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Ab s t r ac  t 

Dur ing  1981 and 1982, the Environmental Protection Service 
monitored  changes i n  water  quality and benthic  conditions  associated w i t h  
mill eff luents   a t   Crofton,  Powell River, Port Alberni , Port Mellon and 
Woodfibre. Parameters examined included water column temperature, 
sal ini ty ,   d issolved oxygen, colour, sediment character and trace  metals i n  
sediments.  Sediments a t  Crofton, Powell River, Port Alberni and Port  
Mellon were a1 so analyzed for  total   volati le  residues.   Benthic  infauna 
were surveyed a t  Port Me1 lon and Port Alberni . 

Surveys a t  north  coastal and in te r ior  mill s will be reported 
el sewhere. 



R6sum6 

Au cours de 1 'annge  1981 e t  1982, 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 6   l e s  changements survenus dans l a   q u a l i t 6  de 1 'eau 
et   analysg  les  dgp6ts   benth iques  ayant   subi  1 ' e f f e t  des e f f l u e n t s  des 

usines de p8te 5 pap ier  de Crofton,  Powel l   River,   Port   Alberni  , Por t  

Mel lon  et   Woodf ibre.  Parmi  l e s  paramgtres  gtudigs, on t rouve l a  

tempgrature de l a  colonne  d'eau, l a  s a l i n i t 6 ,  l a  q u a n t i t g   d ' o x y g h e  
d i  ssous , l e  coul   eur,  1 e type de sgd imenta t ion   e t  l a  pr6sence de m6taux a' 
1 ' 6 t a t  de t races  dans l e s  sediments. On a Glalement  pr6lev6 des sediments 
2 Crofton, Powel 1 River ,   Por t  A1 be rn i   e t   Po r t  Me1 lon  pour  en ana lyser   les  
particules  et  residus volatils. On a proc6dG 2 une gtude de l a  faune 

benthique 2 Port  Me1 l o n   e t  P o r t  A1 bern i  . 
Les enqugtes  fa i tes 5 prox im i t6  des u s i n e s   s i t u g e s   l e   l o n g  du 

l i t t o r a l   s e p t e n t r i o n a l   e t  2 l ' i n t 6 r i e u r  des t e r r e s   f e r o n t   l ' o b j e t   d ' u n  

au t re   rappor t .  
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SUMMARY 

Crofton-Stuart Channel 

The  November water qua l i ty  survey results  indicate a well mixed 
water  column. Dissolved oxygen levels below 5 mg/l were detected only 
below 50 meters. Cadmium concentrations were s l ight ly  elevated i n  marine 
sediments  near the o u t f a l l .  Since redistribution of contaminated 
sediments by mechanisms  such as dredging is  unlikely,  elevated cadmium is 
n o t  o f  major concern. 

Powel 1 River-Mal aspi na S t r a i t  

An August survey of water q u a l i t y  i n  Malaspina S t r a i t  showed no 
apparent impact from sub-surface effluent  discharge. High levels of  
cadmium continue to  occur a t  stations  close t o  the mill and the previous 
discharge location. 

Port Alberni-Alberni Inlet 

The most critical  aberrant water qual i t y  parameter i n  Alberni 
Harbour is  dissolved oxygen. Low level s (>5 mg/l) were detected a t  or 
below 5 metre depths a t  a l l  stations i n  the inner harbour while the mil 1 
was operating . 

Heavy  metal contamination, particularly cadmium, i s  apparent i n  
most of the  inner harbour. Zinc concentrations were h i g h l y  elevated 
immediately adjacent t o  the effluent ou t f a l l  and the assembly dock. I t  i s  
believed  the zinc originates from the discharged sludge spoil  from the 
biological treatment pond. Further study i s  recommended. 
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P o r t  Me1 1 on-Thornbrough  Channel 

The e f f e c t s   o f   s u r f a c e   e f f l u e n t   d i s c h a r g e  do n o t  appear t o  
extend  to  central   Thornbrough Channel as water  qual i t y  parameters  are 

stab1 e. Fur ther   s tudy  will determine  the  impact  of  sub- t i d a l   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 .  
Benthic  invertebrate  communit ies were examined a t  3 s i t e s .  

Resul ts will be  used f o r   f u t u r e  comparison, p r i m a r i l y  a1 t e r a t i o n   o f  

community s t ructure.   Trace  meta l   analys is   reveal  ed el   evated cadmium 

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

Woodfibre - Howe Sound 

Water  qual i ty surveys do not  indicate  widespread  impact  f rom 

e f f luen t   d ischarge.   T race  meta l   ana lys is   resu l ts  do not  warrant  concern 

a t   t h i s   t i m e .   I m p a c t s  on  the  receiv ing  environment  appear  to  be  l imi ted 
i n  extent ,  a1 though   l oca l l y   se r ious ,  and fu r the r   ben th i c  community study 

i s recommended. 
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1. 

1.1 

INTRODUCTION 

Study  Areas 

The Environmental   Protect ion  Service  annual ly  conducts 

s u r v e i l l a n c e  and  compl iance  mon i to r ing  programs a t   c o a s t a l   p u l  pmil 1s. 

I n  1981, su rve i l l ance   mon i to r i ng  was conducted a t  t h e   p u l p m i l l  s 
1 ocated a t   C r o f t o n ,  Powel  1 R iver ,   Por t   A lbern i  , P o r t  Me1 1 on, Woodfibre, 

(F igure   1 )  and Porpoise  Harbour, B.C. Data  from March, 1982 s u r v e y   a t  

A l b e r n i   I n 1   e t   a r e  a1 so i n c l  uded  as i t  was c o n s i d e r e d   p a r t   o f   t h e   w i n t e r  

period.  Data  from  Porpoise  Harbour will be repor ted  separate ly .  

The purpose of   the  surveys was t o  examine and assess 

env io rnmenta l   qua l i t y  a t  m i l l s  wh ich   a re   p ropos . ing   o r   ins t i tu t ing   ma jor  
po l  1 u t i o n  abatement  measures. 
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2. METHODS AND MATERIALS 

Water qual i t y  was surveyed a t  the four pul p mill s i t e s  d u r i n g  
1981-1982. Water was sampled for  dissolved oxygen, temperature,   salinity 
and col our analysi s. 

Benthic  evaluation inc luded  marine  sediment  sampling for   t race 
metals,  total  volatile  residues and par t ic le   s ize .  Benthic invertebrates 
were collected a t  .Port A1 berni and Port Me1 lon  for  population and 
community structure  analysi s. 

2 .1  Hydrographic Sampl i ng . Samples were coll  ected for 
temperature, d i s s o l v e d   o x y g e n ,   s a l  inity and col our.  A1 1 samples were 
collectd w i t h  NIO (National In s t i t u t e  of  Oceanography) bot t les  equipped 
w i  t h  paired,  protected,  reversing thermometers. 

Temperature  values  recorded were recalculated t o  temperature a t  
depth  using  the  equations: 

T = T ' + A T  

.~ AT = c ( T I -  t ) ( T ' +  Y O ) ]  

K 
l + ( T ' -  t ) ( T ' +  Y O ) ,  [ -  K + I  

where: T = corrected  temperature 
T1 = observed  temperature i n  the main thermometer 
t = observed  temperature i n  the  auxiliary thermometer 
Yo = inner  space o f  main thermometer up t o  0°C. 
K = apparent  coefficient of expansion of Hg. 
I = thermometer calibration  coefficient  (Sverdrup e t  a1 , 1946) 

Dissolved oxygen was measured u s i n g  the  azide  modification of 
the Wink1 e r  method (DOE Laboratory Manual 1979) .  

Sal ini ty  was calculated from conductivity  values measured on a 
Guil dl ine Autosal (Model 8400). 
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Percent saturation of dissolved oxygen  was calculated using the 
equation 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 = saturation of oxygen i n  the sample  water 
S = sal ini t y  of the sampl e water 
T = corrected temperture o f  the sample  water 
A = observed dissolved oxygen concentration i n  the sample 

Col our Val ues  were determined by the tristimul us method. ( D O E  
Laboratory Manual 1979 1. 

2.2 Benthic Sampling. 

2.2.1 Sediment Samples. A 0.1 m2 Smi t h  McIntyre Grab Sampl er 
was  used t o  collect bottom sediment a t  each  grab station. Sampl es were 
removed and frozen i n  plastic bags prior t o  analysis for trace metal s ,  
t o t a l  volatile residue and particle  size. Benthic infauna were collected 
a t  Port Mellon and Port Alberni. Uniform volumes of sediments were  washed 
and sieved on a 0.5 mn screen w i t h  low pressure  water, preserved i n  10% 
buffered formalin and stored i n  isopropyl alcohol prior t o  identifica*+on 
and coun t i  ng . 
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3.  CROFTON-STUART  CHANNEL 

3.1 Perceived  Impacts  

3.1.1 Receiving  Water.  Depressed  di  ssol  ved  oxygen 1 eve1 s 
f r equen t l y   occu r   i n   bands   a t  25-50 meters  depth, due t o   e n t r a i n m e n t   o f  
deeper,  oxygen-poor  waters  (Dobrocky  Seatech,  1977)  or to poor  mixing and 

entrapment o f   e f f l u e n t   ( S u l l i v a n ,  1980) , o r   t o  a combina t ion   o f   bo th .  
Dobrocky   Sea tech   (1977)   f u r the r   specu la ted   t ha t   l i gn in   s ta in   i n   t he  

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

p roduc t i v i t y ,   t hus   add ing   t o   t he  oxygen d e f i c i t .  

3.1.2 B e n t h i c   Q u a l i t y .  An ex tens i ve   f i b re   bed  has developed  1.6 

t o  3.2 km to   t he   no r thwes t  and southeast ( E l  1 i s ,  1970) which  extends 

approximately 300 metres  o f fshore.   Th is  has r e s u l t e d   i n   r e d u c e d   b e n t h i c  

'communities i n   t h e   v i c i n i t y   o f   t h e   t w i n   d i f f u s e r s .  

3.1.3 I n t e r t i d a l  . The d i scha rge   o f  BKME from  the  Crof ton mill has 
decimated once p roduc t i ve   oys te r   popu la t i ons   i n   t he   a rea .  

Z i n c   c o n t a m i n a t i o n   i n   o y s t e r   t i s s u e s  has  been l a r g e l y   e l i m i n a t e d  

s ince  changes  on the  bleaching  process were i n s t i t u t e d ,  however, t h e  

d e t e r i o r a t e d   o y s t e r   c o n d i t i o n s   s t i l l   p e r s i s t s .  

3.2 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  1981  suppl ied  by  the company f o r  suspended 

s o l i d s  and BOD5 are   p resented   be low.   Tox ic i ty   tes ts  ( 3 )  were  passed 

67% o f   t h e   t i m e   a t  a LC50 = 30% ( V / v )  . 

 BOD^ 
ss 

Ac tua l   Permi t ted  

34.7 k g / t  (18.9-43.0) 46 , 600 kg/day 

12.6 k g / t  (6.3-23.6) 23,800 kg/day 

m 
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The BOD5 l e v e l  s exceed permit  requirements  on 9 o f  the 11 
sampl ing   per iods .  

3.3 Resul t s  and D i scussi  on 

3.3.1  Water Q u a l i t y .  A cursory  water  survey was conducted i n  
November 1981. Due t o  t ime and  equipment r e s t r a i n t s  some rearrangements 

were made i n   s t a t i o n   l o c a t i o n s   p r e v i o u s l y  sampled (F igure   2 ) .  
Temperature and sal i n i  t y  p r o f i l e s  were un i fo rm  w i th   depth  

(Table  1) .  

The d i sso l ved  oxygen 1 eve1 s reco rded   a t   t he   bo t tom  du r ing   t h i s  

survey  are  below 5 mg/ l ,   w i th   the   except ion   o f   S ta t ion  8, between  Kuper 

and Sa l t sp r ing   I s lands .  The absence o f  a zone o f  depressed  oxygen a t  

mid-depth  could  be due t o   n a t u r a l   e n v i r o n m e n t a l   v a r i a t i o n   o r   t o   l i n g e r i n g  

e f fec ts   f rom one pro longed  indust ry  shutdown  which  ended i n  l a t e  September 

o r   t o  changes i n  e f f l u e n t   q u a l i t y   ( S e c t i o n   3 . 2 ) .  

3.3.2 Benthic.   Trace  metal   analysis  of   marine  sediments  revealed 

h igh   concen t ra t i ons   o f  cadmium a t   t h e   s t a t i o n s   i m m e d i a t e l y   a d j a c e n t   t o   t h e  
outfall s ( S t a t i o n s  1, 2, 3 and 4 )  and d i r e c t l y   n o r t h   o f   t h e   o u t f a l l  s 
( S t a t i o n   6 ) ( F i g u r e  2, Table 2, 3, 4 . ) .  

It has  been  speculated  that   h igh cadmium leve ls   obse rved   a t  

o the r  BC coasta l   pu l  mi l l  s s i t e s  were associate wi th z inc   hydrosu l   ph i   te  

used in   t he   b leach ing   p rocess .  The l e v e l s  o f  z inc   reco rded   du r ing   t h i s  

survey  are  h igh enough t o  suggest t h i s  as t h e   s o u r c e   o f   t h i s  cadmium here. 

Although cadmium i s   v e r y   t o x i c   a t   l o w   c o n c e n t r a t i o n s ,   i t s   t o x i c i t y   i s  a 

f u n c t i o n   o f   t h e   p r o p o r t i o n   o f   f r e e  cadmium ions  which i n  sea water i s   v e r y  

low  (Konasewich e t  a1 , 1982). The l e v e l s   p r e s e n t  do n o t   i n d i c a t e  

environment  hazards  as  long as sed iments   a re   no t   red is t r ibu ted ,  by such 

mechanisms  as dredging,  which i s   u n l i k e l y .  

