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PREPARATION OF THIS DOCUMENT

The background of thig paper is described in the Foreword tc the repert itself. The paper
wag prepared by the Buropean Inland Fisheries Advigory Commission (EIFAC) Working Party on
Water Quality Criteria for European Freshwater Fish with the ccoperation of the United
Netions Environment Programme (UNEP).

The report iz being issued in this meries where the first ten documenis of the Working Party
were published: '"Report on finely divided molids and inland fisheries', EIFAC Tech.Pan., (1)
21 psy 19643 "Report on extreme pH values and inland fisheries", RIFAC Tech.Pap., (4324 ».,
19683 "Report on water temperature and inland figheries based maLnlJ ¢n Slavoaic liter-iure’.
EIFAC Tech.Pape, {6)332 p., 19685 "Ligt of literature on the effeoct of water temperature on
figh", EIFAC Tech.Pap., (8):8 p., 19693 "Report on ammonia and inland fisheries", EITAC
Tech.Pape, 511)312 pey 19703 "Report on monchydric phenols and i-land fxgherieg’, BIFAC
TechePapsy, (15)3819 pey 19725 "Report on dissolved oxygen and inl.nd f.. gherieg", Z7FAC Toch.
Papes (19)210 pey 19735 "Report on chlorine and freshwater fish", (2C:211 p., 17733 "Rencrt
on zinc and freghwater figh", EIFAC Tech.Pap., (21):22 p., 1973; ‘Reporu on copper and fregh—
water figh", BIFAC Tech. Pape, (27):21 p.y 1976+

Digbributions Bibliographic Eniry:

FAO Depariment of Fisheries EIFAC Working Party on Water Quality
FAO Regional Fighery Officers Criteria for Buropean Freshwater Fish
Sslector EI/E only (1977)

EIFAC Tech.Pap., (30):21 p.
Report on cadmium and freshwster fish

Water quality. Cadmium. Lethal limits.
Preghwater fish. Invertebrates. Aquatic
plants. Aquatic weeds.
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Thig iz the eleventh technical paper on wabter gquality criteris for Buropesan fresbwatber
figh for the Buropesn Inland Pigheries Advisory Commission (BIFAC) =~ an inter—-governmenial
organization with a membership of 23 couniries. Ths Commimsion has been active in i%s
efforss o esitsblish waier quality criieris for Buropean freshwaler fish since ils Second
Sepsion, Parism, 1952, when i1 took note of a recommendsbion of the United Hations Conference
on HWater Pollution Problems in Furope, 1961, that BIFAC take the initialive in drawing up
water quality requiremenis with reapect to figheries 1/.

£ wss gtalted in ils firet ten reports on water gquality cri%&ria‘gfg the Commigsion
“soreed that the proper meuvsgement of a river systenm demands thet water of sultable quality
e provided for esch use that iz made or intended to be made of it and that the attalnment
and msintenance of much gualidy is normally to be sought through the control of polluiion.
It wag necessary, btherefore, to know the standards of quslity required for each parbicular
ume in order o debermine the degree of pollution control nscessary and to forscast the
probable effect of augmenied new discharges of efflusnis. It was pointed oul that water
quality stenderds for drinking wabter had been well defined Yy the World Health Organization
(¥HO) and $hat stendards for certain agricultural and industrial uses are also well defined.
However, water qualily criteriam for fish have not received the attention that they deserve.
A11 %00 often, water has been considered quite adequatle for fish am long as thers has been
no obvious moriality which can be asmoribed to known polluianis. Degradation of the agquatic
habitat through pollution end decrease in the annual produciion and subssquent harvest of
figh have ofben passed unnoted.

With such rveamoning in mind, it was agreed that the esgiablisbment of water gquality
criteriz for Buropean freshwater fish be undertaken by the Commission. Thisz was 0 be
accomplizhed by a oritical examinstion of the litersture, and very possibly experimentation
to clesr up contradictions and £ill in gaps of knowledge, followed by recommendations as 1o
dssirable requirements for various aguatic ovganisms or groups of agquatic organisms with
regpect to the various quslities of watber. The finsl coriteris were to be published and
given wide digsemingtion.”

To gecomplish this basgk, the Sscond Ssssion of the Commission sppointed o Working Pardy
of experts selected on the basis of their knowledge &F physicsl, chemical and biologiecal
requirements of Buropean freshwaber figh in relstion fo the topica to bs siudied.

Thisp Working Pardy prepared its first report on finely divided molida and inland figh-
- s (> = . - . . S - - P . - " .
eries (mee footnote é/} which wae submitted to the Commission gt its Third Zession,
Scherfling am Mondsss. 71964, where it was unsninmously spproved 3/.

The Third Session then suggesied that the following situdies be congidered by the
Horking Periys

1/ Sse, respectively: EIFAC Repori, Second Session, 1962, p.21-2; UN (1961) Conference on
Water Pollution Problems in Furope, held in Geneva from 22 February %o 3 March 1961,
Documents submitted to the Conference. Volse. I-III, United Nations, Geneva, 600 p.

2/ Report on Finely Divided Solids and Inland Fisheries, BIFAC Tech.Pape., (1):21 p., 1964
~ Report on Extreme pH values and Inland Fisheries, EIFAC Tech.Pap., (4)318 p., 1968
Report on Water temperature and Inland Figheries based msinly on Slavonic Literature,

BIFAC Tech.Pap.s (6):32 p., 1968

ligt of Literature on the effect of Water Temperature on Fish, oy (8)28 pe,

1969 ‘

Report on Ammonis snd Inland Pigheries, EIFAC Tech.Pav., (11312 pe, 1970
Report on Monohydric Phenols and Inland Pisheries, EIFAC Tech.Pap., (15):18 p., 1972
Report on Dissolved Oxygen and Inland Fisheries, EIFAC Tech.Pap., (19)310 pey 1973
port on Chlorine and Freshwaber Fish, EIFAC Tech.Paps; (20)311 pey 1973 .

ort on Zinc and Preshwater Fish, EIFAC Tech.Pap., (21)222 pey 1973

ort on Copper and Freshwater Fish, BIFAG Tech.Pap., (27):21 p., 1976
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3/ BIFAC Report, Third Session, 1964, p-11
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- water temperature (including a veview of the effect of hested discharges):

- diggolved oxygen and carbon dioxide: pH, toxic subsbances including heavy metalg,
phencls, pesticides and herbicides.

Eleveted temperature wag given first priocrity, and s draft on this subject was prepared by
the Working Party during the following inter—sgessional period. (A% the Third Session the
work of the Commigsion was re—organized inte three Sub-Commisgsions, one of which, Bub-
Commimgion III -~ Figh and Polluted HWater — regrouped all the activities of BIFAC in +ths
field of water pollulion. The Horking Party on Water Quslity Criteris for Buropean Fresh-
weter Figh has since functicned under this Sub-Commission.)

The Pourth Sesgion of the Commisgsion, Belgrade, 1966, after having studied the firzst
draft of review of literaiure on the effects of water iemperaiure on aguatic 1ife concluded
that such g review required more effort than the resources of the Commission permitied a2t
the time. Mesnwhile, it suggested that a waler quality report for exbrems pH veluss bs
prepared for the next Sesgsion of BIFAC, and that a report on dissclved oxygen be prepaved
when funds become available for a full-~time consultant 4/.

The report on exbtreme pH velues and inland fisheries (see fastﬁgielgj} was published in
1968, in time for p?egin%aﬁien at the Pifth Session of BIFAC, Rome, 1968, whers it was
unenimously approved 2/ .

At its Fifth Session the Commissgion again reviewed priorities for fulurs studies and
decided to underiale critical reviews on the effecis of ammonia and phenols on freshwaisr
fighes.

It algo recommended that guldance as to its fubure work in the fisld of wated pollution
control, including the development of water quality criteria, be taken from the FAO/EIFAC
Sympogiunm on the Wature and Exdent of Water Pollution Froblems affecting Inland Fisheries in
Burope which wag later held in Jeblonna, Poland, 15-16 ey 1970, jumt before the Sixth
Segmion of EIFAC.

The FPifth Session also approved in draft & report on watber temperaturs and inlend fisgh-
eries based meinly on Slavonic literalure. The report was publizhed in Wovember 1968 as the
third in the EIFAC water quality oriteris series, and was followed in 1969 by the fourth
publication in the series, & ligt of literaiture on the effect of water tempsrature on fish.
(see footnote 2/ for both papers.)

Following the Jablonns S§mpcgium<§/g the Sixth Ssseion of BIFAC, Krakow, 1970; again
reviewed the Commission's programme with respect o waber gquality criteria I/. Noting that
a report on ammonis was almozt complete, i1 approved continuance of work on phencls, and the
current work begun by the Working Party on copper, zinc and mercury, and recommended the
addition of cyanides, detergents. chlorine and hydrocarbons as items for fubure reviews. It
gigo recommended eventusl resumplion of work on water tempersture and the prepag tion of &
review based on critical worldwide report on dissoclved oxygen prepared for PAC m%Q

Afber The Sixth Sessgion of BIFAC, the EIPAC Working Parity has published reporis on
gmmonis and monohydric phenolg as the fifth and gixth reviews in this BIFAC series of wstbe
quality papers 2/ which were presented to the Seventh Session of EIFAC (Amsierdam, 1972 §/§
where they were unanimously spproved.

§7kEIFAC Report, Fourth Session, 1866, p. 12
EIFAC Report, Fifth Session, 1968, pp.14~5

6/ Holden, A.V. and R. Lloyd {1972), Symposium on the Nature and Extent of Water Pollution
Problems affecting Inland Fisherisg in Burope. Syanthesis of Nationsl Reporis, EIFAC Tech.
Papes (16)320 p., 1972
EIFAC Heport, Sixth Session, 1970, p. 13
Doudoroff, P. and D.L. Shumway {?97@)9 Dimsolved Uxygen Requirements of Freshwater Fishes,
FAO Tech.Pap., (86)3s291 p.

