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ABSTRACT 

Y 

1 

1 

Between April 1, 1980 and March 31, 1981 the Environmental 
Protection  Service conducted bacteriological surveys of b iva lve  
molluscan shellfish growing waters i n  the fo l lowing  areas: Okeover 
I n 1  e t ,  Lancelot I n 1  e t ,  Mal aspina In1 e t ,  Theodosia Inlet, Lund, Scuttle 
Bay t o  Powel 1 River, G i  11 ies Bay (Texada Is1 and) , portions of Desol a t  i on 
Sound, Quadra Is1 and ,  Cortes  Island and West  Redonda Is1 and. The 
surveys were conducted t o  classify the she1 lfish growing waters as t o  
their  acceptability for the purpose of shellfish harvesting. Sani ta ry  
surveys were conducted concurrent w i t h  the  bacteriological  studies t o  
iderltify and evaluate the  sources of fecal pol 1 u t ion  t o  the marine 
waters. 

The da ta  collected indicated numerous areas were contaminated 
w i t h  fecal p o l l u t i o n  beyond acceptable  federal water q u a l i t y  standards. 
The sources of  contarninati on t o  the  study  areas were varied and incl uded 
agr icu l tura l  runoff, overboard discharges o f  raw  sewage from pleasure 
vessels,  discharges from sewage treatment systems and non-point sewage 
sources. 

As a result of these  surveys, 13 new closures and 5 closure 
amendments  were  added t o  the Pacific Shellfish  Regulations Schedule I 
(Contaminated Areas) 
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RE s UME 

Entre l e   l e r  a v r i l  1980 e t   l e   3 1  lnars 1981, l e  serv ice de l a  
p r o t e c t i o n  de l 'environnement a e f f e c t u c  des Gtudes bacth- io log iques des 

eaux o'u c ro issent  des mol 1 usques b iva lves  dans l e s  zones sui  vantes: 

Okeover In1   e t ,  Lance1 o t   I n1   e t ,  Mal aspina  In1  et,   Theodosia  In1  et,  Lund, 

S c u t t l e  Bay 'a Powe l l   R i ve r ,   G i l l i es  Bay ( i l e  Texada), ce r ta ines   pa r t i es  

du   d6 t ro i t   Deso la t i on ,  1 ' i l e  Quadra,  1 ' i l e  Cortes  et  l'il e Redonda. Ces 

Gtudes ont eu  pour o b j e t  de c l   asse r   l es  eaux o'u c ro issent  1  es 
mol 1  usques, selon  qu'  el 1 es sont ou non propres 'a l e u r   p k h e .  Des i itudes 

s a n i t a i r e s   o n t  ittit effectui tes en rnhe temps  que les  i i tudes 
bacth- io log iques pour i d e n t i f i e r  e t  &va luer  l e s  formes de p o l l u t i o n  des 

eaux de l a  mer par des Inatih-es  f 'ecales. 
Les r 6 s u l t a t s  obtenus  par  les  analyses  rnontrerlt que de 

nombreuses  zones sont  contarniniies  par une p o l   1   u t i o n   d ' o r i y i n e   f k a l e  

au-del'a  des nonnes  de qual i t i  de 1 ' eau f i x i ies   par   les   o ryan i  sines 

fk l i i raux.  Les sources de contaminat ion des  zones Gtudi'ees  sont  varices: 

e l   l e s  cornprennent  1  es eaux  de r u i s s e l l  ement, l e  diiverselnent de mat i i i res 
fGcal es 'a p a r t i r  des bateaux de pl  aisance,  1  e  produit des systknes de 

t ra i ternent  des  eaux d'   5gout  et  l a  pol 

impossibles 2 l o c a l   i s e r .  
1 a s u i t e  de ces  analyses 

1 ut ion  provenant de sources 

, 13 nouvel les zones i n t e r d i t e s   e t  

5 modi f icat i fs   concernant  des  zones i n t e r d i t e s   o n t  G t i i  ajout i is  aux 
Riiglements  re1 a t i f s  'a l a  p k h e  des mol 1  usques, p a r t i e  1 (zones . 

contarniniies) 
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CONCLUSIONS 

J 

a, 

1. 

2. 

