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M a r t i n  Lake  is a 5000 a c r e  r e s e r v o i r  l o c a t e d  in  Rusk  mad P a n o l a  
c o u n t i e s  in e a s t  Texas .  F r o m  S e p t e m b e r  1978 to  May 1979, t h i s  l a k e  
was  r e p o r t e d  to  r e c e i v e  aqueous ,  s e l e n i u m - l a d e n  e f f l u e n t  f rom s y s t e m s  
used  to c o l l e c t  f ly ash,  s c r u b b e r  s ludge ,  and b o t t o m  ash (R.W. L O W E R -  
RE, p e r s o n a l  c o m m u n i c a t i o n ) .  The absence  of n o t e w o r t h y  d e t r i m e n t a l  
p h y s i c o - c h e m i c a l  p a r a m e t e r s  and p e s t i c i d e  c o n t a m i n a t i o n  in t h e  l a k e  
w a t e r  was c o n f i r m e d .  Numerous  s t ud i e s  show t h a t  se l en ium is a c c u -  
m u l a t e d  to  tox ic  or l e t h a l  l e v e l s  in t e l e o s t  s p e c i e s  (NIELSEN and 
NIELSEN 1978, S A K U R A Y A M A  1960, ELLIS et  al .  1937~ H A L T E R  et 
al. 19809 C A R D W E L L  e t  al. 1976, A D A M S  1976) and t h a t  h i s t o -  
p a t h o l o g i c a l ,  h e m a t o l o g i c a l ,  and  o t h e r  c h a r a c t e r i s t i c  changes  can r e s u l t  
f rom s e l e n i u m  exposu re  (ELLIS e t  ai. 1937, H A L T E R  et  al. 1980, 
C A R D W E L L  et  al.  1976). In a c o n t i n u e d  e f f o r t  to  m o n i t o r  s e l en ium 
burdens  in c r i t i c a l  t i s sues  of  M a r t i n  L a k e  f i shes  and to e s t a b l i s h  
b i o l o g i c a l  c o r r e l a t e s  to  t h e s e  bu rdens ,  t h i s  s t u d y  was u n d e r t a k e n  
u t i l i z i n g  two  m e m b e r s  of t h e  C e n t r a r c h i d a e  f a m i l y  c o m m o n  to  T e x a s  
l a k e s  and r e s e r v o i r s .  F i sh  of the  s a m e  s p e c i e s  were  c o l l e c t e d  f rom 
r e f e r e n c e  l a k e s  for  c o m p a r i s o n .  

MATERIALS AND METHODS 

On 13 Ju ly  1981, L e p o m i s  c y a n e l l u  s (g reen  sunfish) and  L e p o m i s  
mic ro lophus  ( r edea r  sunfish)  w e r e  t e m p o r a r i l y  s tunned  by  e l e c t r o -  
shock ing  by T e x a s  P a r k s  and W i l d l i f e  p e r s o n n e l .  Four  s i t e s  on M a r t i n  
L a k e  (i.e. S i t e s  A, B, C,  and  D) and one s i te  on a r e f e r e n c e  l ake  8 km 
u p s t r e a m  (i.e. S i te  E) w e r e  u t i l i z e d  for  th is  s t u d y  (Figure  1). The 
a b s e n c e  of g reen  sunf i sh  a t  S i t e  E n e c e s s i t a t e d  use  of  a s e c o n d  
c o l l e c t i o n  s i t e  for  th is  work; t h e s e  f i sh  we re  o b t a i n e d  by hook  and l ine  
f rom a v e r y  sma l l  p r i v a t e  pond in e a s t e r n  H a r r i s o n  C o u n t y  in e a s t  T e x a s  
(i .e.  S i t e  F) .  Live f i sh  were  p l a c e d  as a g roup  in a p o l y e t h y l e n e  bag  
con ta in ing  w a t e r  f rom t h e  c o l l e c t i o n  s i te ;  m e d i c a l  g r a d e  oxygen  was 
r e l e a s e d  in to  the  b a g  d i r e c t l y  over  the  w a t e r  to m a i n t a i n  a d e q u a t e  
d i s so lved  o x y g e n  l eve l s .  Al l  s p e c i m e n s  f r o m  S i t e s  A-E  were  t r a n s p o r t e d  
indoors  i m m e d i a t e l y  and p r o c e s s e d  w i th in  about  25 hours  of  c o l l e c t i o n .  
F i s h  were  a n e s t h e t i z e d  wi th  aqueous  so lu t ions  of  MS-ZZ2. T o t a l  l e n g t h  
(in ram) and we igh t  (in g) w e r e  d e t e r m i n e d  for  c a l c u l a t i o n  of cond i t i on  
f a c t o r s .  F o r  t he  m a j o r i t y  of t h e  f ish,  t he  cauda l  p e d u n c l e  was s e v e r e d  
and f rom one to f ive  h e p a r i n i z e d  c a p i l l a r y  t ubes  of b lood were  c o l l e c t e d  
for  b lood s m e a r s  and h e m a t o c r i t  d e t e r m i n a t i o n .  Blood s m e a r s  w e r e  
p r e p a r e d ,  a i r  d r i ed ,  f i xed  in  m e t h a n o l ,  and  s t a i n e d  w i th  G i e m s i a  s t a i n  
fo r  l e u k o c y t e  d i f f e r e n t i a l  counts .  The  o t h e r  c a p i l l a r y  t ubes  we re  spun 3 
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min in a microhematocr i t  centrifuge for hematocr i t  determinations.  
The liver (a portion or the entire organ) and occasional skeletal  muscle 
samples were placed individually in labeled, cleaned, preweighed poly- 
ethylene vials for neutron act ivat ion analysis using previously repor ted  
methods (SORENSEN 1976). 

