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Thr  l e v e l s  o t  n o l + c y c l i r  a roxza t i c  i , y d r - r a r h o n s  ( P A f i )  i n  l o b s t e r s  ~ n c r ~ n s r d  I " l u n 1 1 ~  ?-PO s t o r a g e  i n  a  t l d a l  
pound c o n s t r u c t e d  from , r e o s o t e d  l t ~ m h r r .  F o r  example ,  t h e  r o n r e n t  r a t  i n n s  of  p y r c n e  awl S e n z o ( a ) p y r e n r  i n  
h c p a t o p n n c r e a s  of  f r ~ s h l v  l a n d e d  l o h s t r r s  # e r e  5Q and 6 n g / r  (we t  w t )  r r s p e c t i v r l y  an< r n c r ~ - l s F d  to i i S 0  an8 
117 ng/? f o l l o w i n p  7 - ~ o  s t o r a g e  i n  w i n t r r  n13ii rn  13 550 and 5 4 5  n f / p  (wet  wc) r e s p e c t i  $fly f o l i o w i n p  3-mo 
s t o r a p e  I n  s1:mnlrr. Thi- i e v e l s  o f  t l i r s e  rwo J'Ali  i n  t ,* l l  ;nus( l e  were 0.4 t o  1 . 7 h f  t i E e  1 e ~ e l  i I n  
h e p a t n p a i ~ c r r a s .  T r a n s f e r  o f  t h e  I o h s t ~ r q  to  a  r r r o s n t e - f r e r  r i d a i  pound re511i t r d  i n  d e c r e a s e s  m p y r e n e  and 
h rnzn(a )pyr i "nr  l e v e l s  'n he1>a topancreas  o f  50 and 4OY r e s p e c t i v e l y  o v e r  5 IA l t i  m n t e r .  Over 2 bk i n  siirrmer, - 
p y r e n e  l e v r l  r i c c r c a s r ~ i  hy 80% and c h a n g e  i n  henzo(a jn . r rene  r,rnp,erl from -60 Lo 1357.  - 
Cry  words:  Lo i - s t i~ r ,  c r c o s o c e ,  n o l y c y c i  rc a r o m a t l c  h y i i r o c a r b o n s ,  u p c a k r ,  r x r r e t l n n ,  ti d a ?  n o u d  - --- 

U t h e ,  i. F . ,  T i .  i:. 'lrl,ce*se, C;. K. Si r o t a ,  a ~ d  I,. C.  I h i r r ~ d g e .  1984.  $ r c n m u l a t i o n  of p o i y c y c l  l c  aror- ia t~c 
l i v d r o r a r h o n s  hv l o ' 7 s t e r s  ( i iomarus a rner lcanus)  l ivid i n  a  t i d a l  pou?d. r a n .  T e r b .  P e n .  F i c i i .  I q u a t .  XI .  -- - 
1059: i i i  I- iO p.  

L e s  c o n c e n t r a t i o n s  d ' h y d r o r a r h n r e s  a r o m a t i q i ~ e s  i ~ ? l y r y c l i q u e s  (iiA13) dal is  d e s  hnmnrds o n t  a u p e n t a  au c o u r s  
d\nn s t o c k a p e  d'onnc d.ir5r d e  t r o i s  mois d a n s  tin clncp n t e  e n  i n i s  c r 8 o s n t 8 .  P a r  cxernple,  i c s  c o n c e n t r a t i o n s  d r  
p y r b n c  r t  d e  b r n r o < a j p y r S n e  d a n s  1 1 h c ' p a t o p a n c r 6 n s  dSr ,omards  : r a i c h e m e n t  d6barqtiCs G t a i p n t  d e  59 n g / g  e t  6 n g / g  
( m a s s e  i u t i n i 4c . )  r e s p e r r i v e m e n t  r t  a i igmenta ien t  d 4150 n g / g  e t  47 n g f p  apre 's  un s t o c k a p e  r? 'une ricri3e d e  r r o i s  
a io i s  e n  R i v e r ,  et R 23  550 n g / ~  et 545 n ~ / i ?  ( n a s s c  hivnide) r v s p e c t i v e m e n t  a p r 6 s  iin s t o c k a g e  d ' u n e  41iri;e d e  
t r o i s  noL< r n  6 t S .  1.rs c o n c e n t r a t i o n s  d e  c e s  deitx tihi' d a n s  ? c  r m ~ s c l e  d e  I n  qrlrite ~ o r r r s p o n t i a i ~ l i t  2 0 , 4  p 1  
100 e t  1,7 p ,  i Q O  d r s  r o n c e n t r a t i o c l i  da1.s l ' h 6 p a t o p a n c r i . a ~ .  AprGs t r n n s f e r t  d ~ s  hornarcis d a n s  une e n c e i n t e  
rxe lnp te  rlr " r h o s o t r ,  It,\ c o n c n n t r a t ~ o n s  d r  pyrBne e t  d e  b e n r o ( n )  pvrPne  d a n s  I ' h h ~ a t - o p a n c r P a q  911t d ~ m i n u P  de 
50  p.  100 r t  40 p .  100 r e s p r e t l v e n e i i t  s t i r  iini. p 6 r i o d c  rle c i n q  s r m a i n e s  en h ~  a m .  Silr tine p g r i o d r  de deux  
sei?fnine.; PI? 6 t 6 ,  I n  c o n r e n t r a r i o n  tlr oyrPne  n  diminti6 d e  80 p ,  100, t a n d i s  oile l a  r o n c e n t r a t i o n  d e  
b e n z o ( a ) p y r Z n e  a v a r i 6  -hop. 100 2 +15 p .  100. 