Bivalve mol 1 uscan shel 1 fish a t  the head of Okeover Inlet (po r t ion  
of oyster  lease L.6454) are  subject t o  fecal  contamination from a 
stream entering a t  this  location, a l t h o u g h  the contarnination would 
be restricted t o  those shellfish i n  close proximity t o  the stream 
bed, particularly a t  low t i d e .  The source(s) o f  contarnination was 
not identified; however, fecal col ifonn  level s i n  the yrowi ny  
water were elevated fol lowing a period of heavy rain indicating 
contaminated runoff t o  be the probable cause. 

Process water discharged by the S1 iamlnon Seafoods P l a n t  d i d  not 
have a measurable affect on marine water q u a l i t y  in  the nearshore 
areas or by the sink f l o a t .  However, the process water was 
intermittently contaminated w i t h  low levels of fecal  coliforms and 

the poor location of the  outfall pipe could result i n  occasional 
receiving water contamination i n  the  vicinty of the  sink f l o a t .  
Considerat ion should be given t o  extending the o u t f a l l  or 
re1 ocating  the sink float i f  the f l o a t  i s  t o  be used. 

3.  Bivalve mol 1 uscan shel 1 fish a t  the head of  Trevenen Bay (oyster 
lease L.2855) may be subject t o  contamination from goats h a v i n g  

access t o  the beach area. A1 t h o u g h  lllarine water qual i t y  results 
were acceptable, h i g h  fecal levels were observed i n  a sample of 
oysters taken fro111 this  1 ocation. Access t o  the beach area by 
farm animal s should not be permitted. 

4. The growing waters a t  the head of Thors Cove (oyster  lease L.2313) 
were contaminated w i t h  fecal pol 1 u t ion  t o  the  extent t h a t  consump- 
t i o n  of b i v a l v e  molluscan shellfish harvested from th is  area may 
pose a h e a l t h  hazard. The source of contamination was not ascer- 
tained. 
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5. The growing waters a t  the head of Theodosia Inlet  (oyster  lease 
L.7116 and L.7107) were contaminated w i t h  fecal pol 1 ution t o  the 
extent t h a t  consumption of  b i v a l  ve mol 1 uscan shel 1 fish harvested 
f rorn this area may pose a health hazard. The Theodosia  River and 
other  freshwater  inputs a t  the head of the  inlet  are implicated as 
the source of contamination. 

6. The waters i n  Lund Harbour  were generally of acceptable 
bacteri ol ogical qual i t y  for shel 1 f ish harvesting, except i n  the 
immediate vicinity of the government  wharf.  However, the numerous. 
wharves i n  the  area,  the heavy boating t ra f f ic  and the  existence 
of direct and treated sewage discharges t o  the nearshore zone 
preclude this area from shellfish harvesting. 

7. The intertidal zone  from, b u t  not including Scuttle Bay, southeast 
t o  Gibson's Beach (north of  Powell River) is contaminated w i t h  
fecal  pollution t o  the  extent t h a t  consumption of bivalve 
molluscan shel lf ish harvested from th is  area may pose a health 
hazard. The discharge of  sewage  from the Sliammon Indian 
Reservation sewage treatment  plant is the probable source of 
contamination. (The Scuttle Bay area 15-1 closure remains i n  
effect due t o  local  sources.) 

8. The discharge of chlorinated sewage effluent from the Wildwood 
Heights sewage 1 agoon d i d  not result i n  rneasurabl  e contamination 
of the  receiving waters. Localized pollution may occur near the 
m o u t h  of the unnamed creek receiving  the  effluent due t o  upstream 
contamination. 

9. The intertidal zone a t  the head of Gillies Bay, Texada Island, i s  
subject t o  fecal  pollution  entering  the bay via Cranby Creek. 
This creek receives  effluent from a sewage  lagoon and is also 
contaminated by general  drainage from the surrounding comrllunity. 
Dur ing  h i g h  rai n f a l l  , the impact  of  Cranby  Creek and numerous 
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other stormwater discharges can contaminate the  intertidal zone a t  
the head of the bay t o  the extent t h a t  consumption of bivalve 
moll  uscan shel l f ish from this area may pose a h e a l t h  hazard. 