Further  sediment work should  be  undertaken t o  determine  the 

ac tua l   ex ten t   o f   the   con taminat ion   in   sed iments  and l e v e l s   i n   t i s s u e s .  
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I 

TABLE 1 WATER QUALITY RESULTS - CROFTON, B.C., NOVEMBER 1981 

I 

DEPTH TEMPERATURE SALINITY  DISSOLVED % SATURA.TION 

m S t a t i o n  1 
0.0 11.02 
2.0  10.81 

*I 5.0  10.73 
10.0  10.74 
25.0  10.65 
65.0  10.66 a 

24.98  8.88 
28.14  9.19 
28.29  7.65 
28.79  7.64 
29.46  5.58 
29.90  3.43 

96.71 
101.69 
84.58 
84.77 
62.07 
38.27 

li S t a t i o n  2 
0.0 11.19 26.78  8.60 
2.0  10.89 27.86  8.73 

10.0  10.74 28.85  6.43 
25.0  10.65 23.39 5.93 
55.0  10.59 29.77  4.64 

m 5.0  10.82  28.16  8.62 

1 

95.12 
96.60 
95.42 
71.37 
65.93 
51.65 

I 

itn 

II 

~~~ ~ ~ ~ ~ 

S t a t i o n  3 
0.0 10.88 
2.0 10.87 
5.0  10.86 
10.0  10.75 
25.0  10.63 
50.0  10.55 
100.0  10.68 

27.92  9.81 
27.97 9.82 
28.06 a. 10 
28.73  7.47 
29.42  5.06 
29.74  5.03 
29.98  3.65 

108.57 
108.69 
89.69 
82.87 
56.24 
55.93 
40.77 

S t a t i o n  4 
0.0 10.95 26.20 a. 17 89.54 
2.0 10.86 28.01 8.18  90.54 
5.0 10.74 28.22 8.81  97.39 
10.0  10.75 28.66 7.36 81.61 
25.0  10.66 29.44 5.27 58.62 
35.0  10.60 29.64 5.26  58.51 
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TABLE 1 WATER QUAL I T Y  RESULTS - CROFT0 IN, B.C., NOVEMBER 198 1 

DEPTH  TEMPERATURE SALINITY D I SSOLVED X SATURATION 
( 4  ("C) ( O b 0  OXYGEN . .  

S t a t i o n  5 
0.0 
2.0 
5.0 
10 .o 
25.0 
50.0 
117.0 

11.58 
10.84 
10 . 76 
10.75 
10 . 64 
10.58 
10.68 

23.16  9.35 
27 . 90 8.77 
28 . 68 7.97 
28 -80 7 -44 
29 -45 5.42 
29.76  3.04 
30.03  3.47 

101 . 90 
96.96 
88.41 
82 . 58 
60.27 
56.08 
38.77 

S t a t i o n  6 
0.0 10.95 
2.0  10 -93 
5.0 10.92 
10.0  10.70 
25.0 10.65 
50.0-  10.60 
100.0  10.68 

27 . 96  10.25 
28.15  10.14 
28.23  9.09 
28.66  6.94 
29 . 44 5.15 
29 -81 4.69 
29 . 97  3.52 

113.65 
112.52 
100 . 90 
76 -87 
57 . 27 
52.23 
39.31 

S t a t i o n  8 
0.0 11 . 10 
2.0  10.89 
5.0  10.80 
10.0  10.71 
25.0  10 . 40 
30.0  10.52 

24.21  9.64 
27 . 52  8.22 
28.72  7.65 
28.76 6 -88 
29.30  6.24 
29.43  6.02 

104 . 65 
90.75 
84.96 
76.27 
68.94 
66.75 

S t a t i o n  10 
0.0 
2.0 
5.0 
10.0 
25 .O 
50.0 
100 .o 
165.0 

11 . 35 
10.76 
10.71 
10.73 
10 . 64 
10 . 58 
10.67 
10 . 65 

25.33 
28.21 
28.63 
28.87 
29.38 
29 . 74 
29.92 
30.11 

9.97 
8.75 
8.49 
7.39 
5.53 
4.26 
3.79 
3.46 

109.63 
96 . 76 
94 -04 
82.02 
61.46 
47.40 
42.30 
38 . 65 
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TRACE METAL  LEVELS I N  MARINE SEDIMENTS 
GRAB SAMPLES - CROFTON, B.C. 

NOVEMBER 1981 

(mg/kg) 

- 

STATION Hg Cd  Pb Zn cu 

c-1 
c-2 

c-3 
c -4 
c-5 

C-6 

C-8 
c-10 

LO. 125 

LO . 139 

L0.143 
0.169 

0.208 

0.169 

0.139 
0.171 

2.29  9.0 

2.54 11.9 

1.41 19.1 
3.46 14.5 

0.71 21.6 

3.4 19.7 

L0.6  11.8 

0.7 19.3 

206 .O 
178.0 

154 .O 
192.0 

133.0 

278.0 

74.2 ' 

102.0 

36 .O 
49.3 

55.2 
66.7 

51.5 

60.5 

19.9 
42.9 
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TABLE 3 WAL WLATILE RESIolES AN) PARTICLE SIZING 
GRAB SWLES - CRCFTDN, B.C. 

NomER 1981 
(Fans) 

c -1 
CZ 
c -3 
C 4  
c -5 
Cd 
C 4  
c -10 

120 
150 
120 
270 
120 
140 
40 
40 

53.5 3.8 7.1 14.3 26.7 15.0 28.0 14.7 27.5 5.7 10.7 
9.8 0.1 0.2 4.8 9.3 12.8 24.7 22.8 44.0 11.3 21.8 
26.5 0.2 0.8 1.3 4.9 1.7 6.4 5.1 19.2 18.2 68.7 
18.1 0.1 0.6 0.9 5.0 2.3 12.7 5.6 30.9 9.2 50.8 
13.6 0.1 0.7 0.6 4.4 0.7 5.1 3.4 25.0 8.8 64.7 
20.4 0.1 0.5 1.1 5.4 2.0 9.8 4.2 Xl.6 13.0 63.7 
15.3 0.1 0.7 0.9 5.9 1.4 9.2 2.9 19.0 10.0 65.4 
17.0 0.2 1.2 1.1 6.5 1.4 8.2 3.1 18.2 11.2 65.9 

m 

I) 

L 
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TABLE 4 SEDIMENT  CHARACTERIZATION - GRAB SAMPLES 

Y NOVEMBER 1981 - CROFTON, B.C. 

I 
STAT I ON DEPTH REMARKS 

c -1 

c -2 

c -3 

c -4 

c -5 

C -6 

C -8 

c-10 

73 m 

80 m 

95 m 

40 m 

117 m 

98 m 

32 m 

177 m 

Fibre, sandy,  strong H2S odor 

Fibre, H2S odor 

Natural brown sediments, shel 1 
fragments,  polychaetes tubes 

Fibre, H2S odor 

Brown col oured,  natural sediments, 
fine wood fragments 

Brown natural  sediments, some coarse 
f i b r e  

Brown sediments,  shel  1  fragments 

Natural  sediments 
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II 

I 

I 

( a1 so 
1 arge 
1979) 

4.1.2 

low sa l in i ty  and decreased l i g h t  

4. POWELL RIVER - MALASPINA  STRAIT 

4.1 Perceived  Impacts 

4.1.1 Receiving Water. Receiving  water qual i ty studies conducted 
since the diffuser instal la t ion  indicate  no apparent  impact on dissolvod 
oxygen  from effluent  discharge  (Sullivan, 1981). Pr ior   to  the d i f fuse r ,  
effluent  could  easily be  detected i n  surface  waters by colour   intensi ty  

penetration),  and i ts  movement was 
l y  dependent on t idal  and prevailing weather conditions (Ne1 son, 

Benthic. Heavy fibre loading has  reduced benthic communi- 
t i e s  i n  the  area  adjacent  to  the mill. Ins ta l la t ion  of  a c l a r i f i e r  i n  
1978 reduced the  mount of wood waste entering  the  receiving  environment. 
The bu i ld -up  of  sludge beds generated  measurable  quanti t ies of  hydrogen 
sul phide  gas (Werner and  Hysl op, 1968 1. 

Heavy metal contamination  of  marine  sediments  has a1 so been 
reported i n  the  area  adjacent  to  the pul p i l l .  Recurrent  dredging  to 
maintain  depth  for  vessel  berthing has sparked  concern  about  disposal 
methods because of possible  re-release to the  environment.  Biological 
samples collected i n  1978 d i d  not  indicate  significant  accumulation i n  
tissues  of mercury or other metal s (Ne1 son, 1979). 

In 1979 and 1980, deep benthic  studies i n  Mal asp ina   S t ra i t  con- 
ducted by EPS and the company were designed to examine the  impact of  deep 
water  discharge  of  effluent.  Preliminary results were not  conclusive and 
further  study of benthic communities and the  fate of deepwater diffused 
eff luents  i s  warranted. 

4.1.3 In te r t ida l .  The instal lation  of a submerged diffuser system 
(August,  1980) has al leviated impacts on the  inter t idal  communities. 
Zinc concentrations were elevated i n  Pacific  oysters,  b u t  process  changes 
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I 

I 

I 

Y 

Y 

i n s t i t u t e d   b y   t h e   p u l  pmill i n  the  early  1970's  appear  to  have  reduced  zinc 

concentrat ions i n   o y s t e r   t i s s u e s .  

4.2 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  1981 supp l i ed   by   t he  company f o r  suspended 

s o l i d s  and BOD5 i s  presented  be low.   Tox ic i ty   tests  i n  January, 

February  and  March  were  passed a t  an LC50 = 56% (V/v l .  

Actual  Permi t t e d  

BODS 
ss 

19.9 kg/ t ( 16.8-24.5 44,500 kg/day 

18.5 k g / t  (12-3-25.5) 30,500 kg/ day 

Suspended s o l i d s   l e v e l s  exceeded p r o v i n c i a l   p e r m i t   l e v e l s  64% o f  

the  occassions measured. 

4.3 Resul ts  and  Discussion 

4.3.1  Water Q u a l i t y .  The water  qual i ty r e s u l   t s   ( F i g u r e  3, Tab1 e 

5) i n d i c a t e  a well  mixed  water  column.  Surface  temperatures (to 10 

metres)  were  recorded i n  a range  from 16.16 t o  17.50OC. S a l i n i t i e s   f r o m  

23.99 t o  30.32 O/oo do n o t  show any s t r o n g   f r e s h   w a t e r   i n f l u e n c e   i n  

t h e   v i c i n t i y   o f   t h e  mill. 
The d i sso l ved  oxygen p r o f i l e s  a1 so r e f 1   e c t   t h e  we1 1 mixed  water 

c o l  umn. A t  50 and 100 metre  depths, D.O. 1 eve1 s were r e c o r d e d   a t   o r  above 

5.0 mg / l ,   i nd i ca t i ng  no apparent  impact  f rom  sub-surface  ef f luent 

discharge. 

4.3.2 Benth ic   Qual  i ty  . Trace  meta l   analys is   (F igure 4, Tables 6, 

7, & 8 )   con f i rmed a p r e v i o u s l y   i d e n t i f i e d   p r o b l e m   o f  cadmium contaminat ion 

a t  s e v e r a l   s t a t i o n s   c l o s e   t o   t h e  mill and the  prev ious  d ischarge  locat ion.  
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Values a t   - s t a t i o n s  MS-5,  MS-7, MS-9 and MS-11 were 6 . 0 7 ,  7.23, 4.86 and 

2.34 mg/kg respec t i ve l y .   .Z inc   concen t ra t i ons   a re   co r respond ing ly   h igh   a t  
these  loca t ions .  Cadmium p robab ly   o r i g ina ted  as  a contaminant i n   z i n c .  

hydrosul   ph i   te   which was fo rmer ly  used in   t he   b leach ing   p rocess .  If Val i d ,  

i t  does n o t   i n d i c a t e   c o n t i n u i n g  pol 1 u t ion ,  a1 though i t  presents  problems 

fo r   d redg ing  and d isposal   o f   dredgate.  A t  t h e   s t a t i o n s   w i t h   e l e v a t e d  

metal   levels,   the  sediments were  decomposing ( p r i m a r i l y  wood f i b r e )  as 
evidenced by the   s t rong HzS odor  present. 

L 

m 

m 
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F IGURE 3 WATER  QUALITY S T A T I O N S -  POWELL  RIVER 
A u g u s t  I981 
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Aa 

FIGURE 4 BENTHIC G R A B  SAMPLES - POWELL R I V E R  
August  J 981 c 
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TABLE 5 WATER QUALITY RESULTS - POWELL R I   E R ,  B.C. , AUGUST 1981 

DEPTH TEMPERATURE SALINITY  DISSOLVED 'x, SATURATION 
(m) ("C) ( O / O O )  OXYGEN 

( m g / l )  

S t a t i o n  1 
0.0 16.90 
2.0  16.72 
5.0 16.43 
10.0  16.16 
25.0  12.39 
50.0  9.60 
100.0  8.96 

26.22  9.90 
26.30  10.30 
26.68  10.30 
26.51  10.20 
28.32  8.50 
29.47  5.10 
30.16  5.20 

123.04 
127.63 
127.21 
125.16 
97.53 
55.38 
55.88 

S t a t i o n  2 
0.0 16.91 26.05 10.50 130.38 
2.0  16.80 26.07 10.50 130.11 
5.0  16.71 26.12 10.50 129.93 

-10.0 17.02 26.28 10.30  128.38 
25.0 12.57 28.36 8.40  96.78 
50.0 9.24 29.67 5.00 53.92 

'I S t a t i o n  3 
0.0 16.98 26.12 9.90 123.15 
2.0  16.96 26.14 10.00 124.38 
5.0  16.79 26.31 10.30 127.81 
10.0  16.76 26.39 10.40 129.04 

28.07  8.90  104.71 
50.0  9.65  29.39  5.40  58.67 
100.0  8.96  30.26  5.30  57.00 

S t a t i o n  4 

lm 

I. 25.0  13.63 

I I  

0.0 16.69 . 26.55 10.50 130.24 
