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AB STR AC T 

m 

a 

m 

A bacteriological survey of molluscan shel l f ish growing waters 
along  the  eastern Vancouver Is1 and shore1 ine from Qual icum Bay t o  Northwest 
Bay was conducted from May 29 to June 19, 1979, by personnel o f  the 
Environmental Protection  Service,  Pacific Region. 

A sanitary survey was conducted concurrently w i t h  the 
bacteriological survey to  identify and evaluate  sources of fecal pol l  u t i o n  
to  the study area. Chemical and bacteriological  analyses were performed on 
various  treatment  stages a t  the French Creek  Water P o l l u t i o n  Control Centre, 
Nanaimo Regional Dis t r ic t ,  t o  evaluate  the  operation of  the  plant. 

During the  study, 93 marine s ta t ions,  23 freshwater  stations and 40 
miscellaneous  stations were sampled, representing 706, 88 and 43 samples 
respec ti  v el y . 

Ten of  the marine s ta t ions d i d  n o t  meet the shel l f ish growing water 
s tandards .  

Changes to  the two Schedule I shell  fish  closures i n  the  survey  area 
a re  pro po sed. 



RESUME 

Le S e r v i c e   d e  l a  p r o t e c t i o n   d e   l ' e n v i r o n n e m e n t   R 6 g i o n   d u   P a c i f i q u e ,  

a e f f e c t u g ,   d u  29 mai au 19   j u in   1979 ,   une   6 tude   bac tg r io log ique   des   deaux  

O?I c r o i s s e n t  des mollusques e t  d e s   c r u s t a c g s ,   e n t r e   Q u a l i c u m  Bay e t  North- 

west Bay, s u r  l e  l i t t o r a l  e s t  de 1'i"le de  Vancouver. 

Une c tude   hyg ign ique  a 6 t 6  e f f e c t u g e   e n  mgme temps   que   l 'g tude  bactgr- 

i o l o g i q u e   p o u r   & v a l u e r  les s o u r c e s   d e   p o l l u t i o n   p a r  les 6gouts   dans  l e  

s e c t e u r   g t u d i e .  On a procgd; 2 des   ana lyses   ch imiques  e t  b a c t g r i o l o g i q u e s  

2 d i v e r s e s   & a p e s   d u   t r a i t m e n t   d e s   e a u x ,   a u   C e n t r e  de c o n t r 6 l e  de l a  p o l -  

l u t ion   de   F rench   Creek ,   dans  l e  d i s t r i c t   r 6 g i o n a l  de Nanaimo, a f i n   d ' g v a l u e r  

le  fonc t ionnemen t   de   l ' u s ine   de  traitement du   Cent re .  

Au c o u r s   d e   l ' g t u d e ,   o n  a p r 6 l e v &   r e s p e c t i v e m e n t  7 0 6 ,  88 e t  43  &chant- 

i l l o n s   d a n s   9 3   s t a t i o n s   m a r i n e s ,   2 3   s t a t i o n s   d ' e a u   d o u c e  e t  40 s t a t i o n s  

d i v e r s e s .  

Dix  des  s t a t ions  mar ines   ne   rgponda ien t   pas   aux  normes &tablies pour les  

eaux os c r o i s s e n t   d e s   c r u s t a c 6 s .  

L'on p r o p o s e   d e s   m o d i f i c a t i o n s   a u x   d e u x   c a l e n d r i e r s   n o  L pour l a  

fe rmeture  des s t a t i o n s   d a n s  l e  s e c t e u r   & t u d i & .  

mb 
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CONC LUS IONS 
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1. The waters and t i da l   f o reshore   o f   Qua l   i cum Bay were o f   a c c e p t a b l e  

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

N i l e  Creek  and an  unnamed c reek   were   cons idered  ins ign i f i can t  

sources o f   f e c a l   p o l l   u t i o n  to Qual  icum Bay. 

2. P o r t i o n s   o f   t h e   t i d a l   f o r e s h o r e   o f   Q u a l   i c u n  Beach  were contaminated 

w i t h   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  

mol 1 uscan she1 1 f i s h  may pose a heal t h  hazard.   Offshore sampl i n g  

t ransec ts   o f   Qua l   i cum Beach i n d i c a t e d   t h a t   t h e   c o n t a m i n a t i o n  was 

n o t   t h e   r e s u l t  o f  sewage discharged  from  the  French  Creek  Water 

Po l l   u t i on   Con t ro l   Cen t re .   Feca l   con tamina t ion   i n  Grandon  Creek was 

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

however ,   the  source(s)   to   o ther   areas  o f   Qual   icum Beach was n o t  
ascer ta ined.  

Improved  water   qual i ty  was noted i n  the   eas tern   sec t ion  of the  

Qual  icum  Beach  foreshore  as  compared  with  the  western end. 

3. The waters and t i d a l   f o r e s h o r e   a d j a c e n t  t o  the  Eagle  Crest 

development  were o f   acceptab le   water   qua l  i t y  f o r   t h e   p u r p o s e   o f  
s h e l l   f i s h   h a r v e s t i n g .  Sampl i n g   o f   f r e s h w a t e r   s t a t i o n s  showed no 

s i g n i f i c a n t   i n p u t   o f   f e c a l   p o l l u t i o n .   R e s u l t s   o b t a i n e d   b y   t h e  

Env i ronmenta l   Pro tec t ion   Serv ice   in  September  1978 i n d i c a t e d   t h a t  
t w o   m a r i n e   s t a t i o n s   i n   t h i s   a r e a   d i d   n o t  meet   the  shel l   f ish  growing 

water  standard. The poorer  water  qual i t y  n o t e d   d u r i n g   t h e   l a t t e r  

sampl ing  occurred as a r e s u l t   o f   i n c r e a s e d   p r e c i p i t a t i o n   w i t h  an 

assoc ia ted   i nc rease   i n   t he  amount o f  contaminated  dra inage  reaching 

the  foreshore.  
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4. The waters and t i d a l   f o r e s h o r e   o f   t h e   F r e n c h  Creek  area  were o f  
acceptable  water  qual  i t y  fo r   t he   pu rpose   o f   she l  1 f i s h   h a r v e s t i n g .  

The present   four   hundred  foot   Schedule I closure  around  the  French 

Creek  boat  basin i s  considered  adequate. 

5. The waters and t i d a l   f o r e s h o r e   o f   t h e   P a r k s v i l l e  Bay area  were o f  
acceptable  water  qual  i t y  fo r   the   purpose  o f   she l  1 f i s h   h a r v e s t i n g .  

F reshwate r   s ta t i ons  showed i n s i g n i f i c a n t   f e c a l   p o l l u t i o n .   O f f s h o r e  

t ransec ts   ind ica ted   tha t   the   d ischarge  f rom  the   French Creek WPCC 

had no e f f e c t   o n   w a t e r   q u a l i t y   i n   P a r k s v i l l e  Bay. 

6. The waters and t i d a l   f o r e s h o r e   o f   C r a i g  Bay were o f  acceptab le  
w a t e r   q u a l i t y   f o r   t h e   p u r p o s e   o f   s h e l l f i s h   h a r v e s t i n g .  The s i n g l e  
f reshwater  i n p u t  sampled showed i n s i g n i f i c a n t   f e c a l   p o l l u t i o n .  

7. The waters and t i d a l   f o r e s h o r e  o f  Northwest Bay were o f   a c c e p t a b l e  
water  qual i t y  f o r   t h e   p u r p o s e   o f   s h e l l   f i s h   h a r v e s t i n g .  



- i x  - 

SCHEDULE I CLOSURES 

The fol1 owing  amendments to Schedul e I a re  proposed: 

1. Revoke the  present  Closure Area 14-7 (Parksvill  e Bay) i n  i t s  
en t i re ty  and rep1 ace w i t h  the  following new closure: 
"Area 14-7. The waters and t i d a l  foreshore  extending from the  foot 
o f  Yambury  Road, Eagle Crest, westward t o  the wstern  end  of 
Seacrest P1 ace, Eagl e  Crest .'I 

2. Re-word Closure 14-8 as  follows: "Area  14-8. The t i d a l  foreshore 
of Qual icum  Beach lying between the  foot of  Surfside Drive a t  the 
western headl and  and  Hal 1 Road a t  the  eastern headl and of Qual icum 
Beac h . I' 
Schedule I closure amendments are shown i n  Figure 1. 
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a 

1 INTRODUCTION 

The Parksvi l le-Qual  icum  area i s   l o c a t e d  on t h e   e a s t e r n   s i d e   o f  
Vancouver  Is1 and and i s  a popu la r   t ou r i s t   a rea   du r ing   t he  summer months. 

The approx imate  popul   a t ion  o f   the  area i s  4,900 (1 ) w i th   t he   ma jo r  
populat ion  cent res  be ing  the  V i11 age o f  Qual  icum  Beach and the Town o f  

P a r k s v i l l  e. 
Due t o   t h e  1 arge number of t o u r i s t s   d u r i n g   t h e  summer months, t h e r e  

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

o y s t e r s  and  clams.  Recreational  harvesting was c u r t a i l e d ,  however, w i th   t he  

i m p o s i t i o n   o f   t h r e e  Schedul e I she1 1 f i s h   c l o s u r e s   r e s u l   t i n g   f r o m  a survey 
conducted  by  the  Envi ronmenta l   Protect ion  Serv ice  in  1975. A t  t h a t   t i m e  

feca l   con taminat ion  was observed i n   P a r k s v i l l e  Bay, i n  the  French  Creek  Boat 
Basin and i n   Q u a l i c u m  Beach. 

The i d e n t i f i e d   s o u r c e s   o f   f e c a l   c o n t a m i n a t i o n   i n   P a r k s v i l l  e Bay 

i n c l u d e d   t h e   P a r k s v i l l e  sewer system o u t f a l l  and con tamina t ion   f rom  fau l t y  

s e p t i c   t a n k   d i s p o s a l   f i e l d s .   T h i s   r e s u l   t e d   i n   c o n t a m i n a t e d   s t o r m   d r a i n a g e  
reach ing   t he   eas te rn   f o reshore   o f   Pa rksv i l l e  Bay d u r i n g   h e a v y   r a i n f a l l ,  an 

occurrence  which was subsequent ly   ver i f ied   by   the   Cent ra l   Vancouver   I s land 

Heal t h   U n i t .  

The wa te r   a t   t he   en t rance   o f   t he   F rench  Creek  Boat  Basin was 
s u b j e c t  t o  in te rmi t ten t   feca l   con taminat ion   f rom  boat   d ischarges .  The 1975 
r e p o r t  a1 so conc luded  tha t   the  shell f i s h  growing  water  qual i t y  i n  the area 

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

sewage  from  the new French Creek WPCC o u t f a l l  . This  raw  discharge was t o  

c o n t i n u e   u n t i l   c o m p l e t i o n   o f   t h e  sewage t rea tmen t   p lan t .  

The 1975 data  ind icated  that   the  foreshore  o f   Qual   icum Beach was 

exposed to fecal   contaminat ion  f rom a c reek   a t   t he   eas t  end o f   the   beach 

(Beach  Creek), and  from severa l   cu lver ts   that   dra in   s torm  water   f rom 
res iden t ia l   a reas .  The contaminat ion was due t o  sewage wastes  f rom  fau l ty  

septic  tank  disposal  systems  reaching  the  storm  drainage  system. As a 

r e s u l t   o f   t h e  1975 survey,   the  fo l lowing  Schedule I c l o s u r e s  were  imposed: 
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Area  14-7 - "The waters  and t i d a l   f o r e s h o r e   l y i n g   w i t h i n  a  1 i n e  

drawn  from  the  west  side o f   P a r k s v i l l  e Bay a t   Long i tude   124"  20' 00 W. t o  

t h e   m o s t   n o r t h e r l y   p o i n t   o f   l a n d   i m m e d i a t e l y   e a s t   o f   t h e  mouth o f   t h e  

Englishman  River." 
Area  14-8 - "The waters and t i d a l   f o r e s h o r e   l y i n g   w i t h i n  a 3,500 

f o o t  (1.07 k i l o m e t r e )   r a d i u s  drawn from  the  mouth o f  French Creek." 

Area  14-9 - "The waters and t i d a l   f o r e s h o r e   l y i n g   w i t h i n  a  1 i n e  

drawn  f rom  the  most   nor ther ly   po int   o f   land  a t   the  west  end o f  Qual  icum 
Beach t o   t h e   m o s t   n o r t h e r l y   p o i n t   o f   l a n d   a t   t h e   e a s t  end o f  Qual  icum Beach. 

Since 1975, cons iderab le  changes  have  occurred i n   t h e  sewerage 
systems o f   t h e   P a r k s v i l l e - Q u a l  icum  area. I n  March 1977, the Nanaimo 

R e g i o n a l   D i s t r i c t  began c o n s t r u c t i o n   o f  a secondary sewage t r e a t m e n t   p l a n t  
a t  French  Creek to   se rv i ce   t he  town o f   P a r k s v i l l e  and the  Vi11 age o f  
Qual  icum Beach. The t rea tmen t   p lan t  was completed i n  February 1978  and was 

r e c e i v i n g  sewage f r o m   P a r k s v i l l  e  and p o r t i o n s   o f   t h e   p r e v i o u s l y  unsewered 

V i l l a g e   o f  Qual  icum Beach. 

The Environmental   Protect ion  Service  undertook a  1 i m i t e d  

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

French  Creek  during  September 1978. The purpose o f   t he   su rvey  was t o  

evaluate  Schedule I Closure Area  14-8 and the  impact o f   t h e  sewage e f f l u e n t  

d ischarge on the  near  foreshore  areas. 

As a resu l  t o f   t h i s  1978 survey;  Schedule I c l o s u r e  14-8 was 

revoked:  However,  Closure  14-9 was increased to i n c l  ude the  foreshore 

f ron t ing   the   Eag le   Cres t   sub-d iv is ion ,   wes t   o f   F rench Creek. The c l o s u r e   i s  

worded as fo l l ows :  "The waters  and t ida l   foreshore  extending  f rom  the  most  

n o r t h e r l y   p o i n t   o f   l a n d   a t   t h e  west  end o f   Q u a l  icum Beach, eastward t o  the 

f o o t   o f  Yambury Road , Eagle  Crest  .I' 

By February 1979, t h e   m a j o r i t y   o f   t h e   P a r k s v i l l e ,   F r e n c h  Creek, 

Columbia  Estates and Qual  icum  Beach  areas  were  connected to the  sewerage 

sys  tem . 

E 

I 
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2. 

3.  
4. 

po l  1 u t  

a t   t h e  

A s  a resu l  t o f   t h e   m a j o r  changes e f f e c t e d   i n  sewage c o l l   e c t i o n  and 

t r e a t m e n t   i n   t h e   P a r k s v i l l  e-Qual  icum  area,  the  Environmental  Protection 

Service  conducted a shel 1 f ish  growing  water   sani tary   survey o f  Qual  icum Bay 

t o  Northwest Bay between May 28 and June 19,  1979. 

The purpose o f   t he   su rvey  was t o  : 

Reassess  Schedule I c l o s u r e s  14-7 and 14-9 i n  1 i g h t   o f   t h e  new 

sewage c o l l e c t i o n  and t rea tment  system. 

I d e n t i f y  and e v a l u a t e   a l l   m a j o r   p o t e n t i a l   s o u r c e s   o f   f e c a l  

contaminat ion  to   the  s tudy  area,   by  conduct ing a san i ta ry   survey  

o f   t h e   f o r e s h o r e  and u.pl and areas. 

Eva1 ua te   the   opera t ion   o f   the   French Creek WPCC. 

E v a l u a t e   t h e   e f f e c t   o f   t h e   F r e n c h  Creek WPCC f i n a l   e f f l u e n t  

d ischarge on foreshore  water  qual i ty ,  s p e c i f i c a l l y   d u r i n g  

non-ch l   o r ina t ion ,  and d e t e r m i n e   t h e   n e c e s s i t y   f o r   c h l o r i n a t i o n   w i t h  

growi  ng  water respect   to   the  maintenance  o f   acceptable  shel  1 f i s h  

qual i ty. 
I n   o r d e r   t o   f a c i l i t a t e   t h i s   l a s t   c o n d i t i o n ,  i t  was 

i o n   c o n t r o l  and h e a l t h   a g e n c i e s   t h a t   c h l o r i n a t i o n  wou 

French  Creek p lan t   du r ing   t he   su rvey .  

agreed  by a1 1 

I d  be  suspended 
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2 SAMPLE STATION LOCATIONS 

I 

L 

U 

Mar ine   samp le   s ta t i ons   were   l oca ted   i n   t he   i n te r - t i da l  and 

sub- t ida l   a reas   to   assess   the   degree  o f   feca l   po l lu t ion   f rom known o r  

suspected  sources. The l o c a t i o n   o f  sample s t a t i o n s  was also  dependent, i n  

p a r t ,  on the  shel l   f ish  resource.   Resource  in format ion was obtained  f rom  the 

Marine  Resources  Branch, M in i s t r y   o f   Env i ronmen t ,   P rov ince   o f  B.C., and the 

federa l   Depar tment   o f   F isher ies  and Oceans. 
All major   f reshwater  and e f f l u e n t   i n p u t s   t o   t h e   s t u d y   a r e a  were 

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

the   rece iv ing   waters .  The inputs  were  selected  for   sampl ing i f  they  met one 

o f   t h e   f o l l o w i n g   c r i t e r i a :  

(1) major   f low 
( 2  ) p r o x i m i t y  t o  known, suspected  or 

p o t e n t i a l   p o l  1 ut ion  sources 

( 3  prox imi ty   to   con taminated   mar ine  
sampl i n g   s t a t i o n s .  

