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ABSTRACT 

I 

m 

Environmental  survei 11  ance  programs  spanni  ng  the  period 1970-1985 
a t   B r i t i s h  Columbia  coastal   pulp  mi l ls ,   municipal   waste  d ischarges and  mines 

are  reviewed.  Historical  environmental  problems,  environmental  improvements 

and current  problems  are  discussed. 
The rev iew  sumnar i tes   da ta   ob ta ined  fo r   rece iv ing   water ,   b io ta  and 

sed iment   con taminant   leve ls ,   phys ica l   hab i ta t   d is rup t ion ,   tox ic i t y ,   aes the t ic  
and mic rob i   o l   og ica l   po l  1 u t i  on. 

The rev iew  conc ludes   tha t   s ign i f i can t  improvements  have  been made 
i n  some problem  areas , such  as the  impact o f  pul  p mil 1 discharges. 

B ioaccumula t ion   o f   con taminants   f rom  indus t r ia l  and mun ic ipa l   e f f l uen ts  and 
the  ob1 i t e r a t i v e   e f f e c t s   o f  mi ne t a i  1 ings   d ischarges   requ i re   fu r ther   s tudy .  



- ii - 

Les  programnes de su rve i l   1  ance envi  ronnementale des  moul i n s  i 
p a p i e r   c 6 t i e r s  de l a  Colombie Bri tannique, des decharges  municipales , e t  des 

mines,  pour  ont Q t C  rCvs6s  1 a pgr iode de 1970 i 1985. Les  problemes 
envi  ronmentaux h i   s t o r i  ques , 1  es a&l io ra t ions   env i   ronnementa l   es   e t   1  es 

problgmes  courants y sont   d iscutgs.  
La revue resume l e s  donnges obtenues  pour  les eaux r g c e p t r i c e s  , 1  e 

m a t g r i e l   b i o l o g i g u e   e t   l e   n i v e a u  des contaminants  sgdimentaires. La 
descr ip t ion  phys ique des h a b i t a t s  , 1 a t o x i c i   t 6 ,  1 ' es the t i que   e t   1   a   po l   1   u t i on  

microbiologique, y sont  aussi   d iscutgs.  
La revue  conclue que des a k l i o r a t i o n s   s i g n i f i c a t i v e s  dans 

c e r t a i  nes reg ions   p rob lhes ,   come  pa r  exempl e 1 ' impact des dgcharges de 
moulins i papier,  l a  bioaccumulat ion des con taminan ts   d 'e f f l uen ts   i ndus t r i e l  s 
e t  municipaux e t   l ' e f f e t  dgtouffement des  dgversements de res idus   m in ie rs  

n6cess i tent  de p l u s  amples  &tudes. 
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PREFACE 

I 

I 

T h i s   r e p o r t   i s  one o f  a th ree   par t   ser ies   wh ich  examines the   s ta tus  
o f  knowledge o f   Br i t i sh   Co lumbia 's   mar ine   env i ronmenta l   qua l i t y .  It reviews 
in fo rmat ion   descr ib ing   the   qua l i t y   o f   mar ine   water ,   sed iments  and b i o t a   i n  
r e l a t i o n   t o   t h e   t h r e e  main  discharge  types:  pulp and paper,   mining and 
municipal  sewage. F i  ndi ngs  from  government,  uni  versi t y  and i n d u s t r y  
mon i to r i ng  and research  programs  conducted  between  1971 and  1985 are 
summarized.  The c h a r a c t e r i s t i c s   o f   t h e   m a j o r   e f f l u e n t   d i s c h a r g e s  and t h e i r  
regulatory   requi rements  are a1 so discussed. 

Where p o s s i b l e ,   t r e n d s   i n  EPS data  have been discussed, a1 though 
genera l l y   t he re  was i n s u f f i c i e n t   i n f o r m a t i o n   t o   e s t a b l i s h  any trends.  This 
was due i n   p a r t   t o   t h e   l a c k   o f   t i m e - s e r i e s   s a m p l i n g   r e g i m e s   a n d  
i n c o n s i s t e n c i e s   i n   l a b o r a t o r y   a n a l y s i s  and report ing.   (Appendix I prov ides  
in fo rmat ion  on qual i ty  assurance  procedures  used i n  EPS ana ly t i ca l   t es ts . )  

For eac:h o f   t h e   t h r e e   s e c t i o n s   o f   t h e   r e p o r t  a b r i e f  summary i s  
p rov ided,   h igh l igh t ing   the   ma jor   f ind ings  and i d e n t i f y i n g   i n f o r m a t i o n  gaps. 

The o t h e r   r e p o r t s   i n   t h i s   s e r i e s   i n c l u d e :  "'ulest  Coast  Marine 
Env i ronmenta l   Qua l i t y  - Bib1  iography" (EPS Regional  Program  Report  86-02) and 
"West Coast  Marine  Environmental  Quali ty: Summary Report" (EPS Regional 
Program  Report  86-04). 
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PULP AND PAPER 

I 

I 

c 

P 

I 

Ten pu l  pmi 11 s presen t l y   d i scha rge   e f f l uen t   t o   es tua r ine   o r   mar ine  

waters a1 ong t h e   B r i t i s h  Columbia  coast  (Figure 1.1 1. The  Ocean  Fa1 1 s mil 1 

was closed i n  1980. 
The pol l lut ion  problems  associated  wi th  each mill di f fe r ,   depend ing  

upon t h e   e f f l u e n t   d i s c h a r g e  1 ocation,  the  manufacturing  process,  the volume 
of e f f l uen t   be ing   re leased  and the  degree  of   t reatment  being used. I n  
general,   pol 1 u t i  or1 ef fec ts   f rom  the   mar ine   d ischarge  o f   pu lp  mi 11 wastes can 
be separa ted   in to   four   b road  ca tegor ies  as shown i n  Table 1.1 and  as  reviewed 
by  Pearson  (1980 1 and Wal dichuk (1983 1. Other  problems  associated  wi th  pulp 
mil 1 discharges i n  f reshwater systems,  such  as pH changes  and foam 

product ion,   are  us8ual ly  considered  minor i n  marine  systems due t o   t h e   n a t u r a l  

b u f f e r i n g   c a p a c i t y   o f  seawater  and t h e   e f f l u e n t   d i s p o s a l  methods  i.e. 

submarine o u t f a l l  s'.' 
The magnitude  of   impact  of   pulp mil 1 discharges on the  marine 

environment i s  det.ermined  by  var ious  factors  including 

t h e   e f f l u e n t   q u a l i t y  as  determined  by  the  pu lp ing  process  u t i l ized and the  
treatment meth0d.s employed 
t h e   l o c a t i o n   o f   e f f l u e n t   d i s p o s a l ,   s p e c i f i c a l l y   i n   r e l a t i o n   t o   l i v i n g  

resources,  physical  factors  such as t i d e s  and  wind,  and s e n s i t i v e   h a b i t a t s  

such  as es tua r ies  
t h e  method o f   e f f l u e n t   d i s p o s a l   u t i 1   i t e d  - surface  discharge - vs submerged 
o u t f a l l  s 

The kraf t ,   or   su lphate,   chemical   pu lp ing  process i s  used  by a1 1 
coastal  mil 1 s i n   t h e   p r o v i n c e   e x c e p t   t h e  Western  Pulp  Ltd.  Partnership mil 1 
a t   P o r t  A1 ice,  which  uses  the  sulphite  process.  Three mill s a1 so have 

mechanical  pulping  systems i n   a d d i t i o n   t o   t h e   k r a f t  process. The k r a f t  
process i s  an  a1 kal  ine  chemical  process,  the  caustic  chemical s used i n   t h e  
d i g e s t i o n   o f   t h e  wood in   the   p roduc t ion   o f   pu lp   be ing   recyc led ,   wh ich   reduces  
t h e   p o l l u t i o n   p o t e n t i a l   o f   t h i s   p r o c e s s .  Most k r a f t   m i l l s  now have 

assoc ia ted   w i th  them b leach   p lan ts   t o   p rov ide  some degree o f   b l e a c h i n g   f o r  
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FIGURE 1 . 1  LOCATIONS OF HISTORIC AND EXISTING  COASTAL 
PULP MILLS IN  BRITISH COLUMBIA 
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a 

II 

a 

t he   pu lp .   I n   mos t   cases   t he   f i r s t   b leach ing   s tage   i s   ch lo r i na t i on   f o l l owed  

by   caus t ic   ex t rac t ion ,   wh ich   d isso lves   ou t   the   var ious   co loured   cons t i tuents  
bonded t o   t h e   f i b r e .   C a u s t i c   e x t r a c t i o n   i s   u s u a l l y   t h e   e f f l u e n t   s t r e a m  

g i v i n g   t o t a l   p u l p m i l l   e f f l u e n t  most o f   i t s   c o l o u r .   F o l l o w i n g   t r e a t m e n t   w i t h  

c h l o r i n e  and caus t ic   ex t rac t ion ,   o ther   chemica ls  (e.g. c h l o r i n e   d i o x i d e  and 
sodium hypoch lo r i t e )   p rov ide   t he  degree  o f   b leaching  or   br ightening  des i red.  
These ch lo r ine-conta in ing   s t reams  a re   ac id ic  and are   o f ten   mixed  w i th   the  

a l k a l i n e   e f f l u e n t  streams t o  p rov ide  some measure o f   n e u t r a l i z a t i o n  
(Waldichuk, 1983; G. Tanner,  pers.  corn.). 

TABLE 1.1 CA,TEGORIES OF POLLUTION  EFFECTS I N  THE  PULP AND PAPER 
INDUSTRY (from  Pearson, 1980 and Waldichuk, 1983) 

I 
Biochemical Oxygen Demand 
f rom  d i   sso l   ved  organic  
substances 

T o x i c i t y  

Benthic  smothering 

Col our  

SUBSTANCES CONTRIBUTING TO IMPACT 

l ign ins;   carbohydrates;   organic   ac ids;  
a lcoho l  s 

res in   ac ids ;   ch lo r i na ted   l i gn ins ,   ch lo r i na ted  
res in   ac ids;   phenol ics ;   unsaturated fat ty 
acids; diterpene alcohols;  juvabiones,  lignin 
degradat ion  products e.g. l ignosulphonates;  
f ung ic ides  e.g. chlor inated  hydrocarbon 
mixes,  mercuric and z i n c  compounds 

suspended s o l i d s  e.g., f ibre;   bark  res idues;  
ash; 1 ime; c l a y  

~ ~~ 

1 i gn in   de r i va t i ves ;   paper  dyes  and f i b r e s  
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The sulphite chemical p u l p i n g  process differs from the kraft 
process i n  two major respects.  Firstly i t  i s  an acidic chemical  process 
rather than  a1 kal ine. Secondly,  chemical  recovery or recycl i n g  i s  not 
t r a d i t i o n a l l y  practised,  resulting i n  the discharge of the spent chemicals, 
referred t o  as  spent sulphite 1 iquor (SSL)  . Sulphite mil 1 s have generally 
caused greater water pol 1 u t i o n  problems than k r a f t  mil 1 s due t o  the lack of 
chemical recovery and higher effluent BOD per u n i t  of production. 

Mechanical p u l p i n g ,  or groundwood production, i s  used for the 
manufacture of newsprint a t  three of the coastal  mills producing k r a f t  p u l p .  
Chemicals are not used i n  this process and the effluents produced are usually 
discharged w i t h  the k r a f t  effluent, generally fol lowing solids and fibre 
removal i n  a c lar i f ier .  

In a d d i t i o n  t o  these major effluent streams resulting from the 
p u l p i n g  process, p u l p  and paper mills discharge effluents from a variety of 
other sources and activities i n  the mill, including the woodroom (hydraulic 
debarker), steam p l a n t  and sanitary wastes. Table 1.2 summarizes the various 
process and effluent  characteristics of the coastal  pulpmills. 

1.1 Control o f  Water Pol lu t fon  
Both the federal government and Province of British Columbia have 

regulations or objectives which prescribe  levels of pollutants i n  the waste 
streams from p u l p  and paper mills. The federal  regulations, which  are 
promulgated  under Sections 33 and 34 of the federal  Fisheries Act, 
(Environment Canada, 1971; Environment Canada, 1972) prescribe  levels  for 
three  deleterious substances or measurements i n  p u l p  mill  effluent: 

to t a l  suspended  sol ids (TSS)  

biochemical oxygen  demand ( B O D )  
toxicity 

Total suspended solids and biochemical oxygen  demand levels are 
a1 1 owed t o  vary  under the federal regul ations depending upon the size and 
type of mill (sulphite, k r a f t  or mechanical ) and the year of construction, 
alteration or expansion. Toxicity i s  measured using a fish bioassay and i s  
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de te rm ined   by   obse rv ing   t he   f i sh   su rv i va l   i n  a 65% e f f l uen t   concen t ra t i on  

over a 96 hour  period. 
P r o v i n c i a l   r e q u i r e m e n t s   f o r   e f f l u e n t   q u a l i t y   a r e  on  a s i t e   s p e c i f i c  

b a s i s ,   a l l o w i n g   l e v e l s   o f   p o l l u t a n t s   p r e s c r i b e d   i n  an e f f l uen t   pe rm i t   i ssued  

under   the   p rov inc ia l  Waste Management Act. In   deve lop ing   the   te rms and 

c o n d i t i o n   o f   t h e   e f f l u e n t   p e r m i t ,   t h e   p r o v i n c i a l  Waste Management Branch 

(WMB) f o l l o w s  a se t   o f   "Po l l u t i on   Con t ro l   Ob jec t i ves   f o r   t he   Fo res t   P roduc ts  
I n d u s t r y   o f   B r i t i s h  Columbia", pub1 i s h e d   i n  1977 ( P o l l u t i o n   C o n t r o l  Board, 
1977). These ob jec t i ves   p rov ide   ' I f o r   t he  use o f   the   env i ronments '  
assimi 1 a t i v e   c a p a c i t y   w i t h i n  1 imi t s  which do n o t  1 ead to   unacceptable 

c o n d i t i o n s " .   I n  so d o i n g ,   t h e y   i n c l u d e   o b j e c t i v e s   f o r   b o t h   e f f l u e n t   q u a l i t y  
and receiv ing  water   qual  i t y ,  as shown i n  Tables 1.3 and 1.4 respec t i ve l y .  

These o b j e c t i v e s  have  been deve loped   fo r   a l l   pu lp  mill discharges and some 
parameters may not   apply   to   mar ine  d ischarges.  

Since a1 1 o f  B.C. ' s coas ta l  mill s e x i s t e d   p r i o r   t o   t h e  promu! ga t i on  
o f   t h e   f e d e r a l   r e g u l a t i o n s ,   t h e   m i l l s  were n o t   r e q u i r e d   t o  comply immediately 
w i t h   t h e   e f f l u e n t   q u a l i t y   c r i t e r i a .   I n s t e a d ,   c o m p l i a n c e   t i m e t a b l e s   a r e  
n e g o t i a t e d   w i t h   i n d i v i d u a l   m i l l s ,   t h e   t e r m s   o f   w h i c h   a r e   u s u a l l y   a p p l i e d  

th rough  p rov inc ia l   regu la to ry  mechanisms (i .e.  Waste  Management Branch 

d ischarge  permi t )  . 
The p r o v i n c i a l   e f f l u e n t   p e r m i t   r e q u i r e m e n t s   f o r  each o f   t he   t en  

coas ta l   pu lp  mil 1 s are summarized i n  Table 1.5. 

1.2 Environmental  Monitoring  Programs 
The impact o f  pu lp  mill e f f l u e n t s  on the  receiv ing  env i ronment  has 

been  assessed  by EPS a t   l e a s t   a n n u a l l y   a t  mos t   coas ta l   m i l l s   s ince   t he   ea r l y  
1970's. General ly  these  monitor ing  programs have  been designed to   eva lua te  
four  major  environmental  impacts  noted i n  Table 1.1. 

These "e f fec ts   mon i to r ing"   p rograms  a re   cons is ten t   w i th   the  
p o l l u t a n t s   w h i c h   a r e   l i m i t e d   b y   p e r m i t   i n   t h e   e f f l u e n t   d i s c h a r g e  - BOD, 

suspended s o l   i d s  and t o x i c i t y  . When u n a c c e p t a b l e   d e t e r i o r a t i o n   i n  

e n v i r o n m e n t a l   c o n d i t i o n s   i s   o b s e r v e d ,   n e g o t i a t i o n s   a r e   o p e n e d   w i t h  
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1 

r e g u l a t o r y   a u t h o r i t i e s   t o   a d j u s t   e f f l u e n t   q u a l i t y   a c c o r d i n g l y .   O t h e r  
env i ronmenta l   e f fects   which  are  less  rout ine ly   moni tored  but   which may have a 
grea ter   long   te rm  env i ronmenta l   th rea t   inc lude  sub- le tha l   o r   chron ic   tox ic i t y  

and  metal  uptake and bioaccumulat ion.   Sublethal   or   chronic  stress has  been 

measured e x p e r i m e n t a l l y   i n  a number of ways i n   f i s h   i n c l u d i n g   e f f e c t s  on 
b l o o d   c h a r a c t e r i s t i c s ,   c i r c u l a t i o n ,  cough  response,  avoidance  behaviour, 

growth and s w i m i n g  performance. These e f f e c t s   a r e   r a r e l y  seen i n   r e c e i v i n g  

environments and a r e   d i f f i c u l t   t o  measure. M e t a l   p o l l u t i o n   f r o m   p u l p m i l l s   i s  
not  normally  regarded  as a s ign i f i can t   env i ronmenta l   th rea t  due to   the   low 
concen t ra t i ons   i n   t he  wood or  processing  chemicals.  Mercury and z inc  have 
h i s t o r i c a l l y  been metals  of  concern due t o  t h e i r  presence i n   s l i m i c i d e s  and 
br igh ten ing   agents   a l though  the i r  uses have  been d iscont inued - mercur ia l  
s l im ic ides   s ince  1960 and z i n c   d i t h i o n i t e   s i n c e  1973 (Waldichuk, 1983). 
Cadmium has  been noted i n  sediments  near  several   coastal   mi l ls ,   probably 
assoc ia ted   w i th   z inc   in   b leach ing   p rocesses  no longer  used. 

Environmental  monitoring  programs  are  undertaken  by  the  various 

mil 1 s as a r e q u i r e m e n t   o f   t h e i r   p r o v i n c i a l   d i s c h a r g e   p e r m i t  and  by the 
federal  government,  through  the  Environmental  Protection  Service and 
Department o f   F i s h e r i e s  and Oceans, as  a means of  assessing  compliance  with, 
o r   t h e  adequacy o f ,  the  Federal   regulat ions.  The de ta i l s   o f   t hese   mon i to r i ng  

programs  are  provided  el sewhere  (Kay,  1986). 

1.3 B i o l o g i c a l  and  Environmental  Impacts 
As a general  statement,  the  environmental  impacts  of  pulp mill 

discharges  have  changed  during  the  past 10-15 years due t o  improved mill 
processes (e.g. chemical  recovery)  and  treatment, and the  replacement  of  
sur face  d ischarges  wi th   submar ine  d i f fusers  a t  many o f   t h e   m i l l s .   I n  many 
cases  these  changes  have  resulted i n  measurable  improvements i n  wa te r   qua l i t y  
and b i o l o g i c a l   p r o d u c t i v i t y .  However t h e   i n s t a l l a t i o n   o f  submarine d i f f u s e r s  
has l e d   t o  a d i f f e r e n t   e n v i r o n m e n t a l   p r o b l e m ,   t h a t   o f   f i b r e   d e p o s i t   i n  deeper 
w a t e r s   r e s u l t i n g   i n   h a b i t a t  removal and p o t e n t i a l   t o x i c i t y  (Pomeroy, 1983a). 

The t o t a l   d i s c h a r g e   l e v e l  s o f  TSS and BOD i n   r e l a t i o n   t o   p r o d u c t i o n  
a t   a l l   c o a s t a l   m i l l s   i s  shown i n   F i g u r e  1.2, wh i le   F igure  1.3 presents  the 

average t o t a l  o f  TSS and BOD discharge  (kg.day-1)  for  a1 1 coasta l  mil 1 s 
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between  1975  and  1984. The e f f o r t s   o f   i n d u s t r y  and  government i n   l i m i t i n g  
the   d ischarge  o f  BOD and TSS a r e   r e a d i l y   e v i d e n t  between  1975  and  1980, when 
an o v e r a l l  56% r e d u c t i o n   i n  BOD and  34% r e d u c t i o n   i n  TSS was achieved.  Since 
1980, average d a i l y   p r o d u c t i o n   l e v e l s  and BOD/TSS discharges have s t a b i l i z e d ,  

w i t h  a s l i g h t   i n c r e a s e   e v i d e n t   i n  1984.  These data do no t   t ake   i n to   accoun t  

mi 11 shutdowns , which  would  resul t i n  decreased  annual 1 oadings,  nor do they 

r e f l e c t   t h e  success o f   s p e c i f i c  abatement  programs  which may have  been 
i n s t i t u t e d  a t  i n d i v i d u a l   m i l l s  between  1980  and  1984. 

Environmental  and  ecological  concerns  from  pulp mil 1 discharges 
have p rev ious l y  been ca tegor i zed   i n   Tab le  1.1. They are comnon t o  a1 1 pul  p 
mil 1 s a1 though  the  degree of   environmental   impact will vary. I n   t h e  
f o l  1 owing  discussion,  these  pol 1 u t ion   ca tegor ies   a re   rev iewed  to   p rov ide  a 
general   overview  of   the  problems and so lu t i ons   a t   t he   va r ious   coas ta l  mil 1 

loca t i ons .   De ta i l ed   desc r ip t i ons  of  the many studies  undertaken  by 
researchers,   consul tants ,   forest  companies  and  government  agencies  are 
p rov ided   e l  sewhere  (Kay,  1986). 

1 e 3 . 1  Dissolved Oxygen The BOD load ing   f rom  pu lp  mill e f f l u e n t s  has 
caused  ser ious  d issolved  oxygen  def ic iencies i n   t h e   r e c e i v i n g   w a t e r s   o f  
A lbern i   In le t ,   Neroutsos   In le t ,   Cous ins   In le t  and Porpoise  Harbour/Wainwright 

Basin. 
A l o n g   h i s t o r y   o f   i n v e s t i g a t i o n s   e x i s t s   f o r   A l b e r n i   I n l e t  and  has 

r e c e n t l y  been reviewed  by  Waldichuk  (1983) and M o r r i s  and  Leaney (1980). 

Oxygen l e v e l s   i n   A l b e r n i   I n l e t  have  been o f   conce rn   s ince   t he   cons t ruc t i on   o f  
t h e   k r a f t   p u l p  mill i n  1949. This  concern i s   r e l a t e d   p r i m a r i l y   t o   t h e  

abundant  salmonid  resources o f   t h e  Somass River.  The Somass Rive r  system 
supports a l l  f i v e   s p e c i e s   o f   P a c i f i c  salmon  and was one o f   t h e   f i r s t   a r e a s   i n  
B r i t i s h  Columbia  where  an a r t i f i c i a l  spawning  channel was cons t ruc ted   fo r  
salmon (Mor r i s  and  Leaney, 1980). The estuary i s  a1 so i m p o r t a n t   h a b i t a t   f o r  
winter ing  water fowl   populat ions,   inc lud ing  Trumpeter  Swan.  The v u l n e r a b i l i t y  
o f   t h i s   e s t u a r i n e   s y s t e m   t o   p o l l u t i o n   a n d   o t h e r   m a n i f e s t a t i o n s   o f  

indus t r ia l i za t ion   p rompted  la rge   sca le   env i ronmenta l   mon i to r ing  and e f f l u e n t  
t reatment and  improvement  programs. 
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Between 1949  and  1956, mill e f f l u e n t  was discharged  through  the 
marshes o f   Lups i  Cupsi Po in t   i n to   t he   no r the rn   co rne r  o f  Alberni  Harbour. 
Af ter   extensive  studies  of   oceanographic  processes  pointed t o  a chron ic  
oxygen  depression  below  the  halocl ine  which  had  developed  s ince  instal lat ion 

of  the mill , a dec is ion  was taken  to   re loca te   the   d ischarge  in to   the  Somass 

River   current ,   which  would  qu ick ly   d isperse i t  seaward i n   t h e   s u r f a c e   l a y e r .  

I n  1956 the  discharge was d i r e c t e d   t o   t h e  mouth o f   t h e  Somass River .  
Subsequently a flume was b u i l t   t o  convey  the e f f l u e n t   a l o n g   t h e  deep sea 

whar f   to   the   p resent   d ischarge  po in t  where it could  be  swept i n t o   t h e  seaward 

f l o w   o f   t h e   j e t   s t r e a m   f r o m   t h e  Somass River.  
However, the  low  oxygen  problem  persisted  through 1970, when 

MacMill an Bloedel   estab l   ished a pol 1 u t i o n  abatement  program t o  upgrade  the 

q u a l i t y   o f   t h e   e f f l u e n t .   T h i s   i n c l u d e d   t h e   c o n s t r u c t i o n   o f  a c l a r i f i e r  and 
aera t ion  1  agoon ( b i o b a s i   n )   t o  remove 22,675 kg/day o f  both suspended s o l   i d s  
and BOD f rom  the  e f f luent   s t reams.  

A1 though  these  improvements  resulted i n  an i nc rease   i n   su r face  

d isso lved oxygen leve ls ,   the  amount o f  oxygen  avai 1 a b l e   t o   s a t i s f y   f i s h  
requirements and the BOD o f   t h e  waste e f f l u e n t   v a r i e d   s i g n i f i c a n t l y  with the 

Somass River  f low.  Consequently,  the company was requ i red   t o   con t ro l   t he  TSS 

and BOD d i s c h a r g e   a c c o r d i n g   t o   r i v e r   f l o w   i n   o r d e r   t o   m a i n t a i n   s u f f i c i e n t  
D.O. l e v e l s .   B e g i n n i n g   i n  1983 the  company was requi red  - to   reduce TSS and 

BOD d ischarges   to  16,500 kg/day and cont inue  mon i to r ing   the  Somass R iver   f low 

da i l y   f rom November 1 to  February 28. 
Dissolved  oxygen  data  col lected by S u l l i v a n  (1981,  1982) i n  1980 

and  1981 shows leve ls   rang ing   f rom 7.7-10.5 mg.L-l i n  surface  waters  nearest 
the  d ischarge  po int .  However, l e v e l  s drop  qu ick ly   wi th   depth,   wi th   ranges  o f  
2.5-7.5 mg.L-1 at, 5 meter  depth and  1.3-7.1 mg.L-1 a t  10 m depth. The h igh  
D.O. values o f  7.5 mg.L-1 and 7.1 mg.L-1 a t   t h e  5 and  10 m depths 
respec t i ve l y  were  recorded on March 4 and 5, 1982  and i n d i c a t e   c o n d i t i o n s   i n  
A1 bern i   Harbour   are  per iod ica l ly   env i ronmenta l ly   acceptable.  The d isso lved 
oxygen values  observed  below  the  halocl ine  (which  varies  between 2  and 
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5 metres  depending  on r i v e r   f l o w  and  season)  have  not shown s i g n i f i c a n t  
improvement d e s p i t e   t h e   p o l l u t i o n  abatement f a c i l i t i e s   i n s t a l l e d   i n  1970. 
The cont inued  low  d isso lved  oxygen  va lues  resul t   f rom  severa l   factors ,  

i n c l u d i n g   t h e  BOD o f   t h e  mill ef f l uen t ,   t he   ex tens i ve   d i sco lou ra t i on   o f   t he  

water   reduc ing   na tura l   phy top lank ton   p roduc t iv i t y   be low  the   ha loc l ine   (see  
discussion on pr imary   p roduc t iv i t y ,   Sec t ion  1.3.4)  and  oxygen demand o f  
anaerob ica l l y  decomposing o rgan ic   deb r i s   i n   ben th i c   subs t ra tes .   F igu re  1.4 

shows the  comparions o f  d i sso l ved  oxygen d a t a   c o l l e c t e d   a t  a s ta t i on   nea res t  

t he   ou t fa l l   du r ing   seve ra l   s tud ies  between 1965 and  1982. 
D isso lved oxygen dep le t i on  has a1 so been a major  concern a t   t h e  

Western  Pulp  Ltd.   Partnership  ( formerly  Rayonier Canada) s u l p h i t e  mill a t  

P o r t  A1 i c e .  Early studies  conducted i n   t h e   l a t e  1950's and 1960's 
(Waldichuck e t  a1 . , 1968) showed depressed  oxygen l e v e l s   a t   t h e   e n t r a n c e   t o  

Neroutsos  In le t ,   approx imate ly  10.4 km f rom  the   ou t fa l l .   Du r ing   t he  summer, 
D.O. 

be l  ow 
w i t h  

1 eve1 

base 

leve ls   i n   t he   su r face   wa te rs   (0 -4  m )  o f  N e r o u t s o s   I n l e t  were genera l l y  
4 mg.L-1. Levels  decreased i n   b o t h   s u r f a c e  and  depth (15 m )  waters 

a range o f  1.7-2.8  mg.L-1 a t  a s t a t i o n   c l o s e s t   t o   t h e   o u t f a l l .  
Between  1973  and  1977 mill mon i to r i ng  showed the   d isso lved oxygen 

s i n   t he   su r face   wa te rs  were  improved  and  held t o  an average 4.0 mg.L-1 

l e v e l   a t   t h e  mouth o f  t h e   i n l e t .  However, D.O. leve ls   near   the  
d ischarge  po in t   con t inued  to  be extremely  low  dur ing  the summer months, w i t h  
v a l u e s   r a n g i n g   f r o m   0 . 3 - 4 . 1   m g 0 L - l   i n   t h e   t o p  2 m e t r e s  
(Davis e t  a1 ., 1977) .   Dur ing   th is   per iod ,   the  mill was requ i red   to   reduce 

BOD and TSS d i s c h a r g e s   t h r o u g h   t h e   i n s t a l l a t i o n   o f  a recovery  system  for 

s p e n t   s u l p h i t e   l i q u o r  (SSL)  and b i o l o g i c a l   t r e a t m e n t .   I n   f a c t ,  SSL  was 
barged  fo r  ocean  dumping  between  1974  and  1976. I n  1977  an SSL i n c i n e r a t i o n  

system was i n s t a l l e d   t o g e t h e r   w i t h  a th ree  day r e t e n t i o n  SSL s p i l l  pond, 
a l t hough   b io log i ca l   e f f l uen t   t rea tmen t  has n o t   y e t  been ins ta l led .   Wi th   the  

comple t ion   o f   the  SSL recovery system,  Rayonier Canada embarked  on  an 
env i ronmenta l   moni tor ing  program  to   assess  the  impact   o f   the  e f f luent  
discharge on the   phys i ca l ,   chemica l   and   b io log i ca l   p roper t i es   o f   t he  
rece i  v i  ng  waters  and f i s h   r e s o u r c e s   t h r o u g h   t o x i c i t y  and preference/avoi dance 

t e s t i n g  and  salmon m i g r a t i o n  and  escapement studies.  A s e r i e s   o f   r e p o r t s  
de ta i l i ng   t hese   s tud ies  have  been pub1 ished  by  the Company and  summarized i n  
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th ree  volumes  (To1 l e f s o n  and  Tokar, 1978; Tokar and To1 le fson,  1980; 

To1 1 e f  son,  1982 . 
Improvements i n  D.0. l eve l s   i n   su r face   wa te rs   repo r ted   by   t he  

Company between 1969  and  1978 a r e   r e f l e c t e d   i n   t h e   s i m p l i f i e d   d i a g r a m  

presented i n   F i g u r e  1.5. The 1980 an 1981  water  qual i ty  monitor ing  programs 

gave s im i la r   resu l t s   (To l l e f son ,   1982) .  
Oxygen d a t a   c o l l e c t e d   i n  1984 du r ing  a  9  day operat ion,  5 day 

shutdown c y c l e ,   i n d i c a t e   t h a t  oxygen  recovery  during  the 5  day pe r iod  was 
s u f f i c i e n t   t o  cope w i t h   t h e  BOD demand du r ing   t he  9  day opera t ion   per iod   fo r  
c r i t i c a l  f ry m ig ra t i on   pe r iods .   Th i s   imp l i es   t ha t   t he  BOD l oad ing   under   f u l l  
operat ion was n e a r   t h e   a s s i m i l a t i v e   c a p a c i t y   o f   t h e   I n l e t  (Pomeroy, EPS 

memorandum, 1984).   Dissolved  oxygen  data  for  1983-1985 i s  shown i n  
F igure  1.6 f o r  a sample s t a t i o n   l o c a t e d   m i d - i n l e t   o f f   t h e  mill s i t e .  Severe 

oxygen dep le t i on  was noted  from  June t o  October i n  1985  due to   severa l  
f a c t o r s   i n c l u d i n g   t i )  a switchover i n   t h e  mill t o  a h igh  BOD product,  ( i i )  an 
increase i n  product ion,  ( i i i )  a combination  of warm weather  and  low 
f reshwater   d ischarges  to   the  in le t   (Colodey and  Pomeroy, 1985). The 
r e - d i r e c t i o n   o f   t h e   e f f l u e n t   t o  a 37 m deep d i f f u s e r   i n  October 1985 appeared 

t o  have a l l e v i a t e d   t h e   s u r f a c e  D.O. problems,  although D.O. a t  depth now 
appears t o  be depressed,  as shown i n   t h e  November 1985 d a t a   i n   F i g u r e  1.6. 
Pre l   iminary  data showed a recurrance  of   severe  oxygen  deplet ion  dur ing  the 
s p r i n g   o f  1986, when l a r g e  numbers o f   h e r r i n g  were k i l l ed .   Fu r the r   da ta  
c o l l e c t i o n  will be  necessary t o  assess  the  impact o f   t h e  new d i f f u s e r  
d i  scharge on Neroutsos I n l   e t .  

In  Porpoise  Harbour  near  Prince  Rupert,  changes i n  mil 1 processes, 

p o l l u t i o n  abatement   techno logy   and  e f f luen t   d ischarge  loca t ions   a t   the  Westar 
Timber  Ltd.   ( formerly  Canadian  Cel lu lose)  operat ion  have  resul ted i n  
s i g n i f i c a n t  improvements i n  D.O. l eve l s   i n   t he   su r round ing   wa te rs .  The 

p resen t   ope ra t i on   i nc ludes   two   b leached   k ra f t   m i l l s   wh ich   d i scha rge   t he i r  
combined ef f luents   through a 17 m deep d i f f u s e r   o u t f a l l   i n t o   P o r p o i s e  

Harbour. 
H is to r i ca l l y ,   po l l u t i on   p rob lems   assoc ia ted   w i th   t he  mill have 

r e s u l t e d   f r o m   t h e   p o o r   f l u s h i n g   c h a r a c t e r i s t i c s   o f  Morse  Basin,  Wainwright 
Basin, and Porpoise  Harbour, when Wainwr ight   Bas in  received  e f f luent   f rom a 
s u l p h i t e  mill loca ted  on Watson I s l a n d  between 1950  and  1966. 

Y 
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Dissolved  oxygen  concentrat ions in   Porpoise  Harbour  and Wainwright 

Bas in   dec l ined  con t inua l l y   f rom  the   t ime  the   su lph i te  mill was b u i l t   i n  1950 
u n t i l   t h e  SSL 1 i n e  was moved to   d i scha rge   i n to  Chatham Sound i n  1967. I n  

1961, Waldichuk  (1962)  recorded  values o f  < 4 mg-L-1  through  the  entire  water 
column (25  m depth) i n  Porpoise  Harbour ,   w i th   leve ls   approaching  zero  a t  many 
loca t ions   (F igure   1 .7 ) .  

I n  1967 the SSL was d i v e r t e d   t o  a new o u t f a l l   d i s c h a r g i n g   i n t o  

Chatham Sound on the  northwest  corner  of   Rid1 ey Is land.  
A f t e r   t h i s   r e l o c a t i o n   t o  Chatham Sound the D.O. l e v e l s   i n   P o r p o i s e  

Harbour and Wainwright  Basin  improved  markedly. I n  surveys  conducted  by EPS 
i n  1974, Packman (1977)  found  dissolved  oxygen  concentrat ions  ranging  from 
3.3 mg.L-1 t o  9.7 mg-L-1 i n  Porpoise  Harbour. Oxygen depress ion  cont inued  to  

occur i n  Porpoi !;e Harbour however, due t o   b r e a k s   i n   t h e  SSL p ipe1   i ne  
r e s u l t i n g   i n   f i s h   k i l l s   ( r e v i e w e d  by Packman, 1 9 7 9 ~ ) .  

Concur ren t   w i th   th is   d ivers ion ,  a new k r a f t  mill was const ructed on 
Watson I s land   w i th   e f f l uen t   d i scha rg ing   i n to   Wa inwr igh t   Bas in .   I n  1976 the  

s u l p h i t e  mil 1 was permanently  shut down and i n  1978  a new k r a f t  mil 1 was 
brought   on- l ine.   Wi th   the  complet ion  o f   the new mill, ef f l uen t   f rom  bo th  

k r a f t  mills was re rou ted   t o   t he   d i f f use r   ou t fa l l   d i scha rg ing   t o   Po rpo ise  
Harbour. A f t e r   t h e  shutdown o f   t h e   s u l p h i t e  mil 1 i n  1976, d isso lved oxygen 

concentrat ions  in  Porpoise  Harbour  returned  to  normal 1  eve1 s as recorded  by 
EPS i n  1977  and  1978 ( Packman, 1979c 1. 

