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ABSTRACT 

T h i s   r e p o r t  has been prepared t o   p r o v i d e  a summary o f   t h e  

c u r r e n t   s t a t u s   o f  PCBs i n   B r i t i s h  Columbia. A genera l   overv iew  o f  PCBs 
i s  p r o v i d e d   i n   o r d e r   t o  a1 1 ow t h e   r e a d e r   t o   p u t   t h e   B r i t i s h  Col  umbia  data 

i n t o   t h e   p r o p e r   p e r s p e c t i v e .  The main o b j e c t i v e s  o f  t h i s   r e p o r t  were t o :  

i d e n t i f y   c u r r e n t  uses o f  PCBs i n   B r i t i s h  Columbia and po ten t i a l   sou rces  

o f   r e l e a s e   t o   t h e   e n v i r o n m e n t  ; assess   t he   po ten t i a l  f o r  environmental 

impacts  as a r e s u l t   o f   t h e s e   r e l e a s e s  ; document a v a i l   a b l e   i n f o r m a t i o n  on 

PCB l e v e l s   i n   t h e   B r i t i s h  Columbia  environment  and  compare  these l e v e l s  

t o  those  repor ted  f o r  other  areas o f  t h e   w o r l d ;   a n d ,   i d e n t i f y   l o c a l i z e d  

areas o f   p a r t i c u l a r l y   h i g h   c o n c e n t r a t i o n s .  
Much o f   t h e   d a t a   i n c l u d e d  were obta ined  through  Envi ronmenta l  

P r o t e c t i o n   S e r v i c e   m o n i t o r i n g  and indus t r i a l   su rveys .   Pub l i shed  and 
unpub l ished  da ta  were a lso   ob ta ined  f rom  o ther   federa l  and p r o v i n c i a l  

government  agencies,  environmental  consultants  and  research 
o rgan iza t i ons .  



R ~ S U M E  

Le p r6sen t   rappor t  a pou r   ob je t  de donner un r6sum6  de l a  

s i t u a t i o n   a c t u e l l  e en ce  qui   concerne  les BPC en  Col  ombie 5ri t a n n i  que. 

Un apercu  ggngral   sur  les BPC permet au l e c t e u r  de m e t t r e  en p e r s p e c t i v e  
1 es donniies  re1  at ives 2 1 a Col ombie -Bri tannique.  Les p r i n c i p a u x  

o b j e c t i f s  de   ce   rappor t   cons is ta ien t  2 dg te rm ine r   l es   quan t i t gs   de  BPC 

u t i l i sees   p resen temen t  en Co lombie-Br i tann ique  e t   les   causes   poss ib les  

des f u i   t e s  menacant 1 'envi  ronnement , 6va l   ue r   l es   r i sques  de contaminat ion 
d u   m i l i e u  2 l a   s u i t e  de  ces f u i t e s  , in te rp re te r   l es   rense ignemen ts  

obtenus  sur l a   c o n c e n t r a t i o n  des BPC re leves  dans  l 'environnement en 

Co lombie5r i tann ique  e t   comparer   ces   n iveaux  5 ceux   qu i   on t   6 t6   re leves  
dans d 'au t res   rgg ions  du monde; i d e n t i f i e r   l e s  zones oG l a  c o n c e n t r a t i o n  
e s t   p a r t i c u l   i g r e r n e n t  GlevGe. 

Beaucoup  de  ces  donn6es ont  et6  obtenues g r k e  aux 6tudes  du 

Serv i ce  de l a   p r o t e c t i o n  de 1 'env i ronnement   e t  i ses  enquetes menees dans 

des e n t r e p r i s e s   i n d u s t r i e l l e s .   D ' a u t r e s  donnges,  publ i6es ou non 
pub1 i ges,  ont Ggal  ement e t6   ob tenues  d 'o rgan i  srnes gouvernernentaux , 
f 6 d 6 r a u x   e t   p r o v i n c i a u x ,   d ' e x p e r t s   z o n s e i l  s e t   d ' o r g a n i s a t i o n s  de 

recherche  sp6c ia l   i sees  dans l e  domaine  de 1 'environnement. 
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SUMMARY AND CONCLUSIONS 

T h i s   r e p o r t   i s  a sequel t o   t h e  1976 Env i ronmenta l   Pro tec t ion  

Serv i ce   repo r t   en t i t l ed   "Env i ronmen ta l   Con tamina t ion   by   Po lych lo r i na ted  

B ipheny ls  (PCBs) i n   B r i t i s h  Columbia. - A Summary o f  Current  Data,  1976". 

Since 1976, i nc reas ing  awareness o f   t he   haza rds   o f  PCBs has r e s u l t e d   i n  

more ex tens ive   env i ronmenta l   mon i to r ing  and the   imp lemen ta t i on   o f  

regu la t i ons   gove rn ing   t he  uses o f  PCBs and the  development o f  guide1  ines 
f o r   t h e   d i s p o s a l   o f  PCBs and contaminated  mater ia ls.   Consequent ly,  much 

a d d i t i o n a l   i n f o r m a t i o n   r e l a t i n g   t o  PCB use,  environmental   levels,  

d isposa l  and  sources o f   r e 1  ease i n   B r i t i s h  Columbia  has  been ob ta ined 

s ince  1976. I n f o r m a t i o n   o b t a i n e d   s i n c e   t h e   p u b l i c a t i o n   o f   t h e  1976 
document  has  been compi led and  summarized i n  t h i s  repo r t .  

Leve ls  i n   t h e   E n v i r o n m e n t  

Wi th   the   except ion   o f  a  few water  systems, PCBs were n o t  
de tec ted  i n  Bri ti sh  Col umbi  a sur face   waters .   Detec tab le   concent ra t ions  

were,  however, p r e s e n t   i n  Lime  Creek,  near  the Amax K i  t s a u l  t M i  ne  and i n  

Coldstream  Lake i n   t h e  Okanagan.  The presence o f  PCBs i n  Lime  Creek may 

be   assoc ia ted   w i th  a p a s t  PCB s p i l l   o r   t h e   a c c i d e n t a l   r e l e a s e   o f  PCBs 

from e l e c t r i c a l   e q u i p m e n t   a t   t h e   m i n e .   P o t e n t i a l   s o u r c e s   o f  PCB t o  

Col  dstream  Creek  have n o t  been i d e n t i f i e d  and t h e   p o s s i b i l  i ty o f  sample 

contaminat ion  cannot  be r u l e d   o u t   a t   t h i s   t i m e .  The e leva ted  PCB 
c o n c e n t r a t i o n s   d e t e c t e d   i n   t h e  McLeese  Lake a r e a   w e r e   a t t r i b u t e d   t o  

leakage from damaged c a p a c i t o r s   b u r i e d   d u r i n g   t h e   c o n s t r u c t i o n   o f  B.C. 

H y d r o ' s   c a p a c i t o r   s t a t i o n   a t   t h a t   l o c a t i o n .  
Elevated  sediment  concentrat ions  (of ten  exceeding  1000  ppb) 

have  been  detected i n   t h e   v i c i n i t y  o f  s e v e r a l   i n d u s t r i a l   f a c i l i t i e s   i n  

B r i t i s h  Columbia.  These  have  usual l y  been a t t r i b u t e d   t o  PCB re1  eases 

from elec t r i ca l   equ ipmen t   du r ing   rou t i ne   use  and s e r v i c i n g ,   o r  as  a 
r e s u l t   o f  mal func t ion ,   acc identa l  damage or   improper   d isposal .  I n  recen t  

y e a r s  many i n d u s t r i a l   f a c i l i t i e s  have   t aken   ac t i on   t o   p reven t  such 
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re1 eases t o  the environment and, i n  many cases, the elevated PCB level s 
detected i n  the environment are probably due t o  historical re1 eases. 

Highly industrial ized areas such  as Fa1 se Creek and Burrard 
Inlet contain widespread, b u t  usually moderate level s o f ,  PCB 
contamination. High PCB levels have been detected i n  the sediments of 
Vancouver  Harbour, particularly i n  the vicinity of ship b u i l d i n g  and 
repair  facilities i n  Coal Harbour.  These findings  are i n  agreement w i t h  
those reported by researchers i n  other areas of the world. PCB 
contamination i n  the vicini ty  of drydocks is  attributed t o  past PCB 
leakage from electrical and hydraulic equipment and t o  the application 
and removal of marine ant i - foul ing  paints w h i c h ,  a t  one time, contained 
PCBs.  Level s of PCB i n  sediments from Victoria Harbour are a1 so elevated 
b u t  t o  a lesser degree. 

The presence of PCBs i n  sediments  under the Granville Street 
bridge, and soil under the Burrard Street bridge, was attributed t o  the 
leakage of PCBs from bridge bearings. The  use of PCBs for bearing 
1 ubrication i s  t h o u g h t  t o  be  unique t o  these two bridges. The leaking 
bearings have now been drained and the PCBs  have  been  rep1  aced w i t h  an 
alternate dry lubricant. The contaminated soil has  been  removed and 
disposed of .  

Resampl i ng of the Fraser River  near the Bel k i n  Paperboard  paper 
recycling p l a n t  i n  1979,'confirmed earlier f i n d i n g s  t h a t  sediments 
adjacent t o  the pl a n t  contained elevated PCB level s. Monitoring of 
p l a n t  effluents demonstrated t h a t  significant amounts of PCBs  were being 
discharged t o  the river. Improvements t o  the waste treatment system  have 
now significantly decreased PCB re1 eases. 

Two major sampling programs, one i n  1973 and the other i n  1980, 
have  provided d a t a  on PCB concentrations i n  numerous fish species from 
several areas of the Fraser River. Mean PCB level s i n  fish species 
sampled i n  the Fraser River were we1 1 below the Heal t h  and We1 fare 
guideline of 2 ppm. The highest levels were generally present i n  the 
North Am which i s  the most industrialized region of the Fraser River. 
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Two o t h e r   l e s s   e x t e n s i v e   s t u d i e s   c o n d u c t e d   i n  1980 i d e n t i f i e d  

h i g h e r   l e v e l s   o f  PC8 i n   f i s h   c o l l e c t e d   n e a r   B e l k i n   P a p e r b o a r d   t h a n   i n  

f i s h   c o l l e c t e d   f r o m   o t h e r   a r e a s   o f   t h e   r i v e r .  The h i g h e r   l e v e l s   i n   f i s h  

f r o m   t h e   B e l   k i  n a rea   cou ld   no t  be a t t r i b u t e d   s o l e l y   t o  PCB re leases   f rom 

B e l k i n  due t o   t h e   m o b i l i t y   o f   f i s h ,  and t o   p a s t   o b s e r v a t i o n s   t h a t  PCB 

l e v e l s   i n   f i s h  f r o m  t h e   i n d u s t r i a l i z e d   N o r t h  Arm a r e   g e n e r a l l y   h i g h e r  

t h a n   t h o s e   d e t e c t e d   i n   f i s h   f r o m   o t h e r   r e g i o n s   o f   t h e   r i v e r .  It i s  

l i k e l y ,  however, t h a t   t h e   B e l k i n   p l a n t  was t h e   m a i n   c o n t r i b u t o r   o f  PCBs 

t o   t h e   r i v e r   i n   t h i s  immediate  area  and  consequent ly  the  main  source  of  
t h e  PCBs d e t e c t e d   i n   l o c a l   b i o t a .  PCB d ischarges   f rom  th is   p lan t   have 

now been subs tan t i a l l y   reduced  and  meet t h e   a l l o w a b l e   l i m i t s .  
The a n a l y s i s   o f   b i o t a   ( f i s h  and inve r teb ra tes )   f rom  the   F rase r  

es tuary   reg ion  has shown t h a t  PCB l eve l s   i n   o rgan isms   f rom  Rober t s  Bank 
are   lower   than  those  in   o rgan isms  f rom  S turgeon Bank. Sampling i n   t h e  

Sturgeon Bank a rea   revea led   t ha t  PCB l e v e l s   i n   c r a b s   d e c r e a s e   w i t h  

i nc reas ing   d i s tance   f rom  the   I ona   I s1  and sewage t r e a t m e n t   p l a n t   o u t f a l l  . 
A d d i t i o n a l   m o n i t o r i n g   i s   r e q u i r e d   t o   d e t e r m i n e   t h e   e x t e n t   t o   w h i c h  PCB 
l e v e l s   i n   S t u r g e o n  Bank b i o t a   a r e   i n f l u e n c e d  by  d ischarges  f rom  the  Iona 

I s l a n d  sewage t r e a t m e n t   p l a n t .  From t h e   l i m i t e d   d a t a   a v a i l a b l e ,  however, 

t h e  PCB c o n c e n t r a t i o n s   i n   b i o t a   c o l l e c t e d   n e a r   t h e   I o n a   I s l a n d   p l a n t  

o u t f a l l  appear t o  be l o w e r   t h a n   t h e   l e v e l s   d e t e c t e d   i n   b i o t a   n e a r  sewage 

o u t f a l l s   i n   s o u t h e r n   C a l i f o r n i a .  
I n f o r m a t i o n  on PCB l e v e l s   i n   a q u a t i c   i n v e r t e b r a t e s   f r o m   o t h e r  

a r e a s   o f   B r i t i s h   C o l u m b i a   i s   v e r y   l i m i t e d .  PCB l e v e l s   i n   m u s s e l s   f r o m  

A l i c e  Arm near   t he  Amax K i t s a u l t   m i n e   w e r e   s u r p r i s i n g l y   h i g h  (100 t imes  

h i g h e r )  compared t o   t h e   l e v e l s   d e t e c t e d  i n  t h i s   s p e c i e s   f r o m   t h e   F a l s e  

Creek  area.  Water  samples c o l l e c t e d   i n   t h e   v i c i n i t y   o f   t h e   K i t s a u l t  Mine 

a l s o   c o n t a i n e d   e l e v a t e d   l e v e l s   o f  PCBs and t h e   s o u r c e   o f   t h i s  

c o n t a m i n a t i o n   w a r r a n t s   f u r t h e r   i n v e s t i g a t i o n .   S t u d i e s   i n   s o u t h e r n  

C a l i f o r n i a  have shown t h a t  PCB l e v e l s   i n  mussels   f rom  act ive  harbour  

reg ions   a re   comparab le   t o   t hose   de tec ted   i n   musse ls   f rom  A l i ce  Arm, w h i l e  

t 
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PCB l e v e l  s i n  mussels  from Fa1 se Creek  were lower  and were s i m i l a r   t o  

l e v e l s   i n   c o a s t a l   a r e a s   o f   s o u t h e r n   C a l i f o r n i a .  

W i t h   t h e   e x c e p t i o n   o f   h e r o n   e g g s   c o l l e c t e d   i n  1977 and 1978, no 

a d d i t i o n a l   m o n i t o r i n g   f o r  PCB l e v e l s   i n   B r i t i s h  Columbia w i l d l i f e  has 
been  conducted  since 1976. PCB concen t ra t i ons   i n   he ron   eggs   a re   h ighe r  

t h a n   t h o s e   d e t e c t e d   i n   o t h e r   s p e c i e s   i n   B r i t i s h   C o l u m b i a .   L e v e l s   i n   t h e  
Coquitlam,  Kootenay and U n i v e r s i t y   o f   B r i t i s h  Col umbia  heron  colonies  are 

e s p e c i a l l y   h i g h   b u t  no  impacts on these  populat ions  have  been 
i d e n t i f i e d .  

Uses  and  Sources 

I n d u s t r i a l  Uses  and Discharges 

I n   t h e   p a s t  PCBs were  used e x t e n s i v e l y   i n  such  products  as 
p l   a s t i c s  , i n k s  , carbon1  ess  copypaper , p a i n t s  , p e s t i c i d e s  , investment  

c a s t i n g  waxes  and as d i e l e c t r i c ,  h,ydraul i c y   h i g h   t e m p e r a t u r e   l u b r i c a t i n g  

a n d   h e a t   t r a n s f e r   f l u i d s .  Due t o   i n c r e a s i n g  awareness o f   t h e i r  

env i ronmenta l   hazards,   the  manufacture o f  PCBs i n   N o r t h  America was 

t e r m i n a t e d   i n   t h e   e a r l y  1970 's  and the  a l lowable  uses  have  been  severe ly  

r e s t r i c t e d .  

I n  1978, under  the  mandate of  the  Environmental   Contaminants 

- Act,  t h e  Environmental  P r o t e c t i o n  Serv ice ( E P S )  conducted a n a t i o n a l  
survey o f  p o t e n t i a l  PCB users .   In fo rmat ion  on t h e   l o c a t i o n s  and amounts 

o f  PCB i n  use was ob ta ined  and i s   r o u t i n e l y  updated  by  regional EPS 

o f f i c e s .  
The grea tes t   vo lume  o f  PCB i n  use i n   B r i t i s h  Columbia i s   i n  

e l e c t r i c a l  equipment. All e l e c t r i c a l  equipment i n  Canada which i s  known 

t o   c o n t a i n  PCBs has been i d e n t i f i e d  by  an EPS l a b e l l i n g  and coding 

sys tem.   Regu la t i ons   p roh ib i t   t he   manu fac tu re   o r   impor ta t i on   o f  PCB 

f i l l e d   e l e c t r i c a l  equipment i n  Canada. Cur ren t  PCB losses   assoc ia ted  

w i t h   e l e c t r i c a l  equipment may occur as a r e s u l t   o f   m a l f u n c t i o n i n g   o r  

damage; s p i l l a g e   d u r i n g   r o u t i n e   s e r v i c i n g ;   o r  as a r e s u l t   o f   i m p r o p e r  

d i s p o s a l .  
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The c o n t a m i n a t i o n   o f   m i n e r a l   o i l   t r a n s f o r m e r s   w i t h  PCBs i s   n o t  

uncommon and a recen t  EPS s u r v e y   o f   t r a n s f o r m e r   o i l s   i n   B r i t i s h   C o l u m b i a  

r e v e a l e d   t h a t  22% o f   t h e   m i n e r a l   o i l   f l u i d s   t e s t e d   c o n t a i n e d  

c o n c e n t r a t i o n s   o f   o v e r  50 ppm  PCBs. 

PCBs have a l s o  commonly  been used i n   d i e l e c t r i c   f l u i d s   i n  

electromagnets  such  as  those used over  coal  , o r e  and grain  conveyors.  

Eleven  PCB-containing  units  were  found i n   B r i t i s h  Co lumbia   g ra in   e leva tor  
f a c i l i t i e s  and l e a k a g e   o f  PCBs onto a g ra in   conveyor   occur red   a t  one o f  

t h e s e   f a c i l i t i e s .  Due t o   t h e   p o t e n t i a l   h a z a r d   t o  human h e a l t h ,   t h e  use 

o f  PCBs i n  electromagnets i n  f o o d   o r   f e e d   h a n d l i n g   f a c i l i t i e s  was 

prohib i ted  under   Envi ronmenta l   Contaminants   Act   regulat ions i n  1980. 

The 1978 s u r v e y   o f  PCB users   ind ica t 'ed   tha t  PCBs have  not  been 
used i n  h e a t   t r a n s f e r   o r   h y d r a u l i c  equipment i n  B r i t i s h  Columbia  since 
1977. I n f o r m a t i o n  on usage p r i o r   t o  1977 was no t   ava i l ab le .   Recen t l y ,  

several  samples o f  h e a t   t r a n s f e r  and h y d r a u l i c   f l u i d s   c u r r e n t l y   i n  use i n  

B r i t i s h  Columbia,   were  col lected and ana lyzed  fo r  PCBs. The r e s u l t s  

i n d i c a t e   t h a t   t h e s e  f l  u i d s  were not   contaminated  wi th  PCBs ( l e s s   t h a n  1 

PPm) 
S i m i l a r l y ,  samples o f   n a t u r a l  gas p i   pe l   ine   compressor   o i l s   were  

analyzed due t o   r e p o r t s   t h a t   h i g h   l e v e l s   o f  PCB contaminat ion had been 

f o u n d   i n   t h e s e   t y p e s   o f   o i l s   i n   t h e   U n i t e d   S t a t e s .  None o f   t h e  samples 

c o l l e c t e d   i n   B r i t i s h  Co lumb ia   con ta ined   de tec tab le   concen t ra t i ons   o f  

PCBs. 
The use o f  PCBs as l u b r i c a n t s   i n   r o c k e r  and r o l l e r   b e a r i n g s  on 

t h e   B u r r a r d   S t r e e t  and Granv i l  1 e S t r e e t   b r i d g e s   i n  Vancouver , appears t o  

be  unique t o  these  two  bridges. The a c c i d e n t a l   l e a k a g e   o f  PCBs from some 

o f   t hese   bea r ings   has   resu l ted   i n   l oca l i zed   a reas  o f  h i g h  PCB l e v e l s  

i n   s o i l  under   the   Bur rard   S t ree t   b r idge.  The leak ing   bear ings   have now 

been  drained and the   con tamina ted   so i l  has  been removed. 
The use o f  waste o i l s   f o r   d u s t   c o n t r o l  on roads i n   r u r a l   a r e a s  

has  been i d e n t i f i e d  as a p o s s i b l e   s o u r c e   o f  PCB e n t r y   i n t o   t h e  
environment. A s u r v e y   o f   w a s t e   o i l s   i n   O n t a r i o   d e m o n s t r a t e d   t h a t  PCBs 
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were present i n  more t h a n  50% of the  samples. A similar study i n  British 
Col umbia reveal ed detectable ( b u t  1 ow) PCB 1 eve1 s i n  only a few  samples 
of  waste oil.  However, elevated PCB levels were detected i n  the soil 
from o i l ed  roads i n  several areas of the Lower Mainland. PCB levels i n  
road soils were particularly h i g h  i n  the Municipality of Surrey. 

Until the early 1970's PCBs  were  used extensively as 
plasticizing  additives and i n  numerous other consumer products inc luding  
paints. The h igh  concentrations of PCBs detected in the sediments 
adjacent t o  ship b u i l d i n g  and repair facilities i n  British Columbia are 
probably  due, a t  least i n  part, t o  the past application and removal of 
marine an t i fou l ing  paints containing PCBs. Similar ly ,  h i g h  PCB levels 
have been detected i n  harbour regions of southern Cal i forn ia  and have 
been attributed t o  the use of anti foul i n g  paints. 

The re1 ease of PCBs  from paper  recycl i ng and de-inki ng pl ants 
i n  North  America  has also  resulted i n  environmental contamination. The 
presence of PCBs i n  wastes from these facil i t ies  is  associated w i t h  the 
past use of PCBs in inks and paper coatings ( particul  arly carbonless 
copypaper). Sampl ing of paper p l a n t  effl  uents i n  British Columbia i n  
1976 indicated t h a t  only the Bel k i n  Paperboard p l a n t ,  which discharges 
i n t o  the North Arm of the Fraser River, was releasing significant amounts 
of PCBs. Since this time, reductions in the suspended  sol ids content of 
discharges have s ign i f icant ly  decreased PCB loadings.  The  provincial 
p o l l u t i o n  control permit for the Bel k i  n p lan t  has been  amended and now 
specifies a maximum a1 lowable PCB release. Recent data  indicate t h a t  
current  releases from the Bel  ki n p lan t  meet the permi t requirements. 

Wi th  the exception of the Bel k i n  pl a n t ,  very 1 i t t l  e informati on 
i s  available on PCB releases from industrial  facilities i n  British 
Col umbia. In 1977 a nat ional  sampl ing  program was initiated t o  determine 
PCB levels i n  effluents from various industry sectors across Canada. In 
British Columbia,  sampling was conducted a t  specific oil  refineries, 
mines, smelters, chemical  manufacturing plants, p u l p  mills and a coal 
b u l k  loading facility. PCBs  were n o t  detectable in  most discharges. 
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C o n c e n t r a t i o n s   c l o s e   t o   t h e  1 imit o f   d e t e c t i o n   w e r e   p r e s e n t   i n   s i n g l e  
g r a b   e f f l u e n t  samples  taken  f rom  the  Imperial  Oil ref inery ,   Eurocan  pu lp -  

mill, Cloverda le   Pa in t  and  Chemical p l a n t  and i n  one o f   t h e   d i s c h a r g e s  

f rom  the   A l can   sme l te r .   S ign i f i can t  PCB concentrat ions  were  detected 

o n l y   i n   c o k e - c a l c i n e r   a r e a   s u r f a c e   d r a i n a g e   a t   t h e   A l c a n   s m e l t e r  and i n  
s e t t l i n g  pond  wastes a t   t h e   R o b e r t s  Bank coal   superpor t  . The sources   o f  
PCBs a t   t h e s e   f a c i l i t i e s  w e r e   n o t   i d e n t i f i e d   b u t   t h e y  may o r i g i n a t e   f r o m  

acc identa l   leakage  f rom  e lec t r i ca l   o r   hydrau l i c   equ ipment .  The low l e v e l s  
o f  PCBs i n  wastes  from  the  Cloverdale  Paint  and  Chemical  plant may have 

been  due t o   t h e   p a s t  use  of PCBs i n  some types  o f   p igments.  

Mun ic ipa l  D i  scharges 

A s u r v e y   o f  sewage t r e a t m e n t   p l a n t s   i n   B r i t i s h  Columbia i n  1976 
revea led   low PCB l e v e l s   i n   d i s c h a r g e s   f r o m   a l l   p l a n t s ,   w i t h   t h e   h i g h e s t  
l e v e l s   o c c u r r i n g   a t   p l a n t s  such as Iona  Is land  (serving  Vancouver)   and 

P r i n c e  George, w h i c h   r e c e i v e   l a r g e  amounts  of i n d u s t r i  a1 wastes. The 
d ischarges from the  Annac is   I s land  p lan t ,   wh ich   a lso   rece ives  a l a r g e  

p r o p o r t i o n   o f   i n d u s t r i a l  was te ,   con ta ined  surpr is ing ly   low PCB l e v e l s .  

The resampl ing   o f   was tes   a t   the   th ree   ma jor   Vancouver   a rea  

p l a n t s   i n  1978 conf i rmed  the  presence  of  PCBs b u t   t h e   l e v e l s   d e t e c t e d  

were  genera l ly   h igher   than  those  observed i n  1976. 
PCB l e v e l s   i n   w a s t e w a t e r s   a r e   v a r i a b l e  and  can be i n f l u e n c e d  by 

t h e   t i m e   o f  day a t   wh ich   samples   a re   co l lec ted ,   f low  ra te ,  number  and 

t y p e   o f   i n d u s t r i e s   d i s c h a r g i n g   i n t o   t h e  system,  and  suspended s o l i d s  

content .  It i s   a l s o   p o s s i b l e   t h a t   d i f f e r e n c e s   i n   c o n c e n t r a t i o n s  may 

occur as  a r e s u l t   o f   v a r i a t i o n s   i n   e f f i c i e n c y   o f   e x t r a c t i o n   o r   o t h e r  

d i f f e r e n c e s   i n   a n a l y t i c a l   t e c h n i q u e s   o r   s a m p l i n g   p r o c e d u r e s .   A d d i t i o n a l  

s a m p l i n g   w i t h   i n t e r l a b o r a t o r y   a n a l y t i c a l   c o m p a r i s o n s   w o u l d  be r e q u i r e d   t o  

more r e l i a b l y   d e t e r m i n e  PCB r e l e a s e s   f r o m   t h e s e   f a c i l i t i e s .  

I n  comparison t o   p l a n t s   i n   B r i t i s h  Columbia, PCB concen t ra t i ons  

i n  sewage t r e a t m e n t   p l a n t   e f f l u e n t s  were somewhat h i g h e r   i n  more h e a v i l y  

i n d u s t r i a l i z e d   a r e a s  o f  North  America. 
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The  removal efficiencies for PCBs a t  the  treatment  plants i n  
British Columbia were variable, b u t  the removal from wastes a t  secondary 
treatment  facil i t i e s  was generally more effective than a t  primary plants. 
This f i n d i n g  i s  i n  agreement w i t h  studies conducted i n  eastern Canada. 

Particularly h i g h  PCB level s are  associated w i t h  the suspended 
sol ids i n  sewage wastes. The set t l  i n g  of this material  generates a 
sludge which may contain  substantial amounts of PCBs and, therefore, 
present a disposal problem. Few sl udges from British Columbia pl ants 
have been analyzed b u t  significant  concentrations of PCBs have  been 
detected i n  some samples. 

Losses of PCBs a t   l andf i l l  s occur through volatil  ization 
(especially during b u r n i n g )  from paints,  coatings,  plastics,  electrical 
products  containing small capacitors, and other wastes  containing PCBs. 
Other potential  sources of release  include  leachate and surface  runoff. 
PCBs have  been detected i n  the  leachates,  soils and sediments a t  Richmond 
Landfill b u t  the magnitude o f  PCB release  to  the environment, from this 
or other  landfil ls ,  has not been investigated. 

Storm sewers and surface runoff from urban areas have  been 
identified  as  significant sources of PCBs t o  aquatic systems i n  certain 
areas of North America. Sanitary and storm water collection systems i n  
the  Greater Vancouver area were  sampled i n  1976. Significant PCB levels 
were detected  in some samples, indicating t h a t  these systems contribute 
measureable amounts o f  PCBs to  the  aquatic environment i n  British 
Col umbi a .  

S p i l l  s 
A1 1 reported PCB s p i l l s  which  have occurred i n  British Columbia 

since 1976 have been investigated and documented by the Environmental 
Protection  Service and/or  the  provincial  pollution  control  agencies. 
Fewer spills have occurred i n  recent  years due t o  increased industry 
awareness regarding  the  potential  hazards of PCBs; the devel  opment  and 
imp1 ementati on of guide1 i nes for hand1 i n g  , storage and disposal ; and the 
ban imposed on most past "open-system" uses of PCBs. 

. 
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Sec t ion  6 o f   t h i s   r e p o r t  summarizes the  PCB s p i l l  s which  have 

o c c u r r e d   i n   B r i t i s h  Columbia from 1976 t o  June, 1982. 
The  most s i g n i f i c a n t   s p i l l   o c c u r r e d   i n  1977 a t   t h e  Canadian 

Ce l l   u l   ose   Pu l  p mil 1 near   Pr ince  Ruper t .  A poo r l y   ma in ta ined   t rans fo rmer  
mal func t ioned and s p i l l e d   a p p r o x i m a t e l y  800 l i t r e s   o f  PCB f l u i d   i n t o  a 

storm sewer  system  which d r a i n s   i n t o   t h e   m a r i n e   w a t e r s   o f f   P o r p o i s e  

Harbour. 

E x t r e m e l y   h i g h   l e v e l s   o f  PCB were  detected i n   t h e   s e d i m e n t  
and b io ta   f rom  the   immed ia te   sp i l l   a rea .   Add i t i ona l   samp l ing   i nd i -  

ca ted   t ha t   t he   e leva ted  
Harbour. 

Fo l  1 owi  ng the  
i n-s i   t u   con ta inmen t  was 

spread o f   c o n t a m i n a t i o n  

in to   aquat ic   o rgan isms.  

PCB concen t ra t i ons  were con f ined   t o   Po rpo ise  

c o n s i d e r a t i  on o f   va r ious   c lean -up   op t i ons  , 
sel   ected as the  best  method for minimi ti ng the 

from t h e   s p i l l   a r e a  and p reven t ing   f u r the r   up take  

The conta inment   p lan was c a r r i e d   o u t   i n  two 

phases. The f i r s t  phase  invo lved  the   depos i t ion   o f  a 20 f o o t   d e p t h  o f  
1 eached  hog f u e l   o v e r   t h e   s p i l l   a r e a  and the  second  phase was the  

a d d i t i o n   o f  a 2 f o o t  deep p ro tec t i ve   rock   cove r .  

M o n i t o r i n g  o f  the  sediments and crabs i n   t h e   s p i l l   a r e a   i s  

being  conducted  annual l y  by EPS t o  ensure   tha t  PCB concen t ra t i ons  i n  the  
b i o t a   r e m a i n   w i t h i n   a c c e p t a b l e   l e v e l  s; t o  assess   t he   e f fec t i veness   o f   t he  

s p i l l   c o n t a i n m e n t   o v e r  a l o n g   p e r i o d   o f   t i m e ;   a n d   t o   e n s u r e   t h a t   t h e  
i n t e g r i t y   o f   t h e   c o v e r   i s   b e i n g   m a i n t a i n e d .  

The Envi ronmenta l   Protect ion  Serv ice  subsequent ly   charged 

Canadian  Cel lu lose Company under  Subsection 33(2 )  o f   t h e   F i s h e r i e s  - A c t  as 

i t  a p p l i e d   p r i o r  t o  i t s  September  1977  amendments. Th is  was a precedent 

s e t t i n g  case i n   t h a t  it was t h e   f i r s t   p r o s e c u t i o n   f o r  PCBs under  the 

F i s h e r i e s   A c t .  The company was conv ic ted  on one c o u n t   o f   d e p o s i t i o n  o f  
PCBs i n  a p l  ace,  and  under  conditions,  where i t  may en te r   wa te r  

f requented   by   f i sh .  
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Some of the other spill s discussed i n  Section 6 of t h i  s report 
include: 

- the leakage of an undetermined amount of PCBs  from damaged B.C. Hydro 
capacitors near McLeese  Lake. 

- the loss of 600 t o  660 l i t res  of PCB from a transformer a t  the Cominco 
salvage yard i n  Trail . 

- the loss o f  approximately 90 l i t res  of PCB from a vandalized 
transformer a t  the abandoned Bonl ie sawmil 1 a t  Stewart. 

- the loss o f  an unknown amount of PCB lubricant i n t o  Fa1 se  Creek from 
bearings located on the Granville and Burrard Street bridges. 

- the leakage of approximately 30 l i tres o f  PCB onto a grain conveyor 
belt a t  the Saskatchewan Wheat Pool. 

- the spillage of 230 t o  450 1 itres from a transformer a t  B.C. Coal 
(formerly Kaiser Resources), a t  Harmer  Ridge. 

- the loss  o f  an unknown amount o f  PCBs from a heat exchanger i n  the 
concentrate dryer a t  the h a x  K i  tsaul t mine site. 

D i  sposal and Storage 
Guide1 ines  for the management of PCBs w i t h  respect t o  the 

storage, col 1 ection, hand1 i ng and disposal of PCBs and contaminated 
wastes have  been  developed and distributed t o  a l l  major users of 
PCB-filled electrical equipment i n  British Columbia and elsewhere i n  
Canada. 
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A t  p resen t   t he re   a re  no u l t i m a t e  PCB d i s p o s a l   f a c i l i t i e s   i n  

Canada and,  as o f  May l s t ,  1980, t h e   t r a n s p o r t   o f  PCBs i n t o   t h e   U n i t e d  

S t a t e s   f o r   d i s p o s a l  was te rm ina ted  by the  Uni ted  States  Envi ronmenta l  

P r o t e c t i o n  Agency. PCB w a s t e s   a r e   c u r r e n t l y   b e i n g   s t o r e d   a t   t h e   s i t e   o f  

o r i g i n   o r   a t  haza rdous   was te   co l l ec t i on /s to rage   f ac i l i t i es .  Most o f   t h e  

PCB wastes  from B r i t i s h  Col  umhia  have been t r a n s p o r t e d   t o   c o l l e c t i o n /  

s t o r a g e   f a c i l i t i e s   n e a r  Edmonton. There  are no s i m i l a r   s t o r a g e   f a c i l  - 
i t i e s   i n   B r i t i s h  Columbia. A t  present ,  PCB wastes and o u t - o f - s e r v i c e  

e l e c t r i c a l  equipment i n   B r i t i s h  Columbia  are  be ing  s tored  a t   the 

i n d i v i d u a l   i n d u s t r i a l   s i t e s .  
The l o n g - t e r m   s t o r a g e   o f   t o x i c   w a s t e s   i s   n o t  a s o l u t i o n   t o   t h e  

PCB disposal  problem. The c o n s t r u c t i o n   o f   d i s p o s a l   f a c i l i t i e s   i n  Canada, 
which are capable o f  t h e   u l t i m a t e   d e s t r u c t i o n   o f   t o x i c   w a s t e s   s u c h  as 

r 
PCBs , i s   e s s e n t i a l  . 

Numerous methods  of PCB dest  

t o  da te ,   h igh   t empera tu re   i nc ine ra t i on  

method. A few i n c i n e r a t i o n   f a c i l i t i e s  

Envi   ronmental   Protect ion Agency ( E P A )  

States.  EPA has a1 so approved  the  inc 

f 

i 

u c t i o n   a r e   b e i n g   t e s t e d .  However, 

appears t o  be t h e  most p r a c t i c a l  

have  been  approved  by t h e  

o r  PCB d i s p o s a l   i n   t h e   U n i t e d  

n e r a t i o n   o f   w a s t e  PCBs a t  sea on 

i nc ine ra to r   sh ips   such  as t h e  'Vu1 canus' .  
S t u d i e s   i n  Canada have shown t h a t  cement k i l n s   a r e   c a p a b l e   o f  

des t roy ing   was tes   con ta in ing  up t o  50% PCB w i t h  a maximum combustion 

e f f i c i e n c y   o f  99.9%. F o l l o w i n g   e x t e n s i v e   t e s t s  a temporary   l i cence was 

i s s u e d   t o   a l l o w   t h e  S t .  Lawrence Cement  Company i n  Miss issauga,   Ontar io  
t o   c o n t i n u e   i n c i n e r a t i n g  PCBs. D e s p i t e   t h e   d e m o n s t r a t e d   e f f i c i e n c y   o f  

PCB d e s t r u c t i o n   v i a   t h i s  m e t h o d ,   s t r o n g   p u b l i c   o p p o s i t i o n   r e s u l t e d   i n   t h e  

i n t r o d u c t i o n  o f  a b y - l a w   p r o h i b i t i n g   t h e   i n c i n e r a t i o n   o f  PCBs i n  

Mi s s i  ssauga. 
Some o f   t h e   o t h e r  methods o f  PCB d e s t r u c t i o n   b e i n g   t e s t e d   a r e  

f l u i d i z e d  bed inc ine ra t i on ,   ro ta ry   k i l n   f u rnaces ,   m ic rowave   p lasma 

r e a c t o r s  , mic rob ia l   deg rada t ion  , d iese l   eng ines ,   p l  asma a r c   p y r o l y s i s  , 
and  chemical   dest ruct ion  techniques.  

m 

Y 

I 
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Regu la t i ons  

Regulat ions  govern ing  the  use  o f  PCBs i n  Canada have  been 

developed  under  the  Environmental  Contaminants - Act  (ECA).  The ECA was 

promulagated on A p r i l  1, 1976 and i s   a d m i n i s t e r e d   j o i n t l y   b y   E n v i r o n m e n t  

Canada and  Health  and We1 f a r e  Canada. Th is   Ac t   p rov ides   the   federa l  
government w i t h   t h e   a u t h o r i t y   t o   o b t a i n   f r o m  Canadian i n d u s t r y ,  

i n f o r m a t i o n  on p o t e n t i a l l y  hazardous  chemicals  or new chemica ls   i n   use   o r  

i n t e n d e d   f o r  use i n  Canada. The Act  a lso  g ives  the  government  the  power 

t o   r e s t r i c t   o r   p r o h i b i t   t h e  use,  manufacture and i m p o r t a t i o n   o f  
prescr ibed  substances. PCBs were t h e   f i r s t   c l a s s   o f   s u b s t a n c e s   t o  be 

regu la ted   under   the  ECA. 

Regulat ions  were  promulgated  under  the ECA i n  September, 1977 

p r o h i b i t i n g  most non e l e c t r i c a l  uses o f  PCBs. These r e g u l a t i o n s  were 
amended on J u l y  1, 1980 t o   i n c l u d e   c o n t r o l s  on PCB use i n   e l e c t r i c a l  

equipment. The amended r e g u l a t i o n s   p r o h i   b i t   t h e   i m p o r t   o r   m a n u f a c t u r e   o f  

a1 1 PCB -fil l e d   e q u i p m e n t ;   p r o h i b i t   t h e   o p e r a t i o n  of P C B - f i l  l e d  

e lec t romagnets   over   food  o r   feed;   res t r i c t  PCB usage t o   e x i s t i n g  
e l e c t r i c a l  equipment and f a c i l i t i e s   i n t e n d e d   t o   d e s t r o y  PCBs; and, 

p r o h i b i t   t h e  use o f  PCB as a new f i l l i n g   o r  make-up f l u i d   i n   t h e  

s e r v i c i n g   o r   m a i n t e n a n c e   o f   e l e c t r i c a l   t r a n s f o r m e r s  or electromagnets.  

These r e g u l a t i o n s   a r e  meant t o   s t o p  a1 1 new e n t r y   o f  PCB 
equipment i n t o  the  marketp lace;  ban t h e  use o f  PCB - f i l l ed   e lec t romagne ts  

o v e r   f o o d   o r   a n i m a l   f e e d ;   r e s t r i c t   e x i s t i n g   u s e s   t o   t o t a l l y   e n c l o s e d  
e lec t r i ca l   equ ipment   wh ich ,   under   normal   opera t ion   cond i t ions ,  does n o t  

present  a t h r e a t   t o  human h e a l t h  o r  e n v i r o n m e n t a l   q u a l i t y ;   a n d   e l i m i n a t e  
e x i s t i n g   s t o c k s   o f  make-up o r   b u l k   d i e l e c t r i c   f l u i d s   t o   m i n i m i z e  

occupational  exposure and s p i l l s  of PCBs dur ing  maintenance or s e r v i c i n g  

a c t i v i t i e s .  

R e g u l a t i o n s   a r e   a l s o   c u r r e n t l y   b e i n g   d e v e l o p e d   t o   c o n t r o l   t h e  
r e l e a s e   o f  PCBs t o   t h e   e n v i r o n m e n t  and t o   r e s t r i c t   t h e   s a l e   o f  equipment 

c o n t a i n i n g  PCBs. 
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Other   Canad ian   federa l   leg is la t ion   wh ich  may be used t o   c o n t r o l  

PCBs inc lude   t he   F i she r ies   Ac t  and, t o  some ex ten t ,   t he   T ranspor ta t i on  o f  

Dangerous Goods Act .   There  are  a lso  severa l   prov inc ia l   government  

agencies whose l e g i s l a t i o n  can be used t o  c o n t r o l  PCBs i n   B r i t i s h  

Columbia.  These i n c l u d e   t h e   M i n i s t r y  o f  Envi ronment ,   the  Min is t ry   o f  

Labour,  and the  Workers'  Compensation  Board. 
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1 INTRODUCTION 

T h i s   r e p o r t  has  been prepared as  a sequel t o   t h e  1976 Environ- 

menta l   Pro tec t ion   Serv ice  (EPS) r e p o r t   e n t i t l e d   " E n v i r o n m e n t a l  
Contaminat ion   by   Po lych lo r ina ted   B ipheny ls  (PCBs) i n   B r i t i s h  Columbia - A 

Summary o f   Cur ren t   Da ta  , 1976".  Since 1976, increasing  government , 
i n d u s t r y  and  pub1 i c  awareness o f   t he   haza rds  o f  PCBs has r e s u l   t e d   i n  more 

extens ive  env i ronmenta l   moni tor ing,   the imp1 e m e n t a t i o n   o f   r e g u l   a t i o n s  
govern ing PCB usage  and the  development o f  gu ide1  ines   fo r   the   d isposa l   o f  

PCBs and contaminated  mater ia ls.   Consequent ly,  much a d d i t i o n a l  
i n f o r m a t i o n   r e l a t i n g   t o  PCB use,  environmental   levels,   d isposal  and 

sources  of  re1  ease i n   B r i t i s h  Col  umbia  has  been ob ta ined  s ince  1976. 
I n f o r m a t i o n   o b t a i n e d   s i n c e   t h e   p u b l i c a t i o n   o f   t h e  1976 r e p o r t  has  been 

compiled and  summarized i n   t h i s   r e p o r t  , however, i t  i s  recommended t h a t  
t h e  1976 r e p o r t  be  reviewed f i r s t   t o   a l l  ow the   reader   t o   ob ta in   t he  

necessary  background  in format ion.   In format ion on PCB concerns i n   o t h e r  

geographica l   areas  has  been  presented  for   compar ison.   In   addi t ion,  a 

d i s c u s s i o n   o f   e x i s t i n g   r e g u l a t i o n s ,   d i s p o s a l   o p t i o n s  and acc iden ta l  

s p i l l  s i n   B r i t i s h  Col  umbia  has  been i n c l  udpd. 

C u r r e n t   i n f o r m a t i o n  on the   env i ronmenta l   dynamics ,   tox ic i t y  and 

human heal t h   c o n c e r n s   o f  PCBs has a1 so been discussed. 
The data  presented  herein was obtained  through EPS moni tor ing 

programs and i n d u s t r i a l   s u r v e y s  as w e l l  as f rom  o ther   federa l  and pro- 

v i n c i a l  government  agencies and i n d u s t r i e s .  It inc ludes   t he   pub l i shed  

and  unpubl ished  informat ion  which was a v a i l a b l e   t o   J a n u a r y   l s t ,  1982. 
All B r i t i s h  Columbia  data  have been i n d i v i d u a l l y   r e f e r e n c e d   i n  

the  appendices and, f o r   t h i s   r e a s o n ,   t h e   r e f e r e n c e s  have n o t  been 

repea ted   du r ing   t he   d i scuss ion   o f   t he   da ta   t h roughou t   t he   t ex t .  
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2 LEVELS I N  THE  ENVIRONMENT 

2.1 Water  and  Sediments 

2.1.1  Water. Upon en ter ing   the   env i ronment ,  PCBs accumulate i n  
var ious   med ia   a t   concent ra t ions   wh ich   a re   in f luenced  by  a v a r i e t y   o f  

f a c t o r s .   P a r t i t i o n i n g   o f  PCBs between  surface  waters and bottom 
sediments  depends  upon  such v a r i a b l e s   a s   s a l i n i t y ,  amount o f  suspended 

m a t t e r ,   p a r t i c l e   s i z e ,   o r g a n i c   c o n t e n t  and  sediment   character is t ics .  
PCBs h a v e   v e r y   l o w   s o l u b i l i t i e s  and rece iv ing   wa te r  

s c o n c e n t r a t i o n s   a r e   o f t e n   b e l o w   o r   n e a r   d e t e c t i o n   l e v e l s   e v e n   i n   h i g h l y  
contaminated  areas. The s o l u b i l i t i e s   o f   t h e   i n d i v i d u a l  PCR isomers  vary  

w i t h   t h e   p o s i t i o n   o f   t h e   c h l o r i n e  atoms and decrease  w i th   inc reas ing  
ch lo r i na t i on .   Fo r   t h i s   reason   the   l ower   ch lo r i na ted   i somers   a re   p resen t  

i n   h i g h e r   c o n c e n t r a t i o n s   i n   t h e   w a t e r   c o l u m n   t h a n   a r e   t h e   h i g h e r  

ch lo r ina ted   i somers   (1 ,2 ,3 ,4 ) .   Es t imates   o f  PCB s o l u b i l i t i e s   v a r y  

s i g n i f i c a n t l y .  The s o l u b i l i t i e s   o f   t h e   v a r i o u s   c h l o r o b i p h e n y l   i s o m e r s   a s  

t e s t e d   b y   W a l l n o f e r   e t  a1 (4)  ranged  from 0.015 ppb f o r  

decach lo rob ipheny l   t o  1.17 t o  5.8 ppm for  monochlorobiphenyl   (depending 
on the   pos i t i on   o f   t he   ch lo r i ne   a tom) .   O the r   researchers   have   repo r ted  

much l o w e r   s o l u b i l i t i e s .  
There i s  a1 so some d i s p a r i t y   i n   t h e   r e p o r t e d   s o l u b i l i t i e s   o f  

commercial PCB fo rmu l   a t i ons .   Z i t ko   (5 )   obse rved   sa tu ra t i on  

concen t ra t i ons   f o r   A roc lo r   1254   rang ing   be tween   300  and 3000 ppb i n   f r e s h  

water  and 300 and 1500  ppb i n  seawater.  Other  authors,  however,  have 
repor ted  much l o w e r   s o l u b i l i t i e s   o f  56 ppb i n   f r e s h w a t e r   ( 1 )  and 24 t o  28 

ppb i n  s e a w a t e r   ( 6 ) .   S e v e r a l   f a c t o r s   i n f l u e n c e   s o l u b i l i t y   c a l c u l a t i o n s  

i n c l u d i n g   a g i t a t i o n ,   d i s s o l v e d   o r g a n i c   m a t t e r   c o n t e n t ,   s a l i n i t y ,   w a t e r  

temperature and the   p resence   o f  suspended s o l i d s .  It has  been  suggested 
t h a t   Z i t k o ' s   e s t i m a t e s  exceeded o the rs  due t o  a h ighe r  suspended s o l i d s  
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c o n t e n t   ( 6 ) .  PCBs p r e f e r e n t i a l l y   a d h e r e   t o   p a r t i c u l a t e   m a t t e r   i n   t h e  

water  column and t h e   a c t u a l   c o n c e n t r a t i o n s   o f   d i s s o l v e d  PCB i n   a q u a t i c  

s y s t e m s   a r e   n o r m a l l y   f a r   b e l o w   e s t i m a t e d   s a t u r a t i o n   l e v e l s .   H i g h   l e v e l s  

o f  PCBs o c c a s i o n a l l y   d e t e c t e d   i n   s u r f a c e   w a t e r s   a r e   a s s o c i a t e d   p r i m a r i l y  

w i t h  suspended s o l i d s .  The t r a n s p o r t   o f   t h i s   m a t e r i a l   b y   t i d a l   a c t i o n  

and w a t e r   c u r r e n t s   c a n   r e s u l t   i n   t h e   s p r e a d   o f   c o n t a m i n a t i o n   t o   a r e a s  

removed  from t h e   p o i n t   o f  PCB e n t r y  ( 7 ) .  

When n o t   i n   c o n t a c t   w i t h   p a r t i c u l a t e   m a t t e r   o r   b o t t o m  

sediments , ch lo r ina ted   hyd roca rbons   ( i nc lud ing  PCBs) t e n d   t o   c o n c e n t r a t e  
a t   t h e   a i r - w a t e r   i n t e r f a c e  (8,9,10) and v o l a t i l i z a t i o n   t o   t h e  atmosphere 
may occur.  The r a t e   o f   v o l a t i l i z a t i o n   i n   t h e   n a t u r a l   e n v i r o n m e n t  has n o t  

been  we l l   s tud ied .   Under   labora tory .cond i t ions ,  some PCBs v o l a t i l i z e  

q u i t e   r a p i d l y   f r o m   t e s t   w a t e r ,   w h i l e   t h e   h i g h l y   c h l o r i n a t e d   i s o m e r s   h a v e  

a lower  vapour  pressure and v o l a t i l i z e  much l e s s   r e a d i l y  (11,12). The 

atmosphere  can, i n   t u r n  , c o n t r i b u t e   t o   t h e   e n r i c h m e n t   o f   s u r f a c e   w a t e r s  

w i t h  PCBs (9,13,14) t h r o u g h   p r e c i p i t a t i o n  and d r y   f a l l o u t .  

