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FORIFIORD

This is the fifth technicnl paper on water quality criteria for Buropean freshewaber fish prew-
pared for the Buropean Inland Fisheries Advisory Commission (BIFAG) ~ an inbergoveromental organizam
tion with a membership of 23 countriec. The Commission has concentrated its efforts on the establishe
ment of water quality criteria for Buropean freshwater fish since its Second Session, Paris, 1962 ;/,
wheu it took note of a recommendnbion of the United Nations Conference on Water Pollution Problems in
Buropa; 1961, that BIFAC fake the initiative in this field.

As was etated in its firsht fouw reports E/, the Commission "agreed that the proper management of
a river system demands thal waler of suitable guality be provided for each use that is mads or inbens
ded to be made of it end that the attairment and maintenance of such quality is normally to be sought
through the control of pollution. It was necossary therefore to know the standards of quality rew
guired for each particnlar unse in order to detewmine the depree of pollution control necessary and to
forecast the probable effect of augmenbed or new discharges of effluents. It was pointed oub that
waber quality standards for drinking water had been well defined by the World Health Organization
(WHO) and that standards for certain agricultural and industrial uses ave also well defined. However,
wator quality criteria for fish have not received the attention thabt they deserve. All too often, water
hag Dbeen conzidered quite adequate for fish ag 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 anunal production and subsequent harvest of £ish hav~ often passed unnoted.

With such reamoning in mind, it was agreed that the esfablishment of wabter guality criteria fov
European freshwater fish be undeptaken by the Commission. This was to be accomplished by a critical
oxamination of the literature, and very possibly experimentabion %o clear up contradictions and £ill
in gaps of knowledge, followed by recommendations as o desirable requirements for various aguabio
organisms or groups of aguabic orgonisms with respect to the various qualities of waber. The final
eriteria were to be published and given wide dissemination."

To accomplish this tank, the Sccond Session of fthe Commission appointed a Working Party of experis
gelected on the basis of their lmowledse of physical, chemical and biological requirements of Buropean
feeshvaber fish in relation to the boplon to be studied. This Working Party prepared ite first report
on finely divided solids and inlend fishevies, referred o above, which wag submitted to the Commisw
sion ab its Third Session, Scharfling am londsee, 1964, where it was unanimonsly approved. Its report
on extreme pif values and inland fisheries (seo footnote 2) was published early in 1968, in time for
precgontation ab the Fifth Session of EIPAC (Rome, Hay 1968) where again it was unanimously approveds

in addition to the weview of 1literatuve on water temperature and pH, the Commission had decided
at its Pouwrth Semsion 3/, Belgvade, 1966, fo study dissolved oxygen requirements and toxic substances
including heavy mebals, phepnols and pesticides and herbicides, After the Fourth Session, FAO also

g/ Seey vespectivelys EITAG Report, Second Session, 1962, pe2le2
U (196%) Confewonce on Water Follution Problems in Europe,
held in Geneva from 22 Pebruary bto 3 Marvch 1961,
Documents submitted to the Conference, Vols I-IIT, United Nabions,
Geneva, 600 p,

g/ Report on Finely Divided Solids and Tnland Pisheries
Report on Extreme pH Values and Inland Fisheries,
Repart on Wabter Temperature and Inland Pisheries ba
1T Bl 2 {(:’)33? Doy 1968

L, baE are on the Bffect of Weber Tempervaturs on Pish, EIFAC techoPapo, (8}:8 p., 1969

.z AT sl e Y o
2 BITAG Report, Fourth Susoion, 1966, p,l2

fechsPaps, {1):21 Doy 1964
sFap., (4):24 pey 1968

sed mainly on Slavonic Liferature,
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appointed a consultant to review the world literature on dissolved oxygen requirements for fre@he
water fish, At its Fifth Session 4/, Rome, 1968, the Commission, weviewing again the priorities for
future studies, decided to undertake the oritical reviews of the literature on the effects of ammonis

and phenols, At its Sixth Session 5/, Krakow, 1970, the Gommission decided %o continue veviews on
phenols, copper and zinc and to start work on mercury compounds and oysnides,

For the preparation of the report on waber quality coriteria for ammonia the followlng experia
Wwere appointed to the EIFAC Working Party on Water Quality Criterias

Mre JoSe Alabaster United Kingdom), Convener
Prof, T, Backiel Poland ‘

Dro. T+B. Hasgelrok Sweden

Mr. Ro Lloyd United Kingdom)

Dr. V., Hitrovio Tugoslavia)

TAD Secretarlats Mr, Willlem A, Dill ~ Secretavy to EIFAC
Mre Ae Thoralund = Pighery O0fflcer
(Inland Water Pollukicn)

The preparation of the present report on Ammonia and Inland Fisheries was accomplished largely

by Mre Re Lloyd who prepared the basic manuscript o be reviewed by obther members of the Working
P a«l“ﬁy °

Thig report will be presented to the Seventh Session of BIFAG which is scheduled %o be held in
Amgterdam, 1972,

EIFAC Report, Fifth Session, 1968, p. 13~%
%/ EIFAC Report, Sixth Session, 1970
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SUMMARY

In establishing waber quality criteria for Buropean inland fisheries, the effeoct of ammonla is
an important factor to be considered. Bewage effluent, effluents from certain industries mee i
agriculture are common sources of ammonia in watere

The harmful effects of ammonia on fish are related to the pH value and the temperature of the
water due to the fact that only the un—ionized fraction of ammonia is poisonous. The un-ionized
fraction increases with rising pH velue, and with rising temperature.

