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FORWARD 

This report provides detailed information and discussion of EPS 
investigations  into  the  industrial and agricultural sources o f  
hexachlorobenzene ( H C B )  i n  British Columbia. This study was part o f  a 
national survey of sources o f  environmental contamination by HCB, and 
results of this study will a1 so be pub1 ished with results from other EPS 
regions i n  a summarized national  report on sources o f  hexachlorobenzene i n  
Canada. Information on the  toxicology and environmental  dynamics o f  HCB 
wi l l  be discussed i n  detail i n  the  national  report, and consequently will 
only be outlined  briefly here. 



ABSTRACT 

I 

1 

w 

The Envi ronmenta l   Protect ion  Serv ice  moni tored  the  indust r ia l  and 

agr icu l tura l   sources  o f   hexachlorobenzene (HCB) i n   B r i t i s h  Columbia. HCB 

r e s i d u e s   w e r e   i d e n t i f i e d   i n   a l l   i n d u s t r i a l   s e c t o r s   i n v e s t i g a t e d ,   b u t  oc- 

cu r red   a t   e leva ted   concen t ra t i ons   on l y   i n   p rocess   s l  udges (1,270 ppm  max.) 

and i n  sediments ( 2 9  ppm max.) n e a r   e f f l u e n t   o u t f a l l s   o f   c h l o r - a l k a l i  
p lan ts .   Leve ls   i n   mar ine   b io ta   co l l ec ted   nea r   t hese   p lan ts  were low (0.026 
ppm max.). 

Hexachlorobenzene was formed i n  t h e   e l e c t r o l y t i c   c e l l s   o f  

ch lor -a1  ka l  i p l a n t s  as a r e s u l t   o f   c h l o r i n e   r e a c t i n g   w i t h   g r a p h i t e  anode 
mate r ia l s .  HCB residues  were swept o u t   o f   t h e   c e l l  s w i t h   t h e   c h l o r i n e  gas 

produced i n   t h e   r e a c t i o n ,  and were   depos i ted   a t   va r ious   po in ts   i n   t he  

c h l o r i n e  gas p u r i f i c a t i o n   t r a i n .   E f f l u e n t   r e l e a s e s   o f  HCB from 

chlor -a1  ka l  i p lan ts  were  very  low (11 x loW5 ppm max.), and r e s u l t e d   i n  
measurable  contamination  only i n   e f f l u e n t  ponds  where HCB res idues  could 

accumulate i n  sediments.  Disposal o f  HCB-contaminated s l  udges i n  one 
l a n d f i l l   s i t e   r e s u l t e d   i n   c o n t a m i n a t i o n   o f   a d j a c e n t   a r e a s   a p p a r e n t l y  

t h r o u g h   l e a c h i n g   i n   t h e   l a n d f i l l   s i t e .  
Replacement o f   g r a p h i t e  anodes i n   c h l o r - a 1   k a l i   e l e c t r o l y t i c  

c e l l s   w i t h   d i m e n s i o n a l l y   s t a b l e  anodes (DSA) has e l im ina ted   p roduc t i on   o f  
c h l o r i n a t e d  benzenes. A1 1 p lan ts   surveyed  have  comple ted   e lec t ro ly t i c   ce l l  

convers ion t o  DSA. T h e r e f o r e ,   t h e   c h l o r - a l k a l i   i n d u s t r y   i s  no longer  a 
source o f  HCB, a l t hough   p rev ious l y   l and f i l l ed   s ludges  and contaminated 

equipment i n   c h l o r i n e   r e c o v e r y  systenls may conta in  HCB residues. 
Wood p r o t e c t i o n   f a c i  1 it i es u s i  ng HCB-contami nated  chl  orophenol s 

were  minor  sources  of HCB contamination. 

Ag r i cu l tu ra l   sou rces   o f  HCB inc luded HCB cereal  seed t reatments 

and  HCB-contaminated ch lo r tha l   herb ic ides .   Ne i ther   source  was i d e n t i f i e d  
as  being a major   route o f  e n t r y   o f  HCB in to   the   env i ronment .  



RESUME 

Le  Service de l a   p r o t e c t i o n  de  l 'environnement ( S P E )  a su rve i l 16  
l e s  sources   agr ico les   e t   indus t r ie l les   d 'hexach lorobenz i ine  (HCB) en 

Colombie-Bri  tanique. Des r6s idus de HCB ont  6t6  re1  ev6s 5 t o u s   l e s  sec- 

t e u r s   i n d u s t r i e l s  examings,  mais ne sont  apparus en fo r tes   concent ra t ions  

que  dans l e s  boues i n d u s t r i e l   l e s  (1270 mil 1 i o n h e s ,  max.) e t   l e s  s6diments 

(29 mil 1 i o n h e s ,  max.) pr i is  des p o i n t s  de  dgversement d ' e f f l   u e n t  des 

us ines de c h l   o r e   e t  de  soude caustique.  Les  niveaux dans l a  f l  o r e   e t   l a  

faune  marines  pr6s de ces  usines  6taient  bas (0,026 mi l l ion i ime,  max.). 

L ' hexachl  orobenziine se forme dans l e s   c e l l   u l  es 61 e c t r o l y t  i ques 

des  usines de c h l o r e   e t  de  soude caust ique 5 l a   s u i t e  de l a   r 6 a c t i o n  du 
c h l o r e  aux mat6r iaux des  anodes au graphi te .  Des r6s idus de HCB sont 
6vacu6s de 1 a c e l l   u l  e avec l e  gaz de ch l   ore  produi  t dans 1 a r 6 a c t i o n   e t  se 

d6posent en d i v e r s   p o i n t s  du r6seau  d '6purat ion du  gaz de ch lore.  Les 

d6charges   d 'e f f luen t  de HCB des  usines de c h l o r e   e t  de soude caust ique 

6 t a i e n t   t r i i s   f a i b l e s  (11 x 10-5 m i l l i o n h e s ,  max.) e t   on t  donn6 l i e u  5 
une contaminat ion  mesurable  uniquement  dans  les  6tangs  d 'ef f luent 06 l e s  

r6s idus  de HCB pouvaient  s 'accumuler dans l e s  s6diments.  L'Gvacuation  de 

boues contamin6es  par l e  HCB dans  des l i e u x  de d k h a r g e  a contamin6 des 

secteurs  adjacents,  apparamment par  lessivage. 

Le  rempl acement  des  anodes au graph i te   par  des  anodes 5 s t a b i l  i t 6  
dimensionnel 1 e a 61 imi n6 l a   p r o d u c t i o n  de benziines  chl  or6s.  Toutes 1 es 

us ines   6 tud i6es   ava ien t   te rming   la   convers ion .   L ' indus t r ie  du c h l o r e   e t  

de l a  soude caus t ique  n 'es t  donc plus  source de HCB, b ien  que l e s  boues 

qui  ont  auparavant 6 t 6  mises en d6charge e t  1 '6quipement  contamin6 du 

s y s t h e   d ' i i p u r a t i o n  du ch lo re   pu issent  en con ten i r  des k i d u s .  
Les i n s t a l l a t i o n s  de . p r o t e c t i o n   d u   b o i s ,   u t i l i s a n t  des ch lo ro-  

ph6nols  contamin&  par l e  HCB sont des sources  mineures de contamination. 

