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ABSTRACT 

Th is   repo r t   rev iews   the   qua l  i t y  o f   t h e   r e c e i v i n g   e n v i r o n m e n t   i n   t h e  
v i c i n i t y   o f   t h e   M a c M i l l  an B1 oedel  pul p and  paper mil 1 a t  Powel 1 R iver .  EP 
(Env i ronmenta l   Pro tec t ion)   da ta ,  pub1 i shed   repo r t s   and  mil 1 d a t a   a r e   u s e d   t o  
evaluate  changes i n  sediment  and  water  qual i ty.  

EP co l l ec ted   sed imen t  a n d   w a t e r   q u a l i t y   i n f o r m a t i o n  on  18 Nov 83 
and i n s p e c t e d   t h e   i n t e r t i d a l  zone i n  Sept 87. The main   impact   o f   the  mill 
i s  on the   benth ic   env i ronment .   Sed iment   vo la t i le   res idues  ( S V R )  were   h ighes t  
a t   s t a t i o n s   n e a r e s t   t h e   o u t f a l l  s. D a t a   i n d i c a t e   t h a t   b e n t h i c   s p e c i e s  
composi t ion  would be a l t e r e d  a t  s t a t i o n s   w i t h   h i g h  SVR. Observat ions  f rom 
t h e  PISCES IV s u b m e r s i b l e   i n d i c a t e   t h e   e x i s t e n c e   o f  wood f i b r e s   c o v e r i n g   t h e  
sediments  over 1 sq. km. BC M i n i s t r y   o f   E n v i r o n m e n t  and  Parks (BCMOEP) data 
i n d i c a t e   s e d i m e n t   t o x i c i t y   t o  " Macoma sp., when bioassays  were  conducted 
u s i n g   s e d i m e n t s   c o l l e c t e d   i n   t h e   v i c i n i t y   o f   t h e   o u t f a l l .  

PCBs and r e s i n   a c i d s  were  undetectable a t  a1 1 s i t e s  sampled. 
Chromium, copper ,   lead ,   n icke l  and z i n c   w e r e   e l e v a t e d   a t   s t a t i o n  B-6, 
compared t o   t h e   r e f e r e n c e   s i t e .   T r e n d   a n a l y s i s   o f   s e d i m e n t   m e t a l  
c o n c e n t r a t i o n s   ( 1 9 7 9 - 8 3 )   i n d i c a t e   t h a t   z i n c   i n c r e a s e d   s l i g h t l y   a t   t w o   s i t e s ,  
b u t  remained  bel ow re fe rence  a rea  1 eve1 s.  Most   meta l   leve l  s decl ined  and a1 1 
l eve ls   observed  a re   be low  those  wh ich   a re  known t o  a1 te r   benth ic   communi ty  
s t r u c t u r e .  

Mill e f f l u e n t  had l i t t l e   o r  no i n f l u e n c e  on w a t e r   q u a l i t y  
parameters  sampled.  Dissolved  oxygen  saturat ion (DOSAT)  was 1 a r g e l y  
unchanged  throughout  the  area  sampled:  above 50 m DOSAT > 90 %. N u t r i e n t s ,  
co lou r ,   su l   ph ides   o r  PCBs were   no t   e leva ted   in   the   water   co lumn.  

I n t e r t i d a l   o b s e r v a t i o n s   i n d i c a t e   i m p r o v e d  communi t i e s   a t  
mon i to r i ng   s ta t i ons .   Organ isms   no t   p rev ious l y   reco rded   (eg .  amph 
1 i t t o r i n i d s )  were  abundant.  Heal  thy  growths o f   m u s s e l s  (M. e d u l i s )  
weed (Fucus x. ) were a1 so found. 

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

- 

Future   mon i to r ing   shou l  d i n c l  ude sediment   cor ing,  

Keywords: p u l p m i l l ,   b e n t h i c   i m p a c t ,   f i b r e   b a c t e r i a l  mat,  trends, 
t r a c e   m e t a l s ,   w a t e r   q u a l i t y  
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RESUME 

Ce r a p p o r t   r e v i s e  1 a qual i t 6  de 1 'environnement  r6cepteur  dans  les 
vo is inage de 1 'ai ne  de phtes e t   p a p i e r  de MacMil 1 an B1 oedel i Powel 1 R iver .  
Les donn6es  du Serv ice  de P r o t e c t i o n  de 1 'environnement, (SPE),  l e s   r a p p o r t s  
pub1 i 6 r s   e t   l e s  donn6es d ' u s i  ne s o n t   u t i 1   i s 6 e s   p o u r   6 v a l   u e r   l e s  changements 
dans l e s  s6diment.s e t  1 a qual i t 6  de 1 'eau. 

Le SPE a c o l   l e c t 6  des s6diments e t  des i n f o r m a t i o n s   s u r  1 a qual i t 6  
de 1 ' e a u  1 e 18  novembre  1983 e t   i n s p e c t 6  1 a z o n e   i n t e r t i d a l e   e n  
septembre  1987.  L ' impact  pr incipal  de l ' u s i n e   p o r t e   s u r  1 'environnement 
b e n t h i q u e .   L e s   r 6 s i d u s   v o l a t i l e  des s6diments ( S V R )  f u r e n t   l e s   p l u s   6 l e v 6 e s  
aux s ta t i ons   p rPs  des e f f l u e n t s .  Les  donnees i n d i q u e n t  que l a   c o m p o s i t i o n  
des  espPces benth iques a d e v i a i t   6 t r e   m o d i f i 6  aux s tat ions  compostant   un  hut  
taux  de SVR. Les   observa t ions   p r ises  du sousmarin  Pisces IV i n d i q u e n t  
1 ' e x i s t e n c e  de f i b r e s  de b o i  s couvrant  1 es  s6diments  sur  p lus de lkm2.  Les 
donn6es  du BC M in i s t r y   o f   Env i ronnmen t   and   Pa rks  (BCMOEP , i n d i q u e n t  que 1 es 
s6diments  sont  toxiques au mol lusque Macoma sp. quand l e s   b i o e s s a i s   f u r e n t  
men6s s u r  des  s6diments  r6col  t6s dans l e   v o i   s i n a g e  de 1 ' e f f l u e n t .  

Les BPC e t   l e s   a i n d e s   r 6 s i n e u x   f u r e n t  non  d6tete6s i t o u t   l e s   s i t e s  
6chant i l lonn6s.   Le chrome, c u i v i e ,   p l o n b ,   n i c k e l  , e t   z i n c   f u r e n t   6 l e v 6 s  i l a  
s ta t i on   8 -6  compar6 au s i t e  de r6 f6 rence.  Une analyse  des  tendances de l a  
c o n c e n t r a t i o n  des  m6taux  dans l e  s6diinents  (1979-1983)  indique que l e   z i n c  
augmente  1Ggiirement  aux  deux s i t e s ,   m a i s   r e s t e  en  dessous  des  niveaux  des 
a i r e s  de r6f6rence.  La p l u s   p a r t  des niveaux de  m6taux o n t   d i m i n u 6 s   e t   t o u t  
l es   n i veaux   obse rv6s   f u ren t  en  dessaus de ceux  dont  on  connait l a  capaci  t 6  de 
changer l a   s t r u c t u r e  de l a  communaut6 benthique. 

L ' e f f l u e n t  de l ' u s i n e  a peu ou pas d ' i n f l u e n c e   s u r   l a   q u a l i t 6  de 
1 'eau  pour   les   paramet res   6chant i l   lonn6s .  La s a t u r a t i o n  de 1 ' o x y g h e   d i s s o u s  
(DOSAT) f u t   l a r g e m e n t   c o n s t a n t   p a r t o u t  dans l a   r e g i o n   6 c h a n t i l l o n n C :  au 
dessus de 50 m y  DOSAT 90%. Les  516ments n u t r i t i f s ,   l a   c o l e u r ,   l e s   s u l p h u r e s  
ou BPC ne f u r e n t  pas 61 ev6s  dans l a   c o l  onne d'eau. 

L e s   o b s e r v a t i o n s   i n t e r t i d a l e s   i n d i q u e n t  une a m g l i o r a t i o n  des 
communaut6s i t o u t e s   l e s   s t a t i o n s  de surve i  1 l a n c e  de 1 'us ine.  Des organismes 
au  paravant   jamais   rappor t6s  (amphipoc les  e t  1 i t tor inedes)   fu ren t   abondants .  
On a t r o w 5   a u s s i  une saine  croissance  des  moules (M.  e d u l   i s )   e t  des a1 gues 
marines  (Fucus  sp. 1. 

M o t s   c l e f :   u s i n e   d e   p z t e s   e t   p a p i e r ,   i m p a c t   b e n t h i q u e ,   t a p e s  de 
f i b r e - b a c t 6 r i e r  , tendances,  m6taux  traces dans l e s  sgdiments,  qual i t 6  de 
1 'eau 
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1.0 INTRODUCTION 

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

t h e   v i c i n i t y   o f   t h e  MacMi 11 an  Bloedel  pulp  and  paper mi 11 a t  Powel 1 River ,  

located  approx imate ly   100 km nor thwest   o f   Vancouver   (F igure  1) .   Th is  

i n f o r m a t i o n   a l o n g   w i t h   p r e s e n t   p r o d u c t i o n   l e v e l s  will be  used t o   e s t i m a t e  

p o t e n t i a l   i m p a c t s   a s s o c i a t e d   w i t h  mill expansion  and  product ion  increases. 

Recommendations will be made f o r  improvements t o   t h e  mill ' s  m o n i t o r i n g  

program. 
Th is   rev iew  i s  based on Env i ronmenta l   Pro tec t ion  (EP) r e p o r t s ,  

c o n s u l t a n t   r e p o r t s  and prev ious ly   unpub l ished EP oceanographic  data 

c o l l e c t e d   i n  November 1983, PISCES IV submers ib le   observat ions  f rom 

A p r i l  1987  and i n t e r t i d a l   d a t a   g a t h e r e d   i n  September  1987. 

