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Aqua:, S c i .  If327, i i l  i 19 p, 

The h e p a t u p a r i c r e a s  o f  f i v e  dead l o b s t e r s  1were a n a l y z e d  by g a s  chromatography-mass s p e c t r o m e t r y .  :.lost 
s z n p l r s  cronta;_i:ed pol:;i?iiciesr a r o m a t i c  h y d r o c a r S o n s ,  b e a z o t % l a z o ? e ,  PCB, p,pt-DDE, =-nci:achli)r, heexa-. 
clrlor:;lrenzeae, azd a t iFchlorohe-izene.  BKT (2 , 6 - d i - t e r t - h u t y l - 4 - m e ~ h y ! . p h e a a l )  - was d e t e c t e d  i n  a l l  m:;lmi;:es. 
T?e m e r a b c i i t e  o f  R E ,  2,G-di-tert-biityl-ii-metL~yIe1re-2~5-cyclohenadieriori,.o, was d e t e c t e d  i n  one sa:nple,  
containing a very high icui:.L of  BHT, A d d i t i o n a l  compounds d e t e c t e d  i n  some sa.ti;rles ine l t ided  meti iyi  rinii e t h y l  
esLer.; o f  fatty a c i d ; ,  p e n r y l  b e n z o a t e ,  and ter:ta",vely i d e n t i f i e d  a l l p i t a t i c  n i t r i l e s .  Some of  t h e  
ccintnrr l ,nants  were d e t e r m i n e d  qua:i?ri t a t i v e l y  , The o r i g i n  and s i g n i f i c a n c e  of  t h e  c o n t a m i n a n t s  a r e  d i s r i i s s e d  . 

A .  1.e p a - c r e a s  ngpa t - i cpe  dr c ; n g  hoinnrds nr;rt:: a  Gr6 a i ~ a l y s i :  par La m6tilocie ci i romatogri ipi>ie  en pltasc 
g a z e u s e - s p o c t r c i i i ~ t r i c  d e  rnssec. La piupnr- t  d e s  & c h a n t i . i l o n s  c o n t e n a i e n r  d e s  I y d r o c a r - b u r e s  n r o n a t i i l u r s  
p o l . y n i i c l 6 a i r e s ,  dtt he:lzo:hiazole, d e s  PCB, du  p,pL-iiDE, c!u t r a n s - n o i i a c h l o r e ,  de I g h e x a c h i o r o b e n z ~ n e  c.t l t i  

d i c k l c 9 r o h e n z Z n e .  Ida p r 6 s e n c e  du  E9T ( d i - s - b u t y i e - 2 ,  6 mGri?;.l-i! phGnol j  a E t i .  d s t e c t b e  d a n s  rotis le c ! i - i s r ~  
Se!raiiirii i o n s ,  Le 1n6ciihol i c e  du !iY.?, ; e d l - t e r t - b u t  yle-2 6 rnstiryl Sne-4 cycLohexad ;Zr?e--",: o n e ,  ;i 6rG :f6coiivi,1-t 
inns !in Gchsntillon :iui c o n t e n s i t  iir? t a im h lcv i ;  de R W ,  D'aautres  compilsPs on: G t i  t ro i iv6s  d a n s  c t . r t ~ i i n s  
Pcl:art"_ iions dont,  er~tm-i? c i i i t r as ,  d e s  e s t e r s  6 t i v I P s  e t  zi;tlly!Es d ' a e  i d e s  firas dir h ~ r i z o n t e  c;e : w - i r y I c ,  ~c tit*. 

r l i t r i l e s  nlipi~a!.icjiics ideii:  i f i 6 s  B i f  tri: d f  e s s a l *  i:ntl ntraiyse q u a n t  i t : i t iv i ,  n 6 t 6  f i l i t e  ~ r o t i r  ceri.3 lr~s 
co.?:;*rcii:n:-i:%. 1 , ' n r i g i n f  d ~ s  r-ni?tf3miiinnts el ie t t r  iii!porCai:ec> sort 6 t r r t l i6 rs ,  





-. i h i s  r epor t .  d e s c r i b e s  t h e  a r l a l y s e s  of  lmer ica r i  
i c b s t e r  (iiomarns smer ica r r i i s )  I zeps topancreas  ( d i g e s -  
-. i ~ v e  g l a n d )  by g a s  chromatography-mass s p e c t r o m e t r y  

(GLMS, - T s e  a n a l y s e s  were pe r fo rmed  p e r i o d i c a l l y  
be tween  1976 a t ~ d  1979  on dcad  l o b s t e r s  from a 
" l o b s t e r  c u l t u r e "  p r o j e c t  o f  t h e  i n v e r t e b r a t e s  
P h y s i o l o g y  Program a t  the R i o l o g i c a i  S t a t i o n  i n  S t .  
Andraws N.R, 

The o b j e c t i v e  was Lo d e t e c t  o r g a n i c  contarni- 
n a n t s  t h a t  may be i . inked to l o b s t e r  m o r t a l i t y  i n  t h e  
c u l t r r r e ,  and  t o  i d e n t i f y  a d d i t i v e s  t o  p l a s t i c s  t h a t  
s r e  l e a c h e d  from tile "plunibing" rof t h e  L o b s t e r  
c ~ j l c t ~ r a  fac51 i t y -  

Samples o f  l ?epa tnpancz tas  from t h e  r u l r u r e d  
l o b s t e r s  were o b c a i n e d  hv I n v e r t e b r a t e s  P h y s i o l o g y  
sea:!, were  wrapped i n  alurninim f o i l ,  a.-d s t o r e d  
f r o z e n  (-20°C) u n t i l  a n a i y s i s ,  u s u a l l y  w i t h i n  a  few 
ciays, 1:) "ilils r e p o r t  t h e  s a m p l e s  a r e  i d e n t f f i e d  k y  
i h c i r  GLXS f i l e  c o d e ,  Sowe o f  t h e  samples  were 

I a l ~ z ~ ~  : ;,i2 a t s e v e r a l  s c n s i r i v i t i e s  to avi l id  s n t u r a -  
t. .on the Fli; de"iiici.or : l i )w s e n s i t i v i t y )  Or Co 
d e t e c t  "C~:IOT i.oilij>ijfieiit-q ( I ~ i ~ l i  s ens f  t i v i r  y )  a 

A:?;i!ysi.i; ;it differ-car-t s c : i s i t i . ~ i t i t . s  a r c  i i i r v i t i f i e d  
tly ;r i i i~nbcr  f o l l c w i i ~ g  r\re f i i c  c o d e ,  

Sami>Lr LSWA i s  t h e  e x t r a c t  of  h e p n t o p a n c r c n s  
f roo: a f e m a l e  l o b s t e r -  Cron i T r l i t  h c a u g h t  i n  .June 
t 978 and k e j i t ~ i l n t i l  detii.ii i n  the ci:Lture sys tem.  
T'rie s a m p l e  was a.iiiilyzi?d 07 November 27-2% ,979- 

Sample  LSWB i s  t i i c  c x i r a c r  of i i e p a t o p a n c r e a s  
f rom l o b s t e r  f i l l h p  r e e r e d  i n  tire ctrl.tt.ire s y s t e n ,  
Ths  sample  was a n a l y z e d  on November 27-29, 1473, 

3a;rplt.  LOBSW ( i r i g i n a t c d  froa :.he !?irpr?ropancreas 
of a L o b s t e r  s u s p e c t e d  t o  have  d i e d  a s  tile r e s u l t  o f  
e x p o s c r e  ro c r e o s o t e  d u r i n g  m o d i f i c a t i o i r s  t o  t h e  
s e a w a t e r  I n t a k e  o f  rIre S t a t i o n ,  P rtrnnber of  a n i m a l s  
die? in rht= i - u l t u r e  s y s t e m ,  Tile sample  was o b t a i n e d  
on  .li:fy 24, and ana iyzc t l  on Jii1.y 25-26, 1979. 

Sample 01tl11,i o r i g i n a t e d  from a  l o b s t e r  found 
d e a d  in tile c u l ~ i i r e  s y s t r n  i n  Aiigiist 1977 and was 
arll::zril  ti:> August 16, 19.77, 

Snrsple LOR-2 o r i g h i a t e d  s i m i l a r l y  f rorn 3 d e a d ,  
c t r i t i r r e i i  i o h s c e r  :?I-,-: was ;?na lyzed  on August 17, 
1976- 

Samples ~ 1 f  i i tpaec-;pa:?crei i~ were ground w i t h  
enliyclrnus sod',run s i i l f a t e  ( 5  g  I ~ e p a t o p a n c r c a s ,  30 g 
sodhurn s u l f a  tej and e x t r a c t e d  wit11 I~exa i ie  i n  S o x h l e t  
c r i t r a r t n r s  ::~r 1 h .  Voliimes 3 f  t h e  e x t r a c t s  were 
a d j u s t e d  t o  100 mi. a n d  c o r ~ c o r i t r a t i o n s  of l i p i d s  were 
d e t e r n ~ i n c t i  oil n l f q u o t s  (3 ml,), A l i q u o t s  c o r r e s -  
p o i ~ d i n g  ro 1 :; l i p i d ,  o r  a s  rnuch a s  ; ~ v ; i i l a h l e ,  were 
cZe;.tned np ky ci t rorratcigrapi~v on a lu rn i r~a  j ; i c t i v a c e d  
a t  800°C f o r  4 t i  2nd d e a c t i o n t c d  by a d d i n g  5 V u a t e r ;  
4 0  g iii a f-5-cm i , d ,  cni.iimn per  1 g 1 i ; i i t l ) -  Tile 
columr; i.ra.1 eliiteii w i t h  iiex;tne, c o l l e c t i n g  400 mL o f  
o i f i o e n i - .  Tire c f i l i i e n t  was eveporn te i i  on n r o t a r y  
e v a p o r a t o r  t o  -ihr:l:t 1. 5 :n1. n ~ i i  was f u r t h e i  c:leai;ec"i 

tip on a  sma1.i ali.~inina coltinti> (2 g ,  i1,8 cm i.,2,), 
c o l . l e c t i n g  2'1 rnY, o f  er'CLi;erit, Tne e f f l u e n t  was 
e v a p o r a t e d  jiist t o  d r y n e s s ,  r e - d i s s o l v e d  in 0.2-">, 5 
mL h e x r i i ~ e ,  and a n a l y z e d  by i:CMS, 

The i n s t r u m e n t  was ;i F i n n i g n s  \ lodel  1 0 1  5D quad- 
r u p o l e  n a s s  s p e c t r a t n e t e r ,  c o u p l e d  t o  n  F i e n i g n n  
Model 9000 g a s  c h r o m a t o g r a p h ,  TIie d a t a  w e r e  
a c q u i r e d  and p r e c e s s e d  by a ?fodel 6100 Data Sys tem,  
As t h e  a n a l y s e s  i~Jeri: F r f o r n e d  ~ o c c a s i o c a l l : ~  o v e r  a 
number o f  y e a r s ,  s e v e r a l  d i f f e r e r i t -  6; coiiimns were 
u s e d ,  The columns ( i , d ,  2 mmj c o n t a i n e t ?  3% OV-1 on 
Chrcmosorh i<HP hOi80 and v a r i e d  i i ?  iengti-i f r n n  
120-18G cm, Column t e m p e r a t i i r e  w r s  programmed, 
u s ~ i a l l y  from 100-280°1; a t  R0Cimin,  ?lie i r r  j r c  t o r  ant! 
s e p a r a t o r  t e m p e r a t u r e s  were 22i; and 290-305*C, 
r e s p e c t i v e i : ? ,  E l e c t r o n  impzic: mass s p e c t r a  were 
s c a n n e d  from 50-530 d a l t o g s  e v e r y  3 s , S z a r t i : l q  fn  
1977 ,  t h e  ins t rument .  was c a l i b r a t e d  hy e x r e r n a l  
s t a n d a r d s  c o n t a i n i n g  Ci0-C24 normal  p ~ r a f t i n s ,  
d i b u t y l -  end di-(2-ethylhexyl)ph:halate, okenan- 
t h r e n e ,  f i u u r a n t h e n e ,  Dyrene,  2,6-dirne"c:1l-ilapkho- 
Lene,  p,pfDDE, =-noriochior9 2 ?  2 '  ,4,i.', 5,1js-hexa- 
c h l o r o b i p h e n y l ,  and 2 ,S-d i - t e r t -b i i t  .- y l - L l e t i r y l - -  
p h e n o l  (BHT j, 