Les  sources  agricoles de HCB comprenaient des t ra i t emen ts  de 

semis  cEr6al iers  au HCB e t   l e s   h e r b i c i d e s  au ch lo r tha l   con tamin6s   par   le  

HCB. N i  l ' u n e   n i   l ' a u t r e  ne c o n s t i t u e  une voie  d 'acci is  importante du HCB 

B 1 ' envi  ronnement . 
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CONCLUSIONS 

Level s o f  hexachl  orobenzene i n  Brit i s h  Col  umbia b i o t a  were no t  

e leva ted   o r  a cause for  immediate  concern.  This  conclusion was based, 

however, on ra the r   l im i ted   mon i to r i ng   i n fo rma t ion  on f i sh   f rom  the   F rase r  

River   estuary,  and on Great  Blue  Heron egg c o l l e c t i o n s   i n   v a r i o u s  B.C. 

l oca t i ons .   Never the less ,   t hese   l ow   l eve l s   a re   p robab ly   i nd i ca t i ve   o f   t he  
l i m i t e d  number o f  sources  of  HCB p o l l u t i o n   i n   t h e   p r o v i n c e ,  and t h e  

e l i m i n a t i o n   o f   i n d u s t r i a l  and a g r i c u l t u r a l  HCB sources  by  changes i n   p l a n t  
processes  ( ie.   conversion  f rom  graphi te anodes t o  DSA i n   c h l o r - a 1   k a l  i 

e l e c t r o l y t i c   c e l l s ) .  by e l i m i n a t i o n   o f   t h e   d i r e c t   a g r i c u l t u r a l  use o f  HCB 

f o r   c e r e a l  seed treatment,  and b y   t h e   l i m i t i n g   o f  HCR concen t ra t i ons   t o   l ow  

1 eve1 s i n   c e r t a i n   p e s t   c o n t r o l   p r o d u c t s  . 
Residual HCB concentrat ions were detected from p a s t   a g r i c u l t u r a l  

uses o f  HCB, and from  past  generat ion  of  HCB as  a contaminant i n  

c h l o r - a l k a l i   p l a n t  processes.  Although HCB product ion has  been e f f e c t i v e l y  

e l   i m i n a t e d   i n   c h l   o r - a 1   k a l  i processes, HCB accumulation may occur i n  

c h l o r i n e  gas p u r i f i c a t i o n  equipment i n   p l a n t s   t h a t  have h i s t o r i c a l l y  used 

g r a p h i t e  anodes. A l s o ,   l a n d f i l l s   c o n t a i n i n g  HCB-contaminated  sludges  from 

pas t   ch l   o r i -ne   pur i f i ca t ion   p rocesses  may re lease HCB in to   the   env i ronment  . 
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1 INTRODUCTION 

U 

d 

a 

1.1 Background t o   t h e  HCB Problem 
D 

I n  1978, the  Departments o f  Environment and Nat ional   Heal th  and 

Welfare  publ ished a L i s t   o f   P r i o r i t y  Substances i n   t h e  Canada Gazette t o  

be   i nves t i ga ted  and regulated  under  the  Environmental  Contaminants  Act 
(Environment Canada and Heal th  and We1 f a r e  Canada, 1978). Ch lor ina ted  

benzenes including  hexachlorobenzene were i n c l u d e d   i n   t h i s   l i s t  as 
"substances  which  the government be l ieves may pose a s i g n i f i c a n t  danger 

t o   t h e  environment  or human h e a l t h  and about   which  fur ther   deta i led 
i n f o r m a t i o n   i s   r e q u i r e d . "  Among these  requirements was i n f o r m a t i o n  on 

t h e  i n d u s t r i  a1 sources o f  c h l   o r i   n a t e d  benzene contamination, i n  

par t i cu la r ,   hexach lorobenzene  s ince   th is  was t h e   o n l y   c h l o r i n a t e d  benzene 

i d e n t i f i e d  as a problem  substance i n   t h e  Great Lakes. 

Hexachlorobenzene (HCB) i s  a very   pers is tent   substance and i s  

n o t   r e a d i l y  degraded  by  photolysis,   hydrolysis,   or   by  other  physico- 

chemica l   o r   b io log ica l   p rocesses   in   the   env i ronment .   In   th is   respec t ,  it 

behaves 1 ike  several  other  organohalogen  substances such as DDE, PCB, and 

M i  rex  (Gilbertson,  1978).  Hexachlorobenzene i s  bioaccumul  ated i n   a q u a t i c  

organisms and when a s s i m i l a t e d   i n   t h e   f o o d   o f  mammals, i s  s t o r e d   i n   l i p i d  
t i s s u e  and excreted  very slowly. HCB i s   d i s p e r s i v e   i n  the environment, 

and  can be t ranspor ted   fo r   g rea t   d is tances   adsorbed  to  suspended  sediment 
i n  w a t e r ,   o r   t o   a i r   p a r t i c u l a t e s .  It also   sub l imes   read i l y  and will 
evaporate i f  exposed t o  a i r ,  and t h e r e f o r e  may be t ranspor ted  as a 
vapour. 

HCB i s  a t o x i c  compound t h a t  causes  porphyria, 1 i ve r   en la rge -  
ment, p r o l i f e r a t i o n   o f   t h e  smooth  endoplasmic  reticulum, and i n d u c t i o n   o f  

hepatic  microsomal enzymes i n  1 aboratory  animal s (Gi 1 bertson, 1979). HCB 
has a l s o  been shown t o  be c a r c i n o g e n i c   i n  hamsters  and  mice, b u t   n o t   i n  

t h e   r a t .  
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Residues o f  HCB have  been r e p o r t e d   i n  human m i l k   f rom  the  

Nether1  ands,  Austral i a  , Germany, and Sweden (Fi   shbei  n, 1979), and  have  been 

i d e n t i f i e d   i n   b r e a s t   m i l k   f r o m  Canadian women. HCB i s   a l s o  a f requent 

contaminant   o f  human t i s s u e s ,   a l t h o u g h   l e v e l s   i n  Canadian f a t   t i s s u e  appear 

t o  be much lower   than,   fo r  example, PCB residues (Mes " e t  a1 1982). 

HCB was shown t o  be t h e  cause o f  a severe  outbreak  of  a cutaneous 

t ype   o f   po rphy r ia   i nvo l v ing   seve ra l   t housand   peop le   i n   Tu rkey   i n  1955.  The 

porphyr ia   resu l ted   f rom  acc identa l   inges t ion  o f  wheat g r a i n  seed  which  had 

been t rea ted   a t   app rox ima te l y  2 grams o f  HCB p e r   k i l  ogram o f  wheat (Eaman, 
1978). The doses o f  HCB inges ted  were  estimated t o  have  been 1 t o  4 mg/kg 

o f  body  weight  for   several   months  to  two  years.  It was conc luded  tha t   the  

d isease  resul ted  f rom a metabo l ic   d isorder  caused  by HCB i n t e r f e r e n c e   w i t h  

po rphy r in   me tabo l i sm  i n   t he   l i ve r .  
Residues o f  hexachlorobenzene  have been 

species i n   B r i t i s h  Columbia  (Appendices 1 and  2). 

f i s h  f rom  the   Fraser   R iver  and Estuary were l e s s  

concen t ra t i on   i n   Grea t  91 ue Heron  eggs c o l  1 ected 
l o c a t i o n s   i n  1977/78 was 31 ppb  (range 10 t o  280 

hexachlorobenzene  residues  appear t o  be w i d e l y   d i  
Columbia b i o t a  , the  concentrat ions,   based on t h e  

detected i n   f i s h  and b i r d  

Mean concentrat ions i n  

than  10 ppb.  The mean HCB 

from f i v e   B r i t i s h  Columbia 
ppb, n= 50). A1 though 

s t r i b u t e d   i n  some B r i t i s h  

recent  data,   are much 

lower   t han   l eve l s   i n   Grea t   Lakes '   b i rd  and f i sh   spec ies  summarized  by 

Gi lbertson  (1978).   For example,  1974/75 c o l l e c t i o n s   o f   h e r r i n g   g u l l  eggs 

from Lake Ontar io   conta ined HCB a t  a  mean c o n c e n t r a t i o n   o f  190  ppb (range 

10 t o  720 ppb, n= 39). Mean concen t ra t i ons   o f  HCB i n  Lake O n t a r i o   f i s h  

ranged  from 30 t o  80 ppb i n   c o l l e c t i o n s   o b t a i n e d   d u r i n g  1977.  The lower 

concentrat ions i n  B.C. b io ta   p robab ly   i nd i ca te   bo th  a smal le r  number o f  

i n d u s t r i a l  and ag r i cu l tu ra l   sou rces  o f  hexachlorobenzene, and a lower HCB 

l o a d i n g   f r o m   p o i n t   s o u r c e s   i n   B r i t i s h  Columbia as compared t o   t h e   h i g h l y  

i ndus t r i a l i zed   Grea t  Lakes  region. 