1.1 H i s t o r i c a l  Review 
The p u l  pmi  11 was e s t a b l i s h e d   i n  1912  and u n t i  1 1980  discharged a1 1 

e f f l u e n t   v i a  a t a i l r a c e   i n t o   t h e   s u r f a c e   w a t e r s   o f   M a l a s p i n a   S t r a i t   ( F i g u r e  

2) .  I n  1983,  32 % o f   t o t a l  mill d i s c h a r g e   ( t h e   k r a f t  mill e f f l u e n t )  was 
d i v e r t e d   t o  a new submar ine   d i f fuser .   Th is  was i n s t a l l e d   i n  1980 t o   p r o v i d e  

more d i l u t i o n  and d i s p e r s i o n   o f   t h e   e f f l u e n t  and  reduce  e f fec ts  on sur face  

waters. Two yea rs   p rev ious l y ,  a p r i m a r y   c l a r i f i e r  was i n s t a l l e d   t o   r e d u c e  

t o t a l  suspended s o l i d s  (TSS) l oad ings   f rom  the  mill. 
The q u a l i t y   o f   t h e   r e c e i v i n g   e n v i r o n m e n t   i n   t h e   v i c i n i t y   o f   t h e  

mill has  been  described in   p rev ious   Env i ronmen t  Canada repo r t s   (Ne lson  1979, 

S u l l i v a n  1980, S u l l i v a n  1981, P e t r i e  and Holman 1983).   MacMil lan  Bloedel  has 

a1 so conducted   var ious   water   qua l i t y  and b e n t h i c   s t u d i e s   i n   t h e   v i c i n i t y  o f  
t h e  mil 1 between  1970-1981 ( i n  Nelson  1979). More r e c e n t l y ,  mill r e c e i v i n g  

env i ronmen t   mon i to r i ng   e f fo r t s  have  been tempora l l y   spo rad ic  and r e s t r i c t e d  

t o  a few  water  qual i ty  parameters.  The l a s t  mill water  sampl ing  survey was 

i n   A p r i l  1985. It should  be  noted  that   the  durnps i te   ind icated  on  F igures 4, 
5, and 6 r e c e i v e d  100,000 cu. rn. o f  d r e d g e   m a t e r i a l   f r o m   t h e   v i c i n i t y   o f  
t h e  mill l o g  ponds,  wharves  and d i f f u s e r   a r e a  (1977-1979: EP, Ocean Dumping 

F i l e s ) .  Much o f  t h i s  dredged  mater ia l  was wood d e b r i s  and consequent ly 

sediments had h igh  organic   carbon  va lues.  
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1.2 F isher ies  Resources 
F i s h e r i e s   r e s o u r c e   i n f o r m a t i o n  was reviewed  by Knapp and  Lashmar 

(1978) .   Her r ing   spawning   g rounds,   c lams  and  oys ter   beds   were   iden t i f ied  

w i t h i n  2 km o f   t h e  mill s i t e   b u t   a r e   c l o s e d   t o   h a r v e s t i n g .  The Sliammon 
I n d i a n  Band u t i l i z e s   t h e  Sliammon R i v e r  as a sa lmon  food  f ishery  resource,  

o p e r a t i n g  a hatchery  (1 .1  mi l l ion  eggs)   and  harvest   about  5000 chum,< 200 

coho,  and a few chinook  each  year.  Prawns  are  harvested  near  the mill by 

two  commercial   boats.   Prawns,  crabs,  and  salmon  are  a lso  recreat ional ly 
f i s h e d   i n   t h e   v i c i n i t y   ( N e i l  Armstrong, DFO F i s h e r i e s   O f f i c e r ,   p e r s .  comm.). 

1.3 Ex is t i ng   I n fo rma t ion   on   Mar ine   Env i ronmen ta l   Qua l i t y  
Nelson  (1979)  reviewed  the  environmental  impact o f  the  mill up t o  

1979. I n  1978 the  mill opera t i ons   i nc luded  a k r a f t  semi-bleach  pulp mill, 
two  stone  groundwood m i l l s ,  one  sawdust r e f i n e r  groundwood mill, one 

thermo-mechanical  pulpmil l  (TivlP), s i x  paper  machines  and a sawmi l l :  

1986  1978 - - 
PULP PRODUCTION A I R  02IEL) TONNES/DAY 1657  1502 

BOD5 (Biochemical  Oxygen Demand) TUNrJES/DAY 32 28 

TSS ( T o t a l  Suspended S o l i d s )  - TOFII~ES/I)AY 2 1  57 

iPlore r e c e n t  EP data  f r o m  Powell  R i v e r  was r e p o r t e d   i n   S u l l i v a n  
(1980,  1931, 1982). A genera l   rev iew   o f  B.C. mar ine   env i ronmenta l   qua l i t y  

was repor ted   by  Kay (1986)  which  included a rev iew  the   env i ronmenta l   impact  

o f  a1 1 c o a s t a l   p u l p m i l l  s. He noted   tha t   the   e leva ted   sed iment   mercury   and 
cadmi um l e v e l  s descr ibed i n  Ne1 son  (1979)  and  Sull i van (1980)  were  higher 

t h a n   a t   o t h e r  mill s i t e s .  

1.3.1 Con tamina ted   She l l f i sh  As p a r t   o f  a l a r g e r   s h e l l f i s h  
m o n i t o r i n g   s u r v e y ,   s i t e s   i n   M a l a s p i n a   S t r a i t  were  sampled i n  1973  (Nelson  and 

Goyette  1976).  A zone o f   z inc -con tamina ted   oys te rs   (C rassos t rea   g igas )  

extended  as  far  north  as  Lund  (18 km away; F igu re   1 )   and  was l i n k e d   t o   z i n c  

h y d r o s u l f i t e   b l e a c h i n g   a t   t h e  Powel 1 R i v e r  mil 1. Oysters  were more 

contaminated   near   th is  mill s i t e  (max. 17,280  ug/gm) t h a n   a t   s i x   o t h e r  mill 
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and h a r b o u r   s i t e s  on  Vancouver I s l a n d  and i n  Howe Sound. Subsequent ly  the 

use o f   z i n c  compounds as   b r igh ten ing   agents  was suspended a t   c o a s t a l   m i l l s  

by  the mid-1970's (D. Goyette,  pers. comm. 1. 

1.3.2 Benth ic   Degradat ion The main  environmental  impacts 
p r e v i o u s l y   i d e n t i f i e d   a t   P o w e l l   R i v e r  were to   t he   nea r -sho re   ben th i c  

env i ronmen t .   H igh   f i b re  (TSS) l o a d i n g s ,   b e f o r e   t h e   i n s t a l l a t i o n   o f   t h e  

c l a r i f i e r  and d i f f u s e r ,  had degraded  near -shore   benth ic   sed iment   qua l i t y   to  

the   ex ten t   t ha t   sed imen t  had become reduc ing ,   w i th  a concur ren t   dep ress ion   o f  
b e n t h i c   i n v e r t e b r a t e s ,  commonly  seen i n   o r g a n i c a l l y - p o l l u t e d   m a r i n e   s e d i m e n t s  

(Nelson 1973). The f i b r e  and ba rk   depos i t s  were  conf i rmed  by  observat ions 
f rom  the  P I S C E S  IV s u b m e r s i b l e   i n  1978 ( P e t r i e  and  Holman 1983). 

I n   add i t i on ,   h igh   concen t ra t i ons   o f   mercu ry   (Hg)  were  found  next   to  
the  mill s i t e  (max 21.0 mg/kg; Nelson 1979). I n  1980 e l e v a t e d   t r a c e   m e t a l s  
(Hg, Cd,  Cu,  Pb and  Zn)  were a1 so r e p o r t e d   ( S u l l   i v a n  1980). However, 

con tamina t ion   o f   b io ta   by   mercu ry  and o ther   meta ls  was n o t   t h o u g h t   t o  be a 
problem (Ne1 son 1979, S u l l   i v a n  1980). F u r t h e r   s u r v e y s   i n   t h e   a r e a  

( S u l l i v a n  1981,  1982) i nd ica ted   e leva ted   sed iment  cadmium l e v e l s ,   b u t   d i d  

n o t   c o n f i r m   e l e v a t e d   l e v e l s   o f  Hg, Zn, Cu, o r   l ead .  

Although  changes vJere noted i n   b e n t h i c   i n f a u n a l   i n v e r t e b r a t e s  

between p r e - d i f f u s e r  (1979) and  pos t -d i f fuser   sampl ing  (19801, no firm 

conc lus ions   cou ld  be  drawn  due t o   t h e   n a t u r a l   v a r i a b i l  i t y  o f   n a t u r a l  

popu la t ions  (Young 19801, and t h e   l i m i t e d   t i m e   i n t e r v a l   b e t w e e n   t h e  
i n s t a l l a t i o n   o f   t h e   d i f f u s e r  and the  one-t ime  post-di f fuser  sampl ing  program. 

F u r t h e r   i n v e r t e b r a t e   p o p u l a t i o n  and s e d i m e n t - t o x i c i t y   s t u d i e s   a r e   r e q u i r e d   t o  

d e l i n e a t e   t h e  zone of  impact   on   benth ic   inver tebra te   popu la t ions .  

1.3.3 Changes i n  Water Q u a l i t y  Some i n f l u e n c e   o f   t h e   e f f l u e n t  on 
water   qua l i t y   parameters  was n o t e d   b e f o r e   t h e   i n s t a l l a t i o n   o f   t h e   d i f f u s e r :  

PARAMETER EFFECT  OF  EFFLUENT  REFERENCE 
co l   ou r  increased Ne1 son 1979 
l i g h t   p e n e t r a t i o n  decreased 

s a l i n i t y  decreased 
dissolved  oxygen decreased  Costantino 1973 
photosynthes is  decreased 

11 

II 

I 1  
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Surface  currents tended t o  disperse mill effluent tovJards the N I J  
on a r is ing  t ide,  and i n  a southerly  direction on a falling  tide  (Figure 31, 
hence greater changes i n  water q u a l i t y  were noted i n  regions w i t h  higher 
effluent  concentration. 

In  general  the diffuser  has  improved the  quality of the  surface 
water 1 ayers ( S u l l  ivan 1982) and  has reduced complaints  about foam on the 
beaches and discoloured  waters,  received by local  Fisheries  Officers (N. 
Armstrong, pers. comm. 1. 

Ebb and f l o o d  currents measured i n  the  vicinity of the  diffuser  at  
35 m depth (plume t r a p p i n g  depth) wwe 35 cm/s and  20 cm/s respectively 
(Gil l ie  and Daniel 1981). The  same study  determined that  the  net flow a t  
35 m i s  2.2 cm/s toward the  southeast (135 degrees  true) while the  net 
surface flow ( a t  3 m )  i s  2 . 5  cm/s n o r t h  ( 2  degrees t rue) .  Therefore,  the  net 
movement o f  effluent should be t h r o u g h  Malaspina S t r a i t .  

1.3.4 Intert idal  Impact Intert idal  impact (invertebrate and algal 
species  reductions) was also more evident NW of  the mill compared t o  
south-eastern  sites (Young 1977 " inter a1 i a ,  i n  Nelson 1979) .  The inter t idal  
impact of  the mill  extended NW a long  the  coast for a distance of  about 6.5 km 
(Melville 1973).  More recent  observations by Young (1980) d i d  n o t  reveal any 
spatial  trends w i t h  in ter t idal  biomass or diversity due t o  mill influence. 
Natural  environmental factors such as temperature,  dessication and rock 
abrasion were cited  as  natural l i m i t i n g  factors masking  any mill influence. 
Hence l i t t l e  recovery was noted after  the commissioning of the  diffuser i n  
August 1980 (Young 1981). 

1.4 Bioassay Data 
Bioassays  using  herring eggs and larvae (Clupea  harengus p a l l a s i )  

were conducted by E.V.S. Consultants L td . ,  i n  order t o  assess  the 
effectiveness o f  the  diffuser i n  p r o v i d i n g  sufficient  dilution of effluent t o  
protect marine fish  species (Reid and lYcGreer 1982).  Concentrations  typical 
of  " i n  situ effluent  dilutions (20O:l; = 0.025 Toxic Units) d i d  not 
significantly  affect  herring egg h a t c h a b i l i t y ,  survival  or  larval growth. 
However, a t  higher  concentrations (0.01-0.05 T.U. 1, l a rva l  growth was less ,  
and a t  0.1-1.0 T.U. a l l  larvae  died w i t h i n  96 h .  
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Table 1 l i s t s   b i o a s s a y   d a t a  from the Powell River mill  for the 
period 1980-1986 (from Kay 1986) .  The mill has r o u t i n e l y  been able t o  meet 
the British Col umbia Minis t ry  o f  Environment and Parks ( B C M O E P )  objective o f  

96h LC50 of  34%, a1 t h o u g h  i n  recent years   on ly  75% compliance w i t h  the 
objective was achieved. 

TABLE 1. Bioassay Data from MacMill an B1 oedel Powel 1 River Mil 1 . 
(modified from Kay 1986). 