2.0  16.65 26.55 10.50 130.14 
5.0  16.59 26.57 10.10 125.03 
10.0 16.58 26.57 10.20 126.24 
25.0 12.71 28.18 8.80 101.57 
50.0  9.95 29.27 5.90 64.50 

u 100.0  9.00  30.19 5.50 59.18 

r3 

t u  
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TABLE 5 WATER QUALITY RESULTS - POWELL RIVER, B.C., AUGUST 1981 

DEPTH TEMPERATURE SALINITY  DISSOLVED Z SATURATION 
(m1 ("C 1 ( o/oo 1 0 XYGEN 

(mg/ l )  

S t a t i o n  5 
0.0 17.11 
2.0  17.03 
5.0 16.94 
10.0  16.70 
25.0  13 08 
50.0 9.64 
100.0  8.99 

23.99  10.60 
26.09  10.40 
26.23  10.70 
26.44  10.70 
28.07  8.80 
29.42  5.60 
30.32  4.90 

130.40 
129.47 
133.10 
132.64 
102.32 
60.85 
52.75 

S t a t i o n  6 
0.0 16.91  24.60  10.50  129.17 
2.0  17.19 
5.0 17.10 
10.0  17.09 
25.0  11.72 
50.0 9.46 

25.99 
26.09 
26.27 
28.60 
29.54 

10.50 
10.50 
10.20 
7.00 
5.40 

131.04 
130.91 
127.30 
79.28 
58.47 

S t a t i o n  7 
0.0 17.18 
2.0  17.11 
5.0 17.10 
10.0  17.11 
25.0 11.48 
45.0  9.91 

25.71  10.40 
25.69  10.50 
25.70  10.40 
26.13  10.10 
28.65  7.20 
29.30 5.80 

129.55 
130.60 
129.32 
125.97 
81.15 
63.36 

S t a t i o n  8 
0.0 17.50 25.77 10.50 131.65 
2.0 17.49 25.80 10.40 130.40 
5.0 17.43 25.99 10.30 129.16 
10.0 17.30 26.19 10.30 129.01 
25.0 11.31 28.76 6.80 76.41 
50.0 9.91 29.28 5.70 62.26 
100.0 9.01 30.19 5.10 54.88 

m 

m 

m 

I 

m 
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TABLE 6 

IWI 

TRACE  METAL  LEVELS I N  MARINE SEDIMENTS 

GRAB SAMPLES - POWELL  RIVER, B.C. 
AUGUST 198 1 

(mg/ kg 1 

. r  

STAT I ON Hg Cd Pb Zn cu 

I MS-3 

MS-4 

MS-5 
MS-6 

MS-7 
MS-8 

MS-9 

I 

m 

lma MS-10 

MS-11 

i l  MS-12 

LO. 132 

LO. 130 

0.241 

LO. 132 

LO. 200 

LO. 133 

LO. 192 

LO. 185 

0.365 

LO. 196 

L.661 

L. 658 

6.07 

L. 669 

7.23 
L.651 

4.86 

.764 

2.34 

L.661 

L6.61 

7.15 

27.5 

L6.93 

29.0 

8.69 

23.1 

12.6 

21.3 

L8.-18 

15.9 

36.6 

261.0 

41.9 

292.0 

34.4 

266.0 

38.5 

173.0 
40.6 

8.01 

21.4 

92.9 

20.2 

96.8 
28.3 

72.2 

19.9 

41.9 

21.8 
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TABU 7 

w 
MS-4 

M S S  
M S 6  

MS-7 
MS-8 

MW 

MS-10 

48 
80 

506 

112 
550 
88 
485 
245 

114.2 20.6 18.0 28.7 
56.4 1.0 1.8 10.0 
27.9 13.6 48.7 6.0 

30.9 1.5  4.9 6.5 

30.0 3.7  12.3 8.6 
85.3 12.3  14.4 16.1 
37.4 7.4  19.8 11.5 
60.1 12.4  20.6 15.5 

25.1 35.0 30.6 22.2 
17.7 7.7 13.7 22.6 
21.5 3.3 11.8 1.9 
21.0 4.8 15.5 11.5 

28.7 10.2 34.0 0.8 
18.9 16.6 19.5 27.3 
30.7 10.7 28.6 3.2 
25.8 9.4 15.6 16.2 

19.4 7.7 6.7 
40.1 15.1 26.8 
6.8 3.1 11.1 

37.2 6.6 21.4 
2.7 6.7 22.3 
32.0 13.0 15.2 
8.6 4.6 12.3 

27.0 6.6 11.0 

~~ ~~ ~ 

P 

I 

I 

I 

"1 1 2E 35.8 1.1 3.1 10.3 28.8 10.0 28.0 13.3 37.2 1.1 3.1 

MS-12 138 72.7 12.8  17.6 20.5 28.2 6.4 8.8 18.9 26.0 14.1 19.4 L 
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TABLE a SEDIMENT  CHARACTERIZATION - POWELL RIVER, B.C. 
AUGUST 198 1 

STATION DEPTH REMARKS 

MS -3 

MS-4 

MS-5 

MS -6 

MS-7 

MS -8  

MS-9 

MS-10 

MS-11 

MS-12 

69 m 

158 m 

69 m 

120 m 

75 m 

1 1 7  m 

6 7  m 

100 m 

40 m 

96 m 

Fibre, polychaete tubes, no H2S 
odor 

Natural sediment, brown color  

Brown sediment, f ib re  & wood fragments 

Brown sediment, f ibre 

Brown sediment, f ib re  & wood fragments 
H2S odor 

Brown sediment, f ibrous 

Brown sediment, fibre & wood fragments 
H2S odor 

Sandy sediment, wood debris 

Brown sediment, f ibre ,  HzS odor 

Brown, sandy sediment, some  wood 
debri s , no H2S odor 
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5. PORT ALBERNI - ALBERNI INLET 

5 . 1  Perceived  Impacts 

5.1.1 Receiv ing Water. Alberni  Harbour  water  qual i t y  has 
c o n s i s t e n t l y   e x h i b i t e d  a poor and h i g h l y   v a r i a b l e  oxygen  regime.  Although 

the   d isso lved oxygen i s   i n f l u e n c e d   b y  seasonal  changes  and r i v e r   f l o w ,   t h e  

e f f l uen t   d i scha rge   f rom  the   pu lpmi l l  appears to   be   t he   s ing le  most 
i m p o r t a n t   f e a t u r e   i n   c r e a t i n g   t h i s   c o n d i t i o n .  The i n s t a l l a t i o n   o f  a 

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   i n  1970 t o  reduce BOD ( b i o l o g i c a l  oxygen 

demand) i n   t h e   e f f l u e n t ,   d i d  1 i t t l e   t o  improve  water  qual i t y  below  the 

ha1 oc l   ine.  The c o n d i t i o n   p e r s i s t s   t o   d a t e .  Below  the  halocl   ine  depth 

(which  varies  between two  and f ive  metres  depending on r i v e r   f l o w  and 

season), D.O. l e v e l  s are   se l   dm  reco rded  above 5 mg/l . It was suggested 

by  Parker  and S i b e r t   ( 1 9 7 2 )   t h a t   c o l o u r   i n   t h e   e f f l u e n t   b l o c k e d  

photosynthesis  bel  ow the  ha1 o c l   i n e   w i t h  a r e s u l   t a n t   r e d u c t i o n   o f  oxygen i n  

t h i s  zone. Colour  removal  attempts  were  inconclusive  (Sul l   ivan,  1978). 

I n   a d d i t i o n ,   c o m p e t i t i o n  between  phytoplankton and b a c t e r i a  has r e s u l t e d  

i n  a n i t r a t e   g r o w t h   l i m i t a t i o n  and there fore   reduced  p roduc t iv i t y   (Parker  

and Sibert ,   1975).  It i s  a complex  system o f  hydrodynamics i nvo l v ing   poo r  

pr imary  product ion,   organic  waste  wi th  h igh BOD, low  oxygen-saturated 
incoming  water and respi ra t ion  by  aquat ic   organisms,  all of   wh ich  

c o n t r i b u t e   t o   t h e  depressed  oxygen  zone. 
D.O. above  the  ha loc l ine i s   s t r o n g l y   i n f l u e n c e d   b y  Somass R ive r  

water. The s u r f a c e   e f f l u e n t   i s   d i s p e r s e d  and d i l u ted   by   f reshwa te r  

i n f l o w ,  and a1 t h o u g h   e f f l u e n t  BOD does  remove  oxygen, D.O. l e v e l  s are 

usua l l y   h igh l y   sa tu ra ted .  

5.1.2 Benth ic   Qual  i ty . The benthic  environment i n   t h e   i n n e r  

h a r b o u r   c l e a r l y  shows the   impac t   o f  heavy i n d u s t r i a l i z a t i o n  on ben th i c  

infaunal   communit ies and sediment   qual i ty .   H igh BOD waste i n   t h e   p a s t  has 

c o n t r i b u t e d   t o  an anoxic  environment and t h e   i n p u t   o f   p u l p m i l l   e f f l u e n t  
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and debris from associated  forest   products  industries  perpetuate this 
problem. The benthic  invertebrate  populations i n  the  inne 
not  typical of estuarine  systems. EPS records  (Sullivan, 
depauperate community s t ruc ture   a t   s ta t ion   loca ted  inside 
The feeding  habits of juvenile salmonids were observed to  
Birtwell and  Harbo (1980). A study i n  progress by the Uni 

r harbour are  
1980 1 show a 
Polly  Point. 
be a1 tered by 
versity  of 

Victora  centres on the  gutless  bivalve, Solemya r e id i ,  a species  peculiar 
t o  pul pmill areas,   possibly  for food avail ab1 ity  or  predator  avoidance, 
b u t  no tab ly  areas of extraodinary  carbon energy  sources  (Reid and Bernard, 
1980). 

5.1.3  Biobasin  Dredging Program. The f a i l  ure  of the  biological 
treatment f a c i l i t y  t o  effect ively reduce BOD because o f  so l ids  s e t t l i n g  i n  
the  biobasin  required t h a t  the company dredge d u r i n g  December-January o f  
1980-1981 and 1981-1982. The company conducted an extensive  monitoring 
program a t  the  request of the federal government dur ing  the 1981-1982 
dredging  period.  Analysis of the  resul ts  have been prepared by the 
company. A survey  of  benthic and water  quality was completed by EPS i n  
March  1982.  The results  are  presented i n  th is   report .  

5.2 Effluent Data 
Effluent d a t a  for 1981 supplied by the company for suspended 

sol ids and BOD5 is  presented below t o x i c i t y  t e s t s   ( 8 )  were passed 
87.5% o f  the  time a t  an LC50 = 90% ( v / v ) .  

 BOD^ 
ss 

Actual Permitted 
13.5 k g / t  (7.1-24.3) 17.5 kg/ADt 
13.3 k g / t  (6.6-31.5) 10.0 kg/ADt 

Suspended solid  greatly  increased i n  Janauary and December  due 
t o  biobasin  dredging  operations and i n  September following  start-up  after 
a two month closure due t o  labour disputes. 
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5.3 Results and Discussion 
m 

5.3.1 Water Qual i ty. The distinct  temperature and s a l i n i t y  
s t r a t i f i ca t ion   o f t en  observed i n  Alberni Harbour was identified a t  2-5 
metres i n  June 1981 (Table 9 1. Sal inities were between 1.48 and 10.20 
O/oo a t  the 2 metre depth a t   a l l   s t a t i o n s ,  a clear  indication  of  the 
Somass River. The dissolved oxygen l e v e l s   a t   a l l   s t a t i o n s   a t  5 metres and 
below were less than  4.35 mg/l. A t  several   stations (Figure 5 1, samples 
hear  the bottom were below 1 mg/l. This severely limits available l i v i n g  
space  for  fisheries  stocks  (Birtwell and  Harbo, 1980 1. 

July 1981 water qual i ty   (Table  10) was s imi la r   to   tha t  measured 
i n  June; however, surface  water  temperatures  are  noticeably  higher 
( 20OC). D.O. 1 eve1 s are  exceedingly poor a t  and below 5 metres, w i t h  the 
exception  of  Station 10, approximately 5 km from the  outfal l .  

Foll owing  a closure of  the mil 1 due t o  a 1 abour dispute,  a 
survey i n  September (Table 11) showed low D.O. values were only observed 
a t   o r  bel ow 10 metre sampl i n g  depths  (Since this was not a regul ar l  y 
scheduled pul pmill monitoring  survey  not  all  stations and depths were 
sampled.) The d i s t i n c t   s t r a t i f i c a t i o n s  o f  sa l in i ty  and temperatures  are 
not  apparent i n  September. 

. .  

The water qua l i t y  r e su l t s  from 4 March 1982, (Table 12)  which 
followed the biobasin dredging  program and the annual c l a r i f i e r  bypass 
operation show a very stable  dissolved oxygen regime, including  those 
depths i n  and below the  halocline. The profil ing was repeated on 5 March 
(Table 13) w i t h  similar results. I t  would appear from these numbers t h a t  
conditions  are  periodically  environmentally  acceptable i n  Alberni Harbour 
