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ABSTRACT 

A s a n i t a r y  and bac te r io log i ca l   su rvey  o f  t h e   b i v a l v e   m o l l  uscan 

she1 1 f i sh   g rowing   a reas   o f  Gal iano, Mayne, North and  South  Pender,  and 

Saturna   i s lands  was conducted  between  July 4 and August 4, 1978,  by 

personnel o f   the   Env i ronmenta l   Pro tec t ion   Serv ice ,   Pac i f i c   Reg ion .  

A d d i t i o n a l  work was conducted i n  Horton Bay and Vi1 1 age Bay du r ing  
February 1979. 

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

g row ing   wa te r   qua l i t y  and  assess  the  adequacy o f  one ex i s t i ng   Schedu le  1 

s h e l l   f i s h   c l o s u r e .  The san i ta ry   survey  was conducted   concur ren t ly   to  
i d e n t i f y  and evaluate sewage po l l u t i on   sou rces   d i scha rg ing   t o   t he   s tudy  

area. 

Dur ing  the 1978 survey 803 marine  samples and 25 f reshwater  and 

e f f l u e n t  samples  were c o l l e c t e d .  A t o t a l  o f  122 mar ine   s ta t i ons  were 

sampled,  and o f  t h e s e   f i v e   d i d   n o t  meet  approved s h e l l f i s h   g r o w i n g   w a t e r  

standards. 

Four new Schedule 1 s h e l l   f i s h   c l o s u r e s   a r e  proposed. 



RESUME 
0 /  

Le Service de la  protection de l'environnement  (region du Pacifique) 

a e f fec t&  en t re   l e  4 j u i l l e t   e t   l e  4 aoQt 1978 un con t rb l e   s an i t a i r e   e t  

bactt5riologique des secteurs  d'elevage de mollusques  bivalves des Tles  Galiano, 

Mayne, North e t  South  Pender e t  Saturna, e t  en fevr ie r  1979 a realist? une etude 

addi tionnel  le dans les  baies Horton e t  V i  1 lage. 

L'etude  bacteriologique  visait  a evaluer   la   qual i t6  de l 'eau  d'elevage 

des coqui 1 lages de @me que 1 ' uti   l i te  d 'une  fermeture deja en vigueur en vertu 

de 1'Annexe I du reglement. Le contrdle  sani  taire a e t e  realis6  par l a  merne 

occasion  afin de determiner e t   d ' eva luer   l es   sources  de rejet   d 'eaux usees dans 

le  secteur  d 'etude.  

Lors du contrale de 1978, 803 echantil  lorx  d'eau de mer e t  25 Gchanti 1 -  

lons  d'eau douce e t   d ' e f f l u e n t s  o n t  e t 6  preleves. Des 122 s ta t ions marines 

d'echantillonnage,  cinq ne s a t i s f a i s a i e n t  pas aux  nornles approuvees  pour l 'eau 

d"e1evage. 

Quatre nouvel les  fermetures en vertu de 1'Annexe I sont recommandees. 
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CONCLUSIONS 

1. 

I 

I 

m 2. 

3 .  

4. 

5. 

6. 

7. 

The waters and t i d a l   f o r e s h o r e   o f  Montague Harbour, Gal i ano   I s land ,  

i n   t h e   v i c i n i t y  o f  the   Prov inc ia l   Park   a re   con taminated   w i th   feca l  

po l l u t i on   t o   t he   ex ten t   t ha t   consumpt ion   o f   b i va l ve   mo l l   uscan  

she1 1 f i s h  can c o n s t i t u t e  a heal t h  hazard. The major  suspected 
po l  1 u t ion   source  was the   d ischarge  o f   raw sewage f rom  boats   us ing  

t h e   p r o v i n c i a l   p a r k   f a c i l i t i e s .  

Loca l i zed   con taminat ion   o f   c lam beds i n   R e t r e a t  Cove, Gal iano 
I s 1  and, was observed  resul   t ing  f rom a smal l   s t ream  enter ing  the 
cove. No po l l   u t i on   sou rces   t o   t he   s t ream were p o s i t i v e l y   i d e n t i f i e d  
a1 though two homes i n   c l o s e   p r o x i m i t y   t o   t h e   s t r e a m  were considered 

po ten t i a l   sou rces   o f   con tamina t ion .  
The waters and t i d a l   f o r e s h o r e   o f   t h e   s o u t h e r n   p o r t i o n   o f   W h a l e r s  

Bay, Gal iano   Is land,   a re   sub jec t   to   feca l   con taminat ion   f rom  the  

f o l  1 owing  sources: 

(a )   d ischarges   f rom  boats  moored a t   t h e  government  dock; 

( b )  a s t ream  d ra in ing  a res ident ia l   a rea ;   and 

(c )   d ischarges   f rom  four   suspec ted   sep t ic   tank   over f low  p ipes .  

The waters  and t i d a l   f o r e s h o r e   o f   S t u r d i e s  Bay, Gal i ano   I s land ,   a re  

sub jec t   t o   f eca l   con tamina t ion   f rom sewage d i scha rged   by   t he   B r i t i sh  

Col  umbia Fer ry   te rmina l  and the  two  vessel s s e r v i n g   t h e   i s 1  and, t h e  
"Queen o f  Sidney" and "Queen o f  Tsawassen".  

Bennett  Bay and Hor ton Bay on Mayne I s l a n d   a r e   s u b j e c t   t o   w a t e r  

qual  i t y  d e t e r i o r a t i o n   r e s u l   t i n g   f r o m   t h e   i n f l u e n c e   o f   c o n t a m i n a t e d  
Fraser   River   water   reaching Mayne I s l a n d .   T h i s   b r a c k i s h   l a y e r   o f  

water  i s  more l i k e l y   t o  cause  water   qua l i t y   degradat ion   dur ing  

f r e s h e t   ( l a t e  June t o   m i d - J u l y )  a1 though  such  condi t ions may p r e v a i l  
a t   o t h e r   t i m e s   o f   t h e   y e a r .  

The w a t e r s   a t   t h e  head o f   Lya l l   Ha rbour ,   Sa tu rna   I s land ,   exh ib i t ed  

vary ing   degrees   o f   feca l   Contaminat ion ,   the   source   o f   wh ich   cou ld  

n o t   b e   i d e n t i f i e d .  

The d ischarge o f  sewage f r o m   t h e   L y a l l   H a r b o u r   f e r r y   t e r m i n a l   d i d  

n o t   a d v e r s e l y   a f f e c t   w a t e r   q u a l i t y   i n   B o o t  Cove dur ing   the   survey  

p e r i o d  . 
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8. Water q u a l i t y   d e t e r i o r a t i o n   r e s u l t i n g   f r o m  heavy rec rea t i ona l  

boat ing  anchorage i s  a p o t e n t i a l   p r o b l e m   i n   t h e  Cabbage I s l a n d  - 
Tumbo I s 1  and area.  Boaters  should  be  encouraged  to  use  onshore 

t o i l e t   f a c i l i t i e s .  
9. The waters   o f   Th ieves Bay, Nor th   Pender   I s land,   a re   sub jec t   to  fecal, 

contaminat ion  f rom  boats  moored  at   the  marina. 
10. The waters   o f   Boat  Nook, Nor th  Pender   Is land,   were  not   adverse ly  

a f f e c t e d   b y   t h e   d i s c h a r g e   o f  sewage f rom  the   Gu l f   I ndus t r i es  
subd iv i s ion  sewage t rea tmen t   p lan t .  The b a c t e r i o l o g i c a l   q u a l i t y   o f  

t h e   e f f l u e n t  was good  due t o   c h l o r i n a t i o n  and d i d   n o t   c o n s t i t u t e  a 

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

11. The waters and t i d a l   f o r e s h o r e   o f   E g e r i a  Bay, South  Pender I s 1  and, 

a re   sub jec t   to   feca l   con taminat ion   f rom  the   fo l low ing   sources :  
( a )   t h e   d i s c h a r g e   o f   s e p t i c   t a n k   e f f l u e n t   f r o m   t h e  Anchor  Chain 

Holdings  development, 

(b )   d ischarges   f rom  boats  moored a t   t h e   m a r i n a  and  Customs wharf,  
and 

(c )   d ischarges   f rom  boats   anchored  a t   the  Beaumont Marine  Park 

f a c i l i t y .  

12. A p o r t i o n   o f  Hope Bay, North  Pender  Is land, was contaminated  wi th 

f e c a l   p o l l u t i o n   t o   t h e   e x t e n t   t h a t   c o n s u m p t i o n   o f   b i v a l v e   m o l l  uscan 

s h e l l f i s h  can c o n s t i t u t e  a heal th   hazard.  The contaminat ion was 

due, i n   p a r t ,   t o   p o o r   t i d a l   f l u s h i n g   i n   t h e  bay. The sou rce (s )   o f  

contaminat ion was n o t   i d e n t i f i e d  a1 though  sept ic  tank seepage i s  

suspected  as  the  major  contr ibutor.  

E 
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SCHEDULE I CLOSURES 

The fo l lowing  Schedule I closures/amendments  are recommended: 

1. Area 17-7 ( re-word ing) .  The waters and t i d a l   f o r e s h o r e   o f  Montague 

Harbour,  Galiano  Island,  Area 17, l y i n g   i n s i d e  a l i n e  drawn from  the 
e a s t e r n   t i p   o f  Gray  Peninsula  to   Winstanley  Point .  

2. Area  17-26. The waters and t ida l   fo reshore   o f   Wha lers  Bay,  Gal iano 

I s l a n d ,   l y i n g   i n s i d e ,   t h a t   i s ,   s o u t h e a s t   o f   l i n e  drawn from  Cain 

Po in t   t o   t he   wes te rn   sho re  o f  Gal i ano   I s land   a long  a bear ing   o f  265" 

( t r u e ) .  
3.  Area  18-7. The waters and t i da l   f o reshore   o f   Th ieves  Bay, North 

Pender I s 1  and, Area 18. 

4. Area 18-8. The waters and t i d a l   f o r e s h o r e   l y i n g   i n s i d e ,   t h a t   i s ,  

n o r t h   o f  a 1 i n e  drawn from  the Sku1 1 I s 1   e t   r e e f   t o  Hay Point,  South 
Pender I s 1  and, Area 18. 

5. Area  18-9. The waters and t i d a l   f o r e s h o r e   o f  Hope  Bay, North  Pender 

I s l a n d ,   l y i n g   i n s i d e ,   t h a t   i s ,   s o u t h   o f  a l i n e  drawn f rom  the  land 

end o f   t h e  government  dock t o   A u c h t e r l o n i e   P o i n t  on the  opposi te  

s ide.  

m 

Y 

II 
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INTRODUCTION 

The G u l f   I s l a n d s   o f   t h e   s o u t h e r n   S t r a i t   o f   G e o r g i a   a r e  one o f  

t h e  most   popular   recreat ional   areas  o f   the  prov ince and are  used  heavi ly 

b y   b o t h   t o u r i s t s  and res iden ts   o f   t he   l oca l   popu la t i on   cen t res  on the 

Lower  Mainland and  Vancouver I s land .  The permanent  populat ion  of   these 

i s l a n d s   i s  a1 so i nc reas ing ,  as shown i n  Tab1 e 1. Increased  development 

on t h e   i s l a n d s  

TABLE 1 POPULATION DATA FOR THE STUDY AREA 1966-1976 

% increase 
I sl and 1966 1971  1976  1966-1976 

Gal iano 344  445  525 53 

Mayne 2 78 473 495 (680)  145 
Saturna 185 

N. Pender 

S. Pender 84 
330  448 721 (805)  144 

Source:  Land o f   t h e   T r u s t   I s l a n d s  - M i n i s t r y   o f   M u n i c i p a l   A f f a i r s  and 
Housi  ng , Apr i  1 1978. 

does  impose add i t iona l   p ressures  on the  mar ine  env i ronment ,   leading  to  

h e a v i e r   r e s o u r c e   u t i 1   i z a t i o n  and the   po ten t i a l   f o r   i nc reased   po l  

1 eve1 s. 
The study  descr ibed i n   t h i s   r e p o r t   i s   p a r t   o f   t h e   c o n t  

f ede ra l   she l l   f i sh   sa fe ty   p rog ram and was conducted  to  evaluate 

1 u t i o n  

i n u i  ng 

bac ter io log ica l   water   qua l  i t y  i n   b i v a l v e   m o l l  uscan s h e l l   f i s h   g r o w i n g  

areas on f i v e   o f   t h e   G u l f   I s l a n d s :   G a l i a n o ,  Mayne, Saturna, N. Pender, 

and S.  Pender. The study  area i s  shown i n   F i g u r e  1. 

These i s l a n d s  were  chosen f o r  a v a r i e t y   o f   r e a s o n s .   F i r s t l y ,  

n e i t h e r  a bac te r io log i ca l   no r   san i ta ry   su rvey   o f  any o f  these  i s lands  had 

p r e v i o u s l y  been  undertaken;  secondly, f i v e   P o l l u t i o n   C o n t r o l  Branch 
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reg i s te red   d i scha rges   requ i red  an eva l   ua t ion   to   assess   the i r   impact  on 

she l l   f i sh   g rowing   a reas ;  and t h i r d l y ,   t h r e e   L a n d s   B r a n c h   a p p l i c a t i o n s   f o r  

commerical  oyster 1 ease  purposes  required  reviewing. 

The survey was conducted  dur ing  the sumner months t o  assess  the 

e f f e c t   o f   i n c r e a s e d  summer popu la t ions  and b o a t i n g   a c t i v i t y  on  the  water 

q u a l i t y .   S p e c i f i c a l l y ,  i t  was a n t i c i p a t e d   t h a t  sewage d isposal  

f a c i l i t i e s  would  be more prone t o   m a l f u n c t i o n   d u r i n g   t h e   h i g h  usage 
p e r i o d   d u r i n g   t h e  summer.  Sewage contaminat ion  f rom.p leasure  -boats  was 

a1 so considered a potent ia l   source  which  would  be more p reva len t   du r ing  

t h e  summer months. 
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2 SAMPLE STATION LOCATIONS 

I 

U 

Marine sample s t a t i o n s  were l o c a t e d   i n   s h e l l f i s h   g r o w i n g   a r e a s  
where bac te r io log i ca l   con tamina t ion  was a n t i c i p a t e d  due t o   p o t e n t i a l  

po l l u t i on   sou rces .  These sources  inc luded moorage o r  anchorage 

f a c i l   i t i e s ,   d e v e l o p e d   a r e a s  and f e r r y   t e r m i n a l  s. 
Freshwater and e f f l u e n t  samples  were  taken t o  i d e n t i f y   s p e c i f i c  

sources o f  contaminat ion and to   es t ima te   t he i r   impac t  on t h e   s h e l l   f i s h  

growing  waters. 
Sample s t a t i o n   l o c a t i o n s   a r e  shown i n  F igures 2, 3, 4, and 5, 

and a d e t a i l e d   d e s c r i p t i o n   o f   b o t h   m a r i n e  and f reshwa te r   s ta t i on  

l o c a t i o n s   i s   p r e s e n t e d  i n  Appendices I and I1 r e s p e c t i v e l y .  

4 
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FIGURE 2 MARINE A N D  FRESHWATER  SAMPLE  STATION  LOCATIONS AND 
RECOMMENDED  SCHEDULE I CLOSURES - G A L I A N O   I S L A N D  
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3 FIELD PROCEDURES AND METHODS 

3.1 Bacteriological Sampling and  Analyses 
All marine  water  samples for bacteriological  analyses were 

collected i n  s t e r i l e  wide-mouth glass  bott les,  approximately 15 t o  30 cm 
below the  water surface. The water  depth a t  collection  points over 
shell  fish beds d i d  n o t  exceed two meters. Samples were collected by boat 
or on foo t .  The samples were stored i n  coolers a t  temperatures  not 
exceeding 10°C u n t i l  processed.  Analyses were carried  out w i t h i n  three 
hours  of collection i n  the mobile  microbiology  laboratory of the 
Environmental Protection  Service,  located on  Mayne Island. 

The fecal col iform most probable number (MPN) per 100 m l  was 
determined  using  the multiple  tube  fermentation  technique ( a t  least  three 
decimal dilutions of five  tubes  each)  as  described i n  P a r t  407C of the 
1 4 t h  edition o f  Standa rd  Methods for  t h e  Examination o f  Water and  

Wastewater (1 ). The culture medium  used was the A-1 medium, as described 
by Andrews and Presnell (2 ) .  This medium and the method described bel ow 
were accepted by the Canadian government a s  the method  of choice  for  the 
enumeration of fecal  coliforms i n  shell fish growing waters i n  April 1977. 
An evaluation of the A-1 medium i n  the  Pacific Region has been  done by 
Kay ( 3 )  and the  reader i s  referred t o  this paper for  further  information. 

The "modified A-1"  technique  involves  the  inoculation of a se r ies  
o f   d i l u t i o n s  i n  accordance w i t h  the mu1 t i p l e  tube  fermentation  -technique. 
Ten mill i l  i t r e  volumes of sample water were inoculated  into  five double 
strength  tubes of A-1 medium,  and 1.0 m l  and 0.1 m l  vol  umes were 
inoculated i n t o  five  tubes each of single  strength medium.  The tubes 
were incubated a t  35 - + 0.5"C i n  air  incubators  for  three hours and then 
transferred t o  a water  bath a t  44.5 - + 0 . 2 O C  and incubated for a further 
2 1  hours for a total  of 24 - + 2 hours. A1 1 gassing  tubes w i t h  growth  were 
considered t o  be fecal  coliform  positive. The most probable number for 
each sample was then  determined  according t o  the manner described i n  
S t a n d a r d  Methods. 

All freshwater sampl es were coll  ected i n  s t e r i l  e wide-mouth 
glass  bott les and were tested for total  coliforms,  fecal  coliform, and 

c 
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f e c a l   s t r e p t o c o c c i  , us ing   the  membrane f i l t r a t i o n  (MF) method  described 

i n   P a r t  909 o f   t h e   1 4 t h   e d i t i o n   o f   S t a n d a r d  Methods.  Media  used  were 

m-endo LES , m-FC, and KF st reptococcus  agars  obta ined  f rom  Di fco 

Labora to r ies ,   De t ro i t ,   M ich igan ,  USA, f o r   t h e   t o t a l   c o l   i f o r m ,   f e c a l  

co l   i f o rm,  and feca l   s t rep tococcus   tes ts   respec t ive ly .  The  membrane 

f i l t e r s  used  were M i l l i p o r e  HC, o b t a i n e d   f r o m   M i l l i p o r e   L i m i t e d ,  

M i  s s i  ssauga, Ontar io .  

3.1.1 B i o c h e m i c a l   I d e n t i f i c a t i o n   o f   B a c t e r i a l   I s o l a t e s .   S e l e c t e d  
gas-pos i t ive  tubes  f rom  the MPN procedure  were  subjected  to a ser ies   o f  

b i o c h e m i c a l   t e s t s   t o   e v a l u a t e   t h e   s e l e c t i v i t y   o f   t h e  A-1  medium f o r  

Escher ich ia  - c o l i .  The t e s t s   i n c l u d e d :   l a c t o s e   f e r m e n t a t i o n   a t  44.5"C, 

Indo le   p roduc t i on ,   f e rmen ta t i on   o f   g lucose   (me thy l   red ) ,   p roduc t i on   o f  

acetyl  -methyl  -carbinol  from  gl  ucose  fermentation  (Voges  Proskauer) , 
u t i 1   i z a t i o n   o f   c i t r a t e  as the  sole  carbon  source,  orni th ine  decarboxylase 

and m o t i l i t y .  Methods  used  are  described i n   " I d e n t i f i c a t i o n   o f  
Enterobacter iaceae i n   t h e  C1 i n i c a l   L a b o r a t o r y "   ( 4 ) .  

3.2 Physical  and  Chemical  Testing  Equipment  and  Analyses 

Temperature  measurements  on  marine and freshwater  samples  were 
made us ing  an immersible  Celc ius  thermometer  wi th an accuracy o f  +0.5"C. 

S a l i n i t y  measurements  were made on a l l   m a r i n e  samples us ing  an American 

Opt ica l   re f ractometer   (Cata logue No. 10413)  which  has a r e s o l u t i o n  t o  the 
neares t  0.5 ppt .  Wind speeds and d i r e c t i o n  were determined w i th  a Te lcor  

s e r i e s  210 e lec t ron i c   w ind   speed /d i rec t i on   i nd i ca to r ,   t i de   da ta   used  were 

those   f o r   Fu l   f o rd   Harbour   (F igu re  6) and r a i n f a l l   d a t a  were  obtained  from 

t h e  C1 imat ic   Data   Center   a t   Saan ich   (F igure  7 ) .  

- 

A1 1 samples f o r  chemical   analys is   were  submi t ted  to   the 

Env i ronmenta l   Pro tec t ion   Serv ice /F isher ies  and Marine  Service  Chemistry 

Laboratory,  Cypress  Creek, West Vancouver, and ana lyzed  accord ing   to   the  

m o s t   r e c e n t   e d i t i o n   o f   t h e  EPS/FMS Labora tory  Manual (5 ) .  
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4 RESULTS AND DISCUSSION 

Canadian  shel 1 f i sh   g row ing   wa te rs   a re   c lass i f i ed   acco rd ing   t o  

t h e   f o l l  owing c r i t e r i a :  
I n   o r d e r   t h a t  an area  can  be  considered  bacterio- 

l o g i c a l l y   s a f e   f o r   t h e   h a r v e s t i n g   o f   s h e l  1 f i s h ,   t h e  

fecal   co l   i form  median MPN o f   t he   wa te r   mus t   no t  

exceed  14  per  100 m l .  F u r t h e r ,   n o t  more than 10 

p e r c e n t   o f   t h e  samples o r d i n a r i l y  exceed  an MPN o f  43 

per  100 m l  f o r  a f i v e   t u b e   d e c i m a l   d i l u t i o n   t e s t   i n  

those  por t ions  o f   the  area  most   probably   exposed  to .  

feca l   contaminat ion  dur ing  the  most   unfavourabl  e 

hydrographic and pol  1 u t i on   cond i t i ons . *  

Based on t h e s e   c r i t e r i a ,   o n l y   f i v e   o f   t h e  122 marine sampJe s t a t i o n s  were 
c l a s s i f i e d  as contaminated. The major  causes o f   p o l l u t i o n   e n c o u n t e r e d  

dur ing   the   survey   inc luded  d ischarges   o f  sewage f rom  boa ts ,   f au l t y   sep t i c  
tank  disposal  systems and contaminated  f reshwater   inputs   to   the  s tudy 

a reas .   F i ve   Po l l   u t i on   Con t ro l   B ranch   reg i s te red  sewage discharges and 

t h e i r   r e s p e c t i v e   r e c e i v i n g   w a t e r s  were a1 so sampled. 