The 1976 Uni ted  States  Envi ronmenta l   Protect ion Agency (EPA) 
w a t e r   q u a l i t y   o b j e c t i v e   f o r   t h e   p r o t e c t i o n   o f   m a r i n e  and f reshwater  

a q u a t i c   l i f e  was 1 p p t  PCB (15 ) .   Th i s   va lue  was b e l o w   t h e   d e t e c t i o n  

l i m i t s   f o r  most  labs. PCB l e v e l s   i n   c e r t a i n   m a r i n e  and f reshwater  

sys tems  f rom  var ious   a reas   o f   the   wor ld   a re  1 i s t e d   i n   T a b l e  1 on t h e  
f o l l  owing page. It i s  a p p a r e n t   t h a t  many water  systems do n o t  meet t h e  

1976 EPA c r i t e r i a .  

I n  1980, t h e  EPA Water Q u a l i t y   o b j e c t i v e s  were rev ised.  The 

c r i t e r i a   f o r   t h e   p r o t e c t i o n   o f   f r e s h w a t e r  and s a l t w a t e r   a q u a t i c   l i f e   a r e  
now 14 p p t  and 30 p p t  , r e s p e c t i v e l y   ( 1 6 ) .  

B r i t i s h   C o l u m b i a  
I n f o r m a t i o n   o b t a i n e d   s i n c e  1976  on PCB l e v e l  s i n   s u r f a c e   w a t e r s  

i n   B r i t i s h  Columbia i s   l i m i t e d  and i s  presented i n  Appendix 1. No data 

w e r e   a v a i l   a b l e   f o r   m a r i n e   w a t e r s   o f f   B r i t i s h  Col  umbia , b u t  PCBs have  not 
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TABLE 1: PCB  CONCENTRATIONS I N  SURFACE WATERS %OM OTHER AREAS OF THE  WORLD 

LOCATION PCB CONCENTRATION  REFERENCE 

( P P t  1 

a )  MARINE WATERS 

N.W. A t l a n t i c  Ocean 

N.W. Mediterranean Sea 

N.W. Mediterranean  coast 
Cal i f o r n i  a coas t  
Cal i f o r n i  a c u r r e n t  

South  Cal i f o r n i a   B i g h t  

Pal os Ve rdes 

Puget Sound 

Mexican  coast 

G u l f  of Mexico 

b )  FRESH  WATERS 

Lake Mi c h i  gan 

T r i b u t a r i e s  t o  Lake Mich igan 
Lake  Superior 

Lake E r i e  

Lake On ta r io  

Hudson R ive r  
Duwarni sh Rive r  

9 - 35 

L0.2 - 19 

13 
11 - 50 

4.4 

7.4 

8.8 

6.7 

12 - 90 

0.8 - 4.1 

L 10 

10 - 65 
0.8 

35 - 56 

100 - 170 

27 
22 

14 

17 
18 

19 

20 

21 

20 
20 

19 

22 

22 

22 

22 

22 

22 

22 

22 



- 5  - 

I 

II 

a 

I 

I 

II 

I 

I 

been d e t e c t e d   i n   t h e   v a s t   m a j o r i t y   o f   t h e   f r e s h w a t e r  systems  sampled 

(23) .  D e t e c t a b l e   l e v e l s  were  found i n   t h e  McLeese Lake  area  (Appendix 

l o ) ,  i n  Coldstream  Creek i n   t h e  Okanagan and i n  Lime  Creek  near  the h a x  

K i  t s a u l  t Mi ne. 

The presence o f  PCBs i n   ' t h e  McLeese Lake area i s  p robab ly   asso-  

c i a t e d   w i t h   t h e   u s e   o f  PCBs and t h e   d i s p o s a l   o f   c a p a c i t o r s   a t  a nearby 

B.C. Hyd ro   subs ta t i on   ( re fe r   t o   Sec t i on  6.2).  The,sources   o f  PCB 

( A r o c l o r  1254) i n  Coldstream Creek: a re  unknown b u t   p o s s i b i l i t i e s   i n c l u d e :  

pas t  PCB usage  as pes t i c ide   ex tenders ;   l eakage   f rom  e lec t r i ca l   equ ipmen t ;  

a e r i a l   l o n g   r a n g e   t r a n s p o r t ;  and the   use   o f  PCB contaminated   was te   o i l s  

a s   d u s t   i n h i b i t o r s  on gravel  and d i r t  roads. The PCB concen t ra t i ons  

d e t e c t e d   b y   t h e   B r i t i s h  Col  umbia M i n i s t r y   o f   E n v i r o n m e n t   i n   t h i s   w a t e r  
sys tem  were   unusua l ly   h igh ,   w i th   concent ra t ions   o f  up t o  5.0 ppb  repor ted  

i n  June, 1979. A d d i t i o n a l  sampl ing  would  have been r e q u i r e d   t o   v e r i f y  

t h e s e   l e v e l s  and t h e   p o s s i b i l i t y  of  sample  contamination  cannot be r u l e d  

ou t  a t  t h i s   t i m e .  It i s   i n t e r e s t i n g   t o   n o t e ,  however, t h a t   d u r i n g  an 

i n v e s t i g a t i o n   o f  a sabatoged  t ransformer  at  an i n d u s t r i a l   f a c i l i t y   n e a r  

Coldstream  Creek i n  1979, l o w   l e v e l s   o f  PCB contaminat ion  were  detected 

i n   s o i l  samples. The o i l   f r o m   t h e   s a b o t a g e d   t r a n s f o r m e r   d i d   n o t   c o n t a i n  

PCBs, however,  and the   sou rce   o f   t he   so i  1 contaminat ion was n o t  

i d e n t i f i e d .  
A c o n c e n t r a t i o n  o f  4.8 ppb PCB was d e t e c t e d   i n  Lime  Creek 

whi 1 e l e v e l  s o f  0.16 - 0.17 ppb  were  det 

l e  sources o f   c o n t a m i n a t i o n   i n   t h i s   a r e a  
w e l l  as a c c i d e n t a l   r e l e a s e s   f r o m   e l e c t r  

t h e   K i t s a u l t  Mine m i l l s i t e  

f u r t h e r  downstream.  Possib 
i n c l u d e  a 1979 PCB s p i l l  as 

equipment a t   t h e   m i n e s i t e .  

near 

ec ted  

i c a l  

2.1.2 Sediments. Munson e t  a1 ( 7 )  observed  that  suspended  sedi - 
ments  contained PCBs a t   c o n c e n t r a t i o n s  4 t o  10 t i m e s   h i g h e r   t h a n   d i d  

bottom  sediments.   This  observat ion i s   p r o b a b l y   a s s o c i a t e d   w i t h   t h e   f a c t  

t h a t  suspended  sediments  general ly  have a much s m a l l e r   g r a i n   s i z e   t h a n  do 
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bot tom  sediments.   F iner   sediments  conta in   h igher   concentrat ions  o f   con-  

tam inan ts   pe r   un i t   we igh t  due t o   t h e   l a r g e r   s u r f a c e   a r e a   a v a i l a b l e   f o r  

adsorp t ion .  

Much o f   t h e   p a r t i c u l a t e   m a t t e r  does e v e n t u a l l y   s e t t l e   o u t   o f  

the  water  column and i s  depos i ted   in   the   bo t tom  sed iments .  Sediments i n  

h i g h l y   i n d u s t r i a l i z e d   a r e a s   s e r v e  as  a r e s e r v o i r   f o r  PCBs. 

F o r   t h i s   r e a s o n  PCBs present  a long  term  environmental   hazard.  

Upon re lease   t o   t he   env i ronmen t  PCBs can p e r s i s t   f o r  many y e a r s   o r  even 

decades ( 2 4 ) .  A l though i t  i s   d i f f i c u l t   t o   e s t i m a t e   t h e   h a l f - l i f e   f o r  

these compounds i n   t h e   e n v i r o n m e n t ,  a study  by Hom e t  a1 ( 2 5 )  i n   t h e  
Santa  Barbara  bas in  demonstrated  that ,   under   anaerobic   condi t ions and i n  

t h e  absence of   burrowing  organisms,  PCBs can p e r s i s t   i n   t h e   s e d i m e n t s   f o r  

a t  1 east  30 years .  
The a n a l y s i s   o f   e n v i r o n m e n t a l  samples shows a preponderance o f  

i sorners w i t h   f i v e   o r  more   ch lo r i ne  atoms (26 ) .  Th is  i s  p robab ly  due, a t  

l e a s t   i n   p a r t ,   t o   t h e   g r e a t e r   r e s i s t a n c e   o f   t h e   h i g h e r   c h l o r i n a t e d  

b iphenyl  s t o   d e g r a d a t i o n .  The metabol  ism o f   b i p h e n y l  , mono- and 

d i c h l o r i n a t e d   b i p h e n y l s   b y   b a c t e r i a   i n   t h e   e n v i r o n m e n t  can  occur   qu i te  

r e a d i l y ,   b u t   t h e   h i g h e r   c h l o r i n a t e d  forms are  degraded much more s l o w l y  

(27 ,  28, 29). R e i c h a r d t   e t  a1 (30)   demonstrated  that   b iphenyl  and 

monochl   orobiphenyl   could  be  metabol   ized  in  A1 askan coastal   waters.  The 

p o s i t i o n   o f   t h e   c h l o r i n e   s i g n i f i c a n t l y   a f f e c t e d   t h e   r a t e ’ o f   d e g r a d a t i o n .  
A I  though  several  authors  have  discussed  the  mechanisms o f  PCB metabol i 

t h e   f a c t o r s   c o n t r o l 1   i n g   t h e   r a t e  o f  d e g r a d a t i o n   a r e   l a r g e l y  unknown. 

Pho todegrada t ion   s tud ies   w i th  PCBs have shown a decrease i n  

h ighe r   ch lo r i na ted   i somers  and  an i n c r e a s e   i n   l o w e r   c h l o r i n a t e d   f o r m s ,  
bu t   ove r  a t h r e e  week p e r i o d   t h e r e  was 1 i t t l e   o v e r a l l   d e g r a d a t i o n  

observed  (31).  Some researchers  have shown evidence o f  PCB fo rma t ion  

a r e s u l t   o f   t h e   p h o t o l y s i s   o f  DDT (32, 33) and c e r t a i n   c h l o r i n a t e d  

benzenes ( 3 4 ) .  

sm , 

as 
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Concentrat ions i n  sediments  depend on the  composi t ion  o f   the 

sediments and the i r   adsorb ing   capac i ty .   Sed iments  and s o i l s   w i t h   h i g h  

organ ic   c lay   con ten t   have a h igh   adsorbency   po ten t ia l   fo r  PCBs w h i l e  sand 

does n o t  (8) .  The degree o f  adso rp t i on  a1 so i n c r e a s e s   w i t h   i n c r e a s i n g  
c h l o r i n a t i o n   o f   t h e  PCB molecule and i s ,   t h e r e f o r e ,   i n v e r s e l y   r e l a t e d   t o  

t h e   s o l u b i l i t y   o f   t h e  PCB isomer.  There i s  a l s o  some i n d i c a t i o n   t h a t  
a d s o r p t i o n  o f  PCBs t o  sed imen ts   i nc reases   w i th   i nc reas ing   sa l i n i t y   (35 ) .  

Ext remely  h igh  sediment   leve ls   have been d e t e c t e d   i n   t h e  

v i c i n i t y   o f   a c c i d e n t a l   s p i l l s  and po in t   source   d ischarges  from e l e c t r i c a l  

equipment  manufacturers, and i n d u s t r i e s   u t i l i z i n g  such  equipment;  paper 
r e c y c l i n g   p l a n t s ;  and  mun ic ipa l   was te   t rea tment   fac i l i t i es .  

Concen t ra t i ons   o f  up t o  10 ppm have been d e t e c t e d   i n   t h e   b o t t o m  

sed iments   near   la rge   mun ic ipa l   was tewater   ou t fa l l  s a long  coas ta l   sou thern  

C a l i f o r n i a   w h i l e  PCB l e v e l s  a few  k i lometers  removed  were approx imate ly  

0.2 ppm (36).  
Sediments i n   t h e   v i c i n i t y  o f  m u n i c i p a l   d i s c h a r g e s   i n   B r i t i s h  

Columbia  have  not  been  monitored a1 though  low PCB l e v e l s  have  been 

de tec ted   i n   was tewa te rs .  Also,  PCBs were  present i n   b i o t a   c o l l e c t e d   i n  

t h e   v i c i n i t y   o f   t h e  Iona  Is1 and sewage t r e a t m e n t   p l a n t .  

B i l l i n g s  " e t  a1 ( 3 7 )   r e p o r t e d   v e r y   h i g h   l e v e l s   o f  PCB contam- 

i n a t i o n   i n  a creek  which  receives  d ischarges  f rom a c a p a c i t o r   p l a n t   i n  
Nor th  Caro l ina.  Sediments c o l l e c t e d  100 metres downstream from the  p l a n t  

conta ined 33 pprn. Mon i to r i ng   nea r   t he   Genera l   E lec t r i c   p lan ts  on t h e  

Hudson R i v e r   i n  New York  revealed PCB (A roc l  o r  1016) l e v e l s   o f  up t o  6700 

ppm i n   t h e  s e d i m e n t s   c o l l e c t e d   i n   t h e   o u t f a l l   s t r e a m  and 2980 ppm 0.8 km 
downstream  f rom  the  out fa l l .   E levated PCB l e v e l s  (6.6 ppm) were a1 so 

present   in   sed iments   approx imate ly  1.2 km downstream. It has  been 

es t ima ted   t ha t   app rox ima te l y  0.23 mil 1 i o n   k i l o g r a m s   o f  PCBs have  been 

d i s c h a r g e d   t o   t h e  Hudson R i v e r  (38). Sediments o f f   t h e  General E l e c t r i c  

p lan t   in   P i t t sburgh,   Massachuset ts   con ta ined  130 t o  1300 ppm PCB i n   t h e  

v i c i n i t y  o f  t he   d i scha rge   (39 ) .  
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B r i t i s h  Col  umbi  a 
Data on PCB l e v e l  s i n  sediments o f   B r i t i s h  Columbia  are 

presented i n  Appendix 2 and  sampl ing  locat ions  are shown i n   F i g u r e  1. 
High  sediment   concentrat ions,   o f ten  exceeding 1000 ppb dry  weight,   have 

been d e t e c t e d   o f f   c e r t a i n   i n d u s t r i a l   f a c i l i t i e s   i n   B r i t i s h  Columbia. I n  
many ins tances   t h i s   con tamina t ion   has   p robab ly   resu l ted  from l e a k s   o r  

sp i l l s   f rom  PCB-con ta in ing   e lec t r i ca l   o r   hyd rau l i c   equ ipmen t .   Wh i le  

t h e r e   a r e  no capac i to r ,   t rans former   o r   hydrau l i c   equ ipment   manufac tur ing  
p l a n t s   i n   B r i t i s h  Columbia, PCB releases  from  such  equipment may occur 

d u r i n g   r o u t i n e  use, serv ic ing ,   ma l func t ion ,  and  as  a r e s u l t  of inadequate 

d isposa l  . For exampl e, 1 eakage  from  equipment c o n t a i n i n g  PCBs i s  thought  

t o  be the   sou rce   o f   t he   modera te l y   e l   eva ted  PCB 1 eve1 s i n   t h e  sediments 

ad jacent  t o  severa l   pu lp  and  paper m i l l s   i n   t h e   p r o v i n c e .   C o n c e n t r a t i o n s  
o f  up t o  1500 ppb  have  been  detected i n  sediments o f f   t h e   M a c M i l l a n  
B l o e d e l   p l a n t   a t  Harmac; up t o  5500 ppb a t   t h e   P o r t  A1 b e r n i   d i v i s i o n ;   a n d  

up t o  1700 ppb a t  Powe l l   R i ve r .   S im i la r l y ,  PCB l e v e l s   o f  up t o  4460  ppb 

and  3890  ppb  were d e t e c t e d   i n   s e d i m e n t s   o f f   R a y o n i e r   a t   W o o d f i b r e  and Bay 

Fores t   Produc ts  i n  Fa1 se Creek, r e s p e c t i v e l y .  Because o f   t h e  numerous 

p a s t  and p r e s e n t   i n d u s t r i a l   d i s c h a r g e s   t o   F a l s e   C r e e k ’ i t   i s   n o t   p o s s i b l e  

t o   a t t r i b u t e   t h e   e l e v a t e d   l e v e l s   i n   t h e   s e d i m e n t s   o f f  Bay Fo res t   P roduc ts  

s o l e l y   t o   t h i s   f a c i l i t y .  

V e r y   h i g h   l e v e l s   o f  PCBs i n  the  sediments of   Porpoise  Harbour  

near   Pr ince  Ruper t   were  detected  fo l lowing  the mal f u n c t i o n   o f  a PCB 
fil l e d   t r a n s f o r m e r   a t   t h e  Canadian  Cel l   u lose  pulp mil 1 .  T h i s   i n c i d e n t  

and  the  associated  environmental   contaminat ion  are  d iscussed i n   d e t a i l   i n  

Sec t i on  6.3. 
Many p l a n t s  have recent ly   taken  p reventa t ive   measures  to e l im-  

i na te   o r   reduce   re leases   t o   t he   env i ronmen t  and, i n  most  instances,  the 

fau l t y   equ ipmen t   respons ib le   f o r   t hese   e leva ted   env i ronmen ta l   l eve l s  i s  

no  longer  i n  use. Fo r   t h i s   reason ,   t he   con tamina t ion   de tec ted   i n   t he  

rece iv ing   env i ronmen ts   o f  many o f   t h e s e   i n d u s t r i e s  may be  a r e s u l t   o f  

h i s t o r i c a l   r a t h e r   t h a n   c u r r e n t   r e 1  eases. 
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Elevated PCB concentrat ions  have a1 so been detected  throughout  

B u r r a r d   I n l e t   w i t h   p a r t i c u l a r l y   h i g h   c o n c e n t r a t i o n s   o c c u r r i n g   i n   t h e  

v i c i n i t y   o f   t h e   s h i p   b u i l d i n g  and s h i p   r e p a i r   f a c i l i t i e s .   F o r  example, 

PCB concent ra t ions   o f  up t o  16800  ppb  were d e t e c t e d   i n   s e d i m e n t s   o f f   t h e  

Bayshore  Inn i n  Coal Harbour.   This  contaminat ion may be a t t r i b u t a b l e   t o  

the   pas t   use   o f   PCB-conta in ing   mar ine   pa in ts   and/or   leaks  and s p i l l s   f r o m  
e l e c t r i c a l  and hydraul ic   equipment  a t  s h i p y a r d s   l o c a t e d   i n   t h i s   g e n e r a l  

v i c i n i t y .   H i g h  ,PCB l e v e l s  were a l s o   d e t e c t e d   i n   B u r r a r d   I n l e t   s e d i m e n t s  

i n   t h e   v i c i n i t y   o f   B u r r a r d  Yarrows  Shipyards,  Vancouver  Wharves,  Benson's 
Shipyard,   Burrard  Shipyard and  Vancouver  Shipyard.  Sediment PCB l e v e l s  

o f f   t h e s e   f a c i l i t i e s  were; 17000  ppb,  14400  ppb,  6200  ppb, 2200 ppb  and 

4090  ppb, r e s p e c t i v e l y .  

The sources o f  PCBs i n   o t h e r   a r e a s   o f   B u r r a r d   I n l e t   h a v e   n o t  

been i d e n t i f i e d   b u t   t h i s   w a t e r   s y s t e m   r e c e i v e s  sewer  wastes, a e r i a l  

f a l l o u t ,   e f f l u e n t   d i s c h a r g e s  and runo f f   f r om numerous i n d u s t r i e s  as  w e l l  
a s   e x t e n s i v e   m a r i n e   t r a f f i c .   C o n c e n t r a t i o n s   o f  up t o  3600 ppb PCB have 

a l s o  been d e t e c t e d   i n   t h e   b o t t o m   s e d i m e n t s   o f   V i c t o r i a ' s   I n n e r   H a r b o u r .  

A l though  no  po int   sources  have  yet  been i d e n t i f i e d ,   V i c t o r i a   H a r b o u r  

r e c e i v e s   i n p u t s   s i m i l a r   t o   t h o s e   d e s c r i b e d   f o r  Vancouver  Harbour  (Burrard 

I n l e t ) ,   b u t  on a smal le r   sca le .  It i s   n o t  known whether a p a i n t  

manu fac tu r ing   p lan t   wh ich  was once l o c a t e d   i n   t h i s   a r e a   u t i l i z e d   p a i n t s  
c o n t a i n i n g  PCBs. 

H a r b o u r   a r e a s   o f t e n   c o n t a i n   p a r t i c u l a r l y   h i g h   l e v e l s   o f  PCBs. 

The con t inua l   d i scha rges   i n to   t hese   wa te r   sys tems ,   t he   wa te r   cu r ren t   pa t -  

t e r n s  and the   i nadequa te   f l ush ing   o f   t hese   she l te red   a reas   t end   t o  

c o n f i n e   p o l l u t i o n   t o   t h e   l o w   e n e r g y   r e g i o n s   o f   h a r b o u r s .  PCB l e v e l s   i n  

Baltimore  Harbour  were  between  1000  and  2000  ppb a t  most l o c a t i o n s  

a l though  a concen t ra t i on  o f  84000 ppb was d e t e c t e d   i n  one  sample. I n  

compar ison ,   concent ra t ions   ou ts ide   the   harbour   reg ion  were  below 50 ppb 

(40). Similarly, i n   B r i t i s h  Columbia, PCB l e v e l s   i n  sediments  outs ide 

harbour  regions and away from poin t   sources   a re   very  low. 
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H igh  PCB l e v e l s  have a1 so been d e t e c t e d   i n   s e d i m e n t s  from Fa1 se 
Creek  under  the  Granvi  11 e S t r e e t   B r i d g e  and i n   s o i l   u n d e r   t h e   B u r r a r d  

S t ree t   B r idge .  PCBs a r e  used f o r   l u b r i c a t i o n   p u r p o s e s   i n   t h e   r o c k e r  and 

r o l l   e r   b e a r i n g s   o f   t h e s e  two  bridges. Re1 eases t o   t h e   e n v i r o n m e n t  

occurred as  a r e s u l t   o f   c r a c k s   w h i c h   d e v e l o p e d   o c c a s i o n a l l y  due t o  
unusual   pressure  on  the  bear ing  cases  ( re fer   to   Sect ion  6 .7) .   Very 

1 i m i t e d  sampl i n g   o f   s e d i m e n t s   u n d e r   t h e   G r a n v i l l  e S t r e e t   B r i d g e   r o l l e r  
b e a r i n g s   i n  1978 revea led  PCB l e v e l s   o f  up t o  6900  ppb, w h i l e  

concent ra t ions   in   sed iments   under   the   Bur rard   Br idge  were   low.  More 
e x t e n s i v e  sampl ing   conducted   by   the   Env i ronmenta l   Pro tec t ion   Serv ice  

(EPS) i n  1981 d i d   n o t  show any i n d i c a t i o n   o f   e l e v a t e d  PCB l e v e l s   i n  

sed imen ts   nea r   t he   b r i dges ,   w i th   concen t ra t i ons   rang ing  from - < 10  ppb t o  

430 ppb d r y   w e i g h t  (Z = 120  ppb). 
I n  1976, the   Be l   k in   Paperboard   paper   recyc l i ng   p lan t   i n   Bu rnaby  

was i d e n t i f i e d  as  a s i g n i f i c a n t   s o u r c e  of PCB r e l e a s e   t o   t h e   F r a s e r   R i v e r  
( 2 3 ) .   L e v e l s   o f  up t o  1000  ppb d r y   w e i g h t   w e r e   i d e n t i f i e d   i n   t h e  

sed iments   immedia te ly   ad jacent   the   p lan t .  A t  t h i s   t i m e  i t  was expected 

t h a t ,  as o ld   suppl   ies   o f   PCB-conta in ing  paper   were  used up i n   t h e  

r e c y c l  i ng process, PCB re1  eases  and  environmental   level  s would  decrease. 
However,  subsequent  monitoring  by EPS i n  1979 i n d i c a t e d   t h a t   b o t h  

e f f l u e n t   r e l e a s e s  and  sediment  concentrat ions  were o f  a g r e a t e r  
magn i tude   t han   i nd i ca ted  by t h e  1976  sampling.  Sediments  adjacent t o  

t h e   o u t f a l l   c o n t a i n e d   1 5 0 0   p p b   w h i l e  a sample co l l   ec ted   seve ra l   hundred  

metres  upstream  contained  1300  ppb. A1 though  the   source   o f   the   ups t ream 

con tamina t ion  has n o t  been p o s i t i v e l y   i d e n t i f i e d ,   t h e   f a c t   t h a t   t h e  
sludge  plume from t h e   B e l   k i n   p l a n t  has  been  observed t o   e x t e n d   o v e r  0.8 

km u p s t r e a m   d u r i n g   t i d e   r e v e r s a l ,   s u g g e s t s   t h a t  PCBs i n   t h i s   a r e a   a l s o  
o r i g i n a t e  from t h e   B e l   k i n   p l   a n t  . Furthermore,   no  o ther   sources  o f  PCB 
r e l e a s e   i n   t h i s   i m m e d i a t e   v i c i n i t y  have  been i d e n t i f i e d .   I m p r o v e d  

po l  1 u t i on   con t ro l   measures   a t   t he   Be l   k in   p lan t   have  now reduced PCB 

re leases   subs tan t i a l  ly .  

I 
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Sed 

1 and dra inage 

i m e n t s   c o l l e c t e d   a d j a c e n t   t o   c e r t a i n  Mun 

pump s t a t i o n s   i n d i c a t e d   t h e   p r e s e n c e   o f  

a t  t w o   s t a t i o n s  and v e r y   l o w   l e v e l s  a t  another   three.  

i c i p a l i t y   o f   D e l t a  

e leva ted  PCB l e v e l  s 

The sediments  col  - 
l e c t e d   a t   t h e   a i r p o r t  and Beharre l   (96th S t  .) pump s t a t i o n s   c o n t a i n e d  PCB 

l e v e l s   o f  up t o  1200 ppb  and 3800 ppb, r e s p e c t i v e l y .  Resampl i n g   o f   t h e  

a i  r p o r t  pump s t a t i o n ,  however,  revealed  no  evidence o f  PCBs and, t h e r e  - 
f o r e ,   t h e   p o s s i b i l i t y   o f   c o n t a m i n a t i o n   o f   t h e   f i r s t   s e t   o f  samples  must 

be  considered. 

Sediments i n   t h e   v i c i n i t y   o f   m u n i c i p a l   d i s c h a r g e s   i n   B r i t i s h  

Columbia  have  not been moni tored a1 though 1 ow PCB l e v e l  s have  been 

de tec ted   in   was tewaters .   A lso ,  PCBs were p r e s e n t   i n   b i o t a   c o l l e c t e d   i n  

t h e   v i c i n i t y   o f   t h e   I o n a   I s 1  and  sewage t rea tmen t   p lan t .  

The r e m o b i l i z a t i o n   o f   c o n t a m i n a n t s   d u r i n g   d r e d g i n g   o f   i n d u s -  

t r i a l  areas,  and  the  subsequent  disposal  of  bottom  sediments  from  such 

areas, i s   o f  concern. The u l t i m a t e   f a t e   o f  resuspended  par t i cu la tes  i s  

t h e   s u b j e c t   o f   c o n s i d e r a b l e   c o n t r o v e r s y .  Some studies  have shown t h a t  

r e l a t i v e l y   l i t t l e  PCB i s  desorbed  from  the  sediments  during  resuspension 

and t h a t  suspended  contaminants will r e t u r n   t o   b a c k g r o u n d   l e v e l s   i n  a 
s h o r t   t i m e  (41). However, t h e   p o s s i b i l i t y   o f   s p r e a d i n g   c o n t a m i n a t i o n  
through  the  resuspension  o f   contaminated  sediments does e x i s t .   I n  

a d d i t i o n ,  some researchers   f ee l   t ha t  any d i s t u r b a n c e   o f   t h e   b u r i e d  
sediments  which removes contamination from t h e  s i n k  and r e d i s t r i b u t e s  i t ,  

may  make con.taminants  more a v a i l a b l e   t o   a q u a t i c   l i f e .  

Accep tab le   l eve l  s o f  PCBs i n   m a t e r i a l s   d e s t i n e d   f o r  ocean 

d isposa l  have  been es tab l i shed  under   the  Ocean Dumping Con t ro l  - Act. 
PCBs a r e  1 is ted  under   Schedule 1 of t he   Ac t   wh ich   s ta tes   t ha t   t he  maximum 

q u a n t i t y   o r   c o n c e n t r a t i o n   o f  PCBs (or   o ther   organohalogen compounds) i n  

m a t e r i a l s   t o  be  ocean  disposed  must  not  exceed "0.01 p a r t s   o f   t h e  

concen t ra t i on  shown t o  be t o x i c   t o   m a r i n e   a n i m a l  and p l a n t   s e n s i t i v e  

organisms i n  a bioassay  sample and t e s t   c a r r i e d   o u t   i n   a c c o r d a n c e   w i t h  

p rocedures   es tab l   i shed  o r   approved  by   the   Min is te r " .  
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Such r e g u l a t i o n s   a r e   e x t r e m e l y   d i f f i c u l t   t o   i n t e r p r e t  and 

e n f o r c e   f o r   t h e   f o l l o w i n g   r e a s o n s :  

1) it i s   n o t   s p e c i f i e d   w h e t h e r   t h e   a l l o w a b l e   l e v e l   s h o u l d  be 

based  on t h e   c o n c e n t r a t i o n   f o u n d   t o  be t o x i c   i n  sediments  or  

i n  water. 

2 )  i n d i c a t o r   o r g a n i s m s   t o  be used i n   t h e s e   t e s t s   a r e   n o t  

s p e c i f i e d   d e s p i t e   t h e   f a c t   t h a t  PCB t o x i c i t y   v a r i e s   g r e a t l y  

wi t h species . I 

acute  and c h r o n i c   t o x i c   v a l u e s   a r e   s i g n i f i c a n t l y   d i f f e r e n t  

3 )  t h e   l e n g t h   o f   t h e   b i o a s s a y   t e s t   i s   n o t   s p e c i f i e d   a l t h o u g h  

4 )  it i s   n o t   c l e a r   w h e t h e r ,   f o r   t h e   p u r p o s e s   o f   t h i s  

r e g u l a t i o n ,   t h e   t e r m   t o x i c   s h o u l d  be i n t e r p r e t e d  as l e t h a l  
or whether it shou ld   i nc lude   sub le tha l   e f fec ts .  

Sediment  samples  f rom  var ious  ocean  disposal   s i tes  a long  the 

c o a s t a l   r e g i o n s   o f   B r i t i s h   C o l u m b i a   w e r e   c o l l e c t e d  and analyzed for PCBs 
i n  1976. The i n i t i a l  ana lyses   i nd i ca ted   t ha t ,   a l t hough  PCBs were  present 

i n   t h e  sediments o f  a1 1 dumps i tes   sampled   (w i th   the   except ion   o f  

Sandheads), l e v e l s  were   no t   usua l l y   h igh   i n   compar i son   t o   o the r   a reas  o f  
the   p rov ince .  The h ighes t   va lues   were   de tec ted  a t  t h e   P o i n t  Grey 

dumpsite (90-1050 ppb)  and  concentrat ions a t  a l l  s i t e s   a p p e a r e d   t o  

decrease  wi th  increasing  sediment  depth.  
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2.2 F i s h  and Aqua t i c   I nve r teb ra tes  
When  PCBs e n t e r  an aquat ic  ecosystem i n   i n d u s t r i a l  o r  mun ic ipa l  

wastewater  or   as a r e s u l t   o f  a s p i l l ,   t h e i r   l o w   s o l u b i l i t y   i n   w a t e r  

r e s u l t s   i n   t h e i r   a c c u m u l a t i o n   t o   h i g h   c o n c e n t r a t i o n s   i n   t h e   s e d i m e n t s .  

Cur ren ts  and t i d a l   a c t i o n  can d i s t r i b u t e   c o n t a m i n a t e d   m a t e r i a l  from t h e  

i n i t i a l   p o i n t   o f   e n t r y  and  contaminate  surrounding  waters and  sediments 
(42).   Leaching  f rom  heavi ly  contaminated  sediments can  cause  elevated 

wa te r   concen t ra t i ons  a t  the  sediment /water   in ter face,  even when PCB 

d i scha rges   t o   t he   a rea  have  ceased  (42,43). PCBs  a1 so adhere t o  
p a r t i c u l a t e s  and  suspended s o l i d s   i n   t h e , w a t e r  column and  can  be i nges ted  

b y   l o c a l   b i o t a .  Thus, t h e r e   a r e  numerous  ways i n  which  aquat ic  organisms 

can  be  exposed t o  PCBs. 
The p o t e n t i a l   f o r   t h e   u p t a k e   o f  PCBs i n t o   l o c a l   b i o t a   e x i s t s  

even in   aqua t i c   sys tems  where PCB i n p u t s   a r e   l o w .   D e t e c t a b l e   l e v e l s   o f  

PCB i n   t i s s u e s   o f   a q u a t i c   o r g a n i s m s  have  been repo r ted   i n   sys tems  far 
removed  from  obvious  sources o f  PCB re lease and i n  areas  where  ambient 

wa te r   concen t ra t i ons   a re   c lose   t o ,   o r   be low,   t he   l im i t s   o f   de tec t i on .  

Aquat ic  organisms can r a p i d l y   a c c u m u l a t e   t i s s u e   r e s i d u e   l e v e l s  

many thousands o f   t imes   h ighe r   t han   wa te r   concen t ra t i ons .  Under 

1 abo ra to ry   cond i t i ons  a 1 day  exposure  of  various  organisms t o   A r o c l o r  

1254 a t   c o n c e n t r a t i o n s   o f  between 1 and 2 ppb r e s u l t e d   i n   m a g n i f i c a t i o n  
f a c t o r s  as 1 i s t e d  below (44 ) :  

Daphnia 
Midge 

Scud 

Mosquito 1 arvae 

G1 ass  shrimp 

S t o n e f l y  

Dobsonf ly  
Crayfi sh 

24,700 

22,000 

17,000 

12,600 

10,300 

2,100 

1,400 
570 
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The exposure o f   e s t u a r i n e   a n i m a l s   r e s u l t e d   i n   c o n c e n t r a t i o n  
f a c t o r s   o f  85,000 f o r   o y s t e r s  (45 ) ,  10,000 f o r   s h r i m p  (46)  and 30,000 f o r  

f i s h  (47) .  Data  obtained  from Escambia Bay i n   F l o r i d a   i n d i c a t e  somewhat 
h i g h e r   c o n c e n t r a t i o n   f a c t o r s ;  10,000 f o r   o y s t e r s ,  230,000 f o r  shrimp,  and 

670,000 f o r   f i s h  ( 4 8 ) .  It appears   t ha t   t he   b ioconcen t ra t i on   po ten t i a l s  

o f  PCBs may be  underest imated  by  laboratory   evaluat ions.  
A l t h o u g h   s i g n i f i c a n t   m a g n i f i c a t i o n   o f  PCB r e s i d u e s   i n   a q u a t i c  

organisms a t  l o w e r   t r o p h i c   l e v e l s  has  been observed, some a u t h o r s   r e p o r t  

t h a t   m a g n i f i c a t i o n   f a c t o r s   a r e   s m a l l e r   t h a n  a t  t h e   h i g h e r   t r o p h i c   l e v e l s  
( p a r t i c u l a r l y   f i s h e a t i n g   b i r d s  and  mammals). PCB l e v e l s   c o r r e l a t e  

d i r e c t l y   w i t h   l i p i d   c o n t e n t  (49, 50, 51) and Goerke e t  a1 (52) 
demonstrated  that  PCB l e v e l s   c a l c u l a t e d  on l i p i d   b a s i s   i n c r e a s e   w i t h  

t r o p h i c   l e v e l   f r o m   b i v a l v e s   t o   f i s h .  However, accord ing   to   R isebrough 
and  Lappe ( 4 9 )  t h e   r e l a t i o n s h i p  between l i p i d   c o n t e n t  and PCB l e v e l s   i n  

organisms  can, i n  some cases,  confound  the common food  cha in  
concent ra t ion   theory .   For  example he r r i ng   f rom  bo th   coas ta l  Nova Sco t ia  

and t h e   B a l t i c  Sea conta ined  h igher  PCB l e v e l s   ( a p p r o x i m a t e l y  1 o r d e r   o f  

magn i tude)   than  d id  cod from t h e s e   l o c a t i o n s   d e s p i t e   t h e   f a c t   t h a t   c o d  

occupy a h i g h e r   l e v e l   i n   t h e   f o o d   c h a i n .   T h i s   f i n d i n g  was a t t r i b u t e d   t o  
t h e   h i g h e r   f a t   c o n t e n t   i n   h e r r i n g .  

PCB c o n c e n t r a t i o n s   i n   c e r t a i n   b i v a l v e   s p e c i e s   h a v e  been shown 

t o   v a r y   w i t h   t h e   t i m e   o f   y e a r .   L e v e l s  have been shown t o  decrease i n  

clams (53)  and o y s t e r s  ( 5 2 )  i n   a s s o c i a t i o n   w i t h   t h e   i n c r e a s e d   l i p i d  

metabol ism  which  occurs  before and d u r i n g  spawning. It i s   i m p o r t a n t   t o  

c o n s i d e r   t h i s   f a c t  when b i va l ves   a re   used  as i n d i c a t o r   o r g a n i s m s   t o  

a s s e s s   c o n t a m i n a t i o n   l e v e l s   i n   t h e   n a t u r a l   e n v i r o n m e n t .  

Aquat ic  organisms can  accumulate PCBs d i r e c t l y   f r o m   t h e   w a t e r  

and  sediments o r   v ia   t he   f ood   cha in .   Cour tney  and  Langston (54 )  repo r ted  

t h a t   p o l y c h a e t e s   a c c u m u l a t e   s i m i l a r   l e v e l s   o f  PCB th rough   exposure   t o  1 
ppb i n  seawater   or  1 ppm i n  sediments.   In  studies  wi th  shr imp  and 

f i d d l e r   c r a b ,  Nimmo " e t  a1 (46, 55) demonstrated  that ,  i n   t h e   e n v i r o n m e n t ,  
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PCBs are  accumulated  by  ingest ing  contaminated  sediment   par t ic les  or   by 

absorb ing PCBs d i r e c t l y  from the   water .   In  most  cases PCB l e v e l s   i n   t h e  

hepatopancreas o f   shr imp  f rom  the   h igh ly   con taminated  Escambia Bay, 

F l o r i d a   w e r e   d i r e c t l y   r e l a t e d   t o   c o n c e n t r a t i o n s   i n   t h e   s e d i m e n t s  (46). 
Khan " e t  a1 (56)  have shown t h a t  PCBs a re   read i l y   adso rbed   on to   t he   ou te r  

she1 1 o r   c h i t i n o u s   m a t e r i a l   s u g g e s t i n g   t h a t   t h i s   i s  a p o s s i b l e   s i t e   o f  

PCB accumulation i n   aqua t i c   spec ies   hav ing   ou te r   she l l s .  

J u v e n i l e   A t l a n t i c  salmon  have  been shown t o  accumula te   re la -  
t i v e l y   l a r g e  amounts o f  PCB from contaminated  food and  suspended s o l i d s  

(57).  Other  researchers  acknowledge  that   f ish  accumulate PCB from 

d ie ta ry   sources   bu t   suggest   tha t   up take  from  ambient  waters i s   t h e   m a j o r  

r o u t e   o f   e n t r y   ( 5 8 , 5 9 ) .  Jensen " e t  a1 (60)   s tud ied PCB uptake  by f i v e  
f i s h   s p e c i e s   i n  Lake  Michigan  and Green Bay. They conc luded   tha t   t he  

r e l a t i v e   c o n t r i b u t i o n   o f   f o o d  t o  PCB body  burdens i n   f i s h   v a r y  

s i g n i f i c a n t l y  between  water  systems and are  dependent on t h e  PCB 

concen t ra t i ons   i n   f ood   sou rces .  These a u t h o r s   r e p o r t e d   t h a t   w h i t e f i s h   i n  

Green Bay ob ta ined  approx imate ly  90% o f   t h e  PCB body  burdens  from  food 

compared t o  58% i n  Lake Michigan. 

V a r i a t i o n s   i n  PCB l e v e l s   i n   t i s s u e s   o f   a q u a t i c   o r g a n i s m s   f r o m  

t h e  same v i c i n i t y   a r e   i n f l u e n c e d  by  such f a c t o r s  as t h e  age o f   t h e   o r g a -  

n i sm,   i nd i v idua l   agg ress i veness   i n   f eed ing ,   f eed ing   hab i t s ,  and s p e c i f i c  
b e h a v i o r i a l   p a t t e r n s  (61).  Narbonne (62 )  demon,strated t h a t  res idue 

l e v e l s   i n   f i s h   f e d  PCBs exper imen ta l l y  were h i g h e r   i n   t h e   o l d e r   f i s h   t h a n  

i n  young  f i sh .   Th is  was a t t r i b u t e d ,   i n   p a r t ,   t o   d i f f e r e n c e s   i n   t h e   d i e t s  
o f   f i s h   f r o m   t h e   v a r i o u s  age  groups.  Levels o f   con taminants   a re   normal ly  
h i g h e r   i n   s p e c i e s   o r  age  groups whose d i e t s   c o n s i s t   o f  a h i g h   p r o p o r t i o n  

i 

o f  an ima l   mater ia l .  

Jensen " e t  a1 (60) r e p o r t e d   t h a t  PCB l e v e l s   i n   l a k e  wh 
f rom Lake Mich igan  var ied  more w i t h   l o c a t i o n   t h a n   d i d   l e v e l s   i n  

t r o u t .  The a u t h o r s   s u g g e s t e d   t h a t   t h i s   d i s p a r i t y  may be  due t o  
t h a t   w h i t e f i s h   i n c o r p o r a t e   b o t t o m  and d e t r i t u s   f e e d e r s   i n t o   t h e  

whereas t r o u t  do no t .  Hence, PCB uptake i n   w h i t e f i s h   w o u l d  be 

t e f  i sh 
1 ake 

t h e   f a c t  

r d i e t  

n f 1 uenced 
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by  both  water  and sed imen t   l eve l s   wh i l e   t rou t   wou ld  be a f f e c t e d   o n l y   b y  

wa te r   l eve l s .  PCB l e v e l s   i n   s e d i m e n t s   a r e   g e o g r a p h i c a l l y  more v a r i a b l e  
than  a re  PCB leve ls   i n   wa te r .   O the r   researchers   have  a1 so observed 

p a r t i c u l a r l y   h i g h  PCB c o n c e n t r a t i o n s   i n   d e t r i t u s   f e e d e r s   ( 6 3 ) .  

Mayer e t  a1 (64) and o ther   researchers  (44) have  repor ted   tha t ,  

when exposed t o   A r o c l o r  1254, amphipods  and o t h e r   i n v e r t e b r a t e s  

a c c u m u l a t e   p a r t i c u l a r l y   h i g h   c o n c e n t r a t i o n s   o f   l o w e r   c h l o r i n a t e d  

compounds ( tr i  - and t e t r a -   i s o m e r s ) .   I n   f i s h ,  however, t h e   h i g h l y  

c h l o r i n a t e d  PCB compounds (penta-  and hexa-   isomers)   were  o f ten 

accumulated  more  readi ly and e l i m i n a t e d  much more s low ly   t han  were t h e  

l ower   ch lo r i na ted   i somers .  

Z i t k o  and Hu tz inge r   (59 )   f ound   tha t   accumu la t i on   coe f f i c i en ts  
i n  fish were l o w e r   f o r   t h e  more h i g h l y  c h l o r i n a t e d  compounds d u r i n g   u p -  
take   f rom  water   (poss ib ly  due t o  t h e i r   l o w   s o l   u b i 1  i t y )  b u t   i n c r e a s e d   w i t h  

i nc reas ing   ch lo r i na t i on   du r ing   up take   f rom  food .   Gruger   e t  a1 (65)   a lso  

f o u n d   t h a t   j u v e n i l e  coho  salmon f e d   e q u a l   p r o p o r t i o n s   o f   t e t r a  - and 
hexachl   orobiphenyl   accumulated  the  hexa-   isomers  to  a g rea te r   ex ten t .  

The f a c t   t h a t   t h e   l o w e r   c h l o r i n a t e d  compounds a r e  more r a p i d l y  

metabo l ized  i s  probab ly  an impor tan t   fac to r   (66) .  

Wszolek " e t  a1 ( 6 7 )   a t t r i b u t e d   t h e   h i g h e r   p r o p o r t i o n   o f   h e x a -  

c h l o r o b i p h e n y l   i n   t r o u t   f r o m  Cayuga Lake i n  New York t o   t h e   g r e a t e r  

pe rs i s tence   o f   t hese   i somers   i n   t he   env i ronmen t .  These a u t h o r s   a l s o  
s u g g e s t   t h a t   t h e   h i g h l y   c h l o r i n a t e d   i s o m e r s  may be s e l e c t i v e l y   a b s o r b e d  

and l e s s   e a s i l y   m e t a b o l i z e d   t h a n   l o w e r   c h l o r i n a t e d  compounds i n   t r o u t  and 

p o s s i b l y   a l s o   i n   o r g a n i s m s   l o w e r   i n   t h e   f o o d   c h a i n .  

The h ighes t  1 eve1 s o f  PCB and o t h e r  1 i poph i  1 i c  compounds a r e  

found i n   t h e   l i v e r s  and adipose due t o   t h e   h i g h   l i p i d   c o n t e n t   o f   t h e s e  

t i s s u e s  (62, 65, 68).  Studies on t h e   u p t a k e   o f  PCBs b y   f i s h  showed t h e  

g r e a t e s t   r e t e n t i o n   i n   t h e   l i v e r   f o l l o w e d   b y   t h e   g i l l s ,   w h o l e   f i s h ,   h e a r t ,  

b r a i n  and muscle (47). H igh   concent ra t ions   have  a lso  been found i n   t h e  
hepatopancreas o f   s h r i m p   ( 5 5 )  and l o b s t e r   ( 6 9 )  from contaminated  areas. 
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PCBs a r e   r e t a i n e d   i n   t h e   t i s s u e s   o f   a q u a t i c   o r g a n i s m s   f o r   l o n g  
p e r i o d s   o f   t i m e  even a f te r   t he   t e rm ina t ion   o f   exposure .   Cour tney  and 

Denton   (70)   found  tha t   con taminat ion   in   c lams  tha t  had been  exposed t o  

1.25 ppb PCB f o r  21  days d id   no t   dec rease   s ign i f i can t l y ,   even   ove r  a 
p e r i o d   o f  3 months, when placed i n  a c lean  environment.  Clams which had 

been  exposed t o   h i g h e r   c o n c e n t r a t i o n s  (12.5 ppb) showed  a decrease i n  PCB 

1 eve1 s i n   t h e  muscul a r  f o o t   b u t   c o n c e n t r a t i o n s   i n   t h e   v i s c e r a l  mass 

remained v i r t u a l l y  unchanged a f t e r  6 months i n  a clean  environment. 

F ish   wh ich  had accumulated PCBs over  56 days from ambient  water 
w i t h  a c o n c e n t r a t i o n   o f  1 ppb , a1 so 1 o s t   t i s s u e   b u r d e n s   v e r y   s l  owl y when 

p laced i n  a PCB-free  environment.  Tissue  concentrat ions  decreased  by 

approx imate ly  73% a f t e r  84 days. T h i s   f i n d i n g   i n d i c a t e s   t h a t  PCB 

p e r s i s t s   i n   f i s h   t i s s u e s   f o r   a p p r o x i m a t e l y  3 months a f t e r  removal from 

contaminated  environments (68). As a r e s u l t   o f   s t u d i e s  on PCB uptake and 
e l i m i n a t i o n   i n   f i s h ,  Narbonne  concluded t h a t   t h e   c a p a b i l i t y   o f   f i s h   t o  

metabo l   i ze  PCB was 1 ow i n  comparison t o  mammal s (58) .  

B r i t i s h  Columbia 
I n f o r m a t i o n  on c u r r e n t   l e v e l s   o f  PCB i n   f i s h  and aqua t i c   i nve r -  

t e b r a t e s   i n   B r i t i s h  Columbia i s   l i m i t e d  and i s  p resented   in   Append ices  3 

and 4, The sampl i n g   s t a t i o n s   a r e  shown on F igu re  2. The m a j o r i t y   o f   t h e  
r e c e n t   i n f o r m a t i o n   r e l a t e s  t o  the  receiv ing  environment  around  the 
Canadian  Cel lu lose  pu lp mill near  Pr ince  Rupert  and was ob ta ined 

f o l l  owing a major  PCB s p i l l   i n  1977. M o n i t o r i n g   o f   f i s h   i n   t h e   w a t e r  

systems  around  the McLeese  Lake area   (near   Wi l l iams Lake) was conducted 
i n  1976 when i t  was d i s c o v e r e d   t h a t   c a p a c i t o r s   b u r i e d   a t  a B.C. Hydro 

s u b s t a t i o n  may be   leak ing .  The data  obta ined as  a r e s u l t   o f   t h e s e   t w o  

i n c i d e n t s  will be  discussed i n   S e c t i o n  6 which  deal s w i t h   s p i l l  s. 
Sampling of   Fraser   River   f ish  spec ies  by  the  Westwater   Research 

C e n t r e   i n  1973  demonst ra ted   tha t   res idue  leve ls   o f  PCBs were h i g h e s t   i n  

t h e   i n d u s t r i a l   r e g i o n s  and u p p e r   e s t u a r i n e   p o r t i o n s   o f   t h e   r i v e r   ( 7 2 ) .  

P 
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T h i s   f i n d i n g   i n d i c a t e d   t h a t   i n d u s t r i a l   d e v e l o p m e n t  and u r b a n i z a t i o n   i n  

the  Greater  Vancouver  area  has  contr ibuted PCBs t o   t h e   F r a s e r   R i v e r .  

A l though mean c o n c e n t r a t i o n s   f o r   a l l   s p e c i e s  were  below  the 

Hea l th  and We1 f a r e   g u i d e 1   i n e   f o r   f i s h  and  she1 l f i s h  ( 2  ppm o r  2000 ppb) 
c e r t a i n   c o a r s e   f i s h   s p e c i e s   c o n t a i n e d   e l e v a t e d   l e v e l s .  One l a r g e s c a l e  

sucker  contained  over 3000  ppb  and t i s s u e   l e v e l s   i n  two  nor thern 

squawfish  approached  2000  ppb.  Concentrations i n  most  species  were 

between  100  and 900 ppb.  Other f i s h  samples c o l l e c t e d   d u r i n g   t h e  1973 

Westwater   survey  were  s tored  for   fu ture  analys is .   In  1978, under 

c o n t r a c t   t o   t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e  (EPS), these  samples 
were  analyzed  for  a v a r i e t y   o f   o r g a n i c   c o n t a m i n a n t s   i n c l u d i n g  PCBs (71). 