Fish differ slightly in their tolerance to ammonia depending on species. The difference in
tolerance being more significant for short periods of exposure. The difference in tolerance im,
however, not great enough to justify different criteria for different species.

The lowest toxic concentration found for salmonids is 0.2 mg NH,/1 (un~ionized), but other
adverse effects caused by prolonged exposure are only absent at conce%trations lower than 0,025 mg
NH /1 (un~ionized)s Concentrations of total ammonia which contain this amount of un-ionized ammonia
valy from 19.6 mg/l (pH 7.0, 5°C) 0 012 mg/l (pH 8.5, 30°C).

The criterion should not be applied to temperatures below 500 or to pH values above 8¢5 when
other factors have to be taken into consideration.
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1o INTROTUCTION

(1) The purpose of this review is to summerise the state of present knowledge on the effect of
ammonia on fish, fo see whether firm criteria can be established for $his poisom, and Ho indicete
areas where further research is necessary. Ammonia ig present in most waterd, as a nomal bilological
degradation product of proleins alithough the concentrations mey be very small and subsequent conveps
slon to nitrate (nitrification) may teke place. Probably the most common souwrce of ammoniz in waber im
sevage or sewage effluent; particnlarly if nitrification ie inhibifed st the sewage disposal works,
although large quantities of ammonia can he produced by industries such as thome producing coal gasg,
coke and fertilizers, and considerable amounis may be discharged Lo rivers or esfuaries, Another free
quent source is from silage and manure and i can aleo accumulate in fish ponds during winber a8 an
excretory product of the fish. However; ammonia and ammonium salis have been used to feritilize Tish
rearing ponds, and also for aquatic weed contyol. Although ammonia ig oxidised to nitraite in well
oxygenated natural waters the reverse process mey take place at low concentration of dissolved oxygene

(2) Ag long ago as 1913, it was shown that the toxicity of ammonia to fish wes considerably affec-
ted by the pH velue of the water, but it was not wntil 1947 that Wuhrmann, Zehender and Woker, in a
classic study, demonstvated that it was the w-ionised fraction of ammonis which was poisonous jo fish,
and that the lonimed fraction had liitle or no foxicity. Subsequent research has shown that othew
environmental Ffactors could affect the foxic concentwation of ammonia to fish and these may account
for some of the inconsistencies shown in the early daba. Az a result, the complexity of the problem
appears %o have precluded the setting of effective criteria in wespect of this poison, Usually the
erlteria are based on the concentration of tofal ammonia in the water; and do not allow for the effecd
of pH value.

(3) Much of the literature issued prior to 1950 hes been admivably and critically veviewed by
Dovdoroff and Katz (19%) and further reviews have been made by Marchetti (1961) and Jones (1L964).
This review will follow the same pattern as that for suspended solids (EIFAC, 1964) and extveme pH
valves (EIFAC, 1968), and will draw on date mainly from European sources, except where data on none
Buropean species of fish serve to add collaborative evidence, or demonstrabe the effect of a veriable
on which there is no Buropean evidence., Although it is hoped that most of the literature hes been supe
veyed, omigsions will be inevitable; in some cases, papers mey not have been quoted where it im Tell
they do not add s significant contribution fo what ie already known, ox if the dala gilven are inocome
plete, Too often, field observations on the mortality of fish cauvsed by emmonia are unaccompanied by
meagnrements of oxygen levels, pH values and temperatuve, without which the dabte cannot be compared
with other field observationsg or results of laboretory experiments.

(4) There is some confusion in the terminology used %o desecribe concentrations of ammonia. In this
review, the terms "ionised ammonia” (NHA4+) and "un~ionised ammonia® (NH3) will be used to describe the
two slhates of ammonia, and "ammonia™ will refer to the combined concentrations of un-~ionised and
ionised ammonia (NH3 & NH4+). Chemical methods of analymis give values for ammonis and fthe method

used for caloulating the amounte of wn~ionised and lonised ammonis present arve given below. Concentras
tions of ammonia will be expressed as mgNH3/1.