The hepatopancreas  (i.e. liver and associated, disseminated exo- 
crine pancreas), mesonephros (i.e. teleost kidnay), skeletal  muscle, 
heart ,  s tomach,  gonads, gill arches, and spleen for most fish were 
placed in 10% neutral  buffered formalin. These tissues were embedded 
in paraff in  and stained with hematoxylin and eosin using standard 
procedures for optical microscopy. 

RESULTS AND DISCUSSION 

Linear regression of selenium concentrat ion in skeletal muscle on 
selenium concentra t ion in the hepatopancreas  for redear  sunfish from 
Sites D and E showed that  a highly significant correlation exists 
between selenium concentrat ions in the two tissues (Figure Z). Levels 
of selenium in muscle ranged from 50 to 70% of those in the 
hepatopancreas.  If selenium levels in the hepatopancreas are known, 
skeletal muscle levels can be computed from the equation Y = 0.835x - 
1.375, where x is the selenium concentrat ion of the hepatopancreas.  
Conversely, if selenium levels in the skeletal muscle are known, 
hepatopancreas values can be computed from the equation Y = 0.996x + 
Z.ZS1, where x represents  the selenium level in skeletal muscle. 

These data were consistent with those previously observed for 
teleost tissues. Visceral organs of adult fa thead minnows (Pimephales 
promelas) accumula ted  from 1.5 to Z.5 ppm selenium compared to from 
0.19 to 0.45 ppm for skeletal muscle following a 96 day exposure to 
aqueous solutions containing 10 or 50 ppb selenium, respect ively (A- 
DAMS 1976). Rainbow trout accumulated 19.3 (+ Z.4, S.E.M.) ppm in 
the viscera and 1.0 (_+ 0.1, S.E.M.) ppm in skeletal muscle when exposed 
96 day to 0.31 ppm selenium in the water (ADAMS 1976). Similar 
results were observed in studies involving livestock. Pigs consuming 
sodium selenite for 3 to 9 weeks in daily rations of grain accumulated 
from 0 to Z ppm selenium in leg muscle compared to from 3 to 10 ppm 
in the liver (MILLER and SCHOENING 1938). Hereford steers fed 
sodium selenite for up to 30 weeks accumulated 7.5 (+ 0.9, S.E.M.) ppm 
in the liver and 0.4 (+ 0.1, S.E.M.) ppm in muscle, compared to 1.15 (+ 
0.01, S.E.M.) ppm in liver and 0.09 (+ 0.01, S.E.M.) ppm in muscle of  
control  steers (MAAG et al. 1960). Horses given single acute injections 
of sodium selenite accumulated about 6.5 ppm in the liver compared to 
about 0.4 ppm in skeletal muscle of the leg (MILLER and WILLIAMS 
1940). Ewes t rea ted  from 3Z to 93 days at 37.5 mg selenium (as 
selenate)/kg accumulated 14.6Z (+ Z.36, S.E.M.) ppm in the liver 
compared to 0.6Z (+ 0.14, S.E.M.) ppm in skeletal muscle; those t rea ted  
for similar periods to 50 mg selenium/kg accumulated Z4.08 (+ 1.11, 
S.E.M.) ppm in liver and 0.98 (+ 0.ZZ, S.E.M.) ppm in skeletal muscle 
tissue (GLENN et al. 1964). Sheep fed from 63Z to 19ZZ mg selenium as 
selenite accumulated an average of Z3.83 (+ 7.45, S.E.M.) ppm in the 
liver and 0.86 (_+ 0.06, S.E.M.) ppm in muscle prior to succumbing to 
selenium exposure (ROSENFELD and BEATH 1945). Above reports  
provide substantial support for the redear sunfish hepatopmacreas and 
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Fig .  1. Map of  M a r t i n  Lake  in eas t  Texas .  C o l l e c t i o n  s i t e s  ( l e t t e r s )  and  
c u r r e n t  f low (arrows) a r e  i n d i c a t e d .  Sca le :  600 f e e t .  
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skele ta l  muscle  da ta  observed here,  al though a large number of these 
published studies deal with acute ,  r a the r  than chronic,  exposure levels.  
I t  is in teres t ing  to note  that  all redear  sunfish muscle  samples  from Site 
D (a recognized selenium discharge site) in Mart in  Lake were well 
above the Z ppm levels  (set by the Nat ional  Hea l th  and Medical 
Resea r ch  Council) for  seafoods to be consumed by humans (BEB- 
BINGTON et al. 1977). 