The resu l t s   o f   t hese   ana lyses   con f i rmed   the   ea r l i e r   f i nd ings   o f   Johns ton  

e t  a1 ( 7 2 )   w i t h   r e s p e c t   t o   t h e   g e n e r a l   l e v e l s   o f   c o n t a m i n a t i o n  and t h e  
h i g h e r   i n c i d e n c e   o f   e l e v a t e d   t i s s u e   c o n c e n t r a t i o n s   i n   f i s h   c o l l e c t e d  

around  Vancouver. 
I n   1 9 8 0   t h e   B r i t i s h   C o l u m b i a   M i n i s t r y   o f .   E n v i r o n m e n t   c o l l e c t e d  

a v a r i e t y   o f   f i s h   s p e c i e s  f rom  several   areas  of   the  Fraser  River.  

A n a l y t i c a l   r e s u l t s   a g a i n   d e m o n s t r a t e d   h i g h e r   l e v e l s   i n   t h e   i n d u s t r i a l i z e d  

r e g i o n s   o f   t h e   r i v e r .  PCB r e s i d u e s   i n   m u s c l e   t i s s u e   o f   f i s h   f r o m   t h e  

Nor th Arm ranged from less   than 100 t o  800  ppb. No f i s h   f r o m   t h e   1 9 8 0  

survey  exceeded or  approached  the 2 ppm Hea l th  and Wel fa re   gu ide l ine .  

Mean concentrat ions  ranged from less   t han  100 ppb i n  r a i n b o w   t r o u t  and 

sockeye  salmon t o  200 ppb i n  s t a g h o r n   s c u l p i n ,   D o l l y  Varden  and w h i t e  

sturgeon. PCB l e v e l s  were  below  the 1 i m i t s   o f   d e t e c t i o n   i n  a1 1 species 

co l l ec ted   f rom  the   o the r   F rase r   R ive r   samp l ing   l oca t i ons .  The o n l y  

except ions   were   wh i te   s tu rgeon  co l lec ted   f rom Hope which  contained  up t o  

400 ppb PCB. 
A lso i n  1980, u n d e r   c o n t r a c t   t o  EPS, a d d i t i o n a l   f i s h   w e r e   c o l  - 

l e c t e d  from 4 s t a t i o n s   i n   t h e   F r a s e r   R i v e r   ( 7 3 ) .  The p u r p o s e   o f   t h i s  

survey was t o  compare PCB l e v e l s   i n   f i s h  from t h e   v i c i n i t y   o f   B e l k i n  

Paperboard t o   l e v e l s   i n   f i s h   c o l l e c t e d   e l s e w h e r e   i n   t h e   r i v e r .  Peamouth 

chub c o l l e c t e d   n e a r   B e l k i n   c o n t a i n e d   h i g h   l e v e l s   o f  PCB (2400 ppb i n  a 
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composite o f  9 f i s h )  . U n f o r t u n a t e l y   t h i s   s p e c i e s  was n o t   c o l l e c t e d   i n  

o t h e r   a r e a s   o f   t h e   r i v e r   d u r i n g   t h i s   s u r v e y .  However,  peamouth  chub 

c o l l e c t e d   i n   o t h e r   p a r t s   o f   t h e   r i v e r   i n  1980  by t h e   B r i t i s h  Columbia 

M in i s t r y   o f   Env i   ronmen t  , conta ined much l o w e r   l e v e l  s o f  PCB. Mean l e v e l  s 
i n   o t h e r   s p e c i e s   c o l l e c t e d   n e a r  Bel k i n  ranged  from  110 t o  400 ppb. 

P r i c k l y  and s t a g h o r n   s c u l p i n s   c o l l   e c t e d  a t  Bel k i n   c o n t a i n e d   h i g h e r  

concent ra t ions   o f  PCB (320 and 210  ppb, r e s p e c t i v e l y )   t h a n   d i d   t h e s e  

s p e c i e s   c o l l e c t e d  a t  T i l b u r y   I s l a n d   i n   t h e  Main Arm (60 and 90  ppb) and 
a t  P i t t  R i ve r   (20  ppb i n   p r i c k l y   s c u l p i n ) .   S t a r r y   f l o u n d e r   c o l l e c t e d   o f f  

B e l   k i n  and a t  P i  tt River   conta ined  110 ppb wh i l e   t hose  from the  Til b u r y  

I s 1  and s t a t i o n   c o n t a i n e d  40 ppb. 

The e leva ted  PCB l e v e l s   i n   f i s h  from the   Be l   k in   a rea   cou ld   no t  

b e   a t t r i b u t e d   s o l e l y   t o  PCB re leases  from B e l k i n  due t o   t h e   m o b i l i t y   o f  

f i s h  and t o   p a s t   o b s e r v a t i o n s   t h a t  PCB l e v e l s   i n   f i s h  from t h e  
i n d u s t r i a l i z e d   N o r t h  Arm a r e   g e n e r a l l y   h i g h e r   t h a n   t h o s e   d e t e c t e d   i n   f i s h  

from o t h e r   r e g i o n s   o f   t h e   r i v e r .  It i s  l i k e l y ,  however, t h a t   t h e   B e l k i n  
p l a n t  was t h e   m a i n   c o n t r i b u t o r  of PCBs t o   t h e   r i v e r   i n   t h i s   i m m e d i a t e  

area and consequent ly   the   ma in   source   o f   the  PCBs d e t e c t e d   i n   l o c a l  

b i o t a .  
The a n a l y s i s  o f  p r i c k l y   s c u l p i n   c o n d u c t e d   u n d e r   c o n t r a c t   t o  

F i s h e r i e s  and  Oceans  Canada i n  1980 a l s o   i n d i c a t e d   t h a t   l e v e l s   i n   f i s h  
o f f  Bel k i n  were h ighe r   t han  i n  o t h e r  areas o f  t h e  r i v e r  ( 7 4 ) .  I n  t h i s  
survey 4 s t a t i o n s  were  sampled; M i t c h e l l   I s l a n d   i n   t h e   N o r t h  Arm, Tree 

I s l a n d   ( n e a r   B e l   k i  n Paperboard) i n   t h e   N o r t h  Arm, A n n a c i s   I s l a n d   i n   t h e  

Main Arm and t h e  Whonnock government  dock i n   t h e  Main Stem. The h ighes t  

concentrat ions  were  again  detected i n   s c u l p i n   c o l l e c t e d   n e a r   B e l k i n  
( X  = 610  ppb) . These l e v e l s   a r e   s i m i l a r   t o   t h e   c o n c e n t r a t i o n s   d e t e c t e d  

d u r i n g   t h e  1980 EPS s u r v e y   d i s c u s s e d   p r e v i o u s l y .   L e v e l s   i n   f i s h   c o l -  
1 ected a t  t h e   o t h e r   N o r t h  Arm s t a t i o n   ( M i t c h e l l   I s 1  and)  were much lower  

( 2  = 140  ppb). Mean concen t ra t i ons   a t   t he   Annac is  and Whonnock sampling 
s ta t i ons   were   l ow   (30  ppb and 70 ppb, r e s p e c t i v e l y ) .  These f i n d i n g s   l e n d  
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f u r t h e r   s u p p o r t   t o   t h e   t h e o r y   t h a t  PCB r e l e a s e s   f r o m   t h e   B e l   k i n   p l   a n t  

w e r e   c o n t r i b u t i n g   s i g n i f i c a n t  amounts o f  PCBs t o   l o c a l   b i o t a .  It should 

be   no ted   t ha t  PC8 d ischarges   f rom  the   Be l   k in   p lan t   have now been g r e a t l y  
reduced. 

I n  1978 a 1 i m i t e d  number o f   f i s h  were co l l ec ted   f rom  the  mud - 
f l a t s  around  Iona  Is1 and u n d e r   c o n t r a c t   t o   F i s h e r i e s  and Oceans  Canada. 

Ana lys is   o f   these  samples   revea led   tha t   concent ra t ions   ranged from l e s s  
t h a n   d e t e c t a b l e   l e v e l  s t o  650  ppb (x’ = 364.5 ppb) i n   f l o u n d e r ,  44 ppb i n  

a salmon  and  214  ppb i n  a speckled sanddab. L e v e l s   i n   f l o u n d e r  from t h e  

Roberts Bank a r e a   w e r e   s i g n i f i c a n t l y   l o w e r  (1-2 ppb)(75). ‘ 

The a n a l y s i s   o f   c r a b s   f r o m   t h e   e s t u a r y   r e g i o n   a l s o   i n d i c a t e d  

t h a t   i n d i v i d u a l s   f r o m   t h e   S t u r g e o n  Bank area  contained somewhat h i g h e r  

concent ra t ions   (56-213  ppb)   than  d id   c rabs   f rom  Rober ts  Bank  (ND-14 ppb) 
(75). Similar r e s u l t s  were repo r ted  by Bawden “ e t  a1 (76) i n  1973 who 

f o u n d   t h a t   c o n c e n t r a t i o n s   o f  PCB i n   c r a b s  were h ighes t   i n   t he   immed ia te  
v i c i n i t y   o f   t h e   I o n a   I s l a n d  sewage o u t f a l l   w i t h   l e v e l s   d e c r e a s i n g   w i t h  

i n c r e a s i n g   d i s t a n c e   f r o m   t h e   p l a n t .  
More extensive  sampl ing  would be r e q u i r e d   t o   d e t e r m i n e   t h e   i n -  

f l  uence o f   t h e   I o n a   I s 1  and sewage t r e a t m e n t   p l   a n t  on PCB l e v e l  s i n   l o c a l  
b io ta .   A l though  h igher  PCB l e v e l s  have  been d e t e c t e d   i n   t h e   v i c i n i t y   o f  

t h e   t r e a t m e n t   p l a n t   t h a n   i n   o t h e r   a r e a s   o f   t h e   e s t u a r y ,   t h e   p r e s e n c e   o f  
PCBs i n   t h i s  area may be due, a t   l e a s t  i n  p a r t ,  t o  t h e  t r a n s p o r t  and 

u l t i m a t e   d e p o s i t i o n  o f  c o n t a m i n a t e d   p a r t i c u l a t e s   o r i g i n a t i n g   u p s t r e a m  i n  
t h e   F r a s e r  system. 

Sewage wastewater  discharges  have  been  demonstrated t o  be s i g  - 
n i f i can t   sources   o f   env i ronmenta l   con taminat ion   in   cer ta in   a reas .  

Studies  by  McDermott ” e t  a1 (77 )   i n   t he   Sou th   Ca l i f o rn ia   B igh t   have  shown 
t h a t  D o v e r   s o l e   c o l l e c t e d   n e a r   l a r g e  sewage o u t f a l l s   c o n t a i n e d  much 

h i g h e r  PCB c o n c e n t r a t i o n s   t h a n   s o l e   c o l l e c t e d  away from o u t f a l l s .   I n  
add i t i on ,   a l t hough  PCB d ischarges from t h e s e   o u t f a l l s  had decreased s i g -  

n i f i c a n t l y  between  1971  and 1975, t i s s u e   c o n c e n t r a t i o n s   i n   s o l e  had no t .  
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Median l e v e l s   i n   m u s c l e   t i s s u e   f r o m   s o l e   c o l l e c t e d   n e a r   t h r e e   o f   t h e  

l a rge r   sou the rn   Ca l i f o rn ia   was tewa te r   ou t fa l l s   ranged  from 700-1900  ppb 

i n  1971-72  and  600-2000  ppb i n  1974-75. 

C o n c e n t r a t i o n s   o f  PCB i n   b e n t h i c   c r a b  and i n t e r t i d a l   m u s s e l s  

from s o u t h e r n   C a l i f o r n i a  were a l s o  much h i g h e r   i n  specimens c o l l e c t e d  

n e a r   o u t f a l l s   t h a n   f r o m   c o n t r o l   s i t e s .  Mean l e v e l s   i n   c r a b s   f r o m   t h e  

v i c i n i t y   o f   o u t f a l l s   i n  1971-72  ranged  from  290 t o  1000  ppb w h i l e   c o n t r o l  

crabs  contained  15  ppb. The h i g h e s t   l e v e l s   i n   m u s s e l s   f r o m   c o a s t a l -  

reg ions  were   found  o f f   ma jor   ou t fa l l s   a t   Pa los  Verdes  (up t o  520  ppb). 
U n l i k e   l e v e l s   i n   s o l e ,   t i s s u e   c o n c e n t r a t i o n s   i n   m u s s e l s   d e c r e a s e d  

s i g n i f i c a n t l y   ( 5 4 % )  between  1971  and  1975  (77). 
Al though  the  data  f rom  the  Iona mud f l a t s   a r e   v e r y   l i m i t e d ,  PCB 

l e v e l s   i n   t h e   c r a b s  and b o t t o m   f i s h   a p p e a r   t o  be  somewhat lower   than 
l e v e l s   r e p o r t e d   f o r   t h e s e   o r g a n i s m s   n e a r   o u t f a l l s   i n   s o u t h e r n   C a l i f o r n i a .  
The h ighes t   concen t ra t i ons   de tec ted   i n   t hese   spec ies   f rom  the   I ona   a rea  

are,  however,  comparable t o  median l e v e l s   r e p o r t e d   a t   c e r t a i n   o u t f a l l s   i n  

s o u t h e r n   C a l i f o r n i a .  

Very   h igh  PCB l e v e l s  have  been de tec ted   in   the   sed iments   f rom 

Coal  Harbour  and c rabs   f rom  th i s   a rea   con ta ined  a mean c o n c e n t r a t i o n   o f  

200  ppb. The  same species  f rom  False  Creek  contained PCB l e v e l s  
approx imate ly   10   fo ld   lower .  One composite  sample o f   smal l   shore   c rabs  

f rom  under   t he   Granv i l l e   S t ree t   b r i dge ,  however, conta ined  160 ppb. 

Mussels  col   lected  under  the  Burrard  and  Granvi l  l e   b r i d g e s  

con ta ined   ve ry   l ow   concen t ra t i ons   o f  PCB, 14  and 17 ppb, r e s p e c t i v e l y .  
M u s s e l s   c o l l e c t e d   i n   t h e  A1 i c e  Arm area  near  the Ki t s a u l  t Mine,  however, 

c o n t a i n e d   u n u s u a l l y   h i g h  PCB leve ls   (up   t o   1700   ppb ) .   L im i ted   da ta  
i n d i c a t e   t h a t   w a t e r  sarnpl es c o l l e c t e d   i n   t h i s   a r e a  were a1 so e leva ted  

(Sec t i on  2.1.1) a l though  sed iment   leve ls  were   low.   Fur ther   inves t iga t ion  

i n t o   p o s s i b l e   p a s t  and p r e s e n t   s o u r c e s   o f   c o n t a m i n a t i o n   i n   t h i s   a r e a   i s  

warranted. 
Mussels  f rom  harbour  regions i n   s o u t h e r n   C a l i f o r n i a ,   e s p e c i a l l y  

i n  areas o f  h e a v y   v e s s e l   a c t i v i t y ,   c o n t a i n e d   s i m i l a r  PCB concen t ra t i ons  
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(800-1300  ppb),   whi le  mussels  f rom  coastal   locat ions away from  urban 

centres  ranged  f rom  14 t o  26 ppm (77). 

PCBs were n o t   d e t e c t a b l e   i n   o y s t e r s   c o l l e c t e d   f r o m   v a r i o u s  
l o c a t i o n s  on Vancouver I s l a n d   i n c l u d i n g   C r o f t o n ,  Nanoose Bay, P i p e r ' s  

Lagoon,  and Shoregrove  Resort. These s t a t i o n s   a r e   t h o u g h t   t o  be r e l a t i v e l y  

f r e e  from s i g n i f i c a n t   s o u r c e s   o f  PCB re lease   a l t hough   the re   a re   m ino r  
domestic sewage d ischarges  a t  C ro f ton ,   P ipe r ' s  Lagoon  and Shoregrove 

Resor t ,  and the  Crof ton  area a1 so receives  wastes  from a p u l p  mill. Prawns 
o b t a i n e d   f r o m   t h e   v i c i n i t y   o f   t h e   o u t f a l l   a t  Nanaimo c o n t a i n e d   l e s s   t h a n  

5 ppb o f  PCBs. 

2.3 W i l d l i f e  

C e r t a i n   w i l d l i f e   s p e c i e s ,   p a r t i c u l a r l y   f i s h   e a t i n g   b i r d s  and 
aqua t i c  mammals, a c c u m u l a t e   h i g h   t i s s u e   l e v e l s   o f   c o n t a m i n a n t s   i n c l u d i n g  

PCBs. 

Very l i t t l e   i n f o r m a t i o n  on PC8 l e v e l s   i n   B r i t i s h  Columbia w i l d -  

l i f e  has  been ob ta ined  s ince  1976. Consequently  almost a l l   o f   t h e   e x i s t i n g  

data was i n c l u d e d   i n  a 1976 EPS repo r t   (23 ) .   Th i s   repo r t   shou ld  be consul - 
t e d   f o r  a r e v i e w   o f   t h e   a v a i l a b l e   d a t a  and comparisons t o   l e v e l s   i n  

w i l d l i f e   i n   o t h e r   a r e a s   o f   t h e   w o r l d .  

L im i ted   da ta  was obta ined as a r e s u l t   o f  a Canadian Wi I d 1  i f e  
S e r v i c e   s u r v e y   i n v e s t i g a t i n g   c o n t a m i n a n t   l e v e l s  i n  Great  Blue  Heron eggs 

f rom  the Lower Mainland  (Appendix 5). The PCB l e v e l s   i n  eggs f r o m   t h i s  

species  were much h i g h e r   t h a n   t h e   l e v e l s   d e t e c t e d   i n  eggs o f   o t h e r   s p e c i e s  
i n   B r i t i s h  Columbia. Mean l e v e l s   i n  eggs from  the  Coqui t lam and U n i v e r s i t y  

o f   B r i t i s h  Columbia  populat ions  were  especial ly  h igh  (14.9 and 21.4 ppm, 

r e s p e c t i v e l y ,  on a whole  egg wet we igh t   bas i s ) .   Acco rd ing   t o   G i l be r t son  

and  Reynolds  (78)   the  dry   weight   equiva lent   for  eggs i s  approx imate ly  5 

t imes  g rea ter   than  the   wet   we igh t   concent ra t ion .   Us ing   th is   convers ion  

f a c t o r ,  mean d ry   we igh t  PCB l e v e l s   i n   h e r o n  eggs  from  Coquitlam  and U.B.C. 
were 75 and 107 ppm, r e s p e c t i v e l y ,   w i t h   l e v e l s   r a n g i n g  up t o  324  and  251 

ppm, respec t i ve l y .  
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Residue 1 eve1 s i n  he ron   eggs   co l l ec ted   i n   t he   Koo tenay   R ive r  

area i n  1969 (23)  ranged from 0.036 t o  25.9 ppm wet w e i g h t   w i t h  a mean 

c o n c e n t r a t i o n  o f  12.97 ppm (75 ppm dry weight ) .  
A l t h o u g h   t h e s e   l e v e l s   a r e   h i g h e r   t h a n   t h o s e   f o u n d   t o   c a u s e  

embryon ic   de formi t ies  and m o r t a l i t i e s   i n   p o u l t r y ,   ( 7 9 )   t h e r e   i s   s u b s t a n t i a l  

v a r i a t i o n  be tween   spec ies   sens i t i v i t i es .  No impacts on h e r o n   c o l o n i e s   i n  

B r i t i s h  Columbia  have  been  observed. 
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3 TOXICITY 

3.1 Aquat i  c Organi sms 
Acute and c h r o n i c   l e t h a l   t o x i c i t i e s  and s u b l e t h a l   e f f e c t s   o f  

PCRs t o   f i s h  and aqua t i c   i nve r teb ra tes   have  been l i s t e d   i n  Tables 2a and 
b and  Tab1 es 3a and  b, a t   t h e  end o f   t h i s   s e c t i o n .  

Species d i f f e r   c o n s i d e r a b l y   i n   t h e i r   r e s p o n s e s   t o   v a r i o u s   k i n d s  
and c o n c e n t r a t i o n s   o f   A r o c l o r .   A c u t e   t o x i c i t i e s   t o   a q u a t i c   o r g a n i s m s  

appear t o  b e   r e l a t e d   t o   t h e i r   s o l u b i l i t i e s  and  hence a r e   i n d i r e c t l y  

p r o p o r t i o n a l   t o   t h e   r e l a t i v e   c h l o r i n e   c o n t e n t   o f   t h e   m i x t u r e .  Due t o   t h e  

i n s o l u b l e   n a t u r e   o f   t h e   h i g h l y   c h l o r i n a t e d   i s o m e r s ,   e v e n   t o x i c i t y   t e s t s  

us ing  Aroc lo rs   compr i sed   l a rge l y   o f   h igh l y   ' ch lo r i na ted   i somers  may 

r e f l e c t   t h e   t o x i c i t y   o f   t h e  more so lub le   l ower   ch lo r i na ted  components 
( 5 ) .  The t o x i c i t i e s   o f  commercial PCB fo rmu la t i ons  may  a1 so va ry  

accord ing t o  the   p resence   o f   ch lo r i na ted   d ibenzo fu rans   o r   o the r   t ox i c  

i m p u r i t i e s .  

T h e r e   a r e   i n d i c a t i o n s  from i n t e r m i t t e n t  and. con t inuous   f l ow  

labo ra to ry   b ioassays   ex tend ing   f o r   pe r iods   o f   two  weeks  and l o n g e r   t h a t  

a c u t e   s t a t i c   b i o a s s a y s   u n d e r e s t i m a t e   t h e   t o x i c i t i e s  of PCBs t o   f i s h .  
A r o c l o r s   a r e  more t o x i c   i n   c o n t i n u o u s  and i n t e r m i t t e n t   f l o w   t e s t s   t h a n   i n  

s t a t i c   c o n d i t i o n s  due to   con t inua l   rep lacement  o f  t h e   t o x i c a n t .  It i s  
es t imated   tha t   a lmost  one t h i r d   o f   t h e   o r i g i n a l  PCB conten t  in t h e  wa te r  

i s   l o s t   t o   t h e   a i r   d u r i n g   s t a t i c   t e s t s .  For example, a s t a t i c   b i o a s s a y  
over  3 weeks demonstrated  the LC50 o f   A r o c l o r  1248 f o r  Daphnia t o  be 

25  ppb w h i l e   t h e  LC50 d u r i n g  a con t inuous   f l ow   s tudy  was  2.6 ppb 
(80) .  A1 so, t h e   o n s e t   o f   d e a t h   i n   t h e   e x t e n d e d   o r   l o n g   t e r m   b i o a s s a y s  

appears t o  be  delayed and t h e  LC50 v a l u e s   d e c r e a s e   s i g n i f i c a n t l y   w i t h  

l onger   exposure ,   i nd i ca t i ng  a g r e a t e r  PCB hazard  wi th   increased  exposure 

t ime.  
Many f reshwater  and e s t u a r i n e   o r g a n i s m s ,   p a r t i c u l a r l y  

i n v e r t e b r a t e s ,   e x h i b i t   e x t r e m e   s e n s i t i v i t y   t o  PCBs a s   i n d i c a t e d  by t h e  

seven day LC50 t e s t s  for t h e  following species: g rass  shrimp, 3 ppb; 
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c r a y f i s h ,  30 t o  100  ppb;  and  dragonf ly,  800 t o  1000  ppb  (81). 
I n v e r t e b r a t e s   a r e   e s p e c i a l l y   s e n s i t i v e   t o   t h e   t o x i c   e f f e c t s   o f  PCBs 

du r ing   mo l t i ng   (82 ,83 ) .   F reshwate r   c rus taceans   a re   ve ry   sens i t i ve   t o   l ow  

c o n c e n t r a t i o n s   o f  PCBs and,  due t o   t h e i  r s h o r t  1 i f e   c y c l e s ,   t h e y  can  be 

r a p i d l y   e l i m i n a t e d   f r o m  PCB contaminated  waters  (84).  Aroclor  1254  has 
been  found t o   a f f e c t   t h e   s p e c i e s   c o m p o s i t i o n  and  reduce  the  species 

d i v e r s i t y   i n   i n v e r t e b r a t e   c o m m u n i t i e s .   E x p o s u r e   t o  1.0  ppb o r   g r e a t e r  
decreased  the  populat ions  of  arthropods,  amphipods,  bryozoans,  crabs,  and 

mol luscs  and r e s u l t e d   i n  a dominance o f   t h e  community  by t h e  more 
p o l  1 u t i  on r e s i s t a n t   t u n i   c a t e s   ( 8 5 ) .  

The exposure of aqua t i c   o rgan isms   to  PCBs exper imen ta l l y  has 
r e s u l t e d   i n   r e p r o d u c t i v e   i m p a i r m e n t s  and p r o d u c t i v i t y  and h a t c h a b i l i t y  

f a i l u r e s   i n :  Daphnia, Gammarus and  Tanytarsus a t  w a t e r   c o n c e n t r a t i o n s   o f  
l ess   t han  1 p p b   ( 8 0 ) ;   A t l a n t i c  salmon  eggs  containing 0.4 t o  1.9 ppb 
(86) ;  i n   s t r i p e d  bass  eggs c o n t a i n i n g   c o n c e n t r a t i o n s   o f  up t o  1.8 ppm 
(87);   and i n   f a t h e a d  minnows a t  w a t e r   c o n c e n t r a t i o n s   o f  0.9 ppb  (81). 

PCB i n h i b i t s   g r o w t h   i n   m a r i n e   d i a t o m s   a t   c o n c e n t r a t i o n s  as low 
as  10-25  ppb,  and i n   f a t h e a d  minnows  and f l a g f i s h   a t  2.2 ppb  (88).  Oyster 

she l l   g rowth  was i n h i b i t e d   b y  59% a t  a concen t ra t i on   o f   10   ppb   A roc lo r  

1254   (43 ) .   O the r   sub le tha l   t ox i c   e f fec ts   o f  PCBs t o   a q u a t i c   o r g a n i s m s  

i n c l  ude : 

i ) i n h i b i t i o n   o f   p h o t o s y n t h e s i s   i n   p h y t o p l a n k t o n  a t  10.0  ppb (89)  and 

i n   t h e   a q u a t i c   p l   a n t   S p i   r o d e l  a 01 i o g o r h i  za (90) 

i i )   d i s r u p t i o n   o f   o s m o r e g u l a t i o n   i n   m a r i n e   t e l e o s t s   ( 8 1 )  

i i i )   i n t e r f e r e n c e   w i t h  ATPase enzymes i n   f i s h   ( 8 1 )  and shr imp  (91) 

i v )   s t i m u l a t i o n   o f   t h y r o i d   a c t i v i t y   i n  salmon  and  channel c a t f i s h   a t  

l e v e l s  as l ow  as  0.001% o f  t h e   l e t h a l  dose  (92) 

v )  a s t rong  assoc ia t ion   be tween PCB body  burden  concentrat ions  and f i n  

e r o s i o n   i n  Dover   so le   taken  o f f  Pa l  os Verdes  and  Orange  County  (77) 

and i n   v a r i o u s   s p e c i e s   o f   f i s h   e x p o s e d   t o  PCBs exper imen ta l l y  (47, 

80, 93, 94). 
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v i )  a s i g n i f i c a n t   i n c r e a s e   i n   t r a n s a m i n a s e   a c t i v i t y   i n   f i s h ,   i n d i c a t i n g  

h e p a t o c e l l   u l   a r  damage (95)  
v i  i ) hemorrhaging,  emaciat ion, and the  development  of   ragged  f ins  and 

body l e s i o n s   i n   f i s h   ( 4 7 )  
v i i i )  an i n c r e a s e   i n   s u s c e p t a b i l i t y   t o   d i s e a s e   i n  some f i s h   s p e c i e s  (47 )  

Very l i t t l e   i n f o r m a t i o n   i s   a v a i l a b l e  on b ioaccumula t ion   o r  

t o x i c   e f f e c t s   r e s u l t i n g   f r o m   e l e v a t e d  PCB l e v e l s   i n  sediments. Nimmo - e t  
- a1 (83) exposed  caged  pink  shrimp d i r e c t l y   t o   t h e   c o n t a m i n a t e d   b o t t o m  

sediments o f  Escambia Bay f o r  a p e r i o d   o f  3 weeks. W h i l e   n o   i n c r e a s e   i n  

m o r t a l  i t y  was noted,   the  shr imp  accumulated  approx imate ly   three  t imes 

more PCB t h a n   d i d   t h e   c o n t r o l s .   S i m i l a r l y ,   f i d d l e r   c r a b  and  grass  shrimp 
are  capable  o f   accumulat ing  Aroc lor   1254  f rom  contaminated  bot tom 

sediments.  Rioaccumulation i s   i n f l u e n c e d  by t h e  PCB c o n c e n t r a t i o n   i n   t h e  
sediment and  by t h e  sediment  type  (46, 83). A t l a n t i c  salmon  have  been 

shown t o  absorb PCBs from  contaminated s i l i c a   p a r t i c l e s  suspended i n   t h e  

water  column (57) .  
A1 though   p resen t   l eve l s   o f  PCBs i n   t h e   a q u a t i c   e n v i r o n m e n t   a r e  

g e n e r a l l y   l o w e r   t h a n   c o n c e n t r a t i o n s   f o u n d   t o  be a c u t e l y   t o x i c   t o   a q u a t i c  

organisms, i t  i s   e s t i m a t e d   t h a t   b i o l o g i c a l   m a g n i f i c a t i o n   o f  PCBs i n   t h e  

food  chain  can  occur by a f a c t o r   o f  10 t o  100 a t  each  step.  Fish  and 
aquat ic   an imals   can   accumula te  PCBS t o   l e v e l s  o f  103 t o  105 times 
those i n  ambient  waters (81). 

There i s  much i n f o r m a t i o n  on PCB l e v e l s   i n   t i s s u e s   o f   a q u a t i c  
organisms,  however, i t  i s   e x t r e m e l y   d i f f i c u l t   t o   r e l a t e  such l e v e l s   t o  

p o t e n t i a l   t o x i c   e f f e c t s .  Freeman and  Uthe (96)  have shown t h a t  PCB 

l e v e l s   c u r r e n t l y   f o u n d   i n  cod  f rom  the  North Sea  may be causing 

d e l e t e r i o u s   e f f e c t s .  Cod which  accumulated 2 t o  5 t i m e s   t h e   c o n t r o l  
l e v e l s   o f  PCB ( 2  = 5.1 ppm wet w e i g h t )   i n   l i v e r   t i s s u e   i n   l a b   e x p e r i m e n t s  

e x h i b i t e d   t h e   f o l l o w i n g   e f f e c t s :  

i ) i n t e r f e r e n c e   w i t h  sperm p r o d u c t i o n  

ii) g i l l  damage 
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i i i )  f a t t y  changes i n   t h e   l i v e r  

i v )   i n t e r f e r e n c e   w i t h   m e t a b o l i s m   o f   s t e r o i d   s e x  and s t r e s s  

hormones 

Hogan and  Brauhn (92 )   repo r ted  a 10-28% m o r t a l i t y   r a t e   i n  

ra inbow  t rou t  eggs c o n t a i n i n g  0.39 ppb Aroc lo r  1254.  The t h r e s h o l d  

c o n c e n t r a t i o n   f o r  salmon  egg m o r t a l i t y   i s   a p p r o x i m a t e l y  0.5 ppb  which i s  
e q u i v a l e n t   t o  a whole f i s h   c o n c e n t r a t i o n   o f   a p p r o x i m a t e l y  2.5 t o  5.0 ppb 

( 9 7 ) .   S t u d i e s   w i t h   B a l t i c   f l o u n d e r   i n d i c a t e   t h a t  PCB concen t ra t i ons  

above  120  ppb i n  eggs  can r e s u l t   i n  decreased  surv iva l   o f   deve lop ing   eggs  

and l a r v a e   ( 9 8 ) .  

The p o s s i b i l i t y   o f   s y n e r g i s t i c   e f f e c t s   r e s u l t i n g  from exposure 

t o   m u l t i p l e   c o n t a m i n a n t s   i n   t h e   e n v i r o n m e n t   i s  an i m p o r t a n t   a s p e c t   o f  
aqua t i c   t ox i co logy .  The presence  of   other  contaminants  such  as  arsenic 
(99) and DDT (100) has  been found t o   i n c r e a s e   t h e   t o x i c i t y  o f  PCBs t o  

c e r t a i n   o r g a n i s m s .   I n   a d d i t i o n ,  a study  by  Fingerman (1.01) demonstrated 

t h a t   t h e   t o x i c   e f f e c t s   o f  a combinat ion o f  t o x i c a n t s   i s   n o t   c o n s i s t e n t  

t h r o u g h o u t   t h e   y e a r .   E x p o s u r e   o f   g u l f   k i l l i f i s h   t o  a combinat ion o f  
Aroc lor   1248 and f u e l   o i l   i n   t h e   s p r i n g   r e s u l t e d   i n   g r e a t e r   i n h i b i t i o n   o f  

f i n   r e g e n e r a t i o n   t h a n   d i d  a s i m i l a r   e x p o s u r e   i n   t h e  autumn. 

3.2 W i l d l i f e  

3.2.1 B i  r d s .   C e r t a i n   s p e c i e s   o f   b i r d s ,   p a r t i c u l a r l y   f i s h - e a t i n g  
spec ies ,   accumula te   h igh   leve ls   o f   con taminants   inc lud ing  PCBs. A l though 

LC50 va lues f o r  mos t   av ian   spec ies   a re   qu i te   h igh   (usua l l y   seve ra l  

hundred ppm), experimental  work  has shown t h a t  PCBs  may c o n t r i b u t e  t o  
reproduct ive  imgai rment  i n   b i r d s   t h r o u g h   r e d u c e d   h a t c h a b i l i t y   ( 1 1 7 ) ,  

b e h a v i o u r a l   m o d i f i c a t i o n s  (118,  119,  120,  121),  decreased  egg  production 

(79) and  embryo a b n o r m a l i t i e s  (79, 117) .   Abnormal i t ies   assoc ia ted   w i th  

unhatched  embryos  include; edema, unabsorbed  yo1 k ( 1 1 7 ) ,   t h e   i n a b i l i t y   o f  
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TABLE 2: A C U T E  T O X I C I T I E S  OF PCBs TO AQUATIC O R G A N I S M S  AS DETERMINED BY 

Lc50 TOXICITY T E S T S  
( a )   F i s h  

A r o c l   o r   S p e c i e s   E x p o s u r e   L c 5 O ( P P b )   R e f e r e n c e  
T i m e / T y p e l  

1 2 2 1  
1 2 3 2  
1 2 4 2  
1 2 4 8  
1 2 5 4  
1 2 6 0  
1 2 6 2  
1 2 6 8  

1 2 5 4  

1 2 4 8  
1 2 5 4  
1 2 4 2  
1 2 4 8  
1 2 5 4  
1 2 6 0  

1 2 4 8  
1 2 5 4  
1 2 4 2  
1 2 4 8  
1 2 5 4  
1 2 4 2  
1 0 1 6  
1 0 1 6  

1 0 1 6  
1 2 4 2  
1 0 1 6  
1 2 4 2  
1 2 4 8  
1 2 5 4  
1 2 6 0  

1 2 4 8  

1 2 5 4  
1 2 4 8  
1 2 6 0  
1 2 4 2  

1 2 5 4  

1 2 5 4  

1 0 1 6  

1 0 1 6  

C u t t h r o a t   t r o u t  

Coho  sa lmon 
- a l e v i n s  

C h a n n e l   c a t f i s h  

B l u e g i l l  

R a i n b o w   t r o u t  

F a t h e a d  m i  nnow 
- n e w l y   h a t c h e d  

- 1   a r v a  

-3  m o n t h   o l d  

P i n f i s h  

s p o t  

A t l a n t i c   s a l m o n  

Ye1 1 ow p e r c h  

9 6  h o u r / s  

72  d a y / -  

9 6  h o u r / s  

25 d a y / c  

96 h o u r / s  

25 d a y / c  

1 5  d a y f -  
35 d a y / -  
96 h o u r / -  

9 6  h o u r / -  
1 0  d a y / -  
17  d a y / -  
2 5  d a y f c  

9 6  h o u r / c  

30  d a y l c  

9 6  h o u r / c  

1 2  d a y / c  

18 d a y l c  

9 6  h o u r / -  

9 6  h o u r / -  

1170.0 
2500.0 
5430.0 
5750.0 

42500  . O  
60900.0 
50000.0 
50000.0 

L15.0 

6000.0 
12000.0 

132.0 
104.0 
181.0 
465.0 

280.0 
12000.0 

120.0 
100.0 
239.0 

54.0 
43.0 

48.0-260.0 

135.0 
39.0 
49.0 
12.0 

3.4 
27.0 
49.0 

15.0 

7.7 
4.7 
3 . 3  

300.0 

5.0 

5.0 

134.0 

185.0 

6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  
6 4  

9 4  

1 0 2  
1 0 2  

6 4  
6 4  
6 4  
6 4  

1 0 2  
1 0 2  

6 4  
6 4  
6 4  
8 4  
8 4  
8 4  

8 4  
8 4  
8 4  
6 4  
6 4  
6 4  
6 4  

8 8  

8 8  
1 0 3  
1 0 3  
1 0 3  

47  

47  

8 4  

8 4  

1 T h e   t y p e   o f   b i o a s s a y   u s e d   i s   d e s l g n a t e d   b y   e i t h e r  IC '  i n d i c a t i n g  
c o n t i n u o u s   f l o w   o r  ' 5 '  i n d i c a t i n g   s t a t i c .  The  symbol  ' - I  i n d i c a t e s   t h a t  
t h e   t e s t i n g   m e t h o d  i s  unknown. 
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TABLE 2: A C U T E  TOXICIT IES OF PCBs TO A Q I J A T I C  O R G A N I S M S   A S  DETERMINED 
B Y  LC50 TOXICITY TESTS 
( b )   A q u a t i c   I n v e r t e b r a t e s  

A r o c l   o r   S p e c i e s   E x p o s u r e   L C 5 0 ( P P b )   R e f e r e n c e  
T i m e l T y p e l  

1254 Daphn ia   magna 
1248 
1254 
1221 
1232 
1242 
1248 
1254 
1260 
1262 
1268 
1254 

14 d a y  
2 week /c  

3 w e e k / s  

24.0 
2.6 
2.8 

180.0 
72.0 
67 .O 
25.0 
31.0 
36.0 
43.0 

253.0 
1.3 

73.0 

20.0 
8.7 
5.1 

100 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

80 

80 
80 
80 

3 w e e k / c  

96 h o u r / c  1242 Gammarus 
pseudo1   imnaeus  

1248 
1242 
1248 

60 d a y s / c  

1254 T a n y t a r s u s  
d i s s i m i l i s  
- l a r v a e  
- p u p a e  

3 w e e k / c  

4 d a y s / c  

0.65 
0.45 

80 
80 

1242 Am ph i pod 
1248 
1254 
2,3,4'- t r i c h l o r o b i p h e n y l  
4,4'- d i c h l o r o b i p h e n y l  
2,4'- d i c h l o r o b i p h e n y l  
2,4,6,2',4',6'- h e x a c h l o r o b i p h e n y l  
2,4,5,2' ,5'- p e n t a c h l o r o b i p h e n y l  

10.0 
52.0 

2400.0 
70.0 

100.0 
120.0 
150.0 
210.0 

64 
64 
64 
64 
64 
64 
64 
64 

1016 G r a s s   s h r i m p  96 h o u r  10.0 
12.5 

41.0-86.0 
3.0 
4.0 

1 5  
104 
105 
64 
46 

1254 
7 d a y l c  
16 d a y  

101 6 B r o w n   s h r i m p  96 h o u r  10.0 
in. 5 

15 
104 

1254 P i n k   s h r i m p  
- j u v e n i l e  
- a d u l t  

15 d a y  
35 day  

0.94 
3.5 

83 
83 

1254 C r a y f  i s h  7 d a y / c  
96 h o u r  

30.0-100.0 
80.0 

64 
'1 5 

1016 O y s t e r  96 h o u r  10.0 15 

1242 Damsel f l y  
1254 

4 d a y l c  400.0 
200.0 

64 
64 

1242 D r a g o n f l y  
1254 

7 d a y / c  800.0 
1000. n 

64 
64 
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TABLE 3: SU3LEM9L TOXICITIES CF PCBs To p 4 w T I C  OIEGRNISMS 
a) Fish 

1254 Brook t& ( f m  eyed 13.0 
egg stage to 118 days 
after hatching) > 1.5 

3.1 - 

dosase of 
chlophen A50 B m  tmut 10 uq/g body wt. 
1254 coho s a l m  56.4 

> 4.4 - 
> 15.0 

> - 483 i i d i e t  
loo0 i n   d i e t  

500,w) i n  
diet 

Atlantic s a l m  (eggs 0.05 
exposed fran  gastrulation 
t o  hatching) 

1016 
1254 

1254 

1242 

1248 
1254 

1260 

1254 

1242 

1248 

1254 

1242 

Pinfish 

Fathead mimcW 

shfepshearl mim 

Qlf k i l l i f i s h  

flagfish 

Charnel catfish 

- fingerlings 

32.0 
> 5.0 - 
>_ 5.0 

> 10.0 
> 0.9 
> 2.2 

1.8 
4.6 
0.4 

0.1 

m . 0  

> 2.2 
5.1 

8ooo.O 

- 

20,W i n  diet 

- decreased survival o f  fry 48 days after 
hatching 

- decreased hatching and g m h  O f  fry - decreased tyllmxyproline ad vitanin C 
carcentrations i n  backbones of sac fry 

- bacldmne developnent altered  after 118 days 

- blood m i n ,  hyperglpenia ad nretabolic 

- duced hatchability by 3X - reduced yolk sac utilizatim 
- pranature hatching 
- reduced alevin  survival 
- decreased lenga ad weight of alevins - 52% increase i n  thymid  act ivi ty 
- induced hepatic aryl hydrocarban 

- decreased serun t r i i o i d o t h p i n e   l e v e l s  
- decreased body e i g h t  despite aggressive 

- retarded behaviwral developnent ad 

disturbances 

hydroxyl= 

feeding 

inpaired balance 

- l i ver  and pancreatic alterat ims 
- increased uaceptabi l i ty   to  disease 

- fatty changes i n  the l i ve r  
- increased susceptability t o  disease 

- decreased survival of  newly hatched fry 

- decreased nurber of  eggs produced 
- inhibited g m t h  - decreased spawing and repmdut im 
- inhibited g-h - 23% d u c t i o n   i n  standing cmp o f  2nd 

generation due t o  larvae mortality 

- decreased survival o f  hatchlings 

- increased locanotor ac t i v i t y   in  24 hrs. 
due to alterations i n  brain  levels of 
biogenic mines 

- decl.eased g m h  - decreased survival 

- increased tranminase  act ivi ty ad 
suggestions o f  hepatocellular damage after 
4 hrs apowre 

- lethargy,  petechiae arund the mouth 
dyspea, and disorientation 

- reduced e i g h t  gain and l i ve r  
hypefirophY 

106 

106 
106 

107 

10R 

108 

108 
64 
65 

109 

110 

194 
47 

111 
47 

Ea 
a0 
88 
88 
a9 
8R 

94 

112 

88 
a9 

95 

95 

113 
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TMLE 3: SIRW KIXICITIES Cf PCRs 70 ApwTIC ORGPMSMS 
b)  Invertebrates 

1221 
1232 
1242 
1248 
1254 
1260 
122 
1268 

1248 
1254 

1016 8 1254 

1254 

1254 

onphnia  mag^ 8.0 
53.0 
48.0 
16.0 
18.0 
22.0 
24.0 

162.0 

1.0 
0.48 

> 5M) i n  diet 

0.45 

1.0 

%ails 

Tanytanus d i  ssimil i s  

Invertebrate m i t y  

1254 

1254 

1242 

Eastern oyster 

winp 

Fiddler crab 

0.1 

10.0 
5.0 
5.0 

3.0 

BDOO 

- 16% reproductive impairment 
(in  stat ic flaw biuassqys) 

, 

( i n  continuous f low bioassqys) 

- shell danage due to   inh ib i t ion  of calciun 

- affected species corpostion Md diversity 
by  decreasing the tuber  of arthmpxls. 
anphipods, bpy02wns. crabs antl molluscs 
resulting i n  a doninance o f  tunicates 

- decreased nunber of molluscs 

- inhibited  shell grorrth by 41% - depressed gmwth rate 
- tissue  alteratians i n  digestive system 

- crystalloid formation i n  hepatopancreas 

- inhibi t  ecdysis af ter  14 days exposure 
even after tennination of expsure 

80 
80 
80 
80 
80 
80 
80 
80 

m 
80 

114 

an 

a5 

a5 

43 
115 

. 111 

111 

116 

m 

LI, 

Y 



- 34 - 

c h i c k s   t o   b r e a k   t h e   s h e l l  and  emerge  (117,  121)  and l e g ,   t o e  and  neck 

d e f o r m i t i e s  (79).  

Work done by var ious  researchers  (122,   123)   suggests   that  PCBs 

may a f f e c t   b r e e d i n g   c y c l e s   b y   s t i m u l a t i n g   t h e   p r o d u c t i o n   o f  1 i v e r  

hydroxy lases   wh ich   reduce  c i rcu la t ing   es t rogen  leve ls .   Very   h igh  doses 

i n   t h e   d i e t   e x e r t  an a n t i a n d r o g e n i c   e f f e c t  on male  chickens and 

discourage  the  normal  development  of   pr imary and secondary  sexual 

s t ruc tu res   (124 ) .  

O t h e r   e f f e c t s   o f  PCB exposure i n   b i r d s   i n c l u d e   d e c r e a s e d  
avo idance  responses   (118) ,   inc reased  noc turna l   ac t i v i t y  (119,120),  and 

decreased  ha tch ing   o f  eggs  due t o  inadequate  parental   care  (125).  

Pa tho log i ca l  changes a s s o c i a t e d   w i t h  PCB p o i s o n i n g   i n c l u d e   t h y r o i d  

e n l a r g e m e n t   a n d   a l t e r e d   t h y r o i d   a c t i v i t y  (126), l i v e r  and k idney  (121, 
127,  128, 129) ,   a t rophy  o f   the  sp leen  (121)  and in te rna l   hemorrhag ing  

(129). The l e v e l   o f  PCB exposure  necessary t o  cause  these  e f fec ts   var ies  

s i g n i f i c a n t l y   d e p e n d i n g  on s p e c i e s   s e n s i t i v i t i e s  and t h e   l e n g t h   o f  

exposure. However severa l  of t h e s e   t o x i c   e f f e c t s   h a v e  been no ted  i n  
b i   rds   f ed   10 -50  ppm PCB f o r   s e v e r a l  weeks. 

M o s t   o f   t h e   t o x i c   e f f e c t s   o f  PCBs have  been  observed i n   l a b -  

o r a t o r y   s i t u a t i o n s .   V e r y   l i t t l e   i n f o r m a t i o n   i s   a v a i l a b l e  on t h e   e f f e c t s  

o f  PCBs on w i l d   p o p u l a t i o n s .  It i s  v e r y   d i f f i c u l t   t o   i s o l a t e   t h e   t o x i c  
e f f e c t s  o f  each contaminant, due t o  t h e  f a c t  t h a t  w i l d   b i r d s  a r e  u s u a l l y  
exposed  to,  and accumula te ,   mu l t ip le   con taminants .   H igh   leve ls  o f  PCBs 
and DDE, f o r   i n s t a n c e ,   o f t e n   o c c u r   i n   t h e  same b i r d   c o l o n i e s .  Whereas 

popu la t i on   dec l i nes ,  when i d e n t i f i e d ,   a r e  more  commonly a t t r i b u t e d   t o   t h e  
egg-she1 1 t h i n n i n g   e f f e c t s   o f  DDE (130), PCBs a r e  sometimes  suspected o f  

c o n t r i b u t i n g   t o   r e p r o d u c t i v e   a b n o r m a l i t i e s .  
S tud ies  by  Tumasonis ” e t  a1 (79)  have shown t h a t  embryo 

abnorma l i t i es  and d e a t h   o c c u r   i n   p o u l t r y  when PCB l e v e l s   i n  egg y o l k s  

reach  10-15 pprn (wet  weight ). T h i s   l e v e l   i s   t h o u g h t   t o   b e   r o u g h l y   e q u a l  

t o  10-15 ppm PCB d r y   w e i g h t   i n   t h e   w h o l e  egg  (130). I n  1974, h e r r i n g  

g u l l  eggs f rom  co lon ies  i n  the  Great  Lakes  were  found t o   c o n t a i n  PCB 

l e v e l s  1 t o  2 o r d e r s   o f  rnagni t u d e   h i g h e r   t h a n   t h e   l e v e l s  shown t o  be 
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t ox i c   exper imen ta l l y .   Researchers   specu la ted   t ha t   t he   seve re  

reproduc t ive   impa i rment   o f   th is   spec ies   in   the   Great   Lakes   reg ion  was due 

t o   t h e   h i g h   l e v e l s   o f  PCBs, DDE and poss ib l y   o the r   t ox i c   con taminan ts  

(130) .  Some researchers  have  show a p o s i t i v e   c o r r e l a t i o n  between  death 

and PCB l e v e l s   i n   t h e   b r a i n s   o f   b i r d s .   E x p e r i m e n t a l l y   p o i s o n e d   c o r m o r a n t s  

conta ined PCB l e v e l s   o f  75 t o  180 ppm ( 1 3 1 )   w h i l e   t h e  mean PCB l e v e l   i n  
cormorants  found dead i n   t h e   N e t h e r l a n d s  was 319 ppm. The cause o f   d e a t h  

o f   t h e s e   b i r d s  was n o t  known b u t   t h i s   f i n d i n g   i n d i c a t e s   t h a t ,   i n  some 

b i r d   p o p u l a t i o n s ,  PCBs a r e  a t  o r   n e a r   l e t h a l   l e v e l s   ( 1 3 2 ) .   S i m i l a r   w o r k  

w i t h   b l a c k b i r d s   ( 1 3 3 )  and pheasan ts   (121 )   sugges t   t ha t   b ra in   res idues   i n  

the  ranges 350 t o  760 ppm and 300 t o  400 ppm, r e s p e c t i v e l y ,   a r e  

i n d i c a t i v e  o f  PCB po ison ing .  
PCBs are  stored i n  f a t t y  tissues and are  not eas i l y   e l   i r n ina ted .  

U n u s u a l l y   h i g h   l e v e l s   o f   o r g a n o c h l o r i n e s   h a v e  been found i n   t h e  muscle 

t i s s u e   o f   b i r d s   w i t h   l o w   v i s c e r a l   f a t   r e s e r v e s .  It has  been  demonstrated 

t h a t  PCB and c e r t a i n   o t h e r   c o n t a m i n a n t s   a r e   m o b i l i z e d  from t h e   f a t   i n t o  

o t h e r  body t i s s u e s  and v i t a l  o rgans   under   s t ress   cond i t ions  (134, 135). 

