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ABSTRACT 

After 126 or 14.8 days of expoaura to H S  concentrutionti rnnyiny from .OM4 to ,0140 r n ~ / I ,  
young-of-the-yenr bluegills wcrc tcstcd for swimming endr~rancc and reeistancc to copper or 
malathion. 

Swimming tcsts nt low apecd~ indicated increaaed endurnnce for fieh exposed to .0004 mg/l 
H 3 ,  but fish expoaed to highcr concentration8 had prngrrssively less cndurmcn than the co11- 
trols. In tho tcsts conducted at higher apeeda fiah in dl test concentrntions ahowcd lcss cn- 
durnnw than the controls. Resistnnce to copper was increased hy exposure to H S ,  hut re- 
nistnnce to rnalntllion wan not affected except in the lowest lent concentrution. Thc clxonic 
cxposuru to H,S also reduced growth in tho highest concentration, and gill irrigation rate in- 
creased progressively with increaaed concentrutions. 

INTRODUCTION 

Hydrogen sulfide in very low concentra- 
tions is detrimental to fish eggs, fry, and juvc- 
r i i l ~ ~  (Colby and Smith, 1967; Adelman and 
Srni~h, 1970; and Smith and h i d ,  1972). 
Becauso it occurs in many nnturnl nnd pol- 
luted situations as a by-product of decom- 
position arid breakdown of other materials, 
it has been investipted in a series of studies 
in University of Minnesota fishery labora- 
torim. Long-term exposure of fish to sub- 
lethal levels of H2S results in dower growth, 
grudually increasing mortality ratu, and in 
some species reduced fecundity (T,. I,. Smih, 
Jr., ur~published data). The study reported 
horein hns attemptcd to determino h a  effect 
of long-term exposure of hluegills (Lepomis 
~lracrochirus) to sublethnl levels of Has on 
[heir physical endurance and resistance to 
othor toxicants. Specifically, the objectives 
wcrn to determine swimming capability against 
various water velocities and resistance to cop- 
per sulIale and malnthioti. 

Colby and Smith (1967) showed that 50% 
of walleye fry (Stizoledion vitreurn) were 
killed in 96 hours by total sulfide levels of .05 
mg/l. Adelman and Smith (1970), working 
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on northern pike (Esoz lucius), uhnwetl that 
eggs, fry, and juveniles were udwrsely af- 
fectd  by Has levcl~ as low as .008 P P I ~  nnd 
9G-hr mecliun iolerance limit (TLfio) for eggs 
wnu ,037 ppm and fry wtls ,008 ppm. Smith 
und Oseid (1972) roported on effects of 11-S 
on eggs and fry of several freshwu~er species 
und found the 96-hr TLno varied from .028 to 
.OM8 ppm and that exposure of 12 days I-c:eulted 
i n  a TIAoo of -018 ppm. 

MATERIALS AND METIIODS 

Experimental Fish 
Young-of-the-year blue gill^ wore collected 

from Mediciric Lake, Hennepin County, Min- 
nc:soLa wi~h  bag seine on 7 Octobcr, 1969 when 
watcr tcmperaturc was 16.7 C. The mem tolal 
length was 3.2 cm (range 2 .74 .8  cm). From 
the t h e  of collection to tho uLarL of chronic 
exposure tests, fish were held at 21 5 1 C in 
laboratory water (Table 1 )  and wel-c Icd three 
to six timefi daily with brine shrimp (Arlen~ia 
sp.) nncl ground pork liver. On 3 succasbive 
days immediately followir~~ collec~ion they 
were given a prophylactic treatment with 20 
mg/l neomycin uulfato without flushing. Two 
dnys nfter completion of neomycin treatment, 
fish were subjected to similar treatments for 
3 days with a solulion of 2.G5 mg/l methylene 
blue. 
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Acute ard Chronic Tests 
with Hydrogen Sul]de 

A series of 96-hr TLb0 tests were conducted 
28, 42, und 99 days after collection of fish in 
aPparntus descrihkd by Adelman and Smith 
11970). Test chambers wore 6 liter acrylic 
c.ylinders 14.5 cm in diameter. Guseous H2S 
vas  employed and test concentrations were 
clc+mnined by analysis of water in centers of 
test chambers. Four levels of H2S and ono 
control were used and water flowed through 
chambers a1 a rate of 300 ml/min. 