9/ BIFAC Report, Seventh Semsion, 1973, p. 18
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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 dimsolved oxygen, chlorine and zinc have been publisghed as the seventh, eighth and
ninth reviews of this series 2/ and were approved by the Eighth Session of EIFAC (Aviemore,
Scotland, 1974) 19/. The Eighth Session gave priority to cadmium as the subject of the next
report. It recommended in addition (i) that all completed reports should be updated where
necessary and offered to a publisher for printing in a single volume and (ii) that research
in the field to provide information essential for the formulation of water quality criteris
ghould be encouraged by EIFAC.

After the Eighth Session, the EIFAC Working Party on Water Quality Criteria drafted
reviews on copper and cadmium, which were studied at its fourteenth and fifteenth meetings
held in Oslo (20~21 May 1975) and Helsinki (9—10 June 1976), respectively. The repori on
copper and freshwater fish was published as the tenth review of the series 2/ and approved
by the Ninth Session of BIFAC (Helsinki, 9-15 June 1976) 11/,

The eleventh review which follows is the one on cadmium and freshwater fish. For the
preparation of this report, the following experts were appointed to the EIFAC Working Party
on Water Quality Criterias

Mr J.S. Alabagter EUnited.Kingdom), Convener
Ir W.K. Besch Germany, Fed.Rep.)
Dr D. Calamari (Italy)

Dr M. Grande (Norway
Dr T.B. Hasselrot (Sweden
Mr R. Lloyd United Kingdom), Rapporteunr
Dr A.W. Lysak Poland)

FAQ Secretariat

Mr Je~L. Gaudet — Secretary of EIFAC

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

"Hater quality criteria for freshwater fisgh should ideally permit all stages in
the life cycles to be successfully completed and, in addition, should not produce
conditions in a river water whioh would either teint the flesh of the fish or
cause them to avoid a stretch of river where they would otherwise be present, or
give rige to accumulation of deleterious subsiances in fish to such a degrees that
they are potentially harmful when consumed. Indirect factors like those affecting
figh~food organisms must also be congidered should they prove to be important.”

Thig reg§rt will be presented to the Tenth Session of EIFAC (Hamburg, Germany Fed.Rep.,
June 1979) .

10/ EIFAC Report, Eighth Session, 1975; p-11
11/ EIFAC Report, Ninth Session, FAO Fish.Rep., (178):p.T
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SUMMARY

Cedium is widely umed in industry and smell quantities are discharged to surface fresh
waters; natursl background concentraiions are usually below 1 ugyi and higher levels have
been found in polluted wabters. A4 substantial proportion of the cadmium in a river water is
adgorbed onto solids in suspension but only the soluble forms of cadmium are toxic to fish.
The concentrations at which soluble cadmium is present in natural and polluted waters are
close to the limits of measursment and this caunses difficulties in defining and interpreting
field data. Little is known of the toxic action of cadmium to fish. The metal is accumu-
lated predominantly in the gills, liver and kidney, but the significance of the levels found
to the funciioning of these organs is not clear although there is zome evidence that the
osmoregulatory role of the gills and kidney may be impaired. Cadmium is slowly lost from
the tissues when Fish previously exposed to cadmium are returned to clean waber, but loading
can occur in a short period of time causing death seversl days later.

bLeoute and chromic toxicity tests with sensitive species of fish have given conflicting
results which may have been caused by the variable and unusual ooncentra%ion/fesponse curve
or errors in measuring concentrations of soluble cadmium, Concentrations lethal after at
least 10 days exposure can be up to 100«fold less than those lethal in 2 to 4 days, and if
a threshold lethal concentration exists, it is 11l defimned. Several envirommental factors
influence the posgition and shape of the conceniraﬁion/fesponse curve. A decrease in water
hardness and dissolved oxygen and possibly in pH wvalue, produces a lower LC50; changes in
temperature and salinity may also affect cadmium toxicity.

The sensitivity of different spscies of fish is more variable for cadmium than for other
common polluteants but comparisons between data are difficult to make because of differences
in water quality =nd exzposure times. However, of the few species tested, salmonids are more
sensitive than cyprinids (with the possible exception of carp), with pike occupying an inter—
mediate position. Juvenile stages appear to be the more sensitive.

Few sub-lethal effects of cadmium have been observed. HMinmows have heen shown 1o develop
spinal deformities and in rainbow trout the development of ova can be impaired. Increased
activity of male brook trout during spawning in low concentrations of cadmium has led to
increased mortality.

Salmonid fish sppear t¢ be more sensitive than those other componsnts of the aguatic
biots which have been tested. Some species of imvertebrates such as Daphnia magns and
CGemmarus fossarum sppesr to be as sensitive as salmonids, but most others are much more
registant. Some species of agusbic plants grow more slowly in concentrations of cadmium
which are close to the limits for the survivel of fish, but the majority of plants appear

to bs very resisiant.

Tew dats exist on the status of the fish fTauns in surface waters polluted with cadmium,
although theres ig some evidence that brown trout were absent from waters where the cadmium
concentration was predicied to be harmful on the basis of laboratory experiments. Minnows
were also found ait concentrations predicted o be harmless io rainbow trout.  Howsver, rivers
polluted with cadmium also contain other pollutants, especially heavy mefals, and although
some of these have been shown to be sdditive with cadmium in their joint toxic action, thers
iz mome evidence that zinc may have an antagonisitic effect.

‘On the basis of a critical examination of the available datae (summerized in paras. 77-99),
tentative criteris for dissclved cedmium can be propomed as follows:



EIFAC/T30
Table 1

Approximate maximum amnual 50 znd 95 percentile comcentrations of
soluble cadmium (pg Cd/1) for freshwater fish. Adjustment should be made
for the presence of other harmful substances, low concentration of
dissolved oxygen and other species

Water hardness (a) Rainbow trout (b) Perch
(maz/1 as CaCO3) 50 percenmtile | 95 percemtile | 50 percentils 95 percentile
10 0.3 0.6 10 20
50 0.4 0.9 15 30
100 0.5 1.0 19 38
300 0.75 1.5 25 50

Values for common carp should be taken to be the same as those for rainbow irout pending
further data on long-term effects. The corresponding values for brown trout and pike appear
t0 be about twice as high as those for rainbow trout while those for the more insensitive
non-salmonid fish such as perch (Table 1) and minnow would be about thirty eight times
higher.

The values in Table 1 should be decreased to allow for low concentration of dissolved
oxygen and for the presence of other poisons.

There is a need for reliable field data from polluted and unpolluted rivers and from
semi~artificial experimental aquatic ecosystems, to reinforce these criteria. Such studies
are particularly necessary to establish the maximum concentrations associated with flowrighing’
populations of resistant coarse fish species, and the modifying effects of other pollutants,
especlally zinc, in the water.

The concentration of cadmium in the muscle of fish exposed for long periods to low con
centrations of cadmium in the water under either laboratory or field conditicns is highly
variable and can be between 1 and 1 000 times higher (om a dry weight basis) end 0.1 and
100 times higher (on a wet weight basis) than that in the water, i.e., <1 mg Cd/kg miscle
(dry weight) or <0.1 mg Cd/kg muscle (wet weight) of fish from water conteining 1 ng C3/L.
The reasons for these wide differences are not known.
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1.  INTRODUCTION

1.1 Source of Cadmium

(1) Cadmium is a rare element and is usually found as an impurity in ores of other
metals, principally those of zinc. It is obtained as a by-product in the refining of zinc
and. copper, bul small quantities can remain as impurities in these and other metals. I+ is
present in low concentrations in soils, sandstones and shales from which it is leached only
very slowly imto surface water (Bowen,1966) and is also present in some phosphate fertilizers.
Because of its many industrial applications, chief among which is electroplating, it is often
present in manufacturing industrial discharges. Other sources of surface water contamination
include rainfall with airborme particulate matter (e.g., from the burning of fossil fuels,
including emission from vehicle exhausts), corrogion and erosion.

1.2 Chemistry of Cadmium in Preshwater

(2) The chemical properties of cadmium are intermediate between those of zinc and
mercury and consequently cadmium compounds are predominantly ionic in character. Cadmium
occurs in the moderately electropositive oxidation state two in aqueous solution so that2+
reduction cannot occur in water containing dissolved oxygen. The hydrated ion (Ca(H 0)s"")
is stable in aqueous solution, iz not readily hydrolyzed and is far less amphoteric fhanm the
corresponding zinc ion. Organocadmium compounds (i.e., those with metal-carbon bonds) are
known but are far less important in the environment than those of mercury and are not stable
in agqueous solution.

(3) Cadmiuvm canm form a wide variety of soluble complexes. Complexzation in freshwater
has been estimated from stability constants published by Weber and Posselt (1974) and
Elder (1975), and has been studied experimentally using the specific-ion electrode by
Gardiner (1974a) and using anodic stripping voltammetry (ASV) by, for example, O'Shea (1972).,
The humic complex is usually the most important in water containing organic matter (deriving
either from decayed vegetation or from sewage effluent) but complexes with the carbonate,
sulphate, chloride and hydroxide, and with chelating agents such as ethylene~diamine tetra-
acetic acid (EDTA) and nitrilotriacetic acid (NTA),may also be present. However, the free,
uncomplexed lom can normally be expected to predominate over cadmium complexes especially
in uwnpolluted soft waters of relatively low pH value (Gardiﬁer, 1974a).

© (4) The solubility of cadmium in natural waters and the rate of precipitation have been
gtudiei by Weber and Posselt (1974) and Hem (1972). In aerobic natural waters the carbonate
is vsually the least soluble salt at concentrations greater than 10 pg Cd/i, precipitation
may ocour within the pH range of approximately 8.5 to 11; where soluble cadmium is present
the principal route by which the metal is removed from solution is by adsorption. The ten-
dency of cadmium to be adsorbed om naturally ccourring solids has been studied by
Gevdiner (1974b). Cadmium ions are adsorbed onto solid humic materials to a far greater
extent than onite clay or pilica particles. The reduction in the dissolved cadmium concen—
tration observed during biological sewage treatment (Oliver and Cosgrove, 1974) is caused
by adsorpbion on solids, and a large proporiion of the cadmium transported in rivers is
carried on solid particles (Williams, 1973). The distribution of cadmium in an eutrophic
lake has been studied by Mathis and Keverm (1975).