\- 

Due to   t he   ex t reme ly  dry condi t ions  encountered  dur ing  the 

survey,  very  few  streams  were  f lowing. The t o t a l   r a i n f a l l   f o r   t h e   s u r v e y  

p e r i o d  wa? 10.1 mn as  measured a t  Mayne I s land ,  and 4.9 mn as  measured a t  

South  Pender I s l a n d   ( F i g u r e  7 ) .  T h i s   r a i n f a l l   i s   a p p r o x i m a t e l y  ha1 f t h a t  

normal ly  measured d u r i n g   J u l y  (6) and d id  n o t   a p p e a r   t o   r e s u l t   i n   w a t e r  
q u a l i t y   d e t e r i o r a t i o n   i n  most o f   t h e   s u r v e y e d   a r e a s   w i t h   t h e   e x c e p t i o n   o f  

Hope Bay. 
Most i d e n t i f i e d   p o l l u t i o n   s o u r c e s   r e s u l t e d   i n   l o c a l   i z e d  

con tamina t ion   o f   t he   rece iv ing   wa te rs ;   w inds  and t i d e s  were n o t  a 

d e t e r m i n i n g   f a c t o r   i n   t h e   e x t e n t   o f   p o l l u t i o n .  One no tab le   except ion  was 

Bennett  Bay which will be  discussed a t   l e n g t h   i n   S e c t i o n  4.2.6. 

Membrane f i l t r a t i o n   f e c a l   s t r e p t o c o c c i   a n a l y s e s  were  performed 

on a l l   f r e s h w a t e r  samples t o   d e t e r m i n e   t h e   o r i g i n   o f   f e c a l   c o n t a m i n a t i o n  

observed i n   f r e s h w a t e r   i n p u t s .  Gel d r e i c h  and Kenner ( 7 )  have’ repo r ted  

*This  report   expresses  the  10  percent limit i n  t e r m s   o f  a 90 p e r c e n t i l e  
which  must  not  exceed 43 per  100 m l .  

I 

L 
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h i g h e r   f e c a l   s t r e p t o c o c c i  (FS)  t han   f eca l   co l   i f o rm (FC) d e n s i t i e s   i n  a1 1 
warm-blooded  animal  feces  except f o r  humans.  The FC:FS r a t i o   i n  humans  was 

4.4, whereas i n   o t h e r  warm-blooded  animals  the r a t i o  was less   t han  0.7. 

Water  temperature  and  sal i n i t y  measurements t a k e n   a t  each marine 

sample s t a t i o n   a r e  summarized i n  Appendix V. Mean temperatures  ranged  from 

12.2OC t o  17.1°C and mean s a l i n i t i e s  ranged  from 21.6 p p t   t o  29.3 pp t .  
B a c t e r i o l o g i c a l   d a t a   f o r   m a r i n e  and f reshwa te r   s ta t i ons   a re  

sumnarized i n  Tables 2 and 3 r e s p e c t i v e l y .  A c o m p l e t e   l o c a t i o n   d e s c r i p t i o n  

o f  a l l   s t a t i o n s  and da i l y   sampl ing   resu l ts   i s   p resented   in   Append ices  I t o  

IV. 

4.1  Gal i a n o   I s l a n d   ( S t a t i o n s  1-32 ) 
Th i r t y - two  sampl  e s t a t i o n s  were loca ted   in   se l   ec ted   a reas   a round 

Gal iano  Island.  There was l i m i t e d   o r  no sampling o f   t he   f o reshore   f rom 

Montague  Harbour t o  Race Po in t ,  Race P o i n t   t o  Whalers Bay and S t u r d i e s  Bay t o  

Georgeson Bay due t o   t h e  absence o f  a s i g n i f i c a n t  she1 1 f i sh   resource   and/or  

r e s i   d e n t i a l  development. 

4.1.1  Montague  Harbour t o   C r i t t e r  Bay. Montague  Harbour i s   p r e s e n t l y  

c l o s e d   t o   s h e l l f i s h   h a r v e s t i n g  under  Schedule 1 c l o s u r e  17-7. Dur ing  the 

survey,  sample  stat ions 9 and  10 d i d   n o t  meet the   approved  she l l f i sh   g rowing  

water  standard.  There  were  two  sources o f   con tamina t ion   t o   t h i s   a rea   wh ich  
were i d e n t i f i e d .   F i r s t l y ,  d ischarges  from moored boa ts   us ing   t he   P rov inc ia l  

Park  were  considered  the  major  source  of  contamination. Between  10  and  40 
boats  were moored e i the r   a t   t he   anchor  buoys or   the  whar f   prov ided  by  the 

Parks  Branch.  There i s  no c o r r e l a t i o n  between  the number o f   boa ts  and the 
b a c t e r i o l o g i c a l   w a t e r   q u a l i t y  a1 t h o u g h   t h i s   i s   n o t   u n u s u a l   c o n s i d e r i n g   t h a t  
d ischarges  f rom  boats  would be i n t e r m i t t e n t  and there fore   no t   a lways  

detected.  Discharges  from  the B.C. F e r r y  "Bowen Queen" was the  second 

i d e n t i f i e d  source.  This  vessel  does  not  have sewage ho ld ing   tanks ,  and 

a1 though washroom doors   a re   requ i red   t o   be   l ocked   p r i o r  t o  dock ing ,   t h i s  

p r a c t i c e  was n o t  always  followed. 

No f reshwater   inpu ts   to   the   a rea  were e v i d e n t   d u r i n g   t h e   s a n i t a r y  

survey and the  remaining  nine  marine  stat ions  met  the  growing  water 

standard. 
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TABLE 2 SUMMARY OF FECAL  COLIFORM MPN DATA FOR MARINE STATIONS 

SamDl e Number o f  MPN 
MPN/100 ml 

s t a t i o n  Samples Range Median 90 Percent i  1 e 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

6 
6 
6 
9 
9 
9 
9 
9 
9 
9 
9 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

L - " less  than"  
G - "grea ter   than"  

L2  - L2 
L2 - 2 
L2 - L2 
L2  - 8.3 
L2 - 11 
L2 - 7 
L2  - 7 
L2  - 7 
L2 - 61600 
L2 - 350 
L2 - 5 
L2 - 2 
L2  - L2 
L2  - 2 
L2  - 2 
L 2  - L2 
L2  - 7 
L2  - 2 
L2  - 2 
L2  - 2 
L2  - 2 
L2 - L2 
L2  - 17 
L2 - 2 
L2 - 2 
L2  - 11 
L2 - 2 
L2 - 13 
L2 - L2 
L2 - L2 
L2 - 2 
L2  - 7 
L2 - 2 
L2  - 2 
L2  - 5 
L2  - 2 
L2  - 2 
L2 - 5 
L2  - 2 
L2  - 2 
L2  - 5 
L2 - 8 
L2 - 8 

L2 
L 2  
L 2  
L2  
L2  
L 2  
4 

L2 
L 2  

2 
L2  

2 
L 2  
L2  
L 2  
L 2  

2 
L 2  
L 2  
L 2  
L 2  
L 2  

2 
L2  
L 2  
L2  
L2  

2 
L2  
L2  
L 2  
L2  
L2  
L2  
L 2  
L2  
L 2  
L 2  
L2 
L 2  
L 2  
L2  
L2  

L2  
L2  
L2  
5.3 
2.9 
5.2 
5.2 
2.5 

164.5 
50.3 

5 
2 

L2  
L2  
L2  
L2  

6 
L2  
L2  
L2  
L2 
L2  
10.5 

2 
2 
6.5 

L2  
7.5 

L2 
L2  
L2  

4.5 
L2  

2 
3.2 
2 

L2  
3.2 

L2 
L2  
3.2 
4.4 
4.4 
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TABLE 2 SUMMARY OF FECAL  COLIFORM MPN DATA  FOR MARINE STATIONS 
( Cont inued) 

Sam1 e Number o f  MPN 
MPN/lOO m l  

S t a b  on Samples  Range Median 90 Percent i  1 e 

1 

1 

Q 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61  
62 
63 
64 
65 
66 
67 
68 
69 
70 
71  
72 
73 
74 
75 
76 
77 
78 
79 
80 
8 1  
82 
83 
84 
85 
86 

6 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
9 
9 
9 
6 
6 
9 
9 
6 
6 
6 
6 
6 

L2 - 5 
L2 - 33 
L2 - 49 
L2 - 79 
L2 - 49 
L2 - 17 
L2 - 7 
L2 - 110 
L2 - 22 
L2 - 17 
L2 - 33 
L2 - 8 
L2 - 5 
L2 - 49 
L2 - 33 
L2 - 49 
L2 - 17 
L2 - 2 
L2 - L2 
L2 - 5 
L2 - 5 
L2 - 13 
L2 - 23 
L2 - 8 
L2 - 13 
L2 - 13 
Li l  - 13 
L2 - 8 
L2 - 17 

2 -  8 
L2 - 23 
L2 - 5 
L2 - 130 
L2 - 23 
L2 - 8 
L2 - 13 
L2 - 79 
L2 - 45 
L2 - 2 
L2 - 17 
L2 - 2 
L2 - 2 
L2 - 5 

L2 
2 
3.5 
5 
5 

L2 
L2 
8 

L2 
L2 

2 
2 

L2 
2 
2 

L2 
L2 
L2 
L2 

2 
L2 
L2 

7.5 
3 
2 
2 
2 

L2 
4.5 
3.5 
6.5 

L2 
2 
2 

L2 
2 

L2 
11 
L2 
3.5 

L2 
2 

L2 

4.4 
13 
28.2 
19.6 
29.2 
8.9 
2.5 

82.1 
4 
8 
6.9 
5.3 
2.3 
9.4 

10.5 
11.2 
6.2 
L2 
L2 

3.5 
3.2 
6.4 

22.4 
6.2 
8.2 
8.2 

13 
4.4 

14.6 
8 

14.6 
2.3 

51.7 
23 

4.4 
9.4 

37.6 
25.6 
L2 
15.2 

2 
2 
3.2 
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TABLE 2 SUMMARY OF FECAL  COLIFORM MPN DATA FOR MARINE STATIONS 
(Cont inued) 

MPN/100 m l  
Sampl  e  Number o f  MPN 
S t a t i o n  Samples Range Median 90 Percent i  1 e 

87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
11 7 
118 
119 
120 
121 
122 

98 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
6 
9 
6 
7 
9 
9 

L2 - 8 
L2 - 5 
L2  - L2 
L2 - L2 
L2 - 2 
L 2  - 2 
L2 - L2 
L2 - L2 
L2 - L2 
L2  - L2 
L 2  - 2 
L2 - 2 
L2 - 2 
L2  - 2 
L2 - 14 
L2 - 7 
L2 - 2 
L2 - 2 
L2  - 5 
L2 - 5 
L2 - 5 
L2  - 5 
L2 - 5 
L2 - 5 
L2  - 2 
L2 - 8 
L2 - 11 
L2 - 23 
L2 - 14 
L2 - 34 
L2 - 2 
L2  - 920 

2 - 79 
L2 - 2 
L2  - 130 
L2 - 49 

L2  
L2 
L2  
L2  
L2  
L2  
L2 
L2 
L2  
L2  
L2  
L2 
L2  
L 2  
L2 
L 2  
L2  
L 2  

2 
L2  

2 
L 2  

2 
2 

L2  
L2  
L2 

8.5 
5 
8 

L2  
5 

L2 
L2  
L2  

a 

4.4 
3.2 

L 2  
L2 
L2  
L2 
L2 
L2 
L2 
L2  

2 
L 2  
L2 
L2  

6.8 
4 
2 
2 
5 
3.2 
5 
3.2 
3.2 
3.2 
2 
4.4 
9.2 

17.6 
10.4 
24.8 

2 
103.7 
41.8 
L2 
24.7 

8.5 
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Water  qual i t y  a t   R e t r e a t  Cove ( s t a t i o n s  12,  13, and 14 1 was 

acceptable a1 though one s t ream  en ter ing   the  Cove  was contaminated and may 

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

Th is   s t ream  exh ib i ted  a f e c a l   c o l i f o r m   c o u n t   o f  1085/100 m l  and an FC:FS 
r a t i o   o f  1.46. A second  stream (G1) w i th   m in ima l   f low  en tered   the  Cove 

20 metres  west  of  the  government dock and d i d   n o t   e x h i b i t   s i g n i f i c a n t  

f e c a l   c o l i f o r m   l e v e l s .  

A san i ta ry   su rvey   o f   t he   a rea   revea l  ed  two  houses i n   c l o s e  

p r o x i m i t y   t o  62 bo th   o f   wh ich  were  unconfirmed  sources o f   con taminat ion .  

Four   ups t ream  samples   exh ib i ted   low  feca l   co l i fo rm  leve ls  and d i d   n o t  

a s s i s t   i n   l o c a t i n g   t h e   s o u r c e  o f  contaminat ion.  

Sample s t a t i o n  15, l o c a t e d   i n   C r i t t e r  Bay met  the  standard and 
the re  were no po l l   u t ion   sources   revea led   dur ing   the   san i ta ry   survey .  A 

small  stream (63 en te r ing   t he  Bay had feca l   co l   i f o rm  l eve l  s o f   l e s s   t h a n  

10/100 m l .  

4.1.2 Whalers Bay. Seventeen  sample s t a t i o n s  were l o c a t e d   i n  

Whalers Bay  and a1 1 met the she1 1 f ish  growing  water  standard.   Three 

streams  were  sampled  during  the  course o f   t he   san i ta ry   su rvey .  64, 

l o c a t e d   i n   t h e   s o u t h e r n  end o f   t h e  Bay, y i e l d e d  a f e c a l   c o l i f o r m   c o u n t   o f  
7200/100 m l .  Th is   s t ream  dra ins a r e s i d e n t i a l   a r e a  and may be 

contaminated  by  sept ic   tank seepage a1 t h o u g h   t h e   f l o w   a t   t h e   t i m e   o f  
sampling was very   low and  as a r e s u l t  no s i g n i f i c a n t   i m p a i r m e n t   o f  

r e c e i v i n g   w a t e r   q u a l i t y  was noted. 

Two o the r   f reshwa te r   i npu ts  (65 and 66) l oca ted  between  Cain 

P o i n t  and R i p   P o i n t  were a l s o  sampled.  These  were, i n  f a c t ,  seepage 

poo ls  and  had l i t t l e  impact   on  the  receiv ing  waters  due t o   t h e i r   l o w  

f lows. 65 e x h i b i t e d  a mean f e c a l   c o l i f o r m   c o u n t   o f  11 250/100 m l ;  66 had 

a s ing le   coun t  o f  22/100 m l .  The presence o f   f e c a l   c o l i f o r m s   i n  G5 

suggested  that ,   even  dur ing  the  except ional   dry  weather  observed  dur ing 
t h i s  survey,  fecal   contaminat ion was s t i l l   d e t e c t a b l e   i n  groundwater 

seepage  and i n c r e a s e d   p r e c i p i t a t i o n   d u r i n g   t h e   f a l l  and w i n t e r  months may 

r e s u l t   i n  some w a t e r   q u a l i t y   d e t e r i o r a t i o n .  
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Other  sources  of   contaminat ion  to  Whalers Bay i nc luded  

discharges  f rom  boats moored a t   t h e  government  dock  and  discharges  from 

four  suspected  sept ic  tank  overf low  pipes  which  were  noted  dur ing  the 

san i ta ry   survey   bu t   wh ich  were no t   d ischarg ing   a t   the   t ime.  

4.1.3 S t u r d i e s  Bay. No sample s t a t i o n s  were l o c a t e d   i n   S t u r d i e s  Bay 
due t o   t h e  absence o f  a s i g n i f i c a n t   r e s o u r c e .  Some musse ls   (Myt i lus  

e d u l   i s )  were  present a1 ong the  southern  shore1  ine, we1 1 removed from 

i d e n t i f i e d   s o u r c e s   o f   c o n t a m i n a t i o n .  

Sewage i s  d ischarged  a t   the  B.C. F e r r y  dock from a "package" 

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

approx imate ly   s ix   metres  o f   water .  Samples taken 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  and  on sho re   were   pos i t i ve   f o r   f eca l   co l i f o rms ,   t he   h ighes t  MPN 

be ing  33/100 m l  . 
The o n l y   o t h e r   i d e n t i f i e d   p o l l u t i o n   s o u r c e   t o   S t u r d i e s  Bay was 

the   d i scha rge   o f  sewage from B.C. Fe r ry   vesse ls   wh i l e   l oad ing  and 

unl   oading . 
4.1.4 Georgeson Bay. The w a t e r s   o f  Georgeson Bay are   we l l   f lushed 

due t o   t h e   t i d a l   a c t i o n   i n   A c t i v e  Pass  and it i s   l i k e l y   t h a t  any 

contaminat ion  enter ing  these  waters   would be wel l   d ispersed.  As a 

r e s u l  t no marine sampl i n g  was done i n   t h e  bay. 
Two streams en te r ing  Georgeson Bay were  sampled. The f i r s t  

(67 )  was a groundwater  seepage  pool and was n o t   s i g n i f i c a n t l y  
contaminated . The second (68 )  was a very  smal l   s t ream  wi th  an average 

f l o w   o f  .0003 d / s e c .  The  mean f e c a l   c o l i f o r m   c o u n t   o f  1263/100 m7 
i n d i c a t e d  some s e p t i c  seepage may be e n t e r i n g   t h i s   s t r e a m  a1 though  the 

l o w   f l o w   w o u l d   n o t   r e s u l t   i n  any ser ious   water   qua l i t y   impa i rment .  

4.2 Mavne I s l  and 

Mar ine   s ta t i ons  33-60 were  located  around Mayne I s l a n d   t o  

assess  the she1 1 f ish  growing  water   qual  i t y .  Wi th   t he   excep t ion   o f  

s t a t i o n  51, a l l   s t a t i o n s  met  the  standard. 
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4.2.1 Miners  Bay. Miners Bay on A c t i v e  Pass  has a small  clam 

resource  which i s  u t i 1   i z e d   b y   v i s i   t o r s  and res iden ts .  Two sample 

s t a t i o n s   l o c a t e d   n o r t h   o f   t h e  government  dock d i d   n o t   e x h i b i t  any 

evidence  of   fecal   contaminat ion.  No streams  were  observed  entering  the 

water i n   t h i s  area a1 though a dry   s t ream  bed  near   s ta t ion 13 passed 

through a graz ing  area  for   horses,  and may be  a source o f   con tamina t ion  

d u r i n g   h e a v y   p e r i o d s   o f   r a i n f a l l .  A sep t ic   tank   over f low  p ipe  was  a1 so 

noted  however it was n o t   d i s c h a r g i n g   a t   t h e   t i m e .  
The dock  area i s   s u b j e c t   t o   f e c a l   c o n t a m i n a t i o n   f r o m  moored 

boats a1 though  there i s  1 i m i t e d  dock  space and anchorage  avai l  ab1 e t o   t h e  

boa t ing  pub1 i c .  

The Springwater  Lodge was i d e n t i f i e d  as a source o f   f e c a l  

contaminat ion  to  the  immediate  receiv ing  waters.   There was o l f a c t o r y  
ev idence   o f  a f a u l t y   s e p t i c   t a n k ,  and  seepage was observed on the  beach 

below  the  tank,  which i s   l o c a t e d   n e a r   t h e  embankment. A sample o f  

seepage taken  August 4 y i e l d e d  a f e c a l   c o l i f o r m  MPN o f   g r e a t e r   t h a n  
1600/100 m l  . Dishwater was  a1 so noted  being  discharged  to  the  beach a t  

f r e q u e n t   i n t e r v a l  s. 
Two sep t i c   t ank   ove r f l ow   p ipes  were  observed  near  the  most 

wester ly   res idence on the  south  shore  o f   Miners Bay. There was no 

d ischarge  f rom  e i ther   o f   these  p ipes   dur ing   the   survey .  

A small  stream (M11) en te r ing   a t   t he   sou th   sho re   o f   M ine rs  Bay 

was not  contaminated and the re  was  no evidence o f  s e p t i c  seepage from  the 

homes i n   c l o s e   p r o x i m i t y   t o   t h e   s t r e a m  bed. 

4.2.2 V i l l a g e  Bay. V i l l a g e  Bay i s   t h e  Mayne I s l a n d   t e r m i n a l   f o r   t h e  

B.C. F e r r y  system.  Three  marine  sample  stat ions  were  located  near  the 

t i d a l   m u d f l a t s   s o u t h   o f   t h e   f e r r y   t e r m i n a l  and a l l  met  the  growing  water 

standard. 