P o i y c y c l i c  a r o m a t i c  l i y d r o c a r b o n s  (PAtl)  a r e  
cornpnui\iis w i t h  t h r e e  o r  inore Eused a r o m a t i c  r i n g s .  
A complex  n ~ i x t u r e  of  k"&i i s  p r e s e n t  i n  f o s s i l  f u e l s  
a n d  a l s o  is formed d w r i n g  c o m b u s t i o n  o f  c a r b o n a c e o u s  
f u e l s ;  t h e  amount  Formed i n c r e a s e s  a?; t h e  combustion 
e f f i c i e n c y  d e c r e a s e s  ( a a i i o n a l  Academy of  S c i e n c e s  
i 9 7 2 ) ,  Concer t i  o v e r  human e x p o s u r e  t o  PirH d a t e s  back  
t o  t i le  ::ightec:ntii c e n t u r y  wi~eri P o t t  j i 7 7 5 )  a s s o c i a -  
t e d  a n  i n c r e a s e d  c a n c e r  i n c i d e n c e  w i t h  cltimnc?y 
c l e a n i n g  and s o o t  i i a n d i i n g .  Volkman (1875)  a l s o  
f o u n d  an a s s o c i a t i o n  be tween  t i le  i n c i d e n c e  of  c a n c e r  
oitd work LII c o a l  t a r  p l a n t s .  

C o a l  t a r ,  prodirccd by tire d e i ; t r u c t ~ v e  distil- 
1 a t i o n  of  b i t u m l l ~ o u s  c o a l  , is  redistilled Lo y i e l d  a  
riumber Jf fractions, i n c l t i d l n g  c r e o s o t e ,  wh ich  is 
u s e d  111 com31iiatlon t i i t t i  n a p t h a l e - i c  and m-ll t a r  t o  
p r e 5 i i i r e - t r e a i  wood f o r  p r e s e r j a t r o i i .  I n  i1.e mdrizie 
env i ro i l rwi t i  , i r r o s ~ t r  Ir b e l ~ e v e d  to bc t i le  b e s t  
L r e a t n e n t  a v a i l a b l e  f o r  p r e v e n t i n g  o r  d e l a y r n g  wood 
roi arid wood-borer  ' i t t a c k  ( P a g e  1 9 7 7 ) .  C r e o s o t e  must  
ro i i t ; . i n  more ci,dn 98% a r o m a t i c  componen t s  t o  be  
e i T e c t i . ~ e  a s  a  wood p r r 5 e r v a t i v e  1x3 t h e  m a r i n e  
e n v r r o n m o n t  (Baec1 , l e r  and Rot i t  1961).  Both c r e o s o t e  
a n d  c o a l  t a r  c o n t a L n  P&i a t  i i lgh l e v e l s  ( C o l l e y  
1 9 7 4 ) .  

PAti c o n t a m i n a t i o ~ i  of  m a r i n e  s h e l  Lf i s h  l i v i n g  
n e a r  m a r i n a s ,  h a r b o r s ,  o r  a r e a s  of  o i l  s p i l l s  i ias  
b e e n  known f o r  many y e a r s  (Cahnmann and Kura t sume  
1957 ;  Andelinan and S u e s s  1970).  Dun11 and S t t c h  
( 1 9 7 5 )  fount i  e l e v a t e d  1evel .s  o f  b e n z o ( 2 ) p y r e n e  ( B a P )  
i n  m u s s e l s  ( M y t i l u s  e d u l i s )  t a k e n  Frarn c r e o s o t e d  - - - - -- 
p i l i i n g s .  BaP i s  a  c a r c i i i o g e i i i c  PAH ( N a t i o n a l  
Academy , ) f  S c i e n c e s  1 9 7 2 ) .  Z i t k o  ( 1 9 7 5 )  showed t h a t  
m u s s e i s  ( X y t i l u s  - . .. e d u i i s j ,  -. p e r i w i n k l e s  ( L i t t o r i n a  
l i t t o r e a )  aid v a r i o u s  s p e c i e s  of  whe lks  liad t i s s u e  
- -- - 
Pk<Z c o m p o s i t i o n s  : : losety  r e s e m b l i n g  t h a t  of 
c r e o s o t e .  S i r o t a  and l j t l ie  (1981) skiowed t i le  
s i r i ; i l a r L t y  of PAH p a t t e r 1 1 s  i n  c r e o s o t e  and l o b s t e r  
(Hornarus a m e r i c a n i ~ s )  .- ~- d i g e s t i v e  g l a n d .  

Durrri aiid F e e  ( 1 9 7 9 )  r e p o r t e d  t h a t  l o b s t e r s  h e l d  
f o r  a p p r o x i m a t e l y  3  no i n  a  c o m m e r c i a l  i n b s t e r  
s t o r a g e  t i d a l  2ound 11ad h i g h  PAH l e v e l s  i n  t h e  
l iepaio! i ; i i icreas  and t a i l  milsc1.e. TVii l e v e l s  i n  
i l epa topaz l i . r eas  were  7-11 t i m e s  h i g h e r  t h a n  i n  t a i l  
m u s c l e ,  Tht?y a1 so  f o u r ~ d  UaP i n  s ; imples  of  o t t l e r  
i n v e r t e b r , a t - e s  s u c h  as c l a m s ,  c o c k l e s ,  m u s s e l s ,  
o y s t e r s  and c r a b s ,  a t  l e v e l s  b e t w e e n  1 aiid 1 0  n g / g .  
L e v c i s  of BaP g r e a t e r  tiiail 1-10 ng!g a r e  of  c o n c e r n  
t o  i?cbiltii  o f f i c i a l s  s i n c e  t i le  u s u a l  Level  of SaP i i l  

most f o o d s ~ t t f i s  is l e s s  tiIan 1 n g / g  {Roward ct a l .  
1968; Lo and S a n d i  1 9 7 8 ) .  

Tlrr p u r p o s e  of t h i s  s t u d y  was t o  f o l l o w  c h a n g e s  
i i ?  l e v e l s  of  PAH i n  l o b s t e r s  h e l d  u n d e r  t y p i c a l  
sumnier aird w i n t e r  s t o r a g e  c o n d i t i o n s  i n  t h e  same 
c o m m e r c i a l  t i d a l  pounc! sainpled p r e v i o u s l y  by Dunn 
a n d  Fee ( 1 9 7 9 ) .  I n  p a r t ,  t h e  o b j e c t i v e  was t o  
d e t e r m i n e  i f  c o n d i t  i n n s  w i t h i n  t h e  pound c o n t r i b u t e d  
t o  t h e  a c c u m u l a t i o n  of  PAil w i t h i n  t h e  l o b s t e r s .  I n  
a d d i t i o n ,  t h e  a b i l i t y  o: l o b s t e r s  t o  e l i m i n a t e  
accurnulat-t?d PA11 was a s s e s s e d  by t r a n s f e r r i n g  them t o  
a n o t h e r  h o l i n g  f a c i l i t y  where  t h e r e  was no 
c r e o s o t e .  F r e s h l y  caiigiit  l o b s t e r s  f rom f o u r  s i t e s  
i n  Nova S c n t i a  were  s n ~ n p l e d  t o  p r o v i d e  a n  e s t i m a t e  
o f  background  PA13 l e v e l s  i n  c o a s t a l  s t o c k s  of  
l o b s t e r s .  

