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Introduction

The naturs and purpose of this litera-
tare review have been Jdiscussed in the
mtroduetion te Part 1 (37}, As indi-
cated therein, material published be-
fore 1910 is not reviewed, as a general
rule. Ounly a few earlier publications
of speecial inferest are eited. Unpub-
lished daia are reporied cceasionslly,
buat no attempl has been made to col-
leet and review much of the obialnshle
unpublished information.

Various metal salis are important
constitnenis of mine offfuents, brines
from oil wells, and wastes of meial
processing, chemical, and many other
industries {21 (42), Most of the metal
eomponnds congidered here are those
simple Inorgapie salts the toxzicity of
which is evidenily referable chiefly to
the compomnent metals, Other meial
salts, soch as potassinm ceyanide and
complex cyanides, sre to be dealt with
in another part {Part I1) of t{his
review, It is noteworthy that, in efffu-
ents from eleciroplating {metsl fnish-
ing) and some other industrial plants,
heavy metals may osenur in combination
with eyanide as somplex ionz. Discus-
son of the toxicity of the metaloya-
nide complexes, some of which zrs
Enown to be less harmful fo fish than

their constituents {18){83) must fol-
low a discussion of the toxzizity of free
cvanide. With a few exceptiony,
metal-grganie componnds arve nof con-
sidered here. Comparative studies of
the toxicity of differeni metals, the
factors whieh aeeount for variations of
their toxicity, and other maifers of
gensral interegt are diseuszed firgt, The
metals are then considered individu-
ally, in alphabetieal order.

Comparative Studies of the Metals

Comparative studies of the toxicity
of metals to fish have been undertaken
by several investigators. In the pres-
ent diseussion, s substance is said fo
be more toxic than another if, after
indefinitely prolonged exposure, it san
vanuse dezth or demonsirable injury ai
a lower concentration. At high zon-
sentrations, the substanece which is said
to be more toxic may be less rapidly
fatal than the other, Therefore, tolar-
able coneeniration Limits hased on tests
of very brief duration {for example,
1 Br., or £ hr.) neot af all reliable
indices of relative toxicity as it is de-
fined here. {erresponding average
values hased on uniform jesis eontinued
for at leasi 1 or 2 days are much less
likely o prove serlously wmigleading,
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irvived, ofthe
soofor S6oand 30 days, The
fogsen Tov the ghort Tife of the larger
cieontrols is not clear. The fish were

“nat fed during any of the fests, and
dones suggested that ihis may explain
; the smortality of controls, but no ex-
and egpréssed ae-  perimental evidence was presented.
lowever, this pro-  Judging by the longevity of other fast-
senre relationships  Ing fish at comparsble femperatures,
st when the tox- one can conclude that death probably
ong are compared.  was due to soms other factors, such as
_ idents of this subieet  the guality of the experbmental water.
regarded one gram afom of metal  In any event, the irue significanse of

e [tler s the reost appropriate basie  Jones’ “‘lethel concentration Hmis” i
comitt of comnesntration.  The cholee of  somewhst obscure. They evidently do

Cdifferent concentration units can, of nol represent limits of concentratiing
‘ehurse, result in somewhat different ar-  tolerated indefinitely by healthy fieh.
mngements of the melals hased on  Nevertheless, the coneentrations of salis
their relative toxicity, at which the test fish died much souney

The comprehensive stndies of Jones than the controle were unguestionably
(637 {64) are of ouitstanding impor- harmful under the comditions of the
tance; thsrefore, some of his results eXperiments.
are presented and discussed first, The Some of Jomes’ resulls are summar
compounds tested were mostly nitrates. ized in Table I The tabulated con-
They were added fo a very soft tap eentrations of metals eorvesponding o
water ‘“of a high degree of purity’’ different survival times {sbout 1, 2
{ealeium content about 1 ppm.y The 4 and 7 days) are either actual ex.
fish used were stickiebacks (asisro- perimental concentrations or values de-
slews aculesfus), nwually 30 to 50 mm. rived by interpolation from Jones”
in length, bot smaller (18 to 20 mm.}  data, using eurves whiek did not in
in 2 few experiments. Usually 4 or 5 all cases coineide with those fitied by
fish were exposed to 2 L of each solu-  Jonss, Jomes arranged the metal cat-
tion tested, and the solution was re-  loms In order of increasing toxlelty,
newed at daily iniervals. A series of or decressing lethal conceniration Hwn-
19 to 20 concentrations of sash salt was  its, expressed as “‘molar econcentra-

ested in this manner, at tempsratures  tions,”’ or as gram atoms of metal per

147 to 18% €. THost of the vesults lifer, the laiter términology being more

ve presented graphically, by plet-  explicit, The same arrangement of the

ting only the average survival fime of metals ls thown In Table I, Results
the fish in each solution against the obtained with ferric ehloride are noi
orregponding concentration, and fitting  imcluded in- Table 1, hecause .jones
b set of points so plotted, found the toxicily of sclutions of this

of sach =alt 2t whieh  sall o be due {o ezeessive sepdity

w 5.3, The p¥H valves of {he

ted reanged from 8.0
cception of solutions

foed

the average survival time of the fsh  (pH bel
fo be approximately egual  of &
clg in tap water wag fo 8.8, with the ex

o e
)
4
s
o
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TABLE I—Meln! Concenirations for Varipus Sucvival Times of Large Btickiebacks?
p fiter} at Whieh ey
I C?f;%m god Aboug Fatha
3 Dhay Z Diny= 4 Dinys 1 Waak {mng. /1) {g. sioms/L}
Na | NaNO, 2000 1,500 %00 600 500 217107
Uz CalN0: 4 HEP 3,500 1,500 1,006 B BOG M IGT
Sr Sr(Ney, | 10038 | 7000 3.000 1,500 1,200 137X 107
Mg | Mg{NOJ: | 2080 | 1,500 500 350° 300 193X 167
Ba Bails. 3,550 2,500 1,008 500 404 280 10
K KR, 5G0 Z 164 70 A0 1271
M Mn{NOgd, =R 180 108 3 443 AR
Co Co{M:. i85 50 24 15 1 188X
Uy 4 OniBOGs 50 2.0 i.48 1.3 12 236108
Ni Ni{NOde g 3.6 1.5 1.0 0.5 B3 g L
Zn ZnB, 1.5 .48 6.7 0.4 4.3 4.8 X107
Al AMNG:): 0.3 0.2 0.13% a1 HAL 2601078
Ay HaAnCl, 1.5% 1.4% g (ERE 8.4 20015
d CA{NGa): 743 3.0 07 4.3 0.2 1.78X 16"
Po Ph{kNOsds 15 0.7 0.3 4.2 9.1 4805307
Cu Cu{NGals 6.3 .34 G.068 .02 20156 236X
iy HgCl, G.6° 9.45° 8.2 5.02 0.008 406X 167°F
Az AN 3.1 2,028 G.01 G004 0.003 280108

* Concentrafions of metals at which the survival time of large sticklsbacks aversged about
Tday (1%t 30 hrd, 2 days {38 10 80 b, 4 days {78 te 120 hel), snd 1 week (140 fo 200 Br.),
sncording o the dake of Joues {832(84)
?Jones’ “iethal concenizalion Hmits or concenirafions of ihe meials af which the averags
sarvival ime nearly equalied thsd of conirols {aboub 19 davs
¢ Interpolated value; suitable smpiviesl value lacking.
1 Corresponding values derived by interpolabion are greaier than the pearest smpirieal
values shown by about 30 to 40 per cent,

e

of ealelum nitrate {pil 6.8 to 8.6 and  Nitraie ions are not very loxie to fsh,

[

more acidis soluiions containing alumi-  bui are never present in high concen-
num, chromium, and goldh Jones was  irations In natural waters, Dats re

able 1o show that the texicity of selu-  ported by several investigators (38)
tions in whick the fish survived for  (B2){108)(148) indicate thai the ni-
sug day or longer, sther than those of  irates of sodium and caleium  are
iron salis, was aftribuiable neither to  somewhst move toxic than the corre
unfavorable pI nor to exeessive o5 sponding chiorides. It 1s nnlikely that
motic pressure. The pIf values of none  the snions present contributed mark-
of these sclutions were below 59, and  odlv 4o the toxicity of very dilute so-
H{I solutions with this pH were not  lutions of highly toxiec metal salis. The
demonsirably toxic. Hesults obtained observed ioxicity of ths solutions of
when zike sulfefe was tested with small  some of the less toxic nitrates may not
sticklebacks were not very markedly  be atiributable entirely, howevar, fo the
different feom those shown in Table 1. toxieity of the metallic cations undsr
Un the ofber hand, the small fsh ioler-  investigation. Neverthsless, with a few
ated for 2, 4, and 7 days st least & times  possible exceptions, Jones’ daia un-
as muoeh lead nifrate {sbout 2.5, 10, doubteadly rsveal real diffsrenses be-
and 0.8 mg. per 1. as Ph) as d4id the tween the foxisities of the meials, An
farge fish; vet they withsiood 0.1 mg. spparent inverze relation betwesn the
per L 28 Ph for only 14 days {average), loxicity and the selution pressure of
whereas zonirels lived for 30 davs, the metals wasg discussed by Jomes®

Jones’ cholce of the nitrates of oSt 1'Thig relation had been noted much esrier
of the melals iz desmed unfortunale. by Mathews (813, who studied the toxieify
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num probably oscurred as complex  reascnably questioned pending sor-
&Eié@ﬁ& unknown lethal or

Powers {(108) studied the toxicity of or other sourcs of

a8 mumber f@f metal salts to goiﬁﬁ;}ﬁ: eIYOYT, r:ﬁav Eaa%“e ijn mvolved., Ferrie
The sarvival thme of at least 2 8sh {n chloride proved somewhat less toxmic
2 1 of solution & a temperatzre near (pi of solutions not reported). Satis
2i° .} at each consenfration of a factory comparison of the foxichiy of
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o
r
o

s was delermined in lesting eash  other, less toxic chlorides fesied by

salt. The lowest comesniration tested Powers (Ba, ¥, Li, 3r, Mg, Ja, Na)
! was not always tolerated for z lemg  1s impossil ?e, A;eaausA of the nature of
time, however, no aftempt having been  his daia slatively high foxicity of

made fo determine maximum copeen- Ba ions and low toxieily of Na ions

r“‘{z g tolerated for any uniform pro-  {in dilute, sguimolar solutions of the

o are evident, however. The

ged exposure peried. The experi- chlonde
ental results were presented in fables  nitrates of Na, Ua, 1 fff and Sr appssar
and graphs: and ecertain indices of the 1o be more toxis t%dﬂ é'm, ﬁ@rresgend»
“relative toxieity”’ of the salis were  ing chlorides

comptied, the significance of which, in Powers’ own conclusions zre not in
relation to practieal rmﬁsuipmis:@q s aceord with some of the previous state
obscure. Powers (118} reporied, alse, ments. For example, his indices of
resuits of some similar iests of the relative toxicity show the chlorides of

Ges were conti toxieity of Na, Ca, Mg, and Ba chlo- Na and Mg {(but not of %_,3 aﬂd Sr}

IO rides to blunitnose minnows at several to be more toxic ihan the correspend.
shorter dura- R B g _ different femperaturss {12.8° 40 32.8° ing nitrates. Hiz cone Eui sng and
In summarizing his resplis, Osh- ’ Vi) ooy Sted e maiure (.}, The most dilute solntion of each somewhat involved precedure cannot

Cof each golot

. (Széiii!ze;?!,zfz' lnss oylinder a1
fpthal if(%‘%'zsf@za?;z*é;iaz:}{': Hinits

ations in order

sl

sall tested was G.085 M. This cofieen- be detailed herve. The same method
iration sooner or later proved faial to has been adopted by several other im-
the minnows iR every ¢age, The nature  vestigators, bul its theoretical sound-

ased on 24-hr tes The very anu e . . el 3
5;‘ d on ;E" ) Enf “; = 5‘?55 of the water used by Powers {108)  ness and prastics] uiility have not been
volume of the solutions s nol satis 108
olums _s_} the sol liE 0s :a;zln sm‘} {11} was not clearly stated, but there established, Fven Powers {108) neted
H dilute 50 A FE N 4

- are reasons for halieving %?35;!3 a dis- thay hizs measure of fgiazﬂﬁ toxicity,
s tan F}e quite rapidly tilled water, perhaps of very poor gual-  which he described as a “natural eri-
( The metals were ity, prmi}ahiy was wsed. Such 8 water terion,”’ i3 not universally spplicable.
e o order ol 9,“.1;1‘%:"“13, PR was said to have been msed in zmother W ?=eu applicable, it still ean be very
eity, or ’:“3“%? ing "ni Lt related siudy of the toxicity of LiCl misleading, as it involyes an unusual
Leoncentralion {molar) of the com- and NH.Cl to goldfish (100). It was {fi’}l’l{%;}‘t of relative toxicities.

5 tested, as i“(ilmx,-s: *\‘f“-* Mg, Ej&’ prepared by condensing steam in & glass Hirsch {58) defermined the highest
L, L, E”‘}‘f (,e {d ?t h‘ tube, bui its reported mineral eontent rations of several salts, dis-
{regidue on evaporation 38 tc 42 ppom, i tap waler, which ueunally
methyl crangs alkalinity 28 fo 3§ cmziﬁ ‘z;-e tolerated by eels for a long
D, smmonia nitrogen 7.4 1o 125 wre than 6 days).  These

of the chlovides of the ; Phoand argange

of w }iwi ni

the

E
ahout I8 hr
be arrveng

were 9;:» ‘\E \'i{i {m‘

2tiong of

whicl are show h g)fﬁ’%__r &{2:‘? 1;(;310‘ ;0 ‘f‘a ;wF ;; ! d p.pm.) is anusaal for distilled water. ! coneentrations were reporied
gg,(;’ii {}AQ{)Q_ EH E_:f}; <1;{3i ‘ii;%; : . 1{2?; mortality of gz}idﬁ;s% i ’?Jzi N/4 XE&C%’ }{w"i}#
0. ng M KCl and CoCl,; 0.0136 M o e Trperimental soluons of - and N/8 NeoS0,; N/16 NeNO,
LT 81 % 100 M CeCl, "2 L4 e 10 . Culll, 0 3&% LD m.ﬁas‘ fa) and U4y, Wfi siz1 and less tgﬁﬁ Nf_f}_{:iij
M CACL: 818 x 165 M IZZRM 488 % i“t?‘ff ppia. 8y Gd) was reporfed KO nd KNG, Three ecis
" 10 i E 4 % >< Eb x{ i; " ;O}J : JloE). ok robable -lethatity of muech . of solution at enmmer
P mors 4l

sevature. The tests wers not
; 1 unifors, and the results wers
winally and icpegy-  somew ‘ﬁg tig and are not all elearly
easing concentration of In accord with the author’s conchi-
Iowaver, the reliability sons. Co did not Hyve well in
unigue resulis can be the Nevertheless,

tate solutions iz indicated, ax
the average i

time of the fsh
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ta reporied are instroe-

o or "ré’z?ﬁ{*{;
:;E wers he

100 el
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The toial
tent wWas no
i 51? t§§ ¥

) and %QJ:} M
K] selutions the ived only for
gbout 2 days, 4 vs, and 12 it
2% hr. {average 24 , respective

Of 31 ZS’?; neld in i rater,
died within 2 week, but the rest sur-
i 5

vived, W;ihem fi} d 1;.1;1:% the exper
Z!

B
@
2
B e G

weeks. sn‘i:rms in tap waie
withoul mortality for :
months, Jarrey’s date isuiﬁat
pgmssmm was decidedly mors ioxie
than magn m, which wag more foxic
than caleinm ami that sodium was the
ieast toxis of the metals fested (as

e
e
o
[

shlorides)

Wiehe ¢f ¢l {151} determined the
average survival time of 8 % goiden
] et onoen-

i
shiners at ﬂac"’r; of f(mr lethal e
trat , Ca, and &
used was a
and fap waters w
"‘1{3 seﬁ‘f‘aoz;w wers eié at room

\ai“”
the anr-
ﬁfi 88,5
'5 7.6, and 4.5
renees of molar-
re of the szolu-
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e Rer comparison were not son-

€l and KC

‘»Lg.: Call,, ¢
gill sunfish in b
to be 14,300,
respecti
Some of the investigators who under-
took comparative studies of fhe tox-
icity of salis of hesvy metals (283 (34)
tested very higk, ragpidly fatal consen-
trations only. For ressons already in-
dicated, the resulis of such brief fesis
are not very insirustive. Carpenter
(28} rep{arted that the survival tims
of minnows in 0.1 N solubions of CGdEG,,
. ZmBO,, FeBO,, Feli,
50, and Hg(l, averagaed
' é‘ lé‘é«é} 86, 525, 49.5, and
gpectively. Liéger (84) de-
mum concentrations of
5 and chlorides of Cu, Zm,

!m

ol

7 injurious within 1 by, to trout
and minnows in both distilled and very
hard waters. The reported minimum
lethal consentrations rangsd from 25

te 4,000 ppm. and
200 nopom,
f)mm' investigators who tesied salis
of several heavy metals failed to svalu-
i

ware mostiy above

ate sccurately any e@mparahie indices
o

; ity. Ebeling (39)
sbv 1 or 2 }’& nhaw trout Efﬁf’
7 one or a few oon-

tions of esch salt fested. The
soluiions (15 to 28 L) were prepared

with -aerated iop water {(pH 7.8) and
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heid at temperaiures between 18° and
227 (. BSehaut (120) also tested only
cne or a few concenivations of some
metal salte dissolved in tap water (50°
F.3, using “‘fresh-water minnows
{killies},”” which were not properly
identified, The duration of most of the
tests wes only 1 hr. EHis (48) re
ported the survival times of <f’<}§a§%?i at
several widely differing concentrations
(LOD0, 100, 30, and 1 p.pan of vasi-
pug metal salts dissolved in “very soft
water” and in “‘hard water®’ {e&*‘i}@m
ate hardness less than 23 popsh. and
ever 8% p.pom. as LEQ'&. respectively ).
Each fish was held in 3 1. of solution
gl temperainres helween 18° apd 23°
€., and the tesis were continved for at
feast 96 b, if the fish 4id not die sooner,
Duricg some of the tests the solutfion
was renewed continually, at the rate of
1.5 per hour, by means of comstant-
flow apparatus. Some of the instrus-
tive dalz reported by these investi-
gators are presented in another section
of this review, where the meials tested
are songldered individually.

