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ABSTRACT 

Dur ing  1980, t h e   E n v i   r o n n e n t a l   P r o t e c t i o n   S e r v i c e   m o n i t o r e d  

changes i n   w a t e r   q u a l i t y  and b e n t h i c   c o n d i t i o n s   a s s o c i a t e d   w i t h   p u l p  

mil 1 e f f l u e n t s   a t  Powel 1 R i v e r ,   C r o f t o n  , Harmac, P o r t  A1 b e r n i  , and P o r t  

Me1 lon.   Parameters  examined  included  water  column  temperature,  

s a l i n i t y ,   d i s s o l v e d  oxygen,   co lour ,   sediment   character  and t r a c e   m e t a l s  

i n  sediments.  Sediments a t  Powel 1 R i v e r  and P o r t  Me1 l o n  were a1 so 

ana lysed f o r  t o t a l   v o l a t i l e   r e s i d u e s .   E p i b e n t h i c   f a u n a  were t r a w l e d   a t  

Crof ton  and  benth ic   in fauna  were  surveyed a t  P o r t  A1 b e r n i  and P o r t  

Me1 1 on. 



RESUME 

Au cours  de  1'annGe 1980, l e   S e r v i c e  de l a   p r o t e c t i o n  de 

1 'environnement a r e l e v e   l e s  changements  survenus  dans l a  qual i t 6  de 

1 ' eau   e t   ana lys i i  les depr j ts  benthiques  ayant  subi  1 ' e f f e t  des e f f l u e n t s  

des  usines  de  pzte 2 p a p i e r  de Powel l   R iver ,   Cro f ton ,  Harrnac, P o r t  

A lbern i   e t   Por t   Mel lon.   Parmi   les  paramGtres  GtudiGS,  on t r o u v e   l a  

tempera tu re  de l a   c o l o n n e   d ' e a u ,   l a   s a l i n i t 6 ,   l a   q u a n t i t 6   d ' o x y g k e  

d issous,  l e   c o u l e u r ,   l e   t y p e  de s i i d i m e n t a t i o n   e t   l a   p r e s e n c e  de  rn6taux 2 
l ' e t a t  de t r a c e s  dans les  s i id i rnents.  On a i igalement  preleve  des 

s6diments 2 Powel 1 R i v e r   e t   P o r t  Me1 1 on  pour en a n a l y s e r   l e s   p a r t i c u l   e s  

e t   r G s i d u s   v o l   a t i  1 s .  On a p k h G  au c h a l   u t ,  i C r o f t o n  , des  sp6cirnens  de 

l a  f aune   6p iben th ique   e t  on a procGd6 2 une  6tude de l a  faune  benth ique 

5. P o r t  A1 b e r n i   e t  2 P o r t  Me1 1 on. 
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SUMMARY 

C r o f t o n  - S t u a r t  Channel 

I n  November 1980  oxygen was depressed a t  depths  between 25-50 

m e t r e s   a t   a l l   S t u a r t  Channel s ta t i ons .   Apparen t l y   t he   oxygen   i s   be ing  

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

m ix ing .   Ben th i c   commun i t i es   were   s im i l a r   t o   t hose   samp led   i n   1979   and  no 

heavy   meta l   con taminat ion  was apparent .  

Harmac - Northumberland  Channel 

I n  November e f f l u e n t  was b e i n g  we1 1 d i s p e r s e d   i n   N o r t h u m b e r l a n d  

Channe l ,   Ana lys i s   o f   sed imen ts   i nd i ca ted   mercu ry   l eve l s   were   no t  

e leva ted .   There  was no   apparen t   t rend  o f  heavy  meta l   contaminat ion i n  

r e l a t i o n   t o   t h e   d i f f u s e r .   S u r v e y s   t o  examine f i b r e   d e p o s i t i o n  and i t s  

e f f e c t s  on the   ben th i c   env i ronmen t   have   been   i n i t i a ted   and  will be 

presented   under   separa te   cover .  

P o w e l l   R i v e r  - Malaspina S t r a i t  

Dur ing   two  1980  surveys ,   there  was no obvious  impact  f rom 

e f f l u e n t  on d i s s o l v e d   o x y g e n   i n   M a l a s p i n a   S t r a i t .   D u r i n g  November, 

D.O. 1 eve1 s below 50 me t res   were   cons i s ten t l y   be l  ow 5.0 mg/l . A1 though 

t h i s   a p p e a r s   t o  be a na tu ra l ,   seasona l  phenomenon, d i s c h a r g e   o f   e f f l u e n t  

t h r o u g h   t h e   n e w l y   i n s t a l l e d   d i f f u s e r  may be a c o n t r i b u t i n g   f a c t o r .  

Benth ic   samples  near   the mill, c o l l e c t e d   d u r i n g   b o t h   s u r v e y s ,  

d i d   n o t   i n d i c a t e   e l e v a t e d   l e v e l s   o f   m e r c u r y ,   z i n c ,   c o p p e r  o r  lead.  

Cadmium l e v e l s  w e r e   e x c e p t i o n a l l y   h i g h   a t   a l l   s t a t i o n s ,   a s   i n  1979. 
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P o r t  A1  b e r n i  - A l b e r n i   I n l e t  

The water  column i n   t h e   i n n e r   h a r b o u r  was h i g h l y   s t r a t i f i e d   i n  

June 1980. Dissolved  oxygen  be l  ow t h e   h a l o c l   i n e  was s t rong ly   dep ressed  

f o r  a c o n s i d e r a b l e   d i s t a n c e   f r o m   t h e   o u t f a l l  . 
Benth ic   communi t ies  were  s imple  and  depauperate,   cons is t ing 

m a i n l y   o f   p o l y c h a e t e  worms i n   t h e   h a r b o u r .  The low  oxygen  environment 

a n d   s u b s t r a t e   o f  wood was te   a re   dominan t   f ac to rs   e f fec t i ng   t he   ben th i c  

c o m m u n i t y .   T r a c e   m e t a l   a n a l y s i s   a t   s e l e c t e d   s i t e s   d i d   n o t   r e v e a l   l e v e l s  

to   war ran t   immed ia te   conce rn .  

P o r t   M e l l o n  - Thornbrough  Channel 

c o n d i t i o n s   i n   c o a s t a l  

Water  column p r o f i l e s  a t  P o r t  Me1 l o n  were t y p i c a l  o f  w i n t e r  

waters .   D issolved  oxygen was l o w   a t  200 metres,  

t Y  P 

t h e  

s e r  

c a l   o f  deep  basin 

The b e n t h i c  

wood d e b r i s  and f 

o u s l y   e l e v a t e d .  

wa te r .   Co lou r   va lues   were   h igh   i n   su r face   wa te rs .  

community  composi t ion was poor   poss ib ly   because o f  

i b r e   s u b s t r a t e .  Heavy meta ls   in   sed iments   were   no t  
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1. INTRODUCTION 

1.1 Study  Areas. The Env i   ronmen ta l   P ro tec t i on   Se rv i ce   annua l l y  

m o n i t o r s   c o a s t a l   p u l p  mills t o  document  changes i n  water  qual  i t y  and 

sed imen ts   assoc ia ted   w i th   pu lp  mill e f f l u e n t s .   C o m p l i a n c e   w i t h   t h e   P u l p  

a n d   P a p e r   L i q u i d   E f f l u e n t   R e g u l a t i o n s  i s  m o n i t o r e d   b y   a u d i t i n g  company 

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

b i o a s s a y s   o f   l i q u i d   e f f l u e n t  and  by s i t e   i n s p e c t i o n s  as necessary. 

Compl i a n c e   s u r v e i  11  ance i s   r e p o r t e d   e l  sewhere. Changes i n   t h e   r e c e i v i n g  

env i ronmen t ,   t he   sub jec t  o f  t h i s   r e p o r t ,   a r e   m o n i t o r e d   b y   o n - s i t e   s u r v e y s  

o f   w a t e r   q u a l i t y ,   b e n t h i c   c o n d i t i o n s  and  heavy  meta l   analys is .   Resul ts  

o f   env i ronmen ta l   mon i to r i ng   and   i n fo rma t ion  on compl iance a t  each mill 

are  used t o  a s s e s s   e f f e c t i v e n e s s   o f   p e r m i t   c o n d i t i o n s   i n   p r o t e c t i n g   m a i n  

resources.  

I n  1980, c o n d i t i o n s   i n   t h e   r e c e i v i n g   e n v i r o n m e n t  were  monitored 

a t   t h e   p u l   p m i l l  s l o c a t e d   a t   C r o f t o n  , Harmac,  Powel 1 R i v e r ,   P o r t  A1 b e r n i  , 
and   Po r t   Me l l on .   (F igu re  1) 

2. METHODS  AND MATERIALS 

Water q u a l i t y  was s u r v e y e d   a t   t h e   f i v e   p u l p  mill s i t e s   d u r i n g  

June  and November, 1980. A t  each   s ta t i on ,   wa te r  was sampled f o r  

d i sso l ved   oxygen ,   t empera tu re ,   sa l i n i t y   and   co lou r   ana lys i s .  

B e n t h i c   e v a l   u a t i o n   i n c l  uded  mari  ne  sediment sampl i n g   f o r   t r a c e  

m e t a l s ,   t o t a l   v o l a t i l e   r e s i d u e s  and p a r t i c l e   s i z e .   B e n t h i c   f a u n a  

c o l l e c t e d   w i t h  an o t t e r   t r a w l  were  analyzed f o r  t r a c e   m e t a l   c o n t e n t .  

2.1 Hydrographic  Sampling. A t  each s t a t i o n  samples  were 

c o l l e c t e d  f o r  t e m p e r a t u r e ,   d i s s o l v e d   o x y g e n ,   s a l i n i t y  and c o l o u r .  All 

samples  were c o l l e c t d   w i t h  N I O  ( N a t i o n a l   I n s t i t u t e  o f  Oceanography) 

b o t t l  es   equ ipped   w i th   pa i   red ,   p ro tec ted  , revers ing  thermometers.  
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FIGURE I L O C A T I O N   M A P ,  1980 
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Tempera ture   va lues   recorded  were   reca lcu la ted   to   tempera ture  a t  

d e p t h   u s i n g   t h e   e q u a t i o n s :  

T = T '  + A T  

= [ ( T I -  t ) ( T ' +  V O )  l + ( T ' -  t ) ( T ' +  V O ~  
K 

I C  
K 

] + I  

where: T = c o r r e c t e d   t e m p e r a t u r e  

T '  = observed  tempera ture  i n   t h e   m a i n   t h e r m o m e t e r  

t = o b s e r v e d   t e m p e r a t u r e   i n   t h e   a u x i l i a r y   t h e r m o m e t e r  

Vo = i n n e r  space o f   ma in   thermometer  up t o  O O C .  

