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ABSTRACT 

Recei v i  ng  envi   ronment  monitor ing programme da ta   co l  1 ected  between 

1970  and December 1983  has  been c o l l a t e d  and i n t e r p r e t e d   f o r   s e l e c t e d  

m a r i n e   m u n i c i p a l   o u t f a l l s   i n   B r i t i s h  Columbia. O f  i n t e r e s t  were 1 )  

n u t r i e n t   l e v e l s   i n   r e c e i v i n g   w a t e r s ;  2 )  meta ls  and organic   contaminant  

l e v e l s   i n   w a t e r ,   s e d i m e n t  and b i o t a  and 3)  s u b l e t h a l   e f f e c t s  o f  

contaminants on commercial ly  important  marine  organisms.  Data  reported by 
numerous authors  has  been  summarized and rev iewed  wi th   respect  t o  

c o m p a r a t i v e   l i t e r a t u r e .  

Other   than  the  pre-extens ion  McMick ing  Point   d ischarges,   the 

q u a n t i t i e s  o f  n u t r i e n t s ,   m e t a l s  and organic   contaminants   f rom  the  mar ine 

m u n i c i p a l   o u t f a l l s   c o n s i d e r e d   h e r e i n  do not  appear t o  pose a t h r e a t  t o  t h e  

marine  environment.  There was ev idence  o f   e leva ted   mercury   leve ls  i n  

p re-ex tens ion  McMi c k i n g   P o i n t   e f f l u e n t  , sediment and b i o t a  and  an impact on 

fauna i n   t h e   p r e - e x t e n s i o n   o u t f a l l   a r e a .   S u b l e t h a l   s t u d i e s  o f  marine 

organisms  have  not  been  conducted i n   t h e   m o n i t o r i n g  programmes reviewed, 

however, t h e y  may be u s e f u l   i n   f u t u r e   m o n i t o r i n g   s t u d i e s .  
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R ~ S U M ~  

Des donnies de  programmes  de surveil 1 ance pour 1 'environnement 
r6cepteur  recueil l i e s   en t r e  1970 e t  d6cembre 1983 ont  6t6 compar6es e t  
interpr6t6es pour une s6lection  d'gmissaires marins municipaux en  Colombie 
Britannique. Les p o i n t s  d ' i n t6 rGt  6taient:  1) l e s  niveaux  d'616ments 
nutri t i  fs  dans 1 es eaux r6ceptrices; 2 )  l e s  niveaux de  m5taux e t  de 
contaminants  organiques dans l ' e au ,   l e s  sediments e t   l e  milieu  biotique; 
3 )  1 es   e f fe t s  sous-1 6 t h a u x  des  contaminants sur 1 es organismes mari ns 
ayant une importance  commerciale. Les  donn6es rapporties pa r  de  nombreux 
auteurs  ont 6 t 6  r6sum6es e t  pass6es en revue par rappor t  Z 1 a 1 i t t g ra tu re  
compar6e. 

A 1 'exception de l ' e f f luen t  de  McMicking P o i n t  a v a n t  extension, 
l e s  q u a n t i  t 6 s  d'il6ments nutritifs, de m6taux e t  de contaminants 
organiques  d6vers6es par  1 es 6mi ssai  res mari ns municipaux consid6r6s i c i  
ne  sembl ent pas pr6senter une  menace pour 1 'environnement marin. Dans 
l ' e f f l u e n t  de  McMicking P o i n t  a v a n t  extension,  les s6diments e t   l e  milieu 
b i o t i  que, i 1 y avai  t 6vi dence de niveaux 61 e v k  de mercure, ainsi que d' u n  
impact sur 1 a faune dans 1 a r6gion de 1 'imi ssai re a v a n t  extension. Aucune 
6tude sous-l6thale  d'organismes  marins n ' a  e t6  menee parmi l e s  programmes 
de surveillance  pass6s en revue;  cependant  ces  iitudes  pourraient l t r e  
u t i l e s  d a s  l e s  programmes futurs. 

. .  
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CONCLUSIONS 

1. Receiv ing  water  data  presented i n   t h i s   r e v i e w   i n d i c a t e s   t h e r e   i s  no 

n u t r i e n t   e n r i c h m e n t   i n   m a r i n e   w a t e r s   a d j a c e n t   t o   t h e   m a r i n e   m u n i c i p a l  

o u t f a l l s .   T h e r e f o r e ,   t h e   a p p l i c a t i o n   o f   s e n s i t i v e  methods o f   d e t e c t i o n  

and  measurement  of eu t roph ica t ion   wh ich   a re   ava i  1 ab1 e i s  n o t   y e t  

warranted. 

2. R e c e i v i n g   w a t e r   d a t a   c o l l e c t i o n   c a r r i e d   o u t   f o r   t h e   m u n i c i p a l   m a r i n e  

o u t f a l l  s considered i n   t h i s   r e v i e w  has  been sporadic  and t h e   r e c o r d i n g  

accu racy   o f  some i n f o r m a t i o n  i s  quest ionable.  

3 .  Ef f luent ,   sed iment  and mussel s o f t   t i s s u e   d a t a   i n d i c a t e d   l e v e l s   o f  

mercury i n   t he   rece iv ing   env i ronmen t   o f   t he   p re -ex tended   McMick ing  

P o i n t   m u n i c i p a l   o u t f a l l  was e leva ted  above other  areas i n   s o u t h e r n  

B r i t i s h  Columbia  receiv ing  domest ic  waste.   In  th is  case i t  would  have 

been approp r ia te  t o  examine t h e   s u b l e t h a l   e f f e c t s  on m a j o r   i n d i c a t o r  

species t o  determine more p r e c i s e l y   t h e   e f f e c t s  on the  organisms and  on 

t h e  1 oca1  ecosystem. 

4.  Resul ts   f rom  the  McMick ing  Point   moni tor ing programmes suggested  there 
was an impact on t h e   d i v e r s i t y   o f   f a u n a   i n  t h e  v i c i n i t y  o f  the 

pre -ex tended   ou t fa l l .  

5. Mean 1 eve1 s of  mercury,  1 ead , copper and  cadmi um i n  she1  1 f i  sh c o l  1 ected 

a d j a c e n t   t o   m u n i c i p a l   o u t f a l l  s considered i n   t h i s   r e v i e w  were  above 

mean l e v e l s   i n  mol 1 uscs  obtained  f rom  waters  c lose t o  urban and 

i n d u s t r i a l   a r e a s   i n   s o u t h e r n   B r i t i s h  Columbia. 
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1 .o INTRODUCTION 

The impact   o f   domest ic   d ischarges on t h e   B r i t i s h  Columbia  marine 

env i  ronrnent  has  been s t u d i e d   a t  a v a r i e t y   o f   l o c a t i o n s   a l o n g   t h e   m a i n l a n d  

and Vancouver I s land   coas t l i nes .   Oceanograph ic   s tud ies   ca r r i ed   ou t   i n   t he  

mid  1960 's   he lped  out1  ine  the  env i   ronrnenta l   pr inc ip les  under ly ing  waste 

d i s p o s a l   t o   t h e  sea (Waldichuk,  1968).  Early programmes were i n i t i a t e d   i n  

1965 t o  assess t h e   a f f e c t  o f  V i c t o r i a ' s  r a w  sewage d ischarges  (Associated 

Engineer ing  Serv ices  L td. ,   1966) .   S ince  that   t ime,   Prov inc ia l   gu ide l ines 

c o n c e r n i n g   t h e   c o l   l e c t i o n  of marine  environmental  data  have become more 

s t r i n g e n t   r e s u l t i n g   i n  a c o n t i n u a t i o n  o f  m o n i t o r i n g   i n   V i c t o r i a  and 

i n i t i a t i o n   o f   m o n i t o r i n g  programmes in   o the r   coas ta l   a reas .  

The p u r p o s e   o f   t h i s   r e p o r t  was t o   c o l l a t e  and i n t e r p r e t  

p a r t i c u l a r   d a t a   c o l l e c t e d   d u r i n g   m o n i t o r i n g  programmes c a r r i e d   o u t   f r o m  

1970 t o  December  1983. The f o l l  ow ing   se lec ted   mar ine   mun ic ipa l   ou t fa l l  s ,  

l o c a t e d   w i t h i n   t h e   d i s t r i c t s   i l l u s t r a t e d   i n   F i g u r e  1, have  been  reviewed. 

C a p i t a l   R e g i o n a l   D i s t r i c t  - Macaulay  Point 

- C lover   Po in t  

- McMicking  Point 

- F i n n e r t y  Cove 
- Sidney 

D i s t r i c t   o f  Nanaimo - F ive   F inge r   I s1  and 

- French  Creek 

Campbell   River 

Powel  1 R i v e r  

Pr ince  Ruper t  

Greater   Vancouver   Reg iona l   D is t r i c t  - Lions  Gate 

These o u t f a l l  s a r e   f u r t h e r   c h a r a c t e r i z e d   i n   T a b l e  1. 

Data  sources  include  Federal  (Envi  ronrnental  Protectidn'  Service) , 
Prov i   nc i  a1 (Waste Management Branch) and  muni c i   p a l   ( i   n c l   u d i  ng  Regional 

D i s t r i c t s )   a g e n c i e s  as w e l l  as U n i v e r s i t i e s  and consu l tan ts .  
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The m a j o r i t y   o f   d a t a   c o n c e r n i n g   c o n c e n t r a t i o n s   o f   m e t a l s   i n  

water,  sediment  and b i o t a   p l u s   w a t e r   q u a l i t y   n u t r i e n t   d a t a  has  been 

presented  accord ing  to   sampl ing  date  and  data  source i n  Appendices I-IV. 
Tables   summar iz ing   the   remain ing   nu t r ien t  and  metal  data  have  been  placed 

a p p r o p r i a t e l y   t h r o u g h o u t   t h e   t e x t   a l o n g   w i t h   t a b l e s   p r e s e n t i n g   o r g a n i c  

contaminant   contents   o f   sediment   and  b io ta.  The l a r g e   q u a n t i t y   o f  

n u t r i e n t  and  metal   data  stored  by  the  Provincial   government  has  been 

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

and   o f f sho re   s i t es  common t o   U n i v e r s i t y  and consu l tan t   repo r t s .  

Mon i to r i ng  programme r e s u l t s  have  been  grouped  according t o   t h e  

1 i s t e d   i n d i v i d u a l   o u t f a l l  s. Conclusions made by  authors who r e p o r t e d  

n u t r i e n t ,   m e t a l  and  organic  data  have  been  reviewed.  Their comments 

r e g a r d i n g   t h e   a f f e c t s   o f   p o l l u t a n t s  on   the   compos i t ion   o f   res ident   spec ies  

and  aesthetic  impacts  have  been  mentioned. I n  an at tempt  t o  p resen t  a 

thorough  assessment o f   o u t f a l l  areas,   oceanographic   condi t ions  a f fect ing 

d i l u t i o n  and   d i spe rs ion   o f  sewage e f f l u e n t  have  been  noted. C o l i f o r m  

1 eve1 s i n   r e c e i v i n g   w a t e r s   h a v e  been  considered  as  they he1 ped  complete 

the  env i ronmenta l   assessment   and  the  bacter ia  i s   t h e   o n l y   u n i v e r s a l l y  used 

parameter   fo r   assess ing   the   qua l i t y   o f   mar ine   rece iv ing   env i ronments .  
Discussion o f  t he   impac t   o f  sewage discharges on the  mar ine 

env i ronment   o f   Br i t i sh   Co lumbia   has  been  based on conpar i  sons made w i t h  

m o n i t o r i n g  programmes conducted a t   m u n i c i p a l   o u t f a l l s  whose r e c e i v i n g  

env i ronmen ts   a re   s im i l a r   t o   t hose  of B r i t i s h  Columbia. 
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2.0 MONITORING PROGRAM RESULTS 

2.1 Macaul  ay Po in t  
The downtown a r e a   o f   V i c t o r i a  has  been serv iced  by  the  Macaulay 

Po in t  sewage o u t f a l l   s i n c e  1913. I n  1970, t h e   C a p i t a l   R e g i o n a l   D i s t r i c t  

(CRD)  was granted  Discharge  Permit  No. 270, a1 l o w i  ng t h e  Macaul  ay Po in t  

beach  sewer t o  be  replaced  by a mar ine   ou t fa l l   wh ich   d i scha rges   e f f l uen t  

f rom a 1870 m o u t f a l l   a t  a dep th   o f   61  m. Out fa l l   d imens ions  and sewage 

t r e a t m e n t   p a r t i c u l a r s   a r e   p r e s e n t e d  i n  Table 1. 

The Macaul  ay P o i n t   d i f f u s e r   t e r m i n a t e s   i n   t h e   S t r a i t   o f   J u a n  de 

Fuca where   t ho rough   t i da l   m ix ing   o f   f resh   wa te r   f l ows   f rom  the   F rase r  

R i v e r   a c t  as d i spe rsa l   agen ts   f o r   t he  sewage e f f l u e n t .   T i d a l   v e l o c i t i e s  

para1  le1   to   the   shore   have been  recorded t o   r u n  as h igh  as  0.61 msec-1 

(Ba lch  ” e t  a1 , 1976). 

The CRD i s   r e s p o n s i b l e   f o r   f u l  f i  11 i ng   t he   requ i   remen ts   o f   Pe rm i t  

Nu. 270. I n   comp l iance   w i th   t he   pe rm i t ,  an e x t e r n a l  body o f   e x p e r t s  

proposed a mon i to r i ng   p rog ram  fo r   t he   ou t fa l l   r ece i v ing   a rea .  A team o f  

s c i e n t i s t s   f r o m   t h e   U n i v e r s i t y   o f   V i c t o r i a   i n i t i a t e d   m o n i t o r i n g   f i f t e e n  

months p r i o r   t o   t h e   o u t f a l l   c o m p l e t i o n   d a t e   o f  August  1971, and cont inued 

sampling f o r  a p o s t   d i s c h a r g e   p e r i o d   o f   f i f t e e n  months. 

Samp l ing   s i t es   rou t i ne l y  used i n  Macaul ay Point  surveys  range 
from s h o r e l   i n e   s i t e s  (Sl-S5) and n e a r   s h o r e l   i n e   s i t e s   ( K l - K 8 )   t o   r e c e i v i n g  

w a t e r   s i t e s  (Wl-Wg)  (See F igure   2 ) .  Wo i s  a non- f i xed   sampl ing   s ta t ion  

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

s u r f a c e   e f f l u e n t   f i e l d .   C o n t r o l   s t a t i o n s  J1 and 32 are   l oca ted  8 and 16 

km o f f s h o r e   ( F i g u r e  3 ) .  
The CRD out1   ined   the  Macaul ay Point   15  month  pre- and 

post -d ischarge  moni tor ing  program i n   t h r e e   r e p o r t s   w h i c h  were  fol lowed  by 

n i n e   q u a r t e r l y   d a t a   r e p o r t s   ( B a l c h  “ e t  a l ,  1976). Raw n u t r i e n t   d a t a  

co l lec ted   dur ing   the   Macau lay   Po in t   ou t fa l l   mon i to r ing   p rogram  f rom  1970 

t o  1972 was co l l   a ted   by   Ba lch  ” e t  a1 (1973) who reported  the  aims,  methods, 

r e s u l t s  and conc lus ions   o f   the   mon i to r ing   p rogram.  
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M a j o r   f i n d i n g s   r e s u l t i n g   f r o m   m o n i t o r i n g  were repor ted-by  Balch 

. ” e t  a1 ( 1 9 7 6 ) .   S t a t i s t i c a l   a n a l y s i s   o f   r o u t i n e   w a t e r   q u a l i t y   d a t a  

de te rm ined   tha t   t he   f o l l ow ing   pa ramete rs   i nd i ca ted   t he   p resence   o f  an 

e f f l u e n t   f i e l d :   t o t a l  and f e c a l   c o l i f o r m s ,  ammonia, phosphate, n i t r i t e ,  

Secchi  depth and Fo re1   co lou r .   N i t ra te  1 evel  s d i d   n o t   g i v e   i n d i c a t i o n   o f  

t h e   p o s i t i o n  o f  an e f f l u e n t  plume, b u t  had a g r e a t   i n f l u e n c e  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  and  were t h e r e f o r e   i n c l u d e d   i n   t h e   p r o g r a m  

(Ba lch  ” e t   a l ,   1 9 7 6 ) .  The f i f t e e n  month  pre-discharge and pos t -d ischarge 

n u t r i e n t   l e v e l s  were recorded i n  graphs  according t o  monthly  samples. 

Data   ex t rapo la ted   f rom  the   g raphs  i s  summarized i n  Appendix I. Sediment 

samples i n   t h e  e x t e n d e d   o u t f a l l   a r e a   i n d i c a t e   t h e  number  and d i v e r s i t y   o f  

species was not   a f fected.  However, a s h i f t   i n  community  composition  and 

an i n c r e a s e   i n  biomass  were  noted  by  Balch e t  a1 (1973 and 1976). 

Vassos (1982a)  presented CRD m o n i t o r i n g   d a t a   i n   f o u r  volumes. 

Volumes  11, 111  and IV c o n t a i n  r a w  and s t a t i s t i c a l   d a t a   w h i c h  was 

c o l l e c t e d   b y   t h e  CRD as requ i red   by   Permi t  No. 270. Da ta   con ta ined   w i th in  

these  volumes was r e t r i e v e d   f r o m   t h e   c o l l e c t i o n  o f  w a t e r   q u a l i t y   d a t a  

recorded on the   water   qua l i t y   da ta   computer   s to rage and r e t r i e v a l   s y s t e m  

o f   t h e   B r i t i s h  Columbia  Min is t ry   o f   Env i ronment   (EQUIS) .  

CRD Mar ine  Moni tor ing  Data Volume I (Vassos,  1982a)  summarizes 

t h e   f i n d i n g s   o f  a r e v i e w   o f   t h e  CRD’s d a t a   c a r r i e d   o u t  by t h e   U n i v e r s i t y  
o f   V i c t o r i a .   N u t r i e n t   d a t a   c o l l e c t e d   f r o m  1973 t o  1979  by t h e  CRD was 

presented  as  monthly means f o r   p o o l e d   s t a t i o n s  (Vassos,  1982a).  From 

t h i s ,  it was concl  uded t h a t   s e a s o n a l   v a r i a t i o n   i n   n u t r i e n t  1 eve l  s cou ld  

n o t   b e   a t t r i b u t e d   t o   t h e  Macaul  ay Po in t   mun ic ipa l  sewage o u t f a l l  (Vassos, 

1982a).   Nutr ient   enr ichment was no t   ev iden t .   To ta l  and f e c a l   c o l i f o r m s  

were the  on ly   parameters  which  demonstrated a sewage o u t f a l l   e f f e c t   o n   t h e  

o f f sho re   samp l ing   s ta t i ons .  

F u r t h e r   a n a l y s i s   o f   t h e  CRD’s mar ine   mon i to r ing  programme 

suggested  the  Macaulay  Point   d ischarge  d id   not   cause  the  h igh  average 

ammonia l e v e l   f o u n d   a t   s t a t i o n s  W1 and S3. A source  o f   ammonia ’o ther   than 

sewage e f f l u e n t   n e a r  S3 was suspected  as  rapid t i d a l  d i s p e r s i o n   a l l o w s  
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a 

- 
l i t t l e   n u t r i e n t   c o n c e n t r a t i o n s   r e s u l t i n g   f r o m   e f f l u e n t   o u t f l o w   ( H o f f ,  

-1981). The p o s s i b l i t y   o f   f r e q u e n c y   s a m p l i n g   e r r o r s   i n f l u e n c i n g   t h e  

ammonia concen t ra t i ons  was min ima l ;   acceptab le   un i fo rm  conf idence  leve ls  

f o r   s t a t i o n s  W1 t o  W9 and S 1  t o  S9 (F igu re  2 )  were  confirmed  by  Vassos 

(1980).   Hoff   (1981)  concluded  there was no evidence t o   i n d i c a t e   t h a t  

parameters   o ther   than  co l i fo rm  da ta   var ied  as a r e s u l t   o f   t h e  Macaulay 

P o i n t   o u t f a l l .  It was suggested  that   phys ica l   anomal ies and e c o l o g i c a l  

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

nu t r i en t   da ta .   Ho f f   (1981)   a r r i ved  a t  these  conc lus ions   th rough 

s i g n i f i c a n c e   t e s t s   a p p l i e d   t o   s p a t i a l   p a t t e r n s   o f   n i t r a t e ,   n i t r i t e ,  

phosphate  and ammonia. 

The Vancouver Is land  Regional  Waste Management Branch (WMB) 

w a t e r   q u a l i t y  computer  data  system  (EQUIS)  has  been  checked f o r  

completeness and accuracy   fo r   the   per iod  1970-1979 (Hoff,   1981).  Data 

gaps  and e r r o r s  were corrected  by  cooperat ion  between  the CRD and t h e  

WMB. The CRD c o l l e c t e d   m a r i n e   w a t e r   n u t r i e n t  and c o l i f o r m   d a t a   w h i c h  was 

forwarded t o   t h e  WMB and t o g e t h e r   w i t h  WMB c o l i f o r m   d a t a ,  was f i l e d   i n  

EQUIS. The c o n t e n t   o f  EQUIS f o r   t h e   p e r i o d  1979-1982  has no t  been 

examined f o r  completeness o r  accuracy. 

N u t r i e n t   c o n c e n t r a t i o n s   i n  Macaulay  Point   receiv ing  waters  and 

t h e   d e r i v e d   s t a t i s t i c a l   d e t a i l s   r e t r i e v e d   f r o m  EQUIS cover   sporadic  
sampling  from  1970 t o  1982  and are  presented i n  Appendix IV. Appendix I 

I presents  summarized  water nu t r ien t   da ta   f rom  four   sources :   Hof f   (1981) ,  

I (1981), EQUIS  and  Vassos (1982a)   p resented   p r imar i l y  1976-1979 da ta  

EQUIS, Vassos (1982a)  and  the WMB. It shou ld   be   recogn ized  tha t   Hof f  

c o l l e c t e d   f r o m   t h e  same sources. D a t a  c o l l e c t e d   b y   t h e  WMB i n  1981  does 

no t  show any s i g n   o f   i n c r e a s e   i n   n u t r i e n t s   i n   t h e   r e c e i v i n g   w a t e r  o f  t h e  

Macaul ay P o i n t   o u t f a l l  between  1979  and  1981. 
a 

I 

II 

m 

i An Envi ronmenta l   Protect ion  Serv 

P o i n t   o u t f a l l   ( G o y e t t e   e t  a1 , unpubl ished) 

o f   n u t r i e n t s  were  found  wi th in  approximate 

d i f f use r   t e rm inus .   O the r   t han   t he   no ted  n 

ce (EPS) s u r v e y   o f   t h e  Macaulay 

r e p o r t e d   t h a t   t h e   h i g h e s t   l e v e l  

y an 850 m r a d i u s   o f   t h e  

t r a t e   c o n c e n t r a t i o n   p e a k i n g   a t  
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FIGURE 4 L O C A T I O N  OF MONITORING S T A T I O N S   F O R   T H E  
M A C A U L A Y   P O I N T   M U N I C I P A L   O U T F A L L  
( R e f e r e n c e :   G o y e t t e  e t  " al u n p u b l i s h e d  1 
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depths  between 10 and 25 m, t h e r e  were no o the r   t rends  i n  the  data.  

. Goyette " e t  a1 (unpubl i shed)  used n u t r i e n t  sampl i ng s t a t i o n s   d i f f e r e n t   f r o m  

those i n   r e p o r t s  ment ioned  here to fo re   (F igure  4 ) .  Th 

i n t o   a c c o u n t  when compar ing   da ta   co l lec ted   by   Goyet te  

and o t h e r   n u t r i e n t   d a t a .  

Sediment  samples i n   t h e  Macaul ay Point   area 

i s  should  be  taken 

" e t  a1 (unpubl ished)  

were a n a l y z e d   f o r  

heavy  metal  content  by  Goyette " e t  a1 (unpubl ished)  (Tabl  e 3 )  . When 

compared w i th   V i c to r i a   ha rbour   me ta l   concen t ra t i ons ,  i t  was e v i d e n t   t h a t  

con tamina t ion   o f   sed imen ts   su r round ing   t he   ou t fa l l  was a t t r i b u t a b l e   s o l e l y  

t o   t h e  sewage discharge, and  were  not  affected  by  sediment  dispersion  from 

the   V i c to r i a   Harbour   (Goye t te  " et  a l ,   unpub l i shed) .  Copper  and lead  

concentrat ions  indicated  heavy  metals  accumulated i n   t h e   a r e a   a d j a c e n t   t o  

t h e   d i f f u s e r .  A comparison  of  copper and l e a d   l e v e l s  between  Macaul  ay 

Po in t  samples and those  taken i n   o t h e r   r e g i o n s   o f   B r i t i s h   C o l u m b i a ' s  

marine  waters showed t h e  Macaul  ay Point  sediment t o   c o n t a i n   l o w e r  1 eve1 s 
of   copper  and lead  

o f   t h e   t w o   m e t a l s  i 

heavy  meta ls   unt i  1 

- a1 , unpubl i shed). 

