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FOREWORD

This i1s the eighth technical paper on water quality criteria for Buropean freshwater
fish prepared for the European Inland Fisheries Advisory Commission (EIFAC) - an inter—
governmental organization with & membership of 23 countries. The Commission has been active
in its efforts to establish water quality criteria for FHuropean freshwater fish since ite
Second Session, Paris, 1962, when it took note of 2 recommendation of the United Wations
Conference on Water Pollution Problems in Europe, 1961, that EIFAC teke the initiative in
drawing up water quality requirements with respect to fisheries 1/.

As was stated in its first seven reporis on water quality criteria g/, 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 guality 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 noi received the attention that they deserve.
A11 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 pollutanis. 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 fo 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 aguatic organisms or groups of aguatic 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 bioclo-
gical requirements of European freshwater fish in relation {0 the topics $o be studied.

1/ See, respectively: EIPAC Report, Second Session, 1962, p. 21-2
UN (1961) Conference on Water Pollution Problems in Europe, held in
Geneva from 22 February to 3 March 1961
Documents submitted to the Conference. Vols. I-III, United Nations,
Geneva, 600 p.

g/ Report on Finely Divided Solids and Inland Fisheries, EIFAC tech.Pap., (1):21 p., 1964
Report on Extreme pH Values and Inland Fisheries, EIFAC tech.Pap., (4):18 p., 1968
Report on Water Temperature and Inland Fisheries based mainly on Slavonic Literature,

EIFAC -tech.Pap., (6):32 p., 1968
List of Literature on the Effect of Water Temperature on Fish, EIFAC tech.Pap., (8):8 p.,
1969
Report on Ammonia and Inland Fisheries, BIFAC tecthapo,(11):l2 Pey 1970
Report on Monohydric Phenols and Inland Fisheries, EIFAC Tech.Pap., (15):18 p., 1972
Report on Dissolved Oxygen and Inland Fisheries, BIFAC Tech.Pap., (19):10 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 é/.

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);

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

Elevated temperature was given first pricrity, and a draft on this subject was prepared by
the Working Party during the following inter-sessional period. (A% the Third Session the
work of the Commission was re-orgsnized into three Sub-Commissions, one of which, Sub-
Commission III - FPish and Polluted Water - regrouped all the activities of EIFAC in the
field of water pollution. The Working Party on Water Quality Criteria for BEuropean 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 review of literature on the effects of water temperature on aquatic life concluded
that such a review required more effort than the resources of the Commission permitted at
the time, Meanwhile, it suggested that a water quality report for extreme pH values be
prepared for the next Session of EIFAC, and that a report on dissolved oxygen be prepared
when funds become available for a full-time consultant g/.

The report on extreme pH values and inland fisheries (see footnote 2/) was pdblished
in 1968, in time for presentation at the Fifth Session of EIFAC, Rome, 1968, where it was
unanimously approved 2/.

A+t 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,

I+ 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/
BIFAC Symposium on the Nature and Extent of Water Pollution Problems affecting Inland
Fisheries in Burope which was later held in Jablonna, Poland, 15-16 lay 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 2/ for both papers.)

3/ EBIFAC Report, Third Session, 1964, p. 11
4/ EIFAC Report, Fourth Session, 1966, p. 12

é/ EIFAC Report, Pifth Session, 1968, pp. 14-15
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Pollowing the Jablonna Symposium §/§ the Sixth Session of EIFAC, Krakow, 1970,
again reviewed the Commission's programme with respect to waiter quality criteria l/s Hoting
that a report on ammonia was almost complete, it approved continuance of work on phenols,
and the current work begun by the Working Party on copper, zinc and mercury, and recommended
the addition of cyanides, detergents, chlorine and hydrocarbons as items for future revievs.
It also recommended eventual resumption of work on water temperature and the preparation of
& review based on a critical worldwide report on dissolved oxygen prepared for FAQ §/s

After the Sixth Session of EIFAC, the EIFAC Working Party has published reports
on ammoniz and monohydric phenols as the fifth and sizth reviews in this EIFAC series of
water quality papers 2/wnlch were presented to the Seventh Session of BIFAC (Amsterdam,
1972 2/) where they were unanimously approved.

