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(4):24 p., 1968; "Report on water temperature and inland fisheries based mainly on
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FOREWORD

This is the eighth technical paper on water quality criteria for European freshwater
fish prepared 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, that EIFAC take the initiative in
drawing up water quality requirements with respect to fisheries 1/.

As was stated in its first seven reports on water quality criteria 2/, the Commission
"agreed 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 pointed out that water
quality standards for drinking water had been well defined by the World Health Organization
(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.
All too 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 pollution 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 European 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 organisms 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 biolo-
gical requirements of European freshwater fish in relation to the topics to be studied.

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, IIII, United Nations,

Geneva, 600 p.

2/ Report on Finely Divided Solids and Inland Fisheries, EIFAC tech.pal_ (1

Report on Extreme pH Values and Inland Fisheries, EIFAC tech.Pa
Report on Water Temperature and Inland Fisheries b3sed mainly on SlavonLo

EIFAC-tech.Pap., (6):32 p., 1968
List of Literature on the Effect of Water Temperature on Fish EIFAC

1969
Report on Ammonia and Inland Fisheries, EIFAC tech,Pap.,(11):12 p., 197O
Report on Monohydric Phenols and Inland Fisheries, EIFAC Tech.Pap., (15):
Report on Dissolved Oxygen and Inland Fisheries, EIFAC Tech.Pap., (19):10

:21 Pc. 1964
p" 1968
Lltei'a-cure,

, (8):8 p.,

18 p., 1972
P., 1973
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This Working Party prepared its first report on finely divided solids and inland
fisheries (see footnote 2/) which was submitted to the 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 and pesticides and herbicides.

Elevated temperature was given first priority, and a draft on this subject was 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-
Commission III - Fish and Polluted Water - regrouped all the activities of EIFAC in the
field of water pollution. The Working Party on Water Quality Criteria for European Fresh-
water Fish has since functioned under this Sub-Commission.)

The Fourth Session of the Commission, Belgrade, 1966, after having studied this first
draft of revew 7 literature on the effects of water temperature on aquatic life concluded
that such a .,?ev. : 7(7,7ired more effort than the resources of the Commission permitted at
the time. It suggested that a water quality report for extreme pH values be
prepared for the ne;:t Session of EIFAC, and that a report on dissolved oxygen be prepared
when funds become available for a full-time consultant 4/.

The report on ezrreme pH values and inland fisheries (see footno e was pUblished
in 1968, in time for presentation at the Fifth Session of EIFAC, Rome, 1968, 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 pollu-
tion control, including the development of water quality criteria, be taken from the FAO/
EIFAC Symposium on the Nature and Extent of Water Pollution Problems affecting Inland
Fisheries in Europe which was later held in Jablonna, Poland, 15-16 Nay 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 publication in the series, a list of literature on the effect of water temperature
on fish. (See footnote for both papers.)

EI717 Third Session, 1964, p. 11

1/ EIFAC Report, Fourth Session, 1966, p. 12

EIFAC Report, Fifth Session, 1968, pp. 14-15



Following the Ja7)1(eee 5:;N7)05iUM the Sixth Seseion of EIFAC, 1970,
agaf,n reviewed the Commission'e progyamme respect to ---ater quality criteria 2/. Noting
that a report on ammonia was alleost complste, 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 cyanides, detergents, chlorine and hydrocarbons as items for future reviews.
ft also recommended eventual resumption of work on water temperature and the preparation of
a review based on a critical worldwide report on dissolved oxygen prepared for.FAO .

Altar the Si::th Session of EIFI1C, the EIFAC Worl:ing Party has published repDrts
on ammonia and monohydric phenols as the cii6k and s:;:th eese'lews in ibis Lt.:P2,0 series of

water quality papers 2/1Thich were E the Seventh Session of ETFLO (fnsterdam,

1972 2/) where they -are unanimousl,,

Since the Seventh t1 Working Party on Water Quality Criteria has
drafted reviews on dissolved ogen, chic-fine eed einc were studied at its 11th and
12th meetings held in Rome (15-17 Janual-y 1973) and :arls:ana (25 May 1973), eeespectively.
The report on dissolved oxygen 1.raz teen published as the seventhreview of this series 2/
and will be presented to the Eighth sAssion of EIFAG uhich is scheduled to be held inU.K.
(Aviemore, Scotland, 6-10 Ma7 1974). The Working Party is continuing an active literature

search on mercury and copper, and is finalizing its review on zinc and inland fisheries.