despite  past   history.  The system i s  known to  f luctuate  seasonally,  and as 
a resul t of  waste i n p u t  , however , water qual i t y  resul ts  such as t h i  s a r e  
encouraging . 

Colour i s  well contained above 5 metres  (Tables 14, 15 and 16)  
a t   a l l   s t a t i o n s .  As expected, levels are  highest (17 colour units) i n  the 
surface  waters  immediately  adjacent  to  the  outfall. 
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Residue analysis   resul ts  from  March  1982 are  presented i n  Tab1 
17. There i s  no clear  pattern o f  non-fi1 terable or vola t i le  non- 
f i l terable   res idues i n  the  inner  harbour,  indeed i n  several samples 
non-filterable  residues were below detection limits ( <  5 mg/l) .  Levels 
will vary w i t h  r iver  flow ra tes  and seasonal growth of plankton 
popul at ions.  

Dissolved metal resul ts  (Table  18) were we1 1 bel ow level s t h a t  
woul d generate  concern. 

e 

5.3.2 Benthic  Qual i ty  

5.3.2.1  Sediment.  Trace  metal analysis  results from June 1981  and 
March  1982 are  comparable (Tables 19 t o  2 3 ) .  Two features of the  results 
a re  worth n o t i n g .  Elevated cadmium levels  occur a t  most s i t e s  i n  the 
inner harbour  and extend t o  the dumpsite v i c in i ty .  Lowest levels   are  
recorded a t  stations 1, 2 and 3 i n  June 1981. Similar  results were 
recorded i n  March, w i t h  low l e v e l s   a t  S t a t i o n  11 (Figure 5 )  and i n  the 
Somass River  sediment (Station 17) .  Cadmium) 2 mg/kg was found a t  
Stations 8 and  10 (near  the  ocean.  dumpsite) and Station 16 (Biopond) . The 
higher  levels  recorded i n  March  1982 may be an analytical anomaly. 

Zinc level s are uniform, w i t h  the fo l lowing  exceptions. Somass 
River  sediment, or l ike ly  background levels ,  was recorded a t  128 mg/kg. 
Near the assembly  dock, Station 1, zinc  concentrations were 479.0 t o  522.0 
mg/kg, June and March surveys,  respectively. Immediately adjacent t o  the 
effluent  discharge  location, 2460 mg/kg were found and i n  a Biobasin 
sludge sample, 5060 mg/kg was recorded.  Clearly,  zinc has been discharged 
from the  biobasin i n  very h i g h  quantit ies.  

The elevated  zinc  concentrations undoubtly r e su l t  from pas t  use 
of  zinc hydrosul phi  t e  a t  the pul pmill . The presence of very h i g h  zinc 
leve ls ,  similar to  those i n  the  biobasin, i n  a location where zinc was 
previously much lower suggests  appreciable,  rapid  settling of biobasin 
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sludge  dur ing  d ischarge. The a d d i t i o n a l   l o a d   o f   b i o b a s i n   w a s t e s  i n  t h e  I 

inner   harbour  i s   n o t  a des i rab le  occurrence i n  view o f  the   severe ly  
degraded  environment a t  present. I 

5.3.2.2 Benth ic   Inver tebrates  (Appendix  I ). The a n a l y s i s  o f  b e n t h i c  

i n v e r t e b r a t e s  showed 7 ittl e v a r i a t i o n   f r o m   r e s u l   t s   c o l l e c t e d  i n  June 

1980 (Sul 1 ivan, 1981 ) . 
The most  dominant  taxa  were  polychaetes,  Schistomeringos sp. 

being  most common. ( T h i s  genus was c r e a t e d   i n  1974 as a r e s u l t  o f  

s p l i t t i n g   D o r v i l l e a   i n t o   D o r v i l l e a  and Schistomeringos.) 

A l a r g e  number o f   the   b iva lve ,   D ip lodonta   o rbe l lus  was recorded, 

p a r t i c u l a r i l y   a t   S t a t i o n  7. 
Numbers o f  i n d i v i d u a l s  were low and the dominance by  po lychaetes 

and v i r t u a l   e x c l   u s i o n  o f  o the r   t axa   po in t  t o  a poor and depauperate 
b en t h i  c communi ty . 

Depths a t  each s t a t i o n  will e f f e c t   t o  some degree  the  community 

s t ruc tu re .   Subs t ra tes   a t   mos t   s ta t i ons   a re  wood f i b r e   o r  wood d e b r i s  

which will a l s o   e f f e c t  numbers  and types o f  organisms. 

I 
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I TABLE 9 WATER.QUALITY RESULTS - PORT ALBERNI,  B.C., JUNE 1981 

DEPTH  TEMPERATURE SALINITY  DISSOLVED 'x, SATURATION 
(m) ("C 1 ( o/oo 1 OXYGEN 

(mg/ll 
Y 

S t a t i o n  1 
I 0.0- 14.89 

2.0  14.81 
5.0  10.79 

I 10.0  10.14 

1.73  8.65 
1.78  8.40 

29.54 2.55 
30.33  2.68 

88.98 
86.29 
28.47 
29.64 

S t a t i o n  2. 
I 0.0 15.31 1.82  8.20 

2.0  14.70 2.44  7.90 
5.0 10.92 28.04 2.35 
10.0  10.14 30.94  3.00 

.I 

85.13 
81.27 
26.05 
33.87 

I 

m 

I 

m 

Y 

Q 

I 

r 

I 

S t a t i o n  3 
0.0 15.19 
2.0 14.64 
5.0  10.70 
10.0  10.18 
15.0  10.02 

2.20  8.40 
3.10  9.25 
28.98  2.58 
30.83  2.80 
31.25  1.10 

87.17 
95.40 
28.64 
31.10 
12.21 

S t a t i o n  4 
0.0 15.25 1.48 8.60  89.00 
2.0  14.70 5.49 7.60  79.56 
5.0 10.89 27.75 2.70  29.85 
10.0  10.18 30.78 2.70  29.98 
15.0  10.04 31.22 0.75  8.32 
20.0  9.99 31.47 0.65  7.22 

S t a t i o n  5 
0.0 15.30 2.13 8.10  84.22 
2.0 14.39 6.32 7.60  79.42 
5.0 10.40 29.68 3.50  38.77 
10.0 10.14 30.87 2.80  31.08 
15.0  10.02 31.25 0.81  8.99 
20.0  9.92 31.54 0.40  4.44 
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TABLE 9 WATER QUALITY RESULTS - PORT ALBERNI,  B.C.,  JUNE 1981 

S t a t i o n  6 
0.0 15.31 
2.0  14.50 
5.0 10.60 
10.0  10.15 
15.0  10.08 
25.0  9.89 

2.51  8.40 
6.42  7.90 
29.98  3.40 
30.92  3.85 
31.14  3.50 
31.67 0.50 

87.54 
82.80 
37.91 
42.75 
38.86 
5.55 

S t a t r o n  7 
0.0 15.45 
2.0  14.39 
5.0 10.80 
10.0  10.32 
15.0  10.09 
30.0  9.88 

2.78  8.15 
6.94  7.80 
28.62 2.68 
30.79  4.35 
31.55  3.60 
32.14  1.10 

85.31 
81.81 
29.74 
48.45 
40.09 
12.24 

S t a t i o n  8 
0.0 14.94 
2.0  13.97 
5.0 10.59 
10.0 10.22 
20.0  9.97 
40.0  9.77 

5.61  8.25 
10.20  7.80 
30.42  1.60 
31.15  4.00 
32.21  1.60 
33.53  1.40 

86.85 
82.65 
17.89 
44.56 
17.85 
15.69 

S t a t i o n  9 
0.0 15.10  5.52  8.45  89.20 
2.0  14.84 
5.0 11.17 
10.0  10.23 
20.0  9.99 
50.0 9.69 

5.81  8.30 
25.38  3.54 
31.95  4.96 
32.14  2.40 
33.29  2.40 

87.30 
38.78 
55.57 
26.77 
26.80 

S t a t i o r r  10 
0.0 15.21 
2.0  15.03 
5.0 11.12 
10.0  10.21 
25.0 9.92 
60.0  9.60 

6.04  8.30 
6.06  8.40 
25.58  3.50 
31.68  3.75 
32 51  0.60 
32.73  1.70 

88.08 
88.82 
38.35 
41.92 
6.70 
18.87 
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TABLE 10 WATER QUALITY RESULTS - PORT ALBERNI, B.C., JULY 1981 
I 

Y 

m 

I I  

I 

il 

I 

m 

I 

DEPTH TEMPERATURE SALINITY  DISSOLVED % SATURATION 
(m) ("C)* ( O b 0  1 OXYGEN 

('mg/l) 

S t a t i o n  1 
0 23.28 
2 19.51 
5 10.89 
10 10.31 

5.24  9.35 
8.57  8.75 
30.40  2.50 
31.30  3.65 

115.00 
102.57 
28.12 
40.82 

S t a t i o n  2 
0 22.80 3.62 9.05  109.43 
2 20.84 10.86 8.25  100.48 
5 11.09 30.04 3.50  39.45 
10  10.34 31.33 1.85  20.69 

S t a t i o n  3 
0 23.68 4.15 9.10  112.20 
2 21.54 9.84 7.65  93.75 
5 11.27 30.48 3.55 40.29 
10  10.32 31.33 2.25 25.13 

m S t a t i o n  4 
0 24.09 - 8.95 - 
2 19.53 10.01 8.65 102.24 

I 5 11.21  30.16 3.80  42.98 
10 10.38  31.17 3.0 33.55 
18 9.92  31.75 0.90  10.00 

I 

S t a t i o n  5 
0 22.60 7.98 9.2  113.73 
2 17.63 17.28 6.6  78.63 
5 13.16 25.58 3.8  43.54 
10 10.72 30.96 2.4  27.01 
20 10.06 31.79 0.5 5.57 

m 
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TABLE 10 WATER QUALITY RESULTS - PORT ALBERNI,  B.C.,  JULY 1981 

DEPTH TEMPERATURE - SALINITY  DISSOLVED % SATURATION 
(ml ("C) (O/OO) OXYGEN 

(mg/l) 

S t a t i o n  6 
0 - 
2 22.50 
5 12.57 
10 10.90 
20  10.20 

7.83 8.5 
7.81  0.8 
28.94  3.2 
30.81  3.9 
31.46 1.3 

- 
108.47 
37.02 
44.04 
14:  51 

S t a t i o n  7 
0 22.62 7.21 8.7  107.10 
2 22.27 7.97 8.6  105.66 
5 11.35 30.28 3.7  42.04 
10 10.77 31.06 4.5 50.73 
25 9.94 31.81 0.9  10.01 

S t a t i o n  8 
0 - 
2 18.95 
5 11.20 
10 10.75 
25  9.93 
50  9.69 

7.37  8.4 
17.38  6.6 
30.49  3.8 
31.05  4.30 
31.84  0.60 
32.14  2.05 

- 
80.70 
43.09 
48.45 
6.67 
22.71 

S t a t i o n  9 
0 22.16 
2 21.90 
5 11.19 
10 10.56 
25 9.80 
50 - 

9.91  8.95 110.01 
10.19  8.80 108.82 
30.56  4.50 51.05 
31.18 3.50 .. 39.30 
31.85  2.00 22.21 
32.16  2.30 - 

S t a t i o n  10 
0 22.37 
2 21.48 
5 11.17 
10 10.56 
25 9.89 

9.18 
9.36 
14.92 
30.89 
31.65 

8.70 
8.75 
7.30 
4.85 
1.80 

107.86 
106.86 
74.88 
54.35 
19.97 

50  9.62  32.16  2.45  27 .ll 
* S t a t i o n s  1-4 PLESSEY CTD RESULTS 

m 

m 
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TABLE 11 WATER  QUALIT-Y RESULTS - PORT ALBERNI,  B.C., SEPTEMBER 1981 

YI TEMPtRATURt  SALIN 1 - r  DISSOLVED 'x, S A m O N  
("C) ( o/oo 1 OXYGEN 

(mg/ l )  
u 

S t a t i o n  1 
0 18.21 4.55  7.70 

5 16.20 24.50  7.60 
10  11.33 31.29  3.60 

Y 2 16.35  19.90  7.50 
86.30 
88.54 
89.97 
41.14 

a S t a t i o n  2 
0 18.26 7.12 7.50  85.13 
2 16.14 21.65 7.70  99.55 

I 5 '  - 25.18  6.30 - 
10 - 31.24  2.40 - 

I S t a t i o n  3 
0 17.81 11.67 8.00  93.24 
2 16.67 20.27 7.50  89.28 
5 15.28 24.31 6.70  79.57 

m 10 11.59  31.15  3.60  41.37 

I 

P 

s t a t i o n  4 
0 17.82 
2 16.04 
5 14.93 
10 11.13 

13.91  8.30 
21.20  7.30 
24.70  5.90 
32.67  2.20 

97.18 
86.39 
69.73 
25.28 

S t a t i o n  5 
0 17.77 9.87 8.00 91.42 
2 15.73 22.99 7.10  84.42 
5 14.47 25.54 6.20  73.02 
10 11.23 31 39 2.30  26.25 

s t a n o n  b 
0 17.91 
2 16.70 
5 14.46 
10  11.36 
25 10.39 

10.26  8.00 
22.32  7.10 
26.67  6.40 
31.50  2.00 
31.71  0.80 

91.84 
85.74 
75.91 
22.90 
8.97 

S t a t i o n  10 
0 17.57 
2 16.01 
5 13.71 
10 11.23 
25 10.40 
50  9.73 

11.66  8.30 
22.56  7.50 
27.91  5.70 
31.36  3.50 
31.71 2.00 
32.11  1.20 

95.40 
89.39 
67.13 
39.95 
22.44 
13.30 
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TABLE 12 WATER  QUALITY  RESULTS - PORT  ALBERNI, B.C. , MARCH 4,1982 

I 

I 

S t a t i o n  1 
0.0 4.43 4.18 0.10* 0.82 
1.0  4.98 4.87 11.45 95.34 
2.0 6.82 14.18 9.45 87.11 
3.0  7.83 26.01 8.05 81.92 
4.0  8.13 28.54 7.55 78.70 
5.0 8.24 27.89 7.25 75.44 
10.0  8.47 28.19 7.05 73.91 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S t a t i o n  2 
0.0 4.58 2.55 12.10 98.41 
1.0  4.58 2.98 12.20 99.47 
2.0  6.77 14.11 9.05 83.28 
3.0  8.03 27.02 7.35 75.68 
4.0  8.08 27.76 7.55 78.20 
5.0 8.13 28.10 7.40 76.92 