E l e v e n  n o n - a l k y l a t e d  iJAti were  w e a s u r e d :  
p l ) t ~ ~ l a n t l r r e n e ,  f i i l o r d n c l l e n c ~ ,  p y r e o r ,  t r i p n e n y l e r i e ,  
b c i i z ( a ) a n t i i r a c e n r ,  c l : r y w n c ,  bcinzo(e)pyrer:e, -- 

bei lznTb)f  iuo r , i i i t i i ene ,  berlz<>(&) f l u o r , i n t l z e i ~ e ,  
bc i r z o j a j p y r e n c ,  - and benzo(&>&)perylene.  i n  t i l t  

s t tamer  exxperlmellt ,  i n d e n o ( 1  , 2 , 3 - G ) n y r r n e  
( -pheny lene  p y r e n e )  l e v e l s  a l s o  w e r e  de temtnn t?d .  

PAR w s r e  d r t e rn r i i ec i  by. trie inetiwd of D m n  and 
Anhiour  ( 1 9 8 0 ) ,  w ~ i i !  slight m o d i f ~ c a t i o n s .  A l l  
s t r lven t - .  bsed were hPLC g r a d e ,  T i s s a  homogenaces  
wc i e  p r e p a r e d  a i d  f r o ~ e n  r n  s o l v e n t - w a s n e d  g l a s s  
j a r s .  Following KOH saponification, t h e  r e s i d u a l  
l r p i d s  2nd 1bU1 were  extracted n t h  r s n - o c t a n e ,  t he i -  
r r i r i s i e r r e d  t o  t o l u e i  e f o r  i o i u m q  c h r t x r ~ ~ t o g r a p h y  o n  
3 0  g  of  i/, Lr2("eeact t v a t e d  I. L o r ~ s x l .  PAF! rere 
e l $ l t e d  wrt i i  200  mL O F  ~ o l i i e n c ,  t r a n s f e r r e d  t o  5 mi, 
o f  d r m e t i i y l  b u l f o x l d e  (r)!lSO), and e x t r a c t e d  I n t o  
 so-octane trom 66% a q i l r o u i  DMSO, washed m t n  w a t e r  
and  t h e n  final Ly p r e p a r e d  : o r  HPLC i n  1 0 0  ,uL DYSO. 
tii 'l,G was c a r r i e d  o u t  oi l  a t y d a r  201 TI" r e v e r s e  p h a s e  
co lumn ( 1 0  ,ti, 3.2 ms i d ,  2 5  ~n t), using a  l i n e a r  
g r a d i e n t  (70 -W% a c e t o n i t r l l e / w a t e r  j v j v j  o v e r  2 0  
m i .  I n s t r u n ~ c . n t a t i o n  i n c l u d e d  two Y a i e r s  ?1-6000 A 
pumps, a  h a t e r s  MliP Yodel 71073 s a m p l e  p roce . ; so r ,  
and  Model 7 2 0  s y s t e m  c o i l t r o l l e r .  Colum~t t e m p e r a t u r e  
was  c o n t r o l l e d  a t  2 5 . 0 ° C  by a n  L C - 2 2  co lumn 
t r o p e r a t u r e  c o n t r o l l e r  ( B r o a n a l y t ~ c a l  S y s t e m s  I n r  .). 
S c i ~ o e f f e  l v a r i a b l e  wave leng  ti! d e t e c t o r s ,  Mode l s  
51 779  { G V )  and tS977') ( f l u o r e s c e n c e )  w e r e  used  r n  
s t x r i e s  and w i t h  s e p a r a t e  c h a r t  r e c o r d e r s .  
Wave leng t i i s  ~ s e d  were a s  f o l l o w s :  rjV = 265  and  2 5 4  
nis, f l u o r e s c e ? c e  PX = 2280 nm, em = >389 n u .  Sorrh 
i , r c e r n a l  and e x t e r i l a l  s t a r i d a r d r z a t i o n s  w e r e  used  and 
p e a k s  were  ~ d e n t i f i e d  by retention t irnes, 
c o - c h r o m a t o g r a p h y  of  r e t e r e i l c e  compounds a n d ,  -if 
net  e s s a r y ,  by r e s p o n s e  r a t r o s  betvree.1 in; and 
f l u o r e s c e n c e  d e t e c t o r s .  3. a  few c a s e s  w h e r e  t h e  
f l u o r a n t h e n e  a ~ d  p y r e n e  peaks  o v e r l a p p e a ,  p y r e n e  was 
q ~ i ~ ~ n t - i f l e d  by W .  

Kecover  re5 of PAH added  To t l s sw p r i o r  t o  
s a p o n i f  r c a t  zoil r anged  from 83% ? o r  herrzo(k)-  
f1i1oraot : r t .n~ t9 109% f o r  f l u o r a n t h e n e .  A n a l y t i c a l  
v a r i a n c e  ( r e l , i i r v r  s t a n d a r d  d e v l a c r o i ~ )  a v e r q e d  
7 . 5 % ,  r a n g i n g  from 1 .8% f o r  b e n z s { e ) p y r e n e  t o  13.6A 
f o r  b e n z ( a ) a i ~ t h r a c e n e .  'I e q u a l e d  3 f o r  e a c h  P M .  