K = a p p a r e n t   c o e f f i c i e n t   o f   e x p a n s i o n   o f  Hg. 

I = t h e r m o m e t e r   c a l i b r a t i o n   c o e f f i c i e n t   ( S v e r d r u p   e t   a l ,   1 9 4 6 )  

Dissolved  oxygen was m e a s u r e d   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  Wi n k l   e r  method (DOE L a b o r a t o r y  Manual 1 9 7 9 ) .  
S a l i n i t y  was ca l cu la ted   f rom  conduc t i v i t y   va lues   measured  on a 

Gui 1 d l  ine  Autosal   (Model  8400). 

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

e q u a t i o n  o f  Gameson and  Robertson  (1955):  

c =  475 - (2.65 X S )  
33.5 + T 

% S a t u r a t i o n  = - x 100 A 
C 

where: C = s a t u r a t i o n  o f  oxygen i n   t h e  sample  water 

S = s a l   i n i t y   o f   t h e  sample  water 

T = co r rec ted   t emper tu re   o f   t he   samp le   wa te r  

A = observed  d isso lved  oxygen  concent ra t ion  i n   t h e  sample 
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Colour   va lues  were  determined  by  the  p la t inum-col   ba l  t t i s s u e  

compar ison  method  dur ing  the  June  survey.   In  November t h e  more r e f i n e d  

t r i  s t i m u l  us  method was employed, (DOE L a b o r a t o r y  Manual 1979). 

2.2 Ben t   h i  c Sampl i ng . 
2.2.1 Benth ic   T rawls .   Benth ic   t rawls   were   conducted  a t  s e l e c t e d  

l o c a t i o n s   n e a r   C r o f t o n .  The t r a w l i n g   g e a r   c o n s i s t e d   o f  an o t t e r   t r a w l  

w i t h  3.8 cm mesh body,  1.27 cm mesh cod  end l i n e r  and 5.8 m e t r e   t h r o a t .  

The t r a w l  was l o w e r e d   t o   t h e   b o t t o n   w i t h  a 3 t o  1 s c o p e   ( t h r e e   t i m e s   t h e  

amount o f   h y d r o g r a p h i c  w i  r e  as t h e   d e p t h   a t   t h e   t r a w l   l o c a t i o n )  and  towed 

o n   t h e   b o t t o m   f o r  an es t ima ted  0.8 k i l o m e t e r .   A f t e r   e a c h   t o w ,   t h e  

c o n t e n t s   o f   t h e   t r a w l  were  washed, s o r t e d ,   i d e n t i f i e d ,   c o u n t e d ,   w e i g h e d  

and  photographed. 

2.2.2 Sediment Sampl es. A 0.1 rn2 Smi th   McIn ty re  Grab  Sampler 

was used t o   c o l l e c t   b o t t o m   s e d i m e n t  a t  each  g rab   s ta t ion .  Samples  were 

removed  and f r o z e n   i n   p l a s t i c  bags p r i o r   t o   a n a l y s i s   f o r   t r a c e   m e t a l s ,  

t o t a l   v o l a t i l e   r e s i d u e  and p a r t i c l e   s i z e .   B e n t h i c   i n f a u n a   w e r e   n o t e d .  

Bot tom  cores   were   ob ta ined  w i th  a BENTHOS g r a v i t y   c o r e r .   I n t a c t  

cores  were  extruded  and  measured.  Samples  were  removed  from  selected 

depths t o  p l   a s t i c  bags  and f r o z e n   p r i o r   t o   a n a l y s i s .  

3. C r o f t o n  - Stuar t   Channel  

3.1 Survey - Rat i onal  e. Surveys  were  conducted i n   S t u a r t  Channel 

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

e x p c n : i o ~  o f   t h e   p u l p m i l l  a n d   e x t e n s i o n   o f   t h e   d i f f u s e r .   W a t e r   q u a l i t y  

has  been p e r i o d i c a l l y   d e p r e s s e d   e s p e c i a l l y   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  
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(Sul  1 i van, 1981). F i b r e   d e p o s i t i o n   i n   t h e   a r e a   o f   t h e   d i f f u s e r  has a1 so 

been a concern.   Stuar t   Channel   suppor ts  a v i a b l e  cornmercial  shrilnp  and 

g r o u n d f i s h   f i s h e r y  (Knapp  and Futer ,   1978) .  The e f f e c t  of e x i s t i n g  

e f f l   u e n t  hand1 i n g  and t h e  need f o r   f u r t h e r   e n v i r o n m e n t a l   c o n t r o l s  was 

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

3.1.1 E f f l u e n t   D a t a .   E f f l u e n t   d a t a   f o r  1980 s u p p l i e d   b y   t h e  

company f o r  suspended s o l i d s  and BOD5 a re   p resen ted   be low.   Tox i c i t y  

t e s t s  were  conducted i n   A p r i l ,   O c t o b e r ,  November  and  December  and passed 

a t  LC50 = 30% ( v / v ) .  

BOD5 

ss 

3.2 

A c t u a l   P e r m i t t e d  

35.4  kg/ADT (31.9-38.1) 30.0 k g/AUT 
15.0 kg/ADT ( 8.6-23.8) 17.5 kg/ADT 

R e s u l t s  and  D iscuss ion  

3.2.1 Water  Qual i ty .  I n  June,   h igh  sur face  (above 25 me t res )  

tempera tures   f rom 10.0-13.34"C ( T a b l e  1) were  recorded a t  all s t a t i o n s  

( F i g u r e  2).  Below 25 metres,   temperatures  were  f rom 8.58-10.O°C, S a l i n i t y  

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

Val  ues. 

H igh   d i sso l ved   oxygen   l eve l  s (8.8-13.3  mg/l ) were  recorded  above 

10 met res   and  there  was no apparen t   dep ress ion   o f   d i sso l ved   oxygen   be l  ow 

t h i s   d e p t h   o r   n e a r   t h e   d i f f u s e r .  

I n  November, t h e   t e m p e r a t u r e   a n d   s a l i n i t y   p r o f i l e s  were u n i f o r m  

w i t h   d e p t h   ( T a b l e   2 ) .  The d i sso l ved   oxygen   cond i t i on  was c o n s i d e r a b l y  

d i f f e r e n t   f r o m   t h e  summer s a m p l i n g   p e r i o d   w i t h  a1 1 va lues i n   t h e   s u r f a c e  

1 ayers  lower.  There  appeared t o  be a band o f   l o w  (2.6-4.6 mg/l ) d i s s o l v e d  

oxygen  between  25-50  metres a t   a l l   s t a t i o n s   i n   S t u a r t  Channel. S t a t i o n  8, 

between  Kuper  and S a l t s p r i n g   I s l a n d s ,   d o e s   n o t  show t h i s  decrease. It i s  

t h e r e f o r e   p o s s i b l e ,   b e c a u s e   o f   p o o r   m i x i n g   a t   t h i s   t i m e   o f   y e a r ,   t h a t  
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TABLE 1: WATER QUALITY  RESULTS - STUART  CHANNEL, JUNE 1980 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
(Crofton)  (m) ( " 0  P / o o )  OXYGEN 

( m g / l )  

1 0.0 13.08 26.44 11.30 129.99 
2.0 13.13 26.38 11.50 132.38 
5.0 12.27 26.61 12.30 139.18 

10.0 11.95 26.85 11.40 128.29 
25.0 10.34 28.77 8.40 92.35 
50.0 9.11 29.15 7.00 74.98 
90 .o 8.59 29.32 6.10 64.63 

2 0.0 13.03 26.44 12.20 140.19 
2.0 12.97 26.46 12.40 142.33 
5.0 12.67 26.38 12.50 142.48 

10.0 12.25 26.79 11.70 132.50 
25.0 11.97 28.85 8.20 93.55 
50.0 9.52 29.17 7.00 75.71 
90 .o 8.92 29.30 6.10 65.12 

3 0.0 12.78 26.44 13.00 148.57 
2.0 12.88 26.32 12.80 146.50 
5.0 12.37 26.38 12.50 141.53 

10.0 11.64 27.22 10.80 121.02 
25.0 10.36 28.66 8.50 93.42 
50.0 9.31 29.  21 7.30 78.59 

100.0 8.60 29.87 5.90  62.74 
115 .O 8.63 29.77 6.10  64.88 

4 0.0 12.70 26.40 11.80 134.60 
2.0 12.73 26.49 11.60 132.47 
5.0 12.47 26.55 12.70 144.28 

10.0 11.44 27.45 9.80 109 . 48 
25.0 10.39 28.62 8.50 93.47 
50.0 9.21 29.15 6.90 74.09 
80.0 8.63 29.28 6.30 66.78 
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TABLE 1: WATER QUALITY  RESULTS - STUART  CHANNEL, JUNE 1980 
(Conti  nued) 

STATION  DEPTH  TEMPERATURE  SAL I N  I TY  DISSOLVED % SATURATION 
(Crofton)  ( m )  ( " C )  ( O / O O )  OXYGEN 

( m g / l )  - 

5 0.0 13.07 26.44 13.10 150.66 
2.0 13.06 26.40 13.00 149.44 
5.0 12.75 26.42 12.40 141.61 

10.0 11.72 27.11 10.80 121.14 
25.0 10.00 28.86 8.10 88.41 
50.0 9.09 29.22 6.90 73.92 

100.0 8.58 29.34 6.00  63.56 
125.0 9.01 29.49 6.20  66.42 

6 0.0 12.99 26.38 12.70 145.75 
2.0 13.09 26.40 12.60 144.94 
5.0 12.48 26.55 12.60 143.17 

10.0 10.73 28.24 8.80 97.27 
25.0 9.83 29.09 8.00 87.11 
50.0 9.00 29.15 6.90 73.73 
95.0 8.60 29.36 6.00 63.59 