Selenium hepa topancreas  levels,  condi t ion- fac tors ,  h e m a t o c r i t  
values, and percen t  hepa topanc reas -we igh t - to -body-we igh t  da ta  were  
compared  for  redear  and green sunfish col lec ted  f rom various s i tes  
within Mart in  Lake and from the r e f e r e n c e  lakes (Table I). Regardless  
of species,  s ignif icant ly  more  selenium was accumula ted  in sunfish 
col lec ted  f rom Mart in  Lake than ei ther  of the  r e f e r ence  areas ut i l ized 
in this study. With minor exceptions~ however~ redear  sunfish f rom 
Mart in  Lake do not vary s ignif icant ly  f rom redears  f rom the r e f e r e n c e  
lake with respec t  to condi t ion-fac tors ,  hematocr i ts~ and percen t  hepa-  
topanc reas -we igh t - to -body  weight (Table 1). Only redears  a t  Si te  D had 
s ignif icant ly  lower (p < 0.01) hema toc r i t s  than the r e fe rence  fish. 
Mart in  Lake green sunfTsh a t  Sites B and C, on the  other  hand, had 
s ignif icant ly  higher (p < 0.05) condi t ion- fac tors  than re fe rence  fish. In 
addition, green sunfish f rom Mart in  Lake had reduced hema toc r i t s  and 
percen t  hepa topancreas -weigh ts - to -body-weigh ts .  Green sunfish, the r -  
efore ,  appeared  to be edematous  f rom both condi t ion-fac tor  da ta  and 
organ da ta  (i.e. pe r cen t age  hepa topancreas -weigh t - to -body-weigh t ) .  
Edema and/or asci tes  has been previously r epor t ed  for a number  of 
studies involving selenium exposure of various te leos t  species (ELLIS et 
al. 1937, HALTER et al. 1980, NIIMI and LAHAM 1975), as well as 
l abora to ry  animals  (FRANKE 19347 HALVERSON et al. 1966) and 
l ivestock (SMITH et  al. 1937, ROSENFELD and BEATH 1947). Redea r  
sunfish exposed to selenium did not show a similar edematous  condition. 

His topathological  examinat ion  of hematoxyl in-and-eos in-s ta ined ,  
pa ra f f in -embedded  tissues from L_._~. microlophus showed a number  of 
in teres t ing  fea tures .  Hyper lobulat ion of the hepa topancreas  probably 
r ep resen ted  a deve lopmenta l  d i f ference  unique for this par t icular  
population of sunfish. Exocrine pancreas  was observed to occupy a 
g r ea t ed  pe rcen t age  of the hepa topanereas  than normal  for the species ,  
although considerable var ia t ion exis ted from sec t ion  to section;  m o r e -  
over,  pa ras i t es  were common in the hepa topancreas  and in other organs 
examined.  Another  notable  change was hypoxic vacuolat ion in proxi-  
mi ty  to centra l  veins (Figure 3b); this condition was absent in r e fe rence  
redear  sunfish (Figure 3a). Hypoxie vacuolat ion could represen t  se le -  
nium-induced,  increased capi l lary  pe rmeab i l i t y  restflting in reduced 
blood volume and hypoxia- induced vacuolar  degenera t ion  in those  
pa renchymal  cells which are last  to rece ive  oxygen supplies in the 
organ. ELLIS et  al. (1937) r epor ted  both degenera t ion  of l iver cells 
around cent ra l  veins and parenchymal  cell disruption in Ic ta lurus  
puncta tus  given single 3 mg/kg  doses of sodium se leni te  in t raper i -  
toneally.  