YEAR 96 h L C  50 
( %  vol e f f l u e n t )  

1975 30 
1976 65 
197 7 65 
1978 no record 
1979 30 
1980 30 
1981 34 
1982 34 
1983 34 
1984 34 
1985 34 
1986 34 

Pass/ Fai 1 
( P / F )  

1 P  
6F 

1 P/ 6F 
no record 
no record 

2P 
3P 
4P 
4P 
3P 

3p11f 

3P/ 1 F  
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2.0 MATERIALS AND  METHODS 

Sampling i n  Malapsina Strait was done f rom  the  DFO oceanographic 

vessel ,  C.S.S. Vector,  on 18 Nov 83 a t   s t a t i o n s  shown i n   F i g u r e s  4 and 5. 

S t a t i o n s  were l o c a t e d   u s i n g   s h i   p '  s LORAN-C and r a d a r .   S t a t i o n   p o s i t i o n s   a r e  

descr ibed i n  Appendix I .  Tabl e 2 summarizes  water  qual i ty and  sediment 
parameters  sampled.  Techniques  are  summarized i n  Tabl e 3. Lab analyses  were 

done a t   t h e  EP/ DFO West Vancouver 1 aboratory .  

2.1 Water  Samples 
Water  samples  were  taken a t   d i sc re te   dep ths   us ing   po l yp ropy lene  N I O  

b o t t l e s  and  standard  oceanographic  techniques.  Conduct iv i ty , temperature,  

depth ( C T D )  p r o f i l e s  were  taken  using a Plessy  In t ruments Model 9400 CTD 
sensor as  descr ibed by  Goyette  and  Macleod (1984). 

2.1.2 Ana ly t i ca l   P rocedures  - Water Oxygen concentrat ions  were 

determined i n   t h e   s h i p ' s   l a b   u s i n g   t h e   a z i d e   m o d i f i c a t i o n   o f   t h e   W i n k l e r  

method. The e q u a t i o n s   o f  Gameson and  Robertson  (1955 1 were  used i n   t h e  
ca l cu la t i on   o f   d i sso l ved   oxygen   sa tu ra t i on .   Nu t r i en t   samp les   were  

i m m e d i a t e l y   f r o z e n   a f t e r   c o l l e c t i o n   ( S t r i c k l a n d  and  Parsons  19711,  then 

ana lyzed  us ing  an  automated  color imeter  (Technicon  Auto-analyzer 11). 

T r i - s t i m u l  us c o l   o u r   v a l u e s   o f   p r e v i o u s l y   f r o z e n  samples  were  determined 

s p e c t r o p h o t o m e t r i c a l l y   i n   t h e   l a b .   S u l f i d e s   i n   w a t e r  were  determined  wi th a 
s u l f i d e - i o n   e l e c t r o d e ,   a f t e r   p r e s e r v a t i o n   o n - b o a r d   w i t h   z i n c   a c e t a t e   a n d  

sod ium  b icarbonate .   For   non- f i l te rab le   res idue (NFR) analys is ,   water  was 

f i l t e r e d  on -board   us ing   p re -we ighed   s tandard   g lass   f i b re   f i l t e rs .  The 
f i  1 t e r s  w e r e   t h e n   s t o r e d   f r o z e n   p r i o r   t o   a n a l y s i s   i n   t h e   l a b .  PCB samples 
were  placed i n  hexane-washed h e a t - t r e a t e d   g l a s s   j a r s  and s t o r e d   i n  a c o o l e r  

b e f o r e   a n a l y s i s .  

2.2 Sediment  Samples 
Sediment  grabs  were  taken a t   t h e   s t a t i o n s   d e p i c t e d   i n   F i g u r e  6 

u s i n g  a s t a i n l e s s   s t e e l  0.1 sq. m Smith-MacIntyre  grab. The s u r f i c i a l  ( 2  cm) 

sediment   layer  was c o l l e c t e d   u s i n g  a p l a s t i c  scoop, avo id ing   the   sed iment  

near   the   s ides   o f   the   g rab .  Samples f o r   t r a c e   m e t a l   a n a l y s i s ,   v o l a t i l e  
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res idue  and p a r t i c l e   s i z e  were p l a c e d   i n   p a p e r   s e d i m e n t   b a g s   i n s i d e   p l a s t i c  
bags  and  immediately  f rozen.  Sediments  for  PCB a n d   r e s i n   a c i d   a n a l y s i s   w e r e  
c o l l e c t e d   w i t h  a metal spoon, p l a c e d   i n   h e a t - t r e a t e d   g l a s s   j a r s ,   a n d   s t o r e d  
i n  a c o o l e r   p r i o r   t o   a n a l y s i s .  

Frozen  sediment  samples  were  analysed  by  the EPS/DFO West Vancouver 
L a b o r a t o r y   f o r   t r a c e   m e t a l s   a c c o r d i n g   t o   t h e   p r o c e d u r e s   d e s c r i b e d   b y   S w i n g l e  
and  Davidson  (1979).   PCB's  were  analyzed  using  electron  capture  gas  l iquid 
chromatography .   Res in   ac ids   were   a lso   de termined  us ing   gas   l iqu id  
chromatography. 

TABLE 2. WATER QUALITY AND BENTHIC  SAMPLING  STATIONS:  TYPES OF SAMPLES  TAKEN 
( r e f e r  t o  F i g u r e s  4 & 5 ) .  

STAT I ON 
B- 1 
B-4 
8-5 
B- 6 
B- 7 
0-8 
B-9 
B- 10 
B-11 

SEDIMENT  SAMPLES 

215 X X 
236 X X 
163 X X 
190 X X 

78 X X 
90 X X 

133 X X 
80 X X 

114 X X 

DEPTH PS/ SVWTM R E S I N  A C I D S  

PS P a r t i c l e   S i z e  

TM Trace  Meta ls  
SVR Sediment  Vol a t i  1 e Residue 

STAT I ON 
w- 7 
w-1 
W-8 
W-6 
w- 5 
w-4 
M- 2 
w-12 
w-3 

CTD 
X 
X 
X 
X 
X 
X 
X 
X 
X 

WATER QUALITY SAMPLING 
D .O. NFR SULPHIDE COLOUR  NUTS PCB 

X X X X X 
X X X X 
X X X 
X X X X X X 
X 

X X 
X x 
X X 

CTD Conduct iv i t y ,   Tempera ture ,   Depth   Pro f i les  
D .O. D i  sso l  ved Oxygen 
NFR Non-f i 1 t e r a b l  e Residue 
NUTS N u t r i e n t s :   p h o s p h a t e s ,   n i t r a t e s ,  ammonia 
PCB P o l y c h l   o r i   n a t e d   B i p h e n y l  s 
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T A B L E  3.  SUMMARY OF EP  METHODS FOR WATER  AND SEDIMENT  ANALYSES 

PARAMETERS  METHODS  REFERENCES* 

WATER 

S A L I N I T Y ,  TEMP., DEPTH C.T.D. GOYETTE AND  MACLEOD 1984 
DISSOLVED  OXYGEN A Z I D E   M O D I F I C A T I O N   O F   W I N K L E R  SWINGLE  AND  OAVIDSON 1979 
COLOUR SPECTROPHOTOMETER SWINGLE AND DAVIOSON 1979 
N O N - F I L T E R A B L E   R E S I D U E  WEIGHING  ELECTRONIC  BALANCE SWINGLE AND OAVIDSON 1979 
N U T R I E N T S  AUTOMATED  COLORIMETER SWINGLE  AND  DAVIOSON 1979 

S T R I C K L A N a  AND  PARSONS 1971 
S U L P H I U E S   S U L F I a E - I a N   E L E C T R O D E  SWINGLE  AND  DAVIDSON 1979 
P.C.B.  GAS L I QU ID CHROMATOGRAPHY SWINGLE AND D A V I d S O N  1979 

S E D I M E N T  

P A R T I C L E   S I Z E  FREEZE-DRYING,  SCREENING SWINGLE AND OAVIUSON 1979 
TRACE  METALS OPTICAL  EMMISION  SPECTROMETER SWINGLE  AND  DAVIDSON 1979 
V O L A T I L E   R E S I N E  WT. LOSS ON I G N I T I O N  SWINGLE AND OAVIOSON 1979 

550 C F O 2  1 HR. 
P.C.B. GAS L I Q U I D  CHROMATOGRAPHY SWINGLE AND DAVIOSON 1979 
R E S I N   A C I D S  GAS L I Q U I D  CHROMATOGRAPHY SWINGLE  AND  DAVIOSON 1979 

* SEE  ALSO  COLOOEY 1987 
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3 .O RESULTS AND DISCUSSION 

3.1 Water  Qual i ty 

S i x   s t a t i o n s  were  sampled i n  M a l a s p i n a   S t r a i t   i n   t h e   v i c i n i t y   o f  

t h e  mill o u t f a l l  , and one a t  a r e f e r e n c e   l o c a t i o n   o f f   G r i e f   P o i n t   ( F i g u r e  

5) 
EP d a t a   c o l l e c t e d  18 Nov 83 i n d i c a t e   o n l y  a m i n o r   i n f l u e n c e   o f   t h e  

mill e f f l u e n t  upon the   d i sso l ved   oxygen   sa tu ra t i on  (DOSAT) o f   t h e   w a t e r  

column  (Table  4). Above 50 m y  w a t e r   q u a l i t y   a t   a l l   s t a t i o n s  was 

c o n s i s t a n t l y  above 90 % s a t u r a t i o n  (8.5 - 9.0 m g / L ) .  Below 50 m D.O. 

decreased t o  a med ian   concen t ra t i on   o f  51% s a t u r a t i o n  (4.7 mg/L) when a l l  

s t a t i o n s   a r e   c o n s i d e r e d .   S i m i l a r   p a t t e r n s   o f  DO concent ra t ions  were  found i n  

November 1979 ( S u l l i v a n  1980).  

Colour was n o t   e l e v a t e d   a t  any s t a t i o n ,   i n d i c a t i n g   t h a t   t h e  
e f f l u e n t  was w e l l - d i s p e r s e d .   N o n - f i l t e r a b l e   r e s i d u e   d i d   n o t   e x h i b i t  any 

cons is ten t   pa t te rn   t h roughou t   t he   a rea  sampled, a l though maxima a t  20 m and 

10 m were  noted a t   s t a t i o n s  W-3 and W-8. Nu t r i en ts   (phospha tes ,   n i t ra tes ,  

ammonia) were a1 1 a t  1 ow concentrat ions  throughout  the  area  sampled  (Tab1 e 
5 ) .  PCB's  were n o t   d e t e c t e d   i n  samp les   nea r   t he   ou t fa l l  (W-6). 

3.1.1 Water  Qual i ty Monitor ing  Reconmendat ions Mill e f f l u e n t   i s  
genera l l y   t rapped,  as a 5-15 m l a y e r ,   c e n t e r e d   a t  a mean d e p t h   o f  35 m. It 

i s  a l s o   w e l l   d i l u t e d  (>500:1 o u t s i d e   I n i t i a l   D i l u t i o n  Zone o f  100 m) 

a c c o r d i n g   t o  dye s tud ies  conducted i n  Feb.-March 1981 ( G i l l i e  and  Daniel 

1981). S t a t i o n s   i n   t h e   p r e s e n t   s t u d y  were n o t   l o c a t e d   s u f f i c i e n t l y   c l o s e   t o  

t h e   o u t f a l l   t o   d e t e c t   t h e  zone o f   i n f l u e n c e ,  hence new s t a t i o n   l o c a t i o n s  
shou ld   be   se lec ted   p r io r   to   fu r ther   water   sampl ing .   Append ix  2 shows s i x  

loca t ions   wh ich   shou ld  be  considered  as  future  sampl ing  s i tes.   They  were 
s e l e c t e d   b a s e d   o n   c u r r e n t   p a t t e r n s   i n   t h e   v i c i n i t y   o f   t h e   d i f f u s e r   a s  

determined  by Gill i e  and Danie l  (1981 1. The r e f e r e n c e   l o c a t i o n   f o r   t h e  mil 1 

o u t f a l l  c a n   c o n t i n u e   t o   b e   o f f   G r i e f   P o i n t .  

