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A se r ies   o f   env i ronmen ta l   i nves t i ga t i ons  were  conducted  fol lowing a 

1 a r g e   f r e s h w a t e r   f i s h   k i l l  caused  by  the 4 March 1984 s p i l l   o f  45,000 1 i t e r s  

o f  a 2% sodium tetra/pentachlorophenate s o l u t i o n  (4CP/5CP) i n t o   H y l a n d  Creek 
and  Boundary Bay. This   repor t   rev iews  those  s tud ies and presents  data 

c o l l e c t e d  by the  Envi ronmenta l   Protect ion  Serv ice (EPS), Conservation and 

Protect ion,   Environment Canada. 
To a s s e s s   t h e   r e s i d u a l   e f f e c t s   o f   t h e   s p i l l ,  EPS sampled  sediments, 

and t i ssues   f rom  f i sh ,   c rab  and  shrimp fo r   ch lo ropheno ls  and c h l o r i n a t e d  

dibenzo-dioxins and - furans. PCBs were a1 so sampled as an i n d i c a t o r   o f   t h e  

genera l   cond i t ion   o f  Boundary Bay and  because  they  are a po ten t i a l   sou rce   o f  

furans. The I n s t i t u t e  'o'f Ocean Sciences  (IOS),  Department o f   F i s h e r i e s  and 

Oceans, sampled benth ic   in fauna l   inver tebra tes   to   de termine  i f  the re  was any 

d i s r u p t i o n   o f  community s t r u c t u r e   i n  upper  Boundary Bay. 
No chlorophenol s o r  PCBs were detected i n  sediments  or   t issues 

co l l ec ted .   D iox ins  and furans were a lso   no t   de tec ted  i n  the  sediments  of  

Boundary Bay and Georg ia   S t ra i t ,  a1 though  they  were  detected a t   t h e   s p i l l  

s i t e .  When d e t e c t e d   a t   t r a c e   l e v e l s   ( p a r t s   p e r   t r i l l i o n )   t h e   c o n c e n t r a t i o n s  

o f   d i o x i n s  and furans i n   t i s s u e s   a r e  be low  those  that   would  ind icate  heal th  

or  environmental   concerns,  and are   be low  the   leve l  s a t  a re fe rence  s i te .  
Only octochloro-p-d iox in  was detected i n  f i s h ,  shrimp  and  crab  muscle  t issue. 

A wide  range o f   d i o x i n s  and furans were detected  in   crab  hepatopancreas,  

t h e r e f o r e   t h i s  organ may be a use fu l   i nd i ca to r   t i ssue   f o r   t hese   con taminan ts  

in  the  marine  environment.  

No w idesp read   de te r io ra t i on   i n   t he   ben th i c   i nve r teb ra te  community 

i n  terms o f  abundance  and d i v e r s i t y   o f  amphipods,  isopods,  molluscs, 

nematods, o l igochaetes and polychaetes, was observed. 
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I n  summary, t he   ch lo ropheno l   sp i l l   i n to   Hy land  Creek  had no 

measurable  residual   impact on the   ben th i c   i nve r teb ra te   popu la t i ons   o f  

Boundary Bay, and l e f t  no unusual ly   e levated 1 eve1 s o f   c o n t a m i n a n t s   i n  

sediments or  animal  t issues  col lected  f rom  Boundary Bay and Georg ia   S t ra i t .  

A r e v i e w   o f   t h e   s c i e n t i f i c   f i n d i n g s  showed no c o n c l u s i v e   l i n k  between  the 

1984 gray  whale  strandings and the   ch lo ropheno l   sp i l l  . 

Key Words: chlorophenols,  environmental  impact,  sediments,  invertebrates, 

gray  whales,  dioxins,  furans, PCBs, po lych lo r ina ted   b ipheny ls ,  

Boundary Bay, f i s h   k i l l  



RESUME 

Une se r ie   d ' i nves t i ga t i ons   env i ronnementa les   f u t   condu i te  2 l a  

su i te   d 'une  mor ta l  i ti5 de poissons  d'eaux  fraiches  causees  par  un  deversement 
de 45,000 1 i t r e s  de s o l u t i o n  de sodi um tetra/pentachlorophenate (4CP/5CP) 2% 

dans l e  ruisseau  Hyland e t   l a   b a i e  Boundary l e  4 mars  1984. Ce rappor t  

rev ise  ces  e tudes  e t   presente 1 es  donnees r e c u e i l l   i e s   p a r   l e   s e r v i c e  de 1 a 

p r o t e c t i o n  de 1 'environnement ( S P E ) ,  conserva t ion   e t   p ro tec t ion ,   env i ronment  

Canada. 

A f i n   d ' e s t i m e r   l e s   e f f e t s   r g s i d u e l s  du deversement, SPE a 

6 c h a n t i l l  onne des sediments a i n s i  que  des ti ssus de po i  ssons, crabes e t  

crevet tes  pour   ch lorophenols ,   d ibenzo-d iox ines  e t   - furannes  ch lorees.  BPC 

fu ren t   auss i   echant i l   lonnes  comme un i n d i c a t e u r  de l a   c o n d i t i o n   g e n e r a l e  de 

1 a baie  Boundary e t  parce  qu' il s sont une s o u r c e   p o t e n t i e l   l e  de furannes. 

L ' i n s t i t u t  des sciences  oceanographiques (ISO), departement des p k h e s   e t  

oceans,  a e c h a n t i l l  onnir l e s  i nvert i rbres  endofauniques  benthiques  af in de 

de terminer   s i  il y a eu une p e r t u r b a t i o n  de l a   s t r u c t u r e  communautai r e  dans 

l a   p a r t i e   s u p e r i e u r e  de l a  ba ie Boundary. 

Aucun chlorophPno1 ou PCB ne fu ren t   de tec tPs  dans les  sediments ou 
t i s s u s   c o l l e c t e s .  Les d iox ines   e t   fu rannes ne f u r e n t  pas detectges non p l u s  

dans 1 es sediments de 1 a ba ie  Boundary e t   l e   d e t r o i  t de Georgia, mGme s i  il s 
furent  dPtectPes 5 1 ' e n d r o i t  du d6versement. Quand detectges B des niveaux 
de t r a c e   ( p a r t i e s   p a r   b i  11 i o n ) ,  1 es concentrat ions de d iox ines   e t   fu rannes 

dans l e s   t i s s u s  son t  au-dessous des n iveaux   qu i   ind iquera ien t  des inquietudes 

regardant l a  sant6 ou 1 'env i  ronnement, e t   s o n t  au-dessous des niveaux 2 un 
s i t e  de reference.  Seulement du oc toch lo ro-p-d iox ine   fu t   d6 tec t6e  dans l e s  

t i s s u s  muscul a i r e s  de poissons,   crevet tes  e t   c rabes.  Une grande v a r i 6 t 6  de 

d iox ines   e t   fu rannes  fu ren t   de tec tees  dans les  hepatopancr6as de crabe,  par 

consequent c e t  o rgane   peu t   G t re   un   t i ssu   i nd i ca teu r   u t i l e   pou r  ces 

contaminants dans l 'environnement  marin.  