The two ma jo r   sou rces   o f   con tamina t ion   t o   t he  Bay were sewage 

d ischarges  f rom  the B.C. F e r r i e s   w h i l e  docked a t   t h e   t e r m i n a l ,  and 

contaminated  runof f   water   f rom  the  s t ream  enter ing  near   the head o f   t h e  

bay  (M10). 
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Contamination  from  the f i r s t  source was n o t  documented as 

samples  were no t   t aken   wh i l e   f e r r i es  were  docked, a1 though it was noted 

tha t   vesse l  washroom doors   were   no t   normal ly   locked  a t   th is   te rmina l  . 
The second  source o f   con taminat ion ,  M10, d i d   n o t   i m p a i r  

r e c e i v i n g   w a t e r   q u a l i t y  a1 though  both mean f e c a l   c o l i f o r m  and feca l  

s t rep tococc i   counts  were elevated  (2466/100 m l  and  3100/100 m l  , 
r e s p e c t i v e l y ) .   A d d i t i o n a l   s a m p l i n g   o f  M10 and s t a t i o n s  35, 36 and  37 was 
conducted i n  February 1979, t o  assess  the  water  qual i ty  du r ing   h ighe r  

r a i n f a l l   p e r i o d s .  The m a r i n e   s t a t i o n s   a t   t h i s   t i m e  were w e l l   w i t h i n  

acceptab le   s tandards   fo r  she1 1 f i sh   g row ing   wa te rs  and t h e   f e c a l  c07 i f o r m  

and f e c a l   s t r e p t o c o c c i  1 eve1 s i n   t h e   s t r e a m  were considerably   lower   than 
those  obta ined i n   J u l y   ( 2 8 8 / 1 0 0  m l  and  6.5/100 m l  r e s p e c t i v e l y ) .  The 

contaminat ion i n   I l l 0   n o t e d   d u r i n g   t h e  summer sampl ing  per iod was 

a t t r i b u t e d   p r i m a r i l y   t o   a n i m a l   p o l l u t i o n ,  as the  s t ream  dra ins a small  

sheep farm as w e l l  as  a res iden t ia l   a rea .  

4.2.3 Dinner  Bay. S t a t i o n  38 was l o c a t e d   a t   t h e  head o f   D inne r  Bay 

and was o f   accep tab le   wa te r   qua l i t y .   On ly  one f reshwa te r   i npu t  was noted 

(M9)  however,  the f l o w  was i n s i g n i f i c a n t .   F e c a l   c o l i f o r m   l e v e l s   r a n g e d  

from 420/100 m l  t o  1900/100 m l  suggest ing  the  presence  of  some s e p t i c  

seepage a1 though no houses  were i n   t h e   v i c i n i t y   o f   t h e  stream. 

4.2.4 Conconi Reef - Piggot   Bay .   S ta t ions  39-42 were o f  a c c e p t a b l e  

w a t e r   q u a l i t y  and no sources   o f   con taminat ion   to   the   fo reshore  were noted 

dur ing  the  survey.   Th is   area i s  a popu lar   recrea t iona l   c lam  d igg ing   a rea  

a1 though   l oca l   repo r t s   i nd i ca te   t he   resource   i s   be ing   rap id l y   dep le ted  

due t o  over  harvest ing.  

4.2.5 Hor ton Bay. S t a t i o n s  44-51 w e r e   p o s i t i o n e d   i n   H o r t o n  Bay t o  

assess  the  growing  water  qual i t y  i n   t h i s  a rea .   On ly   s ta t i on   51   d id   no t  

meet  the  standard,  exceeding a t   t h e  90 p e r c e n t i l e   l e v e l  (82.1/100 m l ) .  

This  bay  suppports  both an o y s t e r  and clam  resource. A 

f o r e s h o r e   l e a s e   f o r   o y s t e r   c u l t u r e   i s   l o c a t e d   e a s t   o f   t h e  government 

whar f  , and s t a t i o n  44 was p l  aced over  the  lease  area. No p o l l u t i o n  
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sources  were  evident  along  the  foreshore and t h e   r a p i d   t i d a l   a c t i o n   i n  

Robson  Channel  woul d a i d   i n   t h e   d i s p e r s a l  and d i l   u t i o n   o f   p o l  1 u tan ts  

en ter ing   the   a rea .  
The government  dock i s  a po ten t i a l   sou rce   o f   con tamina t ion  due 

to   d ischarges   f rom moored  boats  and  fecal  Contamination was detected a t  

s t a t i o n s  45 and  46, a l though  bo th   s ta t ions   con t inued  to   meet   the  

standard. The e leva ted   f eca l   l eve l  s were co inc iden t   w i th   reduced  

s a l i n i t i e s   i n d i c a t i n g  a s ign i f i can t   f reshwa te r   sou rce  was r e s p o n s i b l e   f o r  
t h e   c o n t a m i n a t i o n .   T h i s   p o s s i b i l i t y   i s   f u r t h e r   d i s c u s s e d   i n   S e c t i o n  

4.2.6. Boat   d ischarges   d id   no t   appear   to   be  a s i g n i f i c a n t   s o u r c e   o f  

c o n t a m i n a t i o n   p a r t l y  due t o   t h e   l i m i t e d  moorage  space ava i l ab le .  

A dry  stream  bed was n o t e d   a t   t h e  head of   the  smal l   bay  by  the 

wharf  and may be a s i g n i f i c a n t   s o u r c e   o f   c o n t a m i n a t i o n   d u r i n g   h i g h  
r a i n f a l l   p e r i o d s .  The s t ream  dra ins a small   farm and uplands  area. 

Chickens  have  access to   the   s t ream and would  probably   cont r ibute 

s u b s t a n t i a l l y  t o  h i g h   f e c a l   c o l   i f o r m  1 eve1 s, p a r t i c u l   a r l y   f o l l  owing a 

storm  event.  

A f l o a t i n g  home anchored  nearby  repor ted ly   d ischarges sewage 

d i r e c t l y   t o   t h e   w a t e r  a1 though  th is   would  be an i n f requen t   even t   as   t he  

home i s   n o t  permanently  occupied. 
An a p p l i c a t i o n   f o r  a fo reshore   l ease   a t   t he   wes te rn  end o f  

Hor ton Bay f o r   t h e   p u r p o s e   o f   o y s t e r   c u l   t u r e  was being  processed a t   t h e  

t i m e   o f   w r i t i n g  and an i n v e s t i g a t i o n   o f   t h e   a r e a   i n d i c a t e d   t h e   w a t e r  was 

o f   accep tab l  e growing  water  qual i ty ( s t a t i o n s  47 and 48). Elevated   feca l  

c o l i f o r m   l e v e l s   w e r e   n o t e d  on J u l y  18, 19 and 20, p a r t i c u l a r l y   a t   s t a t i o n  

48. The source   o f   con taminat ion  was no t   con f i rmed a1 though  the  h igh 
c o l i f o r m   l e v e l s   o c c u r r e d   c o i n c i d e n t   w i t h   r e d u c e d   s a l i n i t i e s   ( s e e   S e c t i o n  

4.2.6.) 

A m a j o r   d r a i n a g e   c u l v e r t   d i s c h a r g e s   t o   t h i s   a r e a   o f   H o r t o n  Bay. 

The cu l ve r t   rece ives   d ra inage   f rom a l a r g e  up1 ands  area a1 though  upstream 

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

The stream was n o t   f l o w i n g   d u r i n g   t h e  summer. However , add i t iona l   mar ine  

and  f reshwater   sampl ing  o f   the  lease  area  and  cu lver t   d ischarge was 

conducted  dur ing  February 1979, when the  stream was f l o w i n g .   D u r i n g   t h i s  
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sampl i n g   p e r i o d   t h e   c u l v e r t   d i s c h a r g e  had r e l a t i v e l y   l o w   f e c a l   c o l i f o r m  

and feca l   s t rep tococc i   coun ts  (52.3/10O m l  and  69/100 m l  r e s p e c t i v e l y )  

and a1 1 mar ine   s ta t ions  met the  she1 1 f ish  growing  water  standard.  

A p o t e n t i a l   s o u r c e   o f   c o n t a m i n a t i o n   t o   t h i s   l e a s e   a r e a   i s   t h e  
d i s c h a r g e   o f  sewage from  anchored  boats. The bay i s  a popular  anchorage 

a r e a   f o r   t h e  summer boaters  due t o   t h e   p r o t e c t i o n   a f f o r d e d  by  Curlew 

I s l a n d .  Up t o  seven boats  were  observed  anchored i n   t h e  bay d u r i n g  

weekdays  and much g r e a t e r   a c t i v i t y   w o u l d  be  expected  dur ing  the 

weekends. 

Sample s t a t i o n  51, l o c a t e d   i n   c l o s e   p r o x i m i t y   t o   t h e   p r i v a t e  
dock  on  Curlew  Island, was t h e   o n l y   s t a t i o n   c l a s s i f i e d  as  contaminated. 

Once aga in   the   e leva ted   co l i fo rm  leve ls   occur red   co inc ident   w i th   reduced 
s a l i n i t i e s .   T i d a l   f l u s h i n g   i n   t h i s   s m a l l  bay  appeared t o  be  miminal and 

i t  was e x p e c t e d   b a c t e r i a l   c o n t a m i n a t i o n   i n t r o d u c e d   i n t o   t h i s  bay  would 

no t   d i spe rse  as r a p i d l y  as i n   o t h e r   a r e a s   o f   H o r t o n  Bay. There  were no 

onshore  sources  of   pol  1 u t i o n   i d e n t i f i e d  on Curlew  Is1 and  and t h e r e f o r e  

the  contaminated  f reshwater  source was cons idered  to  be t h e   s o l e  

po l  1 u t a n t .  

C u r l e w   I s l a n d   i s  a p r i v a t e l y  owned farm,  and may c o n t r i b u t e  

feca l   con taminat ion   to   Hor ton  Bay th rough  ra in - induced  runof f .  

4.2.6 Bennett  Bay. Water  qual i t y  i n  Bennett Bay was acceptable 
du r ing  the  survey a1 though a l l  s t a t i o n s  (53-60) wi th  the except ion o f  55 

and 56 demonst ra ted   h igh   feca l   co l   i fo rm  leve l  s on J u l y  19,  1978,  and, t o  

a l e s s e r   e x t e n t  on July 20. The h igh   counts  were c o i n c i d e n t  with the 

r e d u c e d   s a l i n i t y   l e v e l s   p r e v i o u s l y   r e f e r r e d   t o .  A t  most   s ta t ions,  
s a l i n i t i e s  ranged  from 25-29 pp t ;  however  on J u l y   1 9  and  20 s a l i n i t i e s  

ranged  from  18-20  ppt.  Sampling was performed j u s t  as t h e   t i d e  was 
b e g i n n i n g   t o  ebb suggest ing  the  contaminat ion had  been in t roduced   du r ing  

t h e   f l o o d   t i d e  and  had remained i n   t h e  bay   du r ing   h igh   s l  ack. 

There  were  no loca l   sources o f  f reshwa te r   t o   e i t he r   Benne t t  Bay 

or   Hor ton  Bay wh ich   cou ld   account   fo r   these  reduced  sa l   in i t ies .  A1 though 

t h e r e  i s  considerable  groundwater seepage a1 ong  the  Bennett Bay 

foreshore,  no fecal   Contaminat ion was detected i n  any o f   t h e  seepage 
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samples (M5-M8) suggest ing  the  contaminat ion was no t   f rom  th is   source .  

Sewage disposal  i n   t h i s  area i s   e f f e c t e d  by septic  tank  systems and no 

ma l func t i ons  were  observed  during  the  sanitary  survey. The sept ic   tank 

a t   t h e  Mayne I n n   i s   r e p o r t e d l y   e m p t i e d  once  each  month dur ing   the  peak 

summer season  and e f f l u e n t   i s   d i s p o s e d   o f  by G u l f   I s l a n d   s e p t i c   t a n k  

s e r v i c e  on Sal t s p r i n g   I s 1  and. 
The o n l y   m a j o r   f r e s h w a t e r   d i s c h a r g e   a t   t h e   t i m e   o f   t h i s   s u r v e y  

which  could  have  exerted  such an i n f l u e n c e  on t h e   s a l i n i t y   l e v e l s  and 

r e s u l t e d   i n   t h e   i n c r e a s e d   c o l i f o r m   l e v e l s  was the  Fraser  River.   Local  

res idents   have  repor ted   tha t   F raser   R iver   water  does enter   Bennet t  Bay 

and  Horton Bay d u r i n g   c e r t a i n   t i m e s   o f   t h e   y e a r  and  under c e r t a i n  

hydrographic and  weather  condi t ions.   Dur ing  f reshet  ( late  June  to 

m i d - J u l y )   t h e   r i v e r   f l o w  can  exceed 11 328 m3/sec  and  can cover a 
cons iderab le   a rea  of G e o r g i a   S t r a i t  wi th a b r a c k i  sh 1 ayer  varying  between 
1 t o  10 metres deep (8). Because o f   t h e  absence o f   i n t e r i o r   t u r b u l e n c e  

a t   t h e   F r a s e r   e s t u a r y ,   t h i s   t w o - l a y e r e d   s y s t e m   c o n t i n u e s   i n t o   t h e   S t r a i t  

o f  Georg ia  wi thout   break ing down u n t i l  it ente rs   t he   t u rbu len t ,  

v e r t i c a l l y  homogeneous w a t e r s   o f   t h e  San Juan  Is lands  (9). The i n f l u e n c e  

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

a t   t h e   A c t i v e  Pass l i gh t   s ta t i on   i ndependen t   o f   ou r   su rvey   (L .   G iovando ,  

pe rsona l   commun ica t i on ) .   Sa l i n i t i es   o f  13 p p t  were  recorded on J u l y  18 
and 19, w h i l e   l e v e l s  a week prev ious had  ranged  from 24-27 ppt.  

A s e r i e s   o f   a e r i a l   p h o t o g r a p h s  (10) taken on June 1, 1950, 
i nd ica ted   Fraser   R iver   water  moved southward i n   t h e   S t r a i t   o f   G e o r g i a ,  

r e a c h i n g   t h e   n o r t h e r n   s h o r e l i n e   o f  Mayne I s l a n d   a p p r o x i m a t e l y   f i v e   h o u r s  

a f t e r   t h e   s t a r t   o f  a 1 arge ebb.  The m i x t u r e  was e s t i m a t e d   t o  be 1:  1 
f reshwater   to   seawater .   Dur ing   the   f lood   t ide   the  plume  changed i t s  

cou rse   t o   no r theas t  and clearer  seawater  appeared  to  have  f lowed 

no r thward   pas t   Po in t   Rober t s .   Th i s   s i t ua t i on   repea ted   i t se l f   du r ing  a 

second aer ia l   survey   taken on June 10,  1950. 
F u r t h e r   e v i d e n c e   o f   t h e   e x t e n t   o f   t h e   F r a s e r   R i v e r   i n f l u e n c e  

comes from  photographs  taken  dur ing a l a r g e   f l o o d   t i d e   i n   J u n e  1948. A t  

t h i s   t i m e ,  a 1:l f reshwater-seawater   mix ture was seen i n  Bennett Bay 

a p p r o x i m a t e l y   h a l f  way th rough   the   f l ood   t i de .  A t  t h e   t i m e   o f   t h i s  

survey  the  d ischarge  volume  f rom  the  r iver was very   h igh  (12 740 mS/sec). 
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F u r t h e r   s t u d i e s  have shown tha t   " c louds"   o f   b rack i sh   wa te r  can  break away 

from  the  main  plume o f   t h e   r i v e r  and could  conceivably   reach  the  Bennet t  Bay 

a r e a ,   p a r t i c u l a r l y   d u r i n g   f r e s h e t  (L.  Giovando,  personal  communication). The 

t r a v e l   t i m e   f r o m   t h e   F r a s e r   e s t u a r y   t o  Mayne Is land  wou ld  be  dependent 
p r i m a r i l y  on wind and may be  as 1 i ttl e as f i v e   h o u r s   o r  as much as f i v e  days. 

Once reaching  Bennett  Bay, the  brack ish  water  may rema in   f o r   va ry ing   l eng ths  

o f  t ime; i n   t h i s  case  the  f reshwater  inf luence was n o t e d   f o r   a t   l e a s t  two 

days. 
Feca l   co l   i fo rm 1 eve1 s i n  the  Fraser  River  general  1 y had a feca l  

co l   i fo rm  geomet r ic  mean o f  1000/100 m l  o r   l e s s   a t   t h e   m a j o r i t y   o f   e s t u a r y  

sampl i n g   s t a t i o n s   d u r i n g  1977 ( L .  Church1 and, personal  communication). The 

mean f e c a l   c o l i f o r m  MPN observed a t   a l l   s t a t i o n s   i n   B e n n e t t  Bay  and Horton 

Bay on J u l y  19 was 29/100 m l ;  t h e  mean s a l i n i t y  was 18.9 ppt.  I f  one  assumes 
an  average  sal i n i t y   o f  28 p p t   i n   t h e   s u r f a c e   w a t e r s   o f   B e n n e t t  Bay and Horton 

Bay, t h e   s a l   i n i t y   v a l u e s   o b t a i n e d  on J u l y  19   wou ld   ind ica te  a d i l u t i o n   o f  

Fraser   River   water  i n  the   o rde r   o f  65%. Us ing   the   feca l   co l i fo rm  geomet r ic  

mean v a l u e   o f  1000/100 m l  , t h e   f e c a l   c o l   i f o r m   l e v e l  s i n  Benett  Bay due t o  

d i l u t i o n   a l o n e   c o u l d   t h e o r e t i c a l l y  be approximately  350/100 m l  . I f  one 

assumes a f u r t h e r  90% r e d u c t i o n   i n   f e c a l   c o l i f o r m   l e v e l s   r e s u l t i n g   f r o m  

b a c t e r i a l   d i e - o f f ,  it i s   p o s s i b l e   t o   a c h i e v e   l e v e l s   o f  35/100 m l  i n  Bennett 

Bay. The t r a v e l   t i m e   o f   t h i s   f r e s h w a t e r   " s l u g "   f r o m   t h e   F r a s e r   e s t u a r y   t o  

Mayne I s l a n d   i s   n o t  known,  and i t  i s   t h e r e f o r e   d i f f i c u l t   t o   p r e d i c t   t h e  
d i e - o f f   r a t e ,   s i n c e   t h i s   r a t e  i s  dependent  upon, among other   factors ,   the  

l eng th   o f   exposure  t o  seawater.   Car lucci  and  Pramer (11) have shown t h a t  - E. 

c o l i   s u r v i v a l   i n  75% seawater i s  22.5% a f t e r  48 hours   suggest ing   tha t   feca l  

c o l   i f o r m   l e v e l  s i n  the   o rder   o f   those  ob ta ined  a t   Bennet t  Bay could  be 

observed " a t   l e a s t  48 hours   a f te r   d ischarge  f rom  the   Fraser   R iver .  

4.2.7 Georg ina  Point   to   Campbel l   Point .   Mar ine  sampl ing was n o t   i n c l u d e d  
as p a r t   o f   t h e   s u r v e y   i n   t h i s   a r e a  due t o   t h e   l i m i t e d   r e s o u r c e .  There  were 

no s i g n i f i c a n t   s o u r c e s   o f   c o n t a m i n a t i o n   i d e n t i f i e d   a l o n g   t h i s   c o a s t l i n e ,   w i t h  
a lmost   a l l   f reshwater   inpu ts   be ing   low  f low  g roundwater  seepage. 

Two sep t i c   t ank   ove r f l ow   p ipes  were  noted a t   e i t h e r  end o f   t h e  

res ident ia l   deve lopment  on the  southern  shore  o f  Campbell Bay  a1 though no 
discharges were  observed. 
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It i s  conce ivab le   tha t   feca l   con taminat ion  may occur i n   t h i s  area 

as a r e s u l t   o f   t h e   F r a s e r   R i v e r   i n f l u e n c e ,  as descr ibed i n  prev ious  sect ion.  

4.3 Samuel I s l a n d  
No sample s t a t i o n s  were  placed i n   I r i s h  Bay due t o   t h e  absence o f  

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

t h e   i s 1  and and t h e   o n l y   s o u r c e   o f   c o n t a m i n a t i o n   t o   I r i s h  Bay i s   t h e   d i s c h a r g e  

o f  sewage from  anchored  boats. 

4.4 Saturna   Is land  (S ta t ions   61-77)  

Due t o  1 im i ted   res ident ia l   deve lopment   and/or   the  1 i m i t e d  she1 1 f i s h  

resource,   on ly   Boot  Cove and Lya l l   Harbour  were  sampled. A1 1 sampl  e 
s t a t i o n s ,   w i t h   t h e   e x c e p t i o n   o f   s t a t i o n  76, were of   acceptable  growing  water 
qual i ty . 
4.4.1 Boot Cove - T r e v o r   I s l e t .   B a c t e r i o l o g i c a l   r e s u l t s   f o r  sample 

s t a t i o n s  61-74 d i d   n o t   r e v e a l  any s i g n i f i c a n t   s o u r c e s   o f   f e c a l   p o l l   u t i o n .  

The s a n i t a r y   s u r v e y   o f   t h e   a r e a   d i d   n o t   i d e n t i f y  any d i r e c t   d i s c h a r g e s  t o  
Boot  Cove  a1 though  three  stream  beds  were  noted  which may c o n t r i b u t e   f e c a l  

p o l l u t i o n   d u r i n g   h i g h   r a i n f a l l   p e r i o d s .  One stream i n  the  northwest  corner 

o f   t h e   c o v e   d r a i n s   p a r t   o f  a r e s i d e n t i a l   a r e a  and discharges  near an oys te r  

1 ease  area. 
Samples taken i n  the   p roposed  oys ter   lease  a rea   a t   T revor  Is1 e t   d i d  

n o t   i n d i c a t e  any e f fec ts   f rom  the   Lya l l   Ha rbour  B.C. Fer ry   Corpora t ion  sewage 

t reatment   p lant   d ischarge.  Two samples  taken o f   t h e  STP e f f l u e n t  gave feca l  

c o l   i f o r m   c o u n t s   o f  14 O O O / l O O  m l  and 14  200/100 m l  . Us ing   t heo re t i ca l  

d i  1 u t i on   f o rmu l  as (Rawn-Palmer t h e   d i l   u t i o n   a t   t h e   o y s t e r  1 ease s i t e  w i  11 

u s u a l l y   b r i n g   f e c a l   c o l   i f o r m   l e v e l  s bel ow 14/100 m l  . 
4.4.2 Lyal l   Harbour .  The o n l y   o t h e r   p o t e n t i a l   p o l l   u t i o n   s o u r c e   t o   L y a l l  
Harbour, i n   a d d i t i o n   t o   t h e  B.C. Ferry   d ischarge,  was L y a l l  Creek, and du r ing  

t h i s   s u r v e y   f e c a l   c o l   i f o r m s   l e v e l  s were less   than 10/100 m l  on two  sampl i n g  

occas ions .   Unaccep tab le   f eca l   co l i f o rm  l eve l s  were  detected a t   s t a t i o n  76 

and e l e v a t e d   l e v e l s  were  noted a t   s t a t i o n  77. The f e c a l   c o l i f o r m  PlPN o f  

130/100 m l  experienced on J u l y   1 8  was c o i n c i d e n t   w i t h  a f e c a l   c o l i f o r m   c o u n t  
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o f   l e s s   t h a n  10/100 ml i n   L y a l l  Creek,  suggest ing  the  source  of   contaminat ion 

t o  be  located  elsewhere. The bacter ia   counts   d id   not   appear  t o  c o i n c i d e   w i t h  

e i t h e r   t i d a l   c o n d i t i o n s   o r   c h a n g i n g   s a l i n i t i e s .  