Because o f  a p o t e n t i a l  HCB contamination  problem i n   t h e   G r e a t  

Lakes  and  elsewhere i n  Canada, the  Departments o f  Environment  and  National 

Hea l th  and We1 fa re   t h rough   the  DOE/NH&W Envi  ronmental  Contaminants 

I 

m 
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Committee  decided i n  March  1977 t h a t  a program  must be developed t o  

determine  the  sources  o f  HCB t o   t h e  Canadian  environment. A moni to r ing  

program o f   p o t e n t i a l  HCB sources was i n i t i a t e d   b y   t h e   r e g i o n a l   o f f i c e s  

of   the  Envi ronmenta l   Protect ion  Serv ice  under   coord inat ion  by  the 

Contaminants  Control  Branch,  Environmental  Protection  Service,  Ottawa, 

On ta r io .   Th i s   repo r t   ou t l i nes   t he   Pac i f i c  and Yukon Region 

i n v e s t i g a t i o n s   i n t o   i n d u s t r i a l  and ag r i cu l tu ra l   sou rces   o f  

hexachl  orobenzene. 

1.2 Source  Inventory   for  HCB 
I n d u s t r i  a1 and agr icul tural   sources  of   hexachl   orobenzene have 

been reviewed (Mumma and Lawless, 1975; Leah, 1977; Gil bertson, 1978; 

Eaman, 1978).  Hexachlorobenzene has  been used d i r e c t l y   i n   i n d u s t r i a l  

processes as a wood preserving  agent,  as a pep t i z ing   agen t   i n   t he  

p r o d u c t i o n   o f   n i   t r o s o  and s ty rene  rubber   fo r  ti res,  as a p o r o s i t y  

cont ro l   agent   in   the   manufac ture  o f  graph i te  anodes, i n   t h e  manufacture 

o f   p y r o t e c h n i c s ,   t r a c e r   b u l l e t s ,  and other  ordnance  items, and  as a 

f l u x i n g   a g e n t   i n  aluminum  manufacture.  Hexachlorobenzene i s   a l s o  

prodcrced as a contaminant i n   t he   p roduc t i on   o f   ch lo r i na ted   hyd roca rbons  

such as pe rch lo roe thy lene ,   e thy lene   d i ch lo r i de ,   t r i ch lo roe thy lene ,  etc., 
a s  a contaminant i n   p r o d u c t i o n  o f  c e r t a i n  pes t i c ides   (no tab ly   ch lo r tha l  

h e r b i c i d e ) ,  and as a contaminant i n   t h e   p r o d u c t i o n   o f   c a u s t i c  soda, 

ch lo r i ne ,  and sodium c h l o r a t e   b y   e l e c t r o l y s i s   u s i n g   g r a p h i t e  anodes 

(Mumma and Lawless,  1975). 
Hexachlorobenzene was used i n  Canada as  a f u n g i c i d e   f o r   c o n t r o l  

o f  smut i n   c e r e a l  seed grains.  This  use was l a r g e l y   d i s c o n t i n u e d   i n  
1971,  and HCB i s   n o t   c u r r e n t l y  used i n   B r i t i s h  Columbia  agr icul ture.  

However, HCB i s  present as a contaminant i n   c e r t a i n   p e s t   c o n t r o l  

p roduc ts   i nc lud ing   ch lo r tha l   he rb i c ide   f o rmu la t i ons ,  and chlorophenol  

wood preserva t ives .  
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I n   B r i t i s h  Col umbi a , the  chl   or-a1  kal  i and wood p r o t e c t i o n  

i n d u s t r i e s  were  determined t o  be potential  sources  of  hexachlorobenzene. 

HCB contaminat ion from agr icu l tu ra l   sources   po ten t ia l l y   occur red   f rom HCB 

cereal  seed treatments,  and from  the use o f   ch lo r tha l   he rb i c ides .  

2 INDUSTRIAL SOURCES OF HEXACHLOROBENZENE 

2.1 Chlor-a1  kal i I n d u s t r i e s  
HCB re lease and contaminat ion  o f   the  immediate  receiv ing  env i ron-  

ment was i n v e s t i g a t e d   i n   t h r e e   e l e c t r o l y t i c   c h l o r - a l k a l i   p l a n t s  manufac- 

t u r i n g   c h l o r i n e  gas, caus t i c  soda,  and hydroch lo r ic   ac id ,  and i n  two 

plants  manufactur ing  sodium  chlorate.  These p l a n t s  were i d e n t i f i e d  as 
po ten t ia l   sources   o f  HCB which i s  produced  through  a t tack  o f   ch lor ine on 

g raph i te  anodes used i n   t h e   e l e c t r o l y t i c   p r o c e s s .  HCB i s  formed  by the  

r e a c t i o n  o f  ch lo r ine   w i th   the   g raph i te   and/or   hydrocarbon  o i l s   wh ich   a re  

used as anode coatings.  Table 1 o u t l i n e s   t h e   e l e c t r o l y t i c   p r o c e s s e s   i n  

t h e   f i v e   p l a n t s   i n v e s t i g a t e d .  Appendix 3 p r o v i d e s   d e t a i l s  on sample c o l -  

1 e c t i  on and analyt ical   methodol   ogy  for   chl   orobenzene  residue 

determinat ions.  

2.1.1 Hooker  Chemicals  Ltd., Nanaimo, B.C. Th i s   p lan t  was f i r s t   s u r -  

veyed i n  September o f  1977. A t  t h a t   t i m e  80 pe rcen t   o f   t he  anodes were 

l inseed  o i l   impregnated  - graph i te   w i th   the   remain ing  20 percent  having 
been conver ted   to   the   d imens iona l l y   s tab1 e anode (DSA) type. The p l a n t  

was r e l e a s i n g   v e r y   l o w   l e v e l s   o f  HCB i n   t h e   f i n a l   e f f l u e n t  which i s  a 

combined  stream o f  process e f f l  uent and cool  ing  water  (Table 2 )  . 
However, an e leva ted   l eve l   o f  HCB (10.8 ppm) was d e t e c t e d   i n  a d i t c h  

d r a i n i n g   t h e   p l a n t   y a r d  and s o l i d  waste  (s ludge)   landf i l l   area.  

Contaminated  sludges, l a n d f i l l e d   i n   t h e   p l a n t   y a r d ,  were t h e  ma- 

j o r  source o f  HCB contaminat ion  to   the  dra inage  d i tch.   S ludge  f rom  the 

r e b o i l e r   t a n k   i n   t h e   c h l o r i n e   p u r i f i c a t i o n   t r a i n   c o n t a i n e d  up t o  1,270 pprn 
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hexachl  orobenzene.  Elevated HCB l e v e l  s i n   t h e   l a n d f i  11  ed s l  udge  and 

d r a i n a g e   d i t c h  were  again  confirmed i n  two  subsequent  surveys  conducted 

i n  October,  1978  and  August,  1980 (Tab1 e 2) .   Sur face  runof f  and leach ing  

f r o m   t h e   l a n d f i l l   i n t o   t h e   d r a i n a g e  system f o r  a number o f   y e a r s  may 

accoun t   f o r   t he   e leva ted  HCB 1 eve1 s detected i n   t h e   d i t c h  sediments. 