Thomas {141) studisd the toxicity of
aumercus metal szlts o the mummi-
chog, or killifish, Fundulus heteroclitus,
in sea water, as well as in fresh tap
water. ke decided that sluminum sul
fate and lead nitrate conld not be tested
in sea water, becanse of the immediate
formation of precipitates. The shio-
rides of eobalt, manganese, and nickel,
zine sulfate, fervic ammoninm eitrate,
and potassium  dichromate were re-
;}@rteu i be apparently non-toxie in
sea water, concenirations up to 204
g}:g),m; having been tolsrated by the fish
for 1 to 2 weeks. Omn the other hand,
mercuiric chloride, cadmiom nifrate,
and cupric sulfate and chioride were
reported to be guite foxie in sea water,
but their relative toxicities wers not

indieated.* In frash water, the follow-

¢ Mo reports of more recemt, somparative
shudies with marine fshes have been found
Although wuch sartier publications @we‘;szh
ars nob revh the datn of Richs {iié“‘*
are of gof wast (6 be summarized
briefly, He szg}e%ﬁé scveral marine gpesies

v
2
w3
i
o
=
b2
e
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tng consenirsiions of the salfs wers
reported fo have proved fatal within
the exposure pericds indicated: 3 p.pan.
of lead nitrzie in 12 hr.: 4 popm. of
copper suifate m 14 hr,7 § p.opm. of
cadmiom m?mfe in 36 hr.; 7 p.pan. of
alnminam ate in § days, and 14
;53,;}.331, in 3@ Br: 10 p.om. of mns

sulfate in 48 m’.g 12 ppm of manga-
nese chloride in 6 daws; and 16 p. PI0.
of nickel and cobali chlorides in B
days. No marked difference between
the lsthalities of the chlorides of Mn,
Ni, and Co iz evident. Apparenily,
these were the least foxic of the metals
tested, whereas lead and copper wers
fm mmt toxzic metals. Thomas failed
to indicate whether the concenirations

Ld were based on weights of the

saiif with or withou! water of hydra-
ion. Ellls (42) and many other in-

&

t
o
!
o
"

The toxicity of waters that had heen
in contact W é;u varions metals and al-
loys to fish ané fish eggs {embryoes) ha
been studied by Podubsky and S‘éed»
ronsky (163} {104){165). Obviously,
this is not & relishle index of the rela-
tive toxicity of the metals {as salis)
in sohution. It was reported that con-
tact with copper, brass, nickel-bronze,
silver, gold, zine, and merenry rendered
waler toxic, wherees manganese, nicksl,
iead, iron, and pewier had no such
effect. Copper and eopper alloys wers

0 varying eoncentrations of ehlorides of varl-
ouz metals disscived in sea water and reported
the Tollowing Timits of toleranse, in grams of
meial por fiter, based on resulig c:f 48-hr, teata:
24 t6 25 o, L‘fa {ineluding the sodium naturally
present in aﬂa wator), 8.4 g Ca, 2.2 g. Br,
PE g My 078 g Bz, 6.2 g Mr or 13, 0.125
g To er *‘ei/ 21 g K, 0017 g 04, ﬁﬁé g.
Fo=r, 00084 g %, 20035 gz Co*, and
g Hgw per lter. The relatbvely
or gine {34 myg. per L), which
i} reported to be virtually non
water, is sopecially motewsorthy.
© Be, Hr, and I's chlorides were
ik freated sea water, from which
tes and phosphabtes wers said to heve hosn
»}d hzi by ﬁm sddition of an sppropriate
, withou! rendering i harm-

PP
[ fored
He by
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most effestive.  Earlier, Marsh (29}
stated thai contact with copper, zing,
inum, and perhans even din, oan
render water fozic to fsh.  Bome of
these conclusions need verification.

Antagonism and Synergism of
Metal Cations

it has lopg been known that the
togieity of some wmetal eations to
aguatic organisms is counterasted, or
antagonized, by other metal cations in
mized salt solutions {57). A physio-
logically ““halapesd’’ salt solution is
one in which different salis, and par-
ticularly Na, Ca, K, and Mg lons {(the
principal cations found in natural wa-
ters) oecur in such proportions that
the specific toxicity of each is neuirzal-
ized, or reduced nearly to a minimum,
through the antagonistic astion of the
other saits or ions present. Sea waler,
in which Na{l ig the predominant salt,
iz a balaneed salt sciution. Loseh and
Wasteneys {35 (88), who used mummi-
chogs as experimental material, ra-
ported some of the early studies of the
antagonism of the prineipal cations of
sea water, relating fo fish

Garrey (50), whose experimental
methods alveady have besn Jdeseribed,
determined the average longevity of
minnows {(Nofropis) in various simple
and mized solutions of Na, ¥, Ca, and
Mg chlorides in distilled water. The
fellowing selected data, showing salt
coneentrations and corresponding aver-
age longevities, illustrate the anfage-
nism of zome of the eations:

4,000 pop.m, Nall (abeat §.15 M) 2 days
9,000 p.pam. NaCl and 0.001 M CaCl, 510 days
{ Additional CaCl; produced no more
favorable resulis)

5.023 M Calk {about 2,775 ppam.)  2-4 days
03.025 ¥ Ca(ll, and 6,750 ppm. Wall 815 daye

G025 M MgCl, (2,380 pom) 2 days
3,025 M Mgl and .01 M Gall, & days
G005 M ECL (378 ppam. ) 1 day
9.005 3 E{l and 0.0005 M Cadl, & + days
0.605 M EOl and 63175 pooam, Mall 28 daye
MEC{(11l8ppm.) 26 hy.
EM K and 00078 M Jalh 15 dsye
15 M KO and 0.065 M Mg?l, 25 doya

AND THDUSTEIA

P
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It will be noted that relatively small
unts of Call, added o toxic solu-
tions of Na, Mg, and ¥ ¢hlorides mark.

v reduced their toxicity, as little as
20 i0 40 vopoo as On being highly effec-

e agalngt Na(l and KCL High con-
ventrations of Na(l counteracted ths
iy of Calll, and KCL; and Mg(i,
also was antagonistic to ECL NWo pro-
nounced reciprocal antagonisms other
than the muwtpal antagonism of Na(l
and Call, were demonstrated. How-
ever, it was reparted that KOl and
Metl, proved somewhal antagonistic to
NaCi-Uall, and NaQI-KCL-Call, mix-
tures, respectively.

Powers {111) alse studied the re-
ciprosal antagonism of NaCl and Call,,
using minpows. Inasmuch as all the
soluiions issted were unnecessarily con-
sentrated and wery rapidly lethal
{probably largely because of their high
ommotie pressure), his resulis are not
very insfructive. However, reduction
of the lethality of Na(l solutions by
the additien of small amounts of Call,
was clearly demonsirated.

Kriger (75}, experimeniing with
stickichacks (Gasterosieus aculectus),
found that 0.35 M and 0.4 M solutions
of Natll alone were rapidly fatal, the
median survival fime {at 17° to 20° .5
averaging about 2 hr, Tn 0.4 M mized
salt solutions prepared by adding K{,
Me(i,, Cal, or combinations of twe
or more of these salts to 0.35 M NaCl
soluticns, the fish invariably lived
longer. However, all the mizturses cop-
taining no caleivm proved mors rap-
idly fatal than a mixture of Na(Cl and
CaCl, only. Median survival times of
fish in the Nall-Calll, solution ranged
from 13 to more than 30 days. The
best rvesults {median survival time
excesding & weeks) ware obtained with
mixtures of Nalll, CaCl, KCCi and
Mg, or MgR0O,, and in some {but not
ail) tests of miztures of Nall, Call,
and either MgCl, or ECI The zolu-
tions were all prepared with distilled
water {radisiilled in glass) and made
neutral by the addition of NaHCG,,
Ten fisk wers used in sach fest, and

ox1
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most of the mixtures were fested 2 or
3 times.

Other investigators have noted alss
that mized (physiclogically balaneed)
salt soclutions were less barmful than
simnple Ha{l solutions with correspond-
ing osmotic pressures to sticklebacks
{55)(56), stickleback larvae {115},
hatehing salmon eggs {114}, ete, River
water softened by the zeolite proecess,
whereby (s ions are replaced with Na
icns, has been reported to be toxie io
tront (84) {95}, 1t was renderad non-
toxie, however, by adding to it as little
as 3.3 per cent of the hard {unsofiened}
river water, or the equivalent of less
than 10 p.pr. CaCC,. Young (153}
has given further consideration to an-
tagonism and balanee of the principal
agations found in natural waters, with
refevence 1o fish.

Some wmetals which are highly tozmic
to fish in distilled and soft natural wa-
ters have long been known to be much
less toxzic in hard water {84) and in
sea water {141). The relatively low
toxicity of heavy metals in highly min-
eralized waters can be due to factors
other than eation antagonism, such as
the formation of precipitates, which is
discussed elsewhere. Por this reason,
the important role of cation aniago-
nism sometimes has been ovarlocked.

Eliis {42} reported that, in solutions
preparad with distilled water and con-
jaining 10 p.p.m, of cuprie suifate, the
survival time of goldfsh averaged 150
min, in the absence of other saits {pH
4.0}, 180 min. in the presence of OO
p.p.m. of sodinm nitrate {pH 5.7} ; 400
min, in the presence of 5,000 popm. of
sodinm nitrate, which was the optimam
coneentration (pi 6.0} ; and 765 min.
in the presence of 5,000 ppm. of so-
didm mfrate and 50 p.pam. of caleium
chloride (pH 6.4). Halt antagonism
is indicated. Conziderable difference
of the pH of the experimential solulions,
for which no resson was siated, s a
complicating factor. Hesulls of some
experirnents with blunlonse minnows
performed by senior author of this
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review {unpublished date) indiests,
however, thai calcium salts, suck .68
CaB0,, sare indeed antagonistic o
CuS80,. Elis and Ladner (45) re
ported that the toxicily of copper salis
is counteracted alse by magnesium
salts, but no experimental data wers
presentad.

Jones {63) determined the survival
time of sticklebacks in scluticns of lead
nitrate (0.4 and 1.0 p.p.m. a3 Ph) pre-
pared with very sofl itap water {cal-
ciumn eontent about 1 p.pan,} fo which
varying amounts of Ca(Cl, (0 io 50
p.p.r. as Ca) had been added. The av-
erage survival time increased with in-
ereasing Call, eoncentration wuntil it
equalled that of contrels {about 105
days). For example, in sclutions eon-
taining 1.0 p.p.m. Pb with &, 5, 10, 20,
and 50 p.p.an. of added caleium, the sur-
vival times averaged about 1, 3, §, 7,
and 10.5 days, respeetively. It was re-
ported that exaectly the same resulls
were chbiained when caleinm nitrate in
chemically eguivalent {eguimcler)
amounts was -substituted for the chlo-
ride, Goldfish, which were killed in
60 0 114 hr. by 10 p.pan. Pb in the seft
water, survived for at least 15 days
when this amount of lead and alsc 50
n.pa. of caleium were added to the
water (as nitrates), 2 of 5 goldfish sur-
viving for 356 days. In similar experi-
ments in which Zn80, and Ca(NG,),
were nused, sticklebacks usually toler-
ated 2 p.p.m. Zn with 50 p.p.m. Ca for
10 days, aithough 2 p.pm. Zn without
added ealcinm proved fatal in about
18 hr. In the presence of 50 p.pan. Ca,
stickiebacks exposed t¢ 1 p.pm. Fh or
Z p.pas. Zn, and geldfish exposed to
10 pp.am. Ph, showed ne svinptorms of
respiratory distress. The rate of res-
piration remained nearly normal nntil
8 shert time before death, and no film
of conguisted mucus was found on the
gills, The ezperimental sclutions re-
mained clear, whereas solutions of the
metal salis without added caleium were
rendered cloudy by precipiiated muens.
It was reported also that 05 ml of 1
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Hydrolysis and Precipitation of
Metal Compounds

sointions of
as chlorides,
C AL Fe, Or, SZ}
markedly
hydroivsi

water and to Incresse
neentration suffl-
tiier precipitation
coneentration of

¥ bh.a}.&i!’;‘ {up to 150 popan.
CuB0, 53H.0) were tolerated by voung
béaﬂ‘?’ bass, the inssinble basis sopper
arbonate formed in hard water being
‘non-injurious fo fAsh’’ 51332114.—?},
uch zeports can be very misleading,
and their signifieance should be care.
fully considered. 1% is noieworthy that
the experimental sointions were arti-
ficially aeraied during the tests {155).
Such serstion, whereby lberated CG,
18 removed {ralsing the pH walus), can
regult in rapéd precipitation of sopper,
whish mﬁer wiss would remasain in sola-
sion.  Had the solutions not been
aerated dhrwg the iests in guestion,
coneenirations of copper sulfate re-
voried o be harmiess to bass probably
would have proved faial to these fwh>®

H
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5 Zome perdinent chservations {unpublizhed
ta} have bhoen recordsd by the senior authoy
this review, Biusgill ;'un*“’sﬁ Yved for &
1vE in 5 osofh well water of wery high alka-
iinity {dus to the presenece of NaHOQ)
whish 500 popan. Cul,- 55,0 had been added,
and whith waz aserated for 1.5 hr. before the
introdustion of the fisk {whezn the pH was

e £ fe
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Furthermors, & more sensitive speciss
may be unable o iolerate the very
small amount of dissolved copper that
egn vemaln in solntion i an alksline
water. Obvisusly, the precipiiation of
any eopper present in addition to this
fatal guantity canngt protect the sensi-
tive fish very effectively apainst injury
by dissolved copper. Tt has been re-
ported ¢hat s high conesntration of
eopper sulfate {25 o p m“ is less rape
idly fatal for treui Iry in very salka-
ling water, in which most of the O DT
is rapidly precipitated, than in water
of very low alkalinity (147). However,
no evidence bas been found in the
literature that sensitive fish, such as
tromi, can live :ndefinitely in any water
eontaining even a small amoant of the
precipitate in suspension. Black bass
and other members of the sunfish fam-
ily have lopg been kmown io be rela-
tively resistapt to sopper [27).
Evaluation of the concentration of
metal remaining in golntion in water in
whick precipiistion of a metal com-
pound has oceurred iz not always a
simple maiter. Hemoval of the pre-
cipitate by ordinary fitration, followed
by chemical analysis of the filirate, may
not be 5 satisfactory proeedure, Some
of the precipitates (sueh as colloidal
bamic copper carbonate) are not fally
retained, even by fine filter papers,
whereas dissolved metsl may be re
tained on the filter by adsorption {22'}
High-spesd centrifnging apperently is

7.8} and continuously theresfter, When the
sares solation was tested witheut any sorafion
{pHE 6.48), bluegills introdneed 15 min. and
3 br. affer iz preparstion died in 130 min.
ardl 115 min, respectively (measn survival
times of § figh). In another sxperiment, 208
pom. Cul0,-55.0 sed varying amounts of
H{ ware added 3o the alkaline water and the
mimbures wers aerated.  Only £ of 10 bine-
iz gurvived for 19 days in 3 mixture with
PH 7.1 {after asration)., Iz sach mixtars
with & higher pil value {pH 7.8, 8.8, and 8 4
afier zeraiion) all of 10 bluepille wers
afive after 10 days; zrd in more seldis miz-
fures {pH 6.5, 1, and £4) all diod within
8 hr. A z;rcnmmﬁeé mfluence of aeration and
of small varigtions of piH on the toxicity of
SuBO, solutions thus wae demonsizated.
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preferable o Gliration, bui thers is
evident nesd for more refined fiech-
niguzs for the evaination of congentirs-
tions of metals In solnfion. For the
TEASORS 1 néicated, some determinations
reported in the. literature {125){98)
are not deemed reliable.

