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FOREWORD

This is the sixth technical paper on water quality criteria for European freshwater
fish prepared for the Eu,:u-pen Inland Fisheries Advisory Commission (EIFAC) an inter-

esrumentea ecuni'zation nith a membersbip of 23 countries. The Cc, : ssion has been
nctive io J.GL' efforts to esteblish water quality criteria for Eurose . freshwater fish
since i.J Second Sesston Pavis, 1962, when it took note of a recomm.idation of the United
Nat-wns Conference ovi Water Follutiou Problems in Europe, 1961, that EIFAC take pe
initiative in drawing up water quality requirements with respect to fisheries. 1/

.As was rE-,6 in a. c, iret five reporto on water quality criteria , the Commission
"rosreed the:L Ule proper management of a river eTstem demanda that water of suitable quality
'Jo provi.dect foi- each use that is made or intended to be made of it and that the attainment
ona iltiatenmve of such qualits is normally to be sought through the control of pollution.
IL vas 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

effect of augmented or new disch.rges of effluents. It was pointed out that water
ojial.ity standards for drinking water had been well defined by the World Health Organization
(WHO) and that standards for certair seicultural and industrial uses are also well defined.
However, water quality criteria foe '.eh bave not received the attention that they deserve.
All Leo often, watee has been coneidered quite adequate for fish as long as there has been
ao obvous mortality which cuu "oe ascribed to knoan pollutants. Degradation of the aquatic
heloitat through pollution end decrease in the annual production and subsequent harvest of
fish have oPten passed unnoted.

With such reasoning in mind, it was ,1: eed that the establishment of water quality
criteria. for Enropem freshwater fish be undertaken by the Commission. This was to be
accomplished bN a critical examination of the literature, and very possibly experimentation
to Glear up contradictions and fill in ao5 of knowledge, followed by recommendations as to
desirable yequirements for vaeious e.quats orgenisms or groups of aquatic organisms with
respect Lo tho various qualtties of watee. The final criteria were to be published and

-77 'sido dissemination."

To aecomplish this task t3ne Second Session of the Commission appointed a Working
Part3i of ezperts selected on tho basis of their knowledge of physical, chemical and

biological requirements of European freshwater fish in relation to the topics to be studied.

This Working Party prepared its first report on finely divided ii and inland
fisheries (see footnote 2/) which was submitted to the Conrnissiox3 at its Third Session,
Scharfling am Mondsee, 1764, where it was unanimously approved 3 .

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

Genvc, from 22 Felnuary to 3 March 1961
Documonq subPitte0 lo the Conferees°. Vols. IIII, United Nations

Geneva, 60C, p.

2 Report on Fine1,7e Divide'd 5010.e and. 1111z,,,Id 1Paolies, EIFAC tech.:op., (1):21 p., 1964
Report on Esetremo ell Values alT1 Jn1Pnc1 El.f7techPaä.(4)g 18 p., 1968
Report on Water Temperature ,vid In3an.O. J:Lsh& 'lei hdIdl ma711-11F-T riion:x Literature,

EIFAC tech.Pap" (6):32 p,, 1968
List of Literature on the EITTout of Water Temperature on FiSh, EIFAC.t h.Pao., (8):8 p.,

1969
Report on Ammonia and Inland EIFAC tech.Pa (11):12 p., 1970

3/ EIFAC Report, Third Session, i9i . 11
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The Third Session then ', LJ.seee
Party:

that the following studies be considered by the Working

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

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

Elevated temperature was siren firs priori ty yna a draft on this subject was prepared by
the Working Party during the followin,a intersessional period. (At the Third Session the
work of the Commission was reorganized into three SubCommissions, one of which, Sub-
Commission III Fish and Polluted We:ter :vegrouped all the activities of EIFAC in the
field of water pollution. The Workiva Party on Hater Quality Criterio. for European Fresh-
water Fish has since fanctioned under this Sub-Commission.)

The Fourth Session of the Commission,
EelCracle2

1966, after having studied this first
draft of review of literature on the effects of wyter temperature on aquatic life concluded
that such a review required move effor L;hael the POE:OVfCCO of the Commission permitted at
the time. Meanwhile it suggested that a water citleliy report for e7:treme pH valnes be pre-
pared for the next Session of ETFAC, ova that a repot on aissoJvea oxygen be prepared when
funds become available for a fulltime consuJ.tant,. 4/

The report on extreme pU ve-luce ald i.uiaud is12,-,,ries (see footnote 2) was published in
1968, in time for presegtation at the PI ith Session of EIFAC, Romo, 1968, where it was
unanimously approved. )./

At its Fifth Session ne Corami eeen agvtn reviewed prioriti fec .)ature studies and
decided to undertel-,e critica], r,leiew7: ou tli.r, fCie ce7 ammoeje.nd phenols on freshwater
fisher.2,