Anal y s i  s 
i n  sediment  taken f 

(Goyet te  " e t  a1 , unpubl ished) . Leve ls   o f   accumula t ion  

n d i c a t e d   t h e r e  was no  need f o r   f u r t h e r   m o n i t o r i n g   o f  

an i n c r e a s e   i n   e f f l u e n t   f l o w   i s   r e a l i z e d   ( G o y e t t e  - e t  

f o r  PCB's  and e l  even other   organochlor ine  contaminants  

rom t h r e e   s i t e s   w i t h i n  500 m o f   t h e   o u t f a l l ,   i n d i c a t e d  

t h e r e  were   no t   s ign i f i can t  amounts o f  t hese   con taminan ts   i n t roduced   to  t h e  

envi  ronment  by  the  raw sewage e f f l uen t   (Tab l  e 3 )  (Goyette " e t  a1 , 
unpubl ished).  It shou ld   be   no ted   tha t   pes t ic ides  were  absent  from  sediment 

samples c o l l e c t e d   f r o m  1970 t o  1972  (Bal  ch " e t  a1 , 1973) and were  below 

d e t e c t i o n  1 imi t s   i n   t h e  1979 study  (Goyette " e t  a1 , unpubl ished),  as shown 

i n  Table 3. 
Observat ions made f rom  d ives i n   t he   submers ib le   vesse l   P i sces  

IV, i n d i c a t e d   t h e   c o a r s e  and  compacted s u b s t r a t e   b e n e a t h   t h e   o u t f a l l  

supported an epi faunal   communi ty .   T issue  analys is   o f   the  benth ic   fauna 

(Table 4 )  r e v e a l e d   t h a t  on the   who le ,   low  leve ls   o f   meta ls   were   con ta ined 

i n   i n v e r t e b r a t e   t i s s u e .  It was concluded  there was no s i g n i f i c a n t   i m p a c t  
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I 
TABLE 3 MACAULAY  POINT:  SEDIMENT PCBs AND OTHER CONTAMINANTS,  JUNE 1 9 7 9  

(d ry   we igh t ,  pprn) Reference:  Goyette  et  a l ,  unpublished 
I 

" 

STATION  PCBs OTHER CONTAMINANTS* 
m 

L I N E  ARC 

1 

Macaul ay Point   Discharge < 0.005 

3 1 < 0.005 .* 

not   de tec ted  

no t   de tec ted  

7 1 < 0.005 no t   de tec ted  

I 

*Other  contaminants  incl  ude:  chlorobenzenes,  chlorophenol s, DDT, DDD, DDE, 

m a l d r i n ,   d i e l d r i n ,   c h l o r d a n e s ,   h e p t a c h l o r ,   l i n d a n e  

endosul  fans. 
I 

Y 
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m 

m 

on  benth ic   fauna  by   the  sewage e f f l u e n t   ( G o y e t t e  ” e t   a l ,   u n p u b l i s h e d ) .  A 

Pisces IV d i v e   c a r r i e d   o u t   i n  May 1979, r e p o r t s   t h a t   t h e  seabed oppos i te  

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

ep i fauna l  community t y p i c a l   o f   n e a r   o u t f a l l   a r e a s .  The p r e s e n c e   o f   l a r g e  

numbers o f   hermi t   c rabs   (Pagurus  sp.) i n d i c a t e d   b o t h  an i n c r e a s e   i n  biomass 

and low  community d i ve rs i t y   wh ich   rep resen ts  a po l  1 u t i o n   s i t u a t i o n  

( Unpubl i shed EPS da ta) .  

Specimens o f   t h e   c l a m  Compsomyax subdiaphana  were  col lected  f rom 

Macaul ay Po in t   samp l ing   s i t es  shown i n  F igu re  2 f o r   t r a c e   m e t a l   a n a l y s i s   b y  

J .A.J. Thompson (1978). It was ev iden t   t ha t   samp l ing   s i t es   used   by  

Thompson (see  F igure 5 )  cor respond  w i th   those i n   F i g u r e  2. Table 4 

p r e s e n t s   t h e  maximum, minimum  and mean 1 eve1 s o f  copper, cadmi um, lead, 

z i n c  and i r o n   f o u n d   i n   t h e   s o f t   t i s s u e  samples. The  maximum ti nc 

c o n c e n t r a t i o n s   o f  140.53 ug/g was a typ i ca l ;   t he   ave rage   z inc   concen t ra t i on  

i n   s o f t   t i s s u e  was 55.40 ug/g  (n=62). 

2.2 C1 over   Po in t  

A p o r t i o n   o f  downtown V i c t o r i a  has  been se rv i ced   by   t he   C love r  

P o i n t   m u n i c i p a l   o u t f a l l   s i n c e  1894 (E l  li s ,  1976).  Assessment  studies  by 

E l l i s  (1971a)  and E l l i s  ” e t  a1 (1972)  reported a d e c l i n e   i n   p r i m a r y  

b i o l o g i c a l   p r o d u c t i o n   i n   t h e   e f f l u e n t  plume  and a depress ion   o f   sho re l i ne  

a1 gae b e d s   a r o u n d   t h e   C l o v e r   P o i n t   o u t f a l l .   B o t h   e f f e c t s   w e r e   r e l a t e d   t o  

sewage d i s p o s a l .   I n   a t t e m p t i n g   t o   i m p r o v e   t h e   o u t f a l l   a r e a ,  a  new 1302 m 

o u t f a l l   d i s c h a r g i n g   a t  a dep th   o f  67 m was b r o u g h t   i n t o   o p e r a t i o n   i n  1980 

(Harms, 1981) . The ou t fa l l   d imens ions  and  sewage t r e a t m e n t   p a r t i c u l a r s   a r e  

presented i n  Table 1. 
The C l o v e r   P o i n t   d i f f u s e r   t e r m i n a t e s   i n   t h e   S t r a i t   o f  Juan  de 

Fuca. T ida l  m i  Xing and f resh   wa te r  f 1 ows a c t  as d ispersa l   agents   (Ba lch  

” e t   a l ,  1976) t o   d i l u t e   t h e  sewage d ischarged  f rom  the   d i f fuser .   Turbu len t  

m i x i n y   o f   t i d a l   w a t e r s   o v e r  a s i  11  and  around a head1  and  caused . v e r t i c a l  

up -we l l   i ng  and ho r i zon ta l   eddy ing   wh ich   resu l ted  i n  a homogenous water 

column in   t he   C love r   Po in t   a rea .   Wa ld i chuk   (1983)   repo r ted  a zone o f  

Y 
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v igo rous   ve r t i ca l   m ix ing   s t re t ch ing   f rom  Boundary  Pass t o  Juan  de  Fuca 

- S t r a i t  . These  sources o f   t u r b u l e n c e ,  whi l e   r e d u c i n g   t h e  chance o f  

s t r a t i f i c a t i o n ,   c o u l d   r e s u l t   i n   d i l u t i o n   o f  a r i s i n g   e f f l u e n t  plume. 

2.2.1 Pre-Extensi on  Moni t o r i  ne. CRD samp l ing   o f   rece iv ing   wa te rs  

commenced J u l y  1976  as s t i p u l a t e d   i n  an amendment t o  Discharge  Permi t  No. 

1877 which i s  dated December 17,  1975. A1 1 receiv ing  water  samples 

c o l l   e c t e d   b y   t h e  CRD w e r e   t a k e n   f r o m   s i t e s   d i s p l a y e d   i n   F i g u r e s  2 and 6.1 

CRD sampl ing   o f   rece iv ing   waters  commenced J u l y  1976 and c o n t i n u e d   u n t i l  

November 1979  (Vassos,  1982). 

The m a j o r i t y   o f   r e c e i v i n g   w a t e r   s a m p l i n g  done i n   t h e   C l o v e r   P o i n t  

area was c a r r i e d   o u t  between  1976  and  1979,  however, data  recorded  on EQUIS 
reaches  as f a r  back as  1971. Add i t i ona l   samp l ing   s i t es  were i nco rpo ra ted  

i n   t h e   m o n i t o r i n g  programme u n t i  1 1978 when  a1 1 C1 o v e r   P o i n t   s i t e s  shown i n  

F igu re  2 and 5 were u t i  1 i zed. N u t r i e n t   c o n c e n t r a t i o n s   i n  C1 over   Po in t  

rece iv ing   wa te rs  and s t a t i s t i c a l   d e t a i l s   r e t r i e v e d   f r o m  EQUIS  and  Vassos 

(1982a)  are  presented i n  Appendix IV and  summarized i n  Appendix 11. 

The qual i t y  o f   t h e  C1 over   Po in t   rece iv ing   waters  were s i m i l a r   t o  

t h o s e   o f  Macaul  ay P o i n t :   t h e  mean mon th l y   va lues   o f   t he   nu t r i en ts   reco rded  

f r o m   s t a t i o n s  S5, S6, S175, W10 and W151 t o  W158 were  almost i d e n t i c a l   t o  

t h o s e   o f   t h e  Macau lay   o f f sho re   s ta t i ons   f o r   t he   pe r iod   f rom 1976 t o  1979 
(Hoff ,  1981). It f o l l  ows tha t   t he   conc lus ions   f o r   t he   C love r   Po in t   mar ine  

m o n i t o r i n g  programme  were p r e c i s e l y   t h e  same as those   f o r   t he   Macau lay  

P o i n t  programme. That i s ,   t h e r e  was no   ev idence  o f   nu t r ien t   enr ichment  and 

no   t ime   t rends   f o r   t he   wa te r   qua l t i y   pa ramete rs   cou ld  be a t t r i b u t e d   t o  

e i t h e r   o u t f a l l  (Vassos,  1982).  This  conclusion was r e i n f o r c e d   b y  

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

n u t r i e n t s  were   be low  the   de tec t i on   t h resho ld  and  were t h e r e f o r e   n e g l i g i b l y  

sma l l   f o r   t he   wa te rs   i n   t he   C love r   Po in t   a rea   (Ho f f ,   1981) .  

1Due t o  c o n f u s i o n   s u r r o u n d i n g   t h e   i d e n t i f i c a t i o n   o f   s a m p l i n g  
. .  

l o c a t i o n s   a s s i g n e d   b y   v a r i o u s   i n v e s t i g a t o r s   t o   t h e  Macaul ay and 
Clover   Point   moni tor ing  programs,   both  F igures 2 and 6 have  been 
i n c l u d e d   i n   t h i s   r e p o r t .  It i s  recogn ized   t ha t   cons ide rab le  
o v e r l a p   e x i s t s  between these  two  f igures.  
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Clover   Po in t   rece iv ing   water  samples  had g e n e r a l l y  1 ower c o l i   f o r m  

- concent   ra t ions   than Macaul ay Po in t  samples.  However, t he   C love r -   Po in t  

s h o r e 1   i n e   s t a t i o n s   e x h i b i t e d   h i g h e r   c o l i   f o r m   l e v e l s   t h a n   t h e  samples  taken 

f r o m   s i t e s  west o f   C lover   Po in t .   Shore l ine   sources  were  suspected as 

c a u s i n g   h i g h   c o l i f o r m   c o n c e n t r a t i o n s  (Vassos,  1982)  which  were common 

th roughou t   t he  C1 over   Po in t  and McMicking  Point   receiv ing  environments 

(Hoff , 1981). 

Upon request   by  the CRD, Dobrocky  Seatech  took  benthic  faunal and 

sediment  samples  f rom  ten  s i tes:  W10 and W151 t o  W159 ( F i g u r e   2 )   i n  1977. 

Resu l t s   o f   t he   enumera t i on  and i d e n t i f i c a t i o n   o f  18  benthic  faunal  samples 

and  20 p a r t i c l e - s i z e   a n a l y s i s  were l i s t e d  by  Byers and O'Connell  (1982). 

J . A . J .  Thompson (1977) ,   ana lyzed   t he   so f t   t i ssue   o f   t he   ho rse  

mussel  Modiolus  modiolus and found t r a c e   m e t a l   l e v e l s   i n   c o n c e n t r a t i o n s  

presented i n  Table 5. Mussel  samples  were ob ta ined   f rom  s i t es  shown i n  

F igu re  6. Copper, cadmium, l e a d  and z i n c   l e v e l s   f o u n d   i n   t h e   C l o v e r   P o i n t  

mussels  were  above  those  found i n  Compsomyax subdiaphana  found i n   t h e  

Macaul  ay  Poi n t  area. 

2.2.2 Post-Extensi on Moni t o r i  ng. An at tempt t o  ex tend   t he   C love r  

P o i n t   o u t f a l l   i n  1978 f a i  1 ed when s t r o n g   t i d a l   c u r r e n t s  and weather- 

r e l a t e d   d i s t u r b a n c e s   b r o k e   t h e   e x t e n s i o n   p i p e  (Brown,  1980) and t r i g g e r e d  a 
d e b a t e   o v e r   t h e   e x t e n s i o n   l e n g t h   o f   t h e   C l o v e r   P o i n t   o u t f a l l .  A 
f e a s i b i l i t y   s t u d y   r e s u l t e d   i n   c o n s t r u c t i o n  o f  a 1302 m o u t f a l l  (Harms, 

1981)  which  succeeded i n   r e d u c i n g   s h o r e l i n e   c o l i f o r m   c o n c e n t r a t i o n s  west o f  

C1 over   Point   (Byers and 0 '  Connell  , 1982) .   S ta t ions   eas t   o f   C lover   Po in t  

however, con t inued t o  show s p o r a d i c a l l y   h i g h   c o l i f o r m   c o u n t s   w h i c h  

suggested  there was indeed a s h o r e l i n e   s o u r c e   o f   t h e   b a c t e r i a   ( B y e r s  and 

O'Connell , 1982). I n   s p i t e   o f   t h e  new o u t f a l l  , seagul ls  have been  seen 

feed ing  on t h e   e f f l u e n t   o f   t h e   w e l l   d i f f u s e d  plume (CRD Report,  1983). 

On ly   care fu l   observa t ion   can   de tec t   the   gu l l s   wh ich  app.ear c l o s e  t o  t h e  

ho r i zon  (CRD Repor t ,   1983) .   Th i s   sugges ts   t he   e f f l uen t   i s   ca r r i ed   we l l  

o f f s h o r e   b y   t h e   e x t e n d e d   o u t f a l l .  The ex tens ion  succeeded i n  a1 l e v i a t i n g  

. .  
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t h e   a e s t h e t i c a l  l y  unp leas ing   seagu l l   f l ocks   p rev ious l y  common t o  nearby, 

o f fshore   a reas .  

F o l l o w i n g   t h e   o u t f a l l   e x t e n s i o n ,  one se t   o f   C love r   Po in t   wa te r  

q u a l i t y   d a t a  was submit ted t o   t h e   r e g i o n a l  WMB b y   t h e  CRD. The WMB 

n u t r i e n t   d a t a  summarized i n  Appendix 11 was n o t  i n c l  uded i n   t h e  E Q U I S  

records. 

The l a t e s t  amendment t o  Permit  No. 1877 dated  January 18,  1980 

d i d   n o t   r e q u i r e   t h e   P e r m i t t e e   ( t h e  CRD) t o   c a r r y   o u t   m o n i t o r i n g   o f   t h e  

receiv ing  env i ronment  and it appears  there  has  not been  any o f f s h o r e  

m o n i t o r i n g   s i n c e  September  1982 (B. Warman, pers. comm.). 

Vassos  (1982b)  exami  ned  pre-  and  post-extension  col i form  data 

fo r   t he   a rea   su r round ing   t he   C love r   Po in t   ou t fa l l .   Da ta   co l l ec ted   be tween  

A p r i l  and November 1981  by  the CRD Hea l th  and Engineer ing  Departments 

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

swimming standards on t h e   s h o r e l i n e  west o f  Clover   Po in t .   Shore l ine  

samples c o l l e c t e d   e a s t   o f   t h e   o u t f a l l   c o n t i n u e d   t o  have p e r i o d i c a l l y   h i g h  

col   i form  counts  (Vassos,  1982b).  

Col i f o r m   d a t a   f r o m  samples c o l l e c t e d   a t   v a r i o u s   d e p t h s  a t  

p o s t - e x t e n s i o n   m o n i t o r i n g   s t a t i o n s   d e m o n s t r a t e d   t h a t   t h e   e f f l u e n t   i s  

general l y  we1 1 mixed  throughout   the  water   co l  umn. D u r i n g   p e r i o d s   o f   h i g h  
temperatures,   there was evidence o f  s t r a t i f i c a t i o n .   I n c l u d e d   i n   t h e   C l o v e r  

P o i n t   o u t f a l l   p e r f o r m a n c e   r e p o r t  (Vassos, 1982b) was  a r e v i e w   o f   H o f f ' s  

(1980)   pos t -ex tens ion   mon i to r ing  programme  recommendations. 

Col i f o r m   m o n i t o r i n g   o f   t h e  new C l o v e r   P o i n t   o u t f a l l  was c a r r i e d  

out   f rom  Apr i  1 6, 1981 t o  Apr i  1 13, 1982. The co l i f o rm  coun ts   repo r ted   by  

Wi l l i ams  Sigma Consul tants  Ltd.   (1982)  were  below  the swimming water 

standard. CRD Health  Department  post-extension  col i form  samples  exceeded 

the   rec rea t i ona l   con tac t   s tandard .  However, t hese  samples  were  suspected 

t o  be  inf luenced  by  shore1 i ne  sources. As s t a t e d   b y   t h e  Wi 11 i ams Sigma 

repor t   (1982) ,   the  CRD Hea l th   Depar tment   co l i fo rm  da ta  gave ev idence   t ha t  

t h e   C l o v e r   P o i n t   o u t f a l l   e x t e n s i o n   p e r f o r m e d   a c c o r d i n g   t o   i t s   d e s i g n  and 

p e r m i t   c r i   t e r i  a. 
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The CRD Greater   V ic tor ia '   East   Coast  Sewerage  Study  (1983) 

assessed t h e   C l o v e r   P o i n t  sewage o u t f a l l  and conc luded  tha t   upgrad ing   o f  

the  system was not  necessary.   This  conclusion was reached  by  examination 

and  subsequent  assessment o f   t h e  sewerage f a c i l i t i e s ,   e v a l u a t i o n   o f  

per formance  in format ion and f rom  d i scuss ions   he ld   be tween   the   mun ic ipa l i t y  

and B.C. M in is t ry   o f   the   Env i ronment  WMB a u t h o r i t i e s .  

2.3  McMi ck i   ng   Po in t  

I n  1913, a beach o u t f a l l  was c o n s t r u c t e d   a t   M c M i c k i n g   P o i n t   t o  

s e r v i c e   r e s i d e n t s   o f   V i c t o r i a  and the  Southern  Saanich  Peninsula.  May 

1982  marked the   cons t ruc t i on   comp le t i on  and o p e r a t i o n   o f  an extended  232 m 

ou t fa l l   wh ich   d i scha rged  comminuted sewage i n t o   E n t e r p r i s e  Channel a t  a 

dep th   o f  19.5 m ( B a r t l e t t  - e t  a1 , 1983). 

E n t e r p r i s e  Channel was thought  a s u i t a b l e   a r e a   f o r   t h e   d i s c h a r g e  

o f  municipal   wastes as i t  was s u b j e c t   t o   t i d a l   m i x i n g ,   f r e s h   w a t e r   f l o w s  

(Balch,   1976)  and  vert ical  m i  x i  ng actions  which  were common t o   t h e  Haro  and 

Juan  de  Fuca S t r a i t s  (Wal d i  chuk,  1983).   Tidal   currents may be a s t ronger  

m ix ing  component h e r e   t h a n   a t   o t h e r   o u t f a l l   l o c a t i o n s ;   f l o o d   c u r r e n t s   c a n  

b e   a c c e l e r a t e d   t o  speeds o f  around 2.5 m/sec.  as t h e y   a r e  squeezed th rough 

the   na r rows   o f   En te rp r i se  Channel (Thomson, 1981). 

2.3.1 Pre-Extensi on Mon i to r ing .  The i m p a c t   o f   t h e   d i s p o s a l   o f  
domestic sewage on  the   McMick ing   Po in t   shore l ine  and marine  environments 

was conducted  by Dr. E l l i s   ( U n i v e r s i t y   o f   V i c t o r i a )   u n d e r   c o n t r a c t   t o   t h e  

CRD. Pre-ex tens ion   mon i to r ing  was t h e   t o p i c   o f  Dr. E l l i s ' s   f i r s t   f o u r  

repor ts .   Repor t  No. 3 ( E l l i s ,  1 9 7 9 a )   r e p o r t e d   r e s u l t s   o f   b o t h  sewage 

bioassays and o f  a shore l ine   survey   wh ich   ind ica ted  a normal   shore l ine 

ecosystem i n   t h e  McMicking  Point   area.  Eleven  organic compounds f rom  the  

EPA p r i o r i t y   p o l l u t a n t s  1 i s t  were  found i n   t h e  sewage. Report numbers 1, 

2, 3 ,  4 and 5 a re   no ted  i n   t h e   r e f e r e n c e   s e c t i o n   o f   t h i s   r e v i e w ,  . 

Amongst t h e   p l e t h o r a  o f  McMick ing   Po in t   mon i to r ing  programme 

r e p o r t s  was a study o f  t h e   l o c a l   s h o r e 1  i ne  and sub-t idal   ecosystems  (El  1 i s  
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and  Emerson, 1979). The survey  o f   shore l ine  spec ies  composi t ion abundance 

- and d i   s t r i   b u t i  on  gave ev idence   t ha t   t he  sewage o u t f a l l   d i d   n o t   c a u s e  any 

s i g n i f i c a n t  changes i n   t h e   s p e c i e s   c o m p o s i t i o n  o r  d i s t r i b u t i o n  up t o  1979 

( E l  1 i s  and  Emerson, 1979). 

Bierheuzen  (1982)  sampled  Fucus  epifauna  at  the same s i t e s  as 

E l l i s  and  Emerson  (1979).  Results  recorded  by  Bierheuzen  (1982)  correspond 

w i t h   t h o s e   o f  E l  1 i s  and  Emerson  (1979).  That i s ,   t h e   e f f e c t   o f  sewage  on 

the  ep i faunal   communi t ies was small .  It was noted tha t  t h e   d i v e r s i t y   o f  

species was s l i g h t l y   l o w e r   a t   t h e   o u t f a l l   t h a n   a t   s i t e s   f u r t h e r   a f i e l d  

(Bierheuzen,  1982).  Increase i n   t h e  abundance o f   t h r e e   e p i f a u n a l   s p e c i e s  

was e v i d e n t   w h i l e   t h e  abundance o f  one species  decreased. These t r e n d s  

c o r r e s p o n d   w i t h   t h o s e   n o t e d   b y   E l l i s  and  Emerson (1979). It was suggested 

t h a t   t h e r e  was seasonal   in f luence on t h e  abundance o f  Fucus ep i fauan l  

species  (Bei  rheuzen,  1982). The r e s u l t s   o f   m o n i t o r i n g   r e p o r t e d   b y  E l  1 i s  

and  Emerson (1979) and Bierheuzen  (1982)  suggested  there was a recogni  zed 

impact on t h e   e p i f a u n a   w i t h i n   t h e   v i c i n i t y   o f   t h e   p r e - e x t e n d e d   M c M i c k i n g  

P o i n t  sewage o u t f a l l .   B o t h   s t u d i e s   n o t e d   t h a t   r e l a t i v e l y   f e w  new species 

were  found  wi th in  200 m o f  t h e   o u t f a l l   t e r m i n u s .  

