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The b a c k g r o u n d  l e v e l s  of  l ead  in the e n v i r o n m e n t ,  as  
e v i d e n c e d  by s n o w  s a m p l e s  from G r e e n l a n d ,  have been  i n c r e a s i n g  
at  an e x p o n e n t i a l  ra te  (BRYCE-SMITH, 1971).  A b a s e  l eve l  of 
20 ~ g / t o n  w as  o b s e r v e d  up to 1750.  By 1860 it  was  50 ~ g / t o n ;  in 
1940,  80 # g / t o n ;  in 1950,  120 # g / t o n  and by 1965 the c o n c e n t r a -  
t ion  was  210 # g / t o n .  In the p a s t  30 y e a r s  the i n c r e a s i n g  u se  of  
lead  has cu lmina t ed  in an e n v i r o n m e n t a l  l e v e l  far  above  t h a t  w h i c h  
would  no rma l ly  e x i s t ,  w i th  p o s s i b l e  harmful e f f e c t s  on hea l th  
(PATTERSON, 1965 and PATTERSON, et  a l . ,  1966).  The major  
s o u r c e s  of  lead  c o n t a m i n a t i o n  are l e aded  g a s o l i n e s  and p e s t i c i d e s ,  
m a n u f a c t u r i n g ,  c o m b u s t i o n  of c o a l ,  i n c i n e r a t i o n  of  r e f u s e ,  l e aded  
p a i n t s ,  and e a r t h e n w a r e  po t t e ry  tha t  has  b e e n  improper ly  g l a z e d .  

Te t rae thy l  l ead  and t e t r ame thy l  lead  are added  to g a s o l i n e s  
to i n c r e a s e  the i r  o c t a n e  r a t i n g s .  The n a t i o n a l  a v e r a g e  is 2.40 
grams of  TEL/ga l lon  or 1.54 grams of lead  per  g a l l o n .  The amount  
of  lead  d i s c h a r g e d  to the a t m o s p h e r e  in e x h a u s t  g a s e s  v a r i e s  from 
25% to 75% d e p e n d i n g  upon dr iv ing  c o n d i t i o n s  (HALL, 1972 and 
MILLS, 1971).  As a c o n s e q u e n c e  the a t m o s p h e r i c  c o n c e n t r a t i o n s  
nea r  h i g h w a y s  are  an e x p o n e n t i a l  func t ion  of d i s t a n c e  from the 
r o a d w a y  (DAINES, et  a l . ,  1970).  The l ead  l eve l  nea r  the h i g h w a y  
is r e l a t i v e l y  h igh ,  but drops  off  r ap i d ly  dur ing the f i r s t  150 fee t  
from the h i g h w a y .  The c o n c e n t r a t i o n  is r educed  50% wi th in  the 
f i r s t  10 to 30 fee t  from the  h i g h w a y .  

Soi l s  and p lan t s  a long  h e a v i l y  t r a v e l e d  h i g h w a y s  s h o w  tha t  
l ead  c o n c e n t r a t i o n s  i n c r e a s e  wi th  t r a f f i c  vo lume  and d e c r e a s e  
wi th  d i s t a n c e  from the h i g h w a y  (MOTTO, et  a l . ,  1970).  Much  of  
the l ead  was  a r emovab le  su r f ace  c o n t a m i n a n t  on the p lan t s  and 
the i n c r e a s e  in the so i l  was  l imi ted  to the su r f ace  ma te r i a l .  