T h i s  may e x p l a i n ,   a t   l e a s t   i n   p a r t ,   t h e   o b s e r v a t i o n   t h a t  PCBs a r e  more 

t o x i c   t o   b i r d s   u n d e r   s t r e s s   c o n d i t i o n s   s u c h  as   f ood   dep r i va t i on  (127, 

136). 
The s imu l taneous   admin i s t ra t i on  o f  PCB and DDE can r e s u l t   i n  

more  pronounced t o x i c   e f f e c t s   t h a n   e i t h e r   o f   t h e s e   c o n t a m i n a n t s  when 

a d m i n i s t e r e d   s i n g l y .  The a d d i t i o n   o f  PCB ( A r o c l o r  1254) t o   d i e t s  a1 ready 

c o n t a i n i n g  DDE r e s u l t e d   i n   s i g n i f i c a n t l y   i n c r e a s e d   e g g s h e l l   t h i n n i n g ,  

breakage and embryo m o r t a l i t y   i n  American  Kestrel   (137) and decreased egg 

p r o d u c t i o n   i n  mal 1 ards  (138) .  

Some o f  t h e  common e f f e c t s   o f  PCB exposure (edema  and 

h y d r o p e r i c a r d i u m )   a r e   c h a r a c t e r i s t i c   o f   ' c h i c k  edema d isease ' .   Th is  

c o n d i t i o n   i s   o f t e n   a t t r i b u t e d   t o   e x p o s u r e   t o   c h l o r i n a t e d   d i b e n z o d i o x i n s .  

However, i t s   m a n i f e s t a t i o n   f o l l o w i n g  PCB exposure i s  p r o b a b l y   d u e   t o   t h e  

ch lo r i na ted   d ibenzo fu rans   f ound  as i m p u r i t i e s   i n   c o m m e r c i a l  PCB 

formulat ions.   Chlor inated  d ibenzofurans  are  embryotox ic  and may  a1 so be 

m 

II 

Y 
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r e s p o n s i b l e ,   a t   l e a s t   i n   p a r t ,   f o r   t h e  embryo m o r t a l i t y   w h i c h   o c c u r s  

f o l l o w i n g  PCB exposure  (22).  However, po rphy r ia  and o t h e r  1 i v e r   e f f e c t s  

appear t o  be  caused  by t h e  PCBs themselves  (139). 

3.2.2 Mamma 1 s . T o x i c   e f f e c t s   i n  mammals occur  as a r e s u l t   o f  

exposure t o  PCRs th rough   i nges t i on ,   abso rp t i on   t h rough   the   sk in   o r   i nha -  
l a t i o n ,  A1 though PCBs genera l ly   have a l o w   a c u t e   t o x i c i t y   t o  most 

mammalian species, some species  (such  as  mink)   exhib i t  an extreme 

s e n s i t i v i t y   t o   l o w   l e v e l s   i n   t h e   d i e t .  A d e c l i n e   i n   t h e   r e p r o d u c t i v e  

success of   commerc ia l ly   reared  mink was u l t i m a t e l y   a t t r i b u t e d   t o   t h e   h i g h  

PCB c o n c e n t r a t i o n s   i n   t h e   G r e a t  Lakes  coho  salmon  which  comprised 

approx imate ly  30% o f   t h e i r   d i e t  (140,  141).  Experiments on t h e   d i e t a r y  
e f f e c t s   o f  PCBs on mink  demonstrated  that  10-30 ppm A r o c l o r  1254 i n   t h e  

d i e t  was f a t a l ,   w h i l e  5-10 ppm i n h i b i t e d   r e p r o d u c t i o n  and 1 ppm 
s ign i f i can t l y   reduced   rep roduc t i ve   success   (142 ) .  When  PCBs were 

admin is te red   in   the   fo rm  o f   con taminated   beef   they   were   observed  to   be  

much more t o x i c .  A c o n c e n t r a t i o n   o f  3.57 ppm i n  b e e f   r e s u l t e d   i n  100% 

m o r t a l i t y   i n   a d u l t   m i n k ,   w h i l e   i n c r e a s e d   m o r t a l i t y   i n   t h e  young  (and i n  

some a d u l t s )  and decreased  reproduct ion i n   a d u l t s  were  observed a t  a 

c o n c e n t r a t i o n   o f  0.64 ppm. It appears   t ha t   t he   s to rage  and metabo l ism  o f  

PCBs i n   t h e  cows may h a v e   i n c r e a s e d   t h e   t o x i c i t y   o f   t h e s e   c h e m i c a l s  
(142) .  Toxic symptoms observed i n  poisoned  mink  included  anorexia,  l i v e r  

and k idney damage,  and in ternal   hemorrhaging (140). 

Organoch lo r ine   pes t i c ides  and PCBs a re   a l so   suspec ted   o f  

c o n t r i b u t i n g  t o  the   decreased  reproduc t ive   success   o f   Ca l i fo rn ia  sea 

1 ions   (143)  and r i n g e d   s e a l s   f r o m   t h e   B a l t i c  Sea (144) .   Premature   b i r ths  

and u n u s u a l l y   h i g h   o r g a n o c h l o r i n e   p e s t i c i d e  and PCB residues  were 

observed i n   C a l i f o r n i a  sea l i o n s  from San Miguel   Is1 and. I n   B a l t i c   r i n g e d  

s e a l s   o n l y  27% o f  an expected  80-90% o f   t h e   r e p r o d u c t i v e l y   m a t u r e   f e m a l e s  

were  pregnant a t   t h e   t i m e   o f   i n s p e c t i o n .   E l e v a t e d  DDT and PCB l e v e l s  
were  detected i n  non-pregnant  female  r inged  seals  as  were  uter ine 

abnorma l i t i es .  These f i n d i n g s  were i n d i c a t i v e   o f   f e t a l   r e s o r p t i o n   o r  

abo r t i on .  It i s   p o s s i b l e   t h a t   t h e s e   e f f e c t s   a r e  due t o  exposure t o  a 
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combina t ion   o f   con taminants   wh ich  may a c t   s y n e r g i s t i c a l l y .   S i m u l t a n e o u s  

exposure t o  DDT o r   d i e l d r i n   i n t e n s i f i e s   t h e   t o x i c   e f f e c t s   o f  PCB t o  mink 

(145) .  
PCB has  been shown t o  be m o r e   a c u t e l y   t o x i c   t o   t h e   b i g  brown 

b a t   t h a n   i s  DDE, and i s   f a t a l   t o  some a d u l t s  a t  a c o n c e n t r a t i o n   o f   1 0  ppm 

i n   t h e   d i e t   [ r e p o r t e d   i n   ( 1 3 3 )  3 .  Work by C1 a r k  and  Lamont (146)  has 

demonstrated  that  PCB i s  t r a n s p o r t e d   t h r o u g h   t h e   p l a c e n t a   i n   b i g  brown 

ba ts  much more r e a d i l y   t h a n   i s  DDE. 
The most commonly r e p o r t e d   t o x i c   e f f e c t   o f   d i e t a r y   e x p o s u r e   t o  

PCBs i s  1 i v e r  damage, a1 though numerous o the r   e f fec ts   have  been  observed. 

Studies  have shown t h a t   t h e  3,4,5,3',4' ,5' - hexachlorobiphenyl  

isomer i s   p a r t i c u l a r l y   t o x i c   ( 2 2 ) .  
The m a j o r i t y   o f  mammalian t o x i c i t y   s t u d i e s  have  been  conducted 

on labora tory   an ima ls   such as r a t s  and  m.ice  and l i t t l e   i n f o r m a t i o n   i s  

a v a i l a b l e  on t o x i c   e f f e c t s  on w i l d l i f e   p o p u l a t i o n s .  Some o f   t h e   t o x i c  

e f f e c t s   o b s e r v e d   i n   e x p e r i m e n t a l   a n i m a l s ,   i n   a d d i t i o n   t o   l i v e r  damage, 

a r e  as f o l l o w s :  

i )  decrease i n   m a t i n g   p e r f o r m a n c e   o f   a d u l t   r a t s  and i n c r e a s e   i n  

m o r t a l i t y   o f   o f f s p r i n g   ( 1 4 7 )  

i i )  hemorrhaging i n   l u n g ,  stomach and pancreas i n   r a t s   ( 1 4 8 )  

i i i )  pulmonary  congest ion i n   r a t s   ( 1 4 8 )  

i v )   a t r o p h y   o f  thymus and s p l e e n   r e s u l t i n g   i n   i n c r e a s e d   s u s c e p t a b i l i t y  
t o  d isease in   severa l   spec ies   (139,  149,  150,  151,  152,  153, 154) 

v )  p o r p h y r i a   i n  many species  (150, 155,  156, 157) 

v i )  decreased  reproduc t ive   success ,   en la rged  l i ve r  and e r o s i o n s   o f   t h e  

g a s t r i c  mucosa i n   a d u l t  swine and o f f s p r i n g  and reduced   s i ze   o f  

spleens and t h y r o i d s   i n   o f f s p r i n g   ( 1 5 1 )  

v i i )  stomach l e s i o n s  and inc reased   l eukocy te   coun t   i n   dogs   f ed  PCBs f o r  2 

yea rs   (22 )  

I n   a d d i t i o n ,   s e v e r a l   s t u d i e s   h a v e   i n d i c a t e d   t h a t   l o n g   t e r m   h i g h  

dosage  exposures t o   A r o c l o r s  1242,  1248, 1254  and  1260 i n d u c e   n e o p l a s t i c  

and p r e - n e o p l   a s t i c   l e s i o n s   i n   r a t s  and mice  (147, 158, 159). It has a1 so 
been  suggested t h a t  PCBs may a c t i v a t e . o r   d e a c t i v a t e   o t h e r   c a r c i n o g e n s   o r  
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mutagens  by s t imu la t i ng   t he   cy toch rome P - 4 5 0  dependent  mixed  funct ion 

oxidase  system. The p o t e n t i a l   o f  PCBs t o  suppress  the immune system may 

be a l s o  an impor tan t   f ac to r   i n   t he   deve lopmen t   o f   ca rc inomas  (22,  160, 

161,  162). 

Primates 

Some p r i m a t e   s p e c i e s   ( p a r t i c u l a r l y  Rhesus monkeys)  have  been 

shown t o  be  more s e n s i t i v e   t o  PCBs than  a re  many o t h e r   s p e c i e s   o f  

exper imental   animal s .  

Many o f   t h e   t o x i c   e f f e c t s   o b s e r v e d   i n  Yusho v i c t ims   have   a l so  

been  observed i n  rhesus monkeys exposed t o  PCBs i n   t h e i r   d i e t .  These 
i n c l u d e   f a c i a l  acne,  subcutaneous edema, p r o l i f e r a t i o n   o f   t h e   e n d o p l a s m i c  

re t icu lum,  increased  hepat ic   microsomal  enzyme a c t i v i t y ,   r e d u c e d   s i z e   o f  

i n f a n t s  a t  b i   r t h ,   e x c e s s i v e   s e c r e t i o n   o f  Meibomian  gland,  hyperpig- 

m e n t a t i o n   o f   s k i n  and h y p e r p l a s i a   o f   t h e   h a i r   f o l l i c l e s .   M a r k e d   a l o p e c i a  

and u l c e r a t i o n s   o f   t h e   g a s t r i c  mucosa were common i n  rhesus monkeys b u t  

were   no t   rou t i ne l y   obse rved   i n  humans (163). 
Many o f   t h e s e   e f f e c t s  were  observed i n  female monkeys fed  

d i e t a r y   l e v e l  s o f  2.5 and 5.0 ppm A r o c l   o r  1248. Transp lacenta l  movement 

I 
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i 

o f  PCBs was a l s o   o b s e r v e d   i n  monkeys 

and whose exposure  cont inued  through 
deve loped  sk in   d isorders  and 50% d i d  

(164). 
Female  rhesus monkeys rece 

I n f a n t s   b o r n   t o   a f f e c t e d   m o t h e r s ,  

t h e   i n g e s t i o n   o f   m o t h e r ' s   m i l k ,  
n o t   s u r v i v e   p a s t  4 months o f  age 

v i n g  a d i e t   c o n t a i n i n g  25 ppm 

A r o c l o r   1 2 4 8   f o r  a 2 month p e r i o d  became p regnan t   bu t   expe r ienced   e i t he r  
f e t a l   r e s o r p t i o n   o r   a b o r t i o n .   M a l e   r h e s u s  monkeys seemed t o  be l e s s  

a f f e c t e d  by i n g e s t i o n   o f  PCBs than  were  females  (164). 
It i s   n o t   c l e a r   w h i c h   t o x i c   e f f e c t s   i n  mammals a r e   a t t r i b u t a b l e  

t o   t o x i c   i m p u r i t i e s   i n  PCB f o r m u l a t i o n  and which  are  caused  by  the PCBs 

themselves.  There i s  evidence t o  suggest   that   sk in   responses,  edema and, 

t o  some e x t e n t ,   l i v e r  damage may be caused  by  the  ch lor inated 

d ibenzofurans.  These e f f e c t s  may a l s o  be caused,  but t o  a lesser   degree,  
by  pure PCBs. Porphyr ia ,  however, has  been a t t r i b u t e d   m a i n l y   t o  PCBs. 
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4 PCB ' s I N  HUMANS 

4.1 T o x i c   E f f e c t s  

4.1.1 Occupational  Exposure. Human exposure t o  PCBs has occur red  

s ince  1929 when PCBs were f i r s t  m a n u f a c t u r e d   f o r   i n d u s t r i a l  use. The 

p o t e n t i a l l y   t o x i c   n a t u r e  o f  these compounds  and the   chemica l   impur i t i es  

a s s o c i a t e d   w i t h  them became ev ident  soon a f te rwards .   I n  1933,  an 

e x a m i n a t i o n   o f   p l a n t   w o r k e r s   a t  a PCB manu fac tu r ing   p lan t  showed t h a t  23 

o u t   o f  24 had  devel oped choracne.  Chl  oracne among workers'  wives and 
c h i l d r e n  was  a1 so repo r ted  and was a t t r i b u t e d   t o   e x p o s u r e   t o   w o r k e r s '  PCB 

contaminated   c lo th ing .  It was though t   t ha t   t he   ch lo racne  was caused  by 
one p a r t i c u l a r   b a t c h   o f  PCB produced.  This  batch was repo r ted   t o   have  an 

unusual  appearance  and, a1 though  the  cause was neve r   conc l   us i ve l y  
i d e n t i f i e d ,   c o n t a m i n a t i o n   w i t h   t o x i c   c h l o r i n a t e d   c h e m i c a l   i m p u r i t i e s  was 

suspected  (165,  166). 

I n  1951, seven  cases o f   c h l o r a c n e   o c c u r r e d   i n   w o r k e r s   a t  a 

chemica l   p lan t   i n   Connec t i cu t ,   Un i ted   S ta tes ,   wh ich  used an A roc lo r  
p roduc t  as  a heat  exchanger. Due t o  a leakage,  workers had been  exposed 

t o  small c o n c e n t r a t i o n s   o f  PCR vapours  (approx imate ly  0.1 mg/m3) over 

a per iod  ranging  f rom 5 t o  19  months  (167). 
Chloracne  has  been  assoc iated  wi th   occupat ional   exposure  to  a 

number o f  compounds i n c l u d i n g   c h l o r i n a t e d   n a p t h a l e n e s ,   c h l o r i n a t e d  

phenols, 2,4,5-T, ch lo r i na ted   d ibenzo fu rans  and some c h l o r i n a t e d  

d ibenzod iox ins  (22, 168) .   Wi th   respec t   to  PCBs, ch lo racne has  been 

assoc ia ted   ma in l y   w i th   t he   t e t ra - ,   pen ta -  and hexachl   orobi   phenyl   isomers 

( 2 2 )  and t yp i ca l l y   occu rs   app rox ima te l y   seven   mon ths   a f te r   exposure .  

S ince   t he  1940's', repo r ted   ou tb reaks   o f   ch lo racne  as a r e s u l t  

o f   occupa t iona l   exposure   t o   t hese  compounds have  been r a r e  due, a t   l e a s t  

i n   p a r t ,   t o   i n c r e a s e d   i n d u s t r y  awareness r e g a r d i n g   t h e i r   t o x i c i t y  and 
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be t te r   worke r   hyg iene .   O the r   hea l th   e f fec ts   resu l t i ng   f rom  occupa t iona l  

exposure t o  PCBs have  not been confirmed. 

A s tudy  was conducted by t h e  Mount S i n a i   H o s p i t a l   i n  New York 

on  326  capaci tor   workers  a t   the  Genera l   E lect r ic  Hudson F a l l s   P l a n t   i n  
New York s t a t e .  The mean l e n g t h   o f  employment fo r   t hese   worke rs  was > 15 

years.  The m a i n   r o u t e   o f  PCB exposure was v i a   i n h a l a t i o n ,   b u t   o t h e r  

poss ib le   rou tes   i nc lude   de rma l   abso rp t i on  and i n g e s t i o n .  Ambient a i r  

concen t ra t i ons   t h roughou t   t he   p lan t   va r ied  from 7-11,000 ug/m3. 
Acne-1 i ke s k i n   e r u p t i o n s ,  numerous other  dermatol   ogical   d iseases, some 

pulmonary  impairment and a l t e r e d   l i v e r   f u n c t i o n s  were ev iden t   bu t   cou ld  
n o t   b e   d i r e c t l y   c o r r e l a t e d   w i t h  PCB exposure.  However, PCB 

concen t ra t i ons   i n   p lasma and a d i p o s e   t i s s u e   w e r e   r e l a t e d   t o   t h e   d u r a t i o n  
and leve l   o f   exposure ,  and l e v e l  s o f  PCB i n  ad ipose  t issue  were 

p r o p o r t i o n a l   t o   t h o s e   i n  plasma.  Also,  there was a c o r r e l a t i o n  between 
plasma PCB l e v e l s  and  abnormal SGOT l e v e l  s and, i n  some i n d i v i d u a l  s, t h e  

1 i v e r  enzyme cytochrome P-450  showed abnormal f u n c t i o n a l  changes  (169, 
170, 171, 172). 

S tud ies   were   conduc ted   by   t he   Na t iona l   I ns t i t u te   f o r  

Occupat ional   Safety and Hea l th  (NIOSH) on workers   a t   two  capac i to r  

manu fac tu r ing   p lan ts   (173 ) .  It was repor ted   t ha t   t he   worke rs   se lec ted  
f o r   t h e   s t u d y  had l i t t l e   p o t e n t i a l   f o r  exposure t o   o t h e r   t o x i c   c h e m i c a l s .  
While no increases i n  o v e r a l l  deaths from cancers and va r ious  other 

d i s e a s e s   w e r e   n o t e d ,   s l i g h t   ( t h o u g h   n o t   s i g n i f i c a n t )   i n c r e a s e s   i n   d e a t h s  

f r o m   l i v e r  and rec ta l   cance r  and l i v e r   c i r r h o s i s  were  observed  at  one o f  

t h e   p l a n t s .  An accura te  assessment o f   f i n d i n g s  was confounded  by  the  low 

number o f   d e a t h s   o v e r a l l .   E x p o s u r e   o f   w o r k e r s   t o  PCBs a t   t h e s e   p l a n t s  was 
c o n s i d e r e d   t o  be q u i t e   h i g h  and average  ambient air l e v e l s  ranged from 3 

t o  810 ug/m3. I n  1973, t h e  American  Conference o f  Government 

I n d u s t r i a l   H y g i e n i s t s '  (ACGIH)  recommended t h r e s h o l d  limit f o r  PCBs i n  

the  workplace  atmosphere was 1000 ug/m3 f o r   A r o c l o r  1242  and 500 

ug/m3 f o r   A r o c l o r  1254  (174). 
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Smi th   e t  a1 (175)   s tud ied  employees o f  2 u t i 1  i t y  companies and 

an e lec t r i ca l   equ ipmen t   manu fac tu r ing   p lan t .   Amb ien t   a i r   concen t ra t i ons  

a t   t he   manu fac tu r ing   p l   an t   ranged  from ND-264 ug/m3 as   Aroc lo r  1242. 

Ambient a i r   concen t ra t i ons   (as   A roc lo r   1254)   were  ND-215 ug/m3 a t  one 

u t i l i t y  company  and 0.4-8.8 ug/m3 a t   t h e   o t h e r .   S i g n i f i c a n t   s k i n  

contaminat ion  was observed  a t   the   manufac tur ing   p lan t  and .a t  one u t i l i t y  

com  pa ny . 
Serum PCR concen t ra t i ons  were s u b s t a n t i a l l y   h i g h e r   i n  employees 

o f   t h e   e l e c t r i c a l   e q u i p m e n t   m a n u f a c t u r i n g   p l a n t   t h a n   i n   t h e   g e n e r a l  

popu la t ion .  Symptoms o f  mucous  membrane  and s k i n   i r r i t a t i o n ,   s y s t e m i c  

mala ise  and a l t e r e d   p e r i p h e r a l   s e n s a t i o n  were p o s i t i v e l y   c o r r e l a t e d   w i t h  
serum PCB 1 evel s.  However, t h e r e  was no  ev idence  that   exposure  to  PCBs 
had resu l ted  i n  c l i n i c a l   a b n o r m a l i t i e s   s u c h  as   ch lo racne.   Pos i t i ve  
co r re la t i ons   be tween  serum PCB and SGOT, serum GGTP and p l  asma 

t r i g l y c e r i d e ,  and a nega t i ve   co r re la t i on   be tween  serum PCB and  plasma 

h igh   dens i t y   l i pop ro te in   cho les te ro l ,   we re   obse rved .   Acco rd ing   t o   Smi th  

e t  a1 ( 1 7 5 )   t h e s e   r e s u l t s   a r e   i n d i c a t i v e   o f   p h y s i o l o g i c a l   e f f e c t s  on t h e  

l i v e r  and, p o s s i b l y ,   l o n g   t e r m   c a r d i o v a s c u l a r   e f f e c t s .  

A s tudy   o f   wo rke rs  exposed t o  PCBs and o ther   chemica ls   over  a 
p e r i o d   o f  up t o  9 y e a r s   a t  a p e t r o c h e m i c a l   p l a n t   i n  New Jersey  revealed a 
h igher   than  usua l   inc idence  o f   ma l ignant  melanomas.  Out o f  a t o t a l   o f  31 
workers  observed, 2 cases o f  me1  anoma were i d e n t i f i e d  compared t o   t h e  

expected 0.04 cases  (176). These e f f e c t s   c a n n o t   b e   a t t r i b u t e d   t o  PCB 
exposure,  however,  due t o   t h e   f a c t   t h a t   e x p o s u r e   o f   w o r k e r s   t o   o t h e r  

p o t e n t i a l l y   c a r c i n o g e n i c   c h e m i c a l s   a t   t h e   p l a n t  was n o t   c o n s i d e r e d   i n  

t h i  s study. 
A1 though PCB l e v e l s   i n   t h e   b l o o d  and f a t   o f   w o r k e r s   a t   t h e  

N o r t h e a s t   E l e c t r i c a l   T e s t i n g  Company i n  Connect icu t   inc reased  w i th  

exposure t o  PCBs, no   unusua l l y   e leva ted   t i ssue  1 evel  s o r   p h y s i o l o g i c a l  

symptoms were i d e n t i f i e d   i n  a survey  conducted  by  Yale  Univers i ty   (177) .  

An A u s t r a l   i a n   s t u d y   r e p o r t e d  a mean PCB l e v e l   o f  400 ppb i n   t h e  

b lood   o f   wo rke rs   a t  an e l e c t r i c a l  equ ipment   manufac tur ing   p lan t   us ing  



- 42 - 

Aroc lo r   1242   wh i l e  PCBs were   no t   de tec ted   i n   t he   b lood   o f   con t ro l  

i n d i v i d u a l s .  A1 t h o u g h   l i v e r   f u n c t i o n   t e s t s  were  normal,  workers’ 

comp la in t s   i nc luded   bu rn ing   sensa t ions   o f   f ac ia l   sk in  and hands,  nausea, 

1 case o f   c h l   o r a c n e  and 5 cases o f  an  eczema type  sk in   rash.  A l e v e l   o f  

200 ppb was suggested  as an acceptable 1 eve1 o f   A r o c l   o r  1242 i n   t h e   b l o o d  

o f   o c c u p a t i o n a l l y  exposed  workers as  no a d v e r s e   h e a l t h   e f f e c t s  were 
observed  on  workers whose b lood   l eve l  s were be l  ow 200 ppb  (178). 

Maroni e t  a1 (179, 180, 181) conducted a s t u d y   o f  80 e l e c t r i c a l  
w o r k e r s   a t   t w o   p l a n t s   i n   I t a l y .  The workers  were  exposed t o  a PCB-based 

d i e l e c t r i c   f l u i d  s i m i l a r  t o   A r o c l o r  1242. Ambient a i r   c o n c e n t r a t i o n s   i n  
t h e  work  area  ranged  from  48-275 ug/m3 PCBs, c o n s i s t i n g   m a i n l y   o f   t h e  

more v o l a t i l e   l o w e r   c h l o r i n a t e d  ,compounds. Work sur faces  and t o o l  s were 

heav i l y   con taminated ,  a s  were  workers  hands,  and  dermal  absorption was 

t h o u g h t   t o  be the  main  route  o f   exposure.   B lood PCB c o n c e n t r a t i o n s   i n  

workers  ranged  from  41-1319  ug/kg and l e v e l s  were c l o s e l y   c o r r e l a t e d   w i t h  
t h e   l e n g t h   o f   t h e   e x p o s u r e .  

V a r i o u s   s k i n   d i s e a s e s   ( c h l o r a c n e ,   d e r m a t i t i s ,   f o l l i c u l i t i s )  

were  noted among workers.   In  16 w o r k e r s   l i v e r   t e s t s  showed abnorma l i t i es  

i n   t h e  form o f  1 i ver   en la rgement  and increased serum enzyme a c t i v i t y  

( i n d i c a t i n g   l i v e r   d y s f u n c t i o n ) .   T h e r e  was a p o s i t i v e   c o r r e l a t i o n  between 

PCB l e v e l s   i n   t h e   b l o o d  and l i v e r   a b n o r m a l i t i e s ,   b u t  no c o r r e l a t i o n  was 
found  between  blood PCR levels and chloracne. The au tho rs   no ted   t ha t  20% 

o f  the   workers   w i th  abnormal l i v e r   r e s u l t s  had b lood PCB l e v e l s   l o w e r  

than   t he  200 ug/kg   th resho ld  limit suggested  by Ouw e t   a l .   ( 1 7 8 ) .  
Haemangiomas were  observed i n  two  workers  and  myelocytic 

chronic  leukaemia i n  another ,   bu t   no   ev idence  o f  a d i r e c t   r e 1   a t i o n s h i p   t o  

PCB exposure was prov ided.  

It i s   i m p o r t a n t   t o   n o t e   t h a t ,   i n  mos t   i ns tances ,   t ox i c   e f fec ts  

i n  humans have  been  observed  on ly   fo l lowing  exposure  to   heated PCBs. 

V a p o u r i z a t i o n   o f  PCBs. i nc reases   exposure   v ia   i nha la t i on  and may a l s o  

i nc rease   exposure   t o   t ox i c   impur i t i es .   Ch lo r ina ted   d ibenzo fu rans   a re  

p r e s e n t   i n  some commercial PCB fo rmu la t i ons  and hea t ing  PCB f l u i d s  has 

been shown t o   i n c r e a s e   t h e i r   c o n c e n t r a t i o n s   ( 2 2 ) .  
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4.1.2 Yusho. Perhaps  the  best  known and mos t   ex tens i ve l y  
documented  case o f  PC6 po ison ing   i s   t he   'Yusho '   i nc iden t   wh ich   occu r red  

i n  1968  as a r e s u l t   o f   t h e   a c c i d e n t a l   c o n t a m i n a t i o n   o f   r i c e   o i l   w i t h   h i g h  

c o n c e n t r a t i o n s   o f  PCB. As a r e s u l t   o f   i n g e s t i n g   v a r y i n g  amounts o f   r i c e  

o i l   o v e r  an extended  period  of  t ime,  more  than 1200  Japanese  people  were 

o f f i c i a l l y  diagnosed  as  having Yusho disease  as o f   A p r i l  30,  1975 (182). 
Symptoms a t t r i b u t e d   t o   i n g e s t i o n   o f   t h e   c o n t a m i n a t e d   o i l  

inc lude:   ch lo racne;   we igh t  loss (182) ;  a marked i n c r e a s e   i n  serum 

t r i g l y c e r i d e   l e v e l s ;   h y p e r s e c r e t i o n   o f   t h e  Meibomian  gland;  subcutaneous 

edema p a r t i c u l a r l y   a r o u n d   t h e   e y e s  and l i p s   ( 1 8 2 ) ;   n e u r o t o x i c   e f f e c t s   i n  
the   fo rm  o f   reduced  sensory   nerve   conduct ion   ve loc i ty   (183) ;   fa t igue;  

j o i n t   s w e l l i n g ,   p a i n  and  numbness; nausea;  coughing and o t h e r   r e s p i r a t o r y  

problems;   v isual   d is turbances;   jaundice;  and  abdominal  pain  (182).  Onset 
o f  symptoms was t y p i c a l l y  3 t o  7 months f o l l o w i n g   t h e   i n i t i a l   e x p o s u r e  

(184) .  
An i n c i d e n t   o f  Yusho d isease was noted i n  an i n f a n t  whose o n l y  

exposure was t h r o u g h   i n g e s t i o n  o f  c o n t a m i n a t e d   b r e a s t   m i l k   ( b i r t h  
occur red   p r io r   to   mother 's   exposure)   (182) .  It was  a1 so n o t e d   t h a t  PCBs 

were  capable o f   c r o s s i n g   t h e   p l a c e n t a l   b a r r i e r .   I n  many cases,  even a 

f e w   y e a r s   a f t e r   e x p o s u r e ,   i n f a n t s   b o r n   t o   m o t h e r s   s u f f e r i n g  from Yusho 

a1 so showed symptoms o f  the  d isease.  These  symptoms i n c l  uded hyper- 

p igmenta t ion  o f  t h e   s k i n ,   b e l o w   n o r m a l   s i z e ,   e r u p t i o n   o f   t e e t h   a t   b i r t h  

and hypersecre t ion  o f  Meibomian  gland.  Within 2 t o  5 months a f t e r   b i r t h  

the   sk in   p igmenta t ion   d isappeared and growth became normal  (182). The 
h e i g h t  and w e i g h t   g a i n   i n   s c h o o l   c h i l d r e n   a f f e c t e d   b y  Yusho were s tud ied  

and, w h i l e   t h e   g r o w t h   o f   g i r l s   a p p e a r e d   u n a f f e c t e d ,   t h e   g r o w t h   o f  boys 

was s i g n i f i c a n t l y  1 e s s   t h a n   t h a t   o f   c o n t r o l  s (185) .  

The C r i t e r i a  Document f o r  PCBs ( 2 2 )   s t a t e s   t h a t  a p r e l   i m i n a r y  

r e v i e w   o f   t h e   d e a t h   s t a t i s t i c s   f o r  Yusho v i c t ims   sugges ts  a p o s s i b l e  

i n c r e a s e d   i n c i d e n c e   o f   c a n c e r ,   p a r t i c u l a r l y   i n   t h e  stomach  and l i v e r ,  

compared t o   t h e  normal  populat ion.  The a v a i l a b l e   i n f o r m a t i o n  was t o o  

l i m i t e d   t o  make a n y   d e f i n i t e   c o n c l u s i o n s ,  however. 
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A l though   the re  were  no  deaths d i r e c t l y   a t t r i b u t e d   t o  Yusho, 

recovery  f rom  the  d isease was very   s low.   D isorders   o f   the   sk in  and 

mucous  membranes p e r s i s t e d  even 5 years   a f te r   exposure ,   bu t   improved 

gradua l ly   w i th   t ime.   Other  symptoms such as f a t i g u e ,   a p p e t i t e   l o s s ,  
numbness, p a i n   i n   t h e   l i m b s  and  abdomen, headache,  cough and excess 

sputum p roduc t i on  worsened and were a t t r i b u t e d   t o   i n t e r n a l   d i s o r d e r s  

(182). 

W i th   t he   excep t ion   o f  serum t r i g l y c e r i d e   l e v e l s ,   t h e r e  was no 

a p p a r e n t   c o r r e l a t i o n  between symptoms  and PCB l e v e l  s i n   t h e   b l o o d ,  

however,  blood  samples  were  not  analyzed  for PCBs u n t i l  1972. A t  t h i s  
t i m e   l e v e l s   i n   b o t h   b l o o d  and t i s s u e s  were  approaching  (although s t i l l  

somewhat h ighe r   t han )   no rma l   l eve l s   desp i te   t he   f ac t   t ha t   v i c t ims   were  
s t i l l   e x h i b i t i n g  symptoms (176). 

A 1973 n a t i o n a l   s u r v e y   i n  Japan i n d i c a t e d   t h a t  PCB l e v e l s   i n  

adipose and l i v e r   t i s s u e  were 0.2-4.0 ppm and  0.01-0.06 ppm (who le   t i ssue  

bas i s ) ,   respec t i ve l y .   I n   compar i son ,  PCB l e v e l s   i n   t h e   a d i p o s e   t i s s u e   o f  
Yusho v ic t ims  were  13.0-76.0 ppm and 1.9-4.3 ppm i n  1968  and  1972, 

r e s p e c t i v e l y ,   w h i l e   l i v e r   c o n c e n t r a t i o n s  were  0.14-0.2 ppm one y e a r   a f t e r  

exposure and  0.08 ppm i n  1972  (182). 
O r i g i n a l l y ,  i t was r e p o r t e d   t h a t   t h e  Yusho o i l   c o n t a i n e d  2000- 

3000 ppm PCB i n   t h e   f o r m   o f   K a n e c h l o r  400 (184),  which i s   r o u g h l y  
e q u i v a l e n t  t o  Aroc lo r  1248. More recent   repor ts ,   however ,   es t imate   tha t  

t h e   o i l   a c t u a l l y   c o n t a i n e d  900-1000 ppm PCB and approx imate ly  5 ppm o f  

va r ious   ch lo r i na ted   d ibenzo fu rans  (CDFs)  (182,  186). T h i s   l e v e l   o f  CDFs 

i s  much higher  than  what  would be expected  based on CDF l e v e l s   n o r m a l l y  

found i n  unused  Kanechlor  400 or   o ther   commerc ia l  PCB fo rmu la t i ons .   I n  
a d d i t i o n ,   t h e  Yusho o i l   c o n t a i n e d  a hexachlorodibenzofuran  isomer  which 

i s   n o t   p r e s e n t   i n  Kanechl o r  400 (182,  186).  This  suggests  that 

d ibenzofurans  were  formed  dur ing  use as  a heat  exchange f l u i d  (182) It 

i s  r e p o r t e d   t h a t   w h i l e  unused  Kanechlor 400 conta ins   approx imate ly  20 ppm 

CDFs, used o i l   f r o m  a heat  exchanger  contained up t o  11765 ppm (182, 

186). 

, 



- 45 - 

Assuming t h a t   t h e   l a t e r   e s t i m a t e s   f o r  PCBs and CDFs i n   t h e   o i l  

were  correct   (900-1000 ppm PCB; 5 ppm CDFs) , t h e  smal l e s t  known dose 

which  caused symptoms o f   t h e   d i s e a s e  was e s t i m a t e d   t o  be 70-100 ug/kg 
body  weight/day PCBs and 0.4 ug/kg body we igh t lday  CDFs ( 2 2 ) .  

Chlor ina ted   d ibenzofurans  (CDF ' s )  were  not  present i n   t h e   t i s s u e s  
o f   c o n t r o l   i n d i v i d u a l s   b u t  were d e t e c t e d   i n   t h e   a d i i p o s e  and l i v e r   t i s s u e  

o f  Yusho v i c t ims .   Ana lys i s  on f a t   b a s i s   i n d i c a t e   t h a t  CDF's  were present  
i n  much h i g h e r   c o n c e n t r a t i o n s   i n   t h e   l i v e r   t h a n   i n   t h e   a d i p o s e   t i s s u e .  

Th is  was s u r p r i s i n g   i n   t h a t  PCBs normal ly  accumulate t o   h i g h e r   l e v e l s   i n  
t h e   a d i p o s e   t i s s u e   t h a n   i n   t h e   l i v e r .  It i s   n o t  known whether CDF's 

p r e f e r e n t i a l l y   a c c u m u l a t e   i n   t h e   l i v e r   t i s s u e  o r  whether  they  are  formed 
i n   t h i s  organ. The CDF's p r e s e n t   i n   t h e   l i v e r  were p r i m a r i l y   p e n t a -  and 

hexa -i somers (182). 
It i s   n o t  known t o  what e x t e n t   t h e  CDFs i n f l u e n c e d   t h e   t o x i c i t y  

o f  t h e   c o n t a m i n a t e d   r i c e   o i l ,   b u t   c o n s i d e r i n g   t h e   e x t r e m e   t o x i c i t y   o f  

ce r ta in   i somers ,  i t  i s   l i k e l y   t h a t   t h e y  were a t  l e a s t   p a r t i a l l y  

respons ib le  f o r  the  d isease.  Many of   the symptoms o f  Yusho, i n c l u d i n g  

chloracne,  can  be  induced  by CDFs (125)   bu t   a lso   by  PCBs c o n t a i n i n g   v e r y  

1 ow 1  eve1 s o f  CDFs and by  pure PCB i somers   ( t o  a lesser  degree)  (149).  

It i s ,   t h e r e f o r e ,   n o t   p o s s i b l e   t o   c o n c l   u s i v e l y   i s o l a t e  and i d e n t i f y   t h e  

t o x i c   e f f e c t s   a t t r i b u t a b l e   t o  each o f   t h e s e  compounds i n   t h e  Yusho 

i n c i d e n t .  

It should be no ted   t ha t ,  due t o   t h e   l a r g e   q u a n t i t y   o f  PCBs 

inges ted  and t h e   u n u s u a l l y   h i g h   c o n t a m i n a t i o n   w i t h   c h l o r i n a t e d  

d i b e n z o f u r a n s   i n   t h e   r i c e   o i l ,   t h e   h e a l t h   e f f e c t s   r e s u l t i n g  from t h e  

Yusho i n c i d e n t   a r e   n o t   i n d i c a t i v e   o f   p o s s i b l e   t o x i c   e f f e c t s   f r o m   n o r m a l  

occupational  exposures. 

4.1.3 Taiwan. I n  March,  1979  a t r a g e d y   s i m i l a r   t o   t h e  Yusho 

i n c i d e n t   o c c u r r e d   i n  Taiwan. PCB po ison ing   a f fec ted   approx imate ly  2000 

p e o p l e   f o l l o w i n g   t h e   i n g e s t i o n   o f  PCB con tamina ted   b ran   o i l .   Ana lys i s   o f  

t h e   o i l   r e v e a l e d   t h a t  PCB leve ls   ranged  f rom 53 t o  99 ppm (1 sample 
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conta ined 405 ppm). Po lych lo r ina ted   d i   benzofuran  (PCDF) l e v e l s  were 

t y p i c a l l y   l e s s   t h a n  0.5 ppm (1 sample  contained 1.7 ppm) (187).  Based on 
t h i s   i n f o r m a t i o n  i t  i s  apparent   tha t  PCB and PCDF l e v e l s   i n   t h e   b r a n   o i l  

were  approximately one t e n t h  (o r  l e s s )  o f  t h o s e   d e t e c t e d   i n   t h e  Japanese 
r i c e   o i l   w h i c h   l e d   t o   t h e  Yusho inc iden t .  

Symptoms o f   po ison ing  were s i m i l a r   t o   t h o s e   o b s e r v e d   i n   t h e  

Yusho v ic t ims.   B lood  samples  co l lected from Taiwanese v i c t i m s  9 months 

t o  1 year   a f te r   exposure   con ta ined 11 t o  720  ppb PCB ( 2  = 49 ppb).  These 

concent ra t ions   a re  much h ighe r   t han   t hose   de tec ted   i n  Yusho v i c t i m s  

(x' = 5.9 ppb f i ve   yea rs   a f te r   exposure )   (182 ) .  The d i f f e r e n c e   i n   b l o o d  

l e v e l s   i s   p r o b a b l y  due t o   t h e   l o n g  (5  yea r )   l apse  between PCB exposure 

and  blood  analyses i n  Yusho v ic t ims.   In   genera l   la rger  amounts o f  PCBs 

were  ingested  by  the  v ict ims  in  Taiwan  than i n  Japan. A lso ,   the  

contaminated   o i l   inges ted   by   the  Taiwanese v i c t ims   con ta ined  a h ighe r  

p r o p o r t i o n   o f   h i g h l y   c h l o r i n a t e d  PCBs (penta-,  hexa-,  hepta  -isomers)  than 

the o i l  which  caused Yusho disease. The h i g h l y   c h l o r i n a t e d  compounds a r e  

r e t a i n e d   i n   t h e  body f o r   l o n g e r   p e r i o d s   o f   t i m e   t h a n   t h e   l o w e r  

c h l   o r i   n a t e d  compounds ( 188). 

Y 
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4.2 L e v e l s   i n  Human Tissues 

Surveys o f  PCB l e v e l s   i n  human t i s s u e s  have  been  conducted i n  
many c o u n t r i e s .   I n   t h e   U n i t e d   S t a t e s ,   a n a l y s i s   o f   t i s s u e   c o l l e c t e d   i n  

1971  dur ing   surgery   o r   pos t  mor tem  examinat ions   ind ica ted   tha t  49.3% o f  
t h e  samples d i d   n o t   c o n t a i n   d e t e c t a b l e   l e v e l s   o f  PCB ( <  1.0 ppm), 19.6% 

c o n t a i n e d   t r a c e   l e v e l s   t o  1.0  ppm, 25.9% contained  between 1 and 2 ppm 

and 5.2% conta ined  over  2 ppm (189) .   In   another   na t iona l   survey  

conducted i n   t h e   U n i t e d   S t a t e s   i n  1973  and  1974, 40.3% o f   t he   ad ipose  
t i s s u e  samples  analyzed  contained  greater  than 1 ppm PCB (wet   weight ) .  

It was n o t e d   t h a t ,   a l t h o u g h   t h e   l e v e l s   i n  human a d i p o s e   t i s s u e   d i d   n o t  

appear t o  be chang ing   w i th   t ime,   there  was  an i n c r e a s e   i n   t h e   f r e q u e n c y  
w i th   wh ich  PCBs were  detected  compared t o   t h e  1971  survey. The r e s u l t s  
i n d i c a t e d   t h a t   t h e  PCRs i n  human t i s s u e s  most c lose ly   resemble   Aroc lo r  

1254 and Aroc lor   1260  wi th   the  penta- ,   hexa- ,  and hepta-   isomers  be ing 

de tec ted  most f requen t l y .  Human m i l k  samples c o l l e c t e d   i n   t h i s   s t u d y  

c o n s i s t e n t l y   c o n t a i n e d   t r a c e   q u a n t i t i e s   o f  PCBs ( 4 1  ppm) (190).  An 

Env i ronmenta l   Pro tec t ion  Agency su rvey   o f   mo the r ' s   m i l k   de tec ted  PCRs i n  

v i r t u a l l y   a l l  samples  analyzed. The o v e r a l l  mean concent ra t ion   de tec ted  

was  2.64 ppm (191).  PCBs were d e t e c t e d   i n  40% o f  t h e  samples o f   m o t h e r ' s  

mi lk   obta ined  f rom  rura l   Colorado.  PCB concent   ra t ions  ranged  f rom 40 t o  

100  ppb  (whole  mi lk)   (192).  

Approximately 81% o f  a group o f   re fuse   worke rs   exposed   to  PCBs 

t h r o u g h   r e f u s e   i n c i n e r a t i o n   c o n t a i n e d   d e t e c t a b l e   l e v e l s   o f  PCBs i n   t h e  

blood  plasma  compared t o  o n l y  11% o f  the   con t ro l   g roup.  The l e v e l s  

d e t e c t e d   i n   b o t h   g r o u p s  were s i m i l a r ,   b e i n g  2.6 ppb i n   t h e   r e f u s e   w o r k e r s  

and 3.7 ppb i n   t h e   c o n t r o l s   ( 1 9 3 ) .  A study  conducted  by  Finklea  et  a1 

( 1 9 4 )   i n d i c a t e s   t h a t   t h e s e   c o n c e n t r a t i o n s   i n   t h e   b l o o d  plasma a re   no t  

unusual .   Approximately 43% o f  the   non -occupa t iona l l y  exposed res iden ts  

of South  Carol ina  sampled  contained PCBs i n   t h e i r   b l o o d  plasma ( d e t e c t i o n  

1 imit o f  0.1 ppb) . Mean l e v e l s   i n   t h e   b l o o d  plasma o f   r u r a l  and urban 

whites  were 3.1 and 2.3 ppb, r e s p e c t i v e l y   w h i l e  mean l e v e l s   i n   r u r a l  and 

urban  blacks  were 0.3 and  1.8  ppb, respec t i ve l y .  
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Several ~ surveys o f  PCB l e v e l s   i n  Japanese  people  have  been 

conducted as a r e s u l t   o f   t h e  Yusho inc iden t .   Fu j iwa ra   (195 )   comp i led  

i n fo rma t ion   ob ta ined  from other   researchers  and concl  uded t h a t  PCB 

l e v e l s   i n  body f a t   o f  Japanese  people  were  h igher  than  those  reported  for  

Un i ted   S ta tes   res iden ts .  Mean PCB concen t ra t i ons  i n  body f a t  o f  people 

from various  areas  of  Japan  ranged from 1.0 t o  7.5 ppm.  Mean b lood  

plasma and human m i l k   l e v e l s   t h r o u g h o u t  Japan  ranged  from 2.2 t o  5.1  ppb 

and from 26 t o  47  ppb, r e s p e c t i v e l y .  The o v e r a l l  mean v a l u e s   f o r  1972 

and  1973  were  35  ppb and 32  ppb,  respect ively.  
I n  1974, 30 samples o f  human ad ipose   t i ssue  from r e s i d e n t s   o f  

Tokyo  were  found t o   c o n t a i n  a mean c o n c e n t r a t i o n   o f  1.04  ppm PCB and 

ranged from 0.38 t o  2.50 ppm.  The  mean b lood   l eve l  from 1 0   i n d i v i d u a l s  

sampled i n  1975 was  2.59 ppb and concentrat ions  ranged  from 1.8 t o  3.8 

PPb (196). 
Kuwabara " e t  a1 (197)  conducted a s tudy on t h e   e f f e c t s   o f   b r e a s t  

f eed ing  on PCB l e v e l s   i n   t h e   b l o o d   o f   c h i l d r e n   ( a g e s   r a n g i n g  1 month t o  6 

y e a r s ) .  Out o f  17 c h i l d r e n   s t u d i e d ,  9  had h i g h e r   b l o o d   l e v e l s   t h a n   d i d  

t h e i r  mothers.   B lood  res idue  leve ls   in   mothers  ranged from 1.7 t o  4.6 

ppb w h i l e   l e v e l s   i n   c h i l d r e n  ranged  from non d e t e c t a b l e   t o  12.8  ppb. 

Mean concentrat ions  were 2.8 ppb  and  3.8 ppb, r e s p e c t i v e l y .  It was 

apparent   tha t  PCB l e v e l s   i n   c h i l d r e n s '   b l o o d   w e r e  more v a r i a b l e   t h a n   i n  
mothers'  blood. It was a lso   observed   tha t   l eve ls  in ch i ldrens '  blood 

i n c r e a s e d   w i t h   t h e   l e n g t h   o f   t h e   b r e a s t   f e e d i n g   p e r i o d  and t h a t   l e v e l s   i n  

b r e a s t - f e d   i n f a n t s   ( 1  and 7 months o ld )   were   h ighe r   t han   i n   f o rmu la - fed  

c h i l d r e n .  Kuwabara e t  a1 ( 1 9 7 )   s t a t e   t h a t   i n   t h e i r   p r e v i o u s   s t u d i e s  with 
occupat ional ly   exposed  mothers,   very   h igh PCB l e v e l s   ( u p   t o  115  ppb)  were 

d e t e c t e d   i n   t h e   b l o o d   o f   t h e i r   c h i l d r e n  and some c l i n i c a l   s i g n s   i n   t h e  

c h i l d r e n  were  noted. 
No PCBs were  detected i n   m o t h e r s '   m i l k  from m e t r o p o l i t a n   a r e a s  

i n   A u s t r a l i a   i n  1973 (198 ) .   Th i s   suppor t s   t he   f i nd ings   o f  Ouw " e t  a1 

(178) who r e p o r t e d   t h a t  PCBs were n o t   d e t e c t a b l e   i n   t h e   b l o o d  o f  t h e  

non-occupational ly exposed  Aust ra l   ian  populat ion.  
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Samples o f  human f a t   o b t a i n e d   d u r i n g   a u t o p s i e s   i n  a c i t y   i n  New 

Zea land   cons i s ten t l y   con ta ined  PCBs. The mean c o n c e n t r a t i o n   i n   5 1  

samples was  0.82 ppm b u t   l e v e l s   i n c r e a s e d   w i t h   t h e  age  of t h e   i n d i v i d u a l  

(199). 
A nat ional   survey  conducted by Hea l th  and Wel fare Canada i n  

1972  revealed  that  PCB ( A roc l   o r   1260)   l eve l  s i n  ad ipose  t i ssue  o f  

Canadians  tested  ranged from 0.11 t o  6.6 ppm. C o n c e n t r a t i o n s   o f   o v e r  1 
ppm were  most commmon i n   O n t a r i o   ( 4 9 % )  and l e a s t  common i n  Manitoba  and 

Saskatchewan (5%).  O v e r a l l ,  30% o f  Canadians  tested  conta ined  res idue 

l e v e l s   o f  more than  1 ppm i n  ad ipose  t i ssue,   a l though  the   na t iona l  

average was  0.907  ppm. It was  a1 so repor ted   tha t   ma les   con ta ined  h igher  
PCB 1 eve1 s than   d id   females .   Concent ra t ions   d id   no t   appear   to   vary  with 
age  (200). However, t h e   O n t a r i o   p r o v i   n c i  a1 government  conducted a survey 
o f   O n t a r i o   r e s i d e n t s  between  1969  and  1974  and, a l though  no t  

s t a t i s t i c a l l y   p r o v e n ,  PCB l e v e l s   i n   a d i p o s e   t i s s u e   d i d   a p p e a r  somewhat 
h i g h e r   i n   i n d i v i d u a l s   o v e r  40 y e a r s   o f  age (ZOO). 