Trn  l o b s t e r s  were  sampled  fro10 t h e  sarse corn- 
m c i c l a l  c l d a l  potlnd 11 C h a r l o t t e  Go., he* G r u i ~ s w l c k ,  
a f L e r  a p p r o x i i i i a t e i y  I-, 2-, and 3-mo s t o r a g e  i n  
w r i l t e r  (mld hoveaber-mrd r e b r u a r y )  m a  a f t e r  aboi i r  
I-, 2-,  3 ,  arid 3.5-mo s L u r a g e  i n  su.iimr (mid 
J u n e - e a r l y  S e p t e m b e r ) .  A t  t h e  t l m e s  o f  t h e  l a s t  
s d s p l i n g s ,  60 l o b s t e r s  * e r e  t r a n s f e r r d  t o  a  
c r e o s o t e - f r e e  h o l d l n g  f a c i l ~ t y  i n  S h e l b u r n e  Co., 
No-la S c o t i a .  Sample.: of  10  l o b s t e r s  w e r e  t a k e n  1, 
3 ,  and 5 wk a f t e r  t r a n s f e r  111 w i n t e r ,  a ~ d  a t  18 h 
and  a t  4 ,  8 ,  a d  13 d  aELer  t r a n s f e r  i n  s u m r  t o  
f o l l o w  e x c r e i l o n  o r  d e p u r l r i - m n  of  t h e  PW.. L e n g t h .  
~ i c , ~ g h t ,  and s e x  of e a c h  l o b s t e r  were  r e c o r d e d .  Tne 
\ l e p a t n r > a n c r e a s  and t a l l .  m u s c l e  were  r emoved ,  
w e i g h e d ,  and s t o r e d  t r o z e i i  I,I so ivcn t -washed  g l a s s  
j a r s ,  e a c h  ; a r  havrng  a n  a i u n ~ n u m  f o i l  116 l i n e r .  



-2- 
For r::i;ii y s l s  , erjual weights  of iic>mogci~ized 
iiepaiop;*:icreias from each of Cive ai i imais were 
coinbineti to y i e l d  two pi;oied sciinples frci.1 tile 10 
a n i m a l s .  SimLlarl .y,  cvo samples  of t a i l  mirscle were 
prr:pare:i. Animal-to-animal var  i a t t i an  was de te rmined  
by a n a l y z i i i g  sn:!ipLes of i iepatopaiicrei is  and  ail 
musc le  froin each  of i O  o t h e r  i o b s t e r s  t a k e n  on t h e  
l a s t  day ( i f  l e p u r a t i o i i  i n  t h e  sumnc?r e x p e r i m e n t .  

Foi  &he 1 0  r r i c ~ ~ ~ d u a i  l o b s t e r s ,  the  
c : i e f i r c ? c * r ~ t s  of var .? i ror i  j r e l a r i v e  irdrhlarri 
d e \ r r n t i o n s )  f a r  tilt P A i i  ~ a r ~ g e d  trom 48-8635 t o r  
h e p a t c p a n c r e a s  a r d  :roifi 21-70% f o r  t a l l  musr l e  
( T a b l e  I), arid t h e  r r i f f l l c i e n t  f o r  i ? a ~ / ~  PMiii wab 
g r e a t e r  t o r  iiepaCopaai r e a s  clilin f o r  LiiL iniiscle, 
The l a r g e  v a r l a t , o n  avoii& a n i m a l s  irmy b i  r e l a t e d  to  
d i f f e r e n c e s  rn t n r  aiz'iinals p r i o r  LO c a p t u r e ,  t o  
r ~ ~ , > o s i i r e  c n n n i t i i ' i ~ s  wii lr in tile t i d a l  poilnri, and t o  
ioetab,il ,c i i l f  f e r e i i c e s  ataoi~g tiie a n ~ m a l s .  

Tiie 10 a n ~ m a l s  rauged I n  * P L & " ~  froin 429-1054 
2, iiie ioea? de1gb.t he:ira 577  + 184 g (mean i- SD), 
L i n e a r  r e p r e s s i o n  a n a l y s r s  d l d  nu t  r e v e a l  a- 
s l g n i t i c a n t  (p = 0.65) c o r r e l a t r o n  betvreen che 
c o n c r n t r , i t i o r l  of V.411 1i1 t i s s u e  and t h e  t o t a l  welght  
iif t h e  a n i m a l .  

?I\e I'M l e v e l s  iiepatopnnc r e a s  averaged  35 
i lices irighel- t l ~ a ~ i  those  LP  t a l i  muc( l e  ( T a b l e  2). 
T n r s  t s  because tlir i i epa to?ancreas ,  a d i g e s t i v e  
o ~ q a n ,  &,as . 1ii~l1i.r f sk  Level than t a r  1 ni , sc le  
( S t e w a r t  e t  a l .  i 9 7 2 )  and nay c n n t a l n  gut c o n t e n t s  
j v a : ~  !lee? 19793.  Obv:ou*ly, phenanthrene  is, 
d ~ s t r i b u t e a  d r r i c r e i l ~ l y  betwee11 t a l l  and hepato-  
p n ~ l i r r a s  > r n ~ i  ~ t s  me;irB r a t i o  of 7 .7  (Table  2 )  is 
?owel titali tric rre<iil r i t l o s  f o r  tlre o t h e r  11 Pkii 
w.i i ich ra i ge  froin 2 9 - 5 2 ,  Tkrenaniiirenii wa5 tlic o n l y  
t r i c y c l r c  P A 1  nit i s L r r i i  and t h e  low v a l u e 6  f o r  tile 
r a t i o  nay be r~iat ,>Ci t i )  2 t *  r e l a t ~ v e L y  bl&L w a t e r  
s o l u b i l i t y  ( V r r i  1979). r;naL:y, ~t a p p e a r s  t h a t  
I ~ P E c + ~ ~ ~ F "  ~rrirbs: 111tl.31 d i t f e r e i ~ c e s  I 3 tile r a t i o s  
heiwfdz~:i  a n l a a l s  . 

Tiie coiii'entra;ioil:; of PiUl i n  h e p a t r i p a i ~ c r e a s  iiiul 
iii t a i  1 inuscle i i icreased diiriilg s l o r a g e ,  nori .  PAH 
accumrilat i i ig wizr i l  tile loi :s ters  were a r  h i g h e r  
(suinrner; tiiail a t  lower ( k i n t e r )  tei i lpcrat i i res  ( T a b l e  
3 ,  4 ) .  F3r example,  tile summer to  w i i ~ t e i -  r a t i o s  of 
t h e  i3M! l e v e l s  a f t e r  3-1110 s t o r a g e  raiiged Erorn 2: !  LO 

?9: 1 f o r  hepatopancre: is  and from l r i t o  3'3: 1 f o r  
t a i l  muscle ( T a b l e  5 ) .  