HCB contaminat ion o f  the  adjacent  marine  environment  of  

Northumberland Channel was low.  Sediments and biota  from  Northumberl and 
Channel  were c o l l e c t e d  and analyzed on two  occasions. A composite  sample 

o f  shore1 i n e  sediment c o l l e c t e d  400111 f rom  the   p lan t   con ta ined 2.0 ppb 

HCB, w h i l e  a s imi la r   compos i te  sample c o l l e c t e d  800m f rom  the   p lan t  

contained no de tec tab le  HCB. Small  crabs and ba rnac les   co l l ec ted   a t   t he  

400111 sampl ing   s i te   con ta ined 25.7 and 2.3 ppb HCB respec t i ve l y .   S im i la r  

samples c o l l e c t e d  one yea r   l a te r   con ta ined  7.0 ppb (crabs) and 2.0 ppb 
(barnacles) HCB, whi le  sediments  contained 7.0 ppb HCB. Composite 

sampl  es o f  oysters,  small   crabs, and mussel s c o l l e c t e d  1.2 km f rom  the 
p lan t   con ta ined  no   de tec tab le  HCR. 

I n   t h e  1980  survey,  sediment  samples co l lec ted   approx imate ly  
400m f rom  the   p lan t   con ta ined 48.0 ppb HCB. Crabs  from  the same area 

contained 19.0 and 6.0 ppb HCB i n  two  samples. 

2.1.2  FMC Chemicals  Ltd.,  Squamish, B.C. T h i s   p l a n t  was surveyed i n  

September o f  1977  and again i n  August o f  1978  and 1980. Composite e f f l u -  

e n t  samples  taken  from  the  sewer  discharge t o   t h e   e f f l u e n t  pond contained 
1 ow concen t ra t i ons   o f  HCB (Table  3). However,  sediments  near t h e  sewer 

d i s c h a r g e   t o   t h e   e f f l u e n t  pond conta ined  e levated HCB l e v e l s  (19.0 t o  

29.0  ppm). HCB concentrat ions  dec l ined  near   the pond o u t l e t  (3.2 t o  5.6 

ppm) and f i na l   d i scha rge   a rea  (0.25 t o  0.87  ppm). HCB was not  detected 

i n  marine  sediments  immediately  adjacent t o  the  p lant.   Mussels and 

crustaceans  co l lected  approx imate ly  200m f r o m   t h e   f i n a l   o u t f a l l  a1 so 

contained  no HCB. 

I n  1979, d u r i n g  a rou t ine   ma in tenance  inspec t ion   o f  a c h l o r i n e  

m i s t   e l i m i n a t o r ,  FMC p lan t   personne l   d iscovered  tha t   the   f ib reg l   ass   core  

i n   t h e   u n i t  was coated   w i th  a w h i t e   c r u s t y   s o l i d .   A n a l y s i s   o f   t h i s  
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m a t e r i a l  a t  an ana ly t i ca l   l abo ra to ry   demons t ra ted   t ha t   t h i s   depos i t  was 

99.99% HCB. I n   o r d e r   t o   r e c o v e r   t h e  HCB it was necessary t o   s l u r r y   t h e  

s o l i d   i n   c o n c e n t r a t e d   s u l p h u r i c   a c i d .  The s l u r r y  was then pumped i n t o  45 

I.G. s tee l  drums, sealed, and l a b e l l e d   i n   p r e p a r a t i o n   f o r   t r a n s p o r t   t o  

the  Uni ted  States.  A t o t a l   o f  19  drums  were shipped t o  an Oregon 

hazardous  waste l a n d f i l l   o p e r a t e d  by  Chem-Security  Systems  Inc.  Eleven 

drums were t w o - t h i r d s   f u l l   o f   t h e  H2SO4 - HCB s l u r r y ,  and f o u r  

drums contained  the  contaminated f i  bregl  ass  packing  material from t h e  

m i s t   e l i m i n a t o r .  

2.1.3 E rco   I ndus t r i es  Ltd., Nor th  Vancouver, B.C. Th is  sodium 
c h l o r a t e   p l a n t  was not an important  source  of  HCB (Tab1 e 4) . Both 

e f f l u e n t s  and  sediments  from  the sewer o u t l e t s ,   i n c l u d i n g   t h e  sewer 
1 agoon, d i d   n o t  have e levated HCB concentrat ions.  

2.1.4 Hooker  Chemicals  Ltd.,  North  Vancouver, B.C. HCB concentrat ions 

i n   e f f l u e n t s   f r o m   t h i s   p l a n t  were  low. Soi l   f rom  the  s ludge  d isposal  

l and f i l l   con ta ined   l ow   concen t ra t i ons   o f  HCB (Table 5).  

2.1.5 Hooker  Chemicals  Ltd., Squamish, B.C. Sludge  from t h i s  sodium 

c h l o r a t e   p l a n t   d i d   n o t   c o n t a i n   d e t e c t a b l e  HCB. 

2.2 Wood P r o t e c t i o n   F a c i l i t i e s  

I n  1978, a cont rac t   s tudy  was i n i t i a t e d   f o r   t h e   s a m p l i n g  and 

ana lys i s   o f   sed imen ts ,   f i sh ,  and e f f luen ts   fo r   ch lo ropheno l   con taminat ion  

assoc ia ted   w i th  wood p r o t e c t i o n   f a c i l i t i e s   i n   t h e   l o w e r   F r a s e r   R i v e r  and 

southeastern Vancouver I s1  and (Environmental  Protection  Service,  1979) . 
Levels   o f   te t ra- ,   penta- ,  and hexachlorobenzene were determined i n  

a d d i t i o n   t o   p e n t a - ,   t e t r a - ,  and t r i c h l o r o p h e n o l  . Table 6 summarizes t h e  

l o c a t i o n s  and  media  which  contained  detectable  chlorobenzene  residues. 

Most p l a n t s   l i s t e d   u t i l i z e d   e i t h e r   s p r a y   o r   d i p - t a n k   f a c i l i t i e s   f o r  
p r o t e c t i o n   o f   e x p o r t  1 umber against   sapstai  n  and  mould. 
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Chlorobenzene  levels i n   f i s h   t i s s u e  and sediment  adjacent t o  
wood p r o t e c t i o n   f a c i l i t i e s  were  low,  and  chlorobenzenes  were  not  detected 

i n  most e f f l  uent samples.  However, a t   t h e  MacMi 11 an B1 oedel   Ltd . Por t  

A1 b e r n i   s a m i  11 f a c i  1 i t i e s ,   l o w   l e v e l  s of  chlorobenzenes (78 pp t  hexa-, 

50 ppt  penta-, and 420 pp t   te t rach lo robenzene)  were  detected i n   e f f l u e n t  

samples tha t   con ta ined   h igh   l eve l s   o f   pen ta -  and tetrachl   orophenol   (2760 

ppb and 8270 ppb respec t i ve l y ) .  The highest  sediment  chlorobenzene 

concent ra t ions  were a l s o   d e t e c t e d   a t   t h i s   s i t e   ( T a b l e   6 ) .  