A n a t i o n a l   H e a l t h  and Welfare  survey  conducted i n  1976  (201) 

i n d i c a t e d   t h a t   a v e r a g e  PCB l e v e l   ( A r o c l o r   1 2 6 0 )   i n   a d i p o s e   t i s s u e  (0.944 

ppm) had n o t  changed s ince  1972.  The highest  average  concentrat ions  were 
a g a i n   d e t e c t e d   i n   O n t a r i o  (1.791 ppm) and t h e   l o w e s t   i n  Saskatchewan  and 

Manitoba  (0.779 ppm). C o n t r a r y   t o   t h e  1972 study,  females  contained 

s l i g h t l y   h i g h e r   l e v e l s   t h a n   d i d   m a l e s  and c o n c e n t r a t i o n s   d i d   a p p e a r   t o  

i nc rease  somewhat w i t h  age. However, t hese   d i f f e rences   were   no t  
s t a t i s t i c a l l y   s i g n i f i c a n t .   A r o c l o r  1242, which was r e p o r t e d   i n   t h e  1976, 

b u t   n o t   i n   t h e  1972 survey, was p r e s e n t   a t  much lower   concen t ra t i ons   t han  
A r o c l o r  1260.  The n a t i o n a l   a v e r a g e   f o r   A r o c l o r   1 2 4 2   i n   a d i p o s e   t i s s u e  

was 0.307 ppm. U n l i k e   A r o c l o r  1260,  1242 l e v e l s  were  h ighest i n  
Saskatchewan and Manitoba  (average 0.416 ppm) . There  were  no 

s t a t i s t i c a l l y   s i g n i f i c a n t   d i f f e r e n c e s  between  the  sexes or  age groups 

(201) .  
Human m i l k  samples c o l l e c t e d   i n   O n t a r i o   c o n t a i n e d  a mean PCB 

l e v e l   o f  1 ppm ( f a t   b a s i s ) .  The l e v e l s   d i d   n o t   v a r y   d u r i n g   t h e  1969 t o  

I 

L 

Y 
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1974  s tudy  per iod (200).  A 1975-1976 nat ional   survey  conducted  by  Heal th  

and We1 f a r e  Canada (202)  showed t h a t   l e v e l s   i n   m o t h e r s '   m i l k   r a n g e d  from 

1 t o  68  ppb  (whole  mi lk)  and 98% o f   t h e  samples conta ined  less   than  50  
ppb.  According t o   A t k i  nson,  (203) a comparison o f  1971 t o  1974 da ta  on 

PCB l e v e l s   i n   O n t a r i o   m o t h e r s '  mil k t o   d a t a   c o l l e c t e d   i n  1978, i n d i c a t e s  

t h a t  PCB c o n t a m i n a t i o n   i n   b r e a s t   m i l k  may be  decreasing. 
Musia l  " e t  a1 (204)   repo r ted   t ha t  mean l e v e l s   o f  PCB i n  human 

m i l k  from New Brunswick and  Nova Scot ia  were 22 ppb  whole m i l k  (1.53 ppm 
f a t  bas i s )  and 18 ppb  whole m i l k  (1.86 ppm f a t   b a s i s ) ,   r e s p e c t i v e l y .  The 

Hea l th   P ro tec t i on   B ranch   o f   Hea l th  and Welfare Canada  has suggested a 

g u i d e l i n e   o f  50 ppb PCB i n  whole  mi lk.  The Branch  also recommends t h a t ,  

i f  PCBs i n  any  mother 's   mi lk   exceeds  th is   va lue,   both  mother  and i n f a n t  

s h o u l d   r e c e i v e   c l o s e   a t t e n t i o n   w i t h   r e s p e c t   t o   t h e   m o t h e r ' s   e x p o s u r e  and 

t h e   c h i l d ' s   g r o w t h  and development  (203). 

A U n i v e r s i t y  o f  Guel ph research team  has recen t l y   exp ressed   the  

o p i n i o n   t h a t   t h e   5 0  ppb g u i d e l i n e  may be approx imate ly  5 t imes  too   h igh .  
They s t a t e   t h a t   t h i s   g u i d e l i n e  does no t   t ake   i n to   accoun t   t he   range   i n  

t o x i c i t i e s   o f   t h e   v a r i o u s   f o r m s   o f  PCB o r   t h e   f a c t   t h a t  humans t e n d   t o  

s e l e c t i v e l y   c o n c e n t r a t e  some o f   t h e  more tox ic   i somers   (205) .  

S i m i l a r l y ,   a c c o r d i n g   t o   F u j i w a r a   ( 1 9 5 ) ,  based  on t h e  32-35  ppb 
ave rage   b reas t   m i l k   concen t ra t i on   i n  Japan,  Japanese  babies  are  ingesting 
approximately 5 ug PCBs/kg body weight  which i s   t h e   a l l o w a b l e   l e v e l   f o r  

PCB i n t a k e   i n   a d u l t s   s e t   b y   t h e   O f f i c i a l  Committee f o r  Food Hygiene 

Research. Fu j iwara   es t imated   tha t   approx imate ly  30% o f  Japanese  babies 

a r e   i n g e s t i n g  more  than  the a1 lowab le  1 imit. 
The B r i t i s h  Co lumbia   Min is t ry   o f   Hea l th   conducted  a survey o f  

mothers '   m i lk  from severa l   a reas   o f   the   p rov ince .  Over 400 samples  were 

ana lyzed   f o r  PCBs and r e s i d u e   l e v e l s  were c o r r e l a t e d   w i t h   s u c h   f a c t o r s  as 
d i e t   r e c o r d s ,   w e i g h t   l o s s ,  and n u t r i e n t   a n a l y s i s .  The average PCB l e v e l  

i n   m i l k  samples was 12   ppb  (who le   mi lk   bas is ) ,   wh ich  i s   w e l l   b e l o w   t h e   5 0  

ppb federa l   gu ide1  ine   (206) .  
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5 USES AND SOURCES 

5.1 I n d u s t r i a l  Usage  and Associated  Releases 

For   approx imate ly  40 yea rs  PCBs were  used e x t e n s i v e l y   b y  

i n d u s t r y   i n  such  products as p last ics ,   inks,   carbonless  copy  paper ,  
pa in ts ,   pes t i c ides ,   i nves tmen t   cas t i ng  waxes  and  as d i e l e c t r i c ,  
h y d r a u l i c ,   i n s u l a t i n g  and h e a t   t r a n s f e r   f l u i d s .  Due t o   i n c r e a s i n g  

awareness  of the i r   env i ronmenta l   hazards,  i n  1971,  Monsanto ( t h e   o n l y  
North  American  producer o f  PCBs) v o l u n t a r i l y   r e s t r i c t e d   t h e   s a l e   o f  PCBs 
f o r  use i n   c l o s e d   e l e c t r i c a l  systems. I n  1977, Monsanto te rm ina ted   t he  

manufacture and sa le   o f  PCBs e n t i r e l y ,   f o r c i n g   i n d u s t r y   t o   s e a r c h   f o r  
s u i t a b l e  a1 t e r n a t e   f l u i d s .  Adequate i n f o r m a t i o n  on the  environmental  
pe rs i s tence  and l o n g   t e r m   t o x i c i t y   o f   c e r t a i n   a l t e r n a t e   f l u i d s   i s  
l ack ing ,   however ,   t hey   a re   genera l l y   cons ide red  more  biodegradable and of 

1 ess  environmental  concern  than  are PCBs. S i n c e   t h i s   t i m e ,   r e g u l a t i o n s  

have  been  developed  both i n  Canada  and the   Un i ted   S ta tes   wh ich  ban t h e  

i m p o r t a t i o n  and m a n u f a c t u r e   o f  PCBs i n   N o r t h  America and seve re l y  
r e s t r i c t   t h e i r   l e g a l  uses and methods o f   d i s p o s a l   ( s e e   S e c t i o n  8 on 

r e g u l a t i o n s )  . 
I n  1977, under  the  mandate of   the  Envi ronmenta l   Contaminants  

- Act,  EPS conducted a na t i ona l   su rvey   o f   po ten t i a l  PCB users. All 
companies us ing  PCBs i n  1976  were  asked t o  r e p o r t   t h e   t y p e   o f  PCB used 

and the  volume o f  usage. Usage i n f o r m a t i o n  has s ince  been  ,updated 

th rough   ques t i onna i res  and communicat ion  wi th   companies  current ly   us ing 

PCBs. In fo rma t ion  on  usage i n   B r i t i s h  Columbia and t h e  Yukon as o f  June, 

1982, i s  summarized i n  Table 4 and 5. I n f o r m a t i o n  on t h e  use o f  PCBs i n  

Canadian commerce will be  upda ted   a t   regu la r   i n te rva l s   by  EPS reg iona l  

o f f i ces .   I n fo rma t ion   ob ta ined   t h rough   i ndus t r i a l   su rveys  and o n - s i t e  

i n s p e c t i o n s   i n   t h e   P a c i f i c   R e g i o n  will be  discussed i n   d e t a i l  i n  another  

Pac i f i c   Reg ion  EPS r e p o r t   ( 2 0 7 ) .  

m 
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Very  few i n d u s t r i a l   f a c i l i t i e s   i n   B r i t i s t i  Columbia  have  been 

sarnpl  ed f o r  PCB r e l e a s e s .   I n  1977 a nat ional   sampl ing  program was 

i n i t i a t e d   t o   d e t e r m i n e  PCB l e v e l s   i n   e f f l u e n t s   f r o m   v a r i o u s   i n d u s t r y  
sectors   across Canada. I n   B r i t i s h  Columbia,  sampling was conducted  a t  

s p e c i f i c   o i l   r e f i n e r i e s ,  mines,   smel ters ,   chemical   manufactur ing  p lants ,  
pu l  p m i  11 s and . a t  a coal   bu l  k l o a d i n g   f a c i  1 i ty.  PCBs were n o t   d e t e c t a b l e  

i n  most  d ischarges.  Concentrat ions  c lose t o   t h e  limit o f   d e t e c t i o n  

(0.02-0.1 ppb,  depending on the   l ab   conduc t ing   t he   ana lys i s )   were   p resen t  
i n  one sarnpl  e each  from  Imperi a1 Oil re f ine ry ,   Eu rocan   pu l   pm i l l  , 
Cl overda le   Pa in t  and  Chemical p l   a n t  and i n  one o f   t h e   d i s c h a r g e s   f r o m   t h e  

Alcan  smel ter .   E levated PCB concen t ra t i ons  were d e t e c t e d   o n l y   i n  

coke -ca l c ine r   a rea   su r face   d ra inage   a t   t he   A l can   sme l te r  (ND-3.29 ppb) 

and i n   s e t t l i n g  pond  wastes a t   t h e   R o b e r t s  Bank coa l   superpor t  (ND-2.98 
ppb). The sources  of PCBs a t  t h e s e   f a c i l i t i e s  w e r e   n o t   i d e n t i f i e d   b u t  

t hey  may o r i g i n a t e   f r o m   a c c i d e n t a l   l e a k a g e   f r o m   e l e c t r i c a l   o r   h y d r a u l i c  
equipment. The low 1 eve1 s o f  PCBs i n  wastes  f rom  the C1 o v e r d a l e   P a i n t  and 

Chemical   p lant  may have  been  due t o   t h e   p a s t  use o f  PCBs i n  some t y p e s   o f  

p i g m e n t s   ( r e f e r   t o   s e c t i o n  5.1.7). 

I n  a separate  s tudy EPS d e t e c t e d   s i g n i f i c a n t  PCB l e v e l s   i n   t h e  

e f f l u e n t s  and c l a r i f i e r   s l u d g e s  from t h e   B e l k i n   p a p e r   r e c y c l i n g   p l a n t .  

Through  more e f f e c t i v e   s o l i d s  removal t h e  PCB c o n c e n t r a t i o n s   i n  
discharges from the Bel k i n  p l a n t  have now been s i g n i f i c a n t l y   r e d u c e d  

( r e f e r   t o   S e c t i o n  5.1.4). 
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TARLE 4 PC8 USAGE I N  THE  PACIF IC   REGION BY I N D U S T R I A L  SECTOR 

(June, 1982) 

OUANT I TY OF PERCENTAGE OF 

PCB I N  USE (kg) TOTAL  PCB I N  USE 

1. U T I L I T Y  

2. FOREST  INDUSTRY 

3. M I N I N G  AND SMELTING 

4. REFIN ING  (METAL)  

5. STEEL AND IRON 

6. CEMENT 

7. CHEMICAL MANUFACTURE 

8. RllRBER 

9. T E X T I L E  

10. ELECTRICAL 

11. HOSP ITAL/SCHOOL 

12. FOOD AND BEVERAGE 

13. GOVERNMENT INSTALLATIONS 

14. PETROLEIJM 

15. OTHER 

580,592 

844,011 

292,216 

12,488 

54,547 

8,082 

.. 
- 

6,439 

20,603 

14,382 

16,196 

3,705 

75,571 

30.1 

43.8 

15.2 

0.7 

- 

2.8 

0.4 

- 
0.3 

1.1 

0.8 

0.8 

0.2 

3.9 

TOTAL 1,928,832 100.0 
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TABLE 5 QUANTITY OF PCBs IN USE I N  THE P A C I F I C   R E G I O N  

~~ 

NO. OF QUANTITY OF 

U N I T S  PCB (kg) 

ELECTRICAL  EQUIPMENT 

TRANSFORMERS 

CAPACITORS 

ELECTROMAGNETS 

OTHER 

MECHANICAL  EOUIPMENT 

814 

73,412 

0 

0 

HYDRAULIC SYSTEMS (Br idge  Bear ings)  46 

HEAT  TRANSFER  SYSTEMS 0 

VACUUM EQUIPMENT 0 

TOTAL  PCB I N  USE 

1,298,789 

619,943 

0 

0 

10,100 

0 

0 

1,928 , 832 
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5.1.1 E l e c t r i c a l  Equipment. I n   B r i t i s h  Col  umbia,  as e l  sewhere i n  

Nor th  Amer ica,   the  greatest   vo lume  of  PCBs c u r r e n t l y   i n  use  are  conta ined 

i n e l e c t r i c a l   t r a n s f o r m e r s  and  power f a c t o r   c o r r e c t i   o n - t y p e   c a p a c i t o r s .  

A r e c e n t   s u r v e y   o f   u s e r s   i n   B r i t i s h   C o l u m b i a   r e v e a l e d  a t o t a l   q u a n t i t y  of 

1,928,832 k g   o f  PCB s t i l l   i n  use, o f   wh ich  1,918,732 kg was i n   e l e c t r i c a l  

equipment  (Table  5)  (208). 
A1 1 known PCB f i  1 1 ed e l e c t r i c a l   e q u i p m e n t   i n  Canada i s   r e q u i   r e d  

t o  be i d e n t i f i e d   b y  an EPS 1 abel 1 i ng  and cod ing  system. A r e c o r d   o f   t h e  
1 oca t i on ,   t ype ,   s i ze ,   se r ia l  number  and PCB f l u i d   c o n t e n t  has  been 

en te red  on EPS computer  logsystems and t h i s   i n f o r m a t i o n   i s   r o u t i n e l y  

updated. All users  of such e lec t r i ca l   equ ipment   have been requested t o  

n o t i f y  EPS r e g i o n a l   o f f i c e s  when equipment i s   t a k e n   o u t   o f   s e r v i c e ,  

d i sposed   o f ,   o r   re loca ted .  

PCBs a r e  used i n   o n l y  a smal l   percentage  o f   t ransformers i n  

Nor th   Amer i ca ,   w i th   mos t   be ing   e i t he r   ' d ry   t ype '   ( con ta in ing  no f l u i d )   o r  

m i n e r a l   o i l   f i l l e d .   T r a n s f o r m e r s   c o n t a i n i n g  PCBs are  less  f lammable;  

however, and t h e s e   u n i t s   a r e   u s u a l l y   l o c a t e d   i n s i d e   o r   c l o s e  t o  b u i l d i n g s  

where   sa fe ty   f rom  f i r e   haza rds   i s   o f   p r ime   impor tance   (209 ) .   T rans fo rmers  

c o n t a i n  between  180  and  2300 l i t r e s  (270 t o  3400 k g )   o f   d i e l e c t r i c  f l u i d  

(average o f  1070 l i t r e s  (1600   kg ) )   (210 )   cons i s t i ng   o f  a m i x t u r e   o f  60 t o  

70% PCB (usua l  l y  Aroc l   or   1254)  and 30 t o  40% t e t r a -  and t r i ch lo robenzene  

(211) .  
Almost a l l   capac i to rs   (app rox ima te l y   95%)   manu fac tu red   i n   Nor th  

America  between  1930 and  1977 conta ined PCBs (212) .   Capaci tors   normal ly  
c o n t a i n   A r o c l o r  1016 o r  1242 i n  an  amount dependent on t h e   s i z e   o f   t h e  

u n i t .   C a p a c i t o r s   u s e d   i n   f l u o r e s c e n t   l i g h t i n g  and a i r   c o n d i t i o n e r s  
c o n t a i n  0.02 t o  0.45 k g   w h i l e   t h e   l a r g e r  power c a p a c i t o r s   c o n t a i n  

approx imate ly  35 kg  (212) .  
The l i f e  e x p e c t a n c y   f o r   P C B - f i l l e d   c a p a c i t o r s   u s e d   i n   l i g h t i n g  

u n i t s   i s   o v e r   1 0   y e a r s  and f o r   c a p a c i t o r s   a t   e l e c t r i c a l   u t i l i t i e s ,   o v e r  

20 y e a r s .   A s k a r e l   f i l l e d   t r a n s f o r m e r s  commonly remain i n  s e r v i c e   f o r  

more than   30   yea rs   (209 ) .   Fo r   t h i s   reason   PCB- f i l l ed   e lec t r i ca l   equ ip -  

ment   a l ready i n   s e r v i c e   c o u l d   p r e s e n t  a t h r e a t   t o   t h e   e n v i r o n m e n t   f o r  

many y e a r s   t o  come unless  adequate  precautions  are  taken. 
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PCB f i l l e d   e l e c t r i c a l  equipment i s  no longer   be ing  manufactured 

i n  Nor th   Amer ica ,   however ,   pas t   re leases   f rom  manufac tur ing   fac i l i t i es  

h a v e   r e s u l t e d   i n   s i g n i f i c a n t   e n v i r o n m e n t a l   c o n t a m i n a t i o n .  

A 1976  Environment Canada su rvey   o f  PCB sources   revea led   tha t  

the  West inghouse Canada p l a n t s   i n  London  and Hami l ton,   Ontar io  and t h e  

Canadian  General E l e c t r i c   p l   a n t  a t  Peterborough,   Ontar io   were  the  largest  

sources o f  PCB r e l e a s e   i d e n t i f i e d   i n  Canada. The  London p lan t   d ischarged 

an  est imated 48.8 - + 9.1 kg/yr   a t   the  t ime  o f   sampl ing.   Atmospher ic  

emiss ions   f rom  the   Canad ian   Genera l   E lec t r i c   p lan t   in   Peterborough  were  
approx imate ly  2.7 - + 0.5 k g / y r  and were a t t r i b u t e d   t o   t h e   c o n t i n u o u s  

s t o r a g e   o f  PCB f l u i d s  a t  e levated  temperatures  under vacuum c o n d i t i o n s  

(213).  
Losses   assoc ia ted   w i th  PCB use i n   e l e c t r i c a l  equipment  have 

occur red  as a r e s u l t   o f  mal f u n c t i o n   o r  damage t o   t h e   u n i t   ( s e e   S e c t i o n  6 

on sp i  11 s )  and th rough  leaks  and s p i l l a g e   d u r i n g   t o p p i n g  up, r o u t i n e  

s e r v i c i n g   o r   u l t i m a t e   d i s p o s a l .  

Damage t o  a s t o r e d   t r a n s f o r m e r   a t  a meat p a c k i n g   p l a n t   i n  

Montana r e s u l t e d   i n   t h e   e n t r y   o f  PCB i n t o  meat  meal d e s t i n e d   f o r   u s e  as 

pou l t r y   f eed .  The subsequent   con taminat ion   o f   pou l t ry   necess i ta ted   the  

d e s t r u c t i o n   o f  1 arge numbers o f   ch ickens ,  eggs  and  commercial  baked 

goods. Some o f   t h i s   c o n t a m i n a t e d  meal reached  markets i n   B r i t i s h  

Columbia  which a1 so r e s u l t e d   i n   t h e   d e s t r u c t i o n   o f   p o u l t r y  and  feed. A 
r e c e n t   i n s p e c t i o n   o f   f o o d  and f e e d   p l a n t s   i n   B r i t i s h  Columbia  revealed 

t h a t  PCR t rans fo rmers   a re  no l o n g e r   i n   u s e   a t   t h e s e   f a c i l i t i e s .  

One power company i n  Mich igan  repor ted  a l o s s   o f  12300 1 bs  

PCB/year t o   s o i l   f r o m   r u p t u r e d  and sa lvaged  capaci tors   (214) .  Such 

1 osses  can  best be prevented  by good "housekeepi  ng' l   practices . It should 

be   no ted   tha t   topp ing  up e l e c t r i c a l  equipment w i t h  PCB f l u i d s   i s  no 

l o n g e r   p e r m i t t e d   i n  Canada. T h i s   r e s t r i c t i o n   s h o u l d   h a v e   e l i m i n a t e d  
e x i s t i n g   s t o c k s   o f  PCB make-up o r   b u l k   d i e l e c t r i c   f l u i d s   w h i c h   w o u l d   h e l p  

reduce  occupational  exposure and sp i  11 s o f  PCBs dur ing  maintenance  or  

s e r v i c i n g   a c t i v i t i e s .  
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A handbook f o r   t h e   p r o p e r  management  and d i s p o s a l   o f   e l e c t r i c a l  

equipment and wastes  conta in ing PCBs (215) has  been d i s t r i b u t e d   t o  a1 1 

known users o f  t h i s  equ ipment .   Per iod ic   inspec t ions   o f   the   ma jor   users  

o f  P C B - f i l  l e d   e l e c t r i c a l  equipment  are  conducted  by  regional EPS and 

prov inc ia l   government   personnel   to   ensure  that   adequate  precaut ions 

a g a i n s t   s p i l l  s are   taken and  good "housekeeping"  pract ices  maintained. A 
recent  EPS r e p o r t   d e s c r i b e s   i n   d e t a i l   t h e   r e s u l t s   o f   t h e s e   i n s p e c t i o n s  

(207). 
Many p l a n t s   u t i  1 i z e   b o t h   m i n e r a l   o i  1 and PCB-type t rans formers .  

PCB c o n t a m i n a t i o n   o f   m i n e r a l   o i l  f i l  l e d   u n i t s  can  occur  dur ing 

maintenance  procedures and d u r i n g   t h e   r e t r o f i l l i n g   o f  PCB u n i t s   w i t h  

m i n e r a l   o i l .  PCB c o n t a m i n a t i o n   o f   m i n e r a l   o i l   f i l l e d   t r a n s f o r m e r s  has 

a l s o   h i s t o r i c a l l y   o c c u r r e d  a t  manufactur ing  p lants   before 1970  due t o  

c r o s s - c o n t a m i n a t i o n   d u r i n g   t h e   f i l l i n g   o f   b o t h  PCB and m i n e r a l   o i l  

t r a n s f o r m e r s   i n   t h e  same p l a n t .  Under  Environment Canada waste 
management gu ide1   i nes ,   t rans fo rmer   f l u ids   con ta in ing   g rea te r   t han   50  ppm 

PCB a r e   c o n s i d e r e d   t o  be PCB contaminated and  must  be  handled  and 

d i s p o s e d   o f   i n  a p resc r ibed  manner. I n  1981,  a survey o f  m i n e r a l   o i l  

t r a n s f o r m e r s   i n   B r i t i s h  Columbia was conducted  under  contract  t o  EPS. 
N i n e t y - n i n e   o i l  samples c o l l e c t e d  from t rans formers  were  analyzed f o r  

PCBs and approx imate ly  22% con ta ined   concen t ra t i ons   o f  more than 50 ppm, 
w i t h   t h e   h i g h e s t   c o n c e n t r a t i o n   b e i n g  640 ppm (216). 

5.1.2 Hydraul i c  and  Heat  Transfer Systems.  Under t h e  

Environmental  Contaminants - Act (ECA) r e g u l a t i o n s ,  PCBs are  no l o n g e r  
p e r m i t t e d   f o r   u s e   i n   h e a t   t r a n s f e r  and h y d r a u l i c   s y s t e m s   i n  Canada o t h e r  

t h a n   t h o s e   i n   u s e   p r i o r   t o  September 1, 1977. 
These  systems  are  considered  'semi-closed' and o p e r a t i n g   l o s s e s  

were, a t  one t ime ,   s ign i f i can t .   Was tewa te r   d i scha rges   f rom  use rs   o f  PCB 

h e a t   t r a n s f e r   f l u i d s   i n   M i c h i g a n   c o n t a i n e d   l e v e l s   o f  up t o  5.2  ppm PCB. 

Similar c o n c e n t r a t i o n s   ( u p   t o  7.1 ppm) were  detected i n   t h e   e f f l u e n t s   o f  

f a c i l  i t i e s   u s i n g  PCB based  hydraul i c  systems and da i l y   losses   f rom  such 
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f a c i l i t i e s  were  as h i g h  as  14  kg. One company r e p o r t e d   l o s s e s   o f  up t o  

13620 1 b s / y r   w i t h   a p p r o x i m a t e l y  one t h i r d   o f   t h i s  amount be ing   re leased 

t o   t h e  atmosphere  by  vapour i   zat ion  (214).  A1 though a1 1 f a c i  1 i t i e s  

surveyed i n  Mich igan had now switched t o  p h o s p h a t e   e s t e r   h y d r a u l i c   f l u i d s  

as a replacement f o r  PCBs, these   rep lacemen t   f l u ids   were   f ound   to  be 

contaminated   w i th  PCBs a t   c o n c e n t r a t i o n s   o f  up t o  100 ppm (214). 

C o n t a m i n a t i o n   o f   p o u l t r y  and  eggs  has a1 so occurred as  a r e s u l t  

o f  a l eakage  f rom  heat   t rans fer   equ ipment   in  a N o r t h   C a r o l i n a   f i s h  meal 

p l a n t .  The f i s h  meal p o u l t r y   f e e d   f r o m   t h i s   p l a n t   c o n t a i n e d  PCB l e v e l  s 
o f  up t o  350 ppm (217). 

Two B r i t i s h  Columbia  min ing  companies  repor ted  the  l imi ted  use 

o f  PCB h e a t   e x c h a n g e   f l u i d s   i n   t h e   e a r l y   1 9 7 0 ' s .   F u r t h e r   d e t a i l s   a r e  
descr ibed i n  another  EPS r e p o r t  (207). The on ly   use  o f  PCBs as h y d r a u l i c  

f l u i d s  was repor ted   by  a tugboat  company which  used a t o t a l   o f  324 l i t r e s  

i n Mi t s u b i   t s h i   t u g b o a t  coup1 ings.  The PCBs have  s ince been  rep1  aced w i t h  

s i l i c o n e   f l u i d .  
A recent ly   completed  survey o f  h y d r a u l i c  and heat  exchange 

f l u i d s   i n   B r i t i s h  C o l u m b i a   i n d i c a t e d   t h a t   t h e s e   f l u i d s   a r e   n o t  

s i g n i f i c a n t l y   c o n t a m i n a t e d   w i t h  PCBs.  None o f   t h e   h e a t   t r a n s f e r   f l u i d s  

ana lyzed  conta ined  de tec tab le  amounts  of PCB ( l e s s   t h a n  1 ppm), w h i l e  one 
sample o f   h y d r a u l i c   f l u i d   f r o m  a f o r k  l ift conta ined 11 ppm PCB (216). 

5.1.3 Investment  Cast ing Wax. In   the   pas t ,   decach l   o rob i   pheny l  
was i n c o r p o r a t e d   a t  a concen t   ra t i on   o f   app rox ima te l y  20-30% i n t o  wax 
(deka wax) molds  used f o r   t h e   p r o d u c t i o n  o f  l o w - t o l e r a n c e   q u a l i t y   m e t a l  

cas t ings .  It i s   r e p o r t e d   t h a t  some waxes conta ined up t o  60% PCB. 
A l though much o f   t h e  wax  was recovered and  reused, s i g n i f i c a n t   l o s s e s  

probably   occurred as  a r e s u l t   o f   v a p o u r i z a t i o n  and  poor  housekeeping  and 

t h e   u l t i m a t e   d i s p o s a l   o f   u s e d  waxes i n   l a n d f i l l s .   D e c a c h l o r o b i p h e n y l  

used  by  the  investment   cast ing wax i n d u s t r y   i n   N o r t h  America was o f t e n  

impor ted  f rom  other   countr ies  (209,   214)  
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Monsanto   a lso   manufac tured   var ious   Aroc lo r   p roduc ts   fo r   use  i n  
p r e c i s i o n  wax c a s t i n g   o f   a i r c r a f t   p a r t s ,   i n   d e n t a l   c a s t i n g s  and i n   t h e  

c a s t i n g   o f  costume jewelry  (218,  219).  

Sampling o f   t he   rece iv ing   env i ronmen t   a t   two   i nves tmen t   cas t i ng  

f a c i l i t i e s   i n   t h e   U n i t e d   S t a t e s   i n  1976 i n d i c a t e d   t h a t  PCB l e v e l s   a t  
t h e s e   s i t e s  were  elevated. PCB concen t ra t i ons  o f  up t o  5.2 ppm were 

d e t e c t e d   i n   s o i l s   c o l l e c t e d   n e a r  one o f   t h e   c a s t i n g   f a c i l i t i e s   ( 2 2 0 ) .  

No such  uses o f  PCBs i n   B r i t i s h  Columbia  have  been  reported. 

5.1.4 Carbon1  ess  Copypaper  and  Paper  Recycl i ng P1 an ts .   P r io r  t o  
1971, PCB p l a s t i c i z e r s  had  been  used i n   t h e   i n k  and  paper  coatings o f  
thermographic ,   xerographic   or   pressure  sens i t ive  copy ing  processes  (214) .  

The major  usage  of PCB ( A r o c l o r   1 2 4 2 )   f o r   t h i s   a p p l i c a t i o n  was i n  

carbonless  copypaper   (221) .   Recyc l ing  o f   these  products  has r e s u l t e d   i n  

the   con tamina t ion   o f   f ood   packag ing   ma te r ia l s  and other  paper  products.  
I n ,   t h e   e a r l y   1 9 7 0 ' s   t h e   d e t e c t i o n   o f  PCBs i n  food  packaging 

ma te r ia l s   ra i sed   conce rn   ove r   poss ib le   hea l th   e f fec ts .  A survey o f   f o o d  

packag ing   ma te r ia l s  and packaged  goods was conducted  by  the  Canadian 

Hea l th   Pro tec t ion   Branch.   ,Approx imate ly  15% o f   t h e  samples  analyzed 
contained  between 1 and  10 ppm PCB and 3.4% conta ined more than  10 ppm. 

A limit f o r  PCB c o n t e n t   i n  Canadian  food  packaging  mater ia ls has no t  been 
s p e c i f i e d   b u t  the t o l e r a n c e  limit f o r  PCBs i n  paper food packaging 

m a t e r i a l   i n   t h e   U n i t e d   S t a t e s   i s  10 ppm. The s u r v e y   i n d i c a t e d   t h a t ,  
a l t hough   paperboard   con ta ined   t he   h ighes t   l eve l s   o f  PCBs, paper a1 so 
c o n t a i n e d   s i g n i f i c a n t   l e v e l s .   C l e a r   c e l l u l o s e  and o t h e r   p l a s t i c  
con ta ine rs   con ta ined  much . l ower   l eve l s .  Most packaged  foods  analyzed 

conta ined  very   low PCB concen t ra t i ons ,   bu t   concen t ra t i ons   o f   ove r  1.0 ppm 

i n  food  such as r i c e   ( 2 . 1  ppm) and d r i e d   f r u i t  (4 .5  ppm) i n d i c a t e d   t h a t  

PCBs could  migrate  in to   food  products   f rom  the  packaging  (222) .  
W h i l e   t h e r e   a r e  no r e g u l a t i o n s   g o v e r n i n g   a l l o w a b l e   l e v e l s   o f  

PCBs i n  f o o d   p a c k a g i n g   m a t e r i a l s   i n  Canada, Sec t ion  5 o f   t h e  Food and 

Drug  Ac t   p roh ib i ts   the   p resence  o f   unsafe  compounds. I n  Canada, 
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mon i to r i ng   o f  PCB l e v e l s   i n  food,  but  not  food  packages, i s  conducted 

r o u t i n e l y .  
The r e l e a s e   o f  PCBs f rom  paper   recyc l ing and d e - i n k i  ng p l a n t s  

has r e s u l t e d   i n   e n v i r o n m e n t a l   c o n t a m i n a t i o n .   A c c o r d i n g   t o   K l e i n e r t   ( 2 2 3 )  

t h e  PCBs detec ted  ( >  1 ppb) i n  discharges  f rom  the  Portage sewage 

t r e a t m e n t   p l a n t   i n   W i s c o n s i n   d u r i n g  a 1972 t o  1974  survey   were   a t t r ibu ted  

p r i m a r i l y   t o   c o n t r i b u t i o n s   f r o m  a f a c i l i t y   u s i n g  PCBs i n   t h e  
manu fac tu r ing   o f   ca rbon less   copypaper   p r i o r   t o  1971. The contaminat ion  

had  been  decreased s u b s t a n t i a l l y  by c l e a n s i n g   t h e   h o l d i n g   t a n k   b u t  

r e s i d u a l s  still remained i n   t h e  sewer  system. 

K l e i n e r t   ( 2 2 3 )  a1 so repor ted  that   severa l   Wisconsin  paper  

r e c y c l i n g   p l a n t s   d i s c h a r g e d  PCBs i n   t h e   e f f l u e n t s   i n   c o n c e n t r a t i o n s  

ranging  f rom 0.1 t o  )25 ppb. Aroclor  1242 was most  commonly de tec ted   bu t  
Aroc lor   1254 was p r e s e n t   i n  some cases. Wi sconsi n mil 1 s were r e q u i   r e d   t o  

s u b s t a n t i a l l y   r e d u c e   t h e i r  suspended s o l   i d s   d i s c h a r g e  and  one mill 

in t roduced  a t reatment  system  which  reduced  sol ids  output  f rom 18,160 

k g l d a y   t o  1,362 kg/day.   Whi le   wastes  conta in ing  approx imate ly  39 ppb 

en tered   the   t rea tment   sys tem,   f ina l   e f f luen t   concent ra t ions   were   reduced 

t o  1 ppb. 
Contaminated   f i sh  and sediments  have  been  reported i n   t h e  

Kalamazoo R ive r   nea r   t he   cen t re   o f   M ich igan ' s   paper   i ndus t r y .  

C o n c e n t r a t i o n s   o f  up t o  110 ppm i n   f i s h  and  380 ppm i n  sediments  have 

b e e n   d e t e c t e d .   A l t h o u g h   p a s t   d e - i n k i n g   p r a c t i c e s   a t   c e r t a i n   l o c a l   m i l l s  

i s  t h o u g h t   t o  be the   ma in   source   o f   con taminat ion ,   the   p rocess ing  o f  
r e c y c l e d   p a p e r   c o n t r i b u t e s   l o w e r   l e v e l s   o f   c o n t a m i n a t i o n .  A t  t h e   t i m e   o f  

t he   su rvey ,   M ich igan   paper   p lan t   e f f l uen ts   con ta ined  from 1 t o  10  ppb PCB 

(214). 
I n  1976 t h e   e f f l u e n t s  and rece iv ing   env i ronmen ts   o f   t h ree   paper  

i p l a n t s  on the   Fraser   R iver   were  sampled  by the   Env i ronmenta l   Pro tec t  

Serv ice .   On ly   the   Be lk in   Paperboard   L td .   p lan t  was found t o  be d i s -  

cha rg ing   de tec tab le  amounts o f  PCB. U n l i k e   t h e   o t h e r   t w o   p l a n t s ,  Be 

r e l i e s   a l m o s t   t o t a l l y  on recyc led   ma te r ia l   f o r   paper   p roduc t i on .  Re 
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e f f l u e n t s   c o n t a i n e d  0.45 ppb PCB i n  1976 (23) ,  however,  a mean 

c o n c e n t r a t i o n   o f  2.4 ppb was d e t e c t e d   i n   t h e   e f f l u e n t   i n  1979. It i s  
u n l i k e l y   t h a t   t h i s   v a r i a t i o n   r e f l e c t s  an i n c r e a s e   i n   e f f l u e n t   l e v e l s  

between  1976  and  1979, bu t   ra the r   t he   d i sc repancy  i s  probably  due t o  

f l u c t u a t i o n s   i n   e f f l u e n t  suspended so l   i ds   con ten t .  

The h i g h   l e v e l s   o f  PCBs a r e   a s s o c i a t e d   p r i m a r i l y   w i t h   t h e  
suspended  paper s o l i d s   w h i c h   e n t e r   t h e   e f f l u e n t   s t r e a m   p r i o r   t o  

d ischarge.   Concent ra t ions   o f  up t o  70 ppm have  been  detected i n   t h e  

B e l   k i  n c l a r i f i e r   u n d e r f l o w   s o l   i d s   ( s l  udge) . Sludges  have  been 

c o n t i n u a l l y   r e c y c l e d  as o f  September  1979,  however, u n t i l   r e c e n t l y   t h e  
l i m i t e d   c a p a c i t y   o f   t h e   c l a r i f i e r   r e s u l t e d   i n   c o n t i n u e d   e n t r y   o f  

PCB-contaminated s o l i d s   t o   t h e   r e c e i v i n g   e n v i r o n m e n t .  Due t o   t h e   c u r r e n t  

p r a c t i c e   o f   e f f l u e n t   r e c y c l e  and pa r t i a l   rep lacemen t   o f   p lan t   f reshwa te r  

i n t a k e   w i t h   r e c y c l e d   c l a r i f i e d   p r o c e s s   w a t e r ,   e f f l u e n t   d i s c h a r g e s   t o   t h e  

Fraser   River   have been  reduced  from 24,220 m3/day i n   t h e   1 s t   q u a r t e r  

o f  1980 t o  10,970  m3/day i n  the   4 th   quar te r .   So l ids   load ings   have 

a l s o  been s i g n i f i c a n t l y  reduced from 10.86 m e t r i c   t o n n e s / d a y   t o  1.15 

me t r i c   t onnes lday .  Suspended s o l i d s   c o n c e n t r a t i o n s   i n   t h e   e f f l u e n t s  have 

been  reduced from 449 mg/l i n   t h e   1 s t   q u a r t e r   o f  1980 t o  102  mg/l i n   t h e  

4 t h   q u a r t e r .  These reduc t i ons  i n  e f f l u e n t  and s o l i d s   o u t p u t  have 

s i g n i f i c a n t l y   d e c r e a s e d  PCR l o a d i n g s   t o   t h e   F r a s e r   R i v e r .  
The February 1980 amendment t o  Bel k i n '  s pol 1 u t i o n  c o n t r o l  

p e r m i t   s p e c i f i e d  an i n t e r i m  maximum discharge  o f  0.11 k g  (110 g)  PCBlday. 

Resu l ts   supp l ied   by   the  company t o   d a t e   s u g g e s t   t h a t   t h i s   o b j e c t i v e   i s  
be ing  met. PCB l o a d i n g s   f o r   t h e   p e r i o d  May t o  December,  1980  and f o r  

1981  ranged  from  0.01 t o  0.10 kg/day and from 0.003 t o  0.004 kg/day, 
r e s p e c t i v e l y .   I n   c o m p a r i s o n ,   e s t i m a t e s   o f  PCB l o a d i n g s   f o r  1979  and t h e  

month o f   A p r i l  1980  were 1 kg/day  and  from 0.03 t o  0.31 kg/day, 
r e s p e c t i   v e l  y, based on EPS data. 

5.1.5 P1 a s t i   c i   z e r s .   U n t i l   t h e   e a r l y   1 9 7 0 ' s  PCB's manufactured i n  

North  America  were  used  extensively as p l a s t i c i z e r s  and t h i s  was t h e  



- 63 - 

s i n g l e   l a r g e s t   d i s s i p a t i v e  use  of PCBs (209). The A r o c l o r   p l a s t i c i z e r s  
s o l d  by  Monsanto  were  comprised o f   v a r i o u s   c h l o r i n a t e d   b i p h e n y l  s and 

c h l o r i n a t e d   t e r p h e n y l  s. L i k e   t h e  PCB askare l  s ,  t hese   ma te r i  a1 s are  
i d e n t i f i e d   b y  a f o u r   d i g i t  code w i t h   t h e   f i r s t   t w o   d i g i t s   i n d i c a t i n g   t h e  

t y p e   o f   m a t e r i a l   ( 1 2  = c h l o r i n a t e d   b i p h e n y l  s;  25 = b l e n d   o f   c h l o r i n a t e d  

b ipheny ls  and c h l o r i n a t e d   t e r p h e n y l  s (75:  25) ; 44 = b lend  o f  c h l o r i n a t e d  

b ipheny ls  and c h l o r i n a t e d   t e r p h e n y l  s (60:40) ; 54 = c h l o r i n a t e d  

te rpheny l  s)  . The l a s t  two d i g i t s   i n d i c a t e   t h e   p e r c e n t   c h l o r i n e   c o n t a i n e d  

by  weight .   Therefore,   Aroc lor  5460 i s  a ch lo r i na ted   t e rpheny l   p roduc t  
c o n t a i n i n g  60% c h l o r i n e  by  weight. These ma te r ia l s   range  from c l e a r  

f l u i d s   t o  powders  depending on t h e   c h l o r i n e   c o n t e n t .   A r o c l o r  

p l a s t i c i z e r s   a r e  among t h e  most v e r s a t i l e  due t o  a v a r i e t y  o f  
c h a r a c t e r i s t i c s .  They a re   chemica l l y   res i s tan t ,   pe rmanen t l y  
t h e r m o p l a s t i c ,   c o m p a t i b l e   w i t h  most r e s i n s ,   f i r e   r e t a r d a n t ,   a d h e s i v e  and 

non-ox ida t i  ve. They cou ld  be used t o  p l a s t i c i z e   r e s i n s   w i t h o u t   s o f t e n i n g  

and  were u s e f u l   i n  many s y n t h e t i c   r e s i n s   i n c l u d i n g   p o l y v i n y l   c h l o r i d e ,  

po l ye thy lene ,   po l ys ty rene  and p o l y u r e t h a n e .   A r o c l o r   p l a s t i c i z e r s  were 

promoted f o r  use i n   i m p a r t i n g   f l e x i b i l i t y  and o t h e r   d e s i r a b l e   q u a l i t i e s  

t o   s e a l i n g  compounds, adhesives,   lacquers,   pa ints ,   inks,   varn ishes,  

fabr ic   coa t ings ,   ch lo r ina ted   rubbers ,   p igment   d ispers ions ,  and a l s o  as 

extenders i n  e lastomers and  waxes. 
A d d i t i o n  o f  A r o c l o r  4456 and  5460 r e s u l t e d   i n   q u i c k   d r y i n g  

p a i n t s   o f   g r e a t   d u r a b i l i t y .   A r o c l o r   p l a s t i c i z e r s   w e r e   e x c e l l e n t  

d ispers ion   med ia   fo r   p igments  used i n   p a i n t s  and varn ishes  and  were 

i m p o r t a n t   a d d i t i v e s   t o   h e a t - r e s i s t a n t   a l u m i n u m   p a i n t s  and  enamels 
c o n t a i n i n g   s i l i c o n e   r e s i n s .   A r o c l o r   p l a s t i c i z e r s   r e s i s t   s a l t   w a t e r  and 

d e t e r   a l g a e   g r o w t h .   F o r   t h i s   r e a s o n   c h l o r i n a t e d   r u b b e r   c o a t i n g s  and 
m a r i  ne a n t i   f o u l  i ng p a i   n t s   c o n t a i   n i   n g   A r o c l   o r   p l   a s t i   c i   z e r s   h a v e  been 

widely   used i n   t h e   m a r i n e   i n d u s t r y   f o r   t h e   p r o t e c t i o n   o f  wood  and metal 
on  marine  vessels and other  equipment (219). A c c o r d i n g   t o  Young and 

Heesen (224)   Aroc lo rs  1254 o r  1242  were  detected i n  7 o f  28 we t   pa in t  

samples  analyzed i n  1973.  Median l e v e l s   o f   A r o c l o r   1 2 4 2  and  1254  were 0.3 
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mg/l and 0.7 mg / l ,   r espec t i ve l y ,  however, t o t a l  PCB c o n c e n t r a t i o n s   i n   t w o  

sampl  es  exceeded  40  mg/l . I n   a d d i t i o n  , 16  sampl  es o f   a n t i   f o u l   i n g   p a i n t s  

s c r a p e d   f r o m   d r y   d o c k   f a c i l i t i e s   u s u a l l y   c o n t a i n e d  PCBs a t   l e v e l s   o f   l e s s  

t h a n  20   mg/ l   bu t   concent ra t ions   o f  up t o  150,000 mg/l  were  detected. 

Young and  Heesen (224)   suggest   tha t   the   e leva ted  PCB l e v e l s   d e t e c t e d   i n  

harbour   reg ions o f  s o u t h e r n   C a l i f o r n i a   a r e   r e l a t e d ,   i n   p a r t ,   t o   i n p u t s  

f rom  PCB-con ta in ing   an t i f ou l i ng   pa in ts .  These p a i n t s   a r e   d e s i g n e d   t o  
r e l e a s e   t o x i c a n t s  wi th  t ime.  According t o   t h e s e   a u t h o r s  it has  been 

e s t i m a t e d   t h a t  5-10% o f   t h e   p a i n t  removed  from vesse l   bo t toms   re tu rns   t o  
harbour   waters .   A l though  there i s  no a v a i l a b l e   i n f o r m a t i o n  on PCB l e v e l s  

i n   p a i n t s  used i n   B r i t i s h  Columbia,  very  high PCB concentrat ions  have 
been d e t e c t e d   i n   t h e   s e d i m e n t s   o f f   s h i p y a r d s   i n   t h e   V a n c o u v e r   a r e a   ( r e f e r  

t o  Sec t ion  2.1). 
PCBs have a1 so been d e t e c t e d   i n   p a i n t s  and sealants  used  on 

s i l o s   i n   t h e   U n i t e d   S t a t e s .   P a i n t   c h i p s   c o l l e c t e d   f r o m   t h e   i n s i d e   w a l l s  

o f   s i l o s   c o n t a i n e d   u p   t o  10,000 ppm. H igh   leve ls   have  a lso  been de tec ted  

i n   t h e   s i l a g e   ( u p   t o  60 ppm) w i t h   t h e   h i g h e s t   c o n t a m i n a t i o n   o c c u r r i n g   i n  

t h e  samples c o l  1 ec ted   nea r   t he   s i1  o w a l l  s. The consumpti on o f  
contaminated   s i  1 age  by  dai ry  herds has on o c c a s i o n   r e s u l t e d   i n   m i l k  

c o n t a i n i n g  PCB l e v e l s  above t h e  FDA g u i d e l i n e  (225, 226, 227). 

Other   pas t   uses   o f   Aroc lo r   p las t i c izers   inc lude  p igment  
d ispers ion  i n   p r i n t i n g   i n k s  and t h e  deco ra t i on  o f  g lass  and ceramics 

(228). 
PCBs used i n   p l a s t i c i z e r   a p p l i c a t i o n s   u l t i m a t e l y  f i nd  t h e i r  way 

t o  dumps and l a n d f i l l s .   S i n c e  PCBs are  impregnated i n   t h e   m a t e r i a l s  

be ing  d iscarded,   they  are  re leased  to   the  env i ronment   very   s lowly .  

Release t o   t h e  a tmosphere   resu l ts   th rough  the   d i rec t   vapour iza t ion  from 
pa in ts ,   coa t i ngs  and p l a s t i c s   ( u p   t o  20%) and from t h e  open bu rn ing  o f  
r e f u s e   a t   l a n d f i l l s  (214). 

5.1.6 Electromagnets. PCBs have a1 so been  used as d i e l e c t r i c  

f l u i d s   i n   e l e c t r o m a g n e t s .  A su rvey   o f  such  use i n  Canada revea led   t he  
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presence o f   t h e s e   u n i t s   o v e r   c o a l  , ore, and gra in   conveyors.   E l 'even  un i ts  

were  found i n   B r i t i s h  C o l u m b i a   g r a i n   e l e v a t o r   f a c i l i t i e s .   U n d e r   n o r m a l  

o p e r a t i n g   c o n d i t i o n s   e l e c t r o m a g n e t s   a r e   c o n s i d e r e d   t o  be c losed systems. 

A c c i d e n t a l   l e a k a g e   o f  PCR f rom  electromagnets  over  ore o r  coal  conveyors 
would  not  pose a ser ious  env i ronmenta l  o r  hea l th   haza rd  as human con tac t  

wou ld   be   neg l ig ib le .  However, s p i l l a g e  o f  PCBs onto  gra in   conveyors 

poses a p o t e n t i a l l y   s e r i o u s   h e a l t h   h a z a r d .  Such  an i n c i d e n t  has a l ready  

o c c u r r e d   a t  one R r i t i s h  Columbia f a c i l i t y .  Fo r  t h i s  reason  the   opera t ion  
o f   P C B - f i l l e d   e l e c t r o m a g n e t s   i n   f o o d  o r  f e e d - h a n d l i n g   f a c i l i t i e s  was 

banned  under the  Environmental  Contaminants  Act as o f   J u l y  1, 1980. All 
P C B - f i l l e d   e l e c t r o m a g n e t s   i n   R r i t i s h   C o l u m b i a   f o o d  and f e e d   f a c i l i t i e s  

have now been  rep1  aced w i t h  non-PCB t y p e s .   B r i t i s h  Col  umhia m in ing  and 
coa l  companies  have  not  reported any  use o f   P C B - f i l l e d   e l e c t r o m a g n e t s  
over  ore o r  coal   conveyors.  

5.1.7 Pigments. The presence  o f  PCBs i n   d i a r y l i d e  and ph tha lo -  
cyanine  pigments  used i n   N o r t h  America was r e c e n t l y   i n v e s t i g a t e d .  These 

pigments  have  been  found t o   c o n t a i n  PCB concent ra t ions   rang ing   f rom  less  

than  50 t o  severa l   thousand  par ts   per  mil 1 ion   (229 ) .  They are   p resent  

as a resu l t   o f   chemica l   reac t i ons   i n   t he   manu fac tu r ing   p rocess   wh ich  
u t i l i z e s   t r i c h l o r o b e n z e n e  as t h e   r e a c t i o n  medium (228) .   I n  May o f  1979 

the   Un i ted   S ta tes   Env i ronmen ta l   P ro tec t i on  Agency  announced i n   t h e  

Federa l   Regis ter  (229)  t h a t   w i t h i n  2 yea rs   t he   i ndus t r y   wou ld   have  made 

the  necessary  changes t o   t h e   m a n u f a c t u r i n g   p r o c e s s   t o   r e d u c e  PCB 1 eve1 s 
t o   b e l  ow 50 ppm. The i n d u s t r y  was a u t h o r i z e d   t o   c o n t i n u e   t h e   u s e   o f  

p igments  containing  more  than 50 ppm u n t i l   J a n u a r y  1 , 1982  and t o  

c o n t i n u e   t h e i r   p r o c e s s i n g  and d i s t r i b u t i o n   u n t i l   J u l y  1, 1979. 
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5.2 Mi s c e l l  aneous Uses 

5.2.1 Natura l  Gas P i  pe l  i nes. I n   t h e   p a s t  PCBs were  used i n  

n a t u r a l  gas pipel ine  compressors.   Residual  PCB concen t ra t i ons  o f  up t o  

44,000 ppm have   recen t l y  been found i n  compressors i n  t h e   U n i t e d   S t a t e s  
(229 ) .   Under   con t rac t   t o  EPS, n a t u r a l  gas p ipe l i ne   compresso r   o i  1 s i n  

B r i t i s h  Columbia  were  sampled t o  de te rm ine   t he   ex ten t  o f  t h i s  problem. 
None o f   t h e  samples  analyzed  conta ined  detectable  concentrat ions  o f  PCBs 

(216). 