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

Mr, J.S. Alabaster
Dr. D. Calamari
Dr. Y. Grande
Dr. T.B. Hasselrot
Yr. R. Lloyd
Dr. A.W. Lysak
Dr. W.K. Besch

FAO Secretariat:

Ir. J.L. Gaudet

(United Kingdom) Convener
(Italy)
(Norway)
(Sweden)
(United Kingdom)
(Poland)
(Germany, Fed. Rep.)

Acting Secretary to EIFAC

The preparation of the present report on chlorine and freshwater fish was
accomplished largely by the Water Pollution Research Laboratory (Stevenage, U.K.) which
prepared the basic manuscript to be reviewed by the members of the Working Party.

Holden, A.V. and R. Lloyd (1972), Symposium on
Problems affecting Inland Fisheries in Europe.
tech.Pap., (16):20 p.

EIFAC Report, Sixth Session, 1970, p.

the Nature and Extent of Water Pollution
Synthesis of National Reports, p7Pk.0

Doudoroff, Peter and Dean L. Shumway (1970), Dissolved Oxygen Requirements of Freehee'

Fishes. FAO Fish.tech.Pap., (86):291 p.

EIFAC Report, Seventh Session, 1973,p. 18
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1,T ty used th7: - for their work on which they had
in of thei

,*er quality criteria for : :7 fish EI-Ju d ideally permit all stages in
the life cz:b_es to be successfull c should not produce condi-
tions in a rf.-;-,:-o 1:at3r whicll would citha aint tho ?1- sh of the fish or cause them to
avoic;_ a Etr3.ocE of :2iver :Tiers tiny vculd or give rise to accumula-
-don of clele'5erlous substE,nces in flsh -uhey are potentially harmful
when ccnzurcC.,. 17-6ff,z,cot f-,'Ltcrs t17!_ ffec:11.; Jci!..-food organisms must also be
consjTj uld they prove to be iL17.,'

TAs re ort will be presented to the Eighth Session of EIFAC (Aviemore, 3cotland,
United nnacom

Th.7.! Seven f EIFAC (see footnot 2/) suggested as possible future subjects
for cadmium o



Avoidance behaviour of rainbow trout under experimenal conditions has "oela slight at
a concentration of chlorine of 0.001 mg /i (0.0002-0.0008 mg HOC1 and marhed e6
0.001-0.008 mg HOC1/1.

Chlorine is too reactive to persist for long in most streams and there ore the upper
limit for fish survival might be set closer to the lethal levels than miE3It etheruise be
the case, especially as avoidance behaviour is likely to afford additional protection to the
fish from regions of high concentration. Consequently it is tentatively suggested that an
acceptable upper limit would be 0.004 mg H0C1/1, because it should result in little or no
mortality of fish, perhaps have only a minor effect on fish behaviour and not be hifri enough
to be damaging to the majority of fish food organisms. The amount of total chlorine

correspondingto this concentration varies according to the temoerature and pH value 02 the water,
as shown in the following table:

Since chlorine may
cyanide and/or cyanogen
presence of phenols are
than 0.004 mg HOC1/1 m

ramp ature

6 7

PH

Chlorine as hypochloror.7 and ch7uramines is toxic to i(ii...z1ic life. sh
species, invertebrate orgamiH:. End pia. are generally more resistant to chlorine than
salmonids, althui.104 the prodotion of g Daphnia is reduced at a concentration of
0.0035 mg/1 (0.0004-0.0014 mg HOC1/1).

From the limited data available, it seems that concentrations of chlori:le greater than
0.008 mg HOC1/ could be harmful or lethal within 4 days to both salmonoid and coarse
fish, whereas 0.004 mg HOC1/1 has been endured 1,7 sensitivz species of fish for 5
although with some decline in the normal activity.