7  0.0 13.37 26.47 12.40 143.55 
2.0 13.31 26.38 12.60 145.60 
5.0 12.85 26.53 13.00 148.89 

10.0 12.02 26.87 12.10 136.41 
25.0 10.46 28.64 8.70 95.82 
50.0 9.39 29.39 7.50 81.00 

100.0 8.58 29.34 5.80 61.44 
190.0 9.32 , 29.70 6.60 71.31 

8 0.0 13.29 
2.0 13.18 
5.0 12.57 

10.0 11.44 
25.0 10.24 
30 .O 9.97 - 

26.36 12.50 144.36 
26.53 12.60 145.35 
26.72 12.60 145.35 
27.21 10.40 116.00 
28.62 8.40 92.05 
28.86 7.90 86.18 
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TABLE 1: WATER  QUALITY  RESULTS - STUART  CHANNEL, JUNE 1980 
(Cont inued)  

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
( C r o f t o n )  ( m )  ("C) (O/OO) OXYGEN 

9 0.0 13.24 26.29 13.30 153.35 
2.0 12.97 26.31 13.00 149.06 
5.0 12.48 26.68 12.80 145.57 

10.0 11.27 27.62 10.10 112.53 
25.0 10.26 28.77 8.60 94.38 
50.0 8.99 29.09 6.90 73.69 
90 .o 8.60 29.34 5.80 61.46 
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T A B L E  2: WATER QUALITY  RESULTS - STUART  CHANNEL, NOVEMBER 1980 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
(Cro f ton )  (m) ( "C)  P / O O  1 0 X Y  GEN 

( m g / l )  

1 0.0 10.05 28.00 7.10 77.15 
2.0 10.58 29.00 5.70 63.10 
5.0 10.49 30.00 5.90 65.62 

10.0 10.51 30.00 5.50 61.20 
25.0 10.67 30.00 3.80 42.44 
50.0 10.37 31 .OO 4.60 51.37 

2 0.0 10.97 30.00 4.80 53.97 
2.0 10.68 30.00 5.30 59.21 
5.0 10.80 31  .00 5.20 58.63 

10.0 10.47 31.00 5.70 63.79 
25.0 10.79 29.00 3.30 36.71 
50 .O 10.38 31 .OO 4.40 49.14 

3 0.0 10.17 28.00 7.40 80.62 
2.0 10.40 28.00 6.60 72.79 
5.0 10.47 29.00 6.10 67.37 

10.0 10.47 29.00 5.60 61.84 
25.0 10.58 30.00 4.20 46.81 
50.0 10.48 30.00 4.60 51.15 
90.0 10.15 30 .OO 5.10 56.28 

4 0.0 10.00 27.00 7.40 79.80 
2.0 10.36 28.00 5.70 62.37 
5.0 10.58 28.00 6.30 69.28 

10.0 10.54 30.00 5.60 62.36 
25.0 10.64 29.00 3.90 43.24 
50.0 10.39 30.00 4.30 47.72 
75.0 10.21 30.00 5 .OO 55.26 
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TABLE 2: WATER QUALITY  RESULTS - STUART  CHANNEL, NOVEMBER 1980 
(Cont inued)  

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
( C r o f t o n )  (m) ("C) (%O) 0 X Y  GEN 

(mg/ l )  

5 0.0 10.26 28.00 7.80 85.17 
2.0 10.26 28.00 6.50 70.96 
5.0 10.42 29.00 6.90 76.12 

10.0 10.55 29.00 5.50 60.85 
25.0 10.63 29.00 3.90 43.23 
50.0 10.38 30.00 4.70 52.14 

100.0  10.15 30.00 5.10 56 .za 

6 0.0 10.06 28.00 7.00 76.08 
2.0 10.37 28.00 6.80 74.43 
5.0 10.59 28.00 5.80 63. a0 

10.0 10.67 30.00 4.80 53.60 
25.0 10.68 30.00 3.40 37.98 
50.0 10.33 30.00 4.40 48.76 
80.0 10.15 30 .OO 5 .OO 55.10 

7 0.0 9.97 28.00 7.00 75.92 
2.0 10.08 27.00 6.90 74.54 
5.0 10.41 28.00 6.20 67.92 

10.0 10.79 28.00 4.60  50.83 
25.0 10.80 29.00 3.20  35.60 
50.0 10.34 29.00 4.70  51.75 

100.0 10.16 29 .OO 5.10  55.92 

8 0.0 10.33 27.00 7 .OO 76.04 
2.0 10.59 28.00 5.20 57.20 
5.0 10.60 29.00 5.00 55.38 

10.0 10.26 29.00 5.70 62.65 
25.0 10.32 30.00 5.30 58.73 
35 .O 10.23 28 .OO 5.20 56.73 
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TABLE 2: WATER QUALITY  RESULTS - STUART  CHANNEL, NOVEMBER 1980 
(Cont i nued) 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
(Crofton) (rn) ("C) 1 0 X Y  GEN 

( rng/ l )  

9 0.0 10.33 26.00 4.10 44.25 
2.0 10.18 27.00 4.10 44.39 
5.0 10.30 28.00 4.10 44.81 

10.0 10.40 28.00 6.40 70.10 
25.0 10.75 30.00 2.60 29.09 
50.0 10.39 30.00 4.30 47.72 
85 .O 10.19 30 .OO 3.20 35.35 
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t h e   e f f l u e n t   i s   b e i n g   h e l d   t o   t h e s e   d e p t h s  and i t s   b i o c h e m i c a l   o x y g e n  

demand (BOD) i s   r e d u c i n g   d i s s o l v e d  oxygen. The same phenomenon was 

recorded a t  C r o f t o n   d u r i n g  November 1979   (Su l l   i van ,   1981) ,   bu t   no t  a t  

s e v e r a l   o t h e r   p u l  p mil 1 s i t e s .  

3.2.2 Ben th i c .   T raw ls   were   conduc ted   a t  3 s t a t i o n s   i n   S t u a r t  

Channel   (F igure  3)  i n  June  (Appendix I ) .  The trawl ca tches   were   s im i l a r  

t o  t h o s e   i n  1979. S ince  no  heavy  metal   contaminat ion was apparent  i n  1979 

i n  species  sampled,   addi t ional   samples  were  not   analysed i n  1980. 

P a n d a l o p s i s   d i s p a r   ( s i d e   s t r i p e   s h r i m p )  and B r i s a s t e r  sp.  were 

common a t  S t a t i o n  C R - 1  i n   b o t h   t r a w l s .  

B r i s a s t e r  s p .   d o m i n a t e d   t h e   t r a w l   c a t c h   a t   S t a t i o n  CR-2. T h i s  

was  a1 so apparent  i n  1979. A1 t h o u g h   t h e   t r a w l   c a t c h   i n   O s b o r n  Bay, 

S t a t i o n  CR-3,  was smal l  i t  c o n t a i n e d   s e v e r a l   f i s h   s p e c i e s  and  few  shrimp. 

4. Harmac - Northumberland  Channel 

4.1 Survey R a t  i onal  e. Water  qual i t y  parameters  were  measured i n  

Northumberland  Channel t o   e v a l u a t e   t h e   e f f e c t   o f   t h e   d i f f u s e r   s y s t e m  

i n s t a l l e d   i n  1976. Sed imen t   chemis t r y   samp les   were   co l l ec ted   t o   de te rm ine  

t h e   e x t e n t ,  i f  any, o f  f i b r e   b u i l d - u p   n e a r   t h e   d i f f u s e r  and the  degree o f  

t race   me ta l   con tamina t ion .   Because   h igh   mercu ry   l eve l s   were   de tec ted   i n  

Northumberland  Channel i n  1979, f u r t h e r   s a m p l i n g  was under taken i n  1980. 

( S u l l   i v a n ,   1 9 8 1 )  

4.1.1 E f f l u e n t   D a t a .   E f f l u e n t   d a t a   f o r   1 9 8 0   s u p p l i e d   b y   t h e  

company f o r  suspended s o l i d s  and BOD5 are   p resen ted   be low.   Tox i c i t y  

t e s t e d   i n   A p r i l ,   O c t o b e r ,  November  and  December  passed a t  an LC50 =30%(V/v). 

BOD5 

ss 

A c t u a l   P e r m i   t t e d  

22.4 kg/ADT (18.1-25.2) 27,000 kg/day 

14.1 kg/ADT  (10.0-18.2) 12,000 k g l d a y  
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4.2 Resu l t s   and   D iscuss ion  

4.2.1 Water  Qual  i ty.  Water  qual i t y  d a t a   w e r e   n o t   c o l l   e c t e d   d u r i n g  

June  1980. I n  November, t e m p e r a t u r e   a n d   s a l i n i t y   p r o f i l e s   w e r e   v e r y  

un i fo rm  w i th   dep th   (0 -100   me t res :  9.08 t o  9.89OC and  26.0 t o  29.0 O/oo 

r e s p e c t i v e l y )   ( F i g u r e  4, Table 3).  There was no   apprec iab le   depress ion  i n  

t h e   d i s s o l v e d   o x y g e n   p r o f i l e s ,   e v e n   n e a r   t h e   d i f f u s e r ,   w i t h   v a l u e s   o f  4.70 

t o  8.60  mg/l  from 0-100 met res .   Accord ing   to   Wald ichuk   (1965) ,  

Northumberland  Channel i s  a we l l   f lushed  sys tem.  The r e s u l t s   o f   t h e   w a t e r  

q u a l i t y   s u r v e y   s u g g e s t   t h e   e f f l u e n t  a s   b e i n g   e f f e c t i v e l y   d i s p e r s e d   a n d  

d i  1 uted. 

4.2.2 Benth ic .   Because  dur ing  Ju ly   1979  unexpected,   e levated 

mercury 1 eve1 s were  recorded i n  Northumberl  and  Channel , s t a t i o n s  were 

resampl  ed i n  1980  (F igure   4 ) .   Mercury   leve l  s i n  1980 were   l ow   a t  a1 1 
s t a t i o n s   ( T a b l e   4 )   s u g g e s t i n g   t h a t   t h e   J u l y  1979  data  were  erroneous. 