3ince the Seventh 3ession, the BIFAC Working Perty on Water Qualiiy Criteria has
drafted reviews on dissolved oxygen, chlorine and zinc which were studied at its 11th end
12th meetings held in Rome (15-17 January 1973) and Karlsruhe (25 May 1973), respectively.
The report on dissolved oxygen has been published as the seventh review of this series 2/
and will be presented to the Eighth Session of EIPAC, which is scheduled to be held in U.K.
(Aviemore, 3cotland, 6-10 May 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 repori, the following experts were appointed to the EIFAC
Working Party on Water Quality Criterias

Mr. J.S. Alabaster (United Kingdom), Convener
Dr. D, Calamari (1taly)

Dr. M. Grande (Norway)

Dr. T.B. Hasselrot (Sweden)

¥r. R, Lloyd (United Kingdom)

Dr. A.W. Lysak (Poland)

Dr. W.K. Besch (Germany, Fed. Rep.)

FAO Secretariat:

Fre J.=L. Gaudet - 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, 4.V, and R. Lloyd (1972), Symposium on the Nature and Extent of Water Pollution
Problems affecting Inland Fisheries in Euvope. Synthesis of National Reports, EIFAC
tech.Pap., (16):20 p.

EIFAC Report, Sixth Session, 1970, ». 13 .

Doudoroff, Peter and Dean L. Shumway (1970), Dissolved Oxygen Requirements of Freshwater
Fishes. FAO Fish.tech.Pap., (86):291 p.

EIFAC Report, Seventh Session, 1973,p. 13

2

@
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The Horking Party used the same general basis for their work on which they had
sgreed for the preparation of their first reporit that:

"Hater gquality criteris for freshwasiter fish should ideally permit all stages in
the life cycles %o be successfully completed and, in addition, should no% produce condi-
tions in & viver water which would either ftaint the flesh of the fish or cause them %o
avoid a stretch of river where they would otherwise be present, or give rise 1o accumula-
tion of deleterious subsiances in fish %o such s degree that they are potentially harmful
when consumed. Indirect factors like those affecting fish-food organisms must also be
considered should they prove o be important.”

This report will be presented to the Eighth Session of EIFAC (Aviemoreg Scotland,
United Kingdom).

The Seventh Session of EIFAC {see Footnote 2/} suggested as possible fufure subjects
for reviews cadmium and lead.
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SUMMARY

Chlorine as hypochlorous acid and chloramines is toxic to agquatic life. Coarse fish
species, invertebraie organisms and plawnts sre generally mors resisiant to chlorine than
salmonids, although the production of young Daphnis 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 chlorine greater than
0,008 mg HOCl/l could be harmful or lethal within 4 days to both salmonocid and coarse
fish, whereas 0,004 mg HOCl/i has been endured by semsitive species of fish for 5 days,
although with some decline in the normal activity.

The toxicity of chlorine to fish is increased by a reduction in the concentration of
dissolved oxygen, and little changed by increase in saelinity up to 50 percent sea water,
but there are few or no data available on the effect of temperature, vH, and water hardness.

Avoidance behaviour of rainbow itrout under experimental conditions has been glight at
a concentration of chlorine of (0.001 mg/l (0.0002-0,0008 mg HGCl/l} and marked at
0.001=0.008 mg HOC1/1.

Chlorine is too reactive to persist for long in most streams and therefore the upper
limit for fish survival might be set closer %o the lethal levels then might otherwise be
the case; especially as avoidance behaviour is likely %o afford additional protection to the
fish from regioms of high concentration. Consequently it is tentatively suggested that an
acceptable upper limit would be 0,004 mg HOG1/1, because it should result in little or no
mortality of fish, perhaps have only a minor effect on fish behaviocur =nd not he high enough
to be damaging to the majority of fish food organisms. The amount of total chlorine corres—
ponding to this concentration varies according o the temperature and pH value of the water,
as shown in the following %able:

pH
Tempgrature
5 0,004 0.005 0.011 0.075
25 0.004 0.005 0,016 0.121

Since chlorine may react with thiocyanide to produce lethal concentrations of hydrogen
cyanide and/or cyanogen chlorine and conceniraiions of chlorine as low as OQOO?'mg/l in the
presence of phenols are likely %o produce taints in the flesh of fish, an upper limit of less
than 0,004 mg HOCl/l might be necessary in the presence of these other poisons.
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1o  IHPRODUCTION