Long-term exposure tests were started on 
100 fish 14 days after collection. They were 
placcd in 5 t n n h  each divided into three sec- 
tian,: 2, 15.5 x 41.1 X 2 1  cm and 1, 9 X 30 
>1 2 1  cm. Ten fish were placed in each of 2 
swtions with tho third and smaller section 
kept in reservo for holding fish after race- 
way tesls. Dilutions of a stock solution of 
sodium sulfide wcre mado and dispensed 
tc, the teat tanks by apparatus modified 
from that dcscrih~d by Mount and Brurlgs 
(1967) and Brungs and Mount (1970). Four 
tr:it levels and one control wnrc maintained 
arid checked by analysis in each swlion. Fish 
ilr long-term tests were fed six times per day 
with various combinnlions of h i m  shrimp, 
ground beef liver, fresh p o u n d  minnows, and 
%I:." Oregon moist pcllets. Water temperatures 
wr,re maintained at desirod levels by hot water 
coils of polye~hylene con~rolled with tllermostat 
imtl solerloids on the llot water sourco. A con- 
shn t  level of 7.8 pH was maintained with 
lI;lSOa disriensed from a diluter similar to that 
UWCI for the toxicant. 

Endurance Test Apparatus 

The swimming endurance of treated blue- 
gill3 was tested in a stainless sled oval race- 
w a y  with a channel width of 8.5 cm, a depth 
of 1.5 cm, and a length of 218 cm. The chan- 
nel included 2 straight seclion~ each 50 cm 
lor~g. Untreated laboratory water was muin- 
kii~reti at u depth of 9 cm in the channel tlnd 
the desired current created with n stainless 
steel paddle wheel with 16 blades. The ap- 
pal-utu~ was similar to that described by 
h k e  and Mount (1963) . Water velocity 
w a ~  regulated by a rheostat on the l/s hp motor 

drive 01 h e  paddlo wheel. Fiah were kept in 
position until h e y  failed by nn electrical 
shockar placed downstroam from their awim- 
ming location. One hundred and twenty volt 
A(: current was used with the minimum am- 
peruge required to keep the fish away from 
thc polcs. One fiberglass Bcreen was placed 
ahead of the pol(% LO prevenE fiuh from being 
injured by drifting between the electrodes 
ard a second screen 22 cm upstream to form 
a swimming area 8.5 X 22 cm. Temperatures 
were maintained by immersion of the raceway 
in a water bath. 

Swimming Test Procedure 

A single fish was selected at random from 
ono of tho long-term exposure tanks, placed 
in a 400 rnl beaker without rcrnoval from 
water, and transferred to the raceway swirn- 
ming area. It re~ted in this position without 
electrical stimulation or waler current lor 30 
minutes. Temperature of water was held the 
same as that in tho long-term experiment. Low 
speed and high speed tesls were conducted 
with the same procedure until water flow was 
started. In low speed tesls aftcr the 30 minute 
rest period, current velocity was sat at 8 cm/ 
Hec. AItor 5 miriutee current was increased to 
11.2 cm/sec, and aftcr 7 minutes to 15 cm/sec. 
At this time the electricul shockcr wm acti- 
vated to prevent the fish from lying against 
the screen or holding its position by resting 
the caudal fin against the screen. At 9, 11, 
and 13 minutes  he velocity was increased to 
17.0, 19.5, and 22.5 cm/sec, respectively. 
The maxirnilm volocity was maintained until 
the fish fell back against the screon. ?he time 
was the11 noted, electrical current shut off, 
and water movement stopped. Alter 5 min- 
utes, fish were nnesthetized in MS 222, 
weighed, measured, arid returned to the un- 
occupietl secliori 01 their original test tnnk. 
One fish was taken from each tank succes- 
sivuly until all fish from one section were 
tested. Thoy wore then returned to their orig- 
inn1 test section. 