Add i t i ona l  sampl es o f  ti depool s ,  groundwater, she1 1 f i  sh and 
sediments  were a1 so ana lysed   f o r   f eca l   con tamina t ion ,   t o   ass i s t   i n   sou rce  

determinat ion.  
Marine  sample  stat ions  are shown i n   F i g u r e s  1, 2 and 3, (Appendix I )  

and  freshwater  sample  stat ions  are shown i n   F i g u r e s  4, 5 and 6, (Appendix I ). 
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3 FIELD PROCEDURES AND METHODS 

3.1 Bac te r io log i ca l   Samp l ing  and  Analyses 
All b a c t e r i o l o g i c a l   a n a l y s e s  were begun w i t h i n   t h r e e   h o u r s   o f  

c o l l e c t i o n   i n   t h e   m o b i l e   m i c r o b i o l  ogy labora tory   o f   the   Env i ronmenta l  

P ro tec t i on   Se rv i ce ,   l oca ted   a t   t he   F rench  Creek WPCC. All marine  samples 

f o r   b a c t e r i o l o g i c a l   a n a l y s e s  were c o l l e c t e d   i n   s t e r i l e  wide-mouth  glass 
bo t t l es ,   app rox ima te l y  15 t o  30 cm below  the  water  surface. The water  depth 
a t   c o l l e c t i o n   p o i n t s   f o r   t h e   i n t e r t i d a l   f o r e s h o r e   d i d   n o t  exceed  two  metres. 

The depths a t   t h e   t r a n s e c t   c o l l e c t i o n   p o i n t s   v a r i e d .  Samples  were c o l l e c t e d  

o n   f o o t   o r  by boat. The samples  were s t o r e d   i n   c o o l e r s   a t   t e m p e r a t u r e s   n o t  
exceeding 10°C u n t i l  processed. 

The feca l   co l   i fo rm  most   p robab le  number (MPN per  100 m l  was 

determined  us ing  the mu1 ti p l  e t u b e   f e r m e n t a t i o n   t e c h n i q u e   ( a t   l e a s t   t h r e e  

d e c i m a l   d i l u t i o n s   o f   f i v e   t u b e s   e a c h )  as d e s c r i b e d   i n   P a r t  908C o f  the  14th 

e d i t i o n   o f   S t a n d a r d  Methods f o r   t h e   E x a m i n a t i o n   o f  Water  and  Wastewater 

( 2 ) .  The c u l t u r e  medium  used was the A-1 medium as described  by Andrews  and 
Presne l l  ( 3 ) .  This  medium and the  method  described  bel ow were  accepted  by 

t h e  Canadian  Government i n   A p r i l ,  1977 as the  method o f   c h o i c e   f o r   t h e  

enumeration o f   f e c a l   c o l   i f o r m s   i n   s h e l l   f i s h   g r o w i n g   w a t e r s .  An e v a l u a t i o n  
o f  the A-1 medium i n   t h e   P a c i f i c   R e g i o n  has  been done by Kay (4) and the 
reader  i s   r e f e r r e d   t o   t h i s  paper f o r   f u r t h e r   i n f o r m a t i o n .  

The "mod i f ied  A-1" techn ique   i nvo l ves   t he   i nnocu la t i on   o f  a s e r i e s  
o f  d i l u t i o n s  i n  accordance w i th  the rnul t i p 1  e tube  fermentat ion  technique. 

Ten mill il i t e r  volumes o f  sample  water   were  innoculated  in to   f ive  double 
s t r e n g t h   t u b e s   o f  A-1 medium, and 1 .O m l  and 0.1 m l  volumes  were innocu la ted  

i n t o   f i v e   t u b e s  each o f   s i n g l e   s t r e n g t h  medium.  The tubes  were  incubated a t  
35 - + 0.5"C i n   a i r   i n c u b a t o r s   f o r   t h r e e   h o u r s  and t h e n   t r a n s f e r r e d   t o  a water 

b a t h   a t  44.5 - + 0.2"C and  incubated  for  a f u r t h e r  21 h o u r s   f o r  a t o t a l   o f  24 
- + 2 hours. A1 1 gassing  tubes  with  growth  were  considered  to  be  fecal 

c o l   i f o r m   p o s i t i v e .  The most  probable number f o r  each  sample was then 

determined  accord ing  to   the manner descr ibed  in   S tandard  Methods. 
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All freshwater sampl es b e r e   c o l l e c t e d   i n   s t e r i l e  wide-mouth  glass 

b o t t l e s  and  were t e s t e d   f o r   t o t a l   c o l   i f o r m ,   f e c a l   c o l   i f o r m  and fecal  

s t rep tococc i   us ing   the  rnembrane f i l t r a t i o n  (MF) method d e s c r i b e d   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  *re m-Endo LES, m-FC, 

and KF s t rep tococcous   aga rs   ob ta ined   f rom  D i f co   Labora to r ies ,   De t ro i t ,  
Michigan, U.S.A., f o r   t o t a l   c o l i f o r m s ,   f e c a l   c o l i f o r m  and feca l  

s t rep tococcus   t es ts   respec t i ve l y .  The  membrane f i l t e r s  used  were Mill i p o r e  

HC, obta ined  f rom Mill ipore   L imi ted ,   M iss issauga,   Ontar io .  

Sediment   samples  were  co l lected  asept ica l ly  and p l  aced i n   s t e r i l e  

Whir l  Pak bags. Ten  grams o f  sediment  were  suspended i n  90 m l  o f  phosphate 

b u f f e r e d   d i l u t i o n   w a t e r  and mixed  thoroughly.  This  suspension was used f o r  

f e c a l   c o l i f o r m   d e t e r m i n a t i o n s   u s i n g   t h e  MPN method  previously  descr ibed. 

S h e l l   f i s h   t i s s u e  samples  were  analyzed  according to accepted 
procedures (5). S u f f i c i e n t   a n i m a l s  were ob ta ined t o  p rov ide  250 grams f o r  

ana lys i  s.  

3.2 P? 
The s a l   i n i t y   o f  a1 1 marine sampl es was determined  using an Pmerican 

Opt ical   Refractometer  (Catalogue No. 10413)  which has  a r e s o l u t i o n  to the 

neares t  0.5 parts  per  thousand. Wind speeds  and d i r e c t i o n  were determined 

u s i n g  a  Dwyer Wind Meter   (Patent  No. 299374) and  an A i r g u i d e  919 Deluxe 

Wi n d i a l   w i t h  compass. 

Ra in fa l l   da ta  was ob ta ined   f rom  the   MacMi l l an -B loede l   l og   so r t   i n  
Northwest Bay  and the Ranger S t a t i o n   i n   P a r k s v i l l  e ( F i g u r e   2 ) .  The t i d e  

da ta  used was t h a t   f o r   P o i n t   A t k i n s o n   ( F i g u r e   3 ) .  
Physical  and chemical   test ing  procedures and methods  employed i n  

the   sampl ing   o f   the   French Creek WPCC are  d iscussed  in   Appendix  X. 

V 

n 
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4 RESULTS 

The 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   m a r i n e  and freshwater  sample 
s t a t i o n s   a r e  summarized i n   T a b l e s  1  and 2, w h i l e   d a i l y   b a c t e r i o l o g i c a l  
resu l ts   a re   p resented   in   Append ices  V, VI and VII, respec t i ve l y .  

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

Appendices 11, I11 and IV, and sa l   i n i t y   da ta   f rom  mar ine  sample s t a t i o n s   a r e  
summarized i n  Appendix VIII. 

The feca l   co l i f o rm  resu l t s   ob ta ined   f rom  the   mar ine   s ta t i ons   a re  
used i n   c l a s s i f y i n g   t h e   s h e l l   f i s h   g r o w i n g   w a t e r s   a c c o r d i n g   t o   t h e   f o l l o w i n g  

c r i t e r i a :  

I n   o r d e r   t h a t  an a rea   be   cons ide red   bac te r io log i ca l l y   sa fe   f o r   t he  

h a r v e s t i n g   o f   b i v a l v e  mol 1 uscan  she l l   f i sh ,   the   feca l   co l   i fo rm  med ian  MPN o f  

the  water  must  not  exceed  14/100 m l .  I n   a d d i t i o n ,   n o t  more than 10% o f   t h e  

samples may exceed an MPN o f  43/100 m7 f o r  a 5 - tube  dec ima l   d i lu t ion  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   unfavourable  hydrographic  and p o l l u t i o n   c o n d i t i o n s .   ( T h i s  
repo r t   exp resses   t he  10% 1 imit i n  terms o f  a 90 pe rcen t i l e   wh ich   canno t  

exceed  43/100  ml). 

Based on these  cr i ter ia ,   the  approved  growing  water   s tandard was 
exceeded a t  10 sample  stat ions.  

Determinat ion   o f   the   source  and impac t   o f   f eca l   con tamina t ion   i n  
the   f reshwater   sources was a ided  by the use o f  FC:FS r a t i o s  and popula t ion  

equ iva len ts .  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 i n  an a t t e m p t   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  

contaminat ion  observed  in   the  f reshwater   inputs .   Geldre ich and  Kenner (6) 
have  repor ted  h igher  FS than FC d e n s i t i e s   i n   a l l  warm-blooded  animal  feces 

e x c e p t   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  an imals   the  ra t io  was less   t han  0.7. FC:FS r a t i o s  were 
c a l c u l a t e d   f o r   a l l   f r e s h w a t e r  samples  and a summary o f  t h e s e   r e s u l t s   i s  

p resen ted   i n   Tab le  2. 
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TABLE 2 SUMMARY OF FRESHWATER MEMBRANE FILTRATION DATA 

Fecal 
Sample No. of  Fecal Col iforrns/100 ml S t r ep tococc i /100  ml 
S t a t i o n  Samples Range Mean Mean FC: FS 

s1 3 
s2 3 
s 3  3 
s 4  3 
s 5  5 
S6  4 
s7 3 
S 8  4 
s9 3 
s 10  4 
s 11 3 
s12 3 
S13  3 
S14  4 
S15  4 
S16 5 
S17 3 
S18 2 
s19 3 
s 20 3 
s21 3 
s 22 3 
S 23 3 
U pst ream  Sarflpl es 
S1 OA 3 
S15A 2 
S16B 2 
S18A 4 

96 - 250 
9 - 12 

170 - 830 
5 - 8  

70 - 2700 
6100 - 28400 

22 - 42 
54 - 410 
93 - 210 

400 - 1400 
5 - 19 
4 - 20 
9 - 80 
0 - 10 

410 - 1120 
10 - 170 
13 - 24 
70 - 240 

120 - 260 
120 - 780 
23 - 170 
22 - 119 
3 - 25 

350 - 870 
86 - 320 
90 - 130 
40 - 610 

172 
11 

53 7 
6 

746 
18250 

34 
206 

154 
733 
13 
11 
40 

4 
82 8 

85 
17 

155 
173 
3 60 

78 
62 
13 

580 
203 
110 
220 

115 
27 

230 
26 

566 
1082  5 

48 
3 94 

71 
500 
38 
93 

191 
42 

17975 
188 

7 
120 
43 

158 
5 70 

56 
29 

560 
191 

5005 
161 

1.50 
0.41 
2.33 
0.23 
1.32 
1.69 
0.71 
0.52 
2.17 
1.47 
0.34 
0.12 
0.21 
0.10 
0.05 
0.45 
2.43 
1.29 
4.02 
2.28 
0.14 
1 . l l  
0.45 

1.04 
1.06 
0.02 
1.37 
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The mean  FC:FS r a t i o  was n o t   g r e a t e r  than 4.4 f o r  any f reshwater  

s t a t i o n ;  however 11 s t a t i o n s  showed a r a t i o   l e s s   t h a n  0.7, suggest ing 

con tamina t ion   o f   an ima l   o r i g in   i n   t hese   i ns tances .  

I n  a d d i t i o n  to FC:FS ra t i o   de te rm ina t ions   popu la t i on   equ iva len ts  
were a1 so c a l c u l a t e d   f o r  a1 1 f reshwater   inputs .  The concept o f  'Ipopul a t i o n  

equ iva len ts "   t akes   i n to   accoun t   bo th   t he   f eca l   co l   i f o rm  concen t ra t i on  and 

the   f l ow   o f   con tamina ted   wa te r  and i s   u s e f u l  i n  compar ing   re la t i ve   impacts  

o f   f r e s h w a t e r   i n p u t s .  The p o p u l a t i o n   e q u i v a l e n t   o f  a source o f   f e c a l  
con taminat ion  may be ca l   cu l   a ted   us ing  an average Val ue f o r   t h e   f e c a l  

c o l   i f o r m   c o n t r i b u t i o n   p e r   c a p i t a  to a  sewage system. The average  per   capi ta  

d a i l y   d i s c h a r g e   o f   c o l i f o r m s  has  been  estimated a t  1.6 x 1011 t o t a l  

co l i f o rms .  The feca l   co l   i fo rm  concent ra t ion   in   domest ic  sewage  has been 
e s t i m a t e d   a t  20% o f   t h e   t o t a l   c o n c e n t a t i o n  ( 7  ). T h i s   y i e l d s  a Val ue o f  3.2 

x 1010 fecal   col   i forms/person/day. The e q u a t i o n   f o r   p o p u l a t i o n  

e q u i v a l e n t  becomes: 

Popu la t ion   Equ iva len ts  = Feca l   Co l i fo rm  D ischarged  per  day 
I- ecal  Col 1 forms/Person/Day 

= F low x Feca l   Co l i fo rm  Counts  
3.2 x lOlu 

The mean popu l   a t i on   equ iva len ts   f o r   a l l   f r eshwa te r   i npu ts  sampled are  
p r e s e n t e d   i n  Tab1 e  3 and will be  discussed  in  subsequent  sect ions.  

D u r i n g   t h e   s u r v e y ,   p r e c i p i t a t i o n   t o t a l  1 ed  24.3~11, ( P a r k s v i l l  e 
Ranger S t a t i o n ) ,   w h i c h  was r e p r e s e n t a t i v e   o f   t h e   a v e r a g e   r a i n f a l l   e x p e c t e d  
f o r   t h e  month o f  June i n   t h i s  area (8). However  most o f   t h e   r a i n   f e l l  on 
June 12, and over  the  per iod  June 16-18. The e f f e c t   o f   r a i n f a l l  on marine 

water  qual i t y  i s  discussed  in  subsequent  sect ions.  

The winds  dur ing  the  survey  were  predominant ly  f rom  the  northwest 

and s o u t h w s t  and d id   no t   appear  t o  i n f l  uence b a c t e r i a l   l e v e l  s i n  the  s tudy 

area. 
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TABLE 3 MEAN POPULATION  EQUIVALENTS FOR FRESHWATER 
SAMPLE STATIONS 

Average Mean 
Sampl e No. o f  Mean Fecal Est imated Popul a t  i on 
S t a t i o n  Sarnpl es Col i forms/100 nl F l o w   ( d / s e c )  €qu i   va len t  

P a r k s v i l l e  Bay - C r a i g  Bay 

s1  3  172 
s2  3 11 
s3  3 53 7 
s4 3  6 
s5 5 746 

French  Creek - Eas le   C res t  

S 6  4 18,250 
s7 3 34 
S8 4 206 
s9  3 154 
s10  4 73 3 

Qua l  i cum Beach 

s11  3 13 
s12  3 11 
S13 3 40 
S14 4  4 
S15 4 82  9 
S16 5  85 
S17 3 17 

Qual  icum Bay 

S18 2  155 
s19  3 173 
s 20 3 360 
s21  3 78 
s 22 3 62 
S23 3 13 

0.03 
9.8 
0.002 

0.015 
" 

7.95 X 10-5 
0.36" 
0.002 
0.001 

4.3 X 10-4 

0.001 

0.002 
0.0001 
0.003 
0.002 
9.5* 

--  

0.018 
0.0002 
0.005 
3.8* 
0.009 
0.4* 

L 1  
3 

L 1  

L 1  
" 

L 1  
L 1  
L 1  
L 1  
L 1  

L1  

L 1  
L1  
L 1  
L 1  
4 

" 

L 1  
L 1  
L 1  
L 1  
L 1  
L 1  

* Mean f l ows  from "H is to r i ca l   S t reamf low  Summary, B.C. t o  1976" 
I n 1  and Water D i r e c t o r a t e  

S 2  - (1913-1917,  1970-1971) ) 
S 7  - (1969-1971) ) all d a t a   f o r   t h e  
S17 - (1960-1976) ) rnonth o f   J u n e  
S21 - (1913-1922,  1956-1974) ) 
S23 - (1959-1976) 1 

L 

IIL 

111 

Y 

I 

V 

I 

I, 

I; 
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4.1 Qua l icum Bay  (Mar ine  Stat ions 1-13) 
Mar ine   s ta t i ons  1-13  were  se lected  to   assess  shel l   f ish  growing 

water  qual  i t y  i n  Qual  icum Bay. All s t a t i o n s  met   the  approved  shel l   f ish 

growing  water   s tandard  wi th   the  except ion  o f   Stat ions 9 and  12, w i t h   s i n g l e  
h ighs  MPN's o f  350/100ml  and  1600/100ml respec t i ve l y .  On a l l   o the r   samp l ing  

days ,   f eca l   co l   i f o rm  l eve l  s were less than   o r   equa l   to  2/100ml. The 

san i ta ry   su rvey   d id   no t   revea l  any s ign i f i can t   sou rces   o f   con tamina t ion ,  

w i th   f reshwa te r  sample s t a t i o n s  S22 and S23 hav ing  mean f e c a l   c o l i f o r m  
l e v e l s   o f  62/100ml  and  13/100ml r e s p e c t i v e l y .   E a r l   i e r   d a t a   b y  Cooper ( 9 )  

ind ica ted   water   qua l  i t y  i n   t h i s  area was acceptable and no p o l l   u t i o n   s o u r c e s  

were  evident. 

No marine  sampling was undertaken  between  Qual  icum Bay  and  Qual  icum 
Beach  due t o   l i m i t e d   a n a l y t i c a l   c a p a b i l i t y .  However, f ou r   f reshwa te r  

s t a t i o n s  (S18 t o  S21)  were  sampled.  Only s t a t i o n  S21 (B ig   Qua l   i cum  R iver ) ,  
w i t h  an MPE o f  8, would be cons ide red   t o   be   o f  any i n f l u e n c e  on the 

rece iv ing   wa te r .   Th i s   h igh  MPE was due more to   t he   h igh   f l ow   than   t he   f eca l  

c o l i f o r m   l e v e l  (mean o f  78/100ml).   Previous  data  (9)   indicated  acceptable 

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

4.2 Qua l icum Beach  (Marine  Stat ions  14-44) 

Mar ine   s ta t i ons  14-44  were  selected  to  assess  water  qual i ty i n  

Qual icum Beach. Foreshore   s ta t ions  20, 21, 24,  25, 28  and  32  exceeded  the 
s h e l l f i s h  growing  water  standard. 