5.2.2 Microscopy. PCBs have a l s o  been  used  as  microscope 

i m m e r s i o n   o i l s .   I n  a 1 9 7 8   s t u d y   t h e   m a j o r i t y   o f   t h e s e   o i l s   i n   u s e   i n  

the   Un i ted   S ta tes   con ta ined  30-45%  PCB's (Aroc lo r   1254)   (230) .   Th is   use  
has  been e l i m i n a t e d   i n  Canada  and EPS undertook a c o l l e c t i o n   p r o g r a m   i n  

1977-78 t o   d i s p o s e   o f   t h e  PCB o i l s .  

5.2.3 B r idge   Rear i  ngs. A ra ther   unusual   use o f  PCBs has been 

i d e n t i f i e d   i n   t h e   P a c i f i c  Region. A m i x t u r e   o f   e x t r e m e   p r e s s u r e   o i l  

(60%) and A r o c l o r  1248  (40%) i s   b e i n g  used f o r   r o c k e r  and r o l l e r   b e a r i n g  
l u b r i c a n t s  on t h e   R u r r a r d   S t r e e t  and G r a n v i l l e   S t r e e t   b r i d g e s   i n  

Vancouver. I n  1978, PCB f l u i d s  were i d e n t i f i e d   i n  42 rocke r  and 1 0   r o l l e r  
bear ings  ( t o t a l  o f  2,885 l i t r e s )  on t h e  B u r r a r d   S t r e e t   b r i d g e  and i n  14 

r o l l e r   b e a r i n g s   ( t o t a l   o f  4,300 l i t r e s )  on t h e   G r a n v i l l e   S t r e e t   b r i d g e .  
Approx imate ly  150 l i t r e s   o f   f l u i d  were i n  s torage.  

A l though  the  bear ing  cases  were  des igned  to  be leak   p roo f ,  
metal   covers on t h e   B u r r a r d   S t r e e t   b r i d g e   r o c k e r   b e a r i n g   c a s e s   i n   t h e  

c o n c r e t e   s e c t i o n   o f   t h e   b r i d g e  had s h i f t e d   w i t h   b r i d g e  movement  and p u t  

s u f f i c i e n t   p r e s s u r e  on the   s ides   o f   t he   cases   t o   cause   c racks .   C racks   i n  

bearing  cases  have  caused  occasional PCB l e a k s   t o   t h e   s o i l s  and sediments 
below.  These s p i l l s  have r e s u l t e d   i n   l o c a l i z e d   a r e a s  o f  s o i l  
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contaminat ion  (Appendix  7; F i g u r e   4 )   d i r e c t l y   b e l o w   t h e   B u r r a r d   S t r e e t  

b r idge.  The s t e e l   b r i d g e   c o n s t r u c t i o n  and the  neoprene  covers on t h e  

G r a n v i l l e   S t r e e t   b r i d g e   b e a r i n g   c a s e s   p r e v e n t   t h i s   p r o b l e m .  

As requested  by  the  Envi ronmenta l   Protect ion  Serv ice,  PCB 

f l u i d s  now have  been  removed  from all l e a k i n g   b e a r i n g s  and r e p l a c e d   w i t h  

a d r y   g r e a s e   l u b r i c a n t .  The City o f  Vancouver  has  been i n v e s t i g a t i n g   t h e  

s u i t a b i l i t y  o f  r e p l a c e m e n t   f l u i d s   o r  a1 te rna te   me thods   o f   bea r ing  

1 u b r i c a t i o n   f o r   t h e   r e m a i n i n g   b e a r i n g s .   L i g h t e r   t y p e s  o f  o i l   a r e   n o t  

s u i   t a b l e  as t h e   d e s i g n   o f   t h e   b e a r i n g   c a s e s  a1 l o w s   t h e   e n t r y   o f   w a t e r  

which  would wash t h e   o i  1 ou t  (PCB o i  1 s are   heav ie r   t han   wa te r ) .  EPS 

reques ted   tha t   the   remain ing  PCB f l u i d s  be   rep laced  and  tha t   the  
contaminated   so i l s   be  removed  and p roper l y   d i sposed   o f .  The contaminated 

soi 1 has  been  removed  and t h e   a r e a   b a c k f i l l e d   w i t h   g r a v e l  and a s p h a l t i c  
concrete. The bear ing  cases s t i l l   c o n t a i n i n g  PCBs are  being  checked  on a 

mon th l y   bas i s .   A l though   the re   a re  no immediate  p lans f o r  the  removal o f  
t he   rema in ing  PCB f l u i d s ,   t h e y  do not  appear t o  be pos ing  a t h r e a t   t o   t h e  

env i ronment   a t   the   p resent   t ime.  The use o f  PCBs as b r i d g e   b e a r i n g  

l u b r i c a n t s   a p p e a r s   t o   b e   u n i q u e   t o   t h e s e   b r i d g e s  and PCB f l u i d s  have  not 

been i d e n t i f i e d   i n   b r i d g e   b e a r i n g s   e l s e w h e r e   i n  Canada. 

5.2.4 Road O i l s .  The use o f   w a s t e   o i l s   t o   c o n t r o l   d u s t  on roads 
has a1 so l e d   t o   t h e   e n t r y   o f  PCBs i n t o   t h e   e n v i  ronment.  Waste o i  1 s a r e  

o f t e n   f o u n d   t o  be con tamina ted   w i th   l ow   l eve l  s o f  PCB. O f  twenty- two 
samples o f  waste o i l s   t e s t e d   b y   t h e   O n t a r i o   M i n i s t r y   o f   t h e   E n v i r o n m e n t ,  

t h i r t e e n   c o n t a i n e d  PCSs , w i t h  one  sample c o n t a i n i n g  1135 ppm (231). 

Similar a n a l y s i s  o f  7 waste  o i  1 samples f rom  the  Vancouver  area  by EPS 

d i d   n o t   d e t e c t  PCBs i n  most  instances. PCBs were d e t e c t a b l e   i n   o n l y  2 
samples w i t h   t h e   h i g h e s t   c o n c e n t r a t i o n   b e i n g  2.9 ppm A r o c l o r  1254.  Most 

o f   t h e   o i l s   t e s t e d  were   compr i sed   ma in l y   o f   used   mo to r   o i l  and t h e  

absence o f  PCBs i s   n o t   s u r p r i s i n g .  The sample c o n t a i n i n g   t h e   h i g h e s t  PCB 

concen t ra t i on  was a composite  taken  from 6 tanks   a t   one o f  t h e   w a s t e   o i l  

companies.  These tanks   con ta ined a m i x t u r e  o f  o i l s   f r o m   v a r i o u s   s o u r c e s  

and  were  being  used  as  road  oi 1 s. 
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so 
f o r   a n a l y s i s  

il from  severa 

and PCBs were 

Concent ra t ions  ranged  f rom 

1 o i l e d  roads  around  Vancouver  were  col lected 

d e t e c t e d   i n   a l m o s t  all samples. 

5 t o  120,000 ppb  (Appendix 7 ;  F i g u r e  4 ) .  The 

h i g h e s t   l e v e l s  were  detected i n   t h e   M u n i c i p a l i t y   o f   S u r r e y .  The mean PCB 

l e v e l   i n   s o i l s   f r o m   f i v e   r o a d s   i n   S u r r e y  was 31,600 ppb. The s o u r c e   o f  
t h e   w a s t e   o i l  used  on  these  roads was no t   de termined  bu t  it i s   l i k e l y  
t h a t  i t  c o n t a i n e d   a t   l e a s t  some was te   t rans fo rmer   o i l s .  

A study  conducted i n   t he   Un i ted   S ta tes   by   t he   Env i ronmen ta l  
P r o t e c t i o n  Agency conc luded   tha t   on l y  1% o f   t h e   o i l  used as dust  
supressants on unpaved  roads  remains on the   road  sur face .  Between  70  and 
75% i s  removed w i t h   s u r f a c e   r u n o f f  and dust and an a d d i t i o n a l  25-30% i s  

l o s t   t h r o u g h   v o l a t i l i z a t i o n ,   a d h e s i o n   t o   v e h i c l e s  and b iodegrada t ion  

(232). 

5.2.5 C u t t i n g  0 i  1 s. Arocl  or  1254  has  been  used as an extreme 

p r e s s u r e   l u b r i c a n t   i n   t h e   f o r m u l a t i o n   o f  some c u t t i n g   o i l s .  The heat 

res i s tance   impar ted   by  PCBs i s   i m p o r t a n t   i n   c u t t i n g   o i l s  used f o r  

machin ing  h igh  grade  s tee l   (218) .  
No such  usage  has  been i d e n t i f i e d   i n   B r i t i s h  Columbia. 

5.2.6 Pesticides.  Several  Aroclor  products  have  been  promoted  as 
sui t a b l e  f o r  use i n  non-c rop   i n sec t   fo rmula t ions   con ta in ing   ch lo r ina t ed  
i n s e c t i c i d e s .  They a c t  as a dus t   suppressant   and  s t i ck ing   agent  and  have 

been  found t o   s i g n i f i c a n t 1 . y   e x t e n d   t h e   k i l l   l i f e   ( 2 1 8 ) .  
I n   B a l t i m o r e ,   U n i t e d   S t a t e s   t h e  use o f  t r a n s f o r m e r   o i   1 s  as a 

base f o r  c h e m i c a l   d e f o l i a n t s   a p p l i e d   t o   r i g h t - o f - w a y s   r e s u l t e d   i n   t h e  

contaminat ion  o f   nearby  da i ry   farm  pasture  lands.   Consequent ly ,   e levated 

1 eve1 s o f  PCBs were d e t e c t e d   i n   m i l k  samples  (217). A1 so, h i g h  PCB 
l e v e l  s d e t e c t e d   i n   f e e d 1   o t   c a t t l e   i n  Kansas (70 t o  2200 ppm i n   f a t )  were 

t r a c e d   t o   t h e   u s e   o f   w a s t e   t r a n s f o r m e r   o i  1 as  an i n s e c t i c i d e   c a r r i e r   i n  

ca t t l e   backsc ra tche rs   (233 ) .  

There i s  no evidence o f  PCB use as p e s t i c i d e   e x t e n d e r s   o r  

c a r r i e r s   i n   B r i t i s h  Columbia. 
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5.3 Municipal   Sources 

A1 though  the   uses   o f  PCBs have  been s e v e r e l y   r e s t r i c t e d   s i n c e  

t h e   e a r l y   1 9 7 0 ' ~ ~   t h e s e  compounds s t i l l   e n t e r   t h e   e n v i r o n m e n t   i n  

s i g n i f i c a n t  amounts. Mun ic ipa l  sewage t r e a t m e n t   p l a n t s ,   i n c i n e r a t o r s  and 
1 a n d f i  11 s e x i s t  as p o t e n t i a l   s o u r c e s   o f  PCB re1  ease  due t o   t h e   p a s t  and 

present   d isposa l   o f   PCB-conta in ing  consumer products ,  and t h e   p a s t  
d i s p o s a l   o f   e l e c t r i c a l   e q u i p m e n t  and i n d u s t r i  a1 wastes. 

5.3.1 Sewage Treatment  Plants.  PCB l e v e l  s i n  sewage t rea tment  
p l a n t   l i q u i d   e f f l u e n t s   a r e   u s u a l l y   l o w ,  however, t he   cons ide rab le  volume 

o f   d i scha rge   f rom some o f   t h e   l a r g e r   p l a n t s  can r e s u l t   i n   s u b s t a n t i a l  

l oad ings   t o   t he   aqua t i c   env i ronmen t .  
For  example, i n  1971 i t  was e s t i m a t e d   t h a t   o v e r  one b i l l i o n  

g a l l o n s   o f   w a s t e w a t e r   p e r  day   en te red   t he   coas ta l   wa te rs   o f   sou the rn  
C a l i f o r n i a   f r o m  sewage systems.  This was c o n s i d e r e d   t o  be the   ma jo r  

sou rce   o f  PCB t o   t h e   C a l i f o r n i a   B i g h t .   E l e v a t e d  PCB l e v e l  s have  been 

demonstrated i n   t h e   b i o t a  and sediments  around  the  larger   wastewater   out -  

f a l l s  (234 ) .   I npu ts   o f  PCB t o   t h e  S o u t h   C a l i f o r n i a   B i g h t  have  decreased 

s i g n i f i c a n t l y   s i n c e   t h e   i m p l e m e n t a t i o n   o f   u s e   r e s t r i c t i o n s .   D i s c h a r g e s  

i n  1971  were  estimated t o  be 19,000 k g   w h i l e   r e l e a s e s   i n  1974  and  1975 

were  approximately 5400 kg  and  3080  kg, respec t i ve l y   (224 ,  235). 
Four  day  composites o f   i n f l u e n t s  and e f f l u e n t s   f r o m   s e v e r a l  

sewage t r e a t m e n t   p l a n t s   i n   B r i t i s h   C o l u m b i a   w e r e   c o l l e c t e d   b y   t h e  

Envi   ronmenta l   Protect ion  Serv ice ( E P S )  i n  1976 ( 7 1  , 208)  (Appendix  6). 

A n a l y t i c a l   r e s u l t s   d e m o n s t r a t e d   t h a t  PCBs w e r e   p r e s e n t   a t   a l l   p l a n t s  i 

ppt   concen t ra t i ons .  The h ighes t   concen t ra t i ons  were d e t e c t e d   i n   t h e  

i n f l u e n t s   o f   p l a n t s   r e c e i v i n g   l a r g e  amounts o f   i n d u s t r i a l   w a s t e s   s u c h  

t h e   I o n a   I s l a n d  (0.143 - + 0.036 ppb) and Pr ince  George p l a n t s  (0.108 - + 

n 

as 

0.047 p p b ) .   I n f l u e n t s  a t  t h e   A n n a c i s   I s l a n d   p l a n t   w e r e   s u r p r i s i n g l y   l o w  

(0.059 - + 0.023 p p b )   c o n s i d e r i n g   t h e   l a r g e  volume o f   i n d u s t r i a l   w a s t e s  

rece ived .   Concen t ra t i ons   i n   t he   Annac i  s samples  were  comparable t o  
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those  de tec ted   in   the   was tes   o f   smal le r   towns  such as  Cache Creek, 

M iss ion  and Williams Lake. E f f l u e n t s  from t h e   I o n a   I s l a n d   p l a n t  

c o n t a i n e d   s i g n i f i c a n t l y   h i g h e r   c o n c e n t r a t i o n s   o f  PCB (0.081 - + 0.018 ppb) 

t h a n   d i d   e f f l u e n t s   f r o m  any o f   t h e   o t h e r   p l a n t s  ( <  0.005 - 0.048 ppb). 

Grab  samples o f   e f f l u e n t   w e r e   c o l   l e c t e d   a t   t h e   I o n a   I s 1  and, 

L u l  u I s l a n d  and  Annacis  Is land  plants  by  Cain " e t  a1 (236)  i n  1978 

(Appendix 6 ) .  These  sampl  es conta ined much h i g h e r   l e v e l s   o f  PCBs than  

were   de tec ted   dur ing   the  EPS s u r v e y ;   c o n c e n t r a t i o n s   a t   t h e   t h r e e   p l a n t s  
were 0.3, 0.13 and 0.24 ppb, respec t i ve l y .  PCB l e v e l s   i n   w a s t e w a t e r s   a r e  
v a r i a b l e  and  can  be i n f l uenced   by   t he   t ime  o f  day a t  which  samples  are 

c o l   l e c t e d ,   f l o w   r a t e ,  number  and t y p e   o f   i n d u s t r i e s   d i s c h a r g i n g   i n t o   t h e  

system, and suspended s o l i d s   c o n t e n t .  It i s   a l s o   p o s s i b l e   t h a t  

d i f f e r e n c e s   i n   c o n c e n t r a t i o n s  may occur  as a r e s u l t   o f   v a r i a t i o n s   i n  

e f f i c i e n c y   o f   e x t r a c t i o n  o r  o t h e r   d i f f e r e n c e s   i n   a n a l y t i c a l   t e c h n i q u e s   o r  

samp l ing   p rocedures .   Add i t i ona l   samp l ing   w i th   i n te r l abo ra to ry   ana ly t i ca l  

comparisons  would  be  requi  red t o  more  re1 i a b l y   d e t e r m i n e  PCB re leases  

f r o m   t h e s e   f a c i l i t i e s .  

I n  comparison,  the  sampling o f  sewage t r e a t m e n t   p l a n t   e f f l u e n t s  

i n  more h e a v i l y   i n d u s t r i a l i z e d   a r e a s   o f   N o r t h   A m e r i c a   d e m o n s t r a t e d  

somewhat 

sampled 
i n f l  uent 

Hami 1 t o n  

h 

i n  

P 
PCBs (238) 

g h e r   l e v e l s   o f  PCBs. Four o u t   o f   s i x  sewage t r e a t m e n t   p l a n t s  

southern   Ontar io   con ta ined more than  2 ppb PCB i n   t h e  raw 
The h ighes t   concen t ra t i on  (10.8 ppb) was d e t e c t e d   a t   t h e  

ant  (237).   Data  presented i n   t h e  1976  Task  Force  Report on 
i n d i c a t e s   t h a t   a l t h o u g h  most o f   t h e  33 O n t a r i o   p l a n t s  

mon i to red   d ischarged  less   than 1 k g   o f  PCB/year, t h e  most i n d u s t r i a l i z e d  

p lan ts   d i scha rged  much l a r g e r  amounts. The Hami l t on   p lan t   re leased  

approx imate ly  26 kg l y r ;   To ron to   (Ma in ) ,  119 kg /y r ;   Toron to  (Humber),  42 
k g l y r ;  and  Windsor  West, 36 kg/yr .  

The e f f i c i e n c y  o f  PCB removal  from  municipal  wastewaters 

depends  upon t h e   l e v e l  and t ype   o f   t rea tmen t   emp loyed   by   t he   t rea tmen t  

plant.   Secondary  t reatment  systems  are  normal ly more e f f e c t i v e   a t  

removing  contaminants  than  are  pr imary  systems. 
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I n  a study  conducted  under  the  Canada-Ontario  Great  Lakes  Water 

Q u a l i t y  Agreement 33  sewage t rea tment   p lan ts   were   sampled   fo r  PCBs. The 

a v e r a g e   e f f i c i e n c i e s   o f  PCB removal from pr imary  and  secondary  systems 

were  approximately 50% and 66%, r e s p e c t i v e l y   ( 2 3 9 ) .  
O f  t h e  sewage t r e a t m e n t   p l a n t s  sampled i n   B r i t i s h  Col umbi a, PCB 

removal e f f i c i e n c i e s   f o r   t h e   t w o   p r i m a r y   p l a n t s ,   A n n a c i s   I s l a n d  and Iona 

Is land,   were 42%  and  43%, respec t i ve l y .  The percent  removals o f  
s e c o n d a r y   t r e a t m e n t   p l a n t s   v a r i e d   f r o m   p l a n t   t o   p l a n t   b u t   i n  most  cases 
w e r e   s u b s t a n t i a l l y   h i g h e r   t h a n   t h o s e '   o f   p r i m a r y   p l a n t s .  

C1 i n t o n  and Wi l l i ams  Lake are  secondary  systems  employing 

h i  o l   og ica l   lagoons.  The reason f o r   t h e   h i g h e r  PCB removal  from  the 

Wi 11 iams  Lake p lan t   (89% as  compared t o  53% a t  C1 i n t o n )   i s   n o t  known. 
The W i l l i a m s  L a k e   p l a n t   u t i l i z e d   m e c h a n i c a l   a e r a t i o n   w h i l e   C l i n t o n   r e l i e s  

on na tu ra l   ae ra t i on .  A comparison of NH3 and COD r e d u c t i o n   a t   b o t h  

p l a n t s  do n o t   i n d i c a t e  a l o w e r   l e v e l   o f   t r e a t m e n t   a t   C l i n t o n .  

O f  t h e   a c t i v a t e d   s l  udge p l a n t s ,   P r i n c e  George  had t h e   h i g h e s t  

removal (75%)  f o l l o w e d   c l o s e l y   b y   P e n t i c t o n  (69%). Both  p lants   were 

o p e r a t i n g   w e l l  a t  t h e   t i m e  o f  sampling as demonstrated  by  the  good COD 
removal and n i t r i f i c a t i o n .   M i s s i o n  and  Cache Creek  plants  were  operat ing 

l e s s   e f f e c t i v e l y  as r e f l e c t e d   b y   l o w e r  PCB removals and a1 so by t h e   f a c t  
t h a t   t h e r e  was l i t t l e   o r  no n i t r i f i c a t i o n .   I n   b o t h   c a s e s ,   p o o r  

e f f i c i e n c y  may b e   a t t r i b u t e d   t o   h i g h   s l u d g e  age  and consequent  poor 

secondary c l   a r i  f i c a t  i on ( 240) . 
Tucker " e t  a1 (241) showed tha t   &der   exper imen ta l   cond i t i ons ,  

t h e  mono- and d ich lorobiphenyl   isomers  undergo  pr imary  degradat ion  by 

cu l tu res   o f   ac t i va ted   s ludge   m ic roo rgan isms .  However, severa l  
researchers  (239, 241, 242)  have  concluded  that   there i s  no i n d i c a t i o n   o f  

s i g n i f i c a n t   b i o d e g r a d a t i o n   o f   h i g h l y   c h l o r i n a t e d   A r o c l o r s   1 2 5 4   a n d   1 2 6 0  

i n  convent ional   secondary  t reatment  systems. The r e s i s t a n c e   o f  PCBs t o  

b i o l o g i c a l   d e g r a d a t i o n   i n c r e a s e s   w i t h   i n c r e a s i n g   c h l o r i n a t i o n   o f   i s o m e r s .  

Fo r   t h i s   reason ,   A roc lo rs  1254  and  1260 are  found  most commonly i n  
Ir 

E 

Y 
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I 

wastewater  systems. Due t o   t h e i r  ext reme  pers is tence i t  i s   a l s o   t h e s e  

h i g h l y   c h l o r i n a t e d  compounds wh ich   a re   de tec ted   mos t   f requen t l y   i n  

envi  ronmental  samples . 
PCB removal d u r i n g   p r i m a r y  and secondary  treatment i s   m a i n l y  

a s s o c i a t e d   w i t h   t h e   r e m o v a l   o f  suspended s o l   i d s   b y   s e t t l i n g .   F o r   t h i s  

reason PCR c o n c e n t r a t i o n s   o f  sewage s l  udges are   very   h igh .  PCBs adsorb 

t o  suspended m a t t e r   i n   s l u d g e s ,   a r e   d i s s o l v e d   i n   f a t s  and inges ted   by  
microorganisms  (237,  243). 

Undigested  sludges  from 4 sewage t r e a t m e n t   f a c i l i t i e s   i n  
On ta r io   con ta ined  PCBs ranging  f rom 0.6-76.6 ppm ( d r y   w e i g h t ) ,   w i t h   t h e  

h i g h e s t   l e v e l s   b e i n g   d e t e c t e d   i n   s l u d g e s   f r o m   t h e   H a m i l t o n   p l a n t .  

Sludges  from a l l   o t h e r   p l a n t s  were l e s s   t h a n  3.2  ppm (239). PC6 

concent   ra t ions   in   s ludges   f rom  Mich igan sewage t r e a t m e n t   f a c i  1 i t i e s  were 
much higher,   averaging 15.5 ppm w i t h  a maximum o f  350 ppm (214). 

Very  few sampl  es o f  sewage s l  udges from B r i t i s h  Col  umbia p l a n t s  

have been analyzed.  However, i n  1976 s i g n i f i c a n t   l e v e l s   o f  PCBs were 

found i n   d i g e s t e r   s l u d g e s  from Pent ic ton  (840  ppb)  and P r i n c e  George 

(2900 ppb) and i n  raw and d i g e s t e r   s l  udges f rom  Iona  Is1 and (1900 and 

1100  ppb, r e s p e c t i v e l y )   ( 2 0 8 ) .   S u r p r i s i n g l y   o n l y   t r a c e   c o n c e n t r a t i o n s  o f  
PCBs were d e t e c t e d   i n   A n n a c i s   I s l a n d   s l  udges i n  1979 (71) .  

Due t o   t h e   p o t e n t i a l l y   h i g h   c o n c e n t r a t i o n s   o f  PCBs and o t h e r  
t o x i c   c h e m i c a l s ,   t h e  d i s p o s a l  of s e w a g e   s l u d g e s  i s  o f  concern. Sludges 

are   no rma l l y   d i sposed   o f   by   i nc ine ra t i on ,   depos i t i on  on a g r i c u l t u r a l  
l a n d ,   o r   l a n d f i l l i n g .   H i g h   t e m p e r a t u r e   i n c i n e r a t i o n   ( 8 1 5   t o  925  degrees 

cen t ig rade   (C )   w i th  an exhaust  temperature  of  590  degrees C) i n  a 
m u l t i p l e   h e a r t h   f u r n a c e  has  been found t o  be an e f f e c t i v e   d i s p o s a l  method 

for   contaminated  s ludges.   Accord ing t o  Shannon ” e t  a1 ( 2 3 9 ) ,   a t   t h i s  

tempera tu re ,   ove r   n ine ty -n ine   pe rcen t   o f   t he  PCB i n   s l u d g e   i s   d e s t r o y e d  
d u r i n g   i n c i n e r a t i o n .  A t  somewhat lower   exhaust   temperatures  o f  370 t o  425 
degrees C t h e r e  may be 1 osses due t o   v o l   a t i l   i z a t i o n .   T h i s  method o f  

s l u d g e   d i s p o s a l   i s   n o t   w i d e l y   p r a c t i c e d .  
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Depos i t i on   o f   s ludges  on a g r i c u l t u r a l   l a n d   i s  a more common 

method o f   d i s p o s a l .  Due to   i nc reas ing   ev idence   o f  PCB up take   i n to   c rops ,  

some researchers recommend t h a t  such a p p l i c a t i o n  be d iscont inued.  
Lawrence  and  Tos ine  (737)   repor t   s ign i f icant   uptake  o f  PCBs i n t o   t h e   l e a f  

p o r t i o n   o f   g r a s s  and corn  grown  on s l  udge t r e a t e d   l a n d .  Grass  samples 
conta ined 71-128  ppb  and corn   con ta ined 45-81 ppb  and i t  appeared 

t h a t   c r o p s  were p r e f e r e n t i a l l y   a c c u m u l a t i n g   A r o c l o r  1260. L a n d f i l l   i n g  of  
sludges i s   a l s o   w i d e l y   p r a c t i c e d  and may r e s u l t   i n   r e l e a s e s   t o   r e c e i v i n g  

wa te rs   t h rough   su r face   runo f f  and leaching  in to   groundwater   systems and 

r e l e a s e s   t o   t h e   a t m o s p h e r e   b y   v o l a t i l i z a t i o n .  

S ludge  d isposa l   p rac t ices  vary th roughout   the   p rov ince .  

A c c o r d i n g   t o  a 1979  Waste  Management Branch  survey, 40% o f   t h e  
communi t ies  contacted  use  s ludge  for   agr icu l tura l   purposes,  35% l a n d f i l l ,  
5% i n c i n e r a t e ,  8% ,s to re   i n   s ludge   l agoons  and  12% d i s c h a r g e   t o   o u t f a l l s  

(244). 
The City of Kel owna i s  combining  raw s l  udge w i t h   h o g - f u e l   t o  

form compost (244). Similarly, a e r o b i c a l l y   d i g e s t e d   s l u d g e   a t   I o n a  

I s 1  and i s  removed f r o m   t h e  1 agoon  and s tockp i  1 ed. The s t o c k p i   l e d   s l  udge 

i s   a v a i l a b l e   t o   t h e  pub1 i c  a t  t h e   p l a n t   b u t   t h e   m a j o r i t y   i s   p i c k e d  up by 

a c o n t r a c t o r  who screens,  shreds and d r i e s  i t  i n  a r o t a r y   k i l n  and then 

s e l l  s i t  f o r   s o i l  amendment purposes. 
Lu l  u I s 1  and i n c i n e r a t e s   s l u d g e  on s i t e   b u t  no i n f o r m a t i o n  on 

t h e   e f f e c t i v e n e s s   o f   t h e   s y s t e m   f o r  PCB d e s t r u c t i o n   o r  on atmospheric 

r e l e a s e s   o f  PCBs was avai  1 ab1  e (244). 
Concern has  been r a i s e d   o v e r   t h e   p o s s i b l e   f o r m a t i o n  o f  

c h l o r i n a t e d   h y d r o c a r b o n s   d u r i n g   t h e   s u p e r - c h l o r i n a t i o n   o f  sewage 

e f f l   u e n t s   ( 2 4 5 ,  246,  247,  248, 249). Some authors,  i nc l   ud i   ng   Mor i   e t  a1 

(245)  who c o n d u c t e d   t e s t s   w i t h   s u p e r - c h l o r i n a t e d   e f f l u e n t s   f r o m  a 
Vancouver   a rea   p lan t ,   have  repor ted   the   fo rmat ion   o f  new c h l o r i n a t e d  

compounds f o l   l o w i n g   s u p e r - c h l   o r i   n a t i  on. However, t h e r e  was no  evidence 

t h a t  PCB concent ra t ions   were   inc reased  dur ing   th is   p rocess .  It i s  
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1 . i   ke l y   t ha t ,  i f  PCBs were  formed  dur ing  super-ch l   or i   nat ion,   they  would be 

t h e   l o w e r   c h l o r i n a t e d   i s o m e r s .  

5.3.2 L a n d f i  11 s. I n   t h e   e a r l y   1 9 7 0 ' s  it was est imated  that   more 

t h a n  50% o f   t h e  PCBs m a n u f a c t u r e d   w e r e   u l t i m a t e l y   d e p o s i t e d   i n   l a n d f i l l s  

a n d   r e l e a s e s   f r o m   l a n d f i l l s   w e r e   t h o u g h t   t o   c o n s t i t u t e  a ma jo r   po r t i on   o f  

t o t a l   i n p u t   t o   t h e   e n v i r o n m e n t   ( 2 3 8 ,   2 5 0 ) .  Due t o   i n c r e a s i n g  awareness 

regard ing   the   env i ronmenta l   hazards   o f  PCBs and t o   t h e   i m p l e m e n t a t i o n   o f  
regu la t i ons   gove rn ing   t he   d i sposa l   o f   h igh l y   con tamina ted   was tes ,   t he  

c u r r e n t  PCB i n p u t s   t o   l a n d f i l l s   a r e  much lower.  However, i n  a 1976 

repor t   prepared  by  Versar   Inc.   for   the  Uni ted  States  Envi ronmenta l  

P r o t e c t i o n  Agency (251)  i t  was e s t i m a t e d   t h a t   t h e r e   i s   t w i c e   t h e  amount 
o f  PCB i n  1 a n d f i  11 s and dumps as i n   t h e   r e c e i v i n g   e n v i  ronment . The 

l a r g e s t   s o u r c e   o f  PCB t o   l a n d f i l l s  was t h o u g h t   t o  be f a i l e d   c a p a c i t o r s   o r  

c a p a c i t o r s   c o n t a i  ned i n redundant  equi pment . 
Losses o f  PCB f r o m   l a n d f i l l s   o c c u r   t h r o u g h   v a p o u r i z a t i o n   f r o m  

p a i n t s ,   c o a t i n g s ,   p l a s t i c s  and o ther   PCB-conta in ing   was tes   espec ia l l y  

dur ing   burn ing .   Other   sources   inc lude  leachate  and su r face   runo f f .  

PCBs a r e   h i g h l y   i n s o l u b l e   i n   w a t e r  and adhere t i g h t l y   t o   s o i l .  

S t u d i e s   c o n d u c t e d   b y   t h e   U n i v e r s i t y   o f   W a t e r l o o   R e s e a r c h   I n s t i t u t e   i n  

1978 and 1979  (252,  253) i n d i c a t e d   t h a t   w a t e r   p a s s i n g   t h r o u g h  
contaminated s o i l s  contained  measureable  levels o f  PCRs ( i n  t he  order  o f  

40  ppb) . Yowever, as t h e   a f f i n i t y   f o r  s o i  1 s i s  h i g h ,   t h e  amount o f  PCBs 

re leased i s   j u s t  a f r a c t i o n   ( g e n e r a l l y  < 1%) o f   t h a t   p r e s e n t   i n   t h e   s o i l .  
The depth   o f   g roundwater   f rom  contaminated   sur face   mater ia l   a lso   a f fec ts  

the  contaminat ion  o f   leachates.  
The co -d i scha rge   o f  PCBs w i t h   s o l v e n t s  may increase  the  

so l   ub i  1 i t y  o f  PCB and i n c r e a s e   t h e   p o s s i   b i  1 i t y  o f  t h e i  r re lease  f rom 
l a n d f i l l s .  A study done  by t h e   I l l i n o i s   S t a t e   G e o l o g i c a l   S u r v e y  (254)  

has shown t h a t   c a r b o n   t e t r a c h l o r i d e   i n c r e a s e s   t h e   m o b i l i t y   o f  PCBs i n  
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s o i  1 s .  A m ix tu re   o f   t he   so l   ven t   w i th   wa te r ,   however ,  as would  occur  under 

normal l a n d f i l l   l e a c h i n g   c o n d i t i o n s ,   d e c r e a s e s   t h e   m o b i l i t y   t o  some 

ex ten t .   So i l   m ic ro-organ ism  cu l tu res  were  capable  of   degrading  water 

so lub le   A roc lo r  1242 w i t h   t h e   l o w e r   c h l o r i n a t e d   i s o m e r s   b e i n g   d e g r a d e d  

more r a p i d l y   t h a n   t h e   h i g h e r   c h l o r i n a t e d   f o r m s .  The h i g h e r   c h l o r i n a t e d  
isomers   were   a lso   found  to  be l e s s   s o l u b l e   i n   w a t e r ,   l e s s   m o b i l e   i n   s o i l  

and l e s s   v o l a t i l e   i n   w a t e r .  
As a r e s u l t   o f   t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e  (EPS) 

sampling i n  1976, PCBs were   de tec ted   in   the   sed iments  and l e a c h a t e s   o f  

Richmond L a n d f i l l .   C o n c e n t r a t i o n s   o f  20-30 ppb'were  detected i n  sedime 

and  20  ppb i n   l e a c h a t e s   ( 7 1 ) .   A d d i t i o n a l   s a m p l i n g   c o n d u c t e d   i n  1977 

conf i rmed  the   p resence  o f  PCBs i n   s o i l s  (Appendix  7) and sediments 

( A p p e n d i x   2 )   b u t   l e v e l s   i n   t h e   l e a c h a t e  were much lower  (ND-1.4 ppb) 
(Appendix 6 ) .  These lower   concent   ra t ions  correspond we1 1 t o  PCB 1 eve1 

i n  l e a c h a t e s   f r o m   O n t a r i o   l a n d f i l l  s (NO-1.2 ppb) i n  1975  (238). 
Similarly, f i v e   o u t   o f   n i n e   s u r f a c e   r u n o f f   s a m p l e s   c o l l e c t e d   f r o m  

n t  s 

S 

l a n d f i l l s   i n   M i c h i g a n   c o n t a i n e d   d e t e c t a b l e  PCB l e v e l s   r a n g i n g  from 0.04 
t o  0.03 ppb (214) .  The c o m p a r a t i v e l y   h i g h   l e v e l s   d e t e c t e d   i n   t h e  1976 

1 eachate  samples  col lected  f rom Richmond l a n d f i l l  have  not been 

exp l  a i  ned. 

5.3.3 Storm  Sewers  and  Urban  Runoff. I n  1974,  Westwater  Research 
Cen t re   co l l ec ted   s t ree t   su r face   sed imen ts   f rom  va r ious   l and   use   a reas  i n  
the  Greater  Vancouver  area. These  samples  were  analyzed f o r  PCBs and 

o ther   o rgan ic   con taminants  and t h e   r e s u l t s   i n d i c a t e d   t h a t   s t r e e t   s u r f a c e  
r u n o f f   c o u l d  be  a s i g n i f i c a n t   s o u r c e   o f  PCB t o   s t o r m  sewers (255).  

For  t h i s  reason, i n  1976, EPS sampled  sanitary  sewers and s torm 

wa te r   co l l ec t i on   sys tems   i n   t he   Grea te r   Vancouver   a rea .   Seve ra l   o f   t hese  

sewers d i s c h a r g e   d i r e c t l y   i n t o   l o c a l   r e c e i v i n g   w a t e r s ,   w h i l e   o t h e r s   a r e  

rou ted   to   mun ic ipa l   t rea tment   sys tems.   Concent ra t ions   o f  PCBs i n   t h e  

samples  ranged  from 0.005 t o  1.170 ppb, i n d i c a t i n g   t h a t  sewer  systems  do 
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con t r i bu te   measurab le  amounts o f  PCB to   the   aquat ic   env i ronment   (Append ix  

6 ) .  Un fo r tuna te l y ,  no i n f o r m a t i o n  on f l o w   r a t e s   o f   t h e  sewer  systems was 

a v a i l a b l e  and, t h e r e f o r e ,  i t  was n o t   p o s s i b l e   t o   c a l c u l a t e   t o t a l  

1 oadi ngs. 

Young and  Heesen ( 2 2 4 )  r e p o r t   t h a t   s u r f a c e   r u n o f f   c o n t r i b u t e d  

250-830 kg  PCBlyear t o   t h e  S o u t h   C a l i f o r n i a   B i g h t  i n  t h e  1972 t o  1973 

sampl ing  per iod.   Storm  runof f  made t h e   g r e a t e s t   c o n t r i b u t i o n s   t o   t h i s  

re1 ease. 
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6 SPILLS 

The Envi ronmenta l   Protect ion  Serv ice (EPS)  has  been 

i n v e s t i g a t i n g  and r e c o r d i n g   a l l   r e p o r t e d  PCB s p i l l s   i n   B r i t i s h   C o l m b i a  

s ince  1976. U n f o r t u n a t e l y   t h e r e   i s  no r e c o r d   o f   s p i l l s   p r i o r   t o  1976  and 
i t  i s  un l  i ke l  y t h a t  many o f  these  spi   11 s would  have  been  reported t o  

f e d e r a l   o r   p r o v i n c i a l   p o l l u t i o n   c o n t r o l   a g e n c i e s .  Due t o   t h e   p a s t   l a c k  
o f  know1 edge rega rd ing   t he   poss ib le  human h e a l t h  and environmental m 

hazards   assoc ia ted   w i th   the   re lease  o f  PCBs, i t  i s   l i k e l y   t h a t   s p i l l s  

p r i o r   t o  1976  occurred  wi th  greater  f requency and tha t   f ewer   p recau t ions  

were  employed dur ing  c leanup.  PCBs were i d e n t i f i e d  as  a p r i o r i t y  

pol lutant  under  the  Environmental   Contaminants - A c t   i n  1976 and s i n c e   t h i s  

t i m e   i n d u s t r i a l  and pub l ic   concern   over  PCBs has  increased. It i s  

i m p e r a t i v e   t h a t   t h e   i n d u s t r i a l   s e c t o r  be  aware o f   t he   dangers   assoc ia ted  

m 

Ir 

w i t h   t h e  use o f  chemical s such  as PCBs so t h a t   s u i t a b l e   s p i  11 p reven t ion  

and c o r r e c t i v e  measures  can  be  implemented. 

Many o f   t h e   p a s t  uses o f  PCBs a r e  now banned and t h e   c u r r e n t  
ma jor  use o f  PCBs i n   B r i t i s h  Columbia i s   i n   d i e l e c t r i c   f l u i d s   i n  

e lec t r i ca l   equ ipmen t .  All i n d u s t r i e s   c u r r e n t l y   u s i n g  PCBs i n  such 

e q u i p m e n t   a r e   r e q u i r e d   t o   t a k e   p r e c a u t i o n s   t o   p r e v e n t   t h e   r e 1  ease o f  
PCBs t o   t h e   e n v i r o n m e n t   i n   t h e   e v e n t  o f  a s p i l l .   F e d e r a l  and p r o v i n c i a l  

government  agencies  conduct  on-si te  inspect ions,   of   PCB-containing 

e l e c t r i c a l   e q u i p m e n t   i n   t h e   p r o v i n c e   t o   e n s u r e   t h e  adequacy o f   s p i l l  

p reven t ion  measures. The banning o f  many uses o f  PCBs and t h e  

i m p l e m e n t a t i o n   o f   g u i d e 1   i n e s   f o r   t h e   h a n d l i n g ,   s t o r a g e ,   t r a n s p o r t  and 
d i s p o s a l   o f  PCBs and PCB-containing  equipment  have  done much t o   l e s s e n  

t h e   t h r e a t  posed  by these  chemica ls .   Th is   sec t ion  summarizes, i n  

c h r o n o l o g i c a l   o r d e r ,   t h e   m o s t   s i g n i f i c a n t  PCB s p i l l  s ( re1  eases o f   o v e r  5 

1 i t r e s )   w h i c h  have o c c u r r e d   i n   B r i t i s h  Columbia from 1976 t o  June, 1982. 

O t h e r   l e s s   s i g n i f i c a n t ,   o r   l e s s   w e l l  documented s p i l l s ,   o c c u r r i n g  between 

1979 and 1982 a r e  summarized i n  Table 6 a t  t h e  end o f   t h i s   s e c t i o n .  
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6.1  Cominco  Pb/Zn Sme l te r ,   T ra i l  

I n   A p r i l  , 1976 a t r a n s f o r m e r   i n   s t o r a g e   a t   t h e  Cominco sa lvage 

y a r d  a t  Trail was  damaged ( d r a i n   v a l v e   b r o k e n   o f f )  and between 75  and 80% 

o f   t h e   t r a n s f o r m e r   c o n t e n t   o f  820 1 i t r e s  PCB was sp i  1 l e d   i n t o   t h e   s o i  1 

below. Due t o   t h e  ex t reme  so i l   con tamina t ion   (up   t o  42,000 ppm) i n   t h e  

s p i l l  area, i t  was necessary t o  remove s e v e r a l   t r u c k l o a d s   o f   s o i l   ( r e f e r  
t o   F i g u r e s  4 and 5;  Appendix  7). The contaminated  mater ia l  was p l a c e d   i n  

an old  house  foundat, ion i n   t h e   W a r f i e l d   m u n i c i p a l  dump and encapsulated 
i n  cement. A l though PCB l e v e l s   i n   t h e   s p i l l   a r e a  were s t i l l   h i g h  

f o l   l o w i  ng removal , n o   a d d i t i o n a l   s o i  1 was removed  due t o   t h e   p r o b l e m s  

a s s o c i a t e d   w i t h   d i s p o s a l .   T h e r e   i s   l i t t l e   r a i n f a l l   i n   t h i s   a r e a  and t h e  

p o t e n t i a l   f o r   l e a c h i n g   f r o m   s o i l s  was n o t   c o n s i d e r e d   t o  be o f   g r e a t  

concern. As dra inage  f rom  the  sa lvage  yard  enters   the  Columbia  River  

(670  metres) a sarnpl  e o f  Col  umbia River  sediments was analyzed. The PCB 

l e v e l  was no t   unusua l ly   e leva ted  (85 ppb). 
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6.2 R.C. Hydro  Capaci tor   Substat ion,  McLeese Lake 

I n  June,  1976 the   pas t   hand l i ng  and d i s p o s a l   o f  damaged 

c a p a c i t o r s  a t  t h e  R.C. Hydro   capac i to r   s ta t ion   near  McLeese Lake was 
inves t iga ted   by   the   Env i ronmenta l   Pro tec t ion   Serv ice  (EPS), a f t e r  B.C. 

Hydro  expressed  concern  that   capaci tors   bur ied  a long  the  r ight -of -way may 

be a source o f  PCB contaminat ion   to   g roundwater .  

I n  1972, B.C. Hydro had b u r i e d  numerous damaged or  redundant 
c a p a c i t o r s   c o n t a i n i n g   A r o c l o r  1242 w i t h   t h e   a p p r o v a l   o f  a p r o v i n c i a l  

p o l l u t i o n   c o n t r o l  agency.  However, i n  1976, w i t h   i n c r e a s i n g   i n d u s t r y  and 

government  awareness  as t o   t h e   t o x i c i t y  and p e r s i s t e n c e   o f  PCBs, and t h e  

impor tance   o f   p roper   d i sposa l  methods, B.C. Hydro  decided t o  remove t h e  
b u r i e d   c a p a c i t o r s  and f i n d  an a1 t e r n a t e  method o f   d i s p o s a l .  The i n v o l v e -  

ment o f   t he   Env i ronmen ta l   P ro tec t i on   Se rv i ce  was requested t o  assess  the 

poss ib le   con tamina t ion  o f  local   groundwater and surface  water  systems. 

Approx imate ly  69 c a p a c i t o r s  were l oca ted  and  removed f rom  the   d isposa l  

s i t e .  The c a p a c i t o r s  and 60 cub ic   yards   o f   con taminated   so i l   were  

shipped t o  Oregon f o r   d i s p o s a l .  

P r e l   i m i n a r y  EPS sampling , conducted i n  June  1976, i n d i c a t e d  

t h a t  PCBs were  present a t  t r a c e   l e v e l s   i n   l o c a l   s u r f a c e   w a t e r s  and 
r e s i d e n t i a l   w e l l w a t e r  and,  as  a r e s u l t ,   h e a l t h   o f f i c i a l s  were n o t i f i e d .  

Loca l   res idents  were  informed , o f  p o t e n t i a l   d r i n k i n g   w a t e r   c o n t a m i n a t i o n  
and B.C. H y d r o   s u p p l i e d   d r i n k i n g   w a t e r   t o   r e s i d e n t s   w h i l e  EPS, t h e  

p r o v i n c i a l  Waste  Management Branch, and B.C. Hydro  conducted  addi t ional  
mon i to r ing .   So i l s ,   sed iments ,   b io ta ,  and  ground,  surface and r u n o f f  

water  were c o l l e c t e d   i n  December a t  vary ing   d is tances   f rom  the  
subs ta t ion .  Due t o   t h e   p o t e n t i a l  human hea l th   conce rn ,   res iden t ia l  

and home grown food  products  such as beef ,   vegetab les ,   pou l t ry  and 
were a1 so analyzed  (Appendix 11). 

H i g h   c o n c e n t r a t i o n s   o f  PCR (p redominant ly   Aroc lo r   1242 wi 
smal 1 amounts o f  Aroc l   or   1260)   were  detected i n   t h e  sediments  (620 

(Appendix  2) , s o i l  (92,000 ppm) (Appendix 7; F igures  4 and 6) and 

groundwater (90.8 ppm) (Appendix 8; F i g u r e   7 )   i n   t h e   c a p a c i t o r   d i s p o s a l  

p i t  area and the   capac i to r   s to rage  a rea .  
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FIGURE 8 PCB  SEDIMENT  SAMPLING  STATIONS IN THE 
M c L E E S E  LAKE A R E A  
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Sed imen t   concen t ra t i ons   o f  PCBs ranged from 4 t o  610  ppb i n  

t h e   S h e r i d a n - G i b r a l t e r  Creek  watershed ( r e f e r   t o  Appendix 2; F i g u r e   8 ) .  

Two PCB res idue   s inks  were e v i d e n t   i n   q u i e s c e n t   a r e a s   a t   t h e   m o u t h   o f  

Sheridan  Creek  (610 ppb i n  June,  1977 and 350  ppb i n  December, 1977) and 

i n  a small pond f e d   b y   G i b r a l   t e r  Creek  (75  ppb i n  June  and  120  ppb i n  

December).  These concent ra t ions   a re   modera te ly   e leva ted  and a r e   s i m i l a r  
t o   t h o s e   d e t e c t e d   i n   r e c e i v i n g   w a t e r s   i n   t h e   v i c i n i t y   o f  many i n d u s t r i a l  

f a c i l i t i e s   i n   B r i t i s h  Columbia.  However,  as  most  sediment  samples 
co l l ec ted   con ta ined   non -de tec tab le   o r   ve ry  1 ow l e v e l  s o f  PCB, i t  i s  

apparent   tha t   the   con taminat ion  was not  widespread.  Stream  sediments 
con ta ined   a lmos t   exc lus i ve l y   A roc lo r  1242 w h i l e   t h e  pond sediments 

conta ined  predominant ly   Aroc lor   1260 when sampled i n  June b u t   m a i n l y  

A r o c l o r  1242 i n  December. The bur ied   capac i to rs   con ta ined  Aroc lo r  1242. 

Some Aroc lo r  1260 was a1 so d e t e c t e d   i n  samples from the   capac i to r  
d i s p o s a l   p i t   b u t   t h e   s o u r c e   o f   t h e   A r o c l   o r  1260 was n o t   i d e n t i f i e d .  

I n  1976 PCB c o n c e n t r a t i o n s   i n   m u s c l e   t i s s u e   o f   s u c k e r  and 

ra inbow  t rout   ranged from 300 t o  890  ppb and from  130 t o  310  ppb, 

r e s p e c t i v e l y .   L i v e r   t i s s u e s  from these  speci.es  contained  160 t o  400  ppb 
and  250 t o  470  ppb,  respect ively.  The PCB l e v e l s   i n   t h e s e   s p e c i e s   a r e  

s i m i l a r   t o   c o n c e n t r a t i o n s   d e t e c t e d   i n   F r a s e r   R i v e r   f i s h .  However, a l l  

r e s i d u e   l e v e l s  were we l l   be low  the  Canadian g u i d e l i n e   o f  2 ppm i n   t h e  
e d i b l e  t issue. 

Subsequent m o n i t o r i n g  o f  sucke r ,   t r ou t  and squawfish from l o c a l  

water  systems i n  1977 and 1978  demonstrated  very 1 ow PCB 1 eve1 s (ND-80 
ppb)  (Appendix 3 ) .  Aroclor  1242 was the   ma jor  PCB component i n   f i s h  

t i s s u e s   a l t h o u g h  1260 was p resen t   a t   l ower   concen t ra t i ons .   Ben th i c  
macro- inver tebra tes   (mayf l   ies ,   s tonef l   ies ,   damse l f l ies ,   e tc . )  from 

Sheridan Creek conta ined a t o t a l   o f  380 ppb i n  1976  (Appendix  4). PCBs 

w e r e   n o t   d e t e c t a b l e   i n   a q u a t i c   i n v e r t e b r a t e s   c o l l e c t e d  from Sheridan 

Creek, McLeese Lake and  Cui sson  Lake i n  1977  and  1978. 
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Samples o f   a q u a t i c   v e g e t a t i o n   c o l l e c t e d   f r o m   w a t e r   s y s t e m s   i n  
the   a rea   con ta ined < 5 t o  72 ppb PCB i n  1977 b u t   i n  1978  samples PCBs 

were  not  detected. 