The toxicity of chlorine to fish is increased by a ::, ction in tY3
dissolved oxygen, and little changed by increase in saliI2it np to 50
but there are few or no data available cn the effect of temperature, pE,

Ain of
water,

2 ha571ess,

react with thiocyanide to produce lethal concentrL. hydrogen
chlorine and concentrations of chlorine as low as 0.0 1 mg/1 in the
likely to produce taints in the flesh of fish? an .:::ploer limit of less
t be necessary in the presence of these othov

5 0.004 0.0O5 0.011 0.075

25 0.004 0.005 0.016 0.121

8 o
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roL 7c5; therefors Et all temperatures at rhich the majority of 'European fish
specie ara likely ts be found, 'hhe ,greater part sf any- chlorine present will be in a
toxic ften calorina (as Cl)EC; is addad to rater containing ammonia it uill, in the
EI;SZ,C ctsr coddisablo suostances, initiallyform msnechloramine (HE C1)- dichloramine

-2
trichlaramine cr nitnpgen trichloride (iTC1:), cr a mixtcre of these compounds.

formaYinf the raora hiahly substituted dariYatives' is favoured by increased acidity of
-sointiou and increassd graYimeiric recio of chlorine to anmoniacal nitrogen according to

150; wi:o describes tne following reactions as taking place:

HOC1 =

NH2Cl
110C1 =

WHC12

NHC12
4- HOC1 = NC

3

(9 In noiscidio waters frrther addition of chlos_ine iDes as main products probably
onlorida isu EDe. clenantal ,:itss,c5en. The concentraticn at which any Parilioular compound
1.115. 1:47G1C, is difficult ts Dradict, although DrobEbly at the normal DE values of
natrrsl wates only relEtiTely. smallamounts of uitrsrent trichloride (a csison known to have
chronic sycl:snic effects) are formed. However, it apDears that ohloramines slowly reach
acnilnrirr oith a small concr:rtration of hypochlorcus acid which possibly accounts for
tbsir oniciny e

seDEge effluents almost always contain ammon1a the effects of chlorine should
nct considel.?ed w-ithont talsing into account ne eZfecte of ohlonamines which though less

cniorine are more perzis-1ent. EyDochicsons acid on byposhiorits ion decompose
slr7wly in ssiution fozmiug chlosir'e ion and os-sTgen, orocess accelerated in the presence
of arLn.flErnt: and they ale more readily rejos-red b oranic matter than chlorine and chloramines.

2.1

1.samTsLntns iS 1:,,:i-T6116 1.1 C form LI y1.sieh 1t is ETalie:ble tc act as an
osidan: ;,.;Ey to jr,scribed in the lizeratr2e as °Z-ece'? Tavailable "active", or
"resicrai-1 some comoination 0E' these adjectives. When Dresent as
ohloraml= st nay also hs z feired tc as '-"cora1id,-1. chlesinc, These forms can conveniently
iC si.essiHeci ar:

-,,-111sc-7 that D-os=ant as "21 ersilibriur mixture of hypochlorite
chlarous acid 01:3C1,,

thaIn chloramines or other compounds with

e, essentially the sum of (a) and (b),

tli ress-S:7 1hs '-chlorise" to nsed to refer so the total available
on s.re -.-/C.11,CtC',r LOSS nst neoa ts be more closely defiusi; It does not,1nDi-nrlse rri a-7ausd o evan Possible.

ts uotrr eo.;, .nsss- alchion isecyesarass [ased COY the disinfection
nsy shThriva ix commcnly used methods of

H2
0

-

4:1,3C,K cL hry.-sot -
ci,ja';1ZO gir;r--s:rs _ oss so t

sri has been
adequate details

)

on
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3. TOXIC° Y OF CHLORIBt IN WATER

3.1 Mode of action and synntems of acute oisonin

Various authors have Eescribed how fish exposed to chlorine solaticn becens
before losing equilibrium and dying. No direct info tion on the chemical basic C2
toxicity to fish is available, but en ,nes within the cell contain sulphydryl
essential to their activity and these become oxidized almost immediately by enlorinc. 1?ct:1
animals and plants, enzymatic activity being irreversibly abolished (Green ana
because of the strength of the covalent bond formed (Albert, 1965). This may
once equilibrium has been lost, the fish do not recover when placed in clean water
(Taylor James, 1928; Panikkar, 1960; Pike, 1971).

3.2 Lethal effects on fish

(0 Embryos, larvae frz

Blake (1930) showed that eyed ova of brown trout Salco trata
e ..sed to 10 mg/1 of chlorine for 30 min showed a sli increase
(1.2 percent compared with 0.6 percent among controls).

