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ABSTRACT 

A bac te r i   o l   og i   ca l   su rvey   o f   t he  mol 1 uscan  she1 1 f i sh-growi  ng  waters 

o f  Nanaimo Harbour  from Dodd Narrows t o  Page Lagoon was conducted  from  March 

13 t o   A p r i l  7, 1978, by personne l   o f   the   Env i ronmenta l   Pro tec t ion   Serv ice ,  

Pac i f i c   Reg ion .  

A san i ta ry   survey  was conducted   concur ren t ly   w i th   the   bac ter io -  

l o g i c a l   s u r v e y   t o   i d e n t i f y  and   eva lua te   sou rces   o f   f eca l   po l l u t i on   t o   t he  

study  area.  Chemical ,   acute  toxic i ty , and bac ter io log ica l   ana lyses   were  

per formed  on  var ious  t reatment   s tages  a t   the  Greater  Nanaimo  Water P o l l u t i o n  

C o n t r o l   C e n t r e   t o   e v a l u a t e   t h e   o p e r a t i o n   o f   t h e   p l a n t .  
Dur ing   the   s tudy ,  74 mar ine   s ta t ions ,  27 f reshwater   s ta t ions ,  and 

3 e f f l u e n t   s t a t i o n s  were  establ ished,  representing  601 , 104, and  11  samples, 

respec t i ve l y .  Seven mar ine   s ta t i ons   d id   no t  meet the   app roved   she l l f i sh -  

growing  water  standard. 
Mod i f i ca t i on   o f   t he   p resen t   Schedu le  1 c l o s u r e  of Nanaimo Harbour 

i s  described. 



RESUME 

E n t r e   l e  13 mars e t   l e  7 a v r i l  1978, l e  Serv ice de l a   p r o t e c t i o n  

de l 'environnement a e f fec tug ,  dans l e   p o r t  de Nanaimo,  une ;tude 

b a c t 6 r i o l o g i q u e  des eaux mol l u s q u e s   s i t u i e s   e n t r e   l e  passage Dodd e t   l a  

1 agune Page. 
Para1 1 slement i ce.tte  Gtude, une analyse de l a   s a l   u b r i  te' v i   s a i  t, 

por  sa p a r t ,   d g t e r m i n e r   e t  &a1 uer   les  sources de pol  1 u t i o n   f e c a l  e  dans 

c e t   h a b i t a t .  Au Greater Nanaimo  Water Po l l u t i on   Con t ro l   Cen t re ,   l es   exper t s  

ont  procgde 5 des analyses  chimiques e t   bac tGr io log iques ,  de m&ne q u ' i   l a  

d6terminat ion de l a   t o x i c i t 6   a i g u e   d ' i c h a n t i l l o n s   p r 6 1 6 v e s  i d i f f i r e n t s  

stades de 1 'gpurat ion.  Le b u t  de ces  recherches g t a i t  de d i t e r m i n e r  

1 ' e f f i c a c i t ;  de l ' u s i n e   d ' i p u r a t i o n .  
Dans c e t t e  opt ique, on a c h o i   s i  74 s t a t i o n s  de pr6l&ement d'eau 

marine, 27 d'eau douce e t   t r o i s   d ' e f f  1 uents, dans l e s q u e l l  es on  a 

respect ivement  recuei  11 i 601, 104 e t  11 6chant i  1 lons.  Les eaux de sept 
s ta t i ons   mar ines   n '6 ta ien t  pas  conformes aux c r i t 6 r e s   G t a b l i s   p o u r   l a  

qual i te' des zones mar ico l  es. 

Nous donnons i c i   l e s   m o d i f i c a t i o n s   a p p o r t 6 e s  au s e c t e u r   i n t e r d i t  

du p o r t  de Nanaimo,  que d g c r i t  1 'annexe 1 du rGglement. 
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CONCLUSIONS 

1. The waters and t ida l   fo reshore   o f   Nor thumber land Channel  were o f  

accep tab le   bac te r io log i ca l   qua l i t y   f o r   t he   pu rpose   o f   she l  1 f i s h  
harvesting.  Domestic sewage discharges  from  the Harmac pu lp  mill and 

Hooker  Chemical p l a n t  were cons idered  ins ign i f i can t   sources   o f   feca l  

p o l l u t i o n .  
2. The wa te rs   o f  Nanaimo Harbour  were  of   acceptable  bacter io logical   qual  i ty 

f o r   t h e  purpose o f   s h e l l   f i s h   h a r v e s t i n g .  None o f   the   f reshwater   inpu ts  

to   the   harbour   a rea  were  considered t o  be ma jo r   con t r i bu to rs  o f  feca l  

p o l  1 u t i on ,  a1 though  three  s torm  dra ins  y ie lded  feca l   co l  i form  counts 

which  would  resul t  i n   l o c a l   i z e d   r e c e i v i n g   w a t e r   d e g r a d a t i o n .  The 
source( s )  of   contaminat ion  to   these  s torm  dra ins was .not  ascertained. 
A l t h o u g h   w a t e r   q u a l i t y   i n  Nanaimo Harbour was acceptable,  the  heavy use 

o f   t h e   w a t e r s   f o r   i n d u s t r i a l  and shipping  purposes, and the  uncontro l l   ed 
d ischarges   o f  human sewage from  seagoing  vessels  are  incompatible 

a c t i v i t i e s   w i t h   s h e l  1 f i s h   g r o w t h  and harvest ing.  
3. The water   qua l i t y   o f   the   in te r t ida l   a rea   sur round ing   Newcast le  and 

P r o t e c t i o n   i s l a n d s  was acceptable  for   shel  1 f i sh   ha rves t i ng   du r ing   t he  

survey   per iod .   In te rmi t ten t   con taminat ion   observed  a t  some sample 
s t a t i o n s  was associated  wi th   f reshwater   in f luences  f rom  the  harbour  

area.   Addi t ional   contaminat ion may r e s u l t  on  both i s l  ands due t o  

i n c r e a s e d   r e c r e a t i o n a l   a c t i v i t y   d u r i n g   t h e  summer. O f  speci f ic   concern 

a r e  sewage discharges  f rom  pleasure  boats moored a t   t he   Newcas t le   I s l and  

Park  marina, and poss ib le   d ischarges   f rom  fau l ty  sewage disposal  systems 

on  Pro tec t ion   Is land,   the   ma jor i t y   o f   wh ich   a re  used on ly   dur ing   the  

summer months. A b r i e f   s a n i t a r y   s u r v e y   c o n d u c t e d   i n   J u l y  by EPS i n  

cooperat ion  wi th   the  Centra l   Vancouver   Is1  and  Heal   th   Uni t   d id   not   reveal  

any  land-based p o l l u t i o n  problems  wi th   the  except ion  o f   the Lee  Shore 

Marina.  Marine sampl i n g   a t   t h i  s t i m e   i n d i c a t e d  1 i ttl e o r  no feca l  

contaminat ion  enter ing  the  foreshore  waters .  

4. The waters and t i d a l   f o r e s h o r e  o f  Departure Bay are  o f   acceptable  water  

q u a l i t y   f o r   s h e l  1 f i s h   h a r v e s t i n g ,   w i t h   t h e   e x c e p t i o n   o f   t h e   i n t e r t i d a l  

area a t   t h e  head o f   t h e  bay. Storm  drainage  comprised of urban and 



- v i i  - 

5 .  

6. 

7. 

I 
8. 

m 

a 

I 

a 

9. 

a g r i c u l t u r a l   r u n o f f  caused  contaminat ion  of   the  receiv ing  waters i n   t h i s  

area.  Departure  Creek was p r i m a r i l y   r e s p o n s i b l e   f o r   t h e   u n a c c e p t a b k  

water  qual i ty noted a t  marine  sample  stat ions.  Animal  fecal  matter i n  

r u n o f f   i s   s u s p e c t e d  as the   p r inc ipa l   source   o f   th is   con taminat ion .  

Other  areas  of   Departure Bay, a1 though  meeting  the  growing  water 
standards,  remai n p r o h i b i t e d   t o   s h e l  1 f i s h   h a r v e s t i n g  due t o   t h e i r  

p r o x i m i t y   t o   t h e  B.C. Ferry  Terminal and t h e   B i o l o g i c a l   S t a t i o n  dock. 

Such areas  must  remain  under  closure i n  the absence o f .   r e g u l a t i o n s  

p reven t ing  sewage discharge  from  vessels. 

Unacceptable  fecal   contaminat ion was observed a t  Stephenson Po in t .  The 

contaminat ion was b e l i e v e d   t o  be from  septic  tank seepage o r i g i n a t i n g  

from houses 1 ocated  c lose  to   the  foreshore i n  an area   charac ter ized  by  a 

t h i n   s o i l   l a y e r   c o v e r i n g   t h e  bedrock. 

Low theore t ica l   wet   we l l   re ten t ion   t imes  coup led   w i th   the  absence o f  

warning  systems f o r  pump mal f u n c t i o n s   o r  power d i s r u p t i o n s   i n d i c a t e s  

tha t   con taminat ion   o f   the   fo reshore  by  sewage overf lows  f rom  the City of 

Nanaimo sewage pump s t a t i o n s   a t   t h e   M a d i l l ' s ,   W i l l i a m ' s  and F a g i n ' s  

r e s i  dences i s  poss ib le .  

The d ischarge  o f  sewage from  the  Greater Nanaimo Water P o l l u t i o n   C o n t r o l  

Centre (GNWPCC) through  the  F ive  F inger   Is lands  submar ine  d i f fuser   d id  

not  impa i r   t he   bac te r io log i ca l   qua l  i ty  o f   t h e   s u r r o u n d i n g   i n t e r t i d a l  

waters. 
The waters   o f  Page  Lagoon are  of   acceptable  water  qual  i ty fo r   she l  1 f i s h  
harvest ing.  However, the  presence  of  a sewage ove r f l ow   p ipe   i n to   t he  

1 agoon from a City o f  Nanaimo pump s t a t i o n  poses a s e r i o u s   t h r e a t   t o   t h e  
s h e l l   f i s h  consumer i n  the  event   that  an ove r f l ow   o f  raw sewage occurs. 

Chemical  analyses  of  samples  collected a t   t h e  GNWPCC i n d i c a t e s   t h a t  
under  normal  operat ing  condi t ions,   the  t reatment  p lant   produces an 

e f f l u e n t   o f   t y p i c a l   q u a l i t y   f o r   t h i s   t y p e  of system. B ioassay   resu l ts  
showed t h a t   t h e  sewage e f f l u e n t   a f t e r   s e d i m e n t a t i o n  and t h e   f i n a l  

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

e f f l u e n t  was found  to  be the  most  toxic due p r i m a r i l y   t o   r e s i d u a l  

c h l   o r i  ne  and un-ioni  zed ammonia concentrat ions.  
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SCHEDULE I 1 CLOSURES 

1. The Schedule 1 17-4 c losure  should be revoked and rep1  aced w i t h   t h e  

f o l  1 owi  ng c l   o s u r e s  : 

( a )  "Area 17-4A.  The waters and t ida l   fo reshores   o f   Depar tu re  Bay 

and Nanaimo Harbour  f rom  Horswel l   Bluf f   to  Jack  Point ."  

( b )  "Area  17-48. The waters and t i d a l   f o r e s h o r e  o f  Newcastle 

Is land."  

( c )  "Area 17-4C.  The waters and t i d a l   f o r e s h o r e  o f  P r o t e c t i o n   I s l a n d  

l y i n g   w i t h i n  a 300 metre  rad ius o f  the Lee  Shore  marina  docks. I' 

( d )  "Area 17-40. The waters and t i d a l   f o r e s h o r e   o f  P i  r a t e ' s  Beach, 

P r o t e c t i o n   I s l a n d ,   l y i n g   i n s i d e ,   t h a t   i s   e a s t e r l y  o f  a l i n e  
drawn from Goose Point   southeast   to   Gal lows  Point . "  

These proposed  c losure changes a r e   i l l u s t r a t e d   i n   F i g u r e  1. 

P 
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1 INTRODUCTION 

The City of  Nanaimo i s  the second l a r g e s t   c i t y  on  Vancouver 

I s 1  and  and  has t r a d i t i o n a l  l y  been the   t ranspor ta t i on  hub f o r   t h e   I s 1  and, 
wi th f e r r y   s e r v i c e   f o r  passengers and f r e i g h t   p r o v i d e d   f o r  many years by 

the  Canadian Pac i f i c   Ra i lway  and more r e c e n t l y  by t h e   B r i t i s h  Columbia 

Ferry   Corporat ion.  The area  present ly   suppor ts  a p o p u l a t i o n   o f  40 336 
(1976 census, S t a t i s t i c s  Canada). 

Nanaimo  has  had  a c o m p a r a t i v e l y   l o n g   h i s t o r y   o f   i n d u s t r i a l  

development, w i th   coa l   m in ing   be ing  a major   ac t i v i t y   s ince   the   mid  
1800's. As coal   mining was phased  out due to   dep le t i on   o f   t he   resource ,  

f o r e s t r y ,   i n c l u d i n g   l o g g i n g  and sawmi l l ing became a major economic  base 
fo r   t he  community. The f o r e s t   p r o d u c t s   i n d u s t r y   i s   s u p p o r t e d   m a i n l y  by 

the  MacMi 11 an B l o e d e l   L i m i t e d   k r a f t   p u l p  m i  11 a t  Harmac , two  chemical 
i n d u s t r i e s  and several   sawmil ls and  lumber  companies.  Because o f   t he  

avai  1 ab1 e h a r b o u r   f a c i l  i t i e s  and the   connect ing   ra i  1 way and  highway 1 i nes  
t o  nearby  logging  areas on Vancouver Is1 and, Nanaimo has become a major 

p o r t   f o r  1 umber expor t .   Add i t iona l   bu lk   load ing  and i n d u s t r i a l  

f a c i l i t i e s   a r e   p l a n n e d   a t  Duke P o i n t  and l a n d   c l e a r i n g   i s   p r o c e e d i n g  

under   t he   d i rec t i on   o f   t he  Bri ti sh  Col  umbia Development  Corporation. 
Commercial  and r e c r e a t i o n a l   f i s h i n g  has always been conducted 

o u t   o f  Nanaimo. A t  the  present  t ime  there i s   o n l y  one commercial h e r r i n g  
roe  processor and  one small  custom  canning  establishment i n  operat ion.  

No commercial mol 1 uscan s h e l l   f i s h e r y   e x i s t s   i n   t h e  Nanaimo 

Harbour/Departure Bay area due t o   t h e   c u r r e n t  Schedule 1 "contaminated 

area"  c losure.  A s h e l l f i s h   c l o s u r e  was f i r s t  imposed on Nanaimo Harbour 
i n  November 1949 by the   Federa l   M in i s te r   o f   F i she r ies  and i n c l  uded the 

areas  of "Nanaimo Harbour, E x i t  Channel , and ad jacen t   wa te rs   l y i ng  

i n s i d e ,   o r   s o u t h e r l y   o f ,  a s t r a i g h t   l i n e  drawn from  Pimbery  Point, 

through  Newcastle and P r o t e c t i o n   i s 1  ands to   Jack   Po in t "  ( 1  1. A t  the  t ime 

t h i s   c l o s u r e  was imposed, the City o f  Nanaimo was d ischarg ing r a w  sewage 
d i r e c t l y   i n t o  Nanaimo Harbour   f rom  the   ou t fa l l s   loca ted  (i) a t  Assembly 

Wharf ( ii ) behind  the Mal aspi  na Hotel  and (ii i at  the  southern end o f  

Newcast le  Is1 and  Passage (2). By 1958, two new o u t f a l l s  were b u i l t ,  one 
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near Duke P o i n t  and the   o ther  on the  nor theast   shore  o f   Newcast le   Is land.  

Xomninuted raw sewage was d ischarged  a t   both-   these  locat ions however 

these changes i n  sewage disposal  were not  considered  adequate  to  protect  
the  shel  1 f i s h   r e s o u r c e  and the  closure  remained i n   e f f e c t .  

I n  1972, t h e   s h e l l f i s h   c l o s u r e  was  amended f o r   i n c l u s i o n   i n  

Schedule J (now Schedule 1) o f   t h e   B r i t i s h  Columbia  Fishery  Regulations 

and  the  area  of   c losure was extended to   inc lude  Depar tu re  Bay.  The 

present  Schedule 1 c l o s u r e  now reads:  "Area 17-4. The waters and t i d a l  
fo reshore   o f  Nanaimo H a r b o u r   l y i n g   i n s i d e  a 1 i n e  drawn from  Horswell  

B1 u f f   t o  Mal aspi na P o i n t  and thence t o  Duke Point ."  

I n  October   o f  1974, the City o f  Na'naimo began d ischarg ing raw 

sewage through a  deep  sea o u t f a l l   l o c a t e d   a t   F i v e   F i n g e r   I s 1  and  and by 

J u l y  1975, the sewage was rece iv ing   p r imary   t rea tmen t   w i th   ch lo r i na t i on  
a t   t h e  new Greater Nanaimo Water P o l l u t i o n  Control  Centre (GNWPCC). A t  

t he  same t ime  the  sewage t rea tment   p lan t  was being  constructed, a 

d i f f u s e r  was i n s t a l  1 ed  on the   F i ve   F inge r   ou t fa l l  . The complet ion  o f   the 

sewage t rea tmen t   p lan t  and d i f f u s e r   o u t f a l l   r e s u l t e d   i n   t h e   c e s s a t i o n  o f  
sewage discharges a t   t h e  Duke P o i n t  and Newcas t le   I s l and   ou t fa l l s .  

Water  qual i ty and b io log i ca l   mon i to r i ng  ( 3 ,  4)   o f   the   waters  

a d j a c e n t   t o   t h e   F i v e   F i n g e r s   o u t f a l l   p r i o r   t o  and f o l l  owing  discharges 

i n d i c a t e d   t h a t   t h e  sewage d ischarged  f rom  the  out fa l l  has n o t  had an 
observabl e d e t r i m e n t a l   e f f e c t  on the   sur round ing   in te r t ida l   a rea .  