10.0  8.46 28.83 6.55 68.96 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  3 
0.0 4.88 2.61 12.15 99.62 
1.0  5.08 3.40 11.95 98.92 
2.0  6.00 10.09 10.15 89.45 
3.0 7.41 24.66 8.10 80.90 
4.0  8.02 27.35 7.40 76.33 
5.0 8.12 27.96 7.45 77.34 
10.0  8.48 28.86 6.40 67.41 
15.0  8.48 29.05 6.75 71.20 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  4 
0.0 4.88 12.30 
1.0  5.08 2.49 12.15 100.07 
2.0 6.59 10.82  9.85  88.48 
3.0 7.72 25.90  8.00  81.15 
4.0 8.03 27.28 7.75 79.92 
5.0 8.03 27.77 8.20  84.83 
10.0  8.42 29.03  7.85  82.67 
15.0  8.55 28.91  7.10  74.94 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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WATER QUALITY RESULTS - PORT ALBERNI, B.C., MARCH 4, 1982 

TH  TEMPtRATURt  SAL1 N ITY DISSOLVED % S A T U R A ~ O N  
(m) ( " C )  (O/OO) OXYGEN 

(mg/ll 
. .  

S t a t i o n  5 
0.0 4.87 2.23 12.15 99.38 
1.0 5.17 3.74 11.85 98.52 
2.0 6.75 13.20 9.60 87.81 
3.0 7.71 23.86 8.10 81.06 
4.0  7.91 27.44 7.95 81.84 
5.0 8.12 27.77 7.15 74.13 

10.0 8.39 28.30 6.20 64.93 
15.0  8.55 28.84 6.50 68.58 
20.0 8.80 28.83 5.35 56.77 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  6 

0.0 4.88 2.46 12.02 98.46 
1.0 4.97 3.04 12.00 98.86 
2.0 6.05 12.12 10.00 89.30 
3.0 7.71 25.78 8.30 84.11 
4.0 7.92 27.32 8.05 82.82 
5.0  8.02 27.79 8.10 83.79 

10.0 8.47 28.04 6.65 69.65 
15.0  8.40 29.39 7.45 78.60 
20.0 8.80 28.84 6.95 73.75 
25.0  8.80 29.78 6.25  66.75 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  7 

0.0 4.88 2.29  12.10  99.03 
1.0 5.08 3.11 11.95 98.76 
2.0  6.30  11.96 10.20  91.58 
3.0 7.71  24.41 8.25  82.86 
4.0 7.89 27.48 8.30 85.42 
5.0 8.02 27.86 8.10  83.83 

10.0 8.31 27.82 7.90 82.32 
15.0 8.35 28.63 7.50 78.63 
25.0 8.54 , 28.45 7.10  74.69 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE 12 WATER QUALITY RESULTS - PORT ALBERNI, B.C., MARCH 4,  1982 

( Continued) 

TH T ~ M P ~ R ~ R ~  SALINITY DISSOLVtD % SATURATION 
(m) ( " C )  ( O / O O )  OXYGEN 

(mg/ l )  

S t a t i o n  8 
0.0 4.87 1.99  12.60  102.93 
1.0 3.03 11.75 
3.0  6.07 25.75 10.45  101.66 
3.0 7.71 25.66  8.35  84.54 
4.0  7.91 27.27 8.20  84.31 
5.0  7.96 28.14  8.30  85.93 
10.0  8.13 28.12 7.95  82.64 
15.0  8.39 29.74 7.10 75.07 
20.0 8.54 28.73 7.05  74.30 
50.0 10.26 31.27 2.00 22.32 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  9 
0.0 4.89  2.05 12.25 100.15 
1.0 5.09 3.27 11.60  95.98 
2.0  6.64  19.06  9.00  85.11 
3.0  7.83 27.32 8.30  85.21 
4.0  7.99  27.64  8.00  82.61 
5.0  8.08  28.14  8.00  83.08 
10.0  8.17  29.11  8.25  86.42 
15.0  8.27  28.03  7.70  80.27 
20.0  8.52  28.77 7.75 31.67 
55.0 10.20 31.15 2.20  24.50 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  10 
0.0 5.16  19.07 12.25 111.57 
1.0  5.07  20.19  11.70  107.07 
2.0 6.21  30.59  10.40  104.82 
3.0  7.79  27.44  8.35  85.70 
4.0 7.89  27.47  8.30  85 42 
5.0 8.09 27.87  8.00  82.95 
10.0  8.22  28.41  7.80  81.41 
15.0  8.27  28.62  7.90  82.67 
20.0  8.57  28.90 7.25 76.56 
60.0  10.30  31.34  1.45 16.21 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*rogue number 
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TABLE 13 WATER QUALITY RESULTS - PORT ALBERNI, B.C., MARCH 5, 1982 

T ~ ~ R L  SALINITY  DISSOLVtD % S A T U R A T I O N  
("C) ( o/oo 1 OXYGEN 

(mg/l)  

Sta t ion  1 
0.0 5.20 3.89 10.85 90.36 
1.0  6.48 10.82 10.50 94.05 
2.0 6.78 15.90 9.50 88.39 
3.0 7.52 17.31 9.25 88.42 
4.0  7.92 25.54 7.80 79.32 
5.0 7.95 26.53 7.50 76.82 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  2 
0.0 4.98 2.15 12.85 105.37 
1.0  5.66 8.83 11.20 97.11 
2.0  6.53 13.28 10.05 91.48 
3.0  7.34 20.74 8.50 82.65 
4.0  7.85 26.21 7.85 80.04 
5.0 7.90 27.44 8.05 82.84 
10.0  8.24 28.20 6.85 71.44 

............................................................................... 
S t a t i o n  3 
0.0 5.03 2.65 , 12.60 103.74 
1 .o 5.68 7.68 11.25 96.95 
2.0  6.81 14.48 9.90 91.39 
3.0  7.49 18.51 9.25 89.01 
4.0  7.82 26.24 7.95 81.01 
5.0 7.89 27.29 8.30 85.32 
10.0  8.19 28.03 7.60 79.07 
15.0  8.35 28.46 6.50 68.07 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  4 
0.0 5.03 3.37 12.05 99.61 
1.0  5.50 7.37 11.40 97.60 
2.0  6.09 9.33 10.90 95.84 
3.0  7.24 21.14 8.50 82.65 
4.0 7.85 26.90 8.25 84.51 
5.0  7.98 27.60 8.05 83.10 
10.0  8.18 28.36 6.70 69.84 
15.0  8.31 28.59 7.10 74.36 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE 13 WATER QUALITY  RESULTS - PORT ALBERNI,  B.C., MARCH 5,  1982 

(Continued) 

PTH  RE SALITI ITY DISSOLVtD % S A m O N  
(m) ("C 1 ( o/oo 1 OXYGEN 

(mg/l)  
.. 

S t a t i o n  5 
0.0 5.23 2.90 12.45 103.18 
1.0  5.52 6.11 11.75 99.93 
2.0  5.84 9.44 10.80 94.43 
3.0  7.71 25.45 7.75 78.36 
4.0 7.97 27.06 7.50 77.11 
5.0  7.96 27.65 8.00 82.57 
10.0  8.29 28.22 6.90 72.05 
15.0  8.50 28.59 6.35 66.80 
20.0 8.60 28.80 6.50 68.64 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  6 
0.0 5.23 3.39 12.30 102.23 
1.0  5.65 5.55 11.60 98.67 
2.0  7.19 12.34 9.05 83.25 
3.0  7.79 26.20 8.40 85.51 
4.0  7.95 27.53 7.95 81.96 
5.0  8.05 27.82 8.05 83.35 
10.0  8.33 28.39 6.45 67.49 
15.0  8.58 28.66 5.95 62.75 
20.0  8.60 28.81 5.95 62.84 
25.0  8.70 29.03 6.00 63.61 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  7 
0.0 5.23 3.55 12.25 101.89 
1.0 5.77 4.47 12.90 109.37 
2.0 6.17 9.01 10.60 93 20 
3.0 7.39 20.01 8.90 4 86.25 
4.0 7.76 26.58 8.45 86.1% 
5.0 7.91 27.67 8.15 84.02 
10.0 8.12 28.34 7.90 82.22 
15.0 8:29 28.92 6.85 71.87 
20.0 8.19 28.94 5.80 60.71 
25.0 8.86 29.20 4.90 52.20 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE 13 WATER QUALITY RESULTS - PORT ALBERNI, B.C., MARCH 5, 1982 

(Conti nued) 

S t a t i o n  8 
0.0 5.25 4.17 11.85 98.97 
1.0  5.59 4.60 11.75 99.25 
2.0  5.81 8.33 11.10 96.35 
3.0  6.18 14.61 9.75 88.67 
4.0  6.20 24.66 8.70 84.31 
5.0 6.65 26.75 8.65 85.95 
10.0  8.05 28.34 7.90  82.09 
15.0  8.25 28.63 7.30  76.37 
20.0  8.46 28.91 7.00  73.72 
50.0  10.24 28.86 2.10  23.05 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  '9 
0.0 5.35 3.30 12.45 ,103.74 
1.0 5.52 4.82 11.95 100.88 
2.0 6.41 10.50 10.75 95.95 
3.0 7.41 21.47 8.90 87.07 
4.0 7.70 26.90 8.70 88.78 
5.0 7.81 ' 27.34 8.60 88.26 
10.0 8.11 28.33 7.90 82.19 
15.0 8.26 28.70 8.05 84.27 
20.0 8.72 28.93 7.50 79.49 
25.0 10.24 31.50 2.00 22.35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a t i o n  10 
0.0 5.30 3.84 12.00 100.16 
1.0  5.64 6.35 11.45 97.81 
2.0 6.09 9.61 10.85 95.54 
3.0  7.42 21.61 8.50 83.26 
4.0  7.78 26.69 8.65 88.32 
5.0  7.88 27.53 8.70 89.53 
10.0 8.08 28.41  8.25  85.81 
15.0  8.25 28.38 
20.0  8.71 28.95  7.50  76.49 
60.0  10.24 31.46  2.30  25.69 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE 14 COLOUR  ANALYSIS - PORT  ALBERNI, B.C., JUNE 1981 (co lour   un i ts )  

S ta t i on  
DEPTH 1 2 3 4 5 6 7 a 9 IO 

(m) 

0 12 17 9 8 12 7 9 -9 7 4 
2 12 11 9 6 6 6 7 5 8 6 
5 0 1 0 1 0 0 1 0 2 3 
10 0 0 0 0 0 0 0 0 0 0 

TABLE 15 COLOUR  ANALYSIS - PORT  ALBERNI, B.C., JULY 1951 (col our un i   t s )  

S ta t i on  
DEPTH 1 2 3 4 5 6. 7 8 9 10 
(m) 

0 6 5 1 6 5 4 3 7 6 - 
2 4 7 6 7 6 5 7 7 1 4 
5 1 0 0 1 4 4 1 0 3 3 
10 2 0 0 0 1 1 0 0 1 - 

TABLE 16 COLOUR  ANALYSIS - PORT  ALBERNI, B.C., MARCH 1982 (colour u n i t s )  

S ta t i on  
DEPTH 1 2 3 4 5 6 7 8 9 10 
(m) 

0 17 9 11 11 7 10 9 8 8 3 
2 8 8 10 8 9 11 6 11 4 5 
5 0 0 2 0 1 1 1 0 1 1 
10 0 0 1 1 1 0 0 1 1 0 

m 
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TABLE 17 WATER QUALITY: NON-FILTERABLE RESIDUES AND VOLATILE  NON-FILTERABLE 
RESIDUES - PORT ALBERNI, B.C. MARCH 1982 

(mg/l) 
.I 

DEPTH (metres) a 
STAT I ON 0 1 2  3  4 5 10 15  20 25 50 

a 1 NFR 17 15 23 23 17  19  10 
VNFR L5  14  L5  L5  L5  L5  L5 

I 2 NFR 10 10 12  L5  L5 6 10 

VNFR L5 L5  L5  L5  L5  L5 L5 

I 
3 NFR 7 L5 L5 7 L5  L5 9 L5 

VNFR L5 L5  L5 L5 L5 L5 9 L5 
I 

4 NFR L5 L5 L5 10 11 L 5  7 12 
VNFR L5 L4 L5 5 L5  L5 7 6 

m 

5 NFR L5 6 L5 10 11 17 11 35 12 
VNFR L5 L5 L5 10 L5 13 ~5 ~5 1-5 

I 

6 NFR 10 7 15  46  29  12 38 L5 9 6 
I VNFR L5  L5  L5 11 L5 5 11 L5 9 L5 

7 NFR 8 7 14 1 5  5 23 27 23 23 
rll VNFR 8 6 8 11 5 9 10 13 7 

8 NFR 9 8 20 28 19 L5  50 20 27 7 
VNF R 9  8 L5 9 6 L5  18 7 10 6 

Q 

I 9 NFR L5 6  23 21  10  L5 25 28 11 9 
VNFR L5  L5 5 L5  L5  L5 6 8 10  L5 (55m) 

I 10 NFR 5 11 7 6 10 9  40  13  16  18 
VNFR L5 L5 L5  L5 5 L5 9 6 5 5 (60m) 
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TABLE 18 DISSOLVED METALS - PORT ALBERNI, B.C. MARCH 1982 
( u g h 1  1 

STATIONDEPTH Hg C d  Pb Zn cu 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

O m  
5 m  

O m  
5 m  

O m  

5 m  

O m  
5 m  

O m  

5 m  

O m  
5 m  

O m  
5 m  

O m  
5 m  

O m  
5 m  

O m  
5 m  

L. 0002 
L. 0002 

L . 0002 

L. 0002 

L. 0002 

L. 0002 

L. 0002 
L. 0002 

L. 0002 

L.  0002 

L.  0002 
L. 0002 

L. 0002 

L. 0002 

L. 0002 
L. 0002 

L.  0002 

L. 0002 

L. 0002 
L. 0002 

L. 0002 

.0004 

.0005 

.0004 

.0005 

.0007 

. 0002 
,0004 

L. 0002 

L . 0002 

L .0002 
.On03 

L .0002 
-0003 

L.  0002 
.0005 

L 0 0002 
0003 

L. 0002 
L. 0002 

014 
.004 

.007 
L 002 

.018 
L .002 

.006 
L .002 

.005 
L .002 

L .002 

L ,002 

L .002 

.002 

L .002 
L .002 

.015 
L .  002 

-L. 002 

.002 

. 01  67 

.0085 

.0124 
,0114 

.0179 

.0143 

.0092 

.0115 

.0093 

.0098 

.0031 

.0166 

.0022 

0095 

.002 2 

.0095 

. 00 98 

.0113 

.0019 

.0107 

0 0101 
.0195 

01 75 
.0038 

. 01 32 

.0051 

.0105 

. 01 53 

.0067 

. 01 24 

.002 2 

.0031 

.0053 

.003 1 

.0115 

.0057 

.0055 

.003 5 

.002 0 

.0078 
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TABLE 19 TRACE METAL LEVELS  IN  MARINE  SEDIMENTS - GRAB SAMPLES - 
PORT  ALBERNI ,   B .C . ,   JUNE 1981 

(mg/kg dry weight) 

STAT I ON Cd P b  Zn cu 

1 LO. 58  20.7  479.0  63.1 

2 LO. 58  7.93  285.0  59.8 

3 LO. 58  10.3  155.0  68.9 

4 0.805  10.3  219.0  63.8 

5 0.640  10.6  212.0  65.5 

6 0.929  11.0  217.0  72.3 

7 0.782  10.8  182.0  62.8 

8 

9 

10 

0.871 L6.71 180.0  58.6 

0.856 12.5 260.0  60.1 

0.918 16.9 329.0 67.4 
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TABLE 20 TRACE METAL ANALYSIS I N  MARINE  SEDIMENTS 
GRAB SAMPLES - PORT ALBERNI , B.  C 

MARCH 1982 