The W e s t  Ga l l a t i n  River in s o u t h w e s t e r n  Mon tana  f lows  
a d j a c e n t  to U . S .  Highway  191 for for ty  m i l e s .  As a c o n s e q u e n c e ,  
the  au tomob i l e  t ra f f ic  wi l l  i n c r e a s e  the lead  c o n c e n t r a t i o n  in th is  
r eg ion .  In th is  paper  we repor t  the lead  c o n c e n t r a t i o n s  found in 
na t ive  t rout  t a k e n  from the  r iver  and compare  them to s imi l a r ly  
o b t a i n e d  v a l u e s  for f i sh  from the  Federa l  Fish  H a t c h e r y  in Bozeman,  
Montana  and from Ye l lows tone  N a t i o n a l  Park.  
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M e t h o d  of  A n a l y s i s  

The f i s h  a n a l y z e d  in t h i s  s t u d y  w e r e  c a u g h t  w i t h  hook  and 
l i n e .  F igure  1 i l l u s t r a t e s  a map of the  W e s t  G a l l a t i n  River .  Four 
s a m p l e  c o l l e c t i o n  s i t e s  a r e  w i t h i n  G a l l a t i n  C a n y o n ,  a n o t h e r  w a s  
in  Y e l l o w s t o n e  Park n e a r  the  mouth of  Fan C r e e k .  F i s h  s a m p l e s  
were  a l s o  c o l l e c t e d  from the F e d e r a l  F i s h  H a t c h e r y  in Br idger  
C a n y o n  n o r t h e a s t  of  B o z e m a n .  W a t e r  s a m p l e s  we re  t a k e n  a t  the  
s ame  t ime  a s  the  f i s h .  

~ o  h I ~ , F e d e r a l  F i s h  Ha tc  e ry  
~ Im OBozeman, Montana 

1] , . W e s t  G a l l a t i n  River  

s . . . .  U . S .  H i g h w a y  191 

,/,s 
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O W e s t  Y e l l o w s t o n e ,  M o n t a n a  

F igu re  1: F i s h  S a m p l i n g  Area  of  W e s t  G a l l a t i n  River  

The f i s h  w e r e  f r o z e n  s h o r t l y  a f t e r  c o l l e c t i o n  and  s t o r e d  for  a 
s h o r t  p e r i o d  p r i o r  to a n a l y s i s .  The f i r s t  s e g m e n t  of the  a n a l y s i s  
i n v o l v e d  t h a w i n g  of the  f i s h ,  d i s s e c t i o n  and  s u b s e q u e n t  f r e e z e  
d r y i n g  of  the  t i s s u e  in  a The rmovac  l y o p h i l i z e r .  G i l l  t i s s u e ,  p o r -  
t i o n s  of  the  b a c k b o n e  and  the  l i v e r  w e r e  u t i l i z e d .  Af te r  f r e e z e  
d r y i n g  the  s a m p l e s  we re  w e t  d i g e s t e d  in a m i x t u r e  of  n i t r i c  and  
p e r c h l o r i c  a c i d .  The l e a d  c o n c e n t r a t i o n  in  the  r e s u l t i n g  s o l u t i o n  
w a s  d e t e r m i n e d  u s i n g  f l a m e l e s s  a t o m i c  a b s o r p t i o n  s p e c t r o p h o -  
t o m e t r y .  A more d e t a i l e d  d i s c u s s i o n  of the  a n a l y t i c a l  m e t h o d  has  
b e e n  p r e s e n t e d  (PAGENKOPF, e t  a l . ,  1972) .  The r e l a t i v e  s t a n d a r d  
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d e v i a t i o n s  for the f i sh  s a m p l e s  are la rge  and r e f l e c t  v a r i a t i o n  from 
f i sh  to f i sh  and not  the p r e c i s i o n  of  the  a n a l y t i c a l  method .  Large 
s t a n d a r d  d e v i a t i o n s  a l s o  have  been  o b s e r v e d  in o ther  r e l a t ed  
s t ud i e s  (SMITH, et  a l . ,  1970,  THOMAS, et  a l . ,  1967,  HEUTER, 
et a l . ,  1966).  

Results and Discussion 

The w a t e r  a n a l y s e s  are l i s t e d  in TABLE I. See Figure 1 for 
the pa r t i cu l a r  l o c a t i o n .  