Studies  conducted  by EPS between 1979  and  1982  (Pomeroy, 1983b), 
and again i n  1984, f o l l o w i n g   t h e   i n s t a l l a t i o n   o f   t h e   d i f f u s e r   i n   P o r p o i s e  
Harbour  concluded  dissolved  oxygen  concentrations i n   t h e   i m n e d i a t e   a r e a   o f  
t h e   d i f f u s e r  were  depressed i n  comparison t o   s t a t i o n s   f a r t h e r  removed  and 

r e f l e c t  an e f f l u e n t   e f f e c t .  However, l e v e l s   s t i l l  remained  higher  than 
prev ious ly  measured, with t h e   l o w e s t   v a l u e   r e c o r d e d   a t   t h e   o u t f a l l   s i t e   b e i n g  
5.7 mg-L-1 a t  a depth  o f  20 m. Average d isso lved oxygen  concentrat ions  a t  a 
s t a t i o n  sampled i n  Porpoise  Harbour  (P-12)  between  1961  and 1984 are  shown i n  

F igure 1.8. 
I n  Wainwright  Basin,  dissolved  oxygen  levels measured a t  two 

s ta t ions   by  Westar  Timber du r ing  1985 (Dwernychuk,  1986)  ranged  from 

6.9 mg-L-1  (15 m depth) t o  10.4 mg-L-1  (10 m depth). D.O. c o n c e n t r a t i o n   a t  
the  deepest  sampl jng  point  (30 m) ranged  from 7.0 mg*L - l   t o  10.1 mg*L- l *  
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A t  the  head o f  Cousins  In1 e t  where the  Ocean Fa1 1 s mil 1 operated 
u n t i l  1981, d i sso l ved  oxygen Concentrat ions were s i g n i f i c a n t l y   r e d u c e d   i n  
bottom  waters due to   the   sur face   e f f luen t   d ischarge.  The low  d isso lved 
oxygen values were a t t r i b u t e d   t o   t h e  oxygen demand resul t ing  f rom  accumulated 

f i b res   con ta ined   i n   t he   su r face   d i scha rge  (Packman, 1979a). The cessat ion  o f  

chemical   pulping i n  1967 r e s u l t e d   i n   s i g n i f i c a n t  improvements i n  bottom and 

surface  dissolved oxygen concentat ions a1 though   l eve l s   reco rded   i n  1974  were 
still as low as 1.5 mg*L-1 i n  October.  This mill was permanently  closed i n  

1981  and f u r t h e r  work i n v e s t i g a t i n g   w a t e r   q u a l i t y   r e h a b i l  i t a t i o n  has n o t  been 

conducted . 
1.3.2 Toxicity.  The t o x i c i t y   o f   p u l p  mill e f f l u e n t s   t o   f i s h   s p e c i e s  
i s   r o u t i n e l y   m o n i t o r e d   a t   a l l   c o a s t a l   p u l p  mil 1 s and an upper 1 imi t of 

t o x i c i t y   i s   p r e s c r i b e d   i n   a l l   p r o v i n c i a l   d i s c h a r g e   p e r m i t s   ( T a b l e   1 . 5 ) .  
Table 1.6 p resen ts   comp l iance   da ta   (pass / fa i l )   f o r   a l l   coas ta l  mill e f f l u e n t  
moni t o r i  ng  programs  since  1975. 

In   genera l ,   pu lp  mill e f f l u e n t s  have v a r i a b l e   t o x i c i t y ,  even  over 
very  shor t   term  per iods  ( i .e .   minutes)   dur ing  the  pu lp ing  operat ion.   Poole 

e t  a1 . (1978)  have  summarized t o x i c i t y   d a t a   c o l l e c t e d   f r o m  a v a r i e t y   o f  
regu la to ry   tes t   p rocedures  and the   resu l t s   a re   p resen ted   i n   Tab le  1.7. 

I n  a s t u d y   o f  seven B.C. m i l l s   o v e r  a 40  day per iod,  Walden  and 
Howard (1977)   conc luded   tha t   t ox i c i t y   va r ied  up t o  500% and e f f l u e n t s  were 

non- tox ic   wi thout   t reatment   about  23% o f   the   t ime.   The i r   s tudy  showed t h a t  
un t rea ted   neu t ra l i zed  BKME commonly had 96 h r  LC50 values  ranging  f rom 
1540% v /v .  Walden (1976)  reviewed  data on t h e   e f f e c t   o f  whole mil 1 e f f l u e n t  

and b l a c k   l i q u o r  on i nve r teb ra tes  and f i s h   i n v o l v e d   i n   f o o d   c h a i n s ,   i n c l u d i n g  
phytoplankton,  zooplankton  (brine  shrimp),  blue  mussels,  crustaceans,  crabs 

and seaworms and   conc luded   the   t h resho ld   l eve l   f o r   t ox i c i t y   o f   who le  mil 1 
o u t f a l l s  was approximately 5 % v/v. I n   o t h e r  words, t h e   c o n c e n t r a t i o n   o f  
pu lp  mill e f f l u e n t   a t   w h i c h   a c u t e   t o x i c   e f f e c t s  were observed was 

approximately 5 %. 
Leach  and  Thackore  (1977)  examined  pulp mill e f f l u e n t s  from 

Canadian m i l l s   t o  determine  the  major   tox ic  components. They found  tha t  
70-100 % o f   t h e   t o x i c i t y   , r e s u l t e d   f r o m   r e s i n   a c i d s ,  and c h l o r i n a t e d   l i g n i n s  
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TABLE 1.7 REGULATORY BIOASSAY TESTS WITH SALMONID  UNDERYEARLINGS AND 
WHOLE  PULP AND PAPER MILL EFFLUENTS ( a f t e r   P o o l e   e t  a1 . 
(1978) 1 

EFFLUENTS 

KRAFT MILL 

EFFLUENT 
Who1 e 

Neutra l  i zed 

BLEACHED 
KRAFT MILL 
EFFLUENT 

SULFITE WASTE 
LIQUOR 

Fresh 
Oxid ized 
Amnonia base 

Soda base 

Groundwood 

Fine  paper 

TEST ORGANISM 

Oncorhvnchus  nerka 

0. nerka 
" 

- 0. tshawytscha 
- 0. k i s u t c h  
0. nerka 

0. k i s u t c h  
- 0. gorbuscha 

Salmo s a l   a r  

" 

- 

" 

S .  s a l a r  

S. s a l a r  
- S. g a i r d n e r i  
S a l v e 1   i n u s   f o n t i n a l   i s  

" 

" 

Salmo g a i   r d n e r i  

- S. g a i r d n e r i  

TEMP. 
("C) 

15 

15 

9 - 15 
9 - 15 

10 - 13 

15 

16 - 18 
16 - 18 
14 - 18 
8 - 12 

12 

? 

PH 

~~ ~~ 

7.0 - 7.4 

7.0 - 7.4 

7.4 - 7.8 

7.4 - 7.8 
7.0 

7.0 - 7.2 

6.5 - 6.7 
6.5 - 6.7 
7.7 - 8.5 

? 

6.4 - 7.0 

6.1 - 7.5 

96-HR LC50 
EFFLUENT 

CONCENTRAT I Oh 
( v / v )  

12.2 
34.2 - 64.1 

1.9 - 3.6 
3.1 - 67.0 

> 22 

12.0 - 25.0 

2.0 - 2.4 

2.8 
0.82 

8.7 - 25.0 

11.6 - 60.0 

2.5 

55.0 - 65.0 
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and  o ther   ch lor ine-conta in i   ng compounds formed  by  the  bleaching  process. 
Approximately 30 c:ompounds were i d e n t i f i e d  as t o x i c   c o n t r i b u t o r s   t o   p u l p  mill 

waste . 
Sub le tha l l   e f fec t   s tud ies  were reviewed by  Davis  (1976). The 

average  subletha l   concentrat ion  o f   whole  kraf t  mill e f f l u e n t   f o r   a l l   s p e c i e s  

o f  salmon s tud ied  was  0.16 o f   t h e  96-h LC50, and v a r i e d  between 0.06 t o  0.33. 

N e u t r a l i z e d   k r a f t  mill b l e a c h   p l a n t   e f f l u e n t   y i e l d e d  a s l i g h t l y   h i g h e r  
sub le tha l   average  concent ra t ion   o f  0.375 o f   t h e  96-h LC50, w i t h  a range  of 
0.05-0.8. The most   sens i t ive  subletha l   thresholds  appeared  to   invo lve 

behaviour,  temperature  to1  erance  and  cough  frequency.  Davis  (1976 ) 

recommended the  estab l   ishment   o f  a d i s c h a r g e   d i l u t i o n   c r i t e r i a   o f  0.02 96-h 
LC50 f o r   n e u t r a l i z e d  whole BKME t o   p r o t e c t   a g a i n s t   s u b l e t h a l   t o x i c   e f f e c t s .  

Receiv ing  water  studies  to  assess  acute and chron ic   sub le tha l  
t o x i c i t y   o f   p u l p  mill e f f l u e n t s  have  been  few i n   B r i t i s h  Columbia. The most 

extensive  study has  been conducted a t   t h e   P o r t  A1 i c e   s u l p h i t e  mill i n  
c o n j u n c t i o n   w i t h  a m u l t i d i s c i p l i n a r y   s t u d y   t o  assess the   recove ry   o f  
Neroutsos I n l e t   f o l l o w i n g   i n s t a l l a t i o n   o f  SSL recovery i n  1978. The s tud ies  
began i n  1978  and cont inued  fo r   th ree   years .  

The f i r s t  study was conducted i n  1978 (V igers   e t   a l . ,   1978)  and 
i n c l  uded " i n   s i   t u   t o x i c i t y  and avoi   dance/preference  tests   for   juveni le  chum, 
j u v e n i l e   h e r r i n g  and coho  smolts  and  laboratory  studies  to  determine  chronic 

e f f e c t s   o f   s u l p h i t e  mill e f f l u e n t  on the  growth and  behaviour o f   j u v e n i l e  
chum salmon. The " i n   s i t u   e f f e c t s   a r e   p r e s e n t e d   i n   F i g u r e  1.9. I n   t h e  
v i c i n i t y   o f   t h e  mill where SME was p r e s e n t   a t  a h i g h   c o n c e n t r a t i o n   i n   t h e  
sur face   waters ,   the   juven i le   f i sh   p re fe r red   subsur face   waters ,  and 

s u b s t a n t i a l   m o r t a l i t y  was encountered  up t o  0.4 t o  0.8 km from  the mill 
o u t f a l l  s i n   the   p re fe rence/avo idance chambers.  From these  distances,  to 
beyond 2 km from  the mill o u t f a l l ,   m o r t a l i t i e s  were  reduced o r  non- ex i s ten t ,  
a1 though a preference  for   subsur face  waters  was s t i l l  observed.  Beyond 

0.8 km f rom  the   ou t fa l l s ,   f i sh   i nc reas ing l y   p re fe r red   t he   su r face   me te r   o f  
t h e   w a t e r .   S i g n i f i c a n t   p o s i t i v e   c o r r e l a t i o n s  were  found  between the  
d i s t r i b u t i o n   o f  chum and  coho  salmon in   t he   su r face   me te r   o f   wa te r  and the 
d is tance  f rom  the mill o u t f a l l  and  consequent  changes i n  mill e f f l u e n t  

parameters.  Decreased f i s h   s u r v i v a l  and increased  f ish  avoidance were a1 so 
associated  wi th   e levated  Pear l  Benson Index ( P B I  - a measure o f   t h e  presence 
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FIGURE 1.9 POSTULATED ZONE OF INFLUENCE FROM THE PORT 
ALICE  MILL SHOWING THE  MAXIMUM  EXTENT OF 
OBSERVED EFFECTS  FROM IN  SITU  FISH BIOASSAYS 
( Vigets et ol., 1978 1 
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of SSL) ,  elevated temperature and decreased pH and salinity values. The 
study was unable to  determine a precise  relationship between effluent  levels 
and avoidance reaction. 

Chronic effects of the effluent were demonstrated i n  laboratory 
studies (Vigers e t  a1 ., 1978). Exposure of chum fry t o  effluent concentra- 
t i o n  of 0.1 and 0.25 of the 96-h LC50 resulted in a reduction i n  biomass  even 
t h o u g h  growth rates remained  equal I t  was concluded t h a t  reduced  biomass 
production a t  a higher food ration was the result of reduced metabolic 
efficiency i n  the conversion of food t o  body mass. 

Acute lethal bioassays  (Vigers e t  a l . ,  1978) o f  the mill effluent 
(using the residual oxygen bioassay) conducted concurrently w i t h  the i n  situ 
studies showed tox ic i ty  averaged 11.3% w i t h  a range of 0.6-100% v/v .  
Toxicity was generally pH dependent b u t  was shown t o  vary by a factor of 20 
for any one pH value. Based on these bioassay results, i t  was calculated 
t h a t  the d i l u t i o r r '  t h a t  might be expected t o  achieve the  threshold for no 
effect ranged from a low of 18:l t o  a h i g h  of 16,667:l. 

" 

I n  the second year of the study (19791, research efforts were 
directed  primarily a t  assessing  the zones of influence of the sulphite mill 
effluent w i t h  respect t o  fish preference/avoidance behaviour (McGreer e t  a1 . , 
1980). The study  concluded t h a t  the influence of the mil 1 as measured by 
preference/avoidance and acute lethal i t y  extended ou t  t o  10 km north of the 
mil I, a1 though avoidance reactions a t  this  site were observed only on an ebb 
t i d e .  An analysfs of the measured water quali ty parameters indicated t h a t  
pH, dissolved oxygen and percent saturation of dissolved oxygen  were 
statistically  significant determinants for chum salmon vertical  distribution 
i n  the cages. As i n  the f i r s t  study, chum f ry  showed a preference for the 
t o p  1 m of water  except i n  the presence of SME. This data  i s  sumnarized i n  
Figures 1.10 and 1.11. 

Fish mortality was observed a t  a1 1 test  sites, w i t h  the highest 
percentage  noted i n  traps  closest and northward of the mi 11 (52.5% and 44.2% 
respectively). 

The t h i  rd and f ina l  year of the study (1980) concentrated on 
examining the zone o f  effect i n  close proximity t o  the mill a t  various  stages 
i n  the t i d a l  cycle (McGreer e t  a1 , 1982) Results from this study  concluded 
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SUmARY OF CHUM FRY  AVOIDANCE AT NEROUTSOS 
(McGreer e t  a1 . , 1980) 
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tha t   f i sh   avo idance  behav iour  was no t  as pronounced  as tha t   obse rved   i n  1979 
and was s t rong ly   a f fec ted  by   t he   s ta te   o f   t he   t i de .  A r e d u c t i o n   i n   t h e  
t o x i c i t y   o f   t h e   s u l p h i t e  mil 1 e f f l u e n t   f r o m  1979 was  a1 so shown by an 
i n c r e a s e   i n   t h e  96-h LC50 f o r  SME i n   l abo ra to ry   b ioassays   w i th   ra inbow  t rou t .  

M o r t a l i t i e s   i n   s u r f a c e   w a t e r s   o f   N e r o u t s o s   I n l e t   d u r i n g  24 h a c u t e   t o x i c i t y  

s tud ies   w i th   j uven i  1  e chum salmon  were recorded up t o  0.5 km from  the mil 1 

s i te ,   rep resen t ing  a r e d u c t i o n   i n   t h e   s i z e   o f   t h e   a c u t e   l e t h a l  zone from 

1979. Water q u a l i t y  had  improved  over  the 1979 t e s t  and, al though a 
s t a t i s t i c a l   s i g n i f i c a n c e  was found  between f i s h   v e r t i c a l   d i s t r i b u t i o n   i n   t h e  

cages  and  water qual i ty  parameters,  it was  much weaker  than i n  1979. 
I n   a d d i t i o n   t o   t h e s e   s t u d i e s ,   f i s h e r i e s   s t u d i e s  were also  conducted 

between 1978 and 1980 t o  examine the  migratory  behaviour o f  j u v e n i l e  
salmonids  or ig inat ing  f rom  the  Cayeghl   e/Col   onial   creek  system  at   the  head  of  
Neroutsos  In let .   Poul  i n  and  Rosberg  (1978)  concluded  that  the  seaward  migra- 
t i o n   o f   j u v e n i  1  e chum peaked i n  mid  Apr i  1  and was v i r t ua l l y   comp le te   by   t he  
end o f  May. I n   t h e   v i c i n i t y   o f   P o r t   A l i c e ,   e a s t   s i d e   m i g r a n t s  were  absent 

from  nearshore  areas and d id   no t   reappear   un t i l  2.0-2.5 km down-inlet .  These 

f i n d i n g s  were essen t ia l l y   repea ted  by  Poul i n  and  Rosberg  (1980) i n   t h e  1979 
stud ies and suggested  large numbers o f  f r y  were  successful i n  moving  seaward 

o f   t he  mill along  both  the  eastern and western  shorel ine.   Dur ing  both  the 
1978  and  1979 s tud ies,  no s i g n i f i c a n t   c o r r e l a t i o n  betwee-n  chum catch  and 

water  qual i ty  parameters was observed  outside  of   the  gross  response  of  f ry t o  
sur face   water   cond i t ions   w i th in   the  mill v i c i n i t y .   F u r t h e r  work conducted i n  
1980 (Poul i n  and Oguss, 1982) compr is ing   f luorescent  dye  marker/recapture 
s t u d i e s   i n d i c a t e d   t h a t  chum f ry  from  Cayeghle  Creek move r a p i d l y  and f r e e l y  
throughout  Nerout:sos  In let .  Tagged f r y  r e l e a s e d   a t   t h e  head o f   t h e   i n l e t  
d i spe rsed   w i th in  4 o r  5 days to   t he   en t rance   o f   t he   i n le t ,   nea r   Qua ts ino  
Sound.  The demonstrated a b i l i t y   o f   t h e  chum fry t o   c r o s s   t h e   i n l e t   f r e e l y  
above  and  below the  mil 1 , and t h e i r  presumed a b i  1 i ty t o   a v o i d   t h e  mil 1 
e f f l u e n t  plume  suggested t o   t h e   a u t h o r s   t h a t  it was u n l i k e l y   l a r g e  numbers o f  
fry were t rapped i n   t h e  zone o f   i n f l u e n c e  and  exposed t o   a c u t e l y   t o x i c  
c o n c e n t r a t i o n s   o f   e f f l u e n t .  The study  concluded  that   the  impact  of   the mill 
cons is ted   p r imar i l y   o f   t he   poss ib le   l oss   o f   app rox ima te l y  2 km of  nearshore 
h a b i t a t   p l u s  a l o c a l i z e d   r e d u c t i o n   i n   w a t e r   q u a l i t y   a d j a c e n t   t o   t h e  mill. 
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More r e c e n t l y  however the  spawning p a t t e r n s   o f   r e t u r n i n g  chum salmon  were 
s i g n i f i c a n t l y   d i s r u p t e d   d u r i n g   s e v e r e  oxygen depression  observed i n  1985. 
Avoidance  react ion  to  the  reduced oxygen v a l u e s   r e s u l t e d   i n  a s i g n i f i c a n t  
d e l a y   r e t u r n i n g   t o  spawning  grounds  which may have resu l ted   i n   unsuccess fu l  

spawning  and/or  death.  There was no v i  sua1 evidence o f  dead sa l  
t he re  was a p o s i t i v e   c o r r e l a t i o n  between  abundance o f  salmon 

ambient D.O. (Colodey  and Pomeroy, 1985). 

The MacMil lan  Bloedel Harmac mil 1 was  a1 so t he   sub jec t  

s t u d i e s   i n  1977 (EVS Consultants,  1977) t o  assess   t he   e f fec t   o f  i 
on l a r v a l  and j u v e n i l e   h e r r i n g .  The s tudy  conc luded  that   herr ing 

mon however 
n e t t e d  and 

o f   t o x i   c i  ty  

t s   e f f l u e n t  
l a r v a e  were 

2-3 t imes as s e n s i t i v e  as o t h e r   r o u t i n e   t e s t   f i s h   t o  BKME i n   t h e  96 hour 

a c u t e   t o x i c i t y  LC50 t e s t .  However, a t  " i n   s i   t u   c o n c e n t r a t i o n s   o f   t h e  Harmac 
e f f l u e n t   ( c o n c e n t r a t i o n s  up t o  0.05 96-h LC501 i t  was pos tu la ted   t he   e f f l uen t  
would have minimal impact on h e r r i n g   l a r v a e  development. Similarly no 

s i g n i f i c a n t   e f f e c t s  on   g rowth ,   appet i te   o r   convers ion   e f f i c iency  were 

observed i n   j u v e n i l e   h e r r i n g  exposed f o r  36 days t o   e f f l u e n t   a t  " i n   s i t u  
concentrat ions.   Chronic  exposure  to 0.001 t o  0.005 o f  the  96-h LC50 of 
Harmac BKME wou ld   no t   in t roduce a s t ress  which  would  exc lude  herr ing  f rom 
Northumberl  and  Channel  nor  would it have a d i r e c t   e f f e c t  on growth,  feeding 
or   food  convers ion   e f f i c iency .  

T o x i c i t y   s t u d i e s   u s i n g   o y s t e r s  and  salmon a t   t h e  Canadian Fo res t  
Products Mil 1 a t   P o r t  Me11 on  have  been reviewed  by Ne1 son (1979a).  Oysters 
placed i n  a cage 200 m f r o m   t h e   a l k a l i n e   o u t f a l l   a l l   d i e d   w i t h i n  one year  and 
were h e a v i l y   f o u l e d   w i t h   f i b r e  and 1 ime mud. Oyster  condi t ion  improved and 
mortal  i t y  decreased  wi th   increas ing  d is tance  f rom  the mill . R e s u l t s   o f   t h i s  

study  suggested a zone o f   i n f l u e n c e   e x t e n d i n g  0.5 t o  0.8 km sou th   o f   t he  
mill. Avoidance  react ions  by  juveni le  chinook and chum salmon  were noted i n  

surface  waters (1.5 m) i n   t h e   v i c i n i t y  o f  the mill This  work was performed 
p r i o r   t o   t h e   i n s t a l l a t i o n   o f   t h e  submarine d i f f u s e r .  

Davis e t   a l .   ( 1 9 7 6 )   s t u d i e d  " i n   s i t u   p h y s i o l o g i c a l   e f f e c t s   o f   t h e  
B.C. Forest   Products   Crof ton mil 1 discharge on coho  underyearl  ings. A1 though 
inconclusive,  they  found  evidence  of  reduced  metabol i c   a c t i v i t y  when f i s h  

were exposed t o   w a t e r  0.24 km from  the mill o u t f a l l .   T o x i c   e f f e c t s   o f   t h i s  
discharge, as measured  by condi t ion  factor   ( i .e .   p lumpness)  i n   o y s t e r s  were 
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n o t e d   a t  a s t a t i o n  1.9 km northwest of t he   ou t fa l l .   Th i s   poo r   cond i t i on  

f a c t o r  has p e r s i s t e d   f o r  some years. 

1.3.3 E f f e c t s  on I n t e r t i d a l  Conmunity  Structure. The t o x i c   e f f e c t s  
of  pulp mil 1 e f f l u e n t s  have  been e v a l u a t e d   a t  a number o f   coas ta l  mil 1 s us ing  

q u a l i t a t i v e  and quant i ta t i ve   s tud ies   o f   the   nearshore   hab i ta t .  These s tud ies  

examine the abundance  and d i v e r s i t y   o f   i n v e r t e b r a t e   p o p u l a t i o n s   w i t h i n   t h e  

i n t e r t i d a l  ecosystem as a measure o f   t h e   p u l p  mill e f f l u e n t  zone of  
i n f l u e n c e .   G e n e r a l l y ,   i n t e r t i d a l   e f f e c t s   a r e   m o s t   s i g n i f i c a n t   a t   m i l l s  

having  surface,  rather  than  submarine,  outfal ls. These s tud ies  have a l s o  
been v a l u a b l e   i n   a s s e s s i n g   t h e   r a t e  and  degree o f   r e c o v e r y   o f   i n t e r t i d a l  
habi ta t   fo l lowing  the  rep lacement   o f  a surface  discharge  wi th a submarine 
o u t f a l l   d i f f u s e r .  

Packman (1979b)  has  reviewed  the  impact o f   t h e  Harmac pu lp  mill 
e f f l u e n t   b o t h   p r i o r   t o  and f o l l o w i n g   t h e   i n s t a l l a t i o n   o f  a submarine  dif fuser 

i n  Northumberland Channel i n  January 1976. Studies  conducted  by  the mill 
p r i o r  t o  1976 n o t e d   t h a t   t h e   e f f l u e n t  appeared t o  have  the   g rea tes t   e f fec t  on 
l a r v a l  and j u v e n i l e   l i f e   s t a g e s   o f  fauna  which s e t t l e d   i n   t h e   i n t e r t i d a l  

zones du r ing   Ap r i l   t o   Oc tober .   Pe r iods   o f  heavy  barnac le  d ie-of f  and poor 
periphyton  growth were noted i n   t h e  mill zone o f   i n f l u e n c e .  These 
de t r imen ta l   e f fec ts  were  noted i n   v a r y i n g  degrees  over a d i s tance   o f  some 
5000 m nor th  and south  o f   the mill. F o l l o w i n g   i n s t a l l a t i o n   o f   t h e   d i f f u s e r ,  
a d e f i n i t e   i n c r e a s e   i n   s p e c i e s   a n d  numbers o f  an imals  was n o t e d   i n   t h e  

i n t e r t i d a l  zone w i t h i n   t h e   p r e v i o u s  zone o f   i n f l u e n c e .   Q u a l i t a t i v e  

assessments o f   t he   i n te r t i da l   b io log i ca l   commun i t i es   conduc ted  by the  mill a t  
four   s ta t ions   w i th in   Nor thumber land Channel  have shown t h a t   i n t e r t i d a l  

b i o l o g i c a l   t r e n d s  have n o t  changed s i g n i f i c a n t l y   s i n c e  1976  (Young, 1983). 
The study recommended t h e   i n t e r t i d a l  program  be  discontinued. 

S i m i l a r   i n t e r t i d a l  improvements  have  been  observed a t   o t h e r   c o a s t a l  
m i l l s   f o l l o w i n g   t h e   i n s t a l l a t i o n   o f  submarine  di f fusers.  Beak Consul tants 
(1978)  found  recoveries a t   p r e v i o u s l y   a f f e c t e d   s i t e s   f o l l o w i n g   t h e  
i n s t a l l a t i o n   o f   t h e   d i f f u s e r   a t   t h e   E l k   F a l l s  mill i n  1977. P r i o r   t o  

d i f f u s e r   i n s t a l l a t i o n ,   i n t e r t i d a l  areas w i t h i n   t h e  foam containment boom were 

denuded o f   t h e i r  normal ' complement o f  shore1 i f e  and the  impact was 
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measureable  approximately 150 m i n  a s o u t h e r l y   d i r e c t i o n  (Beak Consul tants,  
1974). 

Surface-di   scharged  ef f luent  f rom  the Powel 1 R iver  mi 11 exer ted  an 

i n f l uence  on i n t e r t i d a l   e c o l o g y  up t o  8 km n o r t h w a r d   w i t h   t h e   p r e v a i l   i n g  

cu r ren ts .   E f fec ts   t o   t he   sou th  were  minimal,   a l though  intert idal   growth 

r e s t r i c t i o n s  were  noted a t  a s t a t i o n  on Harwood I s l a n d  (Young, 1978).  With 

t h e   i n s t a l l a t i o n   o f  a submarine d i f f u s e r  i n  1980, i n t e r t i d a l   i m p a c t s  have 

been a1 1 ev ia ted   (Su l  1 i van  , 1982). However,  a new f i b r e  bed  and  consequent 

b e n t h i c   h a b i t a t   a l i e n a t i o n  have  been recent ly   observed  near   the  d i f fuser  

(Pomeroy, unpubl ished).  
The impact o f   t h e   P o r t  Me1 l o n  mil 1 surface  discharge  has  been 

reviewed  by  Nelson  (1979a).  Severely  depressed  intert idal  communit ies  were 

observed i n   t h e   v i c i n i t y   o f   t h e   p u l p  mill and the  zone o f   i n f l u e n c e  was 
concluded to   ex tend  1 t o  2 km south  of   the mill o u t f a l l  s. The recent  (1982) 

i n s t a l l a t i o n   o f  a submarine d i f f u s e r  has  removed e f f l uen t   f rom  the   sho re l i ne .  
Recovery s t u d i e s   o f   t h e   i n t e r t i d a l   c o m n u n i t i e s  have n o t   y e t  been repor ted,  

bu t   water   qua l i t y   s tud ies   by   the  mill have  concluded  that  temperature, 
d isso lved oxygen, s a l i n i t y  and pH p r o f i l e s   i n   g e n e r a l  were n o t   s i g n i f i c a n t l y  
d i f fe ren t   f rom  va lues   observed  a t   the   con t ro l   s ta t ions .   Co lour  was shown t o  
i nd i ca te   t he   p resence   o f   e f f l uen t   i n   su r face   wa te rs   sou th ,   bu t   no t   no r th   o f  
t h e   d i f f u s e r  (Dupree  and  Nieminen,  1985). 

Perhaps  the  most  extensive  studies on i n te r t i da l   comnun i t y  
s t r u c t u r e  changes r e s u l t i n g   f r o m   p u l p  mill discharges were  conducted a t   t h e  
Western  Pulp  L imi ted  Par tnersh ip  Sulph i te  Mil 1 a t   P o r t  A1 i c e  as p a r t  o f  the 

mu1 t i - d i sc ip l   i na ry   s tudy   i nves t i ga t i ng   env i ronmen ta l   improvemen ts   a t  

Neroutsos   In le t .  The study was developed  and  implemented  through 1978  and 
1979  and  has  been repor ted  by  Cross  and Ell i s  (1981).  Measurement  techniques 

were  designed t o   e v a l u a t e   b i o l o g i c a l  changes i n  areas  exposed t o   d i f f e r e n t  
concen t ra t i ons   o f   su lph i te  mill e f f l u e n t .  The p o l l u t i o n   i n f l u e n c e   o f   t h e  
discharge was measured  by f i n d i n g   t h e  1 o c a t i o n   o f  maximum abundance o f  an 

amphipod, A l lorchestes  anagusta.   Th is   locat ion was shown t o  move c l o s e r   t o  
the  discharge  source and ind i ca ted   dec reased   po l l u t i on   ove r   t he   cou rse   o f   t he  
s tudy .   Ana lys is   o f   the   shore l ine   f lo ra  and  fauna  data i l l u s t r a t e d  a tendency 
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o f   t h e   s u l p h i t e   e f f l u e n t   t o   a f f e c t   t h e   e a s t   s i d e   o f   N e r o u t s o s   I n l e t   f o r  
approximately 7 km and t o  have l e s s   o f  an e f f e c t  on the  west  side. 

1.3.4 Ef fec ts ,  on Pr imary   Produc t iv i t y .  The dark  brown  colour  of  mill 
e f f l u e n t s  can  present  severe  ecological   problems  under  certain  c i rcumstances. 

The i n h i b i i t o n  o f  s u n l i g h t   p e n e t r a t i o n  can  reduce o r   re ta rd   pho tosyn thes i s  by 

phytoplankton, seaweed and roo ted   aquat ic   vegeta t ion .   Th is   in   tu rn   reduces  

the  amount o f   f ood   ava i l   ab le   t o   t he   f ood   cha in  and  can a1 so d im in i sh   o r  even 
e l   i m i n a t e  a source o f  oxygen to   t he   wa te r .   Th i s  can be p a r t i c u l a r l y  
probl   emat i  c i n  areas a1 ready  exper iencing  depl   eted oxygen 1 eve1 s. 

Pr imary   p roduc t i v i t y   s tud ies  have  been inco rpo ra ted   i n to   t he  
mon i to r i ng  programs o f   seve ra l   coas ta l  mil 1 s i n c l u d i n g   P o r t  A1 i c e   ( S u l l   i v a n ,  
1979a),  Port A1 bern i   (Sul l   ivan,   1978)  and Go1 d R iver   (Su l l   i van ,   1979b) .   In  

add i t ion ,   research  programs  have  been  conducted a t   t h e   P o r t   M e l l o n  and 

Squamish (Woodfibre) mill s i t e s   i n  Howe Sound (Stockner  et   a l . ,   1975).  These 

1 a t t e r  programs,  conducted i n  1973 t o  1975, concluded  that   the  s t rong 1 i ght  
a t t e n u a t i n g   p r o p e r t i e s   o f  KME were the  major  cause  of  reduced  primary 
p r o d u c t i v i t y   r a t h e r   t h a n   e f f l u e n t   t o x i c i t y   a d j a c e n t   t o   B r i t i s h  Columbia 

coastal  mil 1 s. M i l l s   s i t u a t e d   i n   a r e a s   o f   r a p i d   t i d a l   f l u s h i n g  showed 
p r a c t i c a l l y  no e f f e c t   o f  KME (e.g. Harmac, E l k   F a l l s )   w h i l e   t h o s e   l o c a t e d   i n  
i n l e t s   w i t h   l i t t l e   f l u s h i n g  showed t h e   g r e a t e s t   i n h i b i t i o n   ( P o r t   A l i c e ,  
Porpoise  Harbour,  Wainwright  Basin). The study a1 so showed tha t   p r imary  
product ion ad jacen t   t o   t he  m i l l s  was r e s t o r e d   t o   n e a r  normal l e v e l s   d u r i n g  
mill shutdowns r e s u l t i n g   f r o m  a labour   d ispu te  between J u l y  and  October 1975. 

For example, p r imary   p roduc t ion   ad jacent   to   the   Por t  Me1 1 on m i  11 i n  Howe 
Sound increased 56 t i m e s   a f t e r  14 days o f  mill closure,  as  compared w i t h  a 
1.7-fol d i n c r e a s e   a t  a c o n t r o l   s i t e .  A t  the  head o f  Howe Sound 1 i ght  
attenuation  caused  by  the  Woodfibre mill e f f l u e n t   r e d u c e d   p r o d u c t i v i t y ,   b u t  

t h i s   e f f e c t   i s  masked i n   t h e   n a t u r a l   e f f e c t  o f  h i g h   t u r b i d i t y   f r o m   t h e  
Squami sh River.  

Sul l   ivan  (1979a)  examined  the  impact  of   the  Port  A1 i c e   s u l p h i t e  

mill e f f l u e n t  on 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   i n   N e r o u t s o s   I n l e t   p r i o r   t o   t h e  

i n s t a l  1 a t i on   o f   t he   spen t   su lph i te   recove ry  system. Area l   p roduc t ion   ra tes  
between a c o n t r o l   s t a t i o n   i n   Q u a t s i n o  Sound and a s t a t i o n   a t   t h e  mill 



- 34 - 

d i f f e r e d   b y  a f a c t o r   o f  20-40 times,  depending on the time o f   y e a r .  Mill 

e f f e c t s  as measured  by  reduced p r o d u c t i v i t y  were seen a t  a s ta t ion   near   the  
ent rance  to   Neroutsos  In le t ,  some 18 km from  the  discharge.  During a mill 

’ shutdown, d i f f e r e n c e s   i n   p r o d u c t i o n  between the   con t ro l  and mill s i t e  were 

reduced t o  2-3 f o l d .  The study  concluded  the  reduced  phytoplankton 
p r o d u c t i   v i   t y  was re1   a ted   t o  1 i g h t   a t t e n t u a t i o n .  

P r i m a r y   p r o d u c t i v i t y   s t u d i e s   c o n t i n u e d   a t   t h e   P o r t  A1 i c e  mil 1 

dur ing  the  environmental   monitor ing  program  f rom 1979-1980.  These data, 
sumnarized  by To1 le fson  (1982)   cont inued  to  show depressed  primary 
p r o d u c t i v i t y   a t   t h e  mil 1 s i t e  and fo r  some d is tance down t h e   i n l e t   d u r i n g  

A p r i l   t o  September s tud ies.  
S tud ies   i n   A lbe rn i   I n le t   conduc ted   by  EPS (Sul l ivan,   1978)   dur ing 

1974-1976 conc luded  tha t   lower   phy top lank ton   p roduc t iv i t y   in   the   harbour  as 
compared t o  a control   area down i n l e t   r e s u l t e d   f r o m   s e v e r a l   f a c t o r s ,   e i t h e r  
ope ra t i ng   s ing l y   o r   i n   comb ina t ion .  O f  p a r t i c u l a r   n o t e   i n   t h i s   s t u d y  was the 
frequent  absence o f   n i t r a t e   i n   t h e  upper zone o f  the  water  column a t   b o t h  

con t ro l  and t e s t   s i t e s .   T h i s  phenomenon, combined w i t h   t h e   l i g h t   a t t e n u a t i o n  

r e s u l t i n g  from  the  pulp mill discharge  and  possible  reduced  phytoplankton 

standing  crops, were considered  probable  causes  of  the  reduced  phytoplankton 
p r o d u c t i v i t y   i n   t h e   h a r b o u r .  

1.3.5 Effects on Benthic  Habitat. The l a r g e   d a i l y   r e l e a s e s   o f  
suspended so l   ids   by   sur face   o r   submar ine   ou t fa l l s  can se r ious l y  degrade 
ben th i c   hab i ta t s .  A l a r g e   p o r t i o n   o f   t h e   d i s c h a r g e d   e f f l u e n t   c o n s i s t s   o f  
wood f i b r e s   w h i c h   s e t t l e   o u t ,   r e s u l t i n g   i n   d i r e c t  removal o f  bo t tom  hab i ta t  

and smothering o f  organisms. The h igh  oxygen demand o f  these  deposits  can 
r e s u l t   i n   l o w   d i s s o l v e d  oxygen  concentrations  near  the  bottom. The 
e s t i m a t i o n   o f   t h e  oxygen demand o f   t h e s e   d e p o s i t s   i s   n o t   n e c e s s a r i l y  

r e f l e c t e d   b y   t h e  BOD t e s t s  on the   e f f l uen t ,   s i nce   t he   m ic rob io log ia l  
breakdown o f   c e l l u l o s e   o c c u r s   o v e r  a longer   t ime  per iod   than  tha t  measured  by 

the   t es t .  
B e s i d e s   c a u s i n g   o x y g e n   d e f i c i e n c y   i n   w a t e r s   o v e r l y i n g   t h e  

sediment/water  interface,  pulp mill e f f l u e n t   s o l i d s  degrade  benth ic   habi ta t  

W 

m 

II 
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by  turning  sediments  anoxic  under  anaerobic  decomposit ion  of wood f ib res ,  and 
by product ion o f  t o x i c  hydrogen s u l f i d e  ( H z S ) .  

The Environmental  Protection  Service has  examined the  benthic 
h a b i t a t   i n   t h e   v i c i n i t y   o f  many coas ta l   m i l l s ,   us ing   bo th   qua l i ta t i ve  
measurements and d i rec t   v isua l   observa t ions   w i th   the  P ISCES IV submersible. 
Pomeroy (1983a)  has  reviewed  these  studies  for  the mil 1 s a t  Porpoise  Harbour, 
Ocean F a l l s ,  Harmac and Woodfibre. McGreer (1984)  analysed  marine  benthic 
inver tebra te   da ta   co l lec ted  by EPS a t   e i g h t   c o a s t a l   m i l l s   d u r i n g  1981-83. 

The zone o f   i n f l u e n c e  on the   ben th i c   hab i ta t   i s   va r iab le  and can 
depend on the method o f   e f f l uen t   d i sposa l ,   wa te r  exchange  and surface and 
subsurface  currents, and the   leng th   o f   t ime  the   e f f luen t  has been 
discharging.  Table 1.8 sumnarizes  the measured  zones o f   i n f l u e n c e  a t  var ious 
coastal  m i  11 s .  

Pulp mill depos i t   pa t te rns   a re   s im i la r  among the  various mil 1 s. 
Sampling s i t es   ad jacen t   t o   t he   d i scha rge   a re   o f ten   devo id   o f   l i f e  due t o  
phys ica l   smother ing,   tox ic i ty  due t o  hydrogen  sulphide gas,  and anoxia.  With 
increasing  dist .ance from t h e   o u t f a l l ,  a ' t r a n s i t i o n  zone' i s  encountered 
wherein  marine 1 i f e  becomes more abundant. Measurement techniques  for 
determin ing  the  extent   o f   the zone o f   in f luence  inc lude  spec ies  abundance and 
diversi ty,   organic  carbon  determinat ions and ana lys i s   f o r   spec i f i c   pu lp  mill 
e f f l u e n t  components (e.g. res in   ac ids ) .  