Aucune d6 ter io ra t ion   e tendue dans l a  communaut6  des i nve r t6b r6s  

benth i  ques  en terme  d' abondance e t   d i v e r s i  t 6  des  amphipodes, i sopodes, 

mol 1 usques,  nematodes, 01 i gochetes e t   po lychetes ,  ne f u t  observ6e. 
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En resume, 1 e d6versement de chlorophenol dans l e  rui sseau Hyland 
n ' a  eu aucun impact residue1  measurable  sur les  populations  d'invertebres 
benthiques de 1 a baie Boundary, e t  n ' a  1 a i  s s e  aucun n i  veau anormalement 61 eve 
de contaminants dans les  s6diment.s ou t issus animals recueill is dans l a  baie 
Boundary e t   l e   d e t r o i t  de Georgia. Une revue  des r6sultats  scientifiques a 
montr6 qu ' i l  n 'y  a aucun lien concluant  entre les ikhouages des baleines 
grises de 1984 e t   l e  d6versement de chlorophenol. 

Mots-clefs: chlorophenols, impact environnemental,  sediments,  invertGbres, 
b a l  e i  nes gr i   ses ,  d i  ox i  nes,  furannes, PBC,  b i  phenyl es  
polychl or&,  ba i  e Boundary, mortal i t6 de poi ssons. 
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1 I NTRODUCT I ON 

Chlorophenol s (CP) used  as wood preserv ing   agents ,   a re   tox ic   to  a 

v a r i e t y   o f   a q u a t i c  organisms a t  low  concentrat ions e.g. < 100  ppb  (Jones 

1981, Davis  and Hoos 1975,  Hauch e t  a1 . 1980). 

On 4 M a r c h   1 9 8 4   a b o u t   4 5 , 0 0 0   l i t e r s   o f  (2%) s o d i u m  

tetra/pentachlorophenate (4CP/5CP)  were s p i l l e d   a t   t h e   C l o v e r d a l e   P a i n t  and 

Chemical p l a n t  and  entered  Hyland  Creek. These chemicals were then   ca r r i ed  

in to   the   Serpent ine   R iver   wh ich  meets  Boundary Bay a t  Mud Bay near  Crescent 

Beach, B.C. (F igu re  1). Federal and prov inc ia l   env i ronmenta l   agencies 

immediately became invol   ved  wi th   c lean-up and  moni t o r i n g .  Charges  were 1 a i d  

under  Section 3 3 ( 2 )  o f   t he   f ede ra l   F i she r ies   Ac t  and the  case i s   p r e s e n t l y  

under  appeal  by the  Crown as the company was a c q u i t t e d   i n   t h e   i n i t i a l   t r i a l .  

Th i s   repo r t   rev iews   the   f i nd ings   o f   va r ious   s tud ies  on the 

environmental  impact o f   t h e   s p i l l  , and presents   data  co l lected  by EPS 

(Environmental   Protect ion  Service,   Conservat ion  and  Protect ion,   Environment 

Canada). In response t o  pub1 i c  concern  over  the  incidence  of  dead gray 

whales  washing  ashore  f rom  the  in land  waters   o f   Georg ia  St ra i t  and  Puget 

Sound, and i n  o rde r   t o   assess   t he   poss ib le   res idua l   e f fec ts   o f   t he  

ch lo rophena te   sp i l l ,  EPS Marine Programs  sampled va r ious   l oca t i ons   (F igu re  2)  

i n  Boundary Bay from September  1984 to   February  1985. A d d i t i o n a l   s i t e s   i n  

t h e   S t r a i t   o f   G e o r g i a ,   B u r r a r d   I n l e t  and I n d i a n  A r m  were  sampled  by EPS t o  
provide  comparative  data. 

I n   a d d i t i o n   t o   c h l o r o p h e n o l  s ,  EPS a i  so analyzed  sediments,  f ish, 
crab and  shr imp  t issues,   for   ch lor inated  d ibenzo-d iox ins and -furans,  which 

are known env i ronmenta l l y   pers is tan t   con taminants   o f  some chlorophenate 

so lu t i ons .  We a l so  sampled f o r  PCBs which  can be  a source  of   furans. 

Th is   repo r t  summarizes  those resu l t s .   Fu r the r   da ta   co l  1 ected by 
EPS on sediment   and  t issue  t race  meta l   leve ls  will be presented i n  a fu tu re  

r e p o r t   t h a t  will focus on env i ronmen ta l   qua l i t y   o f   t he   Sou the rn   S t ra i t  of 

Georgia  (Colodey i n  prep.). 

I n   c o n j u n c t i o n   w i t h  EPS, t h e   I n s t i t u t e  o f  Ocean Sciences  (IOS), 

Department o f   F i s h e r i e s  and Oceans (DFO), p a r t i c i p a t e d   i n   p o r t i o n s   o f   t h e  
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sampl i n g   t o   d e t e r m i n e  i f  t h e r e  was any  residual   impact  o f  t h e   s p i l l  on the 

nearshore   benth ic   env i ronment .   In i t ia l   f ind ings   a re   p resented  and  'complete 

r e s u l t s   f r o m   t h a t   s t u d y  will be pub1 ished on comple t ion   o f   ana lys is  

(R.  Br inkhurs t   pers .  comm. 1. 
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2 PREVIOUS  STUDIES 

* 

2.1 F r e s h w a t e r   I m p a c t  
A large fish ki l l  was the immediate resul t  of the  chlorophenate 

sp i l l .  Over 5,000 fish  (juvenile salmonids: steelhead, rainbow trout,  coho; 
1 ampreys, carp and chub amongst others) were kil  led i n  Hyl and Creek  and the 
Serpentine  River ( R .  Webb, personal communication). 

A1 though the  short-term  result of a spi l l  of 4CP/5CP can be 
catastrophic  to some populations,  others can recover more quickly. Kathman 
(1985)  described  the impact o f  the  spill on the  benthic  invertebrates of 
Hyland  Creek and concluded that  the 5CP/4CP spi l l  had no long-lasting 
detrimental  effect on the  benthos. Samples taken  about five weeks after  the 
spill  indicated a diverse  benthic community. 

