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ABSTRACT 

A san i t a ry  and bacter iological   survey of the in t e r t i da l   wa te r s  
of Semiahmoo Bay and the eas te rn   por t ion  of Boundary Bay from Crescent 
Beach t o  Kwomai s Poin t  was conducted by personnel of the E n v i  ronmental 
Protect ion  Service,   Pacif ic   Region,  between November 14 and December 20, 
1977. 

The bac ter io logica l  study was undertaken  to   evaluate   bivalve 
molluscan shellfish growing water qua l i ty  and permit a review of relevant 
port ions of the existing British Columbia Fisheries Regulations  Schedule 
1 Contaminated Shellfish C1 osure 29-1. The sanitary  survey was conducted 
concurren t ly   to  ident i fy  and evaluate  major  sources  of  bacterial  
contaminat ion  to  the study  area. 

A t o t a l  of 81 marine  stations were es tab l i shed   to   moni tor  the 
bacter iological   water   qual i ty  of the survey  area  and  all  b u t  two s t a t i o n s  
exceeded the approved  she1 1 f ish growing water   qual i ty   s tandard.  

The Serpentine and Nicomekl rivers were ident i f ied a s  the major 
sources   of   bacter ia l   contaminat ion  to  the eas te rn   por t ion  o f  Boundary Bay 
and the Campbell River was ident i f ied  as  the major  source t o  Semiahmoo 
Bay. 
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Du 14 novembre au 20  d6cembre 1977, le  Service  de  la 
protection  de  1'Environnement  de  la  region du Pacifique  a  rEalisE 
une  6tude  bacteriologique et sanitaire  des  eaux  intertidales 
de la baie  Semiahmoo et de  la  zone  orientale  de  la  baie  Boundary, 
de  Crescent  Beach 3 Kwomais  Point. 

L'6tude  bacteriologique  a  servi B 6valuer la qualit6  des 
eaux  maricoles oh croissent  les  lamellibranches  et  a  permis  de 
rEviser  les  articles  pertinents  de  l'annexe I du Rsglement  sur 
les  psches  de  la  Colombie-Britannique,  qui  concerne  l'interdiction 
numsro  29-1  de  pGcher  les  mollusques  contaminss.  L'stude 
sanitaire  s'est  d6roul6e  en  mEme  temps  pour  identifier et 6valuer 
les  sources  principales  de  contamination  bacterienne  dans  la 
zone  consid6rSe. 

Quatre-vingt-une  stations  marines au total  ont  permis de 
contr8ler  la  qualit6  bact6riologique  de  l'eau et , dans  toutes 
ces  stations, 3 l'exception  de deux,  la  qualit6 du milieu  aqua- 
tique  6tait  sup6rieure  aux  normes  fixees  pour  la  mariculture. 

On  a  pu  dgterminer  que  les  rivisres  Serpentine et Nicomekl 
sont les  principales  sources  de  contamination  bactgrienne  dans 
la  zone  orientale  de  la  baie  Boundary et que  la  rivisre  Campbell 
est la  source  majeure  de  contamination  de  la  baie  Semiahmoo. 
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CONCLUSIONS 

CONCLUSIONS 

1. The t i da l   f o reshore   wa te rs   o f  Semiahmoo  Bay from Kwomais P o i n t   t o   t h e  
I n t e r n a t i o n a l  Boundary  are  exposed to   f eca l   con tamina t ion   t o   t he  

extent   that   consumpt ion o f  mo l luscan  she l l f i sh   f rom  th is   a rea  can 
c o n s t i   t u   t e  a hea l th  hazard. S i  gn i  f ican t   bac ter i   o l   og i   ca l   con tami  - 
n a t i o n   t o  Semiahmoo  Bay as i nd i ca ted  by h igh   feca l   co l i fo rm  counts  
was no ted   f rom  the   f o l   l ow i  ng sources. 

a)  Campbell R i ve r  - F e c a l   p o l l u t i o n   t h a t   e n t e r s   t h e  Campbell 

R i v e r   l a r g e l y   i n   r u n o f f   f r o m   a g r i c u l t u r a l   l a n d  was the  

ma jo r   i den t i f i ed   sou rce   o f   con tamina t ion   t o  Semiahmoo  Bay. 

b )  two stormwater  drainage systems i n   t h e  City of   White Rock. 
c)   the  Douglas  Border   Cross ing  s tormwater   co l lect ion system. 

d) a small  stream i n   t h e   M u n i c i p a l i t y   o f   S u r r e y ,  between 133A 

and 1328 st reets .  

F i v e   i n c i d e n t s   o f  sewage overf lows  f rom  the City of   White Rock 

s a n i t a r y   c o l l e c t i o n  system  were  noted  during  the  survey. I n   f o u r  

cases, sewage overf lowed i n   t h e  manhole a t  Kent and  Columbia s t ree ts ,  
and o f  these,  three  resul ted i n  d i  rect   d ischarge o f  sewage through 

the  C i  t y   o f   Whi te  Rock Sewage Treatment   P lan t   ou t fa l l   to   the   Campbe l l  
River,  and thence t o  Semiahmoo  Bay. Due t o   t h e   l a r g e  amount o f   f e c a l  

Contaminat ion  enter ing  the  Campbel l   River i n   r u n o f f  f rom  ag r i cu l tu ra l  
land, it i s   d i f f i c u l t   t o  assess  the  incremental  impact  of  these 

over f  1 ows. 

2. The b a c t e r i o l o g i c a l   q u a l i t y   o f   t h e   w a t e r s  of Semi  ahmoo Bay d i d   n o t  

appear t o   s i g n i f i c a n t l y  improve as a consequence o f   t he   cessa t ion   o f  
the sewage discharge  to  the  Campbell   River. However, t h i s   i s  due i n  

pa r t ,   t o   t he   h igh   l eve l   o f   p rec ip i t a t i on   encoun te red   du r ing   t he  

survey. An improvement i n   b a c t e r i o l o g i c a l   w a t e r   q u a l i t y   i s   p r e d i c t e d  
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dur ing  summer months  since  the  former  discharge  from  the  White Rock 
STP c o n s t i t u t e d  a s i g n i f i c a n t   p o r t i o n   o f   t h e  Campbell R i ve r  summer 

flows. However, it i s   u n l i k e l y   t h a t   t h e   b a c t e r i o l o g i c a l   w a t e r  
q u a l i t y  will meet acceptable  shel l f ish  harvest ing  s tandards.  

3.  The t ida l   fo reshore   waters  o f  Boundary Bay from Crescent Beach t o  

Kwomais Po in t   a re  exposed to   f eca l   con tamina t ion   t o   t he   ex ten t   t ha t  

consumption o f  mo l l uscan   she l l f i sh   f rom  th i s   a rea  can c o n s t i t u t e  a 

h e a l t h  hazard. The Serpent ine and  Nicomekl r i v e r s  were the  
s i g n i f i c a n t   i d e n t i f i e d   s o u r c e s   o f   c o n t a m i n a t i o n   t o   t h i s  area. 

I 

I 

Y 
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SCHEDULE 1 CLOSURES 

Contaminated  Area 29-1 o f  t h e   B r i t i s h  Columbia Fisheries  Regulat ions 

Schedule 1 closure  which  reads: 

The waters and t i d a l   f o r e s h o r e   o f  Boundary Bay, Mud Bay, and 

Semi  ahmoo Bay, Area 29, l y i  ng i nside , t h a t   i s ,   n o r t h e r l y   o f   t h e  
I n t e r n a t i o n a l  Boundary  Line, 

and as i l l u s t r a t e d   i n   F i g u r e  1, should  remain i n   e f f e c t .  
6 
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1 INTRODUCTION 

As the r e s u l t  of a bac te r io logica l  survey car r ied   ou t  i n  1962, 
the commerci  a1 oys te r  beds i n  Mud Bay were c losed   to   harves t ing  by order 
of the  B.C. Minister of Health. In 1972, the Shellfish Sanitary  Control 
Program i n  B.C. was t r ans fe r r ed  from Provinc ia l   to   Federa l   ju r i sd ic t ion .  
The enabl ing  Federal   regulat ions  enacted  to  accommodate the Provi  nci a1 
request  recognized a health  responsibi l i  ty  t o  the recrea t iona l  consumer 
of shel l f i  sh a s  we1 1 a s   t o  the consumer  of exported shel lfish. 
Consequently, i n  considerat ion of known h i g h  fecal   col i form  levels  i n  the 
Serpentine,  Nicomekl and  Campbell rivers, a shellfish c losure  under the 
British Columbia Fisheries Regulations was invoked f o r  the waters of 
Boundary Bay, Mud Bay and Semiahmoo  Bay. 

In ea r ly  summer 1973, a preliminary  bacteriological  assessment 
of the water   qual i ty  of Semiahmoo Bay and Mud Bay was conducted by 
personnel of t he   She l l f i sh  Water Qua l i ty  Program,  Environmental 
Protect ion  Service (1). The sampling  program was not  extensive due 
t o  manpower and resource   l imi ta t ions ,  b u t  the  results d i d  i n d i c a t e   t h a t  
sewage discharged  from the City o f  White Rock municipal sewage treatment 
p lan t  and fecal  contamination from agr icu l tura l   d ra inage   in to  the 
Campbell River,   impaired  the  water  quali ty o f  Semiahmoo  Bay. Due t o  the 
f i  ndi  ngs of t h i s  survey, Semi ahmoo  Bay remained  closed t o  bi  Val  ve 
molluscan shellfish harvesting. 

Discussions between the City  of White Rock, Greater Vancouver 
Sewerage and Drainage D i s t r i c t  ( G V S D D ) ,  and Provi  nci a1 and Federal 
Government of f ic ia l s   cu lmina ted  i n  a decis ion  to   connect  the City o f  

White Rock sewage co l l ec t ion  system t o  the GVSDD system. In J u l y  1977, 
th is  connection was completed,   result ing i n  the cessation  of  the White 
Rock sewage t rea tment   p lan t   d i scharge   to  the Campbell River. 

As a result o f  i n t e r e s t  by City of White Rock o f f i c i  a1 s ,  and a 
request by the   F i she r i e s  and  Marine Service,  Department of Fisheries and 
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Envi  ronment  Canada, a bac te r io logica l  and san i t a ry  survey of Semiahmoo 
Bay was conducted by personnel o f  the Environmental   Protection  Service 
from November 14 t o  December 20, 1977. The purpose o f  the survey was: 

1) t o  determi ne whether improvement had occurred i n  
the water  quali ty  of Semiahmoo  Bay a s  a result o f  

the ces sa t ion  o f  sewage d i  scharge from the City of 
White Rock sewage treatment  plant,   and, 

2)  t o   i d e n t i f y   a r e a s  of  acceptable shel 1 fish growing 
water   qual i ty  , i f  any,   that   coul  d be used f o r  
relaying  or  depuration  of a commercial oys t e r  
resource i n  Mud Bay, should  one be re-established. 

3 )  t o   i d e n t i f y  and eva lua te  any other  sources  of 
fecal  contamination  to the study  area. 

During this survey of Semi ahmoo Bay, a por t ion  of Boundary Bay, 
from Crescent Beach t o  Kwomais Poin t ,  was a l s o  re-examined. The 
shel 1 fish growing  waters i n  this area  had demonstrated  acceptable 
shel 1 f i s h  growing  water  quality dur ing  a survey i n  S p r i n g ,  1976 (2  and a 
re-evaluation  of  water  quali ty was considered  necessary dur ing  the higher 
r a i n f a l l  months of November and December i n  o r d e r   t o  determine the 
pollution  impact of land  drainage. 

I 

P 
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2 SAMPLE STATION LOCATIONS 

A t o t a l   o f  15 marine sample s ta t i ons  were e s t a b l i s h e d   f o r  

b a c t e r i o l o g i c a l   a n a l y s i s   i n   t h e   e a s t e r n   p o r t i o n   o f  Boundary Bay from 

Crescent Beach t o  Kwomais Point   (Stat ions  1-15)   to   assess  foreshore 

water   qua l i t y   (F igure  2) .  Freshwater sample s t a t i o n s  around-  Boundary Bay 
were e s t a b l i s h e d   a t   t h e   f i v e   M u n i c i p a l i t y   o f   D e l t a   l a n d   d r a i n a g e  pump 

s t a t i o n s   ( P 1   t o  P5) ,  the  Serpentine  (S1)  and  Nicomtkl ( S 2 )  r i v e r s ,  and a 
small  stream a t  Kwomais Point  (S3)  as shown i n   F i g u r e  3. 

b 
Sixty-s ix   mar ine sample s t a t i o n s  were se lec ted   fo r ,  

b a c t e r i   o l   o g i   c a l   a n a l y s i s   i n  Semiahmoo  Bay from Kwomais P o i n t   t o   t h e  

I n t e r n a t i o n a l  Boundary (F igu re  4). Freshwater  stat ions  around Semiahmoo 

Bay were e s t a b l i s h e d   a t   f o u r  streams  and  15  storm  drains  from Kwomais 
P o i n t   t o   t h e  Douglas  Border  Crossing. 

*./ 

Deta i led  mar ine and freshwater sample s t a t i o n   l o c a t i o n  

descr ip t ions   a re   g iven   in   Append ices  I and 11. 

Grab  samples f o r   n u t r i e n t  and selected  total   metal   analyses 
were co l lec ted   f rom  the   O l iver   S t ree t ,   De l ta ,   land   d ra inage pump s ta t i on ,  

the  stormwater manhole a t  the corner of Buena V i s t a  and O x f o r d   s t r e e t s   i n  
White Rock, and the  Campbell R i v e r   a t  172nd  Street. Samples were 

c o l l e c t e d   f o r   o n l y   n u t r i e n t   a n a l y s e s  from the   3 rd  Avenue, Del ta ,   land 
drainage pump s ta t ion .  

m 

Grab  samples f o r  96 hour LC5-, bioassays  were i n i t i a l l y  

c o l l e c t e d  from a l l   f i v e   M u n i c i p a l i t y   o f   D e l t a   l a n d   d r a i n a g e  pump s t a t i o n s  

and the  White Rock stormwater manhole a t  Buena V i s t a  and Oxford   s t ree ts .  

Sediment  samples  were ob ta ined  ad jacent   to   the   f i ve  

Mun ic ipa l i t y   o f   De l ta   l and   d ra inage  pump s ta t ions ,  and  were  analyzed f o r  

po lych l   o r i   na ted   b ipheny l  s (PCB). 
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3 FIELD PROCEDURES  AND METHODS 

1 

Sampling  stat ions  were  selected, and a b a c t e r i o l o g i c a l  , 
chemical, and physical   water- test ing  program was developed t o  assess 
shel 1 f i s h  growing  water   qual i ty   and  the  source  o f   po l lu tants .  

3.1 B a c t e r i   o l   o g i   c a l  Sampl i ng and  Analyses 

3.1.1 Marine Samples. A1 1 water samples fo r   bac te r io log i ca l   ana lyses  
were c o l l e c t e d   i n   s t e r i l e  170 cc  wide-mouth  glass  bott les,  approximately 

15 t o  30 cm below  the  water  surface. The water  depth a t   c o l l e c t i o n  

points  over  shel  lfi sh beds d id   .no t  exceed 2 meters. Samples were 

c o l l e c t e d  by boat   o r  by wading. The samples  were s t o r e d   i n   c o o l e r s   a t  
temperatures  not  exceeding 10°C u n t i l  processed.  Analyses  were c a r r i e d  

o u t   w i t h i n   t h r e e   h o u r s   o f   c o l l e c t i o n   a t   t h e  EPS Regional  Microbiology 

Laboratory. 

The feca l   co l i   f o rm most  probable number (MPN) per  100 m l  was 

de termined  us ing   the   mu l t ip le   tube  fe rmenta t ion   techn ique  (a t   leas t  3 
dec ima l   d i   l u t i ons   o f  5 tubes  each)  as  described i n   P a r t  407C o f   t h e   1 4 t h  

ed i t i on   o f   S tandard  Methods fo r   t he   Examina t ion   o f  Water  and  Wastewater 
( 3 ) .  The c u l t u r e  medium used was the  A-1  medium, as descr ibed by Andrews 
and Presnel l  ( 4 ) .  Thi s medium and the  method  described be l  ow were 

accepted by the  Canadian  government i n   A p r i l  1977, as the  method o f  

cho ice   f o r   t he   enumera t i on   o f   f eca l   co l i   f o rms   i n   she l  lfi sh growing 

waters. 