S i g n i f i c a n t  improvements i n  water and o y s t e r   t i s s u e   c o l i f o r m   l e v e l s  were 

observed i n  t h e   v i c i n i t y   o f   t h e   N e w c a s t l e   I s l a n d   o u t f a l l   f o l l o w i n g   t h e  

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

As a r e s u l t   o f   t h i s   i m p r o v e d  method o f  sewage treatment and 

disposal  and the   repor ted  improvements i n   b a c t e r i o l o g i c a l   w a t e r  qual i ty  

i n  t h e   v i c i n i t y  o f  the   o ld   Newcast le   I s land  ou t fa l l ,   the   Env i ronmenta l  
Protect ion  Serv ice  under took a shel 1 f i s h   w a t e r   q u a l i t y   s u r v e y   o f  Nanaimo 

Harbour  and  Departure Bay from Dodd Narrows t o  Page Lagoon i n c l u d i n g  

Newcastle and P r o t e c t i o n   I s l a n d   i n  March and e a r l y   A p r i l  1978. 

The purpose  of  the  survey was t h r e e f o l d :  

1. To i n v e s t i g a t e   t h e  Val i d i  ty  of  the  present  Schedule 1 
contaminated  area  c losure  of  Nanaimo Harbour,  which had n o t  

p r e v i o u s l y  been surveyed. 
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2. To determine the effects o f  the Five Finger Island sewage 
di scharge o n  the surrounding intertidal areas with respect 
t o  their  suitability  for  shellfish harvesting. 

3. To identify and evaluate  other sources of p o l l u t i o n  t o  the 
study area. 

Addi t iona l  sanitary  investigative work  was conducted i n  July 
1978, t o  assess the impact o f  summer residences and boat moorage on 
selected  intertidal areas o f  Protection and Newcastle Islands. 
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2 SAMPLE STATION  LOCATIONS 

Marine  sample  stat ions  were 1 ocated i n   t h e   i n t e r t i d a l  and 

subt ida l   areas  to   assess  the  degree  o f   feca l   po l  1 u t i o n   r e s u l t i n g   f r o m  

known o r  suspected  sources o f   con taminat ion .   Po ten t ia l   sources   o f   feca l  

contaminat ion  which  determined  the  pos i t ion ing o f  the  samples s t a t i o n s  

included: ( i  ) Harmac Pulp Mil 1, ( i i )  Hooker  Chemicals, ( i i i ) Nanaimo 

R i v e r ,   ( i v )  M i  1 l s t o n e   R i v e r ,   ( V I   F i v e   F i n g e r s   I s l a n d  sewage o u t f a l l ,  and 

( v i  ) numerous s to rm  d ra ins   d ischarg ing   to   Depar tu re  Bay. Sample s t a t i o n s  

were a l s o   p o s i t i o n e d   i n   a r e a s  known t o  have a mol luscan she1 l f i s h  

resource,  the  most  noteworthy  being  the passage  between  Newcastle  and 
Pro tec t i on   i s l ands   and   t he  Page Lagoon  area. 

Both  depth  and  surface  samples  were  taken a t   s e l e c t e d  sample 
s t a t i o n s   i n  Nanaimo Harbour t o  assess the  degree of feca l   con taminat ion  

i n   t h e   w a t e r  column. 

Freshwater   and  e f f luen t  sample s t a t i o n s  were  estab l ished on a1  1 

m a j o r   i n p u t s   t o   t h e   s t u d y   a r e a   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  a1 c o n t r i b u t i o n s   t o   t h e   r e c e i v  i ng env i ronment. The f reshwater  

sampling  program was done concurrent ly   wi th   the  mar ine  sampl ing.  
Sample s t a t i o n   l o c a t i o n s   a r e  shown i n   F i g u r e s  2 and 3. 
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I 

3 FIELD PROCEDURES AND METHODS 

3.1 Bacteri 01 ogi cal Sampl i ng and Analyses 
A1 1 marine  water samples for  bacteriological  analyses were 

col lected i n  s t e r i   l e  w i  de-mouth g lass   bo t t les ,  approximately  15 t o  30 cm 
below the  water  surface. The water  depth a t   co l lec t ion   po in ts  Over 
shel 1 f i  sh beds d i  d not  exceed two meters. Samples were col lected by boat I 

or  on foot. The  samples were stored i n  coolers  at  temperatures  not 
a exceeding 10°C u n t i l  processed.  Analyses were carried  out w i t h i n  three 

hours of col lect ion i n  the mobile  microbiology  laboratory of the 

Q 

a 

I 

Env i ronmental Protection  Service, 1 ocated i n Nanaimo. 
The fecal  coli form most probable number (MPN) per 100 m l  was 

determined us ing  the mu1 tiple  tube  fermentation  technique  (at least three 
decimal di lut ions of five  tubes  each)  as  described i n  Par t  407C of the 
14 th  edit ion of S tandard  Methods for   the Examination of Water and 
Wastewater (5 ) .  The cul ture  medium used was the A - 1  medium, as  described 
by Andrews  and Presnell (6). This medi um and the method described below 
were accepted by the Canadian  government as  the method  of choice  for  the 
enumeration of fecal  coli  fonns i n  shel l f i  sh growing waters i n  Apri  1 1977. 
An evaluation of the A - 1  medi um i n  the  Pacific Region  has been done by 
Kay ( 7 )  and the  reader i s  referred t o  this paper for  further  information. 

The "modified A-1" technique  involves  the  inoculation of a 
se r ies  o f  dilut ions i n  accordance w i t h  the multiple t u b e  fermentation 
technique. Ten m i l l i l i t e r  volumes of sample water were inoculated  into 
f ive  double strength  tubes of A - 1  medium, and 1.0 m l  and 0.1 m l  volumes 
were i nocul ated i n t o  five  tubes each of single  strength medium.  The 
tubes were incubated a t  35 - + 0.5OC i n  a i r  incubators  for  three hours and 
then transferred  to a water b a t h  a t  44.5 - + 0 . 2 O C  and incubated  for a 
fur ther  21 hours fo r  a to ta l  of 24 - + 2 hours. All gassing  tubes w i t h  
growth were considered t o  be fecal  coliform  positive. T h e  most probable 
number for each  sample was then  determined  according t o  the manner 
descri bed i n Standard Methods. 

A1 1 freshwater samples were collected  in  steri  1 e w i  de-mouth 
g lass   bo t t les  and were tes ted for total  coliform,  fecal  coliform, and 



- 8 -  

fecal  streptococci,  using the membrane filtration(MF1 method described i n  
Par t  909 of the 14th  edit ion of Standard Methods.  Media used were m-Endo 
LES, m-FC, and KF streptococcus  agars  obtained from Difco  Laboratories, 
Detroit ,  Michigan, USA, fo r  the total  coliform,  fecal col  iform, and fecal 
streptococcus tests respectively. The membrane f i l t e rs  used were 
Millipore HC, obtained from Millipore  Limited,  Missisauga,  Ontario. 

3.1.1 Biochemical Ident i f icat ion of  Bacterial  Isolates.  Bacterial 
i so l a t e s  from MPN gas-posi t ive  tubes were subjected t o  a s e r i e s  of 
biochemical tes t s   to   eva lua te  the se l ec t iv i ty  of the A-1 medium for  
Escherichia  coli. The tests included:  lactose  fermentation a t  44.5OC, 
Indole  production,  fermentation of gl ucose  (methyl red), production of 
acetyl -methyl -carbinol from glucose  fermentation (Voges Proskauer) , 
u t i  1 ization o f  c i t r a t e  as the sol e carbon  source, orn i th ine  decarboxylase 
and motility. Methods used are  described i n  "Ident i f icat ion o f  

Enterobacteriaceae i n  the C1 inical  Laboratory" (8 1. 

3.2 Physical and Chemical Testing E q u i p m e n t  and Analyses 
Temperature measurements of marine and freshwater samples were 

taken w i t h  an immersible Cel sius thermometer w i t h  an accuracy o f  +O. 5 O C .  

The sal ini  t y  of a1 1 marine samples was determined using an American 
Optical  refractometer  (Catalogue No. 10413) which has a resolution  to the 
nearest 0.5 pa r t  per thousand. Wind speeds and direction were determined 
w i t h  a Telcor series 210 electronic  wind speed/direction  indicator. 

- 

Rainfall  data were obtained from the Nanaimo Airport a t  Cassidy 
(Figure 4 )  and t ide data used was that  for  Point Atkinson (Figure 5 1. 

A1 1 samples fo r  chemical analysis were submitted to  the 
Environmental Protection  Service/Fisheries and Marine Service Chemistry 
Laboratory, Cypress Creek, West Vancouver. Physical and chemical tes t ing 
procedures and methods employed i n  the sampl i n g  of the GNWPCC are 
discussed i n  Appendix VII. 

R 

I 
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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 sampl  e 

s t a t i o n s   a r e  summarized i n  Tables 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  

resul ts   are  presented  in   Appendices 111 and IV, respec t i ve l y .  

Desc r ip t i ons   o f   mar ine  and freshwater sample s t a t i o n s   a r e   l i s t e d   i n  

Appendices I and 11, and s a l i n i t y  and temperature  data  from  marine  sample 

stat ions  are  sumnarized i n  Appendix V .  

The f e c a l   c o l i f o r m   r e s u l t s   o b t a i n e d  from the   mar ine   s ta t ions  
a re  used i n   c l a s s i f y i n g   t h e   s h e l  1 f i sh   g rowing   waters   accord ing   to   the  

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 area be c o n s i d e r e d   b a c t e r i o l o g i c a l l y   s a f e   f o r  

t he   ha rves t i ng  o f  b i v a l v e  mol 1 uscan  shel 1 f i s h ,   t h e   f e c a l   c o l i f o r m  median 

MPN o f   t h e   w a t e r  must n o t  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  43/10U m l  f o r  a 5-tube  decimal 

d i  1 u t i o n   t e s t ,   i n   t h o s e   p o r t i o n s   o f   t h e   a r e a  most  probably  exposed  to 

fecal   contaminat ion  dur ing  the most unfavourabl e hydrographic and 

p o l  1 u t ion   cond i t ions .   (Th is   repor t   expresses   the  10% 1 imi t i n  te rms   o f  a 

90 percent i le   wh ich   cannot  exceed  43/100 m l . )  
The approved  growing  water  standard was met' a t  a1 1 s t a t i o n s ,  

w i t h   t h e   e x c e p t i o n   o f   s t a t i o n s  43,  52, 53, 54, 55, 65 and 66, l o c a t e d   i n  

the  Departure Bay - Stephenson P o i n t  area. 

on a1 1 f reshwater sample i n  an a t tempt   t o   de te rm ine   t he   o r i g in   o f   f eca l  

contaminat ion i n  the  major  f reshwater  inputs.   Geldreich and  Kenner ( 9 )  

have   repo r ted   h ighe r   f eca l   s t rep tococc i   dens i t i es   i n  a1 1 warm-blooded 

animal  feces  except f o r  humans.  The FC:FS r a t i o   i n  humans  was  4.4, 
whereas i n   o t h e r  warm-blooded  animals  the r a t i o  was less  than 0.7. FC:FS 
r a t i o s  were c a l c u l a t e d   f o r  a1 1 f reshwater   inpu ts  sampled  and a  sumnary  of 

t h e s e   r e s u l   t s   i s   p r e s e n t e d   i n  Tab1  e 2. 

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 

I n   a d d i t i o n   t o  FC:FS r a t i o   c a l c u l a t i o n s ,   p o p u l a t i o n   e q u i v a l e n t s  

were a1 so c a l c u l a t e d   f o r  a1 1 f reshwater  inputs.  The concept  of   "popul  a- 

t ion   equ iva len ts" ,   wh ich   takes   in to   account   bo th  the f e c a l   c o l i f o r m  

concen t ra t i on  and the f l o w  of  contaminated  water, i s   u s e f u l   i n  comparing 
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TABLE 1 S W Y  OF FECAL  COLIFORM MPN RESULTS FOR W I N E  STATIONS 

Sample 
Station 

No. o f  
Samples MPN Range 

Fecal WN/100 ml 

Median 90th Percentile 
I 

1 
2 
3 
4 

6 
5 

7 
8 

10 
9 

11 
12 
13 
14 
15 
16 
17 

19 
18 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

34 
33 

35 ~~ 

36 
37 
38 
39 
40 
41 
42  
43 

45 
44 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

63 
62 

64 
65 
66 
67 

69 
68 

71 
70 

72 
73 
74 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 
6 

10 
6 
6 
6 
6 
6 
9 

13 
12 
11 
9 

12 
12 
12 
11 
9 
9 
9 
9 
5 

6 
6 

6 
8 
6 

10 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
8 

8 

6 
6 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

a 

< 2  
< 2  

< 2 -  2 
< 2 -  2 
< 2 -  11 

< 2 -  8 
< 2 -  5 

< 2 -  2 
< 2 -  2 
< 2 -  2 

< 2 -  2 
< 2  

( 2 -  2 
< 2 -  2 
< 2 -  5 
< 2 -  8 
< 2 -  33 

< 2 -  23 
< 2 -  8 

< 2 -  8 
< 2 -  11 
< 2 -  11 
( 2 -  23 
< 2 - 130 
< 2 -  46 
< 2 -  33 
< 2 -  13 
< 2 -  79 
< 2 - 130 
< 2 -  46 
‘ 2 -  23 
< 2 -  13 
‘ 2 -  13 
< 2 -  2 
‘ 2 -  17 

< 2  
‘ 2 -  2 
< 2 -  5 
< 2 - . 3 3  
< 2 -  5 
‘ 2 -  23 
< 2 -  79 
< 2 -  2 
< 2 -  17 
< 2 -  8 
< 2 -  7 
< 2 -  11 

< 2 -  79 
2 - 49 

< 2 -  7 
< 2 - 170 
< 2 - 280 

< 2 - 540 
< 2 - 350 

‘ 2 -  17 
< 2 -  17 

‘ 2 -  13 
< 2 -  33 

< 2 -  9 
< 2 -  8 
< 2 -  11 
< 2 -  9 

2 - 17 

< 2 -  49 
2 - 240 

< 2 -  8 
‘ 2 -  17 
< 2 -  2 
< 2 -  11 
< 2 -  79 
< 2 -  17  

< 2  
< 2 -  11 

2 - 5.6 

< 2  
< 2  
< 2  
< 2  

< 2  
2 

< 2  
< 2  
< 2  
< 2  
< 2  
< 2  
< 2  
< 2  
< 2  

3.5 

< 2  
6 

4.5 
2 
3.5 
3.5 

< 2  
5 
3 
2 
2 
2 
2 
2 

< 2  
< 2  
< 2  
< 2  

2 
2 

< 2  
‘ 2  

< 2  
< 2  
< 2  

< 2  
< 2  
< 2  
< 2  

6.8 
3.2 
4.4 

< 2  
< 2  
< 2  
c 2  
c 2  

2 
2 
3.2 
8 

23 
5.6 

17 
5.6 
9.2 
7.4 

14.0 
40.9 
33 
22.4 
11.2 
40.2 

21.0 
7.4 

8.0 
7.6 
5.8 
2.0 
6.2 
3.8 

< 2.0 
< 2.0 

3.2 
8.2 
3.2 

< 2  
2 

13.0 
61 

< 2  2 
2 14.6 :: 4.4 4 
3.5 1.4 
5 33.4 
4.5 40 
3 

32 
5.8 

23 
66.8 

106.4 
39.5 
25 

133.2 

3.5 
171.2 

5 
11.6 
13.4 

< 2  
3.5 16.2 

< 2  
10 
8.5 

3.5 
3.5 

7.4 

4 
8.6 
7.8 

3 14.6 
8 106.2 

39.4 
7.4 

11.6 

15.5 
< 2  
< 2  

2 < 2  

2 
3.5 8 

36.4 

< 2  
5 13.4 

< 2  5.6 
< 2  

I 

L 

L 

n 

m 

I 

m 
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TABLE 2 SUMMARY OF BACTERIOLOGICAL  RESULTS  FOR  FRESHWATER STATIONS 

Fecal   Col i  form 
MF Counts/100 m l  Fecal   Streptococci  

Sampl e No. o f  MF Counts i lo0 m l  FC/FS 
S t a t i o n  Sam1  es Mean Ra t io  

Range  Mean 

s1 
s2 
s3 
s4 
s5 
S6 
s7 
S8 
s9 
s10 
s11 
s12 
S13 
S14 
S15 
S16 
S17 
S 18 
s19 
s20 
s21 
s22 
S23 
S 24 
S2 5 
S26 
S27 
STP 
HC 
HR 

3 
5 
3 
5 
5 
3 
3 
2 
5 
2 
2 
2 
5 
5 
4 
1 
4 
6 
6 
5 
6 
3 
4 
4 
3 
4 
5 
6 
3 
3 

< 10 - 50 
< 10 - 20 
< 10 - 10 
< 10 - 120 
700 - 9300 
930 - 2600 
40 - 740 
20 - 90 
30 - 90 
60 - 130 
50 - 70 
10 - 20 

< 10 - 68 
< 10 - 330 
< 10 - 164 

< 10 - < l o  
< 10 - 2200 
< 2 - <10 
< 10 - 58 
< 10 - 270 
< 10 - <10 
< 10 - <10 
< 10 - 110 

8 - <10 
< 10 - 100 

2 - 4 0  
< 10 - 120 

20 - 60 
< 10 - 440 

23 
12 
10 
42 

3290 
1497 
280 

55 
62 
95 
60 
15 
29 
74 
27 

< 10 
< 10 
388 

8 
22 

108 
10 
10 
38 

9 
33 

7 
34 
43 

170 

< 10 
< 10 

25 
42 

2675 
38 0 
190 

< 10 
75 
60 
90 
50 
80 

9 
27 
10 

< 10 
104 

9 
34 

170 
97 

< 10 
38 

7 
127 
25 

642 
77 

290 

- - 
0.33 
1.0 
1.23 
3.94 
1.47 
5.5 
0.83 
1.58 
0.67 
0.30 
0.36 
8.2 
1.0 - - 
3.73 
0.89 
0.65 
0.64 
0.10 

1.0 
1.3 
0.26 
0.28 
0.053 
0.55 
0.59 

- 
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theoretical  re1 a t i  ve impacts of freshwater i npu t s .  The popul a t i  on 
equivalent of  a source of fecal  organisms may be cal  cul  ated us ing  an 
average  value fo r  the fecal  coliform  contribution  per  capita  to a sewage 
system. An average  person  discharges  1.6xlQltotal col i forms/day . The 
fecal  coliform  concentration i n  domestic sewage has been estimated a t  20% 
of the total  concentration (10). This y ie lds  a value of 3.2xlWfecal 
col  iforms/person/day. The equation  for  population  equivalent becomes: 

Population  Equivalents = Fecal  Coliform  Discharged per day 
Fecal Col i forms/Person/day 

= Flow x Fecal  Coliform  Counts 
3.2 x 1010 

The population equi Val ents for  a1 1 freshwater and ef f luent   s ta t ions   a re  
presented i n  Tab1 e 3 .  