In tho high speed tests, fish were taken 
from the second section of cach long-tcrm 
test and placed in the raceway. After a 30- 
minute rest, water velocity was started at 8 
cm/sec. After 5 minutes velocity was in- 
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TABLE 1:- Ailnlysis of I ( : cLI  wnter used i,n lubora~tory 
1 ~ ~ 1 '  
- . - . . - - - . -- 

Itrm V n l i ~ o  
-- -. - 

pII 7.6 

Totill hurrlnehs 116 CLICO, 9 0  m ~ / 1  

(h lc l r~m ns CnCO, 140 mg/l 

Iron .09 mu/l 

Mim~nnrm ,04 m ~ / l  

Chlorldc <1.0 m d l  

Srilfntc <5 mg/1 

Fl uorirle .32 mg/l 

Totnl  phosphntca .03 m ~ / 1  

Sodium 8 mg/l 

Potussi~~rn 2 mg/l  

Alrmlonln nltrogtn L O  mg/l 

Oru~inlc nitrogon .20 mg/l 

Chemicnl Stress Tests 

(.:l~emical stress tests were carried out with 
npparatux ~irnilar  to the proportional diluter 
used in long-term tests exccpt that it was 3e- 
i p e d  to dispense the same tox ica t  levels 
to all Lest chumhers. The toxicant was intro- 
duced in a rriixing hox and  hen LO u dislrilm- 
tion hox wl~i(.:h split  he volume into 5 equal 
porLio11s for distribution to test chambers, each 
of  which was 50 X 26 X 30 cm. Water cicpth 
wus  22 crri and cycle lime was 2 minutes. 
r)ilutiorl waLw was from common laborulory 
3ource (Tal~lc 1) whicl~ con~uined no HZS. 

' WHtnr tnkerl frum well Laud and bcloro r lcn~t lm ~ l n d  
hc.1ting. 

creased to 10.7 cm/aec and ut 7 minutes was 
Curlher increased to 17.5 crn/sec and [he 
electrical shockw ~clivatecl. Subsequantly at 
0, 11, 13, 30, and 4'5 rriir~utes vclocity was in- 
crea~cd to 19.7, 22.5, 25.0, 27.0, and 28.0 
crn/sr:c, respectively. After swirnrning Inilure 
of the fish procedure was the same as in low 
spceti twts. 

Reac~ion to  T,ong- and 
Short-term Exposure 

The 96-hl- 'l'LGo Lests were conducted on un- 
treated fish 28. 482, and 90 days ufter bluegills 
wcre rollectetl. Mean wnter conditinnfi dur- 
ing the twLs were 20 2 0.1 (.I, 6.2 5 0.4 mg/ l  
rlisuo1vc:rl oxy-pen, 7.90 * .05 and 235 2 

mg/l lotnl alkalinity. l'Loo was calculated 
il.oln live test 1evc:ls nnd one cmtrol. 96-hr 

TLL0 values for the three tests wHrt: ,0325, 
,0320, and .0325 mg/l of 1 1 3 .  AR noted above, 
mc11 test tnnk in long-term tests was divided 
into 3 seclions with fish +ced in the first 
two. Since there was n reduction of 1-12s 
levds between the firs1 ( A )  and second ( H  r 
seclior~s, analyses were run on ench section. 
In series "A" H2S concentrations ranged from 
.000/1# to ,0146 mg/l, nnd in serics "B7' from 
.0001 to ,0067 mg/l (Table 2 ) .  

After 126 days exposure in serics "A," the 
concentratiorls hnd no c:ikct on survival 
(Tahle 3 ) ,  and growth in length nppeured Lo 
he uffwtccl adversely only at the highest con- 
centrution (.014<6 mg/l) whcre weigh1 was 
~ R H R  than two-thirds that attained in the con- 
trol. Gill irrigation rate of trented fish wak 
s igni f icun~l~ irlcrensed ovur thnt in conlrols 
lor all treatmerits and wus 1:30% greater in 
the highest concenlratiorl. 