Insuf f ic ient   data  are  avai lab le  to   determine  the  ra te  o f   encroach-  
ment on the   ben th i c   hab i ta t   o f   f i b re   depos i t i on .   Overa l l  , f i b re   re leases   (as  
measured by TSS) from c o a s t a l   m i l l s  have s t a b i l i z e d   s i n c e  1980 (F igure 1 .2 ) .  

D e s p i t e   t h i s   s t a b i l i z a t i o n ,   a r e a s   o f   f i b r e   d e p o s i t i o n   a r e   i n c r e a s i n g   a t  some 
l o c a t i o n s  e.g. Northumberland Channel  (Harmac), Malaspina S t r a i t  (Powell 
R iver )  and Porpoise  Harbour (Pomeroy,  1983a) w h i l e   a t   o t h e r   l o c a t i o n s  (e.g. 
Stuart   Channel)   the  f ibre  deposi ts  a l though  extensive,   appear  to have  reached 
t h e i r  maximum s.ize (Sercombe  and Hincks,  1981 1. 

Perhaps  the  most  severe  environmental  impact  re1  ated t o   f i b r e  
deposi t ion  occurred  at   the  now-closed Ocean F a l l s  mill i n  Cousins I n l e t .  
During  the 69 y e a r s   o f  mi 11 operat ion,  a la rge   depos i t  has been formed up t o  

3.5 km from  the mill. Adjacent t o   t h e  mill i t s e l f   t h e   d e p o s i t  was estimated 
t o  approach 15 m t h i c k ,   d e c r e a s i n g   t o   i s o l a t e d   t h i n   p a t c h e s   i n  a ' t r a n s i t i o n  
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zone'  extending an a d d i t i o n a l  1.3 km, f o r  a to ta l   impact   d is tance  o f  some 

4.8 km. I n   t h e  heavy  impact  benthic zone the   depos i t   i s   s t rong ly   reduc ing ,  
w i th   bubb les   o f  H2S gas being  re1  eased and p o r t i o n s   o f   t h e   d e p o s i t   b e i n g  
brought   to   the   sur face .  No obvious 1 i f e  was present i n   t h i s  area  wi th   the 
excep t ion   o f  sea  anemones and polychaete worms u t i l i z i n g   l o g s   p r o j e c t i n g  from 

the  deposi t .   Increases i n  organic   content  and some heavy metals i n   t h e  

sediments  were e v i d e n t   w i t h   p r o x i m i t y   t o   t h e  mil 1 , w i t h   z i n c   l e v e l  s 

increas ing  approx imate ly  6 f o l d  between the   en t rance  to   Cous ins   In le t  and the  
mill s i t e .  

An example of   recovery  can be  seen i n  Wainwright  Basin,  which 
p rev ious l y   rece ived   e f f l uen t   f rom  the  Canadian Ce l l u lose   su lph i te  mill. 
L a r g e   i n t e r t i d a l  and s u b t i d a l   f i b r e   d e p o s i t s  had  formed in   t he   Bas in   by  1966, 
and d i sso l ved  oxgen levels  reached  near  zero due to   the   very   poor   f lush ing  

rates.  Benthic  fauna was v i r t u a l l y   n o n - e x i s t e n t  and i n t e r t i d a l l y   r e s t r i c t e d  
t o  some worms, crustaceans  and  poorly  developed a1 gae. Large  mats o f   f i b r e  
frequently  appeared on the  water  surface,  ra ised by H2S gas accumulations  on 
t h e   b o t t o m .   I n t e r t i d a l   h a b i t a t  and shal low ( <  25 m )  water   qua l i t y   recovery  

o c c u r r e d   q u i t e   q u i c k l y   w i t h   t h e   d i v e r s i o n   o f   t h e   e f f l u e n t   d i s c h a r g e   f i r s t   t o  
Chatham  Sound, then to  Porpoise  Harbour.  However, EPS has now i d e n t i f i e d  a 

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

Porpoise  Harbour ( Pomeroy , 1983b). 
Studies  have  been  conducted  by  the B.C. Forest   Products  mill a t  

Cro f ton   t o   de te rm ine   t he   ex ten t   o f   t he   f i b re   depos i t i on .  Ell i s  (1970) 
de te rm ined   tha t   t he   f i b re  bed  extended i n   S t u a r t  Channel from 1.6 t o  3.2 km 
nor thwest   and  sou theas t   o f   the   ou t fa l l  s ,  wi th   the   coarse   f rac t ion   ex tend ing  
to   approx imate ly  305 m o f f s h o r e   t o  a water  column  depth o f   about  46 metres. 
The area  of   accumulated  coarse  f ibre  extended  about 0.4 km on each s i d e   o f  
t h e   o u t f a l l s  and  formed a mat  10-15 cm or more t h i c k .   I n  1978, underwater 

PISCES examination  by EPS revea led   a reas   o f   so f t   subs t ra te   covered  w i th  
patches o f   wh i te   bac te r ia l   o r   f unga l   s l ime .  Shrimp  populations,  abundant a t  
100 m depth,   decl ined  wi th  decreasing  depth and  were n o t  seen above 35 m. 

From 50 t o  35 m the  dominant  benthic  organisms  were  sol e (Ne1  son, 1 9 7 9 ~ ) .  
More recent   s tud ies  by  the mil 1 (Sercombe  and Hincks,  1981)  have  concluded 

tha t   t he   a f fec ted   a reas   a round   the   ou t fa l l  s has not   en larged compared t o  
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previous mil 1 surveys  between  1974  and  1979. The f i b r e  had n o t  been found 

extend more than  1.8 km no r thwes t   o r   sou theas t   o f   t he   ou t fa l l  s, nor more than 

0.45 km o f fshore .  
Dur ing 1982-83 EPS surveyed  benth ic   in faunal   communi t ies  a t   e ight  

data and  compared  them w i t h  

' ing  notes  are  excerpted  f rom 

coasta l   pu lp mil 1 s. McGreer (1984)  analysed 

r e s u l t s   o f   s u r v e y s   i n  1978  and  1981. The f o  

h i  s repo r t .  

the  

l l o w  

Porpoise  Harbour 
Reduced  numbers o f  taxa were r e p o r t e d   f o r   a l l   s i t e s   n o r t h   o f   t h e  

o u t f a l l  and f o r   s i t e s   w i t h i n  1500 m south o f   t h e   o u t f a l l  compared t o   t h e  
re fe rence   s i t e .  The same p a t t e r n  was n o t   r e f l e c t e d   i n   t h e   t o t a l  abundance 
data. I n  1981,  abundance was s i m i l a r  a t  most  stat ions.  Abundance per sample 
appeared t o  be much g r e a t e r   i n   1 9 8 1   t h a n   i n   e i t h e r  1978 (approx.  100)  or 1983 
(approx. 300) a t  the  same s i t e s .   T h i s  was s o l e l y  due to   t he   i nc reased  
abundance o f   t h e   p o l y c h a e t e   C a p i t e l l a   c a p i t a t a   i n  samples  analysed. 

A t  some s i t e s   t h e r e  was an apparen t   reduc t i on   i n   t he  number o f  
species  and abundance from 1978 t o  1983. Th is   t rend  appears   to   ind ica te  a 
de ter io ra t ion   in   benth ic   communi t ies   in   Porpo ise   Harbour  and t h i s   s i t e  

war ran ts   f u r the r   i nves t i ga t i on .  

P o r t  A1 b e r n i  
Decreased  numbers o f   t a x a  compared t o   o t h e r   s t a t i o n s   a r e  most 

apparent a t  s i t e s   w i t h i n  750 m o f   t h e  mil 1.  Only two or   th ree   taxa   a re  
genera l l y   found  near   the   ou t fa l l .  The numbers o f   t a x a   a r e   h i g h e s t  (25 
species  between 1000  and  2500 m f rom  the   po in t   o f   e f f l uen t   d i scha rge ,   t hen  

appear t o  decrease a t   s t a t i o n s   f a r t h e s t   f r o m   t h e   o u t f a l l .   T h i s   p a t t e r n  was 
s i m i l a r   f o r  a7 1 th ree   years  sampled.  Changes i n  abundance per sample 
f o l l o w e d   c l o s e l y   t h e   p a t t e r n   f o r   t o t a l  numbers o f   t axa   w i th   h ighes t   va lues  
(1,283 a t   s t a t i o n  7 )  be ing   reco rded   a t   s ta t i ons  1500-2500 m f r o m   t h e   o u t f a l l .  

To ta l  abundances showed  an apparent  increase  between 6- and 20 - fo ld  between 
1980  and  1982 a t  these  s ta t ions.  Abundances were h igh l y   va r iab le   f rom one 
y e a r   t o   a n o t h e r   a t  a l l  s ta t i ons .  Amphipod species  were  noticeably  absent 
from  most  samples. 
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I 

L 
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P o r t  Me1 1 on 
The t o t a l  numbers o f   t a x a   i n  1980  were h i g h e s t   ( 1 3 )   a t  a s i t e  

l oca ted  600 m from  the mill. This  increase i n  species  suggests a response 
due to   organic   enr ichment .  A r e d u c t i o n   i n   t h e  number o f   t a x a  compared t o  

s i t e  3 was observed a t   s i t e s  2, 5 and 6. As t h e   s t a t i o n s  sampled represented 

bo th   sha l l  ow and  deeper w a t e r   s i t e s ,   c h a r a c t e r i z a t i o n   o f  communi t i e s  due t o  
m i  11 i n f l u e n c e   i s   d i f f i c u l t   w i t h  such a  smal 1 number o f  samples. S i t e s  

sampled i n  1980  were n o t  sampled i n  1981, so comparison with  the  subsequent 

years '   data  cannot be made. 
The abundance da ta   a lso  appear t o  be re la ted   t o   o rgan ic   en r i chmen t  

showing h igher   va lues   a t   s i tes   near   the  mill. I n  genera l ,   both  the  to ta l  
numbers o f   t a x a  and  organism abundance a re   re1   a t i   ve l y   l ow  compared t o  

non -po l l u ted   s ta t i ons   a t   o the r   s i t es .  More intensive  sampl ing  near  the mi17 
and a long  t ransec ts   runn ing   nor th  and south i n  Thornbrough  Channel i s  
requ i red   to   adequate ly   charac ter ize   the   benth ic  communi t i e s   i n   t h e   a r e a ,  and 
t o   p e r m i t  an adequate  assessment o f   e f f e c t s   o f   t h e  mill e f f l u e n t .  

P o r t  Alice 
The lowest number o f   t a x a  was recorded a t  a s i te   approx imate ly  

250 m down-inlet  from  the mill. S i t e s   f u r t h e r  away (approximately 750 and 

1250 m from  the mi11 showed  an i n c r e a s e   i n   t h e  number o f   t a x a  compared t o  

any o f   the   o ther   s i tes ,   suggest ing  a response due to   organic   enr ichment .  The 
t o t a l  abundances per sample  were a lso   h ighes t  a t  s i t e s   c l o s e s t   t o   t h e  mill 

(approximately 300 per  sample),  apparently due to   o rgan ic   i npu t .   Bo th  
numbers o f   t a x a  and  abundance per  sample  were much reduced a t  s i t e s  more 

d i s t a n t   t h a n  1250 m from  the mill. The s i t e s  sampled a t   P o r t  A1 i c e  appear 
w e l l   s i t u a t e d   f o r   m o n i t o r i n g  changes in   benth ic   communi t ies   f rom  year   to  
year .   Repl icate samples c o l l e c t e d   a t  each s i te   wou ld   a l low  de terminat ion  o f  
w i t h i n   s i t e   v a r i a b i l  i t y  and  use o f   s t a t i s t i c a l  methods f o r  comparing  data. 

Harmac 
Compared t o   o t h e r  mill s i t e s  Harmac  shows  a more complex p a t t e r n   o f  

changes w i th   inc reas ing   d is tance  f rom  the  mil 1. The h ighes t  number o f  taxa 

(20) was found   a t  a s i te   approx imate ly  1000 m f r o m   t h e   o u t f a l l .  Between  1000 
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and 2000 m, t he re  was a sharp  decrease i n  the number o f   t a x a   a t  a1 1 s i t e s ,  
f o l l  owed by a second peak between 2000 and 2500 m f r o m   t h e   o u t f a l l .  Changes 

i n   t o t a l  abundance fo l lowed a pa t te rn   o f   inc reas ing  and decreasing  values 
similar t o   t h a t   f o r   t h e  numbers o f   t axa .  The overa l l   range o f  abundance per 

sample (3 -64   ind iv idua l  s )  was one o f  t he   l owes t   repo r ted   f o r  any mi 11 s i t e  

sampled. The reason f o r   t h e  complex  changes  observed i n   b e n t h i c   d a t a   o f f  

Harmac are unknown.  The changes may r e f l e c t   i n t e r a c t i o n s  between  organic 

enrichment and e f f l u e n t   o r   s e d i m e n t   t o x i c i t y .   F u r t h e r   s a m p l i n g   i s   r e q u i r e d  
to   conf i rm  the  unusual   pat tern  apparent   in   the  1981  benth ic   set .  

Ocean Fa1 1 s 
Numbers o f   t a x a   a r e   r e d u c e d   a t   s i t e s   w i t h i n  3 km o f   t he   p rev ious  

discharge compared t o   s i t e s   f a r t h e r  down C o u s i n s   I n l e t .   T h i s   p a t t e r n   i s  
s i m i l a r  t o   t h a t  shown by  Fournier and Levings  (1982) i n   t h e i r   s t u d y   o f  
polychaete  species' i n   t h i s  area.  Dominant  polychaete  species  ident i f ied i n  
the  prev ious  s tudy  (Fourn ier  and  Levings,  1982), f o r  example S i  gambra 
tentaculata,  Nephyts  cornuta  franciscana,  Lumbrinereis sp., Cassura sp., 

Capi t e l l  a c a p i   t a t a  and  Heteromastus f i  lobranchus,  were a1 so repor ted  as 
common species i n   t h e  EPS benthic  data  which was dominated  by  polychaete 
worms. 

The t o t a l  abundance o f   i n d i v i d u a l s   p e r  sample was lowest a t  s i t e  
10, c l o s e s t   t o   t h e  mil 1. The h ighes t  number o f   i n d i v i d u a l  s per sample (128) 
a t  one s i t e  ( B )  contained a 1 arge number o f  Nemertea x. ( 9 4 )   i n   t h e  sample. 
I f  t h i s  group o f  worms i s  excluded,  the numbers a t   t h i s   s i t e   a r e   s i m i l a r  t o  

those  f rom  the  o ther   s i tes i n   p r o x i m i t y   t o   t h e  mil 1 . Abundance a t   s i t e s  more 
d i s t a n t   f r o m   t h e  mill appeared t o  be h igh ly   var iab le .   Rep l ica te   sampl ing   to  

assess d i f f e r e n c e s   i n  abundance i n   r e l a t i o n   t o   t h e  mill i s  required.  With 

r e s p e c t   t o   f u t u r e   m o n i t o r i n g   a t   t h i s   s i t e ,  i t  i s   o f   i n t e r e s t   t o   n o t e   t h a t  
Fourn ie r  and Lev ings  (1982)   suggested  that   the  potent ia l   for   benth ic  
r e c o l o n i z a t i o n   i n   t h i s   a r e a   i s   p o o r .  

C ro f ton  
As on ly   t h ree  samples  were co l l ec ted   o f f sho re   f rom  the   C ro f ton  

m i  11 , i t  i s  n o t   p o s s i b l e   t o   d e t e r m i n e   t h e   e x t e n t   o f   e f f e c t s  due t o   t h e  m i  11 

m 

I 
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d ischarge  f rom  the   p resent   da ta .   In   genera l ,   the   range  in   va lues   fo r   the  
number o f   taxa   (3 -6)  and  abundance per sample (4 -7   i nd i v idua l  s) was very  low 

and i n d i c a t i v e  o f  a d i s tu rbed  community. Add i t i ona l  sampl i ng   ove r  a l a r g e r  

area i s   r e q u i r e d   t o   s e p a r a t e  changes due t o   t h e  mil 1 discharge  f rom  natural  

benth ic  communi t i e s   i n   t h e  area. The dominance  of  Paraonis  gracil i s  and 

Diplodonta " o r g b e l l u s   i n   t h e  samples  suggests  the  presence o f  organic 

enrichment due t o  wood waste. 

Woodf i b r e  
Four  sediment  samples  col  lected i n   c l o s e   p r o x i m i t y   t o   t h e  Woodfi b re  

mill were  cornplete!ly  devoid o f  benth ic   inver tebra tes .   Add i t iona l   sampl ing   a t  
greater  d istances  f rom  the mil 1 i s   r e q u i r e d   t o  assess  the zone o f   impact   fo r  
b e n t h i c   c o r n u n i t i e s   a t   t h i s   s i t e .  

1.3.6 Metal   Levels  i n  Sediments and B i o t a .   T h e   E n v i r o n m e n t a l  
P r o t e c t i o n   S e r v i c e   c o l l e c t s   s e d i m e n t   i n   t h e   v i c i n i t y   o f   c o a s t a l   p u l p   m i l l s  
f o r  a v a r i e t y   o f   a n a l y s e s ,   i n c l u d i n g   t r a c e   m e t a l s ,   p a r t i c l e   s i z e  and percent  

organic   mat ter .   F igure 1.12 shows ranges  of  these 1 evel s f o r  mercury, 
cadmium, lead,  copper and z inc .  The da ta   represents   the   range  o f   resu l ts   fo r  
a1 1 samples s i t e s   a t  a given mil 1. 

Al though  not  now g e n e r a l l y   c o n s i d e r e d   s i g n i f i c a n t   c o n t r i b u t o r s   o f  
t race  meta ls ,   pu lp mill e f f l u e n t s   i n   t h e   p a s t  have c o n t a i n e d   s i g n i f i c a n t  

l e v e l  s o f  z inc  and mercury. The two  metal s were  used i n  compounds invo lved  
i n   t h e   b l e a c h i n g   p r o c e s s   ( z i n c )  and c o n t r o l 1   i n g   s l i m e  and fungal  growth 
(mercur ia l   s l imic ides) .   Z inc,   as  z inc  d i th ionate,  was d iscont inued as a 
b r i gh tener  i n  1973, whi le   the  use o f  mercury based  s l imic ides was stopped 

around 1960. 
The h ighest   va lues  for   mercury i n  sediments  were  recorded  by Ne1 son 

(1979d) i n  1978 a t   t he   Powe l l   R i ve r  mill. A l e v e l   o f  21.0 mg-kg-1  dry  weight 
was observed i n  a core  sample co l lec ted   immedia te ly   o f fshore   f rom  the  
breakwater. The h igh  1 e v e l   p e r s i s t e d   i n  1979 w i t h  a  maximum v a l u e   o f  
9.49 mgekg-1 dry  weight  being  recorded  by  Sul l ivan  (1980) These r e s u l t s  
have n o t  been dupl icated  dur ing  subsequent  surveys and no source  has been 

i d e n t i f i e d .  
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Cadmium l e v e l s   i n   t h e  Powel 1 River  sediments  are a1 so s u b s t a n t i a l l y  

higher  than  those  observed a t   o t h e r  mil 1 s .  The highest  value  of  10.5  mgekg-1 
(d ry   we igh t )  was recorded i n  November 1980. The lowest  value  of 2.92 mgokg-1 
(dry   weight )   recorded  dur ing  th is   survey was s t i l l   s u b s t a n t i a l l y   h i g h e r   t h a n  
most o ther   coas ta l  m i  11 s. High  leve l  s con t inued  to  be observed i n  1981 

( S u l l  i van, 1982) and i t  was surmised  that   the cadmium may have  been a 

c o n t a m i n a n t   i n   z i n c   d i t h i o n a t e   ( z i n c   h y d r o s u l p h i t e ) ,   s i n c e   z i n c  

concent ra t ions  were co r respond ing ly   h igh   a t   s ta t i ons   w i th   e leva ted  cadmium. 
The cadmi um 1 evel s i n d i c a t e  a cont inu ing  concern  assoc iated  wi th   dredging and 

dredge spo i l s   d i sposa l   f rom  th i s   s i t e .  

Elevated cadmium l e v e l s  have a1 so been observed a t  sediment 
s t a t i o n s   a d j a c e n t   t o   t h e   P o r t   M e l l o n   ( 4 . 5 4   m g * k g - l ) ,   P o r t   A l b e r n i  
(2.2  mg-kg-1)  and  Crofton  (3.46  mg-kg-1)  mil ls. 

Sul1 ivamn (1980)  has br ie f l y   d iscussed  the   expec ted   leve l  s o f  

cadmium and  mercury in   natura l ,   un impacted  mar ine  sediments.   L i terature 

va lues   c i ted   fo r   the   deve lopment   o f  1 evel s f o r  cadmium and  mercury f o r  
Schedule I o f   t h e  Ocean Dumping Contro l   Act   suggest   that  cadmium l e v e l s   i n  
"unpolluted"  areas  would  range  from 0.04-1.9  mg-kg'l  and  mercury leve ls   would 
range  from 0.015;-0.17 mg*kg-1.   Levels  st ipulated i n  the Ocean Dumping 
Contro l   Act   are 0.75 mg-kg-1 f o r  mercury  and 0.60 mgokg-1 f o r  cadmium i n   t h e  
so l  i d  phase o f   t h e  waste.  Upper 1 evel s o f  cadmi um i n  sediments  around  pulp 
mil 1 s genera l l y   fa1  1 o u t s i d e   o f   t h e  ODCA leve l ,   whi le   mercury  va lues  are 

g e n e r a l l y   w i t h i n   t h e   l i m i t s   o f   t h e   a c t .  Recent  sediment  data  col lected  by 
EPS i n   ' unpo l l u ted '   a reas   a long   t he   wes t   coas t  o f  Vancouver Is land  (Hecate 
S t r a i t ,  Masset I n l e t )  show mercury  leve ls   ranging  f rom 0.029-0.261 mg-kg-l 
(d ry   we igh t )  and cadmium leve ls   rang ing  from < 0.3-2.5 mgokg-1 (dry   weight ) .  

Very 1 im i ted   t race   me ta l   ana lys i s  has  been undertaken on b i o t a  
c o l l e c t e d   i n   t h e   v i c i n i t y  o f  p u l p  mil 1 discharges. The most extensive  study 
was conducted i n  1973 t o   d e t e r m i n e   t h e   l e v e l s   o f   z i n c   i n   o y s t e r s   n e a r   f o u r  
coas ta l   pu lp   m i l l s   (Ne lson  and Goyette,  1976).  Figure 1.13 g ives  ranges  o f  

zinc,  copper,  and cadmium l e v e l  s i n   o y s t e r s   l e v e l s   c o l l e c t e d   a t  mil 1 and 

c o n t r o l   s i t e s .   Z i n c   c o n c e n t a t i o n s   i n   o y s t e r s   c o l l e c t e d   a t   t h e  mill s i t e s  
were g e n e r a l l y   h i g h e r   t h a n   c o n t r o l   s i t e s  a1 though  high  level  s o f   z i n c  were 

n o t e d   a t  Gambier I s 1  and. Copper  and cadmium 1 evel  s d i d   n o t  appear t o  be 
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i n f l uenced  by p r o x i m i t y   t o   t h e   p u l p  mills, w i t h   t h e   c o n t r o l   s t a t i o n  a t  

Gambier I s 1  and  showing  the  highest  level s o f  any  sample s i tes .   Th is  most 
p robab ly   resu l ts   f rom  the  heavy m i n e r a l i z a t i o n   i n   t h e  Gambier I s l a n d  - Howe 
Sound areas and  c:onsequent elevated  background  levels o f  metals. Ranges of 

copper and cadmium leve ls   co l l ec ted   a t   Lasque t i   I s l and ,   wh ich  more l i k e l y  

approximates  general  background  conditions i n  Georg ia   S t ra i t ,  were s i m i l a r   t o  

those  observed ai: the   pu lp  mi 11 s i tes .   Z inc  and  copper l e v e l s   i n   b i  Va l  ve 
mol luscs   o ther   than  oys ters   d id   no t   ind ica te   s ign i f i can t   con taminat ion  from 

t h e   p u l p   m i l l s .  Mean z inc   concent ra t ions   in   musse ls  and  clams  ranged  from 
70 ugeg-1 (d ry   we igh t )  a t  C r o f t o n   t o  500 ug0g- l   (d ry   we igh t )   a t  Powel 1 R ive r  
and  Campbell River.  Ne1 son and  Goyette  (1976)  concluded  that  the  zinc 

concen t ra t i ons   i n   oys te rs   co r responded   to  known o r   a n t i c i p a t e d   e f f l u e n t   f l o w  

pat te rns .  
Ell i s   e t   a l .  (1981)  have  investigated  the  recovery  from  zinc  con- 

taminat ion i n   o y s t e r s   s t o c k s   a t   C r o f t o n  and  have shown oys te rs   reduced   the i r  

z inc   l eve l s   f rom 14,400 ug.9-1 ( d r y   w e i g h t )   i n  1973 t o  570 ug-g-1   (d ry  
weight)  i n  1979.  However, t he   cond i t i on   f ac to r   o f   t he   oys te rs  has n o t  
improved   i nd i ca t i ng   z inc  was not   the cause o f  poor   cond i t ion   fac to r .  

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

because trawl n e t s   a r e   u s u a l l y   f i l l e d   w i t h  wood d e b r i s   o r   t o r n  by  sunken 
logs.  Sul 1 i van (1980  has  reported  mercury  level s i n  shrimp  col 1 e c t e d   o f f  

the  Crof ton and  Powell  River m i l l s  ranged  from < 0.096 t o  0.2 mgokg-1 ( d r y  
we igh t ) .  Cadmium l e v e l s  were a l s o  low, ranging  f rom < 0.714 t o  1.34 mg-kg-1 
( d r y  wei gh t )  . 

1.4 Pulp and Paper  Sumnary 
Major a,dvances i n   p o l l u t i o n   c o n t r o l  were made i n  t h e   e a r l y   t o   m i d  

1970's. These inc luded  convers ion   o f   the   Por t  Edward (Porpoise  Harbour) mill 
f r o m   s u l p h i t e   t o   k r a f t ,   i n s t a l   l a t i o n   o f  a b io log i ca l   t r ea tmen t  pond a t   P o r t  

A1 bern i  , c l a r i f i e r s   a t   s i x  o f  the  10 m i  11 s ,  and recovery   o f   spent   su lph i te  
l i q u o r  a t  P o r t  A1 ice.   Exc lud ing Ocean Fa l ls ,   these improvements r e s u l t e d   i n  
an average  reduct ion  o f  58% i n  biochemical oxygen demand and 45% i n  suspended 

so l ids   d ischarged  to  B.C. coastal   waters.  However, s ince  1981  the  to ta l  

amount o f  both o f  t hese   po l l u tan ts  has gradua l ly   inc reased,   co inc ident   w i th  
product ion  increases. 
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By 1986 a1 1 mil 1 s except   Por t  A1 b e r n i  had r e l o c a t e d   t h e i r   o u t f a l l  s 
to   d ischarge  th rough  submar ine   d i f fusers   to   p rov ide   improved  d i lu t ion  and 

d i s p e r s i o n   o f   e f f l u e n t .  
These changes r e s u l t e d   i n   r e c o v e r y   o f   w a t e r   q u a l i t y  and i n t e r t i d a l  

h a b i t a t ,  a1 though  recovery  has  been d i f f i c u l t   t o  document i n   r e c e n t   y e a r s .  

Despite  the  improvements,  however,  degradation  of  marine  environmental 

qual i t y  remains a f e a t u r e   o f   c o a s t a l   p u l p  and  paper  operations. 
Measured  zones o f   benth ic   impact   ex tend from 0.5 t o  4.8 km, and up 

t o  7.0 km fo r   i n te r t i da l   impac t .   Ma jo r   impac ts   a re  (1) c r e a t i o n   o f   f i b r e  
beds  and wood debr is   depos i t ion ,  ( 2 )  hypoxia  of   receiv ing  water,  and 
( 3 )  depauperate  intert idal   communit ies.  All o f  these  impacts  reduce  the 
amount o f   s u i t a b l e   h a b i t a t   a v a i l a b l e   f o r   f i s h e r y   r e s o u r c e s .   F i b r e  beds  and 
a reas   o f  wood debr i s   depos i t i on   cause   we l l -de f i ned ,   bu t   l oca l ,   a l i ena t ion  of 
hab i ta t   fo r   benth ic   resources  such  as  sole,  crab  and  shrimp.  Pulp m i l l s   w i t h  
areas o f  documented ben th i c   deg rada t ion   i nc lude   t hose   a t   A lbe rn i   I n le t ,  

Ne rou tsos   I n le t ,   S tua r t  Channel,  Northumberland  Channel,  Malaspina S t r a i t  and 
Howe Sound ( Woodfi b r e )  . 

I n   c o n t r a s t ,   w a t e r  co lumn  hypoxia  causes  less  eas i ly   quant i f iab le  

damage but ,   depend ing   on   s i te -spec i f i c   cond i t ions   o f   ba thymet ry  and 

event/season-speci f ic   condi t ions  of   weather and  oceanography,  can  and  does 
s e r i o u s l y   i m p a i r   t h e   a b i l i t y   o f   f i s h e r y   r e s o u r c e s  such  as  salmon t o   r e a r   i n  

and. migrate  through  areas  of  degradation.  Worst  cases  are a t   A l b e r n i   I n l e t  
and Neroutsos  In1  et.  A t  these 1 ocat ions,  summer low  f reshwater   runof f  and 
warm temperatures  can  combine  wi th   oceanographic   s t ra t i f icat ion and s t a b i l i t y  

to   reduce  the amount o f  oxygen  avai 1 ab1  e. I n   b o t h  cases,  seasonal  oxygen 
d e f i c i t s   a r e   e x a s c e r b a t e d   b y   t h i c k  and ex tens ive  beds o f  wood f i b r e  and 
debr is   over ly ing  anoxic   sediments.  A t h i r d   l o c a t i o n ,   t h e   i n n e r   b a s i n   o f  Howe 

Sound, a1 so has mu1 ti -annual  hypoxia  which  resul ts i n  widespread  death o f  
benthic  animals; however, t h i s   i s   t h o u g h t   t o  be a t   l e a s t   p a r t i a l l y   n a t u r a l ,  
and i t  i s   n o t  known i f  the   pu lp  mill i s  a c o n t r i b u t i n g   f a c t o r .  The o ther  
mills a r e   s u f f i c i e n t l y   w e l l   f l u s h e d   b y   t i d a l   c u r r e n t s   a n d   a n n u a l  

oceanograph ic   events   tha t   the i r   l i qu id   was tes   a re   usua l ly   adequate ly  
degraded,  and may even con t r i bu te   t o   mar ine   phy top lank ton   p roduc t i v i t y  by 

supp ly ing   essent ia l   nu t r ien ts .  
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Minor  sources  of   marine  environmental   qual i ty  degradat ion  associ-  
a t e d   w i t h   c o a s t a l   p u l p   m i l l s   a r e   o r g a n i c  and inorganic  contaminants.  The 
known inorganic  contaminants  are heavy me ta l s   wh ich   occu r   a t   t r ace   l eve l s   i n  
the  sediments  near some m i l l s ,   no tab ly   t hose  a t  A l b e r n i   I n l e t  and  Malaspina 
S t r a i t .  They probab ly   der ive   f rom  h is to r ic   (no   longer   p rac t iced)   use  of 
ce r ta in   b r i gh ten ing   o r   b leach ing   agen ts ,  and a r e   n o t  now discharged a t  
s i g n i f i c a n t   l e v e l s .   W h i l e  some of  these  metals--such as  lead, cadmium and 
mercury--are known t o  be   tox ic ,  and t o  accumulate i n   t i s s u e s   o f  some marine 
organisms,  the ‘I eve1 s are   t oo  1 ow t o  be of   ser ious  concern  to  marine 
ecosystems. 

O f  the  organics,  1 i t t l e   i s  known: more research i s   r e q u i r e d  on 
t o x i c i t y   t o   m a r i n e  organisms  and  biochemcial  reactions  and  transformations i n  
seawater . 
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1.6 Pul D and PaDer Glossary 

BOD5 Biochemical Oxygen Demand.  The amount o f   d i s s o l v e d  oxygen requ i red  
t o   s t a b i l i z e   t h e  oxygen demand of  decomposible  organic  matter 

du r ing  an i n c u b a t i o n   p e r i o d   o f  5 days a t  20°C. 

TSS Tota l  suspended sol i d s   o r   t o t a l   r e s i d u e .   N o n f i l   t e r a b l e   r e s i d u e  

present i n  an e f f l u e n t .  

SSL Spent sul p h i   t e  1 i q u o r  

0.0. Di ssol ved  oxygen 

BKME Bleached k r a f t  mill e f f l u e n t  

SME S u l p h i t e  mill e f f l u e n t  
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2.1 I n t r o d u c t i o n  
Sewage has  been d i s c h a r g e d   t o   B r i t i s h  Columbia coastal   waters  s ince 

the  ear ly   development   o f   urban  centers .   Pr ior   to  1950, there  were v i r t u a l l y  
no t rea tment   p lan ts ,   w i th  sewage general ly  being  discharged  raw  through 

numerous s h a l l o w   o u t f a l l  s .  I n   t he   i n te rven ing   yea rs ,  new sewage treatment 

p l a n t s  have  been b u i l t ,   o r   l o n g e r   o u t f a l l  s have  been i n s t a l   l e d   t o  accomodate 
the  increased  populat ions and t o  meet  more s t r ingent   env i ronmenta l  
requirements  (Figure  2.1). 

Approximately 256 marine sewage d ischarges   a re   p resent ly   reg is te red  

w i t h   t h e   p r o v i n c i a l  government, o f  which 63% have  pr imary  t reatment   or   less 
(Discharge  Inventory  Database,  Environmental  Protection). Many are  low 
volume, se rv ing  one o r  two  bus inesses  or   smal l   res ident ia l   subdiv is ions.  

These smal l e r  d ischarges  are  generaly  t reated  by  sept ic  tanks  or  "package" 
sewage t reatment   p lants ,  and c o n t a i n   l i t t l e   o r  no non-sanitary  waste. 
However, l a r g e r  volume discharges  f rom  major  urban  areas  can  contain many 
other  waste  mater ia ls,  i n   a d d i t i o n   t o   s a n i t a r y   o r   d o m e s t i c  sewage. 
I n s t i t u t i o n a l ,   i n d u s t r i a l ,   s t o r m w a t e r  and other  non-domestic  wastes  enter  the 
municipal  sewer  ,system. Thus the  term  "municipal  wastewater" i s   g e n e r a l l y  

app l i ed ,   s ince   * i t   cons i s t s   o f  much more than   j us t   san i ta ry   o r   domes t i c  

sewage. 
The qua l i t y   o f   mun ic ipa l   was tewa te r   e f f l uen ts  depends  on the  degree 

of   t reatment  appl ied.   Treatment  can be ca tegor ized  as phys ica l ,   pr imary,  
secondary o r   t e r t i a ry .   Add i t i ona l   p rocesses ,  such as d i s in fec t i on ,   can   a l so  
be app l ied .   Phys ica l   t rea tment   re fe rs   to   the  removal o f   g r o s s   s o l i d s  and 
other   aesthet ica l ly   unpleas ing  mater ia ls   through  the  processes  o f   screening 
o r  comminut ion  (gr inding).   Further  t reatment  (pr imary,   secondary)  can be 

app l i ed   t o   reduce   t he  suspended sol ids,  biochemical  oxygen demand and 
bac te r ia   l eve l s .  Still more t r e a t m e n t   ( t e r t i a r y )  can  be inc luded i f  
necessary t o  remove nu t r i en ts   f rom  the   e f f l uen t .   The re   a re  no t e r t i a r y  

t rea tment   p lan ts   d ischarg ing   to  B.C. marine  waters. 
The g e n e r a l   e f f e c t s   o f  sewage in   the  mar ine  env i ronment  have 

r e c e n t l y  been reviewed  by  Waldichuk  (1984)  and  Lorimer  (1984). 
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2.2 C o n t r o l   o f  Water P o l l u t i o n  
I n  1973 t h e   P r o v i n c e   o f   B r i t i s h  Columbia  conducted a  pub1 i c   i n q u i r y  

t o  deve lop   ob jec t i ves   f o r   e f f l uen t  and r e c e i v i n g   w a t e r   q u a l i t y   f o r   m u n i c i p a l  
wastewater  discharges  (Department o f  Lands, Fores ts  and  Water  Resources, 
1975). The major   th rea ts   to   the   rece iv ing   env i ronment  were i d e n t i f i e d  as 

those 1 i s t e d   i n   l a b 1  e 2 .l. Further,   the  assimi 1 a t i  ve capac i ty   o f   the   mar ine  

environment was considered an appropr ia te   t rea tment   w i th in  1 i m i t s ,  and the 
o b j e c t i v e s   a l l o w  an i n i t i a l   d i l u t i o n  zone i n   t h e  immediate v i c i n i t y   o f   t h e  

po in t   o f   d i scha rge   where in   rece iv ing   wa te r   qua l i t y   ob jec t i ves  need n o t  be 
met. R e c e i v i n g   w a t e r   q u a l i t y   o b j e c t i v e s   o u t s i d e   t h e   i n i t i a l   d i l u t i o n  zone 
are  g iven i n  Table 2.2. 

The e f f l u e n t   q u a l i t y   o b j e c t i v e s   f o r   m a r i n e   d i s c h a r g e s  were 

developed on the   bas is   o f   ou t fa l l   dep th-d is tance  combina t ions  and a p p l y   t o  
f l o w   r a t e s  up t.o  three  t imes  the  average  dry-weather  f low (DWF).  The 

o b j e c t i v e s   a l l o w   f o r  a lesser   degree  o f   t rea tment  when o u t f a l l   l e n g t h  and 
depth  are  increased. More r e s t r i c t i v e   e f f l u e n t   r e q u i r e m e n t s ,   o r   c o n v e r s e l y  
longer   ou t fa l l   d is tance-depth   combina t ions   a re   requ i red   fo r   d ischarges   to  

s h e l l f i s h   w a t e r s   o r  embayed areas. As shown i n  Table 2.3, components i n  

marine  wastewater  d ischarges  which  are  general ly  regulated i n   p r o v i n c i a l  
d ischarge  permits i nc l  ude: biochemical oxygen demand, suspended so l   i ds ,  

t o t a l  phosphorus  and c h l o r i n e   r e s i d u a l .   O t h e r   e f f l u e n t   c o n s t i t u e n t s  such  as 

t race  meta l  s ,  o i l  s and  grease,  phenol s and methylene  blue-  act ive  substances 
have  upper   concent ra t ion   l im i ts   se t  by t he   ob jec t i ves   bu t   t hey   a re   ra re l y  
inc luded  in   opera t ing   mun ic ipa l   d ischarge  permi ts   fo r   mar ine   waters .  

