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Si lver  is one of the most tox ic ,  but least studied of 
the heavy metals in aquatic ecosystems. S i lver  has not been 
considered to be present in the environment in su f f i c i en t  
concentrations to produce any adverse effects on aquatic l i f e .  
However, only recently has the development of analyt ical  
techniques reached a point where low levels of s i l v e r  can be 
detected. The presence of low levels of s i l ve r  may not be 
noticeably tox ic  to adults of a given species, but a chronic 
exposure could eventually af fect  some other stage of the l i f e  
cycle. For example, s i l ve r  n i t ra te  concentrations varying 
from I0 to I00 ug Ag/l have inh ib i ted ,  or caused abnormalties 
in ,  the development of eggs of Paracentroutus (WILBER 1969). 
The adults did not appear to be affected by th is  exposure 
level .  

S i lver  t o x i c i t y  to aquatic l i f e  has been based en t i re l y  
on acute studies. S i lver  n i t ra te  has been shown to be tox ic  
to sticklebacks in sof t  water at concentrations around 4 ug 
Ag/l (JONES 1947). The major i ty of salmon f ry  were k i l l ed  
in 48 hours in tap water containing 40 ug/l of s i l ve r  n i t ra te  
(JONES 1939). JONES (1964) reported that sticklebanck survived 
only 1 day at I00 ug Ag/ l ,  4 days at I0 ug Ag/l and 7 days at 
4 ug Ag/ l .  

In reviewing the l i t e ra tu re ,  only one reference has 
been found that dealt with the acc~q la t ion  of s i l ve r  in f ish 
t issues. In th is  invest igat ion Ag CuJ was found to accumulate 
in large amounts in the kidney and l i ve r  t issue of the gold- 
f ish (HIBIYTA and OGURI 1963). This suggests that  a re la t ion-  
ship may ex i s t  between the uptake and accumulation by these 
organs and excret ion. 

Although s i l ve r  has received l i t t l e  environmental 
in te res t ,  s i l ve r  is a very tox ic  metal, does occur in 
indust r ia l  discharges, and according to BOWEN (1966) must be 
considered in any c lass i f i ca t ion  of highly tox ic  potent ial  
pol lutants.  In addit ion to the d i rec t  t o x i c i t y  of  s i l ve r  
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to f i s h ,  another and possib ly  more serious threat  ex is ts  
through the a b i l i t y  of these organisms to concentrate 
th is  metal (e i t he r  d i r e c t l y  from the water or i n d i r e c t l y  
by pre-bioconcentrat ion mechanisms via the f i sh  food 
chain, e.g. algae).  The e f fec t  of metal accumulation in 
the adul t  may not cause death, but may be deleter ious to 
some other stage of the l i f e  cycle BOWEN (1966). U l t imate ly ,  
considerat ion must be given wi th respect to man's food 
chain. 

The purpose of the present study was to detect and 
evaluate the ef fec ts  of sub-acute exposure to s i l v e r  in 
the largemouth bass and b l u e g i l l .  Evaluation of tox ico-  
log ica l  e f fects  was based on observations or behavioral 
e f fec ts ,  rate of growth, s u r v i v a l ,  and t issue and organ 
a) accumulation of s i l v e r  and b) t rans loca t ion  of copper 
and zinc. Zinc and copper were chosen as t rans loca t ion  
metals because they are essent ia l  metals and possible 
biochemical methods of approach for  evaluat ing the mode 
of t o x i c i t y  might be suggested by studying t h e i r  t rans-  
locat ion .  

Mater ia ls and Methods 

A 6-month s t a t i c  bioassay, u t i l i z i n g  con t ro l led  
a r t i f i c i a l  oxygenation of tes t  so lu t ions in laboratory 
aquaria, was conducted u t i l i z i n g  0.3 + 0. I  con t ro l ,  
0.9 ~ 0 . 2 ,  7 + 2, and 70 + 3 ug s i l v e r  per l i t e r .  For 
the purposes o f  t h i s  presentat ion,  the exposure level  
containing 0.3 ug Ag/l is  re ferred to as a control  
although th is  is not t echn ica l l y  appropr iate.  Renewal 
of tes t  so lu t ions  was employed to avoid a s i g n i f i c a n t  
change in metal concentrat ion of the tes t  media and 
to remove accumulated wastes. Fluorescent ce i l i ng  
f i x t u r e  f i t t e d  wi th cool white tubes gave i l l um ina t i on  
during day l igh t  hours and the temperature was main- 
tained at 23.9 + 0.6 degree C. Compressed a i r  was 
cont inuously suppl ied to maintain an average dissolved 
oxygen concentrat ion of 6.5 + 0.3 mg/l in each aquarium. 