The "modi f ied A - 1 "  method invo lves   t he   i nocu la t i on   o f  a ser ies  

o f   d i   l u t i o n s   i n  accordance w i t h   t h e  mu1 t i p l e  tube  fermentation  technique. 
Ten milli l i t e r  volumes o f  sample water   were  inoculated  in to   f ive  double 

s t rength  tubes  o f  A - 1  medium, and 1.0 m l  and 0.1 m l  volumes  were 
i nocu la ted   i n to   f i ve   t ubes  each o f   s i n g l e   s t r e n g t h  medium.  The tubes 

were  incubated a t  35 - + 0 . 5 O C  i n   a i r   i n c u b a t o r s   f o r   t h r e e   h o u r s   p r i o r  t o  
be ing   t rans fe r red   t o  a water  bath a t  44.5 - + 0.2OC and  incubated  for  a 
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f u r t h e r   2 1   h o u r s   f o r  a t o t a l   o f  24 - + 2 hours. A1 1 gassing  tubes  wi th 

growth  were  cons idered  to   be  feca l   co l i   form  pos i t ive.  The most  probable 
number o f  each  sample was then  determined  according  to  the manner 

descr ibed i n  Standard Methods. 

3.1.2 Freshwater Samples. All freshwater samples  were c o l l e c t e d   i n  

450 cc s t e r i l e  wide-mouth  glass  bottles. Samples were t e s t e d   f o r   t o t a l  

c o l i  form,  fecal   col i   form, and feca l   s t rep tococc i  , us ing   the  membrane 

f i l t r a t i o n  (MF) method  described i n   P a r t  909 o f   t h e   1 4 t h   e d i t i o n   o f  

Standard Methods.  Media  used  were m-endo LES,  m-FC, and KF streptococcus 

agars1   f o r   t he   t o ta l   co l i f o rm,   f eca l   co l i f o rm,  and fecal  streptococcus 

tes ts   respec t i ve l y .  The  membrane f i l t e r s  used  were Mi 11 i p o r e  HC, 

obta ined  f rom  Mi l l ipore  L imi ted,   Miss issauga,   Ontar io .  

3.1.3 B i o c h e m i c a l   I d e n t i f i c a t i o n   o f   B a c t e r i a l   I s o l a t e s .  A se r ies  o f  
seven  biochemical  tests  were  performed on selected  gas-posi ti ve tubes. 

The tes ts   inc luded:  gas p r o d u c t i o n   a t  44.5'C (EC medium), m o t i l i t y ,  

indole  production,  glucose  metabolism  (methyl  red) , c i t r a t e  metabolism, 
ace ty l   meth icarb i  no1 product ion  (Voges-Proskauer)   and  orni th ine 
decarboxylase.  Procedures  followed f o r  a1 1 seven tes ts   a re   those 

descr ibed by Douglas  and  Washington (5). 

3.2 Phys ica l  and  Chemical Testing  Equipment and Analyses 

3.2.1 Marine  Stat ions.  Temperature measurements  were made a t  a depth 

o f  15-30 cm below  the  water  surface,  using an immersible  Cels ius 

thermometer. An American  Optical  refractometer,  Catalogue No. 10413 

which  has a r e s o l u t i o n   t o   t h e   n e a r e s t  0.5 parts  per  thousand was employed 
f o r  , the   sa l in i ty   de termi   na t ions .  

Tidal  data  used was fo r   Po in t   A tk inson.  

'Obtained  f rom  Di fco  Laborator ies,   Detroi t ,   Michigan, U.S.A. 
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3.2.2 Freshwater  Stations.  Freshwater  grab  samples  for  chemical 
analyses were co l l ec t ed  and preserved as  out1 i ned in the Environment 
Canada Pollution  Sampling Handbook (6). A1 1 samples were delivered 
w i t h i n  two hours of the completion  of  each  sampling run t o  the Fisheries 
and  Environment Canada laboratory i n  West Vancouver.  Analyses were 
performed  according  to the l a t e s t   e d i t i o n  of the Environment Canada 
Laboratory Manual ( 7  

Samples co l lec ted   for   b ioassays  were t r ans fe r r ed  i n  three 5 
ga l lon   capac i ty   p l a s t i c  jerry cans   to  the Environmental  Protection 
Service Aquatic  Toxicity  Laboratory i n  North  Vancouver. These samples 
were a1 so delivered w i t h i n  two hours of the completion  of the sampling 
run and  analyzed  according  to the l a t e s t   e d i t i o n  o f  the Environment 
Canada Laboratory Manual ( 7 ) .  
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RESULTS 

She1 1 f i sh   g row ing   wa te rs   a re   c lass i f i ed   acco rd i  ng t o   t h e  

f o l l o w i n g   c r i t e r i a :   I n   o r d e r   t h a t  an area  can be considered 

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 h e   h a r v e s t i n g   o f   s h e l l 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 no t  exceed  14/100 m l  , and not  more 
than 10% o f   t h e  samples o r d i n a r i l y  exceed  an MPN o f  43/100 m l  f o r  a 5 
tube   dec ima l   d i l u t i on   t es t   i n   t hose   po r t i ons   o f   t he   a rea   mos t   p robab ly  

exposed to   feca l   contaminat ion  dur ing  the  most   unfavourable  hydrographic  

and po l  1 u t i  on condi ti ons. 

A t o t a l   o f   8 1   m a r i n e   s t a t i o n s  were es tab l i shed   t o   mon i to r   t he  

bacter io l   og i   ca l   water   qual  i ty o f  Semiahmoo  Bay and the   eas te rn   po r t i on  o f  
Boundary  Bay, and a l l  but  two s ta t ions  exceeded the  approved  shel l f ish 

growing  water   bacter io log ica l   s tandards as shown i n   F i g u r e  2 and  Table 1. 

4.1 Bacter io log ica l   Analyses  Resul ts  - Boundary Bay 

4.1.1 Marine  Stat ions.  All s t a t i o n s   i n   t h i s   a r e a  exceeded the 

s tandard   w i th   t he   excep t ion   o f   S ta t i on  10, ( a   c o n t r o l   s t a t i o n )   w i t h  

S ta t ions  1 t o  8, and 11 t o  15,  exceeding  the  standard a t  the median 

l e v e l ,   i n d i c a t i n g   c o n t i n u o u s   b a c t e r i a l   p o l l u t i o n  a t  the  t ime  of  sampling. 

S t a t i o n  9 exceeded t h e  90 p e r c e n t i l e  limit, an i n d i c a t i o n   o f   i n t e r m i t t e n t  
fecal  contamination. A number o f   t hese   s ta t i ons  were a1 so sampled dur ing  

t h e  1973  and  1976 surveys  conducted by the  Envi ronmenta l   Protect ion 

Service, and the   feca l   co l i fo rm  ana lyses   resu l ts   fo r   these  s ta t ions   a re  

presented i n  Table 2. 

The 1976 EPS water   qua l i t y   resu l ts   a re   lower   than  those 

obtained  dur ing  th is  survey. The h i g h e r   l e v e l s   o b t a i n e d   i n  1977 are 

probably due to   t he   i nc reased   ra in f  a1 1 dur ing  the  survey as shown i n  
F igure  5, w i t h  consequent   increased  fecal   po l lu t ion i n   t h e   S e r p e n t i n e  

Nicomekl r i v e r s ,   c o n t r i b u t i n g   t o   d e t e r i o r a t i o n   o f   r e c e i v i n g   w a t e r  qua 

This  report  expresses  the  10  percent 1 imi t i n  terms o f  a 90 percent i  
MPN value  which  must  not  exceed  43/100 m l .  

and 
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TABLE 1 SUMMARY OF  FECAL COLIFORM DATA  FOR MARINE 

SAMPLE STATIONS 

Sampl e No. o f  MPN  MPN p e r  100 m l  
S t a t i o n  Samples Range  Median 90 P e r c e n t i l  e 

1 
2 

3 

4 
5 

6 

7 

8 
9 

10 

11 
12 

13 

14 

15 

16 
17 

18 

19 
20 
21 

22 

23 
24 
25 

6 

6 

6 

6 
6 

6 

6 
6 

6 

6 

6 

6 
6 

6 
6 

6 
6 

6 

6 

9 
9 

9 
6 
6 

6 

5-240 

22-920 

49-350 

49-240 
33-540 

33- 110 
9-540 

26-230 
5-79 

5-11 

2-430 

23-230 
22-350 

13-79 

11-1.70 

11-110 
8-130 

2-170 

5-350 
< 2-350 

2-540 

<2-170 

2-920 
5-1600 
5-1600 

28 

120 

170 . , ~  

124.5 .. 

79 

49 

132 

130 

18 

e-. 

- 

9.5 

58 

89.5 - 
49 

47.5 - 
23 
55 
35.5 

59.5 

24.5 
13 

22 

22 

15 
15 

27 

9 

143.4 

692 

284 

228 
294 

91.4 

540 

170 
11 
11 

274 

170 
169.4 

61  

87.8 

110 
94 

115.4 

159.8 

161 
125.1 

88.1 
395.6 
669.4 

669.4 
26 5 8-920 33 499.5 

27 5 23-920 49 515 
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TABLE 1 SUMMARY  OF FECAL COLIFORM DATA  FOR MARINE 

SAMPLE STATIONS (cont inued)  

Sampl e No. o f  MP N MPN p e r  100 m l  

S t a t i o n  Samples Range  Median 90 P e r c e n t i  1 e 

28 

29 

30 

31 

32 
33 

34 
35 

36 
37 

38 
39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 
53 

54 

7 
7 
5 

5 
6 
7 
5 
5 

6 
6 

7 
7 
8 

6 

7 
6 

5 
5 

7 
6 

6 

6 

6 
6 

6 
6 

7 

8-130 

13-220 

21-350 

13-540 

8-130 
8-1  10 

11-170 
11-350 

8-170 
11-170 

5-240 

< 2-350 

<2-350 
8-170 

2-540 

7-350 

11-170 
11-170 
5-350 

5-350 

< 2-240 

2-540 

<2-350 

2-540 

<2-240 
2-920 

2-540 

33 

49 

79 

33 

56 
49 

49 
49 

36 
31.5 

110 

7 
10.5 
25 

49 

109.5 

70 
33 

170 

20 

28 

12 

24.5 

13.5 

7.5 
41 

17 

94.3 

143 

214.5 

309.5 
130 

88.3 

155 
260 

97.4 

115.4 

240 

273 

109.2 

146 

407 

284 

170 
140 

273 

187.4 

143.4 

263.4 

206 

229.8 

100.8 
446 

21 1 
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TABLE 1 SUMMARY OF FECAL  COLIFORM  DATA  FOR MARINE 
SAMPLE  STATIONS (continued) 

Sampl e No. o f  MP N MPN per 100 m l  

S t a t i o n  Sampl es Range Median 90 Percent i  1 e 

55 

56 

57 
58 

59 

60 

61 

62 

63 
64 

65 
66 

67 
68 

69 
70 
7 1  

72 

73 
74 

75 

76 

77 
78 

79 
7 9-M 
79-D 

8 
5 

5 

7 
6 

5 

5 
7 

7 
6 

8 
6 

6 
5 

6 
6 
8 

6 

6 
5 

5 

6 
6 
6 

6 
3 

5 

2-920 
2-240 

8-130 
4-540 

2-350 

13-220 

46->1600 

8-1600 

8-220 
17-920 

2-220 
2-110 

2-240 
2-130 

< 2-540 

5-920 
7-1600 

8-920 
17-350 
49-540 

33-170 

79-920 
79-1700 
27->  1600 

23-240 
46-170 

11-79 

22.5 

22 

46 
14 

15 

33 

79 
13 

17 
79.5 

17.5 
11 

19 
19 

70.5 

56 
28 

28 

124.5 
170 

70 

205 

162 
245 

59.5 
79 

49 

220.8 
175 

89.5 

194.2 

252 

149.5 

885 
535.3 

100.3 
512 

107.2 
91.4 

123.6 

118 

360 

415.4 
1600 

692 

3  50 
410 

140 

920 

850 
1192 

174 
142.7 

64 
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TABLE 1 SUMMARY OF  FECAL  COLIFORM  DATA  FOR MARINE 

SAMPLE STATIONS (continued) 

Sampl e No. o f  MP N MPN per  100 m l  
S t a t i o n  Samples Range Median 90 Percent i  1 e 

80 
80" 
80-D 
81 
81" 
81-D 

6 < 2-130 19  81.4 
1 5 - 
4 < 2-33 5 23 
5 2-33 11 23.4 
2 < 2-8 - - 
4 < 2-33 12 28.6 
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TABLE 2 FECAL COLIFORM MPN DATA FOR MARINE  STATIONS  SAMPLED 
IN 1973,  1976, AND 1977 ENVIRONMENTAL  PROTECTION 
SERVICE  SURVEYS (8) 

Fecal Col iform MPN/100 ml 
S t a t i o n  1977 Survey 1976 Survey 1973 Survey 
Number Median 90% Median 90% Median 90% 

1 
2 

3 
4 

5 

6 
7 

8 
9 

10 

11 
12 

13 

28 

120 

170 

124.5 

79 
49 

132 

130 
18 

9.5 

58 

89.5 
49 

143.4 

692 

284 

228 

294 

91.4 
540 

170 

61 
11 

274 

170 

169.4 

2 22.0 

2 3.2 

5 28.2 

not  sampled 
not  sampled 
2 7.9 
2  14.4 

2 3.2 

2 3.8 
2 8 
2 7.4 

3 12.5 
2 3.8 

not  sampled 
not  sampled 
17 30 

not  sampled 
not  sampled 
not  sampled 
not sampled 
not  sampl ed 
n o t  sampl ed 
not  sampled 
not sampl ed 
n o t  sampl ed 
2 46.2 
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The p reva i l i ng   w ind   du r ing   t he  1976 survey was from  the S-SW whi le  

easter ly   winds  (F igure  6)  were encountered i n   t h i s  survey. It i s   n o t  

known what   e f fect ,  i f  any, the   w ind   d i rec t ion  had on the  respect ive 

survey  results. 

Beach sampling by the  Greater Vancouver Reg iona l   D is t r i c t  

( G V R D I ( 1 1 )  a t   t h e i r   s t a t i o n s  8 (2A)  and 9 (Appendix VI11 i n d i c a t e s   t h a t  

the  water   qual i ty   remains  unacceptable  for   shel l f ish  harvest ing  dur ing 
both summer and "non-summer" months  (1975-1976) w i th   t he   excep t ion   o f  

1977, a t   s t a t i o n  9 when the  90 pe rcen t i l e   f eca l   co l i f o rm MPN was 40/100 
m l  . The median MPN f o r  GVRD summer 1977 data was indetermi  nant (<.30/100 

m l  ) and  therefore,   the she1 1 f i s h  g r o w i n g   w a t e r   q u a l i t y   i s   s t i l l  

ques ti onabl e. 

Sample stat ions  around Kwomai s P o i n t   e x h i b i t e d   s i m i l a r   f e c a l  

col i form  counts  to  those  near  Crescent Beach. 

4.1.2 Freshwater  Stat ions.  Results  from  bacteriological  sampling a t  

t h e   f i v e   M u n i c i p a l i t y   o f   D e l t a   l a n d   d r a i n a g e  pump s ta t ions   revea l  

re la t i ve l y   l ow   l eve l s   o f   bac te r ia l   con tamina t ion  as  shown i n  Table 3. O f  

t h e   f i v e ,   t h e   a i r p o r t  pump s ta t i on   exh ib i t ed   t he   h ighes t  mean fecal  

col i form  count  (700/100 m l  f o r  3 samples). 

Membrane f i l t r a t i on   f eca l   s t rep tococc i   ana lyses  were performed 

on a l l  freshwater samples i n  an a t tempt   t o   de te rm ine   t he   o r i g in   o f   f eca l  

contamination  observed in   the   f reshwater   inpu ts .   Ge ldre ich  and  Kenner 

(12) have repor ted  h igher   feca l   s t reptococc i   (FS) ,   than  feca l   co l i form 

(FC) d e n s i t i e s   i n  a l l  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. 

The  mean  FC:FS r a t i o  was less  than 0.7 f o r   a l l   t h e   l a n d  

drainage pump s ta t i ons  and the re fo re ,   t he   bac te r ia   a re   be l i eved   t o  be 

p r imar i l y   o f   an ima l   o r i g in .  Much o f   t h e   l a n d   i n   t h e   M u n i c i p a l i t i e s   o f  

P 
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FIGURE 5 TOTAL  MONTHLY  PRECIPITATION  AT  WHITE ROCK 
1975 t o  1977 ( 9 )  

N 

N O V E M B E R  D E C E M B E R  

FIGURE 6 WIND  DIRECTION  FREQUENCY - November-Oecember,1977(lO) 
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TABLE 3 SUMMARY OF BOUNDARY BAY FRESHWATER MEMBRANE 
F ILTRATION DATA 

Fecal  Coli forms Fecal  Streptococci 
Sample No. o f  counts/100 m l  counts/100 m l  FC : FS 
Stat ion Samples Range Mean  Mean 

P 1  

P2 

P3 
P4 

P5 

s1 
s2 

s3 

58-180 

10-180 

40-1920 

20- 680 
10-230 

540- 790 
350- 1300 

10-1320 

100 

64 

700 

440 
110 

665 
825 

420 

430 0.23 

460 0.14 

4400 0.16 

1600 0.28 
28 0 0.39 
* 
* 

670 0.6 

*MPN results - no FS analysis  done. 
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Surrey and D e l t a   i s  used fo r   ag r i cu l tu ra l   pu rposes  and bac te r i  a1 

contaminat ion   no ted   a t   the  pump s ta t ions   p robab ly   a r ises   f rom  runof f   f rom 

these 1 ands. 