There   a re   no   spec i f i c   f ede ra l   regu la t i ons   pe r ta in ing   t o   mun ic ipa l  
wastewater   e f f luent   qual  i ty,  a1 though  guidel   ines  have been  developed f o r  
e f f l u e n t   q u a l i t y  and wastewater  treatment a t  federal   establ ishments 
(Environmental  Protection  Service,  1976). These g u i d e l i n e s   s e t   l i m i t s   f o r  
biochemical  oxygen demand (20 mg*L- l ) ,  suspended s o l   i d s  ( 2 5  mgoL-l),   fecal 
c o l i f o r m s   ( 4 0 0 / 1 0 0  m L ,  a f t e r   d i s i n f e c t i o n ) ,   r e s i d u a l   c h l o r i n e  
(0.5-1.0 mg*L- l ) ,  pH (6-9),  phenols (20 U g - L - l ) ,   o i l s  and  greases  (15  mg-L-1) 

and t o t a l  phosphorus (1.0 mg-L- l ) .  The gu ide l   ines  do n o t  recommend any 
r e c e i v i n g   w a t e r   q u a l i t y   o b j e c t i v e s ,   b u t  do recognize  the  concept o f  a m ix ing  
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zone. A t  t he   t ime   o f   w r i t i ng ,   t hese   gu ide l i nes  were  under  review 

(T .  Tevendale,  pers.  corn.). 
I n   add i t i on   t o   t hese   gu ide l i nes ,   t he   Env i ronmen ta l   P ro tec t i on  

Service has  broader  regulatory powers  under  the  Fisheries  Act.  Municipal 

wastewater  discharges  which  are shown t o  be d e l e t e r i o u s   t o   f i s h ,   f i s h   h a b i -  

t a t ,   o r   t h e  use o f   f i s h  by man can  be   sub jec t   to   federa l   regu la to ry   ac t ion .  

B a c t e r i o l o g i c a l   w a t e r   q u a l i t y   m o n i t o r i n g   o f   b i v a l v e   m o l l u s c a n   s h e l l f i s h   a r e a s  
i s  a l so  a r e s p o n s i b i l i t y   o f   t h e   f e d e r a l  government, wi th  waters  exceeding 

s p e c i f i c   b a c t e r i o l o g i c a l   l i m i t s   b e i n g   c l o s e d   t o   s h e l l f i s h   h a r v e s t i n g .  
A1 1 app l   i ca t i ons   f o r   p rov inc ia l   mar ine  sewage discharge  permits  are 

evaluated  by  federal   and  provincial   agencies on a s i t e - s p e c i f i c   b a s i s  
and t h e   e f f l u e n t  and receiv ing  water   qual i ty   requi rements  are  developed  f rom 

t h i s  assessment. Factors  which  determine  the  necessary  degree o f   e f f l u e n t  
qual i t y  i n c l u d e   p r o x i m i t y   t o  she1 1 f i sh   ha rves t i ng   a reas ,  ocean cur ren ts  and 

d e n s i t y   p r o f i l e s ,   e x i s t e n c e  of  other  d ischarges i n   t h e  immediate v i c i n i t y ,  
d ischarge  loca t ion  (e.g., an  embayment),  and  socio-economic fac to rs .  

General ly, BOD5 and  suspended so l   i ds   a re   t he   on l y   regu la ted   pa ramete rs   i n  
most p r o v i n c i a l   e f f l u e n t   p e r m i t s   a l t h o u g h   f o r   l a r g e r   d i s c h a r g e s   o t h e r  
parameters may be  added. 

The type and  degree o f   t rea tment ,   des ign   o f   the   d ischarge system, 
and c o n s t i t u e n t s   o f   t h e  sewage i n f l u e n t ,   d e t e r m i n e   e f f l u e n t   c h a r a c t e r i s t i c s .  

Treatment and discharge  systems f o r   m a j o r  B.C. m u n i c i p a l   o u t f a l l s   a r e  shown 

i n  Table 2.4. 

2.3 Recei v i  ng  Water  Moni tori ng  Programs 
Receiving  water  monitoring  programs  which have  been conducted a t  

B r i t i s h  Columbia  coastal  municipal  wastewater  discharges f a l l   i n t o  two 

ca tegor ies :  

1) mon i to r i ng  programs requi red  under   the  d ischarge  permi t   to   assess 

envi  ronmen t a l  changes, 
2 )  mon i to r i ng  programs  conducted t o  assess  the  impact   o f   the  d ischarge  in  

terms o f  s p e c i f i c   w a t e r   q u a l i t y   c r i t e r i a ,  e.g. b a t h i n g ,   s h e l l f i s h  

harvest ing.  
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Programs i n   t h e   f i r s t   c a t e g o r y   a r e   d e s i g n e d   t o  examine the 

i n te rac t i on   o f   t he   e f f l uen t   d i scha rges   w i th   t he   mar ine   ecosys tem  (F igu re  2.2) 

and  have  been 1 imi t e d   t o   t h e  1 arger  vol  ume d ischarges   serv ing   V ic to r ia ,  
Nanaimo, Comox-Courtenay  and  Vancouver. 

Program!; i n   t h e  second category have  been e x t e n s i v e ,   s p e c i f i c a l l y  

w i th   respec t  t o  assessing  the  sani tary  qual  i t y  o f  s h e l l   f i s h   a r e a s .  

Mon i to r i ng  programs  associated  with  marine  municipal  wastewater 

o u t f a l l s  have  been extensively  reviewed  by  Lor imer (1984). The f o l l o w i n g  
summarizes h e r   m a j o r   f i n d i n g s   o f   p o l l u t i o n   e f f e c t s  as c a t e g o r i z e d   i n  

Table 2.1. 

2.3.1 Sol  ids.  The impac t   o f   so l   i ds  on the  marine  environment becomes 
more ev ident  as the  degree o f  sewage treatment i s  reduced.  Sol i d s   i n  sewage, 
c o n s i s t i n g   o f   f e c a l   m a t t e r ,   p l a s t i c s ,  paper  and f l o a t a b l e s ,   a r e   a e s t h e t i c a l l y  

o f f e n s i v e ,   p a r t i c u l a r l y   i n  cases  where  the e f f l u e n t  plume  reaches  the  water 
surface and  shore1 ine  areas. The ex ten t  o f  b e n t h i c   h a b i t a t   d i s r u p t i o n  
r e s u l t i n g   f r o m  s o l  i d s   d e p o s i t i o n   a r o u n d   t h e   o u t f a l l   a l s o  i s  determined  by  the 
degree o f   t rea tment .  Thus raw, o r   p h y s i c a l l y   t r e a t e d  sewage, will have a 

greater   impact  on the  benthos  than  pr imary  or   secondary  t reated  e f f luent  
di   scharged i n  s iml 1 a r  vo l  ume. 

Mon i to r i ng  programs t o  examine so l ids   impacts  have n o t  been 

inc luded as p a r t   o f   " p e r m i t   r e q u i r e d ' '   s t u d i e s  " per se. Much o f   t h e  work i s  
qual i t a t i v e ,   r e l y i n g  on visual   observat ions  obtained  dur ing  underwater 
surveys  using  the  Pisces IV submersible  studies. The Environmental 
Pro tec t ion   Serv ice  has undertaken  such  studies a t   t h e  Macaulay Point ,   C lover  
Point ,   French Creek  and F i v e   F i n g e r s   I s l a n d  sewage o u t f a l l s   ( P e t r i e  and 
Holman, 1983) and more recen t l y   a t   P r ince   Ruper t  and Powel 1 R ive r  ( Holman, 
pers.  corn. ). Areal   v isual   impacts have n o t  been l a r g e   a t   t h e   o u t f a l l s  
studied. A t  the  Macaulay Po in t   ou t fa l l ,   wh ich   d i scha rges  raw sewage, the 
bo t tom  d i rec t l y   oppos i te   t he  end o f   t h e   o u t f a l l   c o n s i s t e d   o f  a b lack  organic 
accumulat ion  devoid  o f  an ep i fauna l  community e x c e p t   f o r   l a r g e  numbers o f  

hermit   crabs. However, sewage debr i s  was observed t o   t h i n   o u t  a t  

approximately 20 metres  f rom  the  p ipe end, w i t h  some e v i d e n t   a t  40 metres 

from the   d ischarge  po in t .  Water  column t u r b i d i t y   i m p a c t s   f r o m   t h i s   o u t f a l l  
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a r e   d i f f i c u l t   t o  assess s i n c e   t h e   e f f l u e n t   i s   d i s c h a r g e d  on  an i n t e r m i t t e n t  

(pumped) basis.  
Underwat.er  observations a t   t h e   F i v e   F i n g e r   I s l a n d   o u t f a l l   d i f f u s e r ,  

wh ich   d ischarges   e f f luen t   f rom Nanaimo  and surrounding  areas, has shown an 

increas ing  impact  between  1978  and 1983. I n  1983 t u r b i d i t y   i n   t h e   a r e a   o f  

t h e   d i f f u s e r  was v e r y   h i g h   w i t h  a v i s i b i l i t y   l e s s   t h a n  1 met re .  

Non-biodegradable  materials  extended an est imated 10  metres  from  the  pipe, 

w h i l e   i n   p r e v i o u s   y e a r s   l i t t l e   a c c u m u l a t i o n  was noted. An increase i n   f i s h  
and inver tebrates  over   the  surrounding  water  was  a1 so e v i d e n t   i n   t h e   a r e a   o f  
t h e   d i f f u s e r  and fo r   vary ing   d is tances   f rom  the   p ipe  (Pomeroy, 1984). 

The benthos i n   t h e   v i c i n i t y   o f   t h e   F r e n c h  Creek o u t f a l l ,   w h i c h  
d ischarges   secondary   t rea ted   e f f luen t   f rom  the   communi t ies   o f   Parksv i l le  and 
Qual  icum Beach, has  had  minimal  impact t o   d a t e   w i t h  1 i t t l e  ev idence  o f  
non-biodegradable  debris. Due t o   t h e   r e 1   a t i   v e l y  young age o f   t h i s   d i s c h a r g e ,  
there  i s  n o t   s u f f i c i e n t   d a t a   a v a i l a b l e   f r o m   w h i c h   t o  draw any conclusions 
abou t   t he   e f fec t  on species  composit ion (Pomeroy, 1984). 

I n   rev iew ing   t he   e f fec ts   o f   domes t i c   was tes  on the  species 
composi ti on o f   mar ine  communi t ies,   Lor imer  (1984)  concl  uded tha t ,  a1 though 
composit ion may have  changed, t h e   i m p a c t   o f   t h e   e f f l u e n t  was s l i g h t .  One 
except ion was  the1 low   d i ve rs i t y   o f   an ima l  s i n   t h e  immediate  area o f   t h e  
McMick ing   Po in t   ou t fa l l ,  a sha l l ow   ou t fa l l   d i scha rg ing  raw sewage ( E l l i s ,  

1980 1. 

2.302 O f  ssoi  vcd Oxygen. The average da i l y   b iochemica l  oxygen demand 
from  the  major  marine sewage o u t f a l l s   i s  shown i n   F i g u r e  2.3. Depress ion  o f  
d i sso l ved  oxygen l e v e l s   i s   n o t  common around  submarine  municipal   out fa l ls.  
Environmental   Protect ion  Service  studies (Pomeroy  and Packman, 1981; Pomeroy, 
1982,  Pomeroy, 1984) a t   t h e   F r e n c h  Creek  and F i v e   F i n g e r   I s l a n d s   o u t f a l l s  
have not  demonstrated any g e n e r a l   e f f l u e n t   e f f e c t  on wa te r   qua l i t y ,   t he  
lowest   concentrat ion (3.5  mg-L-1) be ing  recorded  immediate ly   ad jacent   to   the 

French  Creek d i f f u s e r .  However, s i g n i f i c a n t   d i s s o l v e d  oxygen depression i s  
f requent   a t   the   Iona Sewage Treatment   p lant   d ischarge.   Unl ike  the  o ther  

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

n o t  submerged, bu t   ra the r   f l ows   t h rough  a 6 ki lometre  dredged  channel  across 

Y 
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Sturgeon Bank in   the  estuary  o f   the  Fraser   River .   Studies  conducted i n  1980 
( B i r t w e l l   e t  a1 . , 1983) showed m o r t a l i t y   o f   j u v e n i l e   c h i n o o k  salmon t o  occur 
a t  all exper imen ta l   i n -s i t u   b ioassay   s i t es   w i th in  4.4  km f rom  the   ou t fa l l .  
M o r t a l i t y   o f t e n  was r a p i d  and on  one occasion a l l   t h e   t e s t   f i s h   p l a c e d  

2.2 k i l o m e t r e s   f r o m   t h e   o u t f a l l   d i e d   w i t h i n  9 minutes.  During  calm and warm 

weather ,   rece iv ing   waters   over ly ing   par t   o f   S turgeon Bank  became depleted  of 

oxygen. Th is  ewent was o f t e n   a s s o c i a t e d   w i t h   f i s h   s t r e s s ,   m o r t a l  i t y  and 

extens ive  predat ion by g u l l s  and  herons. The study  suggested t h a t   t h e  
f requent  mortal  it.y o f   l a r g e  numbers o f  f i sh   cou ld  have a deJe te r ious   e f fec t  
on f i s h   s t o c k s   i n   t h e   F r a s e r   R i v e r .  

2.3.3 Nu trl en t Level s . S e w a g e   c o n t a i n s  a r e l a t i v e l y   h i g h  
concen t ra t i on   o f   bo th   n i t rogen-  and phosphorus-conta in ing  nut r ients .  It i s  
p a r t i c u l a r l y   h i g h   i n  urea, ammonia, n i t r a t e s  and other   n i t rogenous 
c o n s t i t u e n t s .   E x t e n s i v e   n u t r i e n t  measurements  have  been undertaken  by  the 

C a p i t a l   R e g i o n a l   D i s t r i c t   i n   t h e   r e c e i v i n g   w a t e r s   a r o u n d   V i c t o r i a .   N u t r i e n t s  

a re  a1 so r o u t i n e l y  measured du r ing  EPS environmental  assessments  and  were 
measured d u r i n g   i n i t i a l   s t a r t - u p   o f   t h e   F i v e   F i n g e r   I s 1  ands discharge. 
Sporadic measurements  have  been made by  the  Greater Vancouver Sewerage  and 
Drainage D i s t r i c t   a t   t h e   L i o n s  Gate sewage t r e a t m e n t   p l a n t   o u t f a l l   s i t e .  
These studies  (reviewed  by  Lorimer,  1984)  suggest  there i s  l i t t l e   n u t r i e n t  

enr ichment   o f  consequence i n  marine  waters  receiv ing sewage e f f l u e n t   f r o m  
submerged o u t f a l l s .  Pomeroy (1984) has repo r ted   i nc reases   i n  phosphate, 
n i t r a t e  and ammonia va lues   du r ing   t he   pas t   e igh t   yea rs   w i th in  0.5 k i l omet res  

o f   the   F ive   F inger   I s1  ands d i f f u s e r ,  a1 though  the 1 eve1 s are  not   cons idered 

s i g n i f i c a n t   w i t h   r e s p e c t   t o   n u t r i e n t   e n r i c h m e n t .  
F igu re  2.4 presents  data on the  range  o f   va lues and  range o f  means 

f o r   t o t a l   d i s s o l v e d  ammonfa, n i t r i t e ,   n i t r a t e  and  phosphate leve ls   recorded 

a t   r e c e i v i n g   w a t e r   m o n i t o r i n g   s t a t i o n s   f o r   f o u r   m a j o r  B.C. municipal  marine 
o u t f a l l s .   D a t a   f o r   n i t r a t e  and  phosphate l e v e l s   a t  a re ference  s ta t ion  near  
Texada I s l a n d   ( S t o c k n e r   e t  a1 . , 1979) i s  a1 so inc luded  for   comparison. 
Genera l l y ,   the   h ighes t   va lues   o f  a1 1 f o u r   n u t r i e n t s  were reco rded   a t   t he  

Macaul  ay P o i n t  raw discharge, a1 though  ranges o f  mean va lues   f o r   t he   f ou r  

o u t f a l l  s s t u d i e d   d i d   n o t   v a r y   s u b s t a n t i a l l y  between s i t e s .  Mean n i t r a t e  and 
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N O T E S :  

1 .  Values  at  Outfall  Sltes  are  for 
all Stations and al l  Depths 

2. Values for  Texada Island are for 
surface (0- 5 m ) measurements In 

an area  f ree  of anthropogenlc 
nutrients  outputs. 
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FIGURE 2.4 RANGE OF NUTRIENT  VALUES FOR SELECTEO 
MARINE  MUNICIPAL  OUTFALL  RECEIVING WATERS 



- 69 - 

I 

a 

m 

phosphate  leve ls  were s l i gh t l y   h ighe r   t han   obse rved   a t   t he  Texada I s l a n d  
r e f e r e n c e   s i t e  as might be expected. 

There  has been considerable  debate  about  increasing  nutr ient  1 eve1 s 
due t o  sewage discharges i n   t h e   S t r a i t   o f   G e o r g i a   ( S t o c k n e r   e t  a1 . , 1979, 

1980; Parsons e t  a1 . , 1980; C1 ark  and Drinnan,  1980).  Nutr ient  enrichment 
has no t   conc lus i ve l y  been i d e n t i f i e d  as c a u s i n g   e u t r o p h i c a t i o n   i n   l o c a l  

waters and various  reviewers now cons ide r   t h i s   un l i ke l y   (Wa ld i chuk  1983, 

1984; H a r r i s o n ,   e t  a1 ., 1983).   Since  pr imary  product iv i ty i s   o f t e n   n i t r o g e n  
l i m i t e d   i n   m a r i n e   w a t e r s ,   b i o l o g i c a l   e f f e c t s   o f   a l l   b u t   t h e   v e r y   h i g h e s t  

sewage-re1 a ted   nu t r i en t   concen t ra t i ons   a re   p robab ly   pos i t i ve   (Har r i son ,  

1985 1. 

2.3.4 Trace Metal s. 
o u t f a l  Is have  been  monitored  by EPS a t  Comox-Cape Lato  (Colodey,  1985), 
French Creek  (Pameroy,  1982; 1984), Nanaimo  (Pomeroy  and Packman, 1981; 
Pomeroy , 1984),  Prince  Rupert,   Port  McNeil  , P o r t  Hardy,  Ucl u e l e t ,  Vancouver 
and V i c t o r i a  (EPS unpubl . These  and other   sources  o f   in format ion,  
summarized  by Lor imer ( 19841, are shown i n   F i g u r e  2.5. Trace  metal s o f t e n  

associate  phys icochemical ly   wi th   organic   mat ter ,  and  where organ ic   con ten t   o f  
sediments  increases,  trace  metals  content a1 so i s  expected  to  increase i f  
there i s  a source  avai lab le,  such as contaminants i n  mun ic ipa l   e f f l uen t .  
Trends o f   i nc reas ing   t race   me ta l s   w i th   bo th   t ime  and p r o x i m i t y   t o   t h e   o u t f a l l  
have  been observed i n  most o f   the   loca t ions   mon i to red .   For  example,  copper 
and lead  accumulat ions have  been reco rded   a t   t he  Macaul ay P o i n t   o u t f a l l ,  
whi 1 e increases  in   copper ,   z inc and manganese have  been  observed a t  French 
Creek  and Nanaimo. A t  Nanaimo, the   on l y   l oca t i on  where good, long   te rm  t rend 
data  are  avai lable,   these  metals have  been i n c r e a s i n g   p r o g r e s s i v e l y   i n  
s e d i m e n t s   s i n c e   i n s t a l l a t i o n   o f   t h e   d i f f u s e r  (Pomeroy, 1984). The h ighes t  
l e v e l s   o f   t r a c e   m e t a l s   o f   a l l   m u n i c i p a l   o u t f a l l  s monitored,  from a May 1985 
survey (EPS unpubl . data),  were a t  Sturgeon Banks, near  the  Iona  Is1 and 
sewage t rea tment   p lan t :  4.05 ppm cadmium, 303 ppm copper, 1.27 ppm mercury, 

162 ppm 1 ead  and  330 ppm z i n c   ( h i g h e r   l e v e l  s o f  some of  these  metal  s were 
measured a t   Pr ince   Ruper t ,   bu t   s ince   the   source  was found  to  have  been  mine 

concentrates washed i n t o   c i t y  sewers  by  firemen when a warehouse  caught f i r e ,  
rather  than  municipal   waste  water,   they have n o t  been inc luded) .  

- T r a c e   m e t a l s   i n   s e d i m e n t s   n e a r   m u n i c i p a l  
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S i n c e   s p a c i a l   p a t t e r n s   o f   t r a c e   m e t a l   b u i l   d - u p   v a r y   w i t h  
d i f f e r e n c e s   i n  oceanography,  bathymetry,  hydro1 ogy ( o f   t h e   o u t f a l l  ) , and 
phys icochemical   proper t ies  o f   both  the  e f f luent  and the  local   environment,  

increases have  been observed  by  examining  the  h ighest  level   at  any s ta t i on ,  
compared t o  a r e f e r e n c e   s i t e   ( F i g u r e  2.6) The r e f e r e n c e   s i t e   i n   L a r e d o  

Sound, a l t hough   fa r  removed from any known p o l l u t i o n  source,  had  higher 

1 evel s o f  some metal s (e.g., mercury,  copper, cadmium) than  o ther   re ference 

s i t e s ,  and therefore  represents   the  h igh  end  o f   the  range  o f   natura l  

v a r i a b i l  i t y  on t h i s   c o a s t .  
There  are  several  pathways  by  which  trace  metals  from  municipal 

waste  water  can  enter, and a f fec t ,   mar ine   o rgan isms:   d i rec t l y   th rough  the  

g i l l  s o r   o t h e r   t i s s u e s   f r o m   t h e   d i s s o l v e d   s t a t e   ( t h i s   i s   n o t   u s u a l l y  
s i g n i f i c a n t  because, i n  general ,  upon en te r ing  a h i g h l y   b u f f e r e d  medium l i k e  
sea water,  dissolved  metal s p r e c i p i t a t e   o u t  of s o l u t i o n   r a p i d l y  and become 

i ncorpora ted   in to   bo t tom  sed iments ) ,   inges t ion   w i th  suspended p a r t i c l e s   b y  

f i l t e r - feeders ,   i nges t i on   w i th   sed imen ts  by deposit  feeders, and i n g e s t i o n  
wi th   p lant   or   an imal   t issues  by  o ther   an imals .  

The h ighes t   l eve l  o f  l e a d   i n   m o l l u s c s  was f rom  Clover   Point :  
11.7 ppm (d ry   we igh t )   repo r ted  by  Harbo e t   a l .   (1983) .   McMick ing   Po in t  and 

F inne r t y  Cove o u t f a l l  s d ischarged  e f f luen t   wh ich  had a mercury  content 
s l i g h t l y   h i g h e r   t h a n   t h e   B r i t i s h  Columbia M i n i s t r y   o f  Environment recommended 
level  (Stanley  Associates,  1982).  Mercury i n   s h e l l f i s h   t i s s u e   f r o m   b o t h  

o u t f a l l  s areas was above the  mean leve l   i n   mo l l uscs   f rom  sou the rn   B r i t i sh  
Columbia, as repor ted  by  Harbo e t  a1 . (1983). 

The h i g h e s t   l e v e l  s o f   z i n c  and copper  observed i n  mol 1 uscs i n   t h e  

areas  considered were co l lec ted   f rom  the   C lover   Po in t  and F inne r t y  Cove 

o u t f a l l s   w h i c h  had s i x   t o  seven  t imes  greater  copper, cadmium  and z i n c   l e v e l s  
than  fo r  samples obta ined  f rom  the  McMick ing  Point   out fa l l   terminus  (Stanley 

Associates,  1982). A1 though  the 1 evel  s of   z inc   p resented  by  Stanley 
Associates  (1982)  appear  high  (845-915 ppm, d r y   w e i g h t ) ,   l e v e l s   o f  

100-1000 ppm (d ry   we igh t )   a re   no t  uncommon fo r   bo t tom  dwe l le rs  such as 
molluscs  (Stanley  Associates,  1982). The Pac i f i c   oys te r   (C rassos t rea   g igas )  
i s  known t o   c o n c e n t r a t e   z i n c   a t   h i g h e r   l e v e l s   t h a n   i n  most s h e l l f i s h  (Harbo 

e t  a1 ., 1983). The mean dry   we igh t   con ten ts  o f  z i n c   i n  - C. gigas  taken f r o m  
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Sou the rn   B r i t i sh  Columbia  waters  were  recorded  as 2886 t 4117 ppm (Harbo 
e t  a1 ., 1983). The F i n n e r t y  Cove mussel  samples  which  contained  between 845 

and  915 ppm were therefore  not   extreme. 

- 

I n   t i s s u e   m e t a l   l e v e l s   i n  Engl i sh   so le   (Parophrys   ve tu l  us) 
c o l l e c t e d   d u r i n g  t r a w l s  ad jacent   to   the   French  Creek   ou t fa l l  between 1977  and 
1980 the   z inc   con ten t   o f   t i ssue  apparent ly   inc reased  by  a f a c t o r   o f  two 

(Pomeroy, 1982),   a l though  direct   comparison i s   d i f f i c u l t  due t o   d i f f e r e n t  

laboratory   inst ruments and analy t ica l   procedures.  Prawn  and shrimp a t  the 

F i v e   F i n g e r   I s l a n d   o u t f a l l  have shown an apparent  increase i n   t a i l  meat t r a c e  
meta l   leve ls   fo r   copper ,   i ron  and cadmium .letween 1977 and  1980, w h i l e  

mercury  level  s have apparently  decreased (Porr+r.>y  and Packman, 1981). The 

levels,   which  range  f rom 18-123 ppm ( d r y  weigh:) for  copper,  12-321 ppm ( d r y  
we igh t )   f o r   i r on ,  49-65 ppm (dry   we igh t )   fo r   z inc ,  < 1 .O-3.89 ppm f o r   l e a d  
(d ry  we igh t ) ,  < 0.5-1.02 pprn f o r  cadmium (dry weight )  and 0.043-1.38 pprn f o r  
mercury  (dry  weight)   suggest a bioaccumul a t i  ve p rocess   fo r  some metal s. 

2.3.5 Organic Chemical s. The concen t ra t i ons   o f   o rgan ic  compounds i n  
sewage e f f l u e n t s   i s  dependent  upon the  nature  o f   the sewerage area  ( i .e .  
r e s i d e n t i a l ,   i n d u s t r i a l )  and the  waste management bylaws o f   t h e   m u n i c i p a l i t y .  

It i s   t h e r e f o r e   d i f f i c u l t   t o  make g e n e r a l i z a t i o n s   a s   t o   t h e   p o t e n t i a l  
environmental   danger  ar is ing  f rom  organic  chemicals i n  sewage. 

Organic  chemicals  have been detected i n  sediment  and  mussels 

ad jacen t   t o   t he  Macaulay P o i n t  and  McMicking  Point  raw sewage o u t f a l l s .  

Leve ls   o f   po lych lo r ina ted   b iphyeny ls   (PCB's )   fo r  example,  ranged  from non- 

d e t e c t a b l e   t o  8.5  ppb i n  sediment a t   t h e  Macau lay   Po in t   ou t fa l l .  A t  

McMicking  Point, PCB l e v e l s   i n  mussel t issue  ranged  f rom  non-detectable  to  
127  ppb ( d r y   w e i g h t )   a t   s i t e s  200-300 metres  f rom  the  out fa l l .   Lor imer  

(1984)  reports  the  sediment PCB l e v e l s   n o t e d   a t  Macaulay Po in t   a re   f a r   be low 

l e v e l s  measured a t   o t h e r   B r i t i s h  Columbia  marine  sites. PCB's i n  sediments 
a t   t he   F rench  Creek ou t fa l l   ave raged  10  ppb in   t he   s tudy   a rea  (Pomeroy, 
1984). 

Rogers e t   a l .  (1984)  have i d e n t i f i e d  15 compounds i n  Iona sewage 

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

L 

I 

I 

m 
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captured   in   the   e f f luen t   channe l  have shown low  but   detectable  concentrat ions 

o f  c h l o r i n a t e d   p e s t i c i d e s  and PCBs (McGreer  and  Konasewich,  1984). However, 
none of  the  contaminants  approached recomnended maxima f o r  human consumption 
and it was concluded  that  the  levels  observed  would  not be s u f f i c i e n t   t o  be 

o f  concern f o r  human h e a l t h   ( i b i d ) .  On the   o ther  hand,  a high  percentage  of 

so les  near   the  Iona  out fa l l   had  external   papi l lomas and o the r   sk in  

abnormal i t ies  (Popham, 1984). These d iseases  are  o f ten  assoc iated  wi th  

organic   chemical   po l lu t ion,  a1 though a d i r e c t   c a u s e - e f f e c t   r e l a t i o n s h i p  has 

n o t  been established  (Konasewich e t  a1 . , 1982). 

2.3.6 Toxic i tl. Tox ic - to - f i sh  compounds i n  sewage inc lude  un- ion ized 
ammonia, sur fac tan ts   in   de tergents ,   meta ls ,   o rgan ic  compounds and c h l o r i n e  
( i f  d i s i n f e c t i o n  i s  prac t i sed ) .  The t o x i c i t y   o f   e f f l u e n t  depends  a g rea t  
deal on t h e   d e g r e e   o f   t r e a t m e n t ,   p a r t i c u l a r l y   w i t h   r e s p e c t   t o  ammonia 
removal .   Laboratory  b ioassays  of  a v a r i e t y   o f  B.C municipal  wastewaters  have 
shown m o s t   e f f l u e n t s   t o   b e   t o x i c   t o  some d e g r e e ,   w i t h  96 hr-LC50 
concentrat ions  ranging  f rom  non-toxic  ( i .e.  > 100%) t o  26% (Higgs,  1977). 
Lethal  and s u b l e t h a l   e f f e c t s  on b i o t a   i n   t h e   w a t e r  column  near  submarine 
o u t f a l l  s have  not: been observed a1 though 1 i t t l e  work has  been  done. A t e s t  
o f  t o x i c i t y   o f   I o n a  (City o f  Vancouver) sewage e f f l u e n t   t o  eggs  and l a r v a e   o f  
Pac i f i c   Her r ing   conc luded  tha t  egg h a t c h a b i l i t y  was adverse ly   a f fec ted  

compared t o   c o n t r o l s  i n  concentrat ions  o f  sewage e f f l u e n t  as low as  10% 
(Coast l ine,  1984). However, the same study  concluded  that an i n i t i a l  
d i l u t i o n   o f   5 0 : l   f o r   t h e   e f f l u e n t   t e s t e d   w o u l d   p r o v i d e   p r o t e c t i o n   o f   h e r r i n g  
spawn f rom  l e tha l  and s u b l e t h a l   e f f e c t s .   S i m i l a r   f i n d i n g s  were made by  the 

Study  Group i n v e s t i g a t i n g   a l t e r n a t i v e s   t o   t r e a t i n g   I o n a  sewage e f f l u e n t  

(Tevendale,  1984). 
L e v e l s   o f  amnonia i n   rece iv ing   wa te rs   a round  submarine d i f f u s e r s  

a lso  suppor t   the  observat ion  o f   min imal   or  no t o x i c   e f f e c t s   f r o m   t h i s  source. 
Clark  (1980) has n o t e d   t h a t   l e v e l s  of un- ion ized ammonia less  than 
0.01 mg-L-1  present   min imal   r isk   to   mar ine  b io ta  whi le   leve ls   exceeding 
0.4 mg-L-1   cons t i tu te  a hazard.   Receiv ing  water  concentrat ions  of  ammonia 

repor ted   here in  measure t o t a l   d i s s o l v e d  amnonium i o n  (NH4+) ra ther   than  the 
more tox ic   un- ion ized  fo rm (NH3) and t h e r e f o r e   d i r e c t  comparisons  are  not 
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possible.  However, s ince  un- ionized ammonia concent ra t ions   a re  much l e s s  

than   t o ta l   d i sso l ved  ammonia ( g e n e r a l l y  1-6%, M. Pomeroy, pers.  corn.), and 
s i n c e   t o t a l   d i s s o l v e d  ammonia l e v e l  s recorded  around B.C. sewage o u t f a l l  s 

have n o t  exceeded  0.1 mg*L- l   (see   F igure   2 .4 ) ,   tox ic   e f fec ts   a re   no t  

expected. 

2.3.7 Bacter i   o l   og ica l   Impacts .   Apar t  from the  dramat ic   ecolog ica l  
e f f e c t s   n o t e d   a t   t h e   I o n a  sewage t reatment   p lant   d ischarge,  and the 
a e s t h e t i c a l l y   d i s p l e a s i n g   e v i d e n c e   o f  raw sewage discharges and r e s u l t a n t  
sw imning   c losures   no ted   per iod ica l l y  on some Vancouver  and V i c t o r i a  beaches, 
the  most  obvious  and  widespread  impact o f  sewage contaminat ion i s   t h e   c l o s u r e  
o f  beaches t o  she1 1 f i s h   h a r v e s t .  The  sewage may or ig ina te   f rom  nonpo in t  

sources,  such as urban  and a g r i c u l t u r a l   r u n o f f ,  or it may o r ig ina te   f rom 
point  sources, such as  sewage discharges  of raw or  treated  eff luent .  

S h e l l   f i s h   c l o s u r e s   a r e  imposed when the  median f e c a l   c o l i f o r m  
concent ra t ions   in   the   g rowing   waters  exceeded  14/100 mL o r  when more than 10% 

of   the   water  samples  exceed  43/100 mL. These leve ls   a re   ex t reme ly   s t r i ngen t  
and demand h i g h   w a t e r   q u a l i t y   f o r   a r e a s   u t i l i z e d   f o r   s h e l l f i s h   h a r v e s t i n g .  
For example, a secondary t r e a t e d   e f f l u e n t   w h i c h  has n o t  been d i s i n f e c t e d  
would  requi re  a d i l u t i o n   o f  35,000- t o  71,000- fo ld   to  meet t h e   s h e l l f i s h  

growing  water   qual i ty   s tandards.   (The  actua l   d i lu t ion  requi red may be less ,  
depending  upon t h e   b a c t e r i a l   d i e - o f f   r a t e ,   b e h a v i o u r   o f   t h e   e f f l u e n t  plume i n  
the   rece iv ing   waters  and o t h e r   f a c t o r s ) .  

The p o s i t i v e   r e l a t i o n s h i p  between sewage p o l l u t i o n   o f   s h e l l f i s h  

growing  areas  and  enteric  disease was n o t   r e a l i z e d   u n t i l   t h e   e a r l y   p a r t   o f  
the  20th  Century, when  a typho id   ep idemic   b roke   ou t   dur ing   the   w in te r   o f  
1 9 2 4 - 2 5   a l o n g   t h e   U n i t e d   S t a t e s   e a s t e r n   s e a b o a r d   ( H u n t ,   1 9 7 7 ) .  
Epidemio log ica l   s tud ies soon ind ica ted   tha t   sewage-po l lu ted   oys ters  were 

responsib le .   Fo l lowing  th is   ep idemic,   the U.S. Pub l ic   Hea l th   Serv ice  

undertook  the  development o f  a cont ro l   p rogram  to   p revent   fu r ther   ou tbreaks  
o f  comnun icab le   d i seases   a t t r i bu ted   t o   she l l f i sh .  The program now i n  place 
i n  Canada p a r a l l e l s   t h e   U n i t e d   S t a t e s '  program,  as r e q u i r e d   i n  a b i l a t e r a l  

agreement  between the  two countr ies  s igned i n  1948. The impor tance   o f   t h i s  

program, b o t h   w i t h   r e s p e c t   t o   p r o t e c t i o n   o f  pub1 i c   h e a l t h  and p r o t e c t i o n   o f  
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the  environment, i s   r e i n f o r c e d  by the  extensive  survey work  undertaken  along 
t h e   B r i t i s h  Columbia  Coast  by  the  Environmental  Protection  Service. Between 

1972  and  1984  wa,ter  qual i ty  sampl i n g  a1 ong 700 km o f   t he   coas t1   i ne ,   i nc lud ing  
a l l  comnercial  and many recrea t iona l   harves t ing   a reas ,  has  been completed  or 

i s  ongoing. 
The impact o f  municipal  sewage discharges on major B.C. commercial 

s h e l l f i s h   p r o d u c t i o n   a r e a s   i s   l i m i t e d   s i m p l y  because  most oys te r  and  clam 
harvest ing  occurs a considerable  d istance  f rom  urban  centres.  However, 

dur ing   the   ear ly   1960 's ,  sewage p o l l u t i o n  caused the   c losu re   o f   ma jo r   oys te r  
p roduc t i on   a reas   a t  Comox, Ladysmith and  Boundary Bay. Add i t i ona l   c losu res  
i n   t h e   e a r l y   1 9 7 0 ' s   p r o h i b i t e d  most o f   t he   c lam  ha rves t i ng   i n   t he   Po r t   Ha rdy  
area.  These closures  remain i n   e f fec t ,   a l t hough   Ladysmi th  has  been p a r t i a l l y  

re-opened due t o  improvements i n  sewage treatment and disposal  methods. 
Marine  municipal   d ischarges  are  the  sole  cause  of   approximately 7% 

o f   a l l   s h e l l f i s h   c l o s u r e s  and a re   imp l i ca ted  as a ma jo r   con t r i bu t i ng  
po l l u t i on   sou rce   i n   app rox ima te l y  25% of  the  contaminated  areas, and  as a 
minor   cont r i   but i r rg   source i n  a f u r t h e r  25% of   contaminated  areas.   F igure 2.7 
shows changes i n   s h e l l f i s h   c l o s u r e s  between  1972  and 1984. Overa l l ,   the 

increase in   c losed   a rea   s i ze   (hec ta res )  has  been a neg l ig ib le   (about   1 /2  
percent )   s ince  11972. I f  the   c losures  imposed in   t he   h igh l y   u rban ized   a reas  
o f  Vancouver  and V ic to r i a   a re   exc luded   f rom  th i s   ca l cu la t i on ,   t he re  has  been 
a s l igh t   decrease  (about  8%) in   the   to ta l   a rea   under   c losure .   Th is   decrease 
can be a t t r i b u t e d   p r i m a r i l y   t o   t h e   r e - o p e n i   n g   o f   P a r k s v i l l  e Bay f o l   l ow ing   t he  
cons t ruc t ion   o f   the   French Creek sewage t rea tmen t   p lan t  and o u t f a l l   ( K o o i  
e t   a l . ,  1980),  re-opening o f   po r t i ons   o f   Ladysmi th   Harbour   f o l l ow ing  
improvements i n  sewage c o l l e c t i o n  systems  (Cooper  and Kay, 1975)  and a 
p a r t i a l   r e o p e n i n g   o f   t h e  Nanaimo H a r b o u r   a r e a   f o l l o w i n g   t h e   i n s t a l l a t i o n   o f  
t h e   F i v e   F i n g e r  Xsl  ands o u t f a l l  and c e s s a t i o n   o f   t h e  raw sewage discharge a t  
Newcastle I s l a n d  (Kay  and  Ferguson,  1978). 