P4 i i  i c g e l s  i n  t a i l  .auscie tendrd  Lo I n c r e a s e  
For so ,nc3  t ime a f t e r   lie anlrnd3.s e r e  ,iw;.ved to c l e a n  
w a t e r  (Tl ih i r  3, 4 1 ,  pr i  sumably becaiise e x c r e t i o n  was 
~ n i t ~ a t ~ d  -id pAii *as t r - inspor ied  by blood froin 
h e p a i o p a n r r e a s  to  t a i L  i n w c l e  and oLi1er t i s s u e s .  
' iowever,  l ~ o l d i n g  ilie ai ir~. iais  In  c l e a n  w a t e r  f o r  
l o n g e r  p r ~ o d s  r e s d l t e d  rn lowering the  PAH l e v e l s .  
1,osses d u r i n g  5 wh 11: w ~ r i t e r  ranged r r a n  31-77% 
(mean 51%)  i n  i i e y a t o p a n ~ r e a s  and froin 0-81% (mean 
44X) 111 t a l i  m u s r l r .  In  s u n a e r ,  t h e  r e s u l t s  f o r  
e x c r e t r o n  were variable, By 13  d ,  t i i e r t  were Losses 
f o r  m l j  4 of ti,e I 2  PAH 1 x 1  hepatopancre,as j i . e .  
g a l n s  t > r  3 " A I )  and I o b i e s  f o r  o a l y  3 PAR l n  t d f l  
r-usclc .. hhen t r a i l s t e r r e d  to  c l e a n  w a t e r ,  l o b s t e r s  
had h i g r ~ e r  l e v e l s  of PRIi i n  summer illan L I  w l i l t e r ,  

ailii tile e x c r e t i o n  per iod  [ o r  t h e  snir.mer l o b s t e r s  wab 
na.i<:il s i lo r i r i ,  Froin a t o t a l  of 60 lobs tex-s 
t r ; r r r s f e r r c d ,  50 iiaii b e c i ~  s.imi?pied by 13 d .  
M o r ; a l r t y ,  1 1 1  p a r t  i aussd  oy cd i inaba l r i r , ,  dxd no: 
l r  ive enougI~ l o b s i e r i  Z O C  a  l a t e r  ~ ~ x i i ? i l n g .  
G i i ~ n ~ b a l ~ a r n  iliiring t l ie  suimter e x c r r t l n n  per iod  was 
a  Eacror t h a t  ct8uld a l t e r  t h e  a G p r e a t  e x c r e t r o n ,  
as',urning t h t t  PAL1 cou ld  be a c c u m ~ l a t e d  from fciod. 

i t  was shown that  PAii from c r e o s o t e  c a n  
a c c u m u l a t e  r a p i d l y  in l i epa topancreas  of l o b s t e r s  
( i lcLecse a i d  :4er.::al i e  1979) .  Lol i s te rs  were not  
s;i:r,pled u n l - i i  i rno a l t e r  they were pinced i n  t h e  
r i i i a :  p o ~ ~ n i i ,  ?'heri:forr, i r  is i m p o s s i b l e  t o  know 
wii\- t h e ? ,  o r  how i;iui-'i, t h e  c:iinditlo:ls w i t h i n  t h e  
t  i d a l  ;7nii:?d coi:tr ibir; +id to  the c o n c e n t r a t  tons  of 
PAii ilieasurfd :hen. The 1ne;rii i'Aii l e v e l  a f t e r  1-m 
sL ' ) rage  % s  h i g h e r  i n  w i ~ i t t i r  t h a n  I n  summer i n  17 of 
22 compar i sons ,  T h i s  could  iiidlcai-i. t h a t  t h e  w i n t e r  
s i i ) c k  of I n h s t e r s  was inore i i r a v i l y  c o n t a a i n a t e d  
i n  t i  y I n  s u p p o r t  of i h l s  suggss t io iz ,  t h e r e  
were d e c r e a s e s  In  tl,e l e v e l  of 7 of 11 PA11 i n  
h e p a t o p a n c r e a s  and iiii 8 of 11 Ptm in t a i l  muscle 
bc iuee i i  tiir 1- and 2-no p e r i o d s  i n  w i o t e r ,  i n  
c r l i l t r a s t ,  between 1- and 2-am s t o r a g e  i n  srmmer 
t h e r e  were i n c r e a s e s  i n  2 3  of 2 4  PWa. Between 2- 
and 3-mo s t o r a g e  t h e r e  were Lncreasf's f o r  each PAH 
f o r  each t i s s u e  iirld s e a s o n ,  i i ~ d i c a t i r g  c o i l t r i b u t i o n  
o f  PMi from sediineiit o r  w a t e r  i n  tilt: t i d a l  pound. 

[he  r a l ~ o i  of t i i f  c o n c e n t r d t z o t i s  of a  PAh t o  
tiio.ic of ai iot t ier  Pir i i ,  f o r  e v a n p l e  p y r . r n e / f l u o r d r r  
iirr n e ,  can  be dsed to  shqw .nilether t h e r e  a r e  ci ianges 
r i  t h e  up take  o r  e x c i - t l o n  nt o r e  ?Akt r e e l a t ~ v e  t a  
t i l e  n t r i e r .  Aiso ,  t i i t  r ~ i t r o s  can  sliow d i e t h e r  up take  
o f  PMi 1s p r o p o r t l a n a i  ti, L L *  c o n c e n t r a t w n  i n  t h e  
e n \  I ranment .  

R a t i o s  of the c o i i c e n i r a t i o n  of s o a e  ?Ui 
( pvrenc ,  b e i ~ z j a  jantiaraceil;., arld oenzo:a)pyrrne) - t o  
tr:, c o n c e n t r a t ~ o r i  of r i u o r a  i t i i r i ie  r e r e  c a i c u l n t a i  
l o t  i e g a t a p a i i c r r d s  and L d i l  l iusc le  d a i a  (Table  3 ,  4 )  
anit f o r  s e d ~ m e r i t  (Tdhle  7 ) .  Tile mean r a t i o s  a r e  
sz*riwrlzet l  i i T a b l e  8 .  