Z inc ,   copper   and  lead   concent ra t ions   were   no t   cons idered  to  be u n n a t u r a l l y  

h i g h   a t  any s t a t i o n   l o c a t i o n s ;   h o w e v e r ,  cadmium concent ra t ions   were  

c o n s i d e r e d   t o  be e leva ted   ove r   backg round   l eve l s .   The re   d id   no t   appear   t o  

be   any   t rend o f  h i g h e r   t r a c e   m e t a l   c o n c e n t r a t i o n s   i n   r e l a t i o n   t o   t h e  

d i f f u s e r .  

5. Powel 1 R i v e r  - M a l a s P i n a   S t r a i t  

5 .1 Survey   Rat iona l  e. Surveys  were  conducted i n  Malaspina Strait 

t o   m o n i t o r   t h e   e f f e c t s   o f   t h e   d i f f u s e r   i n s t a l l e d   i n  1980 on t h e   r e c e i v i n g  

e n v i r o n m e n t .   P r e l i m i n a r y   s t u d i e s   i n   1 9 7 9   w e r e   d e s i g n e d   t o   c o l l e c t  

b a s e l i n e   i n f o r m a t i o n  on ben th i c   commun i t y   s t ruc tu re  (Young,  1979), t r a c e  

m e t a l   c o n t a m i n a t i o n   i n   s e d i m e n t s   a n d   t i s s u e ,   f i b r e   a c c u m u l a t i o n   a n d   w a t e r  

q u a l i t y  ( E P S ,  1981).   Water  qual i ty  measurements  were  recorded  wi th 

p a r t i c u l a r   a t t e n t i o n   t o   d i s s o l v e d  oxygen  and  co lour .   S ince  t race  meta l  

c o n t a m i n a t i o n  was p rev ious l y   reco rded   i n   mar ine   sed imen ts ,  
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TABLE 3: WATER QUALITY  RESULTS - NORTHUMBERLAND  CHANNEL,  NOVEMBER 1980 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
(NC) ( m )  ( " C )  (O/OO) OXYGEN 

2 A  0.0 9.68 26.00 8.20 87.18 
2.0 9.89 27.00 7.50 80.66 
5.0 9.80 27.00 6.90 74.05 

10.0 9.77 28.09 6.30 68.02 
25.0 9.78 28.00 6.20 66.95 
50.0 9.49 29.00 5.40 58.30 

100.0 9.47 29 .OO 5.90 63.67 

5A 0.0 9.56 26.00 7.50 79.53 
2.0 9.87 26.00 8.60 91.85 
5.0 9.83 27.00 6. SO 73.03 

10.0 9.85 28.00 6.10 65.98 
25.0 9.88 26.00 6.30 67.29 
50.0 9.60 27.00 5.60 59.82 

100.0 9.47 29.00 4.70 50.73 

13  0.0 9.80 26.00 7.50 79.96 
2.0 9.81 27.00 7.30 78.36 
5.0 9.80 27.00 7.00 75.13 

10.0 9.88 28.00 6.20 67.10 
25.0 9.80 27.00 5.70 61.17 
50.0 9.63 29 .oo 5.29 56.33 

1 OA 0.0 9.72 26.00 8.10 86.21 
2.0 9.83 26.00 7.80 83.23 
5.0 9.81 29.00 7.20 78.31 

10.0 9.84 29.00 6.60 71.84 
25 .O 9.80 28 .OO 5.80 62.67 
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TABLE 3: WATER QUALITY  RESULTS - NORTHUMBERLAND  CHANNEL, NOVEMBER 1980 
( C o n t i n u e d )  

STATION  DEPTH  TEMPERATURE  SALINITY DISSOLVED' % SATURATION 
(NC)  (m) ( "C )  (%o) OXYGEN 

(mg/l  ) 

12A 0.0 9.08 26.00 8.60 90.17 
2.0 9.50 26.00 8.00 84.71 
5.0 9.82 28.00 7.30 78.90 

10.0 9.79 28.00 6.50 70.20 
25.0 9.80 27.00 5.70 61.17 
50 .O 9.59 27 .OO 5 .OO 53.41 
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TABLE 4: TRACE METAL ANALYSIS I N  SEDIMENTS 
NORTHUMBERLAND  CHANNEL, 1980 
GRAB AND CORE SAMPLES (mg/kg) 

STATION Hg Cd Zn cu  Pb 

June 1980 
c - 1  
c - 2  
c - 3  
c - 4  
NC-13 
c - 5  
C - 6  
c - 7  
C - 8  

November 1980 
c - 1 (0 -10) 

(10-20) 
c - 2 (0 -10) 

(10-20) 
c - 3 (0  -10) 

(10-20) 
c - 4 ( 0  -10) 

(10-20) 

(10-20) 
c - 5 (0  -10) 

(10-20) 

(10-20) 
c - 7 (0  -10) 

(10-20) 

NC-13 ( 0  -10) 

C - 6 (0  -10) 

C - 8 (0  -10) 

> 0.135 
> 0.133 
> 0.124 
> 0.133 
> 0.116 
> 0.125 
> 0.125 
> 0.133 
> 0.130 

0.178 
0.155 

> 0.132 
> 0.095 
> 0.127 
> 0.100 

0.126 
> 0.097 

0.151 
> 0.096 
> 0.096 
> 0.096 

0.157 
> 0.097 

0.164 
> 0.099 
> 0.099 

(10-20) ' 0.089 

0.88 
l e  15 
1.20 
0.83 
oe95  
1.27 
0.89 
0.67 
1.34 

96.5 
95.5 
95.5 
93.0 

103.0 
108.0 
102.0 
98.0 

106.0 

74.0 
62.0 
64.5 
62.0 
66.5 
67.0 
74.0 
70.5 
68.5 

69.0 
64.0 
65.0 
68.5 
70.5 
71.5 
75.5 
69.0 
69.5 

0.73 99.0 67.5 75.0 
0.67 92.0 59.0 70.5 

> 0.56 82.5 53.0 69.0 
> 0.56 56.0 35.4 53.0 

0.58 76.0 53.5 63.0 
0.62 54.0 34.2 54.5 
0.83 78.0 61.5 72.5 
0.98 56.5 41.2 63.0 
0.84 81.0 64.0 77.5 
0.76 49.7 27.2 46.0 

> 0.56 64.5 38.9 55.0 
' 0.55 55.5 38.0 52.5 

0.79 81  .O 55.5 64.5 
0.60 62.0 39.3 57.5 
0.87 19.0 51.5 63.0 
1 .oo 58.5 32.0 49.7 
0.73 75.5 43.6 57.0 
0.59 52.0 

" 27.6 48.7 
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p a r t i c u l a r i l y   a d j a c e n t   t o   t h e  booming  ground,  these  locat ions  were 

resampled i n  1980 t o   m o n i t o r   t h e   s p r e a d ,  i f  any, o f   t r a c e   m e t a l s .  

5.1.1 E f  f l  uen t   Da ta .   E f f l uen t   da ta   f o r   1980   supp l i ed   by   t he  com- 

pany  for  suspended  sol ids  and BOD5 i s   p r e s e n t e d  below. T o x i c i t y   t e s t s  

were  conducted i n  December o n l y  and passed a t  an LC50 = 30% ( v / v )  

A c t u a l   P e r m i t t e d  

BOD5 20.2 kg/ADT (15.5-27.4) 44,690 k g l d a y  

S S  19.0 kg/ADT  (10.6-27.3)  30,340 k g l d a y  

Suspended s o l i d s   l e v e l s   i n  1980  were r e l a t i v e l y   h i g h   b y   f e d e r a l  

standards  (13.9  kg/ADT). The concern o f  w i d e r   f i b r e   d e p o s i t i o n   i n  

Malaspina S t r a i t  because o f   t h e   a c t i o n  o f  t h e   d i f f u s e r   c o u l d  be  lessened 

i f  t h e  suspened s o l i d s  were  reduced i n   t h e   e f f l u e n t .  

5.2 Resul t s  and D i  scuss i  on 

5.2.1 Water  Qual i ty. I n  June  1980, t h e   t h e r m o c l i n e  was recorded 

between 10-25 me t res   (F igu re  5, Table 5).  Average  temperatures  above  10 

metres  were 12OC and  below  were  between 8-9OC. S u r f a c e   s a l i n i t i e s ,   a b o v e  

10  metres,  were  measured  from  20-25 O/oo and  below t h i s   d e p t h   w e r e  

more   s tab le ,   be ing   f rom  29-30 O/oo. The d i s s o l v e d  oxygen p r o f i l e s  

i n d i c a t e  no  apparent  impact  from e f f l  

r e c o r d e d   i n  a range  from 9.6 t o  11.0 

depth  were  always  above 5.0 mg/ l .  

The  November 1980 p r o f i  1 es 

(Tab le   6 ) .  A s l i g h t   n e g a t i v e   t e m p e r a  

uent   d ischarge.  D.O. values  were 

mg/l  above 10 met res   and  be low  th is  

were t y p i c a l   o f   w i n t e r   w a t e r   q u a l i t y  

t u r e   g r a d i e n t  was e v i d e n t   a t   t h e  

sur face  (above  10  metres)   and  the  water   co lumn became p rog ress i ve l y   more  

s a l  i ne w i t h   d e p t h .  D i  ssol ved  oxygen  Val  ues  above 50 metres  were  f rom 7.7 
t o  9.2 mg/ l ;   however ,   be low  th is   depth  D.O. l e v e l s   a t  all s t a t i o n s  were 

b e l  ow 5 mg/l . 
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TABLE 5: WATER QUALITY  RESULTS - POWELL R IVER,  B.C., JUNE 1980 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 

(PR) (m)  ( " e )  ( o/oo 1 OXYGEN 
(mg/ l )  

1 0.0 12.62 23.83 10.70 119.83 
2.0 12.56 23.85 10.90 121.92 
5.0 12.56 23.96 10.60 118.65 

10.0 12.13 25.91 9.60 107.82 
25.0 10.31 28.47 7.90 86.63 
50.0 8.38 29.53 6.20 65.45 

100.0 8.08 29.93 6.20 65.15 

2 0.0 12.52 22.29 10.80 119.49 
2.0 12.56 23.30 10.40 115.91 
5.0 12.55 23.63 10.30 115.03 

10.0 12.54 24.13 10.20 114.24 
25.0 9.24 29.19 6.80 73.09 
50.0 9.05 29.72 6.30 67.64 