Derksen (1985) compiled d a t a  coll  ected by Acres Consultants  for 
Cloverdale P a i n t  and Chemical L td .  on the in i t i a l  freshwater  spread and 
d i l u t i o n  o f  the  chlorophenols  (Appendix I ) .  Total  chlorophenol 
concentrations i n  water fell  rapidly. A t  Station C (Figure 1) for example, 
about  4.5 km downstream  from the  spi 11 s i te ,   to ta l  chlorophenol s dropped from 
11,600 ppb  on 4 March  1984 to 406 ppb the  following day. This was largely 
due t o  clean-up and f lushing efforts  directed by EPS as described i n  Wilson 
(1985).  Monthly mean chlorophenol  concentrations  continued t o  show a 
declining  trend: 

I DATE I STATION C CHLOROPHENOLS I 
April 1984 
June 1984 
July 1984 
August 1984 

1.45 ppb 
0.40 ppb 
0.12 ppb 
0.17 ppb 

Sediment chlorophenol levels were generally  higher  than  water 
concentrations  including  the  control s i t e s  (Appendix 11). Sediment CP levels 
a t  S t a t i o n  C fe l l  from  1540 ppb (5 March 1984) t o  32 ppb on 7 August 1984. 
Background levels o f  chlorophenol s upstream of the spi 11 s i t e  were 73 ppb 
( 5  March 1984). 
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FlGURE I HYLAND  CREEK AND MUD  BAY SAMPLE STATION 
LOCATIONS 
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2.2 Marine Impact 
The observed  impact o f   t h e   s p i l l  on the  marine  environment was  much 

less  severe  than  the  freshwater  impact. Some dead e s t u a r i n e   f i s h   ( f l o u n d e r s  

and scu lp ins )  were  found amongst the  dead f reshwater   spec ies   tha t  had 

accumulated  near  the  mouth o f   the   Serpent ine   R iver   (Depar tment   o f   F isher ies  

and Oceans [DFO], New Westminster o f f i c e   f i l e s ) .  

Chlorophenol s f r o m   t h e   s p i l l  were apparent ly  not   adsorbed on the  

marine  sediments:  Derksen  (1985)  reported  that  chlorophenol s i n  sediments o f  

Mud Bay-Boundary Bay were n o t   d e t e c t a b l e   a t  any t i m e   f o l l o w i n g   t h e   s p i l l  (CP 

< 4-10  ppb:  Appendix  11). 
The 1 ack o f  marine  environmental damage f rom  the  sp i  11 1 i k e l y  

r e s u l t e d   f r o m   t h e   r a p i d   d i l u t i o n  and d ispers ion   o f   the   ch lo ropheno ls  upon 

enter ing  Boundary Bay (Figure  1) .   Total   chlorophenol   concentrat ions i n  water 

(Appendix I) d e c l i n e d   r a p i d l y   a t   s i t e s  K and L i n  Mud Bay throughout   the 

i n i t i a l  sampling  period. The f i r s t  sample o f  CP-contaminated  water was 

c o l l e c t e d  on 8 March  1984, when 19-23 ppb were  detected i n  Mud Bay. 

Concentrat ions  dropped t o  less   than 1 ppb w i t h i n  4 days.  Undetectable 

concent ra t ions   o f   ch lo rpheno ls  (CP < 0.1  ppb)  predominated  from 16 A p r i l  1984 

t o   t h e   c o n c l u s i o n   o f   t h e   s a m p l i n g   i n  March 85. 

The  maximum water   ch lo ropheno l   leve l   de tec ted   in  Mud Bay f o l l o w i n g  

t h e   s p i l l   ( 2 3   p p b ) ,  was be low  the   l e tha l   concen t ra t i ons   f o r   sens i t i ve   spec ies  

l i k e  salmonids and o ther   less   sens i t i ve   mar ine   an ima ls  and p lan ts :  

coho  salmon 
chinook salmon 
oys ter  1 arvae 
copepod 
es tuar ine   benth ic  community 

mar ine  bacter ia  & phytoplankton 
mar ine   o l  i gochaetes 

snai  1 s 
zooplankton 

5CP (ppb) REFERENCE 

32 

Hauch e t   a l .  1980:  96h LC50. 68 
Davis & Hidu 1968: 14d TLm 70 
Iwama & Greer 1979: 96h LC50 78 
Davis & Hoos 1975:  96h LC50 

140 

100 

Tagatz e t  a1 . 1981:  spp. 

Yunker  1981:  reduced  abundance 
changes 

150-1700 Chapman e t   a l .  1982:  96h LC50 

4CP (ppb) 

1670 B a t t e   e t   a l .  1951: 24 LT 
1000 Kuiper  and Hanstve i t  1984 
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However, oysters ,   c rabs and other  organisms  can  concentrate 

chlorophenol s f rom  the  water   (Tru i  ji 1 l o   e t  a1 . 1982). On 12 Apr i  1 1984, DFO 

closed  Boundary Bay and Mud  Bay t o   c r a b  and o y s t e r   f i s h i n g  because oys te rs  

and  crabs  were  found t o  be  contaminated  with 4CP and 5CP. On 9 March 1984 
c rabs   co l lec ted   f rom Mud Bay had  muscle t i s s u e   l e v e l s   o f  67-116 ppb t o t a l  

chlorophenol s ,  whi le   oys ters  had 171-563 ppb  (R.  Duncan DFO, unpubl . data) .  

However by 31 May 1984, d a t a   i n d i c a t e d   t h a t  twen t y - th ree  Dungeness  and Rock 

c rab   t i ssue  samples  had non-detec tab le   leve ls   o f  4CP and 5CP (CP < 0.2 ppb). 

F o u r   o t h e r   g i l l   o r  muscle  samples  had o n l y   t r a c e   l e v e l s :  mean CP = 2.33 ppb. 

A s i m i l a r l y   r a p i d   d e c l   i n e   o f   c h l o r o p h e n o l  s i n   o y s t e r s  was a1 so noted. 

Consequently,  both  the  commercial and s p o r t   c r a b   f i s h e r i e s  were  re-opened as 

annually  scheduled 15 J u l y  1984. 
Horse  clams  (Schizothaerus  sp. 1 c o l l e c t e d  by  Acres  Consultants a t  

S ta t i ons  K & L (F igu re  1)  on 9 March 1984 had CP l e v e l s   o f  98 and 83 ppb 

respect ive ly   (Appendix  I I I ,  Derksen 1985). Tetrachl  orophenol s were 

non-detectable i n  c lams  f rom  Stat ion L by 10 March 1984 and a t   S t a t i o n  K by 

24 March 1984. Total   chlorophenol   concentrat ions were non-detectable i n  

clams a t   b o t h   s t a t i o n s  by May 1984. 

2.3 Marine Mammal s 
Each year  over 16,000 gray  whales  migrate up the   Pac i f i c   coas t   f rom 

B a j a   C a l i f o r n i a   t o   t h e   A r c t i c   c o a s t .   I n  1984, t h e   p u b l i c  became concerned 
when nine  gray  whales ( 7  immature)  died  and washed ashore  between 

8 March-18  June i n  the   in land  waters  o f  Georgia S t r a i t  and  Puget Sound 

(Appendix IV). Simi la r ly ,   s ix   g ray   wha les  washed ashore i n  1983 (NOAA 1984). 
The n o r t h e r l y   c u r r e n t   f l o w   i n t o  Boundary Bay,  on r i s i n g   t i d e s ,  may be  one 

reason why f o u r   o f   t h e  whales washed ashore i n  the  White Rock-Boundary Bay 

area.  Four of   the  remaining  whales washed ashore  over 200 km south   o f   the  

Boundary Bay area.  Death o f  one o f   t h e  Boundary Bay whales  and  the  Keyport 

whale, may be a t t r i b u t e d   t o   e n t a n g l e m e n t   i n   r o p e  and a c r a b   t r a p   r e s p e c t i v e l y  

(01  esiuk & B igg 1984). Another one of  the  Boundary Bay whales was so 
decomposed t h a t   i t s   i d e n t i t y  as a gray  whale i s  uncer ta in .  