Sampl i n g   t r a n s e c t s  were i n s t i t u t e d   f r o m   h e a d l  and to   headl  and, i n  an 
a t tempt   to   de termine   the   impact   o f   the   French Creek WPCC d i scha rge  on 

fo reshore   water   qua l i t y .   Sampl ing   s ta t ions  were a l s o   l o c a t e d  150m and 300m 
seaward o f   s t a t i o n s  21, 25 and 29.  The headland  t ransects  showed acceptable 

water  qual  i t y  w i t h  an MPN median o f   l e s s   t h a n  2/100ml,  and  seaward  samples 
i n d i c a t e d   r e d u c e d   f e c a l   c o l i f o r m   l e v e l s   w i t h   i n c r e a s i n g   d i s t a n c e  from  shore. 
The d a t a   w o u l d   i n d i c a t e   t h a t   t h e   s o u r c e   o f   p o l l u t i o n   i s   l a n d - b a s e d  and water 

q u a l i t y   i s   n o t   a f f e c t e d  by   t he   d i scha rge   o f  sewage from  the  French  Creek 

WPCC. 
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During the 1975 study, Cooper ( 9 )  found unacceptable  shell fish 
growing water qua l i t y  a t  two sample s ta t ions near the  western end  of 
Qualicum Beach  which  was at t r ibuted t o  Beach Creek. The remainder of the 
foreshore was subject to  pollution from several  culverts d r a i n i n g  storm 
water from the  residential  areas. Faulty sewage disposal  systems were 
impl icated as the  source of fecal Contamination t o  the storm drains. 

The construction of the French Creek WPCC was compl eted i n  February 
1978, and most of the dwell ings i n  Qual icum  Beach  were connected by February 
1979. The beach front area i s  completely  serviced (10 , however, a few 
homes i n  the up1 ands area remain unconnected. T h u s  the major sources of 
fecal  contamination  encountered d u r i n g  the 1975 survey  should have  been 
eliminated. However, as evidenced by the marine water qua l i t y  resu l t s ,  
unacceptable  fecal  contamination s t i l l  occurred i n  portions of Qual  icum 
Beach. Freshwater sample s t a t i o n s  Sl l -S16 and S17 were n o t  considered major 
sources of fecal  contamination,  primarily due t o  their  low flows and low 
fecal  levels. S t a t i o n  S17 ( L i t t l e  Qual icum River) had an MPE o f  4 due t o  
i t s  flow, b u t  d i d  not resu l t  i n  significant  fecal  contamination a t  marine 
s ta t ions 14, 15 and 16. 

Sample station S15 (Grandon Creek) had a mean fecal  coliform  level 
o f  828/100m1  and  was impl icated  as  the major source of local  ized 
contamination  reflected i n  marine s ta t ions 21, 24 and  25. Clam samples 
(P.staminea) - taken i n  the vicini ty  of marine s ta t ions 21 and 24 also showed 
elevated  fecal  level s of 170/100g and 2400/100g respectively. 

Grandon  Creek demonstrated a very low FC:FS r a t i o  (0.05) indicating 
the observed contamination was primarily of animal o r ig in .  Upstream 
examination of  the  watershed  revealed a c a t t l e  ranch and some smaller farms 
w i t h  a few animals, a1 though samples  taken upstream ( S 1 5 A )  on two occasions 
yielded lower FC and FS 1 eve1 s t h a n  d i d  S15. 

IL 

n 

m 



- 1 7  - 

I 

1 

1 

The feca l   con taminat ion   observed  a t   s ta t ions  20, 28  and 32 may have 

been  caused  by  Grandon  Creek.  However,  the 1 ow MPE o f  0.05 and the  d is tance 

o f  these two stat ions  f rom  the  creek  argue  against   th is   source.  It i s   a l s o  

u n l i k e l y   t h a t  Grandon  Creek was respons ib le   f o r   t he   l ow   l eve l   con tamina t ion  

observed a t   o t h e r   m a r i n e   s t a t i o n s   i n   Q u a l  icum Beach. There was  no d e f i n i t e  

c o r r e l a t i o n  between  sal i n i t y  and feca l   co l   i f o rm  l eve l  s a t  any o f  the 

contaminated  s ta t ions.  
I n  an a t t e m p t   t o   i d e n t i f y   o t h e r   p o s s i b l e   s o u r c e s   o f   c o n t a m i n a t i o n ,  

sub-surface  drainage,  t idepool  , groundwater ,   d i tch  and sediment  samples  were 

t a k e n   a t   v a r i o u s   l o c a t i o n s  a1 ong the  foreshore.  These resu l   t s   a re   p resented  
i n  Appendix VII. 

Sediment  samples showed low   feca l   co l   i f o rm (MPN) l e v e l  s ( g e n e r a l l y  
less  than  20/100g)  wi th  sediment  sample  stat ion 16 hav ing  the  h ighest   count  

o f  80/100g.  This  sediment  sample was taken  near  the  mouth o f  Grandon  Creek 

and  would  be  expected to  show some fecal   contaminat ion  based upon the 

contaminat ion   found  in   the   c reek .  

F i v e   t i d e p o o l  samples  were  taken i n   t h e   v i c i n i t y  o f  mar ine   s ta t ions  

24  and 25,  and  had fecal   co l i form  va lues  ranging  f rom 1 7  t o  350/100ml. 

S i n c e   t h e   s a l i n i t i e s   o f   t h e s e   t i d e p o o l  samples  were not  recorded, it i s  

unknown t o  what e x t e n t  Grandon  Creek c o n t r i b u t e d  t o  t h e   f e c a l   c o l i f o r m  

l e v e l  s. No o ther   sources   o f   con taminat ion  were i d e n t i f i e d .  

D i t c h  and groundwater  samples  (Figure 5, Appendix XI ) d i d   n o t  
e x h i b i t   s i g n i f i c a n t  feca l  c o l i f o r m  l e v e l s  w i th  the except ion o f  GW8 which 

had a feca l   co l   i fo r rn  MPN o f  330/100ml.  This  sample was taken  near Beach 

Creek, a cons iderab le   d is tance  f rom  the   con taminated   mar ine   s ta t ions  and, 

a1 though  the  source was no t   asce r ta ined ,  it i s   u n l i k e l y   t h i s  groundwater 
woul  d a f fec t   the   mar ine   water   qua l  i t y  near  Grandon  Creek. 

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

o f  poor   water   qua l i t y   in   Qua l   i cum Beach cannot  be  excluded, a1 though it 

seems remote  based on t h e   f o l l o w i n g   c o n s i d e r a t i o n s .   F i r s t l y ,   a s   p r e v i o u s l y  

mentioned, a1 1 foreshore  dwel l   ings and  most up1 and dwel l   ings  are  connected 
t o  the  regional  sewerage  system. A t  t he   t ime   o f   connec t ion ,  a1 1 sep t i c  

tanks were c leaned  out   and  then  e i  the; fill ed i n   o r  removed (10) by 
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February, 1979, t h e r e b y   e f f e c t i v e l y   r e m o v i n g   t h e   s o u r c e   o f   f e c a l  
contaminat ion.   Secondly ,   any  remain ing  co l i form  organisms  present   in   the 

i n   s u f f i c i e n t  numbers, t o  cause s i g n i f i c a n t   m a r i n e   w a t e r   q u a l i t y  

de te r io ra t i on .   Schmid t  ” e t  a1  (11 1 have shown t h a t   f e c a l   c o l i f o r m s  were 

reduced  f rom  approximately  106/100ml  to  general ly  less  than  200/100ml 
a f t e r  9 metres o f   p e r c o l a t i o n   t h r o u g h   s o i l .   A d d i t i o n a l   l a t e r a l  movement o f  
30 m reduced   co l   i f o rm  dens i t i es   t o   l ess   t han  10/100ml and t o  O / l O O m l  a f t e r  
90 metres. It i s   t h e r e f o r e   u n l i k e l y   t h a t   g r o u n d w a t e r   e m a n a t i n g   f r o m   t h e  

up1  ands p o r t i o n   o f   Q u a l   i c u m  Beach  and/or  disused til e f ie1   ds   wou ld   con ta in  
s i g n i f i c a n t   f e c a l   c o l   i f o r m  numbers. 

It was d i f f i c u l t  to assess   the   e f fec ts  o f  r a i n f a l l  on marine  water 

qual i t y  s i n c e   s i g n i f i c a n t   p r e c i p i t a t i o n   o c c u r r e d   o n l y  on  June  12  and  the 

weekend preceding  June 18. F e c a l   c o l i f o r m   l e v e l s  i n  mar ine   s ta t i ons  (34, 35 
and 36 loca ted  near the mouth o f  Beach Creek (S11) d id  increase  on  June 13 

a1 though i t  was no t   ascer ta ined  hhether   the   c reek  was the   source   o f  

contaminat ion.  The e f f e c t   o f   t h e   r a i n f a l l   m i c h  preceded  June  18 was n o t  

determined as ne i ther   the   c reek   nor   the   mar ine   s ta t ions  were  sampled. 
Beach  Creek  has h i s t o r i c a l l y  been  contaminated and  swimming c losu res  

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

s i g n i f i c a n t  improvement i n  Beach  Creek w a t e r   q u a l i t y  a1 though  contaminated 

r u n - o f f  may s t i l l   i m p a i r   w a t e r   q u a l i t y   i n   t h e   a r e a   d u r i n g   h i g h   r a i n f a l l  
per iods .  

Po l l   u t i on   Con t ro l   B ranch  and  Nanaimo Regional D i s t r i c t   d a t a  

c o l l e c t e d   f o r   t h e  mouth o f  Beach  Creek ind ica te   the   mar ine   waters  do n o t  

meet  approved she1 1 f ish  growing  water  standards  (Tab1 e 5 ) .  However , much o f  

t h i s   d a t a  was c o l l e c t e d   p r i o r  t o  the  complete  sewering  of   Qual   icum Beach  and 

a d d i t i o n a l  wet weather  data i s   r e q u i r e d  to assess  any  changes i n  water 

qual i t y  resu l   t ing   f rom  the   sewer ing   p rogram  in   th is   a rea .  
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4.3 Eag le   Cres t   (Mar ine   S ta t ions   45-51)  
Mar ine   s ta t ions  45-51  were s e l e c t e d   t o  assess  water  qual i t y  along 

the  Eagle  Crest  development  foreshore. A1 1 s t a t i o n s  met  the she1 1 f i s h  

g rowing   water   qua l i t y   s tandard .   S ta t ion  50 d i d  have a h i g h   c o u n t   o f  
79/100ml  on  June  11. The source o f   c o n t a m i n a t i o n  was not  determined. 

S t a t i o n   5 1  was  a1 so sampled  by the  NRD and PCB (Tab le  5 1. The NRD showed 
1 ow l e v e l   c o n t a m i n a t i o n   w i t h  a 90 p e r c e n t i l e   o f  4.5/10Oml (Dec. 1977 t o  

Aug. 1978)  whi l  e the  PCB showed h i g h e r   f e c a l   l e v e l s   w i t h  a 90 p e r c e n t i l e   o f  
33/100ml. 

F reshwate r   s ta t i ons  S9 and S10 were  estab l ished i n  Eagle  Crest  and 

e x h i b i t e d   f e c a l   c o l i f o r m  means o f  154  and  733/100m1 r e s p e c t i v e l y .  The 

source   o f   con taminat ion  was no t   de termined however sept ic   tank  seepage i s  

suspected. 
Subsurface water  samples (Appendix I V  & V I 1 1  1 were  also taken 

(GW2-GW7) and these  demonstrated  fecal  counts  which  ranged  from 4 t o  

44/100ml  and d i d   n o t   i n d i c a t e  a p o l l   u t i o n  problem. 
The Eagle  Crest   foreshore was  a1 so sampled i n  September  1978  and 

t h e   r e s u l t s  and d iscuss ion   a re   p resented   in   Append ix  IX. Dur ing   t h i s   s tudy ,  

u n a c c e p t a b l e   f e c a l   c o l   i f o r m   p o l l   u t i o n  was de tec ted   a t   mar ine   s ta t i ons   49  and 

50. The contaminat ion  was assoc ia ted   w i th   onshore   sou rces   o f   po l l u t i on ,   as  
samples   taken  o f fshore   d id   no t   exh ib i t   h igh   counts .  The f e c a l   c o l i f o r m  

l e v e l s  were h ighes t   dur ing   rough seas,  presumably due t o  the  d isturbance  of  
inshore  bottom  sediments and  consequent  resuspension o f   b a c t e r i a .  The 1978 

s t u d y   r e s u l t e d   i n   t h e   e x t e n s i o n   o f   S c h e d u l e  I Closure Area  14-8 t o   i n c l u d e  

t h e   E a g l e   C r e s t   f o r e s h o r e   t o   t h e   f o o t   o f  Yambury  Road. 

The discrepancy  between  the  1978  results and t h e   r e s u l t s   f r o m   t h i s  

s u r v e y   a r e   l i k e l y  due t o   d i f f e r e n c e s   i n   p r e c i p i t a t i o n .   S i n c e   t h e   E a g l e  

C r e s t   s u b d i v i s i o n   i s   n o t  sewered, contaminat ion  reaching  the  foreshore  would 
a r i s e   p r i m a r i l y   f r o m   f a u l t y   s e p t i c   t a n k   d i s p o s a l  systems.  Such  systems a re  

more  prone t o   m a l f u n c t i o n   d u r i n g   h i g h   r a i n f a l l / h i g h   w a t e r   t a b l e   p e r i o d s .  

Dur ing   the  September  1978  sampling, r a i n f a l l  was  10.8mn over 7 days, w h i l e  

d u r i n g   t h i s   s u r v e y   o n l y  0.3m o f   r a i n   f e l l   d u r i n g   t h e   s a m p l i n g   p e r i o d .   T h i s  

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

s t a t i o n   r e s u l t s .  
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4.4 Columbia  Estates  (Mar ine  Stat ions  52-55)  

M a r i n e   s t a t i o n s  52-55 were  se lected t o  assess  water  qual i t y  i n  the 

Col  umbia Estates  area. All s t a t i o n s  met  the  shel 1 f ish  growing  water  

standard. The MPN range was L2 t o  7/100ml f o r   a l l   s t a t i o n s .  

On ly  one f reshwater   s ta t ion ,  S8,  was sampled  as a p o s s i b l e  
contaminat ion  source. The s t a t i o n  had a mean f e c a l   c o l i f o r m   c o u n t  o f  

206/100ml b u t  an i n s i g n i f i c a n t  MPE. The FC:FS r a t i o   o f  0.52 suggests 

contaminat ion  f rom a source  other  than human. F u r t h e r   i n v e s t i g a t i o n  

r e v e a l e d   t h a t   t h i s   c u l v e r t   p a r t i a l l y   d r a i n e d  a pond c o n t a i n i n g  a few  ducks 

and geese. 
P r i o r   t o  1978, a sewage t rea tment   p lan t   on   Co lumbia   Dr ive   near  

Admi ra l   Tyson  B lvd . ,   serv iced   th is   subd iv is ion .   Fo l low ing   comple t ion   o f   the  

French  Creek WPCC, sewage was d i v e r t e d   t o   t h e  NRD system and the   t rea tment  

p l   a n t  was abandoned. 
Marine  water  qual i t y  was a l s o   i n v e s t i g a t e d   i n  1978  (Appendix IX) 

and was shown t o   b e   a c c e p t a b l e   f o r   s h e l l   f i s h   h a r v e s t i n g .  

4.5 French  Creek  Area  (Marine  Stat ions 56 and 5 7 )  
Mar ine   s ta t i ons  56 and 57  were  se lected  to   assess  water   qual i ty  i n  

the  French  Creek  boat   bas in  area.   Stat ion 56 showed unacceptable  water 

q u a l i t y   f o r   t h e   h a r v e s t i n g   o f   s h e l l f i s h .  The source o f  contaminat ion  was 

n o t   p o s i t i v e l y   i d e n t i f i e d ,   b u t   i s   p r o b a b l y  a combinat ion o f  l o w   l e v e l   f e c a l  
p o l l u t i o n   c o n t r i b u t e d  by French  Creek  and po l l   u t ion   genera ted   by   the   boat  

bas in .   Th is  sample s t a t i o n   i s   i n c l u d e d   i n   t h e   g e n e r a l  400 f o o t   w h a r f  
closure  around  the  French  Creek  boat  basin. Sample s t a t i o n  5 7  was o f  

acceptable  shel  1 f i sh   g rowing   water   qua l  i t y .  
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Marine  samples BB1,  BB2,  BB3 and  884  were  taken i n s i d e   t h e   b o a t  

bas in ,   w i th  MPN r e s u l t s   o f  7, 49,  23 and  170/100ml r e s p e c t i v e l y .  The source 
o f  c o n t a m i n a t i o n   p o s s i b l y   o r i g i n a t e s   f r o m   l i v e - a b o a r d s   a t   t h e   b a s i n  

(approx imate ly  10 p e r  day ( 13) 1. 
One o t h e r   p o s s i b l e   s o u r c e   o f   c o n t a m i n a t i o n   i n   t h e   v i c i n i t y   i s  a 

f i s h   u n l o a d i n g  and g r a d i n g   f a c i l  i t y  on the  south end o f   t h e   b o a t   b a s i n .  The 
f a c i l i t y   c o n s i s t s   o f  an un load ing  dock  and i c e   p l a n t   ( w h i c h  was under 

cons t ruc t ion   dur ing   th is   survey) .   Located   nearby  i s  a t r a i l e r   w h i c h   s e r v e s  

a s   t h e   o f f i c e  and r e s i d e n c e   o f   t h e  owner. A s loped  concrete  sur face,   wi th  

dra ins,   on  the dock  has  been  designed t o   c a t c h   d r i p p i n g s  and  washwater  from 
the  un loading and s to rage  opera t ions .  Under the dock i s  a dra inp ipe  which 

will c a r r y   t h e   e f f l u e n t   t o  a 3800 1 i t r e   c o n c r e t e  cy1 i n d r i c a l   t a n k   b u r i e d   a t  

g r o u n d   l e v e l   n e x t   t o   t h e   t r a i l   e r .  An i d e n t i c a l   t a n k  a1 ongside  ho lds 
domestic  sewage from t h e   t r a i l  er. Both t a n k s  a r e  o r  wi l l  b e  pumped o u t   a s  
needed  by a sep t i c   t ank   c lean ing   se rv i ce .  No o u t f a l l   o r   o v e r f l o w   p i p e s  were 

noted  near  the dock o r   t he   t anks  and  the  p lant  was n o t   i n   o p e r a t i o n   d u r i n g  

the  survey. It i s   u n l i k e l y   t h a t   f e c a l   c o n t a m i n a t i o n  will r e s u l t   f r o m  sewage 

c o l l e c t i o n  system a t   t h i s   f a c i l  i t y  however, some feca l   con taminat ion  may 

o r i g i n a t e   f r o m   v e s s e l s   d i s c h a r g i n g   t h e i r  sewage i n  the   bas in   ra ther   than  ou t  

a t  sea. 
One f reshwa te r   s ta t i on ,  S7,  was e s t a b l i s h e d  on French  Creek. It 

had a  mean f e c a l   c o l i f o r m   c o u n t   o f  34/100ml  and a low MPE o f  0.33 wh ich  

i n d i c a t e d   l i t t l e   i m p a c t  on the   rece iv ing   waters .  