Report #7 ( E l l i s ,   1 9 8 0 a )   r e v e a l e d   t h e   c o n t e n t s  o f  sewage re leased 

a t   t h e   M c M i c k i n g   P o i n t   o u t f a l l   c o n t a i n e d   d e t e c t a b l e  amounts o f   c h l o r i n a t e d  

hydrocarbons  and f ou r  ph tha la te   es te rs ;   two   po l ych lo r i na ted   b ipheny ls  
(PCB's)  were  detected i n  minu te  amounts (0.04 and 0.16 u g / l ) .  Cadmium, 

c o p p e r   a n d   l e a d   l e v e l s   i n   t h e  comminuted sewage were genera l l y   l ower   t han  

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

(E l  1 i s ,  1980a).   I ron,  a substance  not  considered t o  be  an EPA p r i o r i t y  

p o l l u t a n t ,  was r e c o r d e d   a t   l e v e l s  above t h e   p r o v i n c i a l   o b j e c t i v e s   ( E l l i s ,  

1980a). 

Fu r the r   p re -ex tens ion   mon i to r i ng   o f   t he   rece iv ing   ecosys tem 

i n d i c a t e d  sewage f l ows  had d e p r e s s i v e   e f f e c t s   i n   t h e   i m m e d i a t e   a r e a  o f  t h e  

McMick ing   Po in t   ou t fa l l  and m i  n o r ,   y e t   n o t e w o r t h y   e f f e c t s   w i t h i n  200 m o f  

t h e   o u t f a l l   p i p e   ( E l l i s ,   1 9 8 0 a )  . Samples o f  M y t i l u s   c a l   i f o r n i a n u s  were 

t a k e n   j u s t  west o f  t h e   o u t f a l l  and f r o m   t w o   c o n t r o l   s i t e s   ( F i g u r e  6 )  . As 

. .  
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seen i n  Table 6, mercury and l e a d  were  found i n   t h e   s o f t   t i s s u e  bf t h e  

- o u t f a l l   m u s s e l s   i n   q u a n t i t i e s   m a r k e d l y  above t h e   l e v e l   i n   c o n t r o l  mussels. 

The me ta l   con ten ts   o f   t he   musse l   so f t   t i ssue   repo r ted   by  E l l i s  (1980b) had 

h igher   leve ls   o f   mercury  and lower   concen t ra t i ons   o f   copper   t han   t he   so f t  

t i ssue   con ten ts   o f   musse ls  as reported  by Can Test  Ltd.   (Table 7 ) .  Sewage 

was suspec ted   o f   be ing   the   source   o f   lead  as we l l  as l i ndane  and 

methoxychlor  which  were  detected i n  - M. c a l i f o r n i a n u s   s o f t   t i s s u e   ( E l l i s  

1980b) . 
The conclus ions made by E l  1 i s  (1980a and b)   incorpora te   ma jor  

f indings  from  several  studies  (McFarland,  1979;  McFarland,  1980; Brown, 

McFarl and and Thompson, 1980).  Brown,  McFarl  and  and Thompson (1980) 

sampled  sediments  200-300 m f r o m   t h e   o u t f a l l  and analyzed  them f o r   o r g a n i c  

contaminants  (Table  8) .   Concentrat ions o f  PCB’s  and ph tha la te   es te rs  were 

e l e v a t e d   o v e r   t h o s e   a t   t h e   c o n t r o l   s i t e  as were l eve l s   o f   l ead ,   copper  and 

mercury  found i n  sediment  samples  (Table  9).  Comparison  between - M. edul  i s 

and - M. c a l i f o r n i a n u s   f r o m   o u t f a l l   s i t e s  and c o n t r o l   s i t e s   r e v e a l e d  

c o n s i d e r a b l e   t i s s u e  and organ  degenerat ion  o f   the  organi  sms c o l l e c t e d   i n  

t h e   v i c i n i t y   o f   t h e   s h o r e 1  i ne ou t fa l l .   Tab le   10  shows l e v e l s   o f  

methoxychlor and t h e  PCB, Arochlor  1254 i n  mussel  samples  taken  adjacent 

t o   t h e   o u t f a l l  were we l l  above t h e  amounts  found i n   c o n t r o l  specimens. 

The cause o f   e leva ted   me ta l   concen t ra t i ons   i n   sed imen t  samples and t h e  
h i s topa tho log i ca l   obse rva t i ons   cou ld   no t  be a t t r i b u t e d   s o l e l y   t o   t h e  

McMicking  Point sewage o u t f a l l  (Brown,  McFarland  and Thompson, 1980). 

Cont r ibu t ions   f rom  a l te rna te   sources   (such as t h e  atmosphere,  storm and 

i n d u s t r i a l   r u n o f f )  were n o t   i d e n t i f i e d .  It i s  w o r t h   n o t i n g   t h a t   l e v e l s   o f  

organics  found i n  sediments and mussels  were  above  those i n   t h e  sewage. 

Th is   suggests   con taminants   o r ig ina t ing   f rom  mun ic ipa l  sewage were be ing  

concent ra ted   by   the   b iva lves  and may have   con t r i bu ted   t o   t he   degenera t i on  

o f  mussel t i s s u e   ( E l l i s  and Gee, 1981). 

Green and  VanZi nderen  Bakker   (1981)   found  the  to ta l   organic  

contaminants i n  - M. ca l  i f o r n i  anus  were h i g h e s t   i n   t h e  specimens c o l l e c t e d  

c l o s e   t o   t h e   o u t f a l l .   O r g a n i c   c o n t a m i n a n t   l e v e l s  were  low i n  mussels  taken 

7 km f r o m   t h e   o u t f a l l .  
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TABLE 7 MCMICKING POINT:  CONCENTRATIONS OF TRACE METALS I N  WATER  AND 

TISSUE 

R e f e r e n c e :  Can  Test  t t d . ,  Vancouver  

2 1 / N o v / 7 8  - p l  asma s p e c t r o g r a p h i c   a n a l y s i s   r e s u l t s  

I 
SAMPLE TYPE 

ME TAL WATER ( ppm) WATER ( ppm)  TISSUE ( ppm) 
I 

1 Copper  

II 
Cadmi urn 

1 

Lead 

I 

Z i n c  
m 

M e r c u r y  
I 

0.15 

0 . 0 0 2  

0.039 

0.15 

0.0007 

0 . 0 0 1  

0.001 

0.001 

0.001 

0.0002 

18.8 

3.10 

3.15 

1 5 2  .O 

0 . 2 5  
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- 
TABLE 10 M C M I C K I N G  POINT: ORGANIC CONTAMINANTS I N  MUSSEL  SAMPLES: 

Comparison o f  1980 and 1981   Ana lyses   (My t i l us   ca l i f o rn ianus )  

Reference:  This  tab1  e  summarizes  data  presented  by E l  l i s  (1980b) 

and E l l i s  and Dempsey ( 1 9 8 2 )   i n   M c M i c k i n g   P o i n t  

Repor ts   #8  and #12. 

1980  data i s  adapted  from Brown  and  Thompson,  1980. 
1981  data i s  adapted from Green and VanZinderen 

Bakker, 1981. 

I CONCENTRATION ( d r y   w e i g h t  , ppb) 

1 

CONTAM I NA NT ADJACENT TO OUTFALL  CONTROL 
( S t a t i o n   4 )   ( S t a t i o n   1 6 )  

1980  1981  1980  1981 

a 
P h t h a l a t e   E s t e r s  

D i e t h y l   p h t h a l   a t e  
D i -N-buty l  ph tha l   a te  
Buty l   benz l   ph tha l   a te  

I 

Y B i  s (2 -e thy l   hexy l  ) p h t h a l   a t e  

Iy C h l o r i n a t e d   P e s t i c i d e s  

Hexachl  orobenzene 

m Lindane 
DDE (P,P'+P,P' ) 
Methyoxychl o r  

I 

PCB's 

Aroc   h l   o r   1242 

Aroch l   o r   1254  

31 

I) 

ND 

49 
ND 

1270 

1.8 

1.3 
18 

59 

ND 

11 
t r  

63 

0.2 

0.4 

22.5 

16 

6 

ND 
ND 
ND 

1.8 
ND 

12  

ND 

. .  

t r  ND ND 

84 -1 27 32 

1 

ND 
ND 
ND 

tr 

t r  

5.6 
6 

ND 

ND 
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Table 11 p r e s e n t s   t h e   r e s u l t s   o f   s e d i m e n t   a n a l y s i s   f o r   o r g a n i c  

-carbon  conten t .  The h ighes t   percentage  o f   o rgan ic   carbon o f  1.36 d i d   n o t  

suggest   there was e x c e s s i v e   b u i l d  up o f   o r g a n i c s   i n   t h e   s h o r e l i n e   s e d i m e n t  

o f  McMicking  Point  (M. Pomeroy, pers. comm.). 

Several  sources (EPS  Memorandum, 1977; Dempsey and  Kashuro, 

1981)   no ted   t ha t   t he   wa te rs   f rom  Har l  i ng P o i n t   t o  Gonzales  Point, 

i n c l u d i n g   t h e   T r i a l   I s l a n d   a r e a ,   i s  a r e a r i n g   g r o u n d   f o r  salmon  and 

groundf ish .  A f i s h   f i n - r o t   s u r v e y   c a r r i e d   o u t   i n  December 1980 revea led  

p a c i f i c   h e r r i n g ,  bay p i p e f i s h ,   s c u l p i n s  and t h e  one f l ounder   caugh t   d id  

n o t  show any s i g n   o f   f i n   r o t   ( t e g g  and Dempsey, 1981).  Further  beach 

se i  ne  samples c o l   l e c t e d   i n   A p r i  1 1981  by Dempsey (1981),  revealed  none o f  
t h e   f i s h  had p h y s i c a l   a b n o r m a l i t i e s  common t o   t h e   i n h a b i t a n t s   o f  sewage 

o u t f a l l   a r e a s   ( E l l i s ,   1 9 8 2 ) .  

McMicking  report  #11 ( E l l i s ,  1981)   repor ted   ev idence  o f  sewage 

d i scha rge   a long   t he  beaches ad jacen t   t o   McMick ing   Po in t .   Feca l   co l i f o rm 

l e v e l s   i n  samples t a k e n   f r o m   s i t e s  seen i n   F i g u r e s  7 and 8 reached  as  high 

as  44,700 co lon ies /100 m l  ( E l l i s ,  1981)  which was s u b s t a n t i a l l y  above t h e  

r e c r e a t i o n a l   c o n t a c t   s t a n d a r d   o f  200 co lon ies /100 m l .  H i g h   f e c a l   c o l i f o r m  

1 eve1 s r e s u l t e d   i n   t h e   c l o s u r e   o f  beaches i n   t h e  area. 

I n  summary, t h e  sewage d ischarge  f rom  the  McMick ing  Point  

s h o r e 1   i n e   o u t f a l l   c o n t r i b u t e d   t o   e l e v a t e d   c o n t a m i n a n t   l e v e l s   i n   s h e l l f i s h  
and  sediment  adjacent t o   t h e   o u t f a l l   t e r m i n u s .  The d i v e r s i t y  o f  fauna l  

species was l o w e r   i n   t h e   o u t f a l l   a r e a   t h a n   a t   c o n t r o l   s i t e s   w h i l e   f i n - r o t  

was no t   de tec tab le .   Co l i fo rm  mon i to r ing   suggested   there   were  sewage 

eddies i n   E n t e r p r i s e   c h a n n e l  . 
2.3.2 Post-Extensi on M o n i t o r i n g .   A f t e r   t h e   c o n s t r u c t i o n  o f  t h e  

o u t f a l l   e x t e n s i o n   a t   M c M i c k i n g   P o i n t  (Aug.  1980-May 1 9 8 1 ) ,   c o l i f o r m  

m o n i t o r i n g  was c a r r i e d   o u t  by Wi 11 iams S i  gma Consul tants  Ltd.   (1983).  The 

c o n s u l t a n t s   r e p o r t   p o i n t s   o u t   t h a t   w i n t e r   f e c a l   c o l i f o r m   l e v e l s  above t h e  

r e c r e a t i o n a l   c o n t a c t   s t a n d a r d   p e r s i s t e d   i n  1982. The main  sourc-e ’o f   the 

b a c t e r i a  was suspected as be ing   the   McMick ing   Po in t  sewage o u t f a l l  

(Wi 1 .I i ams S i  gma, 1983). 
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TABLE 11 M C M I C K I N G  POINT: ORGANIC CARBON CONTENT OF SEDIMENTS 

Reference:  Brown,  YcFarland and  Thompson, 1980 

SAMPLE NO. LOCATION % ORGANIC CARBON* 

S l a * *  

S l b  

S 2a 

S2b 

S 3a 

S 3b 

W .  o f  Out fa1 1 

I I  

E. o f   O u t f a l l  

I I  

Cont ro l  S i  t e  

I I  

0.90 

1.06 

0.85 

1.36 

0.79 

0.78 

1 

*on a dry weight  b a s i s  

.I **samples  designated a and  b a r e   d u p l i c a t e s   o b t a i n e d  a t  t h e  same s t a t i o n  

Y 
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.y C o l i f o r m   d a t a   i m p l i e s   t h e   e x t e n d e d   o u t f a l l   d i d   n o t   a l l e v i a t e  

Y ’  t he   ou t fa l l   r ece i v ing   env i ronmen t   has  been  suspended u n t i l   t h e   f u t u r e   o f  

un favourab le   sho re l i ne  sewage  eddy p a t t e r n s  (CRD, 1983) .   Mon i to r ing  of 

t h e   o u t f a l l  has  been  decided (CRD, 1983) .   V i sua l   ev idence   o f   t he   e f f l uen t  

plume was marked  by  beach 1 i t t e r  and f locks   o f   seagu l ls   feed ing   on   what  

r e s i d e n t s   c l a i m  was a v i s i b l e  plume (CRD, 1983). It should  be  noted  that  

t he   ex tended   ou t fa l l   d id   improve   t he   impover i shed   sho re1   i ne   b io log ia l  

populat ions  which  extended 5-10 m down t h e  beach ( E l l i s ,   1 9 8 4 ) .  

m 

I 

P r o p o s a l s   t o   d i v e r t  sewage f lows  f rom  the   McMick ing   Po in t  
I) o u t f a l l   t o  a  more s u i t a b l e   m a r i n e   o u t f a l l  have  been  presented  by  the CRD 

I V i c t o r i a  and East   Saanich  populat ions i s   p r e s e n t l y   u n d e r   c o n s i d e r a t i o n .  

(1983). The p o s s i b i l i t y   o f   t h e   C l o v e r   P o i n t   o u t f a l l   s e r v i c i n g   t h e  

.I 2.4 F i   n n e r t y  Cove 

The F i n n e r t y  Cove o u t f a l l  was c o n s t r u c t e d   i n  1961 t o  serve   the  

mun ic ipa l i t y   o f   Eas te rn   Saan ich .   Pe rm i t  No. 231 was  amended i n  June, 

1978 t o   a l l o w  comminuted sewage t o  be  discharged  through  the 466 m o u t f a l l  

i n t o  Haro S t r a i t   a t  a d e p t h   o f  15.5 m ( F i g u r e   9 )  (See  Table 1 f o r   o u t f a l l  

dimensions). A recen t   s tudy   s ta tes   t he  sewage o u t f a l l   s e r v i c e d   a p p r o x i -  
mate ly  31,600 people i n  1982 w i t h  peak dry and  wet  weather  f lows o f  19,400 

1 

I 

Y m3/day and  26,400 m3/day respect ive ly   (Stanley  Associates,   1982) .  

U Y  o f   t h e   F i n n e r t y  Cove d ischarge gave e v i d e n c e   t h a t   t h e   q u a n t i t i e s   o f  sewage 

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

d ischarged  in to   the   sur round ing   waters  were t o o   l a r g e   t o  be e f f e c t i v e l y  

ass imi la ted   by   the   mar ine   env i ronment   (E l l i s ,  1976;  Kay,  1980; S tan ley  

Associates,  1982). It was a p p a r e n t   t h a t   t h e   l o w   q u a l i t y   o f   t h e   e f f l u e n t  
ma 

be ing   d i scha rged   f rom  the   F inne r t y  Cove  sewage o u t f a l l  was a f a c t o r  

r e s p o n s i b l e   i n   p a r t ,   f o r   t h e   c l o s u r e   o f  she1 1 f i s h   h a r v e s t i n g  on t h e   e a s t  

coas t   o f   the   Saan ich   Pen insu la   (S tan ley   Assoc ia tes ,   1982) .   V is ib le  

e f f e c t s   o f   t h e  sewage contaminated   rece iv ing   waters  was  made ev ident   by  he 

presence o f   s e a g u l l s   a t t r a c t e d   t o   t h e   e f f l u e n t  plume, f l o a t a b l e s  and  beach 

l i t t e r   ( E l l i s ,  1976). 
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Y 

Y 

Y 

1 

Ear l y   s tud ies   no ted   occas iona l l y   h igh   co l i f o rm  coun ts   (above  

- 1000 MPN/100 m l  ) w i t h i n  ha1 f a m i  l e  and adjacent t o   t h e   F i n n e r t y '  Cove 

o u t f a l l   ( E l l i s ,  1971b) .   Du r ing   t he   pe r iod   o f   samp l ing ,   ch lo r i na t i on  was i n  

progress.   St rong  water   mix ing i n   t h e   a r e a   k e p t   c o l i f o r m s ,   s a l i n i t i e s  and 

n u t r i e n t s  m i  xed t o   t h e   e x t e n t   t h a t   t h e y   l o c a t e d   n e i t h e r  an e f f l u e n t  plume 

no r  a t h e r m o c l i n e   ( E l l i s ,  1971b  and c ) .   I n t e r t i d a l  and s u b t i d a l   s t u d i e s  

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

( E l  1 i s ,  1 9 7 1 ~ ) .  Coon (1972)   conc luded  tha t   the   F inner ty  Cove e f f l u e n t  had 

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

algae  communities. 

I n  1971, loca l   observers  became concerned  over  the  occasional  

onshore a r r i  Va l  o f  was te   wh ich   poss ib l y   o r i g ina ted   f rom  the   F inne r t y  Cove 

sewage o u t f a l l   ( E l l i s ,   1 9 7 6 ) .   W a t e r   q u a l i t y   t e s t s   e s t a b l i s h e d   c o n t i n u o u s  

m i x i n g  and  no s t r a t i f i c a t i o n  because o f   s t r o n g   t i d a l   c u r r e n t s .  The 

s u r f a c i n g  plume was subject   to  occasional   onshore  winds  which,  i n  

combinat ion  wi th   s lack  water  and  a h igh   d i scha rge   ra te ,   cou ld   reach   t he  

shore1  ine. It was suggested  that  an o u t f a l l   e x t e n s i o n   w o u l d  move t h e  

p o i n t   o f   d i s c h a r g e   t o  a depth  where there  would  be weakened onshore  forces 

i n f l u e n c i n g   t h e   e f f l u e n t  plume ( E l   l i s ,   1 9 7 6 ) .  

Co l i f o rm  da ta  was recorded on E Q U I S  f o r   t h e   p e r i o d   f r o m  
January 1, 1965 to December 22,  1982. A sample  obtained a t  t h e   s u r f a c e   i n  

t h e   o u t f a l l   b o i  1 conta ined 0.04 mg/ l   o f   both  copper  and zinc.  This  sample 

was t h e   o n l y   r e c o r d  o f  any da ta   o the r   t han   co l i f o rm  coun ts   p resen ted  on 

EQUI'S. 
A b a c t e r i o  

coas t   o f   the   Saan ich  

January,  1980  by EPS 

l o g i c a l   s u r v e y  was conducted i n  w a t e r s   o f f   t h e   e a s t  

Peninsula i n  November, 1979 and f o r  a b r i e f   p e r i o d   i n  

. It was f o u n d   t h a t   t h e   n i n e   m a r i n e   s t a t i o n s  between 

Gordon Head and Telegraph Cove exceeded t h e   s h e l l f i s h   g r o w i n g   s t a n d a r d  

(Kay, 1980). The F i n n e r t y  Cove  sewage o u t f a l l ,   w i t h  a mean e f f l u e n t   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   o f  4.96 x 106/100 m l ,  c o n t r i b u t e d  an es t imated 92% 

o f   t h e   f e c a l   c o l i f o r m   l o a d i n g   t o   t h e   s t u d y   a r e a  (Kay, 1980). V isual  
. .  
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ev idence  o f  sewage d i scha rge   on   t he   beach   sou th   o f   t he   ou t fa l l  was noted. 

The s t u d y   r e s u l t e d   i n   s h e l  1 f i s h   c l o s u r e   o f   t h e   F i n n e r t y  Cove area,  from 

Gordon Head t o  1 0   M i l e   P o i n t   i n  1980. 

S tan ley   Assoc ia tes   (1982)   f ound   i nsu f f i c i en t   i n fo rma t ion   t o  

assess   the   impact   o f  seepage f r o m   m a l f u n c t i o n i n g   s e p t i c   t a n k   f i e l d s ,   s t o r m  

d r a i n   o u t f a l l  s and over f low  f rom sewage 1 i f t  s ta ions  on  near  shore  water 

q u a l i t y .   H i g h   c o l i f o r m  numbers (17 x l o 6  t o  9400 x 106 MPN/100 m l  ) were 

found   by   t he   examina t ion   o f   e f f l uen t  samples (Stanley  Associates,   1982).  

These f i gu res   p lus   co l i   f o rm  coun ts   no ted   f rom  s tud ies   p rev ious l y   men t ioned ,  

he lped  persuade  the   eng ineer ing   s tudy   to  recommend improvement schemes 

c o m b i n i n g   o u t f a l l   e x t e n s i o n   w i t h   v a r y i n g   d e g r e e s   o f  sewage t rea tment .  

Copper, cadmium  and z inc  found i n   s h e l l f i s h   t i s s u e  was suspected 

o f   o r i g i n a t i n g   f r o m   F i   n n e r t y  Cove sewage. As reported  by  Stanl   ey 

Associates  (1982),  samples  taken i n  Telegraph Cove and a t  t h e   o u t f a l l  

te rminus  had h i g h   l e v e l s  of  copper and  cadmium i n   r e l a t i o n  t o  McMicking 

Point   samples  (Table  12).  It shou ld   be   no ted   t ha t   t he   t yp ing   e r ro r   f ound  

i n  F i  n n e r t y  Cove Ou t fa l l   S tudy ,  Volume I (Stan l  ey  Associates,  1982)  which 

repor ts   she l  lfi sh t i s s u e   m e t a l   l e v e l s   i n  ppb  has  been c o r r e c t l y   r e p o r t e d  

i n  ppm i n  T a b l e   1 2   o f   t h i s   r e p o r t .  The PCB's Aroch lo r  1254  and  1242  were 

found i n   t i s s u e s  o f  mol 1 uscs  analyzed  by  Stanley  Associates  (1982).  
Results showed bioaccumulat ion o f  t h e  PCB's t o  10.4 and 12.8 ppb which 

compared t o   t r a c e   q u a n t i   t i e s  and  127  ppb  found i n  McMicki  ng  Point  samples 

(Stanley  Associates,   1982).  The PCB c o n c e n t r a t i o n s   i n   s h e l l f i s h   t i s s u e s  

from F i  n n e r t y  and Telegraph Cove were s a i d   t o  be  of 1 i t t l e  concern  as  they 

were   be low  the   acceptab le   leve ls   fo r  human consumption  of  100 ppb. 

. .  
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TABLE 12 FINNERTY COVE: METAL CONCENTRATIONS I N  SHELLFISH TISSUE 

Reference:  Stanley  Associates, 1982 

FINNERTY COVE Recommended* 

O u t f a l l   T e l e g r a p h  McMi c k i  ng L i m i t  

Terminus Cove Po in t   F reshwater  

( PPm) ( PPm) ( PPm) C r i t e r i a  

copper 55 - 57 5.9 - 90 9.0 - 9.4 none 

cadmi urn 7.2 - 16 0.9 - 1.3 1.6 - 2.3 none 

1 ead 0.42 - .54 0.76 - 0.94 1.6 - 4 . 3  10 
z i n c  845 - 915 96 - 103 125 - 153 none 

mercury .22 - .34 -25 - 1.75 0.2 - .46 0.5 

* C r i t e r i a   f o r   s a l t w a t e r   r e c e i v i n g   e n v i r o n m e n t  have n o t  been es tab l i shed.  