2, LITERATURE SURVEY ON EFFECTS OF AMMONIA

Divect Lethal Action:

2,1 Laboratory Data

Variables Affecting the Lethal Levels

(2) L Value

{5) Although there are several reports in the early literaturs that ammonia iz more toxic in alka=
1ine than in acid solutions, the chemical basis for this was first demonstraled by Wohrmann and Woker
(1948) who showed that only the unionized molecule was %toxic, the ammonium heving 1ittle or no toxle
city. Further studies by Downing and Merkens (1955) confirmed that the toxicity of ammonla could be
directly related o the concentration of wn-ionigsed ammonis present.
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(6) For practicsl purposs the formuls for calenlating the percenfage of un-ionised emmonis presend
in an smmonia solubdon is as followsse

\ . § gt o ; 100 where pke = the negative
Per cent un~ionised smmonla TraniTen (o) logarithm of the
ionisetion cone
shant

Thus, for avemple, an increase in pH value of 0.3 unite from 7.0 to 7.3 would double the ocone
centration of un-ionised ammonis in an ammonia solution although the effect becomes less above pH 865
The value for pks depends on temperature and appropriate values from Babtes and Pinching {19%0) ave
given in Table 1, and shown graphically in Fig. 1.

Table 1o Valuea for pka of ammonis b bemperabures between 5-30°C

Temparature °C 5 10 15 20 25 0
pka 950 9+13 9556 9040 9025 909

It cen be ecaloulated thab a »ise in ‘empevature of 10°C doubles the concentrabtion of une—
ionised ammonis present in an ammonia solution. It can also be shown that the propertion of undisgo-
olated ammonia incresses with increase in ionic strength, the increase over that in distilled waler is
about 10 per cent in a wabter having s hardness of aboub 250 mg/l expressed as calclum carbonate and
about 25 per cent in sea walber.

(N Recently, Tabata (1962) has claimed that the ionised fracktion of ammonis has a demonsirable
toxicity, although it was only one-fiftieth of the doxlclity of un-ionised ammonia for the waber flea
(DaRhngg gul@x), and even less for some species of fish, These conclusione are ab variance with the
data given by Downing and Merkens (1955).

(1) Froe Carbon Dioxide

{8) Mlabaster and Herbert {1954) showed that the toxicity of a moluiion of ammonium chloride could

be decreased by locressing the levsl of fyee carbon diexide in the water, which reduced the pf wvalue,

uptil & concenbration of fres carbon dioxide was yeached which was itself toxiv to flsh. More recenily,

Lloyd and Herbert {1960) proposed o second effect of free carbon dioxide, They muggesbted that it was

usot the pi walue of the bulk of the solution which wasg imporbant in determining the toxloity of

ammonia, but the pH valee of the waleyr at tha gill surfaces; this depends on the effest which the rese

vy carbon diowide produced by the fish has on the pH welue of the webter and its magnitude dew

g wpon the concentration of fres csrbon diowide already present in solution. If the concentration

chon dloxide in the wabewr ilg very low, the amount excrebed by the fish will considerably

veduce tho pil value ab the gill surface, but the exbtent of this ¥ change will become less as the

of frees carbon dioxide rises in the bullk of the water. Thus, in experiments in which the amblent
ywals are very low and the pH velue high {following the addition of ammonium

ide for pH control) dhe levels of wnelonised ammonls found o be tomic mey

than those applicable fo polluted waters where the level of frees carbon

e high asd the pH velue lower. So far, %his effect has only bean demonsirated

wrid) and its magnituds may b less for thome mpecias of fish with low

oh would therefors excrete only reletively small amounts of carbon

sber flow,

alved Cuyeon

{9) A mud in the level of dissolved oxygen in the water increases the idoxieity of several

podeons bo flek, and this has heen found for smmonia by Wubrmann {1952) and Downing and Nerkens {1955),
a0 showing th & woduction in the oxygen content of the woter to 50 per cent of the air ga-

value pedud the survival times of seversl specles of fish in lethsl solutions to onesthlrd

bime in aevated walter. Lloyd {1961a) showsd that the effect of low oxygen concentrations on

ammonia {the value whewe the curve relating median pericd of survival o cone

el to the survivel time axig) was grenter than 1%s offect on other polsons,

is to explaln this differencs and for vaerisbions caused by free carbon

g thin hypothesmis, it can be caloulated that the effeot of low oxygen levels

8 will bocome leus as the level of frse carbon dioxide in the water rises.
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However, in field situstions where a lowering of the dissolved oxygen levels is Likely %o De scCcompas
nied by an increase in the level of free carbon dioxide and a concomitant reduction in pf wvalue, this
Lutter facbor is likely to reduce the toxicity of ammonis to a greater extent than the increased
toxicity caused by low oxygen levels. In the experiments which have been reported here, fish have b .en
transferred directly from clean asrated water to ammonia solutions of lower oxygen contenty o ouw

koowledge; similar experiments with fish already acclimated to the low dissolved oxygen level of the
water have not been made,

(a) Water Hardness
{10) Both Wohrmann and Woker {1955) using minnows (Phoxinus phoxinus), and Herbert {anpublished

data referred to in Herbert, 1961) using rainbow trout, showed thet veriations in the hardness of the
water had no effect on the toxiecity of ammonia o these F£ish.