Samp l ing   resu l t s  have a l s o  been obta ined  by  the Nanaimo  Regional 
D i s t r i c t  and   t he   Po l l   u t i on   Con t ro l   B ranch   f o r   t h i s   a rea  and are  shown i n  

Table 5. PCB da ta   i nd i ca tes   unaccep tab le   con tamina t ion   a t   s ta t i on  56 does 

occur,   which  corroborated  our  resul   ts.  

II 

Y 

I 
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a 

I n   t h e   s t u d y   b y  Cooper ( 9  1, a m a r i n e   s t a t i o n  1 oca ted   a t   the  mouth 

o f   t h e   b o a t   b a s i n  exceeded  the  shel 1 f ish  growing  water  standard.  Vessel 

discharges  were imp1 i c a t e d  as the   sou rce   o f   con tamina t ion .   S im i la r   resu l t s  

were  obtained  dur ing  the 1978 survey  (Appendix 1x1. 

4.6 French  Creek  Water   Pol lu t ion  Contro l   Centre 

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  samples  taken a t   t h e  WPCC are  presented 

i n  Appendix XII. 

The mean feca l   co l i f o rm  coun t   f rom  the   p re -ch lo r i na t i on   s tage  t o  

f i n a l   e f f l u e n t   ( u n c h l o r i n a t e d )  was reduced  from 4.7 x 106/100ml t o  
1 .9 x 104/100ml wh i l e   t he  mean fecal   s t reptococcus  count  was reduced 

from 2.7  x lO5/lOOml t o  7950/100 m l .  This  degree o f   r e d u c t i o n   i s  
s i m i l a r   t o   t h a t   o b s e r v e d   a t   o t h e r   p l a n t s   o f   t h i s   t y p e   i n   N o r t h   A n e r i c a   ( 1 2  1. 
A more d e t a i l e d   d e s c r i p t i o n   o f   t h e   p l a n t   o p e r a t i o n  can  be  found i n  Appendix 
X. R e s u l t s   o f  an operational  assessment  conducted  by EPS i n  1978 are  a1 so 

presented i n  the  appendix. 
A1 though no marine  sample  stat ions  were  p laced  over  the  d i f fuser 

d u r i n g   t h i s   s t u d y ,   f o u r   s t a t i o n s   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  were  sampled 

i n  1978 (Appendix 1x1. There was  no evidence o f  the sewqge plume  reaching 

the  sur face  dur ing  th is   sampl ing.   Appendix  IX a1 so presents a sumnary o f  

o u t f a l l  sampl ing  conducted by the  Nanaimo Reg iona l   D is t r i c t .   Th i s   da ta  a1 so 
i n d i c a t e s   t h e   p l  ume does not   reach  the  sur face.  

4.7 P a r k s v i l l e  Bay  Area  (Marine  Stat ions  58-78) 
Mar ine   s ta t i ons  58-78 were  se lected  for   the  assessment   o f   water  

qual i t y  from  French  Creek t o   t h e  mouth o f   t h e  Engl  ishman  River. A1 1 
s tat ions  met   the  shel  1 f ish  growing  water  standard.  

There was low   l eve l   con tamina t ion   f rom  s ta t i ons  58 t o  65 l oca ted  

west o f   P a r k s v i l l  e Bay, w i t h  a MPN r a n g e   o f   l e s s   t h a n  2/100rnl t o  11 /100ml 

f o r   a l l   s t a t i o n s .  
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The san i ta ry   su rvey   d id   no t   revea l  any  sources o f   c o n t a m i n a t i o n  to 

t h i s   a r e a   w i t h   t h e   e x c e p t i o n   o f  S6, wh ich   exh ib i t ed  a mean f e c a l   c o l   i f o r m  

d e n s i t y   o f  18,250/100m1. The low  MPE wou ld   i nd i ca te  1 i t t l e  environmental 

impact. The source o f   c o n t a m i n a t i o n  to S6 was i d e n t i f i e d  as animal  fecal  

m a t t e r   i n   t h e   d i t c h .  
Feca l   co l   i f o rm  l eve l  s ranged  from less   than 2/100ml to 49/100ml i n  

t h e   P a r k s v i l l  e  Bay fo reshore   s ta t ions   (70-73  ). There i s   c o n s i d e r a b l e  
r e s i d e n t i a l  and  commercial  development  along  the  foreshore  however sewage 

contaminat ion  f rom  these  sources i s   u n l i k e l y  a s   t h e   e n t i r e   a r e a   i s  sewered. 
M a r i n e   s t a t i o n  70, loca ted   near   the  pump s t a t i o n  on Bay Avenue, 

showed a c o u n t   o f  49/100ml on June 4.  The n e a r e s t   f r e s h w a t e r   s t a t i o n   i s  S5, 

w h i c h   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  2700/100ml  on t h a t  day,  and 

may be  responsib le   for   the  observed  contaminat ion.  
F reshwate r   s ta t i on  S3, l o c a t e d   a t   t h e   f o o t  o f  McMil l  an S t r e e t ,  had 

a mean f e c a l   c o l   i f o r m   c o u n t   o f  537/100m1 b u t  a l ow  MPE wh ich   wou ld   ind ica te  
v e r y  1 i t t l e  env i ronmenta l   impact   on  receiv ing  water .  

Three  sediment  samples  were  analysed  from  Parksvi l le Bay (Appendix 
VI I I w i t h  two  showing 1 ess  than  20/100g. The t h i   r d  sampl  e, l o c a t e d   a t   t h e  

f o o t   o f  McMi11an Road, had a  mean f e c a l   c o l i f o r m   c o u n t   o f  330/100g. The 

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

i n f l u e n c e   o f  S3. 

M a r i n e   s t a t i o n s  66 to 69  were  sampled  offshore a t   P a r k s v i l l e  Bay, 

i n  a 1 ine  from  headl and to headl and. The l o w   l e v e l  s o f   f e c a l   c o n t a m i n a t i o n  

observed  would  indicate  that   the  French  Creek WPCC d ischarge has no 

i n f l u e n c e   o n   P a r k s v i l l e  Bay and t h a t   t h e   l i m i t e d   c o n t a m i n a t i o n   o b s e r v e d   i s  
shore-based. 

S t a t i o n s  74-78  were  located i n  the  Engl ishman  River   area.   Stat ion 

75 had one h i g h   c o u n t   o f  46/100ml  on  June 1 s t .  A t  a l l   o t h e r   t i m e s   t h e  MPN 

range was less   t han  2 t o  17/100 m l  f o r   a l l   s t a t i o n s .  The s i n g l e   h i g h   c o u n t  

L 

m 

IL 

m 
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c o u l d  be a t t r i b u t e d  to the   in f luence  o f   the   Eng l ishman  R iver  ( S 2 )  s ince  

f e c a l   c o l i f o r m   l e v e l s   a t   s t a t i o n s  75 and 76   were   i nve rse l y   re la ted  to 
s a l   i n i t y   v a l u e s .  The Engl ishman  River   exhib i ted a l ow  mean f e c a l   c o l   i f o r m  

count  o f  11/100ml and a MPE o f  L1.  Thus, the  in f luence  on  the  mar ine 

environment  would be minimal. 

The P a r k s v i l l  e  Bay area  has a1 so been  sampled  by the  Nanaimo 

R e g i o n a l   D i s t r i c t  and the   Po l l   u t i on   Con t ro l   B ranch   a t  sample s t a t i o n s  

approximat ing EPS s t a t i o n s  60,  70 and  74 (Table 5 1. Resul ts   obta ined  by  the 
PCB are   cons is ten t ly   h igher   than  those  observed  dur ing   th is   survey .  However 

t h e   r e s u l t s   a r e   e i t h e r  skewed by   h igh   coun ts   ob ta ined   p r i o r  t o  the   cessat ion  
o f   t h e   o l d   P a r k s v i l l e  Bay d ischarge,   o r   by  a s i n g l e   a b e r r a n t   h i g h   c o u n t .  

NRD da ta  i s   s i m i l a r   t o   o u r   r e s u l   t s ,  a1 though   s ta t i on  74 would  exceed  the 
s t a n d a r d   a t   t h e  90 p e r c e n t i l e   l e v e l  based  on t h i s   d a t a .  

I n  the 1975 EPS su rvey ,   Pa rksv i l l  e  Bay  was sampled  as was the  

Engl  ishman  River.  Unacceptable  water  qual i t y  was found  near   the  o ld  

P a r k s v i l l e  sewage t r e a t m e n t   p l a n t   o u t f a l l .  It was conc luded   tha t   t he   h igh  

counts  on a f l o o d   t i d e  were the   resu l  t o f   t h e  sewage p l   m e   s u r f a c i n g  
shoreward o f  t h e   o u t f a l l   ( 9  1. 

4.8 C r a i g  Bay to   Nor thwes t  Bay  (Marine  Stat ions  79-93) 

M a r i n e   s t a t i o n s  79-93  were  selected  to  assess  water  qual i t y  i n  

C r a i g  Bay  and Northwest Bay. All s t a t i o n s  me t   t he   she l l   f i sh   ha rves t i ng  
s t a n d a r d  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  85 i n   C r a i g  Bay. The 90 p e r c e n t i l e  
was skewed by a h i g h   c o u n t   o f  130/100ml  on May 30. The cause was n o t  

determined and  appears t o  be   loca l   i zed .  

One f reshwa te r   s ta t i on  was e s t a b l i s h e d   i n   C r a i g  Creek  (S1) and 
showed a  mean f e c a l   c o l i f o r m   c o u n t   o f   o n l y  172/100ml and an MPE o f  Ll. 

This   coas t1   ine  was  a1 so surveyed i n  1975  and 1 ittl e change o r  

development  has  occurred  s ince  that   t ime. The reader i s   r e f e r r e d  to the 

s h e l l   f i s h   r e p o r t   b y  Cooper ( 9 )  f o r   f u r t h e r   i n f o r m a t i o n   o n   t h e   a r e a .  
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APPENDIX I 

MARINE AND FRESHWATER  SAMPLE STATION  LOCATIONS 

F i g u r e  1 MARINE SAMPLE STATION  LOCATIONS 

( a )  QUALICUM BEACH 

( b) BRANT POINT TO COTTAM POINT 

2 MARINE SAMPLE STATION  LOCATIONS - QUALICUM BEACH 

3 MARINE SAMPLE STATION  LOCATIONS - EAGLECREST TO 

PARKSVI  LLE BAY 

4 FRESHWATER  SAMPLE STATION  LOCATIONS - FRENCH CREEK 

TO  CRAIG BAY 

5 FRESHWATER  SAMPLE STATION  LOCATIONS - QUALICUM BEACH 

TO  FRENCH  CREEK 

6 FRESHWATER  SAMPLE STATION  LOCATIONS - QUALICUM  BAY AREA 
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MARINE SAMPLE STATION LOCATIONS 
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APPEND1 X I  I MARINE SAMPLE STATION LOCATIONS 

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

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

124'38.60 ' 
124'38.20 ' 
124'38.10' 
124 '38.07 
124'38.00 ' 
124'37.90 ' 
124'37.80 ' 
124'37.60' 
124'37.45' 
124'37.30 ' 
124 '3 7.12 ' 
124 '3 7.05 ' 
124'36.90 ' 
124'29.35 
124'29.10 ' 
124'28.90 ' 
124'28.72 ' 
124'28.50 ' 
124'28.30 ' 
124'28.22 ' 
124'28.15 ' 
124'28.15' 
124'28.15 ' 
124'28.00 ' 
124'27.80' 
124 '2 7.75 ' 
124 "2  7.77 ' 
124'27.62 ' 
124 '2 7.41 I 

124 '2 7.41 
124 "2 7.41 ' 
124 '2 7.12 ' 
124 '26.70 ' 
124'26.50 ' 
124'26.30 ' 
124'26.15 ' 
124'25.89 ' 
124'25.60 ' 
124'25.38' 
124'28.92 ' 

49'25.40 ' 
49'25.28' 
49'25.00 ' 
49'24.90 ' 
49'24.78 ' 
49'24.63 ' 
49O24.50 ' 
49'24.40 ' 
49 '24.30 ' 
49'24.23 
49'24.18' 
49'24.18' 
49'24.13 ' 
49'22.18' 
49'22.25 ' 
49'22.26 ' 
49'22.18' 
49O22.04 ' 
49'21. 90 ' 
49'21.84' 
49'21.78 ' 
49'21.63 ' 
49'21.66 ' 
49'21.70 ' 
49'21.60 ' 
49'21.63 ' 
49"21. 66 
49'21.50 ' 
49'21. 40 ' 
49'21.46 ' 
49'21. 43 ' 
49'21.40 ' 
49'21.  42 ' 
49'21. 45 ' 
49"21. 50 ' 
49'21. 55 ' 
49'21. 60 
49'21.69 ' 
49'21.72 ' 
49'22.47 ' 

Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual  icum Bay 
Qual i c  um Beach 
Qual i c  urn Beach 
Qual i c  urn Beach 
Qual  icum  Beach 
Q u a l   i c  um Beach 
Q u a l   i c  urn Beach 
Qual  icum  Beach 
Qual i c  um Beach 
Qual i c  urn Beach 
Q u a l   i c  um Beach 
Q u a l   i c  urn Beach 
Q u a l   i c  urn Beach 
Qual  icum  Beach 
Qual  icum  Beach 
Qual  icum Beach 
Q u a l   i c  urn Beach 
Qual  icum  Beach 
Qual i c  urn Beach 
Qual i c  urn Beach 
Qual i c  urn Beach 
Qual  icum Beach 
Qual  icum  Beach 
Qual  icum  Beach 
Q u a l   i c  um Beach 
Q u a l   i c  um Beach 
Qual  icum  Beach 
Qual  icum  Beach 

a 
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APPEND1 X I  I MARINE  SAMPLE  STATION  LOCATIONS (Cont.) 

Sampl e Longitude La t i  t u d e  
S t a t i o n  ( West) (North)   Locat ion 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
5 8  
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

124028.10 ' 
124'27.58' 
124'26.70 ' 
124'25.60 ' 
124'24.70 ' 
124'24.52 ' 
124'24.35 ' 
124'24.15 ' 
124'23.98' 
124'23.72 ' 
124'23.50' 
124'23.00' 
124'22.60 ' 
124'22.40' 
124'21.95' 
124'21.60 ' 
124'21.70 ' 
124'21.25 ' 
124'21.00' 
124'20.73 ' 
124'20.40 ' 
124'20.10' 
124 '1 9.97 ' 
124 '1 9.72 ' 
124'1 9.40 ' 
124'1 9.10 ' 
124 '1 8.85 ' 
124 '1 8.62 ' 
124 '1 8.40 ' 
124'1  9.35 ' 
124'1  9.15 ' 
124 '1 8.90 ' 
124'18.68 ' 
124'1 7.95 ' 
124'1  7.70 ' 
124'1 7.60 ' 
124'1  7.40 ' 
124 "1 6.97 ' 
124'16.30' 
124'16.00' 

49'22.20 ' 
49'22. 10 ' 
49'21.98 ' 
49'2 1.80 ' 
49'21.80 ' 
49'2 1 .72 ' 
49'21 .70' 
49'21.67 ' 
49'21.65' 
49'21.52 ' 
49'21 .50' 
49'21.41 ' 
49'21.37' 
49'21.30' 
49'21.25 ' 
49'21.08 ' 
49'20.93 ' 
49'20.86 ' 
49'20.75 ' 
49'20.70 ' 
49" . I 

49'20.56 ' 
49'20.35 ' 
49'20.22 ' 
49'1  9.87 ' 
49'1  9.84 ' 
49'1  9.83 ' 
49'1 9.80 ' 
49'19.78 ' 
49'19.70 ' 
49'19.65 ' 
49'1 9.62 ' 
49'19.90 
49'19.00 
49'1  9.90 
49'1  9.00 
49'19.95 
49'19.77 
49'1  9.68 
49'1  9.28 

Qual ic urn Beach 
Qual ic um Beach 
Qual icum Beach 
Qual icum Beach 
Eagle  Crest 
Eagle  Crest 
Eagle  Crest 
Eagle  Crest 
Eagle  Crest 
Eagle  Crest 
Eagle  Crest 
Eagl e Crest 
Eagle  Crest 
Eagle  Crest 
Eagle  Crest 
Eagle  Crest 
Eagl e Crest 
Eagl e Crest 
Eagle  Crest 
Eagle  Crest 
Eagl e Crest 
Eagle  Crest 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
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APPEND1 X I I MARINE SAMPLE STATION LOCATIONS (Cont.) 