Investigators who have attributed
the lethality of metsl ::ait solutions fo
the dirset harmfnl action of metal
cations or precipiiates ofien have failed
to report the pHd values of the solu-
tions.  Yet, the lethality of zome solu-
tions of salts which hydrolyee '}&ien«
sively may be due o the resuliant
acidity, Liberated €O, alse 2ap be a
iethal agent in solutions prepared with
hard waters, Bolutions of any strong
acid with pH below 5.0, and even less
acidic splutions of free €0, can be
fatal to fish {37).

Jones (64) reporied that stickichacks
held in a tsp-water solutiom of Fe(ll,
contsining ¥ pp.m, of iron at pil 5
lived ss long as eonirels held in soft
tap water (zbout 10 days average). In
more concentrated Felll, selutions, with
lower pH values, death was much more
rapid, the survival time averaging
about 3 deys at pH 48 (15 ppm.
Fe), 2 davs at pE 4.4 (2.9 p.p.mo. Pa),
1 day at pEH 42 (8 ppm. Fe, & hr,
at pH 28 {7 ppm. Fe), 8 br. at pH
34 {20n p.m, Fe, and so forth, Thers
was no signifieant differsnce between
mortality rates in these solutions and
in sointions of HO with corresponding
pH wvalues. It was eomcinded that the
toxierty of the Fell, solutions was
due maériiy or entirely fo theiy acidity,
?zzﬁ hat the relative toxicity of ferric
ions zould net, i};eremwz Be evalusted,
A penerally similar result was said to
have besn obtained with WeBG, bul
details wers not reported. Ii wae
stated that the FeBO0, solutions, which
initially were oniy slightly acldic, rap-
iily became highly soidie and turned

vetlow or brown, because of the forma-
?;é}ﬁ of H,BG, and Fa(OH), throngh
hydrolysiz sand oxidation. The lethal
ity of these solutione was again st
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minnow {Cyprincpsis, Leucizcus, Ho-
bio) in diluted sea water with 3 freez-
ing point {depressionof — G.8” C.) aver-

‘aged only § 0 8 days. Tersh {Pares

fuvigtidiz) Lived as long at a slightly
highey salinity, and the suryhaline
stickleback {(;asfs@‘c;sfe w3 leturus) was
not affected at all by a salinity 3 times
as greal as ihat which kilied the min.
nows in about 6 to B days. Tests of
lower salizifies with minpows and
perch were not condinued for much
longer periods, so that salinities foler-
ated mdefinitely by these ESL wers not
determined, :
Some suthors have coneluded that
the salinity of dilnted sea water and
gimilar Drinss {balanced salt solutions)
with csmotic pressure egual to that of
the blood s critisal for fresh-water
fishes. This generalization has been
widely aceepied, and Bl (42) be-
ligved that it is applieabls even to
sotutions of Na(i in river water of
medivm harvdpess. There is scime evi-
dexfee, however, that it is erronecus or
misleadine. The available eryoscopie
data indicate that the concentrations
of sodium chlorids sclutions corre-
sponding to the normel bleods of fresh-
water fishes with respest to osmolie
pressure are generally between 8,000
and 5000 ppm NaCl The corre-
sponding concentrafions of sea salis
are oniy slightly different. It has been
reported that some hardy fresh-water
fishes, such as goldfish, can withstand
indefinitely, or for long periods, salini-
ties as high as 14 0060 to 15000 p.opam.
{13 {1073 {1455, On the other hand,
Poras {106} reported that, excepiing
relatively small individusls of 3 spe-
zien, fresh-water fshes of 5 kinds
{Cotius, Cobitis, Gobius, Leucisous,
Barbus) eould not tolaraie for 12 days
a balanesd soiution of salls from arti-
ﬁu&; sea waler with a salinity of only
4000 ppm, Individuals  welghing
zbont 20 g. survived about 2 daws
{Cottus) to 30 dayvs {(Barbasg), Hein-
tively large individuals 9% each species
were decidedly less resislant than ﬁm““
omes. HBven & sslinity of 2000 ppam,
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wai not always tolerated.  Tnforin-
nately, the ability of maring or sury-

siex to live in 2 mueh more

:<>xzfzexz‘3; ated solution of the same salts
{ariificial ssa waler) was noi demon-
M?’sﬁed

Osmetis del 3&?&%133 of the {imsues
of fresh-water fish dying in }gy?@‘ft{}}:’ie
saling media has been reporied often.
However, their death may be doe pri-
marily 1o any one of several posaibla
canses, As indiesiad previemsly {373,
the eanuges of death of &sh in variousiy
polinied waters and pertinent observas
tiong ars not considered fuily in this
review., Black {15} has reviewsd re
zen? literature on the osmotic reguls-
tion of tzleost fishes and the effeets on
fresh-water and eurvhaline fshes of
saline waters, with especisl reference
io sea waler,

The action ¢f soms of the highly
tozie heavy metsls has been investi-
gated by Carpenter (24){28){27},
Behrens (12), Elis {42), Jones {62}
(62)(647 (67, Westfall ({149}, and
others.  All the investigators named
sgeee in attributing the death of figh
in solutions of salts of the heayy metsls
studied {Ph, £n, Ou, g} chiefly to the
pongulation or precipitation of mucds
geereted by the gills, or damage o
gill tissues. Ioscluble metal-protein
compounds formed are believed to in-
terfere with the respiratory faneiion
of the giils, and thus o bring abowt
death by suffocation. Carpenter {26)
detected ne lead in the bodies of fish
which had been killed in soluticns of
tead nitrate and then washed thor-
euzhly with diluie aceiie acid and dis-
tilled water. DMost of ithe lead 1nitially
present in the experimental sclutions to
which the fish had heen exposed was
recoversd Irom the washings, which
contained the metal in combination
with muens. However, Bebrens (12},
who used 2 radiogetive lsolcoe a8 2
trager, noled some penetration of lead
into interpal fissues of fish held in
solutions of fhe chioride. THis {42}
presented evidence that the siveuistion
of blood through the gills, ss well a2
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the flow of water over the gills, ean
be interfered with by the precipitated
mucns, which clogs the gills and im-
mobilizes the gill filaments, He be-
Heved that direct damage to gill tissues,
due to precipitation of proteins within
‘the cells, also may be invelved.

Jones {63).(87) found that the breath-
ing rate {freguency of opercular
movements) of fish increased. sharply
in toxie soluticns of Ph{NG,},, EnS0,
{mB0,, and Hgll,. It remained ab-
mormally high until the fish were re-
torned te tap water, or uniil a short

" time before death, when it fell rapidly.
The tate of oxygen consumption, on
the other hand, fell gradually wuntil
death, after an initial inerease dus
probably to stimulation of aetivity
{67Y. Carpenter (26} alse noted an

meresse of tHe respiratory rate of min-

nows in lead salt solutions, and a de-
crease of the rate of CO, produetion.
Westfall {149} found that the ability
of goldfish {0 withstand exposure to a
very high eoneentration of lead nitrate
{5 g. per liter} was markedly impaired
at low dissolved oxygen soneentrations.
All fish survived for 2 hr. in the pres-
ence of 8.2 pp.m. of dissclved oxygen,
whereas il died within 2 hr. when the
vxygen coneceniration was 1.4 »npm,
althongh a lower conceniration {08
p.pam.) had no effect in the absence
of lead,

. The cause of death of fish at low,
barely fatal comeentrations of toxicants
ecannot always be safely inferred from
the results of experiments involving
exposure to relatively high, rapidiy
iethal concentrations only. The irregu-
lar form of some of ihe concentiration.
longevity enrves plétted by Jones (64)
suggests that the action of some of the
metal salis tested by kim {for example,
Mg (NO,), and Ef‘rf‘?zf may nei be
guite the same at 8]l lethal concentra-
tions.

Dawson {30) found evidenes of in-
jury to béf}@c’i eslls of eaiflsh exposed
for long periods {18 fo 182 davs) io &
50-p.p.m. solution ‘of lead acetate in tap
water, which was renewed st 48.hr

intervals. This and other histologieal
evigence of chromie lead poiscning
{changes in organs) indisated siow ab-
sorption of lead, possibly from the
gastrointestinal trzet. The solution
used did not prove fatal fo the fish,
aithough prencunced anemis was pro-
dueed. The absorption of much sopper
by fish exposed to solutions of CuB0,
in sea water has been veported by
White and Thomas {150}, The sb-
sorbed copper was found in the hlood
and other internal tissues. The ab-
sorption of nickel, which was’'said to
be virtwally non-toxie in sea water,
from sea-water soluticns of NiCl, alse
has been reported (1423, 1t is note-
worthy that the ingestion of much
water by marine and eurvhaline fishes
iz an essential part of their osmoregu-
lative process when they are in =ea
water {138},

The harmful action of some metal
salts which do not ceagulate mucus
undoubtedly iz whelly imternal or
intracellnlar, foliowing penetration of
the metals into the tissues, which has
been shown to oeeur {(87), Kriiger
(78) presented pertinent resulis of a
detailed siudy of the eause of death
of stickiehacks in pure (unbsalanced)
Na{l sclutions. Abegz (2)(8) re-
ported recently some interesting ob-
servations having to do with the effects
of wvarieus saits (NaCi, KCl, Na,3C,,
Na,0r(r,, Na,Cr,0,, efc) on bluegiil
sunfish, Kranss (77} reporied other
histological studies of the aciion of E,
Na, and Ca salts on fish, The roles
of hydrogen loms and of precipitates
formed in solutions of some other
metal salis (such as Fe(l)) already
have been considerad,

The toxicily of metal sali solutions
is not, of conrse, entirely independent
af the anions present along with metal
cations, Mome anions ars decidedly
toxie, Chromate and permangansie
ions {which are themseives partly
metaliie) are among these, The low
toxieity of mized, physislogisally bal-
anced solutions of meial chlorides
{(MaCl and CaCl, ste) Is evidenes,
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hﬁ%’@a’sz‘, that chloride ions are rsla-

"@E}' harmless, -even when compared
with 1{33‘13 of sodinm, the least toxic of
the mets The specific toxicity of
NaCl alone is evidently atiributable to
MNa ions, ié has been noted already
thal nitrate and solfate ions appar-
ently are somewhat mere toxic than
chioride ioms, but the difference iz not
very propounesd. 1t is concluded thet
the toxioity of Len -hypertonic solun-
tions of all but a few metal chlorides,
sulfates, and nﬁi?&tes, and many other
metal salls also. s referable mostly, o7
entireiy, to S_‘ﬁtﬁiiﬁ&“ toxicity of the metal
eations. 1% is assumed thai the metals

in the solutions usnally are present or
effective chze%y ag free meé’;a’i cations,
afthough it is realized that thers prob-

ably are exeeptions, the imporiance of
which cannot yet be reliably sstimated
{18 Complex ions ¢an have distine-
tive physiclogical properties (85} (35),
end the role of znions which enter with
metals info their formation can be im-
portant in this respest.

dones {62} ascribed the toxieliy of
solutions of heavy metal salta to the
metal cations, bot presented evidence
that “‘ai the same molar coneentration
the anlfates of heavy meials are much
less toxic tham the nitraies and chio-
rides.”’ ‘When the survival time of
stickiebacks was plotfed against the
normality of the experiments! soln-
tions, the resuliing surves for the dif-
ferent salts of the same metal {(Zn, Cu,
or Wi} diverged widely, When the sur.
vival ftime was plotted againgi the
produet of normality and condnctance
ratio, on the other band, the resulting
curves nearly coineided. If was con-
chaded that “‘the faciors responsible
for the lower slectrical eonduactivity of
the suifaie also lower ithe chemical ac-
tivity of the sulfafe so that the toxieity
fzlls in oropariion to the condue-
fivity.”” Itisnoteworthy, howsaver, that
all of Jones” plotied data show survival
of ihe fsh in the experimentsl solu.
tions for only zbout 200 min. or less
The data are 30 pletted thai sstisfac

Ao

tory comparisen of mazimum concen-
irations of the {Ei' rent aahs tolarated
for relatively prolonged pericds is mot
possible. Inas'ﬂm,r; a8 the op nd&eé&nee
ralio approaches unity with inereasing
dilution, it appéars that, ¥ the mathe
maticzal relation noted by Jones holds
at all eoncenirationy very dilute squi-
m{;}af solutions of the different salis of
a very ioxic metal should not differ
marku;}- in toxicity, Accordingly,
minimum demonstrably toxie coneen-
trations of these salts, expressed 28
p.po of the metal, should be nesrly
egual, nnless some unknown or unasusl
{aetors invalidate the extrapolation and
the application of Jones” data
Liéger (84) also reportad the ehlorids
of zine 1o be mmeh more toxzie than
the wsulfate at high concenirations,
especially in distilled water. Corpen-
ter {24}, on the other hand, reported
that minnows were killed more ranidly
by CuS0, than by Call, in 0.01 N solu-
tions. In view of the high salf content
f gea water, a pronounced real differ.
e between comparable dilute soln-

?,:;J

<"9' t":

ong of theze salis in sea waier, such as
z?i at reported by Thomas {1417, weunld
be di "'Fz it to explain. He stated that

o

esp er sulfate apparenily was much
s toxie than the chioride.

N{} convincing evidence has been
found that the role of anions of ssluble
salts of the most toxie metals, such ag
chlorides, sulfates, and sitrates of cop-
per, #ne, eic., is often important in a
prags -*“‘9&2 senge, Their infinence on the
toxie y v dilote solutions should
e investig: ,ed further. However, in
Vm‘zhr&i{ waters pollnisd with these salts,
various anions present imitisily usually
}{)‘{'&’E{rﬁ?iﬁ&u’f the econcentrations of
added apions being relatively low when

gross pollution iz not imvelved. Im
such mixturss the added salis lose their
"s’ientﬁ‘{? Anions assoeizied with meial
eations of relatively low foxichy cer-
ai v not be digregarded, how-
The toxisity of varions anions
e considered in anciher
} of this review,

e
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Misceliansous Considerations :
; T 3 metal salts, such
The resulis reporied in ithe lifers ij; ia{: ¢ i
ture of tests om the tezzahv of metal lend witrate 196
salts fo fish are extremely variable, 57 % - snatle
*1 Tt L YiVal Lig ) i
The lack of uniformity is attributsble 7! &t LHn N mi
Tl ing e gyaiure,
largely to difference S % the relative ‘;t‘ ?}1? & {}L
et e 3 v well over 4 1
resistance of fish species used, and of we o - P Maxi
; .

the dissolved mineral and gas content
of ‘the *.;atez‘ﬁ the inflrence of which

irzady has been diseussed, The dura-

,n..
ol

i

3
a g
i e - Ahelanaly s har
tion of ezposure obviously is ancthes
important variable. The differences

hetween short-ferm and long-term iol
erance limits are more striking with
some of the beavy wmetal salis than
with many other toxicants. Jones {63)
found that 04 ppm of zine killed
sticklebacks ii“s, soft waler in about &
dayvs (average), and 2 p.pam. Zn killed
them in about 18 hr.; vet 2% ppm. Zn
could be telerated for meariy € kr,
and 200 p.opam. could be folerated 2o
more than 2 hr. {average 143 min.).
Léger {34) reasoned *m? pﬁéiﬁ%mﬁ

: : Withizs

ég Howing
which are

others have show
aslways aveid walers
metal s and other ;
seem to be attractad by lethal
trations of some of these nollutanis.
HSome other factors f‘!at may influ-
ence the texiclty of metal wﬂi% rﬂ z"f %;

and aceount for somse
of a_zm—?’im%n‘? 3

s

[
o
0

fi
ry

ts;‘iem‘teu ixe
fieﬁné‘:{eiy are not mnscess arﬁv aiways
wieh greater at low temperatures than
at fm’ gher temperatures, at which ths
aciion of the toxicanis is sceelerated.
There is need for investigation of the
relationships in guestion. However,
there are reasons for belleving that con-
centrations which are not demonatrably
toxic to fish 2t moderate experimental
temperatures often may be guite rap-
idly faial at high temperatures which
are otherwise harmless,

Purity end Formule Weighis of
Themicals Tested

The toxicity of some experimental so-
intions of metal salts may have been
due largely to unknown impurities.
Some of the chemieals uased, in early
invesilgations especially, mzy have
been mueh less pure than the hest
analyiical reagents now obiainable.
Highly tozie impurities ohviously ean
be espesially irounblesome when they
are assoeiated Tw’m saitg of r aauveé}
iow tozieity. In this connection, if is

interssting 10 note ih&?; acﬂﬁ‘f‘é’ifw to
Os j

mors

B

coneentra-
seen reporied
per million {or
snecifving
its on which

the values were based. There are gond
reasons for believing that both concen-
?raﬁo“ﬁ a:)f hydrate ”3"&3 comonly
fulG,-5E,0)
ﬂze same se{%’{%
m*&"mm water of hydration have heen
so reporied. Some aunthers apparﬁﬁ,tly
have made unjustifiable asssumptions
concerning the signifleance of values
previousiy reported in the literaturs,
thus aggravating an already confused
state of affairs. One can only hope
that in the future investigaiors will be
fess negligent when reporting experl.
mental data

{m

Velume of Eaperimental Solutions

Carpenter {(24)(28) (27) noted that
the toxicity of dilute solutions of lead
salts apparently could be reduced by
reducing the volume of the solutions,
or by increasing the size of the fish
exposed thereto.  Alss, the toxieity
could Dbe inersassed by renewing the
solutions periodieally. The survival
time of fish killed suceessively in the
same solution inereased progressively,
Emwvw that the sclution was becom-
ing less toxic. It was concluded that
the concentration of active free lead in
a limited volume of experimental solu-
tion is reduced rapidly through its
Qomh%ﬁati{m with the mucus of the fish.
Whe e yolmme of 2 demonsirably
tom{z solution in which z fish is beld is
iess than a certaln crizieal volums
{which varies with the size of the fsa)},
and the solution is not renewed, the
fish thus iz able to detoxify the medium
completely and fo survive indefinitely,
For exam 1ple, minnows lived for 13
days in gi{} mi of gn?mgwed lead ni-

amﬁ: aven C%é ‘—Q.}T;,En. PE}! prave

in about 2 days, or soons
spintions wers renewed ’é’ +

during the tests (2
oy in detoxified suiwmﬁ,
ithst

sosuze to toxic sobn-
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Dz ag ¢f al. (32} claimed
wal @Jw experimental z0-
3 mtz‘»m {E {EGO ml. per

?‘ﬁc &% ;{zﬁwa pra-
sented was meager, however, Carpen-
ter {26 argued ii’mz t6 be effective the
renewal of the s:sz::fiut"{mx must poonr 8t
intervals of time which are insufficient
for compleie detoxification of the solu-
iong and shedding of the film of -
asenlated mucey a8 from the gills.