Any f u t u r e   e f f l u e n t   d i l u t i o n   s t u d i e s   s h o u l d   d e l i n e a t e   t h e  1:6000 

d i l u t i o n  boundary i n  Mal aspina S t r a i t .  Sub1 e t h a l   e f f e c t s  were p r e d i c t e d   t o  

occur up t o   t h i s   d i l u t i o n   i n  Sweden (see  Sect ion 3.5.1: P o t e n t i a l  Zone o f  

P red ic ted   Impac t   o f   Ch lo r ina ted   Organ ic  Compounds). Chloroform  has  been 
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STATION rn ppt 

W-2 0 15.862 
5 25.588 

10  25.931 
20 26.434 
50 29.933 
75  30.422 

W-6 0 16.504 
5 25.608 

10  25.628 
20 26.129 
50 29.695 
77 30.327 

W-5 0 18.689 
5 25.682 

10 25.820 
20 26.569 
50 29.683 
100  30.517 
150  30.565 

W-3 0 23.560 
5 25.538 

10  25.633 
20 26.659 
50 29.616 
100  30.550 
150  30.610 

W-7 0 24.876 
5 25.675 

10 25.766 
20  26.145 
50  29.466 
62  30.161 

W-8 0 25.340 
5 25.755 

10  25.807 
20 26.358 
50 29.611 
100 30.534 
120  30.559 

c q / L  

8.50 9.2 
9.52 9.2 
9.61 8.2 
9.59 8.7 
9.61 4.7 
9.86 4.7 

9.38 9.3 
9.52 9.3 
9.55 9.0 
9.58 9.0 
9.63 4.1 
9.83 5.2 

9.22 9.1 
9.55 9.0 
9.54 8.9 
9.59 4.9 
9.61 5.6 
9.93 4.1 
9.42 5.2 

9.25 9.4 
9.54 9.2 
9.55 9.0 
9.60 9.1 
9.63 8.0 
9.98 4.5 
9.41 4.1 

9.58 9.4 
3.54 9.3 
9.56 9.5 
9.54 9.0 
9.65 5.4 
9.68 4.5 

9.47 9.2 
9.58 9.3 
9.56 8.9 
9.56 8.8 
9.65 6.8 
9.79 4.2 
9.63 -- 

% 

89 
97 
87 
93 
51 
52 

92 
98 
95 
96 
45 
57 

91 
95 
94 
52 
61 
45 
57 

97 
97 
95 
97 
87 
50 
45 

99 
98 
101 
95 
59 
49 

97 
98 
94 
94 
74 
46 
9 

ADMI # mg/L STATION rn ppt C mg/L % AuvlI # mg/L 

12 
11 
12 
12 
12 
12 

9 
12 
15 
13 
16 
13 

- 
- 
" 

" 

- 
" 

" 

10 
11 
16 
19 
17 
17 
15 

9 
10 
11 
11 
13 - 
12 
15 
37 
11 
12 
11 - 

REFERWE SITE 
W-1 0 25.450  9.49 9.0 95 - u 

5 25.520  9.53  9.2  97 5 12 
10 25.868  9.56  8.9 w 8 11 
20  26.669  9.61  9.0  96 6 12 
50 29.104  9.68  6.5 71 5 12 
100 30.96 9.70  4.5  49 5 14 
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Table 6. NUTRIENTS,  SULPHIDE AND PCB  SAMPLES COLLECTED 18 NOV 83 

STATIONS 

NUTRIENTS 
m g l  L 

W-6 W-7 
0-PO4 OP04 

DEPTH ( m )  
0 .037 .040 
5 .046 .050 

10 .0.42 .a63 
20 .044 .061 
50 .072 .072 

77/ 62 .085 .076 

SULPHIDE 
m91 L 

W-l* W-6 

DEPTH ( m )  
0 (0.05 (0.05 
5 (0.05 (0.05 

10 (0.05 (0.05 
20 (0.05 ~ 0 . 0 5  
50 ~ 0 . 0 5  (0.05 

100 (0.05 
150 (0. 05 
180 (0 .05 

W-6 
T-PO4 

.059 

.068 

.069 

.0090 

.090 

.090 

w-7 

(0.05 
(0.05 
(0 .05 
(0.05 
(0 .05 

W-7 W-6 
T-PO4 NO3 

.063 .008 

.065 .009 

.066 .009 

.065 .009 

.081 <.005 

.094 < .005 

w- 7 
NO3 

.009 

.009 

.009 
,009 
.005 

< .005 

DEPTH ( m )  
0 

10 
50 

W-6 W-7 W-6 
NO4  NO4 NH3 

.28 .28 .017 

.30 .31 .016 

.32 .31 .016 

.32 .31 .015 

.41 .40 .013 

.43 .44 .013 

PCB 
mg/ L 

W-6 

(0.05 
<O .05 
<0.05 

W- 7 
NH3 

.017 
,018 
.018 
.018 
.013 
.012 

* Reference Si te  
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proven  to   be  a v a l u a b l e   s t a b l e   e f f l u e n t   t r a c e r  compound ( X i e   e t  a1 . 1986, 
A .  Kringstad,  pers.  comm. wh ich   cou ld   be   used  to   eva lua te   the   d ispers ion   o f  
l o c a l   e f f l u e n t s ,   p a r t i c u l a r l y   a t   m i l l s   w i t h  a hypoch lor i te   b leach ing   s tage.  

Near-bot tom  water   qual i ty   should a1 so be  sampled f o r   i n c r e a s e s   i n  
ammonia (Pearson 1980) and organic  contaminants  such  as  chlorophenols  which 
were recen t l y   f ound   i n   t he   sed imen ts  and t h e   e f f l u e n t  (B. Moore, BCMOEP 
pers.  comm. 1. 

3.2 Sed iment   and  Benth ic   Qua l i t y  
Sediment  samples  were c o l l   e c t e d   f r o m   n i n e   s i t e s   i n  Mal a s p i n a   S t r a i t  

f o r   p a r t i c l e   s i z e ,   t r a c e   m e t a l   l e v e l s ,   s e d i m e n t   v o l a t i l e   r e s i d u e ,   r e s i n  
ac ids,  and PCB analyses  (Table 6 ) .  Sediments  ranged  f rom  very  f ine  sand a t  
some o f   t h e  d e e p e r   s t a t i o n s   t o   g r a n u l e s   a t   s t a t i o n  B-7. Percent   S i1  t and 
Clay was h i g h e s t   a t   t h e   c o n t r o l   s i t e  B-1, one o f   t h e  deeper   s ta t ions.  

As expected ,   sed iment   vo la t i le   res idue was h i g h e s t   a t   s t a t i o n s  
n e a r e s t   t h e   o u t f a l l s   ( F i g u r e s  5 & 7).  PCBs and r e s i n   a c i d s  were undetec tab le  
a t  a1 1 s i t e s  sampled. S t a t i o n  8-6 had maximum l e v e l  s o f  a1 1 metal s except  
cadmium which was maximal a t  t h e   a d j a c e n t   s t a t i o n  B-7 (Table 6 ) .  

O f  a l l  sediment   parameters,   on ly   sediment   vo la t i le   res idue  (F igure 
7)  was above t h e  AET l eve l   (Apparen t   E f fec t   Th resho ld ;   Te t ra  Tech 1986). The 
AET leve l   i s   the   con taminant   concent ra t ion   wh ich   a lways   p roduces  a depress ion 
i n   b e n t h i c   s p e c i e s   c o m p o s i t i o n .  It shou ld   be   no ted   tha t   the  AET l e v e l   i s  
t h e  1 e a s t   s e n s i t i v e   s e d i m e n t   c r i t e r i a   l e v e l   f o r   t h e   b e n t h o s ,   b e c a u s e  i t  
i n d i c a t e s   t h e   l e v e l  a t  which damage always  occured i n  Puget Sound 
communit ies. The PET ( P o t e n t i a l   E f f e c t s   T h r e s h o l d )   l e v e l  i s  more s e n s i t i v e .  
It i s  t h e   l e v e l  above  which some b i o l o g i c a l  damage can  occur, and below  which 
no t o x i c i t y  was ever   noted i n   t h e   T e t r a  Tech  study. I n   t h e   p r e s e n t   s t u d y   f o r  
example,  the PET l e v e l   f o r   l e a d  (11 mg/ kg)  i s  exceeded i n  2 i ns tances   (F igu re  
8 ) ,  hence damage t o   b e n t h i c   i n v e r t e b r a t e s   c o u l d  be r e s u l t i n g   f r o m   h i g h   l e a d  
l e v e l  s a t  B-6 and B-7. S t a t i o n  B-6 a1 so had e l e v a t e d  1 eve1 s o f   z i n c  , 
chromium,  copper and n i c k e l   ( F i g u r e  8). 

Accord ing   t o  AET c r i t e r i a ,   b e n t h i c   i n f a u n a l   s p e c i e s   w o u l d   b e  
s i g n i f i c a n t l y   a l t e r e d   a t   s t a t i o n s  8-7, B-8, and B-9 due t o   t h e   i n c r e a s e   i n  
sediment v o l a t i l e   r e s i d u e s   a s s o c i a t e d   w i t h   t h e  mill o u t f a l l   ( F i g u r e  7) .  
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FIGURE 6 SEDIMENT  VOLATILE  RESIDUE AT VARIOUS  LOCATIONS - 
POWELL RIVER. NOVEMBER 1983 

S T A T I O N  S 

FIGURE 7 S E D I M E N T   V O L A T I L E   R E S I D U E  
AT POWELL  RIVER = NOVEMBER 1983 
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S T A T I O N S  

L E A D  ZI N C  

8 - 1  8 4  8 5  8-6 8-7 8-3 E 9  840 B-I1 
S T A T I O N S  

C H R O M I U M  

A E T  =I70 

6-1 84 5 5  B 4  5 7  B S  8-9 W O  6-11 
S T A T I O N S  

* C O P P E R  

B-I E 4  B 5  8-6 8-7 6 4  E9 EIOEII 
S T A T I O N S  

N I C K E L  

FIGURE 8 SEDIMENT  TRACE  METAL  LEVELS AT POWELL... 
RIVER - NOVEMBER 1983 
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Such b i o l o g i c a l  changes  assoc ia ted   w i th   o rgan ic   load ing   f rom a 

p u l p  mill have  been well  -documented  by  Pearson  and  Rosenberg  (1976).  Species 
d i v e r s i t y  , abundance  and  biomass,  as w e l l  as t r o p h i c   s t r u c t u r e   o f   b e n t h i c  

communi t i e s  changed i n  response t o   h i g h   o r g a n i c   c a r b o n   ( c e l l   u l o s e )   i n p u t s .  
Other  ecosystem  changes due to   o rgan ic   depos i t s   f rom a p u l p  mill were f u r t h e r  

reviewed  by  Pearson  (1980). I n  some instances  changes  in.   near-bottom  water 
q u a l i t y  have  been i d e n t i f i e d ,   m a i n l y   d e c r e a s e s   i n  D.O. and  increases i n  
ammonia and  phosphate  which  d i f fused  f rom  the  sediments  into  the  water 

column. Similar changes i n   i n t e r s t i t i a l   w a t e r ,   i n c l u d i n g   i n c r e a s e s   i n  

sul   phides,  were  noted  by  Duff   (1981).  