Some o f   t h e  dead  whales  were  examined  and t i s s u e  samples  were  taken 

fo r   ana lys is .  One gray  whale t h a t  washed ashore a t  Semiahmoo  Bay near  White 
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Rock, B.C. had 200 ppb 5CP i n   i t ' s   d i g e s t i v e   t r a c t .  However, Olesiuk & B igg 

(1984) sampled the  blood,  muscle and b l u b b e r   o f   t h i s  whale to   determine i f  

l a r g e  amounts o f  5CP were   be ing   ass imi la ted   f rom  the   d iges t ive   t rac t   in to   the  
whale's  other  organs.  Only 1.5 ppb chlorophenol s were found i n  muscle 
t i s s u e ,   w h i l e   l e v e l s   i n   b l u b b e r  were undetectable. They concluded  that   the 

l e v e l   o f  4CP/5CP i n  the  blood  (9.9  ppb)  would  not be l e t h a l   g i v e n   t h a t  
t e r r e s t r i a l  mammals can t o l e r a t e   b l o o d   l e v e l s   o f  10,000 ppb. People k i l l e d  

by 5CP poisoning have  had 16,000 t o  100,000 ppb 5CP i n   t h e i r   b l o o d   o r  1 i v e r  
(Mason e t   a l .  1965, Wood e t   a l .  1983). I n   f a c t  up t o  about  100 ppb 5CP 'hay 

be found i n   t h e   b l o o d  and ur ine  o f   persons  hav ing no recognised  exposure"  to 

5CP (Morgan 1976). These v e r y   h i g h   l e v e l s   o f  5CP known t o  cause human death 

are  hundreds  to  thousands  of   t imes  greater  than  the  levels  found i n   t h e   g r a y  

whale. However, caution  must be used r e l a t i n g   t h e s e   l e v e l s   t o  whales  since 

very 1 i t t l e   i s  known about   the  tox ico logy  o f  5CP and other  contaminants 1 i k e  

pes t i c ides  and  heavy  metals t o  whales i n  general  (Reijnders  1986). 

An autopsy was conducted on another dead gray  whale,  found 
18 June 1984 a t   P o r t  Angeles, Wa. USA. The autopsy was d i rec ted   by  
D r .  T. Gornal l   (Marine Animal  Resource  Centre, Sea t t l e )  and l e d  by 
Dr. A. Fouty  (Medical   Laboratory  Associates,   Seatt le) .   Gornal l   et   a l .  

( 1984)  detected 5CP i n   t h e   s t o o l  (800  ppb)  and  the 1 i v e r  (300  ppb) , b u t   n o t  
i n   t h e   f a t  o f  the  Port  Angeles  whale. They concluded  that   the  animal  d ied  of  

acute l i v e r   f a i l u r e   a f t e r   " f e e d i n g   i n  an area  highly  contaminated with 
pest ic ides ,  PCB's, heavy metals as we l l   as   ye t   to  be i d e n t i f i e d  substances" 

( G o r n a l l   e t  a1 . 1984). However, 01 es iuk and Bigg  (1984)   c i ted  data on o ther  
whales  and  marine mammals wh ich   led  them t o  conc lude   t ha t   t he   l eve l  s o f  

contaminants 1 i s t e d   i n   t h e   G o r n a l l - F o u t y   r e p o r t  were w i t h i n   t h e   t y p i c a l  

concentrat ions  for   mar ine mammals and p r o b a b l y   d i d   n o t   c o n t r i b u t e   t o   t h e  

animal ' s death. 
A fur ther  evaluat ion  of   t issues  f rom  the  Port   Angeles  gray  whale 

was conducted by M a l i n s   e t   a l .  1984. They d i d   n o t   d e t e c t  5CP i n  the  b lood 
sample from  the  whale  (detection 1 imi t < 15 ppb) . They concluded  that  

"concentrat ions  o f   organic   chemicals  were too   l ow   to  have  had a bear ing  on 

the   hea l th   o f   the   g ray  whale." However, re la t i ve l y   h igh   concen t ra t i ons   o f  

aluminum  were  found i n   t h e   b r a i n  and i n   t h e   b l o o d  (2.2 ppm wet  weight).  
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Mal i n s   e t  a1 . ( 1 9 8 4 )   r e i t e r a t e d   t h e   f a c t   t h a t  1 i ttl e i s  known about  whale 

tox i co logy ,   bu t   c i t ed   C rapper  & DeBoni ( 1980) ” i n t e r  a1 i a  who s t a t e d   t h a t  - 
ser ious   neuro log ica l  damage and d i s o r i e n t a t i o n   o c c u r s   i n  mammal s when 

a1 umi nium 1 eve1 s i n  b lood serum are above 0.5 t o  1 ppm. Tox ic   l eve l  s o f  

aluminum i n   b r a i n   t i s s u e   f o r   c a t s  and r a b b i t s  were c i t e d  as between 80 and 

1600 ppb (Crapper  McLaughlin e t  a1 . 1983).  Malins e t  a1 . (1984)  mention  the 

need for  comparat ive  data  f rom  heal thy and diseased  whales t o   a i d   i n   t h e  
i n t e r p r e t a t i o n   o f   t o x i c   c h e m i c a l s   d a t a .  

Other  aquatic mammals, 1 i ke   the   la rge   harbour   sea l   popu la t ion  

r e s i d e n t   i n  Mud Bay, was apparent ly   no t  harmed b y   t h e   s p i l l  (M. Bigg, DFO 

Nanaimo, pers.  comm. 1. A1 though  there was  much s p e c u l a t i o n   i n   t h e   p r e s s  and 

e l e c t r o n i c  news media,  no sc ien t i f i c   ev idence   l i nks   t he   wha le   dea ths   t o   t he  

C1 overdal e 4CP/5CP sp i  11 . 
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METHODS 

I 

I 

c 

Q 

A s e r i e s   o f   s t a t i o n s  was se lected i n  t h e   S t r a i t   o f   t i e o r g i a ,  

Boundary Bay and Mud Bay t o  examine t h e   r e s i d u a l   e f f e c t   o f   t h e  5CP/4CP sp i  11 

on the  near-shore  marine  environment  (Figure 2 ) .  Sediments  and t i s s u e  

samples  were c o l l   e c t e d  when oceanographic  ship-t ime became a v a i l   a b l e   i n  

September  and November 1984 (Table 1). 
Sediment  samples i n  Boundary Bay and t h e   S t r a i t   o f   G e o r g i a  were 

c o l  1 ected  us ing a 0.1 m2 Smi  th-MacIntyre  grab and a "Benthos" g r a v i t y   c o r e r  

from  the CSS VECTOR. Samples from Mud Bay were e i t h e r   c o l l e c t e d   f r o m   t h e  

shore a t   l o w   t i d e   o r   f r o m  a smal l   boat  using an Ekman grab a t   t h e  10s 

inver tebra te   sampl ing   s ta t ions .   For  10s i nve r teb ra te   ana lys i s ,   dup l i ca te  

grabs were taken and the   an ima ls   co l lec ted  on  a 500 um screen were preserved 

i n  10% bu f fe red   f o rma l in   f o r   l a te r   enumera t i on  and i d e n t i f i c a t i o n .  