The foregoing comclusions appar-
ently are appheabie also to salts of
highly toxic hsavy metals other than
iead, which cembine with muens. The
toxieity of such salis 1o fish, evaluated
experimentally without fchuerg re-
newal of solutions in small aguaria, can
be mueh less than their toxicity under
conditions insuring uniformity of eon-
centration.

Acelimatization

it s well-known that euryhaline
ﬁs‘ms and some fresh-water fishes are
better able to withstand a gradual in-
crease of the salinity of thelr medinm
than a corresponding abrupt increase
151 (3451 (56).  Accordingly, fishes

transfar from fresh water. Little evi-
dence of sueh acclimatization of fsh
to metal salt solutions other than sea
water and similar brigss {more or less
balaneed mixtures) has been found in
the literature, Hirseh (58) presented
some experimental avidencs (}f a6eli-
matization of eels io high eoncentra-
tions of calelum salts, but wﬂcfmdea
that there was Hitle or ne asclimatiza-
tion to chlorides and sulfates of sodinm
and megnesinm.  Hiz resnlis are net
desmerd (fma;, 1sive.

L has |

tkat acclimati-
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which &id not die of zins poisoning

after having been transported in 2
g“l anized fron can (freated with
aluminum paint) withstood such trans-
poriation mueh better than did fish
which had not been previously exposed
io zine-contaminated water. Selection
of relatively resistant fish by the initial
treatment may acconnt for some @f
the r::;}@z’sﬁd difference of survival pe
centages. Hurtbermore, only one sue ”*1
experiment was T w(marted. and thers is
no assurance of absolute uniformity of
the dissclved zine concentratiens in-
voived, as the fish wers not irans-
ported in the same can. FPaul (108)
stated that the concentratidn of cop-
per %1.1 cme polluted streams in Call-
fornin is suffielently high fo prevent
introduction of patchery-raised figh, al-
though the resident population 1s ap-
parently scclimated. However, hateh-
ery-bred fish may E}e less tolerant than
wild fish of the sam cies. Although
convinsing E}Z?%T}ﬁ’lé‘{l al evidence 0*’
acelimatization of fsh to salis of the
E ;hn toxie metals is lacking, the
laptive faculties of fishes deserve at-
tention and thorcugh investigation.

i

Toxicity of Metals Considersd
Iﬂéiwiduaﬁy

, the metals ave dis-
é?w*ali order, with pri-
- concentra-
5, sulfates, and
ave proved toxic
ioh e @nf«ﬂn‘mtia:ag
/ ed for fairly
prolonged  periods :3%%0 are noted.
Pertinent experimental data pressnted
in the foregoing f‘aea?ze}m a*g, not
fally reported and (i wme aggin
i 15 Dased on these
ver, with refer-
I omethod

{51 \

5 R
Home cone

dies of the

sieh have not

pADETS WI

evionaly are reviewad
md%mrm derived
;tions are brisfly
i !z"zem‘ the a“?:eﬂ ion
dditional
. or sources of relen ’Nt data
z‘?’mr@ has been no osoasion io
inn the eourse of the brisf dis-
:;f a metal under zonsideration.
Z‘. few unimportant rmetals mentioned
hevetofore (Au, Pg, Ue, Th, Pd), con-
corning the foxicity of whieh, as saltg,
there ix little available information,
are not considered further in this sec-
tion.
It will be noted that in most instances
minimum  toxie - concentrations  of
i;‘is reported by Joues (63) (64) are
the lowest, or among the lowest, of
the demonsirably {oxic concentrations
mentioned. The principal reasons for
this sheuld be kept in mind., Jones’
experiments, which already have been
discussed fully, involved the use of
very soft tap water with unusually
low minersl content, and his tests were
more prolonged than those of most of
the other mx'e%*b rators, It should not
be assumec that the sticklebacks used
: ip omost of his tests are ex-
v sensitive fish. On the con-
rary, there 1s evidsnce that these figh
are ecomparatively resistant.  For this
and other reasons, one must eonclude
that even Junes’ data probably de not
nimal ¢ oneemratmfs of metals
i i’w toxic to sensitive fish un-

besn i,{)?‘iﬂ{fiiéiia
here, snd data
from other

]
IH‘:

4

i

=

der adverse conditions.

show that ahogd-
nm nitrate can twoxie to fish in
very s0it water at concentrations near
0.1 ppam. oas Al (at pH 6.0 20 632),
icity of dilute solntions ovi-
was mot atiribuiable to their
Generally similar resulis were
have besn oblained also with
sulfate and pota 1

0

ninm ;*E*zsz:sﬁ.ﬁg to Ea§

. concsntrations
inom ié&;e mined af-
solutions to rersove
5 p 0.0, Were fa-

and the z:zﬂoamtx of AL
water in order fo render
not reporied, however,
3.6 hr. (average) in a solution of AlCL
sontaining 2.7 popom, of sluminum (pH
1 }@zzem.}a but folsrated 0.27 pom. Al
for 50 hr. Ebeling (39 reported that
i aluminume sulfate sclations prﬂpared
with tap water, I popm Al had no
effect on a rzinbow iroui in 48 hr,
whereas 5 p.p.o. Al {at p*-ﬁ 6.8 eanmed
& trout fo turn over in 5 min. The
significance of this mausual observation
is not elear, Thomas ?%E} stated
ihat 7 p.pm. of the suifaie in fresh
water killed mummichogs in 5 days.

Sanborn (127) reported that voung
bluegiil smmsh black bass, and gold-
fish {2 of e:afh ; tolerated for 7 days
100 ppm. of alominum sulfate (at
pH 56) in tap water of moderate
hardness, The solution was renewed
eonfinunally by means of conctant-fow
apparatus. In tesis with bass and gold-
fish without renewsal of solutions the
same vesult was obtained, but 250
p.pm. of the sali proved lethsl in 8
to 24 hr. {at pH 4.3). Ellis (4D
found that 1L000 ppm. of potassium
alaminum sulfate in hard water killed
goldfish in 1 to 10 hr. {at pH 55);
188 popm. killed some, but not all
goldfish in 12 fo 96 hr. (at pH 6.8},
and 10 pp.m. killed noze in 96 hr, {at
pil 7.6). The sclutions were renewad
sontinualiy,

Pulley (113) observed that 44 p.p.o.
of aluminum chioride added to sen wa-
ter killed no fish in 11 40 14 day
ppan. killed all but ope of severs]
marine species in 30 min. fo
and 132 to 178 g:’“.,&,}rsie” all
within 4 « .
solutions irﬁ;ra—easeé gf ariz;(i}ﬁ‘tx d}
one of the iesis, frox
8.0-7.0 in 395 hy.

re killed in

TOXICITY OF WASTES TO FPISHE, TL 820

creased 85 iney sped, hut ssa
whick 178 p.pm. of aluminum a?i%ﬁéu
had been added was E‘G‘?}!}I’iﬁ o have
remained toxie after standing f::h 193
hr. and becoming nearly nentral in re-

"‘..3
#
i
g
T
)
L el
b

i

action.  The evidence presentad is
seanty, k curicus sxiplana-
tion of the ] g:rmiz,«u changes
of géi e:j perd ;

Arsepie

Arsenic iz & transitional element, {}1'.
zueuﬁimg? which iz sometimes classe
ag g metal. lis common com poundg do
net betong, however, to the classes of
sompounds with which the ?memmb
zeneral and eomparative discuss’
to do primarily. Their toxicity will
be comsidered in snother part (Part
111} of this review.

Barium

dones’ data (§4) show that barium
nitrate ean be foxie fo fish in soft water
at concentrations in the neighborhoed
L 500 ppam. as Ba. Considerably
E:}vm coneentrations of barinm may
ell be deemed hazardous for sensitive
ﬁsﬁ although consrete evidence of their
i.a,thdéétg, has not hesn found in the
literature. Oshima (99) reported that
the survival ‘tzm@ of young cels aver-
aged only 38 br, 3t & barinmw chloride

concentration of 1,374 p.p.m. as Ba (at
20° £}, Powers’ data {110} indicate
that 1,720 ppom. Ba {in BaQl, sal**«

2

tiong} can be fatal to minnows i :
thar ¥ hr. 2t temperatures helow 15°
., and much sooner at higher tempera-
tures”  Jones' sticklebacks, on the
other ‘ﬁanﬂ were sble io withetand

2,500 p.pan. Ba for about 2 devs {gver-
age at E.} to 18° )y,

7 Tha *fyslogitios of fatzlity ! renoried by
Fowerz {110} ars erronesusly ée{“zeé in that
pEper as ‘Cavrvival thme over 10077 bub, ag
indieated in sn eprlier paper 4o wh rofer-
enee is mads [108), tha correst dsfhnition
abvionsly is ‘Y100 over {ha survival ime in

minuntes.’’
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Additional references: (823 (613 {%1)  over 4,000 p.p. Ca) has besn reported

[

fadniium

The data of Jones (64}, who tested
the pitrate, show that cadminm salis
can be decidedly toxie to fish in soff
water at concentrations in the neigh-
borhood of 0.3 p.pm. as Od. This con-
céﬁsmﬁ is gonfirmed by resulis of the
senlor author's experiments with ead-
minm suifate and fathead minnows
{onpublished data). Much lower son-
contrations alse mav be dangerous in
some waters. Powers” experimental

evidence that (.001 p.p.m. of cadmiom
in & solution of the chloride killed gold-
fish in &7 1o 18 hr. and that lower con-
centrations may be iatal after more
prolonged exposurs (108} iz note
worthy, but needs veriﬁcatiep G"“!m?
{98 reported that the average survival
time of young eels st a G4 coneenira-
tion of 112 poam. as Od was 1584 by,
2i° C} it should be noted that

m
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R‘se';ﬂ wim {,vmg ésa é@z‘ ‘ic‘eka&eé

oy
b
g

*gﬁ* of
tap water proved Ist
imichegs within 26 hr. and that
zhi& ”’s: is nﬁ‘ux toxic to the same
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oy e
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ot
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Calotum

The data of Garrey (B0}, -
1110}, angd Jones (64 1
ealelnm ﬂh‘ ride and niizate
gtifled or soft walers, can he

by mest of the investigators,
Ad{ii‘cionﬂ references: (18) (17T (77
84y (91 (118 (184,

Chromium

Jomes’ data (64) sbow thai chromic
salts  {trivalent chrominm) ecan he
toxie o figh in soff, sliphtly acidie wa-
ter at concentrations near 1.2 p.op.m. as
Cr (at pil 6.0, and that 2 p-pn, of
the sulfate, as Or, can he fatal in Jess
ihan 2 days {at pIf 5.7}, Oshima (99}

reported that the survival time of

young eels in a solution of KOr(80,),
averaged 18.7 hr. at a coneentration of
652 ppm as Ur (pH unknown). Only
one other study of the toxieity of iri-
valent chromium (suifste) to fish (83}
has been found in available literature.
The duration of exposurs having been
only 6 br, the minimum fatal concen-
tration for minnows in distilied water
was found o be near 40 ppm. Or (pH
gnknowni.

The toxicity of chromates and di-
chromates, which belong to a class of
compounds guite different chemically
and toxieologieally from typical heavy
metal salts diseussed heretofore, has
bzen investligated more frequently, Thae

toxic £

of these hemavaleni chrominm

compounds is not, of course, referable
o <smzp=f~ chrominm ions,
é;;v; (53) evaluated the toxieily
f ; um chromate and dichromate
v

1o % ’iww rainhow ifroui in continu-
cmﬁ& aeratad distilied water. The ro-

lation  Detween the concentration
of each salt and the mean exposurs
time before the fish lost thelr eguilib-
turned over) was determinsd

€.; and represenied graphi.
1?%‘“&611 me chrominm caﬂtem mf

i
‘{2&6 TeS mtawme *szn:e ave gg&
in the chyomaie solution {7
LKL Or(y) st pHl A6, and 72 hr
Me{mﬁme?ﬂ sciution (57 poam.
at pff 5.5, 11 was concluded
z“;'?;ipg eoncenirations below
salts would nni be ioxic

cm r_z,.
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appear 1o be only slightly below 20
p.pm. as Cr. Bolutions of the ‘awg zalts
with chrominm coneentrations of 5
DD, were i

i
almost egually effective {in
) Mu hzwre coneentrated
E.Cr(, solntions proved more toxie
than the slightly alkaline K, Ur,0, so-
lutions of egual chromium content,
probably  beeausze sf their exirems
acidity (pH 4.1t0 4.7). Unfortunately,
nothing was said abaaf the longevity
of any controls in the distilled water.
Few of the fish which turned over in
any of the toxic solutions resovered on
transfer to Iresh water. Trount prob-
ably are no more resigtant fo chromie
salis than sticklebacks, and it appears
that in very soft water (at pH near
5.7} hexavalent chrominm is mueh less
toxie to fish than irivaleni chromium,
Oshima {89) found thet in 001 M
E,CrG, and 6.005 M K,Cr,0, solutions
{520 ppm. as Ur} the survival time
of young eels averaged 124 and 5.35
hr., respectively; whereas 0.0025 M
KOG, and 0.0005 M ¥,0r,0. solu-
tions (130 p.p.m. and 52 ppo. as Cr)
killed no eels in B0 hr. Tis data indi-
cate that K, Cr,O, is slightly more toxic
than K ( rOﬂ hui much less toxic than
E&CN\SJQ J; {trivalent Cr) in sompar-
able solutions of equal chrominm eon-
tent. Bllis (42) reporied that in hard
water goldfish were not affected after
more than 4 days by 100 ppm. of
‘ehromie aeid” (52 popm. as Or) at
pH 7.3, nor by 100 ppm. X,Cr,0,
{354 ppm. Cr) af unspecified pIi;
whersas 200 popm. of ““chromic acid”’
{at pH 6.4 cmd 700 ppam K, Cr 0,
proved fatal in 8C 4o 84 hr. and in 8
days, rvespectively. Rushion (122}
foond that a 6.hr. exposnre to 100
p.oap of K,0r, (0, proved fatal to frong
within 12 hr. afier their return io
fresh water. Abepz (3) ?ﬂpur%UW ;.3%3%
the Z4-hr. median tolerance Hmits (4
i, eoncentrations leihs
@f test animals in

eportsd  thai mwz‘;mi{:é’;ggs {olerated
£ K, Cr.©, in see water for

E&r&nsen e al. (73} studied the fox-
ity of chromium wastes from an elee-
troplating  plani, diluted with very
hard waler (total hardness 284 p.pam.),
t¢ several fish species, mestly of
sunfish family., The authors appar-
ently helieved that the toxieity of these

wastes was due only to their hexavaient
chrominm content (3180 to 362 p.pm.),
but their data do not clearly support
this assumption. It was suggested that

sdifferences of temperaturs may account

for the extreme varishility of resnlis
chiained when supposedly comparabie
diluticns {with nearly egual chrominm
concentrations) of different waste sam-
ples were fested. In view of the gmall
temperature differences involved, this
:xplanation appears to be guite inade-
gquate. In one fest, all of 10 bluegill
sunfish tolerated for more than 10 days
83 pf}.‘n Or af 69° F. and pH 82
\&reraga }, whereas in anocther test all
of 6 bluegills died within 4 days in a
diluted waste sample containing 78
p.pm COr at 71° Pl and pH 8.2.% Some
of the other test results were even more
diserepant. The pH of undiluted sam-
ples ranged from 4.0 to 8.4, and their
ammonia nitrosen content from O to
3 ppm It must be concluded that
the OJ‘;%I‘Yﬁd mortelity of fisk may not
have been due to chrominm poisening
only. and that the erratie experimental
esui‘m do not necessarily indicate
maximum tolerable eoncenirations of
hexavslent chrominm, The dats pre-
sented show, however, that fishes of the
sunfish family conld tolerate in hard
water &s much a2z 68 pom, O for &t

izast B davs {g@matzmes much longer),
and 45 popam. Or for af léast 20 days.