TABLE I 

Lead C o n c e n t r a t i o n s  in River and H a t c h e r y  W a t e r  

Loca t ion  Pb n g / m l  

W e s t  G a l l a t i n  River 
1. Nor th  of Ga l l a t i n  G a t e w a y  2.93 
2.  North of C a s c a d e  Creek  2.56 
3. South of C a s c a d e  Creek  2.94 
4. North of Greek Creek  2.65 
5. South of Greek  Creek  2.96 
6. Porcupine  Creek  2.81 
7. Fan Creek  2.65 

Federa l  Fish  H a t c h e r y  1.41 

The lead  c o n c e n t r a t i o n s  in the W e s t  Ga l l a t i n  River are in the 
low range  of v a l u e s  found in o ther  r ivers  in the U . S .  The n a t i o n a l  
a v e r a g e  for l ead  in major  r ivers  is 23 n g / m l  wi th  a low va lue  of 
2 n g / m l  (KOPP, et  a l . ,  1970).  The a v e r a g e  for the W e s t  Ga l l a t i n  
River is 2.81 n g / m l .  This is far  b e l o w  the v a l u e  of  25 g g / m l  
w h i c h  is requ i red  to re tard  brook t rou t  growth (DOREMAN, 1969).  

A t o t a l  of  t h i r t y - s i x  f i sh  were  c o l l e c t e d  at  f ive l o c a t i o n s  
a long  the W e s t  G a l l a t i n  River and Federa l  Fish H a t c h e r y  at  
Bozeman ,  M o n t a n a .  The f i sh  i n c l u d e d  27 Rainbow Trout (Salmo 
ga i rdne r i ) ,  4 Cu t th roa t  Trout (Salmo c l a rk i ) ,  3 Brown Trout (Salmo 
t ru t t~  and 2 W h i t e f i s h  ( C o r e g o n u s  w i l l i a m s o n i ) .  The f i sh  ranged  
in l eng th  from 6 to 18 i n c h e s .  Of the t h i r t y - s i x  s a m p l e s ,  four 
were  from the Federa l  Fish H a t c h e r y ,  t w e n t y - s e v e n  from the c a n -  
yon  of  the W e s t  Ga l l a t in  River and f ive from the h e a d w a t e r s  of  the 
W e s t  G a l l a t i n  River ly ing  in Ye l lows tone  N a t i o n a l  Park.  U . S .  
H ighway  191 c l o s e l y  p a r a l l e l s  the r iver  in the c a n y o n  s e c t i o n .  
Fish  s a m p l e s  were  t aken  at  s i t e s  3,  4,  5, 6 and 7 as  shown  in 
Figure 1. 

Growth ra te  s t u d i e s  of  t rout  in the W e s t  Ga l l a t i n  River c o n -  
d u c t e d  by the Mon tana  Sta te  F ish  and Game Depa r tmen t  i n d i c a t e  
tha t  the a v e r a g e  l eng th  of a one  y e a r  old f i sh  is 5.2 i n c h e s ;  a two 
y e a r  old is 7.7 i n c h e s ;  a th ree  y e a r  old is 9.4 i n c h e s  and a four 
y e a r  old is  12.0 i n c h e s  (VINCENT, 1972).  Us ing  t h e s e  g u i d e l i n e s  
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the  f i sh  from the c a n y o n  have  been  s e p a r a t e d  in to  age  g r o u p s .  
TABLE II l i s t s  the  age  groups  and  the  l ead  c o n c e n t r a t i o n s .  

TABLE II 
, a 

Correlation of Fish Age and Lead Concentratlon 

Mean C o n c .  Pb 
(ppm Dry Wt .  Basis  • S . D . )  