Biochemical analysis of fecal col iform isolates  obtained from 
the marine  sampling  conducted on three days was performed to  evaluate  the 
se l ec t iv i ty  of the A - 1  medium for  " E.  co l i  Of the 244 i so l a t e s  examined, 
234 (95.9%) were identified as " E. col i ,   indicat ing the coliform  results 
obtained were ref1  ecti ng pol 1 ution  level s due to  fecal  contamination and 
not  interference from ubiquitous col iform  organisms. 

The average March ra infa l l   fo r   the   l as t  23 years  i s  101.3 m, 
a s  measured a t  Cassidy a i rpor t  (11 ). In March 1978, the  total   ra infal l  
measured 110.3 mn w h i  1 e 69.3 m was recorded d u r i n g  the survey period 
(March 13 t o  April 7 ) .  T h u s ,  the March rai  nfall was typical  for  that  
normally  experienced  for this time of year a1 though much of the month's 
ra infa l l  preceded  the s t a r t  of the  survey. I t  i s  probable  therefore , 
that   o ther   factors  being equal , bacteriological  results  for marine and 
freshwater sampl es  were typical of those normally  expected fo r   t ha t  time 
of  year. Higher bacteriological  levels would  be anticipated dur ing  the 
higher ra infa l l  months  of October to  February,  as most  of the 
contamination  observed d u r i n g  this  survey  resulted from stormwater 
discharges, which are  significantly  affected by rainfall   events.  
A1 though i t  i s  d i f f i cu l  t to   cor re la te  h i g h  fecal col iform 1 eve1 s a t  
marine s ta t ions w i t h  specific  rainfall   events,  there i s  a strong 

D 

m 

m 

D 
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TABLE 3 MEAN POPULATION  EQUIVALENTS FOR  FRESHWATER STATIONS 

Mean Average F1 ow Percent 
Sample No. o f  Fecal  Col i forms Mean Popu la t ion  O f  Sector 
S t a t i o n  Samples (MF Counts/100 m l  (m3/sec)  Equi v a l e n t  To t a l  

South  Sector 

s1 3 
s2 5 
s3 3 
s4 5 
s5 5 
S6 3’ 
s7 3 
S8 1 
s9 5 
s 10 2 
s11 2 

North  Sector 

s12 2 
S13 5 
S14 5 
S15 4 
S16 1 
S I 7  4 
S 18 6 
s19 6 
s 20 5 
s21 6 
s22 3 
S23 4 
S24 4 
S25 3 
S26 4 
S27 5 
STP 5 
HC 3 
HR 3 
P 1  1 
P 2  1 
P 3  1 

23 
12 
10 
42 

3290 
1497 
280 

55 
62 
95 
60 

15 
29 
74 
27 

< 10 
< 10 
388 

8 
22 

108 
10 
10 
38 

9 
33 

7 
34 
43 

170 
10 

< 10 
< 10 

0.36 
36.51 
0.41 
0.97 
0.008 
0.010 
0.004 
2.22 
2.22 
2.22 
2.22 

0.006 
0.11 
0.003 
0.008 
0.003 
0.009 
0.015 
0.005 
0.0005 
0.10 
0.0009 
0.009 
0.002 
0.08 
0.003 
0.05 
0.198 
2.60 
0.14 
0.0003 
0.0003 
0.0003 

0.224 
11.83 
0.11 
1.11 
0.712 
0 . 405 
0.03 
3.2 
3.72 
5.69 
3.6 

0.002 
0.086 
0.006 
0.001 
0.0008 
0.0024 
0.158 
0.001 
0.0003 
0.292 
0.0002 
0 . 002 
0.002 
0.02 
0.003 
0.009 
0.18 
4.56 
0.64 
0.00008 
0.00008 
0 . 00008 

1.27 
67.13 

0.62 
6.30 
4.04 
2.30 
0.17 

18.16 - 
- 
- 

0.34 
14.7 

1.0 
0.17 
0.047 
0.41 

0.17 
0.051 

0.34 
0.34 
0.34 
3.4 
0.51 
1.5 

26.9 

50.0 

- 
- 
- 
- 
- 
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c o r r e l a t i o n  between h igh   f eca l   co l   i f o rm  coun ts  and reduced  sal i n i   t i e s .  
These reduced  sal i n i  ty v a l u e s   a r e   a t t r i b u t a b l e   t o   h i g h e r   r a i   n f a l  1 and 

associated  increased  f low  f rom  f reshwater   inputs ,   which i n   t u r n  causes 

t h e   b a c t e r i o l o g i c a l   q u a l i t y   o f   t h e   r e c e i v i n g   w a t e r   t o   d e t e r i o r a t e  as a 

r e s u l t   o f  urban 1 andwash e f fec ts .  

Winds dur ing   the   survey   per iod  were predominant ly  f rom  the 

northwest and southeast,  and d id  n o t  appear t o   s i g n i f i c a n t l y   i n f l u e n c e  
wa te r   qua l i t y   t h rough   the  movement o f  contaminated  surface  water  (Table 

4).  

4.1 South  Sector - Dodd Narrows t o  Newcast le   Is land 

Mar ine   s ta t i ons  1-38  were  selected to assess she1 1 f i s h  growing 

water  qual i ty i n   t h e   s o u t h   s e c t o r .  A1 1 mar ine  s ta t ions met the  approved 
shel l f ish  growing  water   s tandard,   a l though two a r e a s   o f   s i g n i f i c a n t  

resource   po ten t i a l  , Duke P o i n t  1 agoon  and  Nanaimo R iver   es tuary  were n o t  

sampl ed f o r  reasons  discussed  later.  
Freshwater  sample  stat ions S1-S11, and e f f l u e n t  sample s t a t i o n s  

HC (Harmac) and HR (Hooker  Chemicals)  were sampled concur ren t l y   w i th   t he  
mari  ne sampl i ng . 
4.1.1 MacMil lan  Bloedel  Harmac D i v i s i o n  (HC) . The MacMil l  an Bloedel  

Harmac pu lp  mil 1 , l o c a t e d  on the  west  shore  of  Northumberl  and  Channel , 
began o p e r a t i o n   i n  1950,  and o r i g i n a l l y  produced  318  metric  tons  of f u l l  

b l e a c h   k r a f t   p u l p   p e r  day. The mi  11 now averages 940 me t r i c   t ons   pe r  day 

and   rema ins   t he   l a rges t   f u l l   b leach   k ra f t   pu lp   p roducer   i n  B.C. today. 

Northumberland Channel a t   t h e   r a t e   o f  2.8 m3/sec (44  500 US ga l /min) .  

Domestic sewage from  the mill receives  secondary  treatment on s i t e ,  and 

i s  subsequent ly   d ischarged  wi th   the  to ta l  combined mill wastes. P r i o r   t o  

1976, sewage from  the mill was discharged v i a  t h e   a l k a l i n e  sewer  system 

w i t h   t h e   e x c e p t i o n   o f  sewage from  the 1 aboratory   bu i  1 d ings and main 

o f f i c e  , which  have  separate  out fa l l  s .  The No. 3 woodroom d ischarged  v ia  

a sept ic   tank   ou t fa l l .   Bac ter io log ica l   sampl ing   o f   Nor thumber land 

Channel  conducted i n  1975 ( 1 2 )  by the  Envi ronmenta l   Protect ion  Serv ice 

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

I 
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TABLE 4 SUMMARY OF WIND DATA 
- 

Average D i  r e c t i o n   i n  Each  Quadrant 

Date 

0"-90"  91"-180"  181"-270"  271"-360" 

March 14 
15 
16 
17 
20 
21 
22 
23 
28 
29 
30 
31 

April 3 

4 
5 
6 

4.8% - 
17.6% 73.5% 
5 %  80 % 

23.1% 61.5% 
74.3% 2.6% 
2.5% 2.5% 
31.4% 39.0% 
24.0% 68.0% 

23.8% 
5.8% 
2.5% 
15.4% 

- 
7.5% 
4.9% 
8 %  

33.3% 60 % 2.2% 
74.2% 9.7% - 
2.9% 14.~7% 11.8% 
14.3% 2.9% 5.7% 
39.3% 50 % - 
64.3% 14.3% 14.3% 
35.7% 42.9% 14.3% 

- - 38.5% 

71.4% 
2.9% 

- 
23.1% 
87.5% 
21.9% 

4.4% 
16.1% 
70.6% * 

77.1% 
10.7% 

7.1% 
7.1% 
61.5% 

Cumulative  Average 29.96%  37.25%  11.9%  35.49% 

N - E  E - S  s - w  W - N  
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d i d  not  detect any s ignif icant   fecal   levels ,   a l though  a t  the time of 
sampling, the mill was shut down  by a labor dispute w i t h  a consequent 90% 
reduction i n domes t i  c  sewage di scharge. 

Sample s t a t ions  1 t o  1 2  1 ocated i n  Northumberl and Channel d i d  

not e x h i b i t  unacceptably h i g h  fecal  coliform  levels. Mill effluent ( H C )  
samples  taken on three  occasions yielded a mean fecal  coliform  count of 
65/100 m l  w i t h  a corresponding  population  equivalent of 4.56. Relative  to 
other i n p u t s ,  the Harmac p u l p  mill effluent was therefore  not  considered 
a major  source of bacterial  contamination d u r i n g  the survey  period. 

4.1.2 Hooker Chemicals. Hooker  Chemical Co. i s  s i tuated on 
Northumberland Channel next to   the  Harmac Plant,  and produces chlorine 
and caust ic  soda f o r  use i n  the p u l p i n g  process. The plant has been 
operating  since 1962, and currently  discharges up  t o  9191 m /day of 
wastewater which consis ts  of 92% seawater, 7% condensate and 1% sep t i c  
tank effluent through a submerged out fa l l  w i t h  a 10.4 m diffuser.  

3 

Domestic sewage generated i n  the  plant  receives  treatment  via a 
sept ic  tank and i s  discharged w i t h  the process  effluent. D u r i n g  the 
study period, the mean fecal  coliform  count  for this  eff luent  was 170/100 
m l  which corresponds  to a population  equivalent of 0.64. T h u s ,  eff luent  
from this plant was not  considered a significant  source of fecal 
col i forms as i ndi  cated 

4.1.3 Duke Poi n t .  
foreshore between Duke 

by the  acceptable mari ne water  qual i ty .  

Sample s t a t ions  10 t o  1 2  were located  along  the 
Point and Jack  Point  to measure the   e f fec t  of the 

Harmac and  Hooker effluents.  As previously  mentioned,  these  stations met 
the approved  growing water quality  standards. 

Sample s t a t ion  10 was located  a t   the  ol d sewage o u t f a l l   a t  Duke 
Point  to determi ne whether any unintentional  discharges of  sewage were 
occurring a t  this point. The discharge of sewage  from this  out fa l l  was 
stopped i n  197,4 concurrent w i t h  the  Five Finger Is land  outfal l  becoming 
operational and no sewage was detected a t   s t a t i o n  10. 

SCUBA dive  examinations of the Duke Point sewage out fa l l  
conducted by EPS i n  1975 (13)  revealed a h i g h  concentration of organic 
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material 1 ocated di rectly i n  f r o n t  of the outfall   pipe,  w i t h  a scat tered 
array of  non-bi odegradable debris decreasing  to background levels  w i t h i n  
40 m of the ou t f a l  1 . 

Duke Point  lagoon,  located just  inside Duke Point, i s  a t i da l  
1 agoon,  approximately 1.1 km long and 0.1 km wide. The 1 agoon supports a 
considerable  oyster and clam resource, however, the water  quality was not 
investigated due t o  the proposed f i  11 i ng of the 1 agoon a s   pa r t  of the 
Duke Point  Industrial Park development. The oyster  resource i s  presently 
being  depleted  through the issuance  of commercial oyster  harvesting 
permi ts. 

4.1.4 Nanaimo Harbour. Marine sample s ta t ions 13 t o  17, 23 and 2 4  

were positioned i n  Nanaimo Harbour to  detect  contamination from the major 
onshore  potential  pollution  sources. All s ta t ions met the shellfish 
growing water  standard, a1 though s t a t ion  24 was marginally  contaminated, 
having a 90 percentile  fecal  coliform MPN of 40.9/100 m l .  

The molluscan shellfish  resource i s  limited i n  the Harbour 
area, a1 though oysters  are plentiful on the central  gravel  bar of the 
Nanaimo River  estuary. Butter clams,  horse  clams, l i t t l eneck  and 
soft-she1 led clams are  a1 so found i n  th i s  area.  Oysters from the estuary 
have been used t o  stock  provincial  oyster reserves, however, no 
commercial harvesting  takes  place i n  th is  harbour  area due t o  i t s  
r e l a t ive ly  heavy u t i l i z a t i o n   a s  a log booming ground. 

The major freshwater inputs t o  the harbour  area  are the Nanaimo 
River ( S Z ) ,  the Chase River ( S 4 )  and the  Millstone  River (S t3 -S l l ) .  In  
addition  to these r ivers ,  five other  freshwater inputs were sampled ( S l ,  
S3, S5 t o  S 7 )  and a description of the sampl i ng 1 ocations can be found i n  
Appendix I I .  

The mean population  equivalent  data  (Table 3) show t h a t  the 
Nanaimo River and the  Millstone River accounted f o r  67.1% an'd 18.2% 
respectively, of the  total  measured fecal  coli form load i n  the  south 
sector. The h i g h  P .E .  value  for  the Nanaimo River was due to   the  large 
discharge (36.5 m /sec)  rather  than h i g h  fecal  coliform  counts (mean 
count of 12/100 m l  ). The FC:FS r a t i o   f o r  this source  could  not be 

3 
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determined due to   the   non-detec tab l  e l e v e l  s o f   f eca l   s t rep tococc i  

( <lO/lOo m l  ) . The f e c a l   c o l   i f o r m  1 evel s detected i n  t h e   r i v e r  were n o t  
c o n s i d e r e d   s i g n i f i c a n t  and  most  probably  resul t   f rom  landwash  ef fects.  

The Mil 1 s tone  R iver  (S9) exhi   b i ' ted a mean feca l   co l   i f o rm  coun t  

o f  62/100 m l  and  a FC:FS r a t i o   o f  0.83. Sta t i ons  S10 and S11, l oca ted  

upst ream  f rom  s tat ion S9 y i e l d e d   s i m i l a r   r a t i o s   i n d i c a t i n g   t h e   s o u r c e   o f  

con taminat ion   to  be e i t h e r  human, animal o r  both. The r i v e r   d r a i n s   b o t h  

urban  areas and farm1 and, w i t h  most of   the  farms i n  the Nanaimo area 

being  concentrated i n  the Val 1 ey o f   t h e  M i  11 s tone  River   (East  We1 1 i n g t o n  

and N o r t h f i e l d   d i s t r i c t s ) .   A l t h o u g h  few animals  appeared t o  have d i r e c t  

access t o   t h e   r i v e r ,   r u n o f f  from  pasture1 and would no doubt  reach it. A 
duck  pond i n  the   L ions  Animal  Park (Bowen P a r k )   d i s c h a r g e s   d i r e c t l y   t o  

the  M i  11 stone  River.  The impact  of this  discharge  would  appear t o  be 
n e g l   i g i b l e  as upstream and  downstream sampl i n g   d i d   n o t   i n d i c a t e  any 

change i n  water  qual i ty. 

The in f l uence   o f   t hese  two r i v e r s   m a n i f e s t e d   i t s e l  f i n  reduced 

s a l i n i t i e s   a t   m a r i n e   s t a t i o n s  16,  17,  23 and 24. Higher   feca l   co l i fo rm 

1 evel  s i n  the  seawater  corresponded  to  reduced  sal i n i   t i e s .  Depth sampl es 
t a k e n   a t   s t a t i o n s  16,  23 and 24 a l l   exh ib i t ed   l ower   f eca l   co l i f o rm  coun ts  
and  higher  sal i n i   t i e s   t h a n   t h e   s u r f a c e   - w a t e r  samples i n d i c a t i n g   t h e  

contamination  observed was conf ined t o  the  surface  waters o f  the  harbour 

and was associated with freshwater  inputs.   Oceanographic  observat ions  of  
the  study  area  demonstrate  the  harbour i s  v e r t i c a l l y   s t r a t i f i e d   i n  

s a l i n i t y  and dens i t y  (2) and f reshwater   enter ing  the  system  tends  to  

remain on the  surface. 
A d d i t i o n a l   b a c t e r i   o l   o g i c a l  sampl i ng data  obtai  ned by the 

Central  Vancouver  Is1 and Hea l th   Un i t   dur ing   the  Sumner o f  1978 i n d i c a t e d  
the  M i  11   s tone  R iver   feca l   co l i fo rm  leve l  s were s l   i gh t l y   h ighe r   t han   t hose  

observed  during  our  survey. The feca l   co l   i f o rm MPN ranged  from 9/100 m l  
- 1100/100 m l  , w i t h  a median o f  75/100 m l  over 13 sampl  es. This  data i s  

cons i s ten t   w i th   ou rs ,  a1 though  higher  level  s were occas iona l l y   ob ta ined 

dur ing   the  summer sampl ing.  

Wi th   the  except ion o f  s t a t i o n s  S5, S6 and S7, the  fecal 

c o l i f o r m   c o u n t s   a t   a l l   o t h e r   f r e s h w a t e r  sample p o i n t s  were  low. These 
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t h r e e  sample p o i n t s  were  storm sewer o u t f a l l  s and e x h i b i t e d  mean f e c a l  

c o l i f o r m   c o u n t s   o f  3290/100 m l  , 1497/101) m l  and  280/100 m l  , r e s p e c t i v e l y .  

The source/sources  of   contaminat ion  to  these  storm  drains was n o t  

asce r ta ined  and the FC:FS r a t i o s  were inconclus ive.  It i s   p o s s i b l e   t h a t  

cross  connect ions  between  sani tary and  storm  sewers e x i s t ;  however, t h i s  

i s   n o t   i n d i c a t e d ,  as feca l   co l   i f o rm  l eve l  s i nc reased  w i th   h igher  

r a i   n f a l l  , suggesting  urban  landwash t o  be the   ma jo r   con t r i bu to r .  
Groundwater  contaminat ion  resul t ing f r o m  a b r o k e n   s a n i t a r y   l i n e  may a l s o  

have  cont r ibu ted   to   the  cause o f   these  h igh   feca l   co l   i fo rm  counts .  