It al so vecommended ;1:e2:6 T141 wocL lu ho field oC water control
3ncleaaag the developmee't nf b t17eu fvoqi tho FAO/EIFI\C Symposium
on the Nature E.%tent e be .).n1F.rod Plohcries in Europe

which was leter held ul Jaljtonoe, PoLIJAA, 15 juFltb- c'i bhn Si.::th Session of

The Fifth Session rd se ,71,pp:-ov-c.d iv, draft a nepol et torsretìt:'c ned inland
fiiheiu.e bru rulmalijv en c)1,':voni.c; 'cFport War.; publi.shea j.,11 Novembe77 1968
as 1.ha %Illra iu che cAto-,ro followvq !I: 1969 by the
ÎoLuHth puh3).ocq,iuun i,u "ohr ere ,rz%tc,:r° temperature

on.Q0 Th:711.1.00z-j e -bite. c..:117-1; b heriev c'e i c' IFAO l ce1zow 97O FzEzan
or.'.'c;,.J. quo] 111v 64 Noidpg that

a 7'61-1(Y,.'i; 011 ,-111MC,q.j.a r.7*.q cnD'Ginnance: of '000l:: on pheliolsv and the

zdni: oact roevcruy, onr fecommended. the

L ("1(1 OF°. 2 V, ems Avtux0 veirieWS,.
cc '21L', preparat on of

ow in ra'fl co, C. for FAO. I

19 ,

ii;Ilot . -

j'J "VII'' (C.1) i e e r r h:tjr iments of Freshwater

ThO.Fio').



Since the Sixth Session of EIFAC, the EIFAC Working Party has published the report on
ammonia (seo footnote /) as the fifth review in this EIFAC series of water quality papers;
it will be presented to the Seventh Session of EIFAC, 1972. The Working Party has also
continued an active literature search on chlorine, copper, zinc and mercury, and is pre-
paring a review of oxygen for European freshwater fishes.

The sixth review, which follows, is the one on water quality criteria for monohydric
phenols. For the preparation of this report experts were appointed to the EIFAC Working
Party on Water Quality Criteria:

Mr. J.S. Alabaster (United Kingdom), Convener
Dr. D. Calamari (Italy)
Mr. M. Grande (Norway)
Dr. T.B. Hasselrot (Sweden)D6 rnited Kingdom)
Dr. V. Mitrovi
Mr. R. Lloyd

(Yugoslavia)

FAO Secretariat:

Mr. William A. Dill Secretary to EIFAC
Mr. A. Thorslund Fishery Officer (Inland Water Pollution)

The preparation of the present report on monohydric phenols and inland fisheries was
accomplished largely by Dr. V. Mitrovid who prepared the basic manuscript to be reviewed by
other members of the Working Party.

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

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

This report will be presented to the Seventh Session of EIFAC which is scheduled to be
held in Amsterdam, 1972.

vi EIFAC Ti



SUMMARY

Phenolic wastes contain monohydric phenols, including phenol, the three cresol
isomers, and the Eid. xylenol isomers, together with other substances. They may adversely
affect freshwater fisheries by their direct toxicity to fish and fishfood organisms, by
their high oxygen demand resulting in oxygen depletion of the receiving water, and by the
production of undesirable flavours in the edible flesh of fish.

Laboratory tests show that the toXicity of phenol isincreacedby decrease in dissolved-
oxygen concentration, increase in salinity, and decreeze in Lempela.ture. Salmonids and
newly hatched fish are more sensitivo than coarse fish eed aemits respecively. Cresols,

xylenols, and phenols are of similar to.cicity, and the bo:.1:icity of miKtures of phenols is
apparently additive, although the toxicity of phenolic wastes may be greater than expected
from chemical analyses, since these may noL be cqua1ly 3ensitive to all phenols and may
neglect the contribution from other poisons.

Because of difficulties caused by inadequate chemical analysis there are few field
Observations which can be used to reinforce laboratory findings. For this reason, and also
because of gaps in our knowledge of the effect of temperature on toxicity, only tentative
criteria can be established, which may have to be modified in the light of further experience.

These criteria are expressed as maximum concentrations which should not be exceeded
but it should be appreciated that because of the natural fluctuation in the water quality
found in rivers over a period of time, the average concentration will be lower to an extent
depending on local circumstances.

Salmonid fish. To ensure longterm survival of salmonids in the presence of phenolic
wastes, the concentration of phenol, cresols or xylenols should not exceed 1.0 mg/1, either
singly or collectively. Where 2,5xylenol is the main constituent, the concentration should
not exceed 0.5 mg/l. Where the temperature is lower than 500, concentrations may have to
be halved to ensure the survival of fish.

Coarse fish. Since laboratory data show that coarse fish are more resistant than
salmonids to phenols, the concentration of phenol, cresol or xylenol should not exceed
2.0 mg/1, either singly or collectively, provided that,exidation of this concentration does
not produce an adverso reduction in the dissolved,oxygen concentration of the water. In
the absence of data on the effect of temperature on the toxicity of phenols to coarse fish
it is proposed that the reduction in concentration of 50% adopted for salmonids at temperatures
below 5°C, should also apply to these species.