Feca l   co l i  form MPN analyses  resul ts   for   the  Serpent ine (Sl) and 

Nicomekl ( S 2 )  r i vers   a re   h igher   than  those  ob ta ined  dur ing   the  1973 and 
1976 surveys  (Appendix VII I ) .  Although  no  f low  data i s  ava i lab le ,   the  

f low  from  the  Nicomekl and Serpen t ine   r i ve rs  was l i k e l y   g r e a t e r   d u r i n g  

the  1977 survey  than  the 1976 survey due t o   i n c r e a s e d   r a i n f a l l .  Assuming 

increased  f lows and h igher   bacter ia   counts ,   the two r i ve rs   wou ld  have 

con t r i bu ted   subs tan t i a l l y   g rea te r   bac te r io log i ca l   con tamina t ion   du r ing  
the  1977 survey.  Thi s resu l   t ed  i n  the  reduced  water  qual i ty du r i  ng t h i s  

survey a t  marine  stat ions  from  Crescent Beach t o  Kwomais P o i n t  compared 

t o  1976. 

The concept   o f   "popu la t ion   equ iva len ts"  may be used t o  compare 

the   t heo re t i ca l   re la t i ve   rece iv ing   wa te r   impac t   o f   t he   Se rpen t ine  and 

Nicomekl r i ve rs   t o   o the r   f reshwa te r   i npu ts .  The popu la t i on   equ iva len t   o f  

a source  o f   feca l   contaminat ion was ca l cu la ted   us ing  an average  per 
cap i ta   va lue   f o r   t he   f eca l   co l i   f o rm  con t r i bu t i on   t o  a sewer  system. An 

average  person  discharges 1.6 x 10l1 t o ta l   co l i f o rms /day  and the   feca l  

co l i f o rm  concen t ra t i on   i n   domes t i c  sewage has  been e s t i m a t e d   a t  20% o f  
t h e   t o t a l   c o n c e n t r a t i o n  (13). T h i s   y i e l d s  a value o f  3.2 x lo1' feca l  
coliforms/person/day. The equat ion   used  fo r   ca lcu la t ing   popu la t ion  

equiva lents  was: 
Populat ion  Equiva lents  = Fecal   col i forms  discharged  per day 

Fecal  col i forms/person/day 

Flow x Feca l   co l i fo rm  concent ra t ion   (equat ion  1) 
3.2 x lo1' 

P o p u l a t i o n   e q u i v a l e n t s   f o r   i n p u t s   t o  Boundary Bay are  shown i n  
Table 4. No f low  data i s   a v a i l a b l e   f o r  pump s ta t i ons  P1 t o  P4 and 

therefore,   populat ion  equiva lents   cannot  be c a l c u l a t e d   f o r  them. 

A v a i l a b l e   f l o w   d a t a   f o r   t h e   S e r p e n t i n e   R i v e r   a t   P o r t   K e l l s   i s   t o o   f a r  

a8 
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TABLE 4 MEAN POPULATION  EQUIVALENTS FOR  SELECTED BOUNDARY BAY 

FRESHWATER STATIONS Ir 

~ ~~~ ~~ ~ ~~ ~~~~ ~~~~~ ~~~ ~~~~~~~ 

Mean Fecal Average f l  ow Me an 

Sample Coli   forms during  survey Popul a t i o n  
S t a t i o n  counts/100 m l  (m3/sec) Equi  Val  ents 

P5 110 2.40 7.1 

s2 825 6.67 148 

s3 430 0.052 0.6 
IC, 

from  the  mouth t o  be u s e f u l   f o r   t h i s   a n a l y s i s .  The average  f low  noted 

f o r   t h e  Nicomekl R ive r  ( S 2 )  i s   t h e  mean f l o w   f o r  November - December, 
1952-1963  as  measured a t  192nd S t r e e t  (14). Flows a t   t h e  mouth o f  the 

r i v e r  would be higher  because  of  addit ional  water  inputs  between it and 
the  stream  gauging  location. The Serpen t ine   R ive r   i s   l a rge r   t han   t he  

Nicomekl  and i t s   p o p u l a t i o n   e q u i v a l e n t   w o u l d  be greater.  As Table 4 
ind icates,   the  Nicomekl   River  i s  a s i g n i f i c a n t   s o u r c e   o f   f e c a l  

contamination  and when combined wi th   the  d ischarge  f rom  the  Serpent ine 

River ,   accounts  for   the  unacceptable  shel l f ish  growing  water   qual i ty  

observed  dur ing  th is  survey. By comparison  the  stream  which  discharges 
f reshwa te r   t o  Boundary Bay a t   s t a t i o n  S3 cont r ibu tes   very  1 i t t l e   f e c a l  

p o l l u t i o n .  

4.2 Bacter io logical   Analyses  Resul ts - Semiahmoo  Bay 

4.2.1 Marine  Stat ions.  Sample s t a t i o n s  16 t o   8 1  were  establ ished i n  

Semiahmoo  Bay and a1 1 exceeded  the  approved she1 1 f i s h  growing  water 

qua l i t y   s tandard   w i th   t he   excep t ion   o f   s ta t i ons  80M t o  81D. S ta t ions  20, 
39,  40,  49,  51,  52, 62, and 66  met  the  standard a t   t h e  median l e v e l ,   b u t  

exceeded the  standard a t   t h e  90   pe rcen t i l e   l eve l .  

The wa te r   qua l i t y   a t   mar ine   s ta t i ons   immed ia te l y   eas t   o f  
Kwomais P o i n t   i n  Semiahmoo  Bay was s l i g h t l y   b e t t e r  compared t o   s t a t i o n s  

west   o f   the  po int ,  however, the  median s t i l l  exceeded  14/100 m l .  The 

m 

II 

Y 
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poores t   water   qua l i t y  was observed a t   s t a t i o n s  30,  32, 38,  43,  44,  46, 
61, 64, 69, 70, 73, and 74 t o  79.  The w a t e r   q u a l i t y   a t   s t a t i o n s  
southeast   o f   the Campbell R i ve r  was genera l ly   the  poorest  due t o   b o t h   t h e  

i n f l u e n c e   o f   t h e  Campbell R i ve r  and the  contaminated  stormwater 

discharged  from  the  Douglas  Border  Crossing.  Freshwater  from  the 

Campbell R i ve r  was observed t o  move i n t o   t h e   e a s t e r n   p o r t i o n   o f  Semiahmoo 
Bay on f l ood ing   t i des .  

F loa t   s tud ies  done  by Schwartz ( 1 5 )  and  observations by EPS 

personnel and White Rock res iden ts ,   i nd i ca te   t ha t   t he  movement of   water  
a l o n g   t h e   f o r e s h o r e   i n  Semiahmoo  Bay i s  towards  the  east  on  f looding 

t i d e s  and to   t he   wes t  on outgoing  t ides.   Th is  "back  and fo r th "   mo t ion  

probab ly   resu l ts   in   con taminated   water   f rom  the  Campbell R iver   reach ing  

most o f   t h e  Semiahmoo  Bay. 

Sample s ta t i ons   l oca ted  200 and 400 m e t r e s   o f f s h o r e   s t i l l  

showed h igh   feca l   co l i   fo rm  counts  and i n  most cases, the  medians  were 

comparabl e t o  correspondi ng  shore1 i ne s ta t ions .  

Per imeter   con t ro l   s ta t ions  were no t   ex tens i ve l y  sampled a t  mid 

and bottom  depths due t o   d i f f i c u l t i e s   w i t h   t h e   d e p t h  sampler.  Surface 

samples t a k e n   a t   s t a t i o n s  79, 80, and 81 showed improv ing   water   qua l i t y  
t o  the west. T h i s  was due i n   p a r t   t o   t h e   i n c r e a s e d  volume of   water  

a v a i l a b l e   f o r   d i l u t i o n ,  as we l l  as the  greater  d istance  f rom  observed 
p o l l u t i o n  sources.  Mid (1.5 metres)  and  bottom (3 metres),  depth samples 
a t   s t a t i o n  7 9  i nd i ca ted   t he   en t i re   wa te r  column was contaminated.  Bottom 
depth samples (13  metres) a t   s t a t i o n  80 were  minimally  contaminated 

ind icat ing  that   the  contaminated  water   remained i n   t h e   s u r f a c e   l a y e r .  

A comparison o f   r e s u l t s   f r o m   t h i s   s u r v e y   w i t h   t h e  GVRD sample 

s t a t i o n   r e s u l t s   f o r   t h e   y e a r s  1975 t o  1977 can be found i n  Appendix VII. 

On the   bas i s   o f   t he  GVRD data, a l l   o f   t h e i r  sample s ta t i ons  have not  met 

the  shel l   f ish  growing  water   s tandards  over   the  past   three  years and, wi th 

two  exceptions,  the medians obta ined  us ing GVRD data  exceed  those 

' ,  
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obta ined  dur ing  th is   survey.  However, t h i s  may be due i n   p a r t   t o  

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

GVRD s t a t i o n s  10A and 11A, which  correspond  to EPS s t a t i o n s  77 

and 78  are  1 ocated i n   t he   sou th -eas t   co rne r   o f  Semiahmoo  Bay. A 

comparison o f  data  gathered  before  and  a f ter   the  connect ion o f  the  White 

Rock sewage c o l l e c t i o n  system t o   t h e  GVRD t r u n k   l i n e ,   i n d i c a t e s   t h a t   t h e  
cessat ion   o f   the   Whi te  Rock  sewage d ischarge  to   the  Campbel l   R iver   d id  

n o t   r e s u l t   i n  improved  water  qual i ty i n   t h i s  sector. 

GVRD sample s tat ions  west  o f  the  Campbell  River showed 
unchanged o r   s l i g h t l y  worsened  water  qual i ty on post-hook up sampling. 

(Th is  worsened wa te r   qua l i t y  may be due to   t he   onse t   o f   heav ie r   ra ins  
during September a f t e r  an extremely  dry summer). 

The wa te r   qua l i t y  was genera l l y   be t te r   du r ing   t he  1973 EPS 

survey  (Table 5 )  a1 though, a1 1 s tat ions,   except  45, s t i l l  exceeded  the 

growing  water  standard. The 1973 r e s u l t s   a r e   l o w e r  due t o   t h e  1 ower 

ra in fa l l   encountered   dur ing   tha t   survey .  A t o t a l  of 57 mm o f   r a i n   f e l l  
dur ing   the  11 sampl i ng  days o f   t h e  1573 survey  (average  of 5 mm/day ) , 
w h i l e  126 mm o f   r a i n   f e l l   d u r i n g   t h e  14 Semiahmoo Bay sampl i ng  days o f  

t h i s  survey  (average  of 9 -mm/day) (10). 

TABLE 5 ENVIRONMENTAL PROTECTION SERVICE SEMIAHMOO BAY 

MARINE MPN DATA, 1973 AND 1977 

MPN Fecal  Coli forms/100 m l  

Sample S t a t i o n  1977  1973 

Median 90 Percent i  1 e Median 90 Percent i  1 e 
77  162  850  4  69 

7 1  28  1600 

64-70 composite 26  2 40 
59 

45 
15  252 

33 140 

23 1375 

33  323 

6 49 

2  32 
28  33 94.3 2  49 
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4.2.2 Freshwater  Stat ions. Sample s ta t i ons  were es tab l i shed on the 
major   f reshwater   inputs   to  Semiahmoo  Bay. A summary o f   t h e   r e s u l t s   i s  

presented i n  Table 6, wh i l e  a deta i led  account  i s   i n  Appendix VI. 

The mos t   s ign i f i can t   f reshwa te r   con t r i bu to r   o f   f eca l  
con taminat ion   to  Semiahmoo  Bay  was the  Campbell  River.  This  source 

demonstrated a popu la t i on   equ iva len t   o f  122, which  accounted f o r  77% o f  
t he   t o ta l   con tamina t ion   en te r i  ng the  Bay f rom  ident i f ied   sources   (Tab le  

7).  Genera l l y ,   the   h ighes t   feca l   co l i fo rm  concent ra t ions  were noted 
dur ing   per iods   o f   g rea tes t   ra in fa l l .   Feca l   co l i fo rm  counts   o f  9400/100 

m l  f o r  S20 and 8400/100 m l  f o r  S21 were  noted on November 25, when a 
t o t a l   o f  46 mm o f   r a i n   f e l l  These resul  t s  i n d i c a t e   t h a t   t h e   b a c t e r i a  

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

Bacter io log ica l   data  compi led by EPS (1973) and t h e   P o l l u t i o n  

Control  Branch (16)  (1972 t o  1977) from  sampling  points on the  Campbell 

R iver ,   genera l l y  compare favourably   wi th   data  gathered  dur ing  th is   survey 
(Appendix VIII). The ave rage   feca l   co l i f o rm  concen t ra t i on   f o r   a l l  

r esu l t s   ob ta ined   du r ing   t he  1973 survey was 1500/100 m l  , w h i l e   f o r   t h i s  
survey,  the  average  concentrat ion  for  S20 and S21 was 2300/100 m l .  The 

average p r e c i p i t a t i o n   e n c o u n t e r e d   i n   t h e  1973 survey was 2.5 mm/day w h i l e  

an average o f  9 mm/day  was no ted   fo r   th is   survey ,  and it i s   t h e r e f o r e  
l i k e l y  more b a c t e r i a  were c o n t r i b u t e d   t o   t h e   r i v e r  by a g r i c u l t u r a l   r u n o f f  
d u r i n g   t h e   l a t t e r  sampling. 

Other   s ta t ions  which  exhib i ted  h igh mean popu la t ion   equ iva len ts  

inc lude S4,  S10,  S14, and S22. S t a t i o n  S14 i s  one o f  13 sub-surface 

s to rmwate r   co l l ec t i on   sys tem  ou t fa l l s   i n   t he  City o f  White Rock. 

B a c t e r i o l o g i c a l   r e s u l t s   o f  samples c o l l e c t e d   f r o m   t h i s  system i n d i c a t e  
t h a t   t h e r e  i s  a cross  connect ion  f rom  the  sani tary  sewage c o l l e c t i o n  

system to  the  s tormwater  system. Samples taken  dur ing  per iods  o f   low 

r a i n f a l l  showed h igh  feca l   co l i form  counts ,  whereas those  taken  during 

h igh   ra in fa l l   genera l l y   exh ib i t ed   l ower   coun ts .  The average FC:FS r a t i o  

was 27 which  suggest  that   the  contaminat ion i s   p r i m a r i l y , o f  human o r i g i n .  
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TABLE 6 SUMMARY OF SEMIAHMOO BAY FRESHWATER MEMBRANE 

FILTRATION DATA 

Fecal   Col i  forms Fecal  Streptococci 

Sample No. o f  counts/100 ml  counts/100 m l  
S t a t i o n  Samples* Range Mean Mean FC : FS 

s3 

s4 

s5 
S6 
s7 
S8 
s9 

s10 
s11 
s12 

S13 

S14 
S15 

S16 

S17 

S 18 
s19 

s20 

s21 

s22 
S23 

5 
6 

4 

2 
3 

4 
3 

4 

2 

6 

2 

6 

3 

3 

3 
3 
3 

7 
6 

4 
2 

10-1320 
200-1.44~10 

61-1100 

10-890 
10-540 

94-1630 
500-7600 

90-1600 
130-430 

10-5300 

1900-4100 

1000-1.4~10 5 
200-1250 

100-1700 

100-5600 

100-3200 

580-4700 

220-9400 

130-9000 

100380 000 
<10-170 

430 

3400 

38 0 

450 

200 

490 
3600 

500 

28 0 

1900 

3000 

3.2~10 5 

900 

660 

3300 

1300 
2400 

1700 

3000 

47 00 

90 

670 
610 

240 

370 
720 

2200 
1.4~104 

690 

8300 

2100 

5900 

1.2~104 
3350 

5400 

830 

6000 

5100 

740 

1200 

1.2~104 
3200 

0.6 
5.6 

1.6 

1.2 

0.3 

u. 2 
u. 3 

0.7 
0.03 

0.9 

0.5 
27 
0.3 

0.1 

4.0 
0.2 

0.5 

2.3 

2.5 

0.4 
0.03 

* Indeterminate   resul ts   were   not   used  in   the   ca lculat ion o f  means. 
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TABLE 7 MEAN POPULATION EQUIVALENTS FOR SEMIAHMOO BAY 

FRESHWATER  STATIONS 

Mean Fecal  Average Mean 

Sample No of  Col i form Estimated Population % o f  

S t a t i o n  Samples counts/100 m l  F1 ow Equivalent  Tota l  

(m3/sec) 

s3 
s4 
s5 
S6 
s7 
S8 
s9 
s 10 
s11 
s12 
S13 
S14 
S15 
S 16 
S17 
S 18 
s19 
s20 
s2 1 

2 
6 
4 
3 
3 
4 
3 
4 
2 
6 
2 
6 
3 
3 
3 
3 
3 
7 
6 

430 
3400 
38 0 
450 
200 
4900 
3600 
500 
280 
1900 
3000 

320000 
900 
660 
3300 
1300 
2400 
1700 
3000 

0.051 
0.083 
0.083 
0.064 
0.0045 
0.0017 
O.OO004 
0.091 

- 
0.015 
0.0003O 
0.0026 
0.00038 

- 
0.00011 
0.00049 
1.9 
1.9 

0.60 - 
7.6 5 
0.85 - 
0.77 - 
0.025 - 
0.23 - 
0.0037 - 
1.2 1 

0.78 - 
0.024 - 
22 14 
0.0092 

0.0040 - 
0. U32 - 
88 (122) 77 
155 

s22 5 4700 0.014 1.8 1 
S23 4 90 0.0036 0.0088 - 
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Contaminated  stormwater d i  scharged  through t h i  s c o l l   e c t i  on system's 

ou t fa l l   impa i red   the   mar ine   water   qua l i t y   in   the   immedia te   a rea ,   a l though 

samples taken  outside  the zone o f   i n f l u e n c e  a1 so d i d   n o t  meet  the 
she1 I f  ish  growing  water  qual i ty standards. 