H i g h   s e d i m e n t   v o l a t i l e   r e s i d u e s   a t   S t a t i o n  B-9 may be  due t o  

h i s t o r i c a l  ocean  dumping a c t i v i t i e s  as p r e v i o u s l y   n o t e d   i n   S e c t i o n  1.1. 

3.2.1 Observat ions  f rom  Pisces I V  Submers ib le   F igure 9 d e l i n e a t e s  
the   approx imate   a rea   o f   benth ic   impact   de termined  by   d i rec t   observa t ions  from 
t h e  PISCES I V  s u b m e r s i b l e   n e a r   t h e   o u t f a l l   i n   A p r i l  1987 (Appendix  11). 

Wood f i b r e s  and bac ter ia l   g rowth   were  seen t o   c o v e r  an  area  extending 1 km 

west and a t   l e a s t  300 m e a s t  o f  t h e   o u t f a l l .  A1 t h o u g h   d i s t r i b u t i o n  o f  t h e  

f i b r e - b a c t e r i a l  m a t  i s  patchy i n  some areas,   genera l   t rends  were  ev ident :  

rockf ish  (Sebastes  spp. )  and so le  (P leuronect idae)   were  less  abundant  i n  

a r e a s   w i t h  more wood f i b r e  and b a c t e r i a l  ma t ,  whereas r a t f i s h  were  more 

abundant i n  these more impacted  areas.  Prawns  (Pandal us p l   a t y c e r o s )   a n d  
shrimp  (Pandal us sp.)  were  seen i n  a reas   w i th   bou lde rs  , logs  o r   o t h e r  

su i   tab1 e " c o v e r "   h a b i t a t .  

Similar organic   deposi ts   (and  bacter ia l   growth)   have  been  descr ibed 

near many o t h e r  B.C. m a r i n e   m i l l s   l i k e   C r o f t o n   ( C o l o d e y   1 9 8 7 ) ,  Harmac ( E l l i s  

and  Ostrovsky  1983) , Woodfibre , Pr ince  Ruper t  , Ocean Fa1 1 s (Pomeroy  1983) , 
Go ld   R ive r   (Pe t r i e   and  Holman 19831, Por t   A lbern i   (Su l l i van   1982)   and  Por t  

A1 ice   (Goyet te ,   pers .  comm.). 

3.2.2 Trends i n  Sediment  Trace  Metal  Data:  1979-1983  Data  from f i v e  
s t a t i o n s  were  examined f o r   t r e n d s   i n   s e l e c t e d   t r a c e   m e t a l   r e s u l t s .   O n l y  

those  metals  and  stat ions  sampled more than  once  could  be  analysed 

(Table 7 ) .  
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TABLE 6. S E D I M  ESCRIPTIU4,  PARTICLE  SIZE,  VOLATILE RESIDUE, PCB, RESIN ACID AMI TRACE KTAL WTA 
COLLEClED 18 W 83. 

m SILT & CLAY SVR PCB RA A1 
STATION (m) FEDIN PARTICLE SIZE (%) (%I W k g  dry ut. (X) 
51 203 very f ine sand 20.3  6.38 ~0.02 ~0.02 1.16 
5 4  236 f ine sand 9.3 11.30 " a.02 .89 
55 190 very f ine sand 13.7  6.39 ~0.02 ~0.02 .76 
5 6  163 medium  sand 3.1 10.10 <0.02 (0.02 1.75 
5 7  78 very coarse sand 8.8 27.30 CO.02 ~0.02 .73 
B-8 90 f ine sand 4.1  13.80 -- ~0.02 .81 
5 9  133 granules 4.0  14.70 CO.02 CO.02 .73 
510 80 very fine sand 6.1 10.20 4.02 CO.02 .56 
511 114 f ine sand 6.6  6.50 -- (0.02 .87 

- 

Fe Cd Cr Cu Ni  Pb Zn 

1.80 .30 23.3  31.2  13 11 64.4 
1.26  (0.3  16.3  26.2 8 8 44.2 
1.00  (0.3  13.6  19.9 9 6 32.6 
2.31  .70 32.5 77.4 28 54 126.0 
.% 1.40 17.2  37.2 9 13  72.3 
1.20 .30 14.9  26.5 10 10 40.0 
1.06  C0.3  13.1  16.5 7 6 30.4 

.52 C0.3  6.3  7.6 (3 (3 16.3 
1.35  (0.3  14.3  16.8 8 4 29.2 

(X) W k g  dry 

- - - -" 
- 

m 1 c  AT LEVEL9 (TETRA TECH 1986) 

* stat ist ical ly  signif icant depressions i n  benthic  infauna would always be expected a t  these concentrations 
>96 12.00 480 - - 3.40 3040 5200 170  40 2 l O  210 

SVR Sediment Volatie Residue 
PCB Polychlorinated Biphenyl s 
RA Resin k i d s  
- Underscored values indicate maxim 

DESCRIPTIONS OF SEDIbENTS CCUECTED 

5 1  
l3-4 
B-5 
86 
5 7  
88 
5 9  
510 
B-11 

-grey/green mud with wrm tubes 
-grey/ green nud with mal dani  d polychaetes 
-grey/green nud with many very small stick-l ike wrm tubes on  surface 
-grey/green nud with many 9 ~ 1 1  and large polychaetes 
-grey/green rmd wnn tubes and anphipods, wood fibres  chip  size 
-grey/green mud wrm tubes and  amphipods 
-grey/green nud worm tubes and anphipods 
-coarse grey nud, crinoids, anphipods,  polychaetes, wood debris 
-grey mud, wood debriybark, polychaetes anphipods and ophiuroids 
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Table  7. Trends i n  Sediment  Trace  Metal  Levels: 1979-1983. 

79 
MS-20 

CO 1.23 
CR 40 
CU 85 
N I  4 1  
PB 21 
ZN 186 

81  83 TREND -" 6-1 

23 D 
31  13 
13 D 
11 D 
64 D 

-" 0 NT -" 
"- 
"- -" 
" 

79  81  83 
MS-10 MS-10 B-9 

CD 1.2 .8 0.3 D 
CR 8 --- 13 I 
CU 8 ' 20 1 7  I 
N I  13 --- 7 0  
PB 9.78 13 6 NT 
Z N  1 7  39 30 I 

79 81  83 TREND 

1.23 0.66 0.3 NT 
16 --- 16 NT 
26 2 1  26 NT 
11 --- 8 0  
9.88 7 8 NT 
38 37 44 I 

MS-4  MS-4 8-4 

79 
MS-7 

2.5 
25 
189 
19 
73 

338 

81 83 
MS-7 B-6 

7.2  .7 0 
33 I 

97 7 7  L) 
28 I 

29 54 D 
292  126 0 

-" 
"- 

79 81 83 
MS-9 MS-9 B-11 

Cil 1.22  4.86 0.3 NT NT NO TREND 
C R 1 5  --- 14 NT 0 DECREASE 
CU 24 72 1 7  0 I INCREASE 
NI 9.78 --- 8 NT 
PB 9.78  23 4 bJT 
ZN 30  266  29 NT 1 

ELEMENT  SUMMARY 
ELEMENT INCREA-CRE- TREND 

CD 0 2  3 
CR 2 1 2 
CU 1 3 1 
N I  1 3 1 
PB 0 2  3 
ZN 2 2 1 

TOTAL 6  13 11 

STATION SUMMARY 
STATION I N C R E A n C R - 0  TREND 

B- 1 0 '  5 1 
8-4 1 1 4 
B-6 2  4 0 
8-9 3  2 1 
B-11  0 1 5 

TOTAL 6 13 11 
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The element summary (Table 7 )  i nd ica tes   tha t   most   e lements   were  

dec reas ing ,   o r   t ha t  no t r e n d  was apparent. It can  be seen f r o m   t h e   t o t a l s  

t h a t  more e lements  decreased  than  increased  and  that   no  t rends  were 

determined i n   e l  even  instances. 
Z i n c   i n c r e a s e d   s l i g h t l y   a t  B-9 and  B-4 ( t o  30  and 44 mg/ k g )   b u t  

remained  bel ow 1 eve1 s found a t  t h e   c o n t r o l   s i t e  (B -1 :  64 mg/ kg).  There was 
a d r a m a t i c   l i n e a r   d e c r e a s e   i n   Z i n c   n o t e d   a t   s t a t i o n  B-6 (338 t o  292 t o  126 

mg/ kg) .  Chromium i n c r e a s e d   a t  B-9 and B-6 ( t o  13  and 33 mg/ k g ) .   T h i s   i s  
somewhat above t h e  B - 1  re fe rence  loca t ion   leve ls   (23   mg/kg) .  Chromium 

inc reases   nea r   t he   C ro f ton   pu lp  mill o u t f a l l  have a1 so been  documented 

(Col  odey 1987 ) . 
The s t a t i o n  summary o f   t r e n d s   ( T a b l e  7 )  i n d i c a t e s   t h a t   s t a t i o n  B-9 

( fo rmer  ocean dump s i t e )   a c c o u n t e d   f o r  most  increases  noted.  Most o f   t h e  

decreased  t rends  were  f rom  s tat ion B-1 and  8-6. (It was p r e v i o u s l y   n o t e d   i n  
Sect ion 3.2 t h a t  maximum va lues   fo r   most  m e t a l s  o c c u r r e d   a t  8-61. 

I n  summary, most  sediment me ta l  concen t ra t i ons   dec l i ned  and l e v e l s  
observed  a re   we l l   be low  those  found  to  change benth ic   communi ty   s t ructure 

( T e t r a  Tech 1986).  Sediment t o x i c i t y   i s   d i s c u s s e d   i n   t h e   f o l l o w i n g   s e c t i o n .  

3.2.3 Benthic  Monitoring  Recornendations  and  Research Needs The 

present   sediment   data  co l lected  by EP i n d i c a t e   t h e  need f o r  more i n t e n s i v e  

benthic  sampl ing,  i n   o r d e r   t o   b e t t e r   d e f i n e   t h e  zone o f   b e n t h i c   i m p a c t ,  

caused  by  the  documented  accumulation o f   o r g a n i c  (wood f i b r e s ,   c h i p s ,  

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

h i s t o r i c   d i s c h a r g e   a r e a   f o r   t h e  mill. The BCMOEP ( B r i t i s h  Columbia M i n i s t r y  

o f  Environment and Parks)  conducted  sediment  b ioassays i n  Sept. 1987 and 

f o u n d   t h a t   s e d i m e n t   . i n   t h e   v i c i n i t y   o f   t h e   o u t f a l l  was t o x i c   t o   c l a m s  Macoma 

sp. (B.  Moore pers.  comm. 1. Fur ther   sediment   b ioassays  should  be  conducted 
by  the mill i n   a d d i t i o n   t o   b e n t h i c   i n v e r t e b r a t e   s a m p l i n g   t o   d e l i n e a t e   t h e  

zone o f   i m p a c t   f r o m   t h e   o u t f a l l  on the  benth ic   inver tebrate  communi ty .  