The extent   o f   bacter io log ica l   impact   f rom  munic ipa l   d ischarges on 
shel 1 f ish  growing  areas i s  dependent  upon the   d is tance  o f   the   she l  1 f i s h   a r e a  

f rom  the  d ischarge  po int ,   the  oceanographic   character is t ics   o f   the  d ischarge 
p o i n t  (e.g. s t r a t i f i c a t i o n ,   t i d e s ,   c u r r e n t s ) ,   t h e  degree o f   t rea tmen t  

a f f o r d e d   t o   t h e   e f f l u e n t ,   t h e   o p e r a t i o n  o f  the  sewage t rea tmen t   p lan t  
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inc lud ing   t he   hyd rau l i c   capac i t y ,  and t h e   i n t e g r i t y   o f   t h e  sewage c o l l e c t i o n  
system. The c l o s u r e   o f   s h e l l f i s h   a r e a s  does no t   necessa r i l y   requ i re   t he  

feca l   co l  i form  leve l  s i n   t h e   w a t e r   t o  exceed  14/100 mL. Considerat ion i s  
a1 so g i v e n   t o   t h e   p o t e n t i a l   p o l l u t i o n   e f f e c t s   w h i c h  can  occur i n  the  event  of 

opera t iona l  mal func t ions  (e.g. d i s i n f e c t i o n   f a i l u r e )   o r   h y d r a u l i c   o v e r l o a d i n g  

a t  a sewage t reatment   p lant .  

She l l  f i s h  sanitary  surveys  have been conducted  by  the  Environmental 

P r o t e c t i o n   S e r v i c e   a t  all south  coastal  municipal  discharges where  commercial 

and r e c r e a t i o n a l   q u a n t i t i e s   o f   s h e l l f i s h   o c c u r .   I n   p a r t i c u l a r ,   s t u d i e s   a t  
P o r t  Hardy,  Campbell R iver ,  Comox, French  Creek,  Nanaim, Ladysmi th, Saanich 

Peninsula, Powel  1 R ive r  and U c l   u e l e t   I n l e t   a r e   r e l e v a n t   t o   t h i s   d i s c u s s i o n  

and are summarized  here. 

2 .I She1 1 fi rh S m i  tary Survey Care Studies 

2.4.1 Port Har&. Studies  to   determine  the  impact   o f   the P o r t  Hardy 
"Tsul  quate" sewage t rea tmen t   p lan t  on nearby  clam  beaches showed t h a t  
s i g n i f i c a n t   i n t r u s i o n   o f   t h e   e f f l u e n t   i n t o   s h e l l f i s h   g r o w i n g   a r e a s   c o u l d  

occur. Dye t r a c i n g   o f   t h e   e f f l u e n t  plume  and feca l   co l   i fo rm  mon i to r ing   o f  
the  marine  waters  supported  th is  concl   usion.  Fecal   col  i form 1 eve1 s ranged 
from < 2/100 mL t,o 79/100 mL i n   t h e   v i c i n t i y   o f   t h e   o u t f a l l .  A1 though  the 

e f f l uen t   f rom  the  sewage t rea tmen t   p lan t  was ch lo r i na ted ,   t he   p lan t  was 
unable t o  produce a h i g h   q u a l i t y   e f f l u e n t   c o n s i s t e n t l y  due t o   h y d r a u l i c  
over loading and c'arry-over of s o l   i d s   t o   t h e  f i na l  e f f l uen ts .   Th i s   va r iab le  
opera t ion   together  with shal low  depth of t h e   o u t f a l l  ( 6  m) and the   p rox imi ty  
to  the  Tsul  quate  River  estuary  clam  beaches  required  the  maintenance o f  a 
c losure  (Kay  and  Ferguson, 1979 1. 

2.4.2 Campbell R i  ver Bacter io logical   impacts  f rom  the  Campbel l  
R iver  Water  Pol 11 u t ion   Cont ro l   Cent re  were no t   ev iden t   du r ing   s tud ies  
conducted  by  Arney  and Kay (1976).  A concurrent  dye s t u d y   o f   t h e   e f f l u e n t  

discharge showed the sewage f i e l d   t o  remain submerged w i t h  1 i t t l e   l a t e r a l  

d ispers ion.   Dur ing a f l o o d   t i d e   t h e  sewage f i e 1  d remained  para1  le1  to  the 

foreshore  approximately 200 met res   o f f sho re   f o r  a d i s t a n c e   o f  4 km then moved 
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towards  the  cent re  o f   D iscovery Passage. It was conc luded   tha t   t he   e f f l uen t  
would have  1 i t t l e  impact on b a c t e r i o l o g i c a l   w a t e r   q u a l i t y  due t o   t h e   r a p i d  

t i d a l   a c t i o n  a t  the  d ischarge  po int   (Higgs,   1976a) .  

2.4.3 C m x  - Cape Lazo. The d i s c h a r g e   o f  2230 m3-day-1  of raw 
sewage through an 838 m O u t f a l l   i n t o  Baynes Sound was n o t   d e t e c t e d   a t  

foreshore  and  surface  water  samples  taken  by  the  Environmental  Protection 

Serv ice   dur ing  a study  of Comox Harbour i n  1974  (Kay  and  Tevendale,  1974). 
Maximum feca l   co l i f o rm  l eve l s   o f  14/100 mL were  recorded a t   s ta t i ons   a round  

t h e   o u t f a l l  (Kay and Tevendale,  1974). The i n s t a l l a t i o n   o f  a new sewage 
t r e a t m e n t   p l a n t   w i t h  an o u t f a l l   e x t e n d i n g  2750 m of fshore  f rom Cape Lazo 

rep1  aced t h i s  raw sewage discharge and  a l a g o o n   e f f l u e n t   d i s c h a r g e   t o   t h e  
Caurtenay  River i n  1984. Recent  studies  by EPS have  been  unable t o  

demonstrate a b a c t e r i o l o g i c a l  (EPS unpubl . )   or   b io logical   (Colodey,  1985) 
impact  f rom  th is  d ischarge. 

2.4.4 P a r k s v i l l e .  A s imi  1 a r   d ischarge  sou th   o f  Comox a t   P a r k s v i l  1  e 
was  shown t o  have a p o l l u t i o n   e f f e c t  on t h e   r e c e i v i n g   w a t e r s   o f   P a r k s v i l   l e  

Bay. P r i o r   t o  1978, the  Town o f   P a r k s v i l l e   d i s c h a r g e d   u n c h l o r i n a t e d   s e p t i c  

tank e f f l u e n t   t o   P a r k s v i l   l e  Bay through a 21 m deep o u t f a l l ,  640 m o f fshore .  

The volume o f  sewage discharged  per day was approximately 1728 m3. 
Dur ing a study  conducted  by EPS i n  1975 (Cwper ,  19761, s i g n i f i c a n t  

fecal   pol  1 u t i o n  was observed a t  an o u t f a l l   s h o r e   s t a t i o n  on the   f l ood ing  
t i d e .  However, f e c a l   c o l i f o r m   l e v e l s   i n   t h e   s u r f a c e   w a t e r s   n e a r   t h e   o u t f a l l  

terminus were genera l l y  much lower .   Wi th in  a 1000 m r a d i u s   o f   t h e   o u t f a l l  
su r face   wa te r   f eca l   co l i f o rm  l eve l s   ranged   f rom < 2/100 mL t o  1600/100 mL, 

w i t h  a median  value o f  5/100 mL and  a  90 p e r c e n t i l e   v a l u e   o f  85.3/100 mL. 
Sample s t a t i o n s   o u t s i d e  a 1000 metre   rad ius  o f  t he   ou t fa l l   t e rm inus   had   f eca l  

co l  i f o r m  leve ls   rang ing   f rom < 2/100 mL t o  49/100 mL, w i t h  a median  value o f  

2/100 mL and  a  90 p e r c e n t i l e   v a l u e   o f  9.8/100 mL. 

2.4.5 French  Creek . I n  1978 , sewage f rom  the Town o f   P a r k s v i l   l e  was 

d i ve r ted   t o   t he   F rench  Creek  Water Po l l u t i on   Con t ro l   Cen t re  and discharged 
v i a  a new o u t f a l l ,  2438 m o f f sho re   o f   t he   F rench  Creek  Boat  Basin i n  61 m o f  

water. A r e s u r v e y   o f   t h e   P a r k s v i l   l e  Bay area i n  1979 (Kooi e t  a1 . , 1980) 

showed s i g n i f i c a n t  improvement i n  wa te r   qua l i t y .  Sampl i n g   a t  10 sur face 
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w a t e r   s t a t i o n s  showed low  leve ls   o f   feca l   con taminat ion  and there was no 

evidence o f  sewage reaching  the  beaches  from  the new French Creek out fa1 1. 
Dur ing  the 1979 sampl ing,   the  e f f luent   f rom  the  French Creek p l a n t  had an 

average  fecal   col  -i form  value O f  1.9 x 104/100 mL. Surface and depth sampl i n g  

i n  t h e   v i c i n i t y  o f  the  French  Creek  outfal l  was also  conducted  by  the Nanaimo 

Regional D i s t r i c t  as  a c o n d i t i o n  o f  t h e i r  Waste Management Branch  permit 

p r i o r   t o  and f o l  1 ow ing   t he   i ns ta l  1 a t i on   o f   t he  new o u t f a l l  These data 

i n d i c a t e   t h e   e f f l u e n t   c o u l d   n o t  be de tec ted   by   t he   f eca l   co l i f o rm  tes t ,  even 
when the  discharge was untreated,  as was the  case  dur ing  the  p lant  
cons t ruc t ion .   Fo l low ing   the  1979 EPS survey  (Kooi, e t  a1 ., 19801, and a f t e r  
a rev iew  of   the  bacter io log ica l   data  generated  by  the  Regional   Dis t r ic t  of 
Nanaimo, t h e   s h e l l f i s h   c l o s u r e   o f   P a r s k v i l l e  Bay was l i f t e d .   I n   a d d i t i o n  a 

1 arge  c losure  o f   the  Qual   icum Beach area was reduced t o  two small e r   c losu res .  
The d i v e r s i o n   o f  sewage from  the  Vi1  lage  of Qual icum Beach to   the  French 

Creek p lan t   e l   im ina ted   the   con taminat ion   p rob lems  o f   sep t ic   tank  seepage 

along  the  f0reshor.e  of  Qual  icum Beach. 

2.4.6 Manaim,   Bac ter io log ica l   s tud ies   by  Kay  and Ferguson  (1978) i n  
t h e   v i c i n i t y   o f   t h e   F i v e   F i n g e r   I s l a n d   o u t f a l l   a t  Nanaimo concluded  the 

discharge was having no a p p r e c i a b l e   e f f e c t   a t   s h o r e l i n e   s t a t i o n s   i n   t h e  

Hammond Bay area.  During  the  survey,  which was conducted i n  March  and A p r i l  

o f  1978, three  marine  sampl ing  stat ions a t  Lagoon Head had f e c a l   c o l i f o r m  
concentrat ions  ranging  f rom < 2 t o  11/100 mC. E a r l i e r   s t u d i e s  (Cooper, 1978) 

conducted i n  1977 showed feca l   co l   i f o rm  ranges   o f  < 2 t o  22/100 mL a t  e i g h t  
foreshore  sampl ing  s ta t ions.   Dur ing  both  these  s tud ies,   e f f luent  was 
c h l o r i n a t e d  and  had  low ( <  1000/100 ml) f eca l   co l i f o rm  concen t ra t i ons .  The 
r e d u c e d   b a c t e r i o l o g i c a l   i m p a c t   i s   a l s o   e v i d e n t   i n   s e d i m e n t  samples c o l l e c t e d  

a r o u n d   t h e   o u t f a l l   w i t h   f e c a l   c o l   i f o r m   l e v e l s   o f  SO/lOOg and 80/100g  being 
r e c o r d e d   a t  two s t a t i o n s  (Pomeroy  and Packman, 1981). The i n s t a l l a t i o n   o f  

t h e   F i v e   F i n g e r   I s l a n d s   o u t f a l l  and c e s s a t i o n   o f  raw sewage discharges 
th rough   two   ou t fa l l s   l oca ted   a t  Duke P o i n t  and  Newcastle  Island i n  1975 

3 
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appears t o  have r e s u l t e d   i n  a s i g n i f i c a n t  improvement i n  Nanaimo Harbour 
bacter io log ica l   water   qual i ty ,   a l though  comparat ive  data i s   n o t   a v a i l a b l e  

p r i o r   t o  1975.  Kay  and Ferguson  (1978)  sampled 24 m a r i n e   s t a t i o n s   i n  Nanaimo 
Harbour, o f   wh ich  all met t h e   c r i t e r i a   f o r   a p p r o v e d  she1 1 f i sh   harves t ing .  

Feca l   co l i fo rm  leve ls   ranged  f rom < 2 t o  130/100 mL ind i ca t i ng   occas iona l  

sewage p o l l u t i o n ,   l i k e l y  from the   sh ipp ing  and i n d u s t r i a l   a c t i v i t y .  

Cons ide r ing   t he   u t i l i za t i on   o f   t he   f o reshore   f o r   commerc ia l  and i n d u s t r i a l  

purposes,  the  h igh  water  qual i ty i s   e x t r a o r d i n a r y .  

2.4.7 Ladysmi t h  South o f  Nanaimo, the  Town o f  Ladysmith  discharges 
pr imary   t rea ted ,   ch lo r ina ted   e f f luen t   f rom a p l a n t   l o c a t e d   a t   H o l l a n d  Bank. 
A maximum d a i l y   d i s c h a r g e   o f  3200 m3 i s   p e r m i t t e d   f r o m   t h e   t r e a t m e n t  

f a c i l  i t i e s  and an add i t i ona l   d i scha rge   o f  up t o  54,000 m3/day i s   p e r m i t t e d  
th rough  t rea tment   p lan t   over load bypass f a c i l i t i e s   i n s t a l l e d  i n  1982. The 

overload  bypass does n o t   r e c e i v e  any treatment  other  than  coarse  screening 
and i s  no t   d is in fec ted .   T rea ted  and non- t reated  e f f luents   d ischarge  through 
separa te   ou t fa l l s   loca ted   s ide   by   s ide ,  366 m o f f s h o r e   a t  a dep th   o f  11 m. 

I n   a d d i t i o n   t o  sewage, s ludge  f rom  the  t reatment  faci  1 i ty i s  
occas iona l l y   was ted   t h rough   the   ou t fa l l   w i th   p r i o r   app rova l   f rom  the  Waste 

Management Branch  under s p e c i f i c   t i d a l  and wind  condi t ions.  
P r i o r   t o   t h e   i n s t a l l a t i o n   o f   t h e   o v e r l o a d  bypass o u t f a l l ,   t h e  

Envi ronmenta l   Protect ion  Serv ice  conducted  bacter io log ica l  and  dye t r a c e r  

s t u d i e s   o f   t h e   o u t f a l l  plume dur ing  October 1981. B a c t e r i a   i n   t h e   m a r i n e  

sediments  around  the  outfal l   were a1 so sampled. 
Surface  and  depth  water  samples  were  col lected  for Rhodamine dye 

concent ra t ion  and f e c a l   c o l i f o r m   a n a l y s i s  (Kay,  1981;  Shepherd, 1982). 
E f f l u e n t   s u r f a c i n g   a t   t h e   o u t f a l l  plume rap id ly   d ispersed,  and was bel  ow the 

de tec t i on  limit o f  0.02 ppb w i t h i n  400 m o f   t h e   o u t f a l l .   S i m i l a r l y ,   f e c a l  
c o l   i f o r m   l e v e l s   i n   s u r f a c e  and deep waters a1 so decreased r a p i d l y   w i t h  
d is tance  f rom  the   ou t fa l l .  A comparison o f   d i  1 ut ions  determined  by dye 
concent ra t ions  and f e c a l   c o l i f o r m   c o n c e n t r a t i o n s  showed a p o s i t i v e ,   b u t   n o t  
h i g h   d e g r e e   o f   c o r r e l   a t i   o n ,   w i t h  a c o r r e l   a t i   o n   c o e f f i c i e n t   o f  0.7 

(Shepherd,  1982). The p o o r   c o r r e l a t i o n  was 1 i k e l y  due t o   ( i  ) v a r i a b l e  
e f f l u e n t   f e c a l   c o l i f o r m   l e v e l s   ( i i )   i n s u f f i c i e n t  numbers o f  ana lyses   o f   the  

e f f l u e n t  

I 

n 

IL 

I 

Y 

ab 



- 83 - 

( i i i  ) v a r i a b l e   s o l   i d s   l e v e l  s i n  samples  and the   cor respond ing   e f fec t  on 

b a c t e r i a   l e v e l s  and ( i v )   v a r y i n g   e f f l u e n t  dye concent ra t ions  due t o  manual 
c o n t r o l   o f  dye i n j e c t i o n  and imprecise  f low measurement. I n i t i a l   d i l u t i o n ,  
as ca lcu la ted   by   the  OUTPLM computer d i l u t i o n  model, was i n  the  range  of 70- 

170, compared to   ove r  200 as determined  by  bacter ia  concentrat ion.   This 

agrees w i th   t he   f ac t   t ha t   i n   genera l ,   ma themat i ca l  plume d ispers ion  models 

tend   t o   be   conse rva t i ve  (Shepherd,  1982).  Fecal  col i form  densit ies i n  
sediment  around  the  outfal l   decreased  to < 200/100g 1 i m i t s   w i t h i n  400 m of 

t h e   o u t f a l l  . 
On October 7, 1981, s ludge  wasted  through  the  outfal l  was fo l   lowed 

v i s u a l l y .  The sludge  surfaced and was wind-d i rected  towards  Bur le i th  Arm. 

Water  samples  were c o l l   e c t e d   a t  0, 3 and 6 m and  analysed f o r   f e c a l   c o l   i f o r m s  
and 35°C t o ta l   p l   a te   coun ts .   Feca l   co l   i f o rm  l eve l  s approaching  the she1 1 f i s h  

growing  water  standard  were  detected up t o  1400 m f rom  the   ou t fa l l  plume. 

Sampling was d i s c o n t i n u e d   a t   t h i s   p o i n t  due to   nav igat ional   hazards.  
A d d i t i o n a l   m o n i t o r i n g   o f   t h i s   o u t f a l l   f o l l o w i n g   t h e   c o n s t r u c t i o n   o f  

the  over load bypa,ss discharge i s   c o n t i n u i n g .  Recent  data  col lected  by EPS i n  

1983  (Kay  and Wa'l ker ,   1985)   suggests   that   bacter io log ica l   water   qual  i ty i n  
some o f   t h e   i n t e r t i d a l   h a b i t a t s   o f   t h e   o u t e r   H a r b o u r  may no t  be advers ly  

a f fec ted   by   t he  bypass o f   u n t r e a t e d  combined storm and sani tary  wastewater.  
Desp i te   v isua l   ev idence  o f   the  plume s u r f a c i n g ,   f e c a l   c o l t f o r m   d e n s i t i e s   i n  
sur face  waters   dropped  to   acceptable  shel l f ish  growing  water   s tandards  wi th in  
about 650 m o f   t h e  plume. 

2.4.8 Saanf ch ,. The i n t e r t i d a l   a r e a   a l o n g   t h e   e a s t   c o a s t   o f   t h e  
Saanich  Peninsula  from Tsehum Harbour t o  Telegraph Cove was surveyed  by EPS 
i n  1979  (Kay,  1980). A t  t ha t   t ime ,  4  sewage ou t fa l l s   d i scha rged   to   t he  
rece iv ing   waters ,  and the re  were  numerous storm  drains  and sewage 1 i f t  

s t a t i o n  emergency over f low  p ipes   a long  the   coas t l ine .  The b a c t e r i o l o g i c a l  
qua l i t y   o f   t he   mar ine   wa te rs  was genera l ly   poor ,  and  demonstrated  the  impact 
o f   t h e  Sidney, Bazan Bay and F i n n e r t y  Cove d ischarges .   Feca l   co l   i fo rm  leve l  s 
ranged  from  2/100 mL t o  > 1600/100 m l  a t   s ta t ions   a round  the   S idney   p lan t ,  

2/100 mL t o  240/100 mL a t   s ta t i ons   a round   the  Bazan Bay p l a n t  and  2/100 mL t o  

> 1600/100 mL a t   s ta t i ons   a round   the   F inne r t y  Cove o u t f a l l .  The impact  from 
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the  Central  Saanich sewage t rea tment   p lan t   d ischarge was n o t  as dramatic, 
w i th   feca l   co l i fo rm  po l lu t ion   exceed ing   the   approved  she l l   f i sh   s tandard   a t  

on ly  two s ta t i ons .  
I n   t o t a l ,  93 mar ine   s ta t ions  were  sampled represent ing  640 samples. 

Twenty -n ine   percent   o f   the   s ta t ions   d id   no t  meet the   approved  she l l f i sh  

standard. 
The bac te r io log i ca l   wa te r   qua l i t y   obse rved   du r ing   t h i s   su rvey  

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

i n f i l t r a t i o n   t o   t h e   c o l l e c t i o n  sytems. The f e c a l   c o l i f o r m   l e v e l s   a t   t h e  
shore l ine   near   the   S idney   t rea tment   p lan t   ou t fa l l  were l i k e l y   h i g h e r   t h a n  
would be expected  under  dry  condi t ions due t o  a  3 day  by-pass o f   e f f l u e n t  
f rom  th i s   p lan t .   Da ta   co l l ec ted   by   t he   Cap i ta l   Reg iona l   D is t r i c t  and the  

Waste  Management Branch  have shown tha t   f eca l   co l  i form l e v e l  s can be h ighe r  

than  those  observed i n   t h e  EPS study. 
In   de termin ing   the   ex ten t   o f   the  she1 f i sh   c losure   a long  the   Saan ich  

P e n i n s u l a ,  a number o f   f a c t o r s   w e r e   e v a l u a t e d   i n c l u d i n g  (1) t h e  

b a c t e r i o l o g i c a l   q u a l i t y   o f   t h e   w a t e r  - b o t h   c u r r e n t  and h i s t o r i c a l   d a t a  
( 2 )  the  performance  of   the  t reatment  p lants  and  the  f requency of  bypasses  and 
hyd rau l i c   ove r loads   (3 )   t he   l oca t i on   o f  l i f t s t a t i o n  emergency overf lows and 
the  types  of   warning  systems  associated  wi th  the lift s t a t i o n s  ( 4 )  the  impact 
o f  stormwater  drains and sept ic   tank seepage  on rece iv ing   wa te r   qua l i t y .  On 
the   bas i s   o f   t hese   cons ide ra t i ons ,   cons ide rab ly   l a rge r   po r t i ons   o f   t he  
c o a s t l   i n e  were closed  than  would  have been c losed on t h e   b a s i s   o f  

bac ter io log ica l   water   qua l  i ty data a1 one. 

2.4.9 Powel 1 R f  ver. Sewage discharges  f rom  the Sliammon I n d i a n  
Reserve sewage t reatment   p lant ,   Powel l   R iver  Water Po l l u t i on   Con t ro l   Cen t re  
and  Westview  Water Po l l u t i on   Con t ro l   Cen t re  were i d e n t i f i e d  as major  causes 

o f   b a c t e r i a l   p o l l u t i o n   i n   t h e   P o w e l l   R i v e r   a r e a   d u r i n g  a  November, 1975 EPS 

survey  (Kay, 1976; Higgs,  1976b).  Median  fecal  col i form  values i n   t h e  
receving  waters  ranged  from  13-90/100 mL a t  Sliammon  and  22-75/100 mL a t  
Westview. The combined in f l uence   o f   t hese   d i scha rges ,  and t o  a l e s s e r   e x t e n t  

some non-point  souces,  caused  contamination o f   approx imate ly  11 km o f  
coas t l   ine .  The p o l l u t i o n  was loca l i zed   to   the   fo reshore   sur face   waters ,  

L 

Y 
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w i t h   o f f s h o r e  ( 3  km) stat ions  showing l i t t l e   o r  no contamination.  Higgs 
(1976)  found  that  raw sewage bypasses due to   hyd rau l i c   ove r load ing  from  the 

Powell   River and  Westview p l a n t s  were the   mos t   s ign i f i can t   con t r i bu to rs   o f  

fecal  contaminatiion.  Poor  operation and d i s i n f e c t i o n   m a l f u n c t i o n s   a t   t h e  

Sliamnon p l a n t   r e s u l t e d   i n   e x t e n s i v e   p o l l u t i o n   o f   c l a m  and o y s t e r   h a b i t a t  
f ront ing  the  reserve.   Subsequent   sampl ing  o f   th is   area  fo l lowing a  128 m 
ex tens ion   o f   t he   ou t fa l l  showed wa te r   qua l i t y   con t i nued   to  be degraded t o  

1  eve1 s unacceptabl e f o r  shel 1 f i s h   h a r v e s t i n g  (Kay, 1981). 

2.4.10 Ucluelet .  - The negat ive  impact  of  raw sewage discharged  through 
s h a l l o w   o u t f a l l  s i n t o  a s h e l   t e r e d   a r e a  i s  best   documented  by  the 
1982 EPS study o f  U c l u e l e t   I n l e t  (Kay e t  a1 . , 1982). A t  the  t ime  of  the 
survey  the  Vi1  lage  of   Ucl   uelet   d ischarged raw sewage th rough   s i x   ou t fa l l  s 
i n t o   U c l u e l e t   I n l e t .   A d d i t i o n a l  sewage discharges  included raw o u t f a l l s  from 
ind iv idua l   res idences  and  a  submerged ou t fa l l   d i scha rg ing   sep t i c   t ank  

e f f l uen t   f rom an Ind ian  Reserve. Fo r t y - fou r  sample s t a t i o n s  were  sampled i n  
Uc lue le t   In le t ,   w- i th   on ly   s ix   meet ing   the   she l l f i sh   s tandard .   Feca l   co l i fo rm 
levels  ranged  f rom < 2 t o  > 1600/100 mL. The h ighest   leve ls   (median = 

79/100 mL) were  observed a1 ong the  western  shorel i ne o f   t h e   i n l e t ,   w i t h  
decreas ing   leve ls '   a t   sur face   s ta t ions   a long  the   cen t re   l ine   (med ian  = 

25/100 mL) and eastern  shorel  ine  (median = 23/100  mL). These data  were 
cons is ten t   w i th   t he  known sources o f   p o l l u t i o n ,  most o f  which  were  along  the 
western   shore l   ine   w i th in   the   boundar ies   o f   the   V i1  1  age o f  Ucl   ue let .  Kay 
e t   a l .   ( 1 9 8 2 )   a l s a   n o t e d   t i d a l   i n f l u e n c e s  on w a t e r   q u a l i t y   p a r t i c u l a r l y   a l o n g  
the  eastern  shorel ine.   Dur ing ebb t i d e s   s t a t i o n s  were minimally  contaminated 
whereas d u r i n g   f l o o d  and h i g h   s l a c k   t i d e s   t h i s   s h o r e l   i n e   d i d   n o t  meet 
shel 1 f ish  standards.  Along  the  western  shorel  ine,  fecal  pol lut ion  exceeded 

t h e   s h e l l f i s h   s t a n d a r d   d u r i n g   a l l   t i d e s  sampled. 
To remove the sewage d ischarges  f rom  the  inner   in le t   area and 

t ranspor t   the  sewage t o  a s i t e  where b e t t e r   d i l u t i o n  and disperson  can be 
achieved,  the  Vi1 1 age o f   U c l u e l e t  has const ructed a lagoon  treatment  system 
and o u t f a l l   w i t h   d i f f u s e r   t o   d i s c h a r g e   t o  a po int   near   the  entance  o f   the 

i n l e t .   P r e l   i m i n a r y   b a c t e r i o l o g i c a l  sampl i n g   o f   t h e   i n 1   e t  suggests a 

s i g n i f i c a n t  improvement i n  wa te r   qua l i t y  has occurred (EPS, unpubl ished).  
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2.4.11 Other. She1 1 f i sh bac te r i   o l   og i   ca l   su rveys  have a1 so exami  ned 
the  impact  of  marine sewage discharges  from  Tofino  (Kay e t  a1 ., 19821, 
V i1   lage   o f   G ibsons   ( ib id )  , V i 1   l a g e   o f  Sechel t (Cooper  and  Tevendale, 19741, 
City o f  White Rock ( o u t f a l l  now abandoned) (EPS unpublished,  1973) and 
several  smaller sewage treatment  systems  for   resident ia l   and/or  commercial  
developments. A complete  reference 1 i s t   o f  these  studies i s  provided  by Kay 
e t  a1 . (1986). 

- 

2.5 Health  Hazards  Associated with Marlne Sewage Discharges 
The preceding  sect ion  has  reviewed  the  bacter io logical   impacts  of  

sewage d i scha rge ,   pa r t i cu la r l y  a s   t h e y   r e l a t e   t o   p o l l u t i o n  o f  s h e l l f i s h  
areas. I n  some cases  the  impacts  have been we l l  documented, b u t  i n  others 
t h e   d i l u t i o n  and d ispers ion   pa t te rns  of the   e f f luen t   a re   no t   we l l   unders tood,  
and the   resu l tan t   impacts  on wa te r   qua l i t y   i n   t he   f o reshore   a rea   a re   l ess  
c l e a r .   I n  a1 1 cases,  however,  the  degree of sewage pol  1 u t i o n   i s  measured 
q u a n t i t a t i v e l y   u s i n g   f e c a l  col i f o r m   o r g a n i s m s .  These o r g a n i  sms, 
predominate ly   Escher ich ia   co l i ,   are  normal   inhabi tants   o f   the  gut   and 
i n t e s t i n a l   t r a c t   o f  a1 1 warm-blooded  animal s ,  i n c l u d i n g  man. They are 
e x c r e t e d   i n   l a r g e  numbers  and are  used as an i nd i ca to r   o rgan ism  fo r   t he  
presence o f  sewage. D e t e c t i o n   o f   f e c a l   c o l   i f o r m s   t h e r e f o r e  i s  evidence  of  
t he   po ten t i  a1 presence of   o ther   d i   sease-producing  (pathogenic)  m i  c roorgani  sms 
which may be   d ischarged  in to   the  sewer  systems.  Thus s t a n d a r d s   f o r   s h e l l f i s h  
harves t ing  and swimming s u i t a b i l i t y  have  been es tab l  i-shed us ing   feca l  
co l  i forms  as i n d i c a t o r s  . 

- 

There i s  cons iderable  cont roversy  over   the  use  o f   feca l   co l  i forms 
as  being  adequate  indicators  of   heal th  hazards.  On the one hand, B r i t i s h  
s tud ies  (U.K., 1959) showed there  was no  ep idemio log ica l   bas is   for   the 
t r a n s m i t t a l   o f   t h e   s e r i o u s  and  sometimes fa ta l   d iseases such  as typhoid,  
cho le ra  and p o l i o   t h r o u g h   b a t h i n g   i n  sewage-contaminated  waters. More 
recen t l y ,  however, studies  conducted  along  the U.S. eastern  seaboard  (Cabel l i  
e t  a1 . , 1976)  and i n   t h e   M i s s i s s i p p i   R i v e r  (Rosenberg e t  a1 . , 1976)  have 
shown t h a t   b a t h i n g   i n   p o l l u t e d   w a t e r s  can r e s u l t   i n   g a s t r o i n t e s t i n a l   i n f e c -  
t i ons ,  and i n   t h e   l a t t e r  case, Sh ige l l os i s .  The U.S. Environmental 
P ro tec t i on  Agency has  recently  (Federal  Register,  1986)  adopted swimming 
water   s tandards  us ing  the  enterococc i   groups  o f   bacter ia   as  ind icators   o f  
sewage p o l l u t i o n   i n  marine  waters.  Dufour  (1984) has repor ted  a d i r e c t  
1 i nea r   re1   a t i onsh i  p between swimming - r e 1   a t e d   g a s t r o e n t e r i t i s  and the 
dens i ty   o f   en terococc i .  
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I n   t h e  case o f   s h e l l f i s h   g r o w i n g   w a t e r s ,   t h e   r e l a t i o n s h i p  between 
f e c a l   c o l i f o r m   i n d i c a t o r s  and v i r u s   l e v e l s   i n   s h e l l f i s h   i s   b e i n g   q u e s t i o n e d .  
I n   t h e  U.S. Gu l f   Coas t   s ta tes   v i ro log i ca l   s tud ies   i n   app roved   she l l f i sh   a reas  
show t h e   p o t e n t i a l   f o r   c o n s i s t e n t   v i r u s   i s o l a t i o n s   ( E l l e n d e r  and Cook, 1980). 
The i n v e s t i g a t o r s   f u r t h e r   c o n c l u d e d   t h a t   b a c t e r i a l   i n d i c a t o r s   o f   t h e   q u a l i t y  

o f   she l  1 f i sh   g rowing   waters  and  shel 1 f i s h   t i s s u e s  were n o t  good p red ic to rs   o f  
v i r a l   c o n t a m i n a t i o n   i n   s h e l  1 f i s h .  

I n   B r i t i s h  Columbia, no s tud ies  have  been conducted  to  assess  the 
e f f e c t i v e n e s s   o f   t h e   f e c a l   c o l i f o r m   i n d i c a t o r   i n   d e t e r m i n i n g   a c t u a l   h e a l t h  
hazards.   Provincial   epidemiological   records have n o t  shown any disease 
outbreaks  associated  wi th  shel l f ish  consumption ( D r .  T. Johnstone,  pers. 
corn. ). However, i n  terms  of  reported  cases  throughout  the  world,  Verber 
(1983)  has shown a dramat ic  increase i n   g a s t r o e n t e r i t i s   o u t b r e a k s   d u r i n g   t h e  
f i r s t   t h r e e   y e a r s   o f   t h i s  decade.  Thus a l though  fa ta l  and near - fa ta l  
disease-causing  organisms  have  declined t o   l o w   l e v e l s ,  i t  appears t h a t   o t h e r ,  
lower-grade  maladies  are on the  increase  wor ld   wide.  It i s   d o u b t f u l  i f  t h i s  

t rend  will be seen i n   B r i t i s h  Columbia due t o   t h e   d i s t a n c e   o f  most  approved 
shel l f ish  harvest ing  areas  f rom  urban  cent res.  

2.6 Sewage  Sumnary 
Envi ronrnenta l   e f fects   assoc iated  wi th   the  mar ine  d isposal   o f  sewage 

present ly   appear   to  be con f ined   t o   bac te r io log i ca l   impac ts  on  swimming  and 
she l l f i sh   wa te r ,   aes the t i c   impac ts  and, i n  the  case o f  the  Iona  surface 
d i s c h a r g e ,   s i g n i f i c a n t   t o x i c   e f f e c t s   t o   f i s h .   L i m i t e d   b e n t h i c   h a b i t a t  
degradation and a l t e r a t i o n  has  been  observed a t  most o u t f a l l   s i t e s  and l e v e l s  

o f   t r a c e   m e t a l s   i n   s e d i m e n t  and b i o t a  have  been shown to  increase  near  those 
s i tes  moni tored.  The h i g h e s t   l e v e l s  of t race  meta ls   in   sediment  were  found 
a t   t h e   I o n a   p l a n t   o u t f a l l  area. 

Recent s tud ies  on organic  contaminants i n  mun ic ipa l   e f f l uen ts  
(Rogers e t  a1 . , 1984)  and the  occurrence  o f  abnormal i t i e s   i n   t h e   t i s s u e s   o f  
bot tom-dwel l ing  f ish  near   the  Iona  d ischarge and o t h e r   i n d u s t r i a l i z e d   a r e a s  
(Popham, 1984)  suggest more research is   requ i red   to   de termine   the   long- te rm 

bioaccumulative,  mutagenic  and  carcinogenic  impacts  of  municipal  wastewater 

discharges. 
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The increas ing  cont roversy  over   the adequacy o f   t he   f eca l   co l i f o rm 
t e s t   i n   a s s e s s i n g   t h e   p u b l i c   h e a l t h   s a f e t y   o f  swimming  and she l l f i sh   wa te rs  
must be addressed f o r   B r i t i s h  Columbia  waters.  Levels o f  pathogenic  bacter ia 
and viruses  should  be  examined a t   s p e c i f i c   s i t e s  and  compared w i t h   p a s t  and 
e x i   s t i n g   f e c a l   c o l  i form  data. 
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3 MINING 

3.1 Introductlon 
M i n i n g   i n   B r i t i s h  Columbia  dates  from  the  waning  years  of  the  fur 

t rade, when the  Hudson's Bay Company mined  coal on Vancouver Is land,  The 
obvious  impacts o f   m i n i n g  on B.C.'s environment  can be t r a c e d   t o  1858, w i t h  

t h e   f i r s t   g o l d   r u s h   i n t o   t h e   I n t e r i o r .   B e g i n n i n g   a r o u n d   t h e   t u r n   o f   t h e  
century ,   lode  go ld - go1 d from  the  hard  rock o f  underground  mines - and 
s i l v e r  began t o  dominate. In   the   years   imned ia te ly   fo l low ing   Wor ld  War I, 
d i   v e r s i   f i c a t i o n  was evident  everywhere  with  copper, go1 d and 1 ead-zi nc 

deposi ts  being  mined  extensively.  A1 though  the  depression  years saw a 
renewal o f   p l a c e r  go1 d mining,  by  World War I 1  demand f o r  go1 d  gave way t o  an 

in tense  search  for  )'war'' metal s - chromium, molybdenum, mercury and tungsten. 
Fol lowing  World War I 1  the   techno logy   o f   the   indus t ry  changed profoundly .  
Bul l   dozers, power shovel s and massive  t rucks opened up an e n t i r e l y  new wor ld  
o f  open p i t  mining. The new t e c h n o l o g i e s   r e v o l u t i o n i z e d   t h e   s t r u c t u r e s   o f  
B r i t i s h  Columbia  mining, s h i f t i n g  it from an industry  dominated  by  lead and 
z i n c   t o  one dominated  by  copper  and molybdenum  (Gunn, 1978). 

Coastal  ore  bodies  have been mined i n   B r i t i s h  Columbia  since 1899, 
when the  Br i tannia  copper  mi ne was opened i n  Howe Sound. Nine  mines  with 

mar ine  d ischarges  have  operated  for   vary ing  per iods  o f   t ime  a long  the  coast  
(Figure  3.1).  