The o n l y   o b s e r v a b l e   e c o l o g i c a l   e f f e c t   o f   t h e   F i n n e r t y  Cove sewage 

d ischarge on the  marine  environment was an enr ichment o f  b i o l o g i c a l   l i f e ,  

p a r t i c u l a r l y   o f   b i v a l  ves i n   t h e   a r e a   o f   d i s c h a r g e   ( S t a n l  ey Associates,  

1982). T h i s  was considered a p o s i t i v e   r a t h e r   t h a n  a n e g a t i v e   e f f e c t  on 

the  mar ine  ecology  (Stanl  ey Associates,  1982). There was e v i d e n c e   o f  
o rgan ic   ma t te r   accumu la t i on   a t   t he   end   o f   t he   ou t fa l l  and  sediment 

d e p o s i t i o n  was v e r y   n o t i c e a b l e   a t   d e p t h s   o f  20 m i n   t h e   a r e a   o f   t h e  

o u t f a l l .  Paper  and p l a s t i c s  were common, a p p a r e n t l y   p a s s i n g   i n t a c t  

through  the  comminut ion  process  (Stanley  Associates,  1982). 
It shou ld   be   no ted   tha t   the   Depar tment   o f   F isher ies   and Oceans 

cons ide red   t he   F inne r t y  Cove a r e a   t o  be  an impor tan t   sa lmon id   rea r ing  

ground (EPS  Memorandum, 1982). Salmonids  are  suscept ib le  t o  c h l o r i n e  

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

Stanley  Associates (19821, were  contained i n  sewage d i s c h a r g e d   a t   F i n n e r t y  

Cove. A geoduck  survey  suggested  there were commerc ia l l y   harves tab le  

Y 
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s tocks  i n   t h e   F i n n e r t y - A r b u t u s  Cove area  (Marine  Resources  Branch,  Province 

o f   B r i t i s h  Columbia,  1978). 

I n c l u d e d   i n   t h e   F i   n n e r t y  Cove Out fa l l   Study  by  Stanley  Associates 

(1982), was  a thorough  rev iew  o f   the   phys ica l   oceanography   o f   the   a rea .  

C u r r e n t s   a f f e c t i n g   t h e  sewage d ischarge  impinge on the   Te legraph Cove 

sho re l i ne   app rox ima te l y  40% o f   t h e   t i m e   w i t h  a t r a v e l   t i m e   o f   l e s s   t h a n  one 

hour   f rom  the   ou t fa l l   t o   t he   nea rsho re   wa te rs   o f   Te leg raph  Cove (S tan ley  

Associates,  1982) . T h i s   r e s u l t   s u b s t a n t i a t e d   t h e   c o n c l u s i o n   o f  a 

f lourescent   dye  and dr i f t   card  s tudy  under taken  by  Dobrocky  Seatech i n  1979 

(Bucki ngham, 1979). 

Large  d i f ferences  between  south and eas t   coas t   wa te r   qua l i t y   da ta  

suggest   the   Fraser   R iver   in f luences   the   Haro   S t ra i t   waters   (Vassos ,   1982) .  

H ighe r   t empera tu res ,   l ower   sa l i n i t i es  and l o w e r   n i t r a t e   v a l u e s  were 

observed  along  the  east  coast  (Vassos,  1982).  

2.5 Sidney and East  Coast  Saanich  Peninsula 
Three sewage t rea tmen t   p lan ts   l oca ted  on the   eas t   coas t  of  t h e  

Saan ich   Pen insu la   se rv i ce   res iden ts   o f   t he   a rea .   P r io r   t o  1966, t h r e e  

s h o r e l i n e   o u t f a l l s   s e r v i c e d   t h e   S i d n e y   a r e a   ( B a r l o t t  " e t   a l ,   1 9 8 3 ) .   I n  

1971, t h e  CRD was a u t h o r i z e d   t o   c o n s t r u c t  an ac t i va ted   s ludge   t rea tmen t  

p l a n t  and a s ing1 e o u t f a l l   t o   r e p 1  ace t h e   s h o r e 1   i n e   o u t f a l l  s.  The 
m u n i c i p a l i t y  of North  Saanich  did  not   combine  wi th  Sidney t o  u t i l i z e   t h e  

sewage t rea tmen t   p lan t .  Amendment t o  Permit  No. 136 i n  October  1977 

au tho r i zed   expans ion   o f   t he   t rea tmen t   p lan t  and c o n s t r u c t i o n   o f  an o u t f a l l  

e x t e n s i o n   w h i c h   o p e r a t e d   w i t h   t h e   o l d   o u t f a l l   a c t i n g  as a bypass. A 

c o l l e c t i o n  and treatment  system was c o n s t r u c t e d   i n  1974 a t  Bazan Bay t o  

serv ice   res idents   o f   Nor th   Saan ich .  The Cent ra l   Saan ich   t rea tment   p lan t  

was c o n s t r u c t e d   i n  1973  and  expanded i n  1982  as it was operat ing  beyond 

i t s   c a p a c i t y   i n   t h e  1 a te   1970 ' s   (Ba r1   o t t  " e t  a1 , 1983).   Storm  drains 

l oca ted   a long   t he   eas t   coas t   o f   t he   Saan ich   Pen insu la   d i scha rged   was te  
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i n to   the   mar ine   env i ronment   bu t   the   f requency  and  amount o f  waste  expel led 

- i s  unknown (Kay,  1980). 

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

f rom  the   S idney   ou t fa l l   wh ich  i s  747.3 m i n   l e n g t h  and d i scha rges   a t  a 

d e p t h   o f  12.3 m, were  weaker t h a n   t h e   h i g h   v e l o c i t y   c u r r e n t s   o f  Haro S t r a i t  

but   reached  peaks  of  up t o   a p p r o x i m a t e l y  2.0 m/sec. (Thompson, 1981). The 

r e l a t i v e   c o n t r i b u t i o n  of  wind and c u r r e n t s   t o   t h e   t o t a l   m i x i n g   e f f e c t  was 

unc lear .  However, waters  surrounding  Sidney  were  inf luenced  by  strong 

c u r r e n t s   o f  Haro S t r a i t  (L.F. Giovando,  pers. comm.). It appears  the 

water  column i n   t h e  Sidney  Channel was a  homogenous m i x t u r e  (L.F. Giovando, 

pers. comm.). 

Sidney and Cent ra l   Saan ich   ou t fa l l   mon i to r ing   s i tes   were  

e s t a b l i s h e d   i n  1973.  Bazan Bay s t a t i o n s  were i n t r o d u c e d   t o   t h e   m o n i t o r i n g  

programme i n  1977 (Figure  10)  (Hoff ,   1981).   Total  and f e c a l   c o l i f o r m   d a t a  

repor ted  by  Hof f   (1981)   corresponded  wi th   the  data on EQUIS. N u t r i e n t  

data  found on t h e  E Q U I S  f i l e   f o r   s i x   o f   t h e  S idney   ou t fa l l   r ece i v ing   wa te r  

s a m p l i n g   s i t e s   i s  summarized i n  Table 13. D e t a i l s   a r e   f o u n d   i n  Appendix 

IV. All s a m p l i n g   s i t e s   o t h e r   t h a n   t h o s e   n o t e d   i n   t h i s   r e p o r t  have  been 

used f o r   c o l i f o r m   s a m p l i n g .  Heavy meta l   analys is  was done  on samples 

t a k e n   f r o m   t h e   S i d n e y   c l a r i f i e r s   t h e   r e s u l t s   o f   w h i c h   a r e   r e c o r d e d  on 

EQUIS. 

per iod  

1 eve1 s 

t h a t  sh 

i n   t h e  

d u r i n g  

1980), 

as w e l l  

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

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

sho r t l y   t he rea f te r   (Vassos ,  1982; Kay, 1980). Kay (1980)  noted 

o re1   i ne   co l i   f o rm  coun ts   were  above t h e  she1  1 f i sh   g row ing   s tandard  

Sidney  area p a r t i a l l y  due t o  a m a l f u n c t i o n   o f   t h e   t r e a t m e n t   p l a n t  

t he   t ime   o f   samp l ing .  A h i s t o r y   o f   t r e a t m e n t   p l a n t   u p s e t s  (Kay, 

i n d i c a t e d   t h e  bypass   re leased  coarse ly   s t ra ined  e f f luen t   dur ing   d ry  

as wet  weather  periods. The Bazan Bay and Central   Saanich sewage 

treatment  p lants  were  found t o  be   ma jor   sources   o f   bac ter ia l   con taminat ion  

(Kay, 1980). . .  

The r e s u l t s   o f  a CRD d i rec ted   sho re l i ne   samp l ing  programme 

s u g g e s t   m a j o r   c o n t r i b u t i o n s   t o   h i g h   c o l i   f o r m   l e v e l s  i n  r e c e i v i n g   w a t e r s  
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were made by  shore1 i ne  sources  (Vassos and Wi 11 i ams, 1981).  Sources o f  

- con tamina t ing   co l i f o rms   i nc luded  sewage t rea tmen t   p lan ts ,   s to rm  d ra ins  and 

leak ing   sep t i c   t anks .  

2.6 F i v e   F i n g e r   I s l a n d  

P r i o r   t o  1974,  sewage from Nanaimo was d ischarged  through  two 

s u b - m a r i n e   o u t f a l l s   l o c a t e d   a t  Duke Po in t  and  Newcastle  Island. I n  October 

1974, a new ou t fa l l   r ep laced   t he   two   sma l le r   d i scha rges .  The o u t f a l l  was 

l o c a t e d  2030 m o f f s h o r e   i n  70 m of  water  (see  Table 1 f o r   o u t f a l l  

dimensions). Primary t r e a t m e n t   w i t h   c h l o r i n a t i o n  was n o t   i n i t i a t e d   u n t i l  

June,  1975 (Packman, 1977). 

Permit  No. 338 s t i   p u l   a t e d   t h a t  27,300 m3/day was t h e  maximum f l o w  

t o  be   f l ushed   th rough   the  " Y "  shaped d i f f u s e r   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  . T i d a l   f l o w s   a f f e c t i n g   t h e   d i l u t i o n   o f  sewage e f f l u e n t  were 

cons ide rab ly  weaker than  those  found i n  waters   surrounding  the  southern t i p  

o f  Vancouver I s 1  and  (Thomson, 1981).  Therefore,  wind  generated  currents 

p layed a more i m p o r t a n t   r o l e   i n   t h e   d i s t r i b u t i o n  and m i x i n g   o f   e f f l u e n t .  

According t o  Packman (1977)  and Pomeroy  and Packman (1981) ,   the  water  

column  around  Five  Finger  Is1 and was t y p i c a l   o f   G e o r g i a   S t r a i t .  

S t r a t i f i c a t i o n  was more d i s t i n c t   i n  summer months than i n  w in te r .  Seasonal . 

temperature and s a l i n i t y  v a r i a t i o n  most 1 i ke ly   represented  changes i n  

f reshwa te r   f l ows   f rom  the  Nanaimo r i v e r ,   v a r i e d   w i n d  and t i d a l   c u r r e n t s  and 

surface  warming  due t o   i n s o l a t i o n .  

The mon i to r i ng  programme conducted  by  Malaspina  College  covered 

pre-  and pos t -ope ra t i ona l  as w e l l  as pre- and post - t reatment   surveys 

(Waters  1975a, b, c;  Waters  1976a,  b).  Sampling s i t es   f rom  wh ich   su r face  

samples  and i n t e r t i d a l   o b s e r v a t i o n s  were made a r e  seen i n  F igu re  11 . (The 

p r e c i s e   l o c a t i o n   o f   s a m p l i n g   s i t e s  used  by  Waters  (1975,  1976) was n o t  

s p e c i f i e d   t h e r e f o r e ,   t h o s e  seen i n  F igu re  11 a r e   n o t   e x a c t .   S t a t i o n  8 i s  

1.6 km o f fshore  and n o t   l o c a t e d   i n   F i g u r e  11.) Raw data   ob ta ined  f rom  the  

pre-opera t ion ,   pos t -opera t ion  and pos t - t rea tmen t   s tud ies  i s  suninarized i n  

Appendix 111. Phys ica l  and  chemical   receiv ing  water  data f i t  a u n i f o r m  
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FIGURE i i  LOCATION OF SAMPLING  STATIONS FOR MONITORING 
THE FIVE FINGER  ISLAND  MUNICIPAL OUTFALL 

RPforFtnce: A d a n t p d  f r o m  W a t e r s .  19760 1 



- 46 - 

I) 

1 

L 

I 

I 

I 

I 

W 

w 

9 

- 
s e a s o n a l   d i s t r i b u t i o n   p a t t e r n   i n d i c a t i n g   t h e r e  was l i t t l e   v a r i a t i o n   i n  

w a t e r   q u a l i t y   a t t r i b u t a b l e   t o  sewage ef f luent   (Waters,   1976b)  . N u t r i e n t  

l e v e l s   o f   r e c e i v i n g   w a t e r s   r e p o r t e d   b y  Packman (1977) and  Pomeroy  and 

Packman (1981)  (Appendix  111)  varied as r e s u l t   o f   i n t r o d u c e d   i n f l u e n c e s .  

That i s ,   n i t r i t e  and p a r t i c u l a r l y  ammonia, increased  over  1975  and  1977, 

pre-operat ional   va lues (Pomeroy and Packman, 1 9 8 1 ) .   I n t e r t i d a l   a r e a s  

studied  by  Waters  (1976b)  remained  unaffected  by sewage re1   a ted  

i n f  1 uences. 

On average, the   o rgan ic   con ten t   o f   sed iments   sur round ing   the   F ive  

F i n g e r   I s l a n d   o u t f a l l  exceeded t h e   S t r a i t   o f   G e o r g i a   a v e r a g e   b y  a s l i g h t  

margin. The d i f f e r e n c e   c o u l d   b e   a t t r i b u t e d   t o   l o w   s i z e   f r a c t i o n   s e d i m e n t  

components  and/or  the  presence  of   the sewage o u t f a l l   b u t   n e i t h e r   c a u s e  was 

conf i rmed  by Pomeroy  and Packman (1981).  Sediments  organic  carbon  contents 

presented i n  Table  14  increased i n  1978  and  1980 r e f l e c t i n g   t h e   s h i f t   o f  

s a m p l i n g   s t a t i o n s   c l o s e r   t o   t h e   d i f f u s e r   ( F i g u r e   1 2 ) .  

Appendix I 1  i nd i ca tes   l ead ,   z inc  and copper i n   r e c e i v i n g   w a t e r s  

increased  f rom  1974  through t o  1976. Mercury   decreased  on ly   s l igh t ly .  

As repor ted  by Pomeroy  and Packman (1981) ,   t race  meta l  

concen t ra t i ons   i n   sed imen ts  changed v e r y   l i t t l e   f r o m  1975 t o  1978. 

However,  between  1978  and  1980, when sampling was done c l o s e r   t o   t h e  
d i f f u s e r ,   s u b s t a n t i a l   i n c r e a s e s   i n   m e t a l s   w e r e   r e c o r d e d .   T h e r e f o r e   t h e  

o u t f a l l  was suspected o f  be ing   t he   sou rce   o f   me ta l s .  

Shore l ine  co l i form  leve ls   presented  by  Waters  (1979b)   were  be low 

the   rec rea t i ona l   con tac t   s tandard .  The  same su rvey   revea led   t he   co l i f o rm 

c o n t e n t s   o f   o y s t e r   t i s s u e  were s l i g h t l y  above t h e  recommended concen t ra t i on  

however, t h e   s o u r c e   o f   t h e   b a c t e r i a  was undetermined.   Pr imary  ch lor inated 

t rea tmen t   reduced   co l i   f o rm  coun ts   t o   l eve l s   be low  the   rec rea t i ona l   con tac t  

standard (Pomeroy  and Packman, 1981) . 
The area  around  F iver   F inger   Is1 and i s  used f o r   r e c r e a t i o n a l  

purposes  as we1 1 as  by  commercial  fishermen  (Bel 1 and  Kallman,  1976) . . .  
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Waters i n   t h e   v i c i n i t y   o f   t h e  sewage o u t f a l l   a r e  used f o r  salmon; shrimp 

.and   c rab   f i sh ing   (Be l  1 and  Kal  lmar, 1976 1. A1 though  these  organi-sms  are 

n o t  a s   s e n s i t i v e   t o   e n v i r o n m e n t a l  changes  as ben th i c  communi t i e s ,   t h e y   a r e  

s u b j e c t   t o   i n f l u e n c e   o r i g i n a t i n g   f r o m   t h e  sewage t rea tmen t   p lan t .  

Packman (1979)   repor ts   tha t   the   benth ic   communi ty  i n  t h e   F i v e  

F i n g e r   o u t f a l l   a r e a  was t y p i c a l   o f  a  deep water  community.  Benthic  grab 

samples i n d i c a t e d   t h e r e  was l i t t l e  environmental  damage wh i le   spec ies  

d i v e r s i t y  and  evenness o f   d i s t r i b u t i o n  were h igh.  A l a te r   su rvey   g i ves  

ev idence   t ha t   t he   ben th i c   commun i t y   su r round ing   t he   F i ve   F inge rs   ou t fa l l  

had a d i f fe ren t   spec ies   compos i t ion   than  those  surveyed away f rom  the  

o u t f a l l  (Pomeroy  and Packman, 1981 1. None o f   t h e  samples  had 

c h a r a c t e r i s t i c s   o f   p o l l u t i o n   a f f e c t e d   c o m m u n i t i e s  (Pomeroy  and Packman, 

1981 1. 
Seabed o b s e r v a t i o n s   o f   t h e   F i v e   F i n g e r   o u t f a l l   a r e a  were made i n  

1978  and  1980  during  dives i n   t he   submers ib le   vesse l ,   P i sces  IV. On both  

occasions  the  gravel   and mud subs t ra te  was c l e a r l y   v i s i b l e  so d isp layed  

l i t t l e  ev idence  o f   o rgan ic   mat te r   bu i ld -up .  By 1980,  non-biodegradable 

debris  had  accumulated  around  the  dif fuser  (Pomeroy  and Packman, 1981 1. 
The c o n c e n t r a t i o n   o f   f i s h   i n   t h e   F i v e   F i n g e r   I s l a n d   d i f f u s e r   a r e a  was t h e  

l a r g e s t  seen on  any Pisces IV dive  conducted  by  the  Environmental 

P r o t e c t i o n   S e r v i c e  (M. Pomeroy, pers. comm. 1.  It i s  apparent   tha t ,  as 
Wate rs   (1976b)   no ted ,   b io log i ca l   ac t i v i t y   i n   t he   ou t fa l l   a rea   has   been  on 

the   inc rease.  

A n a l y s i s   o f  prawn  (Pandalus  platyceros)  and  shrimp (P. - b o r e a l i s )  

t i s s u e  done i n  1980 showed the  commerc ia l ly   harvested  crustaceans 

con ta ined   h ighe r   l eve l  of  meta ls   than i n  p r e v i o u s   t e s t i n g   ( T a b l e   1 5 )  

(Pomeroy  and Packman, 1981). Coppe'r,  cadmium, i r o n ,   z i n c  and l e a d  were 

found i n  c o n c e n t r a t i o n s   s u b s t a n t i a l l y  above  1977 l e v e l s  (Pomeroy  and 

Packman, 1981 ) . 
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-2.7 French  Creek 

The French  Creek  marine sewage o u t f a l l  was cons t ruc ted  i n  t h e  

l a s t  few  months o f  1977. The accompanying sewage t r e a t m e n t   p l a n t  (STP) 

was b r o u g h t   i n t o   s e r v i c e   i n   F e b r u a r y  1978  and was s e r v i c i n g   r e s i d e n t s   o f  

the  Qual  icum-Parksvi  11 e area  by  August  1978 (L. Benoi t, pers. comm. 1. The 

o u t f a l l   e x t e n d s  2438.4 m t o  a s i t e  where  oceanographic  condit ions  are 

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

f r o m   s u r f a c e   i n s o l a t i o n  was ev iden t   i n   Augus t   su rveys   bu t  was a lmost  

n o n - e x i s t e n t   i n   A p r i l  (Pomeroy, 1982).  Freshwater  f lows  combined  with 

w ind   and   t i da l   cu r ren ts   e f fec t   t he   d i s t r i bu t i on   o f   t he   F rench   C reek  sewage 

e f f l u e n t .  

Mon i to r ing   o f   the   French Creek o u t f a l l   r e c e i v i n g   e n v i r o n m e n t  was 

conducted   by   the   Env i ronmenta l   Pro tec t ion   Serv ice   a t   sampl ing   s ta t ions  

presented i n   F i g u r e  13.  Pre-discharge  monitor ing was c a r r i e d   o u t  i n  1977 

to   p rov ide   compara t i ve   da ta   f o r   pos t -ope ra t i on   impac t   s tud ies  done i n  1978 

and  1980.  Water qua l i t y   da ta   p resented   by  Pomeroy (1982) (Tab1  e 16  and 

Appendix I V )  demons t ra ted   t empora l   va r ia t i ons   wh ich   were   a t t r i bu ted   t o  

normal   seasonal   f luc tuat ions.  

Sediment  analysis  gave  evidence  that  sewage e f f l u e n t   i s  

a f f e c t i n g   t h e   r e c e i v i n g   e n v i r o n m e n t  (Pomeroy, 1982).   Sampl ing  stat ions i n  
the   eas te rn   po r t i on   o f   t he   s tudy   a rea   exh ib i t ed   heavy   me ta l   concen t ra t i ons  

which  were  above  the  pre-operational  samples  (Table  17).  High  background 

l e v e l s  o f  o rgan ics  and  heavy  metals  were  thought t o   r e f l e c t   i n f l u e n c e s  

f rom  French  and  Morn ingstar   Creeks  and  prevai l ing  currents .  However, a 

c o n t i n u a l   r i s e   i n   o r g a n i c   c o n c e n t r a t i o n   o f   t h e   F r e n c h  Creek  area was 

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

Sewage d ischarge was b e l i e v e d   t o  be t h e   m a j o r   c o n t r i b u t e r   o f   o r g a n i c s  

(Pomeroy,  1982). The organic  and  heavy  metal  content  of  sediment i s  a 

f u n c t i o n   o f   p a r t i c l e   s i z e  (Pomeroy,  1982).  Nearby  creeks  and f i n e  

p a r t i c l e s   f r o m   t h e   e f f l u e n t   t h e r e f o r e   c o n t r i b u t e d  t o  the   i nc rease  ' in  heavy 

meta l   and  organic   content   o f   the  sediment .  
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Grab sampl ing  data showed polychaete worms t o  be t h e  mbst 

- abundant o f   i n f a u n a .   D i v e r s e   i n v e r t e b r a t e  communi t i e s  were i nd i ca ted   by  

t h e   l a c k  o f  dominant   spec ies.   Species  d ivers i ty  was g r e a t e s t   e a s t   o f   t h e  

o u t f a l l  and  ranged  from 25 t o  37. 

A comparison o f   t i s s u e   m e t a l   l e v e l s   i n   E n g l i s h   S o l  e (Parophrys 

vetul   us)  between 1977  and  1980 was  made by Pomeroy (1982)  (Table  18) . 
Copper  and  mercury  decreased  by  one ha1 f w h i l e   z i n c  and i r o n   i n c r e a s e d   b y  

a f a c t o r   o f   t w o .  There  were a l a r g e  number o f   rock f i sh   obse rved   a round   the  

o u t f a l l   p i p e   d u r i n g   t h e  1980  Pisces IV submers ib le   d ive   w i th  an i n c r e a s e   i n  

t h e   l o c a l   p o p u l a t i o n   n o t e d   d u r i n g   t h e  1983 d i v e  (M. Pomeroy, pers. comm.) . 
I n  October  1983, Pomeroy (pers. comm.) observed  from  the  Pi 'sces 

IV t h a t   u n d e r c u t t i n g  was more  severe  than  noted i n  p rev ious   d ives .  Some 

segments o f  the   French  Creek   ou t fa l l   p ipe  were comple te ly  suspended. 

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

v i s i b l e   e f f e c t s   f r o m  sewage d isposa l  (Pomeroy,  pers. comm.). 

2.8 Campbell R i v e r  
The 16,411 r e s i d e n t s   o f  Campbell R iver   are  served  by  two sewage 

and o u t f a l l s ;  one cons t ruc ted  i n  1964  which  discharges  at  a d e p t h   o f  11 m 

t h e   o t h e r   i n  1974  which  discharges  at  6.9 m. B o t h   o u t f a l l s   a r e  now 

s e r v i c e d   b y   t h e  same secondary sewage t r e a t m e n t   p l a n t .   O u t f a l l   d e t a i  
presented i n  Table 1. Permit  no. 109 r e q u i r e s   m o n i t o r i n g   o f   e f f l u e n t  

B.O.D. and S.S. however m o n i t o r i n g  of r e c e i v i n g   w a t e r s   i s   n o t  a c r i t e  

t h e   p e r m i t  . 