In general, newly hatched larvae are more susceptible t.. eggs. Grande (1, )

that in a very soft water (14 mg/1 as Ca003) at 9°C and a pH of 604 a chlorine coucc,-.2.13n
of 0.07 mg/1 was not lethal. within 3days to salmon (Salmo salar) fry ezposed irmcdics:
c pletion of absorption of the yolk. At 0.1 mg/1, however, the mean period of
1.2 days, at 0.13 mg/1 it was 8 hl and 0.3 mg/1 only 3 h. (The raw-imvm

GonceHOC1under these conditions would be abont 94 peraent of the given chlorill:,

Scheuring and Stetter (1950/51) also report that trout died in 16-24 at

of 0.1 mg/1 at 10-120C.

M. G-. (personal cc: - -Ication) also reported mortality o_ fry of brown t.1=t;
rainbow trout (Salmo gairdneri). Arctic char (Salvelinns alninus), ard Atl.ont:lo L-F,1,77= L.
chlorinated tap water at about 0.1 mg/1 of chlorine (eouiva/ent to abent
over a period of several days, uTrout" fry were MALTA LI 43 h by 0005-C,C:.:
but 0.01 mg/1 did not prove fatal over a period of two uee..o (Cc=t7.-z- _

(ii) Fingerling and adult salmonids

Rainbow trout fingerlings and yearli. died in 2 h at 0.3 mg ._cl in 4..5 h at
0.25 mg/1 (Taylor and James, 1928). At a dissolved oxygen concantration of 10-ii Ts-,19
temperature of 15°C, and pH of either 6.3 or 7.0, a mixture of HOC1; UH2C1 ead 1-iIT:,I :In

which the former predominated, was more toxic than one in uhich either 7E201 or
of mono- and dichloramines predominated, the concentration at uhich ths FAL77i1=1 6,----..:
predominantly HOC1 killed rainbow trout in a given time interval being aho-c;; onc. th.:7.1 (..--..

that in Which 1H2C1 predominated. The 7-d LC50 of a solution contcilrIng chIco, :_°,::,
as z;2C1 was 0.08 mg/1 (Herkens, 1958). Studies with 4-month cid .111vs.7 sal-wo.
Onco 1 A hus kisutch showed that 76 percent of the fish were 1:7111,,,d at pH 7'" :

',-,-- D,2 -
chlorine 0.1 mg /i HOC1) in about 19 h (Department of Fishori,Jo, Walhis--:,:o1-!, 7,','-':-

Pike (1971) found that brown trout (12.5-18 cm long) were all k:UA.scl_7":¡.;1 24 : 'Y
for only 2 min to chlorine concentrations greaten than 0.04 mdl 2.t li'-e, 7.:;._, ::.,-_
exposure the median period of survival at 0.03 mg/1 was levs the'_-t 7,5 11;, c,.: 0G2
than 10.5 h, and at 0001 a 1 (00008 mg HOC1/1) less than 45.5 1), 1-,175- e:::5:72-;

,/at 0.35, 0.08, and 0.04 mg /i chlorine (0.0034 mg ECC1/1) '10-Yli:?-.1'',f-nc'' (-'2 1--71 71 :-:--17-

(Salvelinus fontina/is) were 9p 189 and 48 h respectively .nil:_-. ;7-% C-' _,- ,_.-: :,

HUU17T7g fish survived at least 7 days.

(iii) Fingerling and adult coca.se fish

(15) Ziinerman and Berg (1934) observed that gol
8 h by expoaure to water containing 1.0 to 1.5 mg . ,af chIoie



4 1/mm; at a pH of 7.9, a temperature of 25°C, and a concentration of 2 mg/1 (0.64 mg HOC1/1)
they were killed within 17-48 h. Wakabayashi and Imaoka (1968) reported that goldfish were
tilled. by unrenewed solutions having initial concentrations of 0.6 to 0.7 mg/1 chlorine.
At 1 mg/1 chlorine (0.32 mg 11001/1) some were killed in 96 h Ellis, 1937), and at
0.1-0.2 mg/1 chlorine they survived for an "extended" period Schaut, 1939). Taylor and
James (1928) also report that they were not affected in 42 h by 0.25 mg/l.