The d a ~ n  were e v a k a a t s d  by n combi: int ion OF 
manriai aind el e c  t r o e f  c  daea  i i r o c e s s i n g .  1.i s t  f s g  AII :~ 

d o c u m e n t a t i o n  of  tlw s o f t w a r e  a r c  g:vei: rlsi;w,.l:rrr~ 
( Z i t k o  18HI ) ,  

i * e : ~ i i w  ,i:id ~ v i r r e s ~ r o n ~ i  i:~;: i~ t t -k .g~-~>tz~~~!  s i 11 Z - ~ > ~ . O * I -  

s t  r i ic  t e d  g a s  chro~aatogr: i*~?i :  I RGC) wcrc  de: iv-.,."-,- . ~. ..n. t~ l 
rnniitla2.iy Mass spec  tr;i o f  cl?e lwnks w r c  Ilir:r 
r e t r i e v e d  and r.rinteti otit b y  rhe I:ro<r,irn YSPRTt:, 
y i e l d i n g  s p e c t r a  c o r r e c t e d  b;: tiackgroi~rid sir?>tr.ai.- 
t i - o n ,  o r  b:: t h e  program RTRi:?, ? a s s  s p e c r r a  
r e t r i e v e d  by t h i s  program c o n t a l n  o n l y  m/z lia:;;es 
maximiz ing  w i t h i n  a  s p e c i f i e d  "window'"~:strai!y t h e  
RGC maximurn, a t  t i m e s  i n c l u d i n g  t h e  prertrd i ; :~ or :he 
f o l i o w i n g  sea r? ) ,  Tile p r i n t o u t s  were rval i iz i ted i.1 

c o n j u n c t i o n  v f t h  t h e  NII l jEPh pass sr??csr,! d a t a  base  
?.ISSS. Attemp::s ;+ere rnade to  r e s o l v e  spec t r , ?  
a p p e a r i n g  co resu3  t f r o %  a m i x t u r e  ~ f  rci-el ilt i n g  
compounds by u s i n g  t h e  progrsm COIi7. '5: s orogn-:im 
r e t r i e v e s  up to 5  rn/z v a l u e s  withL?i ii sp?ci : ied 
n a r r o w  s c a n  r a n g e ,  c e l c u l a i r s  the c o r r e l a t i o n  m a t r i x  
a n d ,  o p t i o n a i . l y ,  p r i n t s  o r  p i o c s  tile m / z  va?i!:-s i t j r  
v i s u a l  i n s p e c  t i o n .  i d e n t i f i e d  compounds may hi. 
q u a n t i t a  teci by t h e  program iQGABT7, Tiii  s  ;i;.ogram 
r e t r i e v e s  L imi ted  mass I ^ P C O I I S ~ ~ : : C ~ P I ~  gas C I : T C G R ~ O -  
g rams  (I,YRCC), d e t e c t s  p e a k s ,  e s t n b l i s l ~ z s  tiie 
c o r r e s p o n d i n g  b a s e l  i n e s ,  i i l t eg ra i rbs  tlii: F;i'-:s, and, 
i n  a d d i t i o n  t o  t h e s e  F r a m e t e r n ,  p r in t . :  liac~iigri~ir:~rl- 
c o r r e c t e d  mass s:?ec t r a  as ; i ~ r  idci i r :  f i r a t i ~ > i ?  1.1ici.k. 

Unknown o r  u n a n t i c i p a t e d  w/z va l r i es  riis:.-.d 
d n r i n g  dara  a c q u l  s i t i o n  or sxrb!;eqiii.nt znri i i r ; i  repla;. 
v e r f  p r o c e s s e d  f u r t i l e r  by e i t i i e r  RSRVSI c r  S : ' T 4 ,  
These  programs a r e  anaiogotic, Lo RIRVl ;iw? >151JU71:, 
r e s p e c  t i v c ? l y ,  e x c e p t  that  t l iey k e e p  c r a c k  (if t i i t  
r e a s o n s  f o r  r e t r i e v i n g  the  p r t i c u l a r  mass s p e c r r a  
by s o r t i n g  them a c c o r d i n g  'r, tile unknown or i-inr- 
t l c i p a t e e d  m/z v a l u e s .  Without  t l l i s  sor t ing: ,  t i c .  

s i t u a t i o i l  may become v e r y  cor~fi :s- ing.  C o n f i r m a t  it>i7 
o f  i d e n r  i f i e a t i o n  w:~s p r f o r r n r t ?  by t.irc jiriii:r,iil 

RGEVAG. Thfs program k e ~ p s  i r i ~ c k  of i i i t '  ;::/i v a l  i ~ t * : ;  

l e a d i n g  to rile rh-tr1~,~;1; of t lw  i;;iect r;r, rtx:r it.iir.s 
2 ~ ~ p  t o  f t v c  l~ :~c\~) : r<>t t~ 'd- -corr~~c tct:i spec :rat f a l -  t?inc S.CI~-!\  

rr~/z \falui. ;irlil p l o t s  m / r  v a l t ~ o s  from ti;, t o  t h r i w  
s p e c i . f i e d  i n / r  r a n g e s  Tor visir;i? c o n f i  rrn;it lor> of  
i d e n t i f : c a t i o n .  



The i n t e r p r e t a t i o n  o f  some mass spt.ctr;r was 
a s s i s t e d  by program ELAXAI, (Kavanagli 1980)- T h i s  
program s e l e c t s  e m p i r i c a l  f o r m u l a e  b e s t  f i t t i n g  t h e  
o b s e r v e d  m/z i n t e n s i t z e s  d u e  t o  t h e  p r e s e n c e  of  
I s o t o p e s ,  The program was m o d i f i e d  t o  r u n  on t h e  
T e k t r o n i x  P l o t  50 s y s t e m  s i n c e  i t  r e q u i r e s  a  con- 
s i d e r a b l e  cime and would lliive h i n d e r e d  o t h e r  pro- 
c e s s i n g  on t i le  Da ta  Sys tem 6100. A m o d i f i e d  v e r s i o n  
o f  t h e  program (ISOTOPE) was used  t o  c a l c u l a t e  
i s o t o p i c  ahundanci .es  f o r  g i v e n  summary f o r m u l a e  and 
t o  compare o b s e r v e d  and t h e o r e t i c a l  a b u n d a n c i e s .  

Compound i d e n t i f i c a t i o n  was a i d e d  f u r t h e r  by 
c o m p i l a t i o n s  o f  r e t e n t i o n  i n d i c e s  o f  p o l y n u c l e a r  
a r o m a t i c  h y d r o c a r b o n s  J PAH: and  r e l a t e d  compounds 
( B o r w i t z k y  a n d  Scbomburg 1979;  Eiceman e t  a l ,  1979; 
L e e  e t  aL ,  1979;  Snook e t  a l .  1979)  and  of v a r i o u s  
o t h e r  compounds (Ramsey e t  a l .  1 9 8 0 ) .  

Tile n o m e n c l a t u r e  f r l e  THXNNAI'LF ( D I A J B G ,  F i l e  
3 1 )  was se , r rched  o c c a s l ~ n a l l y  t o  f i n d  t h e  r a n g e  of  
commonly e n c o u n ~ e r e d  cornpoi~o8+ o f  a g ivc~ i -  srimmary 
formil l  a .  

Throughout  tiif r e p o r t ,  compout~iis or  mass 

s p e c t r a  arc r c f e r r c i l  to by i-?lei;. s c a n  i~iiinbers and by 
s c a n  numbers  r e l a t i v e  to that  of f l u o r a r i t h e n e .  The 
h a t t e r  f a c i l i t a t e  c o m p a r i s o n s  between s a m p l e s ,  

RFSILTS AND I)ISCIISS ION 

The t h r e e  major  peaks i n  t h e  r e c o n s t r u c t e d  g a s  
chromatogram (RGC) o f  t h i s  sample  ( F i g ,  I! a r e  
p r i  s t a n e  ( 2 , 6 , i O ,  14-re t r a m e t h y l p e n t a d e c a r i e  , s c a n  

t 45 ,O .  76 r e l a t  lvrb to Flar?rsr;tiieni~) , Iltictr i i i t  l,:hrirs 

( s ra r r  i 9 l ) ,  .ind pyrenc  (scart  1Q9,1,1%), 

BHT ( 2 ,  6 - d i - s - b u t y l - 4 - m e t h y l p h e n o l )  is 
p r e s e n t  I n  s c a n  107 ,0 ,56 .  The s m a l l  ~ e a k  i n  s c a n  
122,0.64 i s  a Cq-naphtha lene  ( 1 8 4 ( 1 8 % ) , 1 6 9 ( 1 0 0 % ) ) .  
The f o i l o w i n g  s m a l l  peak ( s c a n  127,Ci. 6 7 )  c o n t a i n s  
a n o t h e r  C q  n a p h t h a l e n e  and ,  i n  a d d i t i o n ,  a  compound 
y i e l d i n g  a  s t r o n g  i o n  a t  m/z i 3 5 ,  t h a t  may i n d i c a t e  
a n  a l k y l p h e n o l .  4 s m a l l  peak of p h e n a n t h r e n e  o r  
a n t h r a c e n e  ( m o l e c u l a r  i o n  a t  m/z 1 7 8 )  i s  b a r e l y  
v i s i b l e  j u s t  a f t e r  t h e  peak of  p r i s t a n e .  Ari thracene 
d o e s  n o t  a p p e a r  t o  be a s  s t a b l e  i n  e n v i r o n m e n t a l  
s a m p l e s  a s  p h e n a n t h r e n e  and i t  i s  l i k e l y  t h a t  the  
compound is p h e n a n t h r e n e .  The s m a l l  broad peak 
c e n t e r e d  i n  s c a n  161,0.85 c o n t a i n s  o c t a d e c a n e  and 
l - p h e n y l n a p h t h a l e n e  (m/z 2 0 4 ) .  

Y a s s  s p e c t r u m  of t h e  s c a n  170,0.89 ( F i g ,  2 )  
c o n t a i n s  a  c l u s t e r  of  i o n s  m/z 189-192, 
c o r r e s p o n d i n g  t o  :I mixt t i r e  o f  4 t i - ~ y c I o ~ i ( ~ r 1 i . i ( d i ~ f : i -  
p!lenanthreiie ( m o l c r i ~ l  #ir ion  m j  z 1 %l('i 1 ,lnii . I  

metiiylpheiinritiireric ( o r  r i i i . r i i~l; ir i t l~r;~cci: t~,  [:I/:: l <)?'I . 
The fo rmer  o c c u r s  i n  re: a t i  ire1 v h i s t i  conct,i?i  r , l& i<,!~s 
i n  a l l  s a m p l e s  n:td iias no? hecn  i t o t i r e d  pi-i!viciiisi y 
among PAW found i n  l o b s t e r  iit>patopi:li.rcx;w ( t i i~ i~ i i  , i ~ s i l  
Fee 1979) .  The fo l lowi r ig  s m a l l  p i i k  ( s c ; ~ n  178 ,0 .9?)  
is a g a i n  a PAi i  w i t h  a  hase  ( IOO' i : )  iori :it n / z  2 0 4 ,  
By u s i n g  MSSS d a t a  a s  o r c f e r c i ~ r e  ( T a b l e  I ) ,  t h i s  
compound was i d e n t i f i e d  a s  2 -phpny ' lnaph tha lene .  

The peak i n  s c a n  182,0.95 ( F i g .  3j c o n t a i n s  
i o n s  a t  m/z 55 ,  09 ,  83, 97,  I l l ,  and 1 2 5 ,  8 8 ,  and 
101 and  is a p p a r e n t l y  a  f a t t y  a c i d  e t h y l  e s t e r .  
A c c o r d i n g  t o  i ts  r e t e n t i o n  t i m e ,  i t  may be an e t h y l  
h e x a d e c e n o a t e .  F a t t y  a c t d  e s t e r s  were a1ici.i a o r e  
a b u n d a n t  i n  sample  s e r i e s  LSVB where t h e y  n r e  
d i s c u s s e d  i n  more d e t a i l ,  For t h i s  compound see 
a l s o  F i g .  15.  