2.3 D i s c u s s i o n   o f   I n d u s t r i a l  Sources o f  HCB 

2.3.1 Chlor-a1  kal i plants  Hexachlorobenzene  residues  were  ident i f ied 
i n   a l l   i n d u s t r i a l   s e c t o r s   i n v e s t i g a t e d ,   b u t   o c c u r r e d  a t  e leva ted   l eve l s  

o n l y   i n   t h e   c h l   o r - a 1   k a l  i indus t r y .  Chl or-a1  kal i p l a n t s   t h a t  have 

h i s t o r i c a l l y  used g raph i te  anodes produced  e leva ted   quant i t ies   o f  HCB 

which  concentrated i n  process  s l  udges f r o m   c h l o r i n e   p u r i f i c a t i o n ,   o r   i n  

sediments  near e f f l   u e n t   o u t f a l l  s.  
Disposa l   o f  HCB-contaminated  sludges i n  1 a n d f i l l   s i t e s  can 

resu l t   i n   con tamina t ion   o f   ad jacen t   a reas   t h rough   ra inwa te r   runo f f  and 

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

drainage  di tch  sediments  at   the  Hooker  Chemical   p lant ,  Nanaimo, B.C. show 

t h a t  HCB res idues were escap ing   f rom  the   land f i l   led   s ludges .   In   add i -  

t i o n ,  HCB res idues may be re leased  in to   the   ambien t   a i r   over   the   land-  

f i  1 led  s ludges due t o   t h e  tendency o f  HCB t o  subl  ime  from s o i l   i n t o  

ambient a i r  (Leah,  1977). The tendency o f  HCB residues  to  subl   ime  f rom 

t h e   l a n d f i l l   w o u l d   v a r y   w i t h   t h e   d e p t h  o f  so i  1 cover  over  the  sludge 

waste. However, s i n c e   a i r b o r n e   l e v e l s   o f  HCB were not  determined  over 

t h e s e   l a n d f i l l s ,  it i s   d i f f i c u l t   t o   s p e c u l a t e  on the   impor tance   o f   t h i s  

source  o f   re1 ease. 

Elevated HCB c o n c e n t r a t i o n s   i n   e f f l u e n t  pond sediments  at FMC 

chemicals, Squamish, B.C. ind ica te   tha t   smal l ,   bu t   con t inuous   pas t  

e f f l u e n t s   l o a d i n g s  have  contaminated t h i s  area  wi th HCB res idues,   but   not  

m 
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the  ad jacent   mar ine  receiv ing  env i ronment .   S imi lar ly ,   the  mar ine 

environment  of  Northumberland Channel a d j a c e n t   t o   t h e  Hooker  Chemical p l a n t  

a t  Nanaimo was not  contaminated  wi th HCB res idues.   Therefore,   e f f luent  

re leases from these  chl  or-a1  kal i plants  appeared t o   r e s u l t   i n  measurable 

c o n t a m i n a t i o n   o n l y   i n   s m a l l   a r e a s   i m m e d i a t e l y   a d j a c e n t   t o   o u t f a l l s   i n  

e f f l u e n t   h o l d i n g  ponds,  where HCB residues  could  accumulate i n  sediments. 

Mumma and Lawl  ess (1975) reviewed  the  potent ia l   sources  of   hexa- 
chlorobenzene  pol 1 u t i o n   i n   i n d u s t r i a l  processes . They concl uded t h a t  

e i t h e r  d i a p h r a g m   o r   m e r c u r y   e l e c t r o l y t i c   c e l l s   i n   c h l o r - a l k a l i   i n d u s t r i e s  
have   t he   po ten t i a l   f o r   p roduc t i on   o f  HCB-contaminated c h l o r i n e  gas when 

g r a p h i t e  anodes  were  used. The hexachlorobenzene  produced i n  t h e s e   c e l l s  
would  tend t o  escape w i t h   t h e   h o t  and wet c rude  ch lo r ine  gas s ince HCB 

sub l imes  read i l y  and i s  v o l a t i l e   i n   w a t e r  vapour  even at   low  temperatures 
(Mumma and  Lawl ess , 1975). I n   b o t h   t h e  diaphragm and mercury   ce l l  s ,  t h e  

c rude   ch lo r i ne  gas i s   d r i e d  and p u r i f i e d   p r i o r   t o   b e i n g   l i q u i f i e d .   I n  

c e r t a i n   p u r i f i c a t i o n  processes,  chlor inated  hydrocarbons  ( ie.  HCB) can  be 

separated  f rom  the  ch lor ine gas and remain as components o f   t h e  “heavy 

ends’’ f r o m   p r o d u c t   d i s t i l l a t i o n .  As no ted   ea r l i e r ,  HCB i s  produced as a 

contaminant i n   c h l o r - a l k a l i   e l e c t r o l y t i c   c e l l s  by   reac t i on   o f   ch lo r i ne   w i th  

g raph i te  anode mater ia ls .   D imens iona l l y   s tab le  anodes (DSA) a re   usua l l y  

made o f   t i t an ium  o r   p la t i num  a l l oys   ( see   Tab le  1) f r e e   o f   m a t e r i a l s  such  as 
carbon  or   o i  1 s t h a t  w i  11  react  wi th  chlor ine.   Therefore  rep1 acement o f  

g r a p h i t e  anodes wi th DSA will el im ina te   p roduc t i on   o f   ch lo r i na ted  benzenes 

(Mumma and  Lawl  ess, 1975). 

A t  t h e  Hooker  Chemical p l a n t  (Nanaimo, B.C.) , c h l o r i n e  gas 1 i b -  

e r a t e d   a t   t h e  anode i s  cooled  wi th   d i rect   contact   seawater  and then  d r ied  

by  scrubbing  wi th   su lphur ic   ac id   (F igure 5). The c h l o r i n e  gas i s   t h e n  

f u r t h e r   p u r i f i e d   i n  a c h l o r i n e   f r a c t i o n a t i o n   t o w e r   ( p u r i f i e r )  where 

c h l o r i n e  1 i q u i d   i s  combined w i t h   t h e  gas i n  o rder   to   absorb   the   less  
vo la t i l e ,   h igh   mo lecu la r   we igh t   ch lo r i na ted   o rgan ic   ma te r ia l s .  The l i q u i d  

c h l o r i n e   i s   r e v a p o u r i  zed i n   t h e   r e b o i  1 e r  and ch lor inated  organics  remain as 

a l i q u i d   s l u d g e   i n   t h e   r e b o i l e r   t a n k .  
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As ind ica ted   p rev ious ly   (Tab le  2),  the   rebo i le r   tank   s ludge was 

heavi ly  contaminated  with  hexachlorobenzene  residues. The r e b o i l e r  would 

1 i k e l y  be the   ma jor   a rea   o f  HCB accumula t ion   w i th in   the   ch lo r ine   recovery  

system,  removing a l l   h i g h   m o l e c u l a r   w e i g h t   s u b s t a n c e s   p r i o r   t o   c h l o r i n e  
compress ion   o r   l i qu i fac t i on   f o r   s to rage .  HCB l e v e l s   i n   t h e   r e b o i l e r   t a n k  

s l u d g e   a t  Hooker Chemicals (Nanaimo, B.C.) dec l ined between t h e   f i r s t  

(September, 1977) and second (October, 1978) surveys  (Table 2). A t  t h e  

t i m e  o f  t h e   f i r s t  survey, t h i s   p l a n t  was beginning  the  process  of   changing 

o v e r   t o  DSA (v ide.  page 4 ) ,  and  had progressed,  but  not  completed  the con- 

vers ion  by t h e  second sampl ing   o f   the   rebo i le r   s ludge.   Techn ica l   in fo rma-  

t i on   rece ived   f rom Hooker  Chemicals (Nanaimo, B.C.) i n d i c a t e d   t h a t   o r g a n i c  

s ludge was  no longer  being  generated i n   t h e   r e b o i l   e r  system  since  the com- 

p l e t e   c o n v e r s i o n   t o  DSA. Therefore,  HCB contaminat ion i n  and around t h i s  
p l a n t  was from w a s t e   d i s p o s a l   p r i o r   t o  DSA conversion. 