;u;&iiimaé references: (34 {58},

Cﬁzenming 6 & privete communication

: é'bsrs, the chrominm aom-

tioms ghows 1n the figure whersin the
data  sre  presemied graphieslly ars  nad
0T’ equivalente, the lsgend being er
voneus in this mgazé, 4z indicated correpily
in the fext of . thess values reprs
st ppm. of s&gﬁmiz;m




for other raasoms.
concentrations of
e heen reporied in

iy
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reporied
able or harminl {but

e

?3—3 f’-ff;f o ;-\1 that 1,000 o 2 o .
falt o ‘n both iz of folerance} in different wa-
S O 18 4ning 1 if :
ppam. of coba bons CRiorids e . terz for the fnllowing kinds of fsh:
bard water (pH I very soft

(7130324 - pereh

8h i ghont

The

water {pH 6.2) killed go?
3 hy, (30 f0 41 and 28 *N

%
pH values of the soluiic 7.2

{in hard lake
{11 iwwmzi rations of cop-
per suifate ranginge from 1.0 o 4.0
{or from 0925 to 1.0 ppom. as
— also have Dbeen veported lo be
a rainbow trout in 56 hr. Thomas al or maximum zafe esrzi‘.eniz‘ati@ng
*1) Tound 200 ppau. of cobalt chlo- o B oy e Behes: Brook trou
te be appar eatly mon-toxic to {f"‘\fii)" raizz‘é;@ﬁ‘ ?zﬁeﬁ’r {38): hla {é%
mummichogs in sea W water. L X (71} ; mummichogs (in
7 i;é’i-mwg references: (11) (91) ?rmﬁg wa:e‘z’} aﬁ@ f};epe?&-j wellow
LA perch, and pickerel z\HSj ; goldiish and
i {in hard water with pH near
Yo oand Uminnows™ {130).
z%sz(? Hﬁb%zzsﬂﬂ { 90} reporied

L}ﬁcﬁ“ﬁr;ﬁ"%mz ok
) > {38} revmorisd only
?3’19* E rpm. Co in tap water 4id not

Copper

The data of Powers (108) and Jones
{83} {84) indicale that cupric chioride
and nitrate can be foxic to flgh in dis-
titled and s0¥t waters at coneenirations }'f
between 601 and 062 popm s Cn % 5
That this is true alse of cuprie suifate -
15 shown by resulis of the senior an-
thor’s experiments with fathead min.
nows in soft water f’;ﬁ;} siﬁaﬁél”;%;f;d datal.

4 hrx by 3{3 p v, of copper
ate, but were not killed in 5 davs
wan, Much }36’?‘;6*’ *eﬁmhce Iim-

.m+

Howave : - (.00 A £ . T

However, Powers > ?;’9 in hard lske water with a totsl alks-
f o o0 h -

Pp.m. ©F CCpper & ERGESE Yinity of about 150 pp.m. (153). The

LB {}“_ﬁ' S "ﬁ"ﬂ'eh *’E"?"g S5 inimum lethal concentration was said

to be about 180 to 200 p.p.m. for these
fish, and 80 p.p.m. for bass fov averag-
ing 1z in length, The expéﬁmﬁm&?
selutions wers asrated with dispersed
air. It has been noted earler in this
review that even 300 popm. (a8,
GILO ean be telerated by resistant fish
p.pm. sintions are prepared with
is egmeg . i vary aikf line water and sersied to

ald was reporied

Masaﬁ'gaa Lw iﬁ

&

The duration of tests whereby the
previeusly mentioned eritical coneen-
trations of copper sulfate were deier-
mined was sometimes 2 t6 8 days (90
{395 (4 but in other instances it was
only 24 Eir {32y (28 {(130), or was
not stated af sl by the investigators.
The natural water used, and other ex-
perimental conditions of major import,
gsually have been deseribed wvery in-
mmp%@‘% 21y, or not at all,  Therefore,
it can be coneluded only that in most
of the natural fresh waters of the
United States copper sulfate concen-
tratione below 0.025 ppom. as Cn evi-
dently are not rapidiy fatal for most
of the common fish species, Coneen-
trations below 1.0 p.pm. as Cn, on the
other hand, can be quiie rapidly fatal
to fish in many (and perhaps most)
of these waters, but higher soncentra-
tions may be tolerated by resistant
speeles {%wh as black bhass) in sufi-

enél v, alkaline waters, Factors
infinensing the toxieity of the palt al-
ready have been diseussed. Tdsts of
m’*x%ma‘m safe concentrations for dif-

ferent fish species, such as those of
M«.)s}z'e and Kellerman (971(71), have
been cited again and again i various
treatises on water freatment, and hand.
books, such as Lange’s “Fandbeok of
793, efe., without ade-

Chemistry™ (79)
gquate qualifying disenssion of their
Hicance. It is evident such daia
3t e gencrally applicable and can
be very misleading,
Catt (28 and Smith (13%) (139) re-
R;invd %. ,..vaaﬂi!aﬁx,

ypiiations

the ajg}pi%.sfa%mza of
a rate of é{i}@zﬁ 3 'p,

(68) (84 (8

(89) (913 (99 (101} (103) (104)
(116) (1343 (187) (1467 (150),

from

Very little is -known about the tox-
ity of iron salts to fish, although it
has been investignted frequently. The
d.m;kﬁie data misé 13
and  provide few dJdefinite answers.
Bome investigators have reported that
about 1 popom, of iron, or even reuch
lower concentrations, ean be fetal for
fish, whereas others have been umable
to demonstrate its toxieity.

donee {64} aseribed the toxicity of
solutions of both ferrie ekloride and
ferrous sulfate in very soft water to
their acidity. He reported that sclu-
tions with tolerable pH values were
not demonstrably harmful. Most of the
other investigators apparently atirib-
uted the lethality of experimental so-
futions of ferric salts (chloride and
sulfate) to irom in some form, but pre-
sented no evidence clearly supporting
this view, Minkina (96) added varving
amounts of FeCl, to slishtly alkaline
tap water (pH 7.2 to 74), She re-
ported that concenirations of dissolved
iren above 0.2 ppan., determined after
removal of preeipitated ferrie hydyox-
ide by fltration, proved fatal to several
fresh-water ﬁaheL {inelnding goldfish).
However, the pH values of the lethal
solutions and the minimum amount of
FeCl, required for rendering the water
toxic were not reported. Thc pH values
of ferric salt sclutions tested by sther
investigators {26} {(29) (39) (24) (39)
(1083 (123) also are nat ?&aﬂ{‘}‘ﬁ’n C,’asrk
and Adams {28) reporiad that snly 0.3
pnm. Fe in a distilled-water selufion
of ferric sulfate (and also 1.28 p.pm.
Fe in a solution of ferrons B&%f&i@J
killed certain fish within 24 hr. Hy-
drelysis of so Litile ferrie sulfate conld
i “ﬁa?éed ki 'ﬁn?l free meid, but
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popam. in the s r {at pil 3.4
proved fatal %’&i’ii.& B0 min. An HCL
solution with pl 3.5 (prepared with
hard water: was almost as ra%;‘zii’iv
fazal. Much ferrie chloride evidentls

can be (oler: n osome u‘e;ﬁ*ﬁréﬁ?’e
waters when the hydrogen ion and free
00, coneentrations are not inereased
thereby to letha } lavels.

Holutions of ferrcus sulfate with
harmless pH {pIl 6.4) have been re-
poried fatal for goldfish {}3}3% p.p.IOo.
in hard water fatal in 2 to 10 hra) by
Ellis (42), and alse for black bass and
bluegill sunfish fﬁwﬁ p.pm. in tap wa-
tey fatal in 2.5 to 7 days) by Sanborn
(127, Lm.e‘;er, 100 p.opom. of the rzalt
(at pH £.7 and 6.4) &id not Kl gold-
8sh in 4 days (42) and T days (127},
and 50 popan. {at ;}H 6.6) did not kil
hass and bluegills in 7 days (127). Ths
solutions  were venewsd continually
during the ti's?,:‘ %}}: means of constant-

"

e{;u&?“" tremh at szl
senive of complete 2

ot

emtal rec m*d
the report C@i
Lﬁ" &1‘*‘-6’}1?“{1

ygen concentral
guaie th zezﬂh»@m
{18G) reported b
feﬁ in

f‘X'ﬁi‘ge}?

?,Liif ir

3 renoriad lethal
ia-rsm (13} {26\

iy g e

Kl

were killed

I
1

. stated that the ac-
[GE¥ 4 Hahon of ferrie hydroxide an the
gills appeared to be the cause of death
o fishes in ferrous sulfate solutions.
The same or similar views have been
held by other mws%igam s wha gtudied
experimentally the toxic Various
iron salts alone (84} and in combina-
tion with other metals (70} (134),
observed the effecis of iron-bearing
mine effluents on fish in reseiving
streams (103} (11} (48). Schmidt-Nielsen
{124 claimed that iron hvdroxide pre-
cipitated in diluted S{ﬂutieﬂ: of iron
salis can cover the gills of fishes and
cause suffovation v;heza the concentra-
tion f}‘f iron 18 only 2 p.opam Fven
3 amounts of the hydr omé& ina
t state’’ were said 1o be harm-
qoi‘d‘iions {or suspensions} be-
soming less harmial on stabilization.
Ban it 1{}\ reported that 0.9 pp.m. of
dis oiwu iron found in well-aerated
somtaminated waters which were nearly
neutral in reaction {pi 635 to 7.5}
caused mortality and disappearanece of
fizh. Lower coneentrations (0.3 to 0.7
np.a}  apparently  had no  effeet.
Bandt {177 believed that less dissolved
iron can be tolerated in nearly neutral
water than in more aeidis water. He
tivibuted itz lethality to the preeipi-
tion on the alkaline mueus of the
ils of iron hydrozide, which not only

4-«

e g
PRl o
o

(e

obstructs the gills but zlso injures the
gill fissues by corrosive aection. Hehd.
rervealus (1283 7129 offered bhe SATHE

sxplanation, but stated that he mu&é
avre mzi’ifd’{ms of iron only above
he harmfnl ?
aroze  (8G), who
tvy of trout in &
ontaminated  with
mine with large pyrite
a2t somewl %)

e water, buf o
tributed r;u“ﬁﬂ to precipitated iron

POAICITY OF

iron salts, probably in g semi-eolicidal

state, wers i

oanayls ef pezﬁe‘z*;a‘tmg and damaging
the gill ¢ It was asserted that
the composition {Jf the water, and above

w

1l its il valpe between & and 8 mads
possible the exXistense of the 1;3 in
the harmful state. MNo analyiisal pro-
cedure was proposed for determining
how much of the iren present oceunrs,
ar is likely o oecur, in the dangerous
form. Oznly the effects of this iron
could be demonsirated through “‘miere-
chemical examination’’ of the gill tis-
sues of fish exposed to the contaminated
water. Treatment of the {izgues with
15 per cent HOCL and ther with po-
tassinm ferrocyanide sgelution, pro-
duoced a diffuse blue soloration, which
was detectable microscopicaily. The
author asserted that the iron within
the gill tizssues gonid thuz be readily
distingnished from harmless super-
feial deposits.

Much additional research directed fo-
ward reliable identification of injuri-
oug forms or compounds of iron, evalu-
stion of their lsthality, and accurate
definition of conditions under which
they oceur and can persist in polluted
waters, evidently it needed. Home of
the divergent views and seemingly dis-
crepant observations mentionad can be
reconciled through properly designad
sXpeTimenis,

Additional references: {753 (7687 (8%
116343213141,

i

FLead

The data of dJones (83) and of Cap-
penter {347{28) show that lead salis
can he decidedly iogxic to fish in dis-
tilled and soft walers at concenirations
between 0.1 and 9.4 ppm. a5 Ph. Care
penter’s cheervationg were made in the
laboratory and alse In the field, where
fish were held in cages Immersed in
i by lead wmines,
olved lead rang-

g to 0.4 oo, in distilled
and v ver walers {h th with pH £4 1o

fa min

58, umw? ELE{EE?S; gtickie-

WARTES TO FIBH. IL B2e

backs, and trout. Minnows {Louciscus)
were killed 1n 26 10 48 br. by 04 ;},g 7.
Ph in sclutions of lead nitraie and lead
acetate prepared with non-toxic dis-
tilled water and renewed 9 times dur-
ing the test {24 Goldfish provad
more resislant. Jones {83} stated that
goldfish appeared io be able to tolerate
indefinitely 1 popom. {(utnot 10 ppm. )
of lead 1n very soff tap water, in which
41 to 0.2 pom. Ph proved fatal io
sticklebacks. Minnows {FPheozinus) and

sticklebacks ere not visibly affected
aftev exposure ior three weeks to 0.7
p.pm Pb in a continually remewed
solution of lead nitrate prepared with
harder tap water {said to contain shout
51 p.pam. of calelum as caleium bi-
carbonate}. No precipitate was visible
in this solution, but when more lead
galt was added fc the water, 2 preeipi-
tate was gradually deposiied in the
mizing chamber of the constant-flow
apparatus.

Eilis {42) reported that some {hut
not all} goldfish were killed within 4
days by 10G p.pm. of lead nifrate
{626 ppm. Pb) in a continually re-
newed solution (pH 8.8) prepared with
hard water {pH 7.8). A iGpom. lead
nitrate solutien {pH 7.4} killed no fish
in 4 days, whereazs 1,000 p.p.m. proved
rapidly fatal (at pH 6.4).

It haz been reported alse that 3
ppam. of lead nitrate in fresh water
iiled muowmmichogs in 12 hr. {141)
that 10 popam. killed trout in 2 hr
{123} ; that 1 p.p.m. 28 Tb in tap water
did not kill trent in 48 ke, (89} that
17 p.pm. as Pb was the minimum lethal
concentration for goldfish in water of
unspecified natnre {38); and that vary-
ng concentrations up t@ 4 popm Phb
n running ses water had no clearly
demonstrable effeet on the devslopment
of plaice embryos {(33). (atfish with-
stocd 50 ppoam. of lsad acefate in tap
water for many davs, but beeame
angmic (307,

i ibility of cuomulative poison-
ing of fish with insoluble iead %ﬂ%ﬁéﬂ

suggested by rvesulis of sxperi-
ments with goldfish {48). These died

e —
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gngansse

Jones” data {84) show that maﬁga
WUR nitrate can be fozic o fish
soft water z:i ef zzcen‘irah@ﬁ& ﬂaiwwh,m
of manganesc.
5};4}} indicates

l*‘(

was not found io be markedly
or mummichogs in sea water. On

2r hand, Oshimsa { 98) and Iwao
found the toxieity of MunCl, (slxo
ish in fresh water to be
t. Their results indi-
iration limits
i N (99Y and
wpam as Mo (61%, and Oshima
e that no aels were killed in 5O
2,704 ;H’} w, Mo,
w5, on the other hand,
d in about 24 hr. b-z: only 300
4 Haemmsrer zwd
: {?Q} reported that 50 pp.a
: tap-water zolution of ;ﬁﬁb@y
! 1 stiskiebacks within 3 days,
T ?zo serions dis erﬁ;apcy of some of the
experimental Eﬁs mentionad ahove

A@"zz‘}ds f; nding, L&ﬁ?eﬁ;diﬁ , BaAn-
10t be aocepted without ﬁ{}r%@%@faﬁom
a5 wo resulls of confirmatory tesis of
nt concentrations were veported
1. High concentrations of dise
; zz‘-smga?!eése ean persist at any
pl up to 7.5, there being no precipiis.
tion of Eéﬁ{@ﬁ: The lethality of
tions to fsh cannot,
be iztt ibuted generally {o
of ihe E}v’iwxau@ on é:‘;“

] {12@}
helong to
of com-

an ih@ manga.

3 g}%zn

5 eonoentration af

poo. Ma

Vol 25, No. 7

stated that 10 ppom. EMnD, (35 ppm.
ss Mn) Eilled goldfish in hard water in
12 to 18 hr.