T a b l e  i ,  Lon i n t e n s i t r e s  of  compound i n  scan 178,0.91, and of r e f e r e n c e  
compoilnds . 

m i  a LOO 201 202 203 2114 203 

Scan  171: 5 h 38 3 0 100 19 

i -phenyl i i , - i ;~Rthalene 8 9 50 70 I00 1 (3 

2-phe.?yll1,-ph~lldIerre < 5 5 10 18 100 I R 

L ,  5-a rhydropyrene  20 1 8 ! 00  89 92 17 



Tnc jreak ii: sean i 8 i S 0 , 9 8  (Fig. 4 )  [:as base ion 
ne r:ii:, 206 and i.; likely a i i r n e t l i ~ ~ l p k e n n t i t ? i r e ~ - i e  (or 
d i iner i iyL; i i r r~: r i ic~oe> Tire ririrsi; spec rrtm &iso 
Si~dieiitc: the  i~rosei~~c o f  :t fatty &:id CI k y l  ester 
( r a i z  55% 57, 09, T i ,  88, l O i ) ,  

')'be bro<;d ci~velanir "i~treen scav 206, 1. 08 arid 
220, i ,  15 contains a :xKnbec i i f  coi;:pniinds iiirluriing 
two ne".yl.-f iuoranrhenes (or -pyrenesi, m/z 216 in 
scans % i i , l . l i )  and 21&,i.12, PAX wit11 n / z  232 are 
l-,Car.c k;o--,,L --. i.. scans 2?1,?. 11 jm~nor) rirlii : ? l R , l , i i ;  

(~najor), .& grei~t r i ;~cber of isomeric Pkl? !methyi- 
cycl3pen:eno;,he~r;11threnee j-aritiiracerresj, diiiretrtty"~- 
pliesyi napbitla lenr s etc + ) have t i l t s  molecul.ar ion in 
tiieir mass$ speccr:=., The latter s;an a1se contains :i 

h l  with molecirl~~r ion zit xi  z L ?  8 (dihydrnbenzn- 
flooreoes, iyclo?iente; :upheri i izrhre?es (anrhriicenesj , 
etc a j and a psntacl.inrnblpher>-1, 

The peak 1- srnn 235,1,23 hes a base ion m i z  
276 corresponding rc cxpnueds such as 
r-clopen t:!(~d?~~rene and henzoighi) fliiorai~thene. 
_he pesk in scan 2 4 3 , 1 , 2 7  i~its ;I Ln<c i-ln at m / z  2 2 8  
S i q 3  4.9 ;)rohah'iy bcaz(a)arrtl?r-acene, ;il tiioiig!~ otlrer 
iso-i:or~ $ i i c t ~  21s c~;i;sei:e t rtphenylenct e t r ,  mny be 
. -  ,;.c._,.- C(JI,/" c?. well, Pe+;tl'Lta of oiir prevlotis nttrciies 
indiciire chat this pe;ik chilses a strong response on 
a DG eit-.ctron-c2pt:irr iic~eci-nr, rvpical ?i her:zja)- 
2.,rt* h -..-, 

,AC :!\IC ' 

Tne !w;ric -;I; sral; 2 9 O , i ,  52 appears to he 
:;qaai m e  (2,i), i O r  i8*22-tt\tra<:osahexaei1t., ? ,h , - -  
!ri, 15, 1~,23-i;ei:anetiiy? ) or ;I related hy6-ocarton, 
+. Lth sass si:ixc lr*xrc ::rat tlc;?ii:j idL?~ltic;lli to t i ia t  in 
-3 ~ r ~ g .  s7, The foiloiiiirg peak Is at? artifact car!std 
hy c?;u-;rn hi ecd, 

:.dditiorinl mfi-or cornocioents , not visi?.:ie in  tlic 
KGG, are ILsre? in T r h i t -  2, 

' -,1 
I ,re co!.rjw.;tnijs wi'o ?I/% 196,fi 95 (scsns 140,1?,73 

n~:d 117,::,77) corrirf nsc be identified. Yneir mass 
icectrz nrr rclaeivel:: featureless (Rig, 3, 10) and 
. ; .. t id i ,  , - a,t- ., 4 - a hydriicsirb,,n CicjFih .  The i;~rc?ng X - I  inn 

( 195 j prc",b?:r mean<, rba prese-ice of -1 CX2 or CHzI 
grcup, XSSS con f : i ;n s  :-.ac:.: specira of only four 
C; 5FIlr, i sotner r, rrc?r:e o f  i-i~anr rorresnorici f;r to the 
observed spt?c trlz, :hi add icional 4fi c.ii?pournds ore 
ccntatneci in e h e  f l i o  Cifi'::Nicll<, "iost of Ll?ese can 
bc ,l inlniitc-d because of rherir a~:t:cipatiid Eragrneti- 
t a r i  0.1 pa ; t e r m ,  Yi r.hi.1 te tra;ivtirup:iei~ii.:tiirencs 
[cfi,";'(x 1"5>?-38--8 ail:i 22 l ic ] - lbb- -2)  :int-1 tripleti.!yl- 
.- ,, a . ' -..,rl.ipithen~. (CRS!?N ?0"32-;,9-4--9) coir id  i721ve rc;~.;.; 

spectra si-niliar LO tir~se i? scans 140 ai~d 1 4 7 ,  The 
observed i o n s  :n/z 182 a;;." I67 appear to helong to 
another b;rdroc;irboc, "j4l!i,, almost cc-eliit ing with 
C i S i i l r 5 .  MSSS coritair~s lii Ct4Hlia Yost of them 
are: dixretlryibiphenyls or i:olylphiinylmrti~anes with 
very siniilar inass spectra. %xach?.orohe~~zene i C l h  
clrrster. starting at m / z  282) is rilso present tn scan 
lhO,Cr,73 orid :.an be used as a retenttan tine marker 
i n  6itrtlrer :ii%mpis to ideiitify this compound. 

Furti~er exafiination cf frrie data is likely to 
decect ariditisi-rai coiiip3on.i.; and, i i i  future stud-ins, 
o-re prefracti~natim of f:i?e extract aid GC orl :i 

capillary column s1ii::~l.d be rised Eiir better resa- 
I.:i!i:in, For aw;imp'iei ;IT, additional t w o  P:+1'{ can 13" 
foriikd f-i close vicltli~v CC) rf uorhsti!ei?e sirid nyrene 
by iIctciied sxaminet.irri2 rrf she darn (:able 3), ;i Pi?!; 
w i t h  ~.i:ecnI;ir ion ;ir rn/z 2h8, n trir?eri~ylfluoreile 
or an isomer, and a PAH zi:i~ molecuiar irrn ; ~ t  tr/n 
% 18,  a c - ~ 7  i,r:e~~tenciriiirn;?:rtlirei~o or isomclrs. 

?"is I-i";,o;?sl rtic:ti'cj 83'. '!iriin,~roi:r,i-n a: LSWII 
( F i g ,  i ' l j  differs ci?itsicieriihly frnrc t i i t n t  o f  t S l i ~  
( F i g ,  I ? *  Pristane (scan 1iihB!0,7k,) i s  -ig;?irl ;i mrrjor 
component, h ~ t  Fliioranti~enc kcan 193, t , i? i i )  :iricl 

pyrene (scan 198,i, 03) c r e  j:re:,cnt in i-elac tvci\r 
lower concentration, 1- a i d i t i o - i ,  t i l e  two m j o r  
comFonents of LSWB (scans 21;,!,09 and 2S!,i,20) 
-sere nor, at least as najor paks, present in I,SWA. 

?.lass spectrum of t.he c:npc;venr in sca-: ? l l ,  1-09 
(Pfg, 14) has a ~ruLec.,ilar i n n  st m/z 31.:; or 31% and 
cor.tai.ns e prominent series of ~-,ronlefii?ic :rag- 
ments (miz 55, 69 ,  8 3 ) -  T h i  ions at n/z EH a7n-i i i?l  
indicate an e t h y l  ester or 2--r--eriryl methyl C S C ~ : ~  
( Cli7.COOC2iI- - 3 -IT .- or CH(CH-,)(:R';C!!~~ I!), Since (-lip f'irnirr. 
is mare cornran, it ts assumed chat the com;,i;u~:d is 
ethyl. elentee, possibly ci;r?tainlri:; some eth~ri 
stearate, 

. . . - Yass !;po~tra of ci?n?poune:s, rn sc;ini; i , l , " l , r i ? ' ,  
172,0,89, 184,3,95, i i ; 7 , i i , 9 i " i  2:!i%,i,i:, n~:d _3h,l,ll 
also coniatr~ io~ns at a / z  HX rirrd i i i  :~nd -:>re ~ : r  i...;.; 
resemble the speci-rtm ofetirvl ?I e;ika, :.I rrtiu.iii: ! . i t ? .  

the scan ~iiirnhers fa il or? n s i - , l i g l r t  i ir~c b31t.n 
plotted nga4;lst rii~~stant i*-ocrrnc;nt s or: the S - ; i x i s  
(carbon r~timli.?-), This ii?dicn!:cs :i poly'ncr- 
iiornoiogcius series c-: fatty ;ir ids, ran~ii~g from i 1 
(scan 1 5 7 , i r s S 1 )  to CZ9 (sca-, :'?6, i.22) ,, :ir I-rigl~cr 
sensitivity, c pai-: rorresponding to oC1? (scar 
123,0,6h), is alst! rrislble. 0: ~i-ie tilo ~ w t d s  
carre:;por~Gi~ig to r l c  jscar,~ : : i l , 0 , 9 5  aiid i87,0,  97), 
mass spectrum of  il;e former is j,rerticaliy :decricni 
to spectra oi acids in this series ( F i g ,  !5>, 3.; 

rlie other haad, t h e  ion m / z  98 f s  abe hn:;ii Ion fii 

the spectrim, 01 SCGII 187 fo j  Io~wei in i3t~ni;itv '3.1 

z / z  i O I  (Fig. i 6 ) ,  T h l s  ccrnpniioc? appear'; : r *  5:. 
tetr;rdecacoic a c i d  ethyl es"_rr, 

The  peeks ir? scaris 231.1 . 2 k a r t d  ,252, l .  3i i l ' i g .  
i 7 ,  i8)  haxae siaiiar masssSpctras w:th b;i3e i o v i c  at 
m / x  79 ar.d ad:.licional intense ions c i t  r ! z  1.7 a?ci Q I ,  
:Polecular bcrrs are riot readiiy dsceri:ih'ic Ir. riib~r 
case Tl-~e intense ions inciirai-i. an trii;ii.r;r;itt.ri 
cerbc:~ chain b r i t t i  L?irar or r;o-n dnlrhie bonds, Tihe 
retention rln!es indicate n rerho-r ch:\ic 1c:igrh of 21 
and 2 1  acorns, respec tfvely . Eo":? coni:sirntis appe:rr 
to be tatty a c t d  e t h y l  c:atci-.- !r~:ativelv $r_i;k i:,ns 
at m/z 38 er~d 1171, no i on  at TI;Z )Sj, "as; s;.cctr:r:- 
of ethyl arschiilonate (5 , t i l  I ? ,  l~~-rLcos;iietraen~ii.: 
acid, ;,;I z>, avail~ble frc;~~'..;$!:y, I:; ; i - - f l : i *  :() t\ir 

spectra of 231 nnd 252, 

Or' tlic -ei?i~ining peaks i.n tile R C X ,  i l l e  p z i ! ;  iir 
sean i62,0,84 cnnt-nins mainly a praf fin ":ro"i:lhly 
pirycane , 2 , h ,  i 0, i4-t;"ir;~?ietI?yltiexs~1e~:ane traces or 
PAli jm/z 198 a:7d 204) anr! traces of a C O I T ~ O I X : ~  

yieldii?,g ions at rnjs i S i  and 165 (Fig. i 91 ,  
peak in scan :72,0,89 is 4R-c :~c lopenta ide i )nI ienan-  
threne, sad the peak in scan 236, i , 22  contzins, In 
eddir_io.r? to "iw fatry acid ester, a 5iiiizofliic;ra:1- 
tiieoe (a/z 2261, 

y: L~ inor compour?ds, r:ct ob;.io~r: frnrc r i v  iiG(: ,  

resemble closely those in i,SWA (T:ih! e L), i;o r 
exnraple, a dir41lorobc~ze:ze ts presetit in 7i ;in 
ZT,O,il ( F i g .  20) and i;eesothiaz~~1e !*:as !.~>UI:<I in 
scar, ",?,G,3() <X:ii:, 2 1 1 ,  'The , n ? j r l c r - i t i f i c d  !',jii r.:,z 
196, coelut iixg w 1 ~ V i . l  ?~ex;ir1~.forobensm , ii;,iizn 

present in scar1 i i O , O , 7 2  !Fii:, 2 2 ) -  



T a b l e  2. Some compounds d e t e c t e d  in  t i ~ r  e x t r a c t  of LSIJA b u t  rrot v t s i l - l e  as 
s e p a r a t e  peaks i n  t h e  RGG ( F i g .  I f .  