Where other poisons are present in addition to phenols duo allowance must be made for
their contribution to the toxicity, particularly in the case of free chlorine.

Commercial fisheries, There is no laboratory evidence to indicate that levels of
phenol and cresols that are safe for fish cause their flesh to become tainted, but xylenols
should not exceed 0.5 mg/l. Other phenolic substances, particularly the chlorophenols, are
known to cause taint at very low concentrations; strictly these are outside the scope of
this report, but the information that has been considered suggests that they should be
excluded from waters supporting commercial fisheries.

FAC/T15
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2.2.7 Size of fish

Bluegill sunfish (Lepomis macrochirus) 14 cm long iere ler:s tolerant of phenol than
fish 7 cm long, the 96h LC50 being 11.5 mg/1 and 20 mE,-/). respective13 (Cairns, 1956).
Similar results were obtained by Holland et al. (1961) using coho E and by Lukane,21co
and Flerov (1966 and 1966a) using rainbo,,,, trout, who also found thL.,, : ..istance decvt.-ased_
with increase in bod,y weight.

2.2.8 Acclimation tc phenol

Some authors report that fish that have overturned in the pre,so,nce of phenol tend not to
recover when transferred to clean water, whereas with creeos and ;:ylenols they do (Embody
et al., 1940; Jones, 1951; Albersmayer and Erichsen, 1959; and Holland ot, aL1 1961).
Other workers, however, (V.M. Brown and J.F. de L.G. 3°11)6, personal 00mm-11V:ill:cation) have
found that all rainbow trout overturned on exposure to 20 mg/1 phenol. 0,00arou;;ly recovered
when placed in clean water.

Perch kept for 7 da,ys in 6 mg/1 of phenol (Bucksteeg el, al., 1955), and bittc,-1-Lag-
(Rhodeus sericeus amarus) kept for 4 da,ys in 4 mg/1 (Malacca, 1968) took at least .t,vacc--) as
long to react 1,o higher concentrations than unacclimated Lish. Similar results were
obtained by Volodin et al. (1965 and 1966) with embryos of bream kept in 5 mg/1, and by
Lukanenko (1967) with Crucian carp held in 1 to 5 mg/1 for 25 to 40 da,ys; this could perhaps
be explained by diminished excitability of the fish. On the other hand, Crucian carp i.elot
for 60 days at 1 to 5 mg/1 were more sensitive than controls. However, none, or these
experiments indicated that any alterations of the threshold concentrations had occurred.

2.3 Swnma of toxicit.data

2.3.1 Phenol

A ide range of phenol concentrations (0.08-1900 mg/1) ha;---, (--; e41. -rcpor'tmd as harmful to
reflecting differences in the sensitivity of the d_?...,:fcron-t necics sea, ill the

of toxicity, in the conditions of e:;:pop.uvo, and the dura on. the tests.
oweL /P.11t.cs, however, are often misquo;:ed. Those or Symois sud Firaps- ( 1938),

e ;,o North American species oi' "minnow" 1:3.-117--Jd j 30 minuten nn 21,-2.111p3.,-;s or

Tia.or (Inn Leaning not only 0.08 mg/1 of phenol bu t van]. e i;;; ai" :Jac 6,-1,-; in addi-
tion; hors also found that 10 mg/1 of phenol (lid not kill (common) caxp
lionne 17a,' rrnore , nee e etrl -1835) havn

y been pu otc.;(1 -L en ii mer 3.o.,ver 1.,11 r.;.n he orIc,iliel. CT:11,j°
har55re1rin )C da vidiai ii eh (.-; °hello 'ec rr i,) wad es T;T the
nierse i1 p 1;De. ;2; 1;11)1C; eniLevaL bsini au y Hii "1 n 10 dnain ; on.° c7,.,-7.1,1 ol the SlA1if1Arr..4,..!..
1;1 GI C1.tik;°1 711 rap -canged Frofa I 7., ..'rom

1), ( al° anent:0 , 67 ) ç r..;1,741 s. r r r. L n hew. 1..'Z'C LO

a, , -1.961) r: 7 17 .;1,-2- CIrLb cf e ln;ls ' ^C/-0 CI' E'
r''.' . "t`' 2-01.1 6 lic.,1;;, 1.S MI'C'i"f5t..°11 a 0.C.1.. shinLoos'

dy; '..11 .11'1 Troll a irr. ' ,`"1) 9-2'5

, - ":e,1 ati.i.-attas) ;Jae
;-,;;C 'rieç;1.1, -; or; -; 1,-; 1 ; -;

) in ) d 1,1,1,1; , tç1 moinhn,n 111 2 m.311ni b

- (7, , won.: (L7/!... - 1.9c)--h 1,(150 1, 12 -1,c+ 1.4°0
,`.e0 7-2! ,r crid, ,r,) coneenty-r.t3 on Ilas

r ;..i ir,(. 11) 3+ 6 0--,C Ttc), 2, 9o\ richc,18h T,G50 for
'lilt' '1'01P- *. 1-C'r'k' '" J-Dra -017

. . -
, Jrn, nit: l, 1101 tUrning

, ,I nl tr nel in I n n' '6., ¡II ) '61C
. .



