely
affected. However, in rivers, polluted continuously by wastes comtainins copper, the fauna are more
severely affected than the flora (Dutcher, 1946)0 At a concentraeion of 30 eg Cu/1 in Lake Orta, fish
and zooplankton were abenent 'cut algal production on stones :as high (D. Calamari, pers. comm.). Thus,
levels for the protection of fisheries should not necessarily baecd unon those that allow algae to
thrive.

5.2 Invertebrates

a) Acutel lethal values

t ur
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There is abundant information on the effect of copper on aquatic invertebeates,much of which has
been discarded because details of the test conditions, particularly on the water quality, are not given.
Water hasdness, for example, clearly haz a marked effect on the tonicity of copper to invertebrates,
as well as to fish, as shown by Hoch (1951) for the leach,Fisicola geometra. For Daphnia magir the
48-h LC50 is 90 ug Cu/1 (MAlácea and Gruia, 1965) at 21°C in water havina. a hardness of 196 mg 1 as
CaCO3, and 40 ug Cu/l, as interpolated from the results of Anderson (1944), for tests at 250C in water
havig a hardness of 90 mg/1 as CaCO,. these values are consistent with those (5n to 100 Cu/l) found
by Ivekovi. (1932) to be acutely toxiC to Daphnia. eulen at 20°C in water having a hardness of 215 mg/1
as CaCO, and are between 0.17 and 0.25 respectively of the corresponding values for rainbow trout.
D. lone-fseina appears to be more resistant than the other two species of Daehnia (Weber, 1932;
Deschiens et al., 1964) nhile D. hyaline apeears to be quite sensitive (Baudouin and Scoppa, 1974).
With Gammarus 222u221imnaeu. 6 ;Teéks e-;:posure to 280 al/1 at a hardness of 44 mg/1 as CaC0e was fatal

eand a reduction in survival was evident at 15 ug Cu/1 (Arthur and Leonard, 1970).

Some other invertebrates are encepteonally sensitive to copper. The leech, Pisci ola geometra is
adversely affected by a concentration of 8 .z Cu 1 at a hardness of 300 mg/1 as CaCO, and is killed
within 24 h at 40 ee Cu/1 (Poch, 1951), The naid worm,Chaetonaster diaphanus end de pia-al:tonic crus-
tacean, Bythoteephes loneamanns,are killed by a concentration of 4 ;;0 Cu/l, both in water having a
hardness of about 50 mg/1 se GaCO3; for Plenaria gonoceiKeala the nhneshold for acute tonicity in water
of the same haednons is 4-40 eg (Webee, 19e2; data on -7.eter quality furnished by R. GUchter, pers.
COMM.)e For a number of orgezeisme tho lethal concentrations of coeenne era similar to those of rainbow
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trout. Thus, the survival of the snail. Favsa inteara and Ca=)lene decn111,2,1, 15°C in vater having
a hardness of 45 mel as CaCO -;ae, re.dnera mri777-3:72ek ,vI and aas nil or very

-low at 28 CuA (Arthur e3Leonaed, 1970); for the larval mayf17,-. enhvaria,the 48-h
LC50 was 0.32 mg at 180 in 7:ater having a hardnees of 44 mg/1 ae 17,o11, 1969)
and for Heptagenia lateralis the 7-1 IC50 uas aout 0.5 mg Cu/1 at 10°C in CLI' naviag a hardnee of
109 mg/1 as CaCO. Y./le-Pelt anE 11eber, 1958); vhe 60-d LC50 for tha Pais commanis, uas 0.05 mg
Cu/1 at 20°C in liater having a hardness of 320 gli. az

CaCO3
Wo vriab, an,q ,linTis being some-

' -- _ --
What more sensitive Learner end Edvards, 1963).

Other organisms for Ilaich 'L,:3arc are rolo7aut data aopoer CF1'7:1-0 thar trout, e.g.,
the 48-h LC50 for Chc stonefly, ix,:oneupja lvcorias; 7:as 3.3 Ga/1 777' of larvae
of the caddis, Hydropsyche bee"Geni, was 32 mg Owl at 18°C in 7,e,V:7 c,f 'og/1 as
CaCO (Warnich and Bell, 19-59). However, the normal nst-i. o2 T7 ceasod afer 'arpo-
sure3to 1 mg Cuil in water of a hardness of 351 mg/1 as CaGO (ricaaps, -19(3 . rDloiricia worms are
less sensitive than zhe Ia WOYMZ7 ne 8-d LC50 beinm."-3 mg aaving a hardness of 50 mg/1
as CaCO3 (Weber, 1932).