Stat ion  10 i s   a l s o   l o c a t e d   a t  a City of   White Rock stormwater 

c o l l e c t i o n  system  discharge.  Higher  fecal   col i form  counts  for  samples 

f r o m   t h i s   s t a t i o n  were   no ted   dur ing   per iods   o f   h igh   ra in fa l l .  The 

average FC:FS r a t i o  was  0.7 and the  contaminat ion  probably  ar ises  f rom 

animal  fecal   matter i n   s t r e e t   r u n o f f .  

Most o f   t h e   r u n o f f   w e s t  o f  the City o f  White Rock boundary t h a t  

discharges t o  Semiahmoo  Bay f l o w s   t o   t h e   s t r e a m   a t   s t a t i o n  S4. Fecal 
c o l i f o r m   c o n c e n t r a t i o n s   f r o m   t h i s   s t a t i o n  were v a r i a b l e  showing no 

p a r t i c u l a r   r e l a t i o n s h i p   t o   p r e c i p i t a t i o n .  The FC:FS r a t i o  was a l so  

var iable.   There  are  sept ic  tanks i n   t h i s  area and a1 though no v i   s i   b l  e 

s igns   o f  seepage were  found,   the  potent ia l   for   contaminat ion  ex is ts .  

Stormwater  col lected a t   t h e  Douglas  Border  Crossing  discharges 
through an o u t f a l l  1 oca ted   ad jacen t   t o   t he   f ence   l i ne   i n  Peace Arch  Park 

a t  S22. P r i o r   t o  1975 th is   ou t fa l l   d ischarged  bo th   s to rmwater  and 

san i ta ry  sewage. Aspects o f   t he   p resen t  sewage c o l l e c t i o n  system  and the  

source o f   con taminat ion   to   the   s to rmwater  system are  discussed i n   s e c t i o n  

4.3.3 o f   t h i s   r e p o r t .  

4.2.3 Biochemical  Analyses  Results. A t o t a l   o f  670 b a c t e r i a l  

i s o l a t e s  were   sub jec ted   to   the  seven biochemical   tests  descr ibed i n  
Sect ion 3.1.3. The purpose o f   t h e   t e s t i n g  was t o  determine  the 

s e l e c t i v i t y   o f   t h e  A-1  c u l t u r e  medium f o r   E s c h e r i c h i a   c o l i .  The t e s t  

r e s u l t s   i n d i c a t e   t h e  medium i s   h i g h l y   s e l e c t i v e ,   w i t h  97.6% ( 6 5 4 )   o f   a l l  

gas-posi t ive  tubes shown t o   c o n t a i n  " E. c o l i .  The data  demonstrate  that 

v i r t u a l l y  a1 1 o f   t h e   b a c t e r i a l   p o l l u t i o n  measured resu l ted   f rom  feca l  

sources,  rather  than  non-fecal  sources  which, on occasion, will cause 

f a l s e   p o s i t i v e   r e a c t i o n s   i n   t h e  MPN procedure. 
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I 

111 

a 

The e f f i c a c y   o f   t h e   m o d i f i e d  A - 1  method i n   r e c o v e r i n g   f e c a l  

co l i f o rms  was compared w i t h   t h e  APHA Standard  Method  during each sampling 

run. The MPN's  obtained  were  h ighly  comparable  indicat ing a good 
c o r r e l a t i o n  between the  two  methods. Add i t iona l   in fo rmat ion  on the  

e v a l u a t i o n   o f   t h e  A - 1  medium i s  prov ided by Kay (8 ) .  

4.3 Sewage C o l l e c t i o n  and  Disposal Systems 

4.3.1 City o f  White Rock. Wi th  the  except ion  o f  a few homes a1 ong 

Ter ry  Road, all o f  White Rock i s   s e r v i c e d  by a sewage c o l l e c t i o n  system. 

Sewage f lows  by   g rav i ty  , o r  i s  pumped by one o f   t h r e e  pump s ta t ions   a long 
Mar ine   Dr ive   to   the  GVSDD pump s t a t i o n  1 ocated a t   t h e   i n t e r s e c t i o n   o f  

Marine  Dr ive  and  Oxford  streets.  The cha rac te r i s t i cs   o f   t hese  pump 

s ta t i ons   a re  summarized i n  Table 8. 

In   the   event  o f  a power f a i l u r e   a t   t h e  GVSDD pump s ta t i on ,  a 

d iesel   generator  i s   a u t o m a t i c a l l y   a c t i v a t e d .   S h o u l d   t h i s   a u x i l l i a r y  

system f a i l  , sewage would back up i n   t h e  sewer-system  and  discharge i n t o  

a stormwater manhole located  about 400 metres  east o f  the  pump s ta t ion .  

During  the  survey , f i v e   i n c i d e n t s   o f  sewage overf lows  were 

noted, as shown i n  Tab1 e 9. On November 25, the  pumping c a p a c i t i e s   o f  
pump s t a t i o n  No. 2 and No.3 were  exceeded due t o  excessive  f lows i n  the  

c o l l e c t i o n  system  and  overflows  occurred. Pump s t a t i o n  No. 3 overf lowed 

on November 28 because the  force  main  between  stat ions No. 2 and No. 3 
broke. It i s   n o t  known what   quant i ty   o f  sewage  was discharged. 

Overflows  occurred on November 25 t o  26, December 1 t o  2, and 

December 10  through a sewage c o l l e c t i o n  system  by-pass l i n e .   T h i s   l i n e  

was des igned  to   d iver t   excess ive  f lows i n   t h e   c o l l e c t i o n  system  from  the 

manhole a t   t h e   i n t e r s e c t i o n   o f   K e n t  and Columbia  streets  through  the  o ld 
White Rock Sewage Treatment P1 a n t  (STP d i s t r i b u t i o n  box,  by a 20 cm 

diameter  pipe down Ke i l   S t ree t ,  and f i n a l l y ,   t o   t h e  Campbell R i ve r  

through  the STP o u t f a l l   ( F i g u r e  7 ) .  The system d i d   n o t  work  as designed 
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because the   p ipe   f rom  the   d i s t r i bu t i on  box t o   K e i l   S t r e e t  was u p h i l l .  

I n i  ti a1 l y  dur ing  overf lows,  the sewage topped   the   d i   s t r i   bu t i on  box  and 

f l o w e d   i n t o   t h e   a e r a t i o n   t a n k s   o f   t h e   o l  d STP. When th is   occurred,  a 
White Rock c i t y  employee usua l l y  opened a v a l v e   a t   t h e   i n t e r s e c t i o n   o f  

Kent  and  Marine  Drive  which a l l  owed the  sewage t o  flow through a 25 cm 

d iameter   p ipe   to   the  STP o u t f a l l .  

Overflows  through  this  by-pass  system  occ&red  three  t imes 

during  the  survey  and once before  the  survey began (November 1 t o  2) .  I n  

th ree   ou t   o f   f ou r  cases, sewage was discharged  to  the  Campbel l   River and 
i n   t h e   o t h e r  case  the sewage  was r e t a i n e d   i n   t h e  STP aerat ion  tanks.  

Populat ion  equiva lents   per  day were c a l c u l a t e d   f o r  a1 1 

o v e r f l  ows where poss ib le  (Tab1 e 9) .  The approximate  average  velocity  of 

the sewage d i  scharged  through  the 25 cm diameter 1 i ne t o   t h e  Campbell 
R i v e r   o u t f a l l  was ca l cu la ted   us ing   t he  Manning  Equation: 

V = 1.486 $ I 3  !#I2 (equat ion 2 )  

n 
where: V = v e l o c i t y  

R =hydraul ic   rad ius (0.21) 

S = s lope (0.020) 

n = c o e f f i c i e n t   o f  roughness (0.015) 

The approximate  quanti ty  of sewage discharged was ca l cu la ted  

using: 
Q = -  VAX (equat ion 3 )  

100 

where: Q = discharge 
A = cross-sect ional   area  o f   p ipe 

X = percent  opening  of   valve 

A 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   f o r   t h e   d i l u t e d  sewage o f  

5x10 MPN/100 m l  , (based on samples taken from pump s t a t i o n  No. 2 and 

No. 3 wet we1 1 s dur ing  a by-pass  overflow) , the  approx imate  quant i ty   o f  

sewage discharged, and equat ion 1, were  used t o   c a l c u l a t e   t h e   p o p u l a t i o n  
equi Val ent .  

4 
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I t  i s  d i f f i c u l t  t o  assess the incremental impact of these 
overflows on the water qual i ty  o f  the Campbell River and Semiahmoo Bay 
since almost a l l  occurred  during periods of heavy rainfall when fecal 
contamination from agricultural runoff t o  the River was a t  a maximum. 
The maximum overflow populat ion equivalent (106) i s  close t o  the average 
popula t ion  equivalent for  stations S20 and S 2 1  (122) on the Campbell 
River. 

F1 ows through the GVSDD pump station (11) vary markedly i n  
response t o  precipitation as shown i n  Figure 8. I t  i s  apparent t h a t  the 
White Rock sewage collection system i s  affected by excessive groundwater 
infiltration and stormwater inflow. The City i s  cont inuing  its  efforts 
t o  eliminate this problem. 

An average of 2700 m /day (0.6 MIGPD) of sewage was 3 

discharged through the City of White Rock treatment p l a n t  t o  the Campbell 
River before the collection system  was connected t o  the GVSDD trunk line. 
However, the design peak flow of 6800 m /day (1.5 MIGPD) was exceeded 
up t o  30% of the time, resulting i n  the by-pass of the sewage treatment 
p l a n t  and discharged of untreated dilute sewage to  the Campbell River. 
Data gathered by the Boundary Health U n i t  (15) and the Po l lu t ion  Control 
Branch (16) from 1969 t o  1976 indicates t h a t  the mean f ina l  ef f l  uent 
fecal coliform concentration was 111 200 MPN/100 m l  (54 samples). Using 
this da ta ,  the mean popula t ion  equivalent for the treatment p l a n t  
discharge i s  95. 

3 

I f  the  treatment p l a n t  had been i n  operation during this 
survey, the t o t a l  mean popula t ion  equivalent  contribution from a l l  
sources of Semiahmoo Bay would have  been 158 (Table 71, plus 95, or 253. 
The cessation of the  discharge, therefore,  resulted i n  a 38% reduction i n  
the t o t a l  fecal coli form load t o  Semi ahmoo Bay. The effect of this 
reduction on water qua l i ty  would be greater during lower precipitation 
periods than those w h i c h  occurred  during this survey, because the 
bacteria 1 oad from agricultural runoff i n t o  the Campbell River would be 
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lower. It i s ,   t h e r e f o r e ,   p r o b a b l e   t h a t   s i g n i f i c a n t  improvement i n  water 

q u a l i t y  will be observed  dur ing   the   low  p rec ip i ta t ion  summer months. 

4.3.2 Mun ic ipa l i t y   o f   Sur rey .  Two  pump s t a t i o n s   i n   t h e  Kwomais P o i n t  

area pump sewage t o   t h e  GVSDD t runk  1 i ne. Two 3.7 kw ( 5  H. P. pumps 

r a t e d   a t  0.38 m /min  (100 USGPM) each a r e   i n  a s t a t i o n   l o c a t e d   a t   t h e  

c o r n e r   o f  128 S t r e e t  and  13 Avenue, and two 37 kw (50 H.P.) pumps r a t e d  

a t  1.7 m /min  (460 USGPM) each a r e   i n  a s t a t i o n   l o c a t e d   a t  132 B S t r e e t  
and 13 Avenue. 

3 

3 

A telemetry  system  which will warn  personnel i n  a 24 hour 

manned f i r e   h a l l   o f  pump m a l f u n c t i o n   a t   t h e  sewage pump s t a t i o n s   i s   b e i n g  

ins ta l led .   A f te r   the   warn ing   s igna l   i s   rece ived,   mob i le   genera tors  and 
pumps would be  used t o   m a i n t a i n  sewage f low  f rom  the pump s t a t i o n s  t o  the 
GVSDD t runk   l i nes .  

Should an overf low  occur, sewage from  the 128 S t r e e t  pump 

s ta t ion   wou ld   f low  th rough a p i p e   t o   t h e   d r a i n a g e   d i t c h   a d j a c e n t   t o   t h e  

Bur l  i ngton  Northern  Rai  1 road  t racks  and  thence  to Semiahmoo Bay. There 

i s  no  overf low  pipe i n   t h e  132 B S t r e e t  pump s t a t i o n   w e t   w e l l  and 

over f low sewage would  top  the  manhole  and seep in to   t he   ad jacen t  soil. 
No i n d i c a t i o n s   o f  a sewage o v e r f l o w   a t   e i t h e r  pump s t a t i o n  were  noted 

dur ing   the   t ime  o f   th is   survey .  

Wi th   the  except ions  o f  a few homes a t   t h e   f o o t   o f  132 B St reet ,  

v i r t u a l l y   a l l   t h e   r e s i d e n c e s  on the  shore  o f  Semiahmoo  Bay from Kwomai s 
Point   to  the  White  Rock-Surrey  boundary  are  not   connected  to  the sewage 

c o l l e c t i o n  system  and are   serv iced  by sept ic  tanks.  No obvious  s igns  of  

sept ic  tank seepage were  noted  during  the  survey, however, the   h igh   feca l  
co l i f o rm  concen t ra t i ons   f ound   i n  samples f r o m   s t a t i o n  S4 c o u l d   r e s u l t  

from seepage. 

The  Semiahmoo I n d i a n  Band Reserve i s  unsewered. Poss ib le  

sept ic  tank seepage was noted  near  three  residences, however, it i s  

doubtful  i f  the  seepage cou ld   exe r t  a s i g n i f i c a n t   i m p a c t  on the  water 

qual i ty  . 
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4.3.3 Douglas  Border  Crossing.  Pr ior   to 1975, sewage co l l ec ted   f rom 

the  Douglas  Border   Cross ing  fac i l i t ies  were t r e a t e d   i n   s e p t i c   t a n k s  and 

discharged  along  wi th  stormwater  to Semiahmoo  Bay. I n  1975, the  system 

was mod i f ied  and the  sept ic  tanks  were  used  for   holding  purposes  only.  
Sewage con t inues   t o  be pumped out  by tanker   t ruck and di  scharged a t   t h e  

Iona   I s land  Sewage Treatment  Plant. 

B a c t e r i o l o g i c a l   r e s u l t s   o f  samples from  the  stormwater  manhole 

i n  Peace Arch  Park (S22) and  observat ion  of   the  holding  tanks  conf i rm 

tha t   f rom  t ime  to   t ime,  sewage enters   the   s to rmwater   co l lec t ion  system 

and discharges t o  Semiahmoo Bay. A p lug   i n   t he   bo t tom  o f   t he   sou th  

holding  tank i s  used to   p reven t  sewage from  enter ing  the  stormwater 

c o l l   e c t i o n  system.  However, on some days, t h i s   p l u g  was di   spl   aced and 
stormwater samples obtained  f rom  the  manhole  revealed  high  fecal   col i form 
counts  (80 000 FC/100 m l  on November 17) .  