(1) Chlorination (by elemembal chlorime (C1,), hypochlorites, or chloramines) is used in
disinfecting and removing wmwanied tasies aﬁ§ odours from drinking waber. Sufficient
chlorine {(defined in pars. 7) is added to give a small excess for the destruction of patho-
genic bacterie, bui this excess can make mumicipsl tsp walers unsuitable for fisgh-keeping
purposes. Chlorinstion is also used im the jextile and paper-pulp indusiries for bleaching
and slimicidal purposes, and in sewage trestment 4o reduce sither odour, the density of
‘ponding' slgae on filter beds, or the numbers of bacteris in effluenis digcharged to

surface waters. The amount of chlorine added to sewage is insufficient %o oxidize the waste
completely (i.e.,%he chlorine 'demand’ is not fully satisfied) and there is no excess chlorine
o impair the biological processes essentizl for trestment, or the 1ife in the waters %o
which the effluent is discharged. Chlorine is also added to cooling waters, snd other induse
trial waste walers; i¢ reduce or eliminate growths of algal or bacterial ‘slimes! in cooling
towers and asscciated systems, and to swimming pools for the purpose of disinfection. Lite~
rature on the effects of chlowine on fish hasz besn summarized previcusly by Southgate (1948),
Doudoroff and Katz (1950}, Licbmann (1960), McKee and Wolf (1963}, Jones (1964) amd

7i11ich (1972), end that on freshwater organisms other tham bacteria by Evins {(1972).

2. CHEMISTRY OF CHIORINE IF WATER
(2) vhen elemental chlorine or hypochlorite compownds, ©.Zoy caleium hypochlorite, are
added to water al pH values above shout 5, reactions rapidly scour, resulbing in the

formation of hypochlorous acid (HOGL) inm equilibrium with hypochlorite ioms (0CL ) as shown
by the following two seis of eguations:

(3) Cl, + H,0 = HCL + HOCL

HOGY —2 ' 4 0C1~
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(The presence of the exivemsly fugitive slemenmial chlorvine {@ig} can be ignored for the
purpose of the present review.)

{3) Since the toxic chemical species iu solution in chlorine poisoning is probebly hypo-
chlovous acid, a weak acid; the toxicity of asny solution containing chlorine will depend
on the pH of the solution, because it markedly influences the degree of dissociation.
Tonization constamts {pKa)} for temperatures betwgen 0 C amd 30°C are given in Table I, and
the proportions of HOCL and OCL in solution at 5 ¢ and 25 € ot pH values between 5 and g
ghown in Pige 1.

=

Table T

Ionization constanis (pKa) gs?ghypﬁgézﬁfeas zeid at tempersiuves
between 0°C and 307C (Silién and Martell, 1964
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Pige 1 Prepogtion ofoHOCI and 0C1™ in solution at temperatures
of 5 and 25 C and pH values between 5 and 9
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(4) Below pH 7.5, therefore, at all temperatures at which the majority of Furopean Fish
species are likely t¢ be found, the greater part of any chlorine present will be in 2
toxic form. Vhen chlorine (as HOCL) is added to water containing ammonia it will, in the
shsence of other oxidizable substances, initially form monochloramine (E3201)9 dichloramine
(FHC1,), trichloramine or nitrogen irichleride (NCL,), or a mixture of thSse compounds.
Formation of the more highly substituled derivatives is fsvoured by increased acidity of
-solutiocn and increased gravimetric ratio of chlorine to ammoniacal nitrogen according to
Palin (1950) who describes the following reactions as taking place:

4

H, + HOCL = NH,CL + H,0 + H',

2 2

NH,C1 + HOGL = NHCL, + H0,

and ﬁEClZ + HOCL = EC&B + §20

(5) In non-acidic waters further addition of chlorine gives as maln products probably
chioride ion and elemental nitrogen. The conceniration at which sny varticular compound
will be present is difficult +o predict, although probably at the nommal pH values of
nafural waters only relatively small amounts of nitrogen trichloride (a poison known to have
chronic systemic effects) are formed. However, it appears that chloramines slowly reach
eguilibrivm with g small concentration of hypochlorous acid which possibly accounts for
their toxicity to fish.