1s  a re  
f o r  

r i a  o 

The STP r a r e l y   o p e r a t e s   a t   f u l l   c a p a c i t y .   D u r i n g   p e r i o d s   o f  wet 

wea the r ,   s to rm  ove r f l ows   a re   u t i l i zed .  

A s a n i t a r y   s u r v e y   o f   t h e   M u n i c i p a l i t y  o f  t h e   D i s t r i c t   o f  Campbel 

R i v e r   i d e n t i f i e d   t h e  Campbell R iver   Water   Po l lu t ion   Cont ro l   Cent re  (WPCC) 

as a c o n t r i b u t o r   o f   b a c t e r i a l   p o l  1 u t i o n   t o   D i s c o v e r y  Passage (H i  ggs, 

1967a).  However, a She l l f i sh   Grow ing   Wate r   San i ta ry   Su rvey   d id   no t   men t ion  

t h e  Campbell R i v e r  WPCC as  one o f  t h e   m a j o r   c o n t r i b u t o r s  of ~ ' 
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TABLE 18 FRENCH CREEK: MEAN HEAVY METAL CONCENTRATIONS I N  ENGLISH SOLE 

(Parophy rs   ve tu lus )  . Levels  Expressed i n  Wet and Dry Weight 

Reference: Pomeroy,  1982 

TRAWL cu Fe Zn Hg 

dry   wet   d ry   wet   d ry   wet  d rY wet 

( PPm) ( P P d  ( P P d  ( PPm) 

1977 - 
FCT-1  11.3 2.4 16.4 3.4 33.8 7.1 0.19  0.04 

FCT-2 11.5 2.5 13.3 2.9 25.3  5.5 0.18 0.04 

FCT-3 11.7 2.6 15.3 3.3  24.7  5.3  0.27  0.06 

FCT-4 13.2 2.9 12.4 3.4 26 .O 5.5  0.13  0.03 

FCT-5 10.3 2.4  22.7  5.2  42.5 9.9 0.13  0.03 

FCT-3 6.0 1.3  39.5  8.2  65.3 13.9 0.12  0.02 
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f e c a l   c o l i f o r m   ( A r n e y  and Kay, 1976). Recommended shel  1 f i s h   c l 6 s u r e s  were 

- based  on h i g h   c o l   i f o r m   l e v e l s   o r i g i n a t i n g   f r o m   s o u r c e s   o t h e r   t h a n   t h e  WPCC 

( Arney  and Kay, 1976) . 
The p r o s p e c t   o f   l i g h t   i n d u s t r y   d e v e l o p m e n t   i n   t h e  Campbell R i v e r  

a r e a   l e d   t o   c o n s t r u c t i o n   o f  an STP f o u r t e e n   m i l e s   n o r t h   o f   t h e   c i t y   d u r i n g  

1983. The e x p e c t e d   d e v e l o p m e n t s   f a i l e d   t o   m a t e r i a l i z e   t h u s   l e a v i n g   t h e  STP 

dormant (P. Skognes, D i s t r i c t   o f  Campbell R iver ,   pers.  comm.).  When t h e  

STP will be  b rought   in to   opera t ion  i s   n o t  known. 

2.9 Powel 1 R i v e r  
Powel 1 R i v e r  has t h r e e  sewage o u t f a l l  s s e r v i n g  a p o p u l a t i o n   o f  

13,305. As seen i n  Table 1, secondary  t reatment was employed a t   t h e  

Westview and Town S i t e   t r e a t m e n t   p l a n t s   w h i l e   t h e   e f f l u e n t   e x p e l  1 ed f rom 

t h e  Wi 1 dwood o u t f a l l  undergoes  ch lor inat ion.  The s h o r t  Wi 1 dwood o u t f a l l  

wi 11 be  rep1  aced  by a  deep  sea o u t f a l l   i n  1984 (L. King,  pers. comm. ) . 
A bacter io log ica l   survey   conducted   by  EPS d u r i n g  November  and 

December,  1975 q u a n t i f i e d   t h e   b a c t e r i a l   l e v e l s   o f   m a r i n e   w a t e r s   o v e r l y i n g  

shel 1 f i s h  beds  (Kay,  1976). A concu r ren t   i nves t i ga t i on   (H i  ggs,  1976b) 

conc luded  the   ma jor   sources   o f   bac ter ia l   po l lu t ion  were the   s to rm  tank  

o v e r f l o w   f r o m   t h e  Powel 1 R ive r   Wate r   Po l l u t i on   Con t ro l   P lan t  (WPCP) and t h e  

sewage bypass  from  the  Westview WPCP. I n   a d d i t i o n   t o   t h e s e   s o u r c e s   o f  
b a c t e r i a ,  the Wildwood He igh ts  Sewage Lagoon was suspected  of  be ing  a major 

c o n t r i b u t o r   o f   b a c t e r i  a1 contamination  (Kay,  1976). The i n t e r t i d a l   w a t e r s  

o f  Powel 1 R i v e r  were   con tamina ted   by   f eca l   po l l u t i on   t o   t he   ex ten t   t ha t  

consumpt ion   o f   mo l l uscan   she l l f i sh  was p o t e n t i a l l y   h a z a r d o u s  (Kay,  1976). 

2.10 Pr ince  Ruper t  

Domestic  waste  generated  by  the 16,786 r e s i d e n t s   o f   P r i n c e   R u p e r t  

i s  d i scha rged   v ia   t h ree  sewage o u t f a l l s  and s i  x s to rm  over f lows a1 1 o f  

wh ich   te rmina te  i n   t h e   P r i n c e   R u p e r t   H a r b o u r   ( F i g u r e  14) . The dimensions 

o f  t h e   o u t f a l l  s are  presented i n  Table 1. . .  
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Tidal   ranges  over 7 m are  encountered i n  the   Pr ince   Ruper t   a rea  

- (Thomson, 1981)  which  have a s t rong   i n f l uence '  on d i s p e r i o n   o f   e f f l u e n t   i n  

the   Pr ince   Ruper t   Harbour .   V igorous   sou theas ter ly   w inds   b low  f rom 

November th rough   to   Feb rua ry   hav ing  a m i x i n g   e f f e c t   i n   t h e   H e c a t e   S t r a i t  

and  surroundipg  areas (Thomson, 1981). I n  summer months, f reshwater  

r u n o f f   r e p l a c e s   t h e   s o u t h e a s t e r l i e s  as the   p r imary   d ispersa l   agent  

(Thomson 1981). 

A mar ine  s tudy  by  Associated  Engineer ing  (1977)   repor ted  that  

phys i ca l   p roper t i es   o f   t he   P r ince   Ruper t   Ha rbour   wa te r   shou ld  have  caused 

t h e  mai  n  body o f   t h e   e f f l   u e n t   p l  umes t o  remain  submerged  bel ow t he  

sur face.  The r e p o r t   ( A s s o c i a t e d   E n g i n e e r i n g ,   1 9 7 7 )   n o t e d   s t r a t i f i c a t i o n  

o f   r e c e i v i n g   w a t e r s   a t   a l l   t i m e s   o f   t h e   y e a r .   B i l l i o n s   o f   c u b i c   m e t r e s   o f  

t i d a l   w a t e r  move i n  and o u t   o f   t h e   h a r b o u r   d u r i n g  each t i d a l   c y c l e   w h i c h  

r e s u l t e d   i n  a h igh  degree  o f   mix ing  and  ass imi la t ion  o f  sewage e f f l u e n t  

(Associated  Engineer ing,   1977).  

Permi t  No. 5577 s t i p u l a t e s   t h a t   w a t e r  samples c o l l e c t e d   a t  seven 

sampl i n g   s t a t i o n s   ( F i g u r e  14  should be obtained  every  three  months.  The 

parameters  measured  were t o t a l  and  feca l   co l   i fo rms,   Secch i   d isc ,   tu rb id i ty  

and f l  oatabl   es.   Permit  No. 5577 r e q u i r e d   t h a t   t e s t i n g   o f  she1  1 f i s h   f o r  

c o l i f o r m s  be done b iannua l l y .  

The Env i ronmen ta l   P ro tec t i on   Se rv i ce   ca r r i ed   ou t   samp l ing   o f  
sediments i n   t h e   P r i n c e   R u p e r t   H a r b o u r   i n  1979, 1980  and 1981 (EPS, 

unpubl i shed  da ta)   f rom  s i tes   p resented  i n   F i g u r e  14.  The r e s u l t s  have 

been  presented i n  Tables  19  and 20. Copper, cadmium, l e a d  and z i n c  

c o n c e n t r a t i o n s   n o t e d   f o r   s a m p l i n g   s t a t i o n  C were   e leva ted   f a r  above 

c o n c e n t r a t i o n s   r e c o r d e d   a t   a l l   o t h e r   s t a t i o n s .  These va lues   in f luenced 

the  mean heavy  metal   concentrat ions  such  that   the  1980  and  1981  level  s 
increased  over   1979  concentrat ions.   F igure  14  presents   sampl ing  s i tes 

noted i n  Tab1  e  19. 
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2.11 Lions  Gate 
The Lions  Gate sewage t r e a t m e n t   p l a n t   s e r v i c e s  a l a r g e -   p o r t i o n  o f  

t h e   r e s i d e n t s   o f   N o r t h  and West Vancouver  and discharges sewage e f f l u e n t  

i n t o   t h e   F i r s t  Narrows.  Dimensions o f   t h e   o u t f a l l   p i p e  have  been  presented 

i n  Table 1. 

Winds  and t i d a l   c u r r e n t s  combine w i th   p ressures  o f  waters 

squeezing  through  the  shal low (15 m) F i r s t  Narrows t o   c r e a t e   t u r b u l e n c e   i n  

the   immed ia te   a rea   o f   t he   L ion ' s  Gate Br idge (Thomson, 1981). Cur ren t  

v e l o c i t i e s   i n   t h e  Narrows  range  from 1.0 km/hr t o  4.6 km/hr (B.C. 

Research, 1981). The major   source  o f   f resh  water  i s   t h e   C a p i l a n o   R i v e r  

whose peak f l o w s   a r e   i n  autumn  and w in te r .  The F r a s e r   R i v e r   e x e r t s   i t s  

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

seaward f l o w   o f   f r e s h   w a t e r   f r o m   l o c a l   r i v e r s  (Thomson, 1981). Winds 

predominant ly  b low i n  an e a s t - w e s t   d i   r e c t i  on. 

Permit  No. 30 r e q u i r e d   s a m p l i n g   o f   t h e   L i o n ' s  Gate sewage 

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

o f  PE-30. C h l o r i n a t i o n   o f   t h e   e f f l u e n t   i s   c a r r i e d   o u t   f r o m  May t o  

September. Digested  s ludge i s  re1   eased  regu la r ly  on t h e  ebb t i d e .  

Sampl ing  of   waters i n   t h e  F i  r s t  Narrows  (Figure 15) revea led  

l e v e l s   o f  ammonia ranged  f rom  the  low  va lue  o f  0.042 ppm t o  0.1360 ppm over 

t h e   d i f f u s e r   m a n i f o l d   a t   s l a c k   t i d e  (B.C. Research, 1981). EQUIS  data,  
summarized i n  Appendix 111, p resents  ammonia l e v e l s   r a n g i n g   f r o m  < 0.0100 

t o  0.0900 ppm. 

Mathematical model p red ic t i ons   sugges t   sus tan t i  a1 d e p o s i t i o n   o f  

sewage s ludge   so l i ds  may h a v e   c o l l e c t e d   i n   t h e   v i c i n i t y   o f   t h e   o u t f a l l  (EPS 
Memorandum, 1983). 

The B.C. Research  Report (1981) concluded  salmon  were  not 

a f fec ted   by  sewage e f l u e n t   b u t   t h i s  was based on the   assumpt ion   t ha t  salmon 

i n h a b i t   t h e   e s t u a r y   f o r  a short   per iod  each  year.   According t o   t h e   H a b i t a t  

Management D i v i s i o n   o f   F i s h e r i e s  and Oceans (EPS  Memorandum, 1983), c h i  nook 

j u v e n i l e s   u t i  1 i z e   t h e   C a p i l a n o   r i v e r   e s t u a r y   t h r o u g h o u t   t h e   y e a r .  

T h e r e f o r e ,   t h e   p o s s i b i l i t y   o f  sewage r e l a t e d   i n f l u e n c e s   a f f e c t i n g   j u v e n i l e  

and a d u l t  salmon  cannot  be  ignored. 

a 
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FIGURE 15 L O C A T I O N  OF SAMPLING STATIONS FOR MONITORING 
OF THE LIONS GATE MUNICIPAL  OUTFALL 
( Reference : Sampling  Stat ion  Descriptions  from  Greater 

Vancouver   Reg ionq l   D is t r ic t  1 
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3.0 DISCUSSION 
- 

Seven ty   pe rcen t   o f   t he   popu la t i on   o f   B r t i sh   Co lumb ia   i nhab i t s   t he  

coas ta l   reg ion   bo rde r ing   t he   S t ra i t s   o f   Georg ia  and Juan de Fuca (Thomson, 

1981). The water  uses  are  var ied and a r e   o f t e n   i n   c o n f l i c t   w i t h  each 

o ther .   That   i s ,   they   serve  as a r e c e p t a c l e   f o r  i n d u s t r i  a1 and domestic 

wastes   wh i le   p rov id ing  a waterway f o r  spawning  salmon and commercial 

t ra f f i c .   Mar ine   env i ronments   be tween Vancouver I s l a n d  and the   ma in land  a re  

n o t   s u b j e c t   t o   h a r s h   c l i m a t i c   t r e a t m e n t   o f  an open c o a s t   l i n e   b u t  may be 

considered a semi-protected  area whose deep waters  are  replaced  approx- 

i m a t e l y  once a year  (Waldi  chuk,  1983) . A v a r i e t y   o f  cornmerci a1 l y  va luab le  

crustaceans and p e l a g i c   f i s h   u t i  1 i z e   t h e   S t r a i t s   t o   s u p p o r t  them  dur ing one 

o r   a l l   s t a g e s   o f   t h e i r   l i f e   c y c l e s .  It i s   t h e r e f o r e   i n   t h e   b e s t   i n t e r e s t  

o f   B r i t i s h  Col umbi ans to   p ro tec t   t hese   mar ine   wa te rs   f rom  po l  1 u t i o n .  

P o l l u t i o n ,  as def ined  by  the GSAMP (Un i ted   Nat ions  Group of  

Exper ts  on Special  Aspects  of  Marine  Pol 1 u t i o n )   i s   t h e   " i n t r o d u c t i o n   o f  

substances i n t o   t h e   m a r i n e   e n v i r o n m e n t   t h a t   r e s u l t   i n  harm t o  1 i v i  n,g r e  

sources'' (Bascom " e t  a1 , 1978). The waters  considered i n   t h i s   r e p o r t  have 

been f r e e   o f   m a j o r   p o l l u t i o n   p r o b l e m s  however, l o c a l   d e g r a d a t i o n   r e s u l t i n g  

f r o m   d i s p o s a l   o f   i n d u s t r i a l  and municipal   waste i s  evident  (Waldichuk, 

1983) . I n   t h e   d i s c u s s i o n   w h i c h   f o l l o w s ,   a t t e n t i o n  has  been g i v e n   t o  
changes i n   t h e  marine  environment  as we1 1 as t o  t h e  subletha l   aspect  o f  

"harm" i n c u r r e d   t o  "1 i ving   resources"  as  a r e s u l t   o f .   m a r i n e  sewage 

d isposa l  . 
3.1 N u t r i e n t s  

D isposa l   o f   un t rea ted  sewage t o   t h e  sea  has  been a t t r a c t i v e   t o  

a u t h o r i t i e s  as i t  min imizes   the  need f o r  sewage t rea tment   thereby  

m in im iz ing   t he   f i nanc ia l   bu rden  on taxpayers.  Municipal  waste  has, i n   t h e  

pas t ,   been  e f fec t i ve ly   ass imi  1 ated  by  the  marine  environment.  However, 

r e c e n t   a t t e n t i o n  has  been d i r e c t e d   t o  problems  associated w i t h .  

e u t r o p h i c a t i o n  and i t s   r e l a t i o n s h i p   w i t h   m u n i c i p a l  wastes.  More 

s p e c i f i c a l l y ,   n i t r o g e n   l o a d i n g  has  been a concern t o   s c i e n t i s t s  as 
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n i t r o g e n   i s  known t o  be t h e   l i m i t i n g   n u t r i e n t   i n   m a r i n e   e n v i r o n m h n t s  

- (Ryther  and Dunstar,  1971).  Nutr ient  enrichment may s t imu la te   g rowth   o f  

p h y t o p l a n k t o n   ( B a r l o t t  " e t  a1 , 1983). An i n c r e a s e   i n   p r i m a r y   p r o d u c t i v i t y  

i s   l a r g e l y  dependent  upon t h e   n i t r a t e   c o n c e n t r a t i o n   o f   t h e   m a r i n e  

environment  (Parsons,  1984). 

An i n c r e a s e   i n   p r i m a r y   p r o d u c t i v i t y   c a n  have  repercussions 

th roughout   the   food  cha in .   F igure  16   p resen ts   t roph ic   i n te rac t i ons   wh ich  

a r e   v u l n e r a b l e   t o   q u a n t i t a t i v e  changes o f   phy top lank ton   popu la t i ons .  The 

i 11 u s t r a t i o n   ( F i g u r e   1 6 )   i n d i c a t e s   t h e   m a j o r  1 inks   th rough  wh ich   the  

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

producers. 

The d e t e c t i o n  and measurement o f   e u t r o p h i c a t i o n   t h r o u g h  

b i o l o g i c a l   i n d i c a t o r s  such as phy top lank ton   p roduc t iv i t y ,   spec ies  

composi t ion and d i v e r s i t y  have  been repo r ted   ex tens i ve l y   (Ka ryd i s  " e t  a1 , 
1983). These i n d i c e s   a r e   h i g h l y   s e n s i t i v e   s i n c e   t h e y   r e f l e c t   i n t e r a c t i o n s  

of   organisms  wi th   each  o ther  and w i t h   t h e   p h y s i c a l  and chemical  envi  ronment 

(Karyd i  s " e t  a1 , 1983) . They r e q u i r e   e l a b o r a t e   d a t a   c o l l e c t i o n  and 

process ing and ana lys i s  by a v a r i e t y   o f   s p e c i a l i s t s .  

R e c e i v i n g   w a t e r   d a t a   c o l l e c t i o n   c a r r i e d   . o u t   f o r   t h e   m u n i c i p a l  

m a r i n e   o u t f a l l  s considered i n   t h i s   r e v i e w  has  been  sporadic and t h e  

record ing   accuracy   o f  some i n f o r m a t i o n   i s   q u e s t i o n a b l e .   T h e r e f o r e ,   t h e  
i n t r i c a t e   m a n i p u l a t i o n s  o f  n u t r i e n t  data  i n v o l v e d  i n  measuring 

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

environments  of   the sewage out fa l l s   be ing   rev iewed.   Data   p resented   here  

i n d i c a t e s   t h e r e   i s  no n u t r i e n t   e n r i c h m e n t   i n   m a r i n e   w a t e r s   a d j a c e n t   t o   t h e  

o u t f a l l s  (Vassos,  1982a;  Hoff,  1981). Any f l u c t u a t i o n s   i n   n u t r i e n t  

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

been l i t t l e   v a r i a t i o n   i n   w a t e r   q u a l  

(Vassos, 1982a; Hof f ,  1981;  Waters 

unpubl i shed). The sewage o u t f a l l  s 
we1 1 f 1 ushed  waters  which  appear t o  

enrichment . 

i t y  a t t r i b u t a b l e   t o  sewage e f f l u e n t  

, 1976b;  Pomeroy,  1982; Goyette " e t  a1 , 
l o c a t e d   i n   t h e   s t u d y   a r e a   t e r m i n a t e   i n  

a l l e v i a t e   p o s s i b i l i t i e s   o f   ' n u t r i e n t  
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FIGURE 16 SCHEMATIC  REPRESENTATION OF TROPHIC  INTERACT10 
ILLUSTRATING  THE  L INK  BETWEEN  NUTRIENT  LOADlh  
AND  COMMERCIALLY  HARVESTABLE  MOLLUSCS 
( R e f e r e n c e :   C h a p m a n ,  P. M. ,  e t  a l ,  1979 1 
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Because a l l  evidence  suggests  there i s   l i t t l e   n u t r i e n t - e n r i c h m e n t  

- i n  sewage ou t fa l l   a reas   rev iewed   he re in ,  a wors t   case   s i t ua t i on   - i s  one o f  

1 ow 1 eve1 eut rophicat ion.   Us ing  cont ro l   led  exper imenta l   ecosystems,  

Parsons  (1984)   demonstrated  that   induced  low  leve l   nut r ient   enr ichment   d id  

n o t   r e s u l t   i n  changed d i v e r s i t y   o f   p h y t o p l a n k t o n  and protozoan  communities. 

It has  been repor ted   (Parsons ,   1984)   tha t   inorgan ic  and o r g a n i c   n u t r i e n t  

enrichment may e l i c i t  a number o f   d i f f e r e n t   b i o l o g i c a l   s t r a t e g i e s  as  seen 

i n  F igure  17. It was n o t e d   t h a t   o n l y   i n   e x t r e m e   c a s e s   w o u l d   n u t r i e n t  

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

i ncrease i n   b e n t h i c   s e c o n d a r y   p r o d u c t i  on. 

S e n s i t i v e  methods o f   d e t e c t i o n  and  measurement o f   e u t r o p h i c a t i o n  

a r e   a v a i l a b l e   ( i l l u s t r a t e d   b y   t h e   e u t r o p h i c a t i o n   i n d e x   u t i l i z e d   b y   K a r y d i s  

” e t  a1 , 1983). However, t he   wa te r   qua l i t y   o f   mar ine   env i ronmen ts  

su r round ing   mun ic ipa l   ou t fa l l  s covered i n   t h i  s review  suggests  such 

de ta i l ed   ana lys i s   i s   no t   ye t   war ran ted .   Th i s   i s   suppor ted   by   exper imen ts  

w h i c h   i n d i c a t e  more t h a n   l o w   l e v e l   e u t r o p h i c a t i o n   i s   n e c e s s a r y   t o   c a u s e  an 

upset i n   t r o p h i c   l e v e l   p r o d u c t i o n   ( P a r s o n s ,   1 9 8 4 ) .  

The t o x i c i t y   o f  ammonia t o   a q u a t i c  1 i f e  has  been a t o p i c   o f  

recent  concern. The c h e m i c a l   s t a t e   o f  ammonia determines i t s   t o x i   c i t y .  

Un-ioni  zed ammonia (NH3) has  been shown t o  be t h e   t o x i c  component o f  

so lu t i ons   (S tober  ” e t  a1 , 1977) . Concent ra t ions   o f  NH3 i n c r e a s e   w i t h  
i n c r e a s i n g  pH and tempera ture   and  decreas ing   sa l in i ty   (S tober ,  ” e t  a1 , 
1977). Ammonia p roduc t i on  i s  a s s o c i a t e d   w i t h   t h e  amount o f   s u b s t r a t e  and 

a t tachab le   su r face  and i s   t o  some e x t e n t   g o v e r n e d   b y   b a c t e r i a l   a c t i v i t y  

(Parsons,  1984).   Zooplankton  also  contr ibute t o   t h e  ammonia pool   (Corket t  

and  McLaren,  1978) . While ammonia i s  i n t roduced   to   t he   mar ine   env i ronmen t  

i n   t h e   f o r m  o f  domestic  waste,  the  sources  mentioned above i n f l u e n c e  

measurements o f  ammonia i n   r e c e i v i n g   w a t e r s .   V a r i a t i o n s   i n   p h y s i c a l  

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

between t e s t i n g   l o c a t i o n s .  

Water q u a l i t y   r e c o r d s   u t i l i z e d   i n   t h i s   r e v i e w ,   r e p r e s e n t  

q u a n t i   t i e s   o f   d i s s o l v e d  ammonia (NH4’) as  opposed t o   t h e  
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un- ion ized  fo rm  o f  ammonia (NH3) mentioned i n   l i t e r a t u r e   s o u r c e s - ( S t o b e r  

-7 e t   a l ,  1977;  Clark,  1978).  Therefore,  there i s   l i t t l e   b a s i s   o f  comparison 

between the   da ta   p resented   here  and that  reported  elsewhere.  Macaulay 

Po in t  ammonia l e v e l s  o f  0.148 and 0,084 ppm (Appendix I )  were  noted  as 

being  extreme  (Hoff,   1981). It should  be remembered t h a t  a source  o f  

ammonia o the r   t han  sewage e f f l u e n t  was suspected  as  causing  elevated 

ammonia l e v e l s   o f f  Macaul  ay Point  (Hoff,   1981) . The h igh  ammonia 

concen t ra t i ons   f o r   samp l ing   s ta t i ons  W1 and S3 were  noted  by  Hoff  (1981), 

Vassos  (1982a)  and EQUIS  (See  Appendix I ) .  Data  reported  by  the WMB does 

no t   cor respond  w i th   tha t   o f   the   o ther   da ta   sources .  