Other   poss ib le   sources   o f   feca l   po l  1 u t i on   t o   t he   ha rbour   wh ich  

were no t   mon i to red   i nc lude   d i scha rges   f rom  p leasu re   c ra f t ,   f r e igh te rs ,  

f e r r i e s  and other  seagoing  vessels. 

4.1.4.1 Nanaimo  sewage c o l l e c t i o n  system. The e n t i   r e  Nanaimo Harbour 
area i s  sewered,  and d u r i n g   t h i  s survey,  nine sewage pump s t a t i o n s  (H-C) 

and RDG) were i nves t i ga ted .  Pump s t a t i o n   c h a r a c t e r i s t i c s  and l o c a t i o n s  
are  g iven i n  Appendix VI. 

Pump s t a t i o n s  G, H, L, M and N i n  the City o f  Nanaimo  do n o t  

d ischarge  over f low sewage d i r e c t l y   t o   t h e   m a r i n e   e n v i r o n m e n t ,   b u t   i n  

v i r t u a l l y   a l l  cases,  overf lows  could  eventual ly  reach  the  marine 
environment. No data  are  avai 1 ab1 e to   ca l   cu l   a te  minimum over f low  t imes,  

b u t   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  N,  w e t  we1 1 r e t e n t i o n   c a p a c i t i e s   a r e  

r e p o r t e d   t o  be s u f f i c i e n t   t o   p r e v e n t  sewage over f lows  should a pump 
f a i l u r e   o c c u r   p r o v i d e d   t h a t  emergency  measures a re   t aken   w i th in  a 

reasonab le   leng th   o f   t ime.   In   the  case of the  Park Avenue pump s t a t i o n  
( N )  the minimum over f low  t ime i s  only  three  minutes.  There i s  a standby 

aux i  1 i a r y  power g e n e r a t o r   a t   t h e   s t a t i o n  as we1 1 as  a t e l  emetry  system 

hook-up. No problems  have  been  reported with t h i s  sytem. 
A1 1 pump stat ions  are  checked  twice  every  work ing day f o r  

proper  operation.  Only one ove r f l ow  has  been r e p o r t e d   i n   t h e   l a s t  1.5 

years.  Pump s t a t i o n  K a t   t h e   I n d i a n  Reserve  overflowed  because  of a 

clogged pump impel 1 o r  i n  e a r l y  1978. 
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4.1.5 Newcast le  and  Protect ion  Is lands. Nanaimo Harbour i s   p r o t e c t e d  
from  the open S t r a i t   o f   G e o r g i a  by both  Newcastle and P r o t e c t i o n   i s l a n d s .  

Newcast le   Is land has  been designated a p rov inc ia l   pa rk ,   p rov id ing  camping 

f a c i l i t i e s ,  swimming, p i c n i c k i n g  and boat moorage.  Access t o   t h e   I s l a n d  

i s  by f e r r y   o r   p r i v a t e   b o a t ,  and no cars  are  permit ted.  
There  are no permanent  residences, and sewage disposal  

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

considerable  d is tance  f rom  the  foreshore and f l  ush t o i l   e t s .  The t o i l e t s  

d i scha rge   t o  a ho ld ing   tank  and t h i s   e f f l u e n t   i s   s u b s e q u e n t l y  pumped t o  a 

ti 1 e f i e 1  d l oca ted  we1 1 away from  the  foreshore. No sewage disposal  

problems  were  observed  during  the  survey, and a1 1 mar ine   s ta t ions  met the 
she l l   f i sh   g rowing   water   s tandard .   H igh   co l   i fo rm  leve l  s exper ienced  a t  

sample s t a t i o n s  25 t o  30 on March 28 were c o i n c i d e n t   w i t h  a p e r i o d  of 
heavy r a i n f a l l  as demonstrated  by  the  reduced  sal in i t ies a t  a l l  s t a t i o n s .  

Generally,  the  degree o f  con tamina t ion   a t t r i bu tab le   t o   t he   f reshwa te r  
in f luence  lessened as  one proceeded  northward  through  the  channel 

separa t i ng   P ro tec t i on  and Newcastl e i s 1  ands. This  area has  a 
considerable  c lam and oyster  resource  which i s   p r e s e n t l y   u n u s a b l e  because 

the   en t i re   harbour   a rea  i s  under  Schedule 1 c l o s u r e .   I n   a d d i t i o n ,   t h e  
Newcastle  Is1 and Park i s  designated as  a C1 ass A Provinc ia l   Park and 

consequen t l y   a l l   she l l f i sh   ha rves t i ng   f rom  the   i s1  and foreshore i s  

p roh ib i t ed   ( rega rd less   o f   wa te r   qua l  i t y )  . 
The major   f reshwater   in f luences on t h i s  area  are  the  Mi l ls tone 

and Nanaimo r i v e r s .  Based on the   bac te r io log i ca l   da ta   ob ta ined   du r ing  

t h i s  survey, and bac ter io log ica l   da ta   ob ta ined by the  Heal th U n i t  

(Sect ion 4.1.41, in te rmi t ten t   con taminat ion   o f   these  a reas  may occur when 

h igh   f eca l   co l  i f o r m  l e v e l  s discharged by t h e   r i v e r s   ( p a r t i c u l a r l y   t h e  

M i  11 s tone)   receive  min imal   d i  1 u t i o n   i n   t h e  seawater and reach  the 

i s 1  ands. A1 though some d i e - o f f   o f   b a c t e r i a  will o c c u r   p r i o r  t o  the 
brack ish  water   reaching  the  is1 ands, the  approved  growing  water  standard 

may s t i  11 be exceeded du r ing   t hese   spec i f i c  cases. 

A po ten t i a l   po l  1 u t i  on source  exists  at   the  park  marina and  Mark 

Bay,  due t o  raw  sewage discharges from moored and anchored  boats. I n  

1976, Parks  Branch o f f i c i a l s   c o u n t e d  3054 p l e a s u r e   c r a f t  moored a t  these 

f a c i l i t i e s   f r o m  June 1 t o  September 30. 
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Sample s t a t i o n   3 8  was l o c a t e d   o f f   t h e   o l d   N e w c a s t l e   I s l a n d  

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

o u t f a l l  has r e p o r t e d l y  been disconnected,  and  dur ing  the  survey  per iod,  

no evidence  of   fecal   contaminat ion was detected i n   t h e   v i c i n i t y .  The 

resu l t s   a re   cons i s ten t   w i th   t hose   ob ta ined  by Packman (12)  i n  a survey 

conducted  by EPS i n  1975. 
P ro tec t i on   I s land ,   un l i ke   Newcas t l  e I s 1  and, has  40  permanent 

r e s i d e n t s  and  numerous summer  homes.  The is land,   which i s  cons idered 

p a r t   o f   t h e  City o f  Nanaimo, has  been s u b d i v i d e d   i n t o  344 pa rce l s ,   t he  
ma jo r i t y   o f   wh ich   a re  summer residences. However, s i n c e   t h e   i n c l u s i o n   o f  

t h e   i s l a n d   i n   t h e  Nanaimo City 1 imi t s ,  many o f   t h e  homes a re   be ing  

converted  to  permanent  residences. 

The ma jo r i t y   o f   mar ine  sample s t a t i o n s  were es tab l i shed  on t h e  
w e s t   s i d e   o f   t h e   i s 1  and,  where the   oys te r  and  clam  resources  were  most 

abundant. As a r e s u l t ,  a s a n i t a r y   i n s p e c t i o n  was not  conducted on t h e  

e a s t   s i d e   o f   t h e   i s l a n d .  Sample s t a t i o n s  18 t o  22, 26, 30,  31,  33 and  34 

a l l  met   the  shel l f ish  growing  water   s tandard.  
A san i ta ry   su rvey   o f   t he   i s l and  was conducted on  March 28, 

1978, w i t h   t h e   a s s i s t a n c e   o f  M r .  D. Murray of   the  Centra l   Vancouver  

I s l a n d   H e a l t h   U n i t .  The inspec t ion   concent ra ted  on the  nor thwest   shore 

o f   t h e   i s l a n d  where   the   la rges t   oys ter  bed i s  located. The m a j o r i t y   o f  

t h e  homes u t i l i z e   s e p t i c   t a n k s   w i t h  some having p i t   p r i v i e s .  As most   are 

summer residences,  they  were  not  occupied a t   t h e   t i m e   o f   t h e   i n s p e c t i o n  
and t h e  absence o f   v i s i b l e  sewage disposal  problems does n o t   n e c e s s a r i l y  

imp ly   p roper l y   ope ra t i ng   d i sposa l  systems.  Three homes o f   p a r t i c u l a r  
concern  were  located on the  channel  separating  Newcastle  and  Protection 

i s l a n d s   ( L o t s  4, 5 and 6) .  These summer residences  were s t i l t   s t r u c t u r e s  

b u i l t   b e l  ow t h e   h i g h   t i d e  1 i ne, and  each  had s ink   d ra ins   d ischarg ing  

d i r e c t l y   t o   t h e   f o r e s h o r e .  A1 t h o u g h   t h e   p o s s i b i l i t y   o f  sewage discharge 
from  these homes i s  remote ( a l l  have p i t   p r i v i e s )   s i n k   d i s c h a r g e s  

con ta in ing   o rgan ic   ma te r ia l ,  soap, e tc .  may cause loca l i zed   env i ronmenta l  

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

s i  t u a t i  on. 
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Lee Shore  Marina, l oca t ed   a t  the southern  entrance  to the 
channel, can accommodate 52 boats (under 20 fee t )  a t  i t s  moorage 
f a c i l i t y .  The marina  does  not permit 1 ive-aboards, and boaters  using the 
f a c i l i t y  on a  casual  basis  generally rent cabins a t  the adjoining  resort. 
Washroom fac i l  i t i es  are  not  provided  for "day" boaters, a1 though 
f a c i l i t i e s   a r e  provided a t  the Newcastle  Island  Provincial  Park. A 
sept ic  tank and drainage f ie ld  service the off ice  b u i l d i n g ,  while p i t  
pr ivies   are  i n  use for  the cabin f a c i l i t i e s .  

Freshwater  samples were collected from three streams 
discharging  to  the  oyster beds and the  fecal col iform results were very 
1 ow, all  streams having counts of 10/100 m l  or less. 

Time r e s t r a i n t s  d i d  not permit an inspection of the foreshore 
residences  located  south of Lee Shore  Resorts on the west side of the 
i s l and  a t  t h i s  time. A1 1 marine s ta t ions were we1 1 w i t h i n  the growing 
water  standard and i t  was expected tha t  any water  quality  impairment 
would occur d u r i n g  the summer months, when sewage disposal problems would 
become  more evident due to  increased  usage of  homes.  Log  booming 
ac t iv i ty  i n  th is  area i s  a  potential  pollution  source,  as  a sewage 
discharges from tug  boats may cause  localized problems. 

Additional  sampling and sanitary survey work  was conducted by 
EPS i n  this area on July 4 and 5, 1978, i n  cooperation w i t h  the Central 
Vancouver Island  Health U n i t .  Marine s ta t ions 25 t o  31, 33 and 34 were 
sampled and a1 1 had fecal  col  iform MPN 1 eve1 s of 2/100 m l  o r  less. 
Additional  samples  taken  off the f l o a t s   a t  Newcastle Is1 and were a1 so of  
acceptabl e water qual i t y  . 

Approximately 30 dwell i n g s  were examined of which ha1 f u t i  1 ired 
septic  tanks and the  remainder used p i t  privies. The inspection was 
carried  out  along  the  western  shore1 ine of Protection  Is1 and  and revealed 
two potential problems. Firs t ly ,   the   sept ic  t a n k  servicing Lee Shore 
Marina was completely  exposed and leaking from  one corner. Further, i n  
view  of the  tank's  close proximi ty  to  the  foreshore, i t  appears  that the 
t i l e   f i e ld   ex t ends   t o   t he  beach and could be par t ia l ly   f looded   a t  h i g h  
t i de .  Secondly, the northeastern  section o f  Pirates  Beach ( l o t s  242 and 
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243) was very marshy and was not  sui table for  either  septic tank or privy 
facilities. No other  potential sewage disposal problems  were  observed 
during this inspection. 

Sample stations were not placed i n  Newcastle Island Passage, 
which  separates Newcastle Island from Nanaimo. This  passage provides 
sheltered waters and as a result several marinas have located here. Oil 
tank farms are a1 so present w i t h  faci 1 i ties  for unloading petroleum 
products from small coastal  tankers and barges. Sample stations 24 and 
42 were located a t  the southern and northern entrances t o  the Passage, 
respectively, t o  moni tor any contamination which  may have  been 
contributed by the mari na faci  1 i ties. Both stations were of acceptable 
water quality a1 t h o u g h  station 24 had a 90 percentile MPN of 40.9/100 m l  . 
However, this  intermittent contamination was attributed t o  the Millstone 
River and not t o  sources i n  Newcastl e  Island Passage. 

4.2 North Sector - Departure Bay t o  Page's Lagoon 
Marine stations 39 t o  74 were selected f o r  the north sector and 

their  locations  are shown i n  Figure 3. Sample stations 43, 52 t o  55 i n  
Departure Bay, and stations 65 and 66 a t  Stephenson P o i n t  di d not  meet 
the approved shellfish growing water standards. 

Freshwater sample stations S12 t o  S27 and effluent sample 
stati0.n STP were located on major inputs and sampled concurrently w i t h  
the marine sampling. 

4.2.1 Departure Bay. Marine sample s t a t i o n s  40 t o  62 were positioned 
i n  Departure Bay t o  assess the impact of numerous  storm drains and creeks 
on the receiv i ng env i ronment ( S12-SZ5 ) . 

The  she1 l f i  sh resource i n  Departure Bay consists of oysters ( C .  - 
gigas), native l i t t leneck clams ( P .  staminea), manilla clams ( V .  - 
j apon ica )  butterclams ( S .  - giganteus) and cockles (C. - nuttal i 1. Much of 
the resource i s  concentrated along the northern foreshore towards 
Stephenson Point, w i t h  cockles being the predominant species a t  the head 
of the Bay. A re1 atively  large  oyster bed  has a1 so been reported near 
the  British Columbia Ferry Terminal (14). 
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Marine  sample s t a t ions  43,  52,  53, 54 and 55 a1 1 exhibited 
unacceptable  fecal  col  iform  level s for, the  purposes of she1 1 fish 
harvesti ng . 

Sample s ta t ion  43 was located  off the Ocean Construction 
Supplies Ltd.-Ready-Mix plant ,  i n  close  proximity  to the B.C. Ferry 
Terminal. This s ta t ion  experienced intermittent contamination, w i t h  
three possible pol 1 ution  sources being identified i n  the immediate 
vicini ty:  ( i )  discharges from B.C. Ferr ies ,  ( i i )  h i g h  fecal  counts 
contributed by Northfiel d Creek, and ( i i  i discharges from other vessel s 

associated w i t h  the nearby Esso oi l  tank farm. The first  source wi l l  be 
discussed i n  detai l  i n  Section 4.2.1.3. Northfield Creek experienced the 
highest  fecal  counts  concurrent w i t h  the h i g h  counts i n  s ta t ion  43 on 
March 28 and 29. The high  bacterial levels followed a period of heavy 
rai  n fa l l  and on one dqy were coincident  w i t h  a low sal i n i  t y  Val ue 
(11.5O/oo) implicating  Northfield Creek as the source. I t  shou ld  be 
noted however, t ha t  the fecal  col  iform  level s i n  the creek were not 
inordinately h i g h  (mean MF of 29/100 m l  ) ,  and contaminated  urban landwash 
i s  probably the source of bacteria t o  the  stream. 

Imperial Oil coastal  tankers unload petrol eum products once a 
week a t  the Departure Bay tank  farm and no sewage discharges  are 
permitted. As a result of in-house  regulations, sewage on all  Imperial 
Oil coastal  tankers is  reportedly  treated on board pr ior  t o  discharge, 
and no discharge  occurs  while  the vessel s are docked (Captain J .  Waters, 
personal  comnunicati on 1. 

The Ocean Construction Supplies Ltd.-Ready-Mix plant i s  not a 
source of bacterial  contamination. Domestic sewage from t h i  s faci  1 i t y  i s  
collected and treated by the Nanaimo Regional D i s t r i c t  System. 

The head of Departure Bay i s  a popular  recreational  area, w i t h  
park and swimming faci 1 i t ies .  Marine  sample s ta t ions  52 t o  55 were 
adversely  influenced ,by the numerous storm  drain  discharges to '  the 
inter t idal   area and specifically  Departure Bay Creek (S21).  Generally, 
the mean sal i n i  t y  Val ues obtained a t   t hese  sample s ta t ions  were somewhat 
lower  than those obtained from the surrounding waters,  indicating  the 
freshwater  influence (Appendix  VI. 
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Although mean fecal  coliform  concentrations i n  the  freshwater 
sources were low, each discharge had a local ized  effect  on the  receiving 
water. None  of the  discharges had a s ign i f icant   e f fec t  on the water 
qual i ty  of the  ent i re  Bay,  a1 though Departure Creek (S21)  was responsible 
for the   largest  volume  of freshwater  entering  the Bay.  The population 
equivalents of the  three most significant  creeks,  S21 , Slt3 and S13, were 
0.292, 0.158, and 0.086 i l lustrat ing  their   re la t ively  local ized  effects .  

There were no obvious  sources of pollution  to  Departure Bay 

Creek (S211, and the  contamination was assumed t o  or iginate  from animal 
fecal  matter  in  runoff. The highest  fecal col iform  concentrations  for 
S21 were  noted for sampl es col 1 ected on March 28 and Apri 1 5 , when 2.6 mn 
and 5.0 mn, respectively of r a in   f e l l ,  further indicating  the 
contaminated  runoff i s  the  principle  source of the  bacteria. 

Samples taken by the  Central Vancouver Island  Health U n i t  
du r ing  sumner 1978 a t  two s ta t ions  i n  Departure Bay, indicate  that  water 
qual i ty  i s  variable,  a1 though bo th  s ta t ions would exceed the approved 
growing water  standard. The sample s ta t ions approximate EPS s ta t ions  53 
and 54 and are  consi s t en t  w i t h  the  resul t s  presented  herein. 