3 0.0 12.61 "- 10.70 "- 
2.0 12.55 23.93 10.60 118.60 
5.0 12.55 24.13 10.30 115.40 

10.0 12.24 25.84 9.60 108.00 
25.0 9.15 29.09 6.70 71.82 
50.0 8.28 29.62 6.20 65.33 

100.0 8.18 29.97 6.40 67.42 
160.0 8.52 30.23 5.40 57.46 

4 0.0 12.63 23 . 48 10.50 117.34 
2.0 12.62 23.61 10.40 116.30 
5.0 12.52 24.48 10.50 117.82 

10.0 12.41 25.29 10.20 114.77 
25.0 9.27 25.24 6.90 72.31 
50.0 8.36 29.64 6.20 65.47 

100.0 8.17 29.98 6.20 65.31 
155.0 8.51 30.21 5.40 57.44 
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TABLE 5: WATER QUALITY  RESULTS - POWELL  RIVER, B.C., JUNE 1980 
(Conti  nued) 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
( P R )  (m) ( " C )  ( % 4  OXYGEN 

(mg/1) - 

5 0.0 12.73 20.70 11.00 121.04 
2.0 12.62 23.58 10.70 119.62 
5.0 12.63 23-95 10.60 118.81 

10,o 12.36 25.41 9.80 110.25 
25.0 8.82 29.30 6.20 66.03 
50.0 8.26 29.68 6.20 65.33 

100.0 8.05 29.78 6.30  66.09 
115.0 8.09 29.98 6.20 65.19 

6 0.0 12,55 22.00 10.60 117.13 
2.0 12.53 23.32 10.70 119.21 

10.0 12.26 25.84 9.90 111.44 
25.0 8.81 29.45 6.50 69.29 
50.0 8.26 29.83 6.10 64.34 
65 .O 8-05 29.87 6.30 66.13 

5.0 12.54 24-19 10.40  116.52 

7 0.0 12.65 22.11 10.50 116.37 
2.0 12.53 23.54 10.40 116.03 
5.0 12.53 24.11 10.00 111.98 

10.0 12.42 25.04 10.00 112.37 
25.0 8.97 29.43 6.60 70.61 
50 .O 8.37 29.87 6.10 64.53 

8 0.0 12.22 21.19 10.70 116.81 
2.0 12.51 24.37 10.30 115.47 
5.0 12.51 24.52 10.30 115.58 

10.0 12.40 24.93 9.80 109.99 
25.0 9.16 29.00 6.80 72.87 
50.0 8.26 29.76 6.30 66.42 

100.0 8.06 29-98 6.30 66-20 
130.0 8.31 30.12 5.70 60.30 
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TABLE 6: WATER QUALITY  RESULTS - POWELL  RIVER, B.C., NOVEMBER 1980 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
( P R )  (m) ( " C )  (O/OO ) OXYGEN 

( m g / l )  

1 0.0 9.76 28.00 9.20 99.29 
2.0 9.39 24.00 9.20 95.92 
5.0 9.57 26.00 8.80 93.33 

10.0 9.91 27.00 8.50 91.46 
25.0 10.15 28.00 8.10 88.21 
50.0 9.14 30-00 4.60 49.60 

100.0 9.05 30.00 4.40  47.32 
180.0 8.85 28 .OO 4 -10  43.32 

2 0.0 9 -31  24.00 8.90 92.61 
2.0 9.57 24.00 8.70 91.09 
5.0 10.00 26.00 8.80 94.25 

10.0 9.56 28.00 8.70 93.47 
25.0 10.08 28.00 8.00 86.98 
50.0 9.26 30.00 4.50 48.65 
68.0 9.25 "- 4.50 "- 

3 0.0 9 -30  28.00 8.80 93.97 
2.0 9.58 26.00 9.10 96.55 
5.0 9.90 26.00 9.00 96.19 

10.0 9.97 26.00 8.80 94.20 
25.0 10.07 28.00 7.70 83.71 
50.0 9.25 30.00 4.60 49.72 

100.0 8.95 30.00 4.70  50.45 
160 .O 8.79  30.00 4.20  44.90 

4 0.0 
2.0 
5.0 

10.0 
25.0 
50.0 

100.0 
160.0 

9.63 
9-76 
9.88 
9.95 

10.14 
9.12 
9.01 
8.83 

24.00 
24.00 
26.00 
26.00 
26.00 
30.00 
30.00 
28.00 

9.20 
8.90 
8.70 
8.60 
8.20 
4.80 
4.50 
4.10 

96.45 
93.58 
92.93 
92.02 
88.11 
51.72 
48.37 
43.38 
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TABLE 6: WATER QUALITY  RESULTS - POWELL RIVER,  B.C., NOVEMBER 1980 
(Cont inued)  

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 

(PR 1 (m> ("C) (O/OO) OXYGEN 

5 0.0 9.74 24.00 9.10 95.65 
2.0 9.68 24.00 9.10 95.50 
5.0 9.99 26.00 8.60 92.11 

10.0 10.01 26.110 8.60 92.15 
25.0 10.08 28.00 8.20 89.15 
50.0 9.12 30.00 4.60 49.57 

100.0 8.91  30.00 4.40 47.18 
130.0 8.82  30.00 4.20 44.95 

6 0.0 9.94 24.00 9.00 95.04 
2.0 9.87 24.00 8.90 93.83 
5.0 9.98 24.00 8.80 93.01 

10.0 10.06 26.00 8.30 89.03 
25.0 10.08 26.00 8.20 87.99 
60.0 9.26 30.00 4.40 47.57 

7 0.0 9.66 20.00 9.10 93.08 
2.0 9.77 24.00 9.10 95.72 
5.0 9.89 26.00 8.80 94.02 

10.0 9.77 26.00 8.60 91.62 
25.0 10.08 27.00 7.70 83.17 
40 .O 10.28 30.00 4.70 52.03 

8 0.0 9.52 24.00 9.20 96.21 
2.0 9.54 24.00 9.10 95.21 
5.0 9.89 24.00 8.70 91.75 

10.0 9.78 26.00 8.60  91.65 
25.0 10.23 26.00 8.30  89.37 
50.0 9.11 28.00 4.80 51.03 

100.0 9.00 30.00 4.30  46.20 
120.0 8.78 30.00 4.30 45.97 



- 28 - 

Co lou r   ana lys i s   resu l t s   f rom  bo th   June   and  November surveys   a re  

p r e s e n t e d   i n  Tab1 e 7. O v e r a l l  , col   our  Val   ues  are  low. A r e d u c t i o n   i n  

c o l o u r   i s   n o t e d   f r o m   J u n e   t o  November s u r v e y s ,   p a r t i c l a r l y   a t  0 and 2 

met res .   Th is  may be a f u n c t i o n   o f   t h e   d i f f u s e r   i n s t a l l a t i o n ,  a seasonal 

v a r i a t i o n   o r  a combina t ion   o f   bo th .  

5.2.2 B e n t h i c  

5.2.2.1 Trace  Meta l   Ana lys is  

Sediment   s ta t ions  sampled i n  June  1980  are shown i n   F i g u r e  6 and 

t h o s e   o f  November 1980 i n   F i g u r e  7. 

Mercu ry   l eve l s   were   no t   cons ide red   t o  be e l e v a t e d   a t   s t a t i o n s  

sampled i n  June  and November ( T a b l e   8 ) .   P r e v i o u s   t e s t i n g   ( 1 9 7 9 )  had shown 

some a r e a s   a d j a c e n t   t o   t h e   p u l   p m i l l  and t h e   f l o a t i n g   b r e a k w a t e r   t o   c o n t a i n  

1 eve1 s we1 1 above  the 1 i m i t s   p e r m i t t e d   f o r  ocean  d isposal   under   the Ocean 

Dumping Contro l   Act .   Values i n  1980  were  recorded  from >0.182. t o  0.999 

mg/kg 
The ODCA s p e c i f i e s  0.6 mg/kg  cadmium  as an upper limit f o r  

a1 l o w i  ng  ocean  disposal .   Values  recorded  dur ing  both  1980  surveys  were 

e x c e p t i o n a l l y   h i g h ,   f r o m  2.92 t o  10.5  mg/kg. The r e s u l t s   o f   t h e  1979 

s u r v e y   a l s o  showed c o n s i s t e n t l y   h i g h  cadmium l e v e l s   a t  most o f  t h e  

s t a t i o n s  sampl  ed. 

I n  June, l e v e l s   o f   z i n c ,   c o p p e r  and l e a d   a t   t h e   s t a t i o n s  sampl ed 

were   no t   e leva ted .   I n  November, however, a t   s t a t i o n s  H, I and K, z i n c  

l e v e l s  were  recorded  a t  467.0, 630.0  and 720.0 mg/kg r e s p e c t i v e l y .  Copper 

was measured a t  1460.0  mg/kg a t   S t a t i o n  I. Reasons f o r   t h e   d i s p a r i t y   a r e  

n o t   e v i d e n t .  