Sampl e Long i tude La ti tude 
S t a t i o n  ( West (Nor th   Loca t ion  

8 1  
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

124'15.50' 
124'15.00' 
124'14.52 ' 
124'14.32 ' 
124'15.30' 
124'15.10' 
124'14.73 ' 
124'14.50 ' 
124'14.50 ' 
124'14.15' 
124'14.00 ' 
124'14.80 ' 

49'19.28' 
49'19.09' 
49'78.82 ' 
49'18.57 ' 
49'18.50' 
49'18.47 ' 
49'18.40 ' 
49'18.45 ' 
49'18.25 ' 
49'18.05 ' 
49'1 7.75 ' 
49'1 7.90 ' 

P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
P a r k s v i l l  e Bay 
C r a i g  Bay 
C r a i g  Bay 
Northwest Bay 
Northwest Bay 
Northwest Bay 
Northwest Bay 
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APPEND1 X I I I 

FRESHWATER SAMPLE STATION 
LOCATIONS AND DESCH IPTIONS 
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APPEND1 X I I I FRESHWATER  SAMPLE STATION LOCATIONS AND DESCRIPTIONS 

PARKSVI LLE - QUALIC UM 

Sampl  e 
S t a t i o n   D e s c r i p t i o n s  

s1 

s2 

s 4  

s5 

S 6  

s7 
S8 

s9 

s10 

s 11 

s 12 

C r a i g  Bay 
Craig  Creek  by  Terr ien Road  and  Bay D r i v e   a t   t h e  

b r idge .  
P a r k s v i l l e  Bay - Eag le   C res t  

Engl  ishman  River  approximately lOOm bel ow the  br idge.  
C u l v e r t   a t   f o o t   o f   M c M i l l  an S t r e e t   d r a i n i n g  t o  

Parksv ill e  Bay. 

Romney Creek a t  beach  emergence t o   P a r k s v i l l e  Bay. 

Carey  Creek a t  beach  emergence t o  P a r k s v i l l  e  Bay. 

D r a i n a g e   d i t c h   a t   f o o t  o f  Sunray Road, about 10m. 

below  Wright Road i n t e r s e c t i o n .  
French  Creek a t   t h e   b r i d g e .  

Cu lve r t   abou t  100m. e a s t   o f   t h e   f o o t   o f   J o h n s t o n e  Road, 

Col  umbia  Estates. 

Stream a t   f o o t   o f  Yambury  Road be low  Bu t te rba l l   D r i ve ,  
Eagl e Crest. 

C u l v e r t  between  the  whi te  tudor-sty1 e c o t t a g e  and the 
brown  angle-roofed  cot tage  near  the  west  end  of  Sea 

Cres t  P1 ace. 

Qualicum  Beach - Qua l i cum Bay 

Beach  Creek  below  the  intersect ion o f  Memorial Avenue 
and I s l a n d  Highway. 

Storm  dra in   under   the  park ing l o t  area  about 100m. eas t  

o f  M y f a i r   M o t e l .  
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APPEND1 X I I I FRESHWATER  SAMPLE STATION LOCATIONS AND DESCRIPTIONS 

PARKSVILLE - QUALICUM 

Sampl  e 
S t a t i o n   D e s c r i p t i o n s  

S13 

S14 

S15 

S16 

S17 
S18 

s19 

s 20 

s 21 
s 22 

S 23 

Upstream  Samples 

S 6A 

S 10A 

S 15A 

S 16A 

S 168 

S 18A 

Storm  drain  under  325  Is land Highway. 

C u l v e r t   a b o u t  75m. S.E. of  Shady Rest  Hotel on I s 1  and 
H i  g  hway . 
Grandon  Creek  by W. Crescent Road and I s l a n d  Highway. 

C u l v e r t   a t   t h e   f o o t  of  Beach Terrace Road. 

L i t t l e  Qual  icum  River a t   t h e   b r i d g e  on I s l a n d  Highway. 

Annie  Creek a t  the  beach  access  about 75m. eas t  o f  
the foot o f  Van Is1 e Road. 

C u l v e r t   b y   t h e  Wal sh' s res idence  on   Is1  and  Highway. 

C u l v e r t   a b o u t  10m. be l  ow the  high  water  mark,  below  the 
Hawkin 's   res idence  on  Is land Highway. 

Qual  icum  River a t  t he   b r i dge  on I s l a n d  Highway 
Unnamed creek  by  the  "Pic-a-Nic"  store.  

N i  1 e Creek a t  the f o o t  o f  the  beach  access  road  by 
I s 1  and Highway. 

150 m. upstream o f  S6, a t   t h e   c o r n e r   o f  Temple Road 

and  Sunray Road. 
Dra inage   d i t ch   oppos i te  wood-panel 1 ed  house w i t h  

"Nahanni C1 i p p e r "   b o a t   i n   f r o n t   y a r d  on Sea Crest 

P1 ace. 

Located  about 100 m. upstream o f  S15, a t   t h e   b o t t o m  

o f  a r a v i n e   b e l  ow s i   deroad  near   ra i  1 road  t racks on 

Arbutus  St reet .  

D r a i n a g e   d i t c h   a t   c o r n e r  o f  Beach Terrace Road and 

664 I s l a n d  Highway. 

Located  about 15 m. upstream o f  S16A, i n   r o a d s i d e  

d i t c h .  

Annie  Creek a t   t h e   f o o t  of Van I s 1  e  Road. 

I 

Y 

Ir 
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APPENDIX I 1 1  MISCELLANEOUS  SAMPLE STATION LOCATIONS AND DESCRIPTIONS - 
SEDIMENT SAMPLES 

Sample 
S t a t i o n   D e s c r i p t i o n s  

Sed S1 

Sed S 2  

Sed S3 

Sed S4 

Sed S 5  

Sed S6 

Sed S7  

Sed S8 

Sed S9 

Sed S1O 

Sed S11 
Sed S12 

Sed S13 

Sed S14 

Sed S15 

Sed SI6 
Sed S17 

Sed S18 

Sed S19 

Located  about 1Om. b e l o w   h i g h   t i d e  mark  below  beige/ 

o range   bu i l d ing  on e a s t   s i d e   o f   P a r k s v i l l  e Bay. 
Located  about 10m. be l  ow t h e   f o o t   o f   M c M i l l  an S t ree t .  

Located  about 15m. west o f  S5. 

Located  below  the  beach  access  road on Judges Row, near 

t h e  B.C. Tel  Cable  sign. 

Located  below  the  Shore1  ine  Motor  Inn,  about 15m. west 

o f  213 I s l a n d  Highway. 

Located  bel  ow the  Sand Pebbles  Inn. 

Located  below  the  peach  house  next  to  the Sand Pebbles 
Inn .  

Located  bel  ow the  Mayfair   Motel .  
Located  bel ow the  Qual  icum  Beach  Marina. 

Located  about 15m. e a s t   o f  S11 by  Manhole 37. 
Located  below 325 I s 1  and  Highway. 
Located  below  the  pink  house on I s l a n d  Highway. 

Located  be low  the  Capta in ’s   Quar ters   Mote l .  

Located  bel ow the  Shady Rest  Hotel.  

Located  bel  ow the  Snow White  Motel. 
Located a t  S15. 
L o c a t e d   a t   t h e   f o o t   o f  Sea C r o f t  Road. 

Located a t  Mar ine   S ta t ion  59. 

Located a t  Mar ine   S ta t ion  58. 
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APPEND1 X I V MISCELLANEOUS  SAMPLE STATION LOCATIONS AND DESCRIPTIONS - 
SEEPAGE/SURFACEWATEK  SAMPLES 

Sampl  e 
S t a t i o n  D e s c r i p t i o n s  

GW 1 

GW 2 

GW 3 

GW 4 

GW 5 

GW 6 

GW 7 

GW 8 

Located  about 15m. below  the shake  shack  and  outhouse 
b e l  ow the  Koer '  s r e s i d e n c e   a t   t h e   f o o t   o f  Chinook 

Avenue . 
Located  at   the  beach  about 25m. be l  ow a panel 1 ed 

barn-shaped  cottage on Sea Crest  Place. 
Located  about 15m. below and  between a green  cot tage 

and a b e i g e   c o t t a g e   w i t h   d a r k  brown trim on Sea Crest 
P1 ace. 

Located  about 25m. be l  ow a g reen   co t tage   nex t   t o   t he  

beach  access  road on Sea Crest P1 ace. 

Located  about 25m. below  the  beach  access  road  next 
t o   t he   g reen   co t tage  on Sea Crest P1 ace. 

Located a t  the  beach  about 25m. below a green ish  

panel1 ed co t tage  w i th   g reen  door  trim on Sea Crest 

P1 ace. 
Located a t   t h e  beach  about 25m. below a grey-green 
c o t t a g e   w i t h   w h i t e  trim on Sea Crest P1 ace. 

Located   be low  the   Tour is t   In fo rmat ion   Bureau on I s 1  and 

Highway a t  Qual  icum Beach. 
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APPEND1 X IV MISCELLANEOUS SAMPLE STATION  LOCATIONS AND DESCRIPTIONS - 
DITCH/TIDAL POOL SAMPLES 

Sampl e 
Station  Descriptions 

Dl 

D2 
D3 

D4 

Located on roadside  opposite  the Qual icum  Beach 
Tourist  Information. 
Located on roadside  opposite  the Mayfair Motel . 
Located on roadside under the  triangle-shaped 
Qualicum Beach  Marina sign. 
Located on roadside  opposite 381 Is1 and  Highway. 

East si de of Grandon Creek 
T P1 Located about 25m. ea s t  o f  569 Island Highway. 
T P 2  Located  about 30m. below  569 Is1 and  Highway. 
T P 3  Located  about 30m. below 575 Is1 and  Highway. 

West side o f  Grandon Creek 
TP4 Located  about 5m. bel ow the h i g h  t i de  mark below the 

tan/white trim and brick-base house. 
TP5 Located  about 10m. below the h i g h  t i d e  mark below the 

beach access  near W. Crescent Road. 

m 

I) 

m 
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APPEND1 X VI 

DAILY  BACTERIOLOGICAL  RESULTS FOR 

FRESHWATER SAMPLE STATIONS 
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APPEND1 X VI DAILY BACTERIOLOGICAL  RESULTS FOR  FRESHWATER  SAMPLE STATIONS 
PARKSVILLE - QUALICUM 

Sarnpl e To ta l   Feca l  Fec a1 
Stat ion  Date  '79  Col   i form/100rnl  Col i form/100ml  Streptococci /100ml 

s1 June  04 
June  05 
June 13 

310 
330 
450 

2 50 
170 
96 

150 , 

140 
55 . 

s2  May 30 
June  04 
June 05 

220 
38 
37 

11 
9 

12 

35 
18 
29 

s3  June  06 
June 07 
June  08 

1150 
2300 
7000 

170 
830 
610 

2 70 
140 
280 

s 4  May 31 
June  04 
June  05 

1780 
2 700 

3 70 

6 
5 
8 

3 
14 
61 

s5 May 31 
June  01 
June  04 
June  05 
June 18 

3 60 
780 

3400 
(avge) 1040 

6 900 

128 
2  50 

2 700 
70 

580 

74 
126 
2 50 
170 

22 10 

S6 May 30 
May 31 
June  01 
June 04 

23 000 
25 800 

6 900 
25 000 

26 000 
28 400 

6100 
'12 500 

13000 
17700 
11 100 

1500 

s7 May 33 
June  04 
June 05 

48 
108 

52 

42 
22 
38 

36 
46 
62 

S8 June 01 
June 06 
June  07 
June  18 

8800 
200 
3 60 
600 

54 
L100 
410 
2 GO 

95 
3 00 
7 70 
410 
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A PPE N D I  X VI DAILY BACTERIOLOGICAL  RESULTS FOR FRESHWATER  SAMPLE STATIONS 
(Cont '  d) PARKSVILLE - QUALJCUM 

Sample To t a l  Fec a1 Fecal 
Stat ion  Date  '79  Col  i form/lOOml  Col  i form/lOOml  Streptococci/ lOOml 

420 
540 
610 

93 
2 10 
160 

37 
85 
90 

s 9  

s10 

May 30 
May 31 
June  01 

1400 
400 
730 
400 

80 
1200 
320 
400 

June  01 
June 06 
June  07 
June  08 

1100 
1700 
6 90 
650 

s11 

s12 

S13 

S14 

May 30 
May 31 
June  01 

60 
102 
3 10 

19 
14 

5 

35 
47 
33 

May 31 
June  04 
June  06 

410 
210 
3  50 

20 
4 

L10 

2 7  
12 

2  40 

May 31 
June 06 
June  08 

60 
79 
48 

9 
80 
30 

46 
410 
118 

May 31 
June  01 
June  06 
June 08 

50 
120 

50 
121 

2 
3 

L10 
0 

17 
13 
80 
56 

7 90 
1120 
410 
990 

6500 
61 000 

1300 
3100 

S15 June 11 
June 12 
June 13 
June 19 

2 700 
4700 

750 
2 100 

S16 May 31 
June  01 
June  08 
June 18 
June 19 

110 
200 
550 

1010 
330 

L10 
170 
170 
43 
30 

30 
130 
160 
330 
290 
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APPEND1 X VI DAILY BACTER IOLOGICAL  RESULTS FOR  FRESHWATER  SAMPLE STATIONS 
(Cont '  d)  PARKSVILLE - QUALICUM 

Sarnpl e To t a l  Fec a1 Fec a1 
Station  Date  '79  Col  i forrn/ lOOrnl Col  iforrn/lOOml  Streptococci/10Oml 

S17  May 30 
June  08 
June 11 

670 
80 
62 

13 
24 
13 

4 
12 
6 

S18 June 11 
June 12 

1230 
G 800 

240 
70 

110 
130 

s19  June 11 
June 12 
June 13 

900 
1290 
870 

140 
2 60 
120 

48 
43 
39 

s 20 June 14 
June 15 
June 18 

13700 
1260 
3900 

780 
120 
180 

64 
140 
2 70 

s 21  May  30 
June 11 
June 12 

2 50 
3 10 

2 190 

23 
170 
42 

180 
2 00 

1330 

s 22 June 11 
June 12 
June 13 

82 
1500 

90 

44 
119 
22 

42 
71 
54 

S 23  May 30 
June 11 
June 12 

240 
70 

3 70 

10 
25 

3 

14 
25 
48 

U ~s tream S a m P l  es 

S 6A June  01 35 0 29 

S1 OA June  07 
June 08 
June 13 

720 

53 0 
" 

52 0 
8 70 
3 50 

670 
6 90 
320 
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APPEND1 X VI DAILY  BACTERIOLOGICAL  RESULTS FOR FRESHWATER  SAMPLE  STATIONS 
(Cont '  dl  PARKSVILLE - QUALICUM 

Sampl e To t a l  Fec a1 Fec a1 
S ta t ion   Da te  ' 7 9  Col iform/100ml Col iform/lOOml  Streptococci/lOOml 

S15A June 75 
June 19 

S16A June 15 

S16B June 15 
June 18 

S18A  May 30 
June 11 
June 12 
June 18 

1280 
G 800 

1000 

2400 
900 

1200 
1110 
910 
420 

86 
320 

230 

130 
90 

40 
140 
610 

90 

21 
3 60 

700 

10000 
L10 

42 
200 
230 
170 

IL 

L 

b 

P 

W 
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APPENDIX VI I DAILY BACTERIOLOGICAL  RESULTS FOR MISCELLANEOUS 
SAMPLE STATIONS 

Sample  Sal Total  Fecal  Fecal 
S t a t i o n  % Date  '79 Col  iform/100rnl  Col  iform/100rnl  Streptococci/ 

100 nil 

II 

3 

I 

I 

1 

Groundwater  Samples 

GW1 - June 06 
GW 2 7 June 07 

GW 3 1 June 07 

GW 4  2  June  07 

GW 5  2  June  07 

June 13 
GW6 17 June 07 

GW 7 16 June  07 

GW8 2  June 19 

D i t c h  Samples 

D l  June 15 

D2 June 15 

D3 June 15 
D4 June 15 

Sediment Sampl es 
Sedl 

Sed2 

S ed3 

Sed4 
Sed5 

Sed6 

Sed7 

S ed8 

Sed9 

Sedl 0 
Sedl  1 

June 18 

June 18 
June 18 

June 15 
June 15 

June 15 

June 15 

June 15 
June 14 

June 14 
June 14 

100 
9 

L10 
9 

30 

150 
30 

0 

4800 

500 
14 

L10 

8 

44 

4 

10 
4 

330 

900  260 

230  30 

90 3 
6000 L100 

L20 
330 

L20 

20 

L 20 
20 

50 

L 20 
40 

L 20 
20 

130 
6 

L10 

19 

173 

19 
6 
0 

220 

80 0 

200 

58 
700 
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APPENDIX  VI I DAILY  BACTERIOLOGICAL  RESULTS FOR MISCELLANEOUS 
SAMPLE  STATIONS (Cont ' d )  

I 

.L 

L 

Sarnpl e Sal 
S t a t i o n  lo Date  '79 01 

Fecal 
Col i f o m/ 1 OOml 

I 

Sedl 2 
Sedl 3 
Sedl  4 
Sedl 5 
Sedl 6 
Sed1 7 
Sed18 
Sedl 9 
Sed20 

June 14 
June 14 
June 14 
June 14 
June 14 
June 14 
June 18 
June 18 
June 14 

Tidal  Pool  Samples 
TP1 June 19 
T P2 June 18 

June 19 
T P 3  June 18 

June 19 
T P4 June 18 

June 19 

L20 
L 20 
L20 
L 20 
80 

L20 
20 

L 20 

L 20 

130 
23 
79 
1 7  

3 50 

23 
79 

P 
TP5 June  18  23 
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APPEND1 X V I  I I 

SUMMARY OF S A L I N I T Y  DATA FOR MARINE 

SAMPLE STATIONS 
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1.0 INTRODUCTION 

From September 18-24, 1978, s taff  of the Environmental 
Protection  Service conducted a shell  fish growing water qual i t y  survey o f  
the  foreshore  adjacent  to  the Nanairno Regional D i s t r i c t ' s  sewage 
treatment p l a n t  outfal l   a t  French Creek. The purpose o f  this sarnpl ing  
program was t o :  

1. re-assess  the Schedule I closure 14-8. "The waters 
and tidal  foreshore  lyi ng w i t h i n  a 3500 foot radius 
of French Creek," which was originally  established  to 
p r o h i b i t  harvesting of shel l f ish which may be 
contarilinated by raw sewage discharged d u r i n g  the 
construction of the French Creek WPCC. 