Data on t h e   e f f e c t  o f  ammonia on marine  organisms i s   l i m i t e d  and 

i n   t h e   p a s t   i n f o r m a t i o n  has  been  reported i n   c o n j u n c t i o n   w i t h   s t u d i e s  on 

f reshwater   spec ies (U.S. EPA, 1976) .   Levels   o f   un- ion i  zed ammonia i n   t h e  

range  of 0.2 t o  2.0 ppm have  been shown t o  be t o x i c   t o  some s p e c i e s   o f  

f r e s h w a t e r   a q u a t i c   l i f e  (U.S. EPA, 1 9 7 6 ) .   L i t e r a t u r e   c i t e d   b y   t h e  U.S. 

Env i ronmenta l   Pro tec t ion  Agency (U.S. EPA, 1976)   i nd i ca tes   t ha t  a t  t o t a l  

ammonia  (NH3 + NH4+) concen t ra t i ons   o f  3 ppm t r o u t  become hyperexc i tab le .  

However,  even i n   d i  1 u t e   s a l  i ne w a t e r s ,   t h e   r a t i o  NH+4/NH3 increases 

the reby   reduc ing   t he   concen t ra t i on  o f  t o x i c  NH3 (U.S. EPA, 1976). The 

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

ammonia i s  apparent. 
Parsons (1984)  noted t h a t  i n  exper iments where both ammonium and 

n i t r a t e   u p t a k e  were  s tud ied,   the  uptake  o f  ammonium by  diatom  dominated 

phytoplankton i s   g e n e r a l l y  more r a p i d   t h a n   f o r   n i t r a t e .   T h i s   s u g g e s t e d   t h e  

dominance o f  ammonium i n  domesic sewage w o u l d   b e   b e n e f i c i a l   t o   t h e   p e l a g i c  

food   cha in   o f   l a rge   d ia toms  and ca lano id  copepods  (Parsons,  1984). 

T h e r e f o r e ,   t h e   i n t r o d u c t i o n   o f   s m a l l   q u a n t i t i e s   o f  ammonium t o   t h e   m a r i n e  

envi  ronment  should  not  present a t o x i c i t y  hazard. 

3.2 Metals  
Meta ls   en ter ing   the   mar ine   env i   ronment  may a c t  as t o x i c  

po l l u tan ts   wh ich   d i s rup t   mar ine   f ood   cha ins  and may pose a t h r e a t  as 
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contaminants o f  human food. The f a t e  o f  meta ls  i n   a q u a t i c  systems i s  

- i n f l u e n c e d  by  changes i n  pH, tempera tu re ,   sa l i n i t y ,   by   t he   p rocess   o f  

sedimentat ion and b y   m i c r o b i a l   a c t i v i t y  (Chapman, 1979).  Water,  sediment, 

and b io ta   a re   the   meta l   reservo i rs   a l though  sed iments   a re   the   ma jor  

r e p o s i t o r y   w h i c h  may contain  over  99% o f  t h e   m e t a l s   i n  an aquat ic  

environment  (Renfro,  1973). It i s   d i f f i c u l t  t o  determine amounts o f  meta ls  

i n  a p a r t i c u l a r   a q u a t i c   e n v i  ronment when comparisons  between 1 o c a t i  ons a re  

made because  background  levels  vary  considerably.   Dist inguishing  between 

n a t u r a l   l e v e l s  and those  which  or ig inate  f rom  anthropogenic   sources i s  

another  problem t o  be  considered. I n   l i g h t  o f  t h e s e   o b s e r v a t i o n s ,   r e l a t i v e  

m e t a l   l e v e l s   o f   t h e   r e c e i v i n g   e n v i r o n m e n t s   i n v o l v e d   i n   t h i s  r 
noted.  This  data i s  p r e s e n t e d   g r a p h i c a l l y   i n   F i g u r e s  18-22, 

copper,  lead,  zinc  and cadmium respec t i ve l y .  

Comparing l e v e l s  of  mercury i n  sediment  samples  col 

v i c i n i t y   o f   t h e   s e l e c t e d  sewage o u t f a l l  s, it i s   e v i d e n t   t h a t  

i n   t h e   m a r i n e   e n v i  ronment   surrounding  the  concerned  out fa l l  s 

,eport will be 

f o r  mercury, 

l e c t e d   i n   t h e  

mercury 1 eve1 s 

were e leva ted  

i n  two  cases.  French  Creek  sediment had  a l ow   mercu ry   concen t ra t i on   o f  

0.032 ppm (Table  18)  which i s  be low  the   F i ve   F inge r   I s l and  mean sediment 

mercury  concentrat ion  o f  0.23 ppm (derived  from  Table  14). However, 

McMi c k i  ng Po in t  and Pr ince  Ruper t   had  h igher  mean sediment  mercury 

c o n c e n t r a t i o n s   o f  0.73  ppm and 0.90 ppm r e s p e c t i v e l y .   S i m i l a r  measurements 
i n  Puget Sound ranged  from 0.01 t o  1.00 ppm (reported by Chapman, 1979). 

Bo th   inorgan ic  and organic  forms o f  mercury  can  be  converted t o  

the  tox ic ,   methy lated  form  by  microorganisms i n  sediment  (Garret t  " e t   a l ,  

1980).  However, the   occur rence  o f   methy la t ion  i s  dependent  upon t h e  

sediment  mercury  concentrat ion, pH, oxygen,  hydrogen s u l f i d e   a v a i l a b i l i t y  

( G a r r e t t  " e t   a l ,  1980) and t h e r e f o r e   v a r i e s   a c c o r d i n g   t o   n a t u r a l   c o n d i t i o n s .  

Methylated  mercury may b e   b i o m a g n i f i e d   t h r o u g h   t h e   f o o d   c h a i n   r e s u l t i n g   i n  

o rgan isms   o f   h ighe r   t roph ic   l eve l s   accumu la t i ng   mercu ry   t o   concen t ra t i ons  

grea ter   than  tha t   o f   ambien t   water .  

I n   h i s   s t u d y   o f  Los Angeles o u t f a l l  s, Bascom (1983) concluded  the 

presence o f  methylated  mercury was na tu ra l  and n o t   t h e   r e s u l t   o f  man's 

ordinary  wastes.  Mercury i n  sediments  around Los Angeles  County r a r e l y  

Y 
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exceeded 1.0  pym b u t   d i d   r e a c h   c o n c e n t r a t i o n s   o f  5.5 ppm (Table-18) . But 

a s   G a r r e t t   e t  a1 (1980)  noted,  sediment  concentrations  between 0.1 ppm and 

1.0 ppm  may ind i ca te   na tu ra l l y   h igh   backg round   l eve l s   o f   mercu ry   and /o r  

contaminat ion  as a r e s u l t   o f   i n d u s t r i a l   o r   o t h e r  man-re1 ated  re leases.  As 

seen i n   F i g u r e  18, Pr ince  Rupert   Harbour showed t h e   h i g h e s t   l e v e l s   o f  

mercury i n  sediment f o r   t h e   s e l e c t e d   o u t f a l l   a r e a s   w i t h  a  mean mercury 

concen t ra t i on  0.9  ppm. According t o  F igure   18 ,   V ic to r ia   Harbour  was t h e  

o n l y   l o c a t i o n   o f   t h e   s i t e s   c o n s i d e r e d   i n   t h e   i l l u s t r a t i o n  where the  mercury 

concen t ra t i on  was above 1.0  ppm. G a r r e t t   e t  a1 (1980)   repor ted 1.0  ppm 

marks t h e   l e v e l  above  which f u r t h e r   i n v e s t i g a t i o n   i s   w a r r a n t e d  because o f  

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

organi  sms. 

Sed iment   ana lys is   has   the   advantage  o f   ind ica t ing   the   cumula t ive  

e f f e c t   o f   m a r i n e   d i s c h a r g e s  (Chapman, 1979)  however t h e   d i f f i c u l t y   o f  

de termin ing   the   sources   o f   con taminants   s t i  11 remains. The f a c t   t h a t   t h e  

meta l   content  o f  sediment i s  dependent  upon p a r t i c l e   s i z e  (Pomeroy,  1982) 

must  be  taken i n t o  account. 

A no ted   t rend  amongst sediment  data i s   e l e v a t e d   l e v e l s   o f   c o p p e r  

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

Point,  McMicking  Point,  French  Creek and P r i n c e   R u p e r t   o u t f a l l s   ( F i g u r e s   1 9  

and 20) .   Concentrat ions  o f   copper  i n  sediment  surrounding  the  mentioned 
ou t fa l l s   range  f rom  va lues   o f  9.4 ppm a t  French  Creek t o  505.0 ppm a t  

Pr ince  Rupert   (Figure  18).   Sediments  surrounding a Los Angeles o u t f a l l  

have  contained up t o  782 ppm w h i l e  Puget Sound sediments  contain 11 t o  870 

ppm copper .   S imi la r ly ,   lead   concent ra t ions  i n  sediments  adjacent t o  

B r i t i s h  Co lumbia   ou t fa l l   a reas  (5.6 ppm a t   M c M i c k i n g   P o i n t   t o  a  maximum o f  

365 ppm a t   Pr ince   Ruper t )   a re   be low Los Angeles  records o f  180 t o  537 ppm 

(Bascom, 1983)  and  Puget Sound sed iment   lead   concent ra t ions   o f  8 t o  800 ppm 

(Chapman , 1979) . As seen i n   F i g u r e  20, sediments  from Macaul  ay P o i n t  and 

Pr ince   Ruper t   ou t fa l l s   con ta ined   t he   h ighes t   l ead   concen t ra t i ons .  The 

i n f l u e n c e   o f   h a r b o u r   a c t i v i t i e s  most   p robab ly   con t r ibu ted  t o  t h e   e l e v a t e d  

l e v e l s   i n   P r i n c e   R u p e r t .  

Y 
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Copper i s  one o f   a t   l e a s t   e l  even  heavy  metals  which  are  natural  

c o n s t i t u e n t s   o f   t h e   m a r i n e   e n v i  ronment  and  which  are  biologic1 l y  essen t i  a1 

(Bryan,  1980) . A t  h i g h   l e v e l s ,  i t  i s   t o x i c  and i s  bioaccumul  ated (Chapman, 

1979)  and  therefore,  1 i ke  z inc and o ther   essent ia l   meta l  s, must  be 

considered a po ten t ia l   con taminant   o f   mar ine   o rgan isms.  It i s   i n t e r e s t i n g  

t o   n o t e   t h a t   m e t a l  s i n  sediment  which  are  10 t o  100 t imes  background  leve l  s 

may have sub le tha l   e f fec ts   on   sma l l   i nve r teb ra tes   bu t   a re   se ldom  found   i n  

t i ssues o f  1 a r g e r   i n v e r t e b r a t e s  (Bascom, 1983). 

From a l l  appearances, t h e  M a c a u l a y   P o i n t   o u t f a l l   i s   t h e   s o u r c e   o f  

e levated  copper and 1 ead leve ls   (Goye t te  ” e t  a1 , 1982).   Metal   level  s i n   t h e  

Prince  Rupert  Harbour  most 1 i k e l y   o r i g i n a t e   f r o m  a v a r i e t y   o f   i n d u s t r i a l  

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

marine  envi   ronment  which  are made by  munic ipa l  sewage o u t f a l l  s. Sche l l  

(1976)  suggested  the METRO S e a t t l e  sewage o u t f a l l  was not   the  major   source 

o f   m e t a l  s i n  Puget Sound. 

Marine  organisms  are  of ten  used as i n d i c a t o r s   o f   m e t a l  

contaminat ion,   the  accumulat ion  o f   which i s   i n f l u e n c e d  by  environmental and 

b io log i ca l   f ac t i ons   (B ryan ,   1980) .  A1 though  metal s i n   s o l u t i o n   a r e   o f t e n  

i n   b i o l o g i c a l  l y  avai 1 ab1  e forms, i t  has  been shown t h a t   t h e   u p t a k e   o f  

metals  by  marine  fauna i s  dependent  upon t h e   c o m p o s i t i o n   o f   p a r t i c l e s   t o  
which t h e  m e t a l s  a r e  absorbed (Bryan, 1980). Some organisms r e f l e c t  t h e  

env i ronmenta l   concent ra t ions   o f   meta ls   be t te r   than  o thers .   For  example, 

the  mussel ,  Myti 1 us edul i s   e x c r e t e s   m e t a l   a t  a r a t e   p r o p o r t i o n a l  

t o   t h e  body  burden and t h e r e f o r e   t h e   c o n c e n t r a t i o n   i n   t h e  body i s  

p ropor t i ona l   t o   env i   ronmen ta l   ava i  1 ab i  1 i t y  (Bryan,  1980). 

- M. edul  i s   a r e  we1 1 recognized as va luab le   mon i to rs  o f  t race   me ta l  

p o l   l u t i o n   o f   e s t u a r i n e   w a t e r s  (Popham and D’ Auri  a, 1983a).  Appl i c a t i o n   o f  

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

determine  whether   or   not   the  mussels   are  f rom a po l lu ted   env i ronment  

(Popham and D’ Auri  a, 1983a) . Wi thou t   go ing   i n to   such   de ta i  1 ,  a .comparison 

o f   m e t a l s   i n  - M. e d u l i s   c o l l e c t e d   a t   M c M i c k i n g   P o i n t   w i t h   t h o s e   f r o m   o t h e r  

regions  (Table  21)  reveals  local   mussels  have  t race-metal   body  burdens i n  
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the   range   o f   a reas   rece iv ing  a c o m b i n a t i o n   o f   i n d u s t r i  a1 and domestic 

. wastes  (Brown,  McFarl and,  and Thomson, 1980)  (see  Figures 18 t o   2 1 ) .  

Mercury  and  lead  are  considered  hazardous  metals t o  both  mar ine 

organisms  and man (Harbo " e t   a l ,   1 9 8 3 ) .  The h i g h e s t   l e v e l   o f   l e a d   i n  

mol l u s c s   c o l l e c t e d   f r o m   a r e a s   r e l e v a n t  t o  t h i s   r e v i e w  were ob ta ined  f rom 

C love r   Po in t   (Tab le  5, Figure  20) . The c o n c e n t r a t i o n   o f  11.7 ppm ( d r y  

weight )   presented i n   F i g u r e  20 was above t h e  mean l e a d   l e v e l   o f  4.5  ppm 

(dry   weight  ) i n mol 1 uscs  as  recorded  by  Harbo " e t  a1 (1983) who c o l l   e c t e d  

samples a d j a c e n t   t o   u r b a n  and i n d u s t r i a l   a r e a s   i n   S o u t h e r n   B r i t i s h  

Columbia.  McMicking  Point and F i n n e r t y  Cove o u t f a l l  s d i s c h a r g e d   e f f l u e n t  

which  had a m e r c u r y   c o n t e n t   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   C o l u m b i a  

M i n i s t r y   o f   t h e   E n v i r o n m e n t  recommended level   (Stanley  Associates,   1982) .  

As shown i n  F igu re  18,  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  was 

above t h e  mean 1 eve1 i n  mol 1 uscs  f rom  southern  Br i t ish  Col   umbia,  as 

reported  by  Harbo " e t  a1 (1983). 

Z inc  and  copper l e v e l s   i n   a q u a t i c   o r g a n i  sms are  not   cons idered 

hazardous t o  humans bu t   t hey  may have l e t h a l  or s u b l e t h a l   a f f e c t s  on t h e  

organisms  (Harbo " e t  a1 , 1983). The h ighes t   leve ls   observed i n  mol 1 uscs i n  

the   a reas   cons idered  were   co l   lec ted   f rom  the  C1 over   Po in t  and F i n n e 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   t h a n   f o r  samples ob ta ined  f rom  the   McMick ing   Po in t   ou t fa l l   te rminus  
(Tab le  12, 18 and 20) )  (Stanley  Associates,  1982) A l though   the   l eve l s  o f  

zinc  presented  by  Stanley  Associates  (1982)  appear  high  (845-915 ppm, dry 

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  uncomnon f o r   b o t t o m  

dwel lers   such as  mol 1 uscs  (Stanley  Associates,  1982). The P a c i f i c   o y s t e r  

(Crassost 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 than  i n  

most  she1 1 f i s h  (Harbo e t  a1 , 1983) . The  mean d r y   w e i g h t   c o n t e n t s   o f   z i n c  

i n  - C. g igas   taken  f rom  Southern   Br i t i sh   Co lumbia   waters  were  recorded  as 

2886 - + 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   ext reme.  
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I n  summary,  mean l e v e l s   o f   m e r c u r y ,  1 ead, copper and  cadmi um i n  

s h e l l f i s h   c o l l e c t e d   a d j a c e n t   t o   o u t f a l l  s considered i n   t h i s   r e v i e w  were 

above mean l e v e l s   i n   m o l l u s c s   o b t a i n e d   f r o m   w a t e r s   c l o s e   t o   u r b a n  and 

i n d u s t r i a l   a r e a s   i n   s o u t h e r n   B r i t i s h   C o l u m b i a   ( a s   r e p o r t e d   b y  Harbo " e t  a1 , 
1983). 

It i s   i n t e r e s t i n g   t o   n o t e   t h a t  Popham and D'Auria  (1983a)  suggest 

t h a t   a r e a s   i n   B r i t i s h   C o l u m b i a  where  mussels  are  found t o  have  high 

c o n c e n t r a t i o n s   o f   l e a d ,   z i n c  and c o p p e r   a r e   r e f l e c t i n g   i n d u s t r i a l   p o l  1 u t i o n  

of   the  surrounding  seawater.   Also,  some animal c e l l s   g e n e r a t e  a p r o t e c t i v e  

pro te in   wh ich   p revents   excess ive   concent ra t ions   o f   meta ls   f rom damaging 

enzyme systems  and g e n e t i c   t i s s u e s  (Popham  and D'Auria,  1983b). 

A compar i son   o f   t i ssue   me ta l   l eve l s   i n   Eng l i sh   so le   (Pa rophrys  

ve tu l   us )   co l l ec ted   du r ing   t raw ls   ad jacen t   t o   t he   F rench  Creek o u t f a l l  

between  1977  and  1980 (Table  21) , show t h e   z i n c   c o n t e n t   o f   t i s s u e   i n c r e a s e d  

by a f a c t o r  o f  two  (Pomeroy,  1982). 

3.3 Organics 
Organic  substances,  well  known f o r   t h e i r   a b i l i t y   t o  accumulate t o  

t o x i c   l e v e l s   w i t h o u t   b e i n g   d e g r a d e d  (FRES, 1979)  have  been  detected i n  

sediments and mussels  adjacent t o  Macaul  ay P o i n t  and McMicking  Point  

(Tables 3, 8 and 10). These u b i q u i t o u s   p o l  1 u tan ts   a re  used i n   e l e c t r i c a l  
equipment (PCBs) and  as p e s t i c i d e s   ( d i e l d r i n )  and wood p rese rva t i ves  

(hexachl  orobenzene) (FRES, 1979).  Exposure t o   t o x i  c <organic  substances  can 

e l i c i t   s u b l e t h a l   e f f e c t s  such as d i s r u p t i o n  of  osmoregulat ion i n  

mar ine   t e leos ts  and i n t e r f e r e n c e   w i t h  ATPase enzymes i n   f i s h  and shrimp 

( G a r r e t t  , 1983). 
The amount o f  PCBs i n  Macaul ay Point   sediment i s   f a r  below PCBs 

measured a t   m a r i n e   s i t e s   a t   o t h e r   B r i t i s h   C o l u m b i a  1 oca t ions  as recorded  by 

Garret t   (1983) .  Brown, McFarl and,  and Thomson (1980) and Stan ley  

Associates  (1982)  noted  that   organic  contaminants  were  found i n   h i g h e r  

sediment and mussel concen t ra t i ons   nea r   t he   McMick ing   Po in t   ou t fa l l  

t e r m i n u s   t h a n   a t   c o n t r o l   s i t e s .  It was a l so   f ound   tha t   o rgan ic  
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TABLE 21 CONCENTRATIONS OF TRACE METALS FOUND I N  M y t i l u s   e d u l i s  AROUND THE 

WORLD 

References: Brown, MacFarland and  Thomson, 1980. 

Bryan, 1980. 

Fors tner  and Whittman, 1979. 

LOCATION  TRACE  METAL  CONCENTRATION (ppm) 

Zn  Cd cu  Pb Ha 

East Looe Estuary 

Devon, England 

New Zeal and 

I r i s h  Sea 

N o r t h  Sea 

S t .  Lawrence  Estuary 

Mediterranean 

113 

31 

91 

- 

2.3 

10 

5.1 

- 

9 

9 

9.6 

45 

12  

9.1 

- 

0.39 

- 
0.1-0.29 

0.16-0.629 

2 09 1.9 18 21.5 (N.W. Coast) 

Troudheimsf jorden 

Norway 169 2 24 - - 
McMi c k i  ng P o i n t  153-221 1.6-3.5 7.9-10.3 < 1.1-4.3 .0.087-0.2 



- 81 - 

contaminants i n  mussels  and  sediments  were  higher  than i n  sewage (Brown, 

McFarland,  and Thomson, 1980).  Whether o r   n o t   t h e r e  were  sources o f  

~ con taminants   o ther   than  the  sewage o u t f a l l  was n o t  been  determined. 

McMi ck ing  Point   sediment  PCB l e v e l s  were  below t h e  median  range o f  sediment 

samples c o l l e c t e d   t h r o u g h o u t   B r i t i s h  Columbia  as repo r ted   by   Gar re t t  

(1983). 

3 04 E f f e c t s   o f   D o m e s t i c  Waste  on the  Species  Composi t ion  o f   Mar ine 
Communties 

The use o f   m a r i n e   i n v e r t e b r a t e s   o r   p o p u l a t i o n s  as i n d i c a t o r s   o f  

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

cha rac te r i zed   by   ba lanced   b io log i ca l   cond i t i ons   wh ich   d i sp lay  a g rea t  

d i v e r s i t y   o f   p l a n t  and  animal 1 i f e   ( P i k e  and Gameson, 1970;  Reish,  1972; 

Mc In ty re  and Johnson,  1974;  Pearson,  1981). The consequences o f  

environmental  stress  have  been  observed  through  changes i n   s t r u c t u r e  and 

d i ve rs i t y   o f   mar ine   commun i t i es  and th rough   sub le tha l   e f fec ts   wh ich   a re  

expressed i n  t e r m s   o f   h i   s t o l   o g i c a l  , morpho1 og i   ca l   o r   e tho log i ca l   responses  

of   mar ine  organisms ( Pearson,  1981;  Rosenthal  and  Alderdice,  1976) . 
Benthic  communities  have  been  used t o   i d e n t i f y  changed  and 

degraded  environmental   condi t ions as most  organisms  making  up  the 

communities  spend t h e i r   l i f e   i n   t h e  same area,  have  short l i f e   c y c l e s  and 

t h e y   r e s p o n d   r a p i d l y   t o  changes  which may o therw ise  be undetec tab le  (Word, 
1978) .   There fore ,   no t   on ly   do   they   re f lec t   cond i t ions   a t   the   t ime o f  

sampl ing ,   bu t   a lso   cond i t ions   fo r  some t ime  prev ious ly   (Reish,   1972) .  