Additional references; (G1){116),

5

Mercury

Jones’ data {64} show that mercurie
chloride ean be toxie to fish in scft
water &t coneentrations near 0.01 pp.m.
as Hg. Uspenskays (144) found that
£.01 p.pm. He in sclutions of Hell,,
and alse in solutions of He8G, and
HgNC, {(which are known te be guite
unstable), killed minnows {Phoxinus},
but only after exposure for 80 to 52

days. - In soluticns containing G.0Z

p.pm, Hg, the fish died in sbout one
month (44 to 47 days in HgBO, solu-
tians; 19 to 32 days in the others). At
concentrations equivalent to 0.1 and
£.05 p.p.m. Hg, mercuric chloride killad
the fish in about B hr. and 1 day, re-
spectively, and the other salts in about
2 to 6 days, All the selutions were re-
newsd dally. When not renewed,
Hg(Ci, solutions proved less toxic; and
solutions prepared with unpurified
river water were less toxic than thoge
prepared with elear, purified tap water.
Solutions of mercuric oxide and sus-
pensions of powdered calomel proved
highly foxie,

Ellis (44} found that in a somewhat
alkaline water (pH 7.7 to 7.8} goldfish
were killed within 8 days by 1.0 and
0.5 p.pm. HegCl, (0.74 and 0.27 p.pam.
Hg). All goldfich (10 or more} toler-
zted 4.3 popa. HeCl, (0.074 ppm
Hg) for 10 days. Belding {13} re-
ported that the lowest concentration of
Hg(l, which proved fatal io brook
trout within 24 hr, was 12.5 n.pm. The
significance of this unasual and prob-
ably misleading observation is uneer-
tain. Rnshz,@n {1205 stated that 10
p.pam. of HeCl, killed rainbow trong
in 15 min.

Jones {65}, using minnows {Phoxi-
wis), and Binet and Niesolle {14}, using
sticklebacks, studiad the inflnence of
Nalll upon the toxicily of Hg(l
diy Izthal solutions prepered with

rapidl;
g‘éags diszilied water and with tap wa-

TOXICITY OF WASTES T7¢ FigH. IL HB2E

ter. bmall amounts of Nall, up o 250
p.po et least, had Little or no effeet.
Jones concluded that the formation and
ionization of deuble or complex chio-
rides of mereury and sodium upon ad-
dition of Nalll deses net alier the {o=-
icity of seintioms of Hg(l,, which was
said not fo donize in simple solutions,
The not inecusiderable dissseiation of
HgCl, and that of the eomplex gnions,
in the very: dilmie solutions involved
evidently had net been giver therough
consideration. In the presence of much
HNall (added to distilled water), Jones
found the i@mmty of Hell, deere&smg
markedly as the WaCl coneentration in-
ereased fo about 8,700 p.pe. Glocose,
in sclutions with corresponding csmotie
pressures, was about ag effective ag
Na(Cl. Binet and Nisolle, on the other
hand, reported that the tosieity of
their fap-water sclutionz was grealest
when the MaCl content was ahout 1,500
p.pao., znd deereased at lower and
kigher Nail coneentrations.

Additiens] references: (26 {61) {87}
{68} (913{99) (103) {118} {1303 (141}.

Nickel

Jones' data {64) show that 1 ppan.
of nickel ean be toxic to 8sh in sofi

water. Thomas {142} reporied that

3.7 p.paz of nickel (8.1 p.pas, ML)
proved rapidly fatal for muramichogs
in fresh tap water, bui earlier he
stated that 18 p.pm. of nickel ehloride
Eilled these fish only in B days {3141).
The chioride was reporied {0 be virta-
ally non-toxic to the same fsh in sea
water, in which they islernted 100
popre as Ni for more than 2 waeks,
absorbing measurable smounis of the
metal {142}, However, Eliia {42} noted
ng prongunesd influence of witer hard-
negs upon the aente toxieily of nickel-
ouz chloride te goldfish. They wore
killed in 32 %0 18 by, (at pH 74) in
bard water. and in 6 te 185 hr {at
pH 83) in very soft waiter, by 1,000
ppa. of the salt,  In the zoft water,
100 p.pm. and 18 ppam of nickelons
chioride proved fatsl iz shent 20
33 br, and in 200 to 208 hr. respes
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;31 ﬁr ?}y I popm. as Ni
sen and Kaemmerer (46}
living m water p@i? wtm mt‘ﬂ

presented. The
ported that 50
water splatien of
sticklebacks in 49

Additional refe
{31ig).

FPotassium

{ ,;.{; 3 5!39« ﬁ‘*&! a-sassé‘s},m galis (ni-
trate and cklopd EXT ie to fish
ﬁ distilled water

in soft fap water an
soncontrations bebw

iy E{. it

o
o
-

ﬁ}’."thy e.&aﬁ%;
H eback were
in Jesg than 7 f;ms by ?{} DL,
8 KNG g"}i 1iG
tap zsgtez, %.E‘z.e;»- ieiera
for sbout 1 day {aver -
ival time of Garrey’s minnows, on the
ker hand, averaged aDozit 1 f‘ad»’ "n 8

%Eéed water solution of KOl with s
p@tassﬁam concentration of only 200
p-pIm, Muchk lewer concentrations
{perhaps well below B8 p.p.am.} prob-
bly would have proved fatal after
more prolonged ezposure.  Thresghold
concentrations of Kf I false ENO, and
E. 50, when tested) in é‘,ai} water and
moderately hard lake water near 400
DB 88 gx have beeﬂ raporied by
1 and Bdmister and C??y
ipvestigators (23(3) {81}
have demos ﬁi ate:i the tox-
igher consentrations, which
» fish in various walsTs
mueh 860 ner. Czhima
at young sels g?emied

L e,

B

;v

fion) for BOTE ‘i%mr 2 fh‘»&;. but s .05
N OKENG, apd tiens {1,950
as K tr‘via-'ai tims aver-
i 27.4 hr.. respae-

tional references: {16 (177 {28
1y (11601485 (164 (155).

025 p.p
bsz :ﬁo? AE; chine
water W;%,-h‘ﬁl »iz% ’zzr ; {,‘ééé DL
N, proved ﬁgegdediv toxzie; and
3 p.pa. did net prove fafal in 48
hr. These data agres well with those
of Jones, eblained with malure stickle-
backs {(see Table I). Colloidal silver
mspea%vcnﬂ also have been reported fo
be highly Injuricus to fish (8).

il

Additional  references: (91388
{103y,
Sodium

The data of Garrey (B0}, Powers
11100, and Jones (64) indicate that
odinm chioride and nitrate can Be
toxic to fish in distilled and very soft
waters at concenirations betwesn 500
and 1,009 ppam. as Na. Hriiger {78}
reported that his stiskiebacks disd a
iittle sconer in 0.05.N Nall solutions
(1,150 ». :}m as MNa) than in solutions
which were 2 10 4 times as consentrated
(0.1 1o &2 W), The median survival
time sveraged about 8 io § daye In
these solutions, bat decreased sharply
at hugher Nall concentrations, Controls
remained alive for 2 weeks, Gueylard’s
data {5651(56) indiesie mush greater
resistance of the same speeies. Con-
eentrations of NaCl up te 12,066 pp.rn.
{4720 popm. Nay in distilled water

(mé Eﬁﬁdﬁ p.pan. (7370 ppan. Na)

in tap water were found i be harm-
tess, Sirictly fresh-water fish wave loss
tolerant. i‘he survival time of 3 species
of the minmow family and of persh
{which were somewhat more resigtant}

I i0nS.
ters, Na{ii has
ed to be toxic to some fresh-
water fish at concentrations belwesn
15O and 2000 popam, as Na (405 (3510,
and Lla\{ at za‘meh lower eoncentra-
A owever, Eilig (42) found
o Nall (1,970 popoam.

i [iver water gi(ﬂ. ne

in hs 1““ T, {ail 3lin

<
1 (3.1 7\’ \Taui sgmtsom
30{} L. p wi. Naj prepared with
tan ii‘a‘ier, Doubling these concentra-
tions resulted in mortality of the ex-
perimental animals, but even higher
tolerable concentration limits have been
reported for eels {(58) and whitefish fry
(403, Trout agys resumed development
after 24-hr. exposure io 21,000 PP
Nafll (32, Soedium sull ate also is nﬁt

very toxie to fish and fish epgs (132
{1337,

D :icate marine fish and fish whieh
ceur in both fresh and salt water ob-
;@u;\siy can withstand very high so-
dinm concentrations in physiologically
halaneed salt sclutions such as sea wa-
ter. This fuet sugpeesis neplizible spe-
cifie towicity of sodium ions in the

balanced golutions, The salinity loler-
ance of fish evidently depends chiefly
Upel the ¢

for ogimat

'%.ezas;"; of ﬂlezr mechanizms
e regulatl i:a’ii ﬁ:‘ﬁer

e
ks
+3
H

@ifzaﬂt}“ Of mrch
entrations of this salt and
trontium chloride, through experi-
ments of relatively .,ﬁo“* (iz atéem
Powers’ A ata /10":‘, i

ity Eet “ﬁ dﬁaiz were ‘?m;zh
stlll alive after ex posure faz’ 4 dc}-"s 1o
a coneentiraiion
7@"' to 8.200 popan. "-xr’ “’h@r is no
vide risagreement between this result
ami thoze of Jones, who experimented
stickiehacks {see Table I
Additional references: (§131(118),

€lshima {09} reported that a coneen-
tration of stannous chloride eguivalent
to L2 popm. of iin was the highest
conceniration tolerated by voung sels
for 5G br, and that & popm. 28 8o
{the next h‘ﬁ‘hnr mnﬁe‘-t ation tested)
proved fatal in 2.8 hr. {average). The
nature of the water used and the pH
values of the e perizzzemai solutions are
not known, Bllis {42) reported that
1A00 popm. of stannocus ¢h iarme added
to very soft watsr (pH 64 and fo
hard water {pH 7.8}, killed gol ﬁah in

he pil *"aiv 5 of ”z.‘é:ae
95 m{i 3.8, and water asi
35and 4.0 with ’W dr chisri@
heen shown to be about as
thal as these soluiions, Inas-

mOre éséﬁzw 80 s:sizmaa af stan-

tost “d; the ezperi-
nothi kel
that concentrs-

tions of stanunous ehloride wp to 0.8

e
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628 ¥ uﬁé Eilz“bﬁw trout {alevins} in
5 4 {104 p.pan
L 9_‘( %23 **am?j@*f

g imz nops 18
brown tro at fngerlings in 20 days és,,y
99 i 12” Cﬁ} Methods of chemics
analysis of the water and *‘*m*zzhﬁg
procedurss wWers not r coried. Affleck’s
snclusion that “in a@h m&mr, with
: mineral wz tent 0.01 popas.
5 0 ova and alevins of brown
and rainbew trout,’’ is nst adeguatsly
“‘p}gz}z‘*ﬂ{z by the data presented, bud
it appears toat very 10w concentrations
of zine probably were responsible for
shserved morta iy, It was re.
f‘“‘s;a& heavy mortality of frout
whieh had been exposed for
‘-5;5 {15 min. and 4 hr.) fo
: ed water in galvanized iren
cans cecurred within 48 hr. although
the fish were apparently normal at the
time of their transfer to uncontami-
*ﬁsféﬁa water., Burghdufl (19) reporied
milar ohservations
’”Ee erekoper {74) atiribated contami-
nation of & soft batchery water com-

uo(m

faining ¥ zueiﬁi free C0,, and resuiiing
rapid mo al ty of fish, to the forma-
tlon of soluble zine bicarbonate {5 to
EE} p.pam. as Zny in galvenized pipes.

{425- reporied moriality of broock
rout in contaminated aguerivm waler
with a zinc confent of 1 npm. Good-
man (51} stated, however, that brook,
brown, and lake ‘rout apr parently were

% 'é stand about 8 to 11 p.pm.
‘ound later in the water of the
same aguarium (Ban Fransisco’s Stein-
hart Aguarinm). He suggested that
inal conditioning may have resalied
in inereased resistence, Ealnbow fromt
peared to be less iolerant. Experi-
s with yeung rainbow  frouni,
hatehed snecessinlly in water contaln-
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s,mi 1 ppam, of mne, to whish
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5 popan, Al trowt 10 we
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ary and Conclusions

1. Al metal cations apparenily can
be toxie to fish in rather dilute {less
than G058 M) pﬂs’ siologieally unbal-
anced solutions of single metal salis
In sointions prepared with natural wa-

g containing ceriain dissolved min-
raln, and in other mixed sali solutions,
he metals often are wmwich less toxie
zha'ﬂ they are in the simple soiutions,
because of the 3ntagenﬁstéa action of
different metal eations, Calelum, in
concenirations which ocenr often in
natursl fresh waters, markea;y counter-
aeis the toxicity of Na, Mg, and K
ioms, and of at least some of the very
ioxic neavy metals, such as lead, zine,
and eopper

2. On the other hand, some of the
highly tozic metals, such as zine and
eOpper, are stmhgiy synevgistic. When
almost equally foxie scluiions of salie
of these metals (for ezample, ZmBE0,
and CUul0,) are combined, the vesult-
ing mizinre esn be much more rapidly
fatal io fish than were the component
solutions.

3. Bimple solutions of many metal
sglts are decidedly acidie, besause of
hydrolysis. Precipitation of nearly in-
soiuble compounds of the meials (hy-
droxides, basle salis, ssm(}- oeours often
when thsse ggn:g, and some others, ars
added fo nateral W&iem The concen-
tration of active metal in solution thus
may be greatly reduced, depending
often on vH and the coneentration of
iiberated CO,, which iz driven off when
the solutions are zerated. The toxmisity

43 hfu and @zﬁ,}z 55 per cent foleratad

solutions varies correspond-

1516 *ﬁzay ;
bigh osmotic pres-
= specific 0% zv’ﬁ}’
An%@ 9 BEsG
BE in s@iaﬂaz&s &i
éi_r san influenes
ﬁzztg; of ’fze 301& toms in varions
Pronomneed differences of the
t¥ of comparable [eguimolar}

solutions of sueh salis as the chioride,
sulfate, and nitrate of » highly toxie
metel {Cn, Zn, ete.) have been re-

ported. There is no cenvincing evi-
denee, however, ikai the influence of
relatively harmless anicns z'es::;%mpg
from dissccistion of fhese salts when
they are added fc nstural waters is
ﬁiisz: practically imporiznt.
The lethality of some metal salt
itions to fieh is markedly influsheed
he temperature, the dissolved omy-
en congentration, and the volume of
mental selutions in whish the
e held, The purity of chemieals
iested and the duration of the tegts zve
important considerations when

Eral
=
’;w(;

]
i

Crhm gy o
i}&dg
hol
%13
3

ty data are evaluated or sppled
Hesults of toxmielty tests of very brief
duration, such ag 8 Br. or less, <an be
very m isleading.  Aeclimatization of

fish 1o mﬁfgz?v toxic metel salls mey oo-
cur, but apparen dv bas not besn dem.
snstrated ﬂcqcéuswfﬁv 2% has besn ae
climatization to soms balanced salt miz-
%ﬁres {saline walers},

Metal-conta atning induasiris] fhr
snis s Mé.i} BTE 60 mﬁez miztures, and
they are digcharced into waiers of
varying mineral conient and pH. Lim-
its of harmless consentration of {he
indiv:%éaé metals, whish sommetimes

ave besn preseribed, ebviously esn-
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ot be wniformiy applicabie $o all re-
ceiving waters, Simple lsts of such
eritieal copcentrations, which have
been published for the guidanee of
waste disposal engineers, are unraliable
and often misieading. Generally, metal
salts are likely fo be less harmiwuil to
fish in hard, alkaline waters than inp
waters of low mineral conteni. How-
gver, the available data on the ifox-
ieity of individual salis even in very
goft, aeidie water do nol necessarily
show how much dilution of a mized
solution of these salts, or complex
waste, would be always adequate. The
toxicity of each waste, diluted with &
particular receiving water, shonld be
svaluated experimentally by appropri-
ate hic-agsay methods {38}.

Sodium, calelum, strontium, and
magnesium ions are ceriainly among
the least harmfnl to fish of the metallic
catioms. They san be elassed together
with the moderataly toxie potassiom,
Lithium, bharium, manganous, and eo-
haltous ioms as metal cations of rela-
‘ziveiy low toxicity for fish. Wiih tha

ception of cobalt (of which 7 to 15

.pm. sometimes proved mxm} and
manganese {in one instance only ), these
metals have not been reporied te be
fatal in water of any kind at concen-
trations below 50 pop.aa. All exeept co-
bait and lthium are said to have been
tolerated by some fish for 24 and 48
br. in copcentrations near 85,000 and
2000 p.p.om., respeciively, in some wa-
ters in which presumably no consider-
able presipitation of inscluble com-
pounds of the metals oesurred:

8 Silver, moersury, copper, lead,
cadmium, aluminum, zine, nickel, ang
irivalent chromidm, and perhans alse
+in and iron, as well as some lese im-
rare metals, such as gold,
gerinm, p%aiimm thorium, and p

fUL CE&S%f 1 as mets £

2,
s of hirh
&tz“a

canse of :

pounds and %i-i&:}:o

% Cuprie, mercuric, anpd silver salis
are exiremely toxic, Solutions cone
tainine 0.02 io 0004 ppm. of the
metals proved harmful to fresh-water
fishes under some conditions. Zing,
cadminm, lead, and aluminum appar-
ently are not quite as toxic. All of
these metals have proved definitely in-
suripus, however, at concentrations be-
tween 0.1 and 05 p.pom. when ibsir
salts were added to soft water. More-
over, as little as 0.01 p.paoe of zime,
detected in very sdft water contami-

ated through contact with galvanized
iron, has been reported io be fatal for
voung trout; and guestionable evidence
that very much lower goneentrations
of cadminm {below 0.001 pom.) ean
e fatal for goldfish has Deen pub-
lished.