11 

10 Numerous  summer anchorage areas were subject t o  intermittent  fecal 
contamination due t o  overboard discharges of raw sewage  from 
pleasure vessels. Not a l l  of  the anchorage areas surveyed 
exceeded shel 1 fish growi ng water  qual i t y  standards, prinlari ly due 
t o  difficult ies i n  the detection of boating wastes. However the 
d a t a  collected was sufficient  to  indicate  that consumption of 
bivalve molluscan shellfish harvested from anchorage areas may 
pose a heal t h  hazard d u r i n g  the boating season. The areas o f  

specific concern are Prideaux Haven,  Tenedos'  Bay,  Grace  Harbour, 
A1 1 ies Is1 and (commercial oyster  lease L. 3901 and L. 2 9 7 ) ,  Roscoe 
Bay, Squirrel Cove, Cortes Bay,  Hanson  Bay, Von  Donop Inlet, and 
Drew Harbour . 
The waters a t  the head of  Refuge  Cove,  West  Redonda Is1 and,  are 
subject t o  fecal Contamination t o  the  extent t h a t  consumption of 
bivalve mol 1 uscan shell  fish harvested from t h i s  area may pose a 
health hazard.  The sources of contamination include raw 
discharges from dwel l ings  along the shore and discharyes from 
boats moored a t  the marina. The  present shel 1 f i s h  closure i n  t h i s  

area i s  adequate t o  safeguard the shel 1 fish consunler. The 
commet cia1  oyster  lease (L.3569) located i n  the  outer  portion o f  

Refuge  Cove was not subject t o  fecal p o l l u t i o n  frorll the  identified 
sources. 

1 2 .  The waters along the  east  coast of Cortes Is1 and ,  from the 
Squirrel Cove  dock t o  Mary P o i n t  including comtnercial oyster  lease 
L. 1512, met the approved shellfish growing  water standard. 

13 The waters of  Gorge Harbour, Cortes I s l a n d ,  i n c l u d i n g  commercial 
oyster  leases L.473, L.461, L.295, L.457 and L.1571, met the 
approved shellfish growing water standard.  Portions of the 
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harbour i n   t h e   v i c i n i t y   o f   t h e  Goryeview Marina may be subject  t o  
i n t e r n i t t e n t   c o n t a m i n a t i o n   r e s u l t i n g  from  overboard  discharges o f  

raw sewage.  The e x i s t i n g   s h e l l f i s h   c l o s u r e   i s   c o n s i d e r e d  adequate 

t o  p r o t e c t   t h e   s h e l l f i s h  consumer. 

14 The waters o f  Whaletown Bay, Cor tes   Is land  inc lud ing   the  
commerci a1 oyster   lease (L.458) located  near  the head o f   t h e  bay 

met t h e  approved  shel 1 f ish  growi  ny water  standard. 

15  The waters o f  Coul t e r  Bay, Carr ington Bay  and Quar tz  Bay  on Cortes 
I s 1  and,  and  Evans Bay and Burdwood Bay on Read I s1  and met t h e  

approved  shel 1 f i s h  growing  water  standard. 
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SCHEDULE I CLOSURES 

As a result of  the  studies  described  herein,  the  following 
amendments to Schedule I (contaminated Areas) o f  the Pacific  Shellfish 
Regulations have  been instituted. 

1. 

2. 

3. 

4. 

5. 

Contaminated Area  13-2 i s  amended as  follows: Area  13-2. The 
waters and tidal  foreshore o f  Manson's Landing, Cortes Island, 
Area 13, lying w i t h i n  900 metres o f  the government dock, excluding 
Manson  Lagoon, except t h a t  shellfish may be taken from  September 
15 t o  April  30 each year. 

Contaminated Area  13-3 i s  revoked as i t  i s  already under a general 
Schedule I wharf closure (Item 1, Schedule I ) .  

Contaminated Area 13-6 is  revoked and rep1  aced w i t h  the foll  owing: 
Area  13-6.  The waters and tidal  foreshore o f  Drew Harbour, 
Quardra I s l and ,  Area 13, lying  inside a line drawn from the 
northernmost t i p  o f  Rebecca S p i t  across  the  entrance of Drew 
Harbour to  i t s  western head1 and, except t h a t  she1 1 fish may  be 
taken from September 15 t o  April 30 each year. 

Area 13-7 i s  amended as fo l  1 ows : Area  13-7.  That portion of the 
tidal  foreshore of Gorge Harbour, Cortes Island, Area 13, l y i n g  
300 metres west o f  the Goryeview  Marina  wharf and 300 metres east 
of the government wharf, except t h a t  shellfish may  be taken from 
September 15 t o  April 30 each year,  outside o f  the  standard wharf 
cl  osure boundaries. 