3.1  01 Mi nl ng and Metal 1 urglcal  Process. M e t a l  1 i c   d e p o s i t s   a r e  
concent ra t ions   o f   normal ly   d i f fuse   meta ls   wh ich   a re   genera l l y  bound 
chemica l l y   t o   o the r   e lemen ts   t o   f o rm  me ta l l i c   m ine ra l s .   Me ta l l i c   m ine ra l s  

are  found  interspersed  wi th  non-metal1 i c  mineral  s or   rock   ma t te r   ca l   l ed  
"gangue". The " o r e "   c o n s i s t s   o f   m e t a l l i c   m i n e r a l s  and gangue from  which one 
o r  more metal s may be e x t r a c t e d   a t  a p r o f i t .   M e t a l 1   i c   m i n e r a l  s occur as 

na t ive   meta ls  (e.g. g o l d )   o r  as  a combinat ion  o f   the  meta ls   wi th   su lphur ,  
oxygen, s i1   icon  or   o ther   e lements.  The non-metal1 i c  gangue mater ia l  s are 

usua l ly   d iscarded  in   the   t rea tment   o f   o re .  The most comnon gangue minera ls  
are  oxides  (quartz) ,   carbonates,   sul   phides and s i  1 i ca tes .  

II 
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The major  stages i n   t he   m in ing   p rocess   a re  shown i n   F i g u r e  3.2. 
Since  coastal B.C. mines do no t   re f i ne   me ta l s   bu t   sh ip   o re   concen t ra tes  
e l  sewhere fo r   f u r the r   p rocess ing ,   t he  gangue, overburden, and mine/mi l l  
ta i l ings   cons t i tuents   a re   the   ma jor   env i ronmenta l   concerns   in   coas ta l   m in ing .  
Charac ter is t i cs   o f   these  minera l   was tes   a re   g iven   in   Tab le  3.1. 

On the  average,  only  two  percent o f  o re   ex t rac ted   con ta ins   des i red  
minerals.  Examples are  copper 1.138, n i c k e l  1.41%, l ead  2.08%, and z inc  
5.11%. The remainder i s  discarded  as  waste.  Since  mines  must  process  large 

amounts o f  o re   t o   p ro f i t ab l y   ex t rac t   t he   me ta l s ,   t he   uncon f ined   d i sposa l  
(i .e. w i t h o u t   t a i l i n g s  impoundment) o f  mine  and mill t a i l i n g s  can r e s u l t   i n  

massive  discharges o f   so l   i ds   t o   t he   env i ronmen t .  

3.1.2 Control o f  Water Pollution. Both  the  federal  and p r o v i n c i a l  
governments e x e r t   r e g u l a t o r y   a u t h o r i t y   o v e r   m i n i n g   o p e r a t i o n s   i n   B r i t i s h  
Columbia. The federal   Par l iament  passed  the  "Metal   Mining  Liquid  Ef f luent 
Regulat ions"  under  the  Fisher ies  Act  i n  1977.  These r e g u l a t i o n s   a p p l y   t o  
new, expanded ( i  .e. product ion  ra te  increase  exceeding 30% o f   i t s   r e f e r e n c e  

mine  product ion  rate)  and  reopened  metal   mines  (other  than go1 d mines), and 
de f i ne  limits for   p rescr ibed  de le te r ious   subs tances   (Tab le  3.2). I n   a d d i t i o n  
t o  t hese   p resc r ibed   subs tances ,   gu ide l i nes   f o r   e f f l uen t   t ox i c i t y   a re   a l so  
included. The o b j e c t i v e   f o r   u n d i l u t e d   e f f l u e n t   i s   t h a t  no more than 50% o f  

t h e   f i s h   d i e   i n  a composite  sample w i t h i n  96 hours  ( i .e. 96 h r  LC50 = 100%). 
Mines i n  commerci a1 p r o d u c t i o n   p r i o r   t o   t h e  promul g a t i o n   o f   t h e  

regu la t i ons  and w h i c h   o p e r a t e d   f o r   a t   l e a s t  two  months o f   t h e  12  months 
p r e c e d i n g   t h i s   d a t e   a r e   n o t   s u b j e c t   t o   t h e   r e g u l a t i o n s .   G u i d e l i n e s  have  been 
prepared  for   such  mines  which  are  basical ly  the same as the   regu la t ions .  
Since a1 1 o f  the  coastal   mines i n   B r i t i s h  Col umbi a except  the K i  t sau l  t 
molybdenum m i  ne were i n   p r o d u c t i o n   p r i o r   t o   t h e   p r o m u l g a t i o n   o f   t h e s e  
regu la t i ons ,   t hey   a re   no t   sub jec t   t o   t he   f ede ra l   regu la t i ons .   I n   t he   case   o f  

t h e   K i t s a u l t  mine, s p e c i a l   r e g u l a t i o n s   e n t i t l e d   " A l i c e  Arm Ta i l i ngs   Depos i t  
Regulations''  were  passed on A p r i l  4 ,  1979, p e r m i t t i n g   t h e   d i s c h a r g e   o f  
unconfined  mine t a i l i n g s   t o   A l i c e  Arm. This  case will be discussed i n   d e t a i l  

1 a t e r  . 
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The Provincial  government regulates a1 1 aspects of mine  development 
and operation,  including environmental control. Provincial requirements 
for mining effluent discharges are  site-specific and are included i n  the 
terms of the discharge permit issued t o  the company under the  provincial 
Waste  Management  Act.  Guidance i n  setting  effluent qua l i ty  requirements for 
each permit i s  obtained from a set of "Pol 1 ut ion Control Objectives for the 
Mining, Smelting, and Related Industries of British Columbia" (Pollution 
Control  Board, 1979).  These Objectives provide for a wide  range of possible 
discharge  concentrations which  take i n t o  account the needs of a par t icular  
receiving environment (Table 3 . 3 ) .  I n  a d d i t i o n ,  water qua l i ty  objectives 
have a1 so been  devel  oped (Table 3 . 4 ) .  

Both federal and provincial  agencies are concerned w i t h  heavy 
metals, suspended solids, t o x i c i t y  and pH. The major difference between the 
two i s  the measurement of metal s. While the  federal government regulates on 
the basis of t o t a l  metals,  provincial guide1 ines and permits set  levels  for 
dissolved  metals. The provincial Waste  Management  Branch  has discretion, 
however, i n  requesting to t a l  metal monitoring as we1 1 as d i  ssol ved t o  ref1 ect 
the amount immediately available b io logica l ly .  

Levels of suspended solids i n  mine tailings discharges have n o t  
been limited t o  those described i n  Tables 3 . 2  and 3 . 3  b u t  are  rather  dealt 
w i t h  by the design and placement of o u t f a l l  s. 

The amount of tailings discharged t o  the marine  environment i s  
d i  f f  icul t t o  calculate on a province-wide basis due t o  the 1 imi ted  records of 
early mines, and the  vagaries of international market demands  which result i n  
variable mine operating  schedules. Based on the average discharge flow rates 
and t o t a l  suspended  sol ids measurement for each  mine, the approximate 
tonnages o f  t a i  1 i ngs  which  have  been discharged da i ly  by each  mine i s  given 
i n  Table 3.5 .  This table  also provides details of the mining  operations and 
t a i l i n g  characteristics. 

3.2 Physical Impacts o f  Mine Tai l ings 
E i g h t  coastal mines  have discharged t a i  1 ings t o  the marine 

environment i n  British Columbia either by direct deposition on the intertidal 
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zone o r  by submerged o u t f a l l  , w i th   o r   w i thou t   p r i o r   m ix ing   w i th   seawa te r .  
For some, environmental  condit ions  have been monitored  (Table 3.6) and 
reviewed  by E l  1 i s  and  Pol i n g  ( 1982).   Mart in ( 1985)  and  Dorcey  (1985)  have 
analysed  the  use  of  science i n  environmental management decision-making as 

a p p l i e d   t o  two o f  these. The fo l low ing   d iscuss ion   o f   phys ica l   impacts  

focuses on the  three  coastal  mines  which  have been a c t i v e   d u r i n g   t h e   l a s t  

decade: t h e   I s l a n d  Copper  Mine a t  Ruper t   I n le t ,   t he  Wesfrob  Mine a t  Tasu 

Sound, and t h e   K i t s a u l t  Mine a t   A l i c e  Arm. The physical   impacts  are comnonly 

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

t r a n s m i t t a n c e   ( u s i n g  a t r a n s m i s s o m e t e r )   o r   l i g h t   s c a t t e r   ( u s i n g  a 
nephe lometer ) .   Depos i t ion   ra tes   o f   m ine   ta i l ings  on the  sea f l o o r   a r e   a l s o  

determined  by  chemical and o the r  means. 

3.2.1 Island Copper Mi ne. Impacts  of  the  Is1  and  Copper  Mine  have 
been repo r ted   i n   Goye t te  and Nelson  (1977)  and  others, and reviewed i n  
Waldichuk  and Buchanan (1981). The environmental  assessment  process and 
agency i n t e r a c t i o n  has been reviewed  by  Mart in  (1985). 

The I s l a n d  Copper  Mine t a i l i n g s   d i s c h a r g e d   i n t o   R u p e r t   I n l e t  were 

pred ic ted   to   genera l l y   remain   be l  ow 100 metres  and  f low as a dens i t y   cu r ren t  
down the  s loping  bed o f  t h e   i n l e t   t o   s e t t l e   i n   t h e  deeper por t ions .  It was 
a l so   p red ic ted   t ha t   h igh   cu r ren t   ve loc i t i es   i n   t he   a rea   wou ld   rema in  above 60 

metres and no t   resuspend  ta i l ings   depos i ts  on t h e   f l o o r   o f   t h e   i n l e t .  To 

assess   t he   va l i d i t y   o f   t hese   p red ic t i ons ,   t he  company i n i t i a t e d  an extens ive 
mon i to r ing  program.  Elements o f  t h e   " p h y s i c a l   e f f e c t s "   p o r t i o n  o f  the 

program  are  d iv ided  into  two segments:  assessment o f  t h e   v e r t i c a l ,   s p a t i a l  

d i s t r i b u t i o n  o f  suspended m a t e r i a l   i n   t h e   w a t e r  column,  and depos i t i on   ra tes  
of   mine-der ived  mater ia ls  on the sea f loor  (Utah  Mines,  1984). The program, 
which  began i n  1971, includes  monthly  water  column  sampling  at seven s t a t i o n s  
i n  Ruper t   I n le t ,   Ho lbe rg   I n le t  and  Quatsino Sound. Water  samples are 
c o l l e c t e d   a t  1, 5, and 30 m depths and a t  a designated  above-bottom  depth  for 

tempera ture ,   sa l in i t y  and t u r b i d i t y   d e t e r m i n a t i o n s .   T u r b i d i t y   i s   a l s o  
measured q u a r t e r l y  a t  a l l   s tandard   sampl ing   depths   a t   th ree   s ta t ions ;  and 
dur ing  a detai led  survey  conducted  each September,  temperature,  sal i n i  t y  and 

t u r b i d i t y   a r e  measured a t   a l l  seven s t a t i o n s  and a l l  standard  sampling 
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IL 
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TABLE 3.6 SUMMARY OF COMPANY RECEIVING WATER  MONITORING  PROGRAMS AT B.C. 
COASTAL MINES ( E l  1 i s  and  Pol  ing, 1982) 

M I N E  

I s l a n d  Copper 

K i  t sau l  t 

Wesfrob 

B r i t a n n i a  

Jordan  River 

Texada 

Toquart Bay 

Yreka 

FREQUENCY 

Regular ,   var iab le  per iods 

Regul a r  , var iab le   pe r iods  

I r r e g u l   a r  

" 

Regular 

I r r e g u l a r  

I r r e g u l a r   a f t e r   c l o s u r e  

None 

KEY TO RECEIVING AREA MONITORING COMPONENTS 

COMPONENTS (See  Key) 

All l i s t e d  components 

A1 1  1 i s t e d  components 

a,  d, f, h, j, m, n 

none du r ing   ope ra t i on  

a,  b, d, f, h, j, m, n 

no in fo rmat ion   ava i  1 ab le  

f ,  m 

None 

a. 
b. 
C. 

d. 
e. 
f. 
9. 
h. 
i. 

j. 
k. 
1. 
m. 
n. 

Ta i l ings   d ischarge  ra tes  and  chemical  analyses 
Acute Bioassays (LDsos, e t c . )  
Other  b ioassays  ( long  term i n   s i t u ,   e t c . )  
T u r b i d i t y  (suspended  sol  ids,  etc. ) - ambient  1  eve1 s 
Dens i ty   Cur ren t   ( ta i l ings   p lume)  
Tai l ing  deposi t ion  (cor ing,   bathymetry ,   chemical  , mechanical,   etc.) 
Physical   oceanography  (current  measures,   strat i f icat ion,   etc.)  
Chemical  oceanography ( t race   meta l  s, d i  ssol ved  oxygen , n u t r i e n t s  , etc .  ) 
B i o l o g i c a l  oceanography (pr imary  product ion,   phytoplankton,   ch lorophyl l  , 
zoopl ank ton, i chthyopl  ankton , etc.  ) 
Benthos  (stock:s  and  dynamics) 
S h e l l f i s h   ( s t a c k s  and  dynamics) 
Fish  and wil d l  i f e   ( s t o c k s  and  dynamics) 
Shore1 i ne ( stocks and  dynamics 1 
Trace  metal   b ioaccumulat ion  and  biomagnif icat ion 



- 108 - 

depths.  During  the  detai 1 ed  survey,  gravimetr ic  determinat ions  of  suspended 

sediments  are  a lso  taken  ( Ib id,   1984).  
The bottom  sediment  monitor ing  program  includes  direct  measurement 

of  sediment  deposition and  mapping o f   t h e   t a i l i n g s   d i s t r i b u t i o n  on the  bottom 

using  v isual   (sediment  core<),   chemical   (annual   heavy  metal   d istr ibut ions) 

and sonic  (b iannual  echo  sounder)  techniques. " I n   s i   t u  sediment sampl i n g  was 
i n i t i a t e d   i n  1976 i n  shal low  waters   ( i .e .   less  than 20 m) t o  measure the 

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

Rupert-Hol  berg-Quatsino system. 
D u r i n g   t h e   f i r s t  two  years o f  mine  operation, some surface 

t u r b i d i t y  was observed  immediately  offshore  from  the  waste  rock dump i n  
Ruper t   In le t .   Th is  was a t t r i b u t e d   t o   t h e   e f f e c t s   o f  wave ac t i on   a long   t he  
shore l ines  o f   the  waste dump and t o   d i r e c t  dumping  of  waste  rock  material 
into the inlet. ' 

Studies  conducted  between 1973  and  1976 by the  Environmental 
Protect ion  Serv ice  (Goyet te  and  Nelson,  1977) us ing  aer ia l   photography 
concl uded t h a t   s u r f a c e   t u r b i d i t y   p a t t e r n s  were n o t   c o n s i s t e n t   w i t h   t h e  
p r e d i c t i o n s   o f   t a i l i n g s   b e h a v i o u r  made by  the company. Photographs  taken 

d u r i n g   t h e   l a t t e r   p a r t   o f  a f lood   t ide   con f i rmed  sur face   tu rb id i ty   th roughout  
R u p e r t   I n l e t  and Quatsino  Narrows and i n   p o r t i o n s   o f   H o l b e r g   I n l e t  and 

Quats ino Sound ex tend ing   t o   t he   wes te rn   t i p   o f   D rake   I s land ,  some 17 km from 
the  mine  s i te .  The area  around  Hankin  Point ,   the  mouth  of   Rupert   In let  and 

the  nor thern  ent rance  to   Quats ino  Narrows were the  most   a f fected,   wi th   the 
i n t e n s i t y  o f  s u r f a c e   t u r b i d i t y   d e c l  i ning  towards  the  mine  s i te ,   except   for  

waters  immediately  adjacent  to  the  waste  rock dump. This   t rend  cont inued 
through 1977 , when sate1 1 i t e  images  by EPS showed the same d i s t r i b u t i o n   o f  
su r face   t u rb id i t y ,   w i th   t he   h ighes t   dens i t y   nea r   t he  mine s i t e  and i n s i d e   t h e  

s i 1  1 a t   Q u a t s i n o  Narrows.  Subsurface  turbidi ty,  as measured us ing  
t ransmissometer   p ro f i les   (an   ins t rument   tha t  measures l i g h t   a t t e n u a t i o n  due 
t o   t u r b i d i t y )  , had devel  oped  throughout  most  of  Rupert  In1 e t  by 1973 , w i t h  
transmittance  sharply  lowered  below a depth o f  40 metres.  Transmittance a t  

f o u r   s t a t i o n s   i n   R u p e r t   I n l e t   a t   d e p t h s   g r e a t e r   t h a n  50 m was c o n s i s t e n t l y  
lower  than  the  corresponding  depths  at  a s i t e   i n  Ho l   be rg   I n le t .   Ana lys i s   o f  

p a r t i c l e s   s i z e   c o l l   e c t e d   i n   w a t e r  samples during  the  transmi  ssometry  prof i  1 es 
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suggested  that  silt and c l a y   f r a c t i o n s   s i m i l a r   t o   t h o s e  found i n   t h e   I s l a n d  
Copper Mill e f f l u e n t  would  remain  suspended by v e r y   s l i g h t  ( <  1.98  cm.sec-1) 

cur ren t   ve l  oc i ti e!;. 
Goyette and Ne1 son ( i b i d )   c o n c l u d e d   t h a t   " t u r b i d i t y   c l o u d s "  

appearing a t   t h e  mouth o f   Ruper t   In le t   resu l ted   f rom  resuspens ion   o f   benth ic  

ta i l ings  deposi ts   near   Hankin  Point ,  due to   t i da l   cu r ren ts   f rom  Qua ts ino  

Narrows.  This  observation was strengthened by n o t i n g   t h a t   s u r f a c e   t u r b i d i t y  
a t  the mouth o f   R u p e r t   I n l e t   d i d   n o t   o c c u r   u n t i l   b e n t h i c   d e p o s i t s  had reached 
the  area o f f  Hank.in  Point. 

The d i s t r i b u t i o n   o f  mine  sediments on the  bottom was inves t i ga ted  

by Goyette and  Nelson ( i b i d )  between  1971  and 1974 based on v i sua l  
observat ions o f  Ponar  grab  samples. The data shows t h a t   t a i l   i n g s  had 

extended  past  Thorp  Point i n  Holberg  In le t ,   approx imate ly  11 km from  the  mine 
s i t e   b u t  had no t   en tered   Quats ino  Sound. F igures 3.3-3.6 show the  

p r o g r e s s i o n   o f   t a i l i n g s   d i s t r i b u t i o n   d u r i n g  1971-1974. During  these same 
studies,  SCUBA div ing  observat ions  noted  that   the  total   area  of   mine  sediment 
deposi t ion  extended we1 1 beyond t h a t  shown by the  Ponar  grab  sampling  and 
para1 le led   t he   su r face   t u rb id i t y   no ted   i n   t he   ae r ia l   pho tog raphs .  The 
authors  concluded  that  the  total  area  of  mine  sediment  deposit ion  represented 
approximately 3846 hec tares ,   w i th   the   th ickness   o f  mine  sediment  deposits 
rang ing   f rom  "1   igh t   to  heavy". 

I n  March o f  1978, fo l   lowing  concerns  about  the sea d i sposa l   o f  mine 
t a i l i n g s   r a i s e d   a t   t h e   B r i t i s h  Columbia Po l l u t i on   Con t ro l   Board   I nqu i r y   i n to  

the   Min ing ,   M ine   Mi l l ing  and S m e l t i n g  I n d u s t r i e s  of B r i t i s h  Columbia, a 
fede ra l -p rov inc ia l   rev iew   o f   t he   I s land  Copper mine  operation was i n i t i a t e d .  
The review was t o  dea l   w i th   (a )   t he   d i sposa l   pa t te rn   o f   t a i l i ngs   f rom Utah 
Mines i n t o   R u p e r t   I n l e t  and (b)  the  environmental  change  which was tak ing  

place, and i t s   s i g n i f i c a n c e .  The r e p o r t  was pub1 i s h e d   i n  1980 (Waldichuk and 

Buchanan, 1980). 
The review  concluded  that   the ob1 i t e r a t i v e   e f f e c t s   o f   t h e   d i s c h a r g e  

on the  bottom o f  the  Rupert-Hol   berg  In let   system was occur ing as o r i g i n a l  l y  

an t ic ipa ted ,  and  wou ld   eventua l l y   resu l t   in   approx imate ly  10% o f  the volume 

o f   t h e  system  being fill ed i n   d u r i n g   t h e  1 i f e   o f   t h e  mine.  However, the 

resuspension o f   t a i l i n g s  by t i d a l   t u r b u l e n c e  and u p w e l l i n g   a t   t h e   j u n c t i o n   o f  
Rupert and Ho lbe rg   i n le t s  was no t   an t ic ipa ted   dur ing   the   p lann ing   p rocess   fo r  
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t h e   t a i l   i n g s   d i s p o s a l  system. The mechanism o f   t h e  mine t a i l i n g   d i s p o s a l  and 
t h e   e v o l u t i o n   o f  submarine  channel  systems i n   t h e   R u p e r t   I n l e t  mine t a i l i n g  
depos i t  has  been s tud ied  by Hay (1982)  and has provided some i n s i g h t   i n t o   t h e  
u n a n t i c i p a t e d   t u r b i d i t y  problems. The f o r m a t i o n   o f  submarine  channels 
reduces  the 1 a t e r a l   d i v e r g e n c e   o f   t h e   t a i  1 ings   thereby   ma in ta in ing   the  

v e l o c i t y  and  excess dens i ty   o f   the   con t inuous   f low  to   g rea ter   d is tances  and 

depths.   Mater ia l  can  be c a r r i e d   t o  even grea ter   d is tances   a long  the   f loor   o f  

t h e   i n l e t  by " su rge - t ype   t u rb id i t y   cu r ren ts " .  These a r i s e  when the  channel 
levees,  which  are  unstable,  slump  or  fai 1 . T h i s   i n   t u r n   r e d u c e s   t h e   a r e a l  

ex ten t   o f   depos i t i on   i n   t he   nea r -ou t fa l l   a rea .  However, the  presence  of a 
channel i n  R u p e r t   I n l e t  means h ighe r   ra tes   o f   t ranspor t   t o   t he   Hank in   Po in t  
area, where the   ma te r ia l  can  then be resuspended  and  brought to   the   sur face  
by the   in tense  tu rbu lence  genera ted   by   the   t ida l   je t   dur ing   annua l  
rep lacement   o f  deep water. The i n t e n s i t y   o f   s u r f a c e   t u r b i d i t y   i n   t h e   H a n k i n  

P o i n t  - Quats ino  Narrows  area  undergoes  seasonal  cycles,  re1  ated i n   p a r t   t o  
t i da l   range  and i n   p a r t   t o   d e n s i t y   o f   r e s i d e n t   w a t e r   r e l a t i v e   t o   i n f l o w i n g  

seawater  (Waldichuk and  Buchanan, 1980). 
Year - to -year   f luc tua t ions   in   sur face  and subsur face   t u rb id i t y  have 

a l so  been observed  dur ing  the  mine  operat ion  to   date.  The 1983 mon i to r i ng  
program repor t   (U tah  Mines  Ltd.,  1984)  summarized  suspended s o l i d s ,   t u r b i d i t y  

and t ransmi t tance  da ta   fo r   Ruper t   In le t ,  Hol b e r g   I n l e t  and Quatsino Sound f o r  
1971-1983. Quats ino  Sound had the   lowest   leve l  s o f   f i x e d  suspended s o l   i d s  
f o l l  owed  by Hol b e r g   I n l e t  and Rupert   In le t .  By comparing  annual mean l e v e l  s 

o f   f i x e d  suspended so l   i ds   f rom  a l l   s ta t i ons ,   t he   repo r t   conc luded   tha t   t he  
loadings i n  R u p e r t   I n l e t  had  remained "more o r   l ess   cons i s ten t "   s ince  1978. 
Annual mean t u r b i d i t y ,  as  measured  by  nephelometer  (an  instrument  that 
measures l i g h t   r e f l e c t e d   f r o m   p a r t i c l e s   i n   t h e   w a t e r ) ,   i n   t h e   t h r e e   i n l e t s  
du r ing  1983 rema ined   s im i la r   t o   t hose   l eve l s   obse rved   i n   t he   p rev ious   s i x  
y e a r s ,   w i t h   t u r b i d i t i e s   a t  5 m b e i n g   h i g h e s t   i n   R u p e r t   I n l e t   f o l l o w e d   b y  
Quatsino Sound and  Hol b e r g   I n l e t .  A t  t he  30 m d e p t h ,   t u r b i d i t y   l e v e l  s have 

g e n e r a l l y   p a r a l l e l e d   t h e   f i x e d  suspended so l   ids   da ta   s ince   the   beg inn ing   o f  
the  mine  operati fon.  Transmittance  data  indicates  the  presence  of  the 

t a i l i n g s   c l o u d   a t   a p p r o x i m a t e l y  50 m depth o f f   t h e   o u t f a l l .   S t u d i e s  

conducted  by EPS i n  1981  (summarized  by  Harding,  1983) showed  a we1 1 mixed 
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water   co lumn  wi th   s l   ight   to   moderate  turb id i ty   f rom  sur face  to  40-55 meters 

and moderate t o  heavy t u r b i d i t y  from 40-55 meters to   the   bo t tom.  
The f l  u c t u a t i o n   i n   s u r f a c e   t u r b i d i t y   i s  a1 so r e f l e c t e d   i n   t h e  

sedimentat ion  rates measured  by the  company a t  Hankin  Point .  The grea tes t  

ra te   o f   sed imenta t ion   occurs   dur ing  summer months and  has increased  s lowly  

between 1979  and  1982, as  demonstrated i n   F i g u r e  3.7.  The decrease  observed 

i n  1983 was presumed t o  be due t o  oceanographic  processes.  Very l i t t l e  
i n f o r m a t i o n   i s   a v a i l a b l e  on t h e   d e p t h   o f   t a i l i n g s   d e p o s i t s   i n   t h e   i n t e r t i d a l  

area a t  Hankin  Point ,  a1 though Mal dichuk and  Buchanan (1980)  reported 
deposi ts  as much as 25 cm deep i n   J u l y  1978  on  a ra ther   coarse  natura l  
subst rate.   Sedimentat ion  ra tes  a t   three  o ther   s ta t ions were s u b s t a n t i a l l y  
1  ower ( <  3%) than  the  ra tes  recorded  a t   Hankin  Point .  

By 1981 t a i l i n g s  had moved w e l l   i n t o   Q u a t s i n o  Sound, H o l b e r g   I n l e t  

and Neroutsos  In let ,   based on copper  content  of  sediment,  (Utah  Mines 
Limited,  1984) a s .  shown i n   F i g u r e  3.8.  The d i s t r i b u t i o n  o f  mine-derived 
sediment, as determined  by  v isual   observat ion  of   the  cores,  was unchanged 
from 1982 (Utah  Mines  Ltd.,  1984). The 1983 echo  sounder  survey  provided 

s t rong  ev idence  that  a major slump o f   d e p o s i t e d   t a i l i n g s   o c c u r r e d   i n   t h e  
r e g i o n   o f   t h e   o u t f a l l  and r e s u l t e d   i n   t h e   t r a n s p o r t   o f  a very   la rge   quant i t y  
o f  ma te r ia l  down t h e   a x i s   o f   R u p e r t   I n l e t ,   c o m i n g   t o   r e s t   i n   t h e   H a n k i n   P o i n t  
region. The d e p t h   o f   t a i  1 i n g s   i n   R u p e r t   I n l e t  has  been est imated by 

comparing  pre-operat ional   bathymetry  data  wi th new i n f o r m a t i o n   c o l l e c t e d  by 
the  Canadian  Hydrographic  Service i n  1982. With  the  except ion o f  the  waste 

rock  area,  the  greatest  accumulations were  observed in   the   Hank in   Po in t   a rea ,  
w i t h  maximum depths o f  30-35 m. The mean t a i l i n g s   a c c u m u l a t i o n   r a t e   i n   t h e  

t r o u g h   o f   R u p e r t   I n l e t   i s   e s t i m a t e d   t o  be 0.15 m per  month, which  would 
r e s u l t   i n  a f i n a l   d e p t h   o f   t a i l i n g s  o f  46 m, assuming  present  production 
r a t e s   ( i b i d ,  1984). Between 1971  and 1985,  185 m i l l i o n  tonnes o f  t a i l i n g s  
have been discharged  by  the  mine (D. Goyette,  pers. comm. 

I n t e r t i d a l  sediments  are  not   co l lected  by  the  mine  for   meta l  
analysis.   Goyette and Ne1 son  (1977  found  high  (689  ug.g-l)  copper  level s i n  
H a n k i n   P o i n t   i n t e r t i d a l   s e d i m e n t s   r e l a t i v e   t o   T h o r p   P o i n t   i n   H o l b e r g   I n l e t  
(62  ug-g-1)  dur ing a  1975 study,  confirming  the  resuspension and redepos i t ion  

o f   t a i  1 i ngs  a1 ong the  foreshore. 
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302.2 Wesfrob - Wine. The Wesfrob mine d i s c h a r g e d   t a i l i n g s   i n t o  Tasu 
Sound, l o c a t e d  on the  west  coast  of  Moresby Island,  the  southernmost of the 
two  main I s l a n d s   o f   t h e  Queen C h a r l o t t e  group. P r i o r   t o  1977, the mine 
d ischarged  ta i  1 ings  across  the  foreshore  from  two mil 1 c i r c u i t s   ( p e l   l e t  and 

s i n t e r ) .   I n   J a n u a r y  1977 t h e   s i n t e r   c i r c u i t  was terminated and t h e   p e l l e t  

c i r c u i t   t a i  1 i ngs  were d i v e r t e d   t o  a new submarine o u t f a l l .  

Between  1970  and  1974 the  mine  undertook a voluntary  environmental  
assessment pr0gra.m. Dur ing   th is   per iod ,   the  embayment between  Horne I s l a n d  
and  Gowing Is land,   which  received  the  sur face-d ischarged  ta i l ings,  showed 

va r ious   e f fec ts ,   i nc lud ing  smothered in ter t ida l   populat ions,   impover ishment  
o f   s e t t l   i n g  1 a rva l   popu la t ions  and de tec tab le  changes i n  some water  qual i ty  

parameters.  Tai 1 i ngs  were shown t o  be present  around  the edge of  the 
discharge embayment, w i t h  some d i spe rs ion   ou ts ide   t he  embayment as i n d i c a t e d  

by  sediment  cores  (El 1 i s ,  1975). 

Dur ing June 1977, EPS assessed  the  environmental  effects  of  the new 
d ischarge  (Bro thers ,   1978) .   T ransmi t tance  p ro f i les   de tec ted   tu rb id i ty  
approximately 500 m f r o m   t h e   o u t f a l l   a t  25-35 m depth, and v i s u a l l y  a t  the 
surface  over a somewhat g rea ter  (1.5 km) radius.  Based on observations  from 
loca l   res iden ts ,   t he   a rea   a f fec ted  by v i sua l   t u rb id i t y   repo r ted l y   i nc reased  
s i n c e   t h e   i n s t a l l a t i o n  o f  t h e   o u t f a l l .  It was p o s t u l a t e d   t h i s   e f f e c t  was due 
to   t he   en t ra inmen t   o f  air i n  t h e   t a i l i n g s   e f f l u e n t  and resul tant   buoyant  
e f f e c t  on the plume. F igure  3.9 dep ic ts   the   v isua l   ev idence  o f   the  

d i  scharge. 
Harding  (1983)  has  sumnarized  the  resul ts  of  a  1982 EPS study  which 

concl uded t h e   t u r b i d i t y   p a t t e r n  rema ined   s im i la r ,   w i th   ve ry   c lea r   wa te r   a t  
a l l   s t a t i o n s   e x c e p t   f o r   h i g h   s u r f a c e   t u r b i d i t y   v e r y   n e a r  (0.5 km) t h e  mill. 
T a i l i n g s   d i s t r i b u t i o n   i n   t h e   s e d i m e n t s  was n o t   c l e a r l y   d e l i n e a t e d  by  Brothers 
(1978) a1 though  elevated  copper 1 eve1 s (approx. 3.5 times  background)  were 

detected 2.3 km from  the  foreshore  discharge.  Sedimentary  zinc and i r o n  
concent ra t ions   fo l lowed a s i m i l a r   d i s t r i b u t i o n   p a t t e r n  as f o r  copper, b u t  on 
a reduced  scale. I n  1982  (Harding, 1983) t h e   t a i l i n g s   d i s t r i b u t i o n  was 
c l a r i f i e d   t o   e x t e n d   t o   t h e   f a r  end o f  a  deep bas in  up the  main  in1  e t ,   but   not  
up the two s ide   i n1   e t s   w i th   sha l l ower   s i1  1 s. The seaward e x t e n t   o f   t h e  

t a i l i n g s  was not  determined.  Figure 3.10  shows t h e   t a i l i n g s   d i s t r i b u t i o n  
p r i o r   t o   c l o s u r e   o f   t h e  mine i n  1983. 
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3.2.3 K i t s a u l  t Mine. A l i c e  A r m  has  been t h e   s u b j e c t   o f  a  number of 
s t u d i e s   b o t h   p r i o r   t o  and d u r i n g   t h e   o p e r a t i o n   o f   t h e   K i t s a u l t  Mine. A 

complete list o f   env i ronmen ta l   s tud ies   assoc ia ted   w i th   t h i s  mine i s  provided 

e l  sewhere  (Kay e t  a1 . , 1986). 
Considerable  co l lect ion  o f   pre-d ischarge  background  data has  been 

ca r r i ed   ou t   f o r   t he   C l imax  Molybdenum Corporat ion  (L i t t lepage,   1978)  and  by 

EPS ( S u l l   i v a n  and Brothers,  1979; Goyette  and  Christ ie,  1982a)  to  assess 
e x i s t i n g   c o n d i t i o n s  due t o   t h e  heavy m ine ra l i za t i on   o f   t he   a rea  and the 
impact  from  two abandoned  mines i n   A l i c e  and Hast ings Arms. Between  1914  and 

1936 a copper  mine and smelter  operated a t  Anyox, nea r   t he   j unc t i on   o f   A l i ce  
A r m  and Hast ings Arm. Slag  from  the  smelter was deposi ted on the  shore1 i n e  
o f  Granby Bay w h i l e   t a i l   i n g s  appear t o  have  been  impounded i n l a n d   i n  a small 
t a i l i n g  pond located  behind  the  smel ter   ad jacent   to   Hidden Creek (Goyette  and 
Chr i s t i e ,   1982a) .   I n  1967 the  community a t   K i t s a u l  t was b u i l t   t o  serve  the 
new B r i t i s h  Columbia Molybdenum Limited  Mine  near  the mouth o f  Lime  Creek, 
A l i c e  A r m  (see  F igure   3 .11) .   Ta i l ings   f rom  th is  mill, which were discharged 

d i r e c t l y   i n t o  Lime  Creek,  have  been est imated a t  about 12 m i l l i o n   t o n s   d u r i n g  
t h e   l i f e   o f   t h e  mine  (Goyette and Christ ie,   1982a).   Af ter   the  mine  ceased 
p r o d u c t i o n   i n  1972, the   p roper ty  was acquired  by C1 imax Molybdenum 
C o r p o r a t i o n   o f   B r i t i s h  Columbia  Limited,  (Lit t lepage,  1978) now  Amax o f  

Canada L td .  The K i t s a u l t  mine  began o p e r a t i o n   i n   A p r i l   I 9 8 1  and cont inued 

u n t i  1 October, 1982 when i t  c losed due t o   d e c l   i n i  ng  markets. Between  1972 
and  1981,  no ore  was mined i n   A l i c e  Arm. The studies  descr ibed i n  the 
fo l l ow ing   d i scuss ion  were  undertaken  dur ing  th is  per iod.  

Natura l   sur face   tu rb id i ty   (genera l l y   the   upper  10 m )  i n   t h e  A1 i c e  

A r m  and Hastings A r m  regions i s  due t o  g l a c i a l   f l o w  washdown by t h e   K i t s a u l t ,  
Dak, I l l i a n c e ,  Kshwan and Nass R ive rs   f rom  the   g lac ia l   f i e lds  above the 
i n l e t s .   D u r i n g   p e r i o d s   o f  heavy r u n o f f ,   r i v e r   w a t e r   i s   h e a v i l y   l a d e n   w i t h  
u l t r a - f i n e   p a r t i c l e s   w h i c h   r e m a i n  suspended i n   t h e   b r a c k i s h   w a t e r   s u r f a c e  
layer .   Th is   g ives  the  sur face  water  a m i l ky  appearance  and g r e a t l y  reduces 
1 i ght  transmission.  Transmi  ssometry  prof i 1 es showed great ly   reduced ( < 11%) 
transmit tance i n   t h e   u p p e r  2-5 m o f   t h e   w a t e r  column.  Water  below  10 m o f t e n  
exceeded 50% transmit tance  whi le  water  deeper  than 50 m occas iona l l y  exceeded 

90% o f   i ns t rumen t   l i gh t   t ransmiss ion .   Tu rb id i t y  was present   in   Observatory  
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I n l e t  where a s u r f a c e   l i g h t   t r a n s m i s s i o n   o f  20% was recorded  off  Brooke 
I s land   (L i t t l epage ,   1978) .   S im i la r   resu l t s  were obta ined  by  Sul l ivan and 

Brothers  (1979) who noted  general ly  very  c lear  water  below 5 m a t   s i t e s   i n  
A l i c e  A r m  and Hastings Arm. 

Sediment  metal  level s were  determined  by EPS (Goyette and C h r i s t i e ,  

1982a) d u r i n g   s t u d i e s   i n  1978  and  1980 of   both  sur face  (Smi th-   McIntyre  grab)  

and depth  (box  'corer)  sediment  samples. These techniques  permi  t ted an 

eva lua t i on   o f   t he   me ta l   l eve l s   resu l t i ng   f rom  the   p rev ious   m in ing   ope ra t i ons  
(core  samples)   and  ex is t ing  natura l   leve ls   (sur face  samples) .  They concluded 
t h a t   t h e  newer, na tura l   l y -depos i   ted  A1 i c e  Arm sediments, a1 though  lower i n  
metal   concentrat ions  than  the  deeper  o lder  sediments,   had  not  completely 
covered  the  sediments  or ig inat ing  f rom  the B.C. Molybdenum operation. On the  
o the r  hand, l e v e l s   i n   t h e   s u r f a c e  sediment  near Anyox remained r e l a t i v e l y  
h igh  42 y e a r s   a f t e r  abandonment,  due to   the   con t inua l   supp ly   o f   s lag   f rom 
shore  deposits.  Metals may a l so  be con t r i bu ted   f rom  ac id  mine  drainage, as 

i t  con t inues   t o  be released  f rom  the Anyox mine s i t e  (K.  Ferguson,  pers. 

corn.).  Copper, lead,  zinc, cadmium, s i l v e r  and molybdenum showed the 
g r e a t e s t   i n c r e a s e   i n  A1 i c e  A r m  sediments  while  copper,  zinc and i r o n  
concentrat ions  near  Anyox were several   orders  of   magnitude above those i n  
A l i c e  Arm. Based on  1980 surface  sediment  metal   concentrat ions,   ta i l ings 
f rom  the B.C. Molybdenum opera t ion  were est imated  to  extend  approximately 
10 km seaward a long  the   cen t ra l   t rough  o f   A l i ce  Arm. F igure  3.12  shows the 

mean sediment leve ls   o f   var ious  meta ls   f rom  impacted and  unimpacted  areas  as 
compared t o   l e v e l s  measured i n   t h e   o r e / t a i  1 ings.  