1G. Nickel and chromium have not
been reported to he demonstrably foxie
in any water af concentrations wmuch
fess than 1 p.pam.; and some of the
comparable data reported in the ltera-
ture reveal no pronounced difference
between the toxicity of nicksl and that
of cobalt and mangauese. Classifica-
tion of nickel and chromium, together
with some of the less toxic metals, such
ag cobalt, a3 metals of infermediate tox-
ity may prove justifisble, therefors,
in the light of additicmnal information.
Tin {its lowest reported lethal coneen-
tration being above 1 p.pa.} and irvon,
the relative ifoxicity of which is very
diffienit to judge on the basis of avail-
able data, may belong to the same (in-
termediate) category.

11. Hexzavalent chrominm, in sclu-
tions of ehromaies or dichromaies, evi-
denily is mot as toxic to fish as frivalent
chromium ean be in simple zoluiions
of chromic salts, Concentrations much
pelow 20 ppm, as Or {hexav@mt\a
have not been shown to be ioXie in any
water {(inclunding  distilled  water),
zas less haﬂ Z n. ‘;m af ?z z?mem

“ngana‘f—es ars
il move %{}z?? ﬁse nganons sald

with
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trations as Emf as 8
However, sufficient evidence of tom
ity of sueh small amounts of iron in
solutions of the sommon ferrie and for-
rous salis with tolerable pH values has

not peen found. Some investigators
reported much higher concentrations o
be apparently harmless in various wa-
ters, or were unable to demonstrate tox-
ieity of solutions whick were not
rendered excessively acidie through hy-

d*a}?vsig of the zalis. The lethality of
\\\\\ riain waters con tamiﬁ&i with irepn
salts has been ascribed by differont au-
thaors to the harmful aetma of hyvdrogen
iong, ferrous or ferric jons, ipitated
iron hydroxide; and basic iron ealis,
Much additionsl investization of fae-
tors which influence the toxicity of iron
galts to fsh evidently is needed. Ths
same can be said of the salts of sther
important metals, some of which have
received much less attention than has
iron.

Heferences

1. Abbott, G. A., ** A Chemieal Investigation
of Devils L-ake North Dakota.”” Proe.
Indlana dead, Sei, 34, 181-184 (1924),

3. Abegg, B., ''Some Implieations from the
Changes of the Mucous Covering of
Figh Bubjected fo Salt Solutiong?’
Froc. Lowisiana Acad. Sei, 1%, 7-10
{1949%,

8. Abegg, B., '‘Some Effecis of Inorganic
Balts on the Blood Bpecific Gravity and
Tissue Fluids of the Bluegill, Lepomis
macrochires Baf'!  Physicl, Zool., 23,
124-134 {18507,

4. Affleck, K. 3., ** The Effect of Galvanized-
Iron Pipes on Water in a Trout Hateh-
ery.”’  dustralian Jour. Sei, 14, 131
{18523,

& Affleck, R. J., “‘Zinc Polsoning in a Trout
Hatehery.”? Adusiralien Jour, Marine
and Freshwater Ees., 3, 142-159 {1952)

6. Altkem, W, W, '’ The Polsoning of Fish.?’
Seience, 78, 59-60 {10331,

7. Alsbama State Deparfment of Conser
vation, ‘‘Report for Fiseal Year Oe-
tober 1, 1848-Beptember 30, 154977
159 pp. (1949).

8. Allee, W. C,) and Bowen, E. 8, ** Studies
in Ammai Aggrepations: Mass Protec-
tion against Coiioid&l Silver zmeng
Goldfishes.””  Jour. Fzp, Zool, 21,
185-207 {18323,

8. Ameriean Chemical Sesiety, ‘‘Reagent
Chemienls, American Chemical Seolety
Bpecifieations, 1950.°°  Amer, Chem.
Boe,, Waghington, D, €., 401 pp. {1851},

10, Bandt, H. J., ‘‘Die t8dliche Ienge an
gelisten Bisen in Flschgswissern.’’
Fischerel-Zeitung, 41, 5;@'3»“:?*£ {1838},

il Bandg, H. 4, “<Tigher verstirite Schad-

Rungen sz.zf rmme; insbesondere

¢ ng gurei Eom-

Tz 3;3-

12. Bebrens, B., ‘“‘Zur FPharmakologie des
Bigiz. IV Mittellung., Uber den Me-
chanismus  der Blsiverpiftumg won
Fischen,”’’ Aroh.  exp. Pathel, w,
Pharmakol., 187, 311-314 (1828}

13, Belding, D. L., “‘Toxisliy Ezperiments
with Fish m Eeference to Trads Waste
Pgllution.? Tranz. Amer. Fisheries
Spe., 57, 100-119 (19273

14. Binet, L., and Nieolle, P,, **Influsnse du
degré de salinité du miben sur lg tozi-
eité dy chiorure mercurigue pour lss
Bypinoches.’? Compi. Eend. 8cc. Biol,
134, 362-365 {1040},

15, Black, V. 8, ““Osmotie Regulation in
Teleost Fishes.'* Part I in ¢‘Some
Agpects of the Physiology of Figh.”’
VUniv, of Toronta Biol Beries No. 58,
FPubls. Oniaric Figharies Resesreh Lab.,
No. 71, pp. 53-8% {19513,

18, Bodine, J. ., ‘*Aciion of Sodium, Po-
tassium, and Caleinm Chlorides on the
Egg of Fondulus.’’ Proe. Nail. Adeod
Hei., 18, 668689 (1527).

. Bodine, J. H, “‘Action of Balls om
me uius Fgg, 1. The Action of Na,
¥, snd Ca Chlorides upon the Egg of
Fundulus,’?  Biol. Buil, 54, 335434
{1528},

18, Baordick, G. E., and Lipschuetz, M., ¢ Tox-
ieity of Ferro- and Ferrigysnide Bolu-
tions to Fisk, and Determination of
the Cauvss of Mortality.’? Trons Amer.
Figheries Bop, 78, 102-20% (1548}
(Publ. 10563,

10, Burghdaff, 4 ¥, ““An Aerating Devieg
for Use I the ’i&a,rzs;zoraa%;mn of Fish;
Diseussion.”  Troamns. dmer. Fisheries
Soc., 68, 296-26% {1839} (Publ. 134G},

26, Busnel, R, &, Drithon, 4., and Bally, &,
o bgzcae%ueb sur iz physiclegis des

HEWJ}:zmaq Buyll, inst, Oesgnogr.
{Monaco)y, e, 893, 183 {18483,

bt
3



835 SEWAGHE AND INDUSTRIAL WASTES Fualy, 3653

21, Californis Biate Water Poliution Ccmtz’a}
Board, ‘*Water Quality Uriterin”?
HState ‘\n ater Poll, Control B, Pub. Ne,
3, Sacramento, Ual, 512 pp. {1883}

. Calvert, €. K., “7The Use of Cppper,
Chiorine, and Ammonia iz Plankion
Contrel.??  Jowr. dwmer, Water Works
Assn., 33, 21082118 (18413,

23, Uarpenter, K. E. A Bfudy of the
Fauns of Rivers Polluted by Lead Min.
ing in the Aberystwyih Distriet of
C‘lrxiig wehire,’?  dna. Appl. Biol, 14,
1-23 {1924,

i,av:pez“.e:.} E. E, “"0On the Bisloegieal

Factors Lovolved in the Destruction of

Y'igheries by FPollufisn due to

ining.”? Ann. dppl Bicl, 18,

)
i

4.

Taad A

1n§3

B, “’E‘E}ﬂ Le&fﬁ i»ffme 28 an

; 0.t Ann.
K;oi” i3,
26, ’a?pamer,

g bzﬂts on ?iﬂi}&&”
Ezp. Biol., 4, 378350

27. Carpenter, K., K., ‘Further Basearches
on the Action of BMotallic Balis om
Fishes.”* Jour. Eapsr. Zool, BE, 407
422 { WS*E%‘?

28, Caty, J., ¥ Copper Bulphate in the Filmd-

:"4* u of CUoarse Fish.”” Trans, dmer.

Figheries Soc., 64}, 276280 (15343,

fark, B, W., and Adams, 8. 0., ¥ Btud-

es of Fish Life znd Waler Pollution.®’

Eigbfah Internat, Cong. Appl. Chem.,

Orig. Commun., 28 198-210 (1912).

o, 44tk Apn. Rep., Mass. Stale
HBoard of Health, pp. 336-345 {1813},
Algo, Hng. News, 88, 300-30% (1518},

80, Dawson, A. B., “*The Hemopeletiz Re-
sponse in the Calfish, Ameinrus nebu
Iogus, te Chronie Lead Polsoning.’’
Fiol, Buil, 88, 3358468 {1935},

51, Demyansnke, V. H., *Poisoning of Fleh
by Wasts Walers from (hemical Fae-
torien and the ‘Fish Teel’ 77 {(Bus-
sian) {Figieng i Epidem. {Hzg. ond
Epidem,, UBER), 10, §/7, 152§

(13%1 I3
3E. f¢ hetion des wolutions hy-
ues sur lp développsment de
s % P fompt. Read, daad,
78 (1850
EER Healsy, . W, and Bmith,

; ments on the Effects of
Lead on the Growihk of Plaice (Pleure-
necies p?%?é’@::{‘., Ann. dppl. B,

gur les poissons 4
menta  indy zmcis
gans douces, sQ&at*’}éma g
duits mineranz de ﬁévergemezﬁ:s des
ugines ds mégisseric of tanneris,”’ dsn.

oy
X

34,

39,

40,

4l

42,

43, Bilis, M. M.,

44,

N

46,

Uais, Grenoble, Bei 344, {na.), §, 485

447 (19263,

,w;ﬁ‘ P., “*Bome Beeent Devslop-

tg in the Study of Toxic Industrial

Vastes,? Proe, Fourth Pacifie North-
wost Industrial Waste Jonf,, Btate Coll,
of Washington, Pollman, Wash,, pp, 81—
25 (18523,

Droudoroff, P Andersen, B, G, Burdick,
G. B, Galzeff, ¥. B, Hart, W. B,
Pairick, R., Strong, E. R, Suvrber, E.
W, and Van Horn, W, M., **Blo-Assay
Methods for the Evaluation of Acule
Toxicity of Indusirial Wastss o Piah*?
Tris JoupMan, 83, 11, 1380-1397 {Nov,,
18513,

Douderelf, P., and Eats, M., *‘Critlesl
Review of Literature on the Toxicity of
Industrial Wastes and their Compenents
to Figh, 1. Alkalies, Asids, and In-
organic @Gases.”’ TwEIS JOURNAL, 22,
11, 1432-1488 {Nov., 1850},

vk, V., *Die Widerstandafihighkeis
gimiger Fisehe bel Wasserverunreini-

gung mit Ferrosulfat.”® {Ozech; Ger-

MED SUmMary Sboralk  Ceskoslov,
Akad. Zemidsiské, 17, 4504584 {19423,

Ebeling, G, “*Uber die Giftigheit einiger
Behwermetallsalze an Hand sines Falles
aus der Praxis.’’ Zedts, Plecherei, 28,
4081 {1528,

Bdmister, 4. (., and Oray, J. W., ““The
Toxicity Threshold for Three Chlorides
and Thres Acids to the Fry of the
Whitefiah (Coregonus clupeiformis) and
Tellow Pickersl (Stipostedicn v. vi-
irgum),’*  FPreg., Fisk-Culturisi, 10,
105106 {19485,

Egushira, M, *‘On the Survival Powers
of Hales and Females of Cargssius
guratug L. under geme Harmfu! Ex-
ternal Conditiong.”’ Sei. Hepts. Tokobu
Imp, Undv., 4th Seriss {Biol}, 8, 415~
426 {1985); Piol. dbs, 11, No. 5398
{19875, {Indireetly cited.)

Eihs, M. M., ‘‘Dotection and Messure-
ment of S's;ream Pplintion.”’ DBuil. He.

. U. 8. Bur, of Fisheries; Buil. Bur,
Fisheriss, 48, 385437 (16373,

i Poliution of the Coenz

d7Alens Hiver and Adjacent Waters by
Mins Wastes.”” Speecial Helentific Hep.
No. 1, U. 8. Bar. of Pisherles, §1 pp.,
mimee. 15403,
Hilis, M. M., “*Toxiclty of Thenyl-Mer
surig Lactahe for Fish.’’ Hpec. BSel
Beport No. 48, U, 5. Figh and Wildlide
Bervies, 6 pyp. {3547

Filla, . \% aﬁé Ladney, G, O, ** Attaok-
iz’sg i‘ne Nation’s Water Pollution Men-
LEER Trans. c-Eitsl  Amer,
Game £anf(, P, M‘mwﬁ {1885}

Biricheen, I. v, aand HKaemmersr, E.,
f*fther den Pinfuss von meisilsalzhalid-

Vol

oy
(98]

5.

56,

57.

o8,

58,

60,

[
b

wmarn auf diz bhis-
sse eines Flusssys-
azserfosh, 91, 16-18

,“E ngj -.T

T,
Potaons. '
(1540).

. Garrey, W. H, ‘““Homs Crysscopie and

Osmetie Dats’? Hiel B
{1918%

Garrey, W. B, *'Ths Resistanses of Fregh
Fater Fish to Changos of Csmotic and
Chemical Conditions.”” dAmer. Jour
Physziol., 39, 313-32% (191&).

Duil. 38, 7735

. Goodman, J. B., “*Toxleity of Zine faor

Bainbow Trout {Salme goirdnerid).’?
Jalifornic Fish and Game, 37, 181-184
(19519,

. Grindiey, J., ‘*Treatment and Dispesal

of Waste Waters Condaining Chro-
mate.”’  Jour. oo, Chem. Ind. {Lom-
don}, 64, 235344 {1945},

Grindler, J., ** Toxieity to Rainbow Trout
ard Minnows of asome Substances
Hnown to be Present in Waste Water
Discharged to Rivers.’” dnn. Appl
Bigl., 38, 103-112 {1946).

- Gromov, A, 8, 'Some Data on the Sur-

vival of Gambusia In Sewage Watern.??
{Russizn} Med. Parazitol. i Parazifar.
Bolegni {E2d. Parasilol. end Parasit.
Dis, US.8.R.), 13, 89-51 (1844).
Gueylard, ¥., ‘* Resistance des Epinoches
gux variatione de salinitéd.’’ Jompt.
Bend. Soc. Piol., 89, TB-8G (1923).

Gueplard, F., ‘“De ’adaptation aux
changements de salinité. Recherches
biologiques et physico-chimiques sur
1"Epinoche.”” Areh. Phys Biologique,
3, 79-197 (1024,

Heilbrann, L. V., * An Outline of Gen-
eral Physiciogy. o W. B. Baunders Ce,,
Fhiladelphia, Pa., 803 pp. {1838).

Hirseh, B, “Unt.ersuehungen ither die
biologische Wirkung einiger Balze.”’
Zool. Jahrbiicher, 4bi. f. allgem. Zool.
#. Dhysiol., 34, 559-682 (16143,

Huet, M., ‘‘Toxzicologie des polssons.”’
Bull. Cenirs Belge Biude et Document.
Eauz, No. 7, 356408 {1950).

Hunieman, 4. G., **The Quill Lakes of
Sagkatchewan and their Fishery Possi-
bilities.”? Conirib. Conadion Biol, Mo
2, 12’{—141 {1p23%.

. iwao, T., **Comparative Investigation of

the Toxielty of Varicus Metals.”’ Jik-
Len Yakubuieugebu Zaesi {(Jowr Hxp.
Phaymacel.} {(Japancee?, 10, 387-380
{19383,

g, 7 TOXICITY OF WASTE:

=
tal

43,

wh

&4.

il

7

L

TO FISH. 7% 856

78 T ity

end, Ziﬁ
{Fa ssters

L) £
mxm:ﬁ-v of Lesd and Zém’s beﬂ‘m" *
Jour. Exp, Hiol, 15, 384-407 {1838},

,L
(“)

. Jones, 3. B. B, ‘Tha Belation ba"‘r'seﬁ.:

the Electrolytie Solution Pressures of

the Mstals and Thelr Toxieily o ths

Btickleback {Gasisrostens aouleatus
L3770 Jouwr, Eaxp Fol, 18, 425437
{19393,

Jones, 4, B B, **The Toxisity of Doulle
Chlorides of }Prcnﬁ' and Sodium., I,
Erperiments with the Minnow Phoxi-
rug phozinug {1377 Jour, Fzp. Biel,
17, 2B5-830 {1840,

Jones, J. B, E, 4 Stady of the Zinc
Polluted River "'fstwyéﬁh in North Cardl-
ganshite, Wales.’? dan Appl. il
2Y, 368378 {15403,

Jones, J. B. B, *The Cuygen Consump-
tion of Gasierosieus aeuleaius L. in
Toxzic Solutiens.’? Jour. Ezxp. Biol,
55, 298-311 {1847).