13 Anslvtical Methods

(5} The mein analytical techniques used routinely for determining cadmium im natural
waters are atomic absorpiion spectrometry (AAS) using comventional flame excitation
(Buwata et al., 1971) and preceded if necessary by solvent extraction and concentration,
flameless AAS with graphite furnace (Rattonetti, 1974) and colorimeiric methods (e.g.,
American Public Health Association, 1971). All should be capable of a detection limit of
at least 0.1 pg/i under favourable condifions but normally comventional AAS would be used
when the cadmium concentration is at least 5 Qg/i to avoid preliminary solvent extraction.
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Other techniques used have included: ASV (Gardiner and Stiff, 1975) which also has a detection
limit of approximately 0.1 wg/i but is operationally difficult; neutron activation analysis;
IL-ray fluorescence; fluorimetry; flame photometry and optical emission specirometry.

(6) Concentrations of cadmium found in surveys of European and Norith American fresh
waters uncomtaminated by any kunown point sources of the metal are usually between 0.07 and
0.5 wg/l (Henriksen et al., 1976).

(7) Because of difficulty both in measuring cadmium at the concemtrations usually
found in water and in identifying the Torms relevant $o its toxicity o fish and other aguatic
organisms, particularly under field conditions, much of the published data on cadmium in waber
and on other relevant water quality characiteristics are insdequate. Comparison between the
results of field and laboratory studies must be made with care. In meny cases the concen=
trations used in laboratory tests are well above the golubility amd often the nominal concen-—
trations used are not checked by chemical analysis. Alse, differsnces in the interval between
meking up test solutions and indroducing fish in static tesis and in the mesn retention time
in continuous flow tests, could result in differencesin the chemical conditions to which the
test fish are exposed.

2. ACCUWULATION OF CADMIUM IN FISH TISSUES

2,17 Laboratory Experiments

(8) Mount and Stephan (1967) using bluegill (Lepomis macrochirus) found that cadmium
accumulated maximally in the kidney, liver, gill and gut, to 2 lesser exfent in the spleen
but not significantly in bome or muscle. The uptake curves indicated that within 30 fo
60 days equilibria were established between the concentration of cadmium in the water and
those in the tissue. Equilibria were zlso found to occur after about 2 months in bluegill
and largemouth bass (Micropterus salmoides (Cearley and Coleman, 1974) and in flagfish
(Jordanella floridae) (Spehar, 1976).

(9) Similar results have been obtained by Kumuda (1972) using rainbow trout (Salmo
goirdneri). Calameri and Marchetti (in press) exposed raimbow trout to 50 pg 04/l (water
hardness 320 mg/i as CaCOB) for 120 days and found the metal 4o be accumilated in various
orgens with equilibrium reached after 80 days. The increase {on a wet weight bagis) was
about 30-fold in the blood and liver (0,12 to 3.4 mg Cd/kg), 80-fold in the gill and 100~
fold in the kidney (0.17 to 16.5 mg Cd/kg}. Concentrations found in the muscle were about
0,030 mg Cd/kge These fish were spparently in good health. When the fish were returned to
clean water the concentrations of cadmium fell by 50 percent in the gill after 7 days and in
the liver and kidney after 50 days; normal values were reached in all organs 'after 80 days.

(10) V.M. Brown, D.G. Shurben and W.F., Miller (personal commnication) kept rainbow
trout for 65 weeks in nominal comcentrations of 2, 5 and 8 pg C3/1 and found 2 minimal
degree of accumulation in muscle and no trernd with time. Accumilation factors for muscle,
liver and kidney (on a dry weight basis) at the end of the period were no more than about
500, 3 000 and 10 CC0 respeciively. The concenbration factor inm the gills of fish kept for
3 days st 1 mg oa/i (equivalent to the 4 to 5 day LGS0 for rainbow trout) was 20 for rainbow
trout and about 3 for roach (Rutilus rutilus) and perch (Perca fluviatilis) (Department of
the Environment, 1973).

2.2 Field Observalions

(11) Lucas et al. (1970) sbudied trace element conmcentrations in various species of
fish from the Great Lakes using neutron activation analysis and found = median value for
cadmium of 0.094 mg Cd/fkg for whole (wet) body and 0.4 mg/kg for concentrations in the (wet)
liver. Uthe and Blight g?971} using atomic absorpiion spectrvophotometry found less than
0.05 mg Gﬁ/kg for whole (wet) body analyses of different species of freshwater fishes with
no differences between fish from industrialized and non-indusirisliszed aveas.
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(12) Fish from New York State comtained about 0.02 mg Cd/kg in (wet) eviscerated body,
with'only a few individuals having levels up to 0.7 mg/kg (Covelt et al., 1972).

(13) Comparable surveys have not been carried out in Burope but Jaakkols et al. (1971)
found 0.003 mg Cd/kg in the wet muscle of pike (Esox lucius) in a "clean" area and between
0.004 and 0,013 mg/kg in fish from a "polluted” area in Finland. Values for the liver and
kidney in these Fish were 0,028 40 0.055 mg/kg and 0.153 to 0,232 mg/kg respectively for
the clean area and 0.034 %o 0.113 mg/kg and 0,169 4o 0.339 mg/kg respectively for contami-
nated areas.

(14) & sample of 10 brown trout (Salmo trutta) from the River Churnet, England, where
the median and 95 perceniile values for cadmiuvm in membrane~filtered samples of water taken
over a 44=month period were 3 and 6 pg Cd/i, contained average values of 1.4, 4.0, 6.3 and
17.7 mg Cd/kg dry weight in the muscle, liver, kiduney and spleen respectively
(J.Fo de L.G. Solbé, personal commmnication). Somewhat similar results (0.1, 1.1, 15.4 and
15.7 mg Cd/kg dry weight respectively) have been reported by R. Huddart and H.A. Hawkes
(personal communication) for reinbow trout kept for 3 months in an outdoor chammel containing
river water in which the 50 percentile and 95 perceniile concentrations of cedmium were 2 and
and 4 pg Cd/i respectively. The concentration factor for the cadmium in the muscle on a dry
weight basis is thus about 470 for the brown trout and 50 for the rainbow trout in these
two studies.

(15) In Lake Ringvatnet, Norway, where the median and 95 percentile values of cadmium
were 0.6 and 1.4 pg C&/i, the concentration of cadmium in the muscle of char (Salvelinus
alginus) and brown trout was about 0,03 and 0,075 mg/kg dry weight respectively (M. Grande
and K.W. Jensen, personal communication), i.e., & concentration factor of about 50 and 125
respectively.

(16) In the River Flsenz, Pederal Republic of Germany, where the average reporited concen—
tration of cadmium over 2 months' period was 0.5 pg Cd/1, the concentration of cadmium ‘
in the wet muscle was 0.04 mg/kg for a one-ysar-old raimbow trout and 0.05 mg/kg for two
gsiz~year-cld roach; where the concentration inm the water was 0.9 pg Cd/i, the concentration
of cadmium in the whole (wa%% body of two 3-spined siickleback (CGasterosteus aculeatus) was
about 0.1 pg/kg (Prosi, 1976). Mach higher concentrations were present in the kidney and
liver.

(17) In no case has a pogitive correlation been noted between cadmium concentraiion and
size or age of the fish.

3e LETHAL EFFECTS ON FISH
3.1 Hode of Achion

(18) Calamari and Marchetti (in press) suggested that the toxic effect of cadmium cannot
be attributed to one or another of the different chemical forms of the meital in solution but
that probably all the Ysoluble' chemical forms are of similar toxicity (i.e., that passing
through a filter having a porosity of 0.45 um).

(19) Byperplasia and necrosis of the epithelium of the secondary lamellae of the gill
ocourred in rainbow trout sxposed to 10 mg Cd/i, but gill damage was less evident at
0.01 mg Cd/1 (Ministry of Techmology, 1970). Bilinski and Jonas (1973) observed exbtensive
degeneration of gill structure in this species after exposure to 1.12 mg Cd/i for 24 h in
very sofi water {4 mg/i as CaCD3)@ They found detachment of the epithelial layer, hyper—
trophy and hyperplasia of the interlamellar epithelium and also a significant (60 percent)
depression of lactabte oxidation in excised gill filaments from surviving fish. Exposure
to a lower concemtration (11 ug Cd/i which caused a 75 percent mortality in 96 h) did not
vesult in dstectable reduction in the oxidative activity.



EIFAC/T30

(20) The liver, heart and brain can also be affected by cadmium (Ministry of Technology,
1970, 1973). Cardner and Yevich (1970) found pathological changes in kidney and inmtestinal
tract and o rapid increase of eosinophil levels in the blood of mummichog (or killifish)
(Fundulus heteroclitus) exposed to cadmium, and suggested that death was caused by impair-—
ment of respiratory and extrarenal function through reduction in respiratory surface.

(21) Changes in the activity of some liver enzymes of this species were observed by
Jackim et al. (1970). In vitro, the alkeline phosphatase (ALP) activity was the most sensi-
tive to cedmium, but in vivo this was not different from that of the comtrolj on the other
hand, the in vivo activity of acid phosphatase, xenthine oxidase and catalase was signifi-
cantly depressed inm fish surviving short exposure to the 96 h LC50, In vitro, cadmium is
also able %o imberrupt energy production in the liver mitochondria of bluegill by blocking
oxygen uptake at a concentration of 0.37 mg Ci/1 (Hiltibran, 1971). Much higher levels
(420 4o 1 000 mg/l) are required to induce imhibition of plasma lactate dehydrogenase (PLDH)
and plasme glutamic oxalacetic transaminase (PCOT) in white sucker (Catostomus commersoni
(Christensen, 1971). However, the same author found a statistically significant decrsase in
weight, an increase in protein content, and an increase in activity of acetylcholinesterase
(4CH) in alevins of brook trout (Salvelinus fomtimalis) held in 0.7 and 3.4 pg C4/1 in sof%
water; at the higher concentration he found an increase in activity of PGOT and ALP
(Christensen, 1975).