(e) Alkalinity

{1 So far as 1s known, alkalinity (bicarbonabe concentrabion) only affects the toxiclity of
ammonda by its part in debtemmining the pH value of the waker in conjunction with the level of free
carbon dioxide present. Thim effect has been described graphioslly by Lloyd {1961b),

(£) Temperature

(12) It has already been stbated that an inovesse in temperature will inorease the proportion of wune
ionised ammonia presen® in an ammonie solution (para 6). I% hes been shown by Wokew {1949) that although
eurvival times of chub (Squalius cephalus) at constant levels of upn~ionised ammonia decressed with a
rige in bemperaturs, the threshold LC 50 remained the same. Similar resullts for rainbow troub were

found by Hewvbert (1962),

(13) However, it is possible that these findings only apply to temperatures above 10%C, Burrow
{1964) showed thatat lower temperatures, un-ionised ammonia became markedly more howic to chinook
satmon (Oncorhynchus bshawyischa) and vecent work by Brown (1968)suggests that at 3°C the threshold

LG 50 of un~ionised ammonia for rainbow trout is about half that at 10°C, which would cancel the
affect of temperature on the dissoclation of ammonia. This iz of some imporiance if ammonis concenbiam
tions rige in wrivers or carp ponds during the winter.

(&) Selinity

(14) The toxicity of ammonia to rainbow btrout decreases with a rise in salinity up o 30 per cent
seawaber (a concentration approximately isotonlc with the blood) but inoremses agein up to 100 per
cent seawater (Herbert and Shurben, 1965) under laboratory conditions of constant pH velue, Examing-
tion of the data shows that the curve relating threshold LG S0 of ammonia o log concentration of sege
water is symmetrical about the conceniration isobonic with fish hlood, the threshold in isobonic solue
tions being just over twlce that found in freshuwster. The dissoociation constents for ammonia used in
thisg study were those for fresh wabew,

(h) Acclimstion o low ammonis concentrabiong

(15) I% is well established that exposure of Fimh %o sub-lethal levels of smmonia incresses thelr
subsequent resistance to lethal concentrationse (Vamos, 1963: Malacea, 19683 Lloyd and Orr, 1969).
The resistance obbained by rainbow trout is held for at least one day, buib is logt affer fthree days
(Lloyd and Oz, 1969). None of the daba available allow an estimate o be made of the maximum concei-
tration to which fish can be acclimatised,

(i) Other Factors
(16) Tt has been shown by Herberd and Shurben (1963) that the resisbance of rainbow trout fo
ammonia polSoning was unchanged at swimming speeds up to 2 body lengths/ﬁea but decreased therealter,
and at 3 body 1engtha/ﬂao the threshold LG 50 was T0 per cenbt of that in still waler.

(17 Hemens (1966) found thet female mosquito fish (Gambusia affinis) were slightly more resisiant
than males to ammonia poisoning, bub that size differences had no effect on theiw pugoeptiblility.

{18) There is some circumsbantisl evidence (Lloyd and Orr, 1969) that the physicsl handling of
f£ish immediately before exposing them $o ammonla increases their vesisfance to thls polson {pars 20).
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Summary of Toxicity Data

(a) Salmonids

(19) Data has been presented by Penaz (1965) which show that the ova of brown trout (Salmo irutia
v fario) are very vesisiant to short exposures (120 min) to concenirations as high as 50 mg HH3/1
of Wn-lonised ammonie at 100C, although there was some indioation that habohing success was raduced
if the eggs were exposed %o this high concentration during the later slages of development. Wuhrmann
and Woker (1948) found that- the threshold for trout spawn wag 0e3 = 0.4 mg NHB/l un-ionigsed ammonia.

{20) Further experiments by Penaz (1965) on the fry of brown trout geve a 10 hr LC 50 of 3.60 mg
NHB/l although the data presented show thabt there was a 60 per cent moviality in 0.4 mg NH3/1 at the
end of thim period, and this concentration was suggested as the threshold level. Lloyd and Herberd
(1960) showed that the threshold L S0 at the gill suvface of rainbow trout was 0,49 mg WH3/1, although
higher concentralions were required in the bulk of the solution o produce these levels, This
accounted for the high threshold LC 50 values (1.8 mg NH3/1) found by Merkens and Downing (1957) who
used water of very low fres carbon dioxide content., In order o take into account the many different
variables which affect the toxicity of ammonia solutions, Lloyd (1961b) published a series of graphs
from which the threshold LC 50 of this poison for rainbow troud could be caloulated. From the daba
then available, there was a clome correlation bebween predicted and observed threshold LC 50 valuess
However, recent experiments by Ball (1967) gave & one-day LG 50 value for rainbow trout of 0,50 mg
NH3/1, similer %o that found by Herbert and Shurben (1963) of 0050 mg NH3/1 and by Herbert and Shurben
(1965) of 049 mg NH3/1, although = second test gave a one~day LC 50 of 0,70 mg NHB/l. Lloyd and Orr
(1969) found a one-day LC 50 of 0.47 mg NH3/1 for rainbow trout fitted with a urinary catheter and
kept in asrated water. These values are lower than those predicted from the graphs of Lloyd (1961b)
for the experimental conditions snd it has been suggested (Lloyd and Orr, 1969) that differences in
the experimental bechnigques used, such as the handling of the fish immediately before the start of the
experiment, may cause wvariations in the results. Even lower threshold LG 50 values of 0.2 mg NHB/l
have been given for rainbow trout fry by Liebmann (1960) and for rainbow trout fingerlings by