The ch lo r ine   recovery   p rocess   a t  FMC Chemicals (Squamish, B.C.) i s  

s i m i l a r   t o   t h e  system a t  Hooker  Chemicals (Nanaimo, B.C.), bu t  does no t   i n -  

c l  ude t h e   a d d i t i o n a l   c h l   o r i  ne p u r i f i c a t i o n  and recove ry   o f   ch lo r i na ted   o r -  

ganics i n  a f rac t i ona t ion / rebo i l e r   p rocess   (F igu re  5). As noted  prev ious ly  

(v ide.  - page 6),  an i n t e r n a l   f i b r e g l a s s   c o r e   o f  a c h l o r i n e   m i s t   e l   i m i n a t o r  

was c o a t e d   w i t h   c r y s t a l l i z e d  HCB. Again it appears  that   the HCB fo rmat ion  

was due t o   t h e   r e a c t i o n   o f   c h l o r i n e   w i t h   t h e   g r a p h i t e  anodes i n   t h e   e l e c t -  

r o l y t i c   c e l l  s,  and t h a t   t h e   d e p o s i t  had accumulated  over a n ine   year   per iod  

p r i o r   t o   t h e   p l a n t   c h a n g i n g   o v e r   t o  DSA. Du r ing   t h i s   pe r iod ,   t he   m is t   e l  i- 

minator  was removing HCB from t h e   c h l o r i n e  gas a l t h o u g h   t h e   e f f i c i e n c y   o f  

t h i s  system i s   n o t  known. 

Two t y p e s   o f   g r a p h i t e  anodes  were  used, 1 i nseed o i l  impregnated 

( f o r m e r l y   a t  Hooker, Nanaimo)  and non- impregnated  graphi te   ( former ly   a t  

FMC, Squamish) . The impregnated anodes decompose and produce an organic  

s ludge  th rough  the   ox ida t ion  and c h l o r i n o l y s i s   o f   g r a p h i t e  and t h e   o l e i c  

a c i d   g l y c e r i d e s  and o ther   unsatura ted   fa t ty   ac ids   wh ich  make  up the   l i nseed  

o i l .  These o x i d a t i o n  and ch lo r ino lys is   p rocesses   p roduce  ch lo r ina ted  

benzenes. The non-impregnated  type do not  produce  the same organic  sludge, 
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b u t   a r e   s u b j e c t   t o   o x i d a t i o n  and c h l o r i n o l y s i s   o f   g r a p h i t e   w h i c h   a l s o  

produces  ch lor inated benzenes. It i s   p o s s i b l e   t h a t   l i n s e e d   o i l   i m p r e g n a t e d  

g r a p h i t e  anodes  produced g r e a t e r   q u a n t i t i e s   o f  HCB, a l though  th is   cannot  be 

subs tan t ia ted  by  comparison o f   res idue  da ta  from plants   us ing   the   two  types  

o f  anodes. 

The l o w   l e v e l   o f  HCB residues  detected i n   t h e   e f f l u e n t s   o f   b o t h  

t h e  Hooker  and FMC p lan ts   p robab ly   resu l ted  from res idua l  HCB contaminat ion 

i n   t h e   p l a n t  system  subsequent t o   t h e  anode  changeover.  However, s ince 
e f f l uen ts   a re   p robab ly   no t   t he   ma jo r   condu i t   o f  HCB wastes,  these  very  low 

concentrat ions were probably  not  exceeded  even when t h e   p l a n t s  were us ing 

g r a p h i t e  anodes. 

2.3.2 O t h e r   I n d u s t r i a l  Sources o f  HCB The two  sodium c h l o r a t e   p l a n t s  

moni tored  (Erco  Indust r ies,   Nor th Vancouver and Hooker  Chemical s , Squami sh) 

were not  important  sources  of  HCB. These p l a n t s  do not  have a diaphragm i n  

t h e   e l e c t r o l y t i c   c e l l  s and the   e lec t rodes   a re   c lose ly  spaced t o   a l l o w   m i x -  

i ng o f   t he   p roduc ts ,  so t h a t  a1 t h o u g h   e l e c t r o l y s i s   y i e l d s   c h l o r i n e   a t   t h e  

anode  and  sodium hydroxide a t  t h e  cathode, good mixing o f  these  products 

r e s u l t s   i n   t h e   f o r m a t i o n   o f   s o d i  um hypoch lor i te  and then  sodium  chlorate 

(Mumma and Law1 ess, 1975). Therefore, a1 though  both  p lants  have g r a p h i t e  

anodes, the   mix ing   o f   the   e lec t ro lys is   p roduc ts   p robab ly   reduces   the  amount 
o f  c h l o r i n e   a v a i l a b l e   t o   a t t a c k   t h e   g r a p h i t e  anodes producing HCB residues. 

Wood p r o t e c t i o n   f a c i l i t i e s  were a l s o  a minor  source  of HCB con- 
taminat ion.  The ch lorophenate  so lu t ions used f o r  wood p r o t e c t i o n  were t h e  
l i k e l y  source  o f  HCB residues  detected i n   t r a c e  amounts i n  sediments and 

b io ta   ad jacent   to   t rea tment   fac i l i t i es .   Ch lo ropheno ls   a re   p roduced  by   the  

c h l o r i n a t i o n  o f  phenol and chlorobenzenes  can be expected as a r e a c t i o n  

by-product, and  as a contaminant   o f   the  end product .   Therefore,   the  d ip-  

tank  or  spray  solut ions  of   chlorophenols  would  contain  only  t race 

quant i t ies   o f   ch lorobenzenes.  However, these  concentrat ions were 

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

environment  near  the wood treatment mil 1s. 
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3 .  AGRICULTURAL SOURCES OF HEXACHLOROBENZENE 

3.1 Cereal Seed Treatments  wi th HCB 
HCB cereal  seed t rea tmen ts   were   app l i ed   p r imar i l y   i n   t he  Peace 

R i v e r   r e g i o n   o f   B r i t i s h  Columbia.  Twenty-four  areas o f   t h i s   r e g i o n  were 

mon i to red   f o r  HCB r e s i d u e s   i n   t h e   s o i l   ( F i g u r e  6 ) .  S i x   o f   t he   twen ty -  

four  sampling  areas had de tec tab le  HCB residues  ranging from 1.3 t o  2.2 

ppb. S o i l  sampled near a fo rmer   g ra in   t rea tment   p lan t   con ta ined 260  ppb 

HCB. 

Hexachlorobenzene seed t r e a t m e n t s   w e r e   l a s t   a p p l i e d   i n   t h e  Peace 

River  area  between 10 and  15 years  ago. As noted i n   S e c t i o n  1.2, 

a g r i c u l t u r a l  use o f  HCB i n  Canada was l a r g e l y   d i s c o n t i n u e d   i n  1971, and 

t h e r e   a r e  no cur ren t   reg is t ra t ions   o f   pes t   con t ro l   p roduc ts   hav ing  HCB as 
t h e   a c t i v e   i n g r e d i e n t .  It i s   p o s s i b l e   t h a t  HCB was used from  t ime t o  
t i m e   a f t e r   1 9 7 1   s i n c e   i m p o r t a t i o n   o f  HCB seed t rea tmen t   f ung ic ides   f o r  a 

farmers own use was a l lowed  by   Agr icu l tu re  Canada u n t i l  March, 1977. 

However, t h e   l o w   l e v e l s   o f  HCB d e t e c t e d   i n  Peace R ive r   so i l s   p robab ly  

i n d i c a t e   t h a t   r e s i d u e s  have d i s s i p a t e d   g r e a t l y   i n   t h e   l a s t  decade. 

A g r i c u l t u r a l  use o f  HCB as a seed t rea tment   fung ic ide  does not  appear t o  

c o n s t i t u t e  a l as t i ng   o r   con t i nuous   sou rce   o f  HCB i n   t h e  Peace River  area, 

o r   i n   o t h e r   p a r t s   o f  Canada  (Eaman, 1978) . 
3.2 Use o f  HCB-Contami na ted   Herb i   c i  des 

A number o f   h e r b i c i d e s   r e g i s t e r e d   f o r   u s e   i n  Canada have  con- 

t a i n e d   v a r y i n g   l e v e l s   o f  HCB as a contaminant i n   t h e   t e c h n i c a l   p r o d u c t .  