Contracts have  been  awarded f o r   c o n s t r u c t i o n   o f  a t runk sewer 

1 i ne t h a t  wi 11 enable hook-up of  the  Douglas  and  Pacif ic  Border  Crossing, 

Peace Arch  Park  and  the B.C. T o u r i s t  Bureau f a c i l i t i e s   t o   t h e  GVSDD 

system. The expec ted   cons t ruc t i on   comp le t i on   da te   i s   Fa l l  , 1978. 

4.3.4 City o f  B1 a i  ne. A t  present, sewage c o l l e c t e d   i n   t h e  City o f  
B l a i n e   i s  comminuted, t r e a t e d   i n  a Dor r -O l i ve r   t ype   c la r i f i e r -d iges te r ,  

and ch lo r i na ted   p r i o r   t o   d i scha rge   t h rough  a 490 metre 51600 f t )   o u t f a l l  

t o   t h e  mouth of  Drayton  Harbour. The c o l l e c t i o n  system i s  s u b j e c t   t o  

e x c e s s i v e   i n f i l t r a t i o n  and in f l ow ,  such t h a t   t h e  sewage t rea tment   p lan t  

i s  sometimes by-passed  and c h l o r i n a t e d  raw sewage i s  discharged. A t  

these  t imes,   shel l f ish  harvest ing  is   s topped  in   Drayton  Harbour   (18) .  

w 
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L i t t l e   d a t a   i s   a v a i l a b l e   t o  assess  the  impact  of  the  present 

City o f   B l a i n e  STP on Semiahmoo  Bay s ince   samp l ing   o f   t he   f i na l   e f f l uen t  

i s   n o t   p o s s i b l e  as t h e   o u t f a l l   p i p e   i s  a1 so used as a ch lo r i ne   con tac t  

chamber. Marine sample s t a t i o n s  80-D,  81, and  81-0 establ ished  a long  the 
I n t e r n a t i o n a l  Boundary  met she1 1 f i  sh water  qual i ty  standards , whereas 

s ta t i ons  79,  79-M, and 79-D d id   no t .  The Campbell R i ve r  and Douglas 

Border   Cross ing   s to rmwater   ou t fa l l   con t r ibu te   s ign i f i can t   con taminat ion  

t o  these l a t t e r   s t a t i o n s ,  and the re fo re ,   t he   i n f l uence   o f   B la ine ' s  STP 
cannot be evaluated. 

4.4 Chemical  Analvses  Results 

Grab  samples  were c o l l e c t e d   a t   t h e   3 r d  Avenue and 01 i v e r   S t r e e t  
Delta  land  drainage pump s t a t i o n s ,  the City o f  White Rock stormwater 

manhole a t   t h e   c o r n e r   o f   O x f o r d  and Buena V is ta   s t ree ts ,  and the  Campbell 

River;  and  were  analyzed f o r  pH, orthophosphate,  total  phosphate, ammonia 
n i t r o g e n ,   n i t r i t e   n i t r o g e n ,  and n i t r a t e   n i t r o g e n .  Samples were c o l l e c t e d  

a t  each s i t e  on November 22, 23, and 29, and December 7 and 12. 

Wi th  the  except ion  o f   the  3rd Avenue pump s ta t i on ,  samples  were 
c o l l e c t e d   a t   a l l   t h e   n u t r i e n t  sampl i n g   l o c a t i o n s  and  ana lyzed  fo r   to ta l  

copper,  lead, cadmium, arsenic  and  mercury. 

Table 10 summarizes t h e   r e s u l t s   o f   t h e   n u t r i e n t  sampl i ng 

program  while a detai led  account,  and the   resu l ts   o f   meta l   ana lyses ,  may 

be found i n  Appendix IX.. Nutr ient   analyses  resul ts   are  genera l ly   low 
w i th   the   Whi te  Rock s to rmwater   co l lec t ion  system exh ib i t i ng   t he   h ighe r  

l eve l s .  

Data  gathered by the   Po l lu t ion   Cont ro l   Branch  (16)   f rom two 

sampl ing  points on the  Campbell R i v e r   e x h i b i t   s l i g h t l y   l o w e r  mean 

nu t r ien t   concent ra t ions   than were  found i n   t h i s  survey  (Appendix  IX). 

Th is  i s   n o t   s u r p r i s i n g   s i n c e   t h e i r  samples  were  taken  throughout  the  year 

wh i le   th is   survey   ob ta ined samples on ly   dur ing  November and December when 
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TABLE 10 SUMMARY OF NUTRIENT ANALYSES  RESULTS 

S t a t i o n  

No. o f  3 r d  Ave.  01 i v e r  S t .  White Rock  Campbell 

Parameter  Sampl es Pump  Pump Storm  River  

S t a t i o n   S t a t i o n   D r a i n  

PH 2 7 .O 5.8  7.6 7.2 
o r t h o  PO4-P 2 0.098 0.10 0.12 0.047 
t o t a l  PO4 -P 3 0.26 0.22 0.49 0 . 093 
NO3 -N 3 0.93 2.7 2.7 2.1 
N$ -N 3 0.013 0.019 0.048 0.012 

N% -N 3 0.33  0.59  0.78 0.11 
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r u n o f f  was greater. The data shows that   the  average  nut r ient   concentra-  

t i o n  was h i g h e r   a t   t h e  downstream sampl ing  points compared t o   t h e  upstream. 
As such, nu t r i en ts   a re  added t o   t h e   r i v e r  between these  points. 

Results  of  the  selected  total  metals  sampling  program  are  low 

w i t h  many below the   ana ly t i ca l   de tec t i on  limit. Nei ther   the   se lec ted  

meta ls   nor   nut r ient   concentrat ions  noted  dur i  ng t h i s  chemical sampl i ng 

program  would be expected t o   e x e r t  a s ign i f i can t   impac t  on the  water 

q u a l i t y  o f  Semiahmoo  Bay. 

4.5 Bioassay  Results 

Samples were i n i t i a l l y   c o l l e c t e d   f r o m  a1 1 f i v e   M u n i c i p a l i t y   o f  
Del ta  land  drainage pump s ta t ions ,  and the  White Rock stormwater manhole 

a t  Oxford and Buena V is ta   s t ree ts ,  and were  analyzed t o  determine  the 96 

hour   l e tha l   concen t ra t i on   a t  50% t e s t   f i s h   m o r t a l i t y  (LC5o).  Since  the 

f i r s t   s e r i e s   o f  samples c o l l e c t e d  on November 14 were  non-toxic  (Table 

111, the  program was modi f ied and  samples f rom  the   3 rd  Avenue pump 

s ta t i on ,   t he   O l i ve r   S t ree t  pump s ta t ion ,  and the  White Rock stormwater 
manhole on ly  were c o l l e c t e d  on November 24. These samples  were a lso  

found t o  be non-toxic. 

4.6 Polychl  ori  nated  Biphenyl  Sediment  Analyses  Resul t s  

E levated  concentrat ions  o f   po lych lor inated  b iphenyls  (PCB) were 

found i n  some sediment  samples c o l l e c t e d   a d j a c e n t   t o   t h e   f i v e   M u n i c i p a l i t y  

o f   Del ta   land  dra inage pump s ta t i ons  as  shown i n  Table 12. Compared t o  

r e s u l t s   o f  PCB analyses on sediments  col lected a t  two background  stat ions 

a t  88 S t r e e t  and 17 A Avenue, h igh   l eve l s   o f  PCB's were found i n  sediment 

immediately  adjacent t o   t h e   a i r p o r t  and 96 th   S t ree t  pump stat ions.   Th is  

area o f  contamination  appears t o  be loca l i zed .  The o r i g i n  o f  t h i s  contami- 
n a t i o n   i s   n o t  known. 

It should be noted  that  sampling  conducted  subsequent  to  this 

survey  d id   not   reveal   h igh  leve ls   o f  PCB's i n   t h e  sediments  adjacent t o  

t h e   A i r p o r t  pump stat ion  d ischarge. 

Y 

Ir 
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TABLE 11 BIOASSAY RESULTS 

Locat ion  
Sampl i ng Bioassay 96 hour 
Date Time T e s t   S t a r t  LC5o Resul ts  

3rd Avenue pump s t a t i o n  Nov. 14 1100 Nov. 15 NT* 
24 905 25 NT 

12 th  Avenue pump s t a t i o n  14 1130 15 NT 

A i  r p o r t  pump s t a t i o n  14  1200 15 NT 

9 6 t h   S t r e e t  pump s t a t i o n  14  1230 15 NT 

O l i v e r   S t r e e t  pump s t a t i o n  14  1300 15 NT 
24 1010 25 NT 

White  rock  stormwater 14  1345 15 NT 
manhole ( a t   O x f o r d  and  24  1100 25 NT 
Buena Vi sta )  

*NT - non-toxi  c 
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TABLE 12 PCB ANALYSIS OF BOUNDARY BAY SEDIMENTS RESULTS 

Concentrat ion 
Sample Stat ion  Dis tance  f rom  s tat ion  Arochl   or   Hexachl   oro-  

Loca t ions   ou t fa l l   (me t res )  1260  benzene 
( ppb) ( ppb 1 

De l ta   land   d ra inage pump s t a t i o n s  

3 r d  Avenue 

12 th  Avenue 

(g rav i t y   d i   scha rge )  

A i  r p o r t  

9 6 t h   S t r e e t  

01 i v e r   S t r e e t  

Background  Stat ions 
8 8 t h   S t r e e t  
17A Avenue 

0.30 (SI* 
4.6 (N) 
6.1 (S) 

9.1 (N) 
12.2 (SI 
10.7 (N) 

4.6 ( W )  
15.2 ( W )  
15.2 ( E )  

4.6 ( W )  
7.6 (E )  
9.1 ( W )  

4.6 ( W )  
4.6 ( E )  

15.2 ( W )  

36 
34 
55 

23 
18 
78 

1200 L1** 
93 

110 

3800 L1  
72 

37 0 

59 L1 
50 
66 

31 
480 

* denotes s i  de o f   o u t f a l l  
** L 1  - less   t han  1 ppb 
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APPENDIX I MARINE SAMPLE STATION LOCATION DESCRIPTIONS 

Sampl e 

S ta t i on   La t i   t ude   Long i tude   Desc r ip t i on  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

49"  02.78' 

49"  03.14' 

49"  03.11' 

49"  03.05' 

49"  02.95' 

49"  02.95' 

49"  02.74' 

49"  02.51' 

49" 02.18' 

49"  02.29' 

49" 01.94' 

49"  01.90' 

49"  01.49' 

122"  54.10' 

122"  53.34' 

122" 53.05 ' 

122"  53.04' 

122" 53.21 ' 

122"  53.00' 

122" 53.49' 

122"  52.85' 

122" 53.21 ' 

122"  54.61 ' 

122"  53.46' 

122"  52.50' 

122"  52.04' 

A t  seventh  Boundary Bay Channel 

marker  from  the  southern end. 
Approximately 400 m o f f sho re  

f rom  the   f oo t   o f  Beecher S t r e e t  

(Crescent  Beach). 

A t  f o o t   o f  Beecher S t r e e t  
(Crescent Beach) 

Approximately 300 m south   o f  

s t a t i o n  3, o f f  brown  house w i t h  

ye1 1 ow trim. 

Approximately 400 m of fshore  f rom 

s t a t i o n  6. 

Approximately 600 m south   o f  
s t a t i o n  3, o f f  1 arge  brown house. 
Midway between s t a t i o n  B and 

s t a t i o n  1. 
Approximately 2 km south   o f  
s t a t i o n  6 o f f  eroded  bluf fs.  
Mi dway between s t a t i o n  1 and 

Kwomais Point   approximately 400 m 

of fshore.  

A t  t h i r d  Boundary Bay channel 
marker i n   l i n e   w i t h  Kwomais Point .  

Midway beween  s ta t ions  10 and 12 

approximately 2 km of fshore.  

O f f  smal 1 t r a i n   b r i d g e   n o r t h  of 

Kwomai s Point .  

Kwomais P o i n t  - o f f  storm  Culvert .  
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APPENDIX I MARINE SAMPLE STATION LOCATION DESCRIPTIONS (Cont 'd)  

Sample 
S ta t i on   La t i   t ude   Long i tude   Desc r ip t i on  

14  

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

29 

49"  01.47' 

49"  01.47' 

49"  01.45' 

49"  01.45' 

49"  01.48' 

49" 01.49' 

49"  01.49' 

49" 01.39' 

49"  01.24' 

49"  01.49' 

49' 01.46' 

49"  01.44' 

49"  01.30' 

49"  01.19' 

no t  done 

n o t  done 

122" 51.95' 

122"  51.80' 

122"  51.19' 
122"  50.60' 

122"  50.12' 

122"  49.83' 

122"  49.60' 

122"  49.60' 

122"  49.60' 

122"  49.40' 

122"  49.24' 

122"  49.08' 

122"  49.10' 

122"  49.15' 

n o t  done 

not  done 

Kwomais P o i n t   a t   f o o t   o f  128th 

St reet .  

O f f  m a l  1 t r a i n   b r i d g e  

approximately 100 m e a s t   o f  
s t a t i o n  14. 

O f f  s t o r m   c u l v e r t   e a s t   o f  15. 
O f f  t r a i n   s i g n a l s   e a s t   o f  16. 

O f f  second  telephone  pol e eas t  
c u l v e r t   e a s t   o f   s t a t i o n  16. 

O f f  01 d t r a i n   s i g n a l   f o u n d a t i o n  

e a s t   o f  18. 

O f f  sma l l   r a i lway   t res t l e   nea r  
Surrey-Whi t e  Rock border. 

250 m o f f s h o r e   f r o m   s t a t i o n  20. 

500 m o f f sho re   f rom  s ta t i on  20. 

Shore s t a t i o n   e a s t   o f   s t a t i o n  20 
between two storm  dra ins 

E a s t   o f   s t a t i o n  23 o f f   t r a i n  

s i   gna l  s. 
E a s t   o f   s t a t i o n  24 o f f   w h i t e  

house w i t h  cement r e t a i n i n g   w a l l .  

250 m o f f sho re   f rom  s ta t i on  25. 

500 m o f f sho re   f rom  s ta t i on  25. 

White Rock - a t   f o o t   o f  Bay 
St ree t ,  14586 Marine  Dr ive.  

White Rock - o f f  s torm  dra in  

midway between s t a t i o n  28 and 30 

a t  14655 Marine  Dr ive.  
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APPENDIX I MARINE SAMPLE STATION LOCATION DESCRIPTIONS (Cont 'd)  

rl 

Sample 
S ta t i on   La t i   t ude   Long i tude   Desc r ip t i on  

30 

31 

32 

33 

34 

35 

36 

37 

38 
39 

40 

41 

42 

43 

44 

no t  done 

n o t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 
n o t  done 

no t  done 

n o t  done 

no t  done 

no t  done 

n o t  done 

n o t  done 

n o t  done 

n o t  done 

no t  done 

no t  done 

n o t  done 

no t  done 

n o t  done 

n o t  done 
n o t  done 

no t  done 

n o t  done 

no t  done 

no t  done 

no t  done 

White Rock - 250 m o f f s h o r e   o f  

s t a t i o n  29. 

White Rock - 500 rn o f f s h o r e   o f  

s t a t i o n  29. 

White Rock - a t   f o o t   o f  Anderson 

Street.  
White Rock - o f f  storm  drain 

midway between s t a t i o n s  32 and 34. 

White Rock - 250 m o f f s h o r e   o f  

s t a t i o n  33. 
White Rock - 500 m o f f  shore  o f  

s t a t i o n  33. 
White Rock - o f f  GVS and DD pump 

s ta t i on .  
White Rock - o f f   O x f o r d   S t r e e t  

storm  drain. 
White Rock - o f f  14821 Marine Dr.  
White Rock - o f f  250 m o f f sho re  
o f   s t a t i o n  38. 

Whi t e  Rock - 500 m o f fshore  c 
s t a t i o n  38. 

White Rock - a t   f o o t   o f  E l m  
Street .  

White Rock - a t   f o o t   o f   V i d a l  

St reet .  

White Rock - o f f   o l d   t r a i n  

s ta t i on .  

White Rock - 250 m o f f s h o r e   o f  

s t a t i o n  43. 
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APPENDIX I MARINE SAMPLE STATION LOCATION DESCRIPITONS (Cont’  d) 

S ta t ion   La t i   tude   Long i tude  Descr ip t ion  

45 

46 

47 

48 
49 

50 
51 

52 

53 
54 

55 

56 

57 

58 

59 

60 

no t  done 

no t  done 

no t  done 

no t  done 
no t  done 

no t  done 

n o t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 
no t  done 

no t  done 

no t  done 

n o t  done 

n o t  done 

no t  done 

n o t  done 

no t  done 

no t  done 

no t  done 

no t  done 

no t  done 

White Rock - 500 m o f f sho re   o f  

s t a t i o n  43. 