Danecker (1964) but no suggesbtion can be put forward to account for the increased susceptibility of
these fish, excepl that Danecker used diluted liquid manuve to produce the reguirved ammonla concens
tration,

{21) Mogt dats on the ftoxicity of ammonia 4o fish referved to in para 20 have been obtained from
tegby which contlnued for a few daye only. However, tesits over a three-month period with batches of
200 rainbow trout have shown thalt a small proportion of the fish population are killed by concentram
tiops lower than the two-day LC 503 alt 0,22 mg NHS/l, fifteen per cent died, and at 0.1l and 0,06 mg
NHB/l, five por cent died (Water Pollubion Research, 1967). On the other hand, there was no morbalile
ty of chinook salmon fingerlings exposed to 0.018 mg NHB/l or less for a six-week period, {Burrous,
1964}, though some hyperplasia of the gill lamella spithelium wes observed (para 35).

{22) Atlantic salmon smolts (Salmo salar) in fresh water are more sensitive to ammonia poisoning
than rainbow $roul of the same size, having a one day LG 50 of 0,208 mg ﬂHB/l {(Herber’s and Shurben,
1965} but the difference in sensitiviity is lost al increased salinities.

{23) Since the pH wvalue of natural waters may not remain constank, but show o diurnal fluctuation,
the level of vo~ionised ammonia present will cerbainly varvy. Resulis of experiemenis by Brown, Jordan
snd Tiller (1969) on the towicity of fluctuating ammonis levels, are difficult to evalusie, in that
fluctuating concentrations bobween 1¥ and ¥ ¥times the two-day LG 50 on a two-hour cycle caused a
greater morbality of rainbow trout than wonld have been expected from the two-day LC 50 alone {the
average concentration) with the survivael time being about fwice as long as that found for 1% times
the twowday LO 50, On this evidenoe therefore, one could assume thel successive exposures o lethal
concentrations of ammonia were cumulabtive. However, fluctuations of & similar magnitude on a one-hour
eycle produced mortalities similar bto that al a constant twowday LG 50, and in this case the fish
could be sgeumed to be reaching to the average value of the ammonila concentrations to which they werse
exposed, One explanation for these different pemulis might be that it takes one Yo two hours fox
ammonia to have a physiological effect on the fish (Lloyd and Orr, 1969) and that this might affect
the reactions of fish to exposure fo ammonis undey these test conditions. Purther experiments are
neadad to determine the effect of diurnal varistions of unwionised ammonla on the survival of f£ish,

with assoolated changes in pHl wvalue and temperature, which can ooccur in bobh natural and polluted
wahers,
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(b) Other Speoies

(24) A recent study by Ball (1967) on the foxicity of ammonie to voach (Ruwbilus rubilvs), rudd
(Soardinive eryihrophthalmue) bream (épramis EE&QE) and perch {Peros fluviatilis), showed kthat the
threshold LG 50 values for these species at British summer btemperaiures were 0.42, 044, 0,50, and
0,35 mg~NH3/1 {mo-ionised ammonis) raspectively, and that the experiments had o be continued for
babveen 2% to 4 dave before an esbimate of the threshold LO 50 could bhe made, These values were
comparable with these oblained within 24 hovurs for rainbow trout under the same test condiitionge
Therefore, although theme species have a greater resistance than trout 4o ammonia during tests lasbting
two deys, thely survival time in 0,73 mg NHB/l heing eight times longer, the threshold LC 50 for all
five spoecies were &imilar, These resulis make a comparison hebween data from obher experiments ALffie
oult whare tests were shorb-bterm only, since survival times in lethal solubions cen be affecied by
many factors,

{a5) Mis (1968a) working with common carp {Cyprinus carpio) in a water temperature of 119G, found
that $hers was a 16 per cent mordality in un-donised ammonia concenmbrations of 1.3 mg NHB/l in one
test, and an 18 per cont morbality in 0.9 mg NH3/1 in another, during a 10-day test poriod. In these
expoviments, ammonla was added as ammonium hydroxide, and the high pH velues of 8.3 to 8.7 would indie’
cate a low concentration of free carbon dioxide, so that the toxic concenirations may be slighily
higher than nommal. In further fests at an average pH velne of 8,05, Flis (1968b) found anm 8 per cent
mortality of common carp in 35 days at 0,11 mg NHS/I? althouzh in a second series at this concenbrass
tion there were no morbalities. Although Danecker (1964) estimated thab an un~ionised ammonia concenm
fration of 1.5 me NHB/l to he the lethal level for common carp at about 1600, the teats were of leas
than two days duxation, and a veplotting of {the data indicates that a threshold concentration might
not have been roached within this period, Vamos (1963) .ound that the concentration of un~ionisged
ammonie required ho overturn common earp was 0.5 mg NH3/1 in tests of only a few hours durabion.