T e s t s   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  (PCB) a t   S t a t i o n s  H, I, J, 

K, L and N i n  November were   negat ive   (>0 .005  ug /g) .   Ana lys is   o f   to ta l  

v o l a t i l e   r e s i d u e  showed sediments t o  be u n i f o r m l y   h i g h   i n   o r g a n i c   m a t t e r ,  

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

c h a r a c t e r i s t i c   o f   r e d u c i n g   c o n d i t i o n s   ( T a b l e   9 ) .  
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T A B L E  7: COLOUR ANALYSIS,   POWELL  RIVER, B.C., 1980 

(Col o u r   u n i t s )  

DEPTH ( m )  0 2 5 10 
STAT I ON 

J une 1980 

PR -1 

P R - 2  

PR -3 
PR -4 
PR -5 
PR -6 

PR -7 

PR -8 

6 

7 

0 

4 
7 

5 
12 

6 

N overnber 1980 

P R - 1  3 2 1 2 

PR -2 2 3 2 2 

PR -3 3 2 2 1 

PR -4 3 2 1  1 
PR -5 4 2 2 2 
PR -6 5 4 1 0 
PR -7 0 0 1  1 
PR-8  2 2 1 26 * 

*rogue number 
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TABLE 8: TRACE METAL ANALYSIS I N  SEDIMENTS 

POWELL R I V E R ,  1980 

( I W W  

STATION Hg Cd Zn cu  Pb 

June  1980 - 
P R - 1  ( 0  - 8 cm) 0.702 4.36 383.0 87.5 60.5 

P R - 1  (25-22 cm) 0.277 2.92 285.0 105.0 51.0 

PR-2 ( g r a b )  > 0.196 7.46 356.0 134.0 55.0 

PR-3 ( 0  - 8 cm) > 0.182 5.77 386. I) 92.0 63.5 

PR-3 (40-45 cm) > 0.196 6.87 306.0 109.0 71.0 

November  1980 

STN. H 0.999 10.5 467.0 154.0 131.0 

STN. I 0.457 7.4 630.0 1460.0 131.0 

STN. 3 0.598 5.4 312.0 158.0 71.0 

STN. K 0.223 8.6 720.0 191.0 74.9 

STN. L 0.248 6.1 391.0 260.0 70.0 

STN. N 0.262 5.8 344.0 83.5 48.9 "- - 
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TABLE 9: TOTAL  VOLATILE  RESIDUES AM) PARTICLE SIZE OF SEDIMENTS,  FORT RIVER, B. C., NO"3ER, 1980 

STATION TVR 35 MESH 60 MESH 230 MESH > 230 MESH 

(ms/s) w i g h t  percent w i g h t  ' percent weight percent  weight  percent 
retained  retained  retained  retained  retained  retained  retained  retained 

STN. H 620 0.3  6.5 0.9 19.6 2.2 47.8 1.2  26.1 

STN. I 600 1.0 23.8 1.6 38.1 1.4 33.3 0.2 4.8 

STN. J 650 0.2 9.5 0.7 33.3 1.1 52.4 0.1 4.8 

STN. K 690 0.7 18.9 1.5 40.5 1.3 35.1 0.2 5.4 

STN. L 690 1.0 31.2 1.1 34.4 1.0 31.3  0.1  3.1 

SlN. N 610 1.3 50.0 0.7 26.9  0.4  15.4 0.2 7.7 



- 34 - 

6. P o r t   A l b e r n i  - A l b e r n i   I n l e t  

6.1 Survey  Rat i onal e. The f i r s t   o f  a s e r i e s   o f   s u r v e y s  was 

conducted i n  A1 b e r n i   I n l e t   i n  June  1980 t o  examine t h e   b e n t h i c  and  water 

q u a l i t y   c o n d i t i o n   i n   t h e   i n n e r   h a r b o u r .  The most  prominent  environmental  

concern  has  been  the  poor   d isso lved  oxygen  condi t ion i n   t h e   h a r b o u r ,  

p a r t i c u l a r i l y   b e l o w   t h e   h a l o c l i n e .  A c o n t r i b u t i n g   f a c t o r   t o   l o w  D.O. 

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

d e b r i s ,   f i b r e  and wood c h i p s  on the   ben th i c   env i ronmen t .  A second 

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

f o r   p h o t o s y n t h e s i s   b e l o w   t h e  ha1 o c l   i n e   i s   b l o c k e d   b y   c o l o u r   i n   t h e   s u r f a c e  

1 aye rs  and  oxygen  generat ion i s   t h e r e f o r e   l o w   ( P a r k e r  and Siber t ,   1972) .  

6.1.1 E f f l u e n t   D a t a .   E f f l u e n t   d a t a   f o r   1 9 8 0   s u p p l i e d   b y   t h e  

company f o r  suspended s o l i d s  and BOD5 i s   p r e s e n t e d  below. T o x i c i t y  

t e s t s   ( 8 )  were  passed  63% o f   t h e   t i m e   a t  an LC50 = 90% ( " / v )  

BOD5 

ss 

Ac tua l   Pe rm i   t t ed  

9.3 kg/ADt  (6.3-14.8  kg/ADT) 17.5 kg/ADT 

15.9 kg/ADt (9.0-53.2  kg/ADT) 10.0 kg/ADT 

( y e a r l y   a v e r a g e )  

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

d r e d g i n g   t o   i m p r o v e   i t s   e f f i c i e n c y  and a l l o w   r e d u c t i o n   o f  BOD5 b e f o r e  

d i scha rge .  The l e v e l   o f  suspended  sol i d   g r e a t l y   i n c r e a s e d   i n  December 

1980  (53.2  kg/ADT). F u r t h e r   s t u d i e s  will e v a l u a t e   t h e   e f f e c t i v e n e s s   o f  

t h i s  measure. 

6.2 R e s u l t s  and D i  scuss i  on 

6.2.1 Water Q u a l i t y   ( T a b l e s   1 0  & 11).   Both  temperature  and 

s a l i n i t y   p r o f i l e s  show a s t r o n g   s t r a t i f i c a t i o n  between 2 and 5 metres.  
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TABLE 10: WATER QUALITY  RESULTS - A L B E R N I   I N L E T ,   J U N E  1980 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
(m> ( "C )  (O/OO) OXYGEN 

1 0.0 13.52 1.20 9.20 91.68 
2.0 13.61 1 .'36 8.00 79.96 
5.0 11.57 20.07 3.50 37.39 

10.0 9.82 30.30 1.30  14.32 

2 0.0 13.96 2.64 8.50 86.19 
2.0 14.64 7.05 7.30 77.01 
5.0 10.24 28.62 2.20 24-11 

10.0 9.73 31  .OO 0.70 7.70 

3 0.0 14.56 3.99 7 -60  78.65 
2.0 14.40 4 -18  7.60 78.46 
5.0 10.45 24.17 3.00 32.89 

10.0 9.73 31.15 0.80 8.81 
15.0 9.75 3 1  -00 0.60 6.60 

4 0.0 14.54 3.97 7.80 80.67 
2.0 14.91 8.90 7-30 78.29 
5.0 10.21 29.19 2.70 29.68 

10.0 9-73 31.28 0.50 5.51 
18.0 9.62 31.63 2 .oo 22.84 

5 0.0 14.49 3.76 8.10 83.59 
2.0 14.72 5.94 7.60 79.79 
5.0 10.96 27.06 2.20 24.25 

10.0 9.73 31.19 0.40 4.41 
20 .o 9.54 31.65 2.50 27.51 
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TABLE 10: WATER QUALITY  RESULTS - A L B E R N I   I N L E T ,  J U N E  1980 
(Conti nued) 

STATION  DEPTH  TEMPERATURE  SALINITY  DISSOLVED % SATURATION 
( 4  ( " C )  ( O / O O )  OXYGEN 

( m g / l )  

6 0.0 14.43 3.71 8.60 88.62 
2.0 14.60 6.79 7.50 78.94 
5.0 14.28 19.04 1.60 18.01 

10.0 9.75 31.21 1.50 16.54 
25 .O 9.49 31.72 2 -60 28.59 

7 0.0 15.00 6.60 7.60 80.57 
2.0 14.58 8.24 7.20 76.39 
5.0 9.93 30.37 2.00 22.02 

10.0 9.73  31.36 1.50 16.54 
25 .O 9.46  31.70 3.60 39.56 

8 0.0 15.00 6.34 8.00 84.68 
2.0 14.94 7.15 7.60 80.72 
5.0 10.34 28.15 2.90 31.75 

10.0 9.72 31.05 2.90 31.92 
25.0 9.46 31.92 4.10 45.11 
40 .O 9.45 31.84 4.60 50.57 

9 0.0 14.66 9.44 7.20 77.05 
2.0 13.98 11.31 6.70 71.49 
5.0 10.43 28.60 3.10 34.12 

10.0 9.72 31.19 2.90 31.94 
25.0 9.45 31.72 4.20 46.15 
50.0 9.65 31.84 4.90 54.13 

1 0  0.0 14.97 7.99 7.60 81.17 
2.0 14.28 10.87 7.10 76.84 
5.0 10.23 29.76 2.80 30.19 

10.0 9.74 31.22 2.70 29.76 
25.0 9.47 31.55 3.60 39.52 
50.0 9.41 31 -74 5.10 55.99 
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Surface  temperatures  were  between 13.52O and 15.OO0C and s a l i n i t i e s  were 

between 1.20 and  11.31 O/oo. The s a l i n i t y   r a n g e   i n   t h e   s u r f a c e   w a t e r s  

c l e a r l y   i n d i c a t e s   f r e s h   w a t e r   f r o m   t h e  Somass R ive r .   Be low  the  

h a l o c l i n e ,   o c e a n i c   w a t e r   w i t h   s a l i n i t i e s   f r o m  24.17 t o  31.00 O/oo was 

e v i d e n t .  

D i  s s o l  ved  oxygen l e v e l  s be l  ow t h e  ha1 o c l   i n e  were n o t i c e a b l y  

dep ressed   fo r  a c o n s i d e r a b l e   d i s t a n c e   f r o m   t h e   o u t f a l l .   V a l u e s   a s   l o w  as 

0.50 mg/ l   were  recorded  a t   10  metres  a t   Stat ion 4.  Company r e s u l t s   f r o m  

12  June  1980, a l s o  show l o w  D.O. a t  3 and 9 metres a t  t h e  Hohm I s l a n d  

S t a t i o n .  (EPS f i l e s )  

A t  S t a t i o n s  8, 9 and  10, D.O. below 25 metres was improved; 

however, a l a y e r   o f   p o o r   o x y g e n   l e v e l s  was observed  f rom  5-10  metres  a t  

t h e s e   s t a t i o n s .   T h i s   l a y e r   o f   p o o r ,   d i s s o l v e d   o x y g e n   p o s s i b l y   o r i g i n a t e s  

f rom en t ra inmen t   o f   l ow   d i sso l ved   oxygen   wa te r   f rom  the   i nne r   ha rbour .  

T h e   p r e s e n c e   o f   e f f l u e n t   i n   t h e   s u r f a c e   w a t e r s ,  and m i x i n g   i n   t h e   u p p e r  

zone a t   t h e s e   s t a t i o n s  has  undoubt ly   reduced  the amount o f   d i s s o l v e d  

o x y g e n   b r o u g h t   i n t o   t h e   s y s t e m   f r o m   t h e  Somass R ive r .   (Su l l   i van ,   1978) .  