T h r e e  o u t i i  P r s  +!ere e l l r n i r i a t d  from t h e  
c a l c u l a t i o n  of Liic r,r;ln r x i i o s  f o r  b e i i ~ o ( a ) ~ - y r e n e f  - 
f i r ~ o r a i i i h e n t .  f o r  i repaioparicreas i n  s u m w r  d a t a  (I- 
anti 2-mo d a t a )  and from iiie c o r r e s p o n d i n g  d a t a  f o r  
r a i l  ~ a u s c l e  ('Table 4 ) .  The o ; r t l i e r s  ?*+ere more t h a n  
t i i r e e  t imes  ilie ntaraiard devil3 t i o n  for  tire mean 
r;ii.io, w i t i t  ;I ~laxiiniim of two c a l c u l a t i o n s  of t h e  
mean r a t i o .  E l i m i n a t i o n  o f  t h e s e  v a l u e s  charged  t h e  
metin raLio  from 0-05 to 0.06 f o r  h e p a r o p a n c r e a s  a d  
f r . m  O.Oh t o  0.07 f o r  t a i l  musc ie .  

T h e r e  were ni: t r e n d s  ld i i i i  t ime f o r  any of t h e  
Pki! r a t i o s  f o r  i - i cpa topa i~cr ras  o r  t a i l  muscle ( T a b l e  
3 ,  4 ) .  Tirerefor',  i i e  c o n c e i ~ t r a t i o n s  of pyrei-ie, 
be i iz (a )an thrace i lc ,  -. a i d  benzo(a)pyre i le  - w i t h i n  t h e  
i o l ) s  t e r  t i s s u e s  r en inMt i l cd  t h e  same p r o p o r i i o n d  
rc.1 a t i o i l s h i p s  w i t h  t h e  c o n c e n t r a t i o n  of f l u o r a n t i i e n e  
tlil-oughout the uptake  and e x c r e t i o n  phases  of t h e  
t e s t s .  

The rne,~n r a t i o s  For p ? ; r ~ i l e / f : u n r a i ~ t h e n e  ( 4 . : )  
atici ;or  benz(ajanclirlicene/i-iuoranthene - (3 .1)  fox  
h6-i iatopancreas 11: wr,?ter  a r c  g r e a t e r  t h a n  t h e  mean 
r r i i i o s  fo r  s e d i m e n t ,  ! ,I and 1 .1, res.pect  i v e l y  
(7;ihle 8 1, Presuml-3 Ly i n  %,-inter ,  accumuia t  i o n  of 
t iii.se two i'iii! i n  h e p t o p a n c r e a s  was e z I i a n c d  r e l a i  Lvc 
t o  tile n c e u m u l a ~ i o n  of fLiioranthene.  With t h e s e  
e x i . e p t i o n s ,  tiie g e n e r a l  s i m i l a r i t y  of t h e  r a t i o s  f o r  
Phil c o n c e n t - r a t i o n s  i t 1  L o b s t e r  tissues ard  i n  
seiiirnent- i n d i c a t e s  uiit.ike <i f  t h e s e  f o u r  P.M was 



p r o p o r i  i .onal ro t h e i r  c o i l c e n t r a t  ioris i t ,  t i le 
s e d i i c e n i  . 

The L e v e l s  of PAii were low t o r  : o h s t e r s  
c a p t u r e d  a t  f o u r  + ~ i e %  around  t o v ?  S c o c r a  ( T a b l e  6 )  
arid, a s  expectcad,  t h e  l ~ v e l s  123 t a l l  muscita o f t e n  
w e r e  immeasurab le  and lower  tlian in n e p a t o p a n c r e a s .  
Compared w i t h  d a t a  f,jr hew Harbour L o b s t e r s ,  t h e  PAH 
l e v e l 5  rii lobs t i - r - ,  ' i r t e r  3-mo s t o r a g e  in tlie t i d a l  
pouild werc 2-60 t i m e 5  ] t i p h e r  & I ?  w l n t e r  ( T a b l e  3 )  and 
13-170 t ~ t ; i e %  1ilghc.r 111 summer ( I ' ab ie  4 ) .  

Dunii and Fee (i57") r e p o r t e d  L!ie range  of t a i l  
m u s c l e  l e v e l s  of t h e  c a r c h i ~ o g e n  Bal' t o  he 0.4-0.9 
n g / g  wet wt f o r  L o h s i c r s  p r i o r  t o  s t o r a g e .  A f t e r  
s t o r a g e ?  i i i  r he  t i d a l  p u n d  f o r  a p p r o x i i n a t e l y  3 mo, 
BaP l e v e l s  i n  t a i l  musc le  ranged fr:,m 7.4-281 ng /g .  
Tn o u r  s l i idy ,  l e v e l s  of BaP i n  t a i l  musc le  ranged  
frora t r a c e  aiiiounts t o  2 . 5  n g i g  i r i  c o r r t r o i  l o b s t e r s  
( T a b l e  6 ) .  The meail v a l u e  a f t c r  s t o r a g e  i i i  t i le 
t i d a l  pound was 0.2 ng!p, a f t e r  3  mo i n  w i n i e r  and 
was 6.5 and 7 . 5  ng/g a i t e r  3 and 3% mo r e s p e c t i v e l y  
irr suminrr. Kent? of t l icse v a l u e s  approaci ted t h e  
maximum val ire  of 2111 ng!g found by 1)iriiir ;tnd Fee  
(1979  j .  i n  t i e p a l o p a n c r e a s  t h e  AaP l e v e l s  ranged  
f rom 0.4-22 ~ i g / ~  f o r  c o i r t r o i  l o b s t e r s  ( T a b l e  6 )  and 
the mean v a l u e  *.;is 4 6 . 5  ng/g af c e r  3 mo i n  w i n t e r  
and  was 507 and 361 f i g / &  a f t e r  3 and 3 \  mn 
r e s p e c t i v e l y  i n  summer ( T a b l e  3, 4 ) .  