Surface  water  samples  from  water  systems i n   t h e   a r e a   c o n t a i n e d  

1 ow l e v e l s   o f  PCBs i n  most  cases  (Appendix  10;  Figures  9a and b) .   H igher  

l e v e l s  were  detected i n  samples c o l l e c t e d   b y   t h e  Waste  Management Branch. 

These h i g h e r   l e v e l s  were  thought t o  be  due t o  sample contaminat ion  caused 

by   inadequate   c lean ing   o f   the  sample con ta ine rs  and consequent ly   were  not  

i n c l u d e d   i n  Appendix 10.  The h i g h e s t   r e l i a b l e   s u r f a c e   w a t e r  
concentrat ions  were  detected i n  Sheridan  Creek  near  the  mouth (0.387 
ppb) ; i n   t h e  pond f e d  by G i  b r a 1   t e r  Creek  (0.236  ppb) ; and i n  G i  b ra  

Creek  above t h e  pond (0.395 ppb).  These f i n d i n g s   a r e   c o n s i s t e n t  w 
f a c t   t h a t   t h e   h i g h e s t  PCB l e v e l s   i n  sediments  were  detected  a t   the 
o f  Sheridan  Creek  and i n   t h e  pond. 

Low concen t ra t i ons  were g e n e r a l l y   d e t e c t e d   i n   t h e   w a t e r  

t e r  

t h   t h e  

mouth 

0.015 
and 0.046 ppb) and sediments ( <  4 and 7 ppb) i n   t h e  second d r a i n a g e   o f  

the   r igh t -o f -way  a rea .  The e x c e p t i o n   t o   t h i s   i s  a water  sample c o l l e c t e d  

i n  a pond j u s t  west o f   t h e   s u b s t a t i o n .   T h i s  sample was c o l l   e c t e d   b y  B.C. 

Hydro i n  1976  and conta ined 0.422 ppb PCB. R e l a t i v e l y   h i g h   l e v e l s  o f  PCB 

were a1 so found i n  Cuisson  Lake  (up t o  0.202  ppb by EPS and 0.78 by B.C. 

H y d r o )   c o n s i d e r i n g   t h a t   i t s   d i s t a n c e   f r o m   t h e   c a p a c i t o r   s t a t i o n   i s  

approx imate ly  4 km. It i s   u n l i k e l y   t h a t   t h e   s u b s t a t i o n  was a sou rce   o f  

Contamination t o   t h i s   l a k e .  Samples c o l l e c t e d   i n   C u i s s o n   L a k e   i n  1977 

and  1978  contained  very  low  levels o f  PCB. 

O r i g i n a l  sampl i n g   o f   t w o   r e s i d e n t i a l  we1 1 s by EPS i n  June  and 

December, 1976 showed c o n c e n t r a t i o n s   o f  0.008 ppb t o  0.201 ppb. 

Resampling o f   t h e s e   w e l l s  and 12  others  by B.C. Hydro i n  December  showed 
concentrat ions  ranging  f rom < 0.005 t o  0.103 ppb A r o c l o r  1242  and 1260 
(Appendix 9; Figure   10) .  

It was apparent   tha t   the   improper   hand l ing  and d i s p o s a l   o f  

PCBs a t   t h e  McLeese Lake   subs ta t i on   du r ing   cons t ruc t i on  and o p e r a t i o n  

r e s u l t e d   i n   t h e   i n t r o d u c t i o n   o f  PCBs t o   t h e   S h e r i d a n  Creek  watershed. 
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FIGURE 90 SURFACE  WATER  SAMPLING  STATIONS I N  
T H E   M c L E E S E   L A K E   A R E A  
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Groundwater and s u r f a c e   w a t e r   f l o w   a r e   t h e   l i k e l y  mechanisms  of PCB 

movement from the  h igh ly   contaminated  areas  on  the  power l ine  r ight -of -  

way. A l though PCBs g e n e r a l l y  do no t  move read i l y   t h rough   the   g round-  

wa te r ,   subs tan t i a l  amounts may be  leached from m i n e r a l   o r  sandy s o i l s .  

Groundwater   t ranspor t  was p r o b a b l y   o f   l e s s   i m p o r t a n c e   t h a n   s u r f a c e   l a t e r -  
a l   t r anspor t ,   bu t   t he   con tamina t ion   o f   g roundwate r   nea r   t he   subs ta t i on  

and i n   r e s i d e n t i a l   w e l l  s i n d i c a t e s   t h a t   g r o u n d w a t e r   t r a n s p o r t   d i d   o c c u r .  

A hydrology  study  conducted  by B.C. Hydro  demonstrated  that  

s u r f a c e   r u n o f f  from t h e   s u b s t a t i o n   e n t e r s  a swampy area and then 
G i b r a l t e r  Creek   wh ich   u l t imate ly   d ischarges   in to   Sher idan Creek.  There 

was no ev idence   o f   runo f f   f l ow ing   no r th   t o   t he   Cu isson  Lake dra inage 

system  or  west  into  the  Sheridan  Creek  secondary  drainage  system. 

However, the  study  acknowledged  that   groundwater  t ransport   f rom  the 
s u b s t a t i o n   t o   t h e   S h e r i d a n  Creek  secondary  system was poss ib le .  

The repor t   conc luded  tha t ,  a1 though   o the r   po ten t i a l  PCB users  

were  present i n   t h e   g e n e r a l   v i c i n i t y   ( a   m i n e   s i t e  and  a s a w i l l )  , it was 

u n l  i k e l y   t h a t   t h e  PCB c o n t a m i n a t i o n   o f   G i b r a l   t e r  Creek and t h e   l o w e r  

Sheridan Creek o r i g i n a t e d  from sources  other  than  the McLeese Lake 

c a p a c i t o r   s t a t i o n .  
Federal and p r o v i n c i a l   p o l l u t i o n   c o n t r o l   a g e n c i e s   a g r e e d   t h a t  

a l though it was a p p a r e n t   t h a t  PCB re lease from t h e   c a p a c i t o r   b u r i a l   a r e a  
had r e s u l t e d  i n  the  t r a n s p o r t  o f  PCBs i n t o  l o c a l  water systems, t he   l eve l  

o f   c o n t a m i n a t i o n  was n o t   h i g h  enough t o  pose a t h r e a t   t o   t h e   e n v i r o n m e n t  
o r  human h e a l t h ,   o r   t o   w a r r a n t   a d d i t i o n a l   r e m e d i a l   a c t i o n .  

Low PCB 1 evel  s were   de tec ted   i n  we1 1 water  (Appendix 9; F i g u r e  
l o ) ,  eggs, m i l k ,   b e e f ,   q u a i l ,  and ch icken  t i ssue  (Append ix  11). All t h e  

da ta  on PCB 1 evel  s i n  we1 1 water and food  products  were  reviewed  by an 
interagency  commit tee and i t  was concl  uded t h a t  no hea l th   haza rd   ex i s ted  

from the  consumpt ion  o f   these  products .  

I n   o r d e r   t o   p r e v e n t   e n v i r o n m e n t a l   c o n t a m i n a t i o n   i n   t h e   e v e n t   o f  

f u t u r e   s p i l l s ,  B.C. Hydro  has made severa l   improvements  wi th in   the 

subs ta t ion .  An absorbant   mater ia l  was p laced   under   bo th   capac i to r  hanks 

t o   p r e v e n t  any PCB l e a k s   o r   s p i l l  s from penetrat ing  the  ground.   Rout ine 
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i n s p e c t i o n s   f o r   s p i  11 s or   leaks  are  conducted and s p i  11 areas  are  c leaned 

regu la r ly .   In   add i t ion ,   improvements   have been made t o   t h e   d r a i n a g e  

system i n   t h e   s u b s t a t i o n   a r e a .  

6.3 Canadian  Cel lu lose  Pulp Mi 11 , P o r t  Edward 

a. Background 

I n  January, 1977, a t rans fo rmer  a t  the   Canad ian   Ce l lu lose   pu lp  
m i  11 near  Pr ince  Rupert  mal f unc t i oned  and s p i l l e d   a p p r o x i m a t e l y  800 

l i t r e s   o f  PCB f l u i d   i n t o   t h e   s t o r m  sewer  system  which  dra ins  in to   the 

mar ine  waters   o f   Porpoise  Harbour .  It was t h e   l a r g e s t  known s p i  11 o f  

PCRs i n   B r i t i s h  Columbia t o  date. 

The t rans fo rmer  was l o c a t e d  on t h e   r o o f  of Woodroom #3 and 

PCBs leaked 

pavement be l  

rep1 acement 

w a l l .  The 1 

underground 

p l a c e d   i n   p l  

o n t o   t h e   r o o f ,  down t h e   s i d e   o f   t h e   b u i l d i n g  and on to   t he  
ow. I n i t i a l   c l e a n u p  measures included  the  removal  and 

o f  a c o n t a m i n a t e d   p o r t i o n   o f   t h e  woodroom r o o f  and o u t s i d e  

i q u i d  PCR on the  ground was absorbed  with  sawdust and t h e  

sewer  systems  were  cleaned. All contaminated   mater ia l  was 

a s t i  c 1 i ned  45 g a l l o n   s t e e l  drums  and shipped t o   t h e   U n i t e d  

S t a t e s   f o r   d i s p o s a l .   I n v e s t i g a t i o n  showed t h a t   t h e   t r a n s f o r m e r  was 
ex tens i ve l y   co r roded  and t h a t   t h e  cause  of   malfunct ion was due t o  poor 
m a i  ntenance. 

h. Envi  ronmental  Contamination 
P r e l i m i n a r y   m o n i t o r i n g   i n d i c a t e d   t h a t   t h e   s e d i m e n t s  and b i o t a  

i n   t h e   i m m e d i a t e   v i c i n i t y   o f   t h e   s p i l l   c o n t a i n e d   e x c e s s i v e l y   h i g h   l e v e l s  
of   contaminat ion  (Appendices 2 and  4; F igures  11 and 14) .   Concentrat ions 

o f  up t o  75,000 ppm were de tec ted   i n   t he   sed imen ts   immed ia te l y  o f f  t h e  
storm  sewer o u t f a l l   i n   t h e  mill booming  grounds. 

PCB concen t ra t i ons   i n   t he   sed imen ts   o f   P r ince   Ruper t   Ha rbour ,  
Tuck I n l e t  and Porpoise  Harbour away f r o m   t h e   s p i  11 area  were much lower  

(<0.005-0.275 ppm) and l e v e l s   a p p e a r   t o   d e c r e a s e   w i t h   i n c r e a s i n g   d i s t a n c e  
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FIGURE 12 PCB  CONCENTRATIONS IN SEDIMENTS  FROM 
PRINCE  RUPERT  HARBOUR AND T U C K   I N L E T  
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f r om  the  mill (Appendix 2 ;  Figures  12,13).  These leve ls   were   no t  

a t t r i b u t e d   t o   t h e   J a n u a r y  PCB s p i l l  a t  the   Canad ian   Ce l l   u l   ose  mil 1 as t h e  

l e v e l  s were   no t   unusua l l y   h igh   f o r  an i n d u s t r i a l   a r e a .  

Very   h igh   concent ra t ions   o f  PCB were  recorded i n   b i o t a   c o l -  

l e c t e d   a l o n g   t h e   s h o r e l i n e   w i t h i n  10  metres o f  t h e   s p i l l   ( i s o p o d s ,  14 

ppm; mussel s ,  17 ppm;  a1 ge, 83 ppm; and sp ider   c rabs ,  72.9  ppm) . The 

r e l a t i v e  amounts o f  PCB c o n t a i n e d   w i t h i n   t h e   t i s s u e s   o f   t h e s e   o r g a n i s m s  

versus  the amount o f  PCB on t h e i r   e x t e r i o r s   i s   u n c e r t a i n   ( A p p e n d i x  4 ;  

Fi   gure  14) .  
Beyond the   immed ia te   sp i l l   a rea ,   e leva ted  PCB concen t ra t i ons  

were  conf ined t o   b i o t a   c o l l e c t e d   i n   P o r p o i s e   H a r b o u r .   C o n c e n t r a t i o n s   o f  
PCB i n   b i o t a   i n  areas removed from  Porpoise  Harbour,  such as Chatham 

Sound, were a t  o r  be low  the   de tec t i on   l eve l  of 0.005 ppm (Appendices 3 
and 4; F i g u r e  14, 15). 

Dungeness c rab  have been m o n i t o r e d   a n n u a l l y   t o   e n s u r e   t h a t  PCB 

t i ssue   concen t ra t i ons   rema in   w i th in   accep tab le   l eve l s   (Append ix  4 ;  F igu re  

16) .   A l though some evidence  of   contaminat ion was present  i n   c r a b s  

c o l l e c t e d   i n  1977 (up t o  2.7 ppm) , and t o  some e x t e n t   i n  1978 (up t o  0.34 

ppm), mean values  were  general ly  comparable t o   t h e   l e v e l s   w h i c h   w o u l d  be 
expected i n   i ndus t r i a l i zed   a reas   a round   Vancouver   such  as Sturgeon Bank 

and  Coal  Harbour. The l e v e l s   i n   c r a b s   c o l l e c t e d   n e a r   t h e   s p i l l  were, 
however, s i g n i f i c a n t l y   h i g h e r   t h a n   t h e   b a c k g r o u n d   c o n c e n t r a t i o n s   d e t e c t e d  

i n  c rabs   f rom  Le lu   Is land  approx imate ly  4 k i l omet res   sou th  o f  t h e   s p i l l  
s i t e .   Th i s   sugges ts   t ha t   t he  PCBs s p i l l e d   i n   P o r p o i s e   H a r b o u r   w e r e  an 

ac t i ve   sou rce  o f  c o n t a m i n a t i o n   t o   t h e   l o c a l   b i o t a   p r i o r   t o   c l e a n u p  

procedures. As mean values  were we1 1 below  the 2 pprn guide1 i ne 

recommended by  Heal t h  and We1 f a r e  Canada f o r  PCB l e v e l s   i n   f i s h  and 
s h e l l f i s h   f o r  human c o n s u m p t i o n ,   f i s h i n g   r e s t r i c t i o n s   i n   P o r p o i s e   H a r b o u r  

were 1 i f t e d .   C r a b s   c o l l   e c t e d   a n n u a l l y   s i n c e   t h e   s p i  11 cleanup  have 
conta ined much l o w e r   l e v e l s   o f   c o n t a m i n a t i o n  and did  not   exceed 200 ppb 
i n  1979 o r  50 ppb i n  1980  and 1981. 
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C .  Clean-up  Procedures 

Three  poss ib le   methods   fo r   c leanup  were   o r ig ina l l y   cons idered;  

1) removal-  removal and land   d i sposa l  o f  contaminated  sedi - 
ments  from  the  spi  11  area 

2 )  i n - s i t u   c o n t a i n m e n t -   i n - s i t u   p h y s i c a l   i s o l a t i o n   o f   t h e  

contaminated   a rea   f rom  the   res t   o f   Porpo ise   Harbour   to  
p reven t   t he   f u r the r   sp read  o f  contaminat ion 

3 )  combination  removal  and  in-situ  containment-  removal o f  t h e  
most h igh ly   con taminated   sed iments   near   the   ou t fa l l  and 

i n-s i tu   conta inment   o f   the  remainder  

Removal o f  contaminated  sediments  (opt ions 1 and 3 )  was 

u l t i m a t e l y   c o n s i d e r e d   i n f e a s i b l e   f o r   t h e   f o l l o w i n g   r e a s o n s :  

a )   t h e   l a r g e  amount o f  wood d e b r i s   i n c l u d i n g  submerged l o g s  and bark 

conta ined in   t he   bo t tom  sed imen ts   cou ld   h inde r   d redg ing   ope ra t i ons ;  

b )  t h e   p o s s i b i l i t y  o f  resuspens ion   o f   con tamina ted   f i ne   pa r t i cu la te  
m a t t e r  and r e d i   s s o l   u t i o n   o f  PCBs c o u l d   r e s u l t   i n   t h e   s p r e a d  o f  

i n g  and d i   sposa l  contaminat ion t o  surround 
opera t i ons ;  

c )   the   p rob lems  assoc ia ted  w 

t i e s   f o r  PCB contaminated 

ng  sediments  during  dredg 

t h   l o c a t i n g  adequate  land 

sediments. 

d i  sposa l   fac i  1 i - 

Consequent ly ,   opt ion #2,  i n - s i t u   c o n t a i n m e n t ,  was se lec ted   as  

t h e   b e s t  method f o r   p r e v e n t i n g   t h e   s p r e a d  o f  c o n t a m i n a t i o n   f r o m   t h e   s p i l l  
a rea   and  p revent ing   fu r ther   up take  o f  PCBs in to   aquat ic   o rgan isms.  The 

containment  p lan was c a r r i e d   o u t   i n   t w o  phases as shown i n   F i g u r e  17. 

Phase 1 was i n i t i a t e d   i n  January, 1978  and i n v o l v e d   t h e   d e p o s i t i o n  o f  a 

20 f o o t   d e p t h   o f   l e a c h e d   h o g f u e l   o v e r   t h e   s p i l l   a r e a .  Phase 2, t h e  
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a d d i t i o n   o f  a 2 f o o t  deep p ro tec t i ve   rock   cove r ,  was completed i n   A p r i l  , 
1978. The rock  cover  was des igned  to   p revent   e ros ion   o f   the   hogfue l  

b lanket   which  could  occur  as a r e s u l t   o f   t i d a l  changes,  water  currents 

and b o a t   a c t i v i t y   i n   t h e   a r e a .  Wooden p i l i n g s  were also  erected  around 
t h e   s p i l l   a r e a   t o   p r e v e n t   b o a t  and tug   en t r y .  The hogfuel  and rock  cover  

extended  approximately 73 metres  out  from  the  shore and c rea ted  , a t   l o w  

wa te r   l eve l  , an ex tens ion  o f  t he   l and .  

Sediment  sampl ing  conducted  around  the  per imeter  of   the  cover 
i n d i c a t e d   t h a t   t h e   m a j o r   a r e a   o f   c o n t a m i n a t i o n  had been conta ined.  
M o n i t o r i n g  o f  the  sediments and crabs i n   t h e   s p i l l   a r e a  has  been 

conducted  annual ly  by EPS t o  ensure   tha t  PCR c o n c e n t r a t i o n s   i n   t h e   b i o t a  

r e m a i n   w i t h i n   a c c e p t a b l e   l e v e l s ;   t o   a s s e s s   t h e   e f f e c t i v e n e s s   o f   t h e   s p i l l  

containment  over a l o n g   p e r i o d  o f  t ime ;  and t o   e n s u r e   t h a t   t h e   i n t e g r i t y  

o f   t h e   c o v e r   i s   b e i n g   m a i n t a i n e d .  

Sediments and c rabs   co l lec ted   in   Porpo ise   Harbour   s ince   the  

complet ion o f  t he   sp i  11  containment  have  contained  very 1 ow o r  

non-detectable 1 eve1 s o f  PCBs. The o n l y   s i t e  where PCB l e v e l  s i n   t h e  

sediment  remain  el  evated i s  ad jacent   to   the   workboat   moor ing   f loa t  

between Woodrooms 2 and 3. The sediments a t   t h i s   l o c a t i o n  have 

cons is ten t ly   con ta ined  over   1000 ppb PCB. Th is   degree  o f   con taminat ion  

does  not  represent a s i g n i f i c a n t   c o n c e r n ,  however, and i s  comparable t o  
l e v e l s  found i n  seve ra l   i ndus t r i a l i zed   a reas  of B r i t i s h  Columbia. 

d. L i t i g a t i o n  
The Environmental   Protect ion  Service  subsequent ly  charged 

Canadian  Cel lu lose Company under  Subsection 33(2)  o f   t h e   F i s h e r i e s  - A c t  as 

i t  a p p l i e d   p r i o r   t o   i t s  September  1977 amendments. This  was a precedent 

s e t t i n g  case , i n   t h a t ,  i t  was t h e   f i r s t   p r o s e c u t i o n   f o r  PCBs under  the 

F i she r ies   Ac t .  The company was c o n v i c t e d   o f   d e p o s i t i n g  PCBs i n  a p lace,  

and under  condi t ions,   where it may en ter   water   f requented   by   f i sh .  
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6.4  West Kootenay Power  and L igh t   L td . ,   Rut land 

An e l e c t r i c   s h o r t   c i r c u i t   a t   t h e  West Kootenay Power  and L i g h t  

c a p a c i t o r   s u b s t a t i o n   a t   R u t l a n d   i n   O c t o b e r ,  1977 caused 1 o r  2 capac i to rs  

t o   r u p t u r e  and damaged 6 others.   Severa l   o ther   capaci tors   were 
contaminated when PCBs were  re leased  f rom  the  ruptured  un i ts .  It was 

e s t i m a t e d   t h a t  4.5 t o  7 l i t r e s   o f   f l u i d   c o n t a i n i n g  0.1% PC6 were 

re1 eased. 
Concentrat ions  of   up t o  14,000 ppm were  detected in t h e   s o i l  s 

co l l   ec ted   f rom  the   sp i   11   a rea   (Append ix  7; F igu re  4 ) .  Cleanup  procedures 
i nc luded   the   remova l   o f   so i  1 f rom a 7.5 met r e  by 2 m e t r e   a r e a   t o  a depth 

o f  1.0 t o  1.2 metres. The soil and 18 damaged and contaminated 

capaci tors  were  packed i n  45 g a l l o n   s t e e l '  drums f o r   t r a n s p o r t   t o  a 
haza rdous   was te   s to rage   f ac i l i t y   i n   t he   Un i ted   S ta tes .   So i l  samples 

c o l l e c t e d   a f t e r   c l e a n u p   d i d   n o t   c o n t a i n   d e t e c t a b l e   l e v e l s   o f  PCBs 

i n d i c a t i n g   t h a t   v i r t u a l l y   a l l   o f   t h e   c o n t a m i n a t e d   m a t e r i a l  had  been 

removed. 

6.5 Bonl i e  Logging Mil 1 Ltd.,  Stewart 

Vandalism o f  a t r a n s f o r m e r   a t   t h e  abandoned B o n l i e   s a w m i l l   a t  

S t e w a r t   r e s u l t e d   i n   t h e   l o s s   o f   a p p r o x i m a t e l y   9 1   l i t r e s   o f  PCB. The 

s p i l l  was d i s c o v e r e d   i n  November, 1977 b u t  may have  occurred up t o  1 y e a r  

e a r l i e r .  The PCB f l u i d  on t h e  cement  pad was conta ined wi th absorbent 

ma te r ia l .   Approx ima te l y  1.5 cub ic   met res   o f   con taminated   so i l ,   ad jacent  

t o   t h e   t r a n s f o r m e r  pad were removed. The t rans former  and a l l  

contaminated  mater ia l   were  p laced i n  45 g a l l o n  drums and shipped t o  a 

d i s p o s a l   f a c i l i t y   i n   t h e   U n i t e d   S t a t e s .   A n a l y s i s   o f   t h e   t r a n s f o r m e r   o i l  
showed t h a t  i t  conta ined 45,000 ppm PCR as A r o c l o r  1260. The 

contaminated   g rave l   near   the   t rans former  pad conta ined up t o  6,100 ppm. 
A sediment  sample  col lected on the  shore  approx imate ly   85  metres  f rom  the 

s p i l l   s i t e   c o n t a i n e d  0.36 ppm (Appendix  7;   Figure 4 ) .  
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6.6 Granvi 1 l e  and Rur rard   S t ree t   Br idge  Bear ings  

I 

Y 

I n  August o f  1978, sampling  conducted  by EPS i d e n t i f i e d   h i g h  

PCB c o n c e n t r a t i o n s   i n   t h e   s e d i m e n t s   u n d e r   t h e   G r a n v i l l e   S t r e e t   b r i d g e   ( u p  

t o  6.9 ppm) and i n   t h e   s o i l  under   t he   Bu r ra rd   S t ree t   b r i dge   (up  t o  7,900 

ppm). A d d i t i o n a l   s o i  1 sampl ing  conducted  under   the  Burrard  St reet   br idge 

i n  August 1980 revealed PCB l e v e l s   o f  up t o  64,000 ppm (Appendices 2, 6; 
Figures 1, 4 ) .  

The contaminat ion   under   the   Bur rard   S t ree t   b r idge was 

a t t r i b u t e d   t o   t h e   l e a k a g e   o f  PCBs used i n   t h e   l u b r i c a t i o n   o f   b r i d g e  

b e a r i n g s   ( r e f e r   t o   S e c t i o n  5.2.3). There  were  no i n d i c a t i o n s   o f   l e a k i n g  
bear ings  on the   Granv i  1 l e   B r i d g e  and e levated  sediment   concentrat ions may 

have  resul ted  f rom  past   serv ic ing o r  topping  up  procedures.  The City o f  

Vancouver was n o t i f i e d   o f   t h e   p o t e n t i a l   e n v i r o n m e n t a l   c o n c e r n s  and was 

asked t o  remove the   con tamina ted   so i l  and t o   r e p l a c e   t h e  PCBs i n   t h e  
b e a r i n g s   w i t h   a l t e r n a t e   l u b r i c a t i n g   f l u i d s .  PCBs i n   t h e   l e a k i n g   b e a r i n g s  

have now been rep1  aced w i t h  a dry  grease 1 u b r i   c a n t   w h i l e   b e a r i n g s   s t i l l  

c o n t a i n i n g  PCBs are  be ing  inspected on a regu la r   bas i s .  

The contaminated   so i l  has  been  removed  and t r a n s p o r t e d   t o  a 
s t o r a g e   f a c i l i t y   i n  Edmonton. The s p i l l   a r e a  has  been cove red   w i th  

g rave l  and asphal t .  
Addi t ional   sampl ing o f  t h e  surface  sediments  under t h e  br idges  

was conducted  by EPS i n  September, 1981 and  no i n d i c a t i o n s   o f   e l e v a t e d  

PCB concen t ra t i ons  were  detected. 

6.7 Abandoned Transformer, Fa1 se  Creek 

I n  September,  1978  an  abandoned PCB f i l l e d   t r a n s f o r m e r  was 

f o u n d   u n d e r   t h e   G r a n v i l l e   S t r e e t   b r i d g e   i n   t h e   F a l s e  Creek  area. Samples 

o f   so i l   f r om  a round   the   t rans fo rmer   con ta ined  up t o  120 ppm i n d i c a t i n g  

t h a t  t h e  t rans fo rmer  had been leak ing  (4ppendix  7 ) .  The amount o f  PCB 

Y 
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which  escaped t o   t h e  environment i s  unknown. The s e r i a l  number o f   t h e  

t rans fo rmer  was l o c a t e d   i n  EPS computer f i l e s  and  ownership  traced t o  a 
1 oca1 e l e c t r i c  company. When contacted , t h e  company agreed t o  remove t h e  

t rans fo rmer  and arranged  for  an a l t e r n a t e  means o f   d isposa l   o r   s to rage.  

No remedia l   act ion was requi   red.  

6.8 Saskatchewan Wheat Pool,  North  Vancouver 

I n  February,  1979 an e lec t romagnet   a t   the  Saskatchewan Wheat 

Pool   leaked  approx imate ly  32 l i t r e s  of PCB on to  a g ra in   conveyor   be l t .  

The  conveyor b e l t  and t h e  magnet  were  rep1  aced  and  numerous  samples o f  
g r a i n   w e r e   c o l l e c t e d   f o r  PCB analys is .   There was no  evidence o f  PCB 

contaminat ion i n   t h e   g r a i n .  Two a d d i t i o n a l  PCB f i l l e d   e l e c t r o m a g n e t s  

were  found a t  t h i s   f a c i l i t y .  These  magnets  have  also  been  removed and 

r e p l a c e d   w i t h  non-PCB types.  The use  of  PCR-containing  electromagnets i n  

food and f e e d   f a c i l i t i e s   i n  Canada  was banned i n  1980. 

6.9 - B.C. Fores t   Produc ts  Ltd.,  MacKenzie 

I n  Yay, 1979 a t rans fo rmer  was damaged d u r i n g   i n s t a l l a t i o n   a t  

t h e  R.C. Forest   Products  mill i n  MacKenzie.  Approximately  90 l i t r e s  o f  

PCB d i e l e c t r i c   f l u i d  escaped and c o n t a m i n a t e d   t h e   s o i l   ( u p   t o  150,000 
ppm d e t e c t e d )   a t   t h e  base o f  a power p o l e  and 20,000 ppm a t  a d e p t h   o f  

0.9 metres  beneath  the  so i l   sur face.  

The soil  over  a 1.0 metre  d iameter   area was removed t o  a depth 

o f   0 . 8 . t o  0.9 metres. The t rans fo rmer  was d ra ined   o f   t he   rema in ing  PCB 

f l u i d .  The l i q u i d   a s k a r e l  , contaminated   so i l  and gravel   were  p laced i n  

45 g a l l o n   s t e e l  drums and shipped t o   t h e  Waste Management Branch 

hazardous  mater ia l  s storage  bunker i n  Kamloops fo r   t empora ry   s to rage  

p r i o r   t o   d i s p o s a l .   T h i s   m a t e r i a l  has s ince  been t ranspor ted  t o  a 

d i s p o s a l   f a c i l i t y   i n   t h e   U n i t e d   S t a t e s .  
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6.10 

I n  September 
damaged , a t rans fo rmer  

230-450 1 i t r e s   o f  PCB 

4 ) .  E x c a v a t i o n   o f   t h e  

contami   nat ion  detected 

B.C. Coal - ( former ly   Ka iser   Resources   L td . ) ,  Harmer Ridge 

, 1979 an e a r t h  mover t i r e   c o l l i d e d   w i t h ,  and 
a t   the   Ka iser   Resources   s i te .   Approx imate ly  

l eaked   i n to   su r round ing   so i l s   (Append ix  7; F i g u r e  

s p i l l   s i t e  was conducted  due t o   t h e   h i g h   s o i l  

(over  100,000 ppm). A t o t a l   o f  269 f o r t y - f i v e  
g a l l o n  drums  and two 300 g a l l o n   t a n k s   w e r e   u s e d   t o   c o n t a i n   t h e   s o i l .  The 

damaged t rans former ,  PCB l i q u i d ,   c o n t a m i n a t e d   s o i l  and c leanup   ma te r ia l s  

were  shipped t o  a h a z a r d o u s   w a s t e   s t o r a g e   f a c i l i t y   i n   A l b e r t a .  

6.11 Amax o f  Canada L t d . ,   K i t s a u l t   M i n e ,   K i t s a u l t  

I n  December,  1979, d u r i n g   t h e   d r a i n i n g  and d i s m a n t l i n g   o f  a 
PCR-conta in ing  concentrate  dryer   a t   the Amax mine s i t e  it was d iscovered 

t h a t ,   i n s t e a d  o f  the  expected 2730 l i t r e s   o f  PCB, the  heat  exchanger i n  

t h e   d r y e r   c o n t a i n e d   o n l y   a p p r o x i m a t e l y  200 ga l l ons .  The d r y e r  had  been 

operated  between 1967  and  1972  by the   p rev ious   mine  owner, B.C. 

Molybdenum Ltd.  Former B.C. Molybdenum  employees  were  contacted and i t  

was lea rned   t ha t   app rox ima te l y   f ou r teen  45 g a l l o n  drums o f  PCB had  been 
removed from  the  heat  exchanger and shipped t o   t h e   U n i t e d   S t a t e s  f o r  

d i s p o s a l .   I n   a d d i t i o n ,  i t  was l e a r n e d   t h a t  one o f   t h e s e  drums may have 

been  bu l ldozed  over   the bank i n t o   t h e  Lime  Creek v a l l e y   a t   t h e  mill s i t e .  

It was n o t  known whether   the drum  had ever  been  recovered,  Apparently 

severa l  drums o f   v a r i o u s   o t h e r   w a s t e s   d e p o s i t e d   i n   t h i s   a r e a  had l a t e r  

been  recovered. 

As a precaut ion  the  area  surrounding  the  dryer ,   loca l   s t reams 

and d r i n k i n g   w a t e r   s u p p l i e s  were  sampled f o r   p o s s i b l e  PCB contaminat ion.  
The ground  sur round ing   the   d ryer  was contaminated,   wi th   the cement f l o o r  

c o n t a i n i n g  more than 300 ppm and t h e   s o i l   c o n t a i n i n g  up t o  195 ppm. 

The second  group o f  so i  1 samples c o l l e c t e d   n e a r   t h e   c o n c e n t r a t e  

d rye r   con ta ined   ve ry   h igh  PCB l e v e l s   o f  up t o  110,000 ppm o r  11% PCB. 
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Cleanup o f   t he   con tamina ted   a rea   under   t he   concen t ra te   d rye r  commenced i n  

A p r i l ,  1980. Approx imate ly  76 cubic   metres  o f   contaminated  so i l   were 

removed  and p laced i n  45 g a l l o n   s t e e l  drums  and shipped t o   t h e   U n i t e d  

Sta tes  f o r  d isposa l  . The heat  exchanger was d ra ined  , dismant led  and  sent 

t o  a s t o r a g e   f a c i l i t y   n e a r  Edmonton. 

PCB's  were n o t   d e t e c t a b l e  ( <  0.03 ppb) i n  t h e   m i l l s i t e  and 

t o w n s i t e   d r i n k i n g   w a t e r   s u p p l i e s  sampled i n  February, 1980. A water  

sample   co l lec ted  a t  the  mouth  of  Lime  Creek i n  February  by  the Waste 

Management Branch  contained, 0.17 ppb PCR. Add i t i ona l   samp l ing   o f   t he  

m i l l s i t e   d r i n k i n g   w a t e r   s u p p l i e s  and loca l   sur face   waters  was conducted 

b y   t h e  Waste Management Branch i n  March and by Amax i n  March  and A p r i l .  

The r e s u l t s  showed t h a t   d r i n k i n g   w a t e r   s u p p l   i e s   c o n t a i n e d   l o w   l e v e l  s o f  

PCB ( rang ing   f rom 0.027- 0.064 ppb)   bu t   loca l   sur face   waters   (Append ix  1) 
c o n t a i n e d   s u r p r i s i n g l y   h i g h   c o n c e n t r a t i o n s   ( u p   t o  4.8 ppb i n  Lime  Creek). 

It i s  unusual f o r  PCB c o n c e n t r a t i o n s   i n   s u r f a c e   w a t e r s   t o   e x c e e d   t h e  

1 irni t s   o f   d e t e c t i o n   ( u s u a l  l y  0.1 ppb o r  l ower ) ,  However, water  samples 

a l o n e   a r e   n o t   c o n s i d e r e d   r e l i a b l e   i n d i c a t o r s   o f   c o n t a m i n a t i o n .  It i s  

t 

u n f o r t u n a t e   t h a t  no sediment 

c o n f i r m   t h e   p r e s e n c e   o f  PCBs 

It i s   i n t e r e s t i n g  

t h i s  area  by EPS i n  1980 and 

( u p   t o  1.7 pprn). S u r p r i s i n g  

1981 conta ined  very   low  leve  

samples  were c o l l e c t e d   a t   t h a t   t i m e   t o  

i n   l o c a l   w a t e r  systems. 

o no te ,   however ,   tha t   musse ls   co l lec ted   f rom 

1981 c o n t a i n e d   u n u s u a l l y   h i g h   l e v e l s  o f  PCBs 
y, sediment  samples  col lected i n  1980  and 

s O f  PCB ( <  20-170  ppb). 

6.12 R.C. H y d r o   E l e c t r i c  Shop, Sur rey  

I n  March o f  1980 a f o r k 1  i f t  a c c i d e n t a l l y  damaged  a 

P C B - c o n t a i n i n g   v o l t a g e   r e g u l a t o r   i n   t h e   s t o r a g e   y a r d   o f   t h e  B.C. Hydro 
e l e c t r i c  shop. A t  t h e   t i m e   o f   t h e   s p i l l  i t  was e s t i m a t e d   t h a t  230 l i t r e s  

o f  PCB escaped,  however, i t  was l a t e r   d e t e r m i n e d   t h a t   o n l y  82 l i t r e s  had 
been re1 eased. 
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The contaminated  area was excavated and approx imate ly   18  cubic  

m e t r e s   o f   s o i l   w e r e   p l a c e d   i n   s p e c i a l l y   p r e p a r e d   p l a s t i c   l i n e d  

conta iners .  The excavated   so i l  and f i v e  45 g a l l o n  drums c o n t a i n i n g  

l i q u i d  PCBs and contaminated  rags and abso rben t   ma te r ia l ,  were 

t r a n s p o r t e d   t o  a h a z a r d o u s   w a s t e   d i s p o s a l   f a c i l i t y   i n  Oregon. 

The a n a l y s i s   o f   s o i  1 samples c o l l   e c t e d   f r o m   t h e   s p i l l   a r e a  

f o l  1 owi  ng  excavation 

u p  ( <  0.005-0.120 ppm 

i n d i c a t e d   t h a t   t h e   s p i l l  had  been  adequately  cleaned 

) .  

6.13 F o r t  Ne1 son A i r p o r t ,   F o r t  Ne1 son 

I n  J u l y ,  1981 EPS was n o t i f i e d   t h a t  an abandoned t rans fo rmer  

near   For t   Nelson was l e a k i n g  PCBs. Th is   t rans fo rmer  was one o f   t h r e e  
which had  been  removed from a l o c a l   a i   r p o r t   h a n g e r   i n  1975  and dumped 270 

metres  f rom  the  Alaska Highway ( n e a r   M i l e  304).  A f t e r   b e i n g   d r a i n e d ,   t h e  

t rans fo rmers  and t'he PCB f l  u i d  were t r a n s p o r t e d   t o  a p r o v i n c i a l  Waste 

Management Branch (WMB) s t o r a g e   s i t e   i n  Kamloops.  Soi 1 f rom  the   sp i  11 

s i t e   c o n t a i n e d  PCB c o n c e n t r a t i o n s   o f  100,000 t o  300,000 ppm. The WMB 

funded  the   c leanup  o f  6 5  drums o f   c o n t a m i n a t e d   s o i l .   F u r t h e r  WMB 

i nspec t i ons   a l so   revea led   h igh  PCB contaminat ion i n   t h e   o l d   t r a n s f o r m e r  
room i n  the a i r p o r t   b u n k e r .  T h i s  room.was  subsequently  sealed o f f  and 

Transpor t  Canada has  been requested t o   i n i t i a t e   c l e a n u p   p r o c e d u r e s .  
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TABLE 6 SUMMARY OF  OTHER PCB SPILL INCIDENTS I N  BRITISH COLUMBIA 
1979 - 1882 ~- 

DATE COMPANY DESCRIPTION OF INCIDENT 
~~ ~ 

Jan.  23/79 B.C. Hydro 
3 m i l e s   n o r t h   o f  
Wi 11 i ams Lake 

A t r u c k   o v e r t u r n e d  and t h e   c a p a c i t o r s  i t  
car r ied   deve loped  minor   leaks .  

Feb.  16/79 

Mar.  12/79 

Ju l y   17 /79  

Nov. 14/79 

B.C. Hydro 
M e r r i t t   S u b s t a t i o n  

A 1 1 i t r e  leakage  o f  PCBs was repor ted.  The 
cause was unknown. 

B.C. Hydro 
Pt. Hardy Substa t ion  

A capac i to r   exp loded and n e c e s s i t a t e d   t h e  
cleanup o f  a 3 m by 4.9 rn s e c t i o n  of ground 

We1 dwood Sawmi 11 
Wi 11 i arns Lake 

PC5 c a p a c i t o r   b l e w  up. 

West Kootenay Power 
and L i g h t  
Kel  owna Substa t ion  

Trans former   leak   o f   approx imate ly  0.5-1 l i t r e .  

Dec. 13/79 

Feb. 1/80 

Feb. 7/80 

Vancouver  Post 
O f f i c e  (downtown) 

A smal l   capaci tor   exp loded and sp i   11   ed   less  
than 0.5 l i t r e .  

Granduc  Mines 
Granduc, B.C. 

A t rans former   leaked a l i t t l e  more  than 
4.5 l i t r e s   o f  PCR. 

Envi  ronment Canada 
IJpper Air S t a t i o n  
Vernon 

A c a p a c i t o r   s p i l l e d  9 l i t r e s   o f  PCB i n  a 
warehouse. 

Feh. 12/80 Sears  Store 
C h i l l i w a c k  

A mercury  vapour l i g h t   o v e r h e a t e d  and 
m a l f u n c t i o n e d   r e s u l t i n g   i n  a very  smal l  PCB 
s p i l l  . m 

m 

I 

Feb.  15/80 B.C. Hydro 
T h e t i  s I s 1  and 
( Mari  na  Road) 

A p o l e   f e l l   r e s u l t i n g   i n  a damaged 
c a p a c i t o r   l e a k i n g  0.5 l i t r e  PCB. 
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TABLE 6 SUMMARY OF OTHER PCR SPILL INCIDENTS I N  RRIT ISH COLUMBIA 

( Cont i nued) 
1979 - 1982 

PATE COMPANY DESCRIPTION OF INCIDENT 

Mar.  3/80 West Kootenay Power A capaci tor   exp loded  causing a 2 l i t r e  PCB 
& L i g h t   s p i l l .  
Glenmore  Substation 
(Kelowna-Spa Road) 

Mar.  7/80 

Mar. 10180 

Mar.  25/80 

Apr.  8/80 

Apr.  24/80 

May 5/80 

May 5/80 

K1 emtu A d iscarded and rus ted   t rans fo rmer  was found 
(52'33'N - 128'31'W) and  approx imate ly   91   l i t res   o f  PCBs  may have 

been spi  11 ed. 

West Kootenay Power A s h o r t   c i r c u i t  caused a c a p a c i t o r   t o   e x p l o d e  
R L i g h t   w i t h  a r e s u l t i n g  PCB s p i l l  o f  1.63 l i t r e s .  
Kelowna  Subst,ation 
(Corner o f  R i c h t e r  R 
Recreat ional  Ave.) 

R.C. Hydro 
V i c t o r i a  

B.C. Hydro 
A r n o t t   S u b s t a t i o n  
(Ladner)  

Swanson Lumber 
F o r t  S t .  John 

D o l l y  Varden Mine 
K i  t s u a l  t 

Duncan 

An e l e c t r i c a l   s u r g e  caused some c a p a c i t o r s   t o  
blowup. An est imated 4 l i t r e s   o f  PCB were 
s p i l l e d .  

A f u s e   f a i l u r e  cuased a c a p a c i t o r   t o   e x p l o d e  
and re1  ease 2 1 i t  r e s   o f  PCBs. 

A s m a l l   c a n i s t e r   o f  PCB was found  leaking. 

5 l e a k i n g  abandoned t rans formers   were   loca ted  
on an o l d   p l a t f o r m  .46 rn above t h e  K i  t s a u l t  
River.   These  t ransformers  were  not  PCB-f i l led,  
however,  two d i d   c o n t a i n   l o w   l e v e l s   o f  PCB 
( 3 3  and 41  ppm). 

A smal l  PCB s p i l l  may have  occurred i n  con- 
j u n c t i o n   w i t h   l e a k i n g   c a p a c i t o r   o i l .  
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TABLE 6 SIIMMARY OF OTHER PCB -~ SPILL INCIDENTS I N  BRITISH COLIJMBIA 

(Cont inued) 
1979 - 1982 

DATE COMPANY 
"- 

DESCRIPTION OF INCIDENT 

June  13/80 

June  24/80 

J u l y  4/80 

Ju ly   24 /80  

Aug. 13/80 

Sept.  5/80 

Sept.  8/80 

Oct.  8/80 

n c t  . 24/80 

Nov. 18/80 

R.C. Hydro 
T i sda l  e Substa t ion  
(between  Whist1 e r  
and  Pemberton) 

Comi nco  Mines 
T r a i  1 

Canada Wide Mines 
Granduc-Stewart 

West Kootenay Power 
8( L i g h t  
Summer1 and Substa t ion  

Wesf rob  Mi nes 
Queen C h a r l o t t e   I s 1  . 
B.C. Hydro 
Surrey E l  e c t  r i  c Shop 

B.C. Hydro 
Ahousat  Diesel 
Genera t i ng   S ta t i on  

B.C. Hydro 
S u r r e y   E l e c t r i c  Shop 

B.C. Hydro 
M i l e  73:  Alaska Hwy. 

B.C. Hydro 
Annacis  Is1 and 

A s h o r t   c i   r c u i t  caused a c a p a c i t o r   t o   e x p l o d e  
r e s u l t i n g   i n  a s p i l l   o f  1 l i t r e .  

A 2-3 1 i t r e   s p i l l   o c c u r r e d   a f t e r  a c a p a c i t o r  
expl  oded. 

A t rans fo rmer   l eak   a t   t he   l ead   w i res   caused  a 
s m a l l   s p i l l  o f  approx imate ly  340 ml s. 

A broken  capaci tor   caused a 1 1 i t r e   s p i  

A smal l   t rans former  was over tu rned  resu  
i n  a s p i l l   o f  0.5 l i t r e .  

A 2 1 i t r e   s p i l l   r e s u l t e d   f r o m  a broken 
capac i to r .  

An 11 m l  s p i l l  was repor ted.  

A 57 ml s p i  11 was repor ted.  

A damaged bushing on  a capaci tor   caused 
57 m l  s p i l l .  

1. 

t i n g  

a 

A b i r d   s h o r t e d   o u t  a fuse   caus ing  2 capac i -  
t o r s  t o  f a i l  and leak  1.14 t o  2.28 l i t r e s  
o f  PCB. 

m 

IL 

r 

L 
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TABLE 6 SUMMARY OF OTHER PCB SPILL INCIDENTS IN BRITISH COLUMBIA 
1979 - 1982 

( Cont i nued) 

DATE COMPANY D E S C R I P T I O N  OF INCIOENT 

Nov. 19/80  Nether l  and Overseas 
Mi 11 s -  P r ince  George 

Dec. 5/80 Canada Wide Mines 
Granduc-Stewart 

Dec. 12/80  Tree  Is land  Steel  
New Westminster 

Jan.  12/81  Nether l  and  Overseas 
M i  11 s - Pr ince  George 

Jan.  13/81 

Jan.  21/81 

Feb. 16/81 

Feb  17/81 

Mar. 5/81 

8 .C. Tel ephone 
S w i t c h i n g   S t a t i o n  - 
North  Vancouver 

B.C. Hydro 
Horsey  Substat ion 
( V i c t o r i a )  

B.C. Hydro 
Kennedy Substa t ion  
( MacKenzi e )  

R.C. Hydro 
Brock1  ehurst  Substn. 
( Kaml oops ) 

R.C. Hydro 
Mur in   Subs ta t ion  
(Vancouver) 

Ruptured  capaci tors   re leased 2 1 i t r e s  o f  PCB. 

An i n s u l a t o r  was broken o f f  a c a p a c i t o r  
caus ing a leak  of 2.5 l i t r e s   t o  occur. 

A smal l   ho le o r  damaged bushing on a c a p a c i t o r  
caused a m ino r   l eak  o f  a few m l  s. 

A c a p a c i t o r   s p i l l e d  a very  small  volume 
o f  PCB. 

A c a p a c i t o r   e x p l o d e d   r e s u l t i n g   i n  a 100 m l  
s p i l l .  

1-2 1 i t r e s  PCB s p i  1 l e d  when  a s h o r t   c i r c u i t  
caused a c a p a c i t o r   t o   e x p l o d e .  

An e l e c t r i c a l   d i s t u r b a n c e   c a u s e d  a c a p a c i t o r  
t o   s p l i t ,   r e s u l t i n g   i n  a 1 l i t r e   s p i l l .  

V a n d a l i s m   r e s u l t e d   i n  a broken  bushing  on a 
c a p a c i t o r  and a re1  ease o f  10 m l  o f  PCB. 

A r u p t u r e d   c a p a c i t o r  caused a 0.25 1 i t r e  
s p i l l .  

a 
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TABLE 6 SUMMARY OF OTHER PCB SPILL INCIDENTS .- I N  BRITISH COLUMBIA 

(Cont inued) 
1979 - 1982 

DATE COMPANY DESCRIPTION OF INCIDENT 

Corrosion  caused a s m a l l   h o l e   i n  a c a p a c i t o r  
which  subsequent ly  dr ipped 200 m l  . o f  PCBs. 

Mar. 11/81 

Mar.  20/81 

Mar.  23/81 

B.C. Hydro 
P o r t  A1 berni  Substn. 

B.C. Hydro 
North  Vancouver  Substn. 

A 1 l i t r e   s p i l l   r e s u l t e d   f r o m  a rup tu red  
capac i to r .  

Beak Consul tants  
Lab - Richmond 

F i f t e e n  1 l i t r e   b o t t l e s   c o n t a i n i n g  PCB con- 
t a m i n a t e d   m i n e r a l   o i l   ( t o t a l  o f  approx imate ly  
2 g PCB) were  destroyed  by a f i r e   i n   t h e   l a b .  

Apr.  14/81 

Apr.  28/81 

Apr.  29/81 

Lornex  Mines 
Kaml oops 

A capac i to r   l eaked  1 l i t r e  o f  PCBs i n t o  a 
t a i  1 i ngs pond. 

A c a p a c i t o r   r u p t u r e   r e s u l t e d   i n  a 1 l i t r e  
s p i l l .  

B.C. Hydro 
Westbank  Substn. 

Rethlehem  Copper 
High1  and  Val 1 ey 
Copper Mi ne 

A c a p a c i t o r  mal f u n c t i o n   r e s u l t e d   i n  a s p i   1 1   o f  
l e s s   t h a n  0.5 l i t r e .  

A 5.5 1 i t r e   s p i l l   r e s u l t e d   f r o m  a c a p a c i t o r  
f a i  1 ure.  

May 5/81 West Kootenay Power 
PC L i g h t  
Summer1 and  Substn. 

June  10/81 R.C. Hydro 
Canal F l a t s  Substn. 
(Nor th   o f   C ranbrook )  

A capaci tor   bushing  leak  caused a 30 t o  60 m l  
s p i l l .  

B.C. Pulp & Paper 
P o r t  A1 i c e  

A l e a k i n g   t r a n s f o r m e r   r e s u l t e d   i n  a s p i l l  o f  
a few mil 1 imeters .  