A c c o r d i n g   t o   B i r t w e l l   ( 1 9 8 0 ) ,   t h e   d e p a u p e r a t e   o x y g e n   c o n d i t o n  

b e l o w   t h e  ha1 o c l   i n e   c o u l d   s e v e r e l y   r e s t r i c t   t h e   h a b i t a t   a v a i l a b l e   t o   f i s h .  

The 1 ack o f  o x y g e n   g e n e r a t i o n   b y   p h y t o p l a n k t o n   b e l o w   t h e   h a l o c l i n e  

exacerbates  the  poor   d isso lved  oxygen  caused  by a h igh  b iochemical   oxygen 

demand i n   t h i s  zone. 

6.2.2 Benth ic .   T race   meta l   ana lys is   o f   sed iments   f rom  benth ic  

s t a t i o n s  1, 2, 9 and  10   (F igure  8 )  a r e   p r e s e n t e d   i n   T a b l e  11. The l e v e l s  

do   no t   war ran t   concern .  

Benth ic   communi ty   composi t ion i s  p resented   in   Append ix  I .  
Dominant   taxa   were   po lychaetes ,   Dorv i l lea   pseudorubrov i ta ta   be ing   the   most  

numerous  species,   wi th  smal l   numbers  of   b ivalves  and  amphipods a1 so 

p resen t .  Numbers o f   i n d i v i d u a l s  were  low  and  the  v i r tua l   absence  o f   taxa 

o the r   t han   po l ychae tes   demons t ra te  a poor  community  structure.  

A t  m o s t   s t a t i o n s ,   t h e   s u b s t r a t e   i s   l a r g e l y  wood c h i p s   o r  wood 

f i b r e ,   w h i c h   o r i g i n a t e   f r o m   l o g   h a n d l i n g  and s to rage  and p u l p m i l l   e f f l u -  

e n t ,  a n d   u n d o u b t l y   e f f e c t   t h e  number  and types   o f   o rgan isms.  The depths 



- 39 - 

T A B L E  11: TRACE  METAL  ANALYSIS  I N  SEDIMENTS 

A L B E R N I   I N L E T   J U N E ,  1980 

(mg/kg 1 

" 

S T A T I O N  Hg Cd Zn c u  Pb 

1 0.441 ' 0.55 270.0 65.5 67.5 

2 0.363 > 0.56 246.0 72.5 65.5 

9 0.535 1.22 323.0 66.0 64.0 

1 0  0.637 0.90  515.0 52.0  59.5 

"- " 
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a t   wh ich   t he   samp les   were   co l l ec ted   va r ied   be tween   s ta t i ons   (13 -58   me t res )  

and may  a1 so be a f a c t o r   i n   t y p e s   o f   o r g a n i s m s   c o l l e c t e d .  

7. P o r t  Me1 l o n  - Thornbrouah  Channel 

7.1 Survey   Rat iona le .  The f i  r s t   o f  a s e r i e s   o f   s u r v e y s   t o  

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

schedu led   fo r   1982 was conducted i n  November  1980. P r e v i o u s   s t u d i e s   i n  

the   a rea   have shown t h a t   m a j o r   i m p a c t s   f r o m   t h e   p u l p m i l l   i n c l u d e   s e v e r e l y  

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

b u i l d - u p   o f  a f i b r e  b e d   a d j a c e n t   t o   t h e   o u t f a l l s  and t o  a somewhat l e s s e r  

e x t e n t ,  a decrease i n   p h y t o p l a n k t o n   p r o d u c t i v i t y   n e a r   t h e  mill due t o   t h e  

s t r o n g   l i g h t   a t t e n u a t i n g   p r o p e r t i e s   o f  KME (Nelson,  1979). 

The company p l a n s   t o   i n s t a l  1 a submari ne d i f f u s e r   a t  a d e p t h   o f  

100  metres  near  the  mouth o f  t he   Ra iny   R ive r ,  and  has  announced a major  

mil 1 expansion and moderni  zat ion  program. 

7.1.1 Effl u e n t   D a t a .   E f f l u e n t   q u a l i t y   d a t a   f o r   1 9 8 0   f o r  BOD5 

and  suspended so l ids   a re   p resented   be low.  No t o x i c i t y   t e s t i n g   d a t a  was 

a v a i l a b l e .  The 1980  averages  are: 

A c t  ua 1 P e r m i t t e d  

BOD5 27.9 kg/ADT (18.6-38.1) 30.0 k g/ADT 

SS 21.3 kg/ADT  (12.0-37.0) 17.5 kg/ADT 

(CFP, Howe Sound P u l p   D i v i s i o n )  

Based on e f f l u e n t   d a t a   s u p p l i e d   b y   t h e  company, suspended s o l i d s  

l e v e l s   ( m o n t h l y   a v e r a g e s )   a r e   o v e r   t h e   p e r m i t t e d   l e v e l  more than  50% o f  

t h e   t i m e .  

The o p e r a t i n g   p e r m i t   f o r   t h e   p u l p m i l l  was amended i n  February,  

1981. E f f l u e n t   q u a l i t y   t o   L e v e l  ' B ' ,  i n c l u d i n g   t o x i c i t y ,   m u s t  be  met  by 

3 1  March,  1982. 
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7.2 R e s u l t s   a n d   D i s c u s s i o n  

7.2.1 Water   Qual  i ty. W a t e r   q u a l i t y   r e s u l t s   f r o m   t h e  November 

s u r v e y   ( F i g u r e   9 )   a r e   t y p i c a l   o f   w i n t e r   p r o f i l e s   ( T a b l e   1 2 ) .   S u r f a c e  

t e m p e r a t u r e s   w e r e   s l i g h t l y   l o w e r ,   w i t h  maximum tempera tu res ,  9.83-10.19"C 

f r o m   5 - 1 0   m e t r e s .   B e l o w   t h i s   d e p t h ,   v a l u e s   w e r e   u n i f o r m   t o   2 0 0   m e t r e s  

(8.99 t o  9.42OC). S u r f a c e   s a l i n i t i e s   a b o v e   1 0   m e t r e s   w e r e   f r o m   1 4   t o  Z6O/oo 

pp t .   Be low  th i s   dep th ,   va lues   were   more   un i fo rm,   f rom  28 -3Oo/oo .  

The d i s s o l v e d   o x y g e n   l e v e l s   a t  a1 1 s t a t i o n s   a b o v e  25 metres  were 

r e c o r d e d   i n  a range   f rom 6.6 t o  9.3 mg/ l  . A t  o r  b e l  ow 25 metres,   Val   ues 

w e r e   g e n e r a l l y   b e l o w  5 mg/ l  . The l o w   v a l u e s ,  3.4 t o  3.8 mg/ l  , a t  200 

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

C o l o u r   a n a l y s i s  showed h i g h   c o l o u r   v a l u e s  a t  t h e   s u r f a c e ,  

p a r t i c u l a r l y  a t  S t a t i o n  4 (Tab le   13 ) .   Co lou r  was n o t   c a r r i e d  t o  t h e   1 0  

m e t r e   d e p t h   w h e r e   v a l u e s   o f  0 o r  1 were  recorded.  The i n s t a l l a t i o n   o f  a 

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

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

7.2.2 B e n t h i c .   T r a c e   m e t a l   a n a l y s i s   o f   s e d i m e n t s   f r o m   T h o r n b r o u g h  

C h a n n e l   ( F i g u r e   9 )   d i d   n o t   i n d i c a t e   a n y   s e r i o u s   e l e v a t i o n   i n   t h e   m e t a l s  

measured  (Table 14) .  A n a l y s e s   o f   s e d i m e n t s   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  

were all b e l o w   t h e   d e t e c t i o n  limit o f  0.005 u g / g .  

B e n t h i c   c o m m u n i t y   c o m p o s i t i o n   i s   p r e s e n t e d   i n   A p p e n d i x  I .  T o t a l  

n u m b e r s   a n d   d i v e r s i t y   o f   o r g a n i s m s  was 1 ow a t  a1 1 s t a t i o n s .  The  absence 

o f   l a r g e   t u b e   d w e l l i n g   p o l y c h a e t e s  and a l o w  number o f   b i v a l v e s  was no ted .  

A t  most o f   t h e   s i t e s ,  wood c h i p s  and d e b r i s   w e r e  a p o r t i o n   o f   t h e  

s u b s t r a t e ,   w h i c h   p o s s i b l y   a c c o u n t s   f o r   t h e   s p e c i e s   c o m p o s i t i o n .  
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L E G E N D  

0 Benthic Grab 

0 Water Quality 0 500 1000 2000 3000 

S c a l e  i n  Metres 

FIGURE 9 WATER QUALITY AND BENTHIC G R A B  
STATIONS - THORNBROUGH  CHANNEL, 1980 
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TABLE 12: WATER QUALITY  RESULTS - THORNBROUGH CHANNEL, NOVEMBER 1980 

STATION  DEPTH TEMPERATURE SALINITY  DISSOLVED % SATURATION 
(PM) (m) ("C) (O/OO) OXYGEN 

(mg/ l )  

1 0.0 7.97 18.00 9.00 87.34 
2.0 8.91 22.00 8.70 88.55 
5.0 10.15 26.00 6.60 70.94 

10.0 9.91 28.00 5.30 57.40 
25.0 9.42 29.00 4.90 52.82 
50.0 9.30 30.00 4.90 53.03 

100.0 8.99 30.00 4.70 50.50 
200.0 9.21 30.00 3.40 36.72 

2 0.0 8.12 28.00 9.00 93.45 
2.0 9.08 26.00 8.60 90.16 
5.0 9.87 30.00 7.80 85.53 

10.0 10.04 28.00 5.40  58.66 
25.0 9.29 29.00 4.80  51.58 
50.0 9.36 28.00 4.70 50.26 

100.0 9.09 30.00 5.00  53.84 
200 .o 9.22 30.00 3.60 38.89 

3 0.0 8.76 20.00 8.70 87.12 
2.0 9.03 20.00 8.50 85.66 
5.0 10.03 25.00 7.20 76.68 

10.0 10.05 27.00 5.20 56.13 
25.0 9.32 29.00 4.90 52.70 
50.0 9.30 28.00 4.80 51.26 

100.0 9.12 30.00 4.80 51.72 
175.0 9.03 28 .oo 4 .OO 42.45 
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TABLE 12: WATER QUALITY  RESULTS - THORNBROUGH CHANNEL, NOVEMBER 1980 
( C o n t  i nued) 