2. evaluate  the  effects of non-chlorination  at  the 
French Creek WPCC on the  foreshore water quality and 
thereby  determine  the need for chlorination a t  the 
w PCC. 

3. evaluate  the  operation of the French Creek WPCC 
(results  are  presented i n  Appendix XI of EPS Regional 
Report 79-22). 

4. conduct a sanitary survey of  the  foreshore and upland 
areas. 

P r io r  t o  our study, the French Creek WPCC f ina l  effluent was 

chlorinated. In order t o  f a c i l i t a t e  our survey, i t  was agreed by a l l  
pollution  control  agencies t h a t  there would be no chlorination dur ing  
the time of our study. 
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2.0 RESULTS 

2.1 Marine Sampl i ng Resu l t s  
There was a moderate amount o f   p r e c i p i t a t i o n   e n c o u n t e r e d   d u r i n g   t h i s  

survey as shown i n   T a b l e  1 and the  winds were genera l l y   va r iab le .   T ida l  

cond i t ions   no ted   dur ing   the   s tudy   a re  shown i n   F i g u r e  1. 
Float  studies  conducted  by  Dayton and Kn igh t  (1 )  as p a r t   o f   t h e i r  

o c e a n o g r a p h i c   i n v e s t i g a t i o n   o f   t h e  Nanaimo R e g i o n a l   D i s t r i c t ' s   N o r t h e r n  

C o a s t l i n e   i n d i c a t e   t h a t   t h e   u s u a l   w a t e r  movement i s   w e s t e r l y  on  an  ebbing t i d e  
and e a s t e r l y  on a r i s i n g   t i d e ,  a1 though   w inds   s t rong ly   a f fec ted   t he   f l oa t  

movement 

On September 19 and  21  sampling a t   s t a t i o n s  1 and 2 were  conducted  on 

f a l l i n g   t i d e s   ( " a "  and "b" F i g u r e   3 )   w h i l e   t h e   p r e v a i l i n g   w i n d  was eas te r l y .  

It i s   r a t h e r   d i f f i c u l t   t o   p r e d i c t   t h e  movement o f   t he   F rench  Creek WPCC 

e f f l u e n t  plume  on  September 19  and 21 based on t h e   r e s u l t s   o f   t h e   D a y t o n  and 
K n i g h t   f l o a t   s t u d i e s ,   s i n c e   f e w   o f   t h e   s t u d i e s  were  conducted  dur ing  easter ly  

winds and ebbing  t ides.   F loats   dropped on J u l y  31,  1973 (F igure  3)   under  an 

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

plume moved t o   t h e   e a s t   o r  away f rom  Eagle  Crest   subdiv is ion.   F loats   dropped on 

J u l y  23, 1973 (F igu re  4)  under a r i s i n g   t h e n   e b b i n g   t i d e  and e a s t e r l y   w i n d  

c o n d i t i o n s   i n d i c a t e   t h a t   t h e   e f f l u e n t  plume moved t o   t h e  west  towards  Eagle 
C r e s t   s u b d i v i s i o n .   I n   n e i t h e r   s t u d y   d i d   f l o a t s  come ashore. B a c t e r i o l o g i c a l  

samp l ing   o f   t he   f o reshore   i s   a l so   conduc ted   mon th l y   by   t he  Nanaimo Regional 

D i s t r i c t  as a r e q u i r e m e n t   o f   t h e i r  PCB pe rm i t   (F igu re  5 ) .  A sumnary o f   t h e s e  

r e s u l t s   i s   f o u n d   i n   T a b l e  4 and i n d i c a t e s   t h a t ,  even p r i o r   t o   t h e   d i s c h a r g e   o f  

t r e a t e d  sewage, t h e   s h e l   l f i s h   w a t e r   q u a l i t y  was acceptable i n   t h o s e   f o r e s h o r e  

areas  tested. Even s a m p l i n g   d i r e c t l y   o v e r   t h e   o u t f a l l   y i e l d e d   n e g a t i v e   r e s u l t s  
on  most  occasions. The R e g i o n a l   D i s t r i c t   r e s u l t s  were ob ta ined   us ing   t he  

membrane f i l t r a t i o n   t e c h n i q u e   r a t h e r   t h a n   t h e  MPN techn ique ,   t hus   t he  

i n t e r p r e t a t i o n   o f   t h e   d a t a   u s i n g  medians and 9 0   p e r c e n t i l e s   i s   n o t   s t a t i s t i c a l l y  

V a l   i d .   N e v e r t h e l e s s ,   t h e   f e c a l   c o l i f o r m   l e v e l s   a t   a l l   s t a t i o n s  were low enough 

t o  meet the  shel  1 f i s h  growing  water  standard. 

( 1 )  Nanaimo Reg 
Nanaimo Reg 
November 2, 

i o n a l   D i s t r i c t  Sewer A u t h o r i t y  
i o n a l   D i s t r i c t  - Northern  Coast 
1973 

Oceanographic I n v e s t i g a t i o n  
1 i n e  by  Dayton & Kn igh t  
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It should be no ted   t ha t   t he   f o reshore  sarnpl es  were n o t   n o r m a l l y  

c o l l e c t e d   b y   t h e   R e g i o n a l   D i s t r i c t   d u r i n g   t h e   w o r s t   h y d r o g r a p h i c  and p o l l   u t i o n  
condi t ions,   i .e.   strong  shoreward  winds. However, the   qu iescent   cond i t ions   were  

perhaps  the  worst   hydrographic  condi t ions i n  terms o f   e v a l u a t i n g   t h e   e f f e c t   o f  
t h e   o u t f a l l   s i n c e   t h e r e  was l i m i t e d   d i s t u r b a n c e   o f   t h e   s u r f a c e   w a t e r s .  

A t  t h e   t i m e   o f   t h i s  sampl ing,  the  breakwater  around  the  French  Creek 

boa t   bas in  was be ing   ex tended,   resu l t ing   in   the   d is tu rbance  o f   bo t tom  sed iments .  

The contaminat ion  noted a t  sample s t a t i o n s   i n   t h e   b o a t   b a s i n  may be due i n   p a r t  
t o   t h i s   b o t t o m   d i s r u p t i o n .   S t a t i o n  18  was l o c a t e d   c l o s e s t   t o   t h e   c o n s t r u c t i o n  

area and  samples  from t h i s   s t a t i o n   e x h i b i t e d   t h e   g r e a t e s t   c o n t a m i n a t i o n .  

Samples c o l l e c t e d   a t   S t a t i o n  17, which was ou ts ide   the   boat   bas in   near   the  

breakwater ,   exh ib i ted  some con tamina t ion ,   bu t   resu l t s  met  the  growing  water 

standard. 

2.2 Freshwater  SamDlina  Resul ts 

A t o t a l   o f  14 f reshwater   sample   s ta t ions   fo r   bac ter io log ica l   ana lys is  

w e r e   e s t a b l   i s h e d .   F i v e   o f   t h e   s t a t i o n s   ( F 1  , F2,  F3, F4  and STP) had  measureabl e 

f lows.  The remain ing  s ta t ions  (S1 to S6) were c l a s s i f i e d  as  seepage inpu ts .  A 

d e t a i l e d   d e s c r i p t i o n  o f  the  f reshwater   sample  s ta t ions i s  presented i n  Table 5. 

I n   a d d i t i o n   t o   t h e   w a t e r  samples,  two  sediment  samples  were c o l l e c t e d   i n   t h e  

v i c i n i t y   o f   s t a t i o n s  S1 and S3. 

A summary o f   r e s u l   t s   f r o m   b a c t e r i o l o g i c a l  sampl i n g   a t   t h e   f o u r t e e n  
f reshwa te r   s ta t i ons  i s  presented i n  Table 6. D a i l y   d a t a   i s   p r e s e n t e d   i n   T a b l e  

8. The d a t a   i n d i c a t e s   t h a t   t h e   m o s t   s i g n i f i c a n t   c o n t r i b u t i o n   o f   f e c a l  
con taminat ion  was the  French  Creek  Water  Pol l   ut ion  Control  Centre  (STP).  This 

source  accounted  for  99 p e r c e n t   o f   t h e   t o t a l   f e c a l   C o n t a m i n a t i o n   f r o m   i d e n t i f i e d  

sources  enter ing  the  study  area. The remaining one percent  was p r i m a r i l y   f r o m  

French  Creek  (F3 1 ( d u e   t o   i t s  1 a r g e   f l o w   r a t h e r   t h a n   h i g h   f e c a l   c o l   i f o r m  

1 eve1 s.)  

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 reshwater  samples i n  an a t t e m p t   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  the   f reshwater   inpu ts .  
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a 

I 

I 

Samples c o l l e c t e d   f r o m  F1 , F3, S3,  S3A, SX, S4 and S5  e x h i b i t e d  FC:FS 

r a t i o s   r a n g i n g   f r o m  0.22 t o  0.66. However, t h e   b a c t e r i a l   l e v e l s   a r e   l o w   i n   a l l  

cases,  except S4, consequent ly l i t t l e   i n t e r p r e t i v e   v a l u e  can  be  placed on the 

FC:FS r a t i o .  
I n   r e g a r d  t o  S4, t he  FC:FS r a t i o  was determined  f rom  on ly  one feca l  

s t rep tococc i   va lue  and  two f e c a l   c o l   i f o r m   r e s u l   t s ,   t h u s   t h e   v a l u e   o f   t h e   r a t i o  

i s  quest ionable.   Since S4 i s   i n  a suburb   res ident ia l   a rea  and the  volume o f   t h e  

seepage was low, it i s   l i k e l y   t h a t   t h e   h i g h   f e c a l   l e v e l s  (7,800/100ml)  are due 

t o  seepage  from a nearby   sep t ic   tank .   In  any  case,  the  seepage d i d   n o t   r e a c h  
the   f o reshore  and m a r i n e   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  was acceptable.  

S t a t i o n  S1, S2 and S3 e x h i b i t e d   f e c a l   l e v e l s   o f  800, 310 and  205/100ml 

r e s p e c t i v e l y .  However,  due t o  1 imi ted  sampl ing  the FC:FS r a t i o s   a r e  

inconc lus ive .   Bo th  S1 and S3  are  streams  which  f low  between homes l o c a t e d  on 
Sea Cres t  P1 ace. An i n s p e c t i o n   o f   t h e   a r e a   r e v e a l e d   t h a t   t h e  homes i n  the 

v i c i n i t y   u t i l i z e d   s e p t i c   t a n k s .  A sample o f   t h e   s e d i m e n t   a t   S t a t i o n  S3A 
e x h i b i t e d  a f e c a l   l e v e l   o f  2400/100gm suggest ing  the  presence  of   sub-surface 

s e p t i c   t a n k  seepage. S t a t i o n  S 2  i s  a d i t c h   w h i c h   r u n s   a l o n g  Sea Crest  Place and 
c o l l e c t s   b o t h   s u r f a c e   r u n - o f f  and groundwater  from  the  Eagle  Crest  housing 

devel  opment. 

The p o p u l a t i o n   e q u i v a l e n t s   o f   t h e   f r e s h w a t e r   i n p u t s  were c a l c u l a t e d   f o r  

s t a t i o n s  F1 , F2, F3, F4  and the STP, and t h e   r e s u l t s   a r e  shown i n  Table 6. 
S t a t i o n  F2, which was drainage  from  the  basement o f  a home l o c a t e d  on 

l o t  #2 jus t  e a s t  o f  Yambury  Road e x h i b i t e d  an average  fecal   col i form  level   of  

70/100ml. A ne ighbour   repor ted   tha t   there  i s  a problem  wi th  groundwater  seeping 

i n t o   t h e  basement.  Consequently,  the  owner had i n s t a l l e d  a sump w i t h  an 
automat ic pump. Based on t h e   p o p u l a t i o n   e q u i v a l e n t ,   t h i s   i s   n o t  a s i g n i f i c a n t  

source o f   f eca l   con tamina t ion .  

I n   a d d i t i o n ,  a  sampl  e o f   we l l   wa te r   f rom an ad jacent  house reveal  ed  no 

fecal   contaminat ion.  
I n  an a t tempt   to   de termine   the   source   o f   feca l   con taminat ion   in   the  

Eagle  Crest  area, a dye t e s t  was conducted on three  sept ic   tank  systems  on Sea 
Cres t  P1 ace. No d i s c h a r g e   o f  dye was observed,  and  these  lanks a t   l e a s t ,  

appeared t o  be opera t i ng   p roper l y .  
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3.0 CONCLUSIONS AND OBSERVATIONS 

1. The t i da l   f o reshore   ad jacen t  to Eagle  Crest   subdiv is ion to Yambury Road 
i s  contaminated t o  the   ex ten t   t ha t   consumpt ion   o f   she l l   f i sh   f rom  th i s  
area may c o n s t i t u t e  a heal th   hazard to the  consumer. 

2. The waters  wi th in  the  French  Creek  boat  basin  are  contaminated, 
however ,   the   po l lu t ion  does n o t  seem to  extend  beyond  the  basin  waters. 

3. The contaminat ion   no ted   in   the   fo reshore   ad jacent   to   Eag le   Cres t  
subdiv is ion  would  not   appear  to be due to   t he   e f f l uen t   d i scha rged   f rom 

the  French  Creek WPCC b u t   r a t h e r   t o   o n s h o r e   f a u l t y   s e p t i c   t a n k  

opera t i on  an seepage. Th is   conc lus ion  i s  based on: 

(a)  the  presence  of   fecal   col   i form-contaminated  sediment  a long 

the  foreshore  suggest ing  the  present   subsur face  sept ic  seepage 

(b)  improving  marine  qual  i t y  wi th   increas ing  d is tance  f rom  shore 

(c)  the  oceanographic  data  obtained  by  Dayton and K n i g h t   i n  1973 

( d l   t h e   l o w   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   t h e   R e g i o n a l   D i s t r i c t  

o u t f a l l  sampl i ng   s ta t i ons   bo th   du r ing   t he   d i scha rge   o f   raw  

sewage and t r e a t e d  sewage 
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I 

APPEND1 X IX TABLE 1 
WEATHER CONDITIONS ENCOUNTERED DURING STUDY 

DATE - 

WIND  DIRECTION* (% STATIONS 
RECORDED AT  DIRECTION)  

PRECIP ITATION 
(mm) - CALM NORTH WEST SOUTH EAST 

Sept.  18 - 
19 t r  . 5 5%(7)** 5 ( 6 )  85  (10) 
20 - 100 (15) 
21 0.1 100 (12) 
22 8.7 33 25 ( 3 )  17 ( 2 )  25 ( 2 )  
23 2.0 12 4 ( 1 )  84 ( 2 )  
24 t r .  100 ( 1 )  

* as measured a t  N o r t h w e s t  Bay - Nanoose 
( courtesy o f  MacMi 1 1 an B1 oedel ) 

** mean vel oc i   t y  mi/hr . 
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APPE NDI  X I X TABLE 2 
MARINE SAMPLE STATION LOCATIONS 

SAMPLE STATION 

1 

2 

3 
4 

6 

7 
a 

9 
10 

1 1  

12 

13 

14 

15 

16 

17  
18 

DESCRIPTION 

Sea Crest P1 ace - down access t o   r i g h t   o f f   w h i t e  house 
w i t h  brown trim b e i n g   b u i l  t ( y e l l o w  & h h i t e   t r a i l e r  

bes ide  i t). 

Sea Crest  Place - o f f  a c c e s s   t o   r i g h t  o f  brown 

barn-1   i ke  house w i th   wh i te   ba l cony  and  t.v. a e r i a l  . 
Heading o f  2 4 5 "   f r o m   p o i n t   o f   l a n d   b e s t   o f   S t a t i o n   # l .  

Same as #3  except sampled a t  2.5 cm depth. 

O f f  f o o t   o f  Yambury  Avenue - Nanaimo  Regional D i s t r i c t  
Marine  Sample  Stat ion # S 2 .  

O f f  S t a t i o n  #5 a t  heading o f  245" f r o m   p o i n t   o f   l a n d  

west o f   S t a t i o n  #1  (2.5 cm depth  sample). 

Same as #6 a t  normal sampl ing  depth.  

O f f  beach  access a t   eas tern   en t rance  to   Longacres  Farm 

( Mal 1 a rd  Road). 

F o o t  o f   Da lma t ion   D r i ve .  

O f f  l o t  #12 (East o f  round  house) - Columbia Beach 
Es ta tes .  

Nanaimo  Regional D i s t r i c t   M a r i n e   S a m p l i n g   S t a t i o n  S3. 

O f f  beach j u s t  west o f  French Creek  Boat  Basin. 

O u t f a l l   P o i n t  #1 - E a s t   o f   S t a t i o n  #12 i n  1 i n e   w i t h  
wes t   po in t   o f   b reakwa te r .  

Same as #13 - 2.5 cm sampl ing  depth.  

O u t f a l l   P o i n t  #2 - 40" l ead ing   f rom  beach   j us t   o f f   wes t  

o f  breakwater . 
Same as #15 - 2.5 cm sampl ing  depth.  

O f f  w s t   p o i n t   o f  French  Creek  Boat  Basin  breakwater. 