Sediment  samples f o r   d i o x i n / f u r a n ,  CP and PCB ana lys i s  were s to red  

i n   h e a t - t r e a t e d   g l a s s   j a r s   p r i o r   t o   a n a l y s i s .   C h l o r o p h e n o l s  and PCBs were 

analysed a t   t h e  EPS/DFO West Vancouver  Labs us ing  gas l i q u i d  chromatography 

methods descr ibed i n  Swingle and Davidson  (1979) .   Detect ion  l imi ts   are  g iven 

i n  Table 1. Diox ins and furans i n  sediments  were  analyzed at   the  Envi ronment  

Canada R ive r  Road Environmental  Technology  Center i n  Ottawa. De tec t i on  

l i m i t s   a r e   l i s t e d   i n   T a b l e  3. 
Crab  and f i s h   t i s s u e s  were ob ta ined  by   o t te r - t rawl  and from  crab 

traps.  Crab  samples  from  Buntzen  Bay-Cates  Park  and  Boundary Bay were 

obtained  from  commercial  fishermen i n  February  1985  (Figure 2). Al l  samples 

were f rozen  p r io r   to   ana lys is .   Ch lo ropheno ls  and PCBs were  analysed a t   t h e  

EPS/DFO West Vancouver B.C. Labs us ing  gas l i q u i d  chromatography  methods 

descr ibed i n  Swingle and D a v i d s o n   ( 1 9 7 9 ) .   D e t e c t i o n   l i m i t s   a r e   l i s t e d   i n  

Table 2. 

D iox ins  and  furans i n   t i s s u e s  were  analysed a t   t h e  Canadian 

W i l d l i f e   S e r v i c e s  (CWS) Laboratory i n  Ottawa w i t h   i n t e r p r e t a t i o n   g i v e n  by 

Ross Norstrom (CWS O t t a w a ) .   D e t e c t i o n   l i m i t s   a r e   l i s t e d   i n   T a b l e  4. 



a 

I 

z 
m m 
e 

!!! 
8 
e 

e 

f 
.) 
Q 
4 

v) 
w 



- 11 - 

TABLE 1 EPS SAMPLING  DATES,  LOCATIONS, AND ANALYSES, 1984-1985 

DATES 

11 sept. 84 

10 kt. 84 

13 Nov. 84 
14 

a ~eb. 85 
10 Feb. 85 

I L O C A T I O N S  

STATION NO. 

GS1 
GS-6 
Gs-7 
”1 
m-2 
BB-1 
BB-2 
BB-3 
BB-4 
BB-5 
88-6 
BE7 
88-8 
BE9 
BB-10 
BB-11 
BB-12 
BB-13 
BB-14 
BE15 

BE18 
BB Trawl-1 

EB Trawl-2 

B I  Trawl-1 

BB Trapl  
BB Trap2 
BB Trap-3 
IA T r a p l  
CP Trapl  

BB-17 

BI-1 

ANALYSES: 

*1 Sediment Particle Size 
V Sediment Volatile  Reside 
k3 Sediment  Trace Metals 

LATITUDE (N) 

49  03.70 
48 52.00 
48  52.20 
49 05.30 
49  03.70 
49  59.25 
49 00.60 
49  01.24 
49  00.60 
49  01.20 
49  00.80 
48  59.25 
48.59.25 
48.59.25 
48.57.85 
48 57.85 
48 57.85 
48 55.70 
48 55.70 
48 54.50 
48 53.50 
48  56.20 
48 58.40 
48 58.04 
48  54.13 
48 54.62 
49  19.80 
49  19.95 
49  19.60 
49  59.60 
49 02.00 
49  00.60 
49  23.05 
49.18.20 

LONGITlDE (W)  

123  23.60 
123  07.75 
123 09.00 
122 53.40 
122 52.60 
122  59.88 
123  00.00 
122  58.00 
122  55.50 
122 53.60 
122  51.60 
122 56.52 
122  54.54 
122  52.26 
122  56.74 
122 54.33 
122  52.26 
122  56.80 

122  55.61 
123  00.78 
123  01.49 
123  13.20 
123  13.33 
123  12.72 
123  01.00 
122 53.90 
122 55.50 
121  51.90 
122 57.30 

T DEPTH 
(m) 

258 
155 
107 

0 
0 
7 
3 
6 
6 
6 
7 

38 
37 
27 
28 
30 
26 
48 
30 

183 
56 

128 
30 
30 

165 
145 
50 
48 
45 
3 
3 

10 
15 
10 

ANALYSES 

7,8,9,10,d 

3,4¶5 
7,8,9,10,d 

10  ,d 
10,d 
10,d 
10,d 
10,d 

6 Sediment Chlorinated dibenzc+dioxins/fumns 

8  Tissue Penta/Tetrxhlorophenol s 
*7 Tissue  Trace  Metal s 

4 Sediment Pentafletrachlorophenols: Detection Limit 9  Tissue Polychlorinated  sipherwls 

5 Sediment Polychlorinated Biphenyls:  Detection Limit c COR taken 
= 0.001  ug/g  (ppn) 10 Tissue Chlorinated dibenzo-dioxins/furans 

= 0.02 ug/g (ppn) d dql icate sanples taken 

STATIONS: GS M r g i a   S t r a i t  
F8 f%d Bay 
BB Boundary Bay 

* results to be reported i n  Colodey ( i n  prep.) 

B I  Burrard In let  
I A  Indian Arm 
C? Cates Park 
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4 RESULTS AND DISCUSSION 

No res idual   ev idence  o f   the  ch lorophenol   sp i l l  was detected i n   t h e  

sediments o r   b io ta   co l l ec ted   f rom Mud Bay, Boundary Bay o r   t h e   S t r a i t  o f  

Georg ia.   Th is   suppor ts   ear l ier   f ind ings o f  t he   rap id   d i spe rs ion ,   d i l u t i on ,  

and b iodegradat ion  o f   the  ch lorophenate  so lu t ion.  
No pentachlorophenol  or  tetrachlorophenol s were detected  f rom 

marine  sediments  (Table 2)  o r   i n   f i s h ,   c r a b  and shr imp  t issues  (Table 3 )  
sampl ed  by EPS i n  Boundary Bay i n  November 1984. 