{26) Since Ball {1967) showed that tests of several days duration were required o obtain a measure
of thrashold LG 50 of ammonla for ceoarse fish, teste of shovier duration are unlikely o give threge
hold values, and therefore it is difficult to make a compaviscn between the resulie obtained for obher

apa o An general, however, the toxic levels of un~ionised ammonia for shorb-term tests fov several
an of fish lie between 0.6 mg NHB/I for pevch and 2,0 mg NH3/1 for carp and tench (Tinc% E&an)g

N

with ohub g

;N i

nd minnow being intermidisbe in senaitivity. (Woker and Wohrmanny 19505 Liebmann, 19603
ving, 19623 Danacker, 1964; Malacea, 1966).

{27} Therefore, it iz likely that the various specles of coarse figh have similar sensitivities to
wmonia poisoning after prolonged exposure, bub over a short period some ars more resisfant, especiale
and bench. Thig may be important in situations where the level of un~ionised ammonia fluo—

1, either by varlations in concentration of tolal emmonia or by changes in the pH value or tem=
perature of the waber, and some species may be able %o survive high comcentrabions for short periods
which would be lothal to more sensitive fish,

{6} Toxicity of Ammonie in the premence of other Polsona

28 SGaveral tesbs have been made with wainbow troub on the toxieiby of mixbures of ammonia with

char polsons, Bxperiments with solwhions containing both ammonia and cyanide showed that the combinas
7 more Foxie than either substances slone (Wuhrmann and Woker, 1948). Herberd {1962} showed thab

hold LG 50 of a miztuwre of smmonia and phenol was obbained when the sum of the individual

whions, oxpressed as the proporbion of their sepavate thveshold LG 50 values, equalled unity.

s Goste with zine and ammonia (Herberd and Shurben, 1964}, and copper and emmonis (Herbert and

: 19647 pave similar vesulis, in that the fexicity of the individual polsons could be added tow

in this manner. However, Brown, Jordan, and Tiller (1.969) showed that miztuves of zinc, phenol,

, in which the proportion of the tobal toxleity contribuited by phenol and ammonia was gmall,

toxio then the predioted values and it is possible that this method of summing toxicitles

id for low concentrations of poisons (pava 34). Recently, Vamos and Tasnadi (1967) have

v sulphate 4o roduce the towicity of ammonia in carp ponds, and it is suggested that the

onium compounds formad are not bowis, s finding opposite to that of Herbert and Van Dyke

2.2 Field Observations

s there sre many recorded cases of fish kills following the discharge of ammonia to

thoug -
e rivews and from the accumulation of ammonia in cerp pends, the chemical data available are
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insufficient to enable a correlation to be made with the laboratory evidence. Furthermore, it 18 une
common for ammonia to be the only poison present and it is difficult to make an estimate of the part
played by obther toxic subsbances,

(30) Recently, however, Vamos and Tasnadi (1967) have made mome interesting observatlons on the
moriality of carp in fish ponds, Mortality occurred when the concentration of un~-ionised ammonia
reached 0,5 mg WH3/1 with a level of dissolved oxygen of 6 mz/1, but when the oxygen concentration was
2 mg/l, the lethal level of un~ionised ammonia was 0.2 mgNHB/l. These observations also support the
1aboratory data on the effesct of low oxygen levels on the toxicity of ammonia to fish., There are
aaveral obther instances recorded of common carp morbtality in ponds where a combination of high teme
peratures, high pi value and high ammonia concentration were present in varying degrees., Usually the
lethal conditions persist for a few hours only, and insufficient messurements are made of the water
quality before and duving this period Yo make a correlation with laborabory data possible. Kempinska
(1968) recommends that ammonia should not be used as a fertilizer for fish ponds if the pH value of
the water oxceeds 8.5

(31) Recent examination of data on water quality in the River Trent mystem in England {Garland and
Haxrt, personal communioation) shows that species of coarse fish are present where the median concene
$ration of un~ionimed ammonia over a period of a year is_between 0.0L and 0.04 mg NH3/1 {with median
dissolved oxygen concentrabions bebtween 6.8 and 8.5 mg/1) oThe upper value is about 10 per cent of the
threshold LC 50 found for coarse fish found by Ball {(1967).

263 Mode of Toxic Action

(32) Statements are sometimes made that ammonia acts on the nervous system of fish but this is
based mainly on mammalian data; several authors have demonstrated thal exposure of fish to toxic
ammonia solutions results in damage to the gill epithelivm {Kuhn and Koecke, 1956; Burrows, 19643
Reichenbach-Klinke, 1967; Flis, 1968a) and Mavchetti (1960) found that prolonged exposure %o subw
lethal levels of ammonila caused severe caudal damage to Crucian carp (Cersssius carassiug). Reichenw
bach-Klinke {1967) also desoribed some effects on the blood of rainbow trout in which the number of
erythrocybes falls as the ammonia level reaches e btoxic concentration, and he considers fthat troud
fry are psriously affected by a concentration of 0,27 ng NH3/10 In a more extensive situdy on the
effects of lethal and sub-lethal concentrations of ammonie on various ovgans of common carp, Flis
{1968b) demonstrated severe Himsue damage after 35 days exposure to an un~ionised ammonia concentras
tion of 0.1l mp NH3/1 which although not lethal in one fest, killed 8 per cent in a second experiment.
Damage to the liver and kidneys appoared to be associated with disrupbtion of the blood vessels.
Danecker (1964) reports both gill damage and hasmolysis occuring in carp.