STATION  DEPTH TEMPERATURE SALINITY  DISSOLVED % SATURATION 
(PM) (m) ( "C )  ( O / O O )  OXYGEN 

( m g / l )  

4 0.0 7.83 14.00 9.30 87.77 
2.0 9.02 20.00 8.60 86.65 
5.0 10.19 24.00 7.10 75.40 

10.0 10.00 29.00 5.20 56.81 
25.0 9.26 29.00 5.00 53.70 
50.0 9.33 30.00 4.80 51.99 

100.0 9.12 30.00 4.90 52.80 
135.0 9.02  29 .OO 4.60 49.13 

5 0.0 8.20 17.00 8.90 86.31 
2.0 8.76 20.00 8.60 86.11 
5.0 9.96 22.00 7.80 81.35 

10.0 10.16 30.00 5.70 62.93 
25.0 9.37 30.00 4.90 53.11 
50.0 9.27 29.00 4.80  51.57 

100.0 9.31 30.00 4.80 51.96 
200.0 9.20 29.00 3.80 40.75 

6 0.0 8.65 18.00 8.80 86.80 
2.0 9.15 15.00 8.50 83.30 
5.0 9.83 26.00 7.50 80.03 

10.0 10.15 28.00 5.50 59.89 
25.0 9.30 28.00 4.90 52.32 
50.0 9.35 30.00 4.90 53.09 

100.0 9.34 28.00 4.90 52.37 
225 .O 9.40 30.00 3.40 36.88 
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TABLE 13: COLOUR ANALYSIS, PORT  MELLON, 1980 
(Col o u r  units)  

DEPTH (rn\ 0 2 5 10 
STAT I ON 

November  1980 

PM-1 
PM-2 
PM-3 
PM-4 
PM-5 
PM-6 

17 8 1 0 
15 7 5 0 
9 7 4 1 

23 8 3 0 
12 11 5 1 
14  10 4 1 

TABLE 14: TRACE METAL ANALYSIS I N  SEDIMENTS 
PORT MELLON, B.C., 1980 

(mg/kg 1 

STATION Hg Cd Zn cu Pb 

PM-1  
PM-2 
PM-3 
PM-4 
PM-5 
PM-6 

0.999 0.67 190.0 137.0 
1.09 0.97 173.0 129.0 

> 0.200 0.56 67.0 45.3 
0.687 > 0.56 56.0 36.8 
0.770 0.67 168.0 121.0 
0.788 > 0.56 187.0 135.0 

103.0 
106.0 
61.0 
45.8 

106.0 
110.0 
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TABLE 15: TOTAL VOLATILE RESIWES ANI PARTICLE SIZE OF SEDIMW, FORT ELLON, 8. C., 1980 

STATION TVR 35 MESH 60 MESH 230 MESH > 230 MESH 

(ms/!3) w i g h t  percent w i g h t  percent w i g h t  percent weight percent 
retained  retained  retained  retained  retained  retained  retained  retained 

PM-1 110 0.2 1.3  5.0  31.4  6.5 40.9 4.2  26.4 

P"2 130  0.1  1.8  1.3 23.2 2.1  37.5 2.1 37.5 

P"3 260 5.1 30.0 3.7  21.8  7.2  42.4  1.0  5.9 

P"4 16 4.3  25.7  7.6  45.5  4.3  25.7 0.5 3.0 

P"5  96 0.1 1.1 1.3  14.9  4.9  56.3  2.4  27.6 

PM-6 91 0.1 1.0 1.8  18.2  4.8  48.5  3.2  32.2 
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APPENDICES 

I TRAWL DATA CROFTON, B.C. 

5 June  1980 

I 1  PORT ALBERNI BENTHIC INVERTEBRATES 

June 1980 

I 1 1  PORT MELLON BENTHIC INVERTEBRATES 

November 1980 
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APPENDIX I TRAWL DATA 

CROFTON 

S t a t i o n  C-1 ,  Tow 1 

80-06-05 

TIME (PDT) DEPTH (m) 

Begi  n F i   s h i   n g  0815  173 

Stop F i  sh ing  082 5 146 

S P E C I E S  COUNT 

ANTHOZOA 

ARTHROPODA 

Crustacea Pandal   us  p laytceros 

- P. b o r e a l  i s 

- P . j o r d a n i  

Pandal opsi s d i  spar  

S p i   r o n t o c a r i  s spp. 

C rangoni  dae 

Pasi   phaea  paci  f i ca 

ECHINODERMATA 

Echinoidea Bri s a s t e r  sp. 

Ho lo thu ro idea  Uni d. h o l   o t   h u r i   a n s  

Chi r i  do ta  sp. 

C HORDATA 

Pisces L y o p s e t t a   e x i l i s   ( j u v e n i l e )  

noted 

3 
5 

38 

34 
20 

20 

noted 

300 

33 

noted 

1 
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APPENDIX I TRAWL DATA 

CROFTON 

S t a t i o n  C - 1 ,  Tow I 1  

80-06-05 

B e g i n   F i s h i n g  

Stop F i  sh ing  

T IME (PDT) DEPTH ( m )  
0903 121 

0917 119 

SPEC I ES COUNT 

MOLLUSCA 

Cephal  opoda 

ARTHROPODA 

Crustacea 

Rossia sp. 

Roci ne1 a sp. 

Pandal  us p l   a t y c e r o s  

P. borea l  i s 

- P .  j o r d a n i  

Pandal  opsi s d i   s p a r  

S p i   r o n t o c a r i  s spp. 

Crangonidae 

- 

Pasiphaea  pac i f ica 

ECHINODERMATA 

Ophiuro idea Unid.   ophiuroidea 

Echinoidea 8 r i   s a s t e r  sp. 

Hol   o thuro idea Chi r i  do ta  sp. 

CHORDATA 

P i  sces Mer1 u c c i  us productus 

1 

1 

1 

6 

96 

200 

noted 

25 

noted 

no ted  

400 

noted 

1 
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APPENDIX I TRAWL DATA 

CROFTON 

S t  a t  i on C-2 

80-06-05 

TIME (PDT) DEPTH (rn) 
Beg in  F i  s h i  ng 0955 131 

Stop F i  s h i  ng 1005 144 

S P E C I E S  COUNT 

ARTHROPODA 

Crustacea 

Pandal  us p l   a t y c e r o s  

- P. b o r e a l  i s 

- P. j o r d a n i  

Pandal  oDsi s d i   w a r  

S p i   r o n t o c a r i  s spp. 

Crangonidae 

Chionoecetes sp. ( j u v )  

ECHINODERMATA 

Echinoidea Bri s a s t e r  sp. 

Ho lo thu ro idea  Chi r i  dota  sp.  

Un id  hol o t h u r i  ans 

CHORDATA 

P isces  Bathyagonus n i   g r i   p i   n n i  s 

4 

7 

1 

1 

10 
a 

1 

3000 

noted 

10 

N.0. c l e a n   t r a w l  
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APPENDIX I TRAWL DATA 

CROFTON 

S t a t i o n  C-3 

80-06-05 

Beg in  F i  sh i   ng  

S t o p   F i   s h i  ng 

TIME (PDT) DEPTH (m) 
1047 63 
1059 30 

SPECIES COUNT 

C N I D A R I A  

MOLLUSCA 

Cephal  opoda 

ARTHROPODA 

Crustacea 

ECHINODERMATA 

As tero idea 

CHORDATA 
Pisces 

Un id .   ac t i na r ians  

Rossia sp. 

Panda1 us p l   a y c e r o s  

- P. j o r d a n i  

Spi  r o n t o c a r i  s sp. 
Crangonidae 

Eualus sp. 

Pagarus sp. 

H e n r i c i a  sp. 

Parophyrs   ve tu l  us 

L e p i d o p s e t t a   b i l i n e a t a  

H i  DDoal ossoi   des  e l   assodon 

Sebastes e l   ongatus  

noted 

1 

1 

43 
1 

noted  

1 

1 

5 
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APPENDIX 11: DESCRIPTION OF PORT ALBERNI BENTHIC SAMPLES 

STAT I ON VOLUME REMARKS 

P A -  1 1 a r g e  

PA-  2 med i urn 

P A -  3 s m a l l  

P A -  4 med i urn 

PA- 5 med i 

P A -  6 smal 

P A -  7 v e r y  

PA- 8 v e r y  

PA-  9 v e r y  

PA-10 v e r y  

urn 

1 

1 a r g e  

1 a r g e  

o r g a n i c  
c h i p s  

1 a r g e l  y 
o r g a n i c  

o r g a n i c  

1 a r g e l y  

po l   yc   hae 

o r g a n i c  

g r a v e l ,  

wood c h i  

d e t r i t u s ,  some wood f i b r e  & wood 

mud & p o l y c h a e t e   t u b e s ,  1 i t t l e  
d e b r i s  

d e t r i t u s  

wood c h i p s ,  some sand 

t e  tubes  and mud 

d e t r i t u s  

wood c h i p s  

ps  & g r a v e l  

1 a r g e  wood f i b r e  & c h i p s ,  1 i t t l e   g r a v e l  

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

P A - 1  1 med i urn mud-b l   ack  ooze,   po lychaete  tubes 

P A - 1  2 s m a l l  f i n e   s i l t ,  some wood f i b r e  

PA-13 sma l l  wood f i b r e ,   l i t t l e  sand 

PA-14 med i um wood c h i p s ,   r o c k s ,   g r a v e l  
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PORT MELLON  BENTHIC  SAMPLES 

STAT 1 ON 

DESCRIPTION OF SAMPLES 

SUBSTRATE  TYPE 

S t a .  1 

S t a .  2 

Sta. 3 

S t a .  4 

S t a .  5 

Sta. 6 

m a l  1 wood chips,   few  empty  polychaete  tubes 

l a r g e  & smal l  wood ch ips ,  no  stones,  polychaete 
t u b e s   o r   s h e l l   f r a g s .  

l i t t l e  mud, small  & l a r g e  wood chips,  no 
po lychae te   t ubes   o r   b i va l ve   she l l   f r agmen ts  

90% sand, 10% wood c h i p s  

wood ch ips ,  she1 1 f ragments 

some she l l   f ragments ,  80% smal l  wood c h i p s  
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