.After lil8U-duy exposure in series "B," sur- 
vivnl was not nfIcxtet1, nnd growh was not 
adversely affected. Gill irrigation rate cleler- 
mir~ecl visuully increased in fish from all trent- 
ments and those from h e  highest IIaS corl- 
centrulion (.0067 mg/1) had 482.57. greater 
irrigation rate than the controls. 

SWIMMING t:NI)UlL4NCE 

Swimming endurance was udverscly nf- 
lected by chronic exposure to HZS (Fig. 1 ) .  
In serics "A" whert: Iish had been cxl~oscd to 
the higher coricentrutions, 1 h :  low speed tesls 
indicated thut those from the lowest concen- 
Lralion (.0004, mg/l) oI the series had slightly 
increased capa1,ility to endurcl ~wirnming 
slrcsu. Controls Rwnrn for 201 minutes Lefure 
fnilura, and fish from the highest treulmcrlt 
(.0146 rng/l) for 31 mir~utes or 84% xhorlcr 
time thun ~ l l c  controls (Tuble :I) . Fish from 
series "B," which had hecn exposecl to lower 
rmxirnurn conc:en~rations of &S bul to grcaler 
~wirnming stress, hud less er~clu~mlce. Thosc: 
in the lowesl co~lcentrntion hud the least 
resistance (36% less zhnn controls). The con- 
lrolu in the "0" series had 86% less lime to 
failure than controls in Lhe "A" series, 
stror~gly suggeding  lint the series "n" fix11 
were hcing subjected LO a major physicti1 
stress 1)y the swimming te9t. 



~ ' ~ H L E  2.-Test conditions in  charrrbcrs of Srr ies  A and B during chronic tests 

o j  chronic expoaurt  o f  l lut-gil ls  to uarious levels of HBS for 126 days ( A )  and 148 chys f B )  
irrigotion ra~e,'  and swinzn~ir~g cndurnrrce. (A.sr:nc.v fests at 8.0 C ~ L  velocity/.suc; B-sriirs a t  

- . - 
(:hnmhor-Scrlns A ( Slow ) 

-up- ., - .- .- 

Su rliurlinf endurimcn 
' l ' l r r w  Lo failurc ( ~ n i n )  201 241  0 5 110 3 1 

' of control - t 30 -53 -I 1 -8~4  
- - .- - . - . .. - -. . .- 
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T A ~ L E  4.-Resistuncr: of b1u.e ill with chronic treacmenl o j  H S  lo  su,bscquent exposure of copper sulfate (us 
CuI (A)  and mulathion (L?,,' 

II> concoutration ( m g / l ) l  0 ,0004 ,0016 ,0048 ,0140 
Copper m.cA (unfiltered) 5.5 7.5 0.3 8.2 7.0 
Copper m ~ / 1  (filtered) 3.8 3.8 4.0 3.8 3.8 

Tomperuturs ( C ) 04.3 34.1 04.3 14.5 24.0 

Dlrsolved 0, (mg/ l )  6.65 0.01 (1.63 6.83 0.58 
Survivnl t h o  (hours) 13.5 13.8 12.6 24.0 59.5 
% control 0 -7 +78 +2AR 

.- 

Ch~mher-Sorirq R 

H,S mncontrntlon (mu/]) 0 ,0004 ,0007 .0022 ,0087 
Mdnthion (m&/l )  ,076 ,076 ,075 ,076 .076 
Tomper~ture ( C )  24.0 34.0 24.1 23,H 23.0 
Dissolved 0, (mg/ l )  7.79 8.05 8.05 7.87 8.02 
S I I ~ V ~ V R ~  time (hours) 70.5 94.0 78 ,8  70.6 73.5 

7 T o t ~ l  n h l i u i t y  in Sorica A 212 m ~ / 1  und in Serles B 210 ms/l; pI1 in Sorlas A 7.5 ~ n d  In Scrlcs B 7.6. 