White Rock - o f f  small  covered 

checkerboard p l  ayi ng area  east 

o f   t r a i n   s t a t i o n .  

White Rock - sho re l i ne   s ta t i on  a t  
p ier .  
White Rock - o f f  15097 Marine Dr. 
White Rock - o f f  White Rock 

1 andmark. 

White Rock - o f f  15241 Marine Dr .  

White Rock - 250 m o f f s h o r e   o f  

s t a t i o n  50. 
White Rock - 500 m o f f sho re   o f  

s t a t i o n  50. 
White Rock - o f f  15301 Marine D r .  

White Rock - o f f   b r i c k  apartments 

a t  Cypress and Marine. 

White Rock - o f f   p u b l i c  washrooms 

a t   f o o t  of Balsam. 
White Rock - 250 m o f f s h o r e   o f  

s t a t i o n  55. 
White Rock - 500 m o f f sho re   o f  

s t a t i o n  55. 
White Rock - a t  f o o t   o f  Ash S t ree t  

o f f   C h i t  Chat Cafe. 

White Rock - o f f  Bay Hotel.  

White Rock - 250 m o f f s h o r e   o f  

s t a t i o n  59. 

u. 

c 
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APPENDIX I MARINE SAMPLE STATION LOCATION DESCRIPTIONS (Cont 'd)  

Sample 

S ta t i on   La t i   t ude   Long i tude   Desc r ip t i on  

6 1  

62 

63 

64 

65 
66 

67 

68 

69 

70 

7 1  

72 

73 
74 

75 

76 

77 

78 

n o t  done no t  done 

49"  00.86'  122"  47.08' 

49"  00.82'  122" 46.92 ' 

49"  00.81'  122"  46.81' 

49"  00.70' 122" 46.85' 
49"  00.57' 122"  46.90' 

49" 00.52' 122"  46.71' 

49"  00.50' 122"  46.58' 

49"  00.61' 122"  46.54' 

49"  00.74' 122"  46.51 ' 

49" 00.70' 122" 46.40' 

49"  00.63' 122"  46.26' 

49"  00.58' 122" 46.11' 

49" 00.50' 122"  46.22' 

49"  00.40' 122" 46.35' 

49"  00.36' 122"  45.76' 

49" 00.22' 122"  45.59' 

49" 00.00' 122" 45.31 ' 

White Rock - 500 m o f f s h o r e   o f  

s t a t i o n  59. 
White Rock - o f f  stage i n  

Semi  ahmoo Park. 

White Rock - o f f   t r a i n   s i g n a l s  

a t   f o o t   o f  Hill Street .  

Approximately 100 m west   o f  

Campbell R i ve r  mouth o f f   w h i t e  
hou  se. 

250 m o f f s h o r e   o f   s t a t i o n  64. 
500 m o f f s h o r e   o f   s t a t i o n  64. 

500 m o f f s h o r e   o f  Campbell R i ve r  
mouth . 
500 m o f f s h o r e   o f   s t a t i o n  70. 

250 m o f f s h o r e   o f   s t a t i o n  70. 

Approximately 100 m e a s t   o f  

Campbell R i  ver  mouth. 
O f f  Oddfellows Lodge. 
O f f  Royal  Canadian  Legion. 

O f f  brown  house w i t h   w h i t e  trim. 

250 m o f f s h o r e   o f   s t a t i o n  73. 
500 m o f f s h o r e   o f   s t a t i o n  73. 

O f f  ye1 low and wh i te  Fabco 

t r a i  1 er .  

O f f  Doug1 as border   cross ing 

o u t f a l l   p i p e .  
O f f  Peace Arch a t   i n t e r n a t i o n a l  

boundary. 
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APPENDIX I MARINE  SAMPLE  STATION  LOCATION  DESCRIPTIONS (Cont 'd )  

Sample 
S ta t ion   La t i   tude   Longi tude   Descr ip t ion  

79 49" 00.00' 122"  46.15' On In t e rna t iona l  Boundary l i n e  

(S, M, D )  midway between Peace Arch and 
f i r s t  marine  boundary  marker 
( S  = su r face ;  M = approximately 
1.5 m; D = approximtely 3 m ) .  

80 49 00.00 122  47.63 West of s ta t ion  79 on boundary 

(S ,  M ,  D) 1 i ne approximately m i  dway 
between f i r s t  marine boundary 
marker  and  end o f  White Rock p i e r  

( S  = surf   ace;  M = approximately 
6.5 m; D = approximately 13 m ) .  

81 49 00.00 122  49.04 On boundary l ine i n  l ine  w i t h  the 
(S, M, D )  foot   of  Bay S t r e e t  ( S  = su r face ;  

M = approximately 11.5 m; 

D = approximately  23 m ) .  

Note: Lat i tude  and 1 ongi  tudes were not  done f o r   s t a t i o n s  28-61  due t o  
their c lose   p rox imi ty   t o  each o ther .  



a 
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APPENDIX I 1  

FRESHWATER SAMPLE STATION  LOCATION  DESCRIPTIONS 
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APPENDIX I 1  FRESHWATER  SAMPLE STATION LOCATION DESCRIPTIONS 

Sample 
S t a t i o n  Desc r ip t i on  

P 1  
P2 
P3 
P4 
P5 

s1 
s2 
s3 
s4 
s5 
S6 
s7 
S8 
s9 
s10 
s11 
s12 
S13 
S14 
S15 
S16 
S17 

s19 
520 
521 
s22 

S23 

s l a  

M u n i c i p a l i t y   o f   D e l t a   l a n d   d r a i n a g e  pump s t a t i o n s  

3 rd  Avenue (Beach  Grove) 
12 th  Avenue (Beach  Grove) 
A i r p o r t  
9 6 t h   S t r e e t  - Beharrel  
01 i v e r   S t r e e t  

Streams and Stormdrains 

Serpen t ine   R ive r   a t  Highway  99 br idge 
Nicomekl R i v e r   a t  Highway  99 b r idge  
Stream a t   1 2 8 t h   S t r e e t  and 13 th  Avenue 
Stream  between 133 A S t r e e t  and  132 B S t r e e t  on  Marine  Dr ive 
Stream  between  Bishop and N ico l  on Mar ine   Dr ive  
Stream  between K e r f o o t  and Bishop  on  Marine 
Catchbasin a t   K e r f o o t  and Marine 
Catchbasin a t  Magdalen  Crescent and Marine 
Catchbasin a t  High  and  Marine 
Stormwater o u t f a l l  between  Anderson and Bay 
Manhole  between  Oxford and Anderson on Marine 
Manhole a t   O x f o r d  and Buena V i s t a  
Catchbasin a t  Vi dal and Marine 
Manhole a t   M a r t i n  and Marine 
Catchbasin a t  Bal Sam and Marine 
Catchbasin,  between  Balsam  and Ash on  Marine 
Manhole a t  Maple and Marine 
Catchbasin a t   K e i l  and Marine 
Manhole a t  Stevens and Marine 
Campbell R i v e r   a t  172nd S t r e e t   c u l   v e r t  
Campbell R i v e r   a t  No. 15 Road br idge 
Manhole a t  end of fence 1 i ne i n  Peace Arch  Park 
(Douglas  Border  Crossing) 
Wood chamber opposi te  Peace Arch  (Douglas  Border  Crossing) 
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APPENDIX 111 

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

Sample Date o f  Time o f  Fecal  Col i f om 
S t a t i o n  Col 1 e c t i  on Co l1   ec t i  on MPN/100 m l  

1 Dec. 1/77 1035 33 
5 1315 17 
7 1235 5 
8 1025  240 
12 0910  79 
13 10  10 23 

"""""""""""""""""""""""""""""""""""" 

2 Dec. 1/77 1010  540 
5 1340  130 
7 1250 22 
8 1225 920 
12 1105 79 
13 0940  110 

"""""""""""""""""""""""""""""""""""" 

3 Dec. 1/77 1110  240 
5 1340  170 
7 1250  49 
8 1225 170 
12 1105  130 
13 0940 3 50 

"""""""""""""""""""""""""""""""""""" 

4 Dec. 1/77 
5 
7 
8 
12 
13 

1015 
1335 
1245 
1220 
1100 
0945 

~~ 

240 
49 
79 
220 
170 
79 
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APPENDIX I11 DAILY BACTERIOLOGICAL RESULTS FOR MARINE STATIONS 

n 

Sample Date of Time o f  Fecal Col i form 
S t a t i o n  Col 1 e c t i  on Coll e c t i  on MPN/100 m l  

5 Dec. 1/77 1015 79 
5 1330 33 
7 1245  49 
8 1220  540 

Dec. 12/77 1100  130 
13 0945 79 

"""""""""""""""""""""""""""""""""""" 

6 Dec. 1/77 1015  110 
5 1335 33 

7 1245 49 
8 1220  79 
12 1100  49 
13 0945  49 

"""""""""""""""""""""""""""""""""""" 

7 Dec. 1/77 1030  170 
5 1325  94 
7 1235 9 
8 1035  540 
12 0925  79 
13  1010  540 

.................................... ~~ ~~ 

8 Dec. 1/77 
5 
7 
8 
12 
13 

~~ 

1020 
1330 
1240 
1035 
09  30 
09  50 

130 
130 
130 
49 
2 30 
26 

M 
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APPENDIX 111 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE  STATIONS 

Sample Date o f  Time o f  Fecal Col i f om 
Station Col lecti on Col 1 ection MPN/100 ml 

9 Dec. 1/77 
5 
7 
8 
12 
13 

1045 
1310 
1215 
1030 
0920 
1000 

23 
12 
5 
79 
49 
13 

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

10 Dec. 1/77 1040 
5 1315 
7 1230 
8 1025 
12 0915 
13 1015 

~~ 

5 
5 
8 

11 
11 
11 

"""""""""""""""""""""""""""""""""""" 

11 Dec. 1/77 
5 
7 
a 
12 
13 

1050 
1305 
1210 
1035 
0935 
1005 

33 
46 
2 

430 
70 
170 

"""""""""""""""""""""""""""""""""""" ~~ ~ ~~ 

12 Dec. 1/77 
5 
7 
8 
12 
13 

~~ 

1055 
1300 
1040 
0940 
0955 
1210 

~~~~- 

49 
23 
130 
49 
230 
130 
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APPENDIX I11 DAILY BACTERIOLOGICAL  RESULTS  FOR MARINE STATIONS 

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

13 Dec. 1/77 
5 

7 
8 

12 

13 

1055 
1050 

1205 
1045 

0945 

1025 

22 
49 

350 
49 

46 

49 
"""""""""""""""""""""""""""""""""""" 

14 Dec. 1/77 1100  13 
5 1050 46 
7 1205 79 

8 1045 49 

12 0945 49 

13 1030 17 
.................................... 

15 Dec. 1/77 1105 23 
5 1055 23 

7 1200 33 
8 1050 23 

12 0945  170 

13 1030 11 
.................................... 

16 Dec. 1/77 1110 22 

5 1055 79 
7 1200 17 
8 1050 31 
12 09 50 110 

13 1035  110 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS  FOR MARINE STATIONS 

Sample Date of Time o f  Fecal   Col i  form 
S t a t i o n  Col 1 e c t i  on C o l l e c t i o n  MPN/100 m l  

17 Dec. 1 / 7 7  1110 22 
5 1055 130 
7 1155 8 

8 1050 17 
12 0955 49 
13 1035 70 

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

18 Dec. 1/77  1110 2 
7 1105 79 
8 1055 49 
12 0955 170 

13 1040 33 
"""""""""""""""""""""""""""""""""""" 

19 Dec. 1 / 7 7  
5 

7 
8 
12 

13 

1115 
1110 

1145 

1100 
1000 

1040 

5 

350 

13 

27 
22 

33 
"""""""""""""""""""""""""""""""""""" 

20 Nov. 17/77 
18 

21 

22 
24 
28 

Dec. 5 
7 

~~ 

0930 

0935 
0935 

1040 

1025 

0940 

1110 

1140 

2 

13 
8 

2 
2 

350 
140 

70 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sample Date o f  Time o f  Fecal Coli form 

Sta t ion  C o l l   e c t i  on C o l l e c t i o n  MPN/100 m l  

21 Nov. 1711977 
18 
21 
22 
24 
28 

Dec. 5 . 

7 
8 

0930 
0935 
0935 
1040 
1025 
0940 
1120 
1140 
1100 

22 
4 
2 
23 
14 
540 
21 
26 
79 

"""""""""""""""""""""""""""""""""""" 

22 Nov. 17/77 0930 8 
18 0930 8 
21 0935 2 
22 1035 22 
24 1020 2 
28 0935  170 

Dec. 5 1115 49 
7 1140 22 
8 1100  79 

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

23 Nov. 17/77 0935  46 
18 0940 8 
21 0940 22 
22 1045 2 
24 1030 4 
28 0945  920 
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APPENDIX I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sample Date o f  Time o f  Fecal  Col i form 
S t a t i o n  C o l l   e c t i  on Col 1 e c t i  on MPN/100 m l  

24 Nov. 17/77 0940 
18  0940 
21 0940 
22 1045 
24  1030 
28  0950 

7 
5 
23 
49 
7 

1600 
.................................... 

25 Nov. 17/77 0945 49 
18 09  40 5 
21 09  40 21 
22 1050 33 
24 1035 13 
28 09  50  1600 

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

26 Nov. 28/77 09  50  920 
Dec. 1 1120 8 

5 1120  33 
7 1135 33 
8 1105  79 

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

27 Nov. 28/77 0950  920 
Dec. 1 1120 23 

5 1125 110 
7 1135 33 
a 1105  49 

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

Sampl e Date  of Time o f  Fecal Col i form 

S t a t i o n  Col1   ec t i  on Col 1 e c t i  on MPN/100 m l  

28 Nov. 14/77 
17 
18 
21 
22 
24 
25 

1320 
09  50 
0940 
0945 
1050 
1035 
1235 

33 
130 
8 
33 
79 
14 
49 

"""""""""""""""""""""""""""""""""""" 

29 Nov. 14/77 1340  49 
17 09  50  220 
18 0945  14 
21 0945 13 
22 1055 33 
24 1035  110 
25 1135 79 

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

30 Nov. 28/77 
Dec. 1 

5 
7 
8 

1000 
1125 
1130 
1130 
1110 

350 
21 
49 
79 
79 

"""""""""""""""""""""""""""""""""""" 

31 Nov. 28/77 1000  540 
Dec. 1 1125 33 

5 1125 13 
7 1130 17 
a 1110  49 

U 
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APPENDIX I 1 1  DAILY  BACTERIOLOGICAL  RESULTS  FOR MARINE STATIONS 

Sample Date o f  Time o f  Fecal   Col i  form 
S t a t i o n  Col 1 e c t i  on Col 1 e c t i  on MPN/100 ml 

32 Nov. 14/77 1335 
17 1000 

18  0945 

21  0945 

22 1055 
24 1040 

63 
130 

8 

49 

130 

31 
.................................... 

33 Nov. 14/77 1345 

17 1000 
18 0945 

21 09 55 

22 1055 

24 1040 

25 1125 

49 

79 

8 

49 

33 

33 

110 
"""""""""""""""""""""""""""""""""""" 

34 Nov. 28/77 

Dec. 1 
5 

7 

8 

1000 

1125 
1130 

1130 

1110 

170 

13 
49 

11 

140 
.................................... 

35 Nov. 28/77 1005 

Dec. 1 1125 
5 1130 
7 1130 

8 1110 

350 

11 
49 
23 

170 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sample Date o f  Time o f  Fecal  Coli  form 

Sta t ion  Col 1 e c t i  on Col 1 e c t i  on MPN/100 m l  

36 Nov. 14/77 1350 

17 1000 

18 0945 

21 09  55 

22 1055 

24 1040 

23 

49 

17 
8 

170 

49 
.................................... 

37 Nov. 14/77 1355 49 
17 1000 11 

18 09  50 11 
21 0955 14 

22 1055 79 

24 1045 170 
"""""""""""""""""""""""""""""""""""" 

38 Nov. 14/77 

17 
18 
21 
22 

24 

25 

1400 

1005 

09 50 
1000 

1055 

1045 

1110 

46 

130 

23 
5 

240 

110 

240 
.................................... 

39 Nov. 17/77 
18 

21 

22 
24 

28 

1005 

09  50 

1000 

1100 

1095 

1010 

2 

2 
2 
7 

14 

240 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE  STATIONS 

II 

Sample Date o f  Time of Fecal Coli form 

Station Col 1 ecti on Col 1 ecti on MPN/100 ml 

40 Nov. 17/77 
18 

21 

22 

24 
28 

Dec. 7 
8 

1010 
0950 

1000 

1100 

1050 
1015 

1125 

1115 

2 
8 

2 

2 

13 

350 

49 

49 
.................................... 

41 Nov. 14/77 1405 33 

17 1015 17 
18 1000 13 
21 1005 8 
22 1105 130 

24 1050 170 
.................................... 

42 Nov. 14/77 
17 

18 
21 

22 

24 
25 

1405 
1015 

1000 
1005 

1105 
1050 

1105 

49 
49 

2 
7 

540 
350 

33 
.................................... 

43 Nov. 14/77 1410 240 
17 1020 49 
18 1000 7 
21  1005 33 
22 1105 170 
24 1055 350 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sample Date o f  Time o f  F e c a l   C o l i  form 

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

44 Nov. 28/77 
Dec. 1 

5 
7 
8 

1010 
1130 
1145 
1120 
1115 

170 
13 
70 
11 
170 

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

45 Nov. 28/77 
Dec. 1 

1015 
1130 
1145 
1120 
1115 

170 
11 
110 
13 
33 

"""""""""""""""""""""""""""""""""""" 

46 Nov. 14/77 1415  350 
17 1020 22 
18 1000  240 
21 1005 5 
22 1105  79 
24 1055  170 
25 1045  240 

"""""""""""""""""""""""""""""""""""" 

47 Nov. 14/77 1420  350 
17 1020 11 
18 1000 5 
21 1005 23 
22 1110  79 
24 1055 17 



rl 
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APPENDIX 111 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 
I 

I 

Sample Date  o f  Time o f  F e c a l   C o l i  form 

S t a t i o n  C o l   l e c t i  on C o l   l e c t i  on MPN/100 m l  

48 Nov. 17/77 
18 

21 

22 

24 

28 

1025 
1055 
1010 

1115 

1110 
1020 

79 
33 

7 
2 

23 

240 
.................................... 

49 Nov. 17/77 1025 79 

18 1005 13 
21 1015 2 
22 1115 11 
24 1110 11 
28 1020 540 

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

50 Nov. 17/77  1030 

18 1005 

21 1020 
22 1115 

24 1110 
28 1020 

110 

26 

23 
2 

8 

350 
.................................... 

5 1  Nov. 17/77 1030 2 
18 10  10  23 
21 1020 2 
22 1125 5 
24 1115 22 
28 1025  540 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sampl e Date  o f  Time o f  F e c a l   C o l i  form 
S t a t i o n  Col 1 e c t i  on Col  1 e c t i  on MPN/100 m l  

52 Nov. 17/77 1035 2 

18 1010 a 
21 1015 2 

22 1125 7 
24 1115 a 
28 1025  240 

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

53 Nov. 17/77 1035  130 
18 1015 6 

21 1020 49 

22 1125 2 

24 1115  33 
28 1030  920 

"""""""""""""""""""""""""""""""""""" 

54 Nov. 17/77 

18 
21 

22 

24 

28 

Dec. 5 

1040 

1015 
1025 

1030 

1120 

1030 

1200 

17 
a 
2 

8 

33 

540 

70 
.................................... 



1 

I 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sample Date  of  Time o f  Fecal  Col i form 

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

56 Nov. 28/77 

Dec. 1 

1035 

1140 
1200 

1110 
1120 

240 

2 
22 

17 
110 

57 Nov. 28/77 

Dec. 1 
5 

7 
8 

1035 

1140 

1200 

1110 
1120 

130 

8 
46 

11 
49 

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

58 Nov. 17/77 1050 46 

18 1020 14 
21 1030 4 

22 1130 11 
24 1120 8 
25 1030 17 

. 28 1040 540 
.................................... 

59 Nov. 17/77  
18 

21 
22 
24 

28 

1050 

1020 
1030 

1130 
1125 

1040 

17 

170 
2 

13 
a 

350 
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APPENDIX 111 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

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

60 Nov. 28/77 

Dec. 1 
5 
7 
8 

1040 220 

1140  13 

1205 13 
1110 33 

1125 79 
.................................... 

61 Nov. 28/77 

Dec. 1 
5 

7 

8 

1040 

1140 
1205 

1110 

1120 

170 
1600 

79 

46 

49 
.................................... 

62 Nov. 17/77 
18 

21 
22 
24 

25 

28 

1055 

1020 

1030 
1135 

1125 

1015 

1050 

8 

13 

13 
11 
23 

79 

1600 
"""""""""""""""""""""""""""""""""""" 

63 Nov. 17/77 1100 

18 1025 

21 1035 

22 1135 

24 1125 

25 1010 

49 

13 

17 \ 
33 

8 

17 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

I 

P 