18°0 is 14.5 mg/1 and for tench 17 mg/1 (Albersmay, , I.. richsen, 1959). soma work. (UK,

Minictry of Technology, 1969) indicates that althoch the 24-h LC50 values 170P roach and
iperch at 1800 are approximately 25 and 15 mg/1 reE>eeively, the median threshold concentra-.
tion ;or both is close to 12 mg/1; and more recent test (UR, Ministiy of Technology, 1971)
have shown that while perch, pike (Eso: lucius), and re,inhor trout all responded more quickly
than common carp, rudd (Scardinins ery,throRthalmus) and eel (1E21112 anAtAllA at any given
concntrion, the 7-day L05-5 was similar (8-1f-Mg/1) for all these specieF (i.:cept in the
case or carp (15 mg/1).

i) Sa onids

(2) uoncentratiuns of phenol reported as lethal to rainbow trout are generally lower
l'ho corresponding values for coarse fish; the 24-h LC50 varies from 5 mg/1 at 1800

(111b.csmayor and Erichsen, 1959) for embryos to 11 and 7.5 mg/1 for 1- and 3-year-old fish

)..t J....! te )40C (Lukanenko and Flerov, 1966)i thc 48-h LC50 was 9.8 mg/1 at 170C (Herbert

and qpm1,y1:o, 1967) ozia 9.3 mg/1 at 15°C (Brown, Shnrbon, and Fawell, 1967). Coho salmon
arc possibly slightly more sensitivo, the 72-h LC50 being 3.2 to 5.6 Mg/1 at 6 to 1100

(RoJmd et al., 1961). M. Grande (personal communication) has found that the 5-day LC50

for z.;;1an7L7,-.c salmon fry (Salmo salar) at 1000 was about 5 mg/l.

20 ',LP. 13-rol,. and D.0. Shnrben (persona] communication) kept bacheu of 25 rainbow trout
ooetatio:us of 1, 2, 3, 4, and 5 ms/i at lA tr, 1800 over n period of 18 we-:..clo There

c 75y, mo,-tclity a-L tho highest concentration. and 28% at 3 1/1P, and .0.1e 10-voo): LC50

was imated as approximately 4.0 mg/l.
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(27) Of !IL:,; ph-mol J ])(z. dd. fl(.1,. hcen c.,xyamd.
ou;, c; 6.2 , n- n'o. 2, ri--71 opo1 v 2,6y en.01., ca .ri7.0 o 63, Pickering
and 1.-inderr.,,n (.0166) cas intermed7mto betwn. phenol -nresnl LOT:1011W to gold-ash:. fath ,:ind the ,s-uppy (1,ebigtesreOculetn:-.). :fle!-2c.,6_ on 2L1-1.71 LC50 v?.lues forCrin carp mac, -ton,..1.1 2,5 -7y1e1181 i c r Ac, .:7nd abont half 0.3
to7z1u, os 2,4 (klbersmoyor 17),2.).01V,0*. -1.959) ..?,fla p6.eno1(Tcd)lo II).
Tbe. nomparat-I.vly iccr i. c of 1,5 -ylonc,,1 to C.(W.F..*.. îi..011 confilmed 'oy the concertro,
tiors voported as .Xfcct" in 3 days (Hondi, 195), being i5 O n6
23 tqrstl vTh H T, Itorfc..E19011C1J.-0,SiicCo:0 2,41,-

i'TCÇ 0,-,.xtJJ cr .-'01.1. ìrycs 1K. ;`).;-1 12c:ai.,`;; aat
;.; o ,1* %1-1 *.-11 C.:7" - CI. )

2.3.4 Other compcy,

(20) Some polyWrv: phenols, includ,.ng and naphthols were
-...(,-covt,'!d more tu-ao ion phelaol (01 41,0 mg/1) r -IL11rtc,no (19) and Bandt (1958) 'out these
are usuolly preseni. in only cmal) onalliti in

2.3.5 Mixtures of ) Jaols and Otl7r an

Where the toxicity phenol or indivie.nrA crc,sols,an6. ,T1,--,nols have been ilivec;,igcd,
-6he concentrv,ti.ono are gLven 111 t01.7IIM oi7 weight Gr subsi.ance used. With mIxixtres woknown
compooition, hoevor, 1'r ecnn'6rati.cli 1-)e Cotermined by eolorimei.ric 7,na1ysis nnd the
colour produced compared with that gi.ven 14, pure nhe-iol. For cl7:amplo, in Herbert's (7!)62)
e::perimentowl6h r. simulated ilquor, uno pert by TJelght ofga,...)1ico phenolF1 was ooloei-
metrically equivelent to C.,:(2 .)henol Li? ana:lyslo Yoz. r.Anhow ;;::ont at 0°C,
modaen breshold coacentrotion of tca,Lo precF.,.red mi;:ture wr_.s 6.1 mg/l by -weight nic1. 4.4 mg/1

7molysts. ThF, Pgreem.at v;11;11 the obtPtnod for phenol alone at this teupecature
indic7,,te2, that ,,ho c-crsols, Wiach composed 38% tho miTture by weight: did no-,, mar17.cddy
affe(:t 6:C to:.7:10.1:Gy the phenol 1,7..osent (5V, by .