Area 16-6 i s  amended as follows: The t i d a l  foreshore o f  Gillies 
Bay, Texada I s l a n d ,  Area 16, lying w i t h i n  an 800 m radius o f  the 
mouth o f  Cranby Creek entering a t  the head o f  Gillies Bay. 
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1. 

2. 

3. 

4. 

5. 

6. 

The f o l l o w i n g  additions t o  Schedule I o f  the Pac i f i c  Shellfish 
Regulations have  been instituted. 

Area 15-3. The intertidal zone a t  the head o f  Theodosia Inlet, 
Area 15, lying  inside a line drawn from the Percy Logging Company 
dock on the south side o f  the  Inlet, t o  the small peninsula 
directly across on the north side of the  inlet. 

Area 15-4. The intertidal zone a t  the head of Thors  Cove, 
Lance1 o t  Inlet ,  Area 15. 

Area 15-5. The i n t e r t i d a l  zone l y i n g  w i t h i n  a 200 13 radius of the 
unnamed creek entering a t  the head of Okeover Inlet ,  Area  15. 

Area 15-6’. The waters and tidal  foreshore o f  Lund Harbour, Area 
15, lying  inside a line drawn from the peninsula a t  the northern 
end of the harbour entrance t o  the poin t  o f  land a t  the southern 
entrance t o  the government wharf. 

Area  15-7.  The waters and tidal  foreshore of the area known as 
Prideaux Haven, i n c l u d i n g  Melanie Cove and Laura Cove,  Area 15, 
bounded on the west by a 1 ine drawn t o  the narrowest p o i n t  between 
Eveleigh Is1 and and the main1 and coast and on the north by a 1 i ne 
drawn from Lucy Point  on Eveleigh Is1 and t o  the westernmost t i p  of 
Scobell Is1 and and thence from the easternmost t i p  o f  Scobell 
Is1 and t o  Coppl estone Po in t ,  except t h a t  shell  fish may be taken 
from September 15 t o  April  30 each year. 

Area 15-8. The waters and t i d a l  foreshore of Tenedos Bay, Area 
15, lying  inside a line drawn from the  eastern t i p  o f  Bold  Head 
northeast t o  the southern headland of the easternmost bay of . 

Tenedos Bay, except t h a t  shell  fish may be taken frorn September 15 
t o  April 30 each year. 

I 

Y 

c 



- xvi - 

II 

7. Area 15-9. The i n t e r t i d a l  zone  lying between Allies Island  and 
West Redonda Is1 and, Area 15 ,   except   tha t  shel l f i s h  may be taken  
from  September 15 t o  April 30 each  year.  

8. Area 15-10. The waters and t i da l   fo re shore   o f  Roscoe Bay, West 
Redonda  Is1  and,  Area  15, except t h a t  shel 1 fish may be taken  from 
September 1 5  t o  April 30  each  year. 

9. Area 15-11. The waters and t i da l   fo re shore   o f   Squ i r r e l  Cove, 
Cor t e s   I s l and ,  Area 15, excep t   t ha t  shel l f i s h  may be taken  from 
September  15 t o  April 30 each  year. 

10. Area  15-12. The waters and t i d a l   f o r e s h o r e  of Cortes Bay, Cortes 
I s l a n d ,  Area 15, l y i n g  inside a line drawn a t  the e n t r a n c e   t o  the 
bay ,   except   tha t   she l l  f ish may be taken from  September 1 5   t o  April 
30 each  year .  

11. Area 15-13. The waters and t i d a l   f o r e s h o r e  o f  Von Donop I n l e t ,  
Cor t e s   I s l and ,  Area 15, except t h a t  shellfish may be taken  from 
September 15 t o  April  30 eac'h year .  