Set i i .nei i ts  from L i i f ?  t i d a l  pound were a n a i y z e d  
f o r  PAH ('Table 7 j .  V a l u e s  f o r  p h e n a n t h r e n e ,  
~3 ~ ~ o r a i i t h e n r ,  .. and pyrerie i n  tile t i d a l  pound 

s c d  imeri ts  , ranged  froio 650-31 0 0  ng /g  ( T a b l e  7  j anti 
were  l i igher  t l lan t h o s e  i n  a  215-m deep  s e d i ~ n e n t  from 
t h e  G u l f  of Maine (43-120 n g / g ,  wet weLgi2t) 
(Lafiamoie ;iiid i i i  t e e  1978 ) ,  o r  f o r  t h o s e  i n  a 
sediiiiezit 45 kn  seaward irom Dos ton ,  ? lass . ,  a t  90  m 
d e e p  (250-360 i ig /g ) .  i iowever ,  tire t i d a l  pound 
sedimezi t  v a l u e s  were s i m i l a r  to o r  lower  than  v a l u e s  
f o r  Bos ton  Irarhor  o r  C h a r l e s  R i v e r  s e d i m e n t s  wiiich 
r a n g e d  i r m a  670-13,000 itgig (Wi.ndsor atid M i t e s  
1 9 7 9 ) .  L e v e l s  s i m i  l a r  to o r  s l l g i l t i y  h i g h e r  tiian 
t h o s e  i n  tile t i d a l  pounii s e d i m e n t s  were r e p o r t e d  f o r  
s e v e r a l  PAH by j o h n  e: x i .  ( i 9 7 9 )  f o r  s e d i m e n t s  from 
L l ~ e  Sever-n E s t u a r y ,  Great  B r i t a i i ~ ,  a n  a r e a  
c h a r a c t e r i z e d  by iilgil t i d e s  aiid r e c e i v i i i g  l r ? d u s t r i a l  
e f f  l u c i ~ t s ,  The e l r v a i r d  Pdti l e v r . 1 ~  in tlie sediment:  
o f  t h e  t i d a l  poiliiii p r o b a b l y  r e s u l t c d  frora t h e  
c r e o s o t e d  i i ~ n h e r  i i s ~ d  i:n rlie coi!sCrili.i ioii of t h e  
pound.  

The u p t a k e  of PAL! by impounded 1.obster  may be 
eniiancecl b e c a u s e  l o h s i e r s  rend t o  burrow i n t o  
sed i i r i en t s  (XcLeese a i ~ d  Wi lder  1 9 6 4 ) ,  e a t  eacii o t h e r ,  
and  a  fe-w m..iy gnaw at. tile wooden parts of t h e  
e n c l o s u r e s .  Because of tile p o s s i b i l i t y  of t a i n t i n g ,  
pound ownc,rs have  been wcirned a g a i n s t  s t o r a g e  of 
i o h s t c r  i i i  i r e s i l l y  c r e o s i i t e d  pounds jKci,eese and 
V i l d e r  1 5 6 4 ) .  However, t h e r e  is no ev ider ice  t h a t  
l o b s t e r s  a r e  t a i n t e d  a i t e r  be ing  h e l d  i n  c r e o s o t e d  
s t r r l c t i z r e s  which have been exposed  t o  s e a  w a t e r  f o r  
exter ldei l  p c r i o d s .  Host. of t h e  c r e o s o t e  l o s s  from 
c r t i o s o t e d  woo<? t o  s e a  w a t e r  o c c u r s  d u r i n g  tlie f i r s t  
y e a r  (Cibb  1 9 7 3 ) .  C r e o s o t e d  t i m b e r s  i r l  i:ilrrrrir: 
t i d a l  pounds a r e  l i k e l y  t o  be s e v e r a l  y e a r s  o l d ,  
p a r i i c t i l a r l y  s i n c e  i t  i s  r epor t tx l  t i iaf  r e c e n t  
r e p a i r s  a r e  made wit11 t i m b e r s  p r e s s u r e - t r e a t e d  w i t h  
a  n o n - c r e o s o t e  p r e s e r v a t i v e .  The r e l a t i v e  r n i e s  of 
o l d  c r e o s o t e  t i m b e r s  and of containirratcd s e d i ~ n e n t  a s  
t h e y  a f f e c t  u p t a k e  of PAfi b y  l o b s t e r s  i n  s t o r a g e  are 
iiot E u l i y  u r ~ d e r s t o o d .  Assuming c o n t a m i n a t e d  
sed i inen t  may be a  c o u i i n i l i n g  major  s o u r c e  of  PAiI, 

t ile e x t e n i  a i d  d i s i r i b u t i o i ~  ( a r e a  and d e p ~ l ~ )  of t h e  
Phil-contamina t ed  s e d i m e n t s  i n  and a round  each t i d a l  
pound w i l l  r e q u i r e  a s s e s s m e n t  b e f o r e  s e d i m e n t  
rt.moval can  be recornmended . 

T n e r c  a r e  18  t i d a l  pounds i n  hew nrunswlck  (Ray 
o i  Fundy a r e a )  and t h r e e  1-1 s o u t h w e s t e r n  Kova S c ~ t i a  
( t o t a l  2 1 ) .  Accordxng t:) a  r e c e n t  s u r v e y  c o d u c t e d  
by q u e s t i o n n a i r e s ,  f o u r  t t d d l  pourids trad mmlnor 
airinunts of c r r o s o t e d  m a t e r l d l s  a i d  i 7  w e r e  r e p o r e e a  
ti) be c o n s t r u t  t e d  mtii u n i r e , i t e d  wood (no  c r e o s o t e )  
(':cl,eese 1983 ). An e a r l i e r  s u r v e y  ~ ~ ~ d r c a t e d  t h a t  
s r x  pounds lad miiicir a a o u n t 5  of  c r e o s o t e d  r a a i e r l a i s ,  
two had been c o n s t r b c t e d  tireilly y e a r 5  ago mtil 
c r  e o s o t c d  r w t e r r a i  a m  t n d t  13  welts  c o n s t r u ~ i e d  m r i i  
r i   treated m a i e r i d l  jYc1,ee~e ~ $ 8 3  ). I h e  p o t e n t ~ a i  
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T a b l e  2. R a t r o  of  PAH c o n c e n t r a L r o n s  of  h e p a t o p a n c r t - < i s  to t<iii rnuscie i n  i n d l v l d u a l  1 , b s t e r s  i ,> i i ow~n i :  3 {no 
s u l i a e r  l i o l d r n g  rn c r ~ o s o t e d  pound,  r h e n  t r a n s f e r r e d  LO c l e a n  w a t e r  t o r  1 3  d .  