(6) 8ince sewage effluents almost always contain ammonia the effects of chlorine should

not be cousidered without talking into sccount the effecis of chloramines, which though less
toxic than chlorine are more persistent. Hypochlorcus acid and hypochlorite ion decompose
slowly in solution forming chloride ion and oxygen, a process accelerated in the presence

of gunlight, and they are more readily removed by organic maitter than chlovine and chloramines,

2ol ol

(7) vhen chlorine is present in water in a form in which it is available %o act as an
oxidant it may be described in the literature as "free-i, "availsble~", Yactive~", or
"regidusl-® chlorine; or by some combination of these adjectives. Uhen present as
chloramines it may also be referred to as "bound-" chlorine. These forms can conveniently
be classified as:

{a) Prée available chiorine, that present as an emuilibrium mixbure of hypochlorite
ions (OCI1™) and hypochlorous acid (HOGCL),

(b) Combined available chlorine, that present in chloramines or other compounds with
an H-Gl link, and

(¢) Total svailable chlorine, essentially the zum of (2) and (b).

(8) ¥or brevity in this report the term ¥“chlorine” is used %o refer to the total available
chlorine when this cannot be, or does not need to be, more closely defined. It does not, .
however, include elemental chlorine (Cl.)}. Specific compounds are named whenever possibles
It should be noted that some of these, 8.g., dichloroisccyanurates {used for the disinfection
of swimming-bath waie%s? mey rsact as free available chlorine in commonly used methods of
chemical analysis, o

(9) where possible the Goncentration at which hypochlorous acid may be present has been
estimated, but this camot always be done because many veports fail to give adequate details
of the chlorine source and of tempersture and pi of the solutions.
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3.  TOXICOLOGY OF CHLORINE IN WATER

3.1 Hode of action znd sympioms of acute poisoning

(10) Various authors have described how fish exposed to chlorine solution become restless
before losing equilibrium and dying. Fo direct information om the chemical basie of chlorine
toxicity to fish is available, but enzymes within the cell contain sulphydryl (~SH) groups
essential to their sctivity and these become oxidized almost immediately by chlorine in bhoth
enimals and plants, enzymatic activity being irreversibly sbolished {Green and Stumpf, 1946)
because of the strength of the covalent bond formed (Albert, 1965). This may explain why
once equilibrium has been lost, the fish do not recover when placed in clesn water

(Taylor and James, 1928; Panikkar, 19603 Pike, 1971).

3.2 Lethal effects on fish

(i) Eaubryos, larvae and fry

(11) Blake (1930) showed that eyed ova of brown trout Ealmo trutta) incubated at 3=5°G and
exposed to 10 mg/l of chlorine for 30 min showed a slight increasse in mortality on hatching
(1.2 percent compared with 0.6 percent emong controls).

(12) In general, newly hatched larvae are more sugceptible than eggs. Grande (1966) reported
that in a very soft water (14 mg/l as CaC03) at 9°C and a pH of 6.4 a chlorine concentration
of 0,07 mg/l was not lethal within 3 days to salmon (Salmo selar) fry exposed immediately after
completion of absorption of the yolk. At 0.1 me/1, however, the mean period of survival was
1.2 days, at 0.13 mg/vl it was 8 h, and 0.3 mg/l only 3 h. zThe meximum concentraition of
HOCl under these conditions would be about 94 percent of the given chlorine concentrsiicn.)
Scheuring and Stetter (1950/51) also report that trout died in 16=24 h at a comcenization

of 0.1 mg/l at 10-129C,

(13) M. Grande (personsl communication) alsc reported mortality of fry of brown trout,
rainbow trout (Selmo gairdneri), Arctic char (Salvelinus alpinus), and Atlantic salmon in
chlorinated tap water at about O.1 mg/l of chlorine (equivalent to sbout 0.09 g%/i; of HOCL)
over & period of several days. “Prout" fry were killed in 48 h by 0.05=0.06 mg/l of “chlowine
but 0.01 mg/l did not prove fatal over a period of two weeks (Coventry et ale; 1935).