O f f  F1 o a t  # 5  a t  boat   bas in.  
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APPEND1 X IX 

SAMPLE STAT ION 

a 

Y 

L 

II 

19 

20 

21 
22 

23 
24 

25 

26 

27 

28 

TABLE 2 
MARINE SAMPLE STATION LOCATIONS (Cont'  d) 

DESCRIPTION 

Mid-way  between F l o a t  #1 and t i de -marke r   a t   boa t  

bas in  . 
O f f  e a s t   s i d e   o f  mouth o f   b o a t   b a s i n .  
O f f  eas t   o f   b reakwater  - where  breakwater   jo ins  land.  

O f f  y e l l o w  house a t  head o f  bay   eas t   o f   boat   bas in .  

O f f  small shed i n   f r o n t  o f  Camelot  Motel . 
Bear ing   157"   o f f   eas t  head o f   F rench Creek Marina. 

O f f  f o o t   o f  Breakwater Road. 

O f f  house w i t h  f l  agpol e  on beach  east o f   s t a i r s .  

O f f  new house on cl i f f  w i t h   b i g   r o c k   b e l o w   ( j u s t  

o u t s i d e   c l o s u r e ) .  
O f f  l a r g e   r o c k   c l i f f   e a s t   o f   S t a t i o n  #27. 

a 
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APPEND1 X I X TABLE 3 
SUMMARY OF BACTERIOLOGICAL  RESULTS FOR MARINE SAMPLE STATIONS 

SAMPLE NO. OF FECAL MPN/lOOml 
STATION SAMPLES MPN RANGE MEDIAN 90TH  PERCENTILE 

6 2 - 110 11 86 

6 5 - 70 35.5 57.4 

2 2 - 5  3.5 - 
2 L2  - 6 3 - 
6 2 - 33 11 27.0 

2 L2  - 2 L 2  - 
2 L 2  L 2  - 

8 6 2 - 33 8 18.8 

9 

10 

11 
12 

13 

14 

15 

16 

17 

18 

6 L2  - 13 5 7.6 

6 L2 - 5 5 7.6 

6 L 2  - 8 6.5 8 
6 2 - 8  2 8 
3 L2  - 2 L 2  - 
2 L2  - 2 L 2  - 
3 L 2  - 5 L 2  - 
2 L2  - 7 3.5 - 
6 L2  - 33 5 31.4 

4 33 - 350 104.5 328.0 

19 4 5 - 110 28. o 79.2 

20 4 11 - 79 35.5 67.0 

2 1  5 L2  - 2 L 2  2 

22 

23 

24 

25 

26 

27 

6 L2  - 13 2 

6 L2  - 5 L 2  

6 L2  - 2 2 
6 L2  - 5 2.5 

8.2 

5 

2 
5 

6 L2 - 13 L2  8.2 

6 L2 - 13 L 2  6.4 

IC 

28 6 L2 - 5 2 3.2 
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APPEND1 X IX TABLE 5 
FRESHWATER  SAMPLE STATION LOCATION DESCRIPTIONS 

Sampl e S t a t i o n   D e s c r i p t i o n  

Major   F reshwater   Inputs  

Q 

F1 
F2 
F3 

F4 

ST P 

s1 

s2 

s3 

S 3A 

S 3B 

s 3c 

s4 

s5 

I 

S6 

Stormwater  stream a t  Yambury Road. 
Drainage  pipe ( 2 " )  near Yambury Road. 

French  Creek, 500 feet   upst ream  f rom  Is land 

H i  g hway . 
Storm  run-off  discharge  from  French  Creek WPCC. 

F ina l   e f f l uen t   f rom  F rench  Creek WPCC. 

Seepage I n p u t s  

Seepage stream  between l o t s  #4 and #5 on Sea Crest  

P1 ace 

D r a i n a g e   d i t c h  on Sea Crest P1 ace. 

Seepage stream  between l o t s  #12  and  #13 on Sea 

Cres t  P1 ace. 
Foreshore  pool   ( f reshwater)   ad jacent   to  S1 . 
Foreshore  pool   ( f reshwater)   adjacent t o  l o t  #8. 

Foreshore  pool   ( f reshwater)   adjacent t o  S3. 
Seepage  stream a t   t h e   f o o t   o f   B r e a k w a t e r  Road. 

Groundwater  seepage a t  the  beach a t  t h e   f o o t   o f  
G1 endal e Crescent. 

Seepage  stream on the   shore   rocks   jus t   eas t  o f  
t h e   f o o t   o f  G1 endal e Crescent. 

Y 
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APPENDIX IX TABLE 8 
BACTERIOLOGICAL  ANALYSES  RESULTS AND SAMPLING 
CONDITONS FOR FRESHWATER  SAMPLE  STATIONS 

MF COUNTS/100 ml 
SAMPLE  TOTAL  FECAL  FECAL PRECIPITATION 

STATION DATE  COLIFORM  COLIFORM  STREPTOCOCCI DAILY (m.m.) 

F1 

F2 

F3 

F4 

s1 
s2 
s 3  

S 3A 

S3B 
s3c 

s4  

s5 

Sept. 19 
21 
23 

Sept. 19 
21 
23 

Sept. 19 
20 
21 

Sept. 19 
20 
21 

Sept. 23 
Sept. 23 
Sept. 20 

23 
Sept. 23 
Sept. 23 
Sept. 23 
Sept. 21 

23 
Sept. 20 

400 

3000 
4700 

340 
980 

330 
50 

60 

1330 
240 

45 

140 
7600 

7000 
18000 

6800 

220 
480 

51 400 

90000 
500 

6 
64 

470 

10 
- 

130 
11 
6 

14 
0 
0 

0 
800 
310 
21 0 
200 

20 
0 

60 

15100 
66 0 

0 

480 
- 

710 
1 

- 
4 

29 
48 
- 

1 
0 

- 
300 
200 
52 0 
3 90 

40 

0 
200 
- 

1200 
2.7 

Trace 
0.1 
2.0 

Trace 
0.1 

2.0 

Trace 
- 

0.1 
Trace 

- 
- 

2.0 
2.0 
- 

2.0 
2.0 
2.0 
2.0 
0.1 
2.0 
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APPENDIX I X  TABLE 8 (Cont'd) 
BACTERIOLOGICAL  ANALYSES  RESULTS  AND  SAMPLING 
C O N D I T O M  FOR FRESHWATER  SAMPLE  STATIONS 

SAMPLE 
MF  COUNTS/100 m l  

TOTAL  FECAL  FECAL  PRECIPITATION 
STATION  DATE  COLIFORM  COLIFORM  STREPTOCOCCI  DAILY (m.m.) 

s5 Sept. 23 3000 30  132 2.0 

S6 Sept. 19 4 0 3 Trace 
STP Sept. 19 280000 40000 50000 Trace 

20 18OOOO 70000 13000 - 
21 1 .6~106 540000 - 0.1 
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LIST OF ABBREVIATIONS 

average  dry weather  flow 
5 day biochemical oxygen  demand 
c hemi cal oxygen  demand 
dissolved oxygen 
Department of Fisheries and Oceans 
Environmental Protection  Service 
f i  1 terabl e residue 
ki 1 ograms 
1 inear a1 kyl ate  sulfonates  (anionic  surfactants) 
cubic  meters per day 
mill i l   i t r e s  
milligrams per l i t r e  
non-fi 1 terabl e residue 
Pol 1 ution Control Branch 
total  a1 kal ini   ty 
total  fixed  residue 
total  organic carbon 
total  phosphate 
total  residue 
t o t a l  residual  chlorine 

total  vol a t  i 1 e residue 
Water Pol 1 uti on Control  Centre 
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1.0 INTRODUCTION 

The French  Creek WPCC i s  a secondary  type sewage t rea tment  

p l a n t   s e r v i n g   t h e  Town o f   P a r k s v i l l e ,  The Vi11 age o f   Q u a l  icum Beach and 

other  selected  areas. The raw sewage passes  through a coarse  screen, 

cu rved   ba r   sc reen ,   ae ra ted   g r i t  chamber, two p r i m a r y   c l a r i f i e r s ,  two 

ac t i va ted   s ludge   bas ins ,  two  secondary c l a r i f i e r s ,  and f i n a l l y  a 

ch lo r ine   mix   tank   be fore   d ischarge  (F igure   1 ) .  Waste ac t iva ted   s ludge 
i s  re tu rned to t h e   p r i m a r y   c l a r i f i e r s  where i t  s e t t l e s   w i t h   t h e   p r i m a r y  

sludge. The mixed  sludge i s  pumped t o  an a e r o b i c   d i g e s t o r   f o r   d i g e s -  

t ion ,   th ickened,  and f i n a l l y   t r a n s f e r r e d   t o   s l u d g e   d r y i n g  beds. The 

des ign   cha rac te r i s t i cs   o f   t he   t rea tmen t   sys tem  a re  summarized i n   T a b l e  1 
and shown i n   F i g u r e  1. 

Two sets  o f  24 hour  composite  samples o f  the  French  Creek WPCC 

u n c h l o r i n a t e d   f i n a l   e f f l u e n t  were obtained  by EPS personnel   dur ing  the 

September 1978 she1 1 f i sh   g row ing   wa te r   san i ta ry   su rvey   o f   t he   f o reshore  
ad jacent   to   the   t rea tment   sys tem  ou t fa l l .   Chemica l  and t o x i c i t y  

analyses  conducted on these  samples  revealed  that  the  treatment  system 
produced a h i g h   q u a l i t y   n o n - t o x i c   e f f l u e n t   d u r i n g   t h e   s t u d y   ( T a b l e  2 ) .  

A d d i t i o n a l  samples  were ob ta ined   du r ing   t he   she l l f i sh   g row ing  
water   sani tary   survey  conducted  in  May and June o f  1979 i n   s u p p o r t   o f  

t h e   b a c t e r i o l o g i c a l  assessment o f   t h e   r e c e i v i n g   w a t e r s  and p o s s i b l e  

feca l   po l l   u t i on   sou rces .  Samples  were a1 so obta ined as p a r t   o f  an 

ongoing EPS program to d e t e r m i n e   t h e   a c u t e   f i s h   t o x i c i t y  o f  var ious  
e f f l u e n t s   d i s c h a r g e d   t o   B r i t i s h  Columbia  receiving  waters. 

I 

I 
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2.0 PROCEDURES AND METHODS 

2.1  Chemical  Sampling 

Two 24  hour  composite  samples  were  obtained o f   t h e  raw sewage 
and f i n a l   e f f l u e n t   f r o m  0900  June 11 t o  12,  and from  0900  June  18 t o  19. 

Raw sewage composites  were  obtained  from  about 250 m l  samples  taken 
every  2.5 minutes  us ing a  Mark1  and  Model 2101-Spec. Duckbi l l   Sampler.  

F i n a l   e f f l u e n t  samples  were c o l l   e c t e d   u s i n g  an "Eagle"  s ignal   t imer and 

" L i t t l e   G i a n t "   s u b m e r s i b l e  pump which  provided  approximate  400 m l  

sampl es  every 5 minutes. 
Grab  samples  were c o l l e c t e d   o f   t h e   p r i m a r y   e f f l   u e n t ,   p r i m a r y  

sludge,  secondary  sludge and d igested  s ludge on June 12  and  June 19. A 

grab  sample o f  the   d iges tor   supernatan t  was c o l l e c t e d  on June 12 only .  
All samples  were  spl i t  i n t o  sample b o t t l  es  and preserved as 

ou t1   ined   in   the   Env i ronment  Canada P o l l   u t i o n  Sampl i n g  Handbook ( 2  1. 
Samples  were  del i ve red   t o   t he  DFO-EPS L a b o r a t o r y   i n  West Vancouver f o r  

chemica l   ana lyses   w i th in   four   hours   o f   the   comple t ion   o f   the  24 hour  

sampl i ng   pe r iod .  

2.2 Bioassay  Sampl ing 

F o u r   5 - g a l l o n   c a p a c i t y   p l a s t i c   j e r r y   c a n s  were f i l l e d   w i t h   t h e  

June 11-12  and  June  18-19  raw sewage and f i n a l   e f f l u e n t   c o m p o s i t e  

samples. Sampl es  were t r a n s f e r r e d   t o   t h e  EPS A q u a t i c   T o x i c i t y  
L a b o r a t o r y   i n   N o r t h  Vancouver w i t h i n   f o u r   h o u r s   o f   t h e   c o m p l e t i o n  of  the  

sampl ing  per iod.  A b ioassay   de terminat ion  was performed on each  sample 

and a  96 hour LC50 Val ue obtained. 

The 96 hour LC50 i s  de f i ned  as the   concen t ra t i on  of 
measurable 1 ethal   agent ( i n   t h i s  case  wastewater)   required  to k i l l  the 
5 0 t h   p e r c e n t i l e   i n  a group o f   t e s t  organisms  over a 96  hour   per iod.   In  

t h e   t e s t ,  a s e r i e s   o f  30 1 glass  vessel  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   f i v e   r a i n b o w   t r o u t   ( S a l m o   g a i r d n e r i )   p e r   v e s s e l  were 

p l a c e d   i n  a cont ro l led   env i ronment  room w i t h  a main ta ined  tempera ture   o f  

15.0 - + 1°C. Samples w i t h  a pH value  below 6.0 o r  above  8.0 a re  

neu t ra l   i zed  t o  a pH o f  7; however, pH adjustment  was n o t   r e q u i r e d   f o r  

any o f   t h e  sampl es co l  1 ected. 
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F o r   t h i s   s t u d y ,  a bioassay  procedure was used h e r e b y   t h e  
sample was p re -ae ra ted   a t  150 t o  200 m l / m i n u t e   w i t h   a i r   f o r  two hours i f  

t h e   i n i t i a l   d i s s o l v e d  oxygen 1  eve1 (D.0) was found to be  bel ow 5 ppm; 
and  pre-aerated  for  30 minutes i f  the D.O. was greater   than 5 ppm. Th is  

procedure was f o l l o w d  so t h a t  D.O. would  not  be a f a c t o r   i n  sample 
t o x i c i t y  whi 1  e a i r   s t r i p p i n g   o f   t h e  sampl e'  s chemical   const i tuents  would 

be  minimized. All samples,  except  the  June 11-12  raw sewage sample,  had 
an i n i t i a l  D.O. concen t ra t i on  above 7.0 and  were aerated for on ly  30 

minutes. The June  11-12  raw sewage sample was a e r a t e d   f o r  2 hours. 
Y 
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3.0 RESULTS 

3.1 Chemical  Analyses  Results 

Resul ts   o f   chemical   analyses  o f   raw sewage samples  (Table 3 )  

i nd i ca ted   t ha t   t he   F rench  Creek WPCC i n f l u e n t  may be   charac ter ized  as 

weak t o  medium strength.   Const i tuents  which  were  present a t   " s t r o n g "  

1  eve1 s i n c l  uded FR and TALK. Oil and Grease l e v e l  s were p a r t i c u l   a r l y  

h i g h  on the  June 18-19 sampling,  possibly  as a r e s u l t   o f   s e p t i c   t a n k  
t ruck  d ischarge  to   the  system a1 though no other  parameters showed 

e levated  concentrat ions.   Both BOD5 and NFR concen t ra t i ons  were 
t y p i c a l   o f  weak s t rength  raw sewage. 

E f f i c i e n t l y  designed and operated  pr imary  sedimentat ion  tanks 

should remove 50 t o  65% o f   t h e  NFR and 2 5  t o  40% o f   t h e  BOD5 ( 3  1. 
The French  Creek WPCC tanks  achieved 59% NFR and 26% BOD5 removal 

and, t h e r e f o r e ,   m e t   t h i s   c r i t e r i a .   R e l a t i v e l y   h i g h  removal e f f i c i e n c i e s  

were a1 so achieved  for  COD (43%), TVR (36%) and LAS (36%)  (Table 4 1. 
The ent i re   t reatment   system  achieved  h igh  po l lu tant   removal  

f o r   v i r t u a l l y   a l l   p a r a m e t e r s   e x c e p t  T R Y  FFK and TPO4. BOD5 and 
NFR removal s were 81 and 90% respec t i ve l y .  The f i n a l   e f f l   u e n t  BOD5 

and NFR concen t ra t i ons  were an average o f  20 and 13 mg/ l   respect ive ly .  

These r e s u l   t s  met  the PCB pe rm i t   requ i remen ts   o f  45 mg/l BOD5 and 60 

mg/l NFR. 
Resul t s  o f  the September 1978 sampl i n g  (Tab1 e 2 )  were 

comparab le   to   resu l ts   ob ta ined  dur ing   th is   survey .  Somewhat g rea te r  
n i t r i f i c a t i o n  was n o t e d   i n   t h e  September s tudy (1.98 mg/l NH3 and 

17.0 mg/l NO31 compared t o  t h i s  most  recent  sampling (9.54 mg/l 

NH3 and 10.0 mg/l NO3). 
The c o n t r o l   o f  a b i o l o g i c a l  waste s t a b i l   i z a t i o n  system i s  

u s u a l l y  based upon uni t   process  parameters.  A1 though recommended  Val ues 

a r e   g i v e n   i n   t h e  1 i t e r a t u r e ,   o p e r a t o r s  may adjust   the  system  outs ide 
these  ranges i f  treatment  performance i s  increased. 
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S ix   impor tan t   un i t   p rocess   parameters   inc lude:  

0, - mean c e l l   r e s i d e n c e   t i m e  

U - food/mic ro-organ isms  ra t io  

VL - vol   umetr ic   loading 

t - h y d r a u l   i c   r e t e n t i o n   t i m e  

R - r e c i r c u l   a t i o n   r a t i o  

MLVSS - a e r a t i o n   t a n k   m i x e d   l i q u o r   v o l a t i l e  suspended 

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

The equations  used i n  the   ca lcu la t ion   o f   these  parameters ,   the  
recommended  Val ues f o r  a convent iona l   ac t i va ted   s l  udge  system and 

extended  aeration  system, and the   va lues   ca lcu la ted   fo r   the   French Creek 

WPCC a re  shown i n   T a b l e  5. The values  presented  for  the  French  Creek 

WPCC a re  based on data  prov ided  by  the  t reatment   p lant   operator  ( 6 )  and 

a n a l y t i c a l   r e s u l t s   o f  samples  obta ined  dur ing  th is   s tudy.   S ince  on ly  
two samples  each  were  obtained o f  the  crude  s ludge,  waste  act ivated 

s ludge and i n f l u e n t ,   t h e   c a l c u l a t i o n s  (0, and U )  i nvo l v ing   t hese  

data  are  only  approximate.   General ly,  a d e t a i l e d  sampl ing  program i s  

requ i red  t o  determine  the 8, and U va lues   accura te ly .  