~~~ ~~~ ~~~ ~~~ ~ 

Sample Date o f  Time o f  Fecal  Col i form 

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

64 Nov. 17/77 
18 

21 
22 

24 

28 

1100 
1025 

1040 
1135 

1135 

1055 

240 

110 

17 
22 

49 

920 
"""""""""""""""""""""""""""""""""""" 

65 Nov. 17/77 1105  2 

18 1030 2 

21 1040  2 
22 1140 13 
24 1135 22 

28 1055  220 

Dec. 7 1105 79 
8  1125 79 

"""""""""""""""""""""""""""""""""""" 

66 Nov. 17/77 1105 5 
18 1030 4 
21 1045  2 
22 1140 17 
24 1135 79 
28 1100 110 

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

67 Nov. 17/77 1110 2 
18 1030 5 
21 1045 5 
22 1145 33 
24 1145  46 

28 1100 240 
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APPENDIX I11 DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sampl e Date  o f  Time o f  F e c a l   C o l i  form 
S t a t i o n  C o l l   e c t i  on C o l l e c t i o n  MPN/100 m l  

68 Nov. 17/77 1110 2 
18 1035 7 
21 1045 5 
22 1145 110 
24 1145 31 
28 1100 130 

"""""""""""""""""""""""""""""""""""" 

69 Nov. 17/77 1110 11 
18 1035 5 

21 1050 2 

22 1145 130 

24 1145 240 
28 1100 540 

"""""""""""""""""""""""""""""""""""" ~~~ 

70 Nov. 17/77 
18 

21 
22 
24 
28 

1115 

1040 

1050 

1150 

1150 
1105 

79 

33 

5 
13 

79 

920 
"""""""""""""""""""""""""""""""""""" 

7 1  Nov. 17/77 1115 
18 1040 
21 1055 

22 1150 
24 1150 

28 1105 

Dec. 1 1100 

33 

17 
7 
7 

23 

1600 

110 

Y 

Y 

'IC 

w 



I 
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APPENDIX I 1 1  DAILY  BACTERIOLOGICAL  RESULTS  FOR  MARINE  STATIONS 

Sample Date o f  Time o f  Fecal  Col i form 

Station Col  lecti on Col 1 ecti on MPNI100 ml 

72 Nov. 17/77 1120 23 
18 1045 17 
21 1055 8 
22 1150 33 
24 1150  920 
28 1105  540 

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

73 Nov. 17/77 1125 49 
18 1045  79 
21 1100 17 
22 1205  170 
24 1155 350 
28 1110  350 

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

74 Nov. 28/77 1115 540 
Dec. 1 1155 49 

5 1210  130 
7 1050 280 
8 1130  170 

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

75 Nov. 28/77 1115 
Dec. 1 1155 

5 1210 
7 1050 
8 1135 

~ " _ ~ ~ ~ ~ "  

110 
70 
170 
33 
70 

\ 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sample  Date of 
S t a t i o n   C o l  1 e c t i  on C o l l e c t i o n  MPN/100 m l  

76 Nov. 17/77 
18 
21 

22 

24 

28 

1125 
1050 
1105 

1205 

1155 
1120 

79 
920 
170 

170 

920 

240 
.................................... 

77 Nov. 17/77 
18 

21 

22 

24 

28 

1130 
1055 

1110 

1210 

1155 

1120 

84 
1600 

79 
79 

240 

350 
"""""""""""""""""""""""""""""""""""" 

78 Nov. 17/77 1135 140 

18 1105 920 

21 1110 110 

22 1210 27 
24 1200 350 

28 1125 1600 
"""""""""""""""""""""""""""""""""""" 

79 Dec. 1/77 
5 
7 
8 

12 
13 

1200 

1210 

1040 

1140 

1030 
1100 

240 

49 

33 

130 

23 

70 



I 
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APPENDIX I 1 1  DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

I 

rl 

1 

Sampl e Date o f  Time o f  Fecal  Col i form 

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

79" Dec. 5/77 1225 46 
7 1040 79 

8 1145 170 
.................................... 

79-D Dec. 1/77  1200 11 
5 1215 49 

7 1040 49 

8 1140  130 

13 17 
.................................... 

80 Dec. 1/77 1205 130 
5 1230 27 
7 1030  2 
8 1150  2 

12 1025 11 
13 1055 49 

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

80" Dec. 5/77 1230 5 
.................................... 

80-D Dec. 5/77 1230 
7 1030 

8 1155 

13 
............................... 

81 Dec. 1 / 7 7  1210 
5 1235 

7 1025 

8 1200 

12 1010 

2 

8 

2 

33 """"_ 
5 

17 
2 

2 

17 
13  1050 33 
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APPENDIX I I I DAILY BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

Sample Date o f  Time o f  Feca l   Co l i   fo rm 
S t a  ti on Col  1 e c t i  on C o i l   e c t i  on MPN/100 rnl 

81" Dec. 5/77 1235  2 
7 1025  8 

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

81-D Dec. 5/77 1235 33 
7 1025 2 
12 10 10 2 
13 1050 22 

Y. 
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APPENDIX I V  

SUMMARY OF SALINITY  DATA  FOR  MARINE  SAMPLE  STATIONS 
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APPENDIX IV SUMMARY OF SALINITY DATA FOR MARINE STATIONS 

Sample No. o f  S a l i n i t y  Mean Sample No. o f  S a l i n i t y  Mean 

S t a t i o n  Samples Range Sal i n i  ty S t a t i o n  Sampl es Range S a l i n i t y  

( p p t )   ( p p t )   ( p p t  1 ( p p t )  

1 
2 

3 

4 

5 
6 

7 

8 

9 
10 

11 
12 

13 
14 

15 

16 
17 

18 

19 

20 

21 

22 
23 

24 
25 

26 

27 

6 

5 

6 

6 
6 
6 

6 

6 

6 
6 

6 

6 

6 
6 

6 

6 
6 

6 

6 

9 

9 
9 

6 

6 
6 
5 

5 

26.5-28.5 
24.5-28.5 

25.5-28.5 

26.5-28.5 
26.5-28.5 
25.5-28.5 

27.5-28.5 

26.5-28.5 

27.5-28.5 

26.5-29.5 

27.5-28.5 

26.5-28.5 

26.5-27.5 
27.0-28.0 

27.0-28.0 

27.0-28.5 
27.0-28.5 

27.0-28.5 

26.5-28.5 

23.5-28.5 
24.5-29.5 

26.5-29.5 

22.5-28.5 

20.5-28.5 

20.5-29.5 
23.5-28.5 

25.5-28.5 

27.8 
27.8 
27.0 

27.1 

27.6 
26.7 
28.2 

27.6 

28.2 

28.3 

28.2 

27.7 

27.3 
27.5 

27.6 

27.7 
27.8 

27.7 

27.3 

27.2 
27.8 

27.9 

27.1 

27.1 

26.9 
27.1 

27.5 

28 

29 
30 

31 

32 
33 

34 

35 

36 

37 

38 

39 

40 
41 

42 

43 
44 

45 

46 

47 

48 

49 

50 
5 1  

52 
53 

54 

7 
7 
5 

5 

6 
7 
5 

5 

6 

6 

7 
7 

8 
6 

7 

6 
5 

5 

7 
6 

6 

6 

6 
6 

6 
6 

7 

26.5-28.5 
26.5-29.5 

25.5-28.5 

26.0-28.5 

27.5-29.5 
24.5-28.5 

26.5-29.5 

26.5-29.5 

27.5-29.5 

27.5-29.5 

27.5-29.5 

24.5-29.5 

26.5-29.5 
27.5-29.5 

26.5-29.5 

27.5-29.5 
24.45-28.5 

26.5-28.5 

27.5-29.5 

27.5-29.5 

24.5-28.5 
22.5-29.5 

23.5-29.5 
25.5-29.5 

26.5-29.5 
23.5-29.5 

24.5-29.5 

27.8 

28.0 
27.3 

27.4 

28.3 
27.6 

28.1 
27.9 

28.5 

28.7 

28.4 

27.9 

28.4 
28.2 

28.1 

28.3 
27.1 

27.5 

28.1 

28.4 

27.6 
27.7 

27.7 

28.4 

28.1 
27.8 

27.7 
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APPENDIX I V  SUMMARY OF SALINITY DATA FOR MARINE STATIONS (cont inued)  

Sample No. of S a l i n i t y  Mean Sample No. o f  S a l i n i t y  Mean 

S t a t i o n  Sampl es Range Sal i n i  ty S t a t i o n  Samples Range Sal i n i  ty 

( p p t  1 (PP t )   (pp t )   (pp t )  

55 8 
56 5 
57 5 
58 7 
59 6 
60 5 

61  5 
62 7 

63 7 
64 6 

65 8 
66 6 

67 6 

68 6 

69 6 

70 6 

7 1  8 

23.5-29.5 27.4 
26.5-28.5 27.5 

27.0-28.5 27.6 

20.5-28.5 27.0 

23.0-28.5 26.9 

24.5-28.5 26.9 

27.0-28.5 27.6 
21.5-28.5 26.6 

22.5-29.5 26.9 
25.5-28.5 27.4 

26.5-29.5 28.0 

27.5-29.5  28.3 

27.5-29.5 28.7 

26.5-29.5 28.3 

25.5-29.5 28.2 

23.5-28.5 27.3 

24.5-29.5 27.5 

72 
73 

74 

75 

76 

77 

78 
79 

79" 

79-D 

80 

80" 
80-D 

81  

81" 

81-D 

6 
7 

5 
5 

6 
6 

6 
7 

3 

4 

7 

2 

3 

6 

2 

3 

27 . 5-29.5 

25.0-28.5 

26.0-27.5 

27.0-28.5 

24.5-28.5 
26.5-29.5 

24.5-28.5 
25.5-29.5 

27.5 

27.5-28.5 

27.0-29.5 

29.0 

28.5-29.0 

27.5-29.5 

28.5 

27.5-29.5 

28.2 

27.0 

27.2 

27.8 

27.3 
28.0 

27.1 
27.9 

27.5 

27.9 

28.5 

29.0 

28.7 

28.7 

28.5 

28.5 



U 

I 

I 
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APPENDIX V 

T I D A L  DATA 





- 82 - 

APPENDIX V I  

DAILY  BACTERIOLOGICAL  ANALYSES  RESULTS 
AND  SAMPLING  CONDITIONS  FOR  FRESHWATER  SAMPLES 
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APPENDIX VI DAILY BACTERIOLOGICAL  AEJALYSES  RESULTS AND SAMPLING CONDITIONS 

FOR  FRESHWATER  SAMPLES 

Samp 1  e R e s u l t s   P r e c i p i t a t i o n  

Total   Fecal   Fecal  FC:FS Sample Hour   Dai ly  
S t a t i o n   D a t e  Time C o l i f o r m   C o l i f o r m   S t r e p t o c o c c i  

P 1  

P2 

P3 

P4 

P5 

s1 

Nov. 15 
25 

Dec. 14 
16 

Nov. 15 
15 
25 

Dec. 14 

Nov. 15 
25 

Dec. 14 

Nov. 15 
25 

Dec. 14 

Nov. 15 
24 
25 

Dec. 14 

Dec. 14 
16 

1020 
930 
910 
855 

1015 
1015 

940 
920 

1000 
1005 
940 

950 
1020 

950 

940 
1010 
1035 
1000 

1020 
1005 

1100 
2100 
2900 
2 700 

220 
320 
200 
7 50 

2300 
9100 
5400 

2300 
$000 

3100 

1200 
200 
320 

1240 

180 
110 

72 
58 

10 
20 
46 

180 

1920 
40 

140 

680 
20 

610 

? 800 

10 
80 

230 

790 * 
540* 

240 
7 70 
500 
230 

360 
450 
87 

96 0 

3700 
530 

9000 

890 
1000 
3000 

470 
70 

210 
380 

0.75 
0.14 
0.14 
0.25 

0.03 
0.04 
0.53 
0.19 

0.52 
0.07 
0.15 

0.76 
0.02 
0.20 

0.14 
0.38 
0.60 

8.8 
4.3 47 

10.4 
T 

8.8 
8.8 

4.3 47 
10.4 

8.8 
3.3 47 

10.4 

8.8 
3 . 3  47 

10.4 

8.8 

3.3 47 
0.8  10.4 

0.8 10.4 
T 

*MPN/100 m l  

T - t r a c e  
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APPENDIX VI DAILY BACTERIOLOGICAL  ANALYSES  RESULTS AND SAMPLING CONDITIONS 
P 

FOR  FRESHWATER  SAMPLES ( cont inued)  