(ii) Fingerling and adult salmonids

(14) Rainbow {rout fingerlings and yearlings died in 2 h at 0.3 rag/’i and in 4=5 b at

0.25 mg/1 (Tayloroand James, 1928). At a dissolved oxygen concentration of 10-11 mg/1,
temperature of 15°C, and pH of either 6.3 or 7.0, s mixture of HOGl, WHgCl and FHCl, in
which the former predominated, was more toxic than one in which either HH-C1l or a wmiziure
of mono- and dichloramines predominated, the concentration st which the miziure containing
predominantly HOCL killed rairbow trout in a given time interval being about ome thizd of
that in which FNHoCl predominated. The T-d 1050 of a solution combaining chlorine mainiy
as NH2Cl was 0,08 mg/l (Herkens, 1958). Studies with 4-momth old silver salmon

Onco chus kisutch) showed that 76 percent of the fish were killed at pH 7.6 by 0.2 mg/l
chlorine (= 0.1 mg/l HOCl) in about 19 h (Depariment of Fisheries, Weshingbom, 1960).

Pike (1971) found that brown trout (12.5-18 cm long) were all killed wiihin 24 h by exposure
for only 2 min to chlorine concentrations grester than 0.04 mg/l at 11 C. With contizmous
exposure the median period of survival at 0.03 mg/l was lees than 7.5 hy at 0,02 @gf‘é lese
than 10,5 h, and at 0,01 a§/1 (0.008 HOC1/1) less than 45.5 h. Dandy (1972) showed thet
at 0035, 0,08, and 0.04 mg/1 chlorine {0.0034 ng EGCl/l) survivel times of brock troud
(Salvelinus fontinelis) were 9, 18, and 48 h respectively, while at 0.005 mg/1l (0.004 mg
HOC1/1) the fish survived at least 7 days.

(iii) PFingerline and adult coarse fish

Gl
feid

(15) Zimmermen and Berg (1934) observed that goldfish (Cerassius surstus) were Hilied wi
8 h by exposure to water comtaining 1.0 to 1.5 mg/l of chlorine and replsced at & vate of
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4 1/min; at a pH of 7.9, a temperature of 25°C, and a concenmtration of 2 mz/l (0.64 mg HOC1/1)
they were killed within 17-48 h. Wakabayashi and Tmaoka (1968) reported that goldfish were
killed by unrenewed solutions having initial concentrations of 0.6 to 0.7 mg/l chlorine.

A% 1 mg/l chlorine {0.32 mg HOCL/1) some were killed in 96 h gEllis, 1937}, and a%

0. 1=0.2 mg/l 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 mortality of six species of fish over a period of 4 days in
ponds having a temperature of 4.5-7 G, pH of 7.2=T7.3, and a nominal concenmtration of chlorine
of about 1.0 mg/l (0.7 ng HOCl/l), the digsolved oxygen concentration being Wconstants

pike (Bsox lucius) died within 30 h, rainbow trout within 37-40 h, rudd

(Scaréinius erythrophthalmus) within 41-82 h, and about 80 percent of the common carp
Cyprinus carpio), 20 percent of the tench (Tinca tinca), and one of the eels

Aneuilla snguills) died after 100 h. Zimmerman and Berg (1934) also observed that 1.2 mg/l
killed large common carp. Scheuring and Stetter (1950/1} report that at constant concen-
tration of 0.15 mg/l trout were killed within 14 days, whereas tench, common carp, crucian
carp {Carasgius carassius), pike and pike perch. (Lucioverca lucioperca) survived between

6 and 37 days without apparent harm.