(22) Larsson et 21, (1976) exposed flounder (Platichthys flesus) for 15 days to sub~
lethal concentrations of cadmium and found a reduction in the size of the liver, anaemla,
alteration in carbohydrate metabolism (increased blood sugar and liver g%zoogen and reduced
blood lacgite and muscle giycogen) and increased plasnma Na+, 01“, and Mg and reduced plasma
¥ and Ca” . Increased concentrations of calcium and zinc and reduced concentrations of
copper in the liver and redunced concentrations of caleium in the bone wers found inm several
rainbow trout after exposure to 8 u% Cé/i for 80 weeks (V.M. Brown, D.§. Shurben and
W.F. Miller, personal communication); changes in the calcium concentrations suggest an
alteration of calcium metabolism which might explain the suppression of maturabtion found in
the females (Water Research Centre, 1975}, Cadmium-induced ionic imbalance could also
explain neuwromiscular disturbances, hyperexcitability, comvulsions and tetany observed in
figh by various suthors (Cearley and Coleman, 1974; Eaton, 1974; Benoit et al., 19763
Spehar, 1976) and also perhaps the degeneration of muscle fibre (Depariment of the Environe
ment, 1973) and lesions in the spinal cord (Bengisson et al., 1975). The latter authors
atbribute the high (30 percent) incidence of spinal damege in minnow (Phoxinus phoxinus)
to the continuous tension of opposing miscles brought about by prolongaition of the muscle
action potential caused by cadmium. Spinsl deformities have also been described in a large
proportion of fish ("Tribolodon') that died after nearly 15 months exposure to 5 ug Cd/i
(Wakamura, 1974).

(23) Inflammation of +the pancreas has been found in roach surviving exposure to
9.0 mg C4/1 for 50 deys (Department of the Enviromment, 1973),and changes in carbohyirate meta~
holism in flounder were abiributed to pancreatic disorders (Larssom, 1975). Histological
changes have been demonstrated in blood-forming tissues of raimbow trout (spleen) (Ministry
of Technology, ﬁ970} and mummichogs (head of kidmey) { Gardner and Yevich, ?%?GEg Samgelang
and O'Halloran (1972) found testicular damage with extensive haemorrhagic nscrosis and a
reduction in in vitro synthesis of androgen (11 ks%es%gra&e} in brogk trout.

(2@) Irveversible lethal effects appsar o have besn caused in rainbow trout within
24 h when exposed to the 48h LOS0 value and within 48 h when exposed to the G-day LS50

(paragraph (25)).

(25) Cadmium has been found in fish tissues in leboratory experiments with fish exposed
to kmown agqueous concentrations (paragraphs 8 %o 10) and in fish caught in polluted waters
(paragraphs 13 to 14) but little is known of its significance in causing disorders or impair-
ment in funciion in organs though concentrations there may be much higher than in normal
tissues,
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(26) Tt appears that damage to the ion-regulating mechanisms by cadmium is more likely
to be the cause of death than respiratory impairment or damage to the nervous system
{Ceariey and Coleman, 1974), but the precise toxicology of the metal to various species of
figh, and the cause of the wide variation in species sensitividy have yel to be clarified.
Further information is given in paragraphs (53) to (56).

3.2 Factorg Affecting Lethal Levels

(27) Ball (1967) found that the relationship between the logarithm of the median period
of survival of rainbow frout and the logarithm of the cadmium concentration was described by
a sloping straight line over the range 1 to 64 mg Cd/i, and by g horizontal line over the
range 0.01 to 1.0 mg Ci/1. Later investigation showed that the linear relation in the latter
range had a slight slope, survival time being highest at low concentrations (Department of
the Environment, 1972); +the slope varies with envirommemtal factors such as water hardness,
dissolved oxygen concentration (Calamari and Marchetti, in press) and temperature (M. Grande,
personal communication) and with different species of figh; with goldfish (Carassius carassius)
for example, the slope is such that the 2, 4 and 10 day LC50 values are quite similar to each
other (A.H. Houston and C. McCarty, persomal commnication). The flatness of the toxicity
curve for rainbow trout, also found in another test (Ministry of Technology, 1968), may contri-
bute to poor replication of test resulis. However, additiocnal problems of defining the amount
of readilyearailable toxic material in test aguaris are caused by the low solubility of cadmium
in moderstely hard waters of high pH value (see paragraph (25)). The median asymptotic value
(or medisn threshold concemtration) for cadmium is difficult to estimate for some species
becanse it may not be evident until after several months of exposure have elapsed. Concen—
trations lethal in a few days may be up to 100-fold higher than those causing mortality in

long~term experiments.

(a) Temperature

(28) There are few data available on the effects of temperature on the toxicity of cadmiums
with Atlantic salmon (Salmo salar) M. CGrande (personal commmnication) found that the S5-~day =~
LC50 at 4°C and 10°C in a soft water Was about 1 000 pg G/l and 50 pg Cd/L respectively
although the corresponding 24-h LGS0 values were virtually identical., (reater toxicity atb
high temperature has also been found by Eisler (1971) (paragraph 34).

(b) Dissolved oxvzen

(29) Calamari and Marchetti (in press) used rainbow trout acclimated for ome week %o
dissolved oxygen at 40 percent of the air saturation value and found a decrease in survival
time in comparison with fish held at the same cadmium concentration at 100 percent air satu—
ration, and a slight reduction of about one third for the LC50 values at 4 to 40 days.

(30) on the other hand, Voyer (1975) found that the 24-h and 96-h LG50 of cadmium to
mummichog were not significantly different at levels of dissolved oxygen between 4 mg/i and
the air saturation value, to which the fish were acclimated for less than 2 h.

{¢) oH value

(31) There is no information published on the effect of pH on the tozicity of cadmium
but Pickering and Gast (1972) report a personal communication of R.W. Andrew who found that
cadmium had the highest acute toxicity at high pH value despite the fact that in hard water
with alkaline pH values cadmium is precipitated from solution (Pickering amd Gast, 1972;
Baton, 1974) (see paragraph (4)). On the other hand, preliminary studies (V.M. Brown and
D.G. Shurben, personal communication) have shown that a concentration of 4 mg Gd/i is not
lethal to raimbow trout within 10 days at a pH of ﬁ,@ but is lethal with a few days at
pH 7.2 in water having a hardness of about 280 mg/l as CaCO3.
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(d) Hardness

(32) Brown (1968) produced a curve showing a positive relation between the logarithm of
the 48-h LC50 of cadmium to rainmbow trout end the logarithm of the weber hardness, Celamari
and Marchetti (in press) comfirmed the relationship with alevine acclimated $o the test water
hardness, the 48-h LC50 being about 0.12, 0.44 and 3.8 mg Cd/1l at a water hardness of 20, 80
and 320 mg/l as CaCO3 respectively. This is in reasonable accord with the 75 percent mortality
of rainbow trout in 4 days at 11 ng/l observed by Bilinski and Jonas (1976) at a hardness of

4 mg/l as CaCO3,

(33) Recent investigations have shown that the long-term toxicity of cadmium to rainbow
trout increases with decrease in hardness of the water; at a itotal hardness of 14 mg/i
(as CaCO3) the 42-day LC50 was 6 ug Cd/1 compared with 15 ug Cd/1 a% a total hardness of
250 mg/1 (as CaCO3) (Department of the Emviromment, ?976%. A marked effect of hardness on
the toxicity of cadmium ‘o goldfish has also heen demounstrated by L. MeCarty and A.H. Houston
(personal commwication) using a static test procedure; the 10-day LC50 values were 1,78
and 40.2 mg Cd/i in waters having a hardness (expressed as Ca003) of about 21 and at least

100 mg/1 respectively.

(e) Selinity

(34) ¥ummichog, acclimated to different salinities, were more susceptible to cadmium at
5 percent than at 15, 25 or 35 percent salinity (Eisler, 1971), the 8-day LC50 being about
150mg Cd/i at 5 percent and about 30 mg C&/i at 35 percent at 20°c. At Llower temperature
(5°C) the lethal values were about 30 and 50 mg Cd/l regpectively for the two extreme sali-
nities. Apparently, fish held at 1% percent were generslly more resistant than those acclimated
at higher and lower salinities, a phenomenon also obgerved for other poisons which Herbert
and Wakeford (1964) suggested occurs when the blood of fish is approximately isotonic with
the survounding medium.