TABLE 2 SEDIMENTS  COLLECTED  FROM BOUNDARY BAY AND GEORGIA STRAIT FOR 
CHLOROPHENOL (4CP/5CP) AND PCB ANALYSIS 

STAT1 ON** 

GS- 1 
GS-6 
GS-7 
MB- 1 
MB-2 
B I - 1  
B B - 1  
88-2 
BB-3 
BB-4 
BB-5 
BB-6 
BB-7 
BB-8 
BB-9 
BB-10 
BB-11 
BB-12 
BB-13 
BB-14 
BB-15 
BB-17 
BB-18 

DATE 

11 September 1984 
11 September 1984 
11 September 1984 
10 October 1984 
10 October 1984 
13 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 
14 November 1984 

*Bel ow detectabl  e 1 eve1 s 
**Refer t o   F i g u r e  2 f o r   s t a t i o n   l o c a t i o n  

C O N C E N T R A T I O N  
~~ ~ 

4CPl5CP 

< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 
< 0.0001* 

PCB 

< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02" 
< 0.02* 
< 0.02* 
< 0.02* 
< 0.02* 
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As a f u r t h e r   i n d i c a t o r   o f   t h e   g e n e r a l   c o n d i t i o n   o f  Boundary Bay, 

EPS sampled f o r   p o l y c h l o r i n a t e d   b i p h e n y l s  (PCBs).  However,  no PCBs were 

detected i n   t h e  sediments  (Table 2)  o r   i n   f i s h ,   c r a b  and  shrimp  t issues 

sampled  (Tab1 e 3 ) .  

TABLE 3 SPECIES AND TISSUES COLLECTED NOVEMBER 1984 ANALYSED FOR 
P O L Y C H L O R I N A T E D   B I P H E N Y L S   ( P C B s ) *   A N D   T E T R A -   A N D  
PENTA-CHLOROPHENOLS (4CP/5CP)* 

AREA I SPECIES I TISSUE 

B u r r a r d   I n 1   e t  
(Trawl  BI-1)** 

S i d e s t r i  pe  Shrimp  (Pandal  opsi s d i   s p a r )  t a i  1 muscle 

Boundary Bay 
( T r a w l  BB- 1 ) ** 

( T r a w l  BB-2)** 

S i  destripe  Shrimp  (Pandal  opsi s d i  spar)  
Engl i sh Sol e (Parophrys  vetu l  us- 

Starry F1 ounder ( P1 a t i c h t h y s   s t e l  1 a tus)  

Dungeness Crab  (Cancer  magister) 

t a i  1 muscl e 
muscle 
1 i ver  
g i l l s  
muscle 
1 i ver 
g i l l s  
muscle 
hepatopancreas 
g i l l  

S i  d e s t r i  pe Shrimp  (Pandal  opsi s d i   s p a r )  t a i  1 muscle 

*None de tec ted .   De tec t i on   l im i t s :  PCB < 0.02 ug/g 
4CP/5CP < 0.0001 ug/g 

**Refer t o   F i g u r e  2 f o r   t r a w l   l o c a t i o n s  

10s s t a f f  sampled b e n t h i c   i n v e r t e b r a t e s   f r o m   f i f t e e n   s t a t i o n s   i n  

upper  Boundary Bay  (Mud Bay) t o  de te rm ine   t he   res idua l   impac t   o f   t he   sp i l l  

upon the  nearshore  benthic  infaunal   community  (Appendix  111).   Br inkhurst   and 

Moore (1985) c o n c l u d e d   t h a t   r e s u l t s   o f   t h e   p r e l i m i n a r y   a n a l y s i s   o f   t h e i r  

sampl i ng d i d   n o t   i n d i c a t e  any  widespread  deter iorat ion i n  community s t r u c t u r e  

as r e f l e c t e d   i n   t h e  abundance  and d i v e r s i t y   o f   t h e   t a x a  examined:  amphipods, 

isopods,  molluscs, nematods, o l igochaetes and polychaetes. More d e t a i l e d  

eco log i ca l   ana lys i s   o f   t hese  samples i s  pending. 
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Chlorophenates  are known t o  be contaminated  wi th   vary ing amounts o f  

ch lo r ina ted   d ibenzo-d iox ins  and - furans (Sachdev  and  Marvan 1983). Because 

d i o x i n s  and  furans  are more res i s tan t   t o   env i ronmen ta l  breakdown than 

chlorophenates, EPS a lso  analysed  for   these compounds. 

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

F i s h e r i e s   O f f i c e r   i n d i c a t e d   t h a t   d i o x i n s  and furans were present  i n  a d d i t i o n  

to   ch lorophenols   (Table 4 ) .  No c o n t r o l  samples f o r   d i o x i n s  were submitted. 

TABLE 4 CHLOROPHENOL, D I O X I N   ( D )  AND FURAN ( F )  CONCENTRATIONS FROM 
SAMPLES  COLLECTED  AT  THE S P I L L   S I T E  ON 4 MARCH 1984 

( PPb) OCTA HEPTA HEXA PENTA TETRA 

4CP F D F D F D F D F D 5CP 

1 3.2 21.6 16.8 25.7  10.8  4.0 0.2 --  --  -- n . s .  n.s. 
2 787 I 292 I -- -- -- 

I I  I I I I 
1.3 I 16.5 I 44.6 I 67.4 I 54.5 I 9.9 I 

n.s. = n o t  sampled 
" - - no t   de tec ted  < 50 

No c h l o r i n a t e d  

sediments  col lected  f rom 
October 1984 ( T a b 1  e 5 ) .  

pg/gm (pa r t s   pe r  trill i o n )  

d ibenzo-d iox ins  or   - furans were detected  f rom 

t h e   S t r a i t   o f   G e o r g i a   o r  Mud Bay i n  September o r  

TABLE 5 SEDIMENTS  COLLECTED FROM  BOUNDARY  BAY  AND GEORGIA STRAIT  FOR 
CHLORINATED  DIBENZO-DIOXINS AND -FURAN  ANALYSIS 

S T A T I O N * *  
~ ~~~ 

D A T E  C O N C E N T R A T I O N  

GS- 1 
11 September 1984 GS-6 

< 50 pg/gm 11 September 1984 

< 50 pg/gm 10 October 1984 MB-2 
< 50 pg/gm 10 October 1984 MB- 1 
< 50 pg/gm 11 September 1984 GS-7 
< 50 pg/gm 

< Ind ica tes   be low  de tec tab le   leve ls  
** R e f e r   t o   F i g u r e  2 f o r   s t a t i o n   l o c a t i o n s  
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The l e v e l  s o f   ch lo r i na ted   d ibenzo-d iox ins  and - furans  found i n  

crab,  shrimp  and f i s h   t i s s u e  sampled i n  Boundary Bay, B u r r a r d   I n l e t  and 

Ind ian  Arm a r e   l i s t e d   i n   T a b l e  6. No ch lo r ina ted   d ibenzo- fu rans  were 
detected i n  any edible  muscle  t issues.  Only OCDD (octochloro-p-d iox in)  was 

found i n   e d i b l e  musc le   t i ssues   (9 -53   pa r t s   pe r   t r i l l i on ) .   A l though   th i s   f o rm 

o f   d i o x i n  may have a l o n g e r   h a l f - l i f e   i n   t h e   e n v i r o n m e n t ,  it i s   a l s o   l e s s  

tox i c   t han  tri- t o  penta-  forms o f   d i o x i n   ( H e a l t h  and Welfare Canada 1983). 