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

3,3 Effects of environmenial factors

(i)} Dissolved oxygen

§?8) The median period of survival of rainbow itrout in a given concentration of chiorine
added 'as sodium hypochlorite) was found to be shorter at low concemtrations of dissolved
oxygen than it was at high (Department of Scientific and Industrial Research, 1958). Trout
in solutions at pH 7.4 containing about O.1 mg/l chlorine (the lowest concentration tested,
and equivalent to a maximum HOCGL conceniration of ghout 0.06 mg/l) were killed in 1 000 min
at a dibsolved-oxygen comceniration of 90 percent of the air saturation value {ASV) compared
with 80 min at 40 percemt ASV. A% pH 6.3 (when the concentration would be about

0.09 mg HQGl/l} the respective survival times were 700 and 53 min. (Some of the chlorine
may have reacted with ammonia excreted by the itrout and been present as chloramines. )

(11) pE

{19) No information is available on the effects of pH on the toxicity to fish of a given
concentration of molecular HOGL, but the data of Merkens (1958) on the toxicity of mix—
tures of chlorine and chlorsmines to rainbow trout suggest that there is no effect.

iid Temperabure
(iii) Temperature

{20) o information is available on the effect of temperature on the toxicity of chlorine,
but there is a suggestion that toxicity might be greatest at low temperatures (Ebeling, 1931).

(iv) Hardness
{21) There is no information on the effect of hardness on the toxicity of chlorine %o fish.

{(v) Salinity
(22) 4t a concentration of total halogen (some of which would be bromine displaced by
chlorine) of 1.34 mg/l fotal chlorine and 0.95 mg/l ¥free chlorine” (0,19 mg HOGL/1)
rainbow trout in 50 percent sea water (salinity 33.34 g/i 000 g} at 2 pH of 8.3 had a
median period of survival of 52 min (Department of Sciemtific and Indusirial Research, 1958).
It was concluded that the toxicity of the halogens resulting from the addition of chlorine
56 Vsea water' was only slightly less than that of chlorine in fresh water. "COritical®
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(presumably lethal) levels of chlorine in ses water were found to be 0.0% mgfl for chinosk
salmon (Oncorhynchus ishawytscha) and pink salmon (0. gorbuscha), while 0.09 mg/l killed

silver salmon within 216 h {Department of Pisheries, Washington, 1960}.

3e4 Sublethal effects on fish

(i) Beheviour

(23) Fish may avoid or be attracted to waters containing low concenirations of chlorine:
Sprague and Drury (1969) found that rainbow trout showed = slight degree of avoidance of
water containing chlorine at a concentration of 0,001 mgfl but that thisz reaction became
more marked at 0.01 mg/l (12=d 1C50), and stroung at 1 mg/l (4-h L050): however, at 0.1 mg/l
(4=-d 1LGS50) preference was shown for the chlorinated water. Since the reported variation
in pH of the test sclutions was from 7.0 to 8.4, the psrceniage of HOUL present could have
been between 80 and 20 percent of the nominal chlorine conceniration. The zeason For this
behaviour is unknown, but Dandy (1972), who measured the achtivity of breock trout inm the
presence of chlorine, found that activity increased at 0.35 mg/l (9=h LE50) emd .08 me/l
(18=h LC50), and suggested this would increase the possibility of fish moving randomly inmto
fresh water given the choice, whereas at 0.04 mg/l (0.034 mg HOCL/1) (24 1050} activity
was depressed, which would reduce the chances of movement inito clesn water. Thers was

also a greater decline in activity than found in combtrols im fish kept st 0.005 mgfi

(0,004 mg HOGL/1) (not lethal to fish at 7 days) for more then 5 days.

(ii) Spawming
¥

(24) The only precise data on the effects of chlorine on spawning are the unpublished resnlis
of Arthur and Baton (gquoted by Zillich, 1972) who found that chloramines af concentrations
as low as 0,085 mg/l nearly eliminated spawning of the fathesd mimnow (Pimephales promelas)
and that at 0.043 mg/l the number of spawnings per female and the number of eggs per spawe
ning were reduced. ’

(iii) Taste and odour

(25) There is no evidence that the presence of chlorine on its own can produce tainmts in
the flesh of fish, bui when present with phenols the resulting chlorinated phencls can
produce taints at concentrations as low as 0.001 mgfl (BTRAC, 1972).