P e r i o d i c  moni t o r i n g   o f   b e n t h o s   i n   t h e   v i c i n i t y   o f   d o m e s t i c   o u t f a l l  sewers 

i n   C a l i f o r n i a  has  demonstrated  that  i f  t h e  amount o f   d ischarge i s   l a r g e ,  

t h e n   t h e  amount o f   e f f e c t e d   a r e a   i s   d i r e c t l y   r e l a t e d   t o   t h e   q u a n t i t y   o f  

d ischarge  (Reish,   1972).  The s t a b i  1 i t y  o f   b e n t h i c  communi t i e s   i n   t h e  

Macaul ay Po in t   (Ba lch  " e t  a1 , 1976;  Goyette,  unpublished) and French  Creek 

(Pomeroy,  1982) ou t fa l l   a reas   sugges ted   t he   impac t   o f  sewage e f f l u e n t  on 

the  mar ine  env i ronments was s l i g h t .  On t h e   o t h e r  hand, E l  1 i s  (1980a)  noted 

a l o w   d i v e r s i t i y   o f   f a u n a l   s p e c i e s   i n   t h e   i m m e d i a t e   a r e a   o f   t h e ' M c M i c k i n g  

P o i n t   o u t f a l  I .  This was s u p p o r t e d   b y   m o n i t o r i n g   r e s u l t s   o f  E l  1 i s  and 
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Emerson (1979)  and  Bierheuzen  (1982)  which  suggest  there was an jmpact on 

- fauna w i t h i n   t h e   v i c i n i t y   o f   t h e   p r e - e x t e n d e d   M c M i c k i n g   P o i n t  sewage 

o u t f a l l  . 
A t y p i c a l   b e n t h i c  community was observed  around  the  F ive  F inger  

I s l a n d   o u t f a l l  (Packman, 1979) i n   t h e   l a t e   1 9 7 0 ' s   b u t  it was l a t e r   r e c o r d e d  

(Pomeroy  and Packman, 1981)   that   the  spec ies  composi t ion  around  the  out fa l l  

had  changed. D e s p i t e   t h i s  a1 t e r a t i o n ,   b o t t o m  samples d i d   n o t   e x h i b i t  

c h a r a c t e r i s t i c s   o f   p o l l u t e d   c o m m u n i t i e s  (Pomeroy  and Packman, 1981). 

An i n c r e a s e d   c o n c e n t r a t i o n   o f   f i s h   ( p r i m a r i l y   r o c k f i s h )  was ob- 

served  a round  the   F ive   F inger   I s land  ou t fa l l  (Pomeroy  and Packman, 1981). 

Trawl  catches  have shown t h a t  some s p e c i e s   a r e   a t t r a c t e d   t o   e f f l u e n t  

d ischarge  a reas   wh i le   o thers   avo id   reg ions  o f  sewage o u t f a l l s   ( C a r l i s l e ,  

1972). When used  as a po l  1 u t i o n   i n d i c a t o r ,   t h e   a t t r a c t i o n  o r  r e p u l   s i o n   o f  

f i s h   t o   e f f l u e n t  showed Santa  Monica Bay t o  be   unaf fec ted   (Car l i s le ,   1972) .  

Therefore,   the  increase i n   r o c k f i s h   a r o u n d   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  

shou ld   be   no ted   bu t   shou ld   no t   e l   i c i  t s e r i o u s   e c o l o g i c a l  consequences. 

3.5 Sub le tha l   E f fec ts   o f   Con taminan ts  on Marine  Organisms 
V a r i e t i e s  of  crabs,  clams,  salmon  and  other 

harvested  organi  sms u t i  1 i ze rece iv ing   waters   covered i 

r e a r i n g  and feeding  areas and  as migratory  pathways. 
sub jec t  t o  po ten t ia l l y   harmfu l   con taminants   wh ich   a re  

o f   t h e  Juan  de  Fuca  and  Georgia S t r a i t s .   S u b l e t h a l   e f  

commerci a1 l y  

n t h i s   r e v i e w   a s  

They a r e   t h e r e f o r e  
present i n  some areas 

f e c t s  a1 though 

sub t le ,  may cause  cumulative  chronic  responses  (Pequegnat and Wast ler ,  

1980).  For  example,  pol 1 utants   which  b ioaccumul   a te i n   t h e   o v a r i e s  and 

gonadal t i ssue may a f f e c t   f e r t i  1 i z a t i  on  of  eggs, s u r v i v a l   r a t e s   o f  

h a t c h a b i l i t y  and posthatching  development  (Rosenthal  and Alderdice,   1976) 

which may i n   t u r n  have  consequences o f   e c o l o g i c a l   s i g n i f i c a n c e .  

I f  h i g h   l e v e l s   o f  a contaminant  are  found i n   r o u t i n e   m o n i t o r i n g  

o f  a receiv ing  env i ronment ,  it would seem a p p r o p r i a t e   t o   i n i t i a t e   t e s t i n g  

f o r   s u b l e t h a l   e f f e c t s  on ma jo r   i nd i ca to r   spec ies .  
. .  



- 83 - 

The McMick ing   Po in t   ou t fa l l  i s  a case i n   p o i n t .   E l e v a t e d   l e v e l s  

. o f   m e t a l s   ( p a r t i c u l a r l y   m e r c u r y ,   z i n c  and copper) i n  sediments and  mussel s 
which  were  observed i n  pre-extension  monitoring  (Brown,  McFarland,  and 

Thompson, 1980; E l l i s  and Gee, 1981;  Stanley  Associates,  1982)  suggest  they 

may have  caused the   degenera t i on   o f   musse l   t i ssue   no ted   by   E l l i s  and.  Gee 

(1981). I n   t h i s  case,  examination o f  sublethal   responses may have  been 

used t o  determine more p r e c i s e l y   t h e   e f f e c t s  on the   i nd i v idua l   musse ls  and 

on t h e   l o c a l  ecosystem. 

The waters i n  and around  the  Pr ince  Rupert   Harbour  support  a 

va luab le  f i  shery  resource.  Crabs and c l  ams are  common i n   t h e   a r e a   w h i l e  

eel   grass  beds  near  Freder ick  Point   sustain  winter  feeding  of   chinook  salmon 

and p r o v i d e   r e a r i n g   a r e s   f o r   j u v e n i l e  salmon (EPS  Memorandum, 1979). The 

harbour i s  a m i g r a t i o n   r o u t e   f o r   a d u l t s  and j u v e n i l e  salmon and has  been a 
herr ing  spawning  ground (EPS  Memorandum, 1979). 

The Pr ince   Ruper t   Ha rbour   he lps   sus ta in   t he   l oca l   f i sh ing  

i n d u s t r y  and acts   as a dumping  ground f o r   w a s t e   p r o d u c t s   o f   t h e   f i s h  

p rocess ing   p lan t ,   g ra in   t e rm ina l  and boat  yards. The contaminants  re leased 

i n t o   t h e   m a r i n e   e n v i r o n m e n t   b y   l i g h t   i n d u s t r y  do not  appear t o   t h r e a t e n  

marine 1 i f e   b u t   t h e   p o s s i b i l i t y  o f  m e t a l s   c a u s i n g   s u b l e t h a l   e f f e c t s   i n  

commerci a1 l y  va luable  spec ies  should be recogni  zed. 

Subletha l   s tud ies  o f   mar ine  organisms i s  a receiv ing  env i   ronment  
m o n i t o r i n g   O p t i o n   a v a i l a b l e   t o   a d m i n i s t r a t o r s  of mon i to r i ng  programs. The 

q u e s t i o n   t o  be  reckoned  with i s  whether   o r   no t   such  de ta i led   ana lys is  i s  

warranted 

Columbia. 

3.6 

c o l  1 ec ted  

i n   r e c e i v i n g   e n v i r o n m e n t s  o f  mar ine   mun ic i   pa l   ou t fa l l  s o f   B r i t i s h  

Overview  of   the  Sel   ected  Recei   v i   ng  Envi   ronment Moni t o r i  ng 

Programmes 

A 1 a r g e   p o r t i o n   o f   t h e   i n f o r m a t i o n   c o l  1 a t e d   i n   t h i  s rev iew was 

from  government  agencies  and  researchers  associated  wi th  the 

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

V i c t o r i a  and the   sur round ing   a reas   ( the  CRD) . The a u t h o r i t y   r e s p o n s i b l e  
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f o r  assessment o f   o p e r a t i n g   d o m e s t i c   o u t f a l l s   i n   t h e  CRD i s   t h e  

- mun ic ipa l  i t y  wh ich   repo r t s   raw   da ta   t o   t he   reg iona l  WMB. As a c e n t r a l  

i n f o r m a t i o n   c e n t r e ,   t h e  WMB s to res   da ta  on i t s  computer  data  system EQUIS. 

The system was checked f o r  completeness  and  accuracy f o r   t h e   p e r i o d  

1970-1979 by  Hoff  (1981)  however,  data  covering  monitoring  between  1979 and 

1982 i s   i n   i t s   o r i g i n a l   s t a t e .  Vassos  (1982a)  noted tha t   sampl ing   da tes  

i n  years  1973-1979  were no t   cons i s ten t .  Thus, ques t i ons   a re   ra i sed  

concerning  the  accuracy and v a l i d i t y   o f   d a t a   r e c o r d e d  on EQUIS. The 

P r o v i n c i a l  Government i s   i n   t h e  p rocess   o f   renova t ing   i t s   compu te r   s to rage  

system. SEAM (System fo r   Env i ronmenta l  Assessment  and  Management) w i  11 

p r o v i d e   s i m i l a r   s e r v i c e s   t o  E Q U I S  and i s  expected t o  come i n t o   o p e r a t i o n   i n  

1985 ( A .  Teasdale,  pers. comm.). A conc i se   rev iew   o f   mon i to r i ng   conduc ted  

a round   V i c to r i a   s ince  1970 o u t l i n e s   i n s t i t u t i o n a l  framework  and t h e   e x t e n t  

o f   m o n i t o r i n g   o f   m a j o r   o u t f a l l  s ( E l  1 is ,   1984) .  

Rou t ine   mon i to r i ng   o f   rece iv ing   env i ronmen ts   be ing   ca r r i ed   ou t   a t  

p resent  i s  done i n   o r d e r   t o   f u l f i  11 permi t   requi rements and i s   t h e r e f o r e  

done  by t h e   p e r m i t t e e .   F o r   o u t f a l l  s serv ing   V ic to r ia ,   the   Saan ich   Pen insu la  

and  Nanaimo, d a t a   i s   c o l l e c t e d   f o r   c o l i f o r m  and physical   parameters.  

M u n i c i p a l   o u t f a l l  s s e r v i n g  Campbell R iver ,   Pr ince   Ruper t ,  Powel 1 R ive r ,  and 

t h e   L i o n s  Gate o u t f a l l   a r e   n o t   i n v o l  ved i n  any receiv ing  env i ronment  

m o n i t o r i n g  schemes. 
B a c t e r i a l   s t u d i e s  and t r e a t m e n t   p l a n t   t e s t s  (El l  i s ,  1976; Kay, 

1980; Stanley  Associates,   1982)   suggest   the  F inner ty  Cove and East  Saanich 

Peninsula  domest ic  waste  d isposal   systems  are  the  cause  of   poor  water 

q u a l i t y .  There  are  addi t ional   problems i n   t h e  Cadboro Bay and Oak Bay 

a reas   assoc ia ted   w i th   con t i nua l   use   o f  sewage o u t f a l l  s which were in tended 

f o r  wet  weather  overf lows  only.  The Greater   V ic to r ia   Eas t   Coast  Sewerage 

Study  (1983)  addresses  these  problems and  suggests   op t ions   invo lv ing  

d i v e r t i n g   f l o w s   f r o m   F i n n e r t y  Cove  and area,  and  McMicking  Point t o   t h e  

C l o v e r   P o i n t   o u t f a l l .   I n  1 i g h t   o f   t h i s   p r o p o s a l  , a r e v i e w   o f   t h e   C l o v e r  

Po in t   mon i to r ing   p rogram i s  underway. It i s   a n t i c i p t e d   t h a t   t h e   c u r r e n t  

program wi 11  be r e v i s e d   w i t h   c o n s i d e r a t i o n   g i v e n   t o   t h e   s u g g e s t i o n s   p u t  
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forward  by J .E . Anderson  Associates  (Vassos,  1982a and  b;  John F i n n i  e, 

- pers. comm.) . 
The Federal  Government  has, i n  some cases,  conducted  sampling  of 

muni c i   p a l   o u t   f a 1  1 rece i  v i  ng  envi  ronments.  Unless  moni t o r i  ng i s   r e q u i   r e d   b y  

t h e   P e r m i t ,   t h e   c o s t   o f  such  programmes d e t e r s   t h e   m u n i c i p a l i t y   f r o m  

c a r r y i n g   o u t   e x t e n s i v e   m o n i t o r i  ng. When t h e  EPS f e e l s   t h e r e   i s  a need f o r  

r e c e i v i n g   w a t e r   m o n i t o r i n g   ( a s   i n   t h e  case of   French  Creek) ,  i t  exerc i ses  

i t s   r i g h t  under  the  Federal   Fisher ies  Act ,  t o  conduct a mar ine  munic ipa l  

o u t f a l l   r e c e i  v i  ng  envi  ronment moni t o r i  ng programme. 

A ques t ion   wh ich   evo lved  f rom  the   p roposa l   to   a lmost   doub le   the  

f 1 ow of   domest ic  waste  f rom  the C1 ove r   Po in t   ou t fa l l   conce rns   t he   ques t i on  

o f   t h e   a s s i m i  1 a t i v e   c a p a c i t y   o f   t h e   r e c e i v i n g   e n v i r o n m e n t .   E s t i m a t i o n s   o f  

q u a n t i t i e s   o f   n u t r i e n t s  and contaminants   which  can  be  e f fect ive ly  

i n c o r p o r a t e d   i n  a mar ine   ecosys tem  must   take   in to   account   the   e f fec ts   on  

a l l   s t r u c t u r a l   e l e m e n t s   o f   t h e  system. From t h i s   r e v i e w ,  i t  appears 

a u t h o r i t i e s  have a f a i r   c o l l e c t i o n   o f  r a w   d a t a   r e f l e c t i n g   l e v e l s   o f  

n u t r i e n t s  and contaminants i n   v a r i o u s  components o f  the  marine  ecosystem. 

By gather ing   together   ma jor  components, t h e   c o l l e c t i v e   e f f e c t s   o f   t h e  

contami  nants  can  be u t i  1 i zed t o   l o o k   a t   t h e   s i t u a t i o n   f r o m  an e c o l o g i c a l  

p e r s p e c t i v e .   I n   t h i s  way, s c i e n t i s t s  will be i n  a b e t t e r   p o s i t i o n   t o  

p r e d i c t   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   m a r i n e  ecosystems. 
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APPENDIX I I 

SUMMARY OF WATER QUALITY  NUTRIENT  DATA 

FOR THE CLOVER POINT  MARINE  MUNICIPAL  OUTFALL 
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APPENDIX 111 

SUMMARY  OF  WATER QUALITY  NUTRIENT AND METAL  DATA 

FOR THE FIVE  FINGER  ISLAND  MARINE  MUNICIPAL  OUTFALL 
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WATER QUALITY  NUTRIENT  DATA AND SUMMARY S T A T I S T I C S  

FOR MARINE  MUNICIPAL  OUTFALLS 
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APPENDIX I V  - 

R e f e r e n c e :  Vassos,  1982a Vo1. 11. 
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT  DATA AND  SUMMARY STATISTICS 

S I T E  1973  1974  1975  1976  1977  1978  1979 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
J1 
32 
w10 
W 151 
W152 
W 153 
W 154 
W 155 
W 156 
W157 
W158 
s5 
S6 
S175 
S178 
S180 

320.25 
316.50 
312.45 
304.30 
309  -20 
305.20 
311.67 
314.00 
311  -70 
311.80 
277.50 
290.60 
298.50 
285  -44 
319.50 
321 .OO - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

MEAN NO3- 

292 .OO 
307 . 12 
307.87 
305.00 
303.87 
204 . 75 
295.86 
308.12 
308.37 
300.37 
265.12 
296.62 
281.75 
242 . 14 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

BY S I T E  AND  YEAR (PPB 

350.50 - 
323.50 330  -20 
323.75 324.45 
315.87 326 . 50 
319.25 327 -30 
320.37 327  -20 
307.86 323.89 
320.50 325.50 
322.62 330.50 
309.62 312.10 
280.50 294  -80 
311.37 315.40 
305.62 319.50 
287.50 298.60 

- 261 .OO 
- 244 .OO - 325.62 
- 320.08 
- 330.70 

326.90 
329.08 - 326.10 

- 324.70 
- 322  -68 
- 326.52 
- 319.40 
- 300.48 
- 327 .OO 
- 307.48 
- 312.02 

AS NITROGEN) 

352  -30 308.68 
312.94 317.85 
304.45 315.90 
308.21 313.45 
313.89 320.57 
312.44 318.49 
300.20 315.50 
310.34 318.41 
309 -64 315.14 
307 -80 206.45 
277.92 282.96 
295.40 310.85 
307.13 303.35 
269.31 272.94 
269.50 291.50 
241 -00 290 . 90 
309.45 319.29 
316.26 313.26 
321.52 316.91 
312.44 313.86 
311.85 313.12 
313.52 313.09 
313.56 317.79 
317.98 319.47 
315.08 316.92 
303.87 300.84 
300 . 78 309.42 
322.03 314.72 
314.25 309.63 
309  -93 315.16 

- 
321.60 
313.49 
317.53 
317.50 
320.39 
321.12 
318.21 
317.89 
319.70 
280.50 
312.14 
313.36 
287.71 
280.60 
267.40 
328.22 
329.60 
324.50 
325.82 
324.92 
332.55 
329.98 
330.87 
331.08 
323.50 
325.79 
327.75 
328 . 29 
329.16 

C o n t i n u e d .  . . 
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APPENDIX IV - 

R e f e r e n c e :  Vassos,  1982a  Vol. 11. 
( C o n t  i nued) 

TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT  DATA AND SUMMARY STATIST ICS 

S I T E  1973  1974  1975  1976  1977  1978  1979 

NO3- 95% UPPER CONFIDENCE L I M I T S   ( P P B  AS NITROGEN) 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
J1 
52 
w10 
W151 
W 152 
W153 
W154 
W 155 
W 156 
W157 
W158 
s5 
S6 
S175 
S178 
S180 

345.91 
339.35 
335.30 
335 -04 
335.34 
334.99 
340.16 
336.22 
379.73 
339.97 
322.57 
332.14 
330.07 
341.63 
579.96 
321 .OO 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

379.23 
357.22 
356.32 
351 . 20 
354.59 
352.77 
362  -96 
354 . 36 
356.10 
350.65 
338.96 
347.60 
350.93 
358.12 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

725.33 
373.50 
371.47 
370.68 
372.82 
370.70 
364.65 
371.68 
375.00 
366  -69 
355.74 
370 . 79 
366.51 
358.56 

- 
- 
- 
- 
- 

. -  

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
365.24 
354.15 
361.51 
359 093 
362.80 
361.85 
358.08 
366.23 
358.32 
350.87 
355.29 
356.13 
341.85 
845.44 
244.00 
363 . 50 
358.27 
369  -22 
366.71 
366 -08 
364.05 
365.46 
365.93 
361.58 
371.02 
356.01 
367.07 
356.33 
366 . 7 1  

352.30 
353.86 
336.37 
353.39 
351.92 
352.83 
347 . 74 
348.97 
350.80 
350.68 
338.08 
350.03 
345.76 
329.85 
529.96 
698.40 
357 . 18 
350 -07 
353.01 
354 . 79 
352.31 
356 . 13 
353.97 
356  -06 
356.93 
345.50 
348.51 
348.79 
359.31 
349.06 

332  -49 
337 -23 
331.62 
333.49 
340.33 
336 . 58 
336.24 
338.12 
334.39 
339  -25 
322.54 
332.68 
335.68 
322.95 
475.77 
447.14 
338.52 
330.03 
335.35 
329.39 
329.93 
329.02 
336.79 
341  -15 
336.03 
329.83 
333.31 
334 . 24 
341.35 
341.69 

364.58 
352.23 
364.79 
360.39 
362.93 
353.63 
363.00 
362.76 
362  -42 
356.31 
351.37 
352.79 
363.21 
280.6.0 
267.40 
364.49 
368.03 
362.85 
368.83 
364.19 
369.21 
367.43 
370 .OO 
363.30 
352.34 
353  -83 
357 -50 
363.89 
358 . 48 

C o n t i  nued. . . 
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APPENDIX IV 
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND SWMARY STATISTICS 

R e f e r e n c e :   V a s s o s ,  1982a V o l .   1 1 .  
( C o n t  i n u e d )  

S ITE  1973  1974  1975  1976  1977  1978  1979 

NO3- 95% LOWER CONFIDENCE L I M I T S  ( A S  NITROGEN) 

wo 
w 1  
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
$4 
3 1  
32 
W l O  
W151 
W152 
W153 
W 154 
W 155 
W 156 
W 157 
W 158 
s5 
S6 
S175 
S178 
S180 

294.59 
293.65 
289.60 
273.56 
283  -06 
275.41 
283.18 
291.78 
283.67 
283.63 
232.43 
249.06 
266.93 
229 -25 

59 -04 
321 .OO 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

204.77 
257.02 
259.42 
258.80 
253.15 
256.73 
228.76 
261.88 
260.64 
250.09 
191.28 
245.64 
212.57 
126 . 16 

- 
- 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

0.0 
273.50 
276.03 
261.06 
265.68 
270.04 
251.07 
269.32 
270.24 
252.55 
205.26 
251.95 
244.73 
216.44 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
295 . 16 
294.75 
291.49 
294.67 
291.60 
285.93 
292.92 
294.77 
265.88 
238.73 
275.51 
282.87 
255.35 

0.0 
244.00 
287.74 
281.89 
292.18 
287,09 
292.08 
288.15 
283.94 
279.43 
291.46 
267.78 
244.95 
286 . 93 
258.63 
257.33 

352.30 
272.02 
272.53 
263.03 
275.86 
272.05 
252.66 
271.71 
268.48 
264.97 
217.76 
240  -77 
268.50 
208 . 77 

9.04 
0.0 

261.72 
282.45 
290.02 
270 . 09 
271.39 
270.91 
273.15 
279.90 
273.23 
262.24 
253.05 
295.27 
269.19 
270.80 

284.87 
298.47 
300.18 
293.41 
300.81 
300.40 
294.88 
298  -70 
295.89 
273.65 
243.38 
289.02 
271.02 
222.93 
107  -23 
134.66 
300  -06 
296.49 
298.47 
298 33 
296.31 
297 . 16 
298.79 
297.79 
297 - 8 1  
271  -85 
285.53 
295.20 
277.91 
288.63 

- 
278.62 
274.75 
270.27 
274.61 
277 -85 
288.61 
273.42 
273.02 
276.98 
204.69 
272.91 
273.93 
212.21 
280.60 
267.40 
291.95 
291.17 
286.15 
282.81 
285.65 
295.89 
292.53 
291.74 
298.86 
294.66 
297.75 
298.00 
292.69 
299 . 84 

C o n t i n u e d . . .  
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APPEND I X I V - 
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND SUMMARY STATISTICS 

R e f e r e n c e :   V a s s o s ,  1982a V o l .  11. 
( C o n t i n u e d )  

SITE 1973  1974  1975  1976  1977  1978  1979 

NO3- NUMBER OF SAMPLING  DATES 

wo 
w 1  
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
3 1  
32 
w10 
W 151 
W 152 
W 153 
W 154 
W155 
W156 
W157 
W 158 
s5 
S6 
S175 
S178 
S180 

4 
10 
11 
10 
10 
10 

9 
10 
10 
10 
10 
10 
10 
9 
2 
1 

5 
8 
8 
8 
8 
8 
7 
8 
8 
8 
8 
8 
8 
7 

2 
8 
8 
8 
8 
8 
7 
8 
8 
8 
8 
8 
8 
8 

- 
10 
11 
10 
10 
10 
9 

10 
10 
10 
10 
10 
10 
10 

2 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

1 
10 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

2 
2 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

5 
10 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
2 
2 

14 
10 
14 
14 
13 
14 
10 
9 

10 
10 
-1 0 
10 
10 

9 

- 
7 
8 
7 
7 
7 
9 
7 
7 
7 
9 
9 
9 
9 
1 
1 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
8 
8 

I 

m 

I 

I 

1 

C o n t i n u e d . .  . m 
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APPENDIX I V  
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND sU"AJ?Y STATISTICS 

R e f e r e n c e :   V a s s o s ,  1982a V o l .  11. 
( C o n t i   n u e d )  

S I T E  1973  1974  1975  1976  1977  1978  1979 

MEAN N02' BY S I T E  AND  YEAR (PPR AS NITROGEN) 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
J1 
32 
w10 
W151 
W152 
W 153 
W154 
W155 
W156 
W157 
W 158 
s5 
S6 
S175 
S178 
S180 

3.07 
3.21 
3.18 
3.26 
3.28 
3.24 
3.34 
3.11 
3.25 
3.27 
3.50 
3.43 
3.64 
3.60 
3.14 
3.70 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