Liepolt (1954) found that a gas liquor killed rainbow trout in 12 hours at a concentra,
tion equivalent to 6? m3/1 pne. other arthora, have ,-eportod to:cac concentrations
of -Dhenol in 'Ole rai-,ge, 3 m2j:1 in 7-7atv.. :.011.1,..to by phenolic was.teo (Ebeling, 190;
Maila, 1951; Depdt, 1958).

When tar ir.7 removed coal-processing va, te;7 1,he mein components :omeining arc
monchydric ph-.:nols, ammonia, cy,7nAde, sulphidc thiemaphater 7111d. thioeyanate, or which the
-ifirt three .1catribute most :'-'7.70j:-,y (Herbert, 1)62). Studi.es with mtr.tares
of ammonia and phenol (H'bert, 1962), phenol .,md rAoc (Herbort and .Vau6y1ce, 1.967), ommonia,
phenol Fricl. 5ifl.0 Jro.,den, and Millev, 1;-'69), and copT,),:c .7AO, ohonol, end ,Tasc copper,
zinc End phen.c1 (Brown cli6 Dolton, 1970) kiPV-0 of :;he mvizture is

appro:tmH, ad6iiltiro r *Govols or 4he î,rodiori Cf 4he =dim l tìl oonccni-,ca'o,ors of th.-3
individuE.1 poiJ-mnF. tElt 2 or f ciyc ch arP, often Glose to thm median throP.hold concentra,-

tion of bhz,ne poj_sons); laj-t-r7o ki31r-3 50) f thE nsh --t 2 or 7', do7n NI= the sum of
The orarYls the -ore-2,ct,,,d of !,7,mn:Ien of

:1K0IeGzd (Gloyd n6 1964 TTebel?t et 1965; end
5hufbon. nç Sher, c;ont-kn(-\0 IpcJno'oyd-oo 7:61(2.101e, ammonka, cyanide, sine,

ruic coppev, :o7m (jQso tiAr, obr,,,?Yied frjiij PU;)or.gh 7;3o-roles liare moy.2 1:0%10 than

p7oC,,c;tod, ;Jv 1g?,111, mu, 1..K, omphied
th(E. /.on r»..)) , ;.o phc 1l; was highl o chi orirw. 'God

2.3.6 Field

( f2) IL;h 0U331. on -n,:-nrel ash ponula-

ti(Inr,: co.! ,11),:. of t10 otin v.,roblcmc ir that



of analysis cii Ii 1clit eS a arl. propor 11 ons of the various monohydric phenols in the
water are LL dtcrinnucL,E.nd the analytical result s can include oths,.. phenol s.

It is \/ ery ee...-re iA, field data with result s from laborc:i iy test s

with individual pi., Lois.

Miller an.. (1967) could a.tt ribute only 3 out of 19 recorded fish kills to
phenol, which is T.pl %47-.0 inc.e phohol pc1J1IHion io lnioi always accompanied
by yciclii.c,--3o. CL. I :;:\rgn»-1. ,htd. U1 oo-1;herio cons. Lie9e] t. (1954) ascribed a

:rue. 11» rit 7.1110_5)LlU-verit uu (31fIcharge. of uon.--

oer.. .tea ) "1:;1),C1] o."1` he opin L011. '6hr.). I.;

Too 1 J) t 1. Cr)o - piny, Lo 5 mg,/1., ir,a e,b

) , , 11Lli1'S/1 oh en CiO4Ci iOO1C1
(1!. arb e.p ho mos I, le i7orea.-Linc.:

1)..-1-v-e. J'ombach ( '1.9(0 I E;n1-.11...1 sta. III n ch

DOI b!;- o 2.on of p1ienol:4 of about
rog,/.11. ciac' C 1:111, C rCJI.0...i.n.,?: icur i. rer a. sudden iur.-e.F..:secl d3seharge _P

mz.,.). )1 6., 1". . 1 o 9 1.7,,C13. Where, ihe ph PL Loll cencent T'EC6 en
ceed,:!ci msli. CIJ C Lo 10-/s uf Lije E.1?.,-Se.'61.1..3e,n.Oi1

rou-.:.bere the ohee.l. coe 3 ;..(..) CI pd1 and concenti.,a-

-tion. JO to 'XV, oh VA.( oi r snlmnciu(-;:-J were killed; uhile in origLh wher,..:

1;he pieno3 ;;11.7.n. wer.;.. Ur)