3¢5 Effects of mixtures of chlorine with other wvoiscons

(26) Schaut (1939) found that following chlorination of sclutions containing potessimm
thiocyanide at a concemtration of 6 mg/l "mimmows" were affected the ssme as by 3.6 mg/l
of sodium cyanide, and comsidered this io be & consegusnce of hydrogen cyanide produciion:

KCES + 3C12 4 HZO s=b HOH + EﬁS@i + GHCL

Allen, Blezard and Wheatland (1948) studied the same phencmenocn end concluded that the
poison was more likely to be cyanogen chloride:

KCHS + ZiCl2 + 4320 == GHCL + HECL + 3235 + 6HCL

(27) Both investigations showed, however, that fisgh which had lost eguilibrivwm in szuch
mixtures recovered in poison~fres waler, which suggesits that the effe ?
by chlorine, which typically has an irvreversible reachtion (vpara. 3

(a poison whose veaction is reverSible}e
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(28} There is no informetion on the effect of chlorine in the presence of other poisons with
which 1t does not react chemically.

3.6 Effecim on aguatic inveriebrates and plants

(29} Much of the information available on imvertebrates will not be quoted becausge it relates
Go organisms that are not important a8 food for fisgh and to nominal concentrations that are
rapidly lethel (Bvins, 1972).

(30} &mong the crusiaces, Cyclops sp. wers stumned but recovered afier 24 h exposure to

1 mg/l chioramines (Phillips, 196G) snd in soft water Uaphnia mamma was killed in 72 h at

0.5 mg/l chlopine (¥llis 1937}, Wor Cemmarus pseudolimnaeus exposed to chlorine for a
period of 15 weeks ot 237C; tH between 7.2 and §e6g disgolved oxygen concentration between
Bez and 10.4 mgflg gad total herdness of 44 3¢ 48 mg/l? there was merked reduction in survival
and no prodwetion of young et 0,035 mg/l and reduction in the number of young produced per
female at 0.0035 mg/l {0.0004~0.0014 mg BOCL/1) (Arthur and Eaton, 1971). Asellus sp. were
stwmned but recoversd after 24 h exposure to 2 mg/l chloramine yet were apparently unaffected
by exposure for thisg period $o 2 mg/l fres chlorine (Phillips, 1966). Copulation of

&, pgusticus was inhibited by 0.5 mg/l (Folland, 1956). ‘'Crayfish' were killed by 1.2 mg/l
chloramines (Coventry, Shelford end Millewr, 1935).

{31) There wes an 85 percent kill of Chironomus 8ppe larvas in 24 h at a concentrsition of
chlorine of 0.65 mg/l (Buchmann, 19327.

(32) imong the mollusce, Polemopyrgus jenkinsl appeared dead after exposure o 100 mg/l for
24 b, but some vecovered when transferred to fresh water (Buglish, 1958).

(33) Litéle information is avasilzble on the effects of chlorine on higher plauts on which
fish may feed, but Zimmermen and Berg (1934) reporied that Gabombz carolinisna and

Blodes canadensic became slightly chlorotic after 6 days' exposure 10 = chlorine concen-
tration of 3 mg/th {but not &t lower concentrations). However, the concentrations fell %o
as 1ittle as 5 percent of the nominal values within 3 h of preparation, suggesting that the
vlantz may be more suscepiible thaw these tesits indicate. Imitial concentrations of
0e25+0,3 mg/l of chlorine have comtrolled the growth of algae {McKes and Wolf, 1963).

{34) 1% is thevefove clear that +the vesisbence of mosi gpecies of invertebrates and some
plante 40 acubely lsthal levels of chlorine is greater than that of Pfish.

4e  FIELD OBSERVATICHS

§35) Chlorine was reported o have caused the deaths of meny fish in the River Spree
Ebeling and Schrder, 1929) and was strongly implicated in the elimination of populations
of most species in rivers immediaiely downsitream of cubfalls of chlorinated effiuent

containing zbout 1 mg/l chlovine (Tsai, 1968).