Tap water used fo r  the study was "aged" for  6 
days p r i o r  to use. The aquaria were s ta in less  steel 
tanks (23 x 14 x 8 inches) wi th polyethylene l i ne rs  
which were replaced every 7 days. The aquaria were 
charged with 35 l i t e r s  of experimental water, maintained 
at a depth of  7 inches. 

Stock so lu t ions of s i l v e r  were prepared by d isso lv ing  
an appropriate amount of AgNO R in O.2N n i t r i c  acid. Water 
samples (I00 ml) were taken from each experimental aquarium 
on the f i r s t  and seventh day of  each week. Dai ly samples 
were taken every four th week. Water samples were ac i d i f i ed  
with 0.2 ml of concentrated n i t r i c  acid per I00 ml. Water 
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analysis procedures were conducted as described in the 
1971 edition of Standard Methods and/or the 1969 edition 
of Hach Water and Wastewater Analysis Procedures. The 
results of these analyses indicated the water to be 
moderately hard (180 mg/l) with about 70 per cent of 
the hardness present as calcium carbonate and noncarbo- 
nate forms. Additionally the water had an average pH 
of 7.5 + 0.2, an average alkalinity of 49.3 + 13.7, an 
average-chloride concentration of 193 + 26, a-nd an 
average sulfate concentration of 133 +-17 mg/l. 

The two species util ized were the bluegill 
(Lepomis macrochirus, Rafinesque), and largemouth bass 
~cropterus salmoides, Lacepede). These young-of- 
the-year fish were acclimatized to laboratory conditions 
for 5 months prior to in i t ia t ion of the text exposures. 
At exposure time 0 the bass had an average weight (grams 
of 9.6 + 2.3 and a length Cinches of 9.7 +'0.7; the 
bluegill had an average weight of 2.94 ~0.97 and a 
length of 5.80 + 0.63. In order to prevent infections 
the fish were t~eated with formaline (1:4000) and 
tetracyline hydrochloride (25 mg/l) l and 2 months prior 
to testing. The bass were fed a diet of Oregon Moist 
Fish Pellets (R.V. Moore Co., LaConner, Washington) every 
other day and the bluegill were fed New Age Fish Food 
(J.R. Clark Co., Salt Lake City, Utah) every other day, 
supplemented with chopped beef l iver once a week. 

Each exposure level at i ts respective sacrifice 
time period consisted of a group size of 5 bass and 
5 bluegill. The bass groups were sacrificed at O, 2 
and 4 months while the bluegill groups were sacrificed 
at O, 2, 4 and 6 months. 

Each bass was divided into three samples for metal 
analysis: l) the gi l ls  (gi l l  rakers, arches, and f i la -  
ments); 2) internal organs ( l iver, kidney, spleen and 
digestive system); and 3) the reminder of the total 
body. For the bluegill, the total body was uti l ized as 
a single sample for metal analysis. The tissues were 
dried at llO + degrees C for 24 hours, and then ashed 
in a Trace-Lab Model 600L Low Temperature Asher; the 
internal organs and gi l ls of the bass and the whole 
bluegill were ashed for 48 hours; the body remainder 
of the bass was ashed for 72 hours. All samples were 
reconsitituted with lO ml of O.4N ni t r ic  acid. 
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A methyl isobuty l  ketone ex t rac t ion  method (ANONYMOUS 
1969) was u t i l i z e d  for  a l l  f i sh  and water samples. A to ta l  
volume of I0 ml was used fo r  ex t rac t ion  of the f i sh  samples; 
I00 ml was used fo r  the tap water samples. Metal determi- 
nations for  t i ssue and water samples were performed in a 
Jar re l l -Ash  Atomic Absorption Spectrophotometer Model 82-362 
equipped with scale expansion and recorder. A Hetco burner, 
using a i r  and hydrogen as the energy source, was used for  
the metal determinat ion. The flame condi t ion were optimized 
fo r  maximum s e n s i t i t i v i t y .  

Results and Discussion 

Tox i c i t y  

The 70 ug Ag/l exposure level was tox ic  to the bass 
w i th in  24 hours; the b l u e g i l l  to lerated th is  level fo r  6 
months. The surv iva l  of both species in the 7 and 0.9 ug 
Ag/l leve ls  was comparable to the contro ls  fo r  the complete 
exposure per iod. The bass were more sens i t i ve  to s i l v e r  
than the b l u e g i l l .  