(f) Suspended solids

(35) It has been determined that cadmium iz as btoxic in hard water (240 mg/i as CaCOS)
at pH 8.0 without orgenic molids as it is in the presence of 25 mg/i humus solids bontaining
low levels of metals and detergents) obtained from a percolating filter effluent (Department

of the Environment, 1972). '

(g) Intermittent exposure to potemtially lethal concentraiions

(36) Rainbow trout exposed to the 48=h LC50 of cadmiuvm for omly 24 h ezhibited similar
mortalities (50 percent) after O days as figh continuocusly exposed to this concentration
(Ministry of Technology, ﬁ969)5 showing thaet irreversible lethal effects had ococurred within
the 24-h exposure period. Calamari and Marchetti (in press) found that about 50 percemt of
each batch of rainbow trout were killed by the 6-day LO50 of cadmium, whether the fish were
exposed to the poison for an uninterrupted 144=h or for 3 smuccessive A8~h periods separabed by
intervals of 12, 24, 48, 72 or 96 h in clean water,

(h) Acclimation to cadmium

(37) The range of agqueous concentrations of cadmium, represented by the highest concen—
tration at which the standing crop of fish (proportion of fish surviving multiplied by their
weight) was not significantly different from the combrols, and the lowest concentration at
which it was significantly different, have been ocaloulated by Baton et al, (in press) for
two groups of brown trout acclimaied %o cadmium for differemt periods. Lower figures .
(1.1 %0 3.7 wg Cd/1 compared with 3.8 to 11.7 pg C4/1) were obtained for brown trout whose
exposure gtarted only at the late eyed stage, and therefore involved only 2 days'! exposure -
a8 embryos compared with 50 days! for the other group exposed as fertilized eggs. Similar
results were found with coho salmon (Onchorhynchus kisutch). This suggests that acclimation
to cadmium ocourred during the embryonic stage. Spehar (1976) has found similer increased
resistance of flagfish larvae which had been first exposed to cadmium as embryos.
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(i) Pish behsviour

(38) Larsson et al. (1976) exposed flounder to 10 mg Cd/1 and observed increased achi-
vity among the fish after 9 to 10 daw snd the death of a2 single individual (oui of a batch
of 8) after 13 days. Benoit et al. (1976) found that males of brook trout when exposed
to solutions conbaining cadmium, were more excitable and suffered greater mortality than
did the females during spawning. Hyperactivity has also been reported for bluegill
(Cearley and Coleman, 1974; Eaton, 1974), for largemouth bass (Cearley and Colemen, 1974)
and for flagfish (Spehar, 1976) though there were no differences in %his respect between
the sexes. Eligasrd et al. (in pr985) have aliso described an increase in the locomotor
activity of blusglll at comcentrations of cadmium of 0.1 and 0.25 mg Cd/i, which were not
lethal %o the fish within 2 weeks: at 0.5 mg Cé/i there was reduced activity and 30 percent
mortality. Bemoit et al, (1976} also quote H.A. Drummond who isolated 28 yearling brook
trout from each other and exposed them to 40 pg C&/l for 144 h and found only 14 percent
mortality, suggesting thal inveraction between individuals in a test container can increase
the apparent toxicity of cedmium to fish.

{3) Joint effect of cadmium and other poisons

(39) Bisler and Gardner (1973) found increased mortality of mummichog when non-lethal
concentrations of cadmium wers present with lethal concenirations of copper and zinc in
saline waters. OUn the other hand, Eaton {?973) found that the 96-=h LCS50 for fathead minmow
(Pimephales promelas) in hard waier was only 0.8 of that predicted for a mizbure combaining
mainly copper and zinc with cadmium comprising only 4 percent of the total. Tests with
rainbow trout in hardwater (J.F. de L.G. Solbé and V.A. Cooper, personsl communication) have
shown that the 48-h LC50 for zinc was about 3.8 mg Zn/l in the presence of cadmium at concen—
trations of up o 2 mg Cd/i and that at lower concentrations of zinc down to 0.5 mg Zn/i,
times of survival were accountable by the concentration of cadmium alone. Furthermore, in
another experiment in which rainbow irout yearlings were exposed for four weeks to mixbtures
of either 30 or 40 ug Céfi and zinc at concentrabions of up to 500 ug Zn/i in a hard water
(245 mg/1 as CaC03) at pH values of about 7.8 there was a tendency for mortality to be least
at intermediste concentrations of zine suggesting some antagonism beiwsen the two metals.

3.3 Summary of Toxicity Data
Y

(40) The majority of the concemtrations reported to be lethal %o fish are in the range
10 t6>10 000 ug Cé/i. The differences can be sbitributed mainly to duration of the experi-
ments (paragraphs (26) and (27)) and the shape of +he concemtration/response curve which
causes Jifficulty in defining = median lethal threshold concentrabtion even afiter months of
exposure, water hardness (paragraphs (32) and (33})) , tempevature (paragraph (28)) and species
of figh {paragraph (32)). Differences attributable to pH (paragraph (31)), and stage in life
cycle (paragraph (41)) are less clearly defined.

(a) Acutely lethal values

(i) Salmonid alevins and fry

(41) The 5-day LCS0 of cedmium to 14-day slevins of brown trout at 320 mg CaCO3/1 hard-
sess and 10% 4o 12°C iz about 30 pg ca/1 (Ministry of Technology, 1967). Alevins of rainbow
trout are also guite semsitive, a mortality of 50 percent and 33 percent having been Ffound
during a 48-h exposure to 120 and 25 pg 04/l respectively in soft water (20 mg/l as CaCO3)
(Calamari and Harchetti, in press), Similar findings ave reporited for swim-up fry of
chinook salmon {Oncorhynchus tshawyischa) in soft water; the 8-day LCS0 was 1.6 mg Cd/1
(Environmental Protection Agency, 1975), while in a2 19-week test with eggs through o Ffry
there was 27 and 18 percent mortality at 1.9 and 1.3 pg Cd/1, suggesting the possibility
of mome acclimation having occurred in the egz stage (see paragraph (35)). Alevins of both
chinock salmon and steelhsad trout (Salmo gairdneri) are markedly more resistant to cadmium
than are the swimeup fry, the &-day LC50 for both species being greater than 26 pg Cd/1
for alevims and shout 1.4 wg Cd/i for swim-up fry in water at about 12°¢ and having 2 hard-
ness of about 25 mg/i as CaCly (G.A. Chapmen, personal communication).
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(ii) Salmonid juveniles and adults

(42) In very soft water (4 mg/l as CaCO,) there was a 75 percent mortality of rainbow
trout in 96 h at 11 pg C4/1 (Bilinski and Jodas, 1973). In some experiments in hard water
(290 to 320 mg/l as CaCOy) the 96~h LOSO was between 2 and 3 mg Cd/1 (Ball, 1967; Celamari
and Marchetti, in press) and in others (240 mg/i as CaC0,) as low as 50 g Cd/i for fry
and adults (Ministry of Technology, 1969) or 30 g Cd/1 %Department of the Enviroument, 1972).
The reasons for these differences are not clear bubt they might be attributable to differences
in pH value and in the equilibrium between 0a*™™ and other forme of cadmium in the test
solutions.

(43) The resistance (&-day LC50§ of parr and smolt of both chinook salmon and steelhead
trout to cadmium (0.9 to 2.3 pg Cd/1) is similar o that of swim-up fry (1.4 wg Cd/1) at

about 12°C in water having a hardness of about 25 mg/i as CalOy (GeAo Chapman, personal
commmnication) but appears to be lower than that of adult male steelhead which had a 17-day
LC50 of 4.8 ug Cd/l at a temperature of about 10°¢ in water having a hardness of about 44 mg/i
as CaCOy (G.A. Chapman end D.G. Stevens, personal communication).

(44) Grande (1972) has carried out short—term tests with Atlantic salmon under-yearlings
(4~5 cm in length) and found a 6-day LC50 of 45 wg/l in a soft water (hardness 9.6 mg/l as
CaCO3) and at a temperature of 9°C, This suggests that salmon may be slightly more resistant
than rainbow trout to acutely lethal concentrations. However, at 4°C the 25-day LC50 for
salmon was about 5 mg Cd/1 with no indication of a threshold concentration for survival at
this time (M. Grande, personal communication). No significant difference in survival between
under-yearling brown trout and rainbow trout was found over the range 10 o 1 000 ug Cd/l in
hard water (250 mg/l as CaCO3) at pH 7.5 and a temperature of 11°¢, the median lethal thres~
hold concentration (at 10 dayd being about 10 pg Cd/iL for both species (D.G. Shurben, personal
communication).

(iii) Non-salmonid fish

(45) Rehwoldt et al, (1972) reported the 96-h LC50 for common carp (Cyprimus carpio)
to be 240 ug Cd/i in water having a hardness of 55 mg/l as Ca063@

(b) Long~term lethal values

(i) Salmonid fish

(46) The range of concemtrations of cadmium, represented by the highsst concentration
at which the standing crop of fish (proportion of fish surviving multiplied by their weight)
was not significantly different from that of the controls, and the lowest concentration at
which it was significantly differeut, have been calculated by Eaton gf al. (in press) for
several salmonid species exposed to cadmium in a soft water (45 mg/i as GaCO3} at pH 7.2 %o
7.8 and at temperatures of about 10°¢ during their embryonic stage and for at least 60 days

during their subsequent larval stage; the ranges were 4.4 o 12.3 ug Ci/1 for lake trout
(Salvelinus nemaycush), 3.8 to 11.7 for brown trout and 1.1 %o 3.8 for brook trout.

(47) The 50~day LC50 for rainbow trout was found to be 10 gg/i in water having a hardness
of 240 mg/l as CaCO3 at a pH of about 8.0 (Department of the Enviromment, 1972). On the other
hand, Calamari and Marchetti (in press) using a somewhat harder water (320 mg/l as CaCoy )
obtained a threshold of 100 pg/l for yearlings of the same species in a 40-day experimedt,
and observed almost complete survival of adults (200 g in weight ) during a 120-day period of
exposure to 50 ug/i wnder the same envirvommental conditions. The reasons for this difference
in results with rainbow trout are not clear.
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(i1} Non~salmonid fish

(48) The range of comcentrations of cadmium, represented by the highest concentration
et which the stending crop of fish (proportiom of fish surviving multiplied by their weight)
was not significantly different from that of the comirols, and the lowest concentration at
vhich it was significantly different have been calculated by Baton et ale (1976) for pike
ezposed to cadmium in soft water (45 mg/l as CaCO3) at pH 7.2 to 7.8 at a temperature of
about 16°C for 7 days as embryos and subsequently for 28 days as larvae; the range was 4.2
to 12,9 g 0d/1 which is similar to that for brown trout (paragraph (46)).

(49) No other data are reported on young stages and few are available for the adults of
European species of coarse fish. The 60-day LC50 for stone loach (Noemacheilus barbatulus)
in a hard water (240 mg/l as CaCO3) at about 12°C was approximately 2 mg Cd/1 (Solbé and
Flock, 1975)s the T=day LCS0 for stone loach was also about 2 mg Cd./l which is much higher
than the corresponding value of about 0.01 mg Cd/l found for rainbow trout by Ball (1967)
wnder compareble conditions.