ItESISTANCE TO COPPER AND MALATIIION 

After fish finish& swimming tests, they 
wero returned to the treatment tanku and al- 
lowed to remain for 18 days bclore being ~ u b -  
jected to tests with copper or malathion. Fish 
of [.he "A" series were used in copper tests. 
While efforts were made to maintain the same 
copper treatment with 1111 fish tcsled, the con- 

0 SERIES A 

A SERIES E 

centration of total, copper in unfiltered ~ m -  
ples varied from 5.59.2 mg/I (Table 4). Cop- 
per in filtered samples was 3.8 mg/l from all 
chambern except the one containing fish 
trea~ed at .MI15 rng/lIIzS whcre concentrulion 
wus 4 0  mg/l. Survival time varied from 13.5 
hours in controls and lowat H2S group to 52.5 
hours in highest 11-S group (+ 288% of con- 
trol survival time). 

The "B" series fish were tosted with mala- 
thion ttl u cmcr:r~lrntion of .075 mg/l. Con- 
trols and IiHh exposod to the highest con- 
centration survived for 72.5 hours. Fish 
conditioned at the lowest IIzS treatment 
(.oooa q / 1 )  had a ~ignificantly longer fiur- 
vivul time than controls or lhose receiving the 
highcst concentration (94.0 hours) (Taldu 4 ) .  

DISCUSSION 

'I?w gross effects of long-term cxposure to 
T1,S were reduced growth hi  he highest con- 
centratio11 and prngrcssively increased gill 
irrigation rate with increased cor1c:i:ntrations 
of H2S. This increase in irriga~ion rnto nug- 
gesls decreased cfficiancy in the oxygen up- 
take or transport. In the lower sp(:(:d swim- 
ming strew tesls given the eerie3 "A" fish, 

at low I c v ~ l s  of IIsS for ex~endcd pcriods (126148 p a r e d  to irlcrcaae enduranct:; but nt t1-(;81- 
r i a y e )  at low spccd (A)  and high speed (13). Rc- 
fiietnnrc rxpres~ed BY rninlltcs to ewimming iailure, merit levels of .0015 4 higher, fish 
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llad ~)~.ogrussivdy less endurance. Fish trented 
nt tllr highest level (.014#6 rng/l) were much 
more casily stunned by electrical shock ul the 
timr of failure than thoue trcated at lower 
lcvel5. In the high speed tests all fish showed 
rnuc11 less resistarlce to the swimming streus, 
],ut diffcrcrices among treatments and controls 
~~e l 'c .  less marked than in low sl)deed tests at 
con~l~nrnble treatment levels. 

Ha&tance to copper was increased by ex- 
posurr to H2S but resistance to malnthion was 
no1 uffected except in the lowest concentrn- 
tio11- Since copper affects oxygen uptake by 
Kills and HzS-oxygen relationships in the 
blood. ihc increased irrigation rato induced by 
expowre to higher levels of H2S may account 
for rhe higher tolerance to copper by  treated 
fish. At the cellular lcvel, H2S combines with 
metnllic elements (Goodman and Gillmnn, 
1955). Whether this reaction influenced re- 
sist~llC0 to cnppcr in the present experiments 
was ;lot ddetcrmined. Ilnpublished data by the 
~lutlv,rs on the fathead minnow (Pirnephdes 
prorrw'kls) @how that long-term exposure to  
H2S incrcaees tolerance to H2S in %-hour 
acutv tests. 

k'lwm the data developed in this study, it is 
nppurcrit that slow specd swimming tests 
will ~eveal  advrme effects of long-term ex- 
pnswe to H2S on l~lnegills bctter than h e  
other gross indicators of change3 commonly 
used. It is also appnrent that exlcrided expo- 

sure to Has levels of .0015 mg/l and groalor 
reduces the physical capability of ihe fish. 
The ecological effect of this reduction will be 
duterrniried by ohe r  environmental stress fac- 
tors which affect the lish. 
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