12. Area 15-14. The waters  and t i da l   fo re shore   o f  Refuge Cove, West 
Redonda I s l a n d ,  Area  15, l y i n g   i n s i d e  a l ine  drawn ac ross  the head 
of the cove,  from a poin t  on the nor th   foreshore  400 metres from 
the c e n t r e  o f  the b u l k  o i l   s to rage   t ank   s i t ua t ed   nea r  the head  of 
the c o v e ,   t o  a po in t  on the south   foreshore  275 metres from the 
centre o f  the b u l k  oi l   s torage  tank.   (Note:  This c l o s u r e ,  
former ly  Area 13-6, was a l t e r e d   t o  conform w i t h  Area des igna t ions . )  

13. Area  15-15. The waters  and t i d a l  foreshore  of  Grace  Harbour,  Area 
15 ,   ly ing  inside a line drawn  from Moss P o i n t   t o   S c o t t   P o i n t ,  
e x c e p t   t h a t  shel l f ish may be taken  from September 1 5   t o  April 30 

each  year.  
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W i t h  respect t o  amendments 13-2, 13-6 and 13-7, and add i t ions  
15-7, 15-8, 15-9, 15-10, 15-11, 15-12, 15-13,  15-14 and  15-15, t he  major 
cause of the observed or po ten t i a l  sewage contamination was the 
overboard discharge of raw  sewage  from pleasure  vessels. I t  i s  
recognized t h a t  the contaminat ion of shellfish beds i n  anchorage area is  
intermittent and depends upon numerous factors such as: 

( i  ) the number of boats  present and their  proximity t o  
shel lfish beds. 

( i i  ) the volume of water movement i n  the anchorage area. 
( i i i )  the sewage treatrnentldisposal systems utilized by each 

vessel. 

Therefore a t  any given time these  areas may or rnay no t  meet 
shel lf ish growing water standards  during the summer. Further, d u r i n g  
those  periods when the water is  free of detectable sewage po l lu t ion ,  
shellfish  tissue rnay remain- contaminated.  Therefore the  aforementioned 
restrictions on shellfish harvesting have  been  imposed d u r i n g  the heavy 
b o a t i n g  season from May 1 t o  September 14 each year. 

The shellfish  closures  are shown i n  Figures 1 and 2. 
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1 INTRODUCTION 

Under the requirements  of the Canadian She1 1 f i sh  Sa fe ty  
Program the Environmental   Protect ion  Service  regular ly   conducts  water 
q u a l i t y   s u r v e y s   t o   a s s e s s  the bac te r io log ica l   qua l i t y   o f  shellfish 
harvest ing  areas .   During the 1980-1981  program y e a r  (April 1, 1980 t o  
March 31, 1981) three such surveys were conducted by EPS i n  the 
f ol 1 owi ny a r e a s  : 

( a )  Area  I :   Okeover   Inlet ,   Malaspina  Inlet ,   Lancelot   Inlet ,  
Theodosia   Inlet ,  Lund Harbour ,   Scut t le  Bay t o  
Powell River and Gill  ies Bay,  Texada Island. 

(b)  Area 11: Desolation Sound, West Redonda Is1 and,  Cortes 
I s l and  and  Quadra Island. 

( c )  Area  111 : Jervis I n l e t ,  Ne1 son  Is1  and,  Churchill Bay and 
Hal  fmoon  Bay. 

Data from the f i r s t  two surveys is presented i n  this r e p o r t ,  
whi 1 e d a t a   f o r  the t h i r d  survey w i  11 be presented i n  a future r epor t  
pending   addi t iona l   da ta   ga ther ing  i n  August 1981. The l o c a t i o n  of 
survey   a reas  I and I1  i s  shown i n  Figure 3.  

P r e v i o u s   s h e l l f i s h  surveys f o r  the s tudy   a reas  had been 
c a r r i e d   o u t  by EPS , i n  1973(1) and 1975(2)  when selected a r e a s  of 
Quardra,   Cortes and West Redonda Is1  ands  and the main1  and coast   nor th o f  

Powel 1 River were salnpl ed. However, no growi ng water  surveys had been 
conducted i n  the Oesol a t i o n  Sound,  Okeover In le t ,  Lund Harbour o r  
Gi 11 ies Bay areas .   In   addi t ion,   changes i n  sewage  treatment and 
d i s p o s a l   p r a c t i c e s  had occured i n  the previous ly  surveyed areas .  
Consequently, she1 1 fish surveys were planned i n  these a r e a s  d u r i n g  the 
1980-1981  program y e a r  w i t h  the fo l lowing   ob jec t ives :  