(16) Ebeling (1931) observed the mostality of six species of fish over a period of 4 days in
ponds having a teaperature of 4.5-7 C, pH of 7.2-7.3, ad a nominal concentration of chlorine
of abou'6 1.0 mg/1 y0.7 mg 11001/1), the dissolved oxygen concentration being "constant";
pike (Eso x lucius) died within 30 h, rainbow trout within 37-40 h, rudd
Seardinius erythrophthaimus) within 41-82 h, and about 80 percent of the common carp
(Oyprinus camio), 20 percent of the tench (Tinca tinca), and one of the eels
(iaanguilla) died after 100 h. Zimmerman and Berg (1934) also observed that 1.2 mg/1
killed large common cavo. Scheuring and Stetter (1950/i) report that at constant concen-
tration of 0.15 mg/1 trout were killed within 14 days, whereas tench, common carp, crucian
caro Oarassius carassius), pike and pite Perch (Zucioperca lucionerca) survived between
6 and 37 days without apparent harm.

(17) Thus coarse fish appear to be much more resistant to high concentrations of chlorine
ehan salmonids.

3,3 Effects of environmental factors

(i) Disco

(18) The aediaft perjod of sureolval of rainbow trout in a given concentration of chlorine
(added as sodium h7poohlorite) was found to be shorter at low concentrations of dissolved
oxygen than it was at hiah (Department of Scientific and Industrial Research, 1958). Trout
in solutions at pH 74 containing about 0.1 mg/1 chlorine (the lowest concentration tested, .

and equivalent to a 1;12.-j.E7i15.11 H001 concentration of about 0.06 mg/1) were killed in 1 000 min
at a diSsclvedoxygen concentration of 90 percent of the air saturation value (AgV) compared
with 80 min at 40 paroert ASV. At pH 6.3 (when the concentration would be about
0.09 mg H001/1) tine neseective suxvival times were 700 and 53 min. (Some of the chlorine
mey have reacted -Leith aTmonia excreted by the trout and been present as chloramines.)

19) ITo inZ:ormation is entilabie on the effects of pH cn the toxicity to fish of a given
concentratjon of areleenlar H0C1, but the data cf ilertene (958) on the toxicity of mix,-
tnres of chlorine end chloramines to rainbow trout suggest that there is no effect.

onenerature

No nn-eation is available on the effect of temperature on the toxicity of chlorine,
'out there a. suggestion that toxicity might be greatest at low temperatures (Ebeling, 1931).

There nn information on the effect of hardness on the toxicity of chlorine to fish.

22) conoenti-ac Ce?1 haiugei (zoma of which rould hia ba-cmine displaced.
c-f1.3A T,15 r:Alorina and 0.95 oiel ohlorine" (0.19 mg HOC1/1)

tryot in 5'0 pe:.-Lealh sea water (,,alimity 333i g/1 000 g) at a pH of 8.3 had a
ciedia of Le-cly7el of 52 min (Department of Scientific and Industrial Research, 1958).
It :as cci-..uded tLa tiAa toicity of t'As halogers iting from the addition of chlorine
to "osa 7E-i7r "EC clZzy slislItly t'.-Len that 17,1 c:Aloine in frasll water. "Critical"
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(presuinaoly lethal) levels of ch °rime in sea 7Tater we2,1
salmo Oncorhynchus tshawvtscha and Din!: salo_'
silver salmon .thin 216 h (Department of Fisberiss2 -° ';2C:,

3.4 Publethal effects on fish

(i) Behaviour

(23) Fish may avoid or be attracted to waters containing 10-;7

Sprague and Drury (1969) found that rainbow trout ohowea a o2
water containing chlorine at a concentration of 0.001 mili
more marked at 0001 mg/1 (12-d LC50), and strong at 1 EV:1

(4-d L050) preference was shown for the chlorinated :rater.
in pH of the test solutions was from 7.0 to 8.42 the 1-ssrar.t
been between 80 and 20 percent of the nominal chlolins 1:mcz

behaviour is unknown? but Dandy (1972)2 who measure:1 the
presence of chlorine? found that acti7ity incraseLl at 0.35 7.3/1 722:7; 27,M.