(50) Bream @tbz‘amis brama) all survived for 6 weeks at 5 mg Cd/l or for 10 weeks a%
0.5 mg Cd/{l, ‘though pathological changes occurred inthe latter test, necrosis of the liver
being particularly evident (Department of the Enviromment, 1971). The 50-day LC50 for perch
in hard water (250 mg/‘.L as CaCO3) wag azbout 0.5 mg Cd./l, and for roach >9 mg Ci/1 (Qepartment
of the Enviromment, '1973); although all the roach survived 50 days at 0.5 mg Cd/1, every fish
showed degeneration of muscle fibres.

(51) Bengtsson et al. (1975) kept minnow for 70 daye in a water having an alkalinity
of 40 mg/l as CaCl3, and a salinity of 6.7 percent, at pH 7.8 %o 8.0 in the presence of cadmium.
The TO-day LC50 was 0.4 mg Cd/1 (95 percent confidence limits of 0,15 and 1.16 mg Cd/1) and '
thers was about 30 percent mortality at 34 ug Cd/l and about 20 percent at 7.5 ug Cd/l and
in the conmtrols (up tc 1wg Ci/1). A small proportion (<5 percent) of those surviving at
abous T.5 g Cé./l showed signs of spinal deformity compared with none in the controls and
about 15 percent in those surviving 34 ug Cd/l.,

4o SUB-LETHAL ERFECTS ON PISH

(52) Some sub-lethal effects have already been mentioned in paragraphs (21) to (23) and
(25) in relation to the mode of action of cadmium.

(53) xumada et sl. {1972) found no significent mortality, amd no effect on growth of
rainbow trout exposed to & concentration of 5 vg Cd./l over a period of 30 weeks; the hardness
of the water was nob stated vt from the low 10-day LC50 values it might have been very low.
Long—term constani~flow tests have been carried oul on under-yearling rainbow trout over a
period of 65 weeks in hard water (250 mg/l as CaC03) at nominal concentrations of cadmium
of 0, 2, 5 and 8pg Cd/1 (V.M. Brown, D.G. Shurben and W.F. Miller, personal communication).
A1l of the fish survived and thelr growth was apparently not affecied by the cadmium, but the
development of ova, the haltchability of artificially-siripped eggs and the survival of the
larves were all adversely affected at levels down H0 2 ug Cd/l. Spermatogenesis was adversely
affected in only = single male kept at 8 pg Cd/l. The fish at this doncentration were exposed
for a Turther 15 weeks without .any moritality or development of ova. The observed concentration
related suppression of female maturity was confirmed by histological examination: ovaries
from fish exzposed 4o 8 ug Cﬁ/l contained only immature eccytes at an early stage of develo
ment. ALl comtrol fish were easily stripped of eggs, but only 3 out of 4 fish at 2 wg C4/1,
2 out of 4 at 5 vg Cﬁfl and none at 8 ug Céi/l could be freated inm this way. The mortality
of eggs was T5 percent in the comirols at 7 weeks and 100 percent at 2 wg Gd/l after 5 weeks
and at 5 ug Gé;/i affer one wedk., The hatch of conirol eggs and the survival of control
larvae subseguenily exposed fc cadmium was rot affected by levels up to 8 pg Cd/l. The
in vitro respiration of liver mitochondria of fish exposed to cadmium for 33 weeks (B.N. Zaba
and Ee.J. Herris, personal communication) was not imhibited (of. paragraph (21)), but concen—
trations of cadmium and copper were lowest in mitochomdria from fish exposed %o the highest
concentrations of cadmium (see paragraph (22)). The diffusing cepacity (a measure of
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respirabtory funotiom} of the gills of the fish after exposure +to cadmium for 7 months was
te a reduction in diffusing capacity at all
138

examined by Hughes (1976); the resulis indice
concentrations (V.M. Brown, G. Knowles and G.M. Hughes, personal commumication). The concen—

tration of cadmium in the control water was about 0.4 ug C&/ig

(54) & preliminary constant-flow test in a hard water {240 mg/l as CaCOy) using batches
of 10 yearling brown trout 10 weeks befors the onsel of sexual maturity al ambient temperatures
of T to 790C showed that 20 percent of the fish became mature at nominal concenitrations of
3ug 0d/1, 9 ug 0d/1, and in the controls although at 27 pg C3/1 10 percent had died and none
matured. Fourteen months after the beginming of the experiment 80 percent were gexually
meture in the controls and in those at 3 ug CA/1 and 9 pg Cd/1; at 27 pg Cd/L 60 percent had
died and 3 of the 4 remaining fish were sexually mature (V.M. Brown and D.G. Shurben,
personal communication). These findings suggest that brown trout may be less sensitive to
cadmium than rainbow trout.

(55) Peterson (1976) found that juvenile Atlamtic salmon acclimated to 15°C in a soft
water (13 mg/l as 03003) selected this temperature in a horizontal gradient tank and tended
to select a slightly lower value (14°C) in the presence of 2 pg Cd/1, although this preference
was not statistically different from that of the controls.

(56) Weis and Weis (1966) found that initial healing and formation of the blastema of
amputated fins of killifish was inhibited at a concentration of 10 ug Gd/i which was not
lethal to the fish in 14 days.

5. TIELD OBSERVATIONS ON FISH

(57) Dowmstream of a sewage effluent outfall in the River Arrow, England, where concen-
trations of goluble cadmium ranged from 8 +to 25 ug Cd/i and averaged 19 ug Cd/i, other poisons
being present at 0.1 of the combined 48-h LC50 values for rainbow trout, the medisn periocd
of survivel of caged rainbow trout was 8 days which iz close to the resulis found in labo=-
rabory experiments (paragraph (42)). Some non-salmonid fish were resident upstream of the
éutfall, however, where the mean concentration of cadmium was only about 0.8 wg/l (0.08 of the
10-day LC50 value)  (Ministry of Technology, 1970).

(58) It has been shown that brown trout were present upstream of an effluent outfall in
the River Tean, England (hardness 210 mg/l as CaC03) where the median and 95 percentile
concentrations of Msoluble® cadmium over z 4Ad-month period were 2.6 and 6.4 pg C&/i TeSpec—~
tively, but were absent downstream of the outfall where the corresponding values were 7 and
19 wg 6a/1 (V.A. Cooper and J.F. de L.G. Solbé, personal commmnication). The latter figure
is lower than the 8-momth LG50 for brown trout (30 pg Cﬁ/i); only small concentrations of
other poisons, principally copper and zinc were alzo present which, on sverage, wers equi-
valent 4o only 0.06 and 0.04 of the respective predicted 48-h LG50 values to rainbow trout.
Other species which were present under these conditions were hullhead (Cottus go%ie}, 3~spined
stickleback and mimnow (Department of the Environment, 1973).

(59) Similar observations (Veho Cooper and J.F. de L.G. Solb8, personal communication)
have been made in the head waters of the River Churnet, England, where the medien pH value
was T.2, the median hardness was 104 mg/l as CaC0y and the 5C and 95 percentile values of
soluble cadmium, where brown irout and bullhead were present, were 3 and Y C&fi; median
and 95 percentile values of copper and zinc were equivalent to 0.171 and 0.28 respeciively

4

of their combined predicted A8k LC50 velues 4o rainbow trout.

(60) Recent studies in Norway (M. Grande smd K.W. Jeusen, personal commmnication) have
ghown that good brown trout fisheries wers present in soft water sirsams {average hardness
between 17 and 20 mg/i as CaC0.) where the median and 95 percentile values of soluble cedmium
over the period March-August were sbout 0.3 and 0.6 ug Gé/i regpechively. (ood char fisheries
were also present in two lakes of similar hardness into which the streams discharged:

Lake Ringvatnet, where the corresponding percentile values were about 0.6 and 1.4 ue Gi/Z
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respectively and L. Hostovainet, where they were about 0.5 and 1.2 z Cd/i respectively.
Average concentrations of zinc in the water were up to 35 ug Zn/i in the streams and up 4o
Bug Zn/i in the lakes; the corresponding vslues for copper wers up to 43 ug Cu/i for both
gtreams and lakes,

6. AQUATIC INVERTEBRATES

6.1 Laboratory Tests

o (6?} Brkovie-Popovic and Popovic {in press) carried out tests with Tubifex tubifex at
20°C and found 48-h LC50 values of about 2.8, 31, 45 and 720 wg Cd/1 in water having a total
hardness of 0.1, 34.2 (without phosphate buffer), 34.2 (with phosphate buffer) and 261 mg/1
expréessed as CaC503e These authors report (personal commnication) similar results Ffor
Daphnis magna. Thus it seems that water hardness has a marked effect on the acute toxicity
of cadmium to these species, just as it has on the toxicity of cadmium to fish.

(62) Some freshwater crustaceans, such as Daphnis msgne have been shown o be among the
aquatic invertebraies most sensitive to cadmium. Cebejszek and Stasiak (1960) found that the
48, 96 agd 120~h LC50 values for this species in a hard water (275 to 290 mg/l as CaCOB) at
20 to 22°C were 620, 470 and 370 ug Cd/l for cadmium sulphate and slightly higher for the
chloride salt., Bringmson and Kihn (1959) found a much lower 48-h LGS0 of 100 wg Cd/1 for +the
juvenile stages in 2 somewhat softer water (hardness 215 mg/i as CaCO3) at 23OC, while
Biesinger and Christensen (1972) obtained a 48-h LCS0 of 62 pg Ci/1 for unfed young in a much
gofter water (hardmess 44 to 53 mg/i asg CaCO3) at 11 to 197C, Thus the young appear to Dbe
somewhat more sensitive than the sdulis.