Samp 1  e R e s u l t s   P r e c i p i t a t i o n  .L 

T o t a l  Feca  1  Fecal FC:FS Sample Hour   Dai ly  

S t a t i o n   D a t e  Time C o l i f o r m   C o l i f o r m   S t r e p t o c o c c i  (II 

(MF counts /100  ml )  (mm 1 (mm) 

"- L 

s2 

s3 

s4 

s5 

S6 

Dec. 14 

16 

Nov. 17 
25 

Dec. 14 

16 
20 

Nov. 17 
25 

Dec. 1 

14 
16 

20 

Nov. 15 

25 

Dec. 2 
14 

16 

Nov. 15 

25 

Dec. 14 
16 

1040 

1015 

845 630 
1105 4000 

1040 3100 

1250 2800 
1010 240 

905 28 000 

1110 36 000 
1040 5700 

925 3100 
1220 600 

945 3000 

1400 430 

1255 7400 

1025 880 

1005 410 

1210 230 

1350 50 
1250 6600 

955 170 

1300* 
350* 

10 
630 

160 

1320 
20 

1600 

14  400 
1300 

200 

38 0 

2400 

< 100 

1100 

100 
61 

28 0 

< 100 

890 

< 10 

30 
27 10 

180 

39 0 
20 

48 0 
1500 

300 

1300 

40 

48 

50 
1000 

50 
60 

35 

170 
1200 

70 

0.33 
0.23 
0.89 

3.4 
1.0 

3.3 

9.6 

4.3 

0.15 
9.5 

50 

1.1 

2.0 
1.0 

8.0 

0.75 

0.8 

3.8 
0.8 

3.8 
1.3 

3.6 

0.8 

3.6 

10.4 

T 
47 
10.4 

T 

T 

47 
31.4 

10.4 
T 

8.8 

47 

5.6 

10.4 

T 

8.8 
47 

10.4 

1205 37 10  28 0.35 T c 

yi 
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APPENDIX VI DAILY BACTERIOLOGICAL  ANALYSES  RESULTS AND SAMPLING CONDITIONS 

FOR  FRESHWATER  SAMPLES (cont inued)  

Samp 1 e R e s u l t s   P r e c i p i t a t i o n  
Tota l   Fecal   Fecal  FC:FS Sample Hour   Dai ly  

S t a t i o n   D a t e  Time C o l i f o r m   C o l i f o r m   S t r e p t o c o c c i  
(MF counts/100 m l )  (mm) (mm) 

s7 

S8 

s9 

s 10 

s11 

Nov. 15 
25 

Dec. 14 

Nov. 15 
25 

Dec. 2 
14 

Nov. 15 

25 

Dec. 2 

Nov. 15 

25 

Dec. 2 
14 

16 

Nov. 15 

25 

1345 

1245 

950 

1335 
1240 

1015 

945 

1330 

1230 
1010 

1325 

1135 
1005 
935 

1200 

1315 

1125 

180 

1870 

860 

6100 
5900 

540 
1300 

6400 

162 000 
57 000 

7 20 

4600 
2000 
830 

190 

600 

3500 

40 

540 

10 

100 
1630 

140 

94 

500 

7600 
2700 

> 800 

1600 
200 
90 

100 

130 

430 

150 
1660 

350 

400 

7900 

3 30 

250 

16 500 

24 000 

2 100 

230 

2400 
< 100 

100 

38 

800 

15 800 

0.27 

0.32 

0.28 

0.25 
0.21 

0.42 

0.38 

0.03 

0.32 
1.3 

0.67 

0.90 

2.6 

0.16 

0.03 

8.8 
3.6  47 

10.4 

8.8 
3.6  47 

5.6 

10.4 

8.8 

3.6  47 

5.6 

8.8 

3.8 47 
5.6 

10.4 
T 

8.8 
3.6  47 



1 1 1  

I 

k 
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APPENDIX VI DAILY BACTERIOLOGICAL  ANALYSES  RESULTS AND SAMPLING CONDITIONS 

FOR  FRESHWATER  SAMPLES (cont inued)  

Samp 1  e R e s u l t s   P r e c i p i t a t i o n  

T o t a l  Feca 1 Fecal  FC:FS Sample Hour D a i l y  
S t a t i o n   D a t e  Time C o l i f o r m   C o l i f o r m   S t r e p t o c o c c i  

(MF counts/100 m l )  (mm) (mm) 

S12 Nov. 14 1255  690 10 

24 1100 5 100 3400 

25 1115 41 000 1400 

Dec. 1 1050  5900  800 
14 930 24 000 5300 

16 1155 1300 330 

110 
> 800 

3100 

1400 
3 30 

5600 

0.09 8.8 

0.45 

0.57 
16 
0.06 

3.6  47 

1.3  31.4 
10.4 

T 

S13 Nov. 14 1305 45 000 1900 

25 1105 26 000 410U 

Dec. 2 1000 >80 000 > 80 000 

6 300 

6400 

5000 

0.30 

0.64 
8.8 

3.6  47 

5.6 

S14 Nov. 15 1200 >80 000 380 000 

25 1045 20 000 1000 

Dec. 2 955 63 000 9400 
14 69 000 2160 

16 1120 49 000 114 000 

20 1110 920 000 1 140 000 

29 000 

6400 

<loo 
1100 

3800 

20 000 

13 

0.15 

8.8 

3.3  47 
5.6 

10.4 

T 

2.0 

30 

70 

S15 Nov. 15 1150 10 400 1250 
25 1035 17 000 1250 

Dec. 2 950 2300 200 

350 

9300 

400 

3.6 

1.3 
5.0 

8.8 

3.3  47 

5.6 

S16 Nov. 15 1145 18 000 18 0 
25 1030 73 000 17 00 

Dec. 2 950 17 00 100 

2400 

13 200 

600 

0.08 

. 0.13 

0.16 

8.8 

3.3  47 

5.6 

I 
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APPENDIX VI DAILY BACTERIOLOGICAL  ANALYSES  RESULTS AND SAMPLING CONDITIONS 

FOR  FRESHWATER  SAMPLES ( cont inued)  

Sample R e s u l t s   P r e c i p i t a t i o n  
Tota l   Fecal   Fecal  FC:FS Sample Hour   Da i ly  

S ta t i on   Da te  Time C o l i   f o r m   C o l   i f o r m   S t r e p t o c o c c i  

(MF counts/100  ml)  (mm 1 (mm) 

S17  

S 18 

s 19 

s20 

s21 

Nov. 15 
25 

Dec. 2 

Nov. 15 
25 

Dec. 2 

Nov. 15 
25 

Dec. 2 

Nov. 17 
24 

25 

Dec. 2 
14 

16 

20 

Nov. 17 
25 

Dec. 2 

14 

16 

1140 
1020 

945 

1120 
1005 

940 

1130 

1000 

935 

920 
1120 

1125 
855 

1005 

1055 

940 

945 

1230 

905 

1040 

1105 

2520 
9200 

2000 

2600 
13 600 

1200 

880 
22 000 

4300 

610 
850 

21 200 
2 500 

300 

450 

490 

670 

17 100 

62 000 

1500 

620 

5600 
4200 

100 

710 
3200 

100 

580 
4700 

2000 

370 
460 

9400 
1000 

390 

300 

220 

210 

8400 

9000 

290 

300 

1000 
1400 

100 

1200 
15 000 

1800 

1800 

13 500 

100 

370 
430 

1390 
200 

1800 

840 

150 

160 

1230 
2 100 

2900 

610 
70 

5.6 
3.0 
1.0 

0.59 
0.21 

0.06 

0.32 

0.35 

20 

1.0 
1.1 

6.8 
5.0 

0.22 

0.36 

1.5 

1.3 

6.9 

4.3 
0.10 

0.49 

8.8 
3.3 47 

5.6 

8.8 
3.3  47 

5.6 

8.8 
3.3  47 

5.6 

T 

3.8  47 

5.6 

0.8 10.4 

T 

T 

3.6  47 

5.6 
0.8  10.4 

T 
20 930 400 130 . -  1.9 
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APPENDIX V I  DAILY BACTERIOLOGICAL  ANALYSES  RESULTS AND SAMPLING CONDITIONS 

FOR  FRESHWATER  SAMPLES (cont inued)  

Sampl e R e s u l t s   P r e c i p i t a t i o n  

Total   Fecal  Feca 1 FC:FS Sample Hour D a i l y  

S ta t i on   Da te  Time Col i   form  Col  i form  St reptococc i  
(MF counts/100  ml) (mm) (mm) 

S22 Nov. 17 1030 > 80 000 > 80 000 >80 000 
25 1310 800 000 4000 < 10 000 

Dec. 2 915 100 100 100 
14 1030 82 000 14 000 2200 
16 1035 1 7  000 760 23 000 

S23 Nov. 24 1250 21 000 170 4500 
Dec. 2 925 970 < 10 < 10 

14 1040 420 10 5200 
16 1050 20 < 10 20 

T 
4.6 47 

5.6 
6.4 0.8 10.4 
0.03 T 

0.04 3.6 47 
5.6 

0.002  0.8  10.4 
T 
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APPENDIX VI I 

SUMMARY OF GREATER VANCOUVER REGIONAL  DISTRICT 

BACTERIOLOGICAL  ANALYSES  RESULTS, 1 9 7 5 - 1 9 7 7  

Y 
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APPENDIX V I1  SUMMARY OF GREATER VANCOUVER REGIONAL DISTRICT 

BACTERIOLOGICAL  ANALYSES  RESULTS, 1975-1977 

No. o f  
Samples Median 90 percent  i 1 e 

Composite  Results: GVRD S ta t i ons  22-25 Approximates EPS S t a t i o n  63 
(Median: 17; 90 pc t :  100.3) 

Feb. - Sept. 1975 94 55 430 
Feb. - May, Sept. 1975 (non-summer) 52 40 430 

June-Aug. 1975 (summer 42 90  430 

Apr. - Aug., 1976 47 40 29 70 

May - Ju ly ,  1977 (pre-hookup) 47 40  233 

Aug. - Sept., 1977 (post-hookup) 38  40 49 4 

May - Sept., 1977 84  40  350 

GVRD S t a t i o n  26 Approximates EPS S t a t i o n  62 

(Median: 13; 90 pc t :  535.3) 

Feb. - Sept., 1975 24 90 230 
Feb. - May, Sept., 1975 (non-summer) 13  90  224 

June - Aug., 1975 (summer) 11 70 230 

Apr. - June, 1976 9 70  3237 

May - Ju l y ,  1977 (pre-hookup) 11 40  216 

Aug. - Sept., 1977 (post-hookup) 10 90 230 
May - Sept., 1977 21 40 230 
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APPENDIX VI1 SUMMARY OF GREATER VANCOUVER REGIONAL DISTRICT 

BACTERIOLOGICAL  ANALYSES  RESULTS, 1975-1977 (Cont 'd)  

No. o f  
Samples Median 90 percent i  1  e 

GVRD S t a t i o n  27 Approximates EPS S t a t i o n  54 
(Median: 17; 90 pct :  211) 

Feb. - Sept., 1975 23 140 93 0 

Feb. - May, Sept., 1975 (non-summer) 13 90  930 

June - Aug., 1975 (summer) 10 220 93 0 

Apr. - June, 1976  9 40 1767 

Sept., 1977  2  48 5 752 

GVRD S t a t i o n  3A Approximates EPS S t a t i o n  18 
(Median: 59:5; 90 pc t :  115.4) 

June - Aug., 1976 11 43 438 

Aug. , 1977 11 43 . 460 

GVRD S t a t i o n  28 Approximates EPS S t a t i o n  45 and 52 

(Composite  Median: 11; 90 pct :  164) 

Feb. - Sept., 1975 24 55 430 

Feb. - May, Sept., 1975 (non-summer) 13 70 430 

June - Aug. , 1975 (summer) 11 40 396 

Apr. - June, 1976  9  40  174 

Sept., 1977 - L i m i t e d   s t a t i s t i c a l  2  765  1206 
re1 i abi  1 i ty 

I! 

L 

c 
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APPENDIX VI1 SUMMARY OF GREATER VANCOUVER REGIONAL DISTRICT 
BACTERIOLOGICAL  ANALYSES  RESULTS, 1975-1977 (Cont 'd)  

No. o f  
Samples Median 90 percen t i  1  e 

GVRD S t a t i o n  29 Approximates EPS S t a t i o n  37 
(Median: 31:5; 90 pc t :  115.4) 

Feb. - Sept., 1975 23 90 370 
Feb. - May, Sept., 1975 (non-summer) 13 90 230 
June - Aug., 1975 (summer) 10 120 430 

Apr. - June, 1976  10 40 81 7 

Sept., 1977 - L i m i t e d   s t a t i s t i c a l  2 48 5 752 
re1 i abi 1 i ty 

GVRD S t a t i o n  30 Approximates EPS S t a t i o n  28 
(Median: 33; 90 pc t :  94.3) 

Feb. - Sept., 1975 
Feb. - May, Sept., 1975 
June - Aug. , 1975 

24 55 326 
13 90 37 0 
11 40 216 

Apr. - June, 1976 9 40 817 

Sept., 1977 - L i m i t e d   s t a t i s t i c a l  2 90 ,126 
re1 i abi 1 i ty 
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APPENDIX VI I SUMMARY OF GREATER VANCOUVER REGIONAL DISTRICT 

BACTERIOLOGICAL  ANALYSES  RESULTS, 1975-1977 (Cont'   d) 

No. o f  
Samples Median 90 pe rcen t i  1 e 

GVRD S t a t i o n  10A and 1 1 A  Approximates EPS S ta t i ons  

77 and  78  (Median:  190; 90 pct:  1464) 

June - Aug., 1976 16 58 328 

June - Aug., 1977 24  68  1100 

June,  July, 1977 (pre-hookup) 16 43 716 

Aug.,  1977 (post-hookup) a 166.5  1100 

GVRD S t a t i o n  8 (2A)  Approximates EPS S t a t i o n  3 
(Median: 170; 90 pct :   284) 

Feb. - Sept.,  1975 24 40  198 

Feb. - May, Sept.,  1975  (non-summer) 13 40  230 

June - Aug., 1975  (summer) 11 40 90 

Apr. - Aug., 1976 20 30 240 

Apr. - May, 1976  (non-summer) 5 90 160 

June - Aug, 1976  (summer) 15 15 350 

May - Sept.,  1977 24 < 30  80 

June - Aug., 1977  (summer) 15 < 30  120 

May - Sept., 1977 (non-summer) 9 < 30 45 



- 94 - 

APPENDIX V I 1  SUMMARY OF  GREATER VANCOUVER REGIONAL DISTRICT 

BACTERIOLOGICAL  ANALYSES  RESULTS, 1975-1977 (Cont 'd)  

No. o f  
Samples Median 90 percenti  1  e 

GVRD S ta t ion  9 Approximates EPS S t a t i o n  4 
(Median: 124.5; - 90 pct: 228) 

Q 

Feb. - Sept., 1975 23 30 206 
Feb. - May, Sept., 1975 (non-summer) 13 30 132 
June - Aug., 1975 (summer) 10 30 2 30 

Apr. - June, 1976 9 90 212 

May - Sept., 1977 22 30 80 
June - Aug., 1977 (summer) 13 30 40 
May, Sept., 1977 (non-summer) 9 30  158 
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APPENDIX VI I I 

SUMMARY OF FECAL  COLIFORM MPN DATA 

FOR SERPENTINE , NICOMEKL, AND CAMPBELL  RIVERS,  1973-1977 

rl) 

m 
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APPENDIX I X  

CHEMICAL  ANALYSES  RESULTS  FOR  FRESHWATER  STATIONS 
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APPENDIX IX SUMMARY OF MINISTRY OF ENVIRONMENT, POLLUTION 

CONTROL BRANCH (13)  NUTRIENT ANALYSIS DATA, 

1972-1977 

Locat ion  
Parameter*  Campbell  River  Campbell  River Semi  ahmoo Bay 

a t  1 7 6 t h   S t r e e t   a t   2 1 6 t h   S t r e e t   ( 1   m i l e  S.W. o f  
White Rock p i e r )  

PH 7.4 (31) 6.8 (33) 8.0 (54) 
o r t h o  PO4-P 0.038 (19) 0.018 (19) 0.041 (37) 
t o t a l  PO4-P 0.074 (27)  0.061 (28) 0.065 (45)  

NO?-N 0.013 (22)  0.0066 (23)  0.0068 (40) 

NO 3-N 1.02 (22)  0.46 (23) 0.19 (40) 

NH3-N 0.063 (19)  0.051 (19) 0.016 (41) 

*A1 1 parameters i n  mg/l u n i t s   e x c e p t  pH (pH u n i t s )  
Numbers i n  brackets  denote number o f  samples  used t o   a r r i v e   a t  average 

Y 

L 
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