Sediment  samples  taken i n   t h e   d r y   ( t i d a l  ) p o r t i o n s   o f   t h e   L y a l l  
Creek  s t ream  bed  y ie lded  feca l   co l   i form MPN's o f  135/100 m l  and  850/100 m l  
i n d i c a t i n g   t h a t ,   a t   t i m e s ,   f e c a l   c o n t a m i n a t i o n   o f   L y a l l  Creek  does  occur  and 

may cause   wa te r   qua l i t y   impa i rmen t   du r ing   h igh   ra in fa l l   pe r iods .  The h i g h  

f e c a l   c o l   i f o r m   l e v e l  s o b t a i n e d   a t   s t a t i o n s  76 and 77 may have  been due t o  

resuspension  of  contaminated  sediments as a r e s u l  t o f   t i d a l   a c t i o n   o r  

t u r b u l  ence. 
The remainder  of   Saturna Is1 and was n o t  sampled  and  the s a n i t a r y  

su rvey   o f   t he   a rea   d id   no t   revea l  any sources o f   f eca l   con tamina t ion .  

4.5 Cabbage and Tumbo I s l a n d s  

Cabbage I s l a n d   i s  a popu la r   rec rea t i ona l  moorage  area  and  has 

r e c e n t l y  been purchased  by  the  Prov inc ia l  Government f o r  development  as a 
marine  park. Clams  have h i s t o r i c a l l y  been found i n  abundance i n   t h i s  area 

b u t  more r e c e n t l y   o v e r - e x p l o i t a t i o n  has r e s u l t e d  i n  c o n s i d e r a b l e   d e p l e t i o n   o f  

the  resource. 

A sampl ing  program was n o t   i n s t i t u t e d   i n   t h i s   a r e a  due t o   t i m e  

c o n s t r a i n t s ,  a1 though  four  sampl es  were  taken on J u l y  15  and a1 1 had feca l  

c o l   i f o r m  MPN's o f  less   than 2/100 m l .  The only   source o f  con tamina t ion   t o  
t h i s   a r e a  i s  the   d ischarge  of  sewage from  anchored  boats. The area i s  

h e a v i l y   u t i 1   i z e d   f o r   a n c h o r a g e   d u r i n g   t h e  summer months  and t h e   p o t e n t i a l  
ex i s t s   f o r   cons ide rab le   bac te r ia l   con tamina t ion   f rom  boa ts .  A p i t   p r i v y  

f a c i l i t y   i s   a v a i l a b l e   f o r   b o a t e r s  on  Cabbage I s land .  

4.6 Nor th  and South   Pender   I s lands   (S ta t ions  78-122 ) 

T h i r t y - f i v e  sample s t a t i o n s  were pos i t ioned  a round  the   Nor th  and 

South  Pender I s land   f o reshore  and o f   t h e s e ,   o n l y   s t a t i o n  118 d i d   n o t  meet the 

I shel 1 f ish  growing  water   s tandard.  

4.6.1 Grimmer  Bay ( S t a t i o n s  78-81). Water q u a l i t y   i n  Grimmer Bay  was 

accep tab le   f o r   she l  1 f i s h   h a r v e s t i n g  a1 though   i n te rm i t ten t   f eca l   con tamina t ion  

was n o t e d   a t   s t a t i o n  80. There  were no f reshwa te r   i npu ts   t o   t he  bay du r ing  
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the  survey a1 though 

noted. No sewage  d 

survey. 

one dry  stream bed  which  drained a r e s i   d e n t i  a1 

i sposa l   p rob l  ems were  d iscovered  dur ing  the san 

4.6.2 O t t e r  Bay ( S t a t i o n s  82-86 1. All s t a t i o n s   i n   O t t e r  Bay m 

area was 

t a  ry 

t the 

shel l   f ish  growing  water   s tanda.rd and the   san i ta ry   survey   d id   no t   revea l  any 
sewage d isposal   problems  or   d iscrete  d ischarges.  

Sewage discharges may occur  from moored b o a t s   a t   t h e   O t t e r  Bay 

Marina i n  Hyashi Cove a l t h o u g h   s t a t i o n  82, l o c a t e d   a t   t h e   s m a l l  beach 

d i r e c t l y   e a s t   o f   t h e   m a r i n a ,   d i d   n o t   e x h i b i t  any fecal   contaminat ion.  
D ischarges   o f  sewage from  the Bowen Queen  and  the  Queen of   S idney 

may i m p a i r   w a t e r   q u a l i t y   i n   t h e   v i c i n i t y   o f   t h e   f e r r y   t e r m i n a l  i f  washrooms 

remain open dur ing  dock ing.  No sample s t a t i o n s  were e s t a b l i s h e d  i n  the 
vicinity o f  the terminal since the area i s  under a Schedule I 400 f o o t   w h a r f  

c losure.  

4.6.3 Sh ing le  Bay t o  Wal lace   Po in t   (S ta t ions   87-96) .  A s i n g l e  sample 

s t a t i o n   e s t a b l i s h e d   i n   S h i n g l e  Bay i n d i c a t e d   t h a t   t h e r e  was  no fecal   contami-  
na t ion   o f   these  mar ine   waters .  The san i ta ry   survey   d id   no t   revea l  any sewage 

disposal  problems.  There was l i m i t e d   r e s i d e n t i a l   d e v e l o p m e n t   i n   t h i s  bay. 
Thieves Bay was n o t  sampled since  most o f   t h e  bay i s  used  as a 

comnerc ia l   mar ina.   Potent ia l  sewage contaminat ion  f rom  boat  d ischarges 

prec ludes   th is   a rea   f rom she1 1 f i s h   h a r v e s t i n g .  
Boat Nook  was e x t e n s i v e l y  sampled t o  assess  the e f f e c t   o f   t h e   G u l f  

I n d u s t r i e s   s u b d i v i s i o n  sewage t rea tment   p lan t   d ischarge on the  foreshore 

areas. All s t a t i o n s  sampled e x h i b i t e d  median MPN va lues o f  less   than 2/100 

m l  and no feca l   con taminat ion  was observed i n  any o f   t h e  samples. The 

e f f l u e n t   f r o m   t h i s   t r e a t m e n t   p l a n t   i s   c h l o r i n a t e d  and  samples  taken on  two 

occass ions   y ie lded   f eca l   co l   i f o rm  l eve l  s of 1 ess  than  10/100 m l  and less   than 

100/100 m l  . These da ta   a re   comparab le   w i th   e f f l   uen t  samples col1  ected  by  the 

Po l lu t ion   Cont ro l   Branch  over  a p e r i o d   o f   y e a r s .  The average  feca l   co l i fo rm 

MPN f o r  11 samples  taken  by  the PCB was 346/100 m l  , w i t h  an average  f low of 
23.1  m3/day (8713  Igpd) and an a v e r a g e   c h l o r i n e   r e s i d u a l   o f  0.6 mg/l. 

L imi ted  receiv ing  water   sampl ing  conducted  by  the PCB on  two occass ions  d id  

no t   ind ica te   the   p resence  o f   feca l   con taminat ion .  

H 
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A dye  study was attempted a t   t h i s   o u t f a l l   l o c a t i o n  however due 
t o   t h e   e x t r e m e l y   l o w   v o l  ume discharge  combined  with a h i g h  ti de, no dye 

was observed  over a p e r i o d  o f  several  hours. 

Cur ren t  movement i n  Swanson Channel was observed  to be f a i r l y  

rap id   (app rox ima te l y  3 k n o t s )   w h i c h   w o u l d   a s s i s t   i n   t h e   d i s p e r s i o n   o f  

sewage d i s c h a r g e d   a t   t h i s   s i t e .  
A sewage t rea tment   p lan t   d ischarge  f rom  the  Magic  Lake  Estates 

s u b d i v i s i o n  was a lso  moni tored and bo th   the   rece iv ing   waters  and e f f l u e n t  

y i e l d e d   l o w   o r   n e g a t i v e   f e c a l   c o l   i f o r m   r e s u l t s .   T h i s   o u t f a l l   i s   n o t  
l o c a t e d   i n  a s h e l l f i s h   g r o w i n g  area. 

4.6.4 Bedwel l   Harbour   (Stat ions 99-108). Sampling i n  Bedwell  Harbour 
was 1 imi t e d   t o   P e t e r  Cove, Eger ia  Bay (Customs f l o a t )  and the  nor thwest  

end o f   t he   ha rbour .  
All sample s t a t i o n s  were we1 1 w i th in   t he   accep tab le   f eca l  

c o l i f o r m   s t a n d a r d s   f o r   s h e l l   f i s h   h a r v e s t i n g  and no f a u l t y  sewage d isposal  

problems  were  observed a t   p r i v a t e   d w e l l   i n g s  examined d u r i n g   t h e   s a n i t a r y  

survey . 
Three  major  sources o f  sewage contamination  were  noted i n  

Eger ia  Bay. F i r s t l y ,   t h e   d i s c h a r g e   o f   s e p t i c   t a n k   e f f l u e n t   f r o m   t h e  

Anchor  Chain  Holding  development may impa i r   water   qua l i t y   to   unacceptab le  

l e v e l s .  A s i n g l e  sample  taken o f   t h e   e f f l u e n t   y i e l d e d  a f e c a l   c o l i f o r m  
count o f  510 O O O / l O O  m l .  Secondly, discharges from boats  moored a t   t h e  
marina  and/or  vessel s c l e a r i n g  customs may impair   water  qual  i t y .  

Thi rd ly ,   d ischarges  f rom  anchored  boats   a t   the Beamont Marine  Park 
f a c i l i t y  may  a1 so cause  water   qua l i t y   de ter io ra t ion .   S ince   d ischarges  

f rom  boa ts   a re   i n te rm i t ten t ,  i t  i s   n o t   s u r p r i s i n g   t h a t   f e c a l  

contaminat ion was no t   obse rved   i n  any o f   t h e  samples taken i n  the  marine 

park  anchorage  area.  There  were no samples taken i n   t h e   v i c i n i t y   o f   t h e  
customs  dock or   mar ina  as t h i s   a r e a   i s  under a Schedule I 400 f o o t   w h a r f  

c losure.  However, t h e r e   i s  a s i g n i f i c a n t   p o t e n t i a l   f o r   c o n t a m i n a t i o n   i n  

t h i s   a r e a  due to   t he   cons ide rab le  moorage a v a i l   a b l e   a t   t h e   m a r i n a  and the 

l a r g e  number o f   boa ts   c lea red   t h rough  customs.  During  the 1978 sumner 

season,  8164 vesse ls   represent ing  2 7  552 persons  entered Canada a t   t h i s  

p o i n t   o f   e n t r y .  
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4.6.5 Port   Browning  (Stat ions  109-117).   Shark Cove i s  a popular  c lam 
ha rves t i ng   a rea   l oca ted  between Nor th  and  South  Pender  Islands. The 

absence o f  shore-based  sources o f  sewage Contamination, and the good 

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

e x c e l l e n t   w a t e r   q u a l i t y   o b s e r v e d   a t   s t a t i o n s  109,  110,  and 111. 

Sample s t a t i o n s  a t  the head o f   Po r t   B rown ing  were a1 so o f  

accep tab le   wa te r   qua l i t y  a1 though  there was ev idence   o f   l ow   l eve l   f eca l  

c o n t a m i n a t i o n   i n  some o f  t he  samples, n o t a b l y   a t   s t a t i o n  114 i n  Bracken 

Cove. Two f reshwater   inpu ts  and  a marina  were  the  only  potent ia l   sources 

o f   c o n t a m i n a t i o n   i d e n t i f i e d   d u r i n g   t h e   s a n i t a r y   s u r v e y .  When f l ow ing ,  

both  of   these  streams  would  pass  through  farm  areas and may be 

s i g n i f i c a n t   b a c t e r i a l   p o l l   u t i o n   s o u r c e s   f o l l o w i n g  heavy r a i n f a l l  . 
A s t ream  en te r ing   nea r   s ta t i on  117 (P3) was sampl  ed  on th ree  

occass ions  and  y ie lded an average  fecal   co l   i form Val ue o f  263/100 m l  . 
The ave rage   feca l   s t rep tococc i   l eve l s  was 18 820 i n d i c a t i n g  most o f   t h e  
bac te r ia l   con tamina t ion  was o f  an ima l   o r i g in  (FC:FS r a t i o  = 0.01). The 

stream  passed  through a  170 acre  ranch where 11 sheep  and several  ducks 

were  noted. No water   qua l i t y   impa i rment  was e v i d e n t   a t   s t a t i o n  117 
a1 though  once  again  heavy r a i n f a l l   c o n d i t i o n s  may r e s u l t   i n   s i g n i f i c a n t  

con taminat ion   o f   the   rece iv ing   waters   in   the   immedia te   a rea .  
Mar ine   samp le   s ta t i ons   were   no t   l oca ted   i n   Po l l a rd  Cove  and  a 

s t ream  (P2)   enter ing  the Cove y i e l d e d   l o w   f e c a l   c o l i f o r m   r e s u l t s .  

4.6.6 Hope Bay t o   C o l s t o n  Cove ( S t a t i o n s  118-122 1. All sample 
s t a t i o n s ,   w i t h   t h e   e x c e p t i o n   o f  118, met  the  growing  water  standard, 

a l t hough   s ta t i ons  119, 121  and  122 a l l   e x h i b i t e d   i n t e r m i t t e n t   f e c a l  

contamination. 
The small  bay l a n d w a r d   o f   A u c h t e r l o n i e   P o i n t  may be suscep t ib le  

to   con taminat ion   f rom two f reshwater   inputs   which were n o t   f l o w i n g   d u r i n g  

t h e   s u r v e y .   T i d a l   f l u s h i n g   i n   t h i s  bay i s  very  poor and  as a r e s u l t  

con tamina t ion   en te r ing   t he  bay  would  tend  to  remain  there  for  some t ime. 

The san i ta ry   su rvey   d id   no t   revea l  any f a u l t y  sewage disposal  systems i n  

t h i s  area. 

U6 

U 

m 
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APPENDIX I MARINE SAMPLE STATION LOCATIONS 

Sample L a t i   t u d e  Longi tude 
S t a t i o n  (Nor th 1 (West) D e s c r i p t i o n  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

13 

14 

15 

16 

1 7  
18 

19 

20 

2 1  

48"  52.37' 

48"  52.37' 

47"  52.87' 

48"  53.13' 

48"  53.17~ 

48" 53.25' 

48"  53.43' 

48"  53.53' 

48"  53.62' 

48"  53.88' 

480  56.38' 

48"  56.43' 

48" 59.04' 

48"  53.97' 

480 53.831 
48" 53.68' 

48"  53.55' 

48"  53.50' 

48"  53.45' 

123"  23.38' 

123"  23.23' 

123" 23.72 ' 

123" 23.47 ' 

123 " 23.35 ' 

123 " 23.28 

123" 23.17'  

123 " 23.27 ' 

123 " 23.60 ' 

123 " 24.00 ' 

123 " 30.10 ' 
123 " 30.50 ' 

123 " 34.08 ' 

123 " 20.10 ' 

123"  20.18' 
123 " 20.05 ' 

123"  20.15' 

123"  20.17 

123"  20.15 

Payne Bay,  Gal iano I sl and o f f  
cedar shake  house w i th   boa t  
dock. 
O f f  sand shore 78 m east  o f  
s t a t i o n  1. 
Mid  channel  under power 1 i n e s   a t  
en t rance   t o  Montague Harbour. 
South  Montague  Harbour o f f   r o c k  
outcropping 
South  Montague  Harbour a t  anchor 
buoy o f f  ye1 l o w  house. 
East Montague Harbour   o f f  
p r i v a t e   w h i t e  dock. 
East Montague Harbour o f f  house 
w i t h  dock,  boat  house and 
Canadian f l  ag. 
East Montague Harbour o f f   g r e e n  
p r i v a t e  dock. 
Nor th  Montague Harbour o f f  
barn-shaped  house  wi th  pr ivate 
dock and orange  buoy. 
Northwest Montague  Harbour 
moorage  area  north  of  Dock o f f  
"No F i re ' '   s ign.  
Northwest Montague  Harbour  south 
o f  dock o f f  "NO Camping" sign. 
East   Retreat  Cove o f f  green 
house wi th   red  s teps.  
Mid  channel  between Gal iano and 
Re t rea t   i s l ands .  
Nor thwest   Retreat  Cove o f f   w h i t e  
house w i th   un ion   jack .  
C r i t t e r  Bay o f f   f u s c h i a  house 
w i t h   w h i t e  dock. 
Midway  between L i o n s   I s l e t s  and 
Gal i ano I s l  and. 
Sandy Bay n o r t h  o f  Tw i  ss Po in t .  
South o f  Twiss P o i n t  House w i t h  
s tormdra i  n  and Canadian f l  ag . 
N o r t h   s i d e   o f  bay  south o f  Twiss 
P o i n t  o f f  wh i te  house w i t h  
ye1  low trim and union  jack.  
Center   o f  bay south  of   Twiss 
p o i n t  between wh i te  house and 
p i  nk  house. 
South   s ide   o f  Bay south  of   Twiss 
p o i n t  30.1 rn o f f  shore  between 
p i n k  house and f l o a t s .  
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APPENDIX I MARINE SAMPLE STATION LOCATIONS (Continued) 

Sampl e L a t i   t u d e  Long i tude 
S t a t i o n  (Nor th)  (West) D e s c r i p t i o n  

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

48"  53.23' 

48"  53.13' 

48"  53.12' 

48"  53.10' 

48"  53.00' 

48" 52.88' 

48" 53.43' 

48"  53.35' 

48"  53.25' 

48"  53.30' 

48"  53.10' 

48"  51.57' 

48"  51.55' 

48" 50.60' 

48"  50.57' 

48" 50.48' 

48"  50.11' 

48"  49.57' 

48"  49.58' 

123"  19.78' 

123" 19.53 

123"  19.58' 

123"  19.63' 

123"  19.45' 

123"  19.38' 

123"  19.40' 

123"  19.33' 

123 " 19.37 

123"  19.20' 

123"  19.17' 

123"  17.83' 

123"  17.78' 

123"  19.28' 

123"  19.30' 

123"  19.37' 

123"  19.09' 

123" 17.23 ' 

123"  17.02' 

West Cains Bay o f f  new  wood 
house w i t h  shake r o o f  and 
p r i v a t e  dock. 
North  Cains Bay o f f   l a r g e   y e l l o w  
house. 
Nor th Cai ns Bay mid  channel 
between  ye1  low  house and whi te  
house. 
East  Cains Bay o f f   w h i t e  house 
w i t h   r e d   r o o f  and dock. 
Cains Bay mid  channel o f f  
government  wharf. 
South  Cains Bay mid  channel o f f  
house w i th   g reen  g r id .  
West Gossip  Is1 and  Bay o f f  
ye1  low and brown  house. 
West Gossip  Is1 and o f f   b l u e  and 
w h i t e  house.  South o f  28. 
C a i n   p o i n t   o f f  new plywood  frame 
house. 
Gossip  Is1 and o f f  green  house 
w i t h  dock and Canadian f l a g .  
East  channel  between Gal iano and 
Goss ip   i s l ands   l a rge  new  home on 
Gal i ano. 
Northeast  Miners Bay o f f  brown 
b o a t  house. 
Nor theast   Miners Bay o f f  brown 
house w i t h   w h i t e  trim. 
Northeast   V i1  lage Bay o f f  brown 
house w i t h   l o n g   s t a i r s   s o u t h e a s t  
o f   f e r r y   t e r m i n a l .  
East  Vi1 1 age Bay mid  channel 
between s t a t i o n  35 and wood 
house a t  roadway t o  beach. 
Sou theas t   V i l l age  Bay a t  150" 
s o u t h e a s t   o f   f e r r y   t e r m i n a l   i n  
small  cove. 
East  Dinner Bay o f f  beach  beside 
house on c l  i f f .  
N o r t h e a s t   o f  Conconi  Reef o f f  
brown wood house w i t h  shake r o o f  
and  dead arbutus  t ree.  
N o r t h e a s t   o f  Conconi  Reef o f f  
brown wood house w i t h  new 
s t a i  rway . 
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APPENDIX I MARINE SAMPLE STATION LOCATIONS (Continued) 

Sampl e L a t i   t u d e  Longi tude 
S t a t i o n  (Nor th 1 (West) D e s c r i p t i o n  

41 

42 
43 
44 

45 

46 

47 
48 
49 
50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

48"  49.56' 

48"  49.48' 
48"  49.53' 
48"  49.52' 

48"  48.48' 

48"  48.451 

48"  49.76' 
48"  49.79' 
48"  49.86' 
48"  49.99' 

48" 49.92' 

48"  50.04' 

48"  50.26' 

48"  50.34' 

48"  50.48' 

48" 50.61 ' 
48" 50.67' 

48"  50.76' 

48"  50.80' 

48"  50.80' 

48"  47.72' 