(mg/kg dry w e i g h t )  

STAT I ON H g   C d  P b  Zn cu 

1 
2 
3 
4 
5 
6 
7 

$ 8  
9 
10 
11 
12 
13 
14 
15 
16 
17 

0.39 
0.32 
0.34 
0.56 
0.50 
0.55 
0.67 
0.69 
0.60 
0.67 
0.45 
0.49 
0.31 
0.64 
0.35 
0.37 
0.41 

0.8 
0.5 
0.8 
1.2 
1.6 
1.3 
1.7 
2.2 
1.8 
2.2 
0.7 
1.4 
1.2 
1.6 
1.4 
2.1 
0.8 

22.0 
16.0 
18.0 
17.0 
20.0 
21.0 
22.0 
17.0 
17.0 
25.0 
18.0 
17.0 
18.0 
19.0 
28.0 

45.0 
9.0 

522.0 
225.0 
242.0 
253.0 
237.0 
236.0 
241.0 
230.0 
218.0 
284.0 
252.0 
269.0 
262.0 
328.0 
2460.0 

5060.0 
128.0 

\ 

77.1 
71.3 
75.9 
73.3 
73.5 
75.3 
74.3 
76.5 
74.9 
80.1 
74.0 
72.9 
75.3 
67.8 
82.7 

195.0 
48.4 
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TIXAL VOLATILE RESIDES AN) PARTICLE SIZING 
(32AB SJWLES - PORT ALBERNI, B.C. 

w 19B1 

1 181 59.5 9.8  16.5 18.1 30.4 11.0 18.5 12.9  21.7 7.7 12.9 
2 159 37.5 7.0 18.7 10.4 27.7 8.1 21.6 8.7 23.2 3.3 8.8 
3 105 113.4 1.9  1.7 26.5 23.4 23.3 20.5 30.7  27.0 31.0 27.3 
4 109 83.9 1.3  1.6 19.2 23.7 9.7 12.0 11.7 14.5 39.0 48.2 
5 126 44.1 0.4 0.9 10.2 23.1 5.2 11.8 4.0 9.1 24.3 55.1 
6 ' 126 43.1 4.0  9.3 6.1 14.2 3.9 9.0 5.8 13.5 23.3 54.1 
7 144 69.1 17.2  24.9 15.1 21.9 8.7 12.6 9.1  113.2 19.0 27.5 
8 132 78.7 7.4 9.4 14.9 18.9 9.6 12.2 4.8  6.1 42.0 53.4 
9 135 40.8 3.7  9.1 8.0 19.6 6.9 16.9 7.3  17.9 14.9 36.5 
10 152 58.6 7.5  12.8 11.6 19.8 7.8 13.3 5.0 8.5 26.7 45.6 
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W E  22 nrrAL WlATILE RESIDLES ANI PARTICLE SIZING 
GRPB ! i W l E S  - PORT ALBERNI, B.C. 

I MA13CH 1982 

STATION l"? S4WI-E 35MESH 6oMEsH loo MESH 23oMEsH L230 MESH 

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

190 
133 
130 
120 
120 
120 
170 
140 
140 
150 
140 
110 
140 
90 
310 
830 

66.9 
83.4 
64.4 
66.5 
61.2 
60.4 
62.0 
39.6 
71.0 
49.5 
49.0 
n. 7 
60.4 
70.8 
24.3 
13.2 

10.0  14.9  15.8 
5.9 7.1 23.6 
9.6  14.9 12.1 
10.0  15.0  10.7 
13.2 21.6  9.5 
24.3  40.2  13.4 
23.3  37.6  12.9 
10.0 25.3 8.0 
30.8  43.4  11.8 
10.5 21.2 7.3 
8.4 17.1 12.0 
13.4  18.4  12.0 
25.5  42.2 7.8 
22.2  31.4  16.4 
16.1  66.3  3.7 
10.9 $2.6 1.7 

~~ 

23.6 14.6 21.8 16.9 25.3 9.6 14.3 
28.3 15.9 19.1 24.4 29.3 13.6 16.3 
18.8 8.6 13.4 16.7 25.9 17.4 27.0 
16.1 5.1 7.7 13.3 20.0 27.4 41.2 
15.5 4.7 7.7 8.7 14.2 25.1 41.0 
22.2 5.0 8.3 5.8 9.6 11.9 19.7 
20.8 7.0 11.3 7.5 12.1 11.3 18.2 
20.2 3.3 8.3 5.2 13.1 13.1 33.1 
16.6 5.0 7.0 6.5 9.2 16.9 23.8 
14.7 3.3 6.7 6.8 13.7 21.6 43.6 
24.5 6.4 13.1 11.3 23.1 10.9 22.2 
16.5 5.0 6.9 11.8 16.2 30.5 42.0 
12.9 5.9 9.8 11.0 18.2 10.2 16.9 
23.2 6.2 8.8 9.4 13.3 16.6 23.4 
15.2 1.5 6.2 2.0 8.2 1.0 4.1 
12.9 0.2 1.5 0.3 2.3 0.1 0.8 

~ ~~~ ~ 

m 
15 = Outfall, 16 = Bibasin 

I 
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TABLE 23 SEDIMENT  CHARACTERIZATION - PORT ALBERNI, B.C. 
MARCH 1982 

STATION DEPTH REMARKS 

1 

2 

3 

6 

7 

8 

9 

10 

13 m 

1 4  m 

18 m 

20 m 

20  m 

27 m 

36 m 

59 m 

63 m 

68 m 

Strong H2S odor,  black  decomposing 
f i b r e ,   w h i t e   b a c t e r i a l   g r o w t h  on 
s u r f a c e   o f  decomposing  organic  matter. 

Strong H2S odor,  black  decomposing 
wood f i b r e ,   b a c t e r i a l   g r o w t h  on 
sur face.  

HzS odor, b l  ack  decomposing wood 
f i b r e ,   f i n e  brown  sediment  on 
sur face.  

Fine,  grey  sediment, no odor , some 
wood fragments. 

F ine,   natura l   sediment ,   grey  co l   our ,  
no odor, wood debr is .  

Coarse  sand, t h i n  brown  sediment  on 
sur face,  no odor. 

Natural  sediment, wood debr i s .  

Natural  sediment,  brown-green  col  our , 
no  odor  or  wood debr i  s 

Fine   sed iment ,   s l igh t   odor ,  no f i b r e  
o r  wood debr is .  

Natural   sediment,   grey-green  col   our , 
no   odo r   o r   f i b re .  

I 

m 

Continued. . . 
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TABLE 23 SEDIMENT CHARACTERIZATION - PORT  ALBERNI, B.C. 
MARCH 1982 

w 

STATION DEPTH REMARKS 

11 

12 

13 

14 

19 m 

28 m 

16 m 

21 m 

15 

16 

17 

B1 ack  decomposing  sediment, s t rong  

H2S o d o r ,   t h i n  1 ayer  sediment on 

surface. 

Brown f i ne   sed imen t   (1  cm) over  b lack,  

s o f t  sediment, no H2S odor, wood 

fragments. 

Black  decomposing  sediment, t h i n  brown 

surface  1  ayer,   strong H2S odor. 

Grey-brown  sediment,  small  rocks  and 
wood fragments, no H2S odor. 

A t  out fa l l   conta inment   per imeter .  

B i  obasi   n  s l  udge. 

Somass River  sediment. 
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6. PORT MELLON - THORNBROUGH CHANNEL 

6 . 1  Perceived  Impacts 

6.1.1 Receiving Water. Phytopl ankton  productivity (Stoc kner , e t  
a1 , 1975; Stockner and Costel 1 a ,  1976) a t   Port  Me1 lon was 90% reduced 
between s i t e s  near  the pul pmill and the  control si te ( 2  km from the mil 1 ) .  
Poor 1 i g h t  conditions were shown t o  be the major cause. 

In preference-avoidance  experiments,  juvenile  chinook, coho and 
chum salmon avoided surface waters near  the  pulpmill and high colour 
significantly  correlated w i t h  these  findings  (Birtwell and Harbo, 1980). 

6.1.2 Benthic. The gasi  ferous  fibre beds adjacent  to  the  outfall  s 
and the  debris from log handling and storage have impacted sub t ida l  
communities i n  the v i c i n i t y  of the mil 1 (McDaniel , 1973). 

Observations from the PISCES  IV submersible (EPS, 1976) 
substantiated the findings of Chang and Levings (1976)  that  substrate  type 
was important i n  structuring bottom  communities. The fine  fibrous 
sediment  typical  of pul pmill areas is  avoided by most marine species 
tes ted.  

6.1.3 In te r t ida l  . Discharge o f  1 ime mud and f ib re  b u i l d - u p  on the 
intert idal   area has severly  depressed  intertidal communities southeast o f  
the pul  pmill . The disposal of 1 ime mud terminated  several  years ago b u t  

the   effects  of the  smothering s t i l l   p e r s i s t  (Levings and  McDaniel , 9976). 
Pedlow (1974) studied  the  effects of BKME on the growth and 

physiology  of  Pacific  oysters  transplanted t o  the  Port Mellon area. 
Proximity to  the pul pmill correlated w i t h  mortality and deteriorated 
oyster condi t ion  wi t h i n  a zone of in f l  uence  of between 0.5 and 0.8 km 
south of the mil 1 .  

m 

m 

I 
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6.2 Effluent Data 
Effluent data  for 1981 suppl ied  by the company for  suspended 

L 
so l ids  and BOD5 i s  presented below. No toxicity  data was  made 
available.  

m 

Actual Permitted 
1 BOD 5 

ss 
30.7 k g / t  (24.5-42.5) 17,400 kg/  day 
17.9 k g / t  (11.4-28.9) 10,150 k g /  day 

The suspended  sol ids leve ls  exceed federal  standards (7.8 
kg/ADt)  for a l l  months sampled. I t  has been noted tha t  w i t h  level "B" 
discharge, a f i b re  bed will undoubtly  develop a t  the end of the d i f fuser .  

6.3 Results and Discussion 

6.3.1 Water Qual i ty  . The sa l in i ty   p rof i les   for  b o t h  June and 
August, 1981, indicate  the  influence of freshwater i n p u t ,  w i t h  surface 
s a l i n i t i e s  from 6.24 t o  8.40 O/oo i n  June and 7.85 t o  9.64 O/oo 

i n  August (Tables 24 and 25,  Figure 6 ) .  Standard  hydrographic  depths were 
n o t  employed dur ing  the  June  survey.  Temperature  profiles  are  typical  of 
B.C. coastal  waters  for summer surveys, w i t h  thermoclines more pronounced 
in August. Dissolved oxygen prof i les  were s table   to  depth a t  the s t a t ions  
sampled. The impact  of  the pul  pmil 1 discharge has i n  the  past been 
local ized,   pr imari ly   effect ing  inter t idal  and sub-tidal  benthic 
communities (Ne1 son, 1979 1, and the  June  survey  confirmed tha t   pa t te rn .  
The band of highly oxygen saturated  water  observed a t  2 metres  in August  
a t  several   stations i s  unusual,  possibly  the result of a phytoplankton 
b l  oom. 

6.3.2 Benthic Oual i t.y. 

6.3.2.1 Sediment. Trace metal analysis  results  are presented i n  
Tables 26, 27 and 28 (Figure 7 ) .  Cadmium levels are  elevatd: 4.54 mg/kg,  
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a t   S ta t ion  82, t he   s i t e  sampled closest  t o  the pul p i l l  operation. Zinc 
and copper concentrations were also highest a t  this location. Sediments 
a t  Station B2 contained  large amounts of f ib re  and wood debris and  had .a 
strong H2S odor,   indicative of decomposition  (Tables 26 and 2 7 ) .  
Future  benthic  surveys will concentrate  efforts i n  sub-tidal  areas  closer 
to  the mill to document existing  benthic  quality,  as well as periodic 
examinations of previously sampled locations. 

I 

m 

I 

m 

6.3.2.2 Benthic  invertebrates.  Benthic  invertebrates were collected 
a t  3 locations i n  1981 (Appendix I 1  ). The sediments were composed of 
sandy brown mud w i t h  some wood debris, b u t  an absence  of f i b re .  The 
communities a t  a l l  s ta t ions  were dominated by polychaetes. A t  Station 85, 
nearest  the pul p m i l l  , Diplodonta orbellus were collected i n  large 
numbers. 
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TABLE 24 WATER QUALITY RESULTS - PORT MELLON, B.C., JUNE 1981 

Y 

DEPTH TEMPERATURE SALINITY  DISSOLVED % SATURATION 
am 

(m) ("C) (%o) OXYGEN 

(mg/l) 
I 

Sta t ion  1 
I 0.0 14.39 8.40 9.40  99.42 

5.0 12.24 21.89 7.90  86.66 
10.0  10.22  26.37  7.10 
20.0  8.84  29.12  6.70 
40.0 8.58 
100.0  8.80 

I 
29.58  6.30 
30.24  5.70 

76.62 
71.30 
66.85 
61.06 

U 5.0 11.77 
10.0  10.11 

m 20.0  8.80 
40.0 8.59 

100.0  8.81 
I 

21.93  7.70 
26.74  7.00 
29.21  6.20 
29.72 7.20 
30.25  5.90 

83.61 
75.53 
65.97 
76.48 
63.22 

Sta t ion  3 
U' 0.0 14.40 

5.0 12.88 
*.1 10,o 10.12 

20.0  8.79 
I 40.0 8.59 

100.0 8.81 

6.73  9.70 
17.98  8.20 
26.56  6.90 
29.19  6.10 
29.72  5.60 
30.24  5.90 

101.63 
88.99 
74.38 
64.87 
59.48 
63.23 
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TABLE 24 WATER QUALITY RESULTS - PORT MELLON, B.C., JUNE 1981 

DEPTH TEMPERATURE SALINITY  DISSOLVED % SATURATION 

( m) ("C) (O/OO) OXYGEN 

(mg/ l )  

S t a t i o n  4 
0.0 14.66 
5.0 12.53 
10.0  10.00 