The t r iaz ine   herb ic ides   (a t raz ine ,   p ropaz ine ,   s imaz ine)  and c h l o r t h a l  

have  been  reported t o  be contaminated with HCB. A t raz ine  was r e p o r t e d   t o  

con ta in  0.025 t o  0.25 ppm HCB, w h i l e   c h l o r t h a l   c o n t a i n e d  0.3 percent  HCB 

a f t e r  1971,  and up t o  10  percent HCB p r i o r   t o  1971 (Mumma and Lawless, 

1975) . 
Chl o r t h a l   i s   p r e s e n t l y   r e g i s t e r e d  under  the  federal  Pest  Control 

Products  Act as a s e l e c t i v e  pre-emergence h e r b i c i d e   f o r   c o n t r o l   o f  
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L O C A T I O N  N A P  "i Tomslako K 
FIGURE 6 HEXACHLOROBENZENE  SURVEY  IN  THE  PEACE  RIVER  REGION,  8 .  C .  
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c e r t a i n  annua 

e igh t   p roduc t  

1 grasses and broad1  eaved weeds on minera 

s b e i n g   s o l d   i n  Canada, f i v e  formul  ated a 

1 so i  1 s. There  are 

s granules and 
t h r e e  as wet tab le  powders  (Agr icu l ture Canada, 1979). Diamond Shamrock 

Inc.  i s   t h e   m a j o r   m a n u f a c t u r e r   o f   c h l o r t h a l  and d i s t r i b u t e s   t h e   h e r b i c i d e  

under   the  t rade name of   Dacthal  . 
To de te rm ine   h i s to r i ca l  HCB contaminat ion  in  areas  where  Dacthal  

had  been  used, s o i l  samples  were ob ta ined   i n   Oc tober   o f  1977 from th ree  

B.C. Forest   Serv ice  nurser ies where de ta i l ed   reco rds  had been kep t   o f  

Dacthal   appl icat ions.  Two f i e l d s  were  sampled a t  a Duncan, B.C. nursery,  

one t h a t  had  been t r e a t e d   a t  25.2 kg  Dacthal /hectare i n  1971  and  another 

a t  26.9 kg  Dacthal/hectare i n  1972. HCB l e v e l s  were 9.4 ppb i n   t h e  25.2 

kg/ha f i e l d  and 5.4 ppb i n   t h e  26.9 kg/ha f i e l d .  A t  another  Vancouver 

Is land  nursery ,  3.6 ppb HCB was d e t e c t e d   i n   s o i l   t r e a t e d   a t  23.5 kg 
D a c t h a l / h e c t a r e   i n  1971. F i n a l l y ,   i n  a Surrey, B.C. nu rse ry ,   f i e lds  were 
sampled t h a t  had  been t rea ted   w i th   Dac tha l   a t  9.2 kg/ha i n  1971, 17.9 

kg/ha i n  1972, and 30.3 k g   ( t o t a l ) /   h e c t a r e   i n  1972-1973. HCB l e v e l s  
here  were  respect ively 19.1 ppb, 4.7 ppb,  and 17.5 ppb. 

I n   B r i t i s h  Columbia,  Dacthal W75 (75% wettable  powder) i s  

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

b r o c c o l i  , brussel   sprouts,  cabbage, cau l   i f l owers   (app l   i ed   a t  13 t o  16 
kg/ha), and dry   bu lb   on ions   (app l ied   a t  6.7 t o  17.9 kg/ha). Two 

vegetable  growing  areas i n  south  Vancouver  and  Burnaby  were  selected f o r  

s o i l  and sediment  monitor ing.   Soi l  i n  an onion  growing  area o f  south 

Vancouver  contained 2.3 ppb HCB, but  sediments i n   d r a i n a g e   d i t c h e s  

a d j a c e n t   t o   t h e   f i e l d   c o n t a i n e d  24.0 and 54.0 ppb HCB. Sediments i n  

d i tches   d ra in ing   vegetab le   g rowing   a reas   o f   sou th  Burnaby  contained  less 

than 5 ppb HCB i n   n i n e  sampl i n g   s i t e s .  Cabbage, corn,   le t tuce,  and 

onions  are grown i n   t h i s  area, so it was .1  i ke ly   t ha t   Dac tha l  had  been 

used a t  sometime i n   t h e   p a s t .  

The concent ra t ions   o f  HCB residues i n   t h e   s o i l s  and sediments a t  

t h e  B.C. Forest   Serv ice  nurser ies and vegetable  growing  areas  are 

commensurate w i th   t he   l eve l s   expec ted   i n   Dac tha l   f o rmu la t i ons   con ta in ing  
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0.3 p e r c e n t   o r   l e s s   o f  HCB. I n   o r d e r   t o   b e t t e r   d e f i n e  HCB c o n t e n t   i n  

Dac tha l   f o rmu la t i ons   so ld   i n   B r i t i sh  Columbia,  samples  were obtained  from 

two B.C. formulators .  One l o t  from Van Waters and Rogers  Ltd.  formulated 

p r i o r   t o  1973 contained 5.6 percent HCB wh i l e  a second l o t ,   f o r m u l a t e d   i n  

1973, contained 8.0 percent  HCB. Two samples from  Dacthal  formulated  by 

Green V a l l e y   F e r t i l i z e r  and Chemical Co. i n  1976 conta ined  respec t ive ly  

8.4 and 9.0 percent  HCB. 

These very  h igh HCB 1 eve1 s i n  Dacthal   products  were  surpr is ing 
i n   l i g h t   o f   t h e   l o w   c o n c e n t r a t i o n s   o f  HCB de tec ted   i n   Dac tha l - t rea ted  

s o i l s .  The Pes t i c ides   Sec t i on   o f   Ag r i cu l tu re  Canada i n  Ottawa i n d i c a t e d  

t h a t   t h e   p r o d u c t   l a b e l  s submi t ted   f o r   rev iew   w i th   t he   ana ly t i ca l   resu l t s  

were o f  an o l  d format  (probably  pre - 1974) and t h a t  i t  was no t   poss ib le  

t o  determine when t h e   c h l o r t h a l   a c t i v e   i n g r e d i e n t  was a c t u a l l y  made. 

Dacthal was descr ibed as a " low  vol ume, s low  moving  product"   wi th   ta i  1 
ends o f   o l d   p r o d u c t i o n   a p p e a r i n g   i n  commerce f o r  some y e a r s   a f t e r   t h e  

i n t r o d u c t i o n   o f  a p u r i f i e d   m a t e r i a l  . 
A g r i c u l t u r e  Canada analyzed a Dacthal W75 sample  obtained  from 

Diamond Shamrock i n  1978. This  sample contained 0.19 percent  HCB which 

was s i m i l a r   t o   a n o t h e r   a n a l y s i s  on t h e  same product  by EPS Quebec Region 

(0.105 percent  HCB c o n t e n t ) .   I n  1980, Diamond Shamrock informed 
A g r i c u l t u r e  Canada t h a t  when c h l o r t h a l  was formulated as a 75% wet tab le  
powder, t h e  maximum HCB content would be 0.225 percent.  However,  the 

cur ren t   p roduc t ion  was running  near  the 0.1 pe rcen t   l eve l   o f  HCB. 