Age # o f  F ish  Bone Gill  .Liver 

1-2 6 2.91 • 1.54 1.25 + .59 4.18 • 3.65 

2 -3  6 4.00 •  2.04 �9 .61 1.37 • .57  

3 -4  8 3.97 • 1.26 2.44 • 1.18 1.57 • .36 

4+ 6 4.81 ~- 1.27 3.18 • 2.26 1.35 • 1.16 

aF i sh  from the c a n y o n  a rea  of  the W e s t  G a l l a t i n  River 

There is  a gene ra l  t rend in the bone  da t a  i n d i c a t i n g  tha t  the 
o lde r  f i sh  have  h igher  l ead  l e v e l s .  H o w e v e r ,  the s i g n i f i c a n c e  of  
the d i f f e r ence  in the means  is  not  high due to the r e l a t i v e l y  la rge  
s t a n d a r d  d e v i a t i o n .  Compar i son  of  the means  for the bones  by 
the  "nul l  h y p o t h e s i s "  r e su l t s  in on ly  one g rouping  be ing  s i g n i f i -  
c a n t l y  d i f f e ren t  a t  the 95% l e v e l .  This is for the c o m p a r i s o n  of  the  
two ex t reme  age  g r o u p i n g s .  

The f i sh  have  been  g e o g r a p h i c a l l y  d iv ided  in to  three  g r o u p s ,  
t h o s e  t a k e n  in Ye l l ows tone  N a t i o n a l  Park ,  t h o s e  t aken  in the  c a n -  
yon  of  the W e s t  Ga l l a t in  River and t h o s e  from the Federa l  Fish  
H a t c h e r y .  TABLE III  l i s t s  the o b s e r v e d  l ead  c o n c e n t r a t i o n s .  

TABLE III 

Mean C o n c .  Pb 
T i s s u e  Type Loca t ion  No.  of F i s h a ( p p m D r y  Wt .  Basis  + S .D. )  

Bone C a n y o n  24 3.86 ~- 1.64 
Park 5 2.73 • 0.41 
H a t c h e r y  4 0.95 ~- 1.00 

Liver  C a n y o n  15 i. 56 • 0. 71 
Park 5 1.93 + 0.62 
H a t c h e r y  4 0. 61 • 0. 62 

Gil l  C a n y o n  16 2.43 • 1.21 
Park 5 2.12 • 0. 55 
H a t c h e r y  4 0. 62 • 0. 33 

aThe age  of  t h e s e  f i sh  was  two y e a r s  or  g r e a t e r .  

73 



C o m p a r i s o n  of  the means  for the s a m p l e s  from the  c a n y o n  
and the park wi th  t h o s e  from the h a t c h e r y  i n d i c a t e  tha t  there  is a 
s i g n i f i c a n t  d i f f e r e n c e  at the 95% c o n f i d e n c e  l e v e l .  C o m p a r i s o n s  
of the means  for the c a n y o n  wi th  t h o s e  of  the  park i n d i c a t e  t ha t  
there  is  no s i g n i f i c a n t  d i f f e r e n c e  be tween  the g i l l  and l ive r  t i s s u e .  
H o w e v e r ,  there  is a d i f f e r ence  for the bone s a m p l e s  a t  the 88% 
c o n f i d e n c e  l e v e l .  

The major  con t r ibu to r  to the d i f f e r ence  b e t w e e n  the r iver  
s a m p l e s  and the h a t c h e r y  s a m p l e s  is p robab ly  due to the lead 
c o n c e n t r a t i o n s  in the w a t e r .  The wa te r  from the h a t c h e r y  has  a 
l ead  c o n c e n t r a t i o n  one ha l f  tha t  of the r iver .  F r e shwa te r  f i sh  
a d s o r b  w a t e r  th rough  the g i l l s .  The b lood of f r e s h w a t e r  f i sh  is  
t o n i c a l l y  s t ronge r  than  the f resh  w a t e r  and the re fo re  f r e sh  w a t e r  
p a s s e s  through the s e m i p e r m e a b l e  membranes  of  the g i l l s  and in to  
the b l o o d s t r e a m  (CURTIS, 1949).  