4.2.1.1 Nanaimo sewage col lect ion system. The  Nanaimo sewage 
col lect ion system i s  also a potential  contributor of bacterial 
contamination t o  Departure Bay. Virtually a1 1 of the o ld  City of  Nanaimo 
i s  serviced by a sewage collection system and w i t h i n  the North sector 
study area,  only  the  Stephenson P o i n t  region i s  unsewered. 

Sewage i s  coll  ected w i t h i n  the c i ty  and i s  pumped  by 15 smal 1 
pump s ta t ions  or  flows by gravity  to  the Nanaimo Regional D i s t r i c t ' s  
Departure Bay pump. station  located a t  the  intersection of Departure Bay 
and Hamnond  Bay roads. From th is   s ta t ion ,  sewage flows  via  the Regional 
D i s t r i c t ' s  t r u n k  l ines  t o  the  Greater Nanaimo  Water Pollution Control 
Centre where i t  i s  treated and discharged  to  the  Strait of Georgia  near 
Five Finger Is lands.  

The charac te r i s t ics  and locations of the  City of Nanaimo's 
sewage pump s ta t ions  are shown in Appendix VI. 

Average daily flows were calculated for selected pump s ta t ions  
by mu1 tiplying  the approximate number of homes on the  system by 1.4 



- 28 - 

3 m /day (300 IGPD) of   sewage/capi ta by 2.5 persons  per home.  Wet w e l l  
' sewage re ten t i on   t imes  were   then  ca lcu la ted   us ing   the   wet  we1 1 dimensions 

and da i l y   f lows.   Ac tua l   re ten t ion   t imes  cou ld  be lower  than  those 

c a l c u l a t e d  because o f   g roundwate r   i n f i l t r a t i on ,   s to rmwate r   i n f l ow ,  and 

d a i l y   v a r i a t i o n s   i n  sewage f lows. 
Pump s t a t i o n s  C y  D, E, F, M and 0 s e r v i c e  up t o   t h r e e  

residences each. No warning  system i s  prov ided i n  the  event   o f  pump 

m a l f u n c t i o n   o r  power d i s r u p t i o n s   a t  any o f   t h e s e   s t a t i o n s ,  and s t a t i o n s  
C y  D and E can  discharge  overf low sewage d i r e c t l y   t o   D e p a r t u r e  Bay. 
Under  average  f low  condi t ions,   the  theoret ical  maximum wet  we1 1 r e t e n t i  on 

t ime i s  2.4 h o u r s   f o r   s t a t i o n s  D and E and 1.6 h o u r s   f o r   s t a t i o n  C. Only 

one pump s t a t i o n   o v e r f l o w  , as no ted   p rev ious ly ,  has  been recorded by t h e  

City s i n c e   t h e   i n s t a l l a t i o n   o f   t h e s e  systems,  and  foreshore  sample 
s t a t i o n s  56-62 a l l  met the approved s h e l l f i s h  growing  water  standards 

d u r i n g   t h i s  survey. 

4.2.1.2 F i s h e r i e s  and  Marine  Sew  ice Nanaimo Bio log ica l   Research 

S t a t i o n  sewage systems. Sewage c o l l e c t e d   w i t h i n   t h e  Nanaimo B i o l o g i c a l  

S t a t i o n   i s   t r e a t e d  by the  Greater Nanaimo Water P o l l u t i o n   C o n t r o l   C e n t r e  

and  has  been s i  nce  1975. 
. .* 

Many v e s s e l s   v i s i t   o r   a r e   a s s i g n e d   t o   t h e   b i o l o g i c a l   s t a t i o n  
and some have sewage hold ing  tanks.  Pump f a c i l i t i e s   a r e   a v a i l a b l e   a t   t h e  
B i o l o g i c a l   S t a t i o n  dock. Prev ious ly ,  sewage  was a e r a t e d   f o r   t h r e e   t o  

f o u r  days, d i scha rged   to  a wet we1 1 i n   t h e  basement o f   t h e   T a y l o r  

B u i l d i n g ,  and pumped t o   t h e   R e g i o n a l   D i s t r i c t '  s t runk  sewer. Strong 

odors  were  produced i n  t h e   T a y l o r   B u i l   d i  ng  when the sewage  was 

t rans fe r red   f rom  the  dock f a c i  1 i t i e s .  As a r e s u l t ,   t h e  pump-out 

f a c i  1 i t i e s   a r e  no 1 onger  used.  Reportedly,  vessels  with  hol  ding  tanks 

now d i   scharge  the sewage o u t s i d e   o f  embayed areas  (15). 
A r e l a t i v e l y   l a r g e   c r e e k  (S25)  enters  Departure Bay j u s t  

n o r t h e a s t   o f   t h e   B i o l o g i c a l   S t a t i o n   a t   m a r i n e   s t a t i o n  59; however, no 

w a t e r   q u a l i t y   d e t e r i o r a t i o n  was no ted   dur ing   the  sampl i ng p e r i o d  and 

f e c a l   c o l i f o r m   l e v e l s   i n   t h e   c r e e k  were  low. 
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4.2.1.3 B.C. F e r r i e s '  sewage d isposal  . Departure Bay t o  Horseshoe Bay 

i s  a major B.C. f e r r y   r o u t e .  Up t o  24 t r i p s   a r e   u s u a l l y  made between  the 

two  terminal s each day i n   t h e  sumner,  and  more du r ing  peak per iods.  

Wi th   the   except ion   o f   the  Queen o f   Sur rey  and  Queen o f  

Tsawwassen, a l l   f e r r i e s   o p e r a t i n g  on th i s   rou te   a re   equ ipped  wi th  sewage 

ho ld ing   tanks  and discharges  occur i n  t h e   S t r a i t   o f   G e o r g i a  away from  the 

terminals .  Sewage c o l l e c t e d  onboard  the  Queen o f  Tsawwassen  and Surrey 

i s  d i s c h a r g e d   d i r e c t l y   t o   t h e   S t r a i t .  On normal t r i p s ,   t h e  washroom 

doors o f  these  two  vessels  are  locked when the two fe r r i es   app roach   t he  
te rm ina l  s and are  re-opened when the  vessel s leave  the  bays. 

Dur ing   t h i s   su rvey  (0845 March 2 9 )  soapy water was observed  to  

be  discharged  from  the Queen of   Tsawassen and  a water  sample  obtained 

approximately 15 meters   f rom  the   fe r ry   exh ib i ted  a 350 f e c a l   c o l i f o r m  

count/100 m l .  B.C. F e r r y   C o r p o r a t i o n   o f f i c i a l s  (16) r e p o r t e d   t h a t   t h e  

f e r r y  was n o t  i n  normal  use a t   t h a t   t i m e .  Crew were  worki  ng on the  
vessel and  had  access t o  washroom f a c i l i t i e s  on board. 

Due t o  buoyancy  problems, some f e r r i e s  must  be 1 engthened i n  

o r d e r   t o  accommodate hold ing  tanks.   Apparent ly ,   th is   would be necessary 

f o r   b o t h   t h e  Queen o f  Tsawwassen  and Surrey,   but   cannot be done because 
o f   t h e   s t r u c t u r a l   c h a r a c t e r i s t i c s   o f   t h e  two  vessels. 

4.2.2 Stephenson  Point.  Marine sample s t a t i o n s  63 t o  67  were 

es tab l   i shed  to   mon i to r   the   water   qua l  i t y  a t  Stephenson P o i n t .   S t a t i o n  65  

exper ienced  in te rmi t ten t   con taminat ion  and s t a t i o n  66 exper ienced 

c o n t i  nuous contaminat ion  dur i  ng the sampl i ng per iod.  The contaminat ion 

a t  t hese   s ta t i ons   d id   no t  appear t o  be  due to   f reshwa te r   i npu ts  as none 
o f  consequence  were  noted,  nor d i d   s a l   i n i  ty measurements f o r   t h e s e  two 
s t a t i o n s   i n d i c a t e  same. The area i s  n o t  sewered,  and the  contaminat ion 

was most  probably  the  resul  t o f   s e p t i c  seepage. 
Dur ing   the   san i ta ry   survey   o f  Stephenson Point ,   groundwater 

seepage  between  the  overburden and under ly ing  bedrock was noted.  This 

seepage d i d   n o t  appear t o  be o f  a sept ic   nature.  However, g iven  the 

c l o s e   p r o x i m i t y   o f  houses t o   t h e  beach, and t h e   a p p a r e n t l y   t h i n   s o i l  

1 ayer ,   the   po ten t ia l   fo r   con taminat ion   o f   the   fo reshore  by sept ic   tank  

seepage e x i s t s .  
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Two p l   a s t i c   p i  pes  from a residence  appear  to  d ischarge  s ink 

wastes to   t he   f o reshore   nea r   s ta t i ons  65 and 66. It would  be  doubtful 

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

1 eve1 s i n   t h e   r e c e i v i n g   w a t e r s .  
Marine  samples  col lected by GNWPCC s t a f f  near EPS s t a t i o n  63 

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

standards. Sampl es c o l l e c t e d   f r o m   J u l y  1977 t o   J u l y  1978, a t   t h e i r  

Stephenson  Point Road s t a t i o n  had a median f e c a l   c o l i f o r m  MPN o f  <2/10U 

m l  and a 90 p e r c e n t i l e   l e v e l   o f  33.1/100 ml . 
4.2.3 Page  Lagoon.  Sample s t a t i o n s  69 t o  74  were  estab l ished  to  
assess  the  shel 1 f ish  growing  water  qual  i ty i n  Page  Lagoon. This  lagoon 

i s  a popular   recreat ional   shel  1 f i s h  area  for   oysters ,   c lams and mussel s 
and i s  we1 1 u t i  1 i z e d  by res iden ts  and v i   s i   t o r s  a1 i ke. 

All sample s t a t i o n s  met  the  approved  growing  water  standard, 

however a sewage pump s t a t i o n   i n   t h e   v i c i n i t y  poses a t h r e a t   t o   w a t e r  
, qual i ty. About 47  homes i n  the Page Lagoon area  are  serviced by t h i s  

pump s t a t i o n  (6) l o c a t e d   a t   t h e   i n t e r s e c t i o n   o f   P l a c e   D r i v e  and Lagoon 

Road. T h i s   s t a t i o n  has  been recent ly  upgraded and two new submersible 

pumps i n s t a l  1 ed. A dye tes t   o f   t he   ove r f l ow   p ipe   f rom  the  pump s t a t i o n  

revea led   t ha t  sewage cou ld  be discharged  about 25 meters  f rom  shore  into 

Page  Lagoon. Thi s would  occur i f  a pump f a i  1 ure  or   extended power 

d i s rup t i on   a l l owed   the  sewage t o  fill the 16.0 m3 pump s ta t i on   we t  

w e l l ,  back-up i n  the sewer l i n e ,  fill a 0.4 m3 manhole, and f l o w   v i a  

a 15 cm d iamete r   cas t   i r on   ove r f l ow   p ipe   i n to   t he  1 agoon.  Under average 

f l ow   cond i t i ons   t h i s   wou ld   occu r   i n   abou t  6.2 hours i f  the  wet we1 1 was 

v i r t u a l l y  empty when the  pump fa i l u re   occu r red ,  and i n  about 3.8 hours i f  

the  pumps where  about t o  be s t a r t e d  by t h e   l e v e l   c o n t r o l  system. 
The City o f  Nanaimo p l  ans to  connect  the P i  p e r '  s Lagoon pump 

s t a t i o n   t o  a te lemet ry  system. A warning  s ignal   of  pump f a i l u r e   o r  power 

d i s r u p t i o n   a t   t h e   s t a t i o n  will be sent   to   the Nanaimo  Water D i s t r i c t  

O f f i c e   d u r i n g  normal  working  days, and t o  a 24-hour manned f i r e  ha1 1 a t  

a1 1 other  times.  Depending upon the  problem,  mobi le  generators  or  pumps 

would  then be used t o   m a i n t a i n  sewage f low  from  the pump s t a t i o n   t o   t h e  

Nanaimo R e g i o n a l   D i s t r i c t s   t r u n k   l i n e .  

rn 

I 

I 
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A storm  drain  (S26) a1 so d ischarges   to  Page Lagoon, a1 though 

dur ing   the   s tudy   per iod  no s i g n i f i c a n t   l e v e l s   o f   c o n t a m i n a t i o n  were 

observed. 
Water  samples taken by GNWPCC s t a f f   a t   t h e   e n t r a n c e   t o  Page 

Lagoon e x h i b i t e d  a median feca l   co l i f o rm MPN o f   l e s s   t h a n  2/100 m l  and  a 

90 percen t i  1 e l e v e l   o f  9O/100 m l  . This  data i s  based on  22 samplings 
between J u l y  1977 and J u l y  1978, and  would i n d i c a t e   i n t e r m i t t e n t  

c o n t a m i n a t i o n   a t   t h i s   s t a t i o n .  These r e s u l t s   a r e   n o t   c o n s i s t e n t  with our  

data a1 though  the GNWPCC d a t a   i s  skewed h igh  by two sampl i n g s   i n  November 

1977 (both 91/1OO m l ) .   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 a m p l i n g  and 

analyt ical   techniques  and/or  possible  overf lows  f rom  the pump s t a t i o n  may 

account   for   the  d iscrepancy.  

4.2.4 F i v e   F i n g e r   I s l a n d s  Sewage O u t f a l l .  Sewage generated  by  the 
City of Nanaimo i s   t r e a t e d  by the  Greater Nanaimo  Water P o l l u t i o n   C o n t r o l  

Centre and i s  d ischarged  to   the   S t ra i t   o f   Georg ia   near   F ive   F inger  
I s 1  ands through a submarine d i f fuser .   Dur ing  the  survey,  an operat ional  

eva lua t i on   o f   t he   t rea tmen t   p lan t  was performed and the   resu l t s   a re  
presented i n  Appendix VII. 

Sewage d ischarged  th rough  the   F ive   F inger   ou t fa l l   d id   no t  cause 
bac te r io log i ca l   deg rada t ion   o f   t he   f o reshore   wa te r   qua l i t y   du r ing   t he  

study.  This i s   c o n s i s t e n t   w i t h  numerous o the r   repo r t s  on the   sub jec t  ( 3 ,  

4,. 12) and ind icates  the  d ischarge i s  h a v i n g   v i r t u a l l y  no e f f e c t  on the 

foreshore  environment. 
Sample s t a t i o n s  67 and 68, l oca ted  between  Stephenson P o i n t  and 

Lagoon Head were both  o f   acceptable  water   qual i ty .  

The mean f e c a l   c o l i f o r m   c o n c e n t r a t i o n   o f   t h e   t r e a t m e n t   p l a n t ' s  

f i n a l   e f f l u e n t  was 34/1OO m l  . The o u t f a l l  has  been des igned  fo r  an 

i n i t i a l   d i l u t i o n   o f  1OO:l and a 1OOO:l d i l u t i o n   i s   p r e d i c t e d   p r i o r  t o  the 

t i m e   o f   e f f l u e n t  posses Gabr io la   I s land.  As such, t h e   d e s i g n   i n i t i a l  

d i l u t i o n   i s   s u f f i c i e n t   t o  reduce  the   f ina l   e f f luen t   to   non-detec tab le  , 

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

These data  suppor t   the  contet ion  that   contaminat ion  observed  a t  

s t a t i o n s  65 and 66 arose  from  local  sources. 
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APPENDIX I MARINE  SAMPLE  STATION  LOCATIONS AND DESCRIPTIONS 

Sample Lati tude  Longi tude  
S t a t i o n  (North 1 (West) Description 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 

11 
12 
13 

14 

15 

16 

17 

18 
19 

49'08.40 
08.66 
08.43 

08.1 7 
08.16 
08.65 

08.97 
08.55 
09.30 
09.70 

09.60 
10.02 
10.15 

10.28 

10.24 

10.14 

10.07 

10.28 
10.35 

123'48.42 
49 .OO 
49.00 

48.99 
49.90 
50.60 

51.46 
52.05 
52.38 
53.05 

53.32 
53.52 
64.10 

54.60 

54.99 

55.25 

55.58 

55.06 
55.05 

Midway under power l i n e  
Si te 23 and 24 off  Gabriola booms 
Midway t o  Dodds Narrows  from Gabriol a 
Island 
Dodd Narrows 
Telephone  cable,  old  pilings 
Mid-channel off  end of Harmac loading 
dock 
Mi d-channel  from Harmac 
Conveyor Dock 
Mi d-channel  from  pipe1 i ne sign 
Pipe l ine   ou t fa l l  by red-roof house on 
l e f t  
Clearing  midpoint t o  Jack P o i n t  
Jack Poi n t  
.1/3 way across   f i sh  boundary a t  Jack 
Point 
2/3 way across   f i sh  boundary i n  l ine  w i t h  
Gabri ol a t i p  
Stone house ( e a s t   s i d e  of Protection 
Is1  and) 
1 /3  way from l igh thouse   to  Nanaimo docks 
between buoy and tower 
2/3 way from l ighthouse  to  Nanaimo docks 
between green l i g h t  and tower 
Dirt mound a t  p i n k  house pas t  1 ighthouse 
P i n k  house and green  house (Protection 
Is land)  

m 
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~ ~~~ ~ ~ ~ ~ ~ 

Sample Lati  tude Longi tude  
Station  (North) (west) Description 

20 
21 
22 
23 

24 

25 
26 
27 

28 
29 
30 
31 
32 

33 
34 
35 
36 

37 

38 
39 

40 

49O10.41 
10.64 
10.63 
10.30 

10.54 

11.02 
10.65 
10.78 

10.83 
10.87 
10.58 
10.88 
11.01 

10.99 
11.01 
11.18 
10.98 

11.60 

12.01 
12.32 

11.95 

123'55.08 
55.23 
55.31 
55.82 

56.18 

56.01 
55.48 
55.39 

55.49 
55.53 
55.37 
55.38 
55.43 

55.35 
55.17 
55.35 
54.80 

55.32 

55.80 
56.48 

56.67 

Dark red house w i t h  green fence 
P i n k  and grey house with  fence 
Red house ("Private"   s ign)  
Midway between P.ll and Protection  Light , 
Newcastle  Beacon, and dock marker 
Marker P.11 (Green) midway between 
Protection Light and harbour 
Head of Mark Bay (Newcastl e Is1  and) 
Lee Shore  off whi te   fence 
First Green shack on s t i l t s  ( south  end 
of Protection  Island) 
Mid-channel 
Bath-house (Newcastl e I s l  and)  
White & yellow house (Protect ion  Is land)  
Blue  house (Protect ion  Is land)  
Shel ters  on Newcastle  Island  opposite 
marker on Protection  Island 
Marker south of Protection  Island 
Blue & white A-frame (Protection  Is1  and) 
Green bri dge (Newcastl e I s land)  
Bay  on NE s ide  of Protection  Island,  off  
brown house with  yellow  rail ing 
T i p  of shelf   off  Angle Point  (Protection 