(18-h 1,050), and suggested this vould increaso the Dassi- mc,fl.ng

fresh water given the choice9 uherea3.: at 0.04 mg ¡l
was depressed! whdch would. reduce the chances of' mo7E=t
also a greater decline in activity than lomnd in c=7:J-21. 'a

(0.004 mg HOC1/1) (not lethal to fish at 7 days)

(ii) Spawning

(24) The only precise data on the effects of chlorine c-=,
of Arthur and Eaton (quoted by Zillich? 1972) who fey=
as low as 0.085 mg/1 nearly eliminated spawning
and that at 0.043 mg/1 the number of spawnings _

ning were reduced.

(iii) Taste and odo

There is no evidence that the T-Jrasence of ohloy-17:
the flesh of fish, but when presem'c 7i_th phmois
produce taints at concentratios as 1.711 as 0.001 '

3.5 Effects of mixtures 0-.7

Schaut (1939) found.that follzwing- 07:1101A-4_
thiocyanide at a concentration of mgil
of sodium cyanide, and considel:'s6 -(nds E-:2_11;(= C:

KOS 3C12 4H

Allen, Blezard and Meatland (1948) stndied Le

poison was more likel7 to be r-7.7,1,3,s?

KOS 4- 4C Jo

Both investigations showed? ho-:e17.er 7T11
mixtures recovered in poison-free .7. .sr -

by chlorine? which typicall,-;,- has

(a poison whose reactio.JI. is .2,1s,77:),

"



is no inrormation on the effect of ohlorine in the presence of other poisons with
eh does not react chemicallea

3.6 Effeos on acruatic izr rteee olants

Much of the information available on invertebrates will not be quoted because it relates
to organisme that are not important as food for fish and to nominal concentrations that are
rapidly lethal (Evins, 1972).

Among the crustacoa, aa_22,s ep. were stunned but recovered after 24 h exposure to
1 mg/1 ohloramines (Phillips, 1938) and in soft water mazna was killed in 72 h at
0.5 mg/1 chlorine (Ellis6 193(). For GaMEZUS 1eccbJ.nnaeus exposed to chlorine for a
period of 15 neeka at 23 0, pH bete-een 7.2 and 8.6 dissolved oxygen concentration between
5.2 and 10.4 mg/]; and total -nerLacisa cn:' 44 e 48 mg/i, there was marked reduction in survival
and no production of young at 0.035 mg/1 and reduotion in the number of young produced per
female at 0.0035 mg/1 (0.0004-0.0014 mg HOC1/1) (Arthur and Eaton, 1971). Asellus sp. were
stumed but recovered after 24 h exposure to 2 mg/1 chloramine yet were apparently unaffected
by ereasure for this period to 2 mg/1 free chlorine (Phillips, 1966). Copulation of
A. meations was inhibited by 0.5 mg/1 (*Holland? 1956). 'Crayfish were killed by 1.2 mg/1

.1creminee Coventry? Shelford and Miller, 1935).

There was an 65 peroent kill of Chironomus spp larvae in 24 h at a concentration of
chlorine of 0.65 mel (Buchmann, i 9323

Among the molluacs, Potaaopyrras iyas!:insi appeared dead after exposure to 100 mg/1 for
24 h, but some recovered when transferred to 'fresh water (English, 1958).

Little in!ormation is available on the effects of chlorine on higher plants on which
fish ìay feed, bu 'i; Zimmerman and Berg (1934) reported that Cabomba caroliniana and
Elo ' sis became slightly chlorotic after 6 dayo' exposure to a chlorine conoene.
tra, (but not at lower concentrations). However, the concentrations fell toas litr a':.; 5 percent of the nominal values within 3 h of preparation, suggesting that the
plamts -z17)7 be more susceptible than These tests indicate. Initial concentrations of
0.23-0.3 mg/1 of ohlorine have controlled the growth of algae (McKee and T'Tolf, 1963).

it is therefore clear that the resistance of most species of invertebrates and some
plants to acutely leonal levels of chlorine is greater than that of fish.

4. FIELD OBSERVATICZS

35) Chlorine was renka . to have oaused the deaths of many fish in the River Spree
Ebeling and Schrgder, 1F/r9) and was strongly implicated in the elimination of populations
of most species in rivers immediately downstream of outfalls of chlorinated effluent
containing about 1 mg/1 chlorine Tsai, 1968).