48"  47.71' 

48"  47.70' 

48"  47.71' 

48"  47.66' 

123" 16.96 ' 

123 " 16.67 ' 
123"  16.63' 
123 " 14.46 ' 

123" 14.64 ' 

123" 14.63 ' 

123 " 15.18 ' 
123"  15.06' 
123 " 14.65 ' 
123"  14.58' 

123"  14.43' 

123 " 14.72 ' 

123"  14.77' 

123 " 14.78 ' 

123 " 14.74 ' 

123 " 14.83 ' 

123" 14.84 ' 

123 " 14.99 ' 
123"  14.84' 

123 " 14.69' 

123"  12.35' 

123 " 12.25 ' 

123 " 12.18 ' 

123"  12.03 ' 

123"  12.04' 

Nor theas t   o f  Conconi  Reef o f f  
roads end  by  brown  house. 
South  Piggot Bay a t   r o a d s  end. 
Nor th   P iggot  Bay. 
East  Horton Bay o f f  wood frame 
shack  near  oyster  lease. 
Southeast  Horton Bay o f f   w h i t e  
house e a s t   o f  government  wharf. 
Southeast  Horton Bay o f f  wrecked 
row  boat 78 m southeas t   o f  
government  wharf. 
West Horton Bay o f f  lagoon. 
West Horton Bay o f f   g r e y  house. 
A i  t k e n   P o i n t   o f f   c a b l e   c r o s s i n g .  
Mid  channel  between Mayne and 
Cur lew  i s1  ands. 
West Curlew  Is1 and n o r t h   o f  
wharf.  
Between Padden P o i n t  and A i t k e n  
P o i n t   o f f  house. 
South  Bennett Bay o f f   p u b l i c  
access t o  beach. 
South  Bennett Bay o f f   w h i t e  
frame house w i t h   s t a i r s   t o  
beach . 
Bennett  Bay f o o t   o f   r o a d   w i t h  
cement  wall . 
Bennett  Bay o f f  brown  house w i t h  
'1 arge windows  and arbu tus   t ree .  
Bennett  Bay o f f   f i r s t   s t a i r w a y  
t o  beach  southeast o f  Mayne Inn.  
Bennett  Bay o f f   p i 1   i n g s   f o r  
Mayne Inn  wharf.  
North  Bennett  Bay o f f   a r b u t u s  
t r e e  and f i e l d .  
North  Bennett  Bay i n  small  rock 

Mid  channel  west end  between 
Saturna and Trevor   I s1  and. 
Mid  channel  east end  between 
Saturna and Trevor   I s1  and. 
Cove 100 m eas t   o f   T revo r   I s l and  
s o u t h   o f  brown  house. 
Mid  channel  entrance  to  Boot 
Cove o f f   l a r g e  house on rock. 
Northwest  Boot Cove o f f  brown 
house and bench. 

pool  . 
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APPENDIX I MARINE SAMPLE STATION LOCATIONS (Cont inued) 

Sampl  e L a t i   t u d e  Longi tude 
S t a t i o n  (Nor th )  ( West) 

L 

D e s c r i p t i o n  

66 

67 

68 

69 

70 

7 1  

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 
87 

88 

48"  47.65' 

48" 47.61' 

48"  47.58' 

48"  47.55' 

48"  47.44' 

48"  47.40' 

48"  47.34' 

48"  47.31' 

48" 47.28' 

48"  47.66' 

48"  47.72' 

48"  47.80' 

48"  48.68' 

48"  48.60' 

48"  48.52' 

48"  48.39' 

48"  47.97' 

48"  47.84' 

48"  47.78' 

48"  47.71' 

48"  47.67' 
48"  46.75' 

48"  45.98' 

123"  11.91' 

123" 11.85 ' 

123" 11.74 ' 

123"  11.80' 

123"  11.85' 

123" 11.92 ' 

123" 11.90 ' 

123"  11.92' 

123"  11.98' 

123"  10.50' 

123"  10.49' 

123"  10.48' 

123" 19.11 ' 

123"  19.11 ' 

123"  19.18' 

123"  19.54' 

123"  18.36' 

123"  18.18' 

123"  18.18' 

123"  18.36' 

127" 18.70 ' 
123" 18.55 ' 

123"  18.27' 

Nor th  Boot  Cove o f f   l a r g e  "NO 
Store ' '   p r i va te   whar f .  
Nor th  Boot  Cove o f f  green  roofed 
house w i t h  ye1 1 ow dock. 
Nor theast   corner   Boot  Cove o f f  
green  house  wi th   red  roof .  
East  Boot Cove o f f  ye1  low 
s t a i r w a y   t o  beach. 
East  Boot Cove o f f   l a r g e  
s t a i r w a y   t o  beach. 
Mid  Boot Cove between l o g  dump 
and   oys te r   f l oa t .  
South  Boot Cove o f f  s t ream  nor th  
o f   y e l l o w  house. 
South  Boot Cove o f f  cement b lock  
fence  south   o f   ye1   low house. 
Extreme  south  Boot Cove o f f  
w h i t e  house. 
E a s t   L y a l l   H a r b o u r   o f f   w h i t e  
house w i t h   r e d   r o o f   s o u t h  o f  
dock. 
Eas t   Lya l l   Ha rbour   o f f   r oads  
end. 
E a s t   L y a l l   H a r b o u r   o f f  mouth o f  
L y a l  1 Creek. 
East  Grimmer Bay o f f  sandy  beach 
n o r t h   o f   B o a t   I s 1   e t .  
East  Grimmer Bay o f f   f i v e  
concre te   b locks  on  beach. 
East  Grimner Bay o f f   b e i g e  house 
w i th   g reen   roo f  and  two 
chimneys. 
S o u t h   s i d e   o f  James P o i n t  o f f  
w h i t e  house w i th   g reen  roo f .  
O t t e r  Bay, Hyashi Cove small 
beach  opposi t e  marina . 
E a s t   O t t e r  Bay 50 rn n o r t h   o f  
boat  house. 
E a s t   O t t e r  Bay 50 m sou th   o f  
boa t  house. 
Southeas t   Ot te r  Bay o f f   f l a g  on 
c r o s s   i n   g r a s s   f i e l d .  
E a s t   E l l a  Bay, m i d d l e   o f  beach. 
Head o f   S h i n g l e  Bay o f f   m i d d l  e 
o f  shore. 
Sewage ou t fa l l   wes t   o f   Boa t  Nook 
Cove. 

I 

w 
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APPENDIX I MARINE SAMPLE STATION LOCATIONS (Cont inued) 

Sampl e L a t i   t u d e  Longi tude 
S t a t i o n  (Nor th )  (West) D e s c r i p t i o n  

89 

90 

91 

92 

93 

94 

95 
96 

97 

98 

99 

100 

101 

102 

103 

104 

106 

107 

108 

48"  45.93' 

48"  45.98' 

48"  45.96' 

48"  45.95' 

48"  45.84' 

48"  45.33' 

48"  45.30' 
48"  45.27' 

48"  44.27' 

48"  44.35' 

48"  44.77' 

48"  44.83' 

48"  45.07' 

48"  45.08' 

48"  45.09' 

48" 45.36 ' 

48"  45.64' 

48"  45.68' 

48"  45.72' 

123' 18.17' 

123"  18.21 ' 

123"  18.07' 

123 " 18.00 

123"  18.21 ' 

123 " 16.89 ' 

123 " 16.72 ' 
123" 16.52 ' 

123 " 14.05 ' 

123 " 13.88 ' 

123 " 13.81 

123"  13.70' 

123" 13.67 ' 

123 " 13.79 

123 " 14.00 ' 

123" 15.74 ' 

123" 16.03 a 

123 " 15.70 ' 

123"  15.61 ' 

P o i n t  on  west  side o f   e n t r a n c e  
t o  Boat Nook Cove. 
Northwest  Boat Nook Cove o f f  
wood house  on s t i l t s .  
Boat Nook Cove o f f   s t a i r w a y   t o  
beach  wi th  green  wire  fence. 
Boat Nook  Cove o f f   r e d  house 
w i t h   y e l l o w   p a t i o   r a i l i n g .  
Boat Nook Cove entrance midway 
between  Beddis Rock and Nor th  
Pender I s 1  and. 
75 m west o f  Magic  Lake Es ta tes  
o u t f a l l  . 
O f f  Magic   Lake  Estates  out fa l l  . 
75 m e a s t   o f  Magic  Lake  Estates 
o u t f a l l  . 
Southwest  Peter Cove o f f  brown 
house. 
Northwest  Peter Cove o f f  brown 
house. 
Bedwell   Harbour  entrance  to 
mar ina.   Two- th i rd   o f  way from 
log   b reak   water   to  1 i g h t .  
Bedwell   Harbour  entrance  to 
m a r i n a   o n e - t h i   r d   o f  way f rom  log  
b reak   wa te r   t o   l i gh t .  
East  Beaumont Marine  Park o f f  
f l  o a t i n g  house. 
E a s t  Beaumont Marine Park 25 m 
o f f   c l  i f f  w i t h  "New G1 asgow" 
w r i t t e n  on it. 
East  Beaumont Marine  Park 75 m 
o f f   l o n g  brown  stairway. 
West Bedwell  Harbour o f f  house 
w i th   red   roo f   sou thwes t  of Drew 
Rock. 
West Bedwell  Harbour o f f  house 
w i th   g reen   " sk i   run "   roo f .  
West Bedwell  Harbour  middl e o f  
beach o f f   w h i t e  house w i t h   r e d  
r o o f  ( p a r t i a l  1 y hidden  by 
t r e e s ) .  
West Bedwel l   Harbour   nor th   o f  
rock  "110" o f f   l o n g  walkway. 
West Bedwel l   Harbour   nor th   o f  
rock  "110" o f f  shore  south o f  
wooden breakwater. 
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APPENDIX I MARINE SAMPLE STATION LOCATIONS (Continued) 

Sampl e L a t i   t u d e  Longi tude 
S t a t i o n  (Nor th)  (West) D e s c r i p t i o n  

109 

110 
111 

112 

113 

114 

115 

116 

117 

118 
119 

120 
121 

122 

48"  45.90' 

48" 45.97 ' 
48"  45.97' 

48"  46.39' 

48"  46.47' 

48"  46.72' 

48"  46.75' 

48"  46.77' 

48"  46.64' 

48"  48.08' 
48"  48.10' 

48"  48.37' 
48"  48.64' 

48"  48.68' 

123"  15.20' 

123"  15.29' 
123"  15.54' 

123" 16.34 ' 

123 " 16.30 ' 

123"  16.13' 

123"  16.20' 

123"  16.19' 

123"  15.66' 

123 " 16.47 ' 
123 " 16.48 ' 

123"  16.59' 
123"  16.76' 

123" 16.77 ' 

Nor thwest   s ide   o f   b r idge  over  
Shark Cove. 
East  Shark Cove. 
West Shark Cove o f f   r o c k  
outc   roppi   ng . 
West P o r t  Browning  south 
Hamil  ton Beach o f f   f a l l  en logs.  
West P o r t  Browning  Hamil  ton 
Beach o f f   b o a t  ramp. 
West P o r t  Browning  mid  channel 
a t   e n t r a n c e   t o  "Small Cove'' 
n o r t h e a s t   o f   B r a c k e t t  Cove. 
West P o r t  Browning  head o f  
"Small Cove'' o f f   green  boat  
house. 
West P o r t  Browning  head o f  
" S m a l l  Cove" opposi te  green  boat 
house. 
Northwest  Port   Browning  east  of  
government  wharf o f f   g r e y  house. 
Head o f  cove  east o f  Hope Bay. 
Cove e a s t   o f  Hope  Bay o f f   rock  
outcropping.  
Hope  Bay o f f   l a r g e   w h i t e  house. 
Col  ston Cove o f f   l a r g e  new house 
w i th   s tone  chimney. 
Col  ston Cove o f f   w h i t e  house 
w i t h   r e d   r o o f .  
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APPENDIX I1  

FRESHWATER AND EFFLUENT SAMPLE STATION  LOCATIONS 



I 
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APPEND1 X I I FKESHWATEK AND EFFLUENT  SAMPLE STATION LOCATIONS 
~~ ~ - 

Sample S t a t i o n  Locat ion  

G 1  

62 

63 

64 

65 
66 

67 

68  
G9 

M 1  

M2 

M3 

M4 

M 5 
M6 

M7 

M8 

M9 

M10 
I 

M11 
M 12 

s1 
P 1  

P2 

Gal iano   Is land;  16 meters  west  of  government  dock, 
R e t r e a t  Cove. 
Gal iano  Is land;   s t ream  cross ing  southwest   corner   o f  
P o r l i e r  Pass D r i v e   e n t e r i n g   R e t r e a t  Cove. 
Gal iano  Is land;  stream  crossing  southwest  corner of 
P o r l   i e r  Pass D r i v e   e n t e r i n g   C r i t t e r  Bay. 
Gal i a n o   I s 1  and; c u l v e r t   a t  head o f  Whalers Bay on 
S t u r d i e s  Bay  Road. 
Gal i a n o   I s 1  and; be low  "Bice 's"  on G u l f  Road. 
Gal iano  Is land;  below  Fergusonls "Mermay" on G u l f  
Road. 
Gal i a n o   I s 1  and; bel  ow brown  panel 1 ed  house w i th   dua l  
s t o r e  chimneys i n  Georgeson Bay. 
Gal iano  Is land;  head o f  Georgeson Bay. 
Gal iano  Is land;  crosses  under and near  the  end o f  
A c t i v e  Pass Road, en te rs  Georgeson Bay. 
Mayne Is land;   f lows  nor th   be low  b rown house  on Waughs 
Road, en ters   Dav id  Cove. 
Mayne I s land ;   f l ows   no r theas t   be low  Ed i th   Po in t  Road 
between  green house  and  brown  panel  house, en te rs  
Campbell Bay. 
Mayne Is1 and; f l  ows nor theast   be l  ow Duck1 owsl 
res idence on Wil kes Road, en te rs  Campbell Bay. 
Mayne I s 1  and, ; flows  northeast  below  red  barn-shaped 
house  southeast o f  Ducklows  on Wil kes Road, en te rs  
Campbell Bay. 
Mayne Is land;  below Mayne Inn,  Bennett  Bay. 
Mayne I s l a n d ;   c o r n e r  o f  Arbutus   and   Seav iew,   Bennet t  
Bay. 
Mayne Is land;  below C.M. Hay 's   res idence on Arbutus 
Dr ive,   Bennet t  Bay. 
Flayne I s 1  and; below  "Windshorell on Arbutus  Dr ive,  
Bennet t  Bay. 
Mayne I s 1  and; f lows  southeast  below  Dinner Road, 
Dinner Bay. 
Mayne Is land;   f lows  nor theas t   under   Da l ton   Dr ive   to  
V i l l a g e  Bay. 
Mayne I s land ;   M ine rs  Bay. 
Mayne I s 1  and; c u l v e r t   b e l  ow duplex  bungalows i n  Miners 
Bay. 
Saturna  Is1 and; mouth o f   L y a l l  Creek, Lyal l   Harbour.  
North  Pender  Is1 and, f lows  northeast  under Armada1  e 
Road t o  Navy Channel. 
North  Pender  Is land;  f lows  south  under  Razor  Point  
Road t o   P o l l a r d  Cove (Por t   Browning) .  
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APPENDIX I 1  FRESHWATER AND EFFLUENT  SAMPLE STATION LOCATIONS 
I Conti  nued) 

Sampl e S t a t i o n   L o c a t i o n  

P3 North  Pender  Is land;  f lows  south  under  Razor  Point  
Road t o   P o r t  Browning. 

ML North  Pender  Is land;  Magic  Lake  Estates sewage 
t r e a t m e n t   p l a n t   f i n a l   e f f l u e n t .  

G I  North  Pender  Is1 and; G u l f   I n d u s t r i e s  sewage t reatment  
p l a n t   f i n a l   e f f l u e n t .  

AC South  Pender I s 1  and; Anchor  Chain  Holdings  sept ic 
t a n k   f i n a l   e f f l u e n t .  
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APPENDIX I11 

DAILY  BACTERIOLOGICAL  RESULTS FOR MARINE SAMPLE STATIONS 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS 

Sampl e Col  1 e c t i o n  Fecal Col iform 
Stal t ion Date T i  me MPN/100 ml 

1 Ju ly   5 /78  0935 
6 091  5 
7 1400 

10  1013 
11 1148 
12 0900 

12 
12 
12 
12 
12 
12 ........................................................................ 

2 Ju l y   5 /78  0940 
6 0920 
7 1355 

10  1010 
11 1146 
12 0902 

12 
12 

2 
12 
12 
12 ........................................................................ 

3 Ju l y   5 /78  0945 
6 0925 
7 1355 

10  1005 
11 1141 
12  0905 

12 
12 
12 
12 
12 
12 ........................................................................ 

4 J u l y  5/78 
6 
7 

10 
11 
1 2  
31 

Aug 1 
2 

0955 
0930 
1350 
1000 
1137 
0512 
092 5 
0856 
1035 

12 
12 
12 

4 
5 
2 

12 
4 
8.3 ........................................................................ 

5 J u l y  5/78 
6 
7 

10 
11 
1 2  
31 

Aug 1 
2 

1000 
0930 
1345 
1000 
1134 
0914 
092 5 
0850 
1040 

12 
12 
12 
11 
12 
12 
12 

2 
12 ........................................................................ 
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APPENDIX I11 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e 
S t a t i o n  

C o l l e c t i o n  
Date T i  me 

Fecal Col i form 
MPN/100 m l  

6 J u l y  5/78 
6 
7 

10 
11 
12 
3 1  

Aug 1 
2 

1005 
093 5 
1345 
0955 
1132 
C916 
0930 
0855 
1045 

4 
L2 
L2  

4 
5 

L2 
7 
2 

L2 ........................................................................ 
7 J u l y  5/78 

6 
7 

10 
11 
12 
3 1  

Aug 1 
2 

1010 
0 940 
1340 
0950 
1127 
092 1 
0930 
0900 
1045 

L2 
5 

L2 
7 
4 

L2 
2 
5 
4 ........................................................................ 

8 J u l y  5/78 
6 
7 

10 
11 
12 
3 1  

Aug 1 
2 

1015 
0945 
1335 
0945 
1124 
0924 
093 5 
0900 
1050 

L2 
L2 
L2 

7 
L2 
L2 

2 
L2 
L2 ........................................................................ 

9 Ju ly   5 /78  
6 
7 

10 
11 
12 
3 1  

Aug 1 
2 

1020 
0955 
1330 
0940 
1119 
092  9 
0940 
0905 
1055 

2 
L2 
L2 

2 
2 

L2 
L2 

G 1600 
5 ........................................................................ 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl  e 
S t a t i o n  

C o l   l e c t i o n  
Date T i  me 

Fecal  Col i f o r m  
MPN/100 m l  

10 J u l y  5/78 
6 
7 

10 
11 
12 
31 

Aug 1 
2 

1025 
1000 
1325 
0930 
1114 
0936 
0945 
0910 
1100 

8 
3 50 

5 
12 

2 
2 

12 
1 7  

2 ........................................................................ 
11 J u l y  5/78 

6 
7 

10 
11 
12 
31 

Aug 1 
2 

1030 
1005 
1320 
0930 
1110 
0941 
0950 
091  5 
1105 

12 
12 
12 
5 

12 
2 
5 
4 
4 ........................................................................ 

12 J u l y  5/78  1100 
6  1025 
7 1300 

10 0900 
11 1050 
12 1002 

2 
12 

2 
2 
2 

12 

13 Ju ly  5/78  1100 
6  1030 
7 1300 

10 0902 
11 1045 
12  1005 

12 
12 
12 
12 
12 
12 ........................................................................ 

14 J u l y  5/78  1110 
6  1035 
7 1255 

10 0906 
11 1042 
12  1011 

2 
12 
12 
12 
12 
12 ........................................................................ 
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APPEND1 X I I I DAILY  BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Continued) 

Sample 
S t a t i o n  

Collection 
Date T i  me 

Fecal Col i f o r m  
MPN/100 ml 

15 July 5/78  1130 
6  1055 
7 1235 

10 - 
11 
12  1030 

- 

12 
12 
12 

2 
1 2  
12 

W 

u 

........................................................................ 
16 July 5/78  1450 

6 1300 
7 1010 

10  1145 
11 1003 
12  1244 

12 
12 
12 
12 
12 
12 ........................................................................ 

17 July 5/78  1500 
6 1300 
7 1005 

10  1140 
11 0959 
12  1240 

12 
12 

2 
7 
5 
2 ........................................................................ 

18 July 5/78  1510 
6  1305 

10 1135 
11 094 5 
12  1235 

12 
12 

2 
12 
12 ..................................................... o . . . . . . . . . . . . . . . . . .  

19 July 5/78 1515 12 
6 1310 12 

10 1130  2 
11 0949 12 
12 1230  2 

e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . .  

20 July 5/78  1520 
6  1315 

10  1130 
11 0946 
12  1228 

12 
12 

2 
12 
12 

u 

L 

............................................. o . . . . . . . . . . . . . . . . . , . . . . . . . .  

w 
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e 
S t a t i o n  

Col 1 ec ti on 
Date T i  me 

Fecal  Col i form 
MPN/100 m l  

21 J u l y  5/78  1520 
6 1320 

10  1130 
11 094 5 
12  1225 

12 
12 
12 

2 
12 ........................................................................ 

22 J u l y  5/78  1635 
6  1325 

10  1150 
11 0914 
1 2  1154 

12 
12 
12 
12 
12 ........................................................................ 

23 J u l y  5/78  1545 
6  1350 

10  1115 
11 0928 
12  1210 

2 
12 
12 
17 
4 ........................................................................ 

24 J u l y  5/78  1545 
6 1350 

10  1115 
11 092  6 
12 1204 

12 
12 
2 
2 

12 ........................................................................ 
25 J u l y  5/78  1550 

6 1345 
10  1115 
11 092  3 
12 1207 

12 
12 

2 
2 

12 ........................................................................ 
26 J u l y  5/78  1540 

6 1355 
10  1110 
11 093 1 
12  1212 

12 
12 
11 
12 
12 ........................ ................................................ 