Some planktonic crustacea, for example, Cyclops strenuus are oarbiculy resstant. The decapod
crustacean Orconectes rustiane was killed in 13 days at a concontraion of 1 1 Cui at 200C wi-ia a
hardness of 112 mg 1 as CaCO3 (Hubsch=en, 1967) and Astacus leptodactylus is probably some-Jim-6 100Y

sensitive to this concentration (ChaisemapUn, 1973): a characterjstic delayed moreality of a week Or
a month after e7povaLso to copper sould lead %CY '" underes'.1.aaion of 'ale senaTivity or jhis group.

b) Toxicity of or

12 -

(90) Kapkov (1972), using several -_icies,investigated complexes of copper with pyridine, .41.-

and P-picoline, and 2,6 lutidine '171am to be more toxic tht,Acopper ion alone.

0) Chronically les 0i7Onc. izalues

AZ(91) Levels lower than those tha ore erutely lehal have been shown to be dam Lag to some inverte-
brates: exposure of GaMMaTUS pseu(lolimnacus from one generation to another showed that no young sur-
vived a concentration of 8 Lsg Cuil (0,29 of the acutely lethal value) although there were more young
produced at 2.8 Pg Cu/i Gha n in Glie controls (Arthur Lad Lzoaard, 1970); Biesinger and Christensen
(1972) found a 16 percent reduction in reproduction in Daphnia magua after a 3-;Jee1: emposure to
22 ug Cu I (approximately 0.5 of the 48-h L050 estimated by emtrapoiation from the values given in
para. 85). Biesinger et el. (unpublishedpited in LTation71 Academy of Eziencec,7973) indicated that the
"safe" level for reproducTiör and grown was 5 Llg Cu at a hardness of 45 _ as CaCO3 which is
probably equivalent to abowe 0,7 01' The AS-h LC50.

-

d) Field observations

(92) Few data are availabie Z07 situations 17herc copper is the maza poisoa present. In Lake Orvsj/en,
Norway, in whiCh the hardness vas abont mg/I as CaCO, and the concenrations of copper and zinc
were 0.13 and 0.4 mg/1 sespse17, 2hironomid larvae a feu Planktonic crustaceans were present
while Gainxnaru lacustris, snii inCcCG llfo and. fi2h riere absent. De_ the River Skorovasselv, con-
taining 35 lLg Cu/1 and 15n Za/1, bro;:n ..POW; and caln2r. (abundant in tributaries), snails and most
ephemeroptera riere absen.ì, tut stickleba& and other fauna sud flora riere present (M. Grande, pers.
comm.). In streas,- ia Tortl' Usies coatai-Ang copoer at bet-,Teen 50 amd 99 percent of the total concen-
tration of copper sino, each enpraseed as the fraction of its respective 48-h LC50 to rainbow trout,
and in whiCh the biomass of brown 'Grout -ras markedly reduced anE related to the concentrations of
copper + zinc, thc 1r77ertebrate biomass was not affected Cremer and Uaraer, colm.)

e) Stm,17,

(93) InverteloJatec =y widely ta,, thcir rosistancc to copper, a feu orvaisms beiag at least ten times
and attia and Gae,earus_ tising about five timos as sensitive ao rainbow trout (para. 85, 86 and 90)
but the majority era either similar to or muCh more resistant than trout (Para. 86 and 87). Thus,
while the presence of cerrar 7:oul& be ompacted to produce chL2gee in the species composition this
should not necesaril:) adverzaIy aiTcet the food supply of fish. Indeed, there is no evidence nlat
fisheries in 7rs-or.3 e'ontainkag coppe.? arc adversely affeetcri "e?cLnee of a reduction ta fish food orga-
nisms; oa the coreery, reduction in ti-out biomass has been observed with increase in concentration
of cepper even t:e iaverbebree hiomasee is unchanged (para, 90
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6. SUMMARY AND CONCLUSIONS

Copper is commonly present in polluted surface water onteo together with zinc, cadmium and other
poisons, making it difficult to distinguish its contribution to ay adversa effects found in fish
populations.

Under aerobic aqueOus conditions the cuoric form of onpper t'net 1E -.Present tends to form compounds
and complexes with carbonate and hydronide ions, humic and amino acids (para. 2-5) and is also readily
adsorbed on to particulate material (para. 7), very little being nresent as the free ion (Cu2+) except
in very pure soft waters low in pH value.