Studies  conducted  for  C1 imax  Molybdenum a t  40 sampl ing   s i tes  showed 
z i n c   e n t e r i n g   A l i c e  A r m  i n   h i g h   c o n c e n t r a t i o n s   f r o m  Lime  Creek  and Anyox. 
A1 i c e  Arm sediments  reached  background  levels  13  to 16 km f rom  the   K i tsau l  t 

R ive r   de l   t a  and  then began t o   r i s e  as the   o ther   po in t   source ,  Anyox, was 
approached.  Molybdenum was found   to  have on ly  one source ,   o r ig ina t ing   f rom 
the Lime  Creek t a i l i n g s   d i s p o s a l ,  and  background l e v e l s  were  reached  13-15 km 
f r o m   t h e   d e l t a .   I n t e r t i d a l   d i s t r i b u t i o n   o f   z i n c  and molybdenum from more 
than 50 i n t e r t i d a l   s i t e s   i n d i c a t e d   t h e   t a i l i n g s   f r o m   t h e  B.C. Molybdenum 
opera t ion  had  extended  seaward i n  sur face  waters   to  a  maximum o f  about 11 km 

( L i  ttl epage, 197811. 
I n   A p r i l   1 9 8 1   t h e  Amax K i t s a u l t   m i n e   b e g a n   d i s c h a r g i n g  

approximately 15,000  m3.day-1 o f   t a i l   i n g s   t h r o u g h  a nearshore submerged 
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o u t f a l l   a t  a depth  o f  50 metres. The t a i l i n g s  were  mixed w i t h  seawater p r i o r  
t o   d i s c h a r g e   t o   f a c i l i t a t e   r a p i d   s e t t l i n g  and  prevent  the plume from 

sur fac ing.  The t a i l i n g s   e f f l u e n t  f rom  the   K i t sau l t  mine comes under  special 
Federa l   regu la t ions   (A l i ce  A r m  Tai l ings  Disposal   Regulat ions - AATDR) which 

were promulgated i n   A p r i l ,  1979.  These regu la t i ons   requ i re   t ha t :  

t h e   s o l i d   p o r t i o n   o f   t h e   t a i l i n g s  do not  extend down A1 i c e  A r m  beyond Hans 

Po in t  and are  not   deposi ted on the   es tuar ies  o f  the   I11   iance  o r   K i tsau l  t 

R i v e r s   o r   a t  a depth o f  1 ess  than 100 m except a t   the   d ischarge  po in t ,  
where they  must  remain  below 50 m deep. 
s o l i d   t a i l i n g s   p a r t i c l e s  do no t   remain   in   suspens ion   in   the   waters   o f   A l i ce  

Arm above  a depth of 100 m, except a t   t he   d i scha rge   po in t ,  where they  must 
remain  below 50 m. 
d issolved  metal   concentrat ions  for   arsenic,   copper,   lead,  n ickel ,   z inc 
radium226  and cadmium do no t  exceed p resc r ibed   l eve l  s. 
the  96-hr LC50 := 100%. 

To ensulre tha t   the   requ i rements   o f   the   regu la t ions  were being met, 

both  the  federal  government and the company conducted  extensive  monitor ing 
programs. 

The beh(aviour o f   t h e   t a i l i n g s  plume i n  A1 i c e  A r m  was monitored by 

t h e . m i l 1   t h r o u g h   m o n t h l y   p r o f i l i n g   o f   s t a t i o n s  shown i n  F igure 3.11  and  as 
descr ibed i n   t h e i r  annual   monitor ing  reports (Amax o f  Canada, 1981; Amax of 
Canada, 1982). The instrument  used i n  the  program, a nepholometer, was 
c a l i b r a t e d   t o  measure  suspended s o l i d s  as mg.L-l. I n   a d d i t i o n ,  EPS conducted 
ex tens ive   t ransmissometer   p ro f i l i ng   (Goyet te   e t   a l . ,   1985)   fo l low ing   the  
opening  o f   the m i  ne. Both  the company and government  data has  been reviewed 
by an independent  panel o f  e x p e r t s   r e p o r t i n g   t o   t h e   M i n i s t e r   o f   F i s h e r i e s  and 
Oceans. The i r   techn ica l  assessment  has been prepared i n  two  volumes ( B u r l   i n g  
e t  a1 ., 1981; B u r l i n g   e t  a1 . , 1983)  and will be  considered  herein  as 
representing  the  knowledge and unders tand ing   o f   t he   t a i l i ng   behav iou r  and 

ef fects   dur ing  the  mine  operat ion.  
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Soon a f t e r   t h e  comnencement o f   t h e   t a i  1 ings  d ischarge, a c loud  o f  
suspended mater ia l  began t o  appear  between  depths o f  65 and  125 m near l i n e  
BB (F igure  3.11). Suspended sediment  concentrat ions were approximately 
15 mg.L-1 i n  the  cloud,  decreasing  to  about 2 mg.L-1 o r   l e s s   w i t h i n  2.5 t o  

5 km  down i n 1   e t  and  descending t o  below 100 m depth i n  about  the same 
d i s tance .   Bu r l i ng   e t   a l .   ( i b id )   es t ima ted   t ha t   abou t  2 t o  8% o f  each day 's  

t a i  1 ings   en tered   th is   m id-depth   c loud whi  1  e the  remaining 92 t o  98% f e l l  
towards   the   bo t tom  near   the   ou t le t   o r   t rave l  1 ed down t h e   i n l e t   c l o s e   t o   t h e  

bottom. The panel   concluded  the  ta i l ings  could  be  detected i n   t h r e e  more o r  
l e s s   d i s c r e t e  components: 

the  uppermost 1 ayer as  a low  dens i ty  ( <  5 mg.L-1) mid-depth  cloud i n   t h e  

v i c i n i t y   o f   t h e   o u t f a l l   w i t h  a ce i l ing  which  s lopes  f rom 65 m depth   to  more 
than 100 m w i t h i n  a d i s t a n c e   o f  2.5 km  down i n l e t .  
as a  dense (sometimes > 100 mg.L-l)  plume  ("nepheloid  layer")  near  the 
bot tom  but  sometimes  separated down i n l e t  from  the  bottom  by a narrow zone 

o f   h igher   t ransmi t tance.  
as  a t u r b i d i t y   c u r r e n t   w h i c h   c a r r i e s   m o s t   o f   t h e   t a i l i n g s   s o l   i d s  down the  
cent ra l   t rench  toward   the   deepest   par t   o f   the   in le t ,  9 t o  10 km west o f  the 
o u t f  a1 1 . 

The ex ten t  o f  t h e   t a i l   i n g s   d e p o s i t s  was examined by EPS dur ing   the  
seven  months fo l l ow ing   s ta r t -up   (Goye t te  and C h r i s t i e ,  1982b)  through  the 
measurement o f   t r a c e   m e t a l   l e v e l  s i n  core samples.  Samples  were c o l   l e c t e d   a t  
seven s i t e s   i n  A1 i c e  Arm, two s i t e s   i n   H a s t i  ngs A r m  and  two s i tes   near  Anyox. 

Core  samples  taken  from  upper A l i c e  Arm n e a r   t h e   K i t s a u l t  mine showed two 
main  peaks i n  copper,  lead,  zinc, cadmium and molybdenum concentrat ions.  The 
upper peak, occur ing  between 0 and 30 cm, represented  f resh  deposi ts   f rom  the 
K i  t sau l  t mine  whi le  the 1 ower  peak, occu r r i ng  between 30 and 40 cm, 

rep resen ted   h i s to r i ca l   l eve l s   f rom  the   p rev ious  B.C. Molybdenum mine 
operat ion.  Cadmium showed the   mos t   s ign i f i can t  change, w i t h  maximum values 
approximately 5.5 km from  the  mine  s i te,  and taper ing  to   background  outs ide 
the   s i1  1 near Hans Po in t .  A s i m i l a r   p a t t e r n  was observed f o r  molybdenum, 

w i t h  above background  leve ls   be ing  noted  a t  a s ta t i on   app rox ima te l y  9 km from 
the mine s i t e .  
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Sediment t race   meta l   da ta   co l l   ec ted  by the  company, and  summarized 
i n   t h e i r  1983  Annual  Report (Amax o f  Canada, 1984) showed t h a t   t h e   t a i  1 i ngs  
depos i ts  were l a r g e l y   c o n f i n e d   t o   t h e  deep central   t rough,  extending down the 
c e n t r e   o f   t h e   i n ' l   e t  as f a r  as t ransec t  EE. The c u r r e n t   e x t e n t  of t a i  1 i ngs  
d e p o s i t i o n   i n   A l i c e  A r m  i s  shown i n   F i g u r e  3.13 ( B u r l i n g   e t   a l . ,  1983). The 
Panel  concluded t h a t   w i t h   t h e   e x c e p t i o n   o f  some e x c u r s i o n s   o f   t h e   t a i l i n g s  

plume  above the   dep th   se t   ou t   i n   t he  AATDR, the plume behaviour and t a i  1 i ngs  
d e p o s i t i o n   s u b s t a n t i a l l y  met  the  requirements  of  the AATDR. Notwithstanding 
t h i s   o b s e r v a t i o n ,   t h e   e x t e n t   o f   p h y s i c a l   i m p a c t   o f   t h e   t a i l i n g s   i s   l a r g e ,  
approximately  10 km down-inlet,  and f o r  some distance  eastward  towards  the 
es tua ry .   Th i s   l a t te r   impac t   re f l ec ts   t he   p resence   o f   bo th   o ld  and recent  
t a i l i n g s .  

3,204 Abandoned Mf nes Environmental   monitor ing  studies  at   most 
now-abandoned mine s i t e s  were no t   ex tens i ve   f o r  a  number o f  reasons  including 

the age o f   t h e  mine, 1 ack o f  e n v i r o n m e n t a l   l e g i s l a t i o n   a t   t h e   b e g i n n i n g   o f  
min ing  operat ions and  a general 1 ack of   environmental  awareness. One 
except ion was the  Jordan  River   Mine  operat ion  located  a t   Jordan  River  on 
Vancouver Island,  which  operated between  1960  and 1974. I n  1971,  an e f f l u e n t  

permi t  was i ssued   to   t he  mine r e q u i r i n g   t h e   i n s t a l l a t i o n   o f  an  emergency 
s p i l l   b a s i n  and  submerged o u t f a l l .  The permi t  a1 so i nc luded a requirement 
f o r  a mon i to r i ng  and surve i l lance  program  both  pre-  and p o s t - o u t f a l l  

i n s t a l  1 a t i o n .  
D u r i n g   t h e   f i r s t   y e a r   ( F e b r u a r y  1972 t o   J u l y  1973) o f   mon i to r i ng ,  

t ransmissometer   p ro f i les  showed t h e   t u r b i d i t y   f i e l d   t o  be h igh l y   va r iab le .  
Maximum o f f s h o r e   d i s t a n c e   o f   t h e   t u r b i d i t y   o c c u r r e d   a t   t h e   o u t f a l l   s i t e ,  
where the 20% transmit tance 1 imit was between 800 and  900 metres  from  the 
h i g h   t i d e  mark. The e f f l u e n t   f i e 1  d extended  along  the  shore1  ine 2700 metres 
eas t  and west o f   t h e   o u t f a l l  and t u r b i d i t y   v e r t i c a l   p r o f i l e s  showed un i fo rm 
tu rb id i t y   f rom  su r face   t o   bo t tom  a t   po in ts   nea r   t he   ou fa l l  . Sediment t r a c e  
metal 1 eve1 s d u r i n g   t h e   f i r s t   y e a r  showed v a r i a b l e  and i n c o n c l u s i v e   r e s u l   t s  

f o r  copper,  zinc and  chromium ( E l  1 i s  and L i   t t l e p a g e ,  1973) 
Subsequent  transmissometer  studies showed simi 1 a r   v a r i a b l e   t a i  1 i ngs  

dispersal  patterns.  Trace  metal s i n   i n t e r t i d a l  sediments showed elevated 
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copper and z i n c   l e v e l  s dur ing   the   mon i to r ing   p rogram  in   la te  1973 with  copper 

l e v e l  s being  approximately 30 t imes   h ighe r   t han   con t ro l   s i t es  (Sooke 
H a r b o u r ) .   I n t e r t i d a l   t a i l i n g s  were v i s i b l e   a t   t h e   o u t f a l l   s i t e .  A t  a 
subt ida l   sediment   s ta t ion  located  a t   the  out fa l l   terminus,   copper ,   z inc and 
chromium l e v e l  s were s i m i l a r   o r   l o w e r   t h a n  Sooke Harbour   con t ro l   s i tes  

(Dobrocky  Seatech,  1974) The monitoring  program was d iscont inued when the 

mine  closed i n  1974, however i t  i s  apparent   f rom  the  l imi ted  data  avai lab le 
that   the  major   phys ica l   impact  was i n   t h e   i n t e r t i d a l  area,  caused  by 
s u r f a c i n g   t a i l i n g s   e f f l u e n t  and  subsequent  re-deposi  tion. 

The d i s t r i b u t i o n   o f   t a i l i n g s  from the  Texada  Mine, l oca ted  on 

Texada I s l a n d   i n  Georgia S t r a i t ,  was examined i n  1975 by means o f  sediment 
analys is   for   copper  and z inc  (Thompson e t  a1 . , 1979 1 The s tudy   fo l  1 owed the 
c l o s u r e   o f   t h e  mine and cessa t ion   o f   t he   sho re l i ne   t a i l i ngs   d i sposa l .  Copper 
concent ra t ions   o f  up t o  1600  ug.g-l   (dry  weight)  of  sediment were found i n  
nea rsho re   s ta t i ons   w i th in  1.8 km o f   t h e   o u t f a l l  and rap id ly   decreased  wi th  
background  levels  being  observed  at  9-18 km distance.  Zinc showed no trends 
w i th   d i s tance  and i t s  presence was not  considered a f u n c t i o n   o f   t h e   t a i  1 i ngs  

d i  scharge. 
The ex ten t   o f   phys i ca l   pe r tu rba t i on   resu l t i ng   f rom  the   B r i t ann ia  

Copper Mine  shore1 i n e   t a i  1 ings   d ischarge  to  Howe Sound were s tud ied  
q u a l i t a t i v e l y   i n  1973 by means o f  underwater  v isual   observat ion  (Levings and 
McDaniel s ,  1973), and i n  1976 by EPS us ing   the  P i  sces IV submers ib le   (Petr ie  
and  Holman, 1983). The 1973 s tudy   de tec ted   tu rb id i ty  1.8 km from  the 
d i sposa l   s i t es  and v i s i b i l i t y  i n  surface  waters was less  than 1 metre. 
Vi s i   b i l  i t y  increased  rap id ly   be low 10  metres  but  then  dropped  quickly  again 
a t  250 metres,  becoming  less  than 30 cm at   the  bot tom  (270 m) . It was postu- 
1 a t e d   t h a t   t h e   t u r b i d i t y   c l o u d   r e s u l t e d  from t a i  1 i n g   d e p o s i t i o n  on the  steep 
f j o r d   w a l l s   o f  Howe Sound. Sediment  copper l e v e l s  were  found t o  decrease 
with  increasing  distance  f rom  the  mine  s i te  dur ing  studies  of   sediment  metal  

l e v e l  s by Thompson and McComas (1974)  and  Goyette  (1975). Two areas o f   h i g h  
copper t o   z i n c   r a t i o s  were  noted. The f i r s t  was d i r e c t l y   o f f   t h e  mine s i t e ,  
extending  approximately 1.5 km west o f  B r i t a n n i a  Creek, l i k e l y   t h e   r e s u l t   o f  
t he   i n te r t i da l   d i scha rge ,  and copper  level  s i n   t h e   c r e e k ,   r e s u l t i n g   f r o m   a c i d  

leaching. A second  tongue was found  running  north-south i n  the   cen t ra l  
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basin, and was t h o u g h t   t o  be t h e   r e s u l t   o f   r e d i s t r i b u t i o n   b y   c u r r e n t s .  

Copper l e v e l s  were s t i l l   h i g h  as much as 2 km o r  more from  the  mine  s i te.  

343 B i o l o g i c a l  Impacts o f  Mine Wastes 
The b io log i ca l   impac ts   o f   m ine   t a i  1 ings  d isposal  , other   than  the  

o b v i o u s   o b l i t e r a t i v e   e f f e c t s   r e s u l t i n g  from depos i t ion ,   a re   less  easy t o  

define.  Concerns  include  bioaccumulation and b iomagn i f i ca t i on   o f  heavy 

metals i n   t h e   f o o d  webs, acute and s u b l e t h a l   t o x i c i t y  of t a i l i n g s ,  changes i n  
spawning pa t te rns  and popu la t i ons   o f   commerc ia l l y   v iab le   f i she r ies  due t o  
h a b i t a t  loss and decreased  pr imary  product iv i ty   resul t ing  f rom  decreased 
l igh t   penet ra t ion .   A l though  b ioaccumula t ion   in   an ima l   t i ssues  exposed t o  
mine t a i l i n g s  has  occurred,   b iomagni f icat ion  (progress ive  increase  through 
success ive   t roph ic   leve ls )  has n o t   y e t  been documented. A v a r i e t y   o f   s t u d i e s  
have  been conducted a t   c o a s t a l  mine s i t e s  by  government  and i n d u s t r y  
i n v e s t i g a t i o n s   t o  assess   the   b io log ica l   e f fec ts   o f   m ine   ta i l ings   d isposa l .  

3.3.1 Primary  Producti  vi ty Between 1974 and 1976, the  Environmental 
Protect ion  Service  conducted a se r ies   o f   su rveys   i n   Ruper t  and Ho lbe rg   I n le t s  

t o  eva lua te   t he   e f fec ts  on 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   o f   t h e   I s l a n d  Copper 
Mine t a i l i n g s  and  waste  rock  disposal  (Sul l ivan, 1979). Determinations  of 

p r imary   p roduc t i v i t y ,   ch lo rophy l l  - a, phytoplankton  standing  crop  and  seston 
were made as were  chemical  and  physical  measurements f o r   d i s s o l  ved  oxygen, 

sa l in i ty ,   temperature,   inorganic   carbon,  pH, nut r ients ,   temperature and 
1 i g h t .  The th ree   year   s tudy   conc luded  tha t   the   sur face   tu rb id i ty  had a 
l im i ted   impac t  on phy top lank ton   p roduc t iv i t y .  The t u r b i d i t y   f i e 1  d 
o r ig ina t ing   f rom  the   was te   rock   d isposa l   a rea  was determined t o  be 

considerably  more s i g n i f i c a n t   t h a n   t h e   t a i l i n g s   d i s p o s a l   t u r b i d i t y   f i e l d   n e a r  
the  mouth o f   R u p e r t   I n l e t  i n  t e r m s   o f   e f f e c t s  on phy top lank ton   p roduc t i v i t y  

because o f   i t s  more pers is ten t   na ture .  
Is1   and  Copper   M ine   (Utah   Mines   L td . ,  1984) has  measured 

ch lo rophy l l  - a as an est imate  o f   phytoplankton  s tanding  crop  in   Ruper t  and 

Hol   berg  In1  e ts  and Quats ino Sound s ince 1971. L e v e l s   i n  each i n l e t  have 
va r ied   ove r   t ime   bu t  no consistent  temporal  changes  have been reported. 
Quats ino Sound has c o n s i s t e n t l y  had the   lowest   ch lo rophy l l  - a concentrat ions.  
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The highest  annual mean concentrat ions have  been e q u a l l y   d i s t r i b u t e d  between 

Rupert and Ho lbe rg   I n le t s .  Wal dichuk and  Buchanan (1980)  have  suggested  the 

c o n c e n t r a t i o n   o f   t a i l   i n g s   p a r t i c l e s   p r e s e n t   i n  most   par ts   o f   the   Quats ino  

Sound-Rupert-Hol  berg  system  are more  1 i k e l y   t o   s c a t t e r  1 i gh t   t han   a t tenua te  

it e f f e c t i v e l y   i n   t h e   e u p h o t i c  zone. 
Phy top lank ton   p roduc t i v i t y  was measured a t  two s i t e s   i n  Tasu Sound 

dur ing  a 1977 E P S  assessment  (Brothers,  1978) o f   t h e  Wesfrob  Mine.  Although 
the  chemical and phys ica l   parameters   a f fec t ing   p roduc t iv i t y  were s i m i l a r   a t  
b o t h   t e s t  and c o n t r o l   s i t e s ,   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   a t   t h e   t e s t   s i t e   a t  
Horn I s l a n d  was approx imate ly   1 /10   tha t   o f   the   con t ro l   s i te ,   approx imate ly  
3.5 km from  the  discharge  point. 

L i t t l epage   (1978)   repo r ted   p r imary   p roduc t i on   i n   A l i ce  A r m  occured 
w i th in   the   upper  10 t o  20 me t res   du r ing   s tud ies   i n  1974  and 1975. 
Chlorophyl l   concentrat ions  were  detected up t o  30 metres deep. The 
measurement o f   p r i m a r y   p r o d u c t i v i t y  was n o t   i n c o r p o r a t e d   i n t o   t h e  
environmental   monitor ing  program  for   the Amax ( K i  t s a u l   t )  mine  since  the 

t a i l i n g s   d i s p o s a l   o u t f a l l  system was designed t o  k e e p   t h e   t u r b i d i t y   c l o u d   a t  

depth,  beneath  the  euphotic zone. 

3.3.2 TOXiCfty*  During  the  development  of   federal   regulat ions and 
g u i d e l i n e s   f o r   m e t a l   m i n i n g   l i q u i d   e f f l u e n t s ,  28 mines i n   B r i t i s h  Columbia 

were  surveyed t o  assess t h e i r   e f f l u e n t   c h e m i s t r y  and a c u t e   t o x i c i t y  (Hoos  and 
Holman, 1973). The 96 hour LT50 ( t i m e   t o   d e a t h   o f  50 percent   o f   the  
organisms)  resul t s   f o r   t h e   c o a s t a l  mines  are  given i n  Tab1 e 3.7. None o f   t h e  
raw t a i l i n g s  samples c rea ted   acu te   t ox i c i t y   pa t te rns  when t e s t e d   a t   n e u t r a l  
pH d e s p i t e   t h e   h i g h   c o n c e n t r a t i o n   o f   t o t a l  heavy  metals. The survey 
determined  that ,   a t   the  four   in land  mines  hav ing  tox ic   e f f luents ,   the 
t o x i c i t y  was a t t r i b u t a b l e  i n  whole o r  i n  p a r t  t o  t h e   e f f e c t s   o f   d i s s o l v e d  
copper,  zinc  and/or 1 ead. 

Month ly   b ioassays  o f   Is land Copper  Mine t a i l i n g s   e f f l u e n t  show i t  

t o  be s u b s t a n t i a l l y   w i t h i n   f e d e r a l  and prov inc ia l   requi rements,   wi th   the 
m a j o r i t y   o f  samples being  non- tox ic   ( i .e .  96 hour LC50 > 100%).  Simi lar  
r e s u l t s  have  been observed  wi th  the Amax ( K i t s a u l  t) e f f l u e n t .  It i s   e v i d e n t  

there fore   tha t   neut ra l   i zed   mine   ta i l ings   d ischarges   o f   these mines  are  not 
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normal ly   acu te ly   tox ic   to   s tandard   tes t   spec ies .   Th is   i s   undoubted ly  due t o  
the  geochemical   propert ies  of   these  mines  which  retain  potent ia l ly   toxic 
t r a c e   m e t a l s   i n   m i n e r a l   l a t t i c e s ,   n o t   r e a d i l y   d i s s o c i a b l e ,   p a r t i c u l a r l y   i n  
highly  buffered  seawater  (McGreer e t   a l . ,   1 9 8 0 ) .   T h i s   i s   i n   c o n t r a s t   t o  

mines 1 ocated  e l  sewhere i n   t h e   w o r l d  where h i g h   l e v e l  s o f   d i s s o l  ved  metal s 
t h a t  may be t o x i c  can be found i n  marine  systems  (McGreer , i b i   d )  . 
TABLE 3.7  96 HOUR LT5 BIOASSAY RESULTS FOR MINE TAILINGS (Hoos and 

Hol man, 1973 P 
MINE 

B r i t a n n i a  

Jordan  River 
Texada Mi ne 
Wesfrob M i  ne 
Utah  Mine 

SAMPLING POINT 

discharge  from mill 
discharge  f rom 

scavenger f l o t a t i o n  
discharge  from  precip- 

i t a t i o n   p l a n t 1  
raw t a i  1 i ngs 
r a w  t a i  1 ings  
raw t a i  1 i ngs 
raw t a i  1 ings  

* sample n e u t r a l i z e d   p r i o r   t o   b i o a s s a y  
1 t reated  ac id   mine  dra inage 

INITIAL 
SAMPL I NG pH 

8.2 

7.8* 

4.2 
7.0" 
7.8 
7.9* 

10.2 
7.5 

L SURVIVAL 
(96 h r )  

100 

100 

0 
100 
100 
100 
0 

60 

> 96 h r  

96 h r  

7.0-9.4 h r  
> 96 h r  

96 h r  
96 h r  
24 h r  
96 h r  

3.3.3 Trace Metal s. T h e   b i o a c c u m u l a t i o n   a n d   s u b s e q u e n t  
b iomagni f icat ion  o f   contaminants   in   the  food  chain  are  ear ly   warn ings  o f  

po ten t i a l   eco log i ca l  damage and human health  concerns. A1 though  there i s  
ev idence  o f   b ioaccumula t ion   o f   cer ta in   t race   meta ls   f rom mine t a i l i n g s   i n  
ce r ta in   spec ies ,   t he re   i s  no ev idence   o f   b iomagn i f i ca t i on   i n   l oca l   f ood  webs. 

On a wor ld-wide  scale  evidence  of   general   b iomagnif icat ion  in  the  environment 
has  been shown w i th   mercu ry   i n  a re la t ive ly   shor t   food  chain  (Bryan,   1980) .  

The a v a i l a b i l  i ty o f   meta l  s t o   b i o t a  depends  upon  numerous phys ica l  
and b i o l o g i c a l   f a c t o r s .   G e n e r a l l y ,   m e t a l s   i n   t h e   s o l i d  phase are   thought   to  
be s t a b l e   a n d   n o t   b i o l o g i c a l l y   a v a i l a b l e ;   t h a t   i s ,   t h e y   a r e   n o t   i n   t h e  
dissolved  form.  According  to  Pol   ing  (1982)  the  maintenance  of   s l   ight ly  basic 

Y 

(It 
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pH c o n d i t i o n s   i n  seawater  general ly enhances the  long- term  s tab i  1 i t y  of heavy 
meta l   so l ids  in   the  sediments.  However, under su i tab le   cond i t ions ,   wh ich   a re  

n o t  a lways  complete ly   understood,   meta ls   are  re turned  to   the  over ly ing  water  
f o l l o w i n g   r e m o b i l i z a t i o n  and  upward d i f f u s i o n .  As a resul t ,   contaminated 

sediments may p e r s i s t  as sources o f  m e t a l s ,   p a r t i c u l a r l y  t o  bottom  feeders 

and pe l   ag ic   f i sh .  Many mon i to r i ng  programs and exper imental   studies have 

the re fo re  been designed t o  measure metal   content i n  sediments and res iden t  

biota.   Other  programs  also  include  the measurement o f   d i s s o l v e d   m e t a l s   i n  
the  water  column. 

One method o f   de te rm in ing   t he   b io log i ca l   ava i  1 ab i  1 i ty o f   t a i  1 i n g s  - 
de r i ved   d i sso l ved   me ta l s   t o  examine the   l each ing   o f  such metals i n  seawater. 

Goyette and C h r i   s t i e  (1982b)  have r e p o r t e d   v i r t u a l l y  no leaching  o f   meta ls  
wi th  seawater  f rom  short   term  tests  conducted on K i t s a u l  t t a i l i n g s .  

Wal dichuk and  Buchanan (1980)  have  reported  that   leaching  exper iments on 
I s l a n d  Copper  Mine t a i l i n g s  have n o t  shown increases i n   i r o n ,   c o p p e r   o r  

molybdenum i n  supernatant  seawater. However,  manganese l e v e l s   d i d  show a 
15- fo ld   increase.  Chemical  and/or b a c t e r i a l   l e a c h i n g  o f  Anyox s l a g   i s  
pos tu la ted  due t o   t o x i c i t y   t o   t e s t   f i s h  (100% m o r t a l i t y   i n  24-48 hours) i n  a 
s tat ic   f reshwater   b ioassay ( D .  Goyette,  pers.  corn. ) .  

There is l i t t l e   p u b l i s h e d   i n f o r m a t i o n  on me ta l   concen t ra t i ons   i n  
t h e   i n t e r s t i t i a l   w a t e r   o f   t a i l i n g s   d e p o s i t s   o r   t h e   w a t e r   i m m e d i a t e l y  

over ly ing  sediments.   Is land Copper  Mine  has  measured  copper, molybdenum  and 
manganese a t  seven water sampl i n g   s t a t i o n s  (1, 5, 30 m and bottom)  monthly 
s ince  1971. Mercury i s  a1 so analysed  year ly .  The company  a1 so c o l l e c t s  
seawater  from  four  zooplankton  sampling  stat ions  from 15 m, 30 m and  a 
des ignated  bot tom  depth  for   d isso lved and p a r t i c u l a t e  copper, manganese, z inc 
and arsen ic   ana lys is .  The resu l t s   f rom  the  company's 1983 monitoring  program 

sumnary (Utah  Mines  Ltd.,  1984) show d isso lved  meta l   leve ls   genera l l y   we l l  
bel  ow those  recognized  to  be p o t e n t i a l  l y  hazardous t o  marine 1 i f e   ( T a b l e  
3.8). Rupert and H o l b e r g   I n l e t s  have higher  annual mean dissolved  copper and 
manganese concentrat ions  than  Quats i  no  Sound, whi 1 e d i   s s o l  ved molybdenum 

concent ra t ions  have genera l l y  been h i g h e s t   i n   Q u a t s i n o  Sound.  The  company 
concludes  that   long- term  consis tent  changes are  not   developing. 
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TABLE 3.8 DISSOLVED  METAL  LEVELS I N  HOLBERG INLET, RUPERT INLET AND 
QUATSINO SOUND, 1971-1983 (Utah  Mines  Ltd.,  1984) 

METAL 
(ug.L-1) 

Copper 
Manganese 
Molybdenum 
Zinc 
A r s e n i c   ( t o t a l  

*Level  considered 

0.5 - 5.6 

4.2 - 12.0 4.5 - 13.1 
< 20 0.1 - 26.0 0.1 - 18.4 0.5 - 24.6 
< 10 0.6 - 8.4 0.3 - 3.9 

< 10 0.2 - 6.9 0.3 - 5.3 0.3 - 8.1 
< 20 0.3 - 13.5 0.1 - 10.8 0.4 - 12.0 

-- 1.9 - 13.0 

~ ~~ 

t o   p r e s e n t   m i n i m a l   r i s k   t o   m a r i n e   l i f e   ( C l a r k ,   1 9 8 0 )  

Ana lys i s   o f   t r ace   me ta l   l eve l s   i n   seawa te r  has no t  been  a r o u t i n e  
monitor ing  parameter a t  o the r   coas ta l  mines. The Wesfrob  mine  measured 
d isso lved and to ta l   copper  and i r o n   a t   t h r e e   s i t e s   i n  Tasu Sound.  The 
h ighes t   d i   sso l  ved  copper  values  were  noted a t   t h e   d i s c h a r g e   p o i n t ,   w i t h  a 

mean v a l u e   o f  0.15 mg.L-l ( B r i t i s h  Columbia Waste  Management Branch,  1984). 
D i s s o l v e d   i r o n   l e v e l s  had a mean o f  4.98 mg.L-1 ( B r i t i s h  Columbia Waste 

Management Branch,  1984). Mean l e v e l s   o f   d i s s o l v e d   c o p p e r  and i r o n   a t   t h e  
c o n t r o l   s i t e  were  0.15 mg.L-1 and 1.78 mg.L-1 respec t ive ly .   Bo th   the  

d ischarge  po in t  and c o n t r o l   s i t e   m e t a l   l e v e l  s exceeded  those  considered t o  

c o n s t i t u t e  a hazard  to  marine l i f e  (Cu - > 0.05 mg.L-1;  Fe - > 0.3 mg.L-1; 
C1 arke,  1980). However, the  accuracy  o f   the  data was n o t   v e r i f i e d  and i s  
questionable,  since  the measured  seawater mean concent ra t ions  exceed  the mean 

values measured i n   t h e   t a i l i n g s   e f f l u e n t  (Cu = 0.025; Fe = 0.11; B r i t i s h  

Columbia Waste Management Branch,  1984). 
Dur ing   the   b r ie f   mon i to r ing   p rogram  conducted   fo r   the   Jordan  R iver  

Mine  between  1972  and 1974, seawater  samples  were co l  1 e c t e d   a t  a s i t e   o v e r  
t h e   o u t f a l l  and a con t ro l   s ta t i on .   Ana lys i s   f o r   d i sso l ved   copper ,   z i nc ,  

chromium,  cadmium  and lead  showed  no d e t e c t a b l e   l e v e l s   a t   e i t h e r   s t a t i o n  
du r ing   t he   t h ree   yea r  program. Detec t ion  1 imi t s  were  as f o l  lows: 
Cu .05 mg.L-1; Zn .02 mg.L-1; Cr .1 mg.L-1; Cd .02 mg.L-1; Pb . 2  mg.L-1. 

I n  a study o f   a r s e n i c   l e v e l s   i n   m a r i n e  sediments  and i n t e r s t i t i a l  

waters  around  the  Is land Copper  and K i t s a u l t  mine  s i tes,  Reimer e t   a l .  (1985) 
found   tha t  bound a r s e n i c   l e v e l s  were w i th in   the   range  expec ted   fo r   na tura l  

sediments. However, t he re  was no r e l a t i o n s h i p  between  bound  and d isso lved 
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a r s e n i c   l e v e l s  . a t  e i t h e r   l o c a t i o n .  Based  on t h e i r   o b s e r v a t i o n s ,   t a i l i n g s  
f rom  the   K i t sau l t .  mine  were p a r t i c u l a r l y   s u s c e p t i b l e   t o   l e a c h i n g   o f   a r s e n i c ,  

especia l ly   wi th   increas ing  sediment   depths,  and the  authors  suggest  that  

i n t e r s t i t i a l   a r s e n i c   s h o u l d   b e  more b i o l o g i c a l l y   a v a i l a b l e   t h a n  bound 

arsenic.  
The measurement o f  t r a c e  meta l  concen t ra t i ons   i n   mar ine   p lan ts ,  

ver tebra tes  and i n v e r t e b r a t e s   i s   t h e  main  tool  used  by  mining companies and 

government  agencies i n  assess ing  the  b io log ica l   impact   o f   mine  ta i l ings.  Due 
t o   t h e   e x t e n s i v e   n a t u r e   o f  many o f   t h e s e  programs, i t  i s  imposs ib le   to  

discuss them i n   d e t a i l  here. The general  trends  are  reviewed,  however, and 
mean t race   meta l   concent ra t ions   fo r   representa t ive   meta ls  and  species  are 

summarized i n   F i g u r e  3.14 for  the  var ious  mines  (Goyette and C h r i s t i e  

(1982b) ; Utah  Mines  (1984);  Brothers  (1978)). 
The I s l a n d  Copper  Mine  samples a v a r i e t y   o f   i n t e r t i d a l ,   p e l a g i c  and 

benth ic   spec ies  for   copper ,  molybdenum, lead, cadmium, z inc,   arsenic and 
mercury  (Utah  Mines  Ltd.,  1984). The program  has  been a1 tered  over   the  years 

w i t h   t h e   a d d i t i o n   o f  some  new species. The present  program i s  summarized i n  

Tab1  e 3.9. The 1983  Annual  Environmental  Assessment r e p o r t   f o r   I s 1  and  Copper 
Mine  (Utah  Mines  Ltd.,  1984)  has  summarized  the  results of  the  t issue  meta l  

mon i to r i ng  programs  since  they began. S ign i f i can t   inc reases   in   copper ,   lead ,  
z inc  and t o  a l esse r   ex ten t ,  cadmium have  been observed i n  Fucus  t issue,   wi th  

copper,   lead and z inc   concent ra t ions   be ing   no tab ly   h igher  a t  s ta t ions   hav ing  
v i  s i  b l  e i n f l u e n c e   o f   t a i  1 ings.   Mercury  level  s have shown  a marked  decrease 
over   t ime  whi le   there i s   n o t  a cons is ten t   t rend  to   the   a rsen ic   da ta .   Meta l  
l e v e l s  may no t   rep resen t   t he   t rue   t i ssue   concen t ra t i ons   s ince   m ine ra l  
p a r t i c l e s  have  been  observed t o  adhere t o   t h e   e x t e r i o r  mucus sheath  o f   the 
specimens. Ee lg rass   t i ssue  concent ra t ions  have n o t  shown any long-term 
t r e n d s   o f  change. L i g h t   t a i l i n g s   i m p a c t  and re fe rence   s ta t i ons  had the 

s t a t i s t i c a l l y   l o w e s t   l e v e l s  o f  copper,  lead  and  zinc. The only   meta ls  

showing a cons is t .en t   in te r -g roup  pa t te rn   s ince  1978 were cadmium and z inc .  
Both were h ighes t   a t   modera te l y   i n f l uenced   s ta t i ons ,   f o l l owed  by  heavy, l i g h t  

and reference  groups  respect ively.   Zooplankton has n o t   e x h i b i t e d  any 

p e r s i s t i n g   t r e n d s   i n   t i s s u e   m e t a l  1 eve1 s a t  any s t a t i o n  a1 though a weak 
inc reas ing   t rend  in   copper ,   mercury  and z inc   concent ra t ions   in   euphaus ids  i s  
suggested.  Shrimp  tissue  has been analyzed  s ince 1980  and  no cons is ten t  
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i n t e r - i n l e t   t i s s u e   l e v e l   p a t t e r n s   e x i s t   f o r  any for  the  metals  analyzed. 