(36) Barsch et ai. (1971} described the lethal effects on caged raimbow trout of chlorinated
effivents from municipal waste water ireatment plants serving small human populaticns (and
presumably, therefore, largely domestic in origin). Without chlorination no deaths occurred
over a fest period of 4-5 days, but with chlorination there was mors than 60 percent mortality
within this period, 90 to 100 percent being killed in one stream where the everage chlorine
concentration was 0,07 mg/i; end 55 percent where the average was 0.014 mg/l§ however all
survived an agverage of 0.002 mg/l. The estimeted 90-h LG50 valuew in two of the streams

wera 0014 mgfl and 0,029 mg/l respeciively (although these findings conflict with the data
pregented which apparently contain errors). Similar experiments {Je%s Alabaster, personal
communication) with this species in the chlorinated effluent from gynthetic resin manufacture
gave an estimated 24-h LC50 of 0,07 mg/l (0.05 mg HOCI/1),

(37) Yo data ave aveilable on the effgcts of chlorine or chlorinated effluents on fisheries
{potgnt}alg catchability,. or yields) in areas where such wastes are discharged except that,
a6 indicated earlier, Ifishery sitem may be lost or digplaced very locally.
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5.  SUMMARY OF DATA

(38) Chlorine as hypochlorous acid and chloramines is toxic o aquatic animals and, in
contragt to some other poisons, for example HON, once fish have lost their equilibrium they
do not recover when placed in clean water (parae 10%,

§39) The lowest concentration of chlorine reported as lethal to trout is 0.01 mg/l

0,008 mg HOCL/1) under laboratory conditions (para. 3) and 0.014 mg/l in the field (parz. 5),
while the highest non-lethal concentrations having no apparent adverse effect on sensitive
species of fish within 5 days are 0,005 mg/l (0.004 mg HOCL/1) for brook trout in the
laboratory (para. 14), though there was some decline in normal activity et this concentration
(para. 23), and 0.002 mg/i for brown frout under field conditions {para. 36). Tield data
are, however, very scant.

(40) 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 water, but
there is little or no information availgble on the effect of temperature, pH, and water
hardness.

(41) slight avoidance behaviour of rainbow trout under experimental conditions has been found
at & concentration of chlorine of 0.007 mg/l (0.0002=0,0008 mg HOCl/l)e

(42) Coarse fish species (paras. 15 and 16), fish food invertebrate orgenisms (paras. 30-32),
and plants (para. 33) are generally more resistant to chlorine than salmonids, although the
production of young Daophuiz was reduced a2t & concentration of 00,0035 mg/i

(0.,004~0,0014 mg HOCI/1) (para. 30).

(43) Chlorine may react with thiccyanide to produce lethal concentrations of hydrogen
cyanide and/or cyanogen chloride (para. 26).

(44) Concentrations of chlorine as low as C.001 mg/l in the presence of phenols are likely
to produce taints in the flesh of fish (para. 25).

6. TENTATIVE WATER QUALITY CRITERTA

(45) Prom the limited data available, it seems that concentrations of chlorine greater than
0,008 mg HOCl/l could be harmful or lethal within 4 days to salmonids and that a concentration
as low as 0,001-0,008 mg HOCL/1 can produce marked avoidance reactions.

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

(47) Chlorine is too reactive %o persist for long in most sitreams and therefore the upper
limit for fish survival mighi be set closer fto the lethal levels than might otherwise be

the case, especially as avoidance behaviour is likely to afford additiomal protection to

the fish from regions of high concemtration. Consequently it is temtatively suggested that
an upper limit might be =et at 0.004 mg HOCl/ls which sghould result in little or nc mortality.
perhaps have only a minor effect on behaviour, and not be low enough o be damaging to the
majority of fish food organisms.

(48) The amount of total chlorine corresponding to a concentration of 0,004 mg HOGL/1 veries
according %o the temperature and pH value of the water, as shown in Table IT.
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Table IT

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

Tempegature ol
o) 6 7 8 9
5 0,004 0.005 0.011 0.075
25 0.004 0,005 0.016 0.121
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