1. Assess the shel l f ish growing  water   qual i ty  of p rev ious ly  
unsurveyed  commercial  oyster  leases. 



- 2 -  

2. Assess the  irnpact on water  qual i t y  o f   t h e  S1 iarnlnon  Sea- 

foods P1 ant  process e f f l  uent.  Federal  Fish  Inspection 

r e p o r t s  had ind icated  contaminat ion  o f  unknown o r i g i n  was 
r e n d e r i n g   s i n k   f l o a t   o y s t e r s   i n   t h e   v i c i n i t y   o f   t h e  

e f f l  uen t   d ischarge  un f i t   fo r  consumption. 
3. Assess the  impact   o f  a sewage treatment  plant  discharge, 

r e s i d e n t i a l  r a w  sewage discharges and overboard  raw sewage 
discharges on the  water  qual i ty  i n  and around  Lund  Harbour 

4. Re-assess  shel 1 f i s h  growing  water  qual i t y  between S c u t t l e  

Bay and  Powel 1 River.  Since  the 1975 EPS survey,  the 

o u t f a l l   s e r v i n g   t h e  Sliammon Indian  Reservat ion STP had 
been lengthened and c h l o r i n a t i o n   f a c i l   i t i e s  had  been  added 
t o   t h e  Wildwood  Heights 'sewage ,lagoon. 

5. Assess t h e  irnpact o f  a sewage lagoon  discharge on t h e  

water  qual i t y  o f  G i  11 i e s  Bay, Texada I s1  and. High 

b a c t e r i a   l e v e l s   i n   s h e l l f i s h   t i s s u e  samples taken  from 

G i l l i e s  Bay had  been obtained  by  the  Fish  Inspect ion 

Branch. The area was subsequen t l y   c losed   t o   she l l f i sh  

harvest  i ng pending a s a n i t a r y  and b a c t e r i   o l   o g i c a l  

i n v e s t i g a t i o n .  

6. Assess the  impact  of   overboard  d ischarges  of   raw sewage 

from pl  easure  vessel s i n  major  anchorage  areas w i t h i n   t h e  

Desolat ion Sound and Quadra,  Cortes , W. Redonda Is1 ands 

areas.  Unexplained  fecal   contaminat ion  of   shel l f ish 

samples harvested  from  these  areas had  been recorded  by 
the   F ish   Inspec t ion  Branch. 

7. Assess t h e  adequacy o f   o t h e r  Schedule I s h e l   l f i s h   c l o s u r e s  

i n   t h e   s t u d y  areas. 

B a c t e r i o l o g i c a l  and san i ta ry   su rveys   o f  Area I were 

conducted i n  May and  November o f  1980,  and Area I 1  surveys 

were  conducted i n   J u l y  1980 by s t a f f   o f   t h e  Environmenta? 

Protect ion  Serv ice.  
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2 SAMPLE STATION LOCATIONS 

Marine sample stations were located over commercial oyster 
leases or i n  commercially harvested clam and oyster  areas. These areas 
were identified by the  provincial Marine Resources Branch and the 
federal Department of Fisheries and Oceans.  Sample stations were also 
located i n  shellfish areas  subject t o  fecal contamination from vessel 
discharges, sewage effluents and other  sources o f  fecal  contamination. 

Freshwater and effl uent sampl e stations were establ ished on 
a l l  major inputs t o  the marine sampl i n g  areas. 

The 1 ocat ion of colnmerci a1 oyster  leases i n  the study areas 
are  shown i n  Figures 4 and 5 and sample station 1 
Appendix I (Area I )  and Appendix 111 (Area 11). 
o f  the marine and freshwater sample stations are 
11, Tables 1 and 2 (Area I )  and Appendix IV, Tab1 

ocations  are shown i n  
Detailed  descriptions 
presented i n  Appendi x 
es 1 and 2 (Area 11). 
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FIGURE 4 LOCATION OF REGISTERED  OYSTER  LEASES I N  
STUDY A R E A  I 
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3 FIELD PROCEDURES AND METHODS 

3.1 Bacteri ol ogical Sarnpl i ng and Analyses 

A1 1 mari  ne water sarnpl es  for  bacteriological  analyses were 
collected i n  s te r i le  wide-mouth glass bottles, approximately 15-30 cm 
below the water surface. The water d e p t h  a t  collection  points over 
she1 1 fish beds d i d  not  exceed 1.5 m. Samples were stored i n  coolers a t  
temperatures not  exceeding 10°C until processed. All analyses were 
conducted on s i t e  i n  the EPS mobile microbiology .laboratory,  generally 
w i t h i n  five hours of collection. 