It i s  a1 so recommended t h a t  a s e r i e s   o f   c o r e   s t a t i o n s   b e  

es tab l i shed   by   t he  mill i n   o r d e r   t o   d e t e r m i n e   t h e   d e p t h  o f  f i b r e ,  and s p a t i a l  
e x t e n t  o f  the  accumulat ions i n   t h e  same manner  as p r e s e n t l y  done by B r i t i s h  

Columbia Fores t   P roduc ts   a t   C ro f ton .  
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EP mon i to r i ng   shou ld   i nc lude   samp l ing   t rad i t i ona l   sed imen t  

c o n s t i t u e n t s  1 i k e   p a r t i c l e   s i z e ,   v o l a t i l e   r e s i d u e s ,  and t race   meta l  s ,  b u t  

concentrate  on  contaminants 1 i k e   r e s i n   a c i d s  , chlorophenol  s , and o t h e r  

c h l o r i n a t e d  compounds. Mon i to r ing   shou ld  be a t   s i t e s  sampled f o r   t h i s   r e p o r t  

as we1 1 as s i t e s  a1 1 o c a t e d   f o r  mil 1 core  sampl i n g  . 
The i n t e r a c t i o n   b e t w e e n   n e a r   b o t t o m   w a t e r   q u a l i t y   ( o v e r  

f i b r e /   b a c t e r i a   a r e a s )  and  macro-epibenthos ( l i k e  shrimp/  prawns  and  sole) 

shou ld   be   s tud ied ,   as   resu l ts   wou ld  be a p p l i c a b l e   a t   o t h e r   c o a s t a l  mil 1 

s i t e s .  

3.3 I n t e r t i d a l   Q u a l  i ty 

As n o t e d   i n   t h e   i n t r o d u c t i o n ,   t h e   i n t e r t i d a l  zone was a f f e c t e d   b y  

t h e  mi 11 d i  scha rge   be fo re   t he   d i f f use r  was i n s t a l  1 ed i n  1980. On 23 Sept 87 

an i n t e r t i d a l   i n s p e c t i o n  was conducted  by EP t o   e v a l u a t e   t h e   p r e s e n t  

i n t e r t i d a l   c o n d i t i o n s   a t   e s t a b l i s h e d  m i  11 m o n i t o r i n g   s i t e s  l N ,  ZN, and 3N 
( F i g u r e   3 ) .  The beach-wal k survey   ind ica ted   genera l l y   improved  communi t ies  

a t   a l l  mill s t a t i o n s .  Organisms n o t   p r e v i o u s l y   r e p o r t e d   i n  mil 1 m o n i t o r i n g  

r e p o r t s  , such as amphipods  and 1 i t t o r i n i d   s n a i l  s were  abundant.  Mussel s 
( M y t i l  us e d u l   i s )  and  rock weed (Fucus  sp. ) were  re1 a t i v e l y  more  abundant 

than i n   . p r e v i o u s   d e s c r i p t i o n s  and  photographs  presented i n  mill m o n i t o r i n g  

r e p o r t s .  

3.3.1 I n t e r t i d a l   M o n i t o r i n g  Recomnendations As p r e v i o u s l y   n o t e d  
(Sect.1.3.4)  gross i n t e r t i d a l  community a l t e r a t i o n s  were  noted i n  the  
v i c i n i t y   o f   t h e  mill p r i o r   t o   t h e   i n s t a l l a t i o n  o f  the   d i f fuser .   Widespread 

e f f e c t s  were prev ious ly   found  by   Ne lson  and  Goyet te   (1976)   w i th   regard   to  

z inc   con tamina t ion   o f   oys te rs .   Recen t   i n fo rma t ion  from Sweden and t h e  U.S.A. 

i n d i c a t e   t h a t   t h e   c h l o r i n e   b l e a c h   p l a n t   e f f l u e n t  can  produce  ch lor inated 

organ ic  compounds. (see  Sect.   3.5).  The zone o f   i n f l u e n c e   w i t h   r e g a r d   t o  

c h l o r i n a t e d   o r g a n i c  compounds may be  extensive.  Since  clams  and  oysters  are 

h a r v e s t e d   f r o m   t h e   i n t e r t i d a l  zone  o f   the   Ma lasp ina   S t ra i t ,   samples   o f   these 

organi  sms shou ld   be   submi t ted   fo r   ana lys i  s o f   s p e c i f i c   c h l o r i n e  compounds, 

such as 3,4,5-trichloroguaiacol. Oysters shouJd  also  be  resampled t o  
document present   meta l  1 eve1 s .  
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Beach-wal k p h o t o g r a p h i c   s u r v e y s   t o   g e n e r a l l y   a s s e s s   t h e   i n t e r t i d a l  

comnunit ies  should a1 so be p e r i o d i c a l l y   r e p e a t e d .  

3.4 Expanded Produc t ion  
Table 8 l i s t s   p r o d u c t i o n ,  BOD and TSS d a t a   f o r  1985-1986. F i g u r e  

10 shows t h e   r e l a t i v e   p r o p o r t i o n   o f  each  process 1 i n e  as i t  r e 1   a t e s   t o   t o t a l  

mil 1 p r o d u c t i o n   i n  1986. Due t o  mil 1 expansion , TSS and BOD 1 oadings  are 

bo th   expec ted   to   inc rease.   Th is   inc reased  load ing  will con t inue   t o   deg rade  
t h e   b e n t h i c   h a b i t a t   i n   t h e   v i c i n i t y   o f   t h e  mill d i f f u s e r  as i n d i c a t e d   i n  

F igu re  9. 

The present  mill expansion will i n c r e a s e   t h e   m i l l ' s   n e w s p r i n t  

p roduc t i on  by  about 90 ADT/D u s i n g  a CTMP process. The main  concerns  wi th  

t h i s   p r o c e s s   a r e   t o x i c i t y  due t o   r e s i n   a c i d s   o r   o t h e r  unknown e f f l u e n t  

c o n s t i t u e n t s  (L .  Adarnache, pers. comm.). Federa l   Pulp  and  Paper   L iqu id 
E f f l u e n t   R e g u l a t i o n s   r e q u i r e   t h a t   t h e   d i s c h a r g e   f r o m  such new f a c i l i t i e s  be 

n o n - t o x i c   ( i e .  96h LC 50 = 100%). 

LEACHED KRAFT 
CTMP 25 '/o 

37 010 

ROUNDWOOD 
38 '/o 

AIR  DRIED TONRES PER DAY 

FIGURE 10 RELATIVE PROPORTION OF EACH MILL 
PROCESS LINE - P O W E L L  RIVER 1986 
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9 

Table 8. Powel l   R iver   Product ion  and Waste Loadings 1985-86. 

PRODUCTION 
YEAR ADT/ D DAYS FLOW m3/d 
1985  1683  340 259367 
1986  1657  358  308566 

- " 

- TSS FED. % COMPLIANT  LOADING PROV. 
YEAR KG/ ADT LIMIT n T/D L IMIT 
1985  11.80  12.30 0 75 19.9 30.5 
1986 12.61  12.30 1 2  58  20.9 30.5 

- 

- BOD5 FED. % COMPLIANT  LOADING PROV. 
YEAR KG/ ADT L I M I T  n T /D L IMIT 
1985 19.10 23 0 100  30.5  44.5 
1986  19.04  23 11 82 31.5  44.5 

- 

TOXICITY PROV LIMIT 
YEAR n 96H LC50 % COMPLIANT 
1985 4  34%  75 
1986 4 34%  75 

3.5 Ch lor ina ted   Organ ic  Compounds 

3.5.1 C h l o r i n a t e d  Compounds Recent  research i n  Sweden has  s tud ied 

t h e   l i n k  be tween  o rgan ic   ch lo r ine  compounds c o n t a i n e d   i n   c h l o r i n a t e d   b l e a c h  

p l a n t   e f f l u e n t s  and t h e i r   b i o l o g i c a l   e f f e c t s   ( S o d e r g r e n   e t   a l .  1987). The 

s tud ies   used  bo th  model  ecosystem  experiments  and f i e l d  sampling  (Annergren 

e t  a1 . 1985).  
I n   t h e s e   s t u d i e s ,   t h e r e  was a c l e a r   l i n k a g e   b e t w e e n   t h e   b e n t h i c  

sed imen t   dynamics   (e ros iona l   o r   depos i t i ona l   and   t he   concen t ra t i ons   o f  

e x t r a c t a b l e   o r g a n i c   c h l o r i n e  (EOCL) . W i t h i n  2 km o f   t h e   d i s c h a r g e ,   t h e  

bot tom  sediments  were  covered  wi th   f ibres  and  had  h igh  leve ls  (1100 ug/g)   o f  

EOCL compounds.  The i d e n t i f i e d   f r a c t i o n   ( c h l o r i n a t e d   p h e n o l s ,   g u a i a c o l s ,  

ca techo l  s and PCB) c o n s t i t u t e d   o n l y  a m i n o r   p o r t i o n  ( ~ 1 % )  o f  the  EOCL c o n t e n t  

of the  sediment.  Sundel i n  (1987) descr ibes   the   impact   o f   sed iments   f rom a 

b l e a c h e d   k r a f t  mill as  more tox i c   t han   sed imen ts   co l l ec ted   nea r  an unbleached 

k r a f t  mil 1 . 
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The EOCL c o n c e n t r a t i o n s   i n   f i s h   t i s s u e   i n  Swedish  studies, 

de te rm ined   by   neu t ron   ac t i va t i on   ana lys i s  (NAA),  served  as an i n d i c a t o r   f o r  

exposure t o  mil 1 e f f l u e n t s .  A1 though more than 90% o f   t h e  EOCL compounds 
r e m a i n   u n i d e n t i f i e d ,  3,4,5-triochloroguaiacol, ch lo rocatecho l  s, c h l o r i n a t e d  

phenol s, were i d e n t i f i e d .  Toxaphene, PCB and DDTs, a1 though  no t  1 i n k e d   t o  

mill e f f l u e n t s ,  were a l s o   i d e n t i f i e d .  

EOCL c o n c e n t r a t i o n s   i n   f i s h  and  gastropod  t issues  decreased  along a 

g r a d i e n t   f r o m   t h e   c h l o r i n e - b l e a c h e d   k r a f t  mill o u t f a l l ,  and  decreased i n  

magnitude i n  c o n   j u n c t i o n   w i t h  1 owered c h l o r i n e   c o n s u m p t i o n   a t   t h e  mill. 

B i o l o g i c a l   e f f e c t s   i n   f i s h ,   a s s o c i a t e d   w i t h   t h e   i n c r e a s e d  EOCL c o n c e n t r a t i o n s  

i n c l  uded: 

- i m p a i r e d   l i v e r   f u n c t i o n  
- impai red immune defence 

- impa i   red   i on   ba l  ance 

- impa i red   rep roduc t i on  

- ske l   e ta1   de fo rm i t i es  

S k e l e t a l   a b n o r m a l i t i e s  were  observed  and  associated  wi th  low 

(50 - 200 u g / L )   c o n c e n t r a t i o n s   o f   c h l o r o v e r a t r o l s ,   w h i c h   a r e   b a c t e r i a l l y  
methylated  guaiacols  (Annergren e t   a l .  1985). I nc reased   pa ras i t i sm and f i n  

e r o s i o n   i n   f i s h   w i t h i n  10 krn o f   t h e   o u t f a l l  was  a1 so n o t e d .   F i s h   w i t h  
p e l a g i c  1 a rva l   s tages   (he r r i ng )   had   dec reased   rec ru i tmen t   w i th in  8 km o f   t h e  

outfal l .   Contaminated  sediments hampered t h e   r e p r o d u c t i o n  and s u r v i v a l   o f  
t he   ben th i c  amphi p o d   P o n t o p o r e i a   a f f i n i  s, a n d   t h e   s u r v i v a l   o f   t h e   c l a m  Macoma 

b a l t h i c a ,  and  micro-crustaceans l i k e   h a r p a c t i c o i d  copepods  and  ostrascods 

(Sodergren e t  a1 . 1987). 
Swedish  model  ecosystem  studies  were  conducted  using  the  brown  alga 

Fucus  ves icu losus  wi th   adherent   fauna,   three-sp ined  s t ick lebacks,   and  smal l  

f l o u n d e r s   ( P l a t i c h t y s   f l e w s ) .  They  were s u p p l i e d   w i t h  5 t y p e s   o f  

b leached-kra f t  mill e f f l u e n t   c o n c e n t r a t i o n s   e q u i v a l e n t   t o  a f low- th rough 

d i l   u t i o n   o f  400 and 2000: 1. The tab1 e on n e x t  page  summarizes t h e   r e s u l t s :  



- 29 - 

. 