(63) However, immobilization of this organism has been observed after 64 h at 2.6 ug cd/1
in water heving a hardness of 100 mg/l as CaCO, and a temperature of 25°C (Andersom, 1948).
Also Biesinger and Christensen (1972) found that the 21-day LC50 was only 5 wg Cd/l. PFurther—
more, they showed that there was a 7 percent lower weight at the end of this period at
1 wg Cé/i than in the controls and that s 50 percent and 16 percent impairment of reproduciion
wag caused at 0.7 and 0,17 ug Cd/i respectively. Boutet and Chaisemartin (7973) found a
50 percent impairment of reproduction in the crustaceans Orcomectes limosus and Austropotamobiug

pallipes at 50 and 40 ug Cd/i respectively (harvdness not stated).

(64) Another semsitive organism appears to be Gammerus fossarum which was killed within
7 days at = concembration of 10 ug Ci/1 (as chloride) im a hard water (hardness 320 mg/l as
CaC03) and e temperature of 18 to 20°C (I, Schreiber and W.K. Besch, personal communciation).

(65) Other imvertebrates examined are either similar to Daphnia in thelr sensitivity to
acutely lethal concentrations of cadmium or are more resistant., The 10=day LC50 for the
chironomid {Tanytarsus dissimilis) was 3.4 ug Cﬁ/i vhile the 28-day LS50 for the =nail
(Physa integra) was 0.2 pg Cd/1 and for the mayfly (Ephemerella sp.), 1.7 ug Ci/1, but no
gignificant moritality was observed for ithe caddisfly (Hvdropsvche be%teni) and the stonefly
(Pteronarcys dorsata) (Emvironmental Protection Agency, 1975). Schweiger (1957) found that
Carinogammarus roeselil was not injured in.7 days at 30 pg G&/l but was killed at 400 ug Cd/i
in o walter having a hardness of 260 mgji as CaCOs, and that the corresponding values for
Tubifex tubifex were 0.3 mg and 5 mg respectively. Thorp and Lake (1974) tesied Australian
freshwater crustacea in a goft water (hardness, 10 mg/i as CaCOg} at 15°C and found 96-h
LC50 values of 10 pg Cd/1 for Ausbrochiltonia subtenuis, and 60 and 180 wg Cd/l for the shrimp
Parabys tasmaniensig for animels collected in the summer and spring respectively.

(66) The 63~h LC50 of the snail Biomphalaria glabrata has been reported as 100 ug ca/i
in a soft water (hardness at about 25 mg/l as Cal0y) at pH 8 emd a temperature of 20°¢
(Ravera et al., 1974) but reproduction was impaired at 10 wg Cd/1.

(67) The 96-h LC50 at 18 to 20°C of the larves of the mayfly Athalophebis sustralis in
" a soft water (hardness 40 mg/l as CaCO3) was 0.84 mg 0d/1L (Thorp and Lake, 1974) and for
Iphemerella subvaris in water of similar hardness (44 mg/l as CaCOy) it was 2 mg Ci/1
zWarﬁick and Bell, 1969). These latter anthors also found +that the d=day LC50 of the larvas
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of +the stonefly Acroneuris lycorias and the Ti-day LCS0 of the larvae of the caddisfly
Hydropsyche betteni, vested under the same conditions, were both 32 mg Cd/l (of.paragraph (B4)
W.K. Besch (personal communication) has found that the siructure of nets by larvas of
Hydropsyche was appraently normal at concentrations of cadmium in the water falling from about
2 to 0.02 mg Cd/i every 34 h in z hard water (320 mg/ﬁ as CaC0,). Mediasn lethal comcembrations
of the same order of magnitude for larveae of several species o§ Dipters and Plecopiera,
Ephemerella grandis and the caddis Brachycentrus americanus were found by Clubb ef §£$€5975b2
in a hard water (240 mg/l as CaCOB); the 96-h LOS0 of small immsturs specimens of E. grandis
was about 0.2 of that of mature adulis. Chironomus thummi survived 50 mg ca/i for 7 days

but was killed at 150 mg Ca/1 (Schweiger, 1957).

(68) Other species are even more resistant. The 96~h LC50 for the damselfly nymph
Tschrnurs heterostica is 230 mg Cd/i and for larvae of lepitocerid caddisfiies is as high as
2 g C&/ﬁ even when Qeprived of their cases {Thorp and Lake, 1974); the eruciform caddisfly
Larva of Anabolia nervosa is of similar sensitivity (Schweiger, 1957).

(69) In one study with several species of insects (Clubb e} al., 1975a) & higher mortality
was found at high concenirations of dissolved oxygen (6 to 7.6 mg/L) than at low concentrations
(3 40 4.9 mg/i), and since concentrations of cadmium in the insechs also incoreaged with increase
in dissolved oxygen concentration it was suggested that the increased toxicity was atiribu—
table to increase in meiabolic rate at higher dissolved oxygen levels.

(70) Laboratory tests (W.K. Besch, personal commumnication) in a soft water (hardness
about 30 mg/l as CaCO,) showed that when the larvae of Chironomus lepperi were exposed to a
concentration of 1 mg C&/i only 10 percent survived +to the adult stage wut that in the presence
of mud they developed Ho this stage even when the mud contained a concentration of 22 mg Cd/i
wet weight although development appeared more successful whem the mud contained onmly 10 mg Ca/1.

6,2 TPield Studies

‘ (71) In the South Esk River, Tasmania, which is heavily polluted by mining wastes and
contains about 40 ug C&/i together with 150 ng Za/i snd 30 pg Sajlg srustaces, molluscs and
iarvae of Odonata snd Plecopiera were eliminated and mayflies, beetles and caddisflies were
severely affected. TFurther downstresm, where.concentrations of heavy metals were between

20 percent and 30 percent lower, nearly all taxa were present and orustaceans and campodeiform
caddisfly larvae were even more atundant than upstream of the source of pollution {(Thorp and

Leake, 1974). ~

(72) In an outdoor channel supplied with river wabter containing 75 percent sewage works
efflvent in which the medisn and 95 percentile concentraiions of cadmium over a three-month
period wers. 6.8 and 9.3 pg C@ﬁi respectively, the pH value about T, the hardness 254 mgfz a8
Cal03, and the mortality of rainbow trout was 32 percenmt, commonly ccourring igvertebrates
were, in descending order of mumerical dominance, Agellus aguatiocus, Limmaea pereger,
Anatopynia nobata, Pentameurs lendiginosa, Tubifex tubifex, Microspecirs astrofasciatus and
Sipuliuvm ornstum zﬁg Balloch and H.A. Hawkes, personal commnication).

(73) These results from the field and simulated stream scosystems ghow diffevences in
sensitivity between different species of agquatic imvertebrates and fish similar to those
observed under laboratory conditions and suggest that where fish faunas are adversely affected
by cadmium the direct effects on fish themselves are likely to be more impertant than indirect
effects caused by =z reduction in the mumbers of fish-Tfood organisms.

7.  AQUATIC ALGAE AND MACROFPHYTES

(74) Cadmium interfereswith photosynthesis of terrestrial plants,parily by reducing the.
total comcentration of chlorophyll pigments and sliering their ratiocs {Bazzaz and
Govindjee, 1974), thereby reducing growth rates and crop yields (Haghiri, 1973; Turner,; 1973).
Few data are available, however, for aguatic plants particularly under field osonditions.
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(75) A concentration of 300 mg Cd/l in water of low hardness (15 mg/l as CaCO ), was
lethal to a culture of the green alga Selenastrum capricormubum, and 50 pg Cd/1 iﬁﬁibited
growth (Bartlett et al., 1974). However, subsequent experiments with mixtures of heavy
metale suggested that cadmium inhibited the toxicity of copper to this species. Bumbu and
Mokryalk (7973) found that the addition of CaCl, o eulbures of Scenedesmus quadricauds at
concentrations of 50 to 500 ug G&/i severely reduced growth rates. Xlass et al. {(1974)
found gignificant reductions in growth of this species ait 6.1 ug Cﬁ/i and severe inhibition
at 61 wg Cd/1 in a hard water (about 270 mg/l as Cal0y).

(76) In laboratory experiments with water milfoil (Myriophyllum spicatum) Stanley (1974)
found 50 percent reduction of root weight af T.4 mg Cd/i and of shoot weight at 14.6 mg Cd/i§
of root length at 20.8 mg Cd/l and of shoot length at 809 mg Cd/1,but gave no indication of
the threshold concentraticns for growth inhibition. Hutchinson and Czyrska (?972) found
that at 10 png C4/1 and 50 wg Cd/1 the percentage inhibition of growth of Lemna valvidiana
was about 25 percent and 80 percent respectively and that of Salvinis natans, 50 percent and
90 percent respectively; however, cadmium was more %oxic to L. valvidiana when grown with
S. natans than without it and the latiter was able to grow more rapidly and cadmium accumi-
lation was less in the presence of L. valvidiana than in its absence.

8. SUMMARY AND CONCLUSICHS

(77) Cadmium occurs naturally in the environment at geochemicallylow levels, usuelly
with other metals, principally szinc, and is also present with metals and other chemicals in
industrial waste discharges and receiving waters (paregraphs(1) end {57))s This makes it
difficult to distinguish the effects of cadmium per se in the agquatic environment.

(78} Concentrations of cadmium in fresh wsters uncontaminated by known sources of the
metal are usually between 0.01 and 0.5 wg C4/1 (paresraph (6)). These concentrations are
difficult to measure (parvagraphs (2) and (5)) as are the higher levels which adversely affect
gensitive aguatic organisme; it is also difficult %o measure concentraitions of dissolved
formg of cedmium which are believed to be mainly responsible for the toxicity. Concenbrations
of cadmium in natural wabers vary and the 95 percentile value over a period of a year or so
has been found to be between 2.0 and 2.7 times the 50 percentile value (paragraphs (6), (58)
and (59)). Cadmium can form a wide variety of complexes with humic material, inmorgenic iocms,
and organic chelating agenis but under aserobic agueocus conditions uncomplexed ionic cadmium
ocours predominantly; especilally in unpolliuted soft water of relatively low pH value
(paragraph 3}. Cadmiuvm carbonaie normally precipitates at pH values grester than about 8.5
b cadmium compounds may alsc be adsorbed, espscially by humic material (paragraph (4}}.