20.0  14.16 
40.0 8.60 
80.0  8.69 

6.91  10.00 
17.64  8.40 
26.56  6.90 
29.06  5.90 
29.70 5.90 
30.06 5.70 

105.46 
90.29 
74.19 
70.65 
62.68 
60.82 

S t a t i o n  5 
0.0 14.92 
5.0 12.13 
10.0  10.04 
20.0  8.83 
40.0  8.63 
100.0  8.80 

8.02  9.70 
20.25 8.40 
26.76 7.00 
29.15  6.00 
29.70  5.60 
30.25 5.60 

103.51 
90.97 
75.42 
63.86 
59.54 
-60.00 

S t a t i o n  6 

0.0 15.11 
5.0 12.93 
10.0  9.94 
20.0 8.89 
40.0 8.61 
100.0  8.79 

7.62  9.90 
16.64  8.40 
26.97  6.80 
29.00 6.20 
29.74 5.70 
30.25  5.90 

105.80 
90.15 
73.20 
66.01 
60.58 
63.20 

m 
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Y TABLE 25 WATER QUALITY RESULTS - PORT MELLON, B.C., AUGUST 1981 

DEPTH TEMPERATURE SAL1 N ITY DISSOLVED % SATURATION 
Y 

(m) ("C) (O/OO) OXYGEN 
(mg/l) 

Y 

S t a t i o n  1 
I 0.0 19.13 

2.0 17.84 
5.0 15.23 
10.0  12.93 

I 

9.64  10.30 
22.20  12.80 
26.17  10.60 
27.32  8.90 

120.62 
157.90 
127.33 
102.63 

25.0 10.42 28.66 10.10 111.16 
50.0 9.05 29.63 5.70 61.17 
100.0 9.01 30.44 5.20 56.06 

I 

(I 

S t a t i o n  2 
m 0.0 19.72 

2.0  17.63 

I 5.0  14.92 
10.0 12.55 
25.0  10.41 
50.0  9.08 
100.0 8.96 

11 

1 

8.91  10.10 
21.98  12.80 
26.04  11.20 
27.53 7.70 
28.65  5.90 
29.60  5.90 
30.44  5.10 

119.07 
157.05 
133.56 
88.20 
64.92 
63.36 
54.92 

S t a t i o n  3 
IYI 0.0 19.48 

2.0 17.66 
ng* 5.0  15.41 

10.0  12.55 
25.0  10.31 
50.0 9.02 
100.0 8.97 

I 

I 

8.89  9.80 
22.51  12.80 
25.95  6.20 
27.50  8.20 
28.72  6.00 
29.63  5.50 
30.43  4.90 

115.02 
157.66 
74.65 
93.90 
65.90 
58.98 
52.77 
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TABLE 25 WATER QUALITY  RESULTS - PORT MELLON, 9. C. , AUGUST 1981 

DEPTH TEMPERATURE SALINITY DISSOLVED % SATURATION 

(m) ("C) ( o/oo 1 OXYGEN 
(mg/l) 

S t a t i o n  4 
0.0 19.69 
2.0  18.08 
5.0  15.74 
10.0  12.40 
25.0  10.16 
50.0  9.04 

9.25  9.80 
22.05  12.80 
25.45  11.40 
27.59  8.30 
28.81 6.40 
29.61  5.70 

115.72 
158.49 
137.74 
94.79 
70.09 

61.14 

S t a t i o n  5 
0.0 19.69 
2.0  18.81 
5.0 17.35 
10.0  12.38 
25.0  10.25 
50.0 9.06 

9.58  10.70 
13.93  11.50 
23.56  12.80 
27.66  8.30 
28.78  6.30 
29.61  5.90 

126.58 
137.32 
157.77 
94.81 
69.12 
63.33 

S t a t i o n  6 
0.0 19.17 
2.0 19.30 
5.0  16.91 
10.0  13.37 
25.0  10.11 
50.0 9.10 
100.0  8.99 

7.85  9.80 
10.88  10.80 
24.56  11.70 
27.10  9.30 
28.88  11.70 
29.61  5.50 
30.41  5.40 

113.64 
127.80 
143.90 
108.11 
128.03 
59.09 
58.17 
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TRACE METAL LEVELS IN MARINE  SEDIMENTS 
GRAB SAMPLES - PORT MELLON, B.C. 

NOVEMBER 1981 
(mg/kgj 

STATION Hg Cd Pb Zn cu 

B 1  
82 
B3 
84 
B5 
B6 
B7 
B8 
B9 

0.160 
LO. 139 

0.166 
0.260 
0.192 
0.217 
0.166 

LO. 144 
LO. 135 

1.41 
4.54 
1.33 
1.3 
0.7 
1.0 
0.6 

LO. 6 
LO. 6 

23.2 
163.0 
40.5 
35.0 
28.3 
32.8 
26.9 
22.4 
16.3 

89.4 
297.0 
109.0 
112.0 
85.6 

102.0 
81.1 
66.2 
59.4 

70.8 
140.0 
87.1 
94.0 
66.0 
89.4 
62.4 
49.9 
39.5 
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TOTAL WLATILE  RESIOLES AN) PARTICLE  SIZING 
GfUB S W U S  - PORT KLLCN, B.C. 

mmm 1981 

STATION Tw sal4cE 35MESH 6OMEsH loo MESH 230 "i L230 MESH 

B1 
B2 
83 
B4 
B5 
B6 
87 
88 
B9 

19 
250 
270 
220 
210 
181 
181 
120 
70 

31.9 3.9 
33.4 10.6 
38.9 8.2 
61.6 3.2 
78.5 7.5 
36.3 1.5 
29.4 0.8 
40.7 0.2 
41.0 5.8 

12.2 9.6 30.1 

31.7 7.5 22.5 

21.1 9.5 24.4 
5.0 7.0 11.4 
9.6 27.7 35.3 
4.1 3.1 8.5 
2.7 3.1 10.5 
0.5 2.8 6.9 
14.1 9.9 24.1 

4.5 15.0 7.6 
6.7 20.0 5.2 

5.7 14.7 5.4 
11.1 18.0 20.0 
24.1 30.7 14.1 
3.5 9.6 11.2 
5.0 17.0 8.9 
8.7 21.4 14.0 
10.8 26.3 9.5 

23.8 6.0 18.8 
15.6 3.4 10.2 
21.6 7.1 18.3 
32.5 20.3 33.0 
18.0 5.1 6.5 
30.9 11.6 39.5 
30.3 11.6 39.5 
34.4 15.0 36.9 
23.2 5.0 12.2 
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Y TABLE 28 SEDIMENT  CHARACTERIZATION - GRAB SAMPLES 
PORT MELLON, B. C. - NOVEMBER 1981 

Y 

STATION 
II 

DEPTH 

I I  B 1  

m 82 

r B3 

I 
B4 

m 85 

I B6 

I B7 

88 
Illit 

B9 
/I/ I 

152 m 

26 m 

143 m 

205 m 

92 m 

153 m 

208 m 

164 m 

223 m 

B lack ,   f i b rous  mud, wood debris, b a r k .  

Fibre, wood debris, some H2S odor .  

Brown, sandy mud, some c o a r s e  f i b re ,  
she1 1 fragments. 

Fine, brown mud. 

Sandy mud, b l a c k  wood debris. 

Brown mud, some wood debris, mol 1 uscs.  

Brown mud, b l  ack wood debri s . 
Sandy, brown mud, some wood debris. 

Sandy mud, covered wi th  bark  and wood 
debris. 
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7. WOODFIBRE - HOWE SOUND 

7.1 Perceived  Impacts 

7.1.1 Receiv ing Water. The r e c e i v i n g   w a t e r   s t u d i e s   i n d i c a t e   t h a t  
the  environmental   impacts  f rom  Woodf ibre  ef f luent  d ischarges  are  conf ined 

t o  a r e l a t i v e l y   l o c a l   i z e d   a r e a   a d j a c e n t   t o   t h e  mil 1 and extend a s h o r t  

d i s tance   sou th   o f   t he  mil 1. Good c i r c u l a t i o n  and fl ushing i n   t h e   s u r f a c e  

waters due t o   t h e  Squamish R ive r   f l ow  has  reduced  environmental  impacts o f  
the  sur face  e f f luent   d ischarge  (Nelson,   1979) .  

The 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   k r a f t  mill e f f l u e n t  

were shown to   be   the   ma jor  cause o f  reduced  phy top lank ton   p roduc t iv i t y .  
The impact  appeared t o   b e   r e s t r i c t e d  t o  the  immediate  area o f  the pul pmill 

and t h e   e f f e c t  on t o t a l  How Sound product ion was small  (Stockner e t  a1 , 
1975).  'Under c e r t a i n   c o n d i t i o n s ,   n u t r i e n t   e n r i c h m e n t   f r o m   t h e   e f f l u e n t  

1 

coul  d 

Coste 

R i  ver  

and d 

t i des 

enhance p r o d u c t i v i t y  i f  l i g h t   c o n d i t i o n s  were su i tab le   (S tockner  and 

l a ,  1976). 
Sur face  d isso lved oxygen i s   s t r o n g l y   i n f l  uenced by   t he  Squamish 

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

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

winds and c u r r e n t s  a1 so lessen  the  impact o'f KME. The deep b e n t h i c  

s i t u a t i o n   i s  a1 so compl ex.  Poor fl ushi  ng and exchange  because o f  

r e s t r i c t e d   s u b s u r f a c e   f l o w   o v e r   t h e   s i l l  can r e s u l t   i n  an anoxic 

environment. Renewal occurs  approximately  every 3 years  (Bel  1 , 1974 1. 
Data c o l l e c t e d   b y  EPS i n  August  1981 shows a well   mixed oxygen  regime t o  

100  metres. The November 1981  data showed extremely 1 ow D. 0. 1 eve1 s 
( <  1.0 mg/l  below 100 metres)  which i s   t y p i c a l   o f   t h e  deep b a s i n   w a t e r s   i n  

Upper Howe Sound. 

7.1.2 Benthic.  Deep benthic  communities  have  been  examined  by 

Levings, e t  a1 (1978),  Levings and  McDaniel  (1980) and Levings  (1980).  

I n f r e q u e n t  deep water exchange i n  upper   bas in   resu l ts  i n  a per iod ic   anox ic  

env i ronment ,   w i th   devastat ing  e f fects   on  mar ine  inver tebrates.  

m 
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Subtidal  communit ies examined by  McDaniel (1973) show a 

r e d u c t i o n   i n   d i v e r s i t y   o f   m a r i n e   i n v e r t e b r a t e s   n e a r   t h e  mill. The author  
concluded a c o m b i n a t i o n   o f   l o w   s a l i n i t y ,   t u r b i d i t y ,   s i l t - l o a d i n g  and f i b r e  

depos i t i on  were respons ib le   f o r   . t he   poo r  community s t r u c t u r e .  I n  
a d d i t i o n ,   t h e   b u i l  d-up o f  a s l  udge  bed  can compound a poor   d isso lved 

oxygen  regime  by  adding  biologicaq  oxygen demands. 

A Pisces IV d i v e  film recorded i n  May 1979 by EPS, documents 

b e n t h i c   c o n d i t i o n s   a d j a c e n t   t o   t h e  mill. 
Bentt i ic   chemistry  data was c o l l e c t e d   b y  EPS i n  November 1981. 

The heavy  meta l   resul ts   ind icate  most   meta l   leve ls  do not   warrant   concern,  
a l t h o u g h   t h e r e   i s  a s l i g h t   e l e v a t i o n   o f  cadmium i n  the   immed ia te   v i c in i t y  

o f   t h e  mil 1. 
F u r t h e r   i n f o r m a t i o n  on the  receiv ing  env i ronment  i s   a v a i l a b l e   i n  

Hoos and  Vol d (1974) and the Air and  Water Qual i t y  Work Group F ina l   Repor t  
f o r   t h e  Squamish Estuary Management P1 an. 

7.1.3 In te r t i da l .   Loca l   impac t   i s   seve re   (Lev ings  and  McDaniel , 
1976) b u t   r e s t r i c t e d   t o  mill v i n c i n i  ty. Toxic  components o f   t h e   e f f l u e n t  

a r e   b e l i e v e d   r e s p o n s i b l e   f o r   t h e   d e g r a d a t i o n   i n   t h e   i n t e r t i d a l  zone,  as 

we1 1 as the   phys i ca l   impac t   o f  1 og  booming and 1 og storage. 

7.2 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  1981 supp l ied   by   the  company f o r  suspended 

s o l i d s  and BOD5 i s  presented  below. 

BOD5 
Actual  

44.1  (30.8-60.9) k g / t  

P e r m i t t e d  

18,270 kg/  day 
ss 93.3 (23.6-161.1) k g / t  9,560 k g l d a y  

No t o x i c i t y   t e s t s  were  conducted. 
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7.3 Resul ts  and  Discussion 

7.3.1 Water Q u a l i t y .  Water q u a l i t y   r e s u l t s   a r e   p r e s e n t e d   f o r  
August  and November 1981  (Tables 29  and 30, F igu re   8 ) .  The sal  i n i  ty  

p r o f i l e s   i n d i c a t e .   t h e   i n f l u e n c e   o f   f r e s h w a t e r   i n p u t   ( b o t h  Mill Creek  and 
the  Squamish R i v e r )   w i t h   s u r f a c e   s a l i n i t i e s   f r o m  2.18-4.10 O/oo i n  

August  and  from 2.38-12.73 O/oo i n  November. (The November survey was 

more extensive  than  August. See  Tab1 es) . Temperature p r o f i l e s   a r e  

t y p i c a l   o f  B.C. coasta l   water ,   w i th   the  thermocl ine more  pronounced l a t e r  
i n  the season. Dissolved oxygen p r o f i l e s  show s t a b l e   c o n d i t i o n s   i n   t h e  

surface  waters. A t  depth,  however  (greater  than 150 meters)   d isso lved 