Is1 and)  
Old outfall   (Newcastle  Island  pipeline) 
Mi d-channel between  Newcastl  e  f  i shi ng 
boundary  and  beacon 
Long beach w i t h  ol d maple on hi 11, west 
Newcastl e Is1 and 
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Sample Lati tude Longi tude - 

S t a t i o n  (North (West) Description 

41 

42 
43 

44 

45 

46 
47 

48 
49 
50 
51 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

49'1 1.74 

11.13 
11.54 

11.75 

11.65 

11.75 
11.87 

11.84 
12.00 
12.09 
12.16 

12.12 
12.22 
12.29 
12.38 
12.44 
12.52 
12.58 
12.62 
12.60 
12.62 
12.63 
12.66 

123O56.75 

56.82 
57.05 

57.32 

57.37 

57.60 
57.45 

57.76 
58.00 
58.05 
57.70 

58.07 
58.10 
58.09 
58.00 
57.90 
57.74 
57.55 
57.14 
57.04 
56.87 
56.71 
56.55 

Long beach on west  Newcastle  Island, i n  
l i n e  w i t h  red buoy 
5 mph sign (Newcastle  Island) 
01 d fe r ry   t e rmina l   a t  Ocean Cement p lan t  
(Departure Bay) 
Newcastle Rock and end of ferry  terminal 
i i l i n e  w i t h  S ta t ion  40 
Spani sh-s tyle  red roof  house  off  ferry 
terminal 
Dark brown house NW o f  Sta t ion  45 

Between end of ferry  terminal and antenna 
on rock h i  11 , off  rock outcropping 
(Departure Bay) 
Rock outcropping  offshore  (Departure Bay) 
Offshore of 1 arge rock (Departure Bay) 
Near r a i l  and cement boat  launch 
Off large  road-drain, i n  1 ine w i t h  
Terminal and antenna 
Directly  off  large  road-drai n 
Yellow beach-house 
Departure Bay s to re  
Le f t  of unmarked breakwater 
R i g h t  of  breakwater  off  white  house 
Brown house w i  t h  green  roof 
Off cement-pi 1 ed dock ( B i  01 ogi ca l   S t a t i  on) 
River mouth beside  Biological  Station 
Small  cement h u t  
Off-shore of ol d wooden f l o a t  
Near lowering ramp 
Off  f i shi ng boundary 

1 
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Sample L a t i   t u d e  Longi  tude 

S ta t i on   (Nor th )  (West)   Descr ip t ion 

64 49O12.71 123O56.44 

65 12.78 56.35 

66 12.87 56.34 
67 12.92 56.36 

68 13.35 56.72 

69 13.64 56.83 

70 13.65 57.02 

71 13.59 56.95 

72 13.55 56.90 

73 13.43  56.84 
:. , 

74 13.52  56.84 

F la t - roo fed  house wi th stone  chimney, i n  
l i n e  wi th  Newcastle  Fishing  Boundary 

(Stephenson  Point) 

Stone  outdoor   f i rep lace i n   l i n e  w i th  
boundary  (Stephenson  Point) 

L e f t  o f  p u b l i c  access a t  Stephenson P o i n t  
Red-roof  ed  grey  house 

White & green  house 

Rock outcroppi  ng 

Close t o   S t a t i o n  59 o f  Nanoose Survey, 
1977, mouth o f   P i p e r ' s  Lagoon 

C1 ose t o  S t a t i o n   6 0   o f  Nanoose Survey, 
1977, m id   P ipe r ' s  Lagoon 

C l o s e   t o   S t a t i o n   6 1   o f  Nanoose Survey, 
1977, head o f   P i p e r ' s  Lagoon 

C l o s e   t o   S t a t i o n  62 o f  Nanoose Survey, 

1977, head o f  P i p e r ' s  Lagoon 

Close t o   S t a t i o n   6 3   o f  Nanoose Survey, 
1977, mid  Piper 's  Lagoon 
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APPENDIX I 1  FRESHWATER  SAMPLE  STATION  LOCATIONS AND DESCRIPTIONS 

Sample 
S ta t ion   Descr ip t ion  

s1 
s2 

s3 
s 4  
s5 
S6 
s7 
S8 
s9 

s10 
s11 
s12 
S13 
S14 
S15 
S16 
S17 
S18 
s19 
s20 

s21 
s22 

S23 
S24 
S25 
S26 

Stream on McMillan Road a t  Nanaimo City  boundary 
Nanaimo River a t  Cedar Road br idge  
Stream a t  Cedar Road and  Trans-Canada Highway i n t e r s e c t i o n  
Chase River a t  Trans-Canada Highway 
Manhole a t  Robins  and  Eaton  Streeets 
Storm  drain a t   F r o n t  and Cameron Streets 
Storm  drain a t  Comox and F r o n t   S t r e e t s  
Millstone River a t  Terminal Avenue 
Mi 1 l s t o n e  River i n  Bowen Park  near Wall Street 
Mi 11 s tone  River a t  Bowen Road Bridge 
Mi l l s tone  River a t  D u r n i n  Road Bridge 
Manhole on Beach Drive near Brechin Road 
Nor thf ie ld  Creek a t  mouth 
Culvert a t  160 C i l a i r  Drive 
Catchbasin a t  157 C i l a i r  Drive 
Culvert oppos i te  2565 Bat te rsea  Road 
Culvert oppos i te  2585 Bat te rsea  Road 
Stream a t   B a t t e r s e a  and  Balmoral Roads 
Stream a t   e a s t  end o f  Randall Road 
Cement pipe a t  sea  wall a t  Loat Street  
Departure Creek a t  mouth 
Stream a t  2947 Hammond  Bay Road 
Stream  2973 Hammond  Bay Road 
Culvert a t  3144 Hammond  Bay Road 
C o t t l e  Creek a t  Hammond  Bay Road 
Culvert a t  Place Drive and Lagoon Road 
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m 

Sampl e - 

S t a t i o n  Description 

s27 Morni ngsi de Creek a t  Morni ngsi de Drive 
HR Hooker  Chemical process   e f f luent   s t ream  moni tor ing   s ta t ion  
HC McMi 1 lan B1 oedel  (Harmac)  process  effluent  stream  monitoring 

s t a t i o n  
STP Greater  Nanaimo Water Pol lut ion  Control  Centre f ina l  effluent 

a t  flow  measurement  flume 
P1 Stream on Pro tec t ion   I s land   a t   Lot   10  
P2 Stream on P ro tec t ion   I s l and  on Lot 14 
P3 Stream on P r o t e c t i o n   I s l a n d   a t   L o t  20 

m 
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APPENDIX I11 DAILY BACTERIOLOGICAL  RESULTS  FOR MARINE STATIONS 

S amp1 e Col 1 e c t i  on 
S t a t i o n  Date  Time 

7 14/3 0950 
15 0945 
16 1150 
20 0920 
21 0905 
22 1145 

3 14/3 1000 
15 0955 
16 1145 
20 0925 
21 0912 
22 1140 

5 14/3 1015 
15 1009 
16 1140 
20 0930 
21 0920 
22 1135 

7 14/3 1030 
15 1015 
16 1125 
20 0940 
21 0930 
22 1125 

9 14/3 1040 
15 1025 
16 1114 
20 0945 
27 0940 
22 1123 

11  14/3 1056 
15 1035 
16 1105 
20 0950 
21 0950 
22 1118 

Fecal 
Col i form Sample' Col 1  ec ti on 

MPN/100 m l  S t a t i o n  Date  Time 

11 
2 
4 

< 2  
( 2  

2 

2 14/3 1005 
15 1005 
16 1140 
20 0920 
21 0900 
22 1140 

Fecal 
Col i form 

MPN/100 m l  

4 14/3 1010 < 2  
15 1005 2 
16 1147 < 2  
20 0925 < 2  
21 0915 < 2  
22 1140 < 2  

6 14/3 1020 < 2  
15 1012 5 
16 1130 < 2  
20 0935 < 2  
21 0920 < 2  
22 1130 < 2  

< 2  8 14/3 1035 < 2  
< 2  15 1020 2 

8 16 1118 < 2  
< 2  20 0940 < 2  
.< 2 21 0935 < 2  
< 2  22 1130 < 2  

< 2  10 14/3 1045 < 2  
' < 2  15 1030 < 2  

< 2  16 1111 < 2  
< 2  20 0945 < 2  
< 2  21 0945  2 

2 22 1120 ' 2  

< 2  12 14/3 1055 < 2  
< 2  15 1040 < 2  
< 2  16 1205 < 2  
< 2  20 0955 < 2  
< 2  21 0955 2 
< 2  22 1115 < 2  
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IW Fecal 
Sampl e Collection Coliform 
S ta t ion  Date Time MPN/100  ml 

Sample Col 1 ecti on 
Sta t ion  Date Time 

Fecal 
Coli  form 

MPN/100  ml 

13  14/3 1100 2 
15 1043 < 2  
16 1058 2 
20 0955 < 2  
21 1000 < 2  
22 1110 < 2  

14  14/3 1105 
15 1045 
16 1050 
20 1000 
21 1004 
22 1105 

< 2  
< 2  

2 
2 

< 2  
2 

15  15/3 1240 < 2  16 14/3 1112 8 
16 1055 < 2  15 1050 < 2  
20 1000 2 16 1030 8 
21 1005 < 2  20 1105 < 2  
22 1105 5 21 1010 < 2  
28 0755 2 22 1045 5 

17 

19 

21 

14/3 1115 
15 1055 
16 1035 
20 1125 
21 1010 
22 1040 
28 0805 
25 0815 
30 0940 
31 0920 

9 
2 

23 
< 2  

5 
5 

17 
33 

2 
7 

14/3 1125 7 
15 1110 < 2  
16 1020 13 
20 1125 < 2  
21 1125 < 2  
22 0955 23 

14/3 1140 5 
15 1115 2 
16 0907 11 
20 1135 < 2  
21 1130 < 2  
22 0950 8 

18  14/3 1120 2 
15 1100 < 2  
16 1025 8 
20 1125 < 2  
21 1125 < 2  
22 1005 4 

20 14/3 1125 
15 1110 
16 1012 
20 1130 
21 1125 
22 0955 

22 14/3 1145 
15 1118 
16 1005 
20 1135 
21 1130 
22 0948 

< 2  
4 
2 

< 2  
2 
8 

2 
5 

11 
,< 2 
< 2  

5 

a 



- 46 - 

Feca 1 Fecal 
Sampl e Col 1 e c t i  on Col i f ow Sample Coll ecti  on Col i form 
Sta t ion  Date Time MPN1100 m l  S ta t ion  Date Time MPN/100  ml 

23 7 6/3 
20 
21 
22 
28 

414 
5 
6 

25 1513 
16 
20 
21 
22 
28 
29 
30 
31 

414 
5 
6 

27 1513 
16 
20 
21 
22 
28 

. 414 
5 
6 

1036 
1005 
1030 
1006 
0807 
1445 
1425 
1430 

1150 
0940 
1145 
1140 
0940 
081 8 
0820 
0930 
0850 
1450 
1420 
1425 

1200 
0930 
1150 
1145 
0930 
0825 
1505 
1410 
141 5 

< 2  
( 2  
13 

7 
23 

2 
c 2  
< 2  

7 
33 
< 2  
< 2  

4 
46 
33 

< 2  
2 
8 
2 

< 2  

< 2  
2 

< 2  
< 2  

8 
13 
11 

< 2  
< 2  

24 1613 
20 
21 
22 
28 
29 
30 
31 

314 
4 
5 
6 

26 1513 
16 
20 
21 
22 
28 
30 
31 
414 
5 
6 

28 1513 
16 
20 
21 
22 
28 
29 
30 
31 
414 
5 
6 

0950 
1035 
1110 
1028 
081 0 
0805 
0945 
0905 
091 5 
1440 
1430 
1430 

1125 
0955 
1140 
1135 
0945 
081 5 
0935 
0850 
1500 
1410 
1420 

1205 
0935 
1150 
1140 
0930 
082U 
082 5 
0920 
0845 
1505 
1410 
141 5 

< 2  
8 

< 2  
49 

130 
22 
5 

< 2  
< 2  

4 
5 

<il 

2 
23 

< 2  
< 2  

2 
33 

2 
17 
5 
2 

< 2  

< 2  
< 2  

2 
< 2  
46 
79 
17 

< 2  
2 
5 

< 2  
< 2  

I 

I 

m 

I 

n 

I 

I 

1 

L 
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Fecal  Fecal 
Sample Col 1 ecti  on Col i form Sample Col 1 e c t i  on Col i form 
S ta t ion  Date Time MPN/100  ml S ta t ion  Date Time MPN/100  ml 

29 

31 

33 

35 

15/3 1207 
16 0936 
20 1150 
21 1145 
22 0933 
28 0820 
30 0920 
31 0845 

3/4 0910 
4 1505 
5 1410 
6 1415 

15/3 1215 
16 0925 
20 1155 
21 1150 
22 0920 
28 0830 
30 0910 
31 0840 
4/4 1510 
5 1405 
6 1410 

15/3 1220 
16 0918 
20 1200 
21 1153 
22 0920 
28 0830 

16/3 0912 
20 1200 
21 1156 
22 0915 
28 0838 
4/4 1520 
5 1355 
6 1400 

2 
5 

< 2  
< 2  

8 
130 
< 2  
< 2  

5 
< 2  
< 2  
< 2  

< 2  
8 

< 2  
< 2  

5 
23 

< 2  
4 
8 

< 2  
< 2  

< 2  
2 

< 2  
< 2  
< 2  
13 

( 2  
2 

< 2  
5 

17 
< 2  

5 
2 

30 15/3 
16 
20 
21 
22 
28 
30 
31 

4 
5 
6 

1513 
16 
20 
21 
22 
28 

3  /4 

32 

1212 
0929 
1155 
1150 
0925 
082 5 
091 5 
0840 
091 0 
1510 
1405 
1410 

1225 
0920 
1200 
1155 
0920 
0830 

34 

36 

15/3 1230 
16 0915 
20 1205 
21 1155 
22 0915 
28 0835 

30/3 0900 
31 0830 

3/4 0900 
4 1530 
5 1345 

< 2  
13 

< 2  
< 2  
< 2  
46 
11 
23 

2 
5 
2 

< 2  

< 2  
5 

< 2  
< 2  

7 
13 

< 2  
( 2  
< 2  
< 2  

2 
2 

2 
5.6 

< 2  
2 

< 2  
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E 

Fecal - Fecal 
Sample Col lect i  on Col i form Sampl e Col 1 ecti  on Col i form 
S t a t i  on Date Time MPN/100 m l  S ta t ion  Date Time MPN/100 m l  

37 

39 

41 

43 

45 

1513 
16 
20 
21 
22 
28 

2313 
28 
29 
30 
31 

3 14 

1513 
16 
20 
22 
28 

4 14 

2313 
28 
29 
30 
31 

3/4 

23/3 
28 
29 
30 
31 

3/4 

1255 
0902 
1210 
1200 
091 0 
0840 

1115 
0850 
101 5 
1145 
1035 
1100 

1320 
0840 
1220 
0855 
101 5 
1550 

0845 
1020 
0845 
1010 
0930 
0935 

0855 
lU20 
0850 
1015 
0930 
093 5 

< 2  
< 2  
< 2  
< 2  
< 2  
< 2  

2 
5 

< 2  
< 2  
< 2  
< 2  

< 2  
< 2  
< 2  
< 2  

2 
5 

2 
79 
49 

< 2  
2 

< 2  

< 2  
< 2  

13 
17 

< 2  
2 

38 1513 
16 
20 
21 
22 
28 

40 15/3 
16 
20 
21 
22 
28 
30 
31 

42 1513 
16 
20 
21 
22 
23 
28 
29 
30 
31 

44 2313 
28 
29 
30 
31 

3 14 

46 23/3 
28 
29 
30 
31 
3 /4 

1307 
0855 
121 5 
1240 
0903 
0845 

1316 
0845 
121 5 
1245 
0900 
101 5 
1005 
0925 

1325 
0835 
1225 
1250 
085 5 
0845 
1010 
0840 
1003 
0920 

0850 
1025 
0850 
101 7 
0930 
0940 

0905 
1025 
0855 
1020 
0935 
0940 
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Fecal Feca 1 
Sampl e col 1 e c t i  on coi i form Sampl e col 1 ect i  on COI 1 form 
Sta t ion  Date Time MPN/lU0 ml S ta t ion  Date Time MPN/100  ml 

47 

45 

51 

53 

55 

23/3 0920 
28 1030 
29 0900 
30 1025 
31 0935 
3/4 0945 

23/3 0930 
28 1035 
29 0905 
30 1030 
31 0940 

3/4 u950 

23/3 0945 
28 1045 
29 0925 
30 1040 
31 0950 

3/4  1000 

2313 0948 
28 1045 
29 0920 
30 1045 
31 0950 

3/4 1000 
4 1110 
5 1045 

23/3 0956 
28 1050 
29 0918 
30 1050 
31 1000 
3/4 1u05 
4 1110 
5 ’ 1055 

7 
2 

< 2  
< 2  
< 2  

2 

23 
5 
5 
2 
2 

49 

4 
5 
7 

< 2  
< 2  

2 

8 
63 
23 

‘ 2  
< 2  
280 

33 
23 

7 
33 
17 

< 2  
< 2  

33 
79 

540 

50 

52 

54 

56 

48 23/3 
28 
29 
30 
31 

3/4 

23/3 
28 
25 
30 
31 

3/4 

23/3 
28 
29 
30 
31 

3  /4 
4 
5 

23/3 
28 
29 
30 
31 

3/4 
4 
5 

23/3 
28 
29 
30 
31 

3/4 

091 5 
7 035 
0900 
103U 
0940 
0945 

0935 
1020 
091 0 
1035 
0945 
0955 

09 40 
1040 
091 0 
1035 
0945 
09 50 
1105 
1035 

0953 
105U 
0920 
1050 
0955 
1000 
1105 
1050 

1004 
1055 
0930 
1055 
1000 
1010 

11 
< 2  

ti 
2 
2 
5 

14 
5 
4 
2 

< 2  
79 

13 
33 
31 

2 
< 2  
41 

170 
33 

26 
46 
79 
23 

< 2  
79 
33 

350 

5 
8 

17 
2 

< 2  
2 
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Fecal Fecal 
Sampl e Col 1 ecti on Col i form Sample Col 1 ect i  on Col i form 
Sta t ion  Date Time MPN/lOc) ml Sta t ion  Date Time MPN/100 m l  