Both 8, and U values  for   the  French  Creek WPCC a re  some- 
what  lower  than  those recommended, b u t   g i v e n   t h e   h i g h   e f f l u e n t   q u a l  i t y  

no ted   dur ing   th is   survey ,   the   sys tem  appears   to  work we l l   a t   t hese  

1  eve1 s. The h y d r a u l   i c   d e t e n t i o n   t i m e   o f  22 hours  i s  we l l  above  the 

recommended l e v e l   o f  4-8 hours and the   des ign   va lue   o f  6 hours due t o  
the  low  average  dry  weather  f low. The vo l   umet r ic   load ing   ra te  i s  below 

t h e  recommended values due t o   t h e   l o w   f l o w  and l o w   i n f l u e n t  BOD5 
concent ra t ion .  

N i t r i f i c a t i o n .   N i t r i f i c a t i o n   i s   a c h i e v e d  by a special  group 
o f   a e r o b i c   o r g a n i s m s   o r   " n i t r i f i e r s " .  The n i t r i f i e r s   i n c l u d e   N i t r o s o -  

monas wh ich   conver t  NH3 t o  NO2 w h i l e   N i t r o b a c t e r   c o n v e r t  NO2 

t o  NO3. The n i t r i f i e r s   a r e   t e m p e r a t u r e  and pH s e n s i t i v e  and have a 

lower  growth  rate  than  the  heterotrophic  aerobes  which  oxidize  carbon- 

aceous ma te r ia l  ( 7  ). The minimum mean c e l l   r e s i d e n c e   t i m e   r e q u i r e d   f o r  

n i t r i f i c a t i o n   i s  re1  ated t o  the   rec ip roca l  o f  the  N i  trosomonas  growth 

r a t e  by   the   fo l low ing   equat ions  (8 ) .  

Y 

m 
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oc = ' / j . A M  

m 

and, ( DO ) (1-0.833(7.2-pH))* '' ' (KO2 -+ DO ) 
= PrC 

and, 

where : = maximum p o s s i b l e   n i t r i f i e r   g r o w t h   r a t e  
under   g iven  condi t ions.  

A 
= maximum n i t r i f i e r  g rowth   ra te  

KO2 = ha1 f s a t u r a t i o n   c o n s t a n t   f o r  oxygen  approx. 1.3 

DO, PH 
and T = aera t ion   sec t ion   d isso lved  oxygen  concent ra t ion  

pH, and tempera ture   respec t ive ly  

D a t a  c o l l e c t e d  by the   ope ra to r   o f   t he   F rench  Creek WPCC dur ing   June 

1979 i n d i c a t e   t h a t   t h e   a e r a t i o n   t a n k  DO and  temperature was 1.3 mg/l and 16°C 

r e s p e c t i v e l y ,   w h i l e   t h e   p r i m a r y   e f f l u e n t  had a pH o f  7.4 as determined  by  grab 

sampling.  Using t h i s   d a t a  and the  equat ions  g iven above. The minimum mean c e l l  

r e s i d e n c e   t i m e   r e q u i r e d   f o r   n i t r i f i c a t i o n  was  3.9 days.  Under  these  condit ions 
t h e   f i n a l   e f f l u e n t  NH3 concen t ra t i on  may be  determined  by: 

where : N1 = f i  n a l   e f f l   u e n t  NH3 concen t ra t   i on  
KN = h a l f - s a t u r a t i o n   c o n s t a n t   f o r  NH3-N 

* the  term  (1-0.833(7.2-pH)) i s  1.0 f o r  pH g rea te r   t han  7.2 
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I n  the  case o f   t h e   F r e n c h  Creek WPCC w i  t h  a (3, o f  4.2 days 

t h e   f i n a l   e f f l u e n t  NH3 concent ra t ion   shou ld  be  about 5.2 mg/ l .   This 
a g r e e s   f a i r l y   w e l l   w i t h   t h e   a c t u a l   v a l u e   o f  9.5 mg/l  determined i n   t h i s  

s t u d y ,   p a r t i c u l a r l y   i n  1 i g h t   o f   t h e   p o s s i b l e   i n a c c u r a c y  as noted  pre- 
v ious l y ,   i n   t he   obse rved  8, value. The f i n a l   e f f l u e n t  NH3 

concen t ra t i on  may b e   c a l c u l a t e d   f o r   o t h e r  8, Val  ues  and these  are 

shown i n   T a b l e  6. These r e s u l t s  show t h a t  a r e l a t i v e l y   s m a l l   i n c r e a s e  

i n  Bc would 1 i k e l y   r e s u l t   i n  a l a r g e   d e c r e a s e   i n   t h e   f i n a l   e f f l u e n t  

NH3 concent ra t ion .  A decrease i n  temperature, DO o r  pH from  those 

observed  dur ing  th is   June sampl ing  would  resul  t i n  a l a r g e r  8, 

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

Metals.  Composite  samples o f   t h e  raw sewage, p r i m a r y   e f f l u e n t  
and  secondary e f f l u e n t  and grab  samples o f   t he   c rude   s ludge   (p r imary  and 
secondary), secondary sl udge, d iges ted  sl udge,  and d iges tor   supernatan t  

were   ana lysed  fo r   to ta l   meta ls   (Tab le  7). R e l a t i v e l y   l o w   t o t a l   m e t a l  

l e v e l  s were  found i n   t h e   r a w  sewage  and p r i m a r y   e f f l   u e n t  compared to 

o t h e r   e f f l u e n t s   i n   t h e  U.S. (Tab le  8 1. All f i n a l   e f f l u e n t   t o t a l   m e t a l  

concen t ra t i ons  were  re1 a t i v e l y  low.  Percent  metal  removal s were h i g h  

f o r  A1 ( 78x1, Ba (97%), Cu (84%) ,  Fe (81%), and Mn (89%) (Tab le  9). All 
detec tab le   t o ta l   me ta l  s were c o n c e n t r a t e d   i n   t h e   s l  udges  compared to the 
raw sewage concentrat ions.   Parameters  wi th  comparably  h igh  concent-  

r a t i o n   f a c t o r s   i n c l  uded A1 , Cu and Fe. 

3.2 Bioassay  Resul ts  
A s tudy   o f   mun ic ipa l   was tewa te r   t ox 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  Envi 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 t h e   r e s u l t s  appear i n  EPS pub l i shed 

repo r t s   by  T.W. Higgs (10). 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  to b e   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 sh .  These were an ion i c   su r fac tan ts ,   un - ion i zed  NH3 and TRC. 

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

l i t e r a t u r e   a r e  shown i n  Table 10. A d e t a i l e d   d i s c u s s i o n   o f   t h e   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  to the 

approp r ia te   re fe rences  1 i s t e d .  

L 
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m 

1.) 

There was no c h l o r i n a t i o n   o f   t h e   F r e n c h  Creek WPCC f i n a l  

e f f l u e n t   d u r i n g   t h i s   s t u d y  and t h e r e f o r e  no t o x i c i t y  due t o  TRC. 

The r e s u l   t s   o f   t h e  96 hour LC50 b i o a s s a y   t e s t  and se lec ted  

chemical   analyses  for   both September and June  sampling  are shown i n  

Tab le  11. Both r a w  sewage samples  were t o x i c   t o   t h e   t e s t   f i s h  due t o  

h igh   un- ion ized NH3 and  an ion ic   sur fac tan t   leve ls .  
All f i n a l   e f f l u e n t  samples  were non-acute ly   tox ic .  However, 

the  June  un- ionized NH3 concen t ra t i ons  were  above c r i t i c a l   l e v e l  s. 
The s y n e r g i s t i c   e f f e c t s   o f  many substances may reduce  the 

t o x i c   e f f e c t s   t h a t   c o u l d  be predicted  f rom  the  chemical   analyses  re- 
s u l   t s .   M o d i f y i n g   c o n d i t i o n s   f o r   b i o - a s s a y s   i n c l u d e   e f f e c t s   o f  temper- 

a tu re ,   water   hardness ,   a lka l in i t y ,  pH, d i sso l ved  oxygen, among o the rs  

( 1 7 ) .  Moreover, a i r   s t r i p p i n g   d u r i n g   t h e   b i o a s s a y   s e t - u p  and chemical 

r e a c t i o n   d u r i n g  sample t r a n s p o r t  and s to rage may occur. Any one o f  

t h e s e   f a c t o r s  may be   respons ib le   f o r   t he   apparen t   poo r   co r re la t i on  

between  the  June  un-ionized Nti3 concen t ra t i on  and b ioassay   resu l   t s .  
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APPENDIX X TABLE 1 
DESIGN CHARACTERISTICS OF THE FRENCH CREEK WPCC (STAGE 1) ( 1  

POPULATION SERVED 12 000 
AVERAGE DRY WEATHER FLOW (ADWF) 
PEAK FLOW 
INFLUENT RAW SEWAGE BOD5 

NFR 
VNFR 

CAPAC I T I E S  
Grit Tanks 
Pr imary  C1 a r i f i e r s   ( e a c h )  
A c t i v a t e d  S1 udge  Basins  (each) 
Secondary C1 a r i f i e r s   ( e a c h )  
Aerob i c   D i g e s t e r  
S1 udge  Thickeners  (each) 

HYDRAULIC DETENTION T IME @ ADWF 
Grit Tanks 
Pr imary  C1 a r i f i e r s  
A c t i v a t e d  S1 udge  Basins 
Secondary C1 a r i f i e r s  

TOTAL 

SURFACE  LOADING RATE @ ADWF 
Pr imary  C1 a r i f i e r s  
Secondary C1 a r i f i e r s  

NFR LOADING RATE (MAX.) 
Ae rob ic   D iges te r  
S1 udge  Thickeners 

5500 d / d a y  
12500 d / d a y  

150  mg/l 
180 mg/l 
135  mg/l 

45 m3 
361 m3 
675 rrd 
309 d 
991 m3 
61 m3 

0.2 h r s .  
3.2 h r s .  
6.0 h r s .  
2.7 h rs .  

h r s .  

32 d / d a y / $  
32 d /day/m2 

958 kg/day 
26 kg/  day/$ 

SLUDGE PRODUCTION (MAX. ) 
D iges ted  @ 50% VNFR Reduct ion and 98% W.C. 10200 m3 /yr . 
D r i e d  @ 1200 k g / d  and 50% W.C. 360 d / y r  . 
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APPENDIX X RESULTS OF SEPTEMBER 1978 FRENCH CREEK WPCC F I N A L  
TABLE 2 EFFLUENT  SAMPLING 

a 

L) 

PARAMETER SEPT. 19 - 20 

PH 7.4 
T OC 15.0 

NFR 1 7  
TR 61 8 

COD L 50 

A n i o n i c   S u r f a c t a n t s  0.133 

T PO4 

NO2 

NO3 

NH3 

LC 50 

* NT n o n - t o x i c  

L = less than 

16.6 

3.50 
NT * 

SEPT. 12 - 22 

7.2 

14.0 

11 

603 

65 

0.135 

7.77 

1.18 

17.3 

0.450 

NT * 

ME AN 

7.3 

14.5 

14 

610 

45 

0.134 

7.77 

1.18 

17.0 

1.98 

NT* 
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APPENDIX X RAW SEWAGE STRENGTH 
TABLE 3 

Parameter 

Typ ica l   Compos i t ion  (4) 

Strong Med i um  Weak 
French 
Creek - 

mg/ 1 WPCC 

TR 

NFR 
FR 

T VR 

TFR 
B OD5 

T OC 

COD 

Organic N 
NH3 

NO3 

NO2 
T ~ 0 4  

TA1 k 

Grease 

1200 
350 

600 
600 
850 
300 
300 
1000 
35 
50 
0 

0 

700 

2 00 

3 50 
3 50 
500 
200 
2 00 
500 
15 
25 
0 
0 

3 50 

100 
1 75 

1 75 
2 50 
100 
100 
2 50 
8 
12 
0 
0 

20 10 6 
200 100 50 

150 100 50 

772 

131 
64 1 
212 
560 

105 
86.5 
2 88 
" 

19.1 
LO. 010 

0.0059 

5.43 
1 76 
124 

L = less than 
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APPENDIX X FINAL EFFLUENT  NH3 - NH4 CONCENTRATIONS FOR 
TABLE 6 VAR IOUS 0c 

Minimum 0c f o r   N i t r i f i c a t i o n  

A e r a t i o n  D. 0. 

A e r a t i o n  pH 

Aera t ion   tempera ture  

3.9 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 
4.8 

4.9 

5.0 

5.5 

6.0 

8.0 

10.0 

3.9 days 

1.3 mg/l 

7.4 

16°C 

41.9 

12.4 

7.3 

5.1 

4.0 

3.2 

2.7 

2.4 

2.1 
1.9 

1.7 

1.5 
1.1 

0.8 

0.4 

0.3 
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APPENDIX X CONCENTRATION OF TRACE ELEMENTS I N  VARIOUS U.S.(9) 
TABLE 8 AND FRENCH CREEK WPCC WASTEWATERS 

Untreated  Wastewater   Pr imary  Ef f luents   Secondary  Ef f luents  
French  French  French 

U.S. Creek U.S. Creek U.S. Creek 
E l  ement w PCC WPCC w PCC 

As 

Cd 

Cr 
cu 
Fe 

Pb 

Mn 

Hg 
N i  

Zn 

0.003 

0.004-0.14 

0.02-0.700 

0.02-3.36 

0.9-3.54 

0.05-1 2 7  
0.11-0.14 

0.002-0.044 

0.002-0.105 

0.030-8.31 

LO. 15 

LO.01 

LO. 01 5 

0.1 30 

0.806 

LO. 08 

0.14 

LO. 1 

0.06 

0.141 

0.002 

0.004-0.028 

LO. 001 -0.30 

0.024-0.13 

0.41-0.83 

0.016-0.11 

0.032-0.16 

0.009-0.035 

0.063-0.20 

0.015-0.75 

LO.15 

LO. 01 

LO. 01 5 

0.054 

1 .oo 
LO. 08 

0.446 

LO. 1 
0.08 

0.092 

LO. 005-0.01 

0.0002-0.02 

L0.010-0.17 

0.05-0.22 

0.04-3.89 

0.0005- 0.20 

0.021-0.38 

0.0005-0.0015 

0.10-0.149 

0.047-0.35 

L0.15 

LO.01 

L0.015 

0.021 

0.157 

LO. 08 

0.015 

LO. 1 

0.06 

0.061 
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APPENDIX X REDUCTION OF TOTAL  METALS I N  EFFLUENTS AND 
TABLE 9 CONCENTRATION I N  SLUDGE 

% Reduct ion*   Concentrat ion  Factor*  

Primary  Secondary Crude** Secondary 
Parameter E f  f 1 uent E f f  1 uent S1 udge S1 udge 

A1 

As 

Ba 
Ca 

Cd 
c o  
Cr 
c u  

Fe 

Hg 

Mg 
Mn 

M 0 

Na 
t i  i 
Pb 

Sb 

Se 

Sn 

Sr 

T i  
V 

Zn 

P 

S i  

75 
- 

91 
+4 

G 78 
- 

97 
4 

49 1 

66 

67 
17 

G21 
641 

G 46 
206 

372 

55 
- 

13 
4 

G5 
67 

68 
48 

122 

- 
58 

+24 

- 
84 

81 
- 

+12 
+220 

- 
9 

89 

- 
6 

179 

- 
2 

254 
- 

+6 

+33 

- 
1.09 

12 
G 44 

G 3  

- 
1.02 
8 

G6 
- 

- 
24 

13 

48 

G16 

191 

52 

2 

- 
G5 

6 

16 

64 

37 

25 

2 

- 
+12 

48 
- 

35 

+12 

4 

- 
8 

56 
- 

57 

11 

4 

* from  raw sewage 

** crude  sludge i s  a m i x t u r e   o f   p r i m a r y  and  secondary  sludges 
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APPENDIX X CRITICAL CONCENTRATIONS OF A N I O N I C  SURFACTANTS, 

TABLE 10 UN- IONIZED NH3, AND TRC REPORTED TO BE TOXIC TO FISH 

Parameter  Concentrat ion S i  gn i  f i cance  Reference 

( n g / l )  

un- ion ized NH3 0.006 des i   rab l  e upper 1 imit (11)  
0.025 rnaximum t o l e r a t e d   ( 1 2 )  
0.44 100% m o r t a l i t y   a f t e r  96 hours   (13)  

An ion i c   su r fac tan ts  3.3-6.4 96 hour LC50 

5.9 96 hour LC50 

TRC de tec tab le  1 i k e l y   t o x i c  

( 0.02) 
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APPENDIX X B IOASSAY AND SELECTED CHEF! ICAL ANALYSES  RESULTS 

TABLE 11 (SEPTEMBER 1978 AND JUNE 1979) 

Date Sampled 96 Hour LC50 Un- i o n i  zed NH3 An ion ic   Su r fac tan ts  

Raw Sewage 

June 11-12 30% 

June 18-19  44% 
0.18 mg/l 
0.12 mg/l 

F i n a l   E f f l u e n t  

3.7 mg/l 

4.3 mg/l 

Sept. 19-20 NT* 

Sept. 21-22 N T 

June 11-12 11 T 

June 18-19 NT 

0.026 mg/ 1 
0.002 mg/l 
0.10 mg/l 
0.054 mg/l 

0.13 mg/l 
0.13  mg/l 
0.23 mg/l 
0.19  mg/l 

* NT - non- tox ic  
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APPEND1 X XI 

CHARACTERISTICS OF PARKSVILLE AND QUALICUM SEWAGE 

PUMP STATIONS 
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APPEND1 X XI I 

SUMMARY OF BACTERIOLOGICAL 

RESULTS FOR THE FRENCH  CREEK WPCC 
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