HCB does not  appear t o  be a s ign i f i can t   env i   ronmenta l  

contaminant  f rom  ei ther i t s   p a s t  use  as a cereal  seed t reatment ,   or  as a 
cons t i t uen t   o f   ch lo r tha l   he rb i c ide   f o rmu la t i ons .  The e l i m i n a t i o n   o f  HCB 

cereal  seed t r e a t m e n t s   i n  1971, and t h e   a c t i o n   t a k e n   t o   l o w e r  HCB content  

i n   c h l o r t h a l   h e r b i c i d e s   g r e a t l y   r e d u c e d  HCB load ing   in to   the   env i ronment  

f rom  agr icu l tura l   sources.  
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APPENDIX 3: SAMPLE  COLLECTION TECHNIQUES AND ANALYTICAL METHODOLOGY  FOR 

CHLOROBENZENE RESIDUE DETERMINATIONS I N  ENVIRONMENTAL 

SAMPLES 

1 SAMPLE  COLLECTION  TECHNIQUES 

1.1 Sampl e P repara t  i on 

A1 1 sampl ing   ins t ruments  , glassware, and ti n f o i  1  used t o   o b t a i n  
and s t o r e  samples f o r   r e s i d u e   a n a l y s i s  were washed i n   p e s t i c i d e   g r a d e  

acetone,  pesticide  grade  hexane, and then  heated t o  dryness i n  an oven. 
All b i o t a   c o l l e c t e d   a t  each  sample s t a t i o n  were s o r t e d   l i v e  

acco rd ing   t o   spec ies ,  wrapped i n   t i n   f o i l  and s u b m i t t e d   t o   t h e   a n a l y t i c a l  
1 aboratory .  Who1 e  body t issues  o f   smal l   c rabs,   mussel  s , and oysters  were 

removed  f rom  the  shel l  and pooled  f rom  each  sample  stat ion  for   analysis.  

1.2  Sampl e  Col  1 e c t i  on 

1.2.1 Sediments  and  Soi ls.  Surface  sediments and s o i l s  were  sampled 

w i t h  a s t e e l   t r o w e l   t o  a depth   o f   approx imate ly  10 cm. F i v e  subsamples 

were  obta ined  a t   each  sample  s ta t ion and poo led   f o r   ana lys i s .  A 
l o n g - h a n d l e d  scoop was  used t o  sample surface  sediments i n   c h l o r - a l k a l i  

p l a n t   e f f l u e n t  ponds. S u r f a c e   s o i l s   i n   t h e  Peace River  area  were a1 s o ,  

sampl  ed w i t h  a s tee l   t rowe l  , b u t   i n   t h i s  case  10 subsampl es were obta ined 

i n  each o f   t h e   t w e n t y - f o u r  sampl i n g  areas. These  subsampl  es  were a1 so 
p o o l e d   f o r   a n a l y s i s .  

1.2.2 E f f l uen ts .  Samples  were c o l l e c t e d   i n  one g a l l o n   g l a s s   b o t t l e s .  

Both  grab and composite sampl i n g  was conducted. I n i t i a l   s u r v e y s  on a1 1 

f i v e   p l a n t s  were  grab  samples, w h i l e  3.5 and 4.0 hour  composite  samples 

were r e s p e c i t i v e l  y co l  1 e c t e d   i n  subsequent  surveys  from  two  chl  or-a1  kal i 

p l a n t s  (FMC Chemical s ,  Squamish  and  Hooker  Chemicals,  Nanaimo). 
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1.2.3 Other Samples. B i o t a  were  sampled as descr ibed i n  Sect ion 1.1 
above. Process  sl  udges  were obta ined on two  occasions  from  the  reboi l e r  

t a n k   a t  Hooker  Chemicals, Nanaimo  and placed i n  g l a s s   j a r s   f o r  HCB 

ana lys i s .  

2 ANALYTICAL METHODOLOGY 

2.1 E x t r a c t i o n  and  Cleanup  Procedures 

A1 1 samples  were analyzed  by CanTest Ltd.  The methodology 

out1  ined  here i s  reproduced  from  the EPS r e p o r t  on m o n i t o r i n g   o f  

chlorophenol  and chlorobenzene  contamination  near wood p r o t e c t i o n  

fac i l i t i es   (Env i ronmen ta l   P ro tec t i on   Se rv i ce ,   1979) .  

2.1.1 E x t r a c t i o n   o f  Sediments  and So i l s .  Wet sediments or s o i l s  were 

e x t r a c t e d   w i t h  hexane-acetone (1: 1 v/v) on a ro ta ry   shaker ,   the  

ex t rac t ion   repeated ,  and t h e   e x t r a c t s  combined. The combined e x t r a c t s  

were washed w i th   wa te r  and the   o rgan ic  phase d r i e d   w i t h  anhydrous  sodium 

su lpha te  and  concentrated  by  evaporation. The concentrate was then 

cleaned up by  co lumn  chromatography  us ing  F lor is i l  . Hexane was used t o  
e l   U t e   t h e   c h l o r i n a t e d  benzenes  from  the  column, and f o l l o w i n g  

concen t ra t i on   o f   t he   c leaned   ex t rac t ,   t he  sample was analyzed  by gas 
l i q u i d  chromatography. A second po r t i on   o f   sed imen t  from  each  sample was 

d r i e d   t o  a c o n s t a n t   w e i g h t   t o   a l l o w   c o n c e n t r a t i o n s   t o  be c a l c u l a t e d  on  a 

dry   weight   bas is .  

2.1.2 E x t r a c t i o n   o f   E f f l u e n t s .  A t h r e e   l i t r e  sample o f   e f f l u e n t  was 

e x t r a c t e d   w i t h  hexane  using a m a g n e t i c   s t i r r e r .  The l a y e r s  were  allowed 

t o  separate and t h e  hexane d r i e d   w i t h  anhydrous  sodium  sulphate. 

F o l l   o w i n g   c o n c e n t r a t i o n   o f   t h e   e x t r a c t ,   c o l  umn chromatography  cleanup was 

p e r f o r m e d   w i t h   F l o r i s i l  and the  c leaned up ext ract   analyzed  by gas l i q u i d  

chromatography. 
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2.1.3 E x t r a c t i o n  o f  Biota.   Approximately 2 grams o f   t i s s u e  was mixed 

and d r i e d   w i t h  anhydrous  sodium  sulphate.  Extraction was c a r r i e d   o u t  

w i th   pe t ro leum  e ther ,   the   ex t rac t ion   repeated ,  and t h e   e x t r a c t s  combined 

and  evaporated t o  dryness. L i p i d   m a t e r i a l  was then removed by 

l i q u i d - l i q u i d   e x t r a c t i o n   u s i n g   a c e t o n i t r i l e .  The e x t r a c t s  were then 

cleaned  by  col umn chromatography on F l o r i s i l  and concent ra ted   fo r  

ana lys is   by  gas l i q u i d  chromatography. 

2.2 A n a l y s i s   o f   E x t r a c t s  
All e x t r a c t s  were  analyzed  by  gas-l iquid  chromatography  with 

e lec t ron-capture   de tec t ion   (N icke l -63)   us ing  a mic roprocessor -cont ro l led  

Hewlett-Packard Model 5840A gas chromatograph. The chromatographic 

c o l  umns c o n s i s t e d   o f  3% OV-17,  3% OV-101, 3% OV-225, and 6% OV-210/49% 

OV-101, a l l  on chromosorb W-HP. An au tomat ic   in jec to r   sys tem was used t o  

e n s u r e   r e p r o d u c i b i l i t y   o f   t h e   r e s u l t s .   Q u a n t i f i c a t i o n   o f   r e s u l t s  was 

c a r r i e d   o u t   b y   i n j e c t i o n  o f  known quant i t ies   o f   ch lorobenzene  s tandards.  

2.3 Qual i t y  Cont ro l  
Conf i rmat ion  by  gas- l iquid  chromatography was done by  using 

d i f f e r e n t  columns c o n t a i n i n g   l i q u i d  phases o f  v a r y i n g   p o l a r i t y .  A number 

o f  b lanks and spiked samples  were a1 so analyzed, and e v e r y   t e n t h   f i e l d  
sample was analyzed i n   d u p l i c a t e .  

2.4 D e t e c t i o n   L i m i t s  
L i m i t s   o f  HCB d e t e c t i o n  were 0.001 ppm f o r   t i s s u e s  and sediments 

and 0.005 ppb fo r   water .  
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