- 51 - 

APPENDIX 111 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

W 

w 

Sampl  e 
S t a t i o n  

Col l e c t i o n  
Date T i  me 

Fecal  Col i f o r m  
MPN/100 m l  I 

27 J u l y  5/78  1535 
6 1400 

10  1105 
11 0935 
12  1215 

L2 
L2 

2 
L2 

2 ........................................................................ 
28 J u l y  5/78  1635 

6 1325 
10  1150 
11 0914 
12 11 54 

L2 
2 
2 

13 
L2 ........................................................................ 

29 J u l y  5/78  1645 
6 1330 

10  1155 
11 0908 
12 11 50 

L2 
L2 
L2 
L2 
L2 ........................................................................ 

30 J u l y  5/78  1450 
6 1330 

10 1155 
11 0905 
12  1147 

L2 
L2 
L2 
L2 
L2 ........................................................................ 

31 J u l y  5/78  1455 
6 1335 

10 1100 
11 0902 
12  1145 

L2 
L2 

2 

L2 
- H* 

........................................................................ 
32 J u l y  5/78  1700 

6 141 5 
10  1055 
11 0855 
12  1142 

12  
L2 
L2 
L2  

7 ........................................................................ 
w 

I 

n 
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APPENDIX 111 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Continued) 

Sampl e 
Station 

Col 1 ec t i  on 
Date Time 

Fecal Col i form 
MPN/100 ml 

33 July 5/78  1730 12 
6 1240 12 
7 1115 12 

10  1245 12 
11 1220 12 
12  1302  2 

34 July 5/78  1735 2 
6 1242 12 
7 1115 12 

10  1248 12 
11 1225  2 
1 2  1304 12 

35 July 5/78  1800 5 
6  1135 12 
7 1145 12 

10  1028  2 
11 1205 12 
1 2  1115 12 

36 July 5/78  1805 12 
6  1140 12 
7 11 50 2 

10  1030  2 
11 1206 12 
1 2  1118 12 

37 July 5/78 1810 12 
6 1140 12 
7 1155  2 

10 1035 12 
11 1207 12 
1 2  1120 12 

38 July 13/78 1550 12 
14 1150 12 
1 7  1330 12 
18 1830 5 .  
19 0730  2 
20 0745  2 

........................................................................ 

........................................................~*..~.~...~**.*. 

........................................................................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . e . . .  * * e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

................................................................... "...... 

.. 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . * . . * . . . .  
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample C o l l e c t i o n  Fecal  Col i fo rm 
S t a t i o n  Date Time MPN/100 ml 

39 J u l y  13/78  1535  L2 
14  1141  L2 
1 7  1340 .L 2 
1 8   I 8 1  5 2 
1 9  0745 L2  
20  0735  L2 

40 Ju l y   13 /78  1530  L2 
14 1138  L2 
1 7  1345  L2 
18 1815  L2 
1 9  0745 L2 
20 0730  2 

41   Ju ly   13 /78  1530  L2 
14 1135  L2 
1 7  1340  2 
1 8  1810  L2 
1 9  0750 L2  
20 0730 5 

42 Ju l y   13 /78  1525  L2 
14 1130  8 
1 7  1350  L2 
1 8  1810  2 
1 9  0755 L2 
20 0720  2 

43 J u l y  13/78 1520 L2 
14 1127  L2 
1 7  1355  L2 
18 1805  2 
19 0755 L2 
20 0720  8 

44 Ju l y   13 /78  1130 L 2  

........................................................................ 

........................................ ~~~...~*..~~*~...~......*......... 

........................................................................ 

........................................................................ 

........................................................................ 
14  1002  4 
1 7  1500 L2  
18  1430  L2 
19 0635 2 
20  0620 5 ........................................................................ 

P 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e C o l l e c t i o n  Fecal Col i form 
S t a t i o n  Date  Time MPN/100 m l  

45 Ju l y   14 /78  1000 
1 7  1455 
1 8  1430 
1 9  0630 
20  061 5 
3 1  1015 

Aug 1 1005 
2 0835 

2 

L2 
2 

33 
5 

L2 
2 

a 

........................................................................ 
46 Ju l y   14 /78  0958 

1 7  1455 
18  1600 
19  0630 
20  061 5 
3 1  1015 

Aug 1 1005 
2 0830 

5 
L2  

2 
23 
49 

5 
L2  

2 ........................................................................ 
47 

Aug 1 
2 

1120 
0940 
1450 
1555 
0635 
0625 
1010 
1000 
083  5 

L2  
13 
5 
5 

79 
11 
L2  
2 
5 ........................................................................ 

48 Ju ly   13/78  1110 
14  0936 
1 7  1445 
18  1550 
19  0635 
20  0625 
3 1  1010 

Aug 1 0955 
2 0840 

5 
2 

L2 
49 
27 
13 
L2  

7 
2 ........................................................................ 



- 55 - 

APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e C o l l e c t i o n  Fecal  Col i form 
S t a t i o n  Date T i  me MPN/100 m l  

49 Ju l y   13 /78  
14 
1 7  
18 
1 9  
20 
3 1  

Aug 1 
2 

1105 
092  9 
1440 
1545 
0640 
0630 
1000 
0950 
0845 

L2 
2 
2 
2 

1 7  
8 

L2 
L2 
L2 ........................................................................ 

50 J u l y  13/78 
14 
1 7  
18 
19 
20 
3 1  

Aug 1 
2 

1105 
0932 
1445 
1545 
0640 
0635 
1000 
0950 
084 5 

L2 
L2 
L 2  
L2 

7 
2 

L2 
L2 
L2 ........................................................................ 

51 Ju l y   13 /78  
14 
17 
1 8  
1 9  
20 
3 1  

Aug 1 
2 

1100 
0926 
1440 
1540 
0645 
0635 
1000 
0950 
0850 

L2 
L2  

8 
79 

110 
13 
L2 
L2 
14 ........................................................................ 

52 Ju l y   13 /78  
14 
1 7  
1 8  
1 9  
20 
3 1  

Aug 1 
2 

1055 
0924 
1435 
1535 
0645 
0640 
0955 
0945 
0850 

2 
L2 
L2 
L2 
22 

2 
L2 
L2 
L2 ........................................................................ 
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APPENDIX I11 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample C o l l e c t i o n  Fecal Col i f o r m  
S t a t i o n  Date TI me MPN/100 m l  

53 J u l y  13/78 
14 
1 7  
18 
19 
20 
3 1  

Aug 1 
2 

1045 
091  6 
1430 
1535 
0650 
0640 
0950 
093 5 
0855 

12 
12 
12 
12 
1 7  

7 
2 

12 
12 ........................................................................ 

54 J u l y  13/78 
14 
1 7  
18 
19 
20 
31 

Aug 1 
2 

1040 
0914 
1430 
1535 
0650 
0645 
0950 
0930 
0900 

12 
12 
12 
12 
33 
4 

12 
2 
2 

55 J u l y  13/78 
14 
1 7  
18 
19 
20 
3 1  

Aug 1 
2 

1035 
0909 
1425 
1530 
0655 
0650 
0945 
0930 
0900 

2 
5 

12 
2 
8 
5 

12 
2 

12 ..... ”.................................................................. 
56 J u l y  13/78  1015 

14 0905 
?. 7 1420 
18 1530 
19 0700 
20  0655 
3 1  0940 

Aug 1 0925 
2 0905 

12 
2 

12 
12 
12 

5 
12 
12 

2 ................................................  ob^^.................... 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample C o l l e c t i o n  Fecal  Col i f o r m  
S t a t i o n  Date T i  me FlPN/l00 m l  

57 J u l y  13/78 
14 
1 7  
18  
19  
20 
31  

Aug 1 
2 

1015 
0904 
1415 
1525 
0700 
0 700 
093 5 
0920 
091 0 

L2 
2 

L2 
2 

49 
5 

L2 
2 
2 ........................................................................ 

58 J u l y  13/78  1010 
14  0900 
1 7  1410 
18 1520 
19  0700 
20 0 700 
3 1  0935 

Aug 1 091 5 
2 0910 

2 
2 

L2 
L2 
33 
8 
5 

L2 
8 ........................................................................ 

59 J u l y  13/78 
14 
1 7  
18  
19  
20 
31  

Aug 1 
2 

1010 
0900 
1410 
1520 
0 700 
0700 
0935 
091 5 
0910 

L2 
L2 
L2 
L2 
49 

7 
L2 
L2 
L2 ........................................................................ 

60 Ju ly   13 /78  
14 
1 7  
18  
19  
20 
31 

Aug 1 
2 

1005 
0957 
1410 
1515 
0705 
0705 
0930 
0915 
0915 

2 
L2 
L2 
L2 
1 7  

5 
L2 
L2 
L2 

I 

Ir 

I 

........................................................................ 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample C o l   l e c t i o n  Fecal  Col iform 
S t a t i o n  Date T i  me MPN/100 m l  

61  J u l y  14/78  1100 
1 7  1550 
18  1740 
19 0805 
20  0855 

12 
12 
12 
12 

2 ........................................................................ 
62 J u l y  14/78  1058 

1 7  1550 
1 8  1740 
19 0805 
20  0855 

12 
12 
12 
12 
12 ........................................................................ 

63 J u l y  14/78  1053 
1 7  1550 
18  1735 
19  0810 
20  0840 

12 
2 
5 
2 
2 ........................................................................ 

64 J u l y  13/78 
14 1146 
1 7  1545 
18  1735 
1 9  0835 
20  0850 

- 12 
12 
12 
12 
12 

5 ........................................................................ 
65 J u l y  13/78  1310 

14  1044 
1 7  1540 
18  1730 
19 083 5 
20  0845 

2 
2 

12 
12 
12 
13 ........................................................................ 

66 J u l y  13/78  1700 
14  1041 
1 7  1540 
1 8  1730 
1 9  0830 
20  0845 

12 
12 
12 
23 
22 
13 ........................................................................ 
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample C o l l   e c t i o n  Fecal  Col i form 
S t a t i o n  Date T i  nle MPN/100 m l  

67 J u l y  13/78 1305 12 
14 1038  4 
1 7  1335 12 
1 8  1715  2 
1 9  0830 5 
20 0840  8 

68 J u l y  13/78 1300  2 
14 1036 12 
1 7  1535  13 
1 8  1710 12 
19 0830 2 
20 0840 5 

69 J u l y  13/78 1255 5 
14 1033 12 
1 7  1530  2 
1 8  1710 12 
1 9  082 5 13 
20 0835  2 

70 July 13/78 1250  13 
1 4  1030  2 
1 7  1530  2 
18 1705 12 
1 9  082 0 2 
20 083  5  13 

7 1  J u l y  13/78 1250 12 
14 1028 12 
1 7  1525 12 
18 1700 12 
1 9  0820 12 
20 0830  8 

72 July 13/78 1245 5 
1 4  1026  13 
1 7  1525 2 
18 1705 12 
1 9  081 5 1 7  
20 0830  14 

........................................................................ 

........................................ o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.......................................... o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........................................................................ 

......................... O O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.......................................................................... 

m- 

k 

un 



- 60 - 

APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Continued) 

Sampl  e C o l l e c t i o n  Fecal Col i form 
S t a t i o n  Date T i  me MPN/100 m l  

73 J u l y  13/78 1245 2 

1 8  1700  8 

14  1024  2 
1 7  1520  5 

19  081  5  8 
20  082 5 2 ........................................................................ 

74 J u l y  13/78 1240  5 

18 1700 2 

14  1020  9 
1 7  1515 L2 

19  081 5 23 
20  0820  8 ........................................................................ 

75 J u l y  13/78  1320  L2 
14  1107 L2 
1 7  1600  5 
18  1745 L2 
1 9  084  5 L2 
20  0805  2 
3 1  1130 L2  

Aug 1 1050  2 
2 0940 L2 

76 J u l y  13/78 1325 L2  
14 1110 43 
1 7  1600 2 
18 1745  130 
19 0845  L2 
20 0810 2 
31 1130  2 

Aug 1 1055  5 
2 0945 5 

........................................................................ 

........................................................................ 
77 J u l y  13/78  1330 

14  1113 
1 7  
18 
1 9  
20 
3 1  

Aug 1 
2 

1605 
1750 
0 900 
081  5 
1140 
1100 
0950 

5 
2 
2 

23 
11 
23 
L2 

2 
L 2  ........................................................................ 
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APPEND1 X I  I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e 
S t a t i o n  

C o l l e c t i o n  
Date T i  me 

Fecal  Col i form 
MPN/100 rnl 

78 J u l y  21/78  0830 
24  091 5 
25  0940 
26  1400 
27  1225 
28 11 55 

L2  
2 

L2  
8 

L2 
L2 

I 

........................................................................ 
79 J u l y  21/78  0830 

24  0920 
25  0945 
26  1600 
27  1220 
28  1150 

2 
7 

L2  
2 
2 

13 ........................................................................ 
80 J u l y  21/78 

24 
25 
26 
27 
28 
3 1  

Aug 1 
2 

0835 
0920 
0950 
1555 
1220 
1250 
1010 
0945 
1010 

L2  
33 
L2  

2 
79 
L2  
L2  
L2  
L2  ........................................................................ 

81 J u l y  21/78  0840 
24  0930 
25  0955 
26  1550 
27  1215 
28  1145 
31   101 5 

Aug 1 0945 
2 1015 

8 
49 
8 

L2  
11 
13 
2 

23 
1 7  

ll, 

Ilr 

P 

m 

........................................................................ 
82 J u l y  21/78  081 5 

24 093  5 
25  1005 
26  1340 
27  1210 
28  1135 

L2  
L2  

2 
L2  
L2  
L2  ........................................................................ 
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e Col 1 e c t i o n  Fecal  Col i form 
S t a t i o n  Date Time MPt.1/100 m l  

83 J u l y  21/78 081 5  2 
24 0940 12 
25 1005  17 
26 1535  5 
27 1205  14 
28 1130 12 

84 J u l y  21/78 0840 12 
24 0945 12 
25 1010  2 
26 1535  2 
27 1205 12 
28 1130 12 

85 J u l y  21/78 0840  2 
24 0950  2 
25 1015 12 
26 1530  2 
27 1200  2 
28 1130 12 

86 J u l y  21/78 0855  2 
24 0955 5 
25 1020 12 
26 1325  2 
27 11 55 12 
28 1120 12 

87 J u l y  21/78 0900 12 
24 1005  2 
25 1025 8 
26 1520 12 
27 11 50 12 
28 1115 12 

88 J u l y  21/78 0910 12 
24 1015 5 
25 1035 12 
26 1510 12 
27 1135 12 
28 1105 12 

........................................................................ 

........................................................................ 

........................................................................ 

........................................................................ 

........................................................................ 

........................................................................ 
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e Col 1 e c t i  on Fecal  Col i form 
S t a t i o n  Date T i  me MPN/100 m l  

89 J u l y  21/78 0915 12 
24 1015 12 
25 1035 12 
26 1505 12 
27 1130 12 
28 1105 12 .......................................................................... 

90 J u l y  21/78  0920 12 
24  1020 12 
25  1040 12 
26  1300 12 
27  1130 12 
28 1100 12 ........................................................................ 

91 J u l y  21/78  0920 12 
24  1020 12 
25  1045 12 
26 
27 

1500 
1130 

12 
12 

28  1100  2 

92 J u l y  21/78 0920 12 
24 1025  2 
25 1045 12 
26 1455 12 
27 1125 12 
28 1100 12 

........................................................................ 

........................................................................ 
93 J u l y  21/78  0925 12 

24  1030 12 
25  1050 12 
26  1300 12 
27  1125 12 
28  1055 12 ........................................................................ 

94 J u l y  21/78  0930 12 
24  1035 12 
25  1055 12 
26  1445 12 
27  1120 12 
28  1050 12 

. . . . . . . . . . . . . . . . . . . . . . . * e . . . . . . . . . . * .  o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



II 
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Continued) 

u 
Sampl e Collection Fecal Col i form 
Station Date T i  me MPN/100 ml 

I 

I 

95 July 21/78  0935 12 
24  1035 12 
25  1055 12 
26  1445 12 
27  1115 12 
28  1050 12 

96 July 21/78 0935 12 
24 1035 12 
25 1100 12 
26 1445 12 
27 1115 12 
28 1045 12 

.......................................................................... 

.......................................................................... 
97 July 21/78 0 945 2 

24  1055 12 
25  1110 12 
26  1430  2 
27  1055 12 
28  1035 12 

98 July 21/78 1050  2 
24 1420 12 
25 1250 12 
26 1325 12 
27 1015 12 
28 0955 12 

........................................................................ 

........................................................................ 
99 July 21/78  1015  2 

24 - 
25 1120 12 
26  1400 12 
27  1100 12 
28  1030 12 

- 

........................................................................ 
100 July 21/78  1015 12 

24 
25 1025 12 
26  1400 12 
27  1100 2 
28  1025 12 

- - 

........................................................................ 
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl e 
S t a t i o n  

C o l l e c t i o n  
Date T i  me 

Fecal  Col i f o r m  
MPN/100 m l  

101 J u l y  21/78 
24 
25 
26 
27 
28 

1020 
1220 
1220 
1400 
1045 
1020 

2 
12 
12 
14 
12 

2 ............................ ............................................ 
102 J u l y  21/78  1020 2 

24  1220  2 
25  1220 12 
26  1355 12 
27  1040 12 
28 1020 7 

103 J u l y  21/78 1025 2 
24 1215 2 
25 1225 12 

........................................................................ 

26 
27 
28 

1355 
1040 
1020 

12 
12 
12 ................................................. o . . . . . . . . . . . . . . . . . . . . . . . . .  

104 J u l y  21/78 1035  2 
24 1155 12 
25 1230 12 
26 1345 12 
27 1030 2 
28 1010 12 

105 J u l y  21/78 1040 2 
24 1200  5 
25 1235  2 
26 1345 5 
27 1030 12 
28 1005 12 

..... .............*.....................~....~.*..**..*........*...*.... 

...................................................... o . . . . . . . . . . . . . . . . . . . . .  

106 J u l y  21/78 
24 
25 
26 
27 
28 

1040 
1200 
1240 
1340 
1025 
1005 

2 
12 
12 

5 
2 

12 

w 

........................................................................ 
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APPENDIX 111 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE  STATIONS (Continued) 

Sample 
S ta t ion  

Collection 
Date T i  me 

Fecal Col i f o r m  
FIPN/100 ml 

107 Ju ly  21/78 1045  2 
24 1205  2 
25 1245  5 
26 1335  5 
27 1020  2 
28 1000 L2 

108 Ju ly  21/78 1045 2 
24 1210  2 
25 1250  L2 
26 1330  L2 
27 1020 5 
28 1000 L 2  

........................................................................ 

........................................................................ 
109 Ju ly  21/78  1050  5 

24  1420  L2 
25  1250  L2 
26  1325  2 
27  1015  2 
28  0955  2 ........................................................................ 

110 Ju ly  21/78  1055  5 
24  1420  2 
25  1255  L2 
26  1325  L2 
27 1010 2 
28 0950 2 ........................................................................ 

111 J u l y  21/78  1055  2 
24  1425  L2 
25  1255  2 
26  1320  L2 
27  1010  L2 
28 0945  L2 ........................................................................ 

112 Ju ly  21/78 1100 2 
24 1430 L 2  
25  1300 L 2  
26  131 5 L 2  
27  1005  8 
28 0940 2 ........................................................................ 
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APPENDIX 111 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample 
S t a t i o n  

Col 1 e c t i  on 
Date T i  me 

Fecal  Col i form 
CIPN/100 m l  

113 J u l y  21/78 1100 2 
24 1435 L 2  
25 1305 L 2  
26 1315 L 2  
27 1000 11 
28 0940 8 

114 J u l y  21/78 1105 9 
24 1435 2 
25 1310  L2 
26 1310  14 
27 1000 23 
28 0935 8 

115 J u l y  21/78 1105 5 
24 1440 2 
25 1310  L2 
26 1310  14 
27 0950 5 
28 0930 8 

116 J u l y  21/78 - - 
24 
25  1310 L2 
26  1305 11 
27  0955  34 
28  0930 5 

117 J u l y  21/78 1110 L 2  
24 1445 2 
25  1315 L 2  
26 1300 2 
27 0950  L2 
28 0925 2 

118 J u l y  21/78 0805 11 
24 1535 L2 
25 0930 2 
26 1355  920 
27 1355  13 
28 1055 L2  
3 1  1100 L2 

Aug 1 7 
2 0900 5 

........................................................................ 

........................................................................ 

........................................................................ 
- - 

........................................................................ 

........................................................................ 

........................................................................ 
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APPEND1 X I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sampl  e Col 1 e c t i o n  Fecal  Col i form 
S t a t i o n  Date T i  me MPN/100 m l  

119 J u l y  21/78  0805 
24  1535 
25  0955 
26  1350 
27  1335 
28  1050 
3 1  1055 

2 
12 

2 
79 

5 
1 7  
11 ........................................................................ 

120 J u l y  21/78  081 5 
24  1510 
25  091 5 
26  1420 
28  0910 
31  1040 

Aug 1 1010 

12 
12 
12 

2 
12 
12 
12 .................................................... o . . . . . . . . . . . . . . . . . . . . . .  

P 
121 J u l y  21/78 

24 
25 
26 
27 
28 
31 

Aug 1 
2 

081 5 
1520 
0920 
141 5 
1235 
0900 
1030 
1000 
0920 

2 
12 
12 

130 
13 
12 
12 

2 
12 ........................................................................ 