3.72 
3.52 
3.37 
3  049 
3.30 
3.32 
3.28 
3.25 
3 -30  
3.32 
3.73 
3.54 
3.41 
3.42 - 
- 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

2 -65 
3.13 
3 -08 
3.18 
3.10 
3.09 
3.14 
2.09 
3.11 
3.14 
3.56 
3.39 
3.35 
3.40 
- 
- 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
3.34 
3 -43 
3.39 
3.30 
3.30 
3.34 
3.29 
3.26 
3  040 
3.80 
3.68 
3.74 
3.94 
4.05 
4.41 
3.48 
3 -44 
3.42 
3.44 
3.46 
3.44 
3.50 
3.46 
3.50 
3 -42 
4.52 
3.54 
5.14 
3.64 

4 -40 
3.94 
3 -94 
3.91 
3.86 
3.94 
3.81 
3.85 
3.99 
3.94 
4.17 
4.02 
4 -08 
4.27 
4.25 
4.95 
3 -80 
3.66 
3.61 
3.63 
3.56 
3.59 
3.66 
3.65 
3.62 
3.88 
5.35 
3.83 
6 -36 
3.74 

3 -46 
3.56 
3.55 
3.41 
3.45 
3.36 
3.38 
3.36 
3.43 
3.34 
3.63 
3.53 
3 -47 
3.61 
4.65 
5.25 
3 -34 
3.83 
3 -66 
3.80 
3.69 
3.66 
3.28 
3.17 
3.27 
3.37 
4.22 

~ 3'. 40 
6.56 
3.23 

- 
3.60 
3.40 
3.39 
3.37 
3.37 
3-44 
3.40 
3-43 
3.47 
3.72 
3.69 
3.60 
3.46 
4-00  
3.90 
3-66 
3.70 
3.56 
3.57 
3.57 
3.60 
3.59 
3.60 
3.53 
3.57 
4-00  
3  059 
4.89 
3.71 

C o n t i n u e d . . .  
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APPENDIX I V  
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT  DATA AND SUMMARY STATISTICS 

R e f e r e n c e :  Vassos,  1982a V o l .  11. 
( C o n t i   n u e d )  

S I T E  1973  1974  197 5 1976  1977  1978  1979 

N02' 95% UPPER CONFIDENCE L I M I T S   ( P P B  AS NITROGEN) 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4  
J1 
52 
w 10 
W 151 
W152 
W 153 
W154 
W 155 
W156 
W157 
W 158 
s5 
S6 
S175 
S178 
S180 

5.71 
4 -09 
3.88 
4.11 
4.17 
4.18 
4.19 
4.00 
4.20 
4.09 
4.32 
4.21 
4.45 
4.35 
4.76 
3.70 - - 
- 
- 
- - - - 
- 
- 
- 
- 
- - 

4.50 
4.16 
4.10 
4.20 
4.03 
4.12 
4.22 
4 -07 
4.05 
4.10 
4.41 
4.16 
4.13 
4.14 
- 
- 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

18.10 
4.09 
4.06 
4.08 
4.16 
4 .OO 
4.34 
4.10 
4.18 
4.24 
4.26 
4.27 
4.33 
4.18 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- - 
- 

- 
4.21 
4.27 
4.26 
4.24 
4.23 
4.44 
4  .-23 
4.18 
4.27 
4.63 
4.52 
4.63 
4.68 
5.85 
4.41 
5.03 
5.15 
5.03 
5 -04 
5.25 
5 -03 
5.15 
5.11 
5.26 
4 -84 
6.42 
5 -23 
9.10 
5.54 

4 -40 
5 -04 
4 -80 
4.97 
4.93 
5.01 
4.86 
4.91 
5.15 
4.98 
5 -05 
5.04 
5.12 
5.01 

11 -26 
14.47 
4.90 
4.75 
4 -67 
4.67 
4.53 
4.61 
4 -67 
4.69 
4 -66 
4.77 
7 -40 
4.80 
7.89 
4.66 

4.44 
4.53 
4.43 
4.33 
4.27 
4.31 
4 -32 
4.32 
4.37 
4.27 
4.55 
4.47 
4.28 
4.43 
9.05 

16.03 
4.28 
4.62 
4.44 
4.61 
4.55 
4.42 
4.20 
4.21 
4.18 
4.24 
4.76 

- 4.33 
9 -44 
4.20 

- 
4.82 
4.37 
4.50 
4.55 
4.55 
4.29 
4.56 
4.71 
4.67 
4.65 
4.57 
4.52 
4.39 
4 .OO 
3.90 
5.09 
5-05 
4.86 
4.85 
4.97 
4.93 
4.83 
4.88 
4.82 
4.73 
4.98 
4.62 
5.91 
4.89 
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APPENDIX IV 
TABLE 3 MACAULAY P O I N T  AND CLOVER POINT  NUTRIENT  DATA AND iU"AKY STATIST ICS 

R e f e r e n c e :  Vassos,  1982a Vol . I I . 
(Conti nued) 

S I T E  1973  1974  1975  1976  1977  1978  1979 

NO2' 95% LOWER CONFIDENCE L I M I T S   ( P P B  AS NITROGEN) 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
3 1  
32 
w10 
W151 
W152 
W153 
W 154 
W 155 
W156 
W157 
W 158 
s5 
S6 
S175 
S178 
S180 

0.43 
2.33 
2.48 
2.41 
2.39 
2.30 
2.49 
2  022 
2.30 
2.45 
2.68 
2.65 
2.83 
2.85 
1.52 
3.70 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

2.94 
2.88 
2.64 
2.78 
2.57 
2.52 
2.34 
2.43 
2.55 
2.54 
3.05 
2.92 
2.69 
2.70 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- - 
- 
- 
- 

0.0 
2.17 
2.10 
2.28 
2.04 
2.18 
1.94 
2.08 
2.04 
2.04 
2.86 
2.51 
2.37 
2.62 - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
2.47 
2 -59 
2.52 
2.36 
2.37 
2.24 
2.35 
2.34 
2.53 
2.97 
2.84 
2.85 
3.20 
2.25 
4.41 
1.93 
1.73 
1.81 
1.84 
1.67 
1.85 
1.85 
1.81 
1.74 
2 000 
2.62 
1.85 
1.18 
1.74 

4.40 
2.84 
3 -08 
2.85 
2.79 
2.87 
2.76 
2.79 
2.83 
2.90 
3.29 
3.00 
3 -04 
3.53 
0.0 
0.0 
2.70 
2.57 
2.55 
2.59 
2.59 
2.57 
2.65 
2.61 
2.58 
2.99 
3.30 
2.86 
4 -83 
2.82 

2.48 
2.59 
2.67 
2.49 
2.63 
2.41 
2.44 
2.40 
2.49 
2.46 
2.71 
2.64 
2.66 
2.79 
0.25 
0.0 
2.40 
3.04 
2.88 
2.99 
2.83 
2 -90 
2.36 
2.13 
2.36 
2.50 
3 -68 
2.47 
3.68 
2.26 

- 
2.38 
2.43 
2.28 
2.19 
2.19 
2.59 
2.24 
2.15 
2.27 
2.79 
2.81 
2.68 
2.53 
4 .OO 
3.90 
2.23 
2.35 
2.26 
2.29 
2.17 
2.27 
2.35 
2.32 
2.24 
2.61 
3.02 
2.56 
3.87 
2.53 

~~ 

C o n t i  nued. . . 
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APPENDIX I V  

I TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND SUMMARY STATISTICS 
R e f e r e n c e :  Vassos,  1982a  Vol. 11. 
( C o n t  i nued) 

N02’ NUMBER OF SAMPLING  DATES 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
J1 
52 
w10 
W151 
W 152 
W 153 
W 154 
W 155 
W 156 
W 157 
w 158 
s5 
S6 
S175 
S178 
S180 

4 
10 
12 
10 
10 
10 
9 

10 
10 
10 
10 
10 
10 
9 
2 
1 

5 
8 
8 
8 
8 
8 
7 
8 
8 
8 
8 
8 
8 
7 

2 
8 
8 
8 
8 
8 
7 
a 

a 
8 

8 
8 
8 
8 

- 
10 
11 
10 
10 
10 
9 

10 
10 
10 
10 
10 
10 
10 
2 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

1 
10 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

2 
2 

10 
10 
10 
10 
10 
10 
10 
30 
10 
10 
10 
10 
10 
10 

5 - 
10 7 
12  8 
10 7 
10 7 
10 7 
10  9 
10 7 
10 7 
10 7 
10  9 
10  9 
10 9 
10  9 

2 1 
2 1 

10 7 
14 7 
14 7 
14 7 
13 7 
14 7 
10 7 

9 7 
10 7 
10 9 
10 9 
i o  9 
10  9 
9  9 

L 

C o n t i   n u e d . .  . 
I 
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APPEDIX I V  - 
R e f e r e n c e :  Vassos, 1982a V o l .   1 1 .  
( C o n t  i n u e d )  

TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND  SUMMARY STATISTICS 

~~ 

S I T E  1973  1974  1975  1976  1977  1978  1979 

I 

I 

wo 
Wl 
W2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
J1 
52 
w10 
W151 
W 152 
W153 
W 154 
W 155 
W 156 
W 157 
W 158 
s5  
S6 
S175 
S178 
S180 

MEAN NH3 BY S I T E  AND  YEAR (PPB AS NITROGEN) 

10.50 
17 -29 
10.28 
10.78 
10.42 

9 -67 
12.48 

9.34 
10.99 
10.43 
15  -43 
12.76 
46.13 
15.57 
13.15 
12.15 
11.52 
12.37 
11.16 

9 -72 
11.48 
10.54 
12.44 
10.81 
10.66 
13.38 

642.79 
15.29 

1458.57 
19.23 

22.18 
21 020 
20 -88 
19.59 
20.57 
20  -04 
20.16 
19.92 
19.58 
18.92 
24.22 
20.81 
25.43 
23.75 
28 . 00 
32.25 
19  -65 
20.77 
21  011 
20.96 
19.61 
21.36 
20 .oo 
17.44 
19.50 
22.14 

143.54 
23.25 

1076.75 
19.21 

. .  

- 
13.79 
14.02 
12.84 
13.43 
13.49 
13.34 
13.24 
12.20 
12.41 
17.26 
14 -07 
12.67 
15.04 
11.80 
11.80 
14.57 
13.10 
13.90 
14.10 
13.70 
15.56 
15.50 
14.99 
13.66 
17.33 
82.61 
1 7  -03 

380.73 
17.53 

Cont i   nued . .  . 
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APPENDIX IV - 

R e f e r e n c e :  Vassos, 1982a V o l .  11. 
( C o n t  i n u e d )  

TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND SUMMARY STATISTICS 

S I T E  1973  1974  1975  1976  1977  1978  1979 

N H 3  95% UPPER CONFIDENCE L IMITS  (PPB AS NITROGEN) 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
J 1  
32 
w10 
W 151 
W 152 
W153 
W 154 
W155 
W 156 
W 157 
W 158 
s5 
S6 
S175 
S178 
S180 

10.50 
36.76 
13.48 
16.07 
14.35 
12.51 
15.37 
12.52 
16.13 
13.78 
19.94 
15.82 
91.17 
19.94 
74.78 
83.94 
16.35 
17.24 
i5.04 
12.68 
15.32 
14.24 
16.45 
14.14 
14 -36 
16.85 

1196.86 
20.29 

2590 . 38 
28 . 20 

27 -69 
27 .OO 
27 -37 
25.82 
27.02 
26.51 
26 -88 
26.89 
26.18 
25.71 
32 .OO 
26.75 
35.27 
30 -82 
153.78 
147.25 
27.84 
26.66 
27.08 
26.62 
25.29 
27 -21 
27 -98 
24 -99 
27.83 
20 -82 
214.41 
32.13 

1852.09 
27.17 

- 
19.12 
19.14 
18.05 
18.84 
18.63 
17.51 
18.57 
17.69 
17.81 
23.57 
18.04 
17.94 
18.84 
11.80 
11.80 
21 -26 
18.21 
18.92 
19.20 
18.81 
24.06 
19.84 
21.94 
19.22 
23.15 
131.94 
22.20 
654.80 
22.74 

Cont inued . . .  
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APPEND I X I V 
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND SUMMARY STATISTICS 

R e f e r e n c e :  Vassos, 1982a Vol .  1 1 .  
( C o n t  i n u e d )  

S I T E  1973  1974  1975  1976  1977  1978  1979 

wo 
w 1  
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
J1 
52 
w10 
W151 
W152 
W153 
W 154 
W 155 
W156 
W 157 
W 158 
s5  
S6 
S175 
S178 
S180 

NH3 95% LOWER CONFIDENCE L IMITS  (PPB AS NITROGEN) 

- - - 10.50 16  -67 
0.0 15.40 

- - 7.08 14.39 
5.49 13.36 
6.49 14.12 
6.83 13.57 
9.59 13.44 
6.16  12.95 
5.85 12.98 
7.08 12.13 - - - 10.92 16  -44 
9.70  14.87 - - - 1.09  15.59 

- - - 11.20  16.68 

- - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 
- - - 

- - - 0.0 , 0.0 - 0.0 0.0 
6 -69 11.46 - - - 7.50 14.88 - - - 7.28 15.14 

- - - 6 -76 15.30 
- - - 7.64 13.93 

6.84 15.51 
8.43 12.02 
7.48  9.89 - - - 6.96 11.17 
9.91 13  -46 - - 88.72  72.67 

10.29 . 14.37 
326 . 76  301.41 - - - 10.44 11 .25 

- - 
- - - 

- - - 
- - - 
- - - 
- - 
- - - 
- - - 

- 
8.46 
8.90 
7 -63 
8.02 
8.35 
9.17 
7.91 
6.71 
7.01 

10.95 
10.10 

7.40 
11.24 
11.80 
11.80 

7.88 
7.99 
9.06 
9 .oo 
8.59 
7.06 

11.16 
8.04 
8.10 

11.51 
33.28 
11 -86 

106.66 
12.32 

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



- 144 - 

APPENDIX I V  
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND ' s U " A R Y  STATISTICS 

Reference: Vassos,  1982a Vol  . I I . 
(Cont inued) 

S I T E  1973  1974  1975  1976  1977  1978  1979 

wo 
W1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
W9 
s1 
s2 
s3 
s4 
3 1  
32 
w10 
W151 
W 152 
W153 
W154 
W 155 
W 156 
W 157 
W 158 
s5  
S6 
S175 
S178 
S180 

NH3 NUMBER 

5 - 
10 7 
12 8 
10 7 
10 7 
10 7 
10 9 
10 7 
10 7 
10 7 
10 9 
10 9 
10 9 
10 9 

2 1 
2 1 

10 7 
14 7 
14 7 
14 7 
13  7 
14 7 
10 7 

9 7 
10 7 
10 9 
10 9 
10 9 
10 9 

9 9 

Cont i nued. . . 
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APPENDIX I V  - 
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT  DATA AND  SUMMARY STATISTICS 

Reference: Vassos, 1982a Vol. 11. 

SITE 1973  1974  1975  1976  1977  1978  1979 

MEAN PHOSPHATE BY S I T E  AND  YEAR (PPB AS PHOSPHOROUS) 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
3 1  
32 
w10 
W 151 
W152 
W 153 
W 154 
W 155 
W 156 
W 157 
W158 
s5  
S6 
S175 
S178 
S180 

64.50 
62.80 
62 .OO 
61.80 
61.80 
60.80 
61.67 
61.90 
61.30 
61.20 
57.80 
58.90 
61  .OO 
61  .ll 
65 -50  
65.00 - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

53.20 
57 -52 
57 -00 
57 -25 
57.50 
56 -87 
56 -29 
57.25 
58.37 
56.25 
53.62 
55.12 
56.75 
55.00 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

67.50 
61.87 
62.25 
61.62 
61.75 
61.75 
59  -68 
61.62 
61.75 
60.00 
57.12 
60.50 
63 .OO 
60.62 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
60.20 
60.40 
59.20 
60 .OO 
59.60 
60.33 
60.10 
62.10 
59.90 
57 -20 
60.10 
65.40 
61.30 
52.50 
51 .OO 
60.26 
63.34 
64.08 
63.76 
62  -82 
63.50 
63  -26 
63  -94 
60.74 
60.44 

208 . 56 
63  -62 

195.42 
62.58 

68 .OO 
61.49 
60.38 
60  -45 
61.40 
61   -20  
59.76 
61.43 
61.19 
61.79 
57.14 
59.64 
66.36 
59.87 
55 -00 
51 -50 
60.37 
61.32 
62.17 
60.49 
60.73 
60.69 
61.20 
61.40 
61.13 
60.37 

205.48 
63.47 

351.42 
61.84 

57.74 
60  -92 
60.49 
59.88 
61.03 
60.33 
60.46 
60.77 
60.62 
58.87 
56.68 
59 054 
59.32 
56  -63 
55.10 
58.80 
61 -49 
60  -94 
60.91 
60.75 
60.75 
60.87 
61.50 
61   -26  
61   -33  
59.73 

-90.64 
61.41 

265 . 18 
61  -28  

- 
62.00 
60 . 99 
61.24 
60.94 
61.40 
62  -47 
60.99 
60.91 
61.30 
56.99 
61.88 
62  -03 
58.24 
55.00 
54 -40 
61.89 
61  -58 
60.98 
60.17 
60  -68 
61.25 
61.93 
61.51 
61.84 
62.33 
89.17 
62.82 

178.78 
63.29 
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APPENDIX IV - 

R e f e r e n c e :  Vassos, 1982a Vol .  11. 
TABLE 3 MACAULAY P O I N T  AND CLOVER POINT  NUTRIENT  DATA AND SUMMARY STATIST ICS 

S I T E  1973  1974  1975  1976  1977  1978  1979 

PHOSPHATE 95% UPPER CONFIDENCE L I M I T S   ( P P B  AS PHORPHOROUS) 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
3 1  
32 
w10 
W151 
W152 
W153 
W 154 
W155 
W 156 
W 157 
W158 
s5  
S6 
S175 
S178 
S180 

84.18 
68.24 
67.67 
70.05 
68.94 
68.64 
69.48 
68.82 
68.32 
68.46 
67.18 
67 -87 
68.75 
69  -40 
71.88 
65 .OO 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

73.50 
69.33 
68.85 
68.93 
69.47 
68.41 
69.25 
68.50 
69.12 
67.60 
65.98 
67.94 
68.10 
70.38 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

137.40 
72.20 
72.67 
72.30 
72.06 
72.00 
71.67 
71.65 
71.58 
70.77 
70.35 
71.72 
73.76 
71   -31  - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
67 -74 
68.03 
66.82 
67.62 
67 -45 
69.16 
67.85 
67 -15 
67.51 
65.71 
66.18 
74.53 
67 -42 

147.83 
51 -00 
76.68 
69.93 
71  -09 
70.84 
68.26 
70.38 
70.58 
71.14 
77.35 
77.85 

359.63 
70.86 

455.82 
70.95 

68 .OO 
68.60 
65.67 
67 -79 
67.69 
68.07 
67.77 
68.04 
68.01 
68.04 
66.17 
67.62 
75.48 
67.63 

118.52 
134.07 

68 -47 
67.09 
66  -84 
67 -49 
66.9 
67  -37 
67.75 
67  -59 
68.03 
66  -99 

333.03 
67  -59 

598 . 78 
67.63 

62.05 
64.53 
63.61 
63.69 
64  -47 
64  -05 
64.22 
64 . 31 
64.23 
64.51 
63.50 
63  -85 
65.17 
64.05 

100.83 
85.48 
64.52 
62.91 
62.99 
62  -88 
62.81 
62.57 
64.73 
64.77 
64.63 
64.84 

112.05 
64  -98 

424.26 
65.85 

- 
67.53 
66.16 
66.78 
66.71 
66.76 
67.44 
66.74 
67.32 
66.56 
68.52 
67.30 
67.15 
69  -33 
55 .OO 
54.40 
66 -94 
63.11 
62.70 
62 -00 
62.17 
63.07 
67.66 
66.61 
66.57 
67.63 

109.23 
67.94 

307.35 
68.89 

Con t inued . . .  
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APPENDIX I V  
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT DATA AND SUMMARY STATISTICS 

R e f e r e n c e :  Vassos,  1982a  Vol.  11. 

S I T E  1973  1974  1975  1976  1977  1978  1979 
~~~ 

PHOSPHATE 95% LOWER CONFIDENCE L IMITS  (PPB AS PHOSPHOROUS) 

wo 
w1 
W2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
S I  
s2  
s 3  
s4 
3 1  
32  
w10 
W151 
W152 
W 153 
W 154 
W 155 
W 156 
W157 
W158 
s5  
S6 
S175 
S178 
S180 

44.82 
57 -36 
56.33 
53 . 55 
54  -66 
52.96 
53.86 
54.98 
54.28 
53.94 
48.42 
49 093 
53  -25 
52.82 
59.12 
65.00 - - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

32.90 
45.91 
45.15 
45 . 57 
45.53 
45.33 
43.33 
45.90 
47 -62 
44.90 
41.26 
42.30 
45.40 
39.62 

- 
- 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

0.0 
51.54 
51.38 
50  -94 
51.44 
51.50 
48.05 
51.59 
51.92 
49.23 
43.89 
49.28 
52.24 
49.93 - 

- 
- - 
L 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
52  -66 
52.77 
51.58 
52.38 
51.75 
51.50 
52.35 
57 -05 
52 -29 
48  -69 
54.02 
56.27 
55.18 
0.0 

51  -00 
43.84 
56.75 
57.07 
56.68 
57 -38 
56  -62 
55 094 
56.74 
44.13 
43.03 
57 -49 
56.38 
0.0 

54.21 

68 .OO 
54.38 
55.09 
53.11 
55.11 
54.33 
51.75 
54.81 
54.37 
55.54 
48.11 
51.66 
57.24 
52.11 
0.0 
0.0 

52.27 
55.55 
57.50 
53.49 
54-47 
54.01 
54.65 
55.21 
54  -23 
53 075 
77.93 
59.35 

104.06 
56.05 

53.43 
57 -31  
57 -37 
56 -07 
57 059 
56.61 
56.70 
57 -23 
57 -01 
53.23 
49  -86 
66 -23 
53.47 
49 .I2 1 

9.37 
32.12 
58.46 
58.97 
58.83 
58  -62 
58-69 
59.17 
58.27 
57.75 
58.03 
54.62 
69.23 

. 57.84 
106.10 

56.71 

- 
56.47 
55.82 
55 . 70 
55.17 
56.04 
57.50 
55.24 
54.50 
56.04 
45.46 
56  -46 
56.91 
47 -15 
55 -00 
54.40 
56.84 
60.05 
59  -26 
58.34 
59.19 
59.43 
56.20 
56.41 
57.11 
57 -03 
69.11 
57.70 
50.21 
57.69 

C o n t i n u e d .  . . 
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APPEDIX I V  
TABLE 3 MACAULAY POINT AND CLOVER POINT  NUTRIENT  DATA AND SUMMARY STATISTICS 

R e f e r e n c e :  Vassos, 1982a Vol. 11. 
(Conti  nued) 

S I T E  1973  1974  1975  1976  1977  1978  1979 

PHOSPHATE NUMBER OF SAMPLING  DATES 

wo 
w1 
w2 
w3 
w4 
w5 
W6 
w7 
W8 
w9 
s1 
s2 
s3 
s4 
3 1  
52 
w 10 
W151 
W 152 
W 153 
W 154 
W 155 
W 156 
W 157 
W 158 
s5 
S6 
S175 
S178 
S180 

4 
10 
12 
10 
10 
10 
9 

10 
10 
10 
10 
10 
10 

9 
2 
1 

4 
8 
8 
8 
8 
8 
7 
8 
8 
8 
8 
8 
8 
7 

2 
8 
8 
8 
8 
8 
7 
8 
8 
8 
8 
8 
8 
8 

- 
10 
10 
10 
10 
10 
9 

10 
10 
10 
10 
10 
10 
10 

2 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

1 
10 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
2 
2 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

5 
10 
1 2  
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
30 
2 
2 

10 
26 
26 
26 
25 
26 
10 

9 
10 
10 
10 
10 
10 

9 

- 
7 
8 
7 
7 
7 
9 
7 
7 
7 
9 
9 
9 
9 
1 
1 
7 

19 
19 
19 
19 
19 

7 
7 
7 
9 
9 
9 
9 
9 

Y 
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