D i l u t i o n   E f f e c t s  

1:166 lowest  f r y  s u r v i v a l ,   i n c r e a s e d   p a r a s i t i s m  o f  f i s h ,  
decreased  inver tebra te  abundance 

1 : 330 1 ow f r y  s u r v i v a l  , p a r a s i t i s m   h i g h  

1: 1140 a1 t e r e d  f r y  s u r v i v a l  and p a r a s i t i s m   r a t e s  

1 : 5910 e f f e c t s   p r e d i c t e d   t o   e x i s t   a t   l o w   l e v e l s  

The a d d i t i o n   o f  oxygen b l e a c h i n g   o r   a e r a t i o n  1 agoons  reduced  the  predic ted 
area   a f fec ted   f rom  >5000:1   to   about  2OOO:l d i l u t i o n   b y   r e d u c i n g   t h e  amount o f  
o r g a n i c a l l y  bound ch lo r i ne   d i scha rged .  

3.5.2 MONITORING RECOMMENDATIONS:  A1 t h o u g h   t h e r e   i s  no d i r e c t   d a t a  
t o   i n d i c a t e   t h a t   b i o l o g i c a l   e f f e c t s   o f   c h l o r i n a t e d  compounds noted i n  Sweden, 

e x i s t  a t  Powel 1 R i v e r ,   t h e r e   i s  a need t o   c l a r i f y   t h e   p r e s e n t   l e v e l   o f  

con taminat ion   by   ch lo r ina ted  compounds.  Samples of   resource  species  (prawns, 

shr imp,  cod,  crab,  oysters,   and  c lams)  should  be  analysed  for   speci f ic  

m i l l - g e n e r a t e d   c h l o r i n a t e d  compounds l i k e   3 , 4 , 5 - t r i c h l o r o g u a i a c o l  (345-TCG) 

t o   d e t e r m i n e   t h e   p o t e n t i a l  zone o f   c o n t a m i n a t i o n .   O t h e r   c h l o r i n a t e d  

compounds o f  m i  11 o r i g i n  have  been c o r r e l a t e d   t o  345-TCG i nc l   ud ing :  

t e t r a c h l o r o g u a i a c o l  , 2,3,7,8-TCDD ( d i o x i n )   a n d  2,3,7,8-TCDF ( f u r a n )  

(Ki  rkegaard  and  Renberg  1987). 

I n   a d d i t i o n   t o   f i e l d   s t u d i e s   t o   d e t e r m i n e   t h e  zone o f   c h l o r i n a t e d  
organic   contaminat ion,  1 ong-term bioassays  shoul d be conducted t o  eva lua te  

t h e   l e t h a l  a n d   s u b - l e t h a l   e f f e c t s   o f   t h e s e   e f f l u e n t  compounds  on a v a r i e t y   o f  

marine  species.  Data  from  Mehrle e t   a l .   ( 1 9 8 8 )   i n d i c a t e s   t h a t  a 28-day 

exposure  phase  fol lowed  by a 28-day depurat ion  phase i s  n e c e s s a r y   t o   f u l l y  
descr ibe   the   impact  o f  2,3,7,8-TCDD and 2,3,7,8-TCDF on   ra inbow  t rou t  fry. 

D e l a y e d   m o r t a l i t y   o f   t h e  f ry  were  noted  even a t  38 pg/L ( p a r t s   p e r  

q u a d r i l l i o n )  2,3,7,8-TCDD. 
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4 .O SUMMARY OF RESULTS AND RECOMMENDATIONS 

1. FIBRE ACCUMULATION. The m a i n   i d e n t i f i e d   i m p a c t   o f   t h e  mill a t  Powel l  

R i v e r   i s   t o   t h e   b e n t h i c  ecosystem.  Observations i n   A p r i l  1987 i n d i c a t e  an 

ex tens ive   accumula t ion   o f   woodf ib res  and b a c t e r i  a1 growth. A r e g u l a r   c o r i n g  

program  and a sediment t o x i c i t y  program  should  be  establ  i shed i n   o r d e r   t o  

monitor  changes i n   t h e   s i z e   o f   t h e   i m p a c t e d   a r e a .   R e s e a r c h   o n   c h a n g e s   t o  

near-bottom  water-qual  i ty and i t ' s   i n f l u e n c e  on  the  health/  abundance o f  
epi-benthic  organisms  (shr imp,  prawns,  groundf ish)  should  a lso  be  conducted. 

2. WATER QUALITY. No change i n  water  qual i t y  (due t o   e f f l u e n t )  was 

de tec ted  a t  the   p resent   water   sampl ing   loca t ions .   There fore ,   water   sampl ing  
s t a t i o n s  should be r e - l o c a t e d   c l o s e r   t o   t h e   d i f f u s e r   t o   b e t t e r   d e t e c t   t h e  
presence o f   t h e   e f f l u e n t .   D e m a r k a t i o n   o f  1:6000 d i  1 u t i o n   w o u l d   b e   u s e f u l   i n  

i n t e r p r e t i n g   f u t u r e   c h r o n i c   s u b l e t h a l   b i o a s s a y s   u s i n g   l o c a l  B.C. species.  

3. INTERTIDAL SAMPLING. Beach walk   photographic   surveys  should  cont inue 

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

zone.  Samples o f  c l  ams o y s t e r s  and he r r i ng   roe   shou ld   be   submi t ted   f o r  

metal  and 3,4,5-TCG a n a l y s i s  and f o r   h i s t o l o g i c a l   e x a m i n a t i o n .  

4. ORGANIC CHLORINATED COMPOUNDS. Recent  research i n   t h e  USA (Amendola 

e t   a l .  1987, USEPA 1987)  and Sweden have i d e n t i f i e d  a s e r i e s   o f   p e r s i s t e n t ,  

t o x i c  compounds wh ich   a re   f o rmed   du r ing   t he   ch lo r i ne   b leach ing   s tage   o f  

p u l   p m i l l  s .  These compounds cause a w i d e   v a r i e t y  o f  sub1 e t h a l   e f f e c t s   i n  

f i s h ,  even a t   l o w   c o n c e n t r a t i o n s .  The zone o f   i n f l u e n c e   f r o m   t h e s e  compounds 

c a n   e x t e n d   f o r   t e n s   o f   k i l o m e t e r s   f r o m   t h e   o u t f a l l   o f   t h e  mill (Rappe e t   a l .  

1987).  A s tudy  should  be  under taken  to   determine i f  s i m i l a r   c o n c e n t r a t i o n s  

and e f f e c t s   o c c u r   i n   t h e   P o w e l l   R i v e r   a r e a .  
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APPENDIX I. SAMPLING  STATION  LOCATIONS 18 NOV 83. 

BENTH IC 
STAT 1 ONS 

L A T I  TUDE 
B- 1 49  48.76 
B-4 49  50.10 
B-5 49  50.78 
B-6 49  51.68 
B- 7 49  51.98 
0-8 49  51.94 
B-9 49  51.70 
B-10 49 51.98 
B-11 49  52.38 

LONGITUDE 
124  33.18 REFERENCE S I T E  
124  34.42 
124  34.10 
124  33.70 
124  34.05 
124  34.62 
124  35.50 
124  35.05 
124  34.85 

WATER SAMPLING  STATIONS 
L A T I  TUDE LONG I TUDE 

w-1 49  48.70 124  33.20 
w-2 49  51.40 124  33.28 
w- 3  49  50.91 124  34.30 
w-5 49  51.32 124  35.72 
W-6 49  52.20 124  34.64 
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A P P E N D I X   I 1  

PROPOSED  WATER  SAMPLING  STATION  LOCATIONS 
FOR  FUTURE  MONITORING 
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APPENDIX 11. PROPOSED  WATER  SAMPLING STATION  LOCATIONS FOR  FUTURE  MONITORING. 

WATER SAt4PL I NG STAT IONS 
LATITUDE LONGITUDE 

NORTH WEST 
D - 1  49  52.59 124 34.68 
D-2 49  52.21 124 34.39 
0-3 49  52.29 124 34.10 
9-4 49 52.04 124 34.18 
D-5 49  52.21 124 33.86 
D-6 49  51.82 124 33.57 

w-1 49 48.76 124  33.18 REFERENCE S I T E  
w-7 49 52.90 124  37.40 
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DIVE LOGS 

A p r i l  1, 1987 A.M. 

Dive  1390:  Nei 1 Holman and Drew K i  1 bach  (observers) 

Ne i l   Ho l  man i s  p repar ing   t he  1 og comments f o r   t h i s   d i v e .  

A p r i l  1, 1987 P.M. 

Dive  1391:  Nei l  Holman  and A1 Colodev  (observers) 

TI ME 
1248  Pisces 1 eaves  surface 

-66 m: on  bottom,  course 330: wood f i b r e s ,   r a t f i s h ,   r o c k f i s h ,  

anemones on l o g s ,   l i n g c o d  

- a t  d i f f u s e r   p o r t  # 9, Dungeness c rab  and r o c k f i s h  

-course  150:  abundant  shr imp,  rat f ish,  cumaceans, abundant wood 

f i b r e s ,  no w h i t e   b a c t e r i a l  ma t ,  smal l   juven i le   so le ,  anemones 

-abundant  prawns, wood f i b r e s ,  wood c h i p s  

1313  -68 m: t r a n s i t i o n   a r e a   f r o m   c o a r s e  wood f i b r e s / c h i p s  becoming f i n e r  

sediment,  fewer  shrimp  more  rock  f ish 

1316  -71.5 m: more coarse wood f i b r e s / c h i p s / b a r k ,   r a t f i s h ,  prawns 

- e e l   p o u t ,   r a t f i s h ,  no shrimp,  odd  prawn 

-many s q u a t   l o b s t e r s   b a r e l y   v i s i b l e  on  bark/ f i b r e   s u r f a c e  when sub. 

i s  < 1 m above s u b s t r a t e  

-72 m: f i n e r  sediments  and more shr imp,  eel   pouts 
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1352 

1401 

1430 

1500 

1505 

1510 

1517 

1518 

-37.6 m, course  313:  patch o f   w h i t e   m a t t i n g   ( B e g g i a t o a ) ,  wood 

f i b r e s ,  no rockf ish,   few  shr imp  or  prawns, no r o c k f i s h  

-pa tch   o f   Begg ia toa  30 m long:   numerous  perch,   so le ,   ra t f ish 

-43 m: on t o p   o f   p i p e   ( P e n d e r   e s t i m a t e s   o u r   p o s i t i o n  75 m f rom 

p i   p e l  

- a t  d i f f u s e r   p o r t  # 27, course 330, c rossed   ove r   p ipe ,   l i ng   cod  

more abundant on wes t   s ide   o f   p ipe ,   l a rge   bou lde rs   w i th  anemones, 
f i n e  sediment   wi th   coarse wood f i b r e s ,  and b a c t e r i a l   m a t   i n  
mounds, sol e very  abundant 

-27 m: course  change t o  310 t o   g e t  deeper  water  and  determine 

where  mat  ends o r  becomes d iscont inuous  

- c o n t i n u o u s   m a t   v i s i b i l i t y   > 3  m, few f i s h   i n   a r e a  

- l i g h t s   o f f   v i s i b i l i t y  >10 m, b l a n k e t  o f  wh i te   f ib re /mat ,   odd  so le  

-45 m f i n e  sediment,   d iscont inuous  whi te  patches,  sediment  more 

firm than i n   p r e v i o u s   a r e a s ,   f e w   f i s h  

end o f   d i v e  
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April 2, 1987 A.M. 