57 

59 

61 

63 

65 

67 

23/3 1012 
28 1100 
29 0930 
30 1055 
31 1005 

3/4  1015 

23/3 1020 
28 1100 
29 0935 
30 1105 
31 101 0 

3/4 1020' 

23/3 1030 
28 1110 
29 0945 
30 1110 
31 101 5 
3/4  1025 

23/3 1038 
28 1115 
29 0950 
30 1115 
31 1020 

3/4 1030 

29/3 1105 
30 1230 
31 1130 

3/4 1210 
4 1030 
5 0905 

23/3 1055 
28 1120 
29 1000 
30 1125 
31 1030 

3/4  1040 

11 
5 

17 
< 2  
< 2  

5 

8 
13 

< 2  
< 2  
< 2  
< 2  

5 
7 
8 

< 2  
2 

< 2  

4 
9 
7 
4 
2 

< 2  

a 
2 

17 
240 

2 
8 

7 
2 
2 

< 2  
< 2  

8 

58 23/3 
28 
29 
30 
31 

315 

60 23/3 
28 
29 
30 
31 
3/4 

62  23/3 
28 
29 
30 
31 
3/4 

64 29/3 
30 
31 

3/5 
4 
5 

66 29/3 
30 
31 
3 /4 
4 
5 

68 23/3 
28 
29 
30 
31 

3 /4 

1U15 
1100 
0935 
1100 
101 0 
1015 

1022 
1105 
0935 
1105 
101 5 
1020 

1032 
1110 
0945 
1110 
1015 
1025 

1100 
1225 
1125 
1200 
1020 
0900 

1110 
1235 
1140 
1215 
1030 
091 0 

1100 
1120 
1003 
1130 
1030 
1045 

5 
33 
5 
2 

<' 2 
< 2  

8 
9 

< 2  
< 2  
( 2  
< 2  

7 
11 
5 

< 2  
< 2  
< 2  

17 
2 
4 
2 

13 
2 

8 
33 

< 2  
2 

23 
49 

< 2  
( 2  

8 
< 2  
< 2  

17 

111 

I 

L 

Y 
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Sample Col 1 e c t i  on 
S t a t i o n  Date Time 

Fecal 
Co l i   fo rm Sampl e 

MPN/100 m l  S t a t i o n  
Col 1 e c t i  on 
Date Time 

Fecal 
Co l i   f o rm 

MPN/100 m l  

69  23/3 1105 
28 1125 
29 1005 
30 1135 
31 1035 

3/4  1045 

< 2  70 
< 2  

2 
< 2  
< 2  
< 2  

29/3  1102 
30 
31 

- 

3/4 1130 
4 1615 
5 1545 

- 
2 
5 
6 

< 2  
2 

11 

71  29/3 1 100 2 72 29/3 1035  11 
30 - 8 30 - 8 
31 - < 2  31 - 2 

3/4  1130 2 3/4 1130 17 
4 1615 79 4 1615 < 2  
5 1550 2 5 1555 < 2  

73  29/3  1040 < 2  74  29/3  1045  11 
30 - < 2  30 2 
31 - < 2  31 - < 2  

3/4  1130 < 2  3/4 1130 < 2  
4 1615 < 2  4 1615 < 2  
5 1600 < 2  5 1605 < 2  

16M 20/3  1115 < 2(6.7m) 16D 20/3  1115 < 2(13.4m) 
21 1220 2(6.lm) 21 1220  5(12.2m) 
22 1100 < 2(6.lm) 22 1100 < 2(12.2m) 

2 3M 20/3  1005 < 2(6.lm) 2 3D 20/3  1005 < Z(12.2m) 
21 1035 5(6.lm) 21 1035 5(12.2m) 
22 1010  4(6.lm) 22 l 0 l U  < Z(12.2rn) 

24M 20/3  1015 < 2(3m) 2 4D 20/3 1015 Z ( 6 . h )  
21 1115 < 2(3rn) 21 1115 < 2(6.lrn) 
22 1030  5(3m) 22 1030 2(6.1m) 

Fe r ry  Seepage 
Wash: 29/3  0850  350 S t a t i o n  65  5/4 < 2  
Queen o f  
Tsawwassen 
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APPENDIX IV 

DAILY  BACTERIOLOGICAL  RESULTS  AND 
SAMPLING  CONDITIONS  FOR  FRESHWATER  STATIONS 
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APPENDIX V 

SUMMARY OF  TEMPERATURE AND S A L I N I T Y   D A T A  
FOR MARINE  STATIONS 
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APPENDIX V SUMMARY OF TEMPERATURE AND SALINITY DATA FROM MARINE STATIONS 

Number Temperature Mean  Number Sal i n i  ty 
Sample o f  Range Temperature o f  Range Me an 
S t a t i o n  Samples ("C) ("C) Sampl es ( O / O O )  Sal i n i  ty 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
Mid. 
Bot. 
17 
18 
19 
20 
21 
22 
23 
Mid. 
Bot. 
24 
Mid. 
Bot. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 - 
6 
1 
1 
1 
1 
1 
3 

- 

- 
- 
7 - 
6 
5 
3 
6 
6 
6 
5 
3 
2 
3 
3 
4 

- 

9.0 - 10.0 
8.0 - 10.0 
9.0 - 10.0 
8.5 - 10.0 
9.5 - 10.0 
9.0 - 10.0 
9.0 - 10.0 
9.0 - 10.0 
9.0 - 10.0 
9.0 - 10.0 
9.0 - 10.0 
9.0 - 10.0 
9.0 - 10.0 
9.0 - 10.0 
7.5 - 9.0 
8.5 - 10.0 - - 
7.5 - 10.0 

8.0 
8.0 
8.0 
8.0 
8.0 

8.0 - 8.5 - 
8.0 - 8.5 - - 
7.0 - 8.5 
7.5 - 9.0 
7.5 - 9.0 
7.0 - 8.5 
7.0 - 9.0 
7.0 - 9.0 
7.5 - 8.5 
7.0 - 8.0 

8.0 
8.0 - 8.5 
7.5 - 8.5 
7.0 - 8.0 

9.5 
9.0 
9.7 
9.3 
9.8 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
8.3 
9.3 - 
- 

7.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.2 - 
- 

8.1 - 
- 

7.9 
8.0 
8.0 
7.9 
8.0 
7.8 
7.8 
7.5 
8.0 
8.2 
7.8 
8.3 

7 
7 
7 
7 
7 
7 
7 
7 
7. 
7 
7 
7 
7 
7 
7 
7 
3 
3 

11 
7 
7 
7 
7 
7 
8 
3 
3 

12 
3 
3 

13 
12 
10 
13 
13 
13 
12 
10 
10 
10 
9 
5 

28.0 - 29.0 
27.5 - 29.0 
27.5 - 29.0 
27.5 - 30.0 
25.5 - 28.0 
27.0 - 28.5 
27.5 - 28.5 
26.5 - 28.5 
27.0 - 28.5 
26.5 - 29.0 
27.0 - 28.5 
23.5 - 28.5 
14.0 - 28.5 
21.0 - 29.0 
21.0 - 28.0 
22.0 - 26.0 
27.0 - 28.0 
28.0 - 30.0 
20.0 - 28.0 
24.0 - 27.5 
23.5 - 27.0 
20.0 - 27.0 
15.5 - 28.0 
15.5 - 27.5 
22.0 - 28.0 
27.5 - 28.0 
28.5 - 29.0 
14 - 29.5 

28.0 
28  .0 

6.0 - 30.0 
11.0 - 29.5 
11.0 - 28.0 
10.5 - 28.0 
10.0 - 29.5 
13.0 - 27.5 
13.0 - 29.0 
22.0 - 28.0 
15.0 - 29.5 
23.5 - 29.u 
22.0 - 29.5 
27.0 - 29.0 

28.1 
28.2 
28.2 
28.8 
27.5 
27.6 
27.8 
27.5 
27.9 
27.6 
27.9 
26.6 
23.4 
27.7 
24.2 
24.2 
27.7 
28.7 
25.3 
26.0 
25.4 
24.1 
23.6 
24.0 
26.2 
27.8 
28.8 
24.4 
28.0 
28.0 
21.7 
24.5 
24.1 
25.4 
24.4 
22.9 
24.8 
25.1 
24.8 
27.1 
26.7 
27.9 

I 

P 
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1 

1 

I 

1 

Number Temperature Mean Number Sal i n i  t y  - 

Sampl e OT Range Temperature o f  Range Mean 
Sta t ion  Samples ("C) ("C) Sampl es ( O / o o )  Sal i n i  t y  

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

2 
2 
6 
4 
3 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 - 
- 
5 
6 
6 
3 
3 
3 
3 
3 

8.0  8.0 
8.0 - 8.5 8.3 
8.0 - 9.0 8.4 

8.0  8.0 
8.0 8.0 

8.0 - 9.5 8.3 
8.0 - 9.0 8.3 
7.5 - 9.0 8.6 
8.0 - 9.0 8.8 
8.0 - 9.0 8.6 
8.0 - 9.0 8.4 
8.0 - 9.0 8.3 
8.0 - 9.0 8.2 
8.0 - 9.0 8.3 
8.0 - 9.0 8.2 
8.0 - 9.0 8.3 
8.0 - 9.0 8.6 
8.0 - 9.0 8.6 
8.0 - 9.0 8.3 
8.0 - 9.0 8.8 
8.0 - 9.0 8.6 
8.0 - 9.5 8.9 
8.0 - 9.5 8.6 
8.0 - 9.5 8.6 
8.5 - 9.5 8.8 
8.0 - 9.5 8.8 
8.0 - 9.5 8.8 - - 

- - 
8.0 

7.5 - 9.0 
8.0 - 9.0 

9.0 
9.0 
9.0 

9.0 - 9.3 
9.0 - 9.5 

- 
8.0 
8.6 
8.6 
9.0 
9.0 
9.0 
9.1 
9.2 

7 
7 
6 
9 
8 

11 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
8 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

27.0 - 29.0 
25.0 - 29.0 
27.0 - 28.0 
22.0 - 29.0 
25.5 - 28.5 
22.0 - 28.0 
11.5 - 28.0 
28.0 - 29.5 
23.5 - 28.5 
23.0 - 28.5 
23.5 - 28.0 
27.5 - 29.0 
24.5 - 29.0 
24.5 - 28.0 
22.0 - 29.0 
22.0 - 28.0 
20.0 - 28.0 
11.0 - 29.0 
16.0 - 28.0 
22.0 - 29.0 
17.5 - 28.0 
16.0 - 29.0 
18.0 - 28.0 
22.0 - 28.0 
23.5 - 28.5 
23.5 - 28.0 
22.0 - 28.5 
25.5 - 28.5 
27.5 - 29.0 
27.5 - 29.5 
28.0 - 29.0 
28.0 - 29.0 
28.0 - 29.5 
28.0 - 29.5 
27.5 - 30.0 
28.0 - 29.5 
29.0 - 30.0 
28.0 - 29.5 

28.2 
27.7 
27.8 
26.6 
27.4 
24.9 
25.2 
28.3 
27.3 
27.3 
26.3 
27.4 
26.4 
26.3 
26.0 
25.5 
24.7 
23.6 
24.9 
25.1 
25.0 
23.8 
23.3 
26.1 
26.2 
26.3 
26.3 
27.3 
28.2 
28.3 
28.3 
28.3 
28.6 
29.0 
29.2 
28.8 
29.3 
28.8 
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APPENDIX VI 

C I T Y  OF NANAIMO SEWAGE  PUMP STATIONS 

a )   C h a r a c t e r i s t i c s  

b ) Loca t i  oris 
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(b) L O C A T I O N  OF C I T Y  OF N A N A I M O   S E W A G E  PUMP S T A T I O N S  
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APPENDIX VI1 

AN OPERATIONAL REPORT OF THE GREATER NANAIMO 

WATER POLLUTION CONTROL CENTRE 
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1 INTRODUCTION 

Untreated  domest ic   and  indust r ia l   wastewaters  co l lected i n   t h e  

City o f  Nanaimo have  been  discharged t o  Nanaimo Harbour   s ince   t he   t u rn   o f  

t he   cen tu ry   (1  1. The d ischarge  o f  raw sewage  was d i s c o n t i n u e d   i n  1975 w i t h  

the   comp le t i on   o f   t he  Nanaimo In te rceptor ,   Depar tu re  Bay Pumping S ta t i on ,  

Greater Nanaimo Water Po l l u t i on   Con t ro l   Cen t re ,  and t h e   F i v e   F i n g e r s   I s l a n d  

O u t f a l l .  Sewage i s  now co l l ec ted ,   t rea ted ,  and d ischarged  to   Georg ia  

S t r a i t .  
The Greater  Nanaimo Water P o l l u t i o n   C o n t r o l   C e n t r e  (GNWPCC) i s  a 

.primary  type sewage t rea tmen t   p lan t   u t i l i z i ng   sc reen ing ,   ba rm inu t ing ,  

a e r a t e d   g r i t  removal,  sedimentation, and c h l o r i n e   d i s i n f e c t i o n   o f   t h e  1 i q u i  d 
e f f l u e n t   ( F i g u r e  A ) .  Sludge  from  the  sedimentation  tanks i s  t r e a t e d   i n  two 

ser ia l   anaerob ic   d i   ges tors  and d r i e d  on sludge beds. Supernatant  f rom  the 

d i   ges tors  i s   r e t u r n e d   t o   t h e   t r e a t m e n t   p l a n t   i n f l u e n t .   S e l e c t e d   d e s i g n  

c h a r a c t e r i s t i c s   o f   t h e  GNWPCC a re  shown i n  Table A.  

A performance  evaluat ion  of   the  t reatment  system was conducted by 

personnel   f rom  the  Environmental   Protect ion  Service  f rom  March 21 t o  29, 

1978.  The pu rpose   o f   t h i s   s tudy  was: 

1 )   t o   o b t a i n   b a c t e r i o l o g i c a l  and  chemical  analysis  data i n  

suppor t   o f   t he  Nanaimo  she1 I f  i sh growing  water  qual i ty survey; 

2) t o   o b t a i n   t o x i c i t y   d a t a  as a c o n t i n u a t i o n   o f  a 1976 EPS 

program to   ob ta in   b ioassay   da ta   fo r   var ious   types   o f  sewage 
t r e a t m e n t   p l a n t s   i n  B r i  ti sh Columbi a; 

3 )  to   ob ta in   chemica l   da ta  t o  a s s i s t   i n   t h e   i n t e r p r e t a t i o n  o f  
b ioassay  resul ts .  

a 
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TABLE A SELECTED DESIGN DATA  FOR THE tiREATER  NANAIMO WATER POLLUTION 
CONTROL CENTRE (2 ) 

Present   Populat ion ................................. 32 000 
Average  Flow  (m3/day) .............................. 27 300 ( 6  MIGPD) 
Peak Flow  (m3/day). ............................... .79 500  (17.5 MIGPD) 
Suspended S o l i  ds Loadi ng (kg/day). ................. .4 090 (9uW 1 b/day) 
BOD Loading  (kg/day). ............................. ..3 680 (8100 lb /day)  
No. o f  Barminutors..................................l 

Aerated Grit Tanks 

Number.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .~ 

Air Supply (m3/mi n). .............................. .2.8 t o  20 (100 t o  700 CFM) 
Deten t ion  Time (3 Avg. Flow  (min) .................. .21 

Sedimentation  Tanks 

Number.............................................Z 
Detent ion  Time (3 Av . Flow  (hrs).  ................ ..2.12 
Overf low  Rate (m3/m % /day) (3 Avg. Flow .............. 32.5 (665  gal / f tZ/day) 
Maximum Capacity  (m3/day) @ Avg. Flow. ............. 39 800  (8.75 MGD) 

Chl o r i  ne Contact  Tank 

Deten t ion  Time @ Avg. F low  (h rs )  ................... 1.06 

Ch lo r ine  Con,sumption Avg. Flow  (kg/day) ............ 270 (600  lb/day) 
Average Chlorine Doseage (ppm).  ................... .10 

Diges ters  

Number.............................................Z 
Volume (m3). ...................................... .1900 (68 000 f t 3 )  
Volume o f   So l i ds ,  98% WC (3 Avg. Flow  (m3/day) ...... 66 (14 600 gal /day)  

P l a n t   E f f l u e n t  

Suspended So l i ds  (3 Avg.  F1 ow (kg/day).  ............ .1760 (3880 1 b/day ) 
BOD (3 Avg.  F1 ow (kg/day).  ......................... .2210 (4860 1 b/day) 
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2 SAMPLE PROCEDURES AND METHODS 

I 

Commencing 0800  March 21 and c o n t i n u i n g   u n t i l  0800 March 22, 1.5 

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

f i n a l   c h l o r i n a t e d   e f f l u e n t   ( F i g u r e  A )  were co l l ec ted   eve ry  15 minutes  us ing 

a submersible pump and  an  Eagle  signal  t imer;  concurrently,  approximate 250 

m l  samples o f   t h e  raw sewage were  taken  every 2.5 minutes  us ing a Markland 
Model  2101-Spec. Duckbi  11  sampler. Samples were  combined  and  mixed' i n  

p l   a s t i c - 1  i ned, 45-gal 1 on  drums a t  each sampl i ng 1 ocat ion.  

Grab  samples o f   t h e  raw sewage, t r e a t e d   e f f l u e n t ,  and c h l o r i n a t e d  

e f f l u e n t  were ob ta ined   us ing  a bucket  on a rope a t  0800  March 22. 

Twenty-four  hour  composite sample o f   t h e  raw sewage and t r e a t e d  

e f f l u e n t  were  obtained  from 0800 March 28 t o  0800  March 29, and a grab 
sample o f  t h e   c h l o r i n a t e d   e f f u e n t  was o b t a i n e d   a t  0800 March 29 u s i n g   t h e  

methods descr ibed above. 
Samples  were s p l i t  and  preserved as o u t l i n e d   i n   t h e   E n v i r o n m e n t  

Canada Po l lu t ion   Sampl ing  Handbook ( 3 ) .  Samples for  chemical  analyses  were 

d e l i v e r e d   t o   t h e   D e p a r t m e n t   o f   F i s h e r i e s  and Envi  ronment,  Chemistry 

Laboratory i n  West  Vancouver w i t h i n  4 hours  of  sampling. 