Retei l t roi ,  
S c a ~  nuniber t imz  r e l a t i v e  T . " :  > a ~ n  i o n s  i n  inass spec t rum,  

Max. Background t o  f l u o r a n t h e n e  identification and r e a a r k s  

3 2 
52 
82 

range  

201 
204 

range  
21 4 
21 7 
22 7 

146( 100) ;  a d i c h i o r o b e n z e n e  
68(IC0);  t e n t a t i v e l y  CloH~6 such 

as  l imonene o r  bornene ;  Prg. 5 
1356100); a l k y l p h e n o l 7  
135(100) 108(40);  beoaorh iazo i  e 
170(100) 1 4 1 i 7 0 ) ;  d r p h e n y l  e t h e r ? ;  Fig. 6 
156(100) 1 4 l j v a r i a b l e ) ;  s e v e r a l  C:- 

n a p h t h a l e n e s  
154 (1  00 ); acenapht'rrene 
170(100) 155(92) ;  s e v e r a l  C3-naphthalenes 
1L9(100); p h t h a l a t e .  a l k v l p h e n o l "  Fig. 7 
1 8 2 ( i 0 0 )  181c80);  xan thene ;  Flg. 8 
169(;100) 184(89); CL-naphthalene 
167(100) 162(80)  196(80)  195(79) ;  a mix- 

t i i r e  of  compounds; CcC16; F i g .  9 
1 8 ? ( 4 5 )  196(35) i95j35r; Fig. 10 
2101100) i95i60); C16iil8 sixth a.: 

C4-brphenyl or C1 5W140; a t r i c h l n r o -  
b i p h e n y l  a l s o  p r e s e n t ;  r i g .  l i  

igL(100j ;  metirylpheili"nthrene 
192( I00 ) ;  ~ i e t h y l p h e n , i ~ r t i ~ ~ e ~ i e  
208( 100) ;  t r imet l ty l fZourer le?  
218(100) ;  a c y c l o p e n t e n o p h e n a n t l ~ r e r e  o r  

a ~ o t h e r  i s o m e r i c  PAR 
405 c l u s t e r ;  t r a n s - n o n a c h l o r  
316 c l u s t e r ;  p,pf-DDF 
21b(100) 215(64) ;  s e v e r a l  b e n z o f l u a r e v e s  
218(100? 203(53) ;  a PAH 
405 c ?  u s t e r  ; 9 - n o n a c  h l o r  
358 c l u s t e r ;  h e x a c h l o r o b l o b e n y l  a 

p o i y i i n s a t u r a t e d  f a t t y  a c r d  i . ; t e r ;  
Frg, 12 

22h( 10C); benzof luoran thene  
226(100) ;  b e n z o f l u o r a ~ ~ t h e v e  
358 c l u s t e r ;  h e x a c h l o r o b ~ p h e n y l  
2?8( 199) ;  ci i rysene o r  Isomer 
242(100);  methylchrysei le  or isomer 
2 4 2 ( i 0 0 ) ;  methyichrysene  o r  Isomer 
2521100); benzopyrenes o r  I somers  
252(100);  benzopyrenes o r  i somers  



'Table 3, Intensities of selected Ions I.; scans 190-205, file 1,S\.Ji?3, 
L~dicating t h e  presence of fl~.ioranti;ene (scan 192,1,0C! j , another FAR with 
~i:z 208 (scan 197, i.03), pyrerle (scan 200, i , O 4 ? ,  and another Dkii with ~ / z  
218 (scan 20l,l,i?5), 

intensity at m / z  
Scan 202 21 6, 21 8 204 218 

The largest peal: in the RGC (Fig. 23) is liris-- 
tane {scan l42,0,76) ;~!:d alL oilher major peaks are 
PAH jphenanthrene in scan 146,0,78, 411-cyclopenta- 
(defjpkennntirrene in scan ih7,0.89, fliiorun:.hene in 
scan 188,1,00, and pyrene in scan 195,1,04), 

The three fairly prominent peaks in scans 
l73,0,92, 217,1,16, and 2 4 0 , 1 . 2 6 ,  as well as the 
small peaks in scans 223,1,18 and 2 4 7 , 1 , 3 1 ,  appear 
to be Fatty acid =ethyl esters. Tire inass spectrwn 
of scan i71,0,92 (Fig, 2 6 )  indicates a saturated 
farty acid (m/z 87, 101, 115, 129, ...) methyl ester 
(z/z 74  is the base ion), From puhi ished retention 
times this compound appears to he stearic acid 
metlryl ester, Tile other major fatey acids (Pig. 25, 
26) are polyi~nsaturated ?re";yl esters jm/z 67, 79, 
9 5 9 3 Judging from retention 
times these comporinds are C20 and 622 met i iy l  esters, 
respec~ively. The two minor peaks in scans 223 arid 
2 4 7  are c"li respective snturated fatty acid meti?yl 
esters, 

Peaks in scans 86,0,4h and W9,0,47 ;ire 
dInter_l?ylna.jrht?ralenes (m/z  156 and 1 4 1 )  and the peak 
in scan 4h ,0 .51  is acennphthene (m/z 154, 153, 152). 
The peak i i i  scan 102,0=54 Is either n iiydi-ocarbnn 
6!3!f12 or dibenzo furan ( K g .  271, 'The mass spectrtim 
or tiie latter agrees well with that o f  peak 102, 
except for titer presence of an Ion a j r  153 which Is 
absent from the pub]-ished spectrum ofdihenzcfuran. 

BHT is present j.n low concentration and contri- 
butes to the shotxlder following tile peak of dihenzo-. 
furan, L-lterestingly, there are two peaks witti mass 
spectra of "ME" as indicated by the limited mass 
reconstructed gas chronatogram (LMRGC) of ion m,'z 
295 (Fig. 28) and rhe correspondi~~g mass spectra of 
the two peaks (Fig. 29, 30). 'i"ne cnmpiriinds m t r s t  h c  
isomeric i3rrt  yliited toltir:irs. 

readily a CII? group, ifass spectra o f  six C i ? F I I ?  
. & 

isoners are available i i i  !,!S.SS, Uone is idei~ticzi 
with the observed spectrum- Sn addition, the ~ 3 k  
contsins a compound yielding ions at m/z I80 and 
165, 

Mass spectra of peaks in scans ?21,0.6"!t;d 
123,0,65 contain icns at miz 181 and 182 at >90% 
Intensity. The compounds appear to he nethyidihen- 
zofurans, but the Latter may be uantl~ene, 

"ass spectrum o f  the cmall peak in scar) 
i30,0,69 has m j z  179 as the base ion and ins 
additior~al abundant ions at rc/z 180 and 178, Tie 
peak pr01:ably eontriins a xixtiire of methyl fluorenes . 

Mass spectrum of the reek ir. scan 134 ,0 ,71  has 
:n/z 165 as "ite base ion and n / z  180 as the ?ioLeciilar 
ion, indicating a compound simflar t o  tile ;xistulateci 
C14H12 in scan 117,0,62 (Fig. '31 ) ,  

The peak in scan 136,3,72 (Fig. 3 2 )  concains at 
least three co%pormds: the .irc?niotisl?; eilcotintered 
and unidenti fied P~!Z 196/195, hexachlorobe~~zene 
(cluster at z ? / z  ?R2j, and a hydrocarbon Cl i ,H  j~ 

( m / z  I82 and E 67). 'Rri s mixtiire ts sirnil nr- to t h a t  
foii~~d in the s;%mplr LSWA ( F i q ,  9 1 ,  b u t  the ~x>stnia- 
t e d  C14FLi4 Is riot so obvious  in the sample !,SW?I 
(Fig. 221, whic1.i contains, in adtIitlon, ui~ 
i~nsaturati.d fatt:y acid etlly? ester, 

Mass spectrua of the small ! z a k  in sc;in 
158,0,8L ( r i g ,  33) also indicates a mixture o f  eom- 
pounds, 1-phenylnaphthalene (m/s 204, 203, 202) and 
me"iyidibenzot1iiopkene !ni/z 198, 197 ). 

The srrall peak in scan 207,I.?O contair:~ 
methyl-f?i~orantl~cne (or -pyrtine) , m / z  216, and p,:,'- 
DDF. T J ~  add i ttonal irreth!rifiiinrant?1ei::t~s or . ~ r s i l i i , : - -  

pyre~ies :~rt ,  pr~escnt i n  sc:ins 208* 1 1 1  i t r t ~ !  2 1 1  , 1 1 2 .  
Tlhi- j r n k  i i r  scan ?30,1.21 c.cinf?aiils :I PAii w f i / i  
mt?lcaf 1 1 1  ill- i t > ! !  t t t  tll! z >?2bS stlt~h #as ~ ~ ~ i l ; : ~ ~ ~ f ? l , t t > ~  f ltxt>l~.t!l- 
t h t * ! ~ ~  or t ~ y ~ ~ i t > ~ > t * ~ ~ t . t ( r t l ) ~ ~ * ~ r ~ ~ ~ ~ ; *  - TI><* t % h o ~ t I d t * r  (::c'.it~ 
2 ,  2 I : ' A  w I I I :  t t l l i  :11 I,!;: 

>;!8, pro!?!~bIv  l ~ t ~ t ~ ~ ( ; i ) : t t ? ~ l ! z - : ~ c t ~ s ~ ~ ~ ~  i ~ ~ ~ ~ ~ ~ ~ i t ~ ~ ~ , ~ l  l'h.il :act* 



p r e s e n t  i n  scarls  257 ,1 ,37  (m/z 240) :and 282,1.50 
jm/z 2521,  The former may be 411-cyclopertta(deEj- 
c h r y s e n e ,  4H-benzci, f g ) p y r e n e $  c h o l a ~ ~ t i i r e n e ,  e t c - ,  
t h e  l a t t e r  a benzcpyrene ,  p e r y l e n e ,  e t c ,  

Xos t  of  t h e  minor components,  n o t  v i s i b l e  in  
che RGC, g i v e n  i n  T a b l e  2 f o r  sample LSUA, a r e  
p r e s e n t  a s  w e l l .  

T h i s  sainple was a n a l y z e d  only  a t  h i g h  s e n s i -  
t i v i t y ,  d i s t o r t i n g  i n t e n s i t i e s  of  abundant  i o n s  i n  
mass s p e c t r a  o f  major peaks i n  t h e  r e c o n s t r t ~ c t e d  g a s  
chromatogram ( F i g ,  3 1 ) .  'The f i r s t  major peak ( s c a n  
11 8 , 0 , 7 2 )  i s  p r i s t a n e .  

?-lass sper t r tm:  of che n e x t  major peak ( s c a n  
IJ?,0,80) c o n t a i n s  s t r o n g  i o n s  a t  m/z 69,  71, 82,  
96, and 110 ( F i g .  35,  s p e c t r m  of a  somewhat l e s s  
i n c e n s e  scan  i s  shown t o  e l i m i n a t e  some of t h e  d i s -  
t o r t i o n ) ,  Weaker i o n s  a r e  d e t e c t a b l e  a t  m/z 1 2 4 ,  
137,  138, 152,  165, 179, 180, 196, and 252, A?: 
additional i o n ,  m/z 223, is v i s i b l e  i n  mass spec t rum 
o f  s c a n  131. ( f i g .  36,  s p e c t r r m  i tarmalized to  m/z 
i 2 4 ) ,  The even-mass i o n s  a r e  v e r y  l i k e l y  c o i ~ t a i n i n g  
n i t r o g e n  and may c o r r e s p o n d  to  a  s e r i e s  CnI12n-2N 
( C 8 i ' i I 4 N  - C121122N), and the  i o n  a t  m/z 223 i s  p o s s i b l  
t h e  molecular i o n  C151129N. I o n s  miz 196 and 252 do 
n o t  f i t  t h i s  scIieme. The former is probably  due to  
a  PAH, che l a t t e r  t o  background n o i s e ,  

YSSS c o n t a i n s  t h r e e  CigR2gN compoutids, t i ass  
s p e c t r i m  of o n e ,  p e n t a d e c a n e n i t r i l e  (CASKN 18300- 
91-91, i s  s i m i l a r  bu t  n o t  i d e n t i c a l  t o  t h e  s p e c t r v m  
o f  s c a n  131, C~.IFNA!iil? c o n t a i n s  15 compounds, none 
of which i s  an o b v i o u s  c a n d i d a t e  f o r  a  c o n t a m i n a n t ,  

The n e x t  two l a r g e  peaks ( s c a n  157,0,96 and 
1 6 i , 0 , 9 8 )  c o u l d  n o t  be i d e n t i f i e d .  The former ( F i g ,  
37.9 contar%ns  m/z 54 a s  t h e  base  i o n ,  Tiiis might 
i n d i c a t e  a  n i t r i l e ,  bu t  a l i  o t h e r  major i o n s  have 
odd masses  i n  c o n t r a s t  t o  t h e  mass s p e c t r m  i n  F ig .  
15, These i i ins  a p p e a r  t o  f a l l  i n t o  two s e r i e s  
(81/83, 95/97 ,  199/111, and 121,  135,  1 4 9 ) ,  o f f e r i n g  
a  nrrmber o f  i n t e r p r e t a t i o n  p o s s i h i l i . t i e s ,  but  nor  
nnambigtious i d e i ~ t i f i c a t i o n ,  

"lass spec t rum o f  soan 161 $0.98 (TLg. 3 8 )  
c o n t a i n s  xt/z 86 a s  t h e  base  ion .  T h i s  ,again may 
i n d i c a t e  a  n i t r i l e  and t h e  i n d i c a t i o n  is s u p p o r t e d  
by t i le  p r e s e n c e  o f  m/z 54, The i o n  a t  m/z 202 i s  
d u e  to  f l u o r a n t h e n e  ( p e a k i n g  i n  scan  163, l, OO), A 
t e t racI - i lo roSipher iy l  i s  a l s o  p r e s e n t  ( 6 1  c l i i s t e r  a t  
m/z 2 9 0 ) -  

The l a s t  nit? jrrr pi1;ik (sciiri 22'3, 1 .  37) Is c l l - (2-  
e t h y l  t ~ ~ x y ~ ~ ~ ) t ~ r l t ~ ~ l ~ t t < ~  (f>Ell!i) * 

i n  the. i i r t e~r in t~ i l in te ,  p a r t l y  r e s o l v e d  group of 
p e a k s ,  the  mass spec t rum of s c s n  l ~ + ( i , O , K 7  ( F i g .  39) 
c o n t a i n s  tn/z 70 a s  t h e  base  i o n  and resembles  mass 
s p e c t r a  of  2 - u n s a t u r n t e d  a l d e h y d e s ,  s u c h  a s  
2 u n d e c e n a 1 ,  The i o n  a t  m/z 192 i s  probably  
m e t h y l p h e n a n t h r e a e .  