The fecal  coliform MPN per 100 m l  was determined us ing  the 
multiple  tube  fermentation  technique  (three decimal dilutions of f ive 
tubes each) as described i n  .Part 908C of the 1 4 t h  edition of  Standard 
Methods for  the Examination  of Water and Wastewater ( 3 ) .  The culture 
medium used was the A-1 medium as described by Andrews and Presnell ( 4 )  
and further evaluated by  Kay ( 5 ) .  A-1 medium was supplied by  Gibco 
Diagnostics. 

A1 1 freshwater sanpl es were coll  ected i n  s te r i le  wide  mouth 
glass  bottles and were tested  for  fecal co1,iform and fecal  streptococci 
us ing  the membrane f i l t ra t ion method described i n  Part 909 of the 1 4 t h  
edition o f  Standard  Methods.  Media used were nrFC and KF streptococcus 
Agar obtained from Difco laboratories,  Detroit,  for  the  fecal col ifonn 
and fecal  streptococci  tests  respectively. The membrane f i l t e r s  used 
were Millipore HC, obtained from Millipore Limited, Mississauga, 
Ontari  0 .  

Bi ochemical  conf i m a t i  on of fecal col i form i sol ates o b t a i  ned 
from both the MPN and MF procedures was performed on a percentage o f  a l l  
samples collected. These results  are presented i n  Appendix V. 
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3 . 2  Physical Testing Equipment and Analysis 

Sal inity measurements  were  made on a1 1 marine  samples using an 
American Optical Refractometer (Catalogue No. 10413) which  has a 
resol u t i  on t o  the  nearest 0.5 p p t .  Sal i n i  t y  d a t a  i s  summarized i n  
Appendix 11, Table 7 and Appendix IV, Table 7. Tide and rainfall data 
are found i n  Appendix I ,  Figures 4, 5 and 6 for  Area I a n d  Appendix 111, 
Figures 3 and 4 for Area I1 respectively. 

Y 
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4 RESULTS AND DISCUSSIONS 

Canadian b iva lve  molluscan shellfish growing waters are 
classified according t o  the fol lowing bacteriological  criterion: 

the  harvesting o f  shellfish,  the  fecal coliform median MPN of the water 
must not exceed 14  per 100 ml , and not more than 10% of the samples 
ordinari  1 y exceed an  MPN of 43 per 100 ml  , i n  those  portions of the  area 
most probably exposed t o  fecal contamination d u r i n g  the most unfavorable 
hydrographic and pol lu t ion  conditions.* 

In  order t h a t  an area be 'considered bacteriologically  safe for 

Shel 1 fish growi ng areas can a1 so be closed on the basis of 
known or potential pollution sources which may or may not be reflected 
i n  the  bacteriological water quali ty results. I n  this regard, a l l  major 
freshwater and effluent inputs t o  the  study  areas  vere sampled and b o t h  
fecal coliform and fecal  streptococci measurements  were  performed on 
these samples. The fecal col iform:fecal  streptococci ratio (FC:FS) of 
each i n p u t  was cal cul ated where both mean Val ues exceeded 100/100 m l  i n  
an a t t e m p t  t o  determine the o r i g i n  of fecal contamination observed. 
Geldreich and Kenner ( 6 )  have reported  higher FS t h a n  FC levels i n  a1 1 
warm-blooded animal feces except for humans.  The FC:FS ratio i n  humans 
was 4.4 whereas i n  other warm-blooded animal s the r a t i o  was less t h a n  
0.7. Care must  be taken i n  the interpretation of FC:FS d a t a  and i n  this 
report i t  i s  presented as  supporting d a t a  for  sanitary  investigations. 
The ca lcu la ted  FC:FS ratios are presented i n  Table 5 o f  Appendix 11. 

Shel 1 f i sh  closures imposed on the  basis o f  these  factors 
resulted i n  58.8 km of coast1  ine or 1136.1 hectares o f  shellfish growing 
areas being classified as unacceptable i n  the two survey areas. The 
rationale behind the  imposition o f  these  closures is  presented i n  
subsequent sections of the  text. For ease of discussion,  results f o r  
the two survey areas (Area I ' and  Area 11.) are  presented  separately. 