{33) Lloyd and Orr (1969) demonsbrated that exposure to ammonia concentrabions greater than 12 pew
cent of the threshold LC 50 increased the asbsoxpiion of wabter by rainbow trout. By measuring changes
in the vate of urine production, they showed that the threshold LC 50 was associated with a urine
flow rate of 12 ml/kg/h, compared with a norvmal rabe of 2 ml/kg/h at 10.5%C, showing a eix=fold inm
erease in absorption. These findings wey account for the greater resistance of ralnbow trout to ufie
jonised ammonia in isotonic saline solutions {pars 14); also, the stress imposed by this waber intake
on the kidneys, and the water balance of the fish generally, may account for the effects found by
other authors on the blood system and btissues. Lioyd and Orr (1969) further suzgest that any factor
which affects the waler balance in fish will slso influence thair susceptibility to emmonia poisoning,
and this may account for the increased susceptibilily of ulcerated fish (Vamos, 1963) and of salmon
smolts (Herbert and Shurben, 1965),

{34) The reasons for the increase in the permeability of fish o water is not known. Fromm and
Gillette (1968) found evidence of some accwnulation of ammonia in the blood of rainbow troubl exposed
o ammonia solubions, although the amowunt was small and is considered o have been derived endoge-
nougtly. 1t is possible that the inecrease in permeability ocenrs only when the normal excretory
mechanism becomes overwloaded and Fromm and Gilletite (1968) showed that the proportion of ammonia to
total nitrogen excreted decreased with increasing ambient ammonia levels, In those solutions where
the amount of ammonla entering the fish can be readily excreted, or de~foxified, there would be no
harmful effect, and this may ccour in ammonia concenbrations below 12 per cent of the leathal level.
It fish change from ammonia to ures excrebion abt bemperatures below 11009 a8 shown for the chincok

?%1mg§ by Burrows {1964) their resistance o ammonia might be expected to decrease as shown by Brown
268} .
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(35) There is conflicting evidence on the permsnence of damage canged by shorb-berm exposure to
ammonias Grindley (1946) reported that few overturned ralnbow trout survived on transfer to clean
water, whereas Vamoa (1963) found the reverse with carp, and thab overturned fish had a greater re=—
sistance %o subsequent exposure to ammonia solutions. Burrows (1964) exposed chinook salmon to low
concentrabions of ammonia for gix weeke, and found progressive bhyperplasia of the gill epithelium
during the firet four weeke of exposure; subseguent exposure to clean water led fo recovery of the
gill epithelium wheve the water temperature was 14°¢, but not atb 6°C,

204  Avoldance Reactions

{36) Both Jones (1948), using sticklebacks (Gasterosteus aculeatus) and Summerfelt and Lewis (1967),
using green sunfish (Lapomis cyanellus), found That these fish wore repelled by lethal solutions of
amnonda in a gradient tank. Green sunfish were not repelled by concentrations in which the fish showed
obvious signs of distress, and shicklebacke were abbracted to sub-lethal levelse Hepher (1959) observed
that common carp avoided loocal high concentrations of ammonia after it had been applied as a fertiliszew
in pond culbtwre. There is no evidence to suggest that fish avoid sub-lethal levels of this poison,

2,5 Bffect on Aquatic Food Drganisma

(37) In an extensive study of invertebrabe organisms typical of different zones of pollution,
Stammers {1953) found that species inhabiting the most polluted zone were the most resistant to ammo=
nia poisoning. In general, all the organisms tested were move resisbant than trout. Malacea (1966)
gives the two day LG 50 for Daphnia magna as 0.66 mg NH3/1 which is close to values obtained from
tronts

(138) I% is unlikely, thervefore, that the presence of smmonia in a river at concentrations lower
than those toxic to fish would affect adversely the food supply of fish; indeed, it may have a signiw
ficant beneficial effect on productivity, and therefore the Yotal biomass present, as can also oconr
when caxp ponds are fertilized with anmonias.

3o CONCLUSIONS

{39} It 48 olear fthat +he major fackor controlling the toxicity of ammonis is the pH value of the
water which, bogether with temperature, governs the concentration of un~ionised ammonla present in
ammonia solutions. Many laboratory experiments of relatively short dursbtion have demonsirated that the
lethal concentratlon of ammonia for a variety of fish species lie in the range 0.2 4o 2.0 mg NH3/1,
with troud being the most mensitive and common carp being the most resistent, Discrepancies belween
results for sny one apeocies may reflect differences in other environmmental variables, such as the

@l of free oarbon dioxide in fhe water, which have a small, bul significant, effect on the foxloity
of ammoniz, or they may be caused by differences in experimental technique, such az in ‘the handling

of the fish, Although it is olear thalt the more sluggish of coarse fish species survive much longer
in teric solukiops than do selmonids, the difference in sensitivity between varions fish species do
prolonged expopure is probably less than the ten~fold range glven above. Therefors, it seems that a
waber guality criterion for ammonla based on a troubl sbandard would not be too harsh for wabters cone
tadining only vemistant specieg of coarse fish,