Toxi y to fish seems to be attributable to the combined effect of the inorganic forms of copper,
mainly and CuCO , at least in hard borehole water in the pH range 6.5 to 7.5 (para. 6 and 20).
However, analytical fethods do not enable Cu2+ to be measured directly at very low concentrations and
therefore in this report, unless otherwise stated, concentrations are expressed as 'soluble' copper,
i.e., that which passes through a millipore filter of average porosity 0.45P.

The mode of action of copper on fish is not clear but acutely lethal concentrations damage the
gill (para. 10), may affect cell processes (para. 4 and 11) and enzyme activity, cause liver and kid-
ney disorders (para. 55), effects which may also be associated with Chronic toxicity and with elevated
levels of copper in the tisaues (para. 56-58).

Toxicity to aquatic organisms is modified by water quality and, in particular, the lethal toxicity
to fish (para. 21 and 22), invertebrates (para. 85) and alges (para. 82) is reduced by increase in
water hardness. The relationship is best described for rainbow trout at 150C, the 7d LC50 at a total
hardness of 10, 50, 100 and 300 mgA as CaCO3 being 0.024, 0.11, 0.2 and 0.56 mg Cu/1 respectively.

Increase in temperature may shorten the time of survival of fish at concentrations that are rapidly
lethal yet increase it at lower concentrations; however, the LC50 is decreased by reduction in tempe-
rature (para. 15 and 17), the value for rainbow trout at 6°C being 0.3 of that at 15°C. There is
little information on the effect of pH but at a value of 5.6 the time of survival, though not the
threshold concentration, may be lower than at 7.5 (para. 20). Toxicity is increased by reduction in
dissolved oxygen (para. 18) and decreased by chelating agents such as EDTA and NTA (para. 25), hundo
acids (para. 26) and amino acids (para. 27); thus organocopper complexes appear to have little,if any,
acute toxicity. Toxicity of total copper is reduced but that of the soluble copper is increased in
the presence of organic and inorganic solids (para. 29).

100) The early larval stages of some fish tend to be the most sensitive period in the life cycle
para. 31 to 34).

While acclimation to copper has not been observed in the laboratory there is one report sugges-
ting that acclimatization might have occurred in a polluted river (para. 35).

Data from shortterm tests in hard water show that some fish species are more sensitive to copper
than salmonids. For example, the 96h LC50 values for stone loach, rudd, common carp and perch are
0.8, 0.7, 0.7 and 0.3 respectively of the corresponding value for rainbow trout. Tench also appear
to be more sensitive than trout. For pike and eels the values are about six and eight times respec-
tively that of trout (para. 51). Tests lasting several weeks show that the LC50 values for stone loach
and goldfish are about 0.6 and 0.24 respectively of that of trout (para. 54). No reliable data for
comparing the sensitivity of trout and other species are available relating to soft water, to the
young stages, or to sublethal effects.

A significant (24 percent) mortality as found ampon rainlon; trout kept for 17 weeks at 0.6 of
the 96h LC50 (para. 52). Salmon fry were nnwilling to fned at 0.a of the 21d LC50 (para. 31) and
growth of rainbow trout was adversely affecncd ovar a period of 47 weeks at concentrations in excess
of 0.1 of the 96h LC50 (para. 66). These nalues ore coso to those adversely affectirg the growth
of brook trout and the survival, growth and reproduction coF. somc Y-orth American species (para. 63 to
65 and 67); no comparable data, however, are available for Ihe grc73th and reproduction of European
species.

Data on behavioural changes induced by ex-oE to coopen are
to field conditions. There is some evidence th t sioo of the
increase in cough frequency, respiration (para. 68) End ao',ivity, al
observed at sublethal concentrations are only tranaitory. Labor9,'
avoidance by Atlantic salmon of concentrations of copper in soft

ta:f and difficult to relate
of chemoreceptors,

eduction in feeding (para. 69)
)17 svadies have demonstrated
on of 0.05 of the 7-401 LC50 but
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unAer field conditions adult migrat 1.-z. fish were turned back only by much hier concentrations equi-
valent to 0.35 to 0.43 of the combined LC50 of copper .4,.. zinc (para. 70). A concentration of 0.01 mg
Cu/1 in soft water (close to tho 96h LC50 to rainbow trout) wzt avoided by goldfish under laboratozy
conditions unless the temperature Tras sliyltly higher than the acclimation temperature, when it Tres
attractive (para. 70).