A more recent observation ou the Pri3s;:ar in Yugoslavia, also chronically polluted
by phc-:uo) c was Lc:, ( Mil.rovIA.; personal communicRtion) 2howod.
goocl gud.[_4¡:. on, Logethev I 1; 11 small k.,1' 11122177.11.'

barbe-L (Bea-bus spo) ocvuz-pedlijr *ti-J°E. cOac'e-/--1:6ro.-i:i on ,_. J phenols ranged from savo ho 4, 4 mg/i,
but 'i,hy. 7^/11L':,."',1.: 7 1; a, :11-117 uc b,ran 2 7.1.10. 13C)

( 35) Thns1; cisha those Crow ..1.,:ore,c,r,zy (-, es 1.2; n.,-Jofar au there are no recorded
inE:tcliloc s of flab u ,di,LOCILr.13 on oi heno] s thrn that found toxic under
er.pe:,,mental

3. stsc.-.3;:.7,1' A.CTION ON FISH

3.1 Grow 'Co

(36) Mi1:r/E11:ov- (1969) obse.cvd a. tobs in weight of common carp exposed for 2 months to
12.3 mdl ohc,:uo) 10) epov (1969) reported that guppies kept for a year in
12.5 mg/1 phenol Jhrct spand a the age of 5 months compared with 10 months for the
controls, bu 't,i)e-J.'e was AO reduction in growth. There was, however, decreased sexual
activiV ini i.,112.L; sper;ies (Flerov, 1969) as well as alteration of reflexes at this concentra-
tion and ct 6.3 as/i bu-;; not at 3.1 mg/1 (Matay, 1969) .

( 37) V.M. Liroisi anC D00, (jjCCcsoiii,l, communa cation) studied the effect on rainbow
troui; of (2,01-10 en ¡, j. on f L ?nu 5 infill o.17 phenol over a period of 18 weeks and
fouad ibera 20/, c or. in gvowth al, 3_ mg/1 and greater reductions at higher
concentrations.

3.2 1---;_stance to disease

(38) Scq: f'j.11 'Ghat ca-os orponod 1,() -.'e La.;:i-vely high CO/1C ,11:Lli,r2,63.01-tr;
-phenol FJ a-. sub qv en '613 o F31112.C.,,r.) j. `G.:.c.17. by ,eguici, or I6la hh o oht hi riu;.;
( :or 67 ; a-. ¡Fs sud Llu- , 1960) ma-.17- -17e- i M-1; orr,..1nt in

harril.11.!; Juch5n pol1.1. !..,1 A..

( sb. (1949) ( Y.1 [;1:11.1.7.:2) could be
t,a,j Lec L phiol ( rymi7: Efi;,:-Citio'r.-_,,11-1L; capable

8 T.FAC
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of detecting as lit-tle as 0.000',:i '/1.) a.nd t .
).-o1:, 1111911 ,rsiven Ihe choice of olo,--,2. ';;P,t;ryv.; elv cort'c,r- i°tube mj 11,10111-3 (PhO:f.:1111./C Ci7.1..0., 110L o 0,,
Or 4 mg/), o-..(. phenol. --Fin-de7, -1,"c("101, C.
(o00.1. 1;o 10 ) tho L ;(1-L'e used by Sp-fag» ;11!4 (
p--c,r,::tol enci oci bui; no-1. 1 ovic,:c conee,L.-yt-cr'n o r (Jo:le )
in pare.1 _I el octby Lepow 3.7voc'n ',-;cm-) i I ji1T -ir" )'0» tbe o th.c ° band :1ua10 ( 19 o r. títl" tt4 1:7;7' 7'

u.rpro5-ily of pool od fo» se7(6.7-.=.1
FlodiFn pc,F11 ;7,5.0n, 0 ed. 1):;/- :".1.) ic Nir,"y1d Lt,t,10Jtirtl.t`.*, ' t.

pbettol (15 ) acid, ol.'es,,"..0. (47 ) -.h
c [-)DH nLaLcc1. J 5iPT (1969) ti

- ç 11 j ' ;11 .

c,1.1
1-1.E- ir

40) Evi.d. nc.e. of .9.17,7.,..dnoc pne-a17-. 12,.(:-: 'ri CO 17-t,

Kat..i..70.(1.0. 19) í'Opfl....%»t:Cti. L,H iuç lucidi 1.,:e".7,C- )2E' í'tt`,:t "tf il° " t í

phrzool (1.9') !. ',7cc
reFnr! '611 Crt,'",-,,,f7

(41) Definite co0c1usicrofJ ,lennot -

eon f]. ";'(, ¡VIE f",,,(IC. 17.:"T.F.'1"3C" C2110,

(1) st.Pi..1)1,11,1011. ot." 1" 0,0 -1-fr,ri, .5

nrrjlçì Led we..;-,orsccui LLiii,i J,l ,.)0.11t":5/ ( r

1,11e pi-Lena) Il odo.,

3.4 e d loss 0, phe,

` h "