Pro l i fe ra t ive  glomerulonephr i t i s  in the mesonephros was observed 
as previously repor ted  (SORENSEN et  al. 1982); in this condition 
marked  mesangial  cell prol i fera t ion  and increased mat r ix  product ion 
resul ted  in marked  cel lular i ty  of the glomerulous compared  to tha t  of 
r e f e rence  redear  sunfish. Mesangial cell prol i fera t ion  following expo- 
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Fig. 3. a) Re fe rence  redear  sunfish liver showing two normal  cent ra l  
veins~ 170X. b) Mart in  Lake redear  sunfish l iver showing 
hypoxic vacuola t ion of the cent ra l  vein~ 170X. c) Re fe rence  
ovary  with normal  matur ing  foll icles (circular profiles)~ 34X. d) 
Mart in  Lake ovary  with abnormal  numbers of degenera t ing  
follicles~ 34X. Hematoxyl in  and eosin stain.  
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sure of ver tebrates  to various chemicals is believed to result  in 
permeabil i ty changes within the renal corpuscle--possibly leading to the 
loss of blood (uremia} and/or amino acids (aminoaciduria) to the urine. 

All ovaries of four female redear  sunfish from Martin Lake 
showed marked increases in the numbers of a t re t ic  follicles {i.e. 
maturing follicles which degenerate  in situ). The necrot ic  process was 
advanced in some follicles; the zona radiata  appeared markedly indi r 
stinct, yolk vacuole coalescence and leakage from the zona radia ta  
occurred, and the numbers of fat vacuoles appeared to be increased in 
some instm~ces (Figure 3d) compared to the ovaries of reference  redear  
sunfish (Figure 3c). Testicular abnormalities were not observed, nor 
were pronounced changes noted for the heart ,  gill, s tomach,  or spleen 
of Martin Lake redear sunfish. Gonadal tissue from over thirty-si:~ 
redear and green sunfish was examined. 

Green sunfish from Martin Lake, likewise~ showed no pronounced 
abnormalit ies in the testes,  s tomach,  and spleen. Changes in the 
hepatopancreas~ mesonephros, and ovaries were similar ior both redear  
and green sunfish. Striking changes occurred,  however, in myocardium 
and gill lamellae (i.e. the actual site of gaseous exchange). Lamellae 
of reference  green sunfish appeared somewhat  "spiny" and vacuoles 
were rarely  observed; gill lamellae of Martin Lake green sunfish, 
however, were markedly vacuolated and three to six times thicker than 
those of reference fish (Fig. 4a, b). These changes were similar to 
those obser~,ed in green sunfish from another se lenium--contaminated 
lake (data unpublished). Such lamellar changes might ref lec t  an 
adaptation towards reduced ion or water  influx into the gill vesculature 
and/or an edematous reaction.  

The ventricle of the heart  of reference green sunfish collected 
from east  Texas -~as similar to tha t  of other vertebrates;  a pericardiat  
sac lined by a thin serous membrane was present and few cells were 
located within the pericardial sac (Fig. 4c). Martin Lake green sunfish, 
however, exhibited a condition noted in another selenium-contaminated 
lake, tha t  is, myocardit is  and epicarditis in which marked increases in 
the numbers of inf lammatory  cells were observed between myocardial  
cells and within the pericardial space, respect ively (Fig. 4d). These 
changes may have occurred through a number of possible mechanisms~ 
for example a) a direct or indirect action of selenium exposure akin to 
cobalt  cardiomyopathy in humans resulting from consumption of beer 
containing cobalt sulfate added as a foam stabilizer (BRAUNWALD 
1980, MCKINNEY 1974) or b) a direct action of selenium on the 
mesonephros (i.e. glomerulonephritis) leading to uremia which results 
in myocardit is  and epicarditis.  
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Fig. 4. a) Reference  green sunfish gill fi laments with normal lamellae 
(arrows). b) Martin Lake green sunfish gill f i laments showing 
proliferat ion of lamellar cells, c) Apex of the heart  of a 
reference  green sunfish with a normal pericardia/  sac. d) 
Pericardia1 sac filled with in f lammatory  cells from a green 
sunfish col lected from Martirl Lak% Hematoxylin and eosin~ 
IOOX, 
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