Aquatic algae and invertebrates vary widely in their resistance bo copper but ty._er fi Ad con,.

ditions are generally less severely affected than fish (para. 84 ant . While thL p].- _..1:, of copper
may alter the invertebrate species composition this should not ri:, -,, affect the iood supply of
fish and there is no evidence that fisheries in water contailiAz uopper have been adversely affected
because of a reduction in their food.

Measurements of the toxicity of sewa effluents, except in soft wat_ !",..ee from organic matter
and suspended solids, and natural waters show*that acute toxicity is lees ' -bat predicted from
laboratory tests in clean water, probably because of the pre_.-,Je . toxic oomplexes and insoluble
precipitates (para. 24 to 29 and 73 to 76). This may partly5.1JV fish populations have

rlabeen fou where the measured concentrations of copper approan7L the values fo lethal in laboratory
tests. Even in the presence of other poisons moderate populaiess of brown trout have been found where
the annual 50 and 95 percentile values vere 0.17 and 0.38 of the 48h LC50 to rainbow trout, and some
non,salmonid species have been reported where the corresponding alues were 0.17 and 0.66 Tespectively
(para. 77). These values would be somewhat higher expressed as fractions of the median threshold con-
centration rather than as fractions of the 48h LC50.

There is a clear need for the development of more refined analytical techniques to measure the
Chemical states of soluble copper compounds at low concentrations in natural waters to enable better
comparisons to be made between laboratory and field data.

7. TENTATIVE WATER QUALITY CRITERIA

There are fairly extensive data on the toxicity of copper to salmonid fish but in general toxi-
city under field conditions is less than that predicted from laboratory tests except in water low in
organic matter and suspended solids; there are no comparable data for nonsalmonid species. Further-
more, there are virtually no field observations that indicate unequivocally the concentrations of copper
that are not inimical to fish populations or fisheries. This is mainly because of deficiencies in the
analytical data on water quality, an absence of quantitative data on the size and structure of the fish
populations, and the fact that other poisons are frequently present with copper. Again, the best infor-
mation relates to salmonid species, only meagre qualitative data on the presence of fish being avai-
lable for other species.

Since the concentrations of copper in fresh water fluctuate both seasonally and within shorter
time intervals, and fish populations are likely to be adversely affected by particular levels at parti-
cular times of the year, some account should be taken of this in water quality criteria for fish.
However, in the absence of data on the precise erects of copper on fish populations the variations in
concentrations of copper are arbitrarily expressed (as in tha Working Party's reports on dissolved
oxygen and zinc) as the annual percentile distribution. It is possible, however, that peak values
could be more damaging in the rinter than in the summer if,as foung in laboratory tests wip rainbow
trout, copper is more toxic at loy temperatures (the 6d LC50 at 6 C was 0.3 of that at 15 C for rain-
bow trout) and because the sensitive young stages of salmonid species are present at low temperatures.

Field and laboratory data for which analyses ara given only for concentrations of total copper
can be misleading because much of the copper may be present as insoluble particles or may be adsorbed
on to particulate or ic or inorL.Aic matter; analyses of the various forme of copper would be the
most relevant, but methods are not available for the very lcu concentrations important in soft water.
The criteria are therefore expressed Lz "soluble" correr, i.e., the portion that passes through a
millipore filter having an average poesity of 0.45 although it is recoutized that this may also
lead to errors because it could inclui nontoxic curroorganic complexes of low toxicity.

Considering all the data available, it is proposed that tho criteria should be based upon an
annual percentile distribution of water quality expressed as the 50 and 95 percentile concentrations
of soluble copper, and it is suggested that these should be 0.05 and 0.2 of the threshold LC50 res-
pectively. Such Criteria must take io account the hardness of the water. Table I shows the 50 and
95 percentiles for rainbow trout for Eifferant hardness -.mines for which there are wellfounded data,
and these criter!a may be generally e77.plicable to other salmonid soecies,
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Table I Approximate maximum annual 50 and 95 percentile concentrations of soluble copper for rainbow
trout. Adjustments can be made for the presence of organic matter, low temperature, harmfnl
substances and other species (see para. 111)

Water hardness
(mg/i as CaCO3)

10

50

100

300

50 percentile 95 percentile

(46 Cu

1.0*

6.0

10.0

28.0

5.0*
22.0

40.0

112.0

* Higher values occurring naturally where fish are present
may indicate the predominance of soluble organo-copper complexes

(112) The presence of organic matter might allow the values in Table I to be increased perhaps up to
1--fold. The values should be decreased to allow for low temperatures (para. 108) and for the presence

other poisons, and also adjusted to allow forihe different sensitivity of various snecies of fish
(para. 101).
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