Growth 

Although not s t a t i s t i c a l l y  s i g n i f i c a n t ,  the rate of 
weight gains of both species exposed to s i l v e r  decreased as 
the concentrat ion increased. I t  should be mentioned that  
metal concentrat ions which produce l i t t l e  to no e f fec t  on 
growth may be deleter ious l a t e r  on in l i f e  to other 
phys io log ica l  func t ions ,  such as reproduct ion,  egg v i a b i l i t y  
and f r y  su rv i va l .  BRUNGS (1969) reported s im i l a r  resu l ts  
wi th zinc. 

Behavi or 

The bass that  died from exposure to 70 ug Ag/l showed 
symptoms which suggested that  resp i ra t ion  of the f i sh  was 
af fected;  at death the bass had a widely opened mouth, f u l l y  
expanded f i n s ,  g rea t l y  expanded branchiostegals,  and t h e i r  
opercula were ra ised.  There were some body tremors and 
e r r a t i c  swimming p r i o r  to death, but no other symptoms Of 
possible nervous disturbances were noted. I t  was observed 
that  the g i l l s  appeared to be b r igh te r  red in co lor  than 
those of con t ro ls .  This may have been due to changes in 
the a r t e r i a l  blood brought about by the i nac t i va t i on  of 
cer ta in  resp i ra to ry  enzymes. There was no mucus observed 
on the g i l l s ,  so i t  did not appear that  death was due to 
suf focat ion because of mucus p r e c i p i t a t i o n .  However, g i l l  
damage could not be ruled out as a possible mechanism con- 
t r i b u t i n g  to death. In add i t ion ,  central  nervous system 
involvement could not be el iminated as a possible cause of 
death, because of the tremors and e r ra t i c  swimming behavior; 
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however, these symptoms would be expected during respiratory 
fa i lu re .  

Si lver  Accumulation 

The bass and bluegi l l  accumulated s i lver  in concentrations 
greater than those of the exposure water. The quantity of metal 
accumulated increased as a function of time and concentration 
(Figure 1). 
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Figure 1. Si lver  accumulation in the body remainder 
(A), "pooled" internal organs (B), and g i l l s  (C) of 
largemouth bass. Number of six per group at each 
time period was 5. Standard deviations are depicted 
by vert ical  l ines.  

By four months of exposure to 7 ug Ag/ l ,  body remainder 
and internal organs had an accumulated s i lver  9-to 12-fold 
respectively greater than the controls. At the same level of 
exposure (7 ug A g / l ) ,  s i lver  concentrations in g i l l s  exceeded 
control values by approximately 200-fold.  These accumulations 
of s i l ver  were not s ign i f icant ly  d i f fe rent  from those concen- 
trations attained by 2 months at the same level of exposure 
(7 ug Ag / l ) .  

The bluegi l l  ( total  body) accumulated s i lver  with 
2 months at levels of 4- ,  20-, and 120-fold greater than 
controls at the respective levels of exposure of 0.97 and 
70 ug Ag/ l .  Additional exposure beyond 2 months and up 
to 6 months at each of these levels did not result  in a 
s igni f icant  additional accumulation of s i lver .  In fact ,  
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since the controls (0.3 ug Ag/l) continued to increase 
at 6 months, this demonstrates an approximate 40 per cent 
decline e.g. 2 months at 70 ug Ag/l resulted in 12D-fold 
increase while at 6 months this increase was 73-fold each 
compared to their respective controls, 
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Figure 2. S i l ve r  accumulation in the b l u e g i l l .  
Number per group at each time period was 5. 
Standard deviat ions are depicted by ve r t i ca l  
l ines .  

The present data are consistent with the view that the 
main site of metal intake is the gi l ls and/or orgal membranes, 
whereas silver accumulation is greater in the internal organs 
of the bass. By 2 months of exposure, an equilibrium de- 
veloped between the concentrations of the metals in the 
water and the tissues. The absence of a significant additional 
accumulation with time could be related to the mechanisms 
affecting uptake and elimination, i .e.  an effect produced 
by the in situ metal concentration, Accumulation occurred 
as long as uptake and elimination, i .e, an effect Rroduced 
months; beyond this point i t  is assumed the mechanisms 
affecting elimination may have been stimulated so that 
the uptake rate approximated elimination. 

One mechanism that  may possib ly  explain the 
accumulation of metals to only a cer ta in  level is that  
of active transport. Inhibition of the enzymes contro]]ing 
the carrier system of active transport may result in an 
enhancement of the elemental transport into the cell; the 
resulting equilibrium would prevent or significantly reduce 
additional accumulation. One potential method of exploring 
this relationship would be to investigate interrelationships 
between the exposure metal (silver) and selected metals of 
translocation potential (copper and zinc). 