. Jones, J. B. E., ‘*The Reastions of

Pygostens pungitiue 1. to Toxiz Bolu-
tione.*’ Jour. Ezp. Bicl, 26, 110128
(1947}

Jones, J. R. B, *' A Parther Biudy of the
Reactiony of Fish fo Toxie Solutions.’*
Jour, Ezp. Biol., 38, 22-34 {148},

. Eaemmerer, K., and Erichsen, L. v,

¢¢Emnpfindiichkeit von Flsehen gegen-
iber abwiagern eines Erzbergwerkes.”®
Aligem. Fischerei-Zeitung, 78, 1, 6-7;
. 32 (1951).

Eellerman, ¥, P, *‘The Rationsl Use of
Disinfectants and Algieides in Munisi-
pal Water Suppiies.’” Highth Internat.
Cong. Appl. Chem., Orig. Commun., 28,
241245 (1912).

King, J. B, *‘Burvival Time of Trout in
Relstion to Qcourrence.’’  Amer. Mid-
lund Naturalist, 28, 624642 (1843).

Elsgsen, C. W., Hasfurther, W. A, and
Toung, M. X, **The Toxicity of Hezs-
valent Chromium te Sunfish snd Blue-
gills.”’ Proc. Fourih Industrial Waate
Conf, Purdus Unly, Bng. Bull, =t
Series Neo. §8, 225237 {1949},

Eleerekoper, ., *‘A Cape of Moriality
of Figh and its Cause.’’ {Portugusse;
English  pummary.} fery. Inform.
Agrie., BMin, Agrie., Rls de Janeirs,
Drazil, 25 Pp- {29485,

,Krﬁmer; H. 4., ““Crundlagen fiir dis

Beurteilung der Wirksngen nusgefloek.
teny  Elsenhydroxyds anf Flova wuad
Faung natiirlicher flesnender Gowis.



SEWAGE AXND INDUS

ser,’”  Zelis. Uniersuch. Nadvy,
148-168 {18%4).

. 4 Yieber ’iﬂ ‘ﬁ]&:z{hﬁg der

Tisenabwilsser,”?  Algem., Fischerei-

Zeitung, 49, 167178 (1924},

Krauss, I, " 1ther die Wirkung verschi-

edener gslbster Dingemittel und von

¥, Na-, und Ca- Balzen anf Haui und
Kiemen von Pischen.’’ Zedls, Plschersi,
34, TR7-817 {1538

Kriiger, ¥, “Ln;.e;su-::h‘ gen fiher die
Trsachen des Todes des Stichlings
{Gagtercyisus  aouleatus) in  reimen

emzwt?mm Lisungen,’’ Zeits verglh
3%
Chemistry.?’

. Ine., Sandugky,

= of Desth of Figh
fr.s Reaz‘mg P“' ie 0f Marao.’
: Fronch summery.} 4Anats
P ;39;'1‘".«;, i, 535

lore, ¥, znd Deviaminek,
mi rations p;é iminaires &
nation de la deos
le poissop, de guslg
caraetire moeif.’’
E: g et Docyment,
485 {1950},
LeClere, B, and Dyl
toxieniogigue ds guel
généralement présentes éaz.a *fag @ﬁu
s ¢ ’usines & F. :
Beige Etude 2
488495 (1950 )
Lellere, B, and Devilaminek, F., ' Hasalp
foxicols apiques sur certzins produits =ti-
Y Budl flentrz Belgs
1. HBour, No. 8, B4~
£18-623 {18503,
loy sur 1'action nacive
sraoments indusitisls
3] lss eaux douess.  B°
Série. Haux r?zu déeapage des mélany.”’
Aan, Uade, Grenobls, 34, 41-182 {35312).
,_uwm d., and W REiLFz%‘VE, H., *‘Die Ent-
g,} iftung von
mehlorid.’
dﬂ_g {1911

minek, T - £ Etﬁda

ey

chem. Zeifs., 38, 480~

L‘h ed Balt Soludions upon the Gsm zic
i sty Liguida of Panda-

and Podslisk,

31
§ Badioas we:‘ E

TE- Laaeha
£38b1).

RIAL WABTES Jul

"i‘z‘ hews, A.

\

ow
W

oo
[

Gs

e
e
s

Phillips, A. Z."h,,

Maorsk, M. C, “*Notes on the Dissolved

outent of Waler In lis Effeet upon
Pishes.”” Bull Bur. Fisherics, 238 (Pard
3 G fﬁﬁ?} {Publ, 1810).

darsh, I ., and Bobinson, R. B, **The
Treatment of Fish-Cultural Waters for

the Bemoval of Algae.’’ Buil, Dus.
Fisheries, 38 {Part 2}, 871880 {1508)

{Publ. f—}?f}\

. fiThe Belation befwsen
icn ’?nﬂszmz Atomiz Volume and
?’hxsmwg eal Astion of the Hloments.’’
Awmer. Jour., FPhysiel, 16, 250-323

L< A, and Halskina, M. V,
ering Xarmless Waate Waters
’rrcm Fiber Factoriez.®’ (Fﬂss:lzm}
Bumagh. Prom. KPaper Ind, TLESR),
18, 22-24 {1940

E‘vﬁim, o, ”ﬁisv}osa? of Uyspides by

myplexation.’”. THis Jounwar, 22, 8,
-1198 {Sepi., 1850).

1ziés’53‘§‘ of Agrieulture and Fisheries
{Gr. Brit.), “*Salmon and Freshwaier
i : teport for the Year 153577

53 pp. {19 ).

:kina, A. I, “*On the Action of Ivexn
ﬁnei Ait.mmzﬂm on %‘mn.” (Pi;,_ﬁl&ﬂ_}
Trudy Moskov. Zooparka {Pres. Mops-
epw Zgel, Park, USSR, 8, 23-28
{1544y,

Moore, G. T, and Eellerman, B, ¥,

e Copper as an Algiclde zm@. Disinfen-
tant in Water Supples.”’ Bull Ne. 7§,
1B Bur, Plant mﬁuw. 35 pp. (18G5).

Ogi, B., *“BEffest of Lithinm on the Em-

bryonie Development of a ¥ish, Pleco-
glogsus e Science Repis.
Tohobu Unie., 18, 8184 {1851} ; Jhem.
Abs,, 45, 7708 -\195;_;‘ {im&lrece}y
eited.}
na, 9., “On the Texie Action of
Haltg and their Ioms upon
Y’nmg EGEE {dnguilly  japoniss}.”’
Jour., Imperial  Fisheries Eop. St
{Ea vaness;, Nao. 2, 139-9‘3 {1931,
Paul, B. M, “*Water Polintion: A Tae-
tor Modifying Fish Populations in Pa-
eifie Coast Streams. ™’ Beien. Monihily,
T4, 14-17 {1952
Prillips, A. M., Jr., **The Reduction of
the Toxicity of Copper Sulpkats o
¥our Bpecies of Trouwt by the Use of
Sodinm Chilorids and Asgetie Acid.”’
Cornsll ?—{fﬁii’ Abstrasts of Theses,
1950, pp. 207-298 (1540).
‘¢ The Physiciogionl HE-
feet of Bodium Chivrids upon Brook
’Frm;i: 2 Traung., dmer, Fisheries Soe.,
4, 287808 (1944 (Publ. 1847).

i

b

ol

oy

TORIC

Akced,
483 {Publ

drensky, B, **The
A\*etalw on $he
; Commen Pike (Esox lucius),
Spawn of the (m@:l.t Maraens (Dore-
gonus maraene Bloch) and Bpawn of
Common Trout {(Salme faric).’?
‘rech; English summary.} o Shoraik
skaslov. Akad, Zom feé, 23, B85
301 (1930Y {Publ. 1851).

(«

P

Podubsky, V., and Stedronsky, ., ¢ in-

ffuenee of Zine on Figh Spawn, on
Hatched Fry and on Daphnis in Water
of Varying Alkalinity.’” (CUzech; Rus-
gian summary.)  Sboraik, Ceskoslov.
Akad. Zemcdilskd, 25, 441-448 (10521,

E-‘ora E. A, **%ia résistance aux salinités

pm.saonb d’ean donee sténohaling.’’
B:.I. Spe. Stiinte Cluj, 8, 612-614
(1837,

Pora, L. A, ““SBar DUadaptation ¢'un

teleosteen dulenguicole, Cargssivs earas-
sty 1., au milien salin.?? Bul Soc.
Stiinte Cluj, §, 384-3065 (1838},  {In-
diveetly ecited.)

Powers, E, B, *“The Goldfish {Carassius

corassius) as a Test Animal in the
Study of Toxicity.”’ IlL Biol. Monog.,
4, 127-183 (39173

Powers, B. B, ‘‘Influenes of Tempera-

ture and Coneentration on the Toxicity
of Salts to Fishes.’’ FKeology, 1, 85~
111 (1920).

Powers, E. B, ‘*A Comparison of the

Eleetrical Condustance of Electrolytea
and their Toxicities to Fish.??  Admer.
Jour. Physiol.,, 85, 187-200 (18213,

. Powera, E, B, ¢ Antagonism and itz Pos-

sible Utility in Polluted Waters.”?
Frans. dmer. Fisheries Soe, 50, 203-
236 (1920-1921).

. Prescott, G. W., “*Objecticnable Algae

with Reference to the Killing of Fish
and Other Animals.’’ Hydrobiologica,
1, 1-13 (1948}.

. Palley, T, E., “‘Effect of Aluminum

Chleride in Small Coneentrations om
Various Marine Orgfhisms.’”  Texas
Jour. 8ei,, 2, 405413 (1850).

Ramult, R, ““Influence of Certain Salis

apon the Habching and Development
of Balmon Fry (Salme trutia),”? Ruil
Trternai. Acad. FPolonaise Bed., Classe
Set. Math, Nat., &érie B. Sel. Fal,
187, 46-82 (Publ 1828},

.y ““The Influence of Certain
the Development of Young
s { Gasterostens aculeatus),’’

119

198

Bekeer, B. T,

Aead

tichet,
mance des ga;m ang
sursaturdes.’’ Compt
183, 827828 (1826,

Rui)ens, B, A, and Jee, B, ., “fReport
No. 38 on the Influence of Common Balt
on Freshwater Fish, Belng an Account
of Experimeunts Carried out at the
Fisheries Experiment Station, Alres
ford, (Unp‘ﬂsirﬂ 't Salmon z:mri Trout
Mag., Noe. 38, 128-185 (1823

Bugker, W W, and 'Whipple, W. 4.,
FEffeet of Bactericides on Steelhead
Trout Fry.”’ Prog., Fish-OCulturist, 13,
43—44 {1951}

ushton, W., ““Fish Tissues wnd Fish
Yoisons.”’  Salmon and Trout iag.,
No. 22, 45-63 (1920).

. Rushton, W., “*Biclogical Notes.”” Sal-

mon and Trowi Waee, Neo. 23, 42-55
{1920,

Rushton, W., ““Biclogical Notes.”’ Sal-
WO cmd Tr'ou£ HMag., ¥No. 25, 101117
{1921).

Rushton, W, ‘*Biological Notes.’’ Sal-
mon and Trout Mag.,, No, 28, 42-51
(1922},

Rushton, W., *‘Biological Notes.’’ Sai-
mon and Troui Mag., No. 87, 803-814
(1524).

. Rushten, W., ‘‘Biological Notes.”’ Sal-
mon ond Trout Mag.,, No, 38, 112—
{1825},

Rushton, W., ‘‘Biclogical Notes.”’ 8al-
mon and Trout Maeg.,, Ne, 125, 57-61
(1949),

SBanborn, N. H., **The Lethal Effect of
Certain  Chemieals on Fresh Water
Fish.”’ Canning Trade, 87, 49, 10-12
and 26 (1945).

Bchipercians, W., ‘*Textbook of Pond
Culture.””  {Trans. from German by
F. Hund.}, Fishery Leaflet 311, U. 5.
Figh and Wildlife BServiee, 260 pp.
(1D33).

HBehliperclaus, W., “‘Fischkrankheiten '’
Gastav Wenzel & Schn, Braunschweig,
261 pp. 1841},

Hehaut, G, &, “Fish Catastrophes dur
ing Droughts.”’  Jour, Amer Wé;é(f?"
Works Aaé"ﬂ., 31 7L 822 {‘ 24

John Wiley
65 pp. (1548
Seheuring, o, ¥ Verauche Gber die
uag von Na,S50, anf Fleche und
Wasserorgaaismen,’’
eret-Leitung, ¥5,




FEWAGE AND

Hicl. 4bs,
dirsely

133, Beheuring, L., Stetter, H., ** Versuche

die Wirkung vou Natriomsulfal
guf Wassernrganiamen,”’ Vom Wasser,
i, 75100 {1330/31*

134, Sehmidi-Nielsen, 8., *‘Zur Eenninig der
Fiftigkeid sigen- und kupferhalfiger
Abwiaser Fischen gegeniiber.’” Hgl
Norske Videnska®. Beiskabs, Forh., 11,

{¥n-

5

(1951}

233-235 (1838} {Publ 1839).
138, Seifriz, 'W., * Toxictty and the Chemical
Properties of Toma.”’ Helenes, 110,

153186 {1648).
136. Smith, T W, ¢ The Abgorpiion and Hx-
eretion of Water and Sslis by Marine
Teleosts.”” Amer. Jour. Physiocl., 833,
480505 (z%m
Bmith, M. €., “*Copper wit Ammevéa
and  Chiorine in  Finished Waler,’
Jour., dmer. Water Works dasn., 43,
CT83-783 (13515,
138, Smith, M. W, “The Us
vhate for Eradicating
Figh Population of a

prd
Re]
=i

Amer., Fishevizg  Heo,
{19355

128, Smith, }i. W, 0
Rote

ne as Fish
Amer, Fisheries
{153%) {Puu

141, Timwss A R
Salts upen
Figheries Boc., 44, 120-124

143, Thomas, 4., :
of Metallie
Matural Habitat.
of Niekel by Fundulus
Jour. Biol, Chem., B8, 71~

143, Titeomb, J. W., *The Tse of Cepper

i ES?&L(‘!‘Z{\‘; an
Balis E“: Ei
i.T

Suiphate for the Destruction of Ob-
Eoxions Fishss im Ponds and s;a‘a@.% i

Trans. Amer, Fisheries Sos., 44
{1514).

144. Uspenskaya, V. I, *'Hxperim
gervations on the Influence of
Compouwnds on Agquatle Or
{Ruswian) &igiena § Sanif. (Hyg. ond
Sandt., T.8.8ER.), 11, 13, -5

INDUSTRIAL WARBT

July, 1953

N
;Ui
el

‘eselov, B. A., “*Influence of Salaily of

the Exiernal Medium on the Intensity

spiration of Fisgh,’? {Russian}
Zool. Zhurnal {Zool. Jowr., TBB.ER),
28, 1, 8598 {1949},

146, Viviey, P., ‘‘Hemargues gur le ‘lest

poisson .’ Bull, Centre Belge Biude
et Docwmeni. Favz, No. 15, § pp.
(1952,

147, Warriek, L. F., Wirth, ¥. B, and Vazn

Florn, W., “*Conir
ismsg and Aguatie V
and  Sewage Works,
{1048},

148, Weils, M, M., **The Reactions and He
siztance of Fishes in their Natural Eno-
virgnment to Salis’'  Jour. Faper.
Fool, 18, 248288 {1915).

146, Westfall, B, 4., **Coagulation Film An-

of Micro-Or gan-
getation.’? Water
85, 4, Rid47-180

oxin in Fiskes '’ FHeology, 28, 285-
287 (19453,
150, White, 8. ¥, and Thomas, A. J., “*8tud-

ies on ihe —‘;bso*ptéﬁﬂ of Metnllie Salis
by Figh in their Natursl Habitat, L
sorption of Topper by Fu?%duius
cmzam.s. Jour, Bisl. Chem., i1,
386 {19183,
A, T, Burr, J. G, and Faubion,
“., "T’ﬂe I rmﬂe*n ef ‘;‘»iream Pn“zh

1‘5 ‘fﬁ ater ‘Gf‘m@ Cv} m]ds i T?‘Q‘ﬁo.

f_m . Fisherics Soc., B4, R1-86 {1034}

. ‘s"y‘}%(;zasi n Sinte Boaprd of Health, *f Ex-
serpts from a Durrent Progress Report

to the ater Pol-
}!‘a’:i{m, te the ontrol of

: Nuisanees.”’  Wis

o Buil, 8, 15, 913

153, State Cpmompitbtee on Waler
tion, ‘fReport on the Chemigal

atment of Liakes and Streams with

Special Referencve to the Crigin snd

Control of Swimmer’s Ifeh.’?  Wis

Comm., We *w Ppil., Madison, Wis

EQL

154, Young, B ’I, ;;tan::.e of Fish te
Salta and Alkaliniiy.’ Amer, Jour.
Physiol,, 88, 373388 {1923).

. Toung, RB. T, *'The Bffect of Ralanced
versus Unbalanced Sclutions, of Hydro-
gen on Concentrations and Diatilled
Watar on Fish,’’ Heology, 18, 186-
140 (1838},

o
o
LIE




	88246a
	88246b
	88246c
	88246d
	88246e
	88246f
	88246g
	88246h
	88246i
	88246j
	88246k
	88246l
	88246m
	88246nn
	88246o
	88246p
	88246q
	88246r
	88246s
	88246t.PDF.pdf