oxygen i s  very 1 ow ( less   than 1 mg/ l ) .   Th is  i s   t y p i c a l   o f  deep basins  and 
has  been  observed  previously  (Levings,  1980). 

7.3.2 Benth ic   Qual  i ty. Trace  metal  analyses  of  marine  sediment, 
i n  November, 1981 ( F i g u r e   8 )  do n o t  show e leva ted   leve l  s o f  Hg , Cd, Cu , Pb 

o r  Zn (Table  31).  It i s  known t h a t   f i b r e  and wood debr i s  have  accumulated 
on the  bottom and the   spread  o f   f ib re   remains   the  most  pressing 

environmental  concern i n  the  area. 
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FIGURE 8 WATER QUALITY AND BENTHIC G R A B  STATIONS 
August and November 1981 
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TABLE 29 WATER QUALITY RESULTS - WOODFIBRE, B.C., AUGUST 1981 

DEPTH TEMPERATURE SALINITY DISSOLVED X SATURATION 
(m 1 ("C) ( O b 0  1 OXYGEN 

(mg/ l )  

S t a t i o n  W-1 
0.0 13.43 
2.0 13.61 
5.0  14.80 

10.0  13.16 
25.0 9.86 
50.0 9.20 

2.26 10.80 
3.26 10.90 

23.95 11.80 
26.42 9.90 
28.45 6.90 
29.38 6.90 

108.07 
110.11 
138.49 
114.06 

74.87 
74.19 

S t a t i o n  W-2 
0.0 14.47 
2.0 13.98 
5.0 14.45 

10.0 13.31 
25.0 10.21 
50.0  9.10 

100.0 8.74 

2.50 10.40 106.51 
9.26 11.40 120.16 

24.71 12.10 141.68 
26.  .06 10.20 117.62 
28.41 6.40 69.97 
29.57 6.20 66.59 
30.22 . 4.30 45.99 

S t a t i o n  W-3 
0.0 14.93 
2.0 13.30 
5.0 15.26 

10.0 13.20 
25.0 9.91 
50.0 9.14 

100.0 8.73 

2.34 10.80 
13.50  11.20 
24.10 13.10 
26.09  9.90 
28.41  6.20 
29.53 5.90 
30.24 4.00 

111.57 
119.34 
155.36 
113.91 

67.33 
63.41 
42.78 

S t a t i o n  W-4 
0.0 15.13 4.10 10.90 114.21 
2.0 14.23 22.38 12.20 140.08 
5.0 16.02 25.17 13.70 166.16 

10.0 14.76 28.17 12.80 154.30 
25.0 10.54 29.46 7.00 77.67 
50.0 9.00 30.30 7.20 77.53 

100.0 8.66 - 4.10 - 

Continued...  
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TABLE 29 WATER QUALITY  RESULTS - WOODFIBRE, B.C., AUGUST 1981 
( C o n t i n u e d )  

DEPTH TEMPERATURE SALINITY  DISSOLVED % SATURATION 
(m 1 ( " C )  (O/OO OXYGEN 

(mg/ l )  

S t a t i o n  W-5 
0.0 14.33 
2.0 13.78 
5.0 15.72 

10.0 14.09 
25.0 10.73 
50.0 8.97 

100.0 8.56 

2.70 11.10 
3.13 11.40 

18.00 13.00 
25.82  12.20 
27.86 7.10 
29.47  6.40 
30.36 3.90 

113.48 
115.49 
149.75 
142.80 

78.28 
68.48 
41.58 

S t a t i o n  W-6 
0.0 13.84 
2.0  13.29 
5.0 14.98 

10.0 13.15 
25.0  10.15 
50.0 9.27 

100.0 8.82 

2.18 10.70 
3.69  11.10 

24.03 11.80 
26.23  10.50 
28.45 6.20 
29.37 6.20 
30.26 4.00 

107.95 
111.64 
139.08 
120.80 
67.72 
66.77 
42.88 
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TABLE 30 WATER QUALITY RESULTS - WOODFIBRE, B.C., NOVEMBER 1981 

DEPTH TEMPERATURE SALINITY DISSOLVED X SATURATION 
(m) ("C) ( O b 0  1 OXYGEN 

(mg/l)  

S t a t i o n  W-1 
0.0 7.07 8.25 14.25 127.58 
2.0  7.07 8.34 13.77 123.34 
5.0 10.45 27.62 9.75 106.65 

10.0 9.54 28.87 6.43 70.31 
25.0 9.54 29.82 5.34 58.04 
50.0 9.23 30.20 4.47 48.36 

S t a t i o n  W-2 
0.0 7.53 
2.0 7.79 
5.0 10.50 

10.0 10.27 
25.0 9.60 
50.0 9.40 

100.0 9.00 
150.0 8.25 
190.0 8.15 

S t a t i o n  W-3 
0.0 7.80 
2.0 8.86 
5.0 10.52 

10.0 10.26 
25.0 9.59 
50.0 9.42 

100.0 9.01 
150.0 0.27 
200.0 8.11 

S t a t i o n  W-4 
0.0 
2.0 
5.0 

10.0 
25.0 
50.0 

100.0 
150.0 
200.0 

3.07 12.79 
5.68  11.37 

26.74  7.91 
20.53 6.12 
29.74 5.37 
30.11 5.28 
30.45  3.52 
30.61 0.82 
30.63 0.35 

112.40 
102.07 

86.11 
67.07 
58.42 
57.32 
37.94 

8.69 
3.70 

3.77 
14.42 
26.80 
28.55 
29.79 
30.14 
30.43 
30.59 
30.66 

13.15 
11.86 

7.42 
6.06 
5.44 
4.88 
3.57 
0.96 
0.31 

116.80 
115.03 

80.85 
66.41 
59.17 
53.01 
37.84 
10.18 
3.28 

15.13 
14.23 
16.02 
14.76 
10.54 

9.00 
8.66 
8.26 
8.15 

4.10 
22.38 
25.17 
28.17 
29.46 
30.30 

30.60 
30.63 

- 

10.90 
12.20 
13.70 
12.80 

7.00 
7.20 
4.10 
0.84 
0.38 

114.21 
140.08 
166.16 
154.30 

77.67 
77.53 

8.90 
4.02 

- 

I Continued...  
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TABLE 30 WATER QUALITY RESULTS - WOODFIBRE, B.C., NOVEMBER 1981 
(Conti w e d )  

DtPTH T ~ H E R X T U R ~  SAL I ~NT"? DISSOLVtD 96 SATURATION 
(m) ("C) ( O / O O  1 OXYGEN 

( W l )  

S t a t i o n  W -6 
0.0 7.93 3.87 13.66 121.77 
2.0 7.79 6.77 12.57 113.54 
5.0 10.45 26.32 9.16 99.41 

10.0 10.18 28.73 6.05 66.26 
25.0 9.65 29.75 5.22 56.86 
50.0 9.45 30.14 5.01 54.46 

100.0 9.03 ... 30.45 3.45  37.22 
150.0 8.28 30.59 1.07 11.35 
200.0 . 8.15 30.63 0.30 3.17 

S t a t i o n  W-7 
0.0 
2.0 
5.0 

10.0 
25.0 
50.0 

100.0 
150.0 
200.0 
220.0 

7.37 
7.53 
8.79 

10.51 
9.65 
9.44 
9.02, 
8.28 
8.19 
8.14 

2.38 
3.44 

11.55 
26.30 
29.76 
30.11 
30.46 
30.60 
30.63 
30.64 

12.33 
13.06 
12.61 

7.80 
4.20 
5.09 
3.55 
1.01 
0.54 
0.35 

107.52 
115.02 
119.99 

84.70 
45.75 
53.31 
38.29 
10.72 

5.72 
3.70 

S t a t i o n  W-8 
0.0 
2.0 
5.0 

10.0 
25.0 
50.0 

100.0 
150.0 
210.0 

7.29 
7.34 

10.40 
10.30 
9.69 
9.41 
9.21 
8.25 
8.14 

S t a t i o n  W-9 
0.0 7.71 
2.0 7.52 
5.0 10.50 

10.0 10.08 
25.0 9.63 
50.0 9.44 

100.0 9.07 
150.0  8.29 
170.0 8.19 

6.09 
6.31 

25.39 
28.41 
29.73 
30.09 
30.29 
30.62 
30.66 

14.19 
14.12 
11.68 

7.70 
6.59 
4.22 
5.25 
0.94 
0.44 

126.13 
125.82 
125.76 
84.37 
71.44 
45.74 
57.00 

9.97 
4.66 

3.78 
5.23 

26.51 
28.92 
29.75 
30.13 
30.44 
30.60 
30.63 

12.74 
12.40 
10.63 

5.62 
5.14 
4.73 
3.81 
1.18 
0.51 

112.92 
110.38 
115.54 
61.49 
55.96 
51.40 
41.14 
12.52 
5.40 

Continued... 

I 

I 

m 

a 

I 



I 

- 69 - 
TABLE 30 WATER QUALITY RESULTS - WOODFIBRE,  B.C., NOVEMBER 1981 

( C o n t i n u e d )  

II 

S t a t i o n  W-10 
0.0 7.53 
2.0 7.56 
5.0 8.76 

10.0 10.50 
25.0 9.67 
50.0 9.40 

100.0  9.01 
150.0 8.29 
200.0 8.17 
220.0 8.14 

2.42 
3.00 

13.10 
25.81 

5.90 
30.11 
30.45 
30.59 
30.63 
30.64 

13.64 
13.82 
10.66 
10.07 
29.69 

5.33 
3.53 
1.35 
0.53 
0.43 

11 9.42 
121.48 
123.92 
108.97 

64.26 
57.86 
38.07 
14.33 

5.61 
4.55 

S t a t i o n  W-11 
~~ 

0.0 8.43 7.62 12.80 11 7.49 
2.0  8.73 10.62 12.76 120.57 
5.0  9.14 13.92 12.63 122.92 

10.0 10.34 24.91 10.55 113.32 
25.0 9.62 29.79 5.72 62.27 
50.0 9.38 30.03 5.33 57.80 

100.0 9.23  30.45 4.41 47.80 
150.0 8.30  30.58 1.14 12.10 
200.0 8.17  30.63 0.37  3.92 
230.0 8.13  30.64 0.33  3.49 

S t a t i o n  W-12 
0.0 9.26 9.10 12.46 118.17 
2.0 9.64 17.14 11.71 117.11 
5.0 10.07 22.22 11.78 123.34 

10.0 10.52 26 . 38 9.85  107..04 
25.0 9.72 29.67 6.03  65.75 
50.0 9.43 30.00 5.73 62.20 

100.0 9.31 30.47 4.62 50.18 

S t a t i o n  W-13 
0.0 8.83 12.73 12.64 121.26 
2.0 8.85 12.87 12.49 119.97 
5.0 10.16 22.74 11.43 120.32 

10.0 10.54 27.19 8.54 93.34 
25.0  9.70 29.76 5.89 64.23 
50.0 9.51 30.12 5.31 57.80 

100.0 9.27 30.51 4.03 43.74 
150.0 8.30  30.59 1.60 16.98 
200.0 0.14 30.64 0.75 7.93 
250.0 8.12  30.65 0.51 5.39 
275.0 8.11 30.65 0.41 

C o n t i n u e d . . .  



- 70 - 
m 

I 

TABLE 30 WATER QUALITY RESULTS - WOODFIBRE, B.C., NOVEMBER 1981 
( C o n t i n u e d )  

DEPTH TEMPERATURE SALINITY  DISSOLVED X SATURATION 
(m) ( "C)  (O/OO 1 OXYGEN 

S t a t i o n  W-14 
0.0 7.69 
2.0 7.75 
5.0 10.49 

10.0 10.35 
25.0 9.65 
50.0 9.34 

100.0 9.07 
130.0 8.45 

4.41 
7.87 

26.43 
28.16 
29.73 
30.15 
30.44 
30.55 

14.09  125.25 
13.67  124.16 
10.61  115.25 

7.46 81.70 
4.46 48.57 
4.82 52.26 
3.97 42.86 
1.51  16.08 

S t a t i o n  W-15 
0.0 6.84 7.12 14.30 126.45 
2.0 7.27 11.55 12.49 114.59 
5.0 10.43 27.72 7.50 82.05 

10.0 10.13 28.76 6.41 70.12 
25.0 9.49 29.84 5.35 58.09 
50.0  9.22 30.18 4.69 50.72 

110.0 8.84 30.47 3.20 34.37 

S t a t i o n  W-16 
0.0 7.14 3.62 13.90 121.37 
2.0 10.05 12.31 10.24 119.70 
5.0 10.50 26.55 9.32 101.33 

10.0 10.33 28.40 6.41 70.28 
25.0 9.60 29.78 5.66 61.59 
50.0 9.40 30.11 5.21 56.56 
75.0 9.16 30.32 4.11 44.44 

I 

m 
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TABLE 31 TRACE  METAL LEVELS I N  SEDIMENTS - WOODFIBRE 
NOVEMBER, 1981 

I 

STATION Hg Cd cu Pb Zn 

w -2 
w -3 
w -4 

w -7 

W -8 

w -9 
w -10 

w -11 

w -12 

W -15 
W -16 

> 0.139 
> 0.130 

> 0.137 

> 0.132 
> 0.132 

0.591 

> 0.141 

> 0.141 

> 0.143 

0.264 
> 0.133 

>. 647 

> .66 
> .636 

>. 645 
>. 644 

>. 661 

> .65 

>. 662 

>.66 

1.33 
1.02 

144.0 
80.0 
70.8 

86.9 
76.4 

125.0 

101.0 

105.0 

88.7 

106.0 
153.0 

16.4 
11.1 
10.3 

11.1 
9.26 

15.3 

14.3 

14.7 

13.4 

15.1 
16.9 

101.0 
71.4 

72.9 

76.5 
73.5 

101.0 

75.5 

93.8 

83.4 

85.2 
90.3 
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PORT MELLON BENTHIC INVERTEBRATES APPENDIX I 1  

S t a t i o n s  
TAXA 85 87 B. 8 

COELENTERATES 
A c t i n a r i a  sp. (damaged) 4 2 

ANNELIDA 
Polychaeta 

Phol oe m i  nu ta  
Etoeone  1 onga 
Syl 1 i s  a1 t e r n a t a  
Exogone sp. (damaged ) 
Nephtys  cornuta 
Glycera sp. ( j u v e n i l e )  
Lumbri n e r e i  s sp. (damaged) 
Pro todorv i  1 l e a   g r a c i  1 i s  
Schi  stomeringos sp. 
Ari c i  dea  1 opezi 
Ari c i  dea sp. (damaged ) 
Paraoni s g r a c i  1 i s 
Polydora  soc i  a1 i s  
P r i o n o s p i o   c i r r i f e r a  
Pri onospio  s teenst   rup i  
Pr ionosp io  sp. (damaged) 
Cossura l o n a i c i r r a t a  

1 

m 

1 
1 
1 
1 

10 
1 
1 

1 
1 
2 

28 

m 

I 

ml 1 
1 

12 111 
2 

12 
6 

36 
25 4 

1 
1 
4 

C a D i t e l l a   c a D i t a t a  6 
11 
1 
1 

5 Heteromastus sp. (damaged) 
C a p i t e l l i d a e  sp  (damaged) 
P r a x i l l e l a   a f f i n i s  
Maldanidae sp.  (damaged) 
Oweni a f u s i   f o r m i  s 
P o l y c i   r r u s   c a l   i e n d r u m  

U. I.D. spec. 
01 i gochaeta 

2 
3 1 

2 
m 1 

21 1 
I 

m 

D 

MOLLUSCA 
Pel  ecypoda 

Sol emya sp. 
D i p l o d o n t a   o r b e l l u s  
Macoma b a l   t h i  ca 

1 
1 50 

1 
Continued... 
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PORT MELLON BENTHIC  INVERTEBRATES 

S t a t  i ons 
TAXA 6 5  87 88 

ECHIURA 
YI U. 1. D. spec.  

m ARTHROPODA 
L e p t o s t   r a c a  

Nebal  i a   p u g e t t e n s i  s 

P 

T a n a i d a c e a  
L e p t o c h e l  i a   s a v i   g n y i  

Isopoda 
Munidae  sp. 

Amphi poda 
Paraphoxus  sp. 
Gammari dea  sp.  (damaged) 

P Ost   racoda 
U.I.D. sp. 

1 

1 

69 

1 

7 14 
1 

3 1 

2 

1 

15 
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