lot i  m/z 71 forms  t h e  base  o f  t h e  mass spectrum 
o f  scan  146 ,0 ,90  ( F i g ,  L O ) ,  S i n c e  t h i s  peak is  n o t  
w e l l  resol-ved from t h e  p r e c e d i n g  one ,  t h e  base l - tne  
c o r r e c t i o n  Is c ~ i l i t e  a r b i t r a r y  and t h e  compound is 
n o t  i d e n t i f i e d ,  

The number o f  unusirai mass s p e c t r a  i n  tiiis 
sample  may be s i l g g e s t i n g  s u b s t a n d a r d  c a l i b r a t i o n  of 

-6- 
t h e  mass s p e c t r o m e t e r  i r r  this riji~, As der~ioilst r a t e d  
on the  n e x t  t h r e e  mass s l ;ce t ra ,  t i l ts b i a s  r o t  the 
c a s e ,  

The i s o t o p i c  abundancies  of  102s C6illaCI 
(m/z 146)  and C6MI,Cl (m/z  l l i )  ir: the  spec t rum of 
d i c h l o r o b e n z e n e  ( F i g ,  b l )  kave sims of squared  
d e v i a t i o n s  from t h e  e x p e c t e d  c i i s t r  lbiit i o n  (SUSQ, s e e  
program ISOTOPE i n  Z i t k o  ( 1 9 8 ? ) )  of i !  and 256, 
r e s p e c t i v e l y ,  C o n s i d e r i n g  t l ~ a t d i c h l o r o b e n z c r ~ e  i s  a  
minor component of  t h e  sample,  t h i s  i s  a  good f i t .  
SUSQ f o r  t h e s e  i o n s  i n  mass s p e c t r a  of  d i c k l o r o b e n -  
z e n e s  i n  XSSS a r e  2-3, The s p e c t r a  i n  F i g .  4 2  a l s o  
c o n t a i n s  i n t e n s e  i o n s  a t  m/z 105 ilnd 7 0 ,  p r o b a b l y  
due to  a  co-eiiltiing r e n t y ?  b e i ~ z o n t c ,  

The i s o t o p i c  shr lndanr ies  I;! tile molecular  ion 
o f  p,pLDDRE, C14HRC14r m/z 316 ( s c a n  i78,1.09, F i g ,  
42) h a v e  SUSQ o f  25. The compara t ive  va: ue f o r  tlii s  
i o n  from t h e  XSSS s p e c t r i m  is 16, P i e  i s o t o p i c  
a b u n d a n c i e s  of  t h e  i o n  CloH5G18 (m/7 435) i n  the  
s p e c t r m  of t rans-noa;ici i lor  ( s c a n  174,1,07, P i g .  $3 j 
have SUSQ o f  2 i h  compared r o  452 i n  YSSS. 

These examples c o n f i r m  good p e r f o r ~ a i i c e  of  t h e  
mass spec t rorne te r  i n  t h i s  sample.  Consequent ly ,  
s p e c t r a  of t h e  u n i d e n t i f i e d  compounts ;ire reiil i n  

y t e r m s  of  n /z  v a l u e s  and f o r  t h e  less i n t e n s e  Fnks 
i n  te rms  of i r r t e n s i t i e s  a s  w e 3  I .  

Of t h e  micor peaks the  peak i n  scan  ?6,0.22 i s  
b e n z o t h i a z o l e ,  The v a k  i n  s c t n  83,O.iit c o n r a i n s  
m!z 55 a s  r?le hase i o n  a t d  a r i d i t i o n a l  s t r o n g  i o n s  
a r e  a t  m/z 71 and 85, The p a k  i s  q u i t e  broad and 
v e r y  l i k e l y  c o n t a i n s  a  m i x t u r e  of  compounds. So 
i d e n t i f i c a t i o n  is r m s s i b l e  from the d a t a ,  

Yass  spec t rum of t h e  p a k  i n  scan  97,0.59 (F ig . .  
41)  h a s  a very  i n t e n s e  i o n  a t  -;ill 7 1 ,  From r i le  
i s o t o p i c  d i s t r i b u t i o n  t h e  ion is TIC:S~ p robably  
CgH11. C;ii70 i s  somewhat l e s s  l i k e l y .  A ni~mber 
o f  compounds i n  MSSS y i e l d  s i m i l a r  s p e c t r a ,  not  

s p e c i f i c  enough f o r  i d e n t i f i c a t i o n .  

Mass spec t rum of t h e  a d j a c e n t  peak i scan  
93,0,61) c o n t a i n s  m/z 55 as t h e  hase i o n ,  
A d d i t i o n a l  i n t e n s e  i o n s  a r e  a t  m/z 5 6 ( 4 0 X ) ,  h813TZj, 
7 0 ( 2 5 % ) ,  81(54Zj, 82(51X), 96(33%),  and g 7 ( 1 4 2 ) ,  
The compound has aist been i d e n t i f i e d ,  

Kass  spec t rum of t h e  peak ii? scan  IO4,ri.SL 
( F i g *  6 5 )  r e s e m b l e s  s p e c t r a  of pcE..;irnsatilra;ed f a r t v  
a c i d  methyl  e s t e r s ,  bur, tlre r e t e n t i o n  r f z e  is ton  
s h o r t  f o r  t h e  cormnon comi;ortrida of th is  t y p e .  

Marig of t h e  compciilnds 1isr t . i i  i n  ' h b l t -  2 n r e  
idrntiflnble ,us minor cornpixhi'n'tt: of rlii.; s,ra:?lt- r i s  
w e l l .  Soat. of tilt* r e t e n t  ion l i i n c ~  "he~:~-lici .~r. ' ls ' '  art.  
liilT ( s c a n  K 0 , 0 , 4 9 ) ,  p t r e n n i ~ i i ~ r e r ~ e  ( s c a n  i ?  l,O. T i ) ,  
f l t rorantheiie  ( s c a n  163, 1. OC) , : i d  pyrene i sc , i i ~  
1 6 9 , 1 * 0 4 ) *  

The r e c o n s t r u c t e d  gas  chromatogram (Fig, b h )  
c o n t a i n s  f o u r  major peaks and 4s o t h e r w i s e  q t i i t e  
f e a t u r e l e s s  i n  c!,mparison with RGCk sof the o t h e r  
s a m p l e s ,  The l a r g e s t  peak [ s c a n  55,O. 42)  is  HIT. 
The n e x t  l a r g e  peak ( s c a n  41 90*hY)  i s  pris:.?ne. 'The 
peak i n  scan  1 @ 4 ,  i ,47 is DKHl', ,,n:ld tile p : ? k  In sc.;iii 
234,1.77 a p p e a r s  eo he squ;ilene ( ? , h ,  LC;, 1 4 ,  i i i , 2 2 -  
t e t racosa i :ex ;~ene  ,2 , i i ,  1 0 , 1 5 ,  i9 ,2 '3-hexnnet i1vl j  o r  ;i 

r e l a t e d  i iydro ta rbon ,  The mass sfrcsr:rnrn is repro-  
dticed i n  F ig .  4 7 ,  



Many of t he  s n a l t  peaks ( s c a n s  7!,0,55, 
81,0,hl, 104,0,79, 119,0 ,W0,  i3!,1.01, i 7 i , i . 3 0 ,  ziizd 
ER3,1.39) arc: p a r a f f i n s ,  r n  addi t io! i  to ii p r ~ i f i i n ,  
t h e  peak i n  scan 133, l , ( ? I ,  and cllose in scans  
1 4 6 , 1 , 1 1 ,  157,1,19, and 1713,1.34 con ta in  l i t tense  
i o n s  a t  m/z 3 8 ,  sugges t ing  m i n e s ,  p a r t i c u l a r l y  i n  
combinat ion  with another  s t rong  ion  a t  n / z  72 ( scans  
133 and l h b i ,  

The smal l  peak i n  scan 50,O. 38 (Fig .  481 i s  
2 ,h-di - ter t -but  - yl-4-mettiylene-2,5-cyclohexadieaone, 
i d e n t i f i e d  previous ly  a s  a  hepa t i c  merabo l i t e  of BtI7 
i n  r a t s  (Taka l~ash i  and Hiraga 1'3791* 

PAH a r e  p re sen t  i n  r e l a t i v e l y  10% conceotra- 
t i o n s .  For example, k luo ran the~ ie  and pyrene a r e  i n  
s c a n s  !32,1,00 and !38,?,05, r e s p e c t i v e l y ,  Of 
c h l o r i n a t e d  hydrocarbons,  d ichlorobenzene and iiexa- 
chlorobenzene a r e  not  d e t e c t a b l e ,  p,pP-DDF i s  
p r e s e n t  i n  scan ih8 ,1 ,12,  

With the  excepr ion of the  I977 sample (LOB-21, 
r.he response  o f  tire mass spect roxecer  \as cc l ib ra t e i ;  
on a s e t  uf e x t e r n a l  s t anda rds  and tlie ccnceii tra- 
t i o n s  of a  number of compounds were decermined 
(Tab1.e 4 ) .  

In nost samples,  c?:ts ; . c ;ncei~t ra t ions  o f  FLuor.-ii~- 
thene and ~ ~ I : - I I C  are  exrreioc~:)' irigii. Xic solrrt.o of 
r hese hyciruc:~ri;on~ i s  very l i l i r . 1 ~  c r eoso te  1e:rching 
i ~ i o  senwntcr from tile M"r;iri, On the o t h e r  I land,  
d lne tny lnaph thn le i~es  may . ; . r iginate both Froin creo- 
s o t e  and from f u e l  o i l s  s p i l l e d  in the v i c i n i t y  of 
t h e  &tarfa  

~ ~ i - * : -  d ~ ~ ~ ~ e  concen t r a f ions  of  major PAH i.n l o b s t e r  

hepatopancreas sample LSWA! and in a  sample of  
c r eoso te  (not  n e c e s s a r i l y  i d e n t i c a l  to c r eoso te  used 
on the d i a r f )  a r e  given i!: Table 5. 

As can be seen from Table 5 ,  the  lower mole- 
c ~ i l a r  weight FAR a r e  much l e s s  abundant i n  l o b s t e r  
hcpatopancreas  i n  comparisori with c reoso te .  This 
may be ca i~sed  in pjrt by t h e i r  i i g?~ .e r  s o l u b i l i t y  i?. 
water ( lower ec t ano l /wa te r  p r t i t i o n  c o e f f i c i e n i )  
a d ,  consequeil t iy lcwer biuaccumtilatinn,  and,  i r i  

p a r t ,  metabolism and exc re t ion  of rnetabol i t e s ,  
Norway l o b s t e r s  a r e  a b l e  to inetciholize p!reiiant?~reiie 
(Palmork arid So:b;ilcken !97?), Ketabol i s %  may he 
r e s p o n s i b l e  a l s o  f o r  the r e l a t i v e  i i e p l e ~ i ? n  o f  
pyrene,  From s t r u c t u r a l  c o n s i d e r a t i o n s ,  one would 
expect  t ha t  pyrene i s  ne t abo l i ze6  e a s i e r  t?:a;i 
f l uo ran thene ,  The r e l a r i v e  concen t r a t ion  of 
be~~z(a )an t l ; r acene  i s  ior,.er in l o b s t e r  he pa t o  pancreas 
than in c r e o s o t e ,  This aav be caused by d i :? in isbixg 

Table 4 ,  Cor?ceatr;;iior: o f  s e l e c  ted comjioiinds i i i  i n l ? s t e r  iiepi?:opnncre;t.;. 

Dlmetliylnaphthaleniis 
B RT ., . rnenan th rene  
Fiueranthene  
Pyrcric 
1' p  ' -DDE 
1iexachlorobSphei:yls 
t  rans-nonac h l o r  - 
Dichlorobenzene 
Hexac klorobenzene 

L ip id  concen t r a t ion ,  % n o t  a v a i l a b l e  

a i n  cour i t s lg  l i p i d ;  mass spec t r enece r  not C R ~  itirateti. i n  terms of 
c o n c e n t r a t i o n ,  

Tahlo 5. R e l a t i v e  concen t r a t ions  ( X  f ' l i tor;~ntl iene) of maJor PAtl  i n  1.ohr;tcr 
hepatopnncre;rs ( t S W A 3 )  ;and i n  a creosote .;n:npie, 

Retent  ion l i m e  Re1.at i ve  corrcerrtratioit 
r e l a t i v e  ti) I% f l i i o r a t ) t t~ene i  - 

PA:{ miz ELuoranthciie iS11A3 Cresoci 

Fluorene  IS6 
Phenanthrene 118 
>fe- " 192 
Fluoran tilene 202 
Py rcne  202 
Me-Fluoranthene 21 6 
Benzof i1rorariti1enes 2 2 6  
iienzjii)antiiracer;c 2 2 8  



a v a i l . a b i l i t y  oaf h i g h e r  3-iolecular weigh"LAN because  
o f  t h e i r  e x t r e m e l y  Isw s o l u b i i i t y  i-i w s t e r ,  

Phiscylnaphti ;alenes coirlii n o t  be d e t e c t e d  con- 
clcsf " $ a  ,iy "-- In  cke c r e e s o t e  s a n p l e .  T t  may be t h a t  

"-1ese cumpotinds o r i g i n a t e  Fro-: anot l le r  s o u r c e  o r  
t i?zr they a r e  accus~r i ln rcd  s e l e c t i v e l y  by ttie 
l o b s t e r s .  Lli-cyclopentzi(de")pei;6nthrene (m/z  130) 
a p p e a r s  t:; be enricireci 11: i-ire L o b s i e r s  in  comparison 
rri + ~ i r ! - s  o ie t i iy lphrnanthcene .  