58 



TABLE 1 

ZINC CONCENTRATION IN BASS AND BLUEGILL EXPOSED 

TO SILVER 

Length of  
Exposure 
(Months) 

4 

0.3 0.9 7 70 

Bass Body Remainder 

1.398 a 1.398 a 1.398 a 
0.428 b 0.428 b 0.428 b 

2.846 a 1.749 a 1.544 a 
1.633 b 1.239 b 1.018 b 

3.022 a 2.584 a 1.639 a 
1.381 b 1.049 b 1.274 b 

B lueg i l l  Total Body 

4.014 a 4.014 a 4.014 a 
3.896 b 3.896 b 3.896 b 

4.284 a 2,232 a 1.228 a 
4.215 b 1.091 b 0.513 b 

4.483 a 3.806 a 1.803 a 
3.257 b 3.113 b 1.496 b 

4.828 a 4.106 a 2.272 a 
3.542 b 2.584 b 1.775 b 

4.014 a 
3.896 b 

0.771 a 
0.469 b 

0.665 a 
0.778 b 

0,622 a 
0,220 b 

a = mean o f  5 

b = standard dev ia t ion  
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In terac t ions  of Metals 

Copper and zinc are chosen because they are two metals 
which pa r t i c ipa te  d i r e c t l y  or i n d i r e c t l y  in many biochemical 
react ions and are essent ia l  metals to the f i sh .  Determination 
of a gross trace metal s h i f t  of e i t he r  copper or zinc would 
suggest that  the exposure metal s i l v e r  had affected an a l t e r -  
at ion in the metabolism invo lv ing  these metals. 

Copper concentrat ion in body remainder, g i l l s  and in te rna l  
organs Df bass and the to ta l  body of the b l ueg i l l  did not 
demonstrate any s t a t i s t i c a l l y  s i g n i f i c a n t  changes on a gross 
concentrat ion basis.  Conceivably, t h i s  ra ther  crude method 
of approach could have masked iso la ted and h igh ly  loca l ized 
major changes in copper concentrat ions.  Such changes may have 
been associated with molecular species w i th in  a spec i f i c  organ, 
t i ssue,  ce l l  type, i n t r a - c e l l u l a r  compartments, e t c . ,  whose 
to ta l  copper quant i t y  was a minor con t r ibu to r  to the body 
t o t a l .  

Zinc concentrat ions depict  an antagonist  re la t i onsh ip  
wi th increasing length of exposure and concentrat ions of  
s i l v e r .  As can be seen in Table I ,  zinc concentrat ions in 
the bass body remainder increased as the age of the f i sh  
increased. The same was also evidenced as the s i l v e r  con- 
cent ra t ion increased, but wi th a marked depression in the 
rate of zinc accumulation. The e f fec t  was a loss of zinc 
as t issue s i l v e r  concentrat ions rose. This z i n c - s i l v e r  
re la t i onsh ip  was not apparent in the g i l l s  or in te rna l  
organs of  the bass as no concentrat ion changes were noted. 

Total body zinc concentrat ions exh ib i ted in b l u e g i l l s  
a more pronounced and in tens ive  pat tern of th is  z i n c - s i l v e r  
i n t e r r e l a t i o n s h i p  (Table 1). A progressive increase in zinc 
concentrat ion occurred throughout the six-month period at 
the lowest s i l v e r  exposure level (0.3 ug/ml). At other s i l v e r  
l eve ls ,  the most extreme depression in zinc concentrat ion was 
seen in the sample co l lected a f te r  2 months' exposure, with a 
return toward more normal zinc leve ls  as time increased. The 
rate of th i s  return a f te r  i n i t i a l  depression in zinc was 
progress ive ly  lower as the level of exposure and t issue 
concentrat ions of s i l v e r  increased. An exception to th i s  
compensation phenomenon was the highest s i l v e r  l e v e l ,  where 
the i n i t i a l  zinc depression was fol lowed by a gradual,  but 
con t inua l ,  f a l l  in  zinc concentrat ions.  

Summary 

Exposure of j uven i le  largemouth bass and b l u e g i l l  to 
s i l v e r  (0.3 to 70 u g / l i t e r )  resul ted in accumulation of  th is  
metal. The quant i t y  of metal accumulated increased as ex- 
posure concentrat ion increased with a subsequent equ i l i b r ium 
developing between the water and t issue concentrat ions.  
Metal accumulations in the bass t issues were h ighest  in the 
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internal organs, followed by the g i l l s  and remainder of the 
body. The greatest increase was exhibited in the g i l l s .  
Zinc concentrations in the bass body remainder and the blue- 
g i l l  total body appeared to vary in an approximately inverse 
relationship to the i n i t i a l  accumulation of s i lver  within the 
tissues. The bass were more sensit ive to s i l ver  than the 
b luegi l l .  Abnormal behavior patterns were observed in both 
species. 
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