Fur ther   resu l ts   no ted   by  R. Norstrom  (Canadian  Wi ld l i fe  Service,  

Ottawa:  pers. comm.) indicate  that   the  crab  hepatopancreas  accumulated a 

w i d e   r a n g e   o f   d i o x i n s   a n d   f u r a n s   a n d   w o u l d   t h e r e f o r e   b e  a good 

i n d i c a t o r - t i s s u e   f o r   t h e s e  compounds i n   t h e  environment.  Levels o f  
2,3,7,8-TqCDD, the  most   tox ic   form  of   d iox in ,  were 2 and 3 p p t   ( p a r t s   p e r  

t r i l l i o n )   i n  Boundary Bay and Cates  Park-Buntzen Bay crab  hepatopancreas 

respec t i ve l y .  The Department o f   F i s h e r i e s  and Oceans considers 20 p p t   t o  be 

t h e   " a c t i o n   l e v e l "   f o r  2,3,7.8,-TqCDD, whereby f i sh   p roduc ts   wou ld  be deemed 

u n f i t   f o r  human consumption. 

A l though   f i sh  may have  measurable leve ls   o f   these  contaminants ,  

f i s h  consumption i s   n o t   t h e   m a j o r   r o u t e   f o r  human exposure t o   d i o x i n s .  

Heal th and We1 f a r e  Canada (1983)  ranked  various  environmental  sources 

respons ib le   f o r  human exposure to   d iox ins.   Di rect   exposure  to   ch lorophenol  s ,  
a i r  and a i r b o r n e   p a r t i c u l a t e s   f r o m   i n c i n e r a t o r s ,   s o i l s  and dusts  contaminated 

pr imar i ly   f rom  inc inerators ,   pharmeceut ica l  s and  domestic  products a1 1 ranked 
as  a greater  source o f  exposure to   d iox ins   than  the   consumpt ion  o f  

contami  nated f i sh. 
The numerous sources o f   d i o x i n s  and  furans  such as municipal  

i n c i n e r a t o r s  and other  combust ion  and  industr ia l   sources  (Sheff ie ld 1985, 

Czuczwa and Hites  1986), make i n t e r p r e t a t i o n   o f   t h e   l i m i t e d  number of  data 

po in ts   f rom  poo led   t i ssue   samp le - resu l t s   d i f f i cu l t .  The mob i le   na ture   o f   the  

c rabs   f u r the r   comp l i ca te   t he   i n te rp re ta t i on  o f  the  data. A1 though  there  are 

no comparative  data on crabs  f rom  other   areas,   the  resul ts   ind icate  genera l ly  

h ighe r   l eve l s  o f  d i o x i n s  and furans  found i n  Cates  Park-Buntzen Bay 

i n d u s t r i a l  i zed  area o f   I n d i a n  A r m  (F igure 2 ) ,  compared t o   l e v e l  s found i n  

Boundary Bay. Garret t   (1983)  found  very  h igh PCB concen t ra t i ons   a t  3 s i t e s  

near  Cates  Park  (360-2580  ppb  sediment dry  wt.)  and  these PCBs cou ld  be 

another   source  o f   the  furan  leve l  s observed. 
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R. N o r s t r o m   ( p e r s .  comm.) a g r e e s   t h a t   s e v e r a l   s o u r c e s   o f  

contaminat ion  could be i n v o l v e d   i n   t h e   d i o x i n  and furan  contaminat ion 

measured in   the  crab  hepatopancreas.  However, he r e p o r t s   f i n d i n g  a s i m i l a r  

p a t t e r n   o f   d i o x i n s  and furans i n  the samples from Boundary Bay and  Cates 

Park-Buntzen Bay, when compared t o   h i s   d a t a   f r o m  5CP-contaminated  regions o f  

Surinam  (South  America). 

I n  summary, no r e s i d u a l   e f f e c t s   o f   t h e   c h l o r o p h e n o l   s p i l l   i n t o  

Hyland  Creek  were  detected i n  Boundary Bay i n  terms  o f   benth ic   in faunal  

i nve r teb ra te   popu la t i ons   o r   unusua l l y   e leva ted   l eve l s   o f   con taminan ts   i n  

sediments or  animal  t issues. 
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APPENDIX I 

CHLOROPHENOL CONCENTRATIONS I N  WATER, 
CLAM TISSUE,  AND SEDIMENT 

MARCH 1984-5 
(from Derksen 1985) 



APPENDIX I 

DATE 

M a r .  1984 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
21 
22 
27* 

A p r  . 1984 
2* 
4 
8 
9 

10 
11 
12 
13 
16 
19 
23 
24 
26 
27 
28 
30 

- 25 - 

TOTAL PCP PLUS  TOTAL  TCP (ug/l ) (March 4, 1984 t o  March 11, 1985) 

WATER CONCENTRATIONS 

A 

- 
< 0.2 
< 0.2 
< 0.2 

HYLAND CREEK 

B 

- 
344 
154 
78 
47 
52 
31.5 

< 7.5 
8.3 
6.3 
7.97 
4.1 
7.2 
6.0 
9.1 
5.9 
2.09 
2.93 
- 

< 0.10 
43.2 
8.29 
1.42 
1.34 
2.58 
1.91 
4.01 
1.35 
3.21 
1.43 
0.51 
3.21 
0.90 

2.30 
- 

C 

11600 
406 
129 

7 1  
47 
33 
42.7 

< 7.5 
3.0 
3.9 
1.64 
3.4 
5.0 
3.6 
2.21 
4.0 
1.0 
0.95 

.36 

0.52 
3.4 
6.78 
0.64 
0.65 
2.02 
1.25 
0.55 
0.73 
0.74 - - 
0.74 
0.35 - 
- 

Note: K and L sampled a t  low  ebb 
*sampled analyzed May 14,  1985 

S T A T I O N  

SERPENTINE  RIVER 

D 

8200 
183 
53 
38 
19.9 
13.3 
26.4 

< 7.5 
2.36 
1.9 
1.22 
2.9 
2.41 
1.78 
1.77 
2.7 

0.88 
.51 

- 

< 0.10 
2.35 
4.27 
0.27 
0.31 
1.61 
1.53 
0.60 
0.17 
0.28 - - 
0.28 

< 0.1 - 
- 

H 

- 
< 0.2 - 

- 
45.2 
12.5 

< 7.5 
1.45 

2.09 
1.15 

< 0.11 
0.23 
0.27 
0.77 
0.40 
0.40 

0.40 
.23 

- 

- - 
- 
- 

0.50 - - - 
0.13 

0.19 
- 
- - 

< 0.11 - - 

MUD BAY 

K 

- 
- 
- 

22.9 
8.7 
1.43 

< 7.5 
< 0.18 - 

- 
- 
- 

< 0.10 

0.25 
- 
- 

L 

- - - - 
18.5 
6.9 
1.54 

< 7.5 
0.45 

- 
- - 

< 0.10 

0.86 
- 

CONTINUED... 
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(Continued) APPENDIX I 

S T A T I O N  

HYLAND CREEK SERPENTINE  RIVER MUD BAY DATE 

May 1984 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
27 
28 
29 
30 
31 