BIK (2, b-di- i -er t -bi! r~l l -4-met l rylpi~eni i1)  -. almost  
c e r t a j n l y  o r i g i n a t e s  from p l a s t i c s  used in  the 
l o b s t e r  c u l t ~ r l r e  f a c i l i t y ,  ; t s  c o n c e n t r a r i o n  i n  tlie 
s a ~ p i e  i03-2 WGS much id g h e r  t t~ i in  i n  any ~f t h e  
s a m p l e s  a n a l y z e d  siibseqrierirlg. U n f o r t t ~ r r n t e l y ,  R F E  
t r s s  n o t  i d m i : i r ' i e d  w!ren ; t i i s  sample was ana lyzed  
enci, c o n s e q t r e n t ~ y ,  was n o t  q u a n t i t a t e d ,  ?he range  
o f  TIT c : o n c e n t r a t i o n s  ( 'Table 4) i s  about  one o r d e r  
o f  n a g n i t u d e ,  s i m i l a r  t o  t h e  r a n g e  of PAW 
c o r i c e n t r a t i n r i s .  

-1 ii!e c o n c e r i t r i i t i o n s  oC ji,pL.DliF: ;;i?ri -g- 
nor-ac1:io-r arcx s?mlLar t o  t l ~ o e c  foi~nil in; loczri 
n q i ~ ~ i t  i c  Fa unii liexac iii r?ro!>znzcne I s  :I: ~ i i  :I c1>1s%o11 
c c -  f r  1 1 n  t s  r D i i ~ i  i s  
p r o b a b l y  ii:r inaii; s o u r c e  &>P tilc>sc ~:nmpotirids; t i - :  iiie 
criL~ur.'d i o h s t e r s -  I t  i s  n o t  kno,wn w h i r h  i snnc , r ( s )  
s f  dickrLorobei~zeiie & r e  i?rcrsznt. I l encra l  o c c u r r e n c e  
o f  d i c h l o r o t l e n z c n e s  i n  a n u s t i c  Farir~a ir: t i t i s  a r e a  is 
iioir known, Dfci?lorobc?zcires ~;on?d n o t  be d e t e c t e d  
under  "noriaai"  ( i s o t h e r m a l )  g a s  cl?roioatography used 
f o r  r o u t i n e  d e t e r m i i i a r i u n s  of  o r g a r ~ o c i i i o r i n e  
compoun2s i n  z q u a r i c  fauria. Prom p r o p e r t i e s  o f  
d i ch lorobenze : res  j r e l a t i v e l : r  h i g h  s o Z t i b i l i t y  i n  
v a t e r ,  v o l a t : i l i t y p  and b i e d t g r a d a b i l i r y ) ,  one would 
n o t  e x p e c t  them t o  bc wi.de;y s p r e a d  c o n t r i m i n a n ~ s .  
The s o u r c e  o f  :lie i l i c h I o r o " ? t ? n z e n  is probably  
a s s o c i a t e d  k-i t)?  t h e  Lobs te r  r i i ? . tu rc  facflftv. 

FiexociilorobipI,eny 1 s a r e  t h e  most ;tii;ii~daat PCB 
c o m p a r e : ~ ~ s  T i t  the  ssrnpLes I Tike r e p o r t e d  ccr i~ccnt rs -  
t i o n s  ( T a b l e  b) a r e  i m t  d i r e c t 1 . y  cornp:;rabie t o  t h e  
u s i ~ a k i y  g i v e n  concentra"-ions i n  terms of  h r o c i o r  
1254, Tna f a m i l i a r  "PCB p n t r e r n "  o b t a i l e d  I;y 
e l e c t r o n - c a p t u r e  d e t e c t o r s  m s  s in i l l aced  by p l o t s  o f  
srm of chi. major  ! x t r a -  t o  i ~ e x a c h l o r o b i p i i e n y l  ioris 
j n / z  290,  242 ,  326, 3 2 8 ,  360, 362) f o r  A r o c l o r  I254 
(Fig, 4 9 )  and f o r  sarnple I'SW.42 ( F i g .  50)- PCB 
o a r t e r n  o f  the o t h e r  s a n p i e s  was s i m i l a r .  

The c r l . g i n  o f  ;kc q u a n t i t a t e d  contaminants  was 
d i s c u s s e d  i n  rhe p r e c e d i n g  s e c t i o n ,  Of t h e  non- 
cj twinti tated compounds, p r i s t a n e ,  phyt , ine and 
s q i l a l e n e ,  t h e  l a s t  two d e t e c t e d  o n l y  o c c a s i o n a l l y ,  
n u s t  be n a t u r a l  c o r ~ s i l '  t i r e n t s  of  t h e  h e p a t o p a a c r e a s ,  
a l t h o u g h  their c o n c e i r t r a t i o n  may be i n f i n e n e e d  by 
f a c t o r s  suci? a s  d i e t .  Cm ?:tie o t h e r  hand,  t h e r e  is 
S i t t i e  d o u b t  t h a t  tile o t h e r  c h e m i c a l s  e r e  
can ta rn inar i t s .  

X e ~ ~ z ~ t l ~ l a z o l . n ~  found r m i v e r s a l l y  , aiid penty l  
b e n z o a t e ,  found i n  o r e  sziinjil e ,  c e r t a i n l y  o r i g i n a t e  
from m a t e r i a l s  used i n  t h e  f a c i l i t y .  Somewhat 
s i i r p r i s i c g l y ,  p i i t h a l a t e s  wibris not exit-ountered its 

gci;i.i-in:iy a s  one w o u l d  ?:iivib i,x;rt-c terl. O r 1 1  y i?irtx 
s a m p i i ~  t,ont:?lncd n r e i n i  i v i ? l y  f r l ~ l i  I t . va4  o f  !XI!!', 
an:? tii:hirlsyi p:i:h;il:~t~ ii:ss ; r o c  bvct: d v i i 3 r - t t > i i ,  

The o r i g i n  o f  t h e  GnI12,-1s i iydrocarhons ( f rom 
Ci3H12 t o  C I S H ~ ~ ) ~  d e t e c t e d  i n  n o s t  samples ,  i.s n o t  
c l e a r .  'I?~ose l-rydroc;irbons may be der',vati.ves of 

biphcr:yl, hexahydror ' luorene ,  nccnapi~ti ier?e,  o r  t c  t r a -  
hydrophenanthre l ip ,  In a d d i t i o n ,  tile i s o t o p i c  
a b u n d a i ~ c e  a c c u r a c y  of t k e  l a s s  s ~ t c c t r a l  d a t a  I s  n o t  
s u f f i c i e n t  t o  e l i m i n a t e  tila ~ m s s i b i l i z y  t h a t  t h i s  
s e r i e s  of  compoiinds c o n t a i n s  nxygea,  

Tiie n i t r i l e s ,  t e n r a t i  ve1.y i d e n t i f i e d  fn one 
sample ,  mnv i?ot r i e c e s s a r i l y  be nr fse i l t  in  tlie 
h e p a t o p a n c r e s s  ,?s n i t r i l e s .  I t  i s  ; ,oss i i : e  t h a t  
t h e y  a r e  formed froin o t h e r  ni trogrr?-contnii : i~lg 
co.-npounds si~cir  a s  m i n e s  o r  Erni.dnlolincs :Suri*~g g;is 
chromatograpiiy.  

The p r e s e n c e  of e s t e r s  of f a t t y  a c i d s ,  p a r t i c i t -  
l a r l y  e t h y l  e s t e r s s ,  is s u q r i s i n g .  Yc~'r:yI ,ind 
i s o p r o p l ,  bu t  a p p a r e n t l y  :lot e t h y l  e s r e r s ,  ; i re  used 
o c c a s i o n a l l y  i r i  s u r f a c e - a c  t i v e  formtila? Loiis, Such 
f o r m u l a t i o n s  a r e  a l n o s t  always baset? on sn t i i rn te i i  o r  
n o n o u n s a t r ~ r a t e d  f a t t y  a c i d s  and yet, p o i y ~ u i i s a t u r a t e d  
f a t t y  a c i i  e s t e r s  were d e t e c t e d  in sevcra:  sa rnp lps .  
E s t e r i f i c a t i o n  of r x t r a c  i c d  fa=:? ;:c i 6 s  ;.t):iid ;iiot 
have  o c c u r r e d  d n r i i ~ g  exr r t i c  t i o n  and c!c:?!r:!ri. Sirice- 
t h e  prltcsorrcr t > I  fzctty a c t 8  e s t e r s  w,is not . i . r t i i ~ : -  

p a t d  ;tiid cor;fir:*icd kv' s t i i~%d,?r t i s ,  t'rlcri* is .I * t l i i : i i r  
j iclssiht l i t  v 1 ,C  mi?;ldc?:ti f i i . ; i i  ii111- f 1 i k * . i  I. *:,i:ir;t* 

o f  tltc rsii?rs i*s,~!?ii ilc d E ~ i  fi-r-i i f i . ' : i t  ioir 1~ i , ? t  tv 
a c i d  prc~piir:!f i o n s ,  titi";;ipl?arri~; 1.v :i,? .;i;i." ,)<id i t  i v c s  
i izive her11 iisix:!, 

Only dead l o b s t e r s  were ana lyzed  and concc- r ra -  
r i o n  of  contarnj.nants i n  h e a l t h y  i e t s t e r s  i s  not  
known, Even :f t h i  s i n  for tca t ion  were e ~ v o i i ; i b i e ,  rile 
t o x i c o l o g i c a l  s i g n i f i c a n c e  could  ncc he a s s e s s e d  
wi thout  t o x i c i t y  t e s t s ,  l i n k i n g  PxDosrlre coird i t i o n s ,  
e f f e c t s ,  and c o n c e n t r a t i o n  o f  coi:rarninaiirs i r i  
t i s s u e s .  S i n c e  r k i s  hi?ckgrolrnti i?  giot , :v ;? i l : iRi i~,  
tire t o x i c o l o g i c n i  s i g n i f i c n ~ r c e  can he i i is i-r isscxd t ) i i l  y  
t f ~ n t a t i v e l j - ,  bsscd on gener,?l  toxicnLoglir:!I 
p r o p e r t i e r  of t h e  c o n t n r n j n a ~ ~ t s  an<? oo jr~i.i>:mcni. 

m. ? h e  c o n c e n t r a t i o n s  of o r g n n o c h l o r i r : ~  compou~rds 
a r e  w i t h i n  tlie range  of contaminacior: oi v a r i n r  
f a u n a  i n  t h i s  a r e a ,  It srerns Froa g e n e r a l  
e x p e r i e n c e  that t h e s e  l e v e l s  a re  not  s",i',rriffcar~c 
t o z r i c o i o g i c a l l y ,  but  d i c h l o r o h e n z c n c ~  is of szme con- 
c e r n ,  R e l a t i v e  t o  t h e  o t h e r  o r g a n o c h ? o r i : ~ e  eoirtami- 
n a n t s  r e g u l z r i y  found i n  a q u a t i c  f i l t r r . , r ,  i i i ch loro-  
benzenes  may be rnetnbolized rericiil ir v i a  - ; n t e n t i a i  1 :. 
hazardous  a r e n e  o x i d e s  t o  dic1:lorojsheool s, more 
t o x i c  than  i h e  p a r e n t  eoapeii-~d s . 