June  11/81 

June 23/81 R.C. Hydro 
At1 i n  D i  ese l  
Genera t i ng   S ta t i on  

A l i g h t n i n g   s t r i k e  caused a c a p a c i t o r   t o  
s p i l l  250 m i l l i l i t r e s   o f  PCBs. 
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TABLE 6 SUMMARY OF OTHER PCB SPILL INCIDENTS I N  B R I T I S H  COLUMBIA 

(Cont inued) 
1979 - 1982 
" 

DATE COMPANY DESCRIPTION OF INCIDENT 

Ju ly   22 /81  B.C. Hydro A capac i to r   bush ing   sha t te red  due t o  an 
Kennedy S u b s t a t i o n   e l e c t r i c a l   f a u l t  and caused a 0.5 l i t r e   s p i l l .  
(Mackenzi e )  

Ju l y   27 /81  Comi nco Mi nes 
T r a i  1 

Aug. 35/81 B.C. Hydro 
Vanc. I s 1  . Terminal 
(Duncan) 

Sept.  3/81 

Sept.  9/81 

B.C. Hydro 
B rock lehu rs t  SlJbstn. 
(Kaml  oops) 

B.C. Hydro 
Kennedy Suhs ta t i  on 
(Mackenzi  e) 

Sept.  21/81 R.C. Hydro 
Chemai nus 

Oct.   7/81  Kin  Centre 
P r i n c e  George 

Nov. 2/81 B.C. Hydro 
New Westminster 
Subs ta t ion  

I 

Nov. 16/81 

a 

B.C. Hydro 
Surrey 

A m i  nor  PCB s p i l l  was repor ted.  

An e l e c t r i c a l  f a i  1 u r e  caused a c a p a c i t o r   t o  
r u p t u r e   w h i c h   r e s u l t e d   i n  a 3 t o  4 1 i t r e  
s p i l l .  

A b i r d   s h o r t e d   o u t  4 capac i to rs   caus ing  a 
1 t o  2 l i t r e   s p i l l   t o  occur. 

A broken  capaci tor   caused a  2  1 i t r e   s p i  11. 

L i g h t n i n g   s t r u c k  a po le  mounted c a p a c i t o r  
which  exploded and re leased 1 t o  2 l i t r e s .  

A 1 eak i  ng capaci tor   caused a s p i l l   o f  1 ess 
than  1 l i t r e .  

A c a p a c i t o r   r u p t u r e   r e s u l t e d   i n  a s p i l l  o f  
s l i g h t l y  more than  1 l i t r e .  

A t r e e   f a l l i n g  on a power l i n e  knocked a 
c a p a c i t o r  from t h e   p o l e  and r e s u l t e d   i n  a 
0.5 l i t r e  PCB s p i l l .  
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TABLE 6 SUMMARY OF OTHER PCB SPILL INCIDENTS I N  BRITISH COLUMBIA 

( Cont i nued) 
1979 - 1982 

DATE COMPANY DESCRIPTION OF INCIDENT 

Dec. 3/81 

Dec. 22/81 

Jan.  5/82 

Jan. 7/82 

Feb. 11/82 

Mar. 17/82 

Mar.  19/82 

Apr.  16/82 

May 12/82 

May 21/82 

Cassiar  Resources 
Cass ia r  

B.C. Hydro 
Annacis  Is1 . Suhstn. 

B.C. Hydro  Terminal 
Nor th  of Duncan 

We1 dwood 
Ouesnel 

G u l f  Oil 
P o r t  Moody 

B.C. Hydro 
Quesnel 

B.C. Hydro 
S u  r r e y  

B.C. Hydro 
Powel 1 R i v e r  

U n i v e r s i t y   o f   B r i t i s h  
Col umbi a Vancouver 

B.C. Hydro 
Kennedy Substa t ion  
(Mackenzi  e) 

A c a p a c i t o r   s p i l l e d  0.5 l i t r e  o f  PCR onto  an 
e l e c t  r i  c a l  shop fl oor.  

An explosion  caused  by a b i   r d   r e s u l t e d   i n  a 
1 l i t r e   s p i l l .  

A c a p a c i t o r   f a i l u r e  caused a 2 l i t r e   s p i l l ,  

A capac i to r   l eaked  50-100 m l  of PCRs. 

A capac i to r   exp loded and caused a  3.2 l i t r e  
s p i l l .  

A c a p a c i t o r   r u p t u r e   r e s u l t e d   i n  a s p i l l   o f  
1 l i t r e .  

A 2 l i t r e   s p i l l  was t h e   r e s u l t  o f  a c a p a c i t o r  
e x p l   o s i  on. 

A l e a k i n g   c a p a c i t o r  was the   cause   o f  a 1 l i t r e  
s p i l l .  

1 5   y e a r   o l d  drums  were  found  rusted and 
l e a k i n g  and a s m a l l   s p i l l   i s  suspected. 

A s p i l l  o f  5 l i t r e s   o c c u r r e d .  
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TABLE 6 SUMMARY OF OTHER PCB SPILL INCIDENTS I N  BRIT ISH COLUMBIA 
1979 - 1982 

( Continued) 

DATE COMPANY DESCRIPTION OF INCIDENT 

June 2/82 R.C. Hydro A capac i to r   overheated  and rup tu red ,  
M u r r i n   S u b s t a t i o n   r e s u l t i n g   i n  a 1 t o  2 l i t r e   s p i l l .  
(Main and Union St.) 

June  3/82  Neptune  Terminal s A c a p a c i t o r  was damaged enroute t o  a s to rage  
North  Vancouver  area.  Approximately 2 l i t r e s  was s p i l l e d .  
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7 DISPOSAL AND  STORAGE 

Guide1 i n e s   f o r   t h e  management o f  PCBs w i t h   r e s p e c t   t o   t h e  

s t o r a g e ,   c o l l e c t i o n ,   h a n d l i n g  and d i s p o s a l   o f  PCBs and PCB wastes  were 

deve loped  under   con t rac t   to   the   Env i ronmenta l   Pro tec t ion   Serv ice  (EPS) . 
The  Handbook on PCRs i n   E l e c t r i c a l  Equipment  (215) a1 so i nc ludes  

guide1 i nes fo r   i n -p l   an t   housekeep ing  and maintenance  o f  P C B - f i l  1 ed 

equipment.  This document  has  been d i s t r i b u t e d   t o  a1 1 major  PCB u s e r s   i n  
t h e   p r o v i n c e  and e l  sewhere i n  Canada. 

C u r r e n t l y ,   t h e   l a r g e s t   p r o b l e m   f a c i n g   i n d u s t r y  and government 
agenc ies   w i th   respec t   t o  PCBs and o t h e r   h a z a r d o u s   m a t e r i a l s   i s   t h a t   o f  

d isposa l .   A l though  bo th  government and indus t ry   have been seek ing   su i t -  
a b l e   s i t e s ,  a t  p resen t   t he re   a re  no l i c e n s e d   d i s p o s a l   o r   l o n g   t e r m  
s t o r a g e   f a c i l i t i e s   i n  Canada. Unt i l   recent ly   PCB-conta in ing   was tes   f rom 
Canada have  been t r a n s p o r t e d   t o   d i s p o s a l   f a c i l i t i e s   i n   t h e   U n i t e d   S t a t e s .  

However, i n  a May l s t ,  1980 Federa l   Regis ter   not ice,   the  Envi ronmenta l  
P r o t e c t i o n  Agency  (EPA) c l o s e d   t h e   U n i t e d   S t a t e s   b o r d e r s   t o   t h e  

i m p o r t a t i o n   o f  PCB wastes from o t h e r   c o u n t r i e s .   T h i s   a c t i o n  has 

n e c e s s i t a t e d   t h e   s t o r a g e   o f   l a r g e  amounts o f  PCB wastes i n  Canada i n  

tempora ry   haza rdous   was te   co l l ec t i on /s to rage   f ac i l i t i es .  The b u l k   o f  PCB 

wastes  f rom  Br i t ish  Columbia  have been t r a n s p o r t e d   t o  a temporary  waste 

s t o r a g e   f a c i l i t y   n e a r  Edmonton, A lbe r ta .  No s i m i l a r   f a c i l i t i e s   e x i s t   i n  

B r i t i s h  Columbia. 

It i s  obv ious   t ha t   l ong - te rm  s to rage  o f  tox ic   wastes  can  not  be 

considered a permanent   so lu t ion  to   the  waste  d isposal   problem.  Var ious 

methods o f  PCB d e s t r u c t i o n   a r e   b e i n g   t e s t e d ,  however, t o   d a t e   h i g h  

e r a t u r e   i n c i n e r a t i o n  has  been  acknowledged  as t h e  most e f f e c t i v e  me 

A comprehensive  review o f   t h e   v a r i o u s   w a s t e   d e s t r u c t i o n  

techno log ies  has been presented in   another   recent   Env i ronmenta l  

P ro tec t i on   Se rv i ce   repo r t   (256 ) .  The f o l l o w i n g   i s  a b r i e f   d i s c u s s i  

some of   these  processes,  however, i t  i s  by no means complete. 

temp- 

thod. 

on o f  
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1 

The recommended operat  i n g   c o n d i t i o n s   f o r   i n c i n e r a t  
i n c l u d e  a 1.5 second  dwel l   t ime  a t  1600OC and 2% oxygen o r  a 

i o n   o f  PCBs 
2 second 

d w e l l   t i m e   a t  1200°C and 3% oxygen  (257). The i n c i n e r a t i o n   u n i t   s h o u l d  
be  equipped  wi th a gas s c r u b b e r   t o  remove h y d r o c h l o r i c   a c i d   m i s t   w h i c h   i s  

formed  dur ing PCB des t ruc t i on   (258 ) .  

I n  1975, a s t u d y   t o   t e s t   t h e   e f f e c t i v e n e s s   o f  cement k i l n s   i n  

des t roy ing   was tes   con ta in ing  up t o  50% l i q u i d  PCBs,  was conducted j o i n t l y  
by EPS, t h e  S t .  Lawrence Cement  Company i n   M i s s i s s a u g a ,   O n t a r i o  and t h e  

Un i ted   S ta tes  EPA. D e t a i l s   o f   t h e s e   t e s t s  have  been pub1 ished i n  a Task 

Force   repor t   (257)  and an EPS r e p o r t   ( 2 5 9 ) .   I n  summary, it was concluded 

t h a t   t h i s  method o f   d e s t r u c t i o n  was e f f e c t i v e  and  stack  sampl ing  analysis 

i n d i c a t e d   t h a t   t h e  minimum combus t ion   e f f i c i ency  was over 99.9%. I n  

1976, t h e   O n t a r i o   p r o v i n c i a l  government  subsequently  issued a temporary 

l i c e n s e   t o   a l l o w  S t .  Lawrence Cement t o   c o n t i n u e   b u r n i n g  PCBs (260).  

However, o p p o s i t i o n   f r o m   l o c a l   r e s i d e n t s   r e s u l t e d   i n  a h a l t   t o   t h e  

d e s t r u c t i o n   o f  PCBs a t   t h i s   f a c i l i t y  and t h e   i n t r o d u c t i o n   o f  a bylaw 

p r o h i b i t i n g   t h e   e x p e r i m e n t a l   b u r n i n g   o f  PCBs i n  Mississauga  (261).  
S i m i l a r   p u b l i c   o p p o s i t i o n  has a r i s e n   o v e r   p l a n s   t o   i n c i n e r a t e  PCBs i n  

cement k i l n s   i n   t h e   U n i t e d   S t a t e s   ( 2 6 2 ) .  

I n   t h e   U n i t e d   S t a t e s  EPA has approved  two  inc inerat ion 

f a c i l i t i e s   f o r  PCB d i s p o s a l   i n  E l  Dorado,  Arkansas  and  Deer  Park,  Texas 
a l though   o the rs  a r e  c u r r e n t l y  under rev iew and pending  approval .  It i s  

e s t i m a t e d   t h a t   t h e  combined c a p a c i t y  o f  t h e  t w o   p l a n t s   c o u l d   r e s u l t   i n  

t h e   d e s t r u c t i o n   o f  50 m i l l i o n   k i l o g r a m s   o f  PCB per   year  (263) .  The EPA 

Tox ic   Subs tances   Con t ro l   Ac t   regu la t i ons   spec i f y   t ha t   l i qu id   was tes  
c o n t a i n i n g  more than  500 ppm PCB must be dest royed i n  EPA-approved 

i n c i   n e r a t o r s .  
EPA has a p p r o v e d   t h e   b u r n i n g   o f   l i q u i d s   c o n t a i n i n g  50 t o  500 

pprn PCB i n   u t i 1  i t y  bo i  1 ers   (264) .  One EPA t e s t   b u r n   o f  PCBs a t  a General 

M o t o r s   h i g h   e f f i c i e n c y   p l a n t   b o i l e r   i n  1980 r e s u l t e d   i n  a d e s t r u c t i o n  

r a t e   o f  99.9%. 
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€PA has a l so   i ssued  a p e r m i t   t o  Chemical Waste  Management Inc. 

f o r   t h e   i n c i n e r a t i o n   o f  up t o  13.6 mil 1 i o n  1 i t  res   o f   was te  PCB a t  sea 

t h i s   y e a r .   T h i s  company opera tes   t he   'Vu l canus '   wh ich   i s  one o f   t h e  

t h r e e   e x i s t i n g   i n c i n e r a t o r   s h i p s .  PCB wastes  are  t ranspor ted  across  the 

U n i t e d   S t a t e s   f o r   t e m p o r a r y   s t o r a g e   i n  Alabama.  From here  wastes  are 

t r a n s f e r r e d   t o   t h e   ' V u l c a n u s '  and i n c i n e r a t e d  (99.9% e f f i c i e n c y )  a t  sea 

approx imate ly  560 k i  1 ometres  southwest  of   Mobi le,  A1 abama (265). A boat  

b u i  1 d ing  company i n  Tacoma, Washington i s  a1 so p l   a n n i n g   t o   b u i  1 d two 
i n c i n e r a t o r   s h i p s   f o r   t h e   d i s p o s a l   o f   h a z a r d o u s   w a s t e s .  The ships,   which 

will be owned and o p e r a t e d   j o i n t l y   w i t h  a New York  based company should 
be   opera t iona l   by   the  end o f  1983 ( 2 6 6 ) .   I n  Canada t h e   i n c i n e r a t i o n   o f  

PCB wastes  a t  sea would be regu la ted   under   the  Ocean Dumping Con t ro l   Ac t  

a l t h o u g h ,   t o   d a t e ,  no Canadian  wastes  have  been  disposed o f   i n   t h i s  
manner. 

Un i ted   S ta tes   Env i ronmenta l   Pro tec t ion  Agency, Department o f  

Energy  and  Internat ional   Rockwel l   Ltd.   have been i n v o l v e d   w i t h   t e s t s   o f  
t h e   f l u i d i z e d  bed i n c i n e r a t i o n   o f  PCBs.  Some r e s e a r c h e r s   f e e l   t h a t   t h i s  

method o f   d e s t r u c t i o n  has ce r ta in   advan tages   ove r   t he   conven t iona l   h igh  

t e m p e r a t u r e   i n c i n e r a t i o n  method  due t o   i t s   l o w e r   o p e r a t i o n   t e m p e r a t u r e ,  

and the   fac t   tha t   the   necessary   equ ipment  can  be t r a n s p o r t e d   t o  PCB 

s torage  areas.   F ina l  end p r o d u c t s   o f   t h i s  PCB d e s t r u c t i o n  method i n c l u d e  

sod ium  ch lo r ide ,   carbon  d iox ide  and  ash (267) .  

The i n c i n e r a t i o n   o f  sol i d  PCB wastes i s  no t  a common p r a c t i c e  

b u t   i s   c o n s i d e r e d   f e a s i b l e   i n  such u n i t s  as r o t a r y   k i l n   f u r n a c e s   e q u i p p e d  

w i t h   a f t e r - b u r n e r s  and  scrubbing  systems  (258). The American  National 

S t a n d a r d s   I n s t i t u t e  recommends t h a t   s o l   i d s   n o t   a c c e p t a b l e   f o r   i n c i   n e r a -  

t i o n  be p laced i n   p r o p e r l y   d e s i g n e d  and  managed government-approved  land- 

f i l l s   ( 2 6 8 ) .  T h e r e   a r e   n o   l a n d f i l l s   o f   t h i s   t y p e   i n   B r i t i s h  Columbia  but 

c e r t a i n   i n d u s t r i e s   i n   t h e   p r o v i n c e   t r a n s p o r t e d   w a s t e  PCBs t o  chemical 

w a s t e   l a n d f i l l s   i n   t h e   U n i t e d   S t a t e s  prior t o   t h e   b o r d e r   c l o s u r e .  

The d i s p o s a l   o f  PCB wastes i n   l a n d f i l l s   n o t   s p e c i f i c a l l y  

designed f o r   t o x i c   m a t e r i a l s   d i s p o s a l  has r e s u l t e d   i n   e n v i r o n m e n t a l  

m 

m 
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contaminat ion and  has necess i ta ted   c lean -up   ope ra t i ons   i n  some areas  of 

t h e   U n i t e d   S t a t e s   i n c l u d i n g  Tennessee  (269) and New York  (270). EPA c u r -  

r e n t l y  has a l i s t   o f   r e q u i r e m e n t s   f o r  PCB wastes  deposited i n   l a n d f i l l s  

and a1 so f o r   t h e   d e s i g n  and o p e r a t i o n   o f   l a n d f i  11 s r e c e i v i n g  such  wastes 

(258,  271). 

V a r i o u s   o t h e r   m e t h o d s   f o r   t h e   d e s t r u c t i o n   o f  PCBs o r  PCB- 

contaminated  wastes  are  be ing  invest igated.  One method  being  developed 

by  Lockheed  Research  Centre i n   C a l i f o r n i a   u t i l i z e s  a microwave  plasma 
r e a c t o r   t o   b r e a k  down t o x i c  compounds such as PCBs, kepone  and nerve gas 

t o  steam, CO2 and ac id   (272) .  Due t o   l a c k   o f   f u n d i n g   t h i s   p r o c e s s   i s  

no t   p resen t l y   be ing   f u r the r   deve loped .  

Research a t   t h e   N a t i o n a l  Water  Research I n s t i t u t e  (NWRI) i n  
O n t a r i o  has shown t h a t   m i c r o b i a l   d e g r a d a t i o n   o f  PCB wastes  conta in ing 

between 100 and 300 ppm can be acce le ra ted  by e m u l s i f y i n g   t h e  PCB l i q u i d .  

The g r e a t e r   s u r f a c e   a r e a   o f   t h e   f i n e   d r o p l e t s  speeds  up t h e   a c t i o n   o f  

microbes.   Us ing  th is   method,   Aroc lor  1254 a t  a c o n c e n t r a t i o n   o f  300 ppm 
has  been  reduced t o   a p p r o x i m a t e l y  20 ppb i n  a 1 week per iod.   This  method 

may e v e n t u a l l y  be u s e f u l   f o r   i n i  t i a1 e f f l u e n t   t r e a t m e n t   ( 2 7 3 ) .  
T r e a t m e n t   o f   t r a n s f o r m e r   o i l s   c o n t a i n i n g   l o w   l e v e l s   o f  PCBs 

( <  0.1%) w i t h   o r g a n o m e t a l l   i c  compounds such  as  sodium  napthal  ide i n  a 
c losed   gas - t i gh t   vesse l  has a l s o  been found t o  be e f f e c t i v e   b y   t h e  
U n i v e r s i t y  o f  Water loo and Goodyear T i r e  and Rubber Co. i n  t h e  Uni ted 

States.  The sodium  combines w i t h   t h e   c h l o r i n e  o f  t h e  PCB molecule and, 

f o l l o w i n g   a d d i t i o n a l   s t a g e s   o f   t r e a t m e n t ,   t h e   f i n a l   p r o d u c t s   a r e  sodium 
c h l o r i d e ,  non-'ha1 ogenated   po lypheno ls   and  the   t rea ted   o i l  (256) .  The 
e f f i c i e n c y   o f  PCR d e s t r u c t i o n   u s i n g   t h i s  method i s  approx imate ly  95% 

(274,  275).  Other  sodium  dechlorination  processes  have been developed 

and are  be ing  invest igated  by  severa l   o ther   companies and research 
o r g a n i   z a t i  ons. 

The O n t a r i o   M i n i s t r y   o f   t h e   E n v i  ronment i s   s u p p o r t i n g   r e s e a r c h  

on PCB i n c i n e r a t i o n   u s i n g   t h e  p lasma  arc   pyro lys is   process  which i s  

c a r r i e d   o u t   a t  50,OOO"C. One o f  the   aspec ts  o f  th is   process  which  must  
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be more c a r e f u l l y   i n v e s t i g a t e d   i s   t h e   p o s s i b i l i t y  o f  t h e   f o r m a t i o n   o f  

o t h e r   p o t e n t i a l l y   t o x i c  compounds as t h e  gasses  cool  (276). 

Another   method,   ca l led  the PCBX process, was developed  by a 

Un i ted   S ta tes  firm (Sunohio Co. Ltd.) and des t roys  PCB molecules  by 

s t r i p p i n g   t h e   c h l o r i n e  atoms  and c o n v e r t i n g  PCB t o  meta l   ch lo r ides  and 

polyphenyl  compounds ( s i m i l a r   t o   t h e  Goodyear  process).  This  system's 

advantages  are  that  i t  can  proceed i n  an enclosed  system  at   low 

temperatures and pressure,  and i t  i s   p o r t a b l e .  The waste o i l s   t r e a t e d  
a re   no t   des t royed   i n   t he   p rocess   bu t   a re   decon tamina ted  and a v a i l a b l e   f o r  

re-use  (277).  
The use o f  d i e s e l   e n g i n e s   f o r   t h e   d e s t r u c t i o n   o f  PCBs has a l s o  

u n d e r g o n e   p r e l i m i n a r y   t e s t i n g   i n   O n t a r i o .  
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a REGULATIONS 

Regu la t ions   govern ing   the   use   o f  PCBs i n  Canada have  been 

developed  under  the  Envi  ronmental  Contaminants  Act (ECA) . The ECA was 

promul  agated on A p r i l  1, 1976 and i s   a d m i n i s t e r e d   j o i n t l y  by  Environment 

Canada and Hea l th  and We1 f a r e  Canada. Th is   Ac t   p rov ides   the   federa l  
government w i t h   t h e   a u t h o r i t y   t o   o b t a i n   f r o m   C a n a d i a n   i n d u s t r y ,  

i n f o r m a t i o n  on p o t e n t i a l l y  hazardous  chemicals  or new chemicals i n  use o r  

i n t e n d e d   f o r   u s e   i n  Canada. The Act a1 so gives  the  government  the  power 

t o   r e s t r i c t   o r   p r o h i b i t   t h e  use,  manufacture  and  importat ion  of  
prescr ibed  substances. PCBs were t h e   f i r s t   c l a s s   o f  substances t o  be 

regu la ted   under   the  ECA. 

The PCB r e g u l a t i o n s  and amendments under  the ECA as pub l i shed  

i n   t h e  Canada Gazet te   a re   inc luded  in   Append ix  12. They a re  summarized 
b r i e f l y  as f o l l o w s .  

Chl   orobi   phenyl   Regul   at ions No. 1 was i n t r o d u c e d   i n  September 1 , 1977. 

These r e g u l a t i o n s   p r o h i b i t e d   t h e  use o f  PCBs i n   t h e   o p e r a t i o n ,   s e r v i c i n g  

o r  maintenance o f  any  product,   machinery,   or   equipment  other  than: 

1) e l e c t r i c a l   c a p a c i t o r s ,   t r a n s f o r m e r s   ( a n d   a s s o c i a t e d   e l e c t r i c a l  
equ i pment ) ; 

2 )  v a p o u r   d i f f u s i o n  pumps, h e a t   t r a n s f e r  and hydraul ic  equipment and 

electromagnets i n  use i n  Canada p r i o r   t o  September 1, 1977; 

3 )  machinery and equipment  intended  for  use i n   t h e   d e s t r u c t i o n   o f  PCBs. 

The use o f  PCBs as a c o n s t i t u e n t   o f  any product,   machinery o r  

equipment  manufactured i n   o r   i m p o r t e d   i n t o  Canada a f t e r  September 1, 1977 

( o t h e r   t h a n   e l   e c t r i   c a l   c a p a c i t o r s ,   t r a n s f o r m e r s  and assoc ia ted   e l   ec t  r i  c a l  

equipment) was  a1 so p r o h i b i t e d .  
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An amendment t o   R e g u l a t i o n s  No. 1 came i n t o   e f f e c t  on J u l y  1, 

1980  and, i n   a d d i t i o n   t o   t h e  1977 r e s t r i c t i o n s ,   p r o h i b i t e d   t h e  use o f  

PCBs i n :  

a)  electromagnets i n   o p e r a t i o n   o v e r  human and animal  food and food  addi -  

t i v e s ;  

b )   e l e c t r i c a l   c a p a c i t o r s  and t ransformers and a s s o c i a t e d   e l e c t r i c a l  

equipment  manufactured i n   o r  impo , r ted   i n to  Canada a f t e r   J u l y  1, 

1980 ; 
c )   s e r v i c i n g  o r  maintenance of   products ,   machinery  or   equipment   o ther  

t h a n   e l   e c t  r i  ca l   t rans fo rmers  , el   ect   romagnets and associ   ated 

e l e c t  ri ca l   equ i  pment ; 
d )  new f i l l i n g   o r  makeup f l u i d   i n   s e r v i c i n g   o r   m a i n t e n a n c e   o f   e l e c t r o -  

magnets o r   e l e c t r i c a l   t r a n s f o r m e r s  and associated  equipment. 

The imp1 i c a t i  ons o f   ( c )  and (d )  above be i  ng t h a t ,  whi 1 e it i s  

p e r m i s s i b l e   t o   d r a i n ,   f i l t e r  and r e t u r n  PCB f l u i d s   t o   t r a n s f o r m e r s ,  and 

electromagnets , t h e   a d d i t i o n   o f  new  PCBs t o  any  equi pment i s   p r o h i b i t e d .  

I n  cases  where  topping  up i s   r e q u i   r e d  an a1 t e r n a t e   f l u i d  must  be  used. 

O t h e r   r e g u l a t i o n s   a r e   c u r r e n t l y   b e i n g   d e v e l o p e d   t o   c o n t r o l   t h e  

r e l e a s e   o f  PCBs to   t he   env i ronmen t  and t o   r e s t r i c t   t h e   s a l e   o f   p r o d u c t s  

c o n t a i n i n g  PCBs. 

Other   Canadian  leg is la t ion  which may be  used t o   c o n t r o l  PCBs 

i n c l u d e   t h e   F i s h e r i e s  - Act  and, t o  some e x t e n t ,   t h e   T r a n s p o r t a t i o n  - o f  

Dangerous Goods Act. 
Under Sec t ion  33 Subsection '2 o f   t h e   F i s h e r i e s  - Act  it i s  un- 

l a w f u l   t o   d e p o s i t  a de le te r i ous   subs tance   i n to   wa te r   f requen ted   by   f i sh .  

I n  a 1977 precedent   set t ing  case,   the  Canadian  Cel l   u l   ose  pu lp m i  11 i n  
P r i n c e   R u p e r t ,   B r i t i s h  Col  umbia was charged  and  convicted  under 

Subsection 33(2) ( r e f e r   t o   S e c t i o n  6.3). Th is  was t h e   f i r s t   t i m e   t h e  
F i s h e r i e s   A c t  had  been  used i n  Canada' t o   p r o s e c u t e  a r e l e a s e   o f  PCBs i n t o  

the  environment . 
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The t r a n s p o r t a t i o n   o f  PCB f i  11 ed equipment and PCB wastes  must 

comply w i t h   t h e   r e q u i r e m e n t s   o f   t h e   f e d e r a l  - T r a n s p o r t a t i o n  - o f  Dangerous 

" Goods Act  and Regul a t i o n s .  The Act was proclaimed i n  1980 i n   o r d e r   t o  

p r o m o t e   p u b l i c   s a f e t y   i n   t h e   t r a n s p o r t  o f  dangerous goods and app l i es  

o n l y   t o   f e d e r a l   l y - r e g u l   a t e d  modes o f   t r a n s p o r t .  The r e g u l a t i o n s  , which 

will be pub l i shed  as t h r e e   i n d i v i d u a l   u n i t s ,  will i d e n t i f y   t h e   s p e c i f i c  

requi rements  for   documentat ion  (mani fests  and w a y b i l l  s )  , packaging, and 

1 a b e l l   i n g   o f  dangerous goods i n c l u d i n g  PCB equipment and wastes. The 
t h r e e   u n i t s   o f   r e g u l a t i o n s   a r e   e x p e c t e d   t o  be promulga ted   dur ing   the  

l a t t e r   p a r t   o f  1983. I n   t h e   i n t e r i m ,   t r a n s p o r t a t i o n   p r o c e d u r e s   f o r  PCB 

m a t e r i a l s  have  been o u t l i n e d   i n   C h a p t e r  7 o f   t h e  EPS Handbook on PCBs i n  

E l  e c t  r i  cal  Equipment (215) .  

It i s  expec ted   tha t  new l e g i s l a t i o n  soon t o  be p u t   i n t o   e f f e c t  

b y   t h e   B r i t i s h  Columbia M in i s t r y   o f   Env i ronmen t  will a l s o   i n c l u d e  some 
r e g u l a t i o n s  on the   hand l i ng ,   d i sposa l  and t r a n s p o r t a t i o n   o f  PCBs, as w e l l  

as,  other  hazardous  wastes. 

Other   p rov inc ia l   agenc ies  whose l e g i s l a t i o n  can  be  used t o  

c o n t r o l  PCBs i n   B r i t i s h  Col  umbia i n c l u d e   t h e   M i n i s t r y   o f  Labour and t h e  

Workers'  Compensation  Board. 

I n   c o n j u n c t i o n   w i t h   t h e   f e d e r a l   d e p a r t m e n t   o f  Consumer and 

Corporate  Af fa i rs ,   the  Occupat ional   Env i ronment   Branch o f  t h e   M i n i s t r y  o f  
Labour i s  d e v e l   o p i n g   r e g u l a t i o n s   r e q u i   r i n g   p r o p e r   l a b e l  1 i ng of poten- 

t i a l l y  hazardous  chemicals  used i n   i n d u s t r y  and v a r i o u s   i n s t i t u t i o n s .  

A l so   regu la t i ons   under   t he   E lec t r i ca l   Energy   I nspec t i on  - Act,  which i s  
admi n i s t e r e d  by the   E lec t r i ca l   Sa fe ty   B ranch  o f  t h e   M i n i s t r y   o f   L a b o u r ,  

p r e v e n t   t h e   i n s t a l  7 a t i o n   o f  PCR-fill ed o r  o the r   unapproved   e lec t r i ca l  
equipment a t   B r i t i s h  Columbia f a c i l i t i e s .  These f a c i l i t i e s   ( i n c l u d i n g  

p u l p  and paper   m i l l s ,   sawmi l l s  and sme l te rs )   a re   i nspec ted   annua l l y   by  

E l e c t r i c a l   S a f e t y   B r a n c h   i n s p e c t o r s .  

The Workers'  Compensation  Board has adopted  the  American 

Conference o f  Governmental I n d u s t r i a l   H y g i e n i s t s   s t a n d a r d s   f o r  

a tmospher i c   l eve l s  o f  PCBs i n   t h e  workp lace .   For   ch lo r ina ted   b ipheny ls  
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c o n t a i n i n g  42% c h l o r i n e   ( b y   w e i g h t j ,   t h e   p e r m i s s i b l e   c o n c e n t r a t i o n s   i n  
workp lace   a i  r are  1 mg/m3 over  an 8 hour  exposure  per iod and 2 

mg/m3 f o r  a 15 minute  exposure  per iod.   Corresponding  permiss ib le  
c o n c e n t   r a t i o n s   f o r   c h l   o r i n a t e d   b i   p h e n y l  s c o n t a i   n i  ng 54% c h l   o r i  ne  (by 

we igh t )   a re  0.5  rng/m3 and 1 mg/m3, r e s p e c t i v e l y  (278). Workers' 

Compensat ion  Board  inspectors   are  responsib le   for   ensur ing  worker  

p r o t e c t i o n   b y   e l i m i n a t i n g   o r   r e d u c i n g   e x p o s u r e   t o  PCBs d u r i n g   t h e i r  

hand1 i n g  , s to rage  and d i sposa l  . 
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APPENDIX 7 

PCB  CONCENTRATIONS I N  SOILS OF 

BRIT ISH  COLUMBIA  
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APPEND I X 8 

PCB  CONCENTRATIONS I N  GROUNDWATER 

FROM THE  MCLEESE  LAKE  AREA 
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APPENDIX 9 

PCB  CONCENTRATIONS I N  DOMESTIC  WELLS FROM 

THE  MCLEESE  LAKE AREA 
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APPEND I X 10 

PCB CONCENTRATIONS I N  SURFACE  WATERS 

FROM THE  MCLEESE  LAKE AREA 
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APPENDIX 11 

a )  PCB  CONCENTRATIONS I N  HOMEGROWN FOOD PRODUCTS 

F R W  THE  MCLEESE  LAKE AREA 

b )  HEALTH AND WELFARE GUIDELINES FOR MAXIMUM 

ACCEPTABLE  PCB  LEVELS I N  FOOD PRODUCTS 
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APPENDIX l l b  HEALTH  AND  WELFARE  GUIDELINES FOR MAXIMUM  ACCEPTABLE  PCB 
LEVELS IN FOOD  PRODUCTS (wet weight basis) 

- ~ ~ _ _ _ _ _  ~ 

Fish  and  Shellfish 2 PPm 

Dai ry Products 0.2 ppm 

Poul try 0.5 ppm 

Eggs 0.1 ppm 
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APPEND I X 12 

ENVIRONMENTAL  CONTAMINANTS  ACT  REGULATIONS 
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Registration 
SOR/80-461 20 June, 1980 

Enregistrement 
DORS/80-461 20 juin 1980 

ENVlRONMENTAL CONTAMINANTS ACT 101 SUR LES  CONTAMINANTS DE 
L'ENVIRONNEMENT 

Cblorobiphcayl Regulations No. I, rmcodmcnt R4gfcrnent no I sur ICs bipbhylcs cbiods- 
Modificrtloo 

P.C. 1980- 1637 19  June, 1980 C.P. 1980.1637  19 juin 1980 

Whereas 8 copy of a propostd amendment to Chlorobi- Vu qu'unc copie d'un projet de  modification BU RCglement 
phenyl  Regulations No. I was published in the CUM~O n* 1 sur 1 6  biphhyla &lor& a &t  pub]& dans la Gazette &I 
Gazette Part I on December 2, 1978, punwnt to Kaion 5 O f  Cumdo, Partie I, IC 2 d h m b r e  1978, en vertu de I'article 5 de 
the Environmental Contaminants Act; h Loi sur le contaminants  de  I'cnvironnement; 

Whereas  two  notices of objection to the propored rmend- Vu que deux rvis d'opporition i oc projet de modification 
ment  were filed with the Minister of the Environment and rn ont ttC dtporb  ruprb du  ministre de I'Environnernent et 
Environmental contaminants Board of Review,  established in qu'une  Commission d'ttudc  sur les contaminants  de I'envimn- 
accordance with section 6 of the Act, conducted an inquiry  in nemcnt  Ctablie en vertu  de  I'articlc 6 de & &i a fait cnqutte 
accordance with that section; aux tcrma de cft rnicle; 

Whereas on February 25, 1980, the Board  submitted its Vu que k 25 fbrier 1980, la Commission a prtoentt son 
report to the  Minister of the Environment and lo the  Minister rapport  au  ministre de I'Environnemcnt et AU ministre de la 
of National  Health and Welfare  together  with its recornmen- Santt nationale et du Bicn-ttre social. ainsi que sa recommcn- 
dations and all evidence that was before the  Board in accord- dations et I'enremblc de la preuve  dont ellc a pris connris- 
ance with  subseclton 6(4) of the Act; rrnce, conformCment au  paragraphe 6(4) de & h i ;  

Pres Release d a t d  March 26, 1980 and at a press conference par  mmuniquC et confkrence de prerre. 
held on March  26.1980. 

And  Whereas the report of the Board was made  public by a Et vu que l d i t  rapport a ttC rcndu  public k 26 man 1980 

Therefore. His Excellency the Governor General in  Council, A ar c~uscs, nur avis conforme du ministre de I'Environne- 
on the recommendation of the Minister of the Environment  ment et du  ministre  de la S m t C  nationale et du Bicn-&rc 
and the  Minister of National Health and Welfare, and in mid, suivrnt 1 6  recommandations de  la Commission et en 
accordance  with  the  recommendations of the  Environmental  vertu  de I'alinh 1 8 ~ )  de la Loi  sur  contaminants de 
Contaminants Board of Review,  pursuant to paragraph 18(c) I'environncment, it plart 4 S o n  Excellence IC Gouverncur gCnC- 
of the  Environmental Contaminants Act. is pleased hereby to nl en conscil de modifier,  conformbment & I'anncxc ci-rprts. 
amend  the  Chlorobiphenyl  Regulations NO. I ,  C.R.C., C. 564, k RLglcmcnt no I sur la biphtnylcs chlorb. C.R.C., E. 564. 
in accordance with the schedule  hereto. 

SCHEDULE  ANNEXE 

I .  Section 2 of the Chlorobiphrnyl R?gulotions No. I is I .  L'articlc 2 du R3glemenr u8 I sur Ies biphhyles chlorts 
revoked and the  following substituted therefor: e s t  abrogk et remplad par cc qui suit: 

"2. In  these Regulnti~lr. 
"Act" means  the Environmental Contaminunrs Acr; 
"*chlorobiphcnyls"  means  those  chlorobiphenyls that haw 

the  molecular  formula C,,H,,.CI.  in  which  "n" is greater 
than 2; 

"electrical transformers"  includes transformcr/rcctifier 
assemblies installed in a common  enclosure; 

"Minister"  means the Minister of the Environment." 

e2. Dans IC prtsent  rtglcmcnt, 

moltculairc  CI2Hle.CI, OS anm a t  plus &rand que 2; 

ment; 

abiphtnyler  chlortsm dtsignc la compo& de & formule 

a h i n  dbigne la toi sur Its contaminunts de I'envirolvv- 

Minis t re  dksigne le ministre de I'Environnement; 
attansformatcurs Clcctriquesm comprcnd I c s  ensembles trans- 

formateurs/rcdrascurs  installk dans une &me 
enceinte., 

2272 



- 224 - 
I 

"3. F o t  the purpose of s u b t i o n  B(2) of the Act. the 
following  commercial, manufacturing or proceuing user arc 
hereby pracribd as uses in respect of which  chlorobi- 
phenyls may not k u d :  

(a) use in the operation of any pmduct.  machincry 01 
equipment other than  

(i) clCarica~ capacitors, electrical transformen  and 
associated electrical equipment, 
(ii) h u t  transfer equipment.  hydraulic  equipment. elec- 
tromagnets. and vapour  diffusion  pumps that were 
designed to UK chlorobiphenyls and were  in use in 
Canada before Scptemkr 1. 1977,and 
(iii) machinery or equipment. the operation of which is 
intended to destroy the chemical structure of 
chlorobiphcnyls; 

( b )  use in the operation of electromagnets that are used to 
handle food. animal f e d  or anything intended to k 
added to food or animal f e d  for any purpose whauocvcr; 
(c)  UK as a constituent of any  product,  machinery or 
equipment  manufactured  in or imported  into Canada 
after September 1, 1977. other than electrical capacitors. 
electrical transformers and associated electrical equip- 
ment; 
(d) UK as a constituent of electrical apaciton, electrical 
transformers  and  otsociated electrical equipment manu- 
lacturcd in or imported into Canada  after July 1. 1980; 
(e) UK in the servicing or maintenance of any  product, 
machinery or equipment. other  than electromagnets, elec- 
trical transformers  and associated electrical equipment; 
and 
v) use as new filling or as make-up  fluid in the  rcrvicing 
or maintenance of any electromagnet, electrical trans- 
former or associated electrical equipment." 

a3. Aux fins du paragraphe B(2) de la Loi. I c r  emplois 
ruivants  des biphtnylts  chlorh dans IC commerce. la fabri- 
cation ou la transformation son1 interdits: 

U )  I'cmploi dans I'exploitation  de tout produit.  machincrie 
ou bquipement. u u f  

(i) la condensatcurs  Clectriqucs. ks transformatcurs 
Clectriques el I'tquipcment  Clectrique  connexe. 
(ii) I%quipcment de  transfert  de la chaleur. I'quipe- 
rncnt  hydraulique. les Clectreaimantr et l e s  pmpcs 3 
diffusion de vapcur m n p s  pour utiliser des  biphknyles 
chlorts et mir  en s e r v i c e  au Canada avant IC 1" nptenr- 
brc 1977. et 
(iii) la machincrie ou I'Cquipcment destinis H dCtruirc 
I. structure chimique des biphhyles  chlorb; 

6 )  I'emploi dans I'exploitation  d'tlectra-aimants utilids 
pour la manutention  d'aliments destinb d I'homme ou 
aux animaux ou de leun additifs; 
c) I'cmploi dans la produitf, la machinerie ou I'iquipe- 
mert fabriquks ou import& au Canada aprts le I" rcp 
tembre 1977, sauf les condensatcurs  Clectriques, Ics trans- 
formatcurs Clectriques et I'tquipement tlectriquc conncxc; 
d) I'emploi dans Ies condensatcurs  Clectriqucs. Ics trans- 
formatcurs Clectriques et I'tquipement Clectrique  cobnexc 
fabriquh ou i m p r t b  au Canada aprts IC 1- juillet 1980; 
e) I'empioi  pour Ir rtparation ou I'entrctien  des  produits. 
de la machinerie ou de 1'6quipcment au t re  que ICS Clec- 
treaimants. l e s  transformatcurs &lectriques et I'bquipc- 
ment  Clcctrique  conncxc; et 
fi I'cmploi wrnme NQMV~XIU fluide de remplissa~c ou 
comme fluide d'appint pour la nipration ou I'cntreticn 
des  Llectro-aimants,  des transformatcurs Clectriques ou de 
I'bquipement  Clcctrique c0nnexe.r 

I 

m 

I 

mII 

3# Seaions I and 2 shall come into fore on July 1. 1980. 3. Lts articles I et 2 entrent en  vigueur le I*'juillct 1980. 
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EXPLANATORY NOTE NOTE EXPLICATIVE 
(This m e  is not parr of the Replorion. but is intended d y  (La pdsente mte ry fair pas m i e  dm r)llrmrru et r'ar 

for iqfiwmation purpatrs.) pmblik qu'b rim Cri4mmatim.) 
Thac amendments now hrvt the followin#  effects: Ccr m o d i f i a t h  qui cntrcnt en vipcur k I- juillct 1980 

( I )  m e  w of chlorobiphenyls is restricted  to we in tboc  ( I )  1 limiter I'emploi de biphCnyla chid &ns I'exploita- 
items listed in subpragnphs 3(a)(i). (ii) and (iii). tion de tout produit. machinerie ou dquipement n u f  ccruins 

(2) Pangraph 3(6) prohibits the use of chlorobipbenylr in (2) i interdire leur emploi la Clectmain~nts utili& 

vinent: 

.. rrticla; 

the  operation of electromagnets  that are used to brndle food, pour la manutention drns I'industrie dimenuire; 
animal f e d  or  anything intended to k added lo food 01 
animal fetd for any pur-  whatsoever. 

(3) Paragraph  3(c) prohibits the use  of chlorobiphenyb IS a (3) i interdire kur emploi &ns kr produits fab iqub  ou 
constituent of any product manufactured in or imported into import& au Canada rprtr IC I" scptembn 1977. uuf ks 
Canada after September 1, 1977, other  than  electrical upaci- condensatcurs  Clectrques, I c r  transformateurs Cltctriqucr et 
tors. electrical  transformers and associated elecviul equip- I'lquipcment Clectrique amnexe; 
mtnt. 

exemption regarding  electrical  capacitors, electrical transform- de la prtrente note; 
en and associated electrical equipment so that  thereafter  the 
use of chlorobiphcnyls is totally prohibited as a constituent of 
any  product, machinery or equipment manufactured in or 
imported into  Canada. 

(5) Paragraph  3(e) rllows the UK of chlorobiphcnylt after (5) 4 interdire leur  emploi  pour la dpantion ou I'entretien 
July I ,  1980 in the ~ n i c i n g  or maintenana of clecrromag- des produiu de la machincrie ou de I'lquipcmcnt n u f  cctuins 
nets, electriul  transicrmers and arsociated electrial e q u i p  artickr; 
ment. This means, for example, that existing chlorobiphenyls 
may k removed, filtered and returned to the same pia of 
equipment. However, in paragraph 3 0  the w of additional 
chlorobiphenyls as a new filling  or as make-up in senicing or (6) 1 interdire leur emploi cOmme mvcIu fluide de nm- 
maintenance is prohibited. This d m  not. though, prohibit the pliurge ou fluidc dQappoint pour rhpntion ou 
UK of a suitable  nonchlorobiphenyl fluid as a new fillin8 or u Iscntrctien de -ins a r t i b .  
make-up. 

(4) Subsection  3(6) removes,  effective July I ,  1980. the (4) ne  pius excmpter kc articles vi& nu pngraphc  (3) 

QUEENS  PRINTER FOR CANADA.OTTAWA. 1980 IMPRIMEUR DE LA REINE  FOUR LE CANADA, OTTAWA. 1 9 8 0  
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DATA SOURCE REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Envi ronmenta l   Protect ion  Serv ice,   Pac i f ic   Region,   Vancouver ,  B.C., 
unpubl i shed  data. 
Rad ian   Corpora t ion ,   Aus t in ,   Texas ,   " Ident i f i ca t ion   by  GC-MS Analys is   o f  

Halogenated  Organics and PCBs i n  T issues   o f   Se lec ted   Aquat ic  
Organisms", repor t   p repared  fo r   Env i ronment  Canada, P a c i f i c  Region, 

Vancouver, B.C., C o n t r a c t  05878-00144,  January,  1979. 
EVS Consu l tan ts   L td . ,   "Contaminant   Mob i l i za t ion  and  Bioaccumul a t i o n  

from Marine  Sediments  Adjacent  to a S h i p   R e p a i r   F a c i l i t y " ,   r e p o r t  

p repared  fo r   Env i ronmenta l   Pro tec t ion   Serv ice ,   Pac i f i c   Reg ion ,  

Vancouver, B.C., c o n t r a c t  07SB KE114-9-2279,  August,  1980. 
G a r r e t t ,  C., F raser   R iver   Es tuary   S tudy ,   Water   Qua l i t y   Ser ies ,   "Tox ic  
Organ ic   Contaminants" ,   Env i ronmenta l   Pro tec t ion   Serv ice ,   Pac i f i c  

Region,  Vancouver, B.C., March,  1980. 

In land  Waters  Di rectorate,   Pac i f ic   Region,   Vancouver ,  B.C., unpubl ished 

data.  

G a r r e t t ,  C. "Env i ronmenta l   Contaminat ion   by   Po lych lo r ina ted   B ipheny ls  

(PCB's) i n   B r i t i s h  Columbia - A Summary o f   C u r r e n t  Data,  1976", 

Env i ronmenta l   Pro tec t ion   Serv ice ,   Pac i f i c   Reg ion ,  EPS 8-PR-76-3 
(1976). 

EVS Consul tants   L td. ,   "Addi t ional   Chemical   Analys is   o f   Sediments 

Bayshore West S ide   Deve lopment   Pro jec t " ,   repor t   p repared  fo r  MacLeod 

Geotechn ica l   L td . ,   fo r   submiss ion   to   Env i ronmenta l   Pro tec t ion   Serv ice ,  

P a c i f i c  Region,  Vancouver, B.C., August 29, 1979. 

B.C. Hydro,  Vancouver, B.C., unpubl ished  data.  

F i s h  and W i l d l i f e  Branch, M i n i s t r y   o f   E n v i r o n m e n t ,   T r a i l ,  B.C., 

unpubl i shed  data. 

Seakem Oceanography  Ltd.,  "Analysis  of  Sediment Samples f o r   P o l y -  

c h l o r i n a t e d  B i  phenyl s", r e p o r t   f o r   F i   s h e r i e s  and  Oceans,  Sidney, B.C., 

Ap r i  1 , 1979. 

Bawden, C.A., W.A. Heath,  and A.B. Norton, " A  P r e l i m i n a r y   B a s e l i n e  

Study   o f   Rober ts  and  Sturgeon  Banks",  Westwater  Research  Centre, 

Technica l   Repor t  No. 1, 1973. 
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12.  Johnston, N.T., L.J. A l b r i g h t ,  T.G. Northcote,  P.C. O l o f f s  and K. 
Tsumura, "Chlorinated  Hydrocarbon  Residues i n   F i s h  from t h e  Lower 

Fraser  River",  Westwater  Research  Centre,  Technical  Report No.  9, 

(1975). 

13. 
14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 
26. 

27. 

M i n i s t r y   o f   E n v i r o n m e n t ,   V i c t o r i a ,  B.C., unpublished  data. 

EVS Consul tants   L td. ,   "Determinat ion  o f   Contaminant   Levels  i n   F i s h  

Species from t h e   F r a s e r   R i v e r " ,   r e p o r t   p r e p a r e d   f o r   F i s h e r i e s  and 

Oceans, Paci f ic   Region,  Vancouver,  B.C., January, 1981. 

EVS Consul tan ts   L td . ,   "Mon i to r ing   o f   Po lych lo r ina ted   B ipheny l  s i n   t h e  

Lower  Fraser  River - A Data  Repor t " ,   repor t   prepared  for   Env i ronmenta l  
Protect ion  Serv ice,   Pac i f ic   Region,   Vancouver ,  B.C., A p r i l ,  1980. 
B.C. F i s h  and W i l d l i f e   S e r v i c e ,   V i c t o r i a ,  B.C., unpubl ished  data.  

F isher ies  Inspect ion  Branch,   Pac i f ic   Region,   Vancouver ,  B.C., 
unpubl i shed  data. 

Canadian Wi ld l i fe   Serv ice ,   Pac i f i c   Reg ion ,   Vancouver ,  B.C., unpubl ished 

data. 

Bel k i  n  Paperboard  Ltd. ,   analysis  performed  by Beak Consul t a n t s ,  

Vancouver, B.C., unpublished  data. 

Econotech  Serv ices  L td. ,   "The  Envi ronmenta l   Status  o f   Bel   k in   Paperboard 

L td .   Landf i l l   Opera t ion" ,   Repor t   to   Be l   k in   Paperboard   .L td . ,   June,  1980. 

M i n i s t r y   o f   E n v i r o n m e n t ,   V i c t o r i a ,  B.C., Mon th l y   Mon i to r i ng   Resu l t s   f o r  
PE 17, Bel k in  Paperboard  Ltd. ,   unpubl ished  data.  

Cain, R.T., M.J.R. Clark,  and N.R. Zorkan,  Fraser  River  Estuary  Study, 

Water Q u a l i t y ,  "The  Trace  Organic  Const i tuents i n  D ischarges" ,   M in i s t r y  

o f  Env i ronment ,   V ic to r ia ,  B.C., 1979. 
MacLeod Geotechnica l   L td . ,   unpubl ished  data  submi t ted  to   Envi ronmenta l  

Protect ion  Serv ice,   Pac i f ic   Region,   Vancouver ,  B.C. 

Waste  Management Branch,  Vernon, B.C., unpubl ished  data.  

Waste  Management Branch,  Pr ince George, B.C., unpublished  data. 
Waste  Management Branch,  Nelson, B.C., unpublished  data. 

Waste  Management Branch, V i c t o r i a ,  B.C., da ta   ob ta ined from Amax o f  
Canada. 
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