The park f i sh  were  t aken  in an a rea  r emoved  from U . S .  H i g h -  
w a y  191 w h e r e a s  the c a n y o n  f i sh  were  t aken  where  the h i g h w a y  and 
the r iver  were  a d j a c e n t .  As a c o n s e q u e n c e ,  the c a n y o n  f i sh  shou ld  
be s u b j e c t  to h igher  lead  l e v e l s ,  p r e s u m a b l y  th rough  the food 
c h a i n ,  than  the f i sh  in the park .  The a v e r a g e  t ra f f ic  load on U . S .  
Highway  191 is  1178 v e h i c l e s / d a y  wi th  peak  loads  of  g rea t e r  than 
2500 v e h i c l e s / d a y  dur ing the  summer  months  (REISER, 1972).  This 
is not  a large  t r a f f i c  load and thus  one would  p red ic t  a smal l  if  
any  e n h a n c e m e n t  of the l ead  c o n c e n t r a t i o n  in the f i sh .  A n a l y s i s  
of the da ta  in TABLE III i n d i c a t e s  tha t  there  is no e n h a n c e m e n t  for 
the gi l l  and l ive r  t i s s u e  and p o s s i b l y  a s l igh t  i n c r e a s e  in the bone .  

The l ead  c o n c e n t r a t i o n s  o b s e r v e d  for t h e s e  f i sh  are s imi la r  
to t h o s e  o b s e r v e d  for o ther  f i sh :  s a l m o n ,  1.3 # g / g ;  tuna 1.2 /~g/g; 
o y s t e r ,  4. 3 /~g/g; s a r d i n e ,  1.3 /~g/g and c r a b m e a t ,  0. 85 /~g/g 
(MERANGER, et  a l . ,  1968).  

References 

BRYCE-SMITH, P . :  Chem.  Brit. --7, 56 (1971) .  
CURTIS, B.:  The Life Story of the F i sh ,  His Manners  and M o r a l s , "  

New York: Dover  1949.  
DAINES, R . N . ,  H. MOTTO AND D. M. CHILKO: Environ.  Sc i .  

T e c h n o l .  4 ,  318 (1970) .  
DORFMAN, D. and W.  R. WHITWORTH: J. F i sh .Res .  Bd. C a n .  26,  

2493 (1969) .  
HALL, S. K.: Envi ron .  Sc i .  Techno l .  6 ,  30 (1972) .  
HEUTER, F. G . ,  G. L. COUTER, K. A. BUSCH and R. G.  HINNERS: 

Arch.  Envi ron .  Hea l th  12 ,  553 (1966) .  
KOPP, J. R. and R. C.  KRONER: "Trace Meta l s  in W a t e r s  of the  

Uni ted  S ta tes  ," Federa l  W a t e r  Pol lu t ion  Cont ro l  A s s o c i a t i o n ,  
D i v i s i o n  of Pol lu t ion  S u r v e i l l a n c e ,  C i n c i n a t t i ,  Ohio (1970) .  

MERANGER, J. C .  and  E. SOMERS: Bull Environ.  Con tam.  Tox ico l .  
3, 360 (1968). 

MILLS, A. L. :  Chem.  Brit. 7 ,  160 (1971).  

74 



MOTTO, H. L., R. H. DAINES, D. M. CHILKO and C. K. MOTTO: 
Environ. Sci.  Technol .  4_ 231 (1970).  

PAGENKOPF, G. K. ,  D. R. NEUMAN and R. WOODRIFF: Anal. 
Chem. 4__!4, 2248 (1972).  

PATTERSON, C. C . :  Arch. Environ. Heal th ,  l l ,  344 (1965).  
PATTERSON, C. C. and T. D. SALVIA: Sci .  Ci t iz .  10, 66 (1966).  
REISER, E . ,  Montana State Highway Depar tment ,  Bozeman, 

Montana,  Private Communicat ion,  1972. 
SMITH, R. G . ,  I.  SZAINAR and L. HECKER: Environ. Sci .  Technol .  

4 ,  333 (1970).  
THOMAS, H. V. and B. K. MILMORE: Arch. Environ. Heal th  15, 

695 (1967). 
VINCENT, E. R . ,  Project  Biologis t ,  Montana State Fish and Game,  

Bozeman, Montana ,  Private Communicat ion,  1972. 

75 