J u n .  1984 
1 
2 
3 
4 

12 
19 
26 

C D H I L K B 

1.82 
0.97 
0.57 
2.15 
1.16 
0.54 
0.57 
1.73 
0.58 
0'. 39 
1.05 
0.47 

10.02 
8.54 
6.52 
1.57 
1.72 
7.0 
0.62 
1.28 
5.0 
0.47 
6.1 
1.69 
0.52 
0.58 
0.73 
0.56 
0.46 

0.40 
5.2 
0.57 
2.58 
0.32 
3.7 
0.29 

A 

15 

- 
1.04 

< 0.12 

CONTINUED... Note: K and L sampled a t  low ebb 
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DATE I I HYLAND CREEK 

- 27 - 

S T A T I O N  

I SERPENTINE  RIVER 

N o t e :  K and L sampled  a t   l o w   e b b  
* * O c t o b e r  12 - f i r s t   p e r i o d   o f   h e a v y   a u t u m n   r a i n f a l l  



APPENDIX I 

DATE 

Mar. 1984 
9 

10 
11 
24 

Apr. 1984 
3 

16 
30 

May 1984 
14 
29 

Jun. 1984 
4 

12 

Aug. 1984 
8 

Sept. 1984 
10 

NOV. 1984 
14** 

Mar. 1985 
11 

- 28 - 

C L A M   T I S S U E   P C P ,   T C P ,   P C P  AND T C P  (March  9 ,  1984 t o  
March 11,  1985) 

*sample analyzed May 14,  1985 
**not sampled, daytime tide  too high 
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APPENDIX I SURFICIAL SEDIMENT PCP, TCP, PCP AND TCP (March 5, 1984 t o  
March 11, 1985) (from Derksen  1985) 

I PCP (1984) 
l i a r .  5 

Mar. 8 
Aug. 7/8 
Nov. 14* 

( 1985) 
Feb. 13 
Mar. 11 

' 
TCP (1984) 
T a r .  5 

Mar.  8 
Aug. 7/8 
Nov. 14* 

( 1985 
Feb. 13 
Mar. 11 

Tota l  PCP and TCP 
0 

Mar. 5 
Mar. 8 
Aug. 7/8 
Nov. 14* 

( 1985) 
Feb. 13 I 
Mar. 11 

- - 
- .029 
- .007 

- .031 
- - 

.043  .45 - - 
- .043 

.030 

- .040 
- - 

.073 .97 - - 
- .073 
- .037 

- .071 
- - 

STATION (ug/g) 

-Y- 
.69 

.018 

.014 

.16 

< .005 
.006 

- 

-t .85 

- 
.014 
,019 

1.54 - 
.032 
.033 

< .011 

- 
< .005 

.006 

- 
.009 

.38 

< .010 
.012 

- 

- 
.020 

" I  K I  

.009 - - - < .004 

- - < .005 
< .005 < .005 < .005 
< .004 

- 
.021 

.007 

< .005 
< .005 

- 

- I -  

.016 

< .010 
< .010 

- 

- 
< .026 

- - 
< .008 

< .010 < .010 
< .008 

1 I 1  I 
< .010 < .010 

*K and L no t  sampled as day t ime  t ide  too  h igh  

138th  St . /68th Ave. DITCH STATION 
DATE 

PCP PCP & TCP TC P 

Nov. 14,  1984 
.585 .350  .235  Feb.  13,  1985 
.117 .084 ,033 
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APPENDIX I 1  

SUMMARY OF 1984 GRAY  WHALE  STRANDINGS IN 
SOUTH  GEORGIA  STRAIT-PUGET  SOUND 

(from Olesiuk and Bigg 1984) 
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APPENDIX I 1  SUMMARY OF 1984 GRAY  WHALE STRANDINGS I N  SOUTH  GEORGIA 

DATE 
FOUND 

8  March 

11 A p r i l  

24 A p r i l  

26 A p r i l  

4 May 

4 June 

5 June 

12  June 

18  June 

STRAIT-PUGET SOUND (from Olesiuk and Bigg 1984) 

LOCATION 

V i c t o r i a ,  B.C. 

Keyport,  Wa. 

Boundary Bay, B.C. 

Boundary Bay, B.C. 

Tacoma , Wa. 

White Rock, B.C. 

Boundary Bay, B.C. 

Bambridge Is. Wa. 

P o r t  Angeles, Wa. 

LENGTH 
(m)  

8* 

7* 

9.5* 

8.5* 

10 

9* 

6* 

12 

8* 

SEX CONDITION 

f r e s h  

?1 

dead  1-2 mo. 

dead  2-3 mo.2 

? 

dead 1 mo. 

dead  3-4 mo.3 

f r e s h  

dead 10  days 

FATE 

b u r i e d  

b u r i e d  

f 1  oa t e d  away 

b u r i e d  

render ing   p lan t  

exami  ned , 1 e f t  

on shore 

l e f t  on shore 

towed t o  sea 

necropsied 

1 Death a t t r i b u t e d   t o   e n t a n g l e m e n t   i n   c r a b   t r a p  

2 Rope found  around t a i l  - poss ib le  cause o f   dea th  

3 Advance s t a t e  o f  decomposition - i d e n t i f i c a t i o n  as  gray  whale  uncertain 
* L i k e l y  immature  animal (M. Bigg, DFO Nanaimo, pers. comm.) 
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LOCATIONS OF 1984 G R A Y   W H A L E   S T R A N O I N G S  
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APPENDIX I11 

INVERTEBRATE  SAMPLING  STATIONS IN UPPER  BOUNDARY BAY 
13-14  MARCH  1984 

(from  Brinkhurst  and  Moore  1985) 
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APPENDIX I11 INVERTEBRATE  SAMPLING  STATIONS I N  UPPER BOUNDARY BAY 
13-14 MARCH 1984 (from Br inkhurs t  and Moore 1985) 

STAT I OF1 
NUMBER 

ASR 

ANR 

BNW 

BO 

BSE 

CM 
c 5* 

C 

D 
D 
D 

E 

E 

E 

E 

LATITUDE 
(N) 

49 04.20 

49  03.70 

49 03.60 

49  03.30 

49 02.90 

49 02.60 

49 01.20 

49 00.80 

49 00.60 

49 01.24 

49 00.60 

49 59.25 

48 59.25 

49 59.25 

48 59.25 

LONGITUDE 
( W )  

122 53.50 

122 52.30 

122 54.33 

122 53.80 

122 53.20 

122 55.50 

122 53.60 

122  51.60 

122 00.00 

122 58.00 

122 55.50 

122 59.88 

122 56.52 

122 54.54 

122 52.26 

DEPTH 
(m) 

2 

5 

1.5 

9 

1 

11 

6 

7 

3 

6 

6 

7 

38 

37 

27 

SUBSTRATE TYPE 

sand, eel  grass 

sand, eel  grass, she1  1 

sand, eel  grass 

sand 

sand 

sand 

sand 

sand 

sand 

sand 

sand 

sand 

mud 

mud 

mud/sand 

* Numbered s ta t i ons   co r respond   to  EPS BB-# s ta t ions   (Tab le   1 ) .  
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