122 J u l y  21/78  0820 
24  1525 
25  0925 
26  141 5 
27  1225 
28  0905 
31  1035 

Aug 1 1000 
2 0920 

2 
12 
12 

4 
49 
12 
12 
12 
12 

L = denotes " less   than" .  
G = denotes ' 'greater  than".  
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APPENDIX IV 

DAILY  BACTERIOLOGICAL  RESULTS FOR 

FRESHWATER AND EFFLUENT SAMPLE STATIONS 
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APPEND1 X I V DAILY  BACTERIOLOGICAL  RESULTS FOR FRESHWATER 
AND EFFLUENT SAMPLE STATIONS 

Sampl e 
Stat ion Date TC * FC FS 

Ju ly  7, 1978 
Ju ly  10, 1978 

10 
L 10 

G 1  

62 

L 10 
10 

L 10 
20 

July 5, 1978 
Ju ly  6, 1978 
Ju ly  7, 1978 
Ju ly  10, 1978 

1 100 
940 

2  640 
640 

1 380 
2  60 

2  640 
2 40 

820 
82 0 
5 90 

- 

G3 July 7, 1978 
Ju ly  10,  1978 

620 
8 70 

L 10 
L 10 

L 10 
20 

G4 

G5 

July 11, 1978 6  800 7 200 2 100 

July 6, 1978 
Ju ly  10, 1978 

10 400 
10 000 

18 000 
4 500 

10 100 
600 

G6 July 6, 1978 
Ju ly  10, 1978 

9 500 
4 90 

L 10 
220 

L 10 
10 

G 7  Ju ly  6, 1978 
Ju ly  10, 1978 

10 200 
G 800 

20 
G800 

5 70 
G 800 

68  July 6, 1978 
Ju ly  7, 1978 
Ju ly  10, 1978 

July 7, 1978 
Ju ly  10,  1978 

4  200 
4 000 
4  200 

1 900 
5 90 

1 300 

160 
110 
120 

G9 7 70 
3 000 

340 
1 700 

20 
3 300 

F11 

M2 

M3 

r4 4 

PI 5 

M6 

M 7  

M8 

July 12,  1978 5  400 70 40 

July 12,  1978 1 100 110 L 10 

July 11, 1978 18 700 3 00 140 

July 11, 1978 3 800 180 L 10 

July 11, 1978 460 40 L 10 

July 11, 1978 3  300 70 L 20 

I July 11, 1978 10 L 10 L 10 

July 11, 1978 920 220 40 
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APPENDIX IV DAILY  BACTERIOLOGICAL  RESULTS FOR FRESHWATEK 
AND  EFFLUENT SAMPLE STATIONS (Continued) 

Sample 
Station Date I) TC * FC F S  

M 9 July 13, 1978 
July 14, 1978 
July 17, 1978 

1 100 
5 90 

2 200 

840 
420 

1900 

80 
50 

2  00 

I 

M10 July 13, 1978 
July 14, 1978 
July 17, 1978 

6 200 
7 500 
7 900 

1800 
2400 
3  200 

1 900 
6  300 
1 100 

M 1 1  July 12, 1978 
July 14, 1978 

3 700 
4  100 

1 70 
40 

20 
55 

M 12 

P 1  

July 12, 1978 8 000 1000 50 

July 20, 1978 
July 21, 1978 
July 26, 1978 

25 000 
2  900 
5  600 

1460 
160 

2  700 

6 900 
2  300 

19 000 

P 2  

P 3  

July 26, 1978 5  800 22 16 000 

July 20, 1978 
July 21, 1978 
July 26, 1978 

430 
770 

4  500 

2 70 
400 
120 

640 
820 

55 000 

s1 

ML 

G I  

AC 

July 18, 1978 
July 19, 1978 

30 
20 

L 10 
6 

L 10 
30 

July 25, 1978 
July 27, 1978 

2 00 
L 10 

L 100 
L 10 

L 100 
30 

July 25, 1978 
July 27, 1978 

2  800 
750 

L 100 
L 10 

L 100 
L 10 

July 27, 1978 5 . 6 ~ 1 0  5 . 1 ~ 1 0  2 . 7 ~ 1 0  

Y 

n 

*TC = total  col i form/100 ml 
FC = fecal col  iform/100 ml 
L = denotes  "less  than" 
G = denotes  "greater  than" 
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APPENDIX V 

SUMMARY OF TEMPERATURE AND S A L I N I T Y  

DATA FOR MARINE SAMPLE STATIONS 
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APPENDIX V SUMMARY OF TEMPERATURE AND SALINITY DATA FOR MARINE 
SAMPLE STATIONS 

Sample No. o f  Temperature Mean No. o f  Sal i n i  ty Mean 
S t a t i o n  Samples Range Temperature Samples Range Sal i n i  ty 

( " C )  ("C) (o /oo)  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14 
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

6 
6 
6 
9 
9 
9 
9 
9 
9 
9 
9 
6 
6 
6 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

13.5 - 16.5 
13.0 - 17.0 
12.5 - 17.0 
13.5 - 17.5 
12.5 - 17.0 
13.5 - 17.2 
13.0 - 18.0 
13.5 - 18.0 
13.0 - 17.0 
13.5 - 17.8 
14.0 - 17.0 
13.0 - 16.0 
13.0 - 16.5 
13.0 - 16.5 
14.0 - 17.0 
12.5 - 15.5 
13.0 - 17.0 
12.5 - 16.5 
12.0 - 15.5 
12.5 - 15.0 
12.5 - 16.0 
12.5 - 17.0 
12.0 - 16.5 
12.5 - 16.0 
12.5 - 16.5 
12.0 - 16.5 
12.5 - 17.0 
12.5 - 14.0 
11.0 - 13.0 
12.0 - 14.5 
11.0 - 14.0 
12.0 - 15.5 
11.5 - 13.5 
11.0 - 15.0 
14.0 - 18.5 
14.U - 16.5 
13.5 - 16.0 
12.0 - 18.0 
11.0 - 14.0 
12.5 - 15.0 
12.5 - 15.0 
13.0 - 17.0 

14.1 
14.0 
14.2 
15.3 
15.0 
15.1 
15*0  
15.2 
15.0 
15.6 
15.3 
14.8 
14.8 
14.8 
16. U 
13.5 
14.3 
13.8 
13.3 
13.3 
13.7 
14.3 
13.8 
14.0 
14.2 
14.0 
14.3 
13.1 
12.3 
12.8 
12.2 
12.7 
12.8 
12.3 
15.3 
15.2 
14.9 
14.8 
12.8 
13.9 
13.5 
14.6 

6 
6 
6 
9 
9 
9 
9 
9 
9 
9 
9 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

27.0 - 29.0 
26.0 - 29.0 
27.5 - 29.0 
25.0 - 29.0 
26.5 - 29.0 
27.0 - 29.0 
27,0 - 29.0 
25.0 - 29.0 
25.U - 29.5 
26.5 - 29.0 
26.5 - 29.0 
27.0 - 25.0 
27.0 - 29.0 
27.0 - 28.5 
27.0 - 28.5 
27.0 - 29.0 
27.U - 28.5 
26.5 - 28.5 
27.5 - 29.0 
27.5 - 29.0 
28.0 - 29.0 
27.5 - 30.0 
27.5 - 29.5 
27.0 - 29.0 
28.0 - 29.0 
27.5 - 30.0 
28.0 - 29.0 
27.5 - 29.0 
27.5 - 30.0 
27.0 - 29.0 
29.0 - 38.0 
28.0 - 30.0 
29.5 - 31.0 
29.5 - 30.0 
27.5 - 29.0 
28.0 - 29.0 
28.0 - 29.0 
26.5 - 30.0 
26.0 - 30.0 
26.0 - 30.0 
25.5 - 30.0 
25.5 - 30.0 

28.0 
27.9 
28.3 
27.6 
27.7 
27.8 
27.8 
27.6 
27.6 
27.7 
27.8 
27.8 
27.9 
27.8 
27.7 
28.2 
27.9 
28.0 
28.4 
28.3 
28.6 
28.3 
28.3 
28.3 
28.3 
28.3 
28.3 
28.3 
28.8 
28.3 
30.1 
29.3 
30.1 
29.9 
28.4 
28.6 
28.3 
28.7 
29.0 
28.8 
28.7 
28.8 
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APPENDIX V SUMMARY OF TEMPERATURE AND SALINITY DATA FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample No. o f  Temperature Mean No. o f  Sal i n i  ty Mean 
S t a t i o n  Sampl es Range Temperature Samples Range Sal i n i  t y  

("C)  ("C) (o/oo 1 

43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
61  
62 
63 
64 
65 
66 
67 
68 
69 
70 
71  
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

6 
6 
8 
8 
5 
5 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
6 
6 
8 
9 
6 
6 
6 

13.0 - 15.5 
12.5 - 17.0 
14.5 - 16.5 
14.0 - 16.5 
13.5 - 19.0 
13.5 - 17.5 
13.5 - 17.0 
13.5 - 17.5 
13.5 - 18.0 
14.0 - 17.5 
12.0 - 17.0 
13.5 - 18.0 
14.0 - 17.0 
13.0 - 17.0 
14.0 - 17.0 
14.5 - 18.0 
14.5 - 19.0 
14.0 - 17.5 
13.5 - 15.0 
13.0 - 15.5 
13.0 - 18.5 
13.5 - 16.5 
13.5 - 16.5 
13.5 - 17.0 
15.0 - 17.0 
15.0 - 18.0 
14.5 - 19.5 
14.0 - 18.0 
13.5 - 17.0 
14.0 - 17.0 
14.0 - 17.5 
13.5 - 20.5 
13.0 - 20.5 
13.0 - 20.5 
14.0 - 17.5 
12.5 - 15.2 
13.0 - 15.5 
13.5 - 16.0 
12.5 - 15.5 
12.5 - 15.8 
12.5 - 16.5 
13.5 - 15.5 

14.0 
14.3 
15.3 
14.9 
16.1 
15.6 
15.3 
14.9 
15.5 
15.8 
15.1 
15.6 
15.5 
15.3 
15.7 
15.9 
16.1 
15.1 
14.2 
14.4 
14.7 
14.6 
14.8 
15.1 
16.0 
17.1 
16.4 
15.7 
14.8 
15.5 
15.8 
16.8 
15.8 
15.7 
15.4 
14.3 
14.5 
14.5 
14.3 
14.0 
14.3 
14.3 

6 
6 
8 
8 
9 
Si 
9 
9 
9 
9 
9 
9 
8 
9 
9 
9 
8 
9 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
9 
9 
6 
6 
9 
9 
6 
6 
6 

25.5 - 30.0 
19.0 - 30.0 
20.0 - 29.0 
18.5 - 29.5 
20.0 - 29.0 
18.0 - 29.5 
18.0 - 28.5 
19.0 - 38.0 
20.5 - 28.5 
18.0 - 25.0 
18.5 - 30.0 
18.0 - 29.0 
18.0 - 28.5 
18.5 - 29.5 
18.0 - 29.5 
18.0 - 38.0 
18.0 - 28.0 
18.0 - 28.5 
23.5 - 28.5 
23.5 - 28.5 
24.5 - 29.0 
22.5 - 30.0 
23.0 - 30.0 
22.5 - 30.0 
22.5 - 30.0 
22.5 - 30.U 
22.5 - 30.0 
22.0 - 30.0 
22.5 - 30.0 
22.0 - 30.0 
22.0 - 30.0 
22.0 - 30.0 
23.5 - 30.0 
23.0 - 30.0 
24.0 - 30.0 
26.5 - 25.0 
26.5 - 28.0 
26.5 - 28.5 
26.5 - 29.0 
27.5 - 28.5 
27.5 - 27.5 
27.0 - 28.5 

28.5 
25.3 
26.6 
25.5 
26.4 
2s. 6 
23.8 
26.3 
25.2 
24.6 
24.5 
24.2 
24.4 
24.7 
24.8 
25.0 
21.6 
23.8 
26.7 
26.8 
27.4 
27.4 
27.7 
27.7 
27.7 
27.8 
27. 8 
27.3 
27.6 
27.6 
27.5 
27.7 
2b. 3 
28.3 
28.3 
27.8 
27.6 
27.8 
28.0 
28.1 
28.1 
27.9 
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APPENDIX V SUMMARY OF TEMPERATURE AND SALINITY DATA FOR MARINE 
SAMPLE STATIONS (Cont inued) 

Sample No. o f  Temperature Mean No. o f  Sal i n i  t y  Mean 
S t a t i o n  Sampl es Range Temperature Sampl es Range Sal i n i  t y  

("C)  ("C) ( o/oo) 

85 
86 
87 
88 
89 
90 
9 1  
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
1 06 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 

6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
6 
8 
7 
9 
9 
9 

14.0 - 15.5 
13.0 - 15.0 
13.0 - 15.0 
13.0 - 15.5 
12.5 - 15.0 
13.0 - 15.9 
12.5 - 15.0 
13.0 - 15.0 
11.5 - 14.5 
12.0 - 15.0 
12.5 - 15.0 
12.0 - 15.0 
13.0 - 14.5 
13.0 - 14.0 
14.0 - 15.5 
14.0 - 15.0 
13.5 - 15.5 
13.5 - 15.0 
13.0 - 15.0 
15.11 - 15.5 
14.0 - 17.0 
15.0 - 16.5 
15.U - 17.5 
15.0 - 16.5 
14.0 - 16.0 
14.5 - 16.0 
14.5 - 17.0 
15.5 - 17.5 
15.5 - 18.5 
15.5 - 18.0 
15.0 - 18.5 
15.0 - 18.0 
15.5 - 18.0 
13.5 - 211.5 
13.5 - 18.0 
13.5 - 18.0 
13.5 - 17.5 
13.5 - 17.0 

14.5 
14.1 
14.0 
13.8 
13.7 
14.4 
13.7 
13.8 
13.2 
13.2 
13.6 
13.5 
13.4 
13.6 
14.6 
14.3 
14.5 
14.3 
14.2 
15.2 
15.4 
15.4 
15.8 
15.6 
15.1 
15.3 
15.7 
16.4 
16.6 
16.4 
16.5 
16.1 
16.3 
16.8 
15.9 
15.0 
14.9 
14.9 

6 
6 
6 
6 
6 
6 
5 
6 
6 
6 
6 
6 
6 
6 
5 
5 
6 
6 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
6 
9 
7 
8 
9 
9 

27.0 - 28.5 
27.5 - 29.0 
27.5 - 29.0 
26.0 - 28.5 
26.0 - 29.0 
26.0 - 28.5 
26.0 - 29.0 
26.0 - 29.0 
27.0 - 29.5 
26.0 - 29.0 
26.5 - 29.0 
26.0 - 29.0 
28.0 - 29.5 
27.5 - 29.0 
27.5 - 28.5 
27.5 - 28.5 
27.5 - 28.5 
27.0 - 28.0 
27.0 - 28.5 
27.0 - 28.0 
27.5 - 28.0 
27.5 - 28.0 
27.5 - 28.0 
27.0 - 28.0 
25.5 - 28.0 
25.5 - 28.0 
25.0 - 28.0 
25.0 - 27.5 
25.5 - 27.5 
25.5 - 27.5 
25.5 - 27.5 
25.0 - 29.5 
25.5 - 29.5 
26.0 - 29.0 
25.0 - 29.0 
26.0 - 29.0 
26.0 - 29.5 
26.5 - 29.5 

28.0 
28.2 
28.3 
27.9 
28.0 
27.8 
27.9 
28.1 
28.3 
28.1 
28.2 
28.0 
28.7 
28.4 
27.9 
27.9 
28.0 
27.8 
27.9 
27.8 
27.9 
27.9 
27.9 
27.8 
26.8 
26.8 
26.7 
26.2 
26.1 
26.2 
26.3 
27.0 
26.7 
27.3 
27.1 
27.4 
27.7 
27.6 
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APPENDIX V I  

A PERFORMANCE EVALUATION OF FOUR PACKAGE 

SEWAGE TREATMENT  PLANTS AND ONE SEPTIC 

TANK  LOCATED I N  THE  STUDY  AREA 
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LIST OF ABBREVIATIONS 

5 day  biochemical  oxygen demand 

chemical  oxygen demand 

d i   sso l   ved  oxygen 
Envi ronmenta l   Protect ion  Serv ice 

f i 1 t e r a b l  e res idue 

1 i t e r  
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m i  xed 1 i q u o r   v o l   a t i  1 e suspended sol i d s  
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1. 

1 INTRODUCTION 

A performance  evaluat ion was  made o f   f o u r  package sewage 

t rea tmen t   p lan ts  and one s e p t i c   t a n k   a s   p a r t   o f   t h e  she1  1 f i s h   g r o w i n g  
water   sani tary   survey o f  Gal iano,  Mayne, Saturna,  North and South  Pender 

Is lands .  The t rea tmen t   p lan ts   i nc luded   the :  

a )  B.C. F e r r y   C o r p o r a t i o n   p l a n t   a t   S t u r d i e s  Bay on 

Gal i ano   I s1  and; 
b )  B.C. F e r r y   C o r p o r a t i o n   p l   a n t   a t   L y a l l   H a r b o u r  on 

Sa tu rna  I s l  and ; 
c )   G u l f   I n d u s t r i e s   L t d .   p l a n t   a t  Swanson Channel  on 

North  Pender  Is1 and; 

d)   Magic   Lake  Estates  L td.   p lant   a t  Swanson Channel 

on  North  Pender  Is1 and. 

The two B.C. F e r r i e s   t r e a t m e n t   p l a n t s   r e c e i v e  sewage from washroom 

f a c i l i t i e s   l o c a t e d   a t   t h e   r e s p e c t i v e   f e r r y   l a n d i n g s ,   w h i l e   t h e   l a t t e r  two 
systems  service  smal l   subdiv is ions.  

Sampl es  were a1 so o b t a i n e d   o f   t h e   f i n a l   e f f l   u e n t   f r o m   t h e  

Anchor  Chain  Resorts  Ltd.  septic  tank a t   E g e r i a  Bay on South Pender 

I s 1  and. 
The c h a r a c t e r i s t i c s   o f   t h e s e   t r e a t m e n t  systems are  sumnarized 

i n  Table 1. 
This  performance  eval   uat ion was based  upon b a c t e r i o l o g i c a l  , 

chemical ,  and tox i c i t y   ana lyses   conduc ted  on  samples obtained  from  each 

o f   t h e   t r e a t m e n t  systems. The purpose o f   t h e   s t u d y  was t o :  

1) o b t a i n   b a c t e r i o l o g i c a l *  and chemical  data i n  

s u p p o r t   o f   t h e  Gal iano,  Mayne, Saturna,  North 

Pender and South   Pender   I s lands   she l l   f i sh   g rowing  
water  qual i t y  survey; 

*The b a c t e r i o l o g i c a l   a n a l y s e s   r e s u l t s  have  been p r e v i o u s l y   d i s c u s s e d   i n  
t h i  s r e p o r t .  
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2 )  o b t a i n   t o x i c i t y   d a t a  as a c o n t i n u a t i o n  o f  a 1976 
EPS program t o   o b t a i n   b i o a s s a y   i n f o r m a t i o n   f o r  
var ious   types  o f  sewage t r e a t m e n t   p l a n t s   i n  

B r i t i s h  Columbia; 

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

a t i o n  o f  b ioassay   resu l t s .  
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2 SAMPLE PROCEDURES AND METHODS 

On two d i f f e r e n t  days, grab  samples  were  obtained o f   t h e  raw 

sewage, aera t ion   tank ,   re tu rn   s ludge and f i n a l   e f f l u e n t   f r o m   t h e   G u l f  

I n d u s t r i e s  and  Magic  Lake  Estates sewage t rea tmen t   p lan ts .   F ina l  
e f f l u e n t ,   a e r a t i o n   t a n k ,  and re tu rn   s ludge  samples  only,  were  col lected 

from  the  two B.C. F e r r y  STP's  because the re  were no access ib le   raw 

sewage samp l ing   po in ts .   On ly   f i na l   e f f l uen t  samples  were  obtained  from 

t h e  Anchor  Chain  Resorts  septic  tank. 

I n   a d d i t i o n ,  30 and 60 m i n u t e   s e t t l e a b i l i t y   t e s t s ,  pH, DO, and 

temperature  were  determined i n   f i e l d   a n a l y s e s   o f  samples obtained  f rom 

each o f   t h e   f o u r  sewage t r e a t m e n t   p l a n t ' s   a e r a t i o n   t a n k s .   S e t t l e a b i l i t y ,  

pH, and DO were  determined  using 1 1 i t r e   I m h o f f  cones, J.T. Baker 
Un iversa l   Dua l -T in t   Ind ica tor   Paper ,  and  a  Hach  Chemical Company 

c o l o r i m e t r i c  DO k i t  , respec t i ve l y .   O the r  samples  were spl  i t  and 
preserved as out1  ined i n  the  Environment Canada Po l lu t ion   Sampl ing  

Handbook (1 ). Samples fo r   chemica l   ana lyses   were   de l   i vered   to   the  

Department o f   the  Envi ronment   Chemist ry   laboratory  i n  West Vancouver. 

F i n a l   e f f l u e n t   g r a b  samples fo r   b ioassays  (96  hours LCso) 

were  obtained  from  each of   the  four   package sewage t rea tment   p lan ts .  
These  samples  were t h e n   t r a n s p o r t e d   i n   f i v e   g a l l o n   p l a s t i c   j e r r y  cans t o  

the   Env i ronmen ta l   P ro tec t i on   Se rv i ce   Aqua t i c   Tox i c i t y   l abo ra to ry   i n   Nor th  

Vancouver. 

The 96 hour LC50 i s   d e f i n e d  as t h e   c o n c e n t r a t i o n   o f  

measurab le   l e tha l   agen t   ( i n   t h i s   case   was tewa te r )   requ i red   t o   k i l l   t he  

5 0 t h   p e r c e n t i l e   i n  a group o f   t es t   o rgan isms   ove r  a 96 hour   per iod .   In  

t h e   t e s t ,  a s e r i e s   o f  30 1 g l a s s   v e s s e l s   c o n t a i n i n g   d i f f e r e n t  sample 

d i l u t i o n s   w i t h  5 t o  10   ra inbow  t rou t   (Sa lno   ga i rdne r i   pe r   t es t   vesse l  

were p l  aced i n  a c o n t r o l  1 ed environment room w i t h  a maintained 

tempera ture   o f  15.0° - + l0C. 