Samples from each l o c a t i o n  were  t ransferred i n   t h r e e   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  cans for   b ioassay  determinat ion  (96  hour  LCsu) t o  

t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e ,   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  4 hours of sampling. 
The 96 hour LC5o i s  de f i ned  as the   concen t ra t i on  o f  measurable 

l e t h a l   a g e n t   ( i n   t h i s  case,   wastewater)   requi red  to  k i l l   t h e   5 0 t h   p e r c e n t i l e  

i n  a group  o f   test   organisms  over  a 96-hour  period. I n   t h e   t e s t ,  a s e r i e s  

o f   3 0 - 1 i t r e Y   g l a s s   v e s s e l s   c o n t a i n i n g   d i f f e r e n t  sample d i l u t i o n s   w i t h  5 t o  

10  rainbow t r o u t  (Salmo g a i r d n e r i )   p e r   t e s t   v e s s e l   w e r e   p l a c e d   i n  a 

contro l led-   env i ronment  room wi th  a maintained  temperature  of  15.0°+10C. - 

For   t h i s   su rvey ,  a bioassay  procedure was used  whereby t h e  sample 

was p r e - a e r a t e d   a t   1 5 0   t o  200 m l  /mi n 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 sso l ved  oxygen l e v e l  was found   to  be below 5 pprn, and pre-aerated  for  30 

minutes i f  t h e  DO was grea ter   than 5 ppm. This  procedure was fo l lowed i n  

o r d e r   t h a t  DO would  not   be a f a c t o r   i n  sample t o x i c i t y   w h i l e   a i r   s t r i p p i n g  

L 
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IW 

of the  wastewater’s chemical consti tuents would  be minimized. A l l  samples 
had an i n i  t i  a1 DO coscentration above 7 .O ppm and were therefore  pre-aerated 
f o r  only 30 minutes. 

Samples of the  chlorinated  final  eff 1 uent were obtained  hourly 
from 0800 t o  1500 on  March 22. Upon col lect ion,  samples were immediately 
analysed  for  total  residual  chlorine (TRC)  u s i n g  a.  Fisher and Porter Company 
Amperometric T i t r a to r  Model 1 IT1010. The procedure used i s  a back t i t r a t i o n  
method  which involves  the  neutral  ization of  an oxidizing  agent  (free  iodine) 
w i t h  a reducing  agent  (phenylarsine  oxide  solution) of  known strength i n  the 
presence of potassi urn iodide.  Total  residual  chlorine  as  determined by t h i  s 
method yields  the  concentration of  compounds i n  the  wastewater  containing 
ac t i  ve chl ori  ne  which i ncl ude  monochl  orami nes,  dichl orami nes, and  hypo- 
chlorous  acid. 
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3 RESULTS 

3.1 Chemical  Analyses  Results 
Composite  and  grab  samples  were  obtained o f   t h e  raw sewage 

in f l uen t ,   e f f l uen t   a f te r   t he   sed imen ta t i on   p rocess  , and f i n a l   c h l o r i n a t e d  

e f f l u e n t  and the  resul ts  of   chemical   analyses  performed on these  samples  are 

shown i n  Tabl  es B and C. 

On March 21 and  22, o p e r a t i o n a l   d i f f i c u l t i e s  were  exper ienced  wi th 

t h e  GNWPCC's anaerobic  d igesters.  An excess i ve l y   t h i ck   l aye r   o f  scum had 

formed on the  upper   layers  o f   the  d igester  and supernatant was drawn from a 

lower  level   than  usual .   Supernatant was d i s c h a r g e d   t o   t h e   i n f l u e n t  1 i n e  

above the  raw sewage sampl ing  po int  used dur ing  th is   survey.  The e f f e c t s   o f  

the  unusual   qual i ty   supernatant   d ischarged on March 21  and 22 can r e a d i l y  be 
seen i n  the raw sewage chemical  analyses  resul  ts. The TR, FR, and TFR 
concen t ra t i ons   f o r  samples c o l l   e c t e d  on those days  were approximately 

quadruple  those  noted f o r  raw sewage samples c o l l   e c t e d  on  March  28 - 29. 

BOD5, TOC, COD, TVR, and NH3 concentrat ions were a l s o   s l i g h t l y   l o w e r  

d u r i n g   t h e   l a t t e r  sampl i n g  , a1 though t h i s  was due i n   p a r t   t o   p r e c i p i t a t i o n  
and  associated i n f i l   t r a t i o n / i n f l o w   ( F i g u r e  B)  du r ing   t h i s   pe r iod .  

Acco rd ing   t o   t he   resu l t s   o f   t he  March  28 - 29 sampl i n g  , the GNWPCC 

raw sewage would  genera l ly  be c l a s s i f i e d  as weak (normal  dry  weather sewage 

would be somewhat s t ronger) .  
The Po l l u t i on   Con t ro l   B ranch   pe rm i t   f o r   t he  GNWPCC r e q u i r e s   t h a t  

t h e   f i n a l   e f f l u e n t  NFR and BOD be an average o f  122 and  130  mg/l , respec- 

t i v e l y .   R e s u l t s   o f   t h i s   s t u d y   i n d i c a t e   t h a t   t h e   f i n a l   e f f l u e n t  meets  these 

c r i t e r i a .  

Metcal f and  Eddy ( 7  ) r e p o r t   t h a t   e f f i c i e n t l y   d e s i g n e d  and operated 
pr imary  sedimentat ion  tanks  should remove from 5U t o  65% NFR and  from  25 t o  

40% BOD5. Acco rd ing   t o   ou r   t es t   resu l t s ,   t he  GNWPCC a f f e c t e d  an average 
52% r e d u c t i o n   i n  NFR and a  32% r e d u c t i o n   i n  BODS. 

Tabl e D sumnar izes  the  resul ts   o f   tests   per formed by the  t reatment  
plant  operators.   General ly  these BOBand NFR removal e f f i c i e n c i e s  were 

s l i gh t l y   h ighe r   t han   t hose  measured dur ing   th is   s tudy ,  a1 though  th is  may 
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TABLE B RAW SEWAGE STRENGTH 

Raw Sewage Chemical 

Typ ica l  Raw Sewage (6)  Analyses  Resul ts 

Parameter  March 

(mg/ l )   Strong Medium Weak 21-22 22 28-29 

TR 

NFR 

FR 

T VR 

TFR 

BOD 5 
TOC 

COD 

Organic N 

NH 3 

N03 
NO 2 
TPO 4 

1200 

3 50 

600 

600 
850 

300 

300 

1000 
35 

50 
0 
0 

20 

700 

200 

350 

3  50 
500 

200 

200 

500 

15 

25 

0 

0 

10 

350 

100 

175 

175 
2 50 

100 

100 
2 50 

8 

12 
0 

0 

6 

1090 1260 457 
95 150 115 

995 1110 3 42 

203 198 183 
88 7 1062 2  74 

210 176 143 
95 a5 78 

2 99 310 2 77 
38.2 34.3 - 
19.5 19.9 18.0 
0.010 0.012 0.0010 
0.0065 0.0055 0.0050 
5.50 5.40 - 
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have been due t o  differences i n  sampling and analytical  methods (GNWPCC 
s t a f f  use f l  ow-proportional , composite  samples). 

Results of the 8-hour f inal   eff luent  TRC survey a re  shown i n  
Figure C. The Pollution  Control Branch permit  for this treatment system 
requires t h a t  the operator  maintain a chlorine  residual between 0.1 and 1.0 
mg/l .  TRC concentrations  for samples co l lec ted   a t  0830  and 0930  were 
sl i ghtly above the maximum permi tted 1 eve1 - 1.08 and 1.05mg/l,  respec- 
t ively.  The operator reduced the  chlorine  feed  rate  at  about 1230. A t  
design  average  flaws,  the  chlorine  contact tank  detention time i s  1.06 hrs 
(Tab1 e A ) .  Si nce the   f l  ows encountered on March 22 were about ha1 f of the 
design f low,  the  chlorine  contact tank detention time was about 2 hrs. The 
e f f ec t  of the  reduction i n  chlorine  feed  rate then can be seen i n  the 
r e su l t s  of the TRC analysis of the sample co l l ec t ed   a t  1530 (0.36 mg/l ). 

Since  chl ori ne addi t i  on i s f l  ow-proporti  onal l y  control 1 ed,  the  adjusted 
chlorine  feed  rate  should be sui table  for a l l  flow ra tes  (assuming  constant 
chlorine demand  of the  wastewater) 

3.2 Bioassay  Results 
Bioassays were  performed on composite and grab  samples of the raw 

sewage effluent  after  sedimentation, and f i n a l  chlorinated  effluent and the 
r e su l t s   a r e  shown i n  Table E.  

Also shown in  Table E are  selected chemical analyses  results. A 
s tudy  of municipal  wastewater  toxicity of e ight  sewage treatment  plants was 

conducted by personnel of the Environmental Protection  Service d u r i n g  1976 
and the  results  are  discussed i n  EPS published  reports by T.W. Higgs ( 9 ) .  
I n  this study, three primary  chemical  parameters were implicated  as 
contributing t o  the  acutely  toxic  responses  exhibited by the   t e s t  fish. 
These  were anionic  surfactants,  un-ionized NH3,  and TRC. Cr i t ica l  
concentrations of these  parameters  reported i n  the   l i t e ra ture   a re  shown i n  
Table F. A detai led di  scussi on of the  subject i s  beyond the scope of t h i  s 
report and the  reader i s  referred t o  the  appropriate  references 1 i sted. 

Total  residual  chlorine  concentrations of the  f inal   eff luent  were 
measured  immediately a f t e r  sampl e collection a t  the  treatment  plant, upon 
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be due t o   d i f f e r e n c e s   i n   s a m p l i n g  and a n a l y t i c a l  methods (GNWPCC s t a f f  use 

f 1 ow-proport i   onal , composi t e  sampl es) . 
R e s u l t s   o f   t h e   & - h o u r   f i n a l   e f f  1 uent  TRC survey  are shown i n  

F igu re  A3.  The Pol 1 u t ion   Cont ro l   Branch  permi t   fo r   th is   t rea tment   sys tem 

requ i res   tha t   the   opera tor   ma in ta in  a ch lo r i ne   res idua l  between 0.1 and 1 .C, 
mg/l. TRC concen t ra t i ons   f o r  samples c o l l e c t e d   a t  083U and 093U were 

s l i g h t l y  above the maximum p e r m i t t e d   l e v e l  - 1.08  and 1 .05mg/l , respec- 

t i v e l y .  The opera tor   reduced  the   ch lo r ine   feed  ra te   a t   about  1230. A t  

design  average  f lows , the  ch lo r ine   con tac t   tank   de ten t ion   t ime i 

(Tab1 e A1 ) . Since  the  f lows  encountered on March 22 were  about 

des ign   f low,   the   ch lo r ine   con tac t   tank   de ten t ion   t ime was about 

e f f e c t  of   the  reduct ion i n   c h l o r i n e   f e e d   r a t e   t h e n  can  be  seen i 

s 0106 h r s  

ha1 f o f   t h e  

2 hrs .  The 

n the 
r e s u l t s   o f   t h e  TRC ana lys i s   o f   t he  sample c o l l e c t e d   a t  1530  (0.36 mg/l ). 
S i n c e   c h l o r i n e   a d d i t i o n   i s   f l o w - p r o p o r t i o n a l l y   c o n t r o l l e d ,   t h e   a d j u s t e d  

ch lo r i ne   f eed   ra te   shou ld  be su i   t ab le  f o r  a l l   f l ow   ra tes   (assuming   cons tan t  

c h l o r i n e  demand o f  the  wastewater). 

3Y2 Bioassay  Resul ts 
Bioassays were performed on composite and grab  samples o f   t he  raw 

sewage e f f l uen t   a f te r   sed imen ta t i on ,  and f i n a l   c h l o r i n a t e d   e f f l u e n t  and the 

r e s u l t s   a r e  shown i n  Table A5. 

A1 so shown i n  Table A5 are  selected  chemical   analyses  resul ts.  A 
study o f  municipal  wastewater t o x i c i t y  of e i g h t  sewage t reatment  p l a n t s  was 

conducted by personnel   of   the  Environmental   Protect ion  Service  dur ing 1976 
and  the  resul ts  are  d iscussed i n  EPS pub1 i shed r e p o r t s  by T.W. H i  ggs ( 9 ) .  

In   th is   s tudy ,   th ree   chemica l   parameters  were regu la r l y   no ted   t o  be respon- 

s i b l e   f o r   a c u t e   t o x i c i t y   t o   t h e   t e s t   f i s h .  These  were an ion i c   su r fac tan ts ,  
un- ion ized NH , and TRC. Cr i t i ca l   concent ra t ions   o f   these  parameters  

r e p o r t e d   i n   t h e  1 i te ra tu re   a re  shown i n   T a b l e  A6. A de ta i l ed   d i scuss ion  o f  

the  subject  i s  beyond the scope o f   t h i s   r e p o r t  and the  reader i s   r e f e r r e d   t o  

the   appropr ia te   re fe rences   l i s ted .  
T o t a l   r e s i d u a l   c h l o r i n e   c o n c e n t r a t i o n s   o f   t h e   f i n a l   e f f l u e n t  were 

measured immedia te ly   a f te r  sample c o l l e c t i o n   a t   t h e   t r e a t m e n t   p l a n t ,  upon 
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TABLE F  CRITICAL CONCENTRATIONS W ANIONIC SURFACTANTS, UN-IONIZED NH3, 

AND TRC REPORTED TO BE T O X I C  TO FISH 

Parameter   Concentrat ion  S ign i f icance  Reference 

(mg/ l )  

Un- ionized NH 0.006 des i   rab l  e upper 1 imi t (11 1 
0.025 maximum to1   e ra ted   (12 )  

0.44 l U 0 %   m o r t a l i t y   a f t e r   ( 1 3 )  

96 hours 

An ion ic   sur fac tan ts  3.3-6.4 96-hr  LC50 
5.9 96-hr  LC50 

TRC 0.2 1 i k e l y   t o x i c  
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a r r i v a l   a t   t h e   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 ,  and a t   t h e   s t a r t   o f   t h e   9 6 - h r  

LCso t e s t .  The March  22  grab  sample e x h i b i t e d  a much h ighe r  TRC 

concent ra t ion  (0.54  mg/l)  than  the  24-hour  composite (0.002 mg/ l ) .   Th is  was 

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

a l l o w e d   f u r t h e r   c h l o r i n e   r e a c t i o n  and d i ss ipa t i on .  

Unfor tunate ly ,  due t o  a heavy  work 1 oad i n   t h e  1 aboratory ,   the 
samples  were s tored  about  24 h r s   a t  4°C before  the  96-hr  LC50 t e s t  was 

begun. The sample TRC concentrat ions  were  re-analyzed a t   t h a t   t i m e  and  the 

composite  sample's TRC was found t o  be  non-detectable  whi le  the  grab 

sample's was  0.21 mg/l . 
I n  an a t t e m p t   t o   o b t a i n  more i n fo rma t ion  on t o x i c i t y  due t o  

ch lo r i ne ,  a grab  sample o f   t h e   f i n a l   e f f l u e n t  was o b t a i n e d   a t  0800  on  March 

29. However, t h e   c h l o r i n e  gas  cy1 i n d e r   a t   t h e   t r e a t m e n t   p l a n t   " r a n   d r y ' '  
dur ing   the   p receed ing   n igh t  and, there fore ,   there  was no c h l o r i n e  in t h e  
f i n a l   e f f l u e n t   a t   t h e   t i m e   o f  sampling. The 96-hr LC5o t e s t  was begun 
immediately  upon  sample a r r i v a l   a t   t h e   l a b o r a t o r y .  

The b ioassay   resu l t s   co r re la te  we1 1 w i th   the   chemica l   ana lyses  

resu l t s .  The f i n a l   e f f l u e n t  sample was the  most   tox ic   (45% LC5o) of t h e  
March 21 -22 composite  set,  probably due to   t he   h ighes t   un - ion i zed  NH 

concent ra t ion   o f   the   se t .  The f i n a l   e f f l u e n t  sample was a l s o   t h e   m o s t   t o x i c  

o f   t h e  March 22 grab  set ,   probably due p r i m a r i l y   t o   t h e   h i g h  TRC 

concent ra t ion  and p a r t i a l l y   t o   t h e   u n - i o n i z e d  NH concentrat ion.  

3 

3 
The March 29 grab  sample was t h e   l e a s t   t o x i c   o f   t h e   f i n a l   e f f l u e n t  

samples wh i le   the   March  22 grab sampl  e  was the   most   tox ic  - bo th  

obse rva t i ons   co r re la te   we l l   w i th   t he   chemica l   resu l t s .   W i th   t he   excep t ion  

o f   t h e  March  28-29  sample se t ,   the  raw sewage sample was t h e   l e a s t   t o x i c ,  

f o l l owed  by t h e   t r e a t e d   e f f l u e n t  sample,  and t h e   f i n a l   e f f l u e n t  was the  most 

t o x i c .  The March  28-29  samples  were n o t  comparable  since  the raw sewage and 

t r e a t e d   e f f l u e n t  samples  were  composites  while  the f i n a l   e f f l u e n t  was a grab 
sampl e. 

All anionic   sur factant   concentrat ions  were  be low  repor ted LC5" 
l eve l s .  

IL 
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I 

m 
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Other  factors,  beyond  those  reported  here,  are known t o   i n f l u e n c e  

t o x i c i t y .   S y n e r g i ~ s t i c  and an tagon is t i c   e f fec ts  by var ious  chemical   agents 

may be  important i n  these  analyses.  Moreover,  since i n   t h i s   s t u d y   t i m e  

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

conducted,  the  resul ts  and  evaluat ion  must be viewed as  an i n d i c a t i o n   o n l y  

o f   t h e   a c t u a l   w a s t e w a t e r   t o x i c i  ty. Chemical  agents  other  than  those 
measured in   t h i s   s tudy   wou ld   undoub ted ly   a l so   con t r i bu te   t o   t he   was tewa te r  

t o x i   c i  ty . 
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