Dive 1392: Nei 1 Holman and A1 Col odey (observers) 

0858 -Pisces on surface 

0901 -2  m p lank ton  quite  thick 

-16 m wood fibres and chunks visible i n  water column 

-28 m: i n  brown effluent plume 

-35 m: copepods, 55 m: large numbers of amphipods 

0907 -73 m: on bottom jus t  west of o u t f a l l ,  v i s ib i l i t y  10 m ,  coarse 
wood f ibres ,   ra t f i sh ,  shrimp,  clouds of mysids, occasional 
cumaceans 

0915 -73.5 m: course 310, coarse wood fibres on sediments 

091 6 -coarse wood fibres  present  rockfish, ratfish, large p i n k  shrimp, 
d o g f i s h  

-74 m: patch of Beggiatoa,  coarse wood f ibres  

rockfish  si t t ing on bottom 
small ra t f i sh ,   p i le  perch 

ish 

0918 -75 m: rockfish, midshipmen, large red 
dorsal f i n ,  numerous very wi t h  drooping 

-3 small r a t f  ish,  eelpout, prawn, rockf 

-patch of Beggiatoa,  coarse  sediment, wood chips/fibres 

-4 ratfish, Dungeness crab, 3 - 4 m v i  s ib i l  i t y  
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0920  -76 m: sole,  cod,  midshipmen, anemones, p ink  shr imp 

-eel   pouts  common, p ink  shr imp common, b r i t t l e   s t a r s  and  squat 

l o b s t e r s  common, mysids common a t  1 m above  bottom 

-1 arge  prawns  under 1 ogs, anemones and s n a i l  s ( P o l   i n i c e s  sp. ) 

0921  -75 m: b o t t o m   s e d i m e n t s   r e l a t i v e l y   f i n e  wood f i b r e s ,   l a r g e  

r a t f i s h ,  many large  shr imp,   squid  present ,   mysids 1-2 m above 

bot tom 

0923  -76 m: c leaner   sed iment   w i th  1 ess wood f ibre,   shr imp  abundant  , 
occasional  medium to   ve ry   sma l l   r a t f i   shy   sma l l   so le ,   l a rge   bu r rows  
i n  sediment ,   s idest r ipe  shr imp 

0926  -75 m: f i n e  sediment,  shrimp, r a t f i s h ,  midshipmen,  beer b o t t l e  

0935  -75 m: heading  350, > 5 m v i s i b i l i t y ,  many shr imp ( >  5/ m 2 ) ,  l a r g e  

prawn,  Dungeness c r a b ,   r o c k f i s h ,  numerous  squat   lobsters ,   large 

h o l e s   i n   s e d i m e n t  

0937 - f ine ,   c lean  Sed iment ,   o range-s t r iped  rock   f i sh ,   shr imp  less  

abundant, 30 cm p o t h o l e s   i n   s e d i m e n t   ( l i k e l y   f r o m   s o l e ) ,   f e w e r   f i s h  

p r e s e n t  

- v e r y   s i 1  t y  sediments, 1 a rge   redd ish  sea  cucumber w i t h  1 arge  orange 

sp ikes  , s m a l l   r a t f i s h  

-course 000 head ing   nor th  

0941  -73 m: south  edge o f   B e g g i a t o a  m a t  beg ins ,   s low   cu r ren t   f rom 350 

4 

- u n d u l a t i n g  waves o f   b a c t e r i a l   m a t  
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0945  -73 m: cont inue  heading  nor th ,  

- f i b r e   c o v e r e d   w i t h  brown s i 1  t l a y e r  

- 2 s o l e ,   l a r g e   r a t f i s h ,  

- 1 a r g e   s t r i p e d   r o c k f i s h  

0948 - 7 1  m: clean  sediment,  3-4  shrimp/m2,  rockfish  abundant 

-box  crabs  and medium r a t f i s h  

0949 - f i n e   s e d i m e n t ,   w i t h   l i t t l e  wood f i b r e / c h i p s  

-1  arge  barn  door   skate  (Raja  b inocul   a ta)  

-Beggi  atoa  patchy, 
- s m a l l   r a t f i s h   n u z z l i n g   t o p   o f   s e d i m e n t   w i t h  nose  ( feeding?)  

0950  -69 m: l a r g e  midshipmen,   shr imp,   rockf ish,   so le ,   ra t f ish 

0953  -67 m: Begg ia toa ,   so le   bur ied   in   sed iment ,   smal l   ra t f i sh   abundant  

- large  so le,   occas ional   shr imp (<l/ m2),  mysids 1-2m above  bottom, 

midshipmen 

-66 m: ra t f i sh ,   ee lpouts ,   shr imp,   Begg ia toa ,  sea cucumbers, 

r a t f  i sh 

0956  -65 m: Beggiatoa,  very smal 1 r a t f i s h ,   p i l e   p e r c h ,  2 very  smal l  

r a t f i s h ,  2 sole,  

-few  mysids a t  1 m from  sediment 

- p i l e   p e r c h  common, 
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1000 

1009 

1011 

1012 

1013 

1014 

1015 

1017 

1018 

1019 

1020 

-62 m: stop,  change  course t o  270 (para1 1 e l   t o   s h o r e )   t o   d e t e r m i n e  
w e s t e r l y   e x t e n t   o f   f i b r e   a r e a  

- t e s t   c o n s i s t e n c y   o f   b o t t o m   w i t h   m a n i p u l a t o r  arm: j e l l y - l i k e  

B e g g i a t o a   w i t h   s i 1  t over- layer,   reducing  sediments  below  Beggiatoa 

( u n d u l a t i n g  m a t )  

-very   few  f i sh   in   a rea :   la rge   so le ,   few  shr imp,   p rawns  o r   ra t f i sh  

-same k ind   o f   undu la t i ng   bo t tom  w i th   Begg ia toa ,   sma l l   so le ,  

occas iona l   sh r i  Inp, smal 1 m i  dsh i  pmen 

- s i l t i e r   a r e a ,   s o l e  conlmon 

-bot tom  very f l a t ,  t o t a l l y   c o v e r e d   w i t h   b r o w n   s i l t ,   n o   B e g g i a t o a ,  

f ew   f i sh ,   he rm i t   c rabs  

-Beggiatoa  present  again 

e 

- 55 m: s i 1  ty, w i th   c lean   g rave l   benea th ,   so le ,  medium r a t f i s h ,  

burrows,  poacher 

-54 rn: s o l e ,   l a r g e   r a t f i s h  

-1-2 cm s i 1  t on c lean   g rave l  

-53 m: s i 1  t on  c lean  gravel  , poachers,  no r a t f i s h ,  no  shrimp,  few 

mysi  ds 

-1 r a t f i s h  

-55 m: heavy s i l t  and  brown  sediment,  small  sole,  no  prawns, 

ra t f i sh ,   poachers ,   so le   abundant ,   la rge  anemone on rock 
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1021 

1022 

1032 

1035 

1036 

1035 

1036 

1037 

1040 

1041 

1042 

1043 

1046 

1048 

-55 m: s o l e ,   r a t f i s h  

- s i 1  t ove r l y ing   c lay ,   no   Begg ia toa  

- p o s i t i o n   f i x   f r o m   s u r f a c e :  1 m i  west. o f   p r e v i o u s  day f i n i s h  

-54 m: 1/ 2 nm NW o f   p i p e  

-55 In: n o r t h e r l y   c o u r s e   t o   r e - d i s c o v e r  edge of  Beggiatoa  mat 

-54 m: 1/ 2 nm N W  o f   p i p e  

-55 m: n o r t h e r l y   c o u r s e   t o   r e - d i s c o v e r  edge o f  Beggiatoa  mat 

-53 m: numerous so le ,   g rey   c lay ,  n o   s h r i m p ,   o r   r a t f i s h  & r o c k f i s h ,  

p ink  shr imp  present  

-51 m: brown s i 1  t o v e r   c l  ay, s o l e  & p i l e   p e r c h  common, no r a t f i s h ,  

shrimp,  prawns  or  crabs 

- v e r y   c l e a n   u n i f o r m   s i 1  t, p i 1  e perch , 1 arge and smal 1 so l  e common 

-49 m: clean  sediments. No r a t f i s h .  Shrimp, o r  prawns, p i l e  

perch, 2 he rm i t   c rabs  

-sol e 

-45 m: sediment i s  coa rse r   bu t   c lean ,   g rey   c lay   benea th ,  box crab,  

s o l e  common, burrow 

-42 m: some wood debr is ,   ch ips / f ib res ,   squat   lobs ter ,dungeness  

crab , burrows 
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1049 

1051 

1052 

1053 

1054 

1058 

1059 

1100 

1102 

1105 

1107 

1110 

-dungeness  crab,   beer   bot t le  

-smal l  wood b i t s  on s i 1  t 

-37 m: s i l t   w i t h  woody ch ips   and  b i ts   and  bark ,   hermi t   c rab  

-35 m: bark  and  ch ips  on  grey  c lay , 1 a rge   he rm i t   c rab  

-32 m: seafeathers,   sole,   no:   shr imp,  prawn,  crab,  or   rockf ish 

-30 m: g r e y   c l a y ,   s t a r f i s h ,   b r i t t l e   s t a r s ,   h e r m i t  and  box  crabs, 
sea feathers  abundant 

-no   Begg ia toa ,   nud ib ranchs ,   sna i l s   (Po l in ices)   p resent  

-good v i s i b i l i t y  (10 m )  

-orange anemones, l a rge   oc topus  

-24 m: school o f   q u i 1  1 back   rock f ish   near  1 arge  boulder  

-20 In: seapens,  tubeworms 

18.7 m: end o f   d i v e  
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Species L i s t  

anemone 

sea  cucumber 

sea pen 

box  crab 

b r i t t l e   s t a r s  

cumaceans 

Dungeness c rab  

hermi t crabs 

p ink  shr imp 

s i d e s t r i p e   s h r i m p  

snai  1 

octopus 

barn  door  skate 

d o g f i s h  

ee l   pou t  

1 i ngcod 

mi dshi  pmen 
p i l e  perch 
poacher 

r a t f i s h  
r o c k f i  sh 

so l  e 

M e t r i   d i  um seni  1 e 

Parast ichopus sp. 

Ptil osarcus   gurney i  

LoDhol i thodes  foraminatus 

Ophi u r o i  dea 

Cumacea 
Cancer  magister 

Paguri  dae 

Panadal us sp. 

Panda1 o p s i  s d i   s p a r  

P o l i n i c e s  SD. 

Octopoda 

Raja b i  nocu l   a ta  

Squal us acanth ias  
Zoarc i  dae 

Ophi  odon e l   onga tus  

Por i ch thys   no ta tus  
Rhacochi 1 us vacca 
Agoni  dae 

Hydro1  agus  col 1 i e i  

Sebastes  sp. 
PI euronec ti dae 
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