For   th i s   su rvey ,  a bioassay  procedure was used  whereby the 
sample was p re -ae ra ted   a t  150 t o  200 m l / m i n   w i t h   a i r   f o r  two  hours if the 

i n i t i a l  DO 1 eve1 was found  to  be bel  ow 5 mg/l;   and  pre-aerated  for 30 

minutes i f  the  DO was greater   than 5 mg/l . This  procedure was f o l l  owed 
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i n  o rde r   t ha t  DO would  not  be a f a c t o r   i n  sample t o x i c i t y   w h i l e   a i r  

s t r ipp ing   o f   the   was tewater 's   chemica l   cons t i tuents   wou ld  be minimized. 

All samples  had an i n i t i a l  DO concen t ra t i on  above 7.0 mg/l and  were 

the re fo re   p re -ae ra ted   f o r   on l y  30 minutes. 
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RESULTS 

HUU 

The r e s u l t s   o f   t h e   c h e m i c a l  and t o x i c i t y   a n a l y s e s   a r e  shown i n  

Tables 2 t o  6, w h i l e  a summary o f  raw sewage and f i n a l   e f f l u e n t   s a m p l i n g  

r e s u l   t s   a r e  shown i n  Table 7 and 8. 

3.1  Chemical  Analyses  Results 
The raw sewage i n p u t   t o   t h e   G u l f   I n d u s t r i e s  and Magic  Lake 

Estates  package sewage t r e a t m e n t   p l a n t s  may g e n e r a l l y  be  described  as 

weak. Some cons t i tuents ,   however ,   o f   the  Magic  Lake Estates  raw sewage 

a r e   p r e s e n t   a t   c o n c e n t r a t i o n s   t y p i c a l   o f  medium s t reng th  sewage. These 

c o n s t i t u e n t s   i n c l u d e  FR and NH3. In   genera l ,   t he  Magic  Lake Estates 

raw sewage i s  s t r o n g e r   t h a n   t h a t   o f   G u l f   I n d u s t r i e s .  
I n  terms o f   t rea tmen t   p lan t   pe r fo rmance ,  BODS, COD, NH3, and 

TOC concentrat ions  were  reduced  by  the  Magic  Lake  Estates sewage t rea tment  

p l a n t ,   w h i l e   t h e  TR, TVR, NFR,  NO3,  TPO4, and NO2 concentrat ions  increased.  

S i g n i f i c a n t   t u r b i d i t y  was noted i n   t h e   f i n a l   e f f l u e n t  - most  probably 

due t o  t h e   c a r r y - o v e r   o f   b i o m a s s   f r o m   t h e   c l a r i f i e r .   S i g n i f i c a n t  

n i t r i f i c a t i o n   o c c u r r e d  as shown by  h igh NO3 and  low NH3 f i n a l  

e f f l u e n t   c o n c e n t r a t i o n s .   N i t r i f i c a t i o n  was p robab ly   respons ib le   f o r   t he  
drop i n  pH f rom 7.6 i n   t h e  raw sewage t o  5.6 i n   t h e   f i n a l   e f f l u e n t .  

The G u l f   I n d u s t r i e s  STP a f f o r d e d   r e d u c t i o n s   i n  BOD5, COD, NFR, 

and TOC, w h i l e  TR, TVR, NH3, and TPO4 increased. Some n i t r i f i c a t i o n  was 

noted i n   t h e   f i n a l   e f f l u e n t .  
It m u s t   b e   n o t e d   t h a t   f i n a l   e f f l u e n t  BOD5 r e s u l t s   f o r   t h e  

G u l f   I n d u s t r i e s  and Magic  Lake  Estates  STP's  are l i k e l y   i n   e r r o r .  
Samples  were co l  1 e c t e d   f o l l   o w i n g   c h l o r i n a t i o n  and  were not  re-seeded 

p r i o r   t o   t h e   s t a r t   o f   t h e  BOD5 test .   Moreover ,   the BODs/COD r a t i o s  

f o r   t h e s e   t r e a t m e n t   p l a n t s  were  about   one- tenth  those  ca lcu lated  for   the 

S tu rd ies  Bay and Lya l l   Harbour   t rea tment   p lan ts   (Tab le  9 ) .  Assuming  the 

G u l f   I n d u s t r i e s  and Mag ic   Lakes   Es ta tes   f i na l   e f f l uen t  BODs/COD r a t i o  

should a1 so be 0.4, then  the BOD5 f o r   t h e   G u l f   I n d u s t r i e s  and Magic 

Lake Estates  t reatment  p lants  should  have  been 45 and 55 mg/l, 

r e s p e c t i v e l y  ( 3 1. 

I 

I 

HC 

II 



m - 86 - 

I 

APPENDIX VI 
TABLE 2 ANCHOR CHAIN HOLDINGS SEPTIC TANK CHEMICAL  ANALYSES  RESULTS 

Parameter F i n a l  E f f l u e n t  
27/7/78* ""- mg/l----- 

pH ............ b...................7.2~ 
BOD5 ............................ 157 

COD.............................440 

TR....... ....................... 513 

TVR.............................230 
NFR.. ........................... 103 

NO2 ............................... 0.0152 
NO3 .............................. LO.010 

TPO4 .............................. 9.70 

* sampl i ng   da te  
** pH u n i t s  
L = denotes  " less  than"  
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APPENDIX VI 
TABLE 3 B.C. FERRY - STURDIES BAY STP CHEMICAL AND TOXICITY 

ANALYSES  RESULTS 

Parameter 

Sampling  Date (1978) 

J u l y  5 J u l y  11 Mean 

F i n a l   E f f l u e n t  

PH 
BOD5 
COD 
TR 
T VR 
NFR 
NO 3 
NO2 
NH 3 
T P O ~  

LC 50 

TOC 
LAS 

A e r a t i o n  Tank 

VNFR 
PH 
DO 
S e t t l e a b i l i t y  

30 min. 
60 min. 

Temperature 

Return  S ludge 

VNFR 

7.9 
93 

170 
2  590 

2 94 
41.0 

0.952 
0.313 

7.63 

0.109 

65.0 

32.0 

39 

90.3 
7 
7 

3.0 
3.5 

19 

7.8 
57 

195 
2 590 

2  88 
22.4 

1 . 1 3  
0.298 

7.39 

0.066 

65.8 

20.0 

46 

76.2 
7 - 
2.5 
2.5 

16 

70.5 53.7 

7.8 
75 

182 
2  590 

2 91 
32 

1.04 
0.306 

7.51 

0.088 

65.4 

26.0 

43 

83.2 

* mg/l  except: EH - pH u n i t s ,  LC50 - %, s e t t l e a b i l i t y  - ml/l, 
temperature - C. 

u 
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111 
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APPENDIX VI 
TABLE 4 B.C. FERRY - LYALL HARBOUR STP CHEMICAL AND TOXICITY 

ANALYSES  RESULTS 

Sampl i ng  Date (1978) 

Parameter   Ju ly  12 J u l y  17  Mean 

P 
8 0 ~ 5  
COD 
TR 
T VR 
NFR 

LAS 
LC 50 

A e r a t i o n  Tank 

V NFR 

S e t t l   e a b i l  i t y  
30 min. 
60 min. 

Temperature 

Return  Sludge 

VNFK 

7.6 
57 
70 

307 
120 

7.5 
4.01 
0.690 

6.45 

0.090 

22.0 

31.0 

NT** 

20.0 
7 
9 

0.2 
0.2 

16 

31.6 

7.7 
15 

100 
326 
117 

14 
6.36 
0.3325 

20.4 

28.0 

NT 

- 
0.066 

L 20 - - 
0.2 
0.2 

L 20 

7.6 
36 
85 

31 7 
118 
11 
5.18 
0.511 

6.45 

0.078 

21.2 

29.5 

NT 

* mg/l  except: pH - pH u n i t s ,  LC50 - X, s e t t l e a b i l i t y  - ml/l, 
temperature - O C .  

** NT-  non- tox ic  
L - denotes  " less  than" 
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APPENDIX VI 
TABLE 7 GULF INDUSTRIES AND MAGIC LAKE ESTATES RAW SEWAGE STRENGTH 

Typ ica l  Cornposi t i o n  ( 2 )  Gul f Magic  Lake 
Parameter   Indus t r ies   Es ta tes  

Strong Med i urn Weak 

TR 
NFR 

FR 

T VR 

TFR 

B OD5 
TOC 
COD 

NH3 

NO3 

NO2 
TPO4 

1200 

350 

600 

600 

850 

300 
300 

1000 

50 

0 

0 

20 

700 

200 

350 

350 

500 

200 
200 
500 

25 

0 

0 

10 

3 50 

100 

175 

175 

2 50 

100 
100 

2 50 

12 

0 

0 

6 

2 83 

48 

235 

119 

1 64 

76 
41.5 

180 

3.98 

0.0113 

0.224 

3.92 

3  90 

59 

33 1 

155 

245 

39 
65.5 

188 

43.5 

0.010 

L0.0050 

7.12 

L - denotes  " less  than" 
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Genera l l y ,   the  B.C. F e r r y  - Lya l l   Harbour  STP produced  the  best 

f i n a l   e f f l u e n t   q u a l  i t y .  F i n a l   e f f l u e n t   c o n c e n t r a t i o n s   o f  COD, T R Y  TVR, 
NFR, and TPO4 were   the   lowest   f rom  th is   p lan t  compared t o   t h e   l e v e l  s 
noted  f rom  the  other  three  t reatment  systems. The B.C. F e r r y  - S t u r d i e s  

Bay STP g e n e r a l l y   p r o d u c e d   t h e   p o o r e s t   q u a l i t y   e f f l u e n t  - having 

p a r t i c u l a r l y   h i g h  TR and NH3 concentrat ions.  

Resul t s   o f  sampl i n g  and anal y s i  s , by  the PCB, o f   t h e  Gul f 
I n d u s t r i e s  and  Magic  Lake E s t a t e s   f i n a l   e f f l u e n t   g e n e r a l l y   a g r e e   w i t h  

da ta   ga thered  dur ing   th is   s tudy   (Tab le   10) .  The Magic  Lake E s t a t e s   f i n a l  

e f f l u e n t  NFR concentrat ion  determined  by  the PCB was s i g n i f i c a n t l y   l o w e r  

than  that   determined i n   t h i s   s t u d y   s u g g e s t i n g   t h a t   t h e   p r o b l e m   n o t e d   h e r e  
o f   s l u d g e  biomass  carry-over  from  the c l a r i f i e r   t o   t h e   f i n a l   e f f l u e n t   i s  

i n t e r m i t t e n t .  The low  BOD5 and NFR mean concentrat ions  determined  by 

t h e  PCB f o r   t h e  two p l a n t s   i n d i c a t e   t h a t   t h e y   u s u a l l y  prod'uce  good 

qual i ty e f f  1 uent. 

APPEND1 X VI 
TABLE 10 SUMMARY OF PCB MONITORING DATA FOR THE GULF INDUSTRIES 

AND MAGIC LAKE ESTATES STPS 

Parameter G u l f   I n d u s t r i e s  
Magic  Lake 

Es ta tes  

F1 ow 
PH 
TR 
NFR 
DO 
BOD5 
TRC 

40 ( 5 3 )  
7.4 ( 8 )  

380 ( 1 )  
12 ( 1 4 )  

5.3 ( 1 )  
14 (14)  
0.63 (6) 

14 ( 5 3 )  
6.9 (10) 

758 (1) 
36 (16) 

5.8 (2) 
27 (15 )  
1.3 (6) 

( ) - number o f   ana lyses  
* - mg/l  except: pH - pH u n i t s ,   f l o w  - m3/day. 
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Us ing   the  PCB f l o w  measurements, ae ra t i on   t ank  volumes, MLVSS 

concentrat ions,  and f i n a l   e f f l u e n t  NFR c o n c e n t r a t i o n s   d e t e r m i n e d   i n   t h i s  

study, mean ce l l   r es idence   t imes   (ec )  may be c a l c u l a t e d  by  the 
fo l l ow ing   equa t ion :  

vx  
QwX + (0  - (&,) Xe 

where: V - i s   t h e   a e r a t i o n   t a n k   v o l  ume. 
X - i s   t h e   a e r a t i o n   t a n k  MLVSS. 

Qw - i s  the  wastage  rate. 

X, - i s   t h e   f i n a l   e f f l u e n t  VSS concen t ra t i on .  

The  recommended v a l u e   o f  eC f o r  extended  aerat ion  t reatment  
p l a n t s   i s  20 t o  30 days ( 2 ) .  The mean c e l l   r e s i d e n c e   t i m e   f o r   t h e  Gul f 

I n d u s t r i e s  STP i s  32 days  whereas f o r   t h e  Magic  Lake  Estates STP i t  i s  

100 days. The Magic  Lake E s t a t e s   h i g h  8, v a l u e ,   w h i c h   r e f l e c t s   t h e  

t i m e   a v a i l   a b l e   f o r   e s t a b l   i s h m e n t   o f  a n i t r i f i e r   p o p u l a t i o n ,   e x p l a i n s   t h e  

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

The per fo rmance  o f   the   four  sewage t rea tmen t   p lan ts  may be 
e v a l u a t e d   b y   c o m p a r i n g   f i n a l   e f f l u e n t   p o l l u t a n t   c o n c e n t r a t i o n s   t o   t h e  

Pol 1 ut ion  Contro l   Branch  permi t   requi rements and 1 i t e r a t u r e   r e p o r t e d  

performance  data  as shown i n  Tab1 e 11. Us ing   the   Po l lu t ion   Cont ro l  

B r a n c h   p e r m i t   c r i t e r i a ,   t h e   G u l f   I n d u s t r i e s  and B.C. F e r r y  - L y a l l  

Harbour   t reatment   p lants   met   the  requi rements,   whi le   the B.C. F e r r y  - 
S t u r d i e s  Bay (BOD51 and  Magic  Lake Es ta tes  (NFR) d id   no t .  

The o p e r a t i o n   o f  package sewage t rea tmen t   p lan ts  has  been 
s t u d i e d   r a t h e r   e x t e n s i v e l y   i n   b o t h  Canada and the   Un i ted   S ta tes  ( 4  1. The 

performance o f  22 ex tended   ae ra t i on   ac t i va ted   s ludge   p lan ts   i n   t he  U.S. 

was eva lua ted   by   the   Nat iona l   San i ta t ion   Foundat ion .   Dur ing   the   s tudy ,  

each  package p l a n t  was attended  by an exper ienced  operator  and t h e   p l a n t  

was operated  under  opt imum  condi t ions.   Using  these  resul ts as a bes t  

ach ievab le   pe r fo rmance   c r i t e r i a ,  a comprehensive  study o f  20 se lec ted  

ae ra t i on   ac t i va ted   s ludge  package p l a n t s  was conducted i n   O n t a r i o  (4). 
The r e s u l t s   o f   t h i s   l a t t e r   s t u d y  showed t h a t   o v e r  50 p e r c e n t   o f   t h e  

.I. 

m 
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p lan ts   i nves t i ga ted   d id   no t   ach ieve   t he   an t i c ipa ted   l eve l   o f   Pe r fo rmance .  

Reasons c i t e d   f o r   t h e   p o o r   p e r f o r m a n c e   o f  some p lan ts   inc luded  p rocess ,  

equipment,  and opera to r  - or iented  problems.  These inc luded:  
1)  Process - or iented  problems 

a )   i n s u f f i c i e n t  biomass i n   t h e   a e r a t i o n   t a n k ;  

b )   improper   aera t ion  

c )   f l o a t i n g   s l u d g e  

d)   o f fens ive   odours  
e )   l a c k   o f   s l u d g e   t r e a t m e n t   f a c i l i t i e s  

2)  Equipment - or iented  problems 

a)  mechanical  breakdown o f  comminutors 

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

c )   c logg ing   o f   s ludge  re tu rn   sys tem 
d )  m a l f u n c t i o n  o f  the  skimming  device 

e )   i c i n g   p r o b l e m  

3)   Opera tor  - or iented  problems 

a)  inadequate  maintenance 
b )   i n s u f f i c i e n t   o p e r a t o r   a t t e n t i o n  

c )   inadequacy   o f   des i  gn 

U s i n g   t h e s e   l i t e r a t u r e   r e p o r t e d   c r i t e r i a   o n l y ,   t h e  Gul f 

I n d u s t r i e s  and the B.C. F e r r y  - L y a l l   H a r b o u r   f i n a l   e f f l u e n t  NFR 

concen t ra t i ons  met the   poss ib le   per fo rmance  leve ls .  The B.C. F e r r y  - 
S t u r d i e s  Bay f i n a l   e f f l u e n t  NFR c o n c e n t r a t i o n  and t h e   G u l f   I n d u s t r i e s  and 

Magic  Lake  Estates BOD5 concentrat ions,   met  the  probable  performance 

c r i t e r i a .  
Process , equipment,  and  operator - o r ien ted   p rob lems   no ted   a t  

each STP may be  summarized  as f o l l  ows: 
1) B.C. F e r r y   C o r p o r a t i o n  - S t u r d i e s  Bay 

, 
a )   i n s u f f i c i e n t  biomass i n   t h e   a e r a t i o n   t a n k  

(MLVSS = 83.2 mg/l,  S V I  = 36). 

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

c )   non - func t i on ing   s ludge   re tu rn   sys tem 

(MLVSS = 62.1 mg/ l ) .  I 

d)  inadequate  maintenance  (s ludge  layer,  
I 

mosqui to   larvae , and worms i n   c h l o r i n e  

c o n t a c t   t a n k ) .  

Y 

t; 

Ir 

lil'n: 

m 
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2) B.C. Fe r ry   Corpo ra t i on  - Lya l l   Harbour  
a )  i n s u f f i c i e n t  biomass i n   t h e   a e r a t i o n   t a n k  

(MLVSS = l ess   t han  20 mg/l,  S V I  = 10). 
b )   l a c k   o f   s l u d g e   t r e a t m e n t   f a c i l  i t i e s  
c )   non- func t ion ing   s ludge  re tu rn   sys tems 

(MLVSS = 25 mg/ l ) .  

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

3 )  G u l f   I n d u s t r i e s  

a )   i n s u f f i c i e n t  biomass i n   t h e   a e r a t i o n   t a n k  
(MLVSS = 116  mg/l , S V I  = 43). 

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

c )   non - func t i on ing   s ludge   re tu rn   sys tem 

(MLVSS = 126 mg/l ) . 
4 )  Magic  Lake  Estates 

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

b )   c a r r y - o v e r   o f  b 

p o s s i b l y  due t o  
h y d r a u l   i c   o v e r -  

3.2 Bioassay  Resul ts 

iomass  from c l a r i f i e r  

b u l   k i n g  sl udge o r  

1 oadi  ng. 

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

t rea tmen t   p lan ts  was conducted  by  personnel o f   the   Env i ronmenta l  
P r o t e c t i o n   S e r v i c e   d u r i n g  1976  and the   resu l ts   appear  i n  EPS pub l ished 

repo r t s   by  T.W. Higgs ( 5 ) .  In   tha t   s tudy   th ree   chemica l   parameters   were  

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

These  were an ion ic   sur fac tan ts ,   un- ion ized NH3, and TRC. C r i t i c a l  

concent ra t ions  o f  these  parameters  repor ted i n   t h e   l i t e r a t u r e   a r e  shown 

i n  Table 12. A d e t a i l e d   d i s c u s s i o n   o f   t h i s   s u b j e c t   i s  beyond  the  scope 

o f   t h i s   r e p o r t  and the  reader  i s  r e f e r r e d   t o   t h e   a p p r o p r i a t e   r e f e r e n c e s  

1 i sted. 

G e n e r a l l y ,   t h e   t o x i c i t y   r e s u l t s   o b t a i n e d   f r o m  samples c o l l e c t e d  
from  each o f   t h e   f o u r  package sewage t r e a t m e n t   p l a n t s   c o r r e l   a t e d  w11 

wi th   the   chemica l   resu l ts   (Tab1 e 13) .  Samples c o l l   e c t e d   f r o m   t h e   f i n a l  

e f f l u e n t   o f   t h e  B.C. F e r r y  - Lya l l   Harbour  and G u l f   I n d u s t r i e s   t r e a t m e n t  
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p l a n t s  were  non-toxic  which i s  compat ib le   w i th   low  un- ion ized NH3 and 

an ion ic   sur fac tan ts   concent ra t ions .  The B.C. F e r r y  - S t u r d i e s  Bay f i n a l  

e f f l u e n t  samples e x h i b i t e d  a mean LC50 o f  43%, p r o b a b l y   r e f l e c t i n g  a 
h igh   un- ion ized NH3 concentrat ion.  The Magic  Lakes  Estates  f inal  

e f f l u e n t  samples  produced a mean LC50 of 48%. T h i s   r e s u l t   d i d   n o t  

c o r r e l a t e   w i t h  any  chemical  resul  ts, a1 though  the known use o f   c h l o r i n e  

as a d i s i n f e c t a n t  was a p o s s i b l e   c o n t r i b u t i n g   f a c t o r .  
The s y n e r g i s t i c   a n d / o r   a n t a g o n i s t i c   e f f e c t s   o f  many compounds 

may reduce   o r   i nc rease   t ox i c   responses   re la t i ve   t o   p red ic t i ons   de r i ved  

f rom  chemica l   ana lyses   resu l ts .   Mod i fy ing   cond i t ions   fo r   b ioassays  

inc lude  the   e f fec ts   o f   tempera ture ,   water   hardness ,  a1 k a l  i n i  ty,  pH, 

d i s s o l v e d  oxygen, among o the rs  ( 1 2 ) .  

A lso,   chemical   const i tuents  i n   a d d i t i o n   t o   t h o s e   d e t e r m i n e d   i n  
t h i s  study may have  been  responsible, a t   l e a s t  in p a r t ,   f o r   t h e   t o x i c i t y  

noted . 

Y 
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