Tile tox ic i t !?  of c r e o s o t e  to  i o b s t e r s  :.;is been 
s t u d i e d  (?lcLeese and !-teccalfi: i979j, Z?e 96-1) LC53 
f o r  a d u l t  l o b s t e r s  is about 2 ng/I., Ti.e c o n c e n t r a -  
t i o n  of c r e o s o t e  in  tire h e p a t o p a n c r e a s ,  a s s o c i a t e d  
.with m o r t a l i t y ,  is 20-50 n g / g  l i p i d ,  i ?nfor tona :e i :~ ,  
t h i s  c o n c e n t r a t i o n  of " t o t a l  c r e o s o r e "  is deiermiiieri 
by f l u o r e s c e n c e  and is not  comparable to  the c::ncen- 
t r a t i o n s  of i n d i v i d u a l  PAIi g i v e n  in t h i s  rcpc;rt, 
The c o n c e n t r a t i o n  of c r e o s o t ~  ii1 water  of the  
l o b s t e r  c u l t u r e  f a c i l i t y  i s  l i k c i v  t o  he i n  o r  'h:ios 
t h e  i e w P g / t  r a n g e ,  t h r e e  to f o u r  o r d e r s  cif nagni -  
trrde below t h e  95-11 LC50, However, t?ie  j r : s s i h t 2 f r v  
t h a t  iong- te rn  cixpiisiirr to i;t~ili conce i r t r : i r ion  !n:ly 
i ' v c ~ ~ t n a l i y  lend  to ~ r o r : a l i r  y c,riin,)t bc cbx~- i  tiiIi:d. 
*l'\%I? c o ~ ~ r ~ ~ l ~ t r ~ l t ~ o 1 - r ~  of f ~ l ! a r t ~ l \ t ~ ~ t ~ : ? < ~  t l l t d  )>*.,l.#ab!<s ill 
1 n 0 3 t  of t i : (*  dt*: j t i  l(>bt;tt.sra :irv h!,~?l; I - I I ~ ~ I Q : : ~  ? s )  t,.tttC:,* 

t.iincc>ri:, Tlhcsc t w i r  I r y ~ I r ~ i ~ . ~ r h ~ ~ ~ r ~ :  : w y  I&' / t i i - !  f i ~ d  i-- 
t r a t o r s  o f  cxposnre  l o  creo. ;oir ,  Lower t a ~ ) l * ~ t - t j l i ~ r  
weight  a r o m a t i c  hydrocarbons  sucli as  i i i . r i \ i ; i t ivrs  r3f 

naphtha le t i s  and plienantiirenc a r e  probably  tox tco-  
i o g i c a l l y  r a r e  s i g n i f i c a n t l i e i a u s r  of metabol i sm t o  
r e a c t i v e  i n t e r m e d i a t e s  ,and more t o x i c  phenol s, It 



a p p e a r s  t h a t  some o f  t h e  l o b s t e r s  might lwve d i e d  a s  
a  r e s u l t  o f  e x p o s u r e  t e  a r o m a t i c  hydrocarbons ,  
-6i iether  f r o n  c r e o s o t e  o r  o t h e r  s o u r c e s  I. 

Accord ing  t o  i i r c i t e d  t o x i c i t y  t e s t s  (PlcLeese 
1977, iinpuhi . I ,  BHT d o e s  riot a p p e a r  e x c e e d i n g l y  
t o x i c  t o  l o b s t e r s  d t ~ r i n g  a C n t e ,  s h o r t - t e r n  exposilriU 
and  no r e l a t i o n s h i p  "otwccn t o x i c i t y  zii~ii tiisstie 
c o a c e n r r a t i u n  of BWT i.s a v a i l a b l e .  Art c%xtreine?y 
h i g h  c o n c e n t r a t i o n  o f  ai;T was found in one sampLc 
and  tkie p o s s i b i l i t y  t h a t  t h i s  . o b s t e r  d i e d  a s  a 
r e s t i l t  of  e x p o s u r e  t o  RHT c a n n o t b e  r u l e d  o u t ,  The 
B9T o x i d a t i o n  prodrtc t ,  Z,b--di-;ert-but~il-4-metiiy- 
lene-?,5--cyiohcz:adieno1~e,  i s  probably  q u i t e  a  
rear.t.ive compot~nd a b l e  t o  b ind  t o  a .var ie ty  of 
b i o c h e m i c a l s ,  t h u s  c a u s i n g  unknown, long- te rm,  
t o x i c o l o g i c a i  consequences ,  

--  he _ a l i p h a t i c  n i t r i l e s ,  whether  a s  such  o r  a s  

i n d i c a t o r s  of  che p r e s e n c e  of  o t h e r  a l i p h a t i c  n i t r o -  
gen compouads, a r e  a catlsc f o r  c o n c e r n ,  Q u a t e r n a r y  
aminonitmi compou~zcis , i n i d a z o l  inc 's ,  a n d  long c h a i n  
a l i p h a t i c  amirtes a r e  usunliy ihighly t o x i c  t o  aqiiwtir  
f a u n a .  I t  is  u n f o r t u n a t e  t h a t  t h e  d a t a  do n o t  a i l o w  
a more d e f i n i t i v e  i d e n ~ i  f l  c a t i o n  of t h e s e  conrii::t;nds. 

F a t t y  a c i d  e s t e r s  do n o t  a p p e a r  ' iiighly t o x i c ,  
a l t h o u g h  some t o x i c i t y ,  based  on t i ;eir  s i l r f a c e  
a c t i v i ~ y ,  i s  1 i k e . l ~  wheri t h e s e  e s t e r s  a r e  admini- 
s t e r e d  i n  w a t e r ,  

COWCI,1JS IONS 

The r e p o r r  s l~ows t i m r  c u l t u r e d  l c i h s r e r s  c o n t a i n  
c o n t a m i n a n t s .  Some c o n t a m i n a n t s  e r e  t h e  s a n e  a s  
found  i n  l o c a l  b i o t a ,  Of r k e s e ,  PAY e r e  p r e s e n t  a t  
nucli t r igher l e v e l s  b e c a t ~ s e  of  t h e i r  e l e v a t e d  l e v e l s  
I n  w a t e r  used by t h e  f a c i l i t y ,  Other  c o n t a m i n a n t s  
o r i g i n a t e  from m a t e r i a l s  used i n  che f n c i l  L ty ,  such  
a s  p l a s t i c  p i p e s ,  p o i n r ,  s e a l a n t s ,  e t c .  Toxico- 
i a g i c a i  i n f o r m a t i o n  3n t h e s e  compounds is  s c a n t y  and 
t h e  s i t u a t i o n  i s  a g g r a v a t e d  by t h e  long-term n a t u r e  
o f  t h e  e x p o s u r e .  Ar l e a s c  some of t h e  ~ n a l ~ z e d  
l o b s t e r s  might  have i i e d  a s  a r e s u l t  of exposure  t o  
r o n t a n r i n a n t s .  

The r e s u l t s  under: i n e  t h e  f;ici, t h a t  c u l t u r e d  
a n i m a l s  a r e  n o t  f r e e  of  c o r ~ t a i n i n a n t s .  .Acruakly, 
t h e y  may be more c o n t a m i n a t e d  t h a n  t h e i r  trouncer- 
p a r t s  i n  t h e  w i l d .  To i imi :  tile e x t e n t  of  contnmi- 
n a t i o n ,  c o n s t r u c t i o n  m a t e r i a l s  used i n  t h e  f a c i l i -  
t i e s  should  be s c r e e n e d  beforehand  f o r  i e a c h i n g  of 
c  heru ica l s ,  The " c o m p L e t e ' ~ o m p o s i  t i o n  of c l e a n i n g  
and  d i s i n f e c t i n g  f o r m l i l a i i o n s ,  and of a l l  o t h e r  
m a t e r i a l s  used  w i t h i n  t h e  f a c i l i t i e s ,  even i f  n o t  i n  
d i r e c t  c o n t a c t  w i t h  t h e  a n i n a l s ,  should  he Icnown. 
T o x i c i t y  and b iosccumulac ion  p o t e n t i a l .  can he 
e s t i m a t e d  o r ,  when i n  t loubt ,  d e t e r m i n e d ,  and t h e  
most a c c e p t a b l e  m a t e r i a l s  may be s e l e c t e d .  Aromatic 
hj-r lrocarbons i n c l . i ~ d i n g  PAR w i l l  cause  c o i i t a m i n a t i o r ~  
a n d ,  possf b l y ,  s irklet ira? e f f e c t s  nrici mt>rt :*l l iy,  a s  
l o n g  a s  w a t e r  I n t a k e s  remain in  t h o  v i c i n i t y  of 
c r e o s n t e c i  s t r u c t i t r c s  zir:ci La a r e a s  of !iigli h o a t  
a i * t i v i t y ,  i f  w a t e r  i n t a k e s  cannot  be relo<-aircat?, ia 

t rc . i i tmi*nt  s y s i ~ i r i  nny hatie i-ir he ~~ci i l s i  liereti,  

i ' r i r ~ l r t : i  :ire n t  t . c * i ~ i  I o n  ?:!~o~ilti hc ) : i v i * r~  l o  i,r~,oti- 
stoi-lk h i i i d f ~ ~ g  f a c t  l i l i e s .  iirootlsiock nn fn : : i  s  :$rib 
l i k e l y  t o  rena l i?  in t h e  F a c i i i t i c ~ s  f o r  :I ('oii- 
s i d e r a b l f -  t ime  and c h r o n i c  e f f e c t s  a r e  cis;iially f i r s t  
o b s t ~ r v a h i e  a s  reproducr ior?  irnpalrment . 

-L i t i e  p r e s e n c e  of ::an"_amin.or;ts in the  d i e t  m a t  
he c o n s i d e r &  a s  v e k l ,  "Tres"iW f i s h ,  fisi-i o f f a l ,  
commercial  f i s h  food ,  e t c . ,  -nay c o n r a i n  elevated 
c o n c e n t r a t i o n s  of  c o n t a m i n a n t s ,  

k t h z ~ ~ ~ k  3r- E- !,ik~n a11d V s -  Ss \daddy  f o r  
l o b s t e r  samples ,  X e s s r s ,  !;, i:, C n r s i ) ~ ~  aiid C. I)* 
? i e t c a l f c  f o r  t e c ! m i c a l  r?ss i s t ; ince  in p r t  of tlic 
p r o j e c t ,  M r .  Ma Qabineau  f o r  p z t i e i ~ t  and e f i i c i e i ~ t  
main tenance  arid r e p a i r s  of t h e  CC,fSi)S instr irmen- 
C a t i o n ,  Ys. R, G a r n e t t  f o r  s d i r o r i a i  a s s i s t a n c e ,  
t f e s s r s ,  W, G. P!c!.itiilon ;i-;d F, Gunning'mar: f o r  
p r e p a r a t i o r i  of  f i g u r e s ,  t!s. B, ~ I c C u i i a c g h f o r  t y p i n g  
and a r r a n g i n g  ?:he r e p o r t ,  :'irs, "I, XZ, 1 r w i . 1  and H i s s  
Y -  Haley f o r  p a t i e n t  and c a r e f u l  p r o o f r e a d i n g ,  and 
D r s .  D, E,  (i.iken and 3 ,  F, Uthe f o r  c r i t i c a l  
c o m e ~ t s .  
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Fig ,  1, Reconst ructed  gas  chromatogram (RGC) of Fig ,  4 ,  Mass speecrum of scan 187,0,98 c o r r e c t e d  
sample LSWAL, Major peaks: p r i s t a n e  ( s c a r  145,0,76 f o r  background 1n scan 185. Drrnethylphenanthrene 
r e l a t r v e  t o  f l u o r a n t h e n e ) ,  f l uo ran thene  (scan 1911, ( o r  anthracene ,  m/z 206) ,  and a f a t t y  a c i d  e t h y l  
pyrene ( scan  199,l.OL). e s t e r  !m/z 55, 57, 69, 71, 88, 101), 

Fig ,  2 .  Elass spect r rm of scan I70,0.89 c o r r e c t e d  
f o r  b2ekground in  scan 166. m i z  190 i s  molecular 
i o n  of 4R-cyclopenta(def jphenanthrene ,  m/z 192 i s  
molecular  i on  of met i~ylphenanthrene  / o r  
methylanthracene)  . 

Fig.  5. Mass snectrism of scan 23,O. 12  c o r r e c t e d  f o r  
backgrouvd in  scan 22 (see Table 21, 

Plg.  3. Vass spectrum of scan I82,0.95 c o r r e c t e d  F?g. 6. "lass spectrum of scan 84,0.44 c o r r e c t e d  f o r  
f o r  background m scan 181, I n t e r s e  Ions  belong to background in  scan 82. Diphenyl e t h e r  (m/z 170, 
t h e  monoolef in ic  s e r l e s  CnH2,-1 (55,  69, 83 ) .  Ions  1 4 1 )  ( s ee  Table  7 ) .  
a t  m/z 88 and 101 i n d i c a t e  an e t h y l  e s t e r  o r  
l-methyl methyl e s t e r .  



Fig.  7 .  ? lass  spectrum of scan 1I9,0.62 co r r ec t ed  
f o r  baclcground in  scan 116, An unusual ph tha l a t e  
e l u t i n g  be fo re  d i b u t y l p h t h a l a t e  o r  a lkylphenol  (m!z 
149)- 

Fig.  8. ?!ass spectrum of scan 124,0.65 co r r ec t ed  
f o r  background in  scan 122. Xanthene (m/z 182) .  

Fig. 9. Xass spectrum of sean 140,0.73 co r r ec t ed  
f o r  background in  scan 138, 4 mixture  of compounds, 
a hydrocarbon Cl4Zl4 (m/z 182 and 167) ,  a hydrocarbon 
CI5FI16 ( v / z  196 and 195) ,  and a t r a c e  of hewachloro- 
benzene ( c l u s t e r  a t  m/z 282) ( s ee  Table  2 and t e x t ) .  

F ig .  IO. Mass spectrum of scan 147,0. 77 co r r ec t ed  
f o r  background in  scan 146. Another CL5HIh 
hydrocarbon? ( see  Fig.  9 ,  Table 2, and t e x t ) .  