Cadmium and  molybdenum  have shown a steady  decl  ine i n  R u p e r t   I n l e t  samples 
since  the  program began w h i l e   z i n c   l e v e l s  have  been s i g n i f i c a n t l y   h i g h e r   t h a n  

H o l b e r g   I n l e t  and Quats ino Sound. Meta l   b ioaccumula t ion   ra tes   in  Dungeness 
crab have n o t  shown any s i g n i f i c a n t   t r e n d s  based on Duncan's mu1 t i p l e  range 

t e s t .   T i s s u e   a r s e n i c   l e v e l s   c o n s i s t e n t l y   a r e   t h e   h i g h e s t   i n   Q u a t s i n o  Sound. 

The b i va l ve   t i ssue   me ta l   da ta   demons t ra tes   l a rge   yea r   t o   yea r   va r iab i l i t y ,  

w i t h  no cons is ten t   tempora l   pa t te rns   o f  change i n   t h e   t i s s u e   l e v e l s   o f  
arsenic,  cadmium, copper,  mercury  or molybdenum. Copper  and l e a d   t i s s u e  

l e v e l s  were the   h ighes t   a t   the   Utah   concent ra te   load ing  dock. Tissue  arsenic 
l e v e l s   i n   t h e   b i v a l v e   H u m i l a r i a   k e n n e r l e y i  were h igher   a t   Hank in   Po in t ,  where 

u p w e l l   i n g   o f   t a i  1 i ngs  has occurred,  than i n   Q u a t s i  no Sound, however the  small  
data  set   necess i ta tes a  more cautious  assessment o f  these  resul ts .  

Between  1971  and 1974, EPS c o l l e c t e d   i n t e r t i d a l   b i v a l v e s   i n   R u p e r t  

I n l e t   a t  Red I s l a n d  and  a s ta t i on   l oca ted   wes t   o f   t he  mine s i t e  and i n  
H o l   b e r g   I n l e t   a t   A p p l e  Bay. Macoma - i r i s   c o l l   e c t e d  from Red I s l a n d  showed 
considerably   h igher   concentrat ions (mean = 305 ug.g-1 dry  wt.)  than  those 
f rom  Ho lbe rg   I n le t  (mean 70  ug.g-1 dry  wt.) and s ta t ions   wes t   o f   the  mine 

s i t e  (mean = 66 ug.g-1 dry   w t . ) .   Musse ls   (Myt i lus   edu l i s )   co l lec ted   f rom 
Hankin  Point  on  a s ing le  occas ion showed higher  copper  concentrat ions 
(82-150  ug.g-1 dry  wt.)  than a l l   o t h e r   s t a t i o n s  (5.87  ug.g-1 dry  w t . )  

(Goyette and Ne1 son, 1977). 
Dur ing September 1981, EPS conducted  four   t rawls  i n  areas o f  l i g h t  

t a i l i n g   d e p o s i t i o n   i n   H o l b e r g   I n l e t ,   R u p e r t   I n l e t  and  Quatsino Sound; one i n  

H o l   b e r g   I n l e t  be,yond t h e   a r e a   o f   t a i l   i n g s   d e p o s i t i o n  and one, a re ference 
area, a t   t h e  mouth o f   Q u a t s i n o  Sound. A t r a w l   i n   t h e   a r e a   o f  heavy t a i  1 ings  

d e p o s i t i o n   d i d   n o t   p r o d u c e   s u f f i c i e n t   a n i m a l s   f o r  a rep resen ta t i ve   se r ies   o f  
samples o f  any species. Two species  of   shr imp  were  col lected i n   s u f f i c i e n t  

numbers  and d i s t r i b u t i o n   t o  be representat ive.  No s i g n i f i c a n t   d i f f e r e n c e s  
were  noted i n  any meta ls   between  areas  a f fected  by  ta i l ings and areas  not 

a f fected,   except   for   arsenic .   Arsenic  was s i g n i f i c a n t l y   h i g h e r   i n   b o t h  
species  of  shrimp sampled i n   t h e   r e f e r e n c e   a r e a   t h a n   i n   t h e   a r e a   o f   t a i  1 i n g  

d e p o s i t i o n .   F l a t f i s h  were a l s o   c o l l e c t e d   i n   t h e   t r a w l s   b u t   n o t   i n   s u f f i c i e n t  
numbers f o r   s t a t i s t i c a l  comparison. However, t h e   l e v e l s   o b s e r v e d   i n   a l l  
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TABLE 3.9 TISSUE  METAL  MONITORING  PROGRAM - ISLAND  COPPER  MINE 

SPEC I ES 

Rockweed 
(Fucus  d is t ichus)  

Eel  grass 
( Zos t e r a  sp. 

I Zooplankton 

Shrimp 

Dungeness crab 
(Cancer  magi s t e r  

So f t she l   l ed   c lam 
(Mya  a renar i  a ) 

L i t t l eneck   c lam 
(Protothaca  staminea) 

But te r   c lam 
(Saxi domus g i  ganteus 1 

Macoma 
( Macoma i ri s - 

Mussels 
( M y t i l u s   e d u l i s )  

Deepwater  clam 
(Humi 1 a r ia   kennerey i  ) 

I- 

" 

c 

NUMBER OF 
SAMPL I NG 
STAT I ONS 

16 

16 

4 

3 

6 

v 9 

3 

v a r i e d  

FREQUENCY 

q u a r t e r l y  

y e a r l y  

q u a r t e r l y  

occasional 

METALS  ANALYZED  FOR 

Cu,  Mo, Pb, Cd,  Zn, 
As,  Hg 

II 

Utah  Mines  Ltd.,  1984) 

H 

u 

m 
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species,  both i n   t a i l i n g s  and  reference  areas,  were  consistent  with  those 
f rom  unpol lu ted  areas  o f   the  nor thern  coast   o f   Br i t ish  Columbia  (Hard ing,  
1983). 

The da ta   co l lec ted   by   the  company and  by EPS r e i n f o r c e   t h e  
conclusions made by  Waldichuk  and Buchanan (1980)   du r ing   t he i r   t echn ica l  

rev iew  o f   the   Is1  and  Copper  Mine. The authors  conc luded  that   there was 

1 i t t l e   s h o r t - t e r m   b i o a c c u m u l a t i o n  o f  me ta l s   by   t he   b io ta   f rom  the   t a i l i ngs  

deposi ted i n   t h e   i n 1   e t  system  under  normal  conditions. However, they 

caut ioned  tha t   no th ing   can  be said  about  the  long-term  changes i n  
a v a i l a b i l  i t y  o f   meta ls   in   the   sed iments   th rough  the   p rocess   o f   d iagenes is l ,  
w i t h   t h e   a d d i t i o n  and decomposition o f   o r g a n i c   m a t e r i a l ,   c r e a t i o n  of anoxic 

c o n d i t i o n s ,   p o s s i b l e   s o l u b i l i z a t i o n   o f   m e t a l s   i n   t h e   s e d i m e n t s  and re lease 
into  the  over ly ing  waters.   Pedersen  (1985) has shown t h a t   r e a c t i o n s   i n   t h e  

t a i  1 i ngs  on t h e   i n 1   e t   f l o o r   a r e   s u p p o r t i n g   f l u x e s   o f   b o t h   d i s s o l v e d   c o p p e r  
and  molybdenum to   t he   ove r l y ing   wa te r .  The copper f l u x  was shown t o  be 

s i m i l a r   t o   t h a t   f r o m   n a t u r a l   s e d i m e n t s   i n   u p p e r   H o l b e r g   I n l e t   w h i l e   t h e  
molybdenum f l u x  w'as shown t o  be u n i q u e   t o   t h e   t a i l i n g s ,  a1 though  not   to   the 
e x t e n t   o f   h a v i n g  a measureable e f f e c t  on Mo c o n c e n t r a t i o n   i n   t h e   o v e r l y i n g  

seawater. 
The t i ssue  t race   meta l  sampl i n g  program  undertaken  by  the K i  t sau l  t 

mine i n  accordance  wi th   regulatory   requi rements  cons is ted  o f   moni tor ing  the 
basket  cockle  (Cl inocardium - n u t t a l l i ) ,   t h e   y e l l o w f i n   s o l e  (Limanda  aspera), 
the bay  mussel ( M y t i l u s  - edul i s 1 , the  pink  shr imp (Panda1 us b o r e a l   i s )  and  a 
deposi   t - feeding  c lam  (Yoldia x.). Each species was examined fo r   a rsen ic ,  

cadmium, copper,  lead, molybdenum and  z inc  concentrat ions i n  whole body 
t i ssue.   B iva lves  were  depurated i n   c l e a n  seawater f o r  24 h o u r s   p r i o r   t o  

ana lys is .   Notab le   observa t ions   inc lude  the   low  (be low  de tec t ion   l im i ts )  
concen t ra t i ons   o f  cadmium, l e a d  and molybdenum i n  ye l l ow f in   so le ,   h ighe r  

cadmium and l e a d   l e v e l s   i n  musse ls   co l lec ted   near   the   mine   s i te ,   inc reases   in  
arsenic,  cadmium, copper  and  z inc  levels i n   p i n k   s h r i m p  between 1982 and 1983 

(suggested  by  the company t o  be due t o   n a t u r a l   v a r i a b i l i t y   a n d / o r  
in te r -1   abora tory   b ias) ,  and  increases i n  z inc,  1  ead, copper and  cadmium 

l e v e l s  i n  Yold ia  sp. a t   s t a t i o n s   n e a r e s t   t h e   m i n e   s i t e  (Amax o f  Canada Ltd., 

1984). 

1 " the  sum t o t a l   o f   p r o c e s s e s   t h a t   b r i n g   a b o u t  changes i n  a sediment o r  
sedimentary rock:  subsequent to   deposi t ion  in   water"   (Berner ,   1980) .  
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EPS s tud ies   conduc ted   du r ing   t he   f i r s t  seven  months o f   o p e r a t i o n  
concluded  that   t issue  t race  meta l   concentat ions  in   most   spec ies sampled  had 
n o t  changed s i g n i f i c a n t l y   f r o m   d a t a   c o l l e c t e d   p r i o r   t o   s t a r t - u p .  One 
except ion was Yo ld ia   t h rac iae fo rm is   f rom  A l i ce  Arm, wh ich   exh ib i ted  a 
pronounced  increase  over  previous  levels  for   copper,  1 ead, z inc  and cadmium. 

Other  t issues  analyzed  included  algae  (Fucus  dist ichus),   mussels  (Myt i lus 

edul is ) ,   p ink  shr imp  (Pandalus  boreal is ) ,  Brown k i n g   c r a b   ( L i t h o d e s  

aequispina),  shrimp  (Crangon communis)  and  mixed  species o f   so le   (Goye t te  and 
Chr is t ie ,   1982) .  Between 1981  and  1982, s i g n i f i c a n t   i n c r e a s e s   ( F i g u r e  3.15) 
i n   l e a d  and molybdenum were  observed i n   Y o l d i a  - spp. f o l l o w i n g   s t a r t u p   o f   t h e  

K i t s a u l t  mine  (Goyette e t  a1 ., 1985).  Accumulation o f   l e a d   i n   Y o l d i a  - spp. 
cont inued  to  increase  through 1983,  and  appeared t o  be l e v e l  1 i n g   o f f   o r  
decreasing i n  1985 a1 though f u r t h e r   a n a l y s i s   i s   r e q u i r e d  (EPS unpubl  ished 
data).  As  we1 1 , some metal s (copper, 1 ead  and cadmium) have increased 
s i g n i f i c a n t l y   i n  mussels  and a t   l e a s t  one crab  species (EPS unpublished). 

During  1981  and 1982, the   Depar tmen t   o f   F i she r ies  and Oceans 

determined  the  metal   content o f  Nass River   eu lachons  (Thale ichthys  pac i f icus)  
and  small  numbers o f   k ing   c rab   (Para1  i thodes   kamtschat ica)  and  Tanner  crab 

(Ch ionoecetes   ba i rd i )   f rom  A l i ce  Arm. The study was i n  response t o   n a t i v e  
Ind ian   concerns   w i th   respec t   to   the   po ten t ia l   fo r   meta l   con taminat ion   o f  
c e r t a i n   f o o d   f i s h  and inve r teb ra tes  as a r e s u l t   o f   t h e   t a i l i n g s   d i s p o s a l .  
Arsenic, cadmium, lead, molybdenum, n i c k e l ,  and  mercury  concentrat ions i n  
eulachon who1 e body t i s s u e  were  general l y  below  detect ion 1 imi t s  and d i d   n o t  
exceed 5 mg.kg-1 d ry   we igh t   w i th   t he   excep t ion   o f  one eulachon i n  which a 

c o n c e n t r a t i o n   o f  7.0 mg/kg- l   lead  (dry   weight )  was measured. Chromium, 
copper and manganese exceeded d e t e c t a b l e   l i m i t s   b u t  were c o n s i s t e n t l y   l e s s  
than 5 mg.kg-1 (dry   weight )   whi le   z inc  ranged  f rom 17.9 t o  61.2 mg.kg-1 ( d r y  
we igh t ) .  Lead,  molybdenum and n i c k e l   i n   t h e   K i n g  and  Tanner crabs  leg  muscle 
t i s s u e  were  below  detection 1 imi t s  and other  metal  s were t y p i c a l l y   s i m i l a r   t o  

va lues   repor ted   fo r  B.C. l o c a t i o n s  and  elsewhere i n   t h e  world. The study 
concl uded tha t   t he   me ta l   l eve l  s recorded and avai  1 ab le   i n fo rma t ion  on the  

1 i fe   h is to ry   o f   the   eu lachon  suggest   meta l   up take  and  accumulation as a 

r e s u l t   o f   t h e   t a i l i n g s   d i s c h a r g e   i s   u n l i k e l y   ( F u t e r  and  Nassichuk,  1983). 

Y 
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Two separate  laboratory   s tud ies have  been conducted t o  examine the 
bioaccumulat ion o f  t race  metal  s by two  marine  bivalves  exposed  to K i  t sau l  t 
mine t a i  1 ings.  McLeay e t  a1 . (1984)  exposed Mytil us  edul i s  and Yo1 d i a  
l i m u l a t a   t o   A l i c e  A r m  sed iment   con taminated   w i th   K i tsau l t   ta i l ings   fo r  

v a r i a b l e   p e r i o d s   o f  2 t o  90  days. The extent  to  which  metals  accumulated i n  
w h o l e - b o d y   t i s s u e s   o f   e a c h   b i v a l v e   s p e c i e s  w a s   a s   f o l l o w s :  

Pb > Mo > Cd > Zn > Cu. No bioaccumul a t i o n   o f   c o p p e r   i n  mussel s was 

observed. The e levated  t issue  meta l   concentrat ions  in   mussels  were 
a t t r ibu ted   to   d is ,so lved  meta l   re leased  f rom A1 i c e  A r m  sediments  whereas  those 
i n   Y o l d i a  2. were t h o u g h t   t o   r e f l e c t   d i r e c t   u p t a k e  from  the  sediment 
ingested  as  wel l   as  that   f rom  dissolved  metals.  No bioaccumulat ion was 
observed i n   b i  Val  ves  exposed t o  sediment  from a r e f e r e n c e   s i t e   i n  Sate1 1 i t e  
Channel. Maximum concen t ra t i on   f ac to rs   (du r ing  a 90 day exposure  period)  as 

compared w i t h   t h e   r e f e r e n c e   s i t e  were  as f o l l  ows. 

M y t i l u s   e d u l i s  Cd - 2.1; Cu - 1.2; Pb - 24.2; Mo - 4.8; Zn - 1.5 
Yold ia  Cd - 8.7; Cu - 1.5; Pb - 43.7; Mo - 15.7; Zn - 3.3 

This  study  concluded  that ,  due to  the  observed  bioaccumulat ion  of  

metal s of   heal th   concern,   notably  cadmium and lead,   cont inued  moni tor ing  o f  
these  metal s i n   b i v a l v e s  and o ther   ed ib le   mar ine  1 i f e   w i t h i n  A1 i c e  A r m  should 

be  undertaken. 
Very s f  m i  1 a r   r e s u l  t s  were found i n  a  1 ong term  (100  day) 

b ioaccumulat ion  test   by EPS us ing   depos i t   feed ing  (Macoma a . 1  and 
f i l t e r - f e e d i n g  C M s  - arenar ia  and  Venerupis  japonica)  clams, and the worm, 

C i r ra tu lus   spec tab i l i s   (Gu th r ie ,   1985) .  All clam  species  accumulated  lead, 
molybdenum, z i n c ,   i r o n  and vanadium, w h i l e   t h e  worm accumulated  only 
molybdenum  and lead   f rom  the   t a i l i ngs .  

Thompson e t  a1 . (1986)  have shown t h a t   g i l l   t i s s u e s   o f  Go1 den K ing  
Crabs  from A1 i c e  Arm have  elevated 1  eve1 s o f  molybdenum  and lead  as  compared 
to   Has t i ngs  Arm. They postulate  the  source  of   these  elements may be 

d e p o s i t e d   t a i  1 i ngs  on t h e   f l o o r   o f   t h e   i n l e t .  The same study  found 

s t a t i s t i c a l l y   s i g n i f i c a n t   h i g h e r  copper and zinc  burdens i n  hepatopancreas 

from  reference  (Hast ings Arm) animals  which  suggested 1) another  source, such 
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as the  abandoned  Anyox smel t e r   o r   2 )   t h e s e   e l  ements i n  mine t a i  1 i n g s   i n  A1 i c e  

A r m  were l e s s   b i o l o g i c a l l y   a v a i l a b l e   t o   t h e   s p e c i e s   t h a n   t h e y   a r e   i n   n a t u r a l  
sediments. No d i f f e r e n c e   i n   m e t a l - b i n d i n g   p r o t e i n   c o n c e n t r a t i o n s   i n  
hepatopancreat ic  t issues was observed  regardless  of   the sample s i t e .  

Studies  conducted a t   t h e  Wesfrob  mine s i t e   b y  EPS i n  1977 

(Brothers,  1978) showed e l e v a t e d   l e v e l s   o f   c o p p e r ,   z i n c ,   i r o n  and cadmium i n  

mussel s a t  a  sampl i n g   s i t e   a t   t h e  mine  as  compared w i t h   c o n t r o l   s i t e s   l o c a t e d  
approximately 7 km d i s t a n t .  No d i f f e r e n c e  was noted i n   l e v e l s   o f  copper, 
z inc,   lead, cadmium and  mercury i n   f l a t f i s h  and  shr imp  col lected i n   t r a w l s   i n  

Tasu Sound and  Wilson Bay. H igher   i ron   concent ra t ions  were recorded i n  
sh r imp   co l l ec ted   a t   t he   t raw l   nea res t   t o   t he   d i scha rge .   Add i t i ona l  EPS 

sampling i n  1982 (Harding,  1983)  found  copper  and  iron  concentrat ion i n  
mussels w i t h i n  1 km o f  t he   d i scha rge   t o  be  double t h a t   o f  mussel s c o l l   e c t e d  
a t  more d i s t a n t   l o c a t i o n s   b u t  no t rends  were n o t e d   f o r  cadmium, l e a d   o r   z i n c .  
The o n l y   a n i m a l s   c o l l e c t e d   i n   s u f f i c i e n t  numbers f o r   s t a t i s t i c a l   c o m p a r i s o n  
was abalone  (Haliot is  kamschatkana), a commercial ly  harvested  species i n   t h e  
Queen C h a r l o t t e   I s 1  ands.  Copper  and i ron   concen t ra t i ons   f o l   l owed   the  same 

trends i n  abalone  as  they  d id i n  mussel s. 
The p a t t e r n   o f   e l e v a t e d   m e t a l   l e v e l  s i n   b i v a l v e s   n e a r  mine 

d ischarge  s i tes  was repeated a t   t h e   J o r d a n   R i v e r  mine,  where  copper l e v e l s   i n  
1 i ttl eneck  clams  near the   d i scha rge   po in t  were h igher   than  con t ro l   s i tes .  

Zinc  and  chromium l e v e l s   d i d   n o t  show d i f f e rences  between t e s t  and c o n t r o l  
s i t es .  Copper c o n c e n t r a t i o n s   i n  Dungeness c r a b s   d i d   n o t   i n c r e a s e   r e l a t i v e   t o  

p re -d i scha rge   l eve l s   (E l l i s ,   1974) .  
C o l l e c t i o n s  o f  f i s h  and i n v e r t e b r a t e s   f o r   t r a c e   m e t a l   a n a l y s i s  were 

made a t   B r i t a n n i a  Beach i n  Howe Sound by EPS i n  1975,  1976,  1979 and  1982 
(Goyette  and  Ferguson,  1986). They f o u n d   v e r y   h i g h   l e v e l s   o f   c o p p e r   i n  

mussels  (up t o  380 ug*g-1)  and  oysters  (2100  to 2500 ug*g- l )   near   the  mine, 
compared t o   t h o s e   f u r t h e r  away i n  Howe Sound, b u t   n o t e d   t h a t   t h e   l e v e l s  

seemed t o  have  decreased a t  some s t a t i o n s  between 1975 and  1979.  These 
l e v e l s  were a l s o   h i g h e r   t h a n   i n   t h e  same species i n  a  number o f   o t h e r  
i n d u s t r i a l  and r e f e r e n c e   s i t e s .   I n   a d d i t i o n ,   c o p p e r   l e v e l s   i n  one spec ies   o f  
shr imp  (s ides t r ipe)  were approximately  double  (average 45.5 ug-9-11   tha t  

found i n   r e f e r e n c e   s i t e s  (16.9 t o  23.1 ug-9-1). The probable  source was 
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given as d i   sso l  ved  copper i n  mine  water  being  discharged t o  a creek on the 

B r i t a n n i a  Beach proper ty .  

3.3.4 Smtheri nu and Habitat A1 teration. The o b l i t e r a t i v e   e f f e c t s   o f  
t a i l i n g s   d e p o s i t i o n   i n   b e n t h i c  and i n t e r t i d a l   a r e a s ,  and t h e   r e s u l t a n t   l o s s  

of   habi tat ,   are  obvious and we1 1 known impacts o f  mine t a i l i n g s   d i s p o s a l  . 
However, the  longer  term  impacts on the  ecosystem,  such as changes i n  species 
d i v e r s i t y  and abundance  and removal o f  commercial ly  important  species  from 
the system, a re   l ess   p red ic tab le .   I n  an a t tempt   t o   assess   t rends   i n  such 

b i o l o g i c a l  changes, company and government s tud ies  have included  qual  i t a t i v e  
(submers ib le   observa t ions) ,   semi -quant i ta t i ve   (spec ies   d ivers i ty /abundance  in  
t r a w l s )  and q u a n t i t a t i v e   ( p e r i p h y t o n   s e t t l i n g )   t e s t s .  

The I s 1  and  Copper  mine  benthos  monitoring  program  includes 

measur ing  the  e f fect   o f   shal low  water   deposi t ion on per iphyton  (a t tached 
algae)  growth a t  16 stat ions,  annual  benthic  infauna  sampling a t  24 s t a t i o n s  
and c o l l e c t i o n   o f  Dungeness c r a b s   q u a r t e r l y   a t   s i x   s t a t i o n s   ( U t a h  Mines  Ltd., 

1984) .  R u p e r t   I n l e t  was found t o  have t h e   h i g h e s t   l e v e l s   o f   t o t a l   s o l i d s  and 
o r g a n i c   ( v o l   a t i  1 E!) sol   ids   growth  s ince  moni tor ing began, fo l lowed by Hol  berg 

I n l e t  and Quats ino Sound.  The l a r g e  amount o f   i no rgan ic   depos i t i on  has 
r e p o r t e d l y   r e s u l t e d   i n  a corresponding  increase i n  organic   deposi t ion,  
a1 t h o u g h   t h e   e c o l o g i c a l   s i g n i f i c a n c e   o f   t h i s   i s   n o t  known.  The benth ic  
infauna  have been the  most  heavi ly  impacted  by  the  mine  operations due t o   t h e  
d i r e c t   e f f e c t  o f  rapid  sediment  accumulation and t a i l i n g s  depos i t  i n s t a -  

b i l i t y .  Observat ions  f rom  the  review  of   infaunal   data showed low numbers  and 
depressed d i v e r s i t i e s  where t a i l i n g s  movement occurred  f requent ly .  

Benthos d i v e r s i t y   a t  some s t a t i o n s   w i t h   t a i l   i n g s   s u b s t r a t e  were 
s im i la r   o r   g rea te r   t han   s ta t i ons   hav ing  no v i s i b l e   e v i d e n c e   o f   t a i l i n g s .  
Wal dichuk  and Buchanan (1980) conclude  that  a1 though  recolon izat ion o f  the 

t a i  1 ings-covered  bottom  by many spec ies   shou ld   occu r   w i th in   f i ve   yea rs  
fo l l ow ing   cessa t ion  o f  t a i  1 ings  d ischarge, it may be  decades before  the 
system s t a b i l i z e s   e c o l o g i c a l l y .  

The cho ice   o f  Dungeness crabs  as a parameter i n  the  moni tor ing 

program  ref1  ects  the  importance  of   the  f ishery,   both as a food  source and  as 

a commercial  operation.  Ilue t o   i n t e n s i v e   f i s h i n g   ( u p   t o  500 t r a p s   i n   R u p e r t  

a 
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and   Ho lbe rg   I n le t s   a t  any one t ime)   the   da ta   a re   sub jec t   to  a l a r g e  
u n q u a n t i f i e d   v a r i a b i l i t y .  The crab  catches  have shown a f a i r l y   c o n s i s t e n t  
decreasing  trend  between 1975 and 1982 , which,  according t o   t h e  company , 
co inc ides   w i th  an apparen t l y   na tu ra l   reduc t i on   i n   c rab   popu la t i ons   a long   t he  

western  seaboard  from  Cali fornia  to  Alaska. A trend  towards  reduced  crab 
weights and carapace  widths has  been noted i n  Rupert  and H o l b e r g   I n l e t s  and 
Quats ino Sound s ince 1975. 

Scuba observat ions  o f   the  impacts  on i n t e r t i d a l  and shal low 

subtidal  benthos  by EPS (Goyette and Ne1 son, 1978)   have  noted  par t ia l   or  
comple te   bur ia l   o f  many sess i l e   i nve r teb ra tes   a t   Hank in   Po in t .  The presence 
o f  numerous f i s h  and i n v e r t e b r a t e s   i n   Q u a t s i n o  Sound showing  preference  for  
rocky  or   hard  coarse  subst rates  prompted  concern  by  the  authors  that   th is  

h a b i t a t  may become smothered w i t h  a resu l tan t   negat ive   impact  on the 
ecosystem. E l i m i n a t i o n  o f  ep ibenth ic  fauna over   large  areas o f  R u p e r t   I n l e t  
was conf i rmed by cons is ten t l y   poo r   o r  empty trawl  catches  (Harding, 1983; 

Goyette,  pers. comm. ) .  

Submersible  observations  (DeMil l ,   1983) i n   A l i c e  A r m  and Hast ings 
A r m  between  1980  and  1982 conf i rm  the   expec ted   e l im ina t ion   o f   ep ibenth ic  and 

infaunal  communit ies i n   f r e s h   t a i l i n g   d e p o s i t i o n   a r e a s ,   a l t h o u g h   m o t i l e  
organisms  occurred i n   t h i s  a rea .   Th is   e f fec t   resu l ted   f rom  the  4 mil 1 i o n  

t o n s   o f   t a i l i n g s   d e p o s i t e d   d u r i n g   t h e   i n i t i a l  19  months o f   ope ra t i on .  A 

detai led  benthos  survey i n  October 1982  (Kathman e t  a1 . , 1983)  found  stat ions 

up t o  8 k i l o m e t r e s   w e s t   o f   t h e   o u t f a l l  were lower i n   b o t h  numbers (an  order  
of  magnitude) and s p e c i e s   d i v e r s i t y   t h a n   c o n t r o l   s i t e s   i n   H a s t i n g s  Arm. 
Cross  in1 e t   t r a n s e c t s   i n d i c a t e   t h e   g r e a t e s t  changes i n   t h e  deep na tura l  

t r e n c h .   F l a t f i s h  abundance has  decreased, 1 i k e l y  due t o   t h e   r e d u c t i o n   o f  
benthic  food  sources  through  smothering  (Byers e t  a1 . , 1984) Under 
experimental  condit ions,  Reid  and Baumann (1984) showed t h a t   b u r i a l   o f  up t o  
30 cm w i t h   K i t s a u l  t t a i l i n g s   d i d   n o t   a f f e c t   c l a m   s u r v i v a l  , b u t   b u r i a l  by  more 

than 20 cm d i d  reduce  surv iva l   o f  a polychaete worm. This  may have been due 
to   phys i ca l   o r   chemica l   impac ts ,   o r   syne rg i s t i c   e f fec ts   o f   bo th .  

B e n t h i c   p o p u l a t i o n s   i n   t h e   v i c i n i t y   o f   t h e   B r i t a n n i a  Mine  were 
s t u d i e d   i n  1973 a t   t h r e e   s i t e s  (McDaniel , 1973). A v e r t i c a l   t r a n s e c t ,  

perpendicu lar   to   the  shore,   f rom  the  sur face  to  a depth o f  33.5 m (110 f e e t )  
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d i r e c t l y  between  two  main  docks a t   t he   t owns i te  showed the  bot tom  to  be 

th i ck l y   cove red  with t a i l   i n g s   d e p o s i t s .  Over the 1 ength  o f   the  t ransect ,  no 
f l o r a   o r   e p i f a u n a  were  observed. S ta t ions   loca ted   approx imate ly  1.6 km 
(1 m i l e )   n o r t h  and south  of  the  mine a1 so had rather  impoverished  faunas 

compared to   s ta t i ons   l oca ted   ac ross   t he   i n le t   nea r   Wood f ib re .  A recent  
submersible  observation i n  November 1984 o f f   t h e   B r i t a n n i a  mine s i t e   r e v e a l e d  

an a lmos t   t o ta l  lsbsence o f   i n v e r t e b r a t e s  and f i s h  between 200 metres and  140 
metres  (Goyette and  Ferguson, 1986). However, i t  i s   d i f f i c u l t   t o   i s o l a t e   t h e  

impac t   o f   t he   t a i l i ngs   f rom  the   na tu ra l   pe r iod i c  oxygen  depression,  which has 
been recorded  as  low as 0.1 t o  0.5 mg.L-l  (McDaniel e t  a1 , 19781, or   f rom 
e f f e c t s   o f   a c i d  mine  drainage  from  the abandoned mine  s i te.  

3.4 Mining Sullrary 
Clear ly   the  most   impor tant   impact   o f   mine  ta i l ings on environmental 

qua l i t y   i s   t he   smothe r ing   o f   ben th i c   hab i ta t s .   I n   Ruper t   I n le t ,   smo the r ing  

has occurred  wide ly   throughout   the system, ex tend ing   f rom  Ruper t   I n le t   i n to  
Ho lbe rg   I n le t ,   Ne rou tsos   I n le t  and Quats ino Sound. Areas a f fec ted   i nc lude  

deep t rough,   shal low  subt ida l  and i n t e r t i d a l   h a b i t a t s  up to  about  18 
k i lomet res   f rom  the   mine 's   ou t fa l l .  A t  A l i c e  A r m  the  area  e f fected  inc ludes 
the  deep t rough t o  about 7 k i lometres  f rom  the mine, w h i l e   a t  Tasu Sound, the 

deep trough and sha l low  subt ida l   hab i ta ts  have  been cove red   t o  3-4 k i lomet res  
on e i t h e r   s i  de o f   t h e   t a i  1 i ngs  discharge. These d i f f e rences   i n   a rea l   impac t  
r e f l e c t   d i f f e r e n c e s   i n   p r o d u c t i o n   r a t e s  and operat ing  per iods,  as we l l  as 
physical   /oceanographic  d i f ference i n  the  recei   v ing  waters.  The t a i  1 i ngs 

depos i t ion   pa t te rns  have not  always  fol lowed  pre-di  scharge  predict ions, and 
underscore  the  complexit ies  of  oceanographic  processes. 

Smothering o f  ben th i c   hab i ta t s   imp l i es  change to  the  marine  eco- 
system, bu t   no t   necessa r i l y  damage i n  terms o f   r e s o u r c e  abundance. Some 
animals, such as a t tached   i nve r teb ra tes ,   canno t   l i ve   i n  mine t a i l i n g s ,   d u r i n g  

depos i t i on   o r   i n   con t i nuous ,  heavy d e p o s i t i o n   o f  any k i n d   o f  sediment, and 
these  must  decl  ,ine o r   van ish  i n  af fected  areas.  Others,   including some 
marine worms, can and do t h r i v e   i n   r e c e n t   d e p o s i t s   o f  m i  ne t a i  1 ings, and 

others  recol   on i  zt? r a p i d l y  once the  discharge  ceases.  Therefore,  the  physical 

e f f e c t s   o f  mine t a i l i n g s   i n   B r i t i s h  Columbia  have been i n i t i a l   r e d u c t i o n   ( o r  
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v i r t u a l   e l i m i n a t i o n )   o f   b e n t h i c   c o m n u n i t i e s ,   f o l l o w e d  by a change i n  
community s t ruc tu re .  The eco log i ca l   s i gn i f i cance   o f   l ong   t e rm changes 

remains t o  be assessed. 
Other  measured e f f e c t s   o f  mine t a i l i n g s  have been minor by 

comparison to  physical  impacts.  Trace  metals  have been s tud ied   i n tens i ve l y ,  

and while  they  have  accumulated i n  some marine  species a t   a l l  B.C. coasta l  

mines,  they have nei ther  b ioaccumul  ated t o  1  eve1 s t o x i c   t o   i n d i v i d u a l  s ,  nor  
b iomagn i f i ed   i n   success i ve   t roph ic   l eve l s .   Tu rb id i t y  has apparent ly   no t  
reduced   p r imary   p roduc t i v i t y   by   a t tenua t ion   o f  1 i g h t   i n  Rupert   In1  et ,  and  has 
n o t   s i g n i f i c a n t l y   a f f e c t e d   z o o p l a n k t o n   i n   A l i c e  A r m  (a l though some minor 
changes  were noted).  No t o x i c   e f f e c t s  have  been  observed,  and no increase i n  

t o x i c a n t s   a f f e c t i n g   s u i t a b i l i t y   f o r  human consumption have  been measured. 
Despi te  the 1  ack o f   obv ious  damage, however, the  existence  of  processes  which 
cou ld   conce ivab ly   lead   to  such e f f e c t s  -- such as the  postu la ted  increased 
b i o l o g i c a l   a v a i l a b i l i t y   o f   i n t e r s t i t i a l   a r s e n i c   i n   t a i l i n g s  -- suggests a 

caut ious   approach  to   regu la to ry   con t ro l ,  and cont inued moni t o r i ng .  
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APPENDIX I QUALITY ASSURANCE ON EPS DATA 

The cornpari son o f   year   to   year   da ta ,  and establ  i shment of c e r t a i n  
t rends   i n   da ta  depends  on both  proper sampl ing  techniques and regimes and 
cons is ten t   ana ly t i ca l   methodo logy .   Dur ing   the   ear ly  1970's, r e s u l t s  of EPS 
qual i ty assurance/qual i ty con t ro l  (QA/QC) t e s t s  were not   rout ine ly   recorded.  
QA/QC data  are  avai lab le  f rom 1975 t o  1978. Some  new ana ly t i ca l   ins t ruments  
were in t roduced and i n  1979 a labo ra to ry  manual standardized methods  which 
had been i n   p l a c e   p r i o r   t o   t h a t   t i m e .  The f o l  1 owing  sumnari  zes  the QA/QC 
program and resu l t s   du r ing   t he   pe r iod  1975-1985: 

An o v e r a l l  1 aboratory  qual i ty  assurance  program was a p p l i e d   t o  
metals and organics  analyses  performed on the   t i ssue  and sediment 
samples. Analyt ical  methodology was app l ied   accord ing   to   the  1979 
Laboratory Manual .l Cal ib ra t ion   s tandards  were re fe renced  to  
p r imary   mater ia ls .  All batches  o f  samples  were analyzed  wi th 
app l i cab le   d iges t ion   o r   ex t rac t ion   b lanks ,  a number o f  samples 
e q u i v a l e n t   t o   a t  1 eas t   the   square   roo t   o f   the   ba tch   s ize  were 
analyzed i n   d u p l i c a t e ,  and  a  minimum o f  two re fe rence   ma te r ia l s   o r  
control   standards,  where a v a i l  ab1 e were  analyzed  with  each sample 
batch.  Typical   reference  mater ia l  s were NBS BCSS-1 and MESS-1 
marine  sediments  the NBS 1566 Oyster   t issue and NBS 1577 Bovine 
1 i ver   fo r   mar ine   t i ssue samples. Reference  material s f o r   o rgan ic  
ana lys i s  were g e n e r a l l y   n o t   a v a i l a b l e ,   b u t  samples  were spiked with 
known q u a n t i t i e s   o f   a n a l y t e s   t o  check  recovery. 

The 1 a b o r a t o r y   p a r t i c i p a t e d   i n  many re1   a ted   i n te r l abo ra to ry   s tud ies  
over  the  per iod  in  quest ion.   Sponsor ing  agencies  included  the 
International Atomic  Energy Agency, the U.S. Geological  Survey,  the 
Geol og lca l   Survey  o f  Canada and Environment Canada. Recovery o f  
t r a n s i t i o n  elements (e.g. Cu,  Cd,  Pb and  Zn) i n   i n t e r n a l  QC and 
in te r1   abo ra to ry   s tud ies  was q u a n t i t a t i v e .  Recovery o f   r e f r a c t o r y  
and sil ica-bound  elements  (eg. A l ,  Ca, Fe, Mol was incomplete due 
t o   t h e  use o f  an ac id -ex t rac t i on ,   ra the r   t han   t o ta l ,   d iges t i on .  
Long  term  metal   analysis  precis ion was i n  the 5-10% standard 
deviat ion  range.  Recovery  of  spiked  organics  ranged  from 70% t o  
130% w i t h  a p r e c i s i o n   o f  20-40% s tandard   dev ia t ion .   Ana ly t i ca l  
methodologies  evolved  dur ing  the  per iod (e.g. replacement o f  
atomfc  absorption  with  plasma  emission  spectrometry, changes i n  
d i   g e s t i  on  and ex t rac t ion   p rocedures)   bu t  s i  gni  f i cant   recovery 
t rends were not  noted. 

This  program  provides a  good basis  for  data  comparison  since 1978. 
Caution  should be used i n  comparing  data  sets between y e a r s   p r i o r  
t o  1978. The Bioassay  Laboratory has  used consistent  techniques 
s ince  the  ear ly  - 70's. 

1 Swingle, R.B. and J.W. Davidson, 1979. Environmental  Laboratory Manual, 
Januar-y 1979. Departments o f  Environment  and  Fisheries  and 
Oceans. 
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