Lbs a.d.cli-tion of 2 ing/l uf dodeGylbe-a5o1
da,,ys in 10 mill phenol ( Schult si;, 1961) 'lied. t't

and. ,Tvrogressively 1 owe colleen i or tr,', J.r.1 [41.1,2 t'i rLr t"I irrh, i'
1C3') Waluga( 1966 and 1966e,) chie necl ;

in 9 mg/i. phenol, conceurtra,,-bionv.. boing high ill 1r7.. 0.0(07'. 7

the cerebral fluid and brain, Conceal, yet ion F.; :1n C't ,t.t
_al so highes L in slap fi beI.1 as spleen, 1 vre. ( :1

owEs..st in muue.lo 3. mg/li7g) ( Ke,5:9,ya. et r..1.1 ihIC1, I .71:i_
5 houcu in 10 ms phonol phene] tt`tt

r t:

a..Lart 6.5 co spe

( 43) Although Mackiel et a1, (1958) ( in D1,-odj 1; 'chi--h and
po-Pch were nc t ah] e Lo--de-Toxify phenol by I1r-, »1,1 /. ,.,

Lion prodao L e wi lii cluonro»icles and rini pha 7,1

these p-roces,:1::s .lecur 1)5. fish.

(i14) Kariy et, , (1,968) foarld cor ( ,T1 o
H112031 dPnir vu:Tri 0 ,,,;13:;,'o to hic 49 C50 ail() 1,i(y:, . tt,,ttt-",1

f-.1sh 1711 I red h:r LIas Foirtc oeocent-,1:.r,i; )

ucaltaft.loi.00.1-.10.0.) ,'-(41:4tct o , "17'." I te,-.+ t't "t,-, t; t,
0.7 frICS moviobydric; pois V.( -3. ,

ha.1-. hìacc a2,9,i;o2; 102

5 L.,,7,6 wr,d11.1 vidicF 1;i1::), oirq ( t3

( 42) Phenols in both free a».ci
falr rikOrira:GiOna, have been ¡sacio»' ;' Re?

3 P2):.; »o e Izg .1». 1.1"ar "enus punca.tuiri 1...oat.4?..
cc tlac:,-',o was up Lo 3 2 matir.g ici h us en-d rte,Vi.?121,S , t't

133.1ine 1L1r.L eon-I:a:Lilco. 02 ',() oï LIE,/)
5..11 6 mcill phenol. Eby 1 d cla-,,,iso 1» 1,-he Amer? 1)111 , ( '

days 10 5 m,,7,/-.1 ph en nJ, MF1)1: (1953) ,-'01,3,-,(1.10 fly:/ (of r-1;

showed th.ai.: 2.ccumu).atj.on iii corpmon carp held
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to lead to an increased phenol excretion rate.

3.5 Taste and odour

EITAC T1

Short-term exposure of fish to 25 mg/1 phenol (Ebeling, 1940) or for up to four days
at 2.5 mg/1 (Krishnaswami and Kupchanko, 1969) did not impair the flavour of the flesh,
while 10 mg/1 cresol induced only a slight taint (Albersmayer and Erichsen, 1959). On the
other hand, xylenols and some other constituents of phenolic wastes, including naphthols
and quinols, tainted bream and common carp at concentrations between 0.5 and 5.0 mg/1
(Bandt, 1955, 1958), while p-chlorophenol and o-chlorophenol produced an undesirable taint
in common carp at concentraLons of 0.06 and 0.015 mg/1 respectively (Schulze, 1961); the
latter substance at a concentration of 0.001 mg/1 also tainted the flesh of eels (Boetius,
1954). Thus it is possible that substances such as these were responsible for the taste
reported in fish caught in the Rhine when 0.02 to 0.03 mg/1 phenols were present (Ebeling,
1940) and in 4lio Elbe containing 0.02 mg/1 (Bandt, 1958).

Phenolic flavour may be acquired by fish flesh not only directly from the water but
also by the fish eating contaminated food, for example tubifex worms that have been kept
in water containing phenol (Mann, 1951). This author and Miler (1962) have both also
shown that flavour can be acquired by other animals fed upon tainted fish.

Some phenolic taints may persist in hen flesh for several weeks when fish are kept in
clean water (Mann, 1960 and 1960a; Boetius, 1962) unlike some taints, for example those
produced by sub-lethal exposure of fish to the herbicide 2,4-D (J. S. Alabaster, personal
communication) or by actinomyces (Thaysen and Pentelow, 1936) which may be lost within 24 h
under these conditions.