P l t e n a n t h r e t ~ e  
F l u o r a n t i i c n e  
P y r e n r  
T r i p h e n y l e n ~  

R e n z o ( e ) p y r e n e  -- - - - -- -- 
S e n z o ( b ) f l u o r a n t h e n e  -- -- - -- 
B e n z o ( h ) f  luorant i - re i ;e  - - - - - 
B e n z a { a ) p y r e n e  -- -- -- - - 
S e n z o ( g h i ) p e r y l e n p  - -. - -- 
l n d e n o  ( i , Z , 3 - c d ) p y r e n e  -- - -- - -- 

A I L  P4ii mean 
r a t i o  t Si) 

C a r c i n o g e n i c  PAti 
wean r a t i o  + SD 3W3 3514 18+3 14+5 4 l t 9  4")7 21+5 30t.5 6W-13 53110 - - - - - - -- 

a C a r r i n o g e n i c  PAH a r e  under1  i n e d .  



T a b l e  3,  PN1 c o r ~ c e n r r a t i o n s  (ng!g wet w e i g h t )  i n  h e p a t o p a n c r e d s  and t a l l  muscle of l o b s t e r s  he ld  i n  a  t i d a l  pound i n  w i n t e r ,  
t t ~ e i l  t r a n s f e r r e d  to a  c r e o s o t e - t r e e  s t o r a g e  f a c i l i t y .  The two e n t r i e s  under each daLe a r e  v a l u e s  Crm a r r a l y b i s  o f  two pooled 
t i s s u e  samples from f i v e  animals each .  

--- - - --- - - - -  -- - -  

-- -" ---- 
Dee. 1 3  ( 1  mo) 

Uptake -- - ---- -- - -- - -- 
J a n .  14 (2 mo) Feb. 13 ( 3  ~ o )  

E x c r e t i o n  -- - ""  

Feb.  21 ( 1  wk) !far. 6  ( 3  wk) Xar.  21  (5  wk) 

P h e n a n t h r e n e  
F l u o r a n t l ~ e n e  
P y r e n e  
T r i p h e n y l e n e  
B e n z ( a ) a n t h r n c e n e  
Chryserle 
Benzo(e)pyrecre 
Benzo(b) f  i u o r a n t h e n e  
Benzo(_k) f luoran thene  
Benzo(2)pyreue  
Benzo(&h)perylene 
Indeno  (1,2, 3-&)pyreilea 

P h e n a n t h r e n e  20 3 (> 5 5  3 5 5 9 
F l u o r a n t h e n e  4 5 4 1 15 19 3 6 
Pyrerte 4 5 4 5 4 4 2 53 
T r i p h e n y l e n e  86 137 89 165 109 
B e n z ( a ) n n t h r a c e n e  62 100 4 9 ir 7  9 6 
Chrysene  8 14 5 5 10 
Renzo(_c)pyrene 18 3 9 13 13  2 1 
Be~?zo(b)£ luor , ln thene  5 9 4 4 7 
Benzo(k)  i l u o r a n r h e n e  0.9 1.6 0 .7  0.6 1 . 2  
Benzo(_a)pyreile 0.5  2.8 0.1 0 .1  0.2 
Berrzo(&;i)perylene 2 8 1.6 1.7 5 
Tndez~o ( 1 , 2  , 3 - g l ) p y r e n e d  - - - - 

T a i l  musc le  ---- 

R a t i o s  -- - -- 

P y r e n e  / f  luoran t l lene  1.0 1.0 3.7 2 . 7  1.5 1.8 1.6 1.4 2 . 1  1 .5  1 . 1  0 . 4  
B e n z ( a ) a n t h r s i . e n c / f l u o r ~ r i i ~ l l e n e  1 . 4  2.4 3 . 2  7 . 5  2 . 6  2 .8  3 . 3  2.6 2.6 1.4 2.8 2 . 7  
~enzo(a)~~rznc/~ . l110ra11t11er1e  - 0.01 0.07 0.006 0.005 0 . 0 0 5 0 . 0 0 4  0.03 0.004 0 .2  0.004 0.006 0.01 

a ~ o t  mcnsiiret! ti? w i n t e r  eliperirnrtrt,  
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" i r , n c e n t r ~ t i o t - i s  i n  T a b l e s  1 and 4 .  

Table 6 .  :Iran PAN cori i . t?~i t raL i o n s  (ng / i :  w t i i  we ig i i i )  i i l  h e p a t o l ~ a n c r e a s  t a i l  riluscte of f r e s i i l  ;J c a p t u r e d  
l n b s t ~ r s  froin f o i x  locat  i n n s  ztrounii Nova S c o t i n ;  numht*r of l o b s t e r s  sampled  i n d i c a t e d  i t ,  b r a c k e t s .  

P o r t H o o d ( I 4 )  - - - . - - - -- - t a p r S a b i e ( 1 0 )  -- - -- - -- New1ia rbo~ i r J :CL)  F a i t - K i v e r ( 1 0 )  -- 
Hepa to -  Ta l  I t iepato-  Tail < e p a L z  - T a l i  ~ ~ ! ; t o -  T a r 1  
p a n r r r a b  rnubt*le p a n c r e a s  miiscle  panc ri.,ia, I 1 p a a c r e a s  m u s c l e  

P h e n a n t h r e n e  
i.'lunr;iritiiene 
I'yrerie 
Tripiw?n"yl"ne 
Benz(a )an i - i l r ,%cene  - 

S i i r y s r n e  
1 3 e n z o ( e ) p y r e o t ~  
b e n z o j 3 ) f  l u o r a i i ~ l ~ e r i e  
Ben~o (& )  f i ~ i n r a t ~ t . i ~ e ~ l ~  
i%e i i ao (a>py  r e t w  
~ e i i z o ( g h i ) p e r y l e n c .  
i n d e n o  ( 1 , 2 , 3 - c d ) p y r i . n e  - 

7 
5 
lld 
2 
' r 
nd 
T 
0.4 
T 
T 
0.5 
0 . 2 

" ~ o t  d e t e c t e d  
' ~ r a r r .  

P o r t  Hood, Lnverntass Co . ; Capc Sab  Le , She1 b u r n t  Co . , Neki tlrix boii r , 
G u y s b o r o u g l ~  i n .  ; L a s t  R i v e r ,  i , tmenburg Co. ; l o b s t e r s  c a p t u r e d  -in "ay,  