For these reasons and also because data on factors affecting toxicity (paragraphs (28) and
(35)) are often lacking, much of the literature is difficult to interpret.

(79) Cadmium has been found to accwmlate in the tissues of agquatic organisms exposed
to known agueous concentrations but litdtle is known of its toxicological significance
(paragraphs (8) and (14)). It appears, however, that damege to ion-regulating mechanisms is
more likely %o be & cauvse of death than respiratory impairment or damage to the nervous system
(paragraphs {25) and (26)).

{80) The concentration of cedmium in the muscle of fish exposed for long periods to low
concentrations of cadmium in the water under either laboratory (paragraph (10)) or field con-
ditions (paragrsphs {(14) and (15)) is usually < 1 000 and < 100 times higher (on a dry weight
and wet weight basis respeciively) than that in the water (paragraphs 9 and 14b), i.e.,
<1 mg Cd/kg muscle (dry weight) or<0.1 mg Cd/kg muscle {wet weight) in fish from water con—
taining 1 ug C&fig Thers is no clesr correlaziion between concentrations of cadmiuvm in the
mugcle and those in the water to which the Iish were exposed.

(81) The relationship between the logarithm of median periocd of survival of fish and the
logarithm of concentration of cadmium is wpusual in that the slope of the line is shallow.
Moreover the position of the line varies considerably between experiments (paragraph (27)),
possibly because the test golutions have not come 4o the same chemical eguilibrium, different
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amounts of ionic cadmium being present according to the retention time in the apparatus at
the particular pH, temperature and hardness of the waber used. It is also possible that the
sensitivity of fish to cadmium toxicity mey vary with different experimental conditions.

(82) The acute toxicity of cadmium to fish is increased by increase in temperature
(paragraphs (28) and (34)) and by reduction in dissolved oxygen (paregraph (29)) in water
hardness (paragraphs (32) and (33)) and in pH (paregraph (31)). With hardness the effect is
mich more marked over a period of 2 %o 6 days than it is at 40 %o 50 days at which time
there may be a clear indication of asymptotic concemirations (paragraphs (32) and (33)).
There are no data on the seffect of salinity on the toxicity of cadmium to Buropean fresh-
water fish but toxicity might be least at salinities epproximately isotonic with the bleod
of the fish (paragraph (33 J. Toxicity is not apparently affected by the presence of
suspended humus solide at a concentration of 25 m /i (paragraph (34)). Acclimation to
cadmium may occur in the egg sbtage (paragraph (46)). Lethal effects may be increased by
factors which increase activity such as spawning and testing of fish in batches rather than

singly (paragraph (38)).

(83) Trreversible lethal effects may occur at high concentrations of cadmiumj in rainbow
trout they ocour within 24 h on exposure to the 48-h LC50 and within 48 h on exposure to the
6-day LC50 (paragraph (36)). There is some evidence that the presence of low concentrations
of cadmium, which are not lethal on their own, reduce the time of survival of fish at lethal
concentrations of copper and zinc (paragraph (39)). On the other hand, the lethal effect
of low concentrations of cadmium seem to be reduced by the presence of sub-lethal concentrations

of zinc (paragraph (39)).

{84) Species differ in their semsitivity to cadmium. OF the species of fish found in
Burope and tested to date, the most sensitive appears to be the rainbow trout, long-term
experiments on which have shown that adverse effects on reproduction ocour at concentrations
of cadmium as low as about 2 pg Cd/1 (paragraph (54)). The 'no effect” concentration has
not been measured but probably lies between 0.5 and 2 pg Cd/L.

(85) Adult brown trout appear to be similer to rainbow trout in their resistance to the
acute lethal effects of cadmium although as alevins they appear to be slightly more sensitive
than rainbow trout (paragraph (41)); and the threshold comcentration for median survival is
about 10 wg €4/l and 30 pg Cd/i for the rainbow and brown trout respectively in hard water
(paragraph (44)). MWoreover, sexual maturity in brown #rout has been observed to occur at
concentrations as high as 27 pg Cd/1 under laboratory conditions (paragraph (55)).

(86) There are few data on non-salmonid fish and none relate to experiments carried out
at more than one hardness for a given species. However, common carp appear to be comparable
to rainbow trout (paragraph (45)), whereas goldfish are much less sensitive to acutely lethal
concentrations (paragraph (33)), while the long term (40-70 days) lethal values for minmow
(paragraph (51)), stone loach (paragraph (49)) and perch, bream and roach (paragraph (50))
are much higher than those of trout. With minnows, however, the lowest concentration at
which a significant mortality and spinal deformity occurred was 7.5 ug Cd/i (paragraph {51))
in a soft water (40 mg/l as CaCO3). Bmbryos and larvae of pike and brown trout are comparable
in their semsitivity to cadmium %paragr&ph 48).

(87) Field data on the effects of cadmium on fish are scarce. Brown trout have been
observed in the River Tean in which the median and 95 percentile concentrstions of cadmium
were 2.6 and 6.4 ug Cd/i respectively and also in the River Churnei where the corresponding
concentrations were 3 and 6uwg Cd/1 (paragraph (58)). This is comsistent with laboratory
findings on the ability of this species to survive and become sexually meture in the presence
of 27 pg C4/1 (paragraph (54)).

(88) Non-salmonid fish (bullhead, stickleback and minnow) occurred in the River Tean
where brown trout were absent and the 50 and 95 percentile comcentrations of total "soluble®
cadmium were T and 19 ug ca/i; for the minnow this is consistent with the laboratory data
(parairaph (51)) bearing in mind the higher water hardness in the River Tean (210 mg/l as
CaC03).
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(89) There are almos® no data available on the effects of sub-lethal concemtrations of
cadmium on the behaviour of fish. Hyperasciivity has bsen observed in several species and is
associated, especially in males, with increased mortality at spawning time (paragraph (38)).

(90) Aquatic invertebrates are generally more resistant than fish o cadmium posioning
gparagraphs §64§ t0 (70)% although Daphnia and CGammarus appear to be particularly sensitive
paragraphs (62) and (64 5. Aquatic plants do not appear to be particularly sensitive to
cadmium (paragraph (75)) although the absence of data on water hardness generally prevents
a comparison to be made with other organisms (paragraphs (74) and (76)). Thus it is likely
that the direct effects of cadmium om fish would be more important than those caused indirectly
through reduction in numbers of fish food organisms.

(91) There is need for the development of sensitive methods for measuring soluble cadmium
particularly in its ionic forms at the low levels (ug/i) at which it appears to exert its
toxic effects on the most sensitive organisms. Relevant envirommental variables should also
be measured when carrying out laboratory toxicity tests and field studies, the latter being
particularly important in developing water quality criteria.

9.  TENTATIVE WATER QUALITY CRITERIA

(92) The data on the toxicity of cadmium to aguatic organisms are not very extensive.
Pish, particularly the rainbow trout, have received most attention and the threshold concen=
trations for median survival at different hardnesses of water and the threshold concentrations
for reproductive success in a2 hard waber have been established under laboratory conditions.
However, different workers obtain different resulis under apparently similar conditions.
Effects of other envirommental variables, especially pH value and temperature, are not yet
thoroughly worked out. Moreover, the measurement of cadmium, particularly in the dissolved
states at concentrations which adversely affect agvatic organisms, has generally been unsatis-

?f‘a‘ct ory "

(93) Salmon are similar to rainbow trout in their respomse to acutely lethal concentra~
tionsg of cadmium in soft water while brown trout appear to be more resistant to adverse effects
on reproduction in a hard water. Fike and brown trout appear to be similar in their sensi-
tivity to cadmium at the embryonic and larval stages. Non—salmonid fish are more resistent
than salmonid fish 4o long—term lethal effects in hard water and minnows are more resistant
than salmonids to adverse effectsz on growth in soft water.

(94) Pield data on all species are few and relate mainly to brown irout.

(95) Thus, any water quality criteria that are developed for cadmium must remain very
tentative wntil further observations are available.

(96) Comcentrations of cadmium in fresh water fluctuate seasonally and within shorter
time intervals and, in the absence of precise information on the way im which fish populations
are likely fto be adversely affected by particular levels at certain times of .the year, an
arbitrary method has to be used to take such effects into account in water qualily criteria

for fishe.

(97) It is proposed that water quality should be expressed as amnual 50 and 95 percentile
concentrations of "soluble” cadmium (i.e., tha® passing through a filter having a porosity of
0.45wm) and that the maximum levels mot inimical +to fisheries should be taken as 0.05 and
0.1 respectively of the median threshold concenbtration for survival, itaking into account the
effect of hardness of the water. Table 1 shows the values appropriate to rainbow trout and

perche



- 16 =

EIFAC/T30

(98) Values for common carp should be taken to be the same as those for rainbow trout
pending further data on long-~term effects. The corresponding values for brown trout and pike
appear o be sbout twice as high as those for rainbow trout, while those for the more insen-
sitive non~-salmonid fish such as perch and minnow could be tentatively taken to be about
thirty-eight times higher (Table 1).

(99) The values in Table 1 should be decreased to allow for low concentration of dissolved
oxygen and for the presence of other poisons. The values may also have to be increased to
allow for a reduction in toxicity caused by the presence of sub-lethal concentrations of zinc.

Table 1

Approximate maximum annual 50 and 95 percentile concentrations of
soluble cadmium (ug Cd/1) for freshwater fish. Adjustment should be made
for the presence of other harmful substances, low concentration of
dissolved oxygen and other species (paragraphs (98) and (99))

AW (a) Rainbow trout (b) Perch
Water hardness

(mg/1 as CaC0y)

50 percentile | 95 percentile § 50 percentile 95 percentile

10 0.3 0.6 ‘ 10 20
50 0.4 0.9 15 20
100 0.5 1,0 19 38

300 0.75 1.5 ; 25 50
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