4. SUMMARY OF DATA ON INVERTEBRATES AND ALGAE

4.1 Phenols

Generally it has been found that bacteria, algae, protozoa, crustacea and mollusca are
10 to 100 times more resistant than fish to phenols (e.g., Anderson et al., 1948; Beer, 1954;
Greven, 1956; Bandt, 1958; and Albersmayer and Erichsen, 1959). However, the cladoceran,
Daphnia sp. appears to be somewhat more sensitive than most other invertebrates (Anderson
elS1., 1948; Bruun, 1948; Ellis, 1937; Bringmann and Kühn, 1959 and 1959a; and Patrick,
Cairns, and Scheier, 1968); the threshold concentration for D. magna is 7 mg/1 (Anderson
et al., 1948), but with the young (Dowden and Bennett, 1965) and also breeding adults
1Mb'sevich et al., 1952) being most sensitive. There are, however, few laboratory data for
other groups, although it has been reported(UK, Ministry of Transport and Ministry of Agricul-
ture, 1936) that freshwater shrimps, smils, and larvae of caddis flies (Trichoptera) and
mayflies (Ephemeroptera) were unaffected al 10 mg/1 of either phenol or o-cresol in 26 h.

The interpretation of field Observations is complicated by low dissolved-oxygen
concentrations being associated with hiah concentrations of phenol, but it has been Observed
(Beer, 1954) that algae reappeared in the River Plaisse where the oxygen concentration had
increased to 5.3 mg/1 and the phenol concentration had decreased to 4.3 mg/l. In the River
P6stan, Mirovid (1963) found tubificids where the dissolved-oxygen concentration was 0.1
to 3.1 mg/1 and the phenol concentration 17 mg/1, shrimp, larvae of some chironomids, caddis
flies, and mayflies where the water was well aerated and phenol concentrations 1 to 2.5 mg/1,
and a diversified and abundant invertebrate community where the maximum concentration of
phenol was 1 to 1.5 mg/l.

4.2 Cresols

Comparative studies of all three isomers and phenol with Microregma he ostoma (a
ciliate) and Daphnia magna (Bringmann and Kithn, 1959 and 1959a) and of m-cresol and phenol
with the larvae of the mosquito Culex pipiens and the phanteM midge Cha76borus cristalinus,
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as well as with the copepod Cyclops strenuus, the ostracod Pionocyprus
pulex (Albersmayer and Erichsen, 1959) sh;q, that these invertebrates, 111:-e-sh,
what less resistant to cresols than to phenol and that mci.01 is the ]oa;iL toILLo
cresol the most toxic isomer. However, the ciliate Par7mecium caudaum seu,s to 1);
more resistant to a mixture of Cresols than to phenol' Halsband:;nd Halsban6., 1954)
there is an isolated report (Ellis, 1937) suggesing, contrary Lu ibe results'
(1927), that the lethal concentration of a mi:trre of creo]7J o D,Achnia magna is ,P.Ch
lower (0.01 mg/1) than it is for phenol (8 mg/1).

With a mixture of cresols, as with phencl, the,: is 'oulo evidence that immature
organisms are more sensitive than adv.:its; thc. /7; h LC50 vaAnes for immature Asellus
militaris (an isopod) and Gammarus fo,soiaLus (au flphipod) re 33 and 8.o i :.;/1-37;1,,pectively
and the corresponding volues fo-_, the o,duls uole 2 to 3 times higher (Emory, V:)70).

4.3 XYlenols

There are few data on the toxici.V xylenols to invertebrates. Meissner (in Bandt,
1958) apparently found that the 2,4iso ,:ts more toxic than either phenol or ocresol
to protozoa, rotatoria, crustacea and mollusca, with little difference between joups,
although the type of response measured is not known. Bringmann and alhn (1959 and 1959a)
using young Daphnia found that, as with fish, 2,5]:ylenol was more toxic than the "m-
isomer" (which could include 2,4, 2,6, and 3,5xylenol), the 24h LC50 being 10 aFid
24 mg/1 respectively. With the ciliate Microregma the s!u authors found that food intake
was inhibited by various isomers at 10 to 50 mg/1, while the c.CZsctive concentration for
phenol was 30 mg/l. Albersmayer and Erichsen (1959) found that although 2,5xylenol was
more toxic than phenol to vc:rious invertebrates it was not as toxic to these organisms as
it was to fish.

5. CONCLUSIONS
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Coarse fish. Since laboratory data show that coarse fish are more resistant than
salmonids to phenols, the concentration of phenol, cresol or xylenol should not exceed 2.0
mg/1, either singly or collectively, provided that oxidation of this concentration does not
produce an adverse reduction in the dissolved-oxygen concentration of the water. In the
absence of data on the effect of temperature on the toxicity of phenols to coarse fish it
is proposed that the reduction in concentration of 50 percent adopted for salmonids at
temperatures below 50C, should also apply to these species. Where other poisons are present
due allowance must be made for their contribution to the toNacity, particularly in the case
of free chlorine.

Commercial fisheries. There is no laboratory evidence to indicate thai; levels of
phenol and cresols that are safe for fish cause thell' flosh to become Lalnted,but xylenols
should not exceed 0.5 mg/1 (para. 45). Other phenolic substances, particularly the chloro-
phenols, are known to cause taint at very low concentrations; strictly these are outside
the scope of this report, but the information that has bcc:11 considered suggested that they
should be excluded from waters supporting commercial r:isheries.
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