{407 From the laboratory evidence which is available, ths lowest toxic concentration found for
galmonids is 0,2 mg WH3/1 for vainbow trout fry (Liebmann, 1960), with values for Ailantic salmon
amolis (Herbert and Shurben, 1965) and for reinbow srowd ab 300 ZBrown, 1968) being only slightly
higher. It im possible, therefore, that an effective eriterion could be based on this concentrabion,
although lack of experimental date would prevent its confident adoption for temperatures below 10%C,

{a1) Although concentrations of un~ionised armmonia below 0.2 mg NH3/1 may not kill a significant
properiion of a fish population, they may still exert an adverse physiologicel or histopathological
affect (Flis, 1968b; Lloyd and Orx, 1969}, The only evidence from leboratory tests on which a level

of no advarse effect can be based is that of Lloyd and Orr {1969) who showed that concentrations lower
than L2 par cent of a lethal threshold concentration did not incresse the permeability of rainbow
trout to waber., This evidence relates to sudden exposure of the fish o ammonia solutions, and there
is some evidence that mcclimabion to sub~lebthal concentrations can btake place, It 18 possible, therew
fore, thet a criterion based on 12 per cent of a threshold LO 50 would be unduly low, However, acclie
mabion to sub-lethal levels has only been shown to give sn incressed vesistance %o toxle concentres
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tionz and a reduced physiological response, and it iz still possible that the figh migh wndergo
deleterious histophathological changes during a prolonged exposure (paras 21 and 32)s I% is very une
likely that a constant concentration of wn~ionised ammonia could be maintained in any gatural water
system and fish which have been adversely affected might recover when the level of un~ionised ammon}a
fell, but such recovery may not ocour in cold water (para 35). There is some field data {para 31) %o
suggest that coarse fisheries can be mainbained in the presencs of a median concentration of ammonis
which is about 10 per cent of the threshold LC 50 with higher levels being present at times, On balance,
therefore, a concentration of 0.025 mg NH3/1 (12 per cent of the threshold LG 50 of 0.2 mg NH3/1.unm
ionised ammonia) may be the. marimum which can be tolerated by fish for a long period. Concentrations
of ammonia which contain this amount of un-ionised ammonia are given in Table 2 and expressed graphlie
cally in Pigure 2,

Table 2. Concentrations of ammonia (NH3y#H,+) which contain an un-ionised ammonia concen-
tration of 0,025 mg NH3/1,

Temperature IH value

© T0 | To5 | 840 | 845 | 940* | 9u5¥
5 1906 603 2,0 0,65 | 0,22 0,088
10 13a4 443 1s37 | 0645 | 0,16 0,068
15 901 249 06,93 | 0,31 | 0el2 0,054
20 603 | 2.0 | 0465 | 0.22 | 0,088 | 0,045

a5 4od 1043 | 0647 | 0217 | 0062 | 0,039
30 301 1,00 | 0,33 | 0,12 | 0,056 | 0,035

* Qriteris under these headings may be unduly low if there is
little free carbon dioxide in the waber.

The values plven in thia Table are related to the pH value and tempersture of the watery for
axample, where the pH wvalue of the water is 8,0, snd the temperatuve 20°C, the total ammonia conoens
tretion should not exceed 0.65 mg NH3/1. It is of interest o note thabt the recent weport of the Naw
tional Technical Advisory Committee on Water Quality Criteria {US Federal Water Pollution Control
Administration) concluded that above a pH value of 8.0, the total ammonia concentration should not
excoeed 1.0 mg NHB/l, a oriterion not at variance with bthose given in Table 2o It must be stressed,
however, that these concentrations may add to the toxleity of other poisons present in the wabter,
although more repearch iz required to demonstrate whelher this actually ocourse
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européens. Rapport sur les valeurs extrémes du pH et les
péches intérieures (1968).

Organisation de I'administration des péches intérieures en
Europe, par Jean-Louis Gaudet (Rome, 1968).

Criteres de qualité des eaux pour les poissons d’eau douce
européens. Rapport sur la temperature de 'eau et les péches
intérieures basé essentiellement sur la documentation slave
(1968). ,

Evaluation économique de la péche sportive dans les eaux
continentales, par Ingemar Norling (Suéde, 1968).

Criteres de qualité des eaux pour les poissons d’eau douce
européens. Reéfeérences bibliographiques sur les effets de Ia
température de 'eau sur le poisson (1969).

Récent développements dans la nutrition de la carpe et de
la truite. Communications présentées a un symposium, cin-
quieme session de la CECP! {Rome, 1968).

Etude comparée des mesures législatives et administratives
régissant les échanges internationaux de poissons vivants et
d'eeufs de poisson, par F.B. Zenny, Service de législation de
la' FAO (Rome, 1969).

Critéres de qualité des eaux pour les poissons d’eau douce
européens. Rapport sur Fammoniaque et les péches intérieu-
res (Rome, 1970). ‘
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