Fig.  11, )?ass spectz3.m of scan 153,0.85 c ~ r r e c l r e d  
f o r  background i n  sean 160. e16&18 O r  GI5Kl40 jm/z 
210) f ragment ing by Q23 1086 <m/z i95). b tfi- 
chlorobiphenyl  ( c l u s t g r  a t  DL/z 256) (see Table  2), 

LS liRe ISUR2,LnB . ~ ; E P R X ~ ~ , @ - B  i- 
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Fig,  12. tfass spectrum of scan 229,1.20 co r rec t ed  
f o r  background in  scan 227.  Hexachlorobiphenyl 
( c l u s t e r  a t  m/z 358) and a polyunsatura ted  f a t t y  
a c i d  e s t e r  (m/z 67, 79, 41, ... 1. 
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Fig.  13.  Reconst ructed  gas chromatogram (RGC) o f  Fig. 16. Mass spectrum of scan 187,0.97 c o r r e c t e d  
sample LSCJBI. Xa jo r  peaks : p r i s t a n e  ( scan  f o r  background in  scan 186, Ions  i n d i c a t i n g  e t h y l  
146,0.76),  f a t t y  a c i d  e s t e r s  i n  scans  211,1.09 and e s t e r  (m/z 88 and 101) more prominenr: than in  Fig .  
231,1,20. 15. I n t e r p r e t e d  a s  t e t r adecano ic  ac id  e t h y l  e s t e r .  

Fig.  I L .  Mass spectrum of scan 211,1.09 co r r ec t ed  Fig.  17. Vass spectrum of scan 231 , I . 20  c o r r e c t e d  
f o r  background i n  scan 208. I n t e r p r e t e d  a s  e t h y l  f o r  background in scan 228. Vain ions  a t  m/z 7 9 ,  
o l e a t e  ( s e r i e s  of monoolefinic i ons  a t  n / z  55, 69 ,  6 7 ,  and 91. I n t e r p r e t e d  as  po lyu l sa tu ra t ed  f a t t y  
8 3 .  Ions  a t  m / z  88 and 101 i n d i c a t e  e t h y l  e s t e r .  a c i d  e t h y l  e s t e r  (m/z 88 end 101) .  

Fig.  15. Mass spectrum of scan 184,0.95 co r r ec t ed  Fig.  18, Mass spectrum of scan 252,!.3I co r r ec t ed  
f o r  background i n  scan 182. I n ~ e r p r e t e d  a9 t e t r a -  f o r  background in  scaq 250 ( see  Fig. 17). 
decenoic  a c i d  e t h y l  e s t e r .  



Fig.  19. Mass spectrcm of scan 162,0.84 c o r r e c t e d  
f o r  background in  scan 158. A mixture  of compounds: 
a p a r a f f i n  (m/z 57, 71, 5 5 ) ,  probably phytane 
(2,6,10,14-tetranethylhexadecane) , PAH (miz 198, 
2641, and a compound y i e l d i n g  ions  a t  m/z 181 and 
165. 

Fig. 20, "ass spectrum of scan 21,0.!1 co r r ec t ed  
f o r  background in  scan 19, Diclllorobenzene (miz 
146-261, 111-IC1) .  

Fig.  21. Mass spectrum of scan 57,6.30 co r r ec t ed  
for backgrosind in  scan 55. Benzo~ i t i azo le .  

F ig .  2 2 ,  Mass spectrum of scan 140,0.72 co r r ec t ed  
f o r  background in  scan i38,  A mix tu re  of compounds: 
an u n i d e n t i f i e d  PAN m/z 196 ( see  a l s o  sample s e r i e s  
LSWA), c o e l u t i n g  wi th  hexachlorobenzene ( c l u s t e r  a t  
m/z 282),  arid an rrnsaturated f a t t y  ac id  e t h y l  e s t e r  
(miz 55, 69,  83, 97, 88, 101). 
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Fig.  23. Reconstructed gas chromatogram (RGC) of 
sample LORSi33. Major peaks a r e :  p r i s t a n e  (scan 
142,0.76) and po lycyc l i c  aromat ic  hydrocarbons,  
phenanthrene (scan 146,0 .78) ,  4H-cyclopenta(def)-  
~ h e n a n t h r e n e  (scan 167,0.89),  f l uo ran thene  (scan 
188,1.00),  and pyrene (scan 195,1. 04) .  

Fig. 24.  Mass spectrum of scan 173,0.98 c o r r e c t e d  
f o r  background in scan 171. l n t e rp reced  as  s t e a r i c  
a c i d  methyl e s t e r  (m/z 87, 101, 115, 113) and d z  74 
i n d i c a t i n g  methyl e s t e r .  



Fig ,  25. Mass s p e c t r m  of scan 2!7,1.16 c o r r e c t e d  
f o r  background i n  scan 215. I n t e r p r e t e d  a s  a  poly- 
u n s a t u r a t e d  f a t t y  a c i d  (C20) methyl e s t e r  (m!z 
6 7 ,  79, 91, 105, 119), 

Fig.  26. Mass s p e c t r m  of scan 240,1,28 co r r ec t ed  
f o r  background In scan 238, I n t e r p r e t e d  a s  a  
po lyunsa tu ra t ed  f a t ~ y  acrd  (622) metnyl e s t e r  
( s e e  a l s o  F ig .  25) .  

Fig.  28,  Limited mass r econs t ruc t ed  gas chromato- 
grarc (LMRGC) f o r  m / z  205 (base ion of EIFIT). 

Fig ,  29. Mass s p e c t r w ~  of scan 101,0.54 c o r r e c t e d  
f o r  backgroll"d in  scan 99. I n t e r p r e t e d  a s  bu ty l a t ed  
hydroxytoluene.  

F ig ,  27.  Mass s p e c t r m  o f  scan 102,0.54 co r r ec t ed  
f o r  background i n  scan 100, A hydrocarbon C13H12 
o r  d ibenzofuran.  

F i g ,  30, Xass spectrum of scan IOL,0.55 c o r r e c t e d  
f o r  background in scan i03. I n ~ e r p r e t e d  a s  
bu ty l a t ed  bydroxytoluene.  Compare with Fig.  29. 
Mass s p e c t r a  i n  F ig ,  29 and 30 correspond t o  the m/z 
205 maxima i n  Fig.  28. 



Flg.  3 1 .  Mass spectrum of scan 117,0.62 co r r ec t ed  Fig.  34. Reconst ructed  gas chromatogram (RGC) of 
;or backgrouwl l n  scan 116. I n t e r p r e t e d  a s  a sample MAlLI. Efa j o r  peaks a r e :  p r i s t a n e  (scan 
mrxture  of hydrocarbons,  C13H12 (m/z I68 and 153) and 118,0. 721, a n i t rogen  compound, probably n i t r i l e  
C I ~ R i 2  ( m / z  180 and 165). !scan 131,0 .80) ,  and DEHP ( scan  223, I .37) .  The two 

p a r t l y  resolved peaks in scans  157,0.96 and 161,3,9S 
have not been r d e n t l f r e d .  

Fig, 32, Pas s  spectrum of s c a ~  136,0*72 co r r ec t ed  Frg,  35. Mass spectrum of scan 130,0.80 co r r ec t ed  
f o r  backgroilnd ID scan 135, A mixture  of compoiinds: f o r  background in  scan 129. Major ions  a r e  a t  m/z 
u n i d e n t ~ f r e d  compound m/z 196 (conpare t o  Fig .  9 and 69, 71, 82, 96, and 110 ( s e e  &so Pig.  36 ) .  
PI&. 22) ,  hexachlorobenzene ( c l u s t e r  a t  m/z 282) and 
a compound y l e l d r n g  roos a t  m/z 182 and 165. 
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Prg. 33. Mass spectrum of scan 158,0.8& co r rec t ed  
f o r  background in  scan 155, A mixture  of compounds 
r n t e r p r e ~ e d  a s  1-phenylnaphthalene (m/z 204, 203, 
202) and methyl drbenzothiophene (m/z 198, 197) .  

~ ~ R I L I  C ~ R I L I  ,C.M.LOBSTER H.RI , I - ~ I  
x 131-129 131-129 HIGHER K R S S E S  ONLY 

Fig.  36. Mass spectrum of scan 13i,0.80 co r r ec t ed  
f o r  background in  scan 129 ,  Only i o n s  above m/z i18 
a r e  d isplayed ( s e e  a l s o  Fig. 35) .  Note t h a t  a l l  
major i ons  have even masses (124, 138, 152, 1661, 
i n d i c a t i o g  the  presence of n i t r o g e n ,  T e n t a t i v e l y  
i n t e r p r e t e d  a s  an a l i p h a t i c  n i t r i l e ,  



Fig,  37, Mass spectrum of scan 157,0.96 co r r ec t ed  
f o r  background i n  scan 154. Base ion  i s  m/z 5b, 
which i s  q u i t e  uhcoimaon, may i n d i c a t e  a n i t r i l e .  
Other major i o n s  appear t o  form two s e r i e s  (81/83,  
95/97, 109/111 and 121, 135, 1 4 9 ) -  Uniden t i f i ed .  

Fig.  38. Mass spectrum of scan 161,0.98 co r r ec t ed  
f o r  background i n  scan 159. A mixture  of compounds. 
The s t r o n g  i o n s  a t  m/z 96 and 54 may i n d i c a t e  a 
n i t r i l e ,  The i o n  a t  m/z 202 i s  due t o  f l uo ran thene  
(peaking i n  scan 163) ,  A t e t r ach lo rob ipheny l  i s  
a l s o  p re sen t  ( c l u s t e r  a t  m/z 290),  

F ig*  40. Hass spectrum of scan 146,0.90 c o r r e c t e d  
f o r  background in  scan 145. Base ion is a t  m/z 71. 
Un iden t i f i ed ,  

Fig.  41. Mass spectrum of scan 11,0,07 c o r r e c t e d  
f o r  background in  scan 10, presented  to i l l u s t r a t e  
t he  performance of rhe mass spect rometer  on t h i s  
sample. A d ichlorobenzene (m/z 146 and 111).  Also 
c o n t a i n s  a compound y i e l d i n g  ions  a t  m/z 105 and 70, 
probably  a pentyl  benzoate. Covpare with Fig. 20. 

F ig ,  39. Hass spectrum of scan 140,0.87 co r r ec t ed  Fig .  42, Mass spectrum of scan 178,1.09 c o r r e c t e d  
f o r  background i n  scan 138, Xajor i o n s  a r e  a t  m/z f o r  background in  scan 175, presented  to i l l u s t r a t e  
55, 70, 83. Poss ib ly  a 2 u n s a t u r a t e d  aldehyde. The t h e  performance of t he  mass spect rometer  on t h i s  
i o n  a t  m/z 192 is  probably due co a methyl- sample. p,pl-DDE ( c l u s t e r s  a t  316 and 246).  
phenanthrene,  
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Fig, 43, "ass spectrum of scan 174,1,07 co r rec t ed  
f o r  background m scan 171, presented  to  i l l u s t r a t e  
t h e  performance o f  the  mass saect rometer  on t h i s  
s a r n ~ l e ,  t ~ a n s - ~ o n a c h l o r  ( c l u s t e r  a t  m/z 405). 

r i g ,  4 4 ,  Hass spectrum of scan 97,0.59 co r rec t ed  
f o r  background i n  scan 95 ,  Very i n t e n s e  ion  a t  m/z 
7 'I. A n m b e r  of compounds y i e l d  a s i m i l a r  spectrum, 
n o t  s p e c i f i c  enough f o r  i d e n t i f i c a t i o n ,  

Fig, 4 5 ,  Mass spectrum of scan 104,0.64 co r rec t ed  
f o r  background i n  scan 103, Resembles a polyun- 
s a t b r a t e d  f a t t y  a c i d  methyl e s t e r  (compare wi th  Fig.  
2 5 ,  261, bur  hzs a very s h o r t  r e t e n t i o n  time. 

Pig.  4 6 ,  Reconstructed gas chromatogram of sample 
LOR-2. Major pea-ks a r e :  BHT (scan 5 5 , 0 , 4 2 ) ,  
p r i s t a n e  (scan 9 1 , 0 , 0 9 ) ,  DEEP (scan 1 9 h , 1 , 4 7 ) ,  and a 
hydrocarbon, poss ib ly  squalene  (scan 234,1 ,  77 ) , 

Fig.  47.  ?.fass spectrum of scan 234,1,77 co r rec t ed  
f o r  background in  scan 230. Major ions  a t  d z  69 
and 81. I n t e r p r e t e d  as  squalene  (2 ,6 ,10 ,14 ,18 ,22-  
tetracosahexaene,2,6,lO,15,I9,23-hexamethyl) or  a 
s i m i l a r  hydrocarbon, 

Fig, 48. Mass spectrum of scan 50,0.38 c o r r e c t e d  
f o r  background i n  scan 43.  Base ion  a t  m/z 161,  
r n d e c u l a r  ion  m/z 218. 2 ,  6-di-E-butyl-4-methy- 
lene-2,5-cyclohexadienone, a me tabo l i t e  of BHT. 



Fig. 49. Simulated gas chromatographic profile of 
Aroclor 1254. Compare to Fig. 50. 

Fig. 50. Simulated gas chromatographic profile of 
PCB in sample LSGJA2. 