(36) Barsch pt al. (1971) described the lethal effects on caged rainbow trout of chlorinated
effluents frcm municipal waste water treatment plants serving small human populations (and
presumably, therefore, largely domestic in origin). Without chlorination no deaths occurred
over a test period of 4-5 days, but with chlorination there was more than 60 percent mortality
within this period, 90 to 100 percent beinE killed in one stream where the average chlorine
coacentration ras M7 mg/1: and 55 percent where the average was 0.014 mg/1; however m/1
ennivived ',.-a average of 0.002 mill. The estimated 90-h L050 values in two of the streams
were 0,O4 mg/1 and 0,029 mg/1 respectively (although theee findings conflict with the data
presented which apoarently contain errors). Similar experiments (J.S. Alabaster, personal
ccmmunication) with this species in the chlorinated effluent from synthetic resin manufacture
ga-re an estimated 24-h L050 of 0.07 mg/1 (0.05 mg HOC1/1)0

07 No data are available on the effects of chlorine or chlorinated effluents on fisheries
(ootential, catchabilityy or yields) in areas Where such waste$ are discharged except that,
as indicated earlier, fishery sites may be lost or displaced very locally.
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5. SUMMARY OF DATA

(38) Chlorine as hypochlorous acid and chloramines is tozic to aquatic eialA an6_7 in
contrast to some other poisons, for example HCY, once fin have lost their ecruilibrinm they
do not recover when placed in clean water (para. 10).

39) The lowest concentration of chlorine reported as lsthal to trout is 0.01 mg /i
0.008 mg HOC1/1) under laboraTory conditions (para. 3) s. !:1. 0.014 mg/1 in the field (para. 5),

while the highest non-lethal concentrations having no E',-parat adverse effect on sensitive
species of fish Tithin 5 days are 0.005 mg/1 (0.004 mg HOC1/1) for brook trot in the
laboratory (para, 14)2 though there ;7as some decline in normal activity at this concentration
(para. 23), end 0.002 al7/1 for -13::- trout i7,1dsr field coilditions (para, 36),. 7isld 'cata
are, however, very scant.

Acutely lethal levels of chlorine are reduced by reduction in the concentration of
dissolved oxygen, little changed by increase in salinity up to 50 percent sea .:aterT 'out
there is little or no information available on the effect of temperature, pH, an.d7.a.ter
hardness.

Slight avoidance behaviour of rainbow trout under ex ie cond
at d concentration of chlorine of 0.001 mg/1 (0.0002-0.0008 mg HOC1/1).

Coarse fish species (paras. 15 and 16), fish food invertebrate or-
and plants (para. 33) are generally more resistant to chlorine than salmci
production of young Daphnia was reduced at a concentration of 0.0035 mg/1
(0.004-0.0014 mg HOC1/1) (para. 30).

Chlorine may react with thicoyaAide to Produce lethal concentrations
cyanide and/or cyan chloride para. 26).

Concentrations of chlorine as low as 0.001 in the presence of phe. are
to produce taints in the flesh of fish para. 2

6. TENTATIVE WATER QUALITY CRITERIA

From the limited data available, it seems that c lcentrations cf chiclIne Areater than
0.008 mg HOC1/1 could be hazmful or lethal .Athia 4 o salmonids and that a conce-Ltration
as low as 0.001-0.008 mg HOC1/1 can produce marked avoidance reactions.

On the other hand a concentration of 0.004 mg HOC1/1 has been endured by sensitive
species of fish for 5 days, though there was some decline in the normal activity.

Chlorine is too reactive to persist for long in most streams and therefore the upper
limit for fish survival mi t be set closer to the lethal levels Than might otherwise be
the case, especially as avoidance behaviour is likely to afford additional protection to
the fish from regions of high cóncentration. Consequently it is tentatively suggested that
an upper limit might be set at 0.004 mg HOC1/1, which should result in littis or no mortality,
perhaps have only a minor effect on behaviour, and not be low enough to be damaging tc the
majority of fish food organisms.

The amount of total chlorine corres-oonding to a concentration of 0.004 mg HOC1/1
according to the temperature and pH value of tlle water as shown in Table II.

EIFAC/T20

as been found
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Table II

Approximate total concentration of chlorine corresponding to 0.004 mg HOC1/1 (mg/1)
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