*This report  expresses  the 10 per  cent l imit  i n  terms of a 90 percentile 
which  must not exceed 43/100 rnl 

a 
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4.1 

and ra 
mean . 
condi t 

- Area I 

A t o t a l  of 532 samples were coll  ected from 87 marine sample 
stations i n  Area I. Unacceptable fecal  coliform  levels were found a t  
.sample stations 1 ocated i n  Thors Cove,  Theodosia In1 e t ,  Lund Harbour, 
Scuttle Bay t o  Powell River and Gillies Bay. Summarized and d a i l y  
bacteriological  results  for marine satnpl e stations are presented i n  
Tab1 es 3 and 4 of  Appendix 11. Freshwater and effl uent  sarnpl e results 
are presented i n  Tables 5 and 6 of Appendix 11. 

Study Area I was sampled from May 21 t o  June 5 and from 
November 17-25, 1980 t o  assess the she1 lfish growing water qual i t y  under 
va r ious  ra i  n f a l l  conditions. e Between May 19 and June 6 1980, 43.7 mn o f  
rainfall were recorded for the study area, while 51.8 mn was recorded 
between  November 1 7  and 25. The rainfall d a t a  tabulated below indicates 
t o t a l  r a in fa l l  observed dur ing  May was  32% greater t h a n  the 40 year mean 

- Month 1980 Total (mn) Historical mean (mn) 

June  84.3 85.5 (45 years) 
November 265.3 138.7 (40 years) 
(Information obtained from Atmospheric  Environment Service, 
Env i ronment Canada) 

May 63.7 48 (43 years) 

i n f a l l  recorded d u r i n g  November  was 91% greater t h a n  the 40 year 

ions t h a t  would occur under pollution-causing  conditions  i.e. 
The water qual i t y  d a t a  collected i s  therefore presunled t o  ref1 ect 

i ncreased runoff containing  fecal  material The observed rai n f a l l  
effects  are discussed  separately i n  the following sections. 

4.1.1  Okeover Inlet (Marine Sample Stat ions 1-212 

Marine sampl e stations 1-21 were  sampled  between May 20 and 
June 6, 1980 and stations 1, 2, 3, 6, 7, 8 and 9 were resampled  between 
November 1 7  and 21, 1980.  The la t te r  sampling was conducted t o  assess 
the  impact of the S1 iammon Seafoods process effl uent'on the surrounding 
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I marine  water  qual i t y  and t o   r e - a s s e s s  the water  qual i t y  a t  the head  of 
Okeover I n l e t  d u r i n g  a h i g h  ra infal .1   per iod.   Data   for   both the May and 
November sampl i ng a r e  i ncl uded i n  the cal  cul a t i  on o f  the median  and 90 
percentile levels f o r   s a m p l e   s t a t i o n s  1, 2, 3, 6, 7, 8 and 9. 

A1 1 marine sampl e s t a t i o n s  i n  Okeover I n l e t  met the shel  1 f ish 
growing   water   s tandard ,   a l though  s ta t ions  1, 2, and 3 demonstrated 
v a r i a b l e   w a t e r   q u a l   i t y ,   p a r t i c u l a r l y  d u r i n g  the November salnpl ing .  

. . Elevated  fecal   col   i form Val ues were r e c o r d e d   a t  these s t a t i o n s  on 
November 21 and the s t ream entering a t  the head of the i n l e t  (S2) was 
implicated a s  the source  of   contaminat ion.  The mean feca l   co l i form 
v a l u e   f o r  S2 was 73/100 m l  , and results d i d  not   vary   g rea t ly  between the 
May and November sampl i ng. However increased  f lows i n  S2 dur i  ny h i g h  
r a i n f a l l   p e r i o d s   i n t e r m i t t e n t l y   c o n t a m i n a t e d  the i r m e d i a t e   s h e l l f i s h  
growing waters (L .6454)   loca ted   a t  the mouth o f  the creek. 

Local ized  contaminat ion of the fo reshore  may a l s o  occur a t  

the mouth of   s t ream. S5 (X FC = 71/100 m l )  and s l  i y h t  contaminat ion was 
n o t e d   a t   S t a t i o n  11, presumably due t o  this source.  Seepage frorri the 
septic tank  - abso rp t ion   f i e ld   sys t ems  serving the 2 o r  3 houses  adjacent  
t o  the stream may be the source.  

’ Sampl e s t a t i o n s  19 and 20 i n Penrose Bay a r e  subject t o  
intermittent contaminat ion   apparent ly  resulting from  rain-induced 
runoff .  Both these s t a t i o n s  had high  fecal coliform levels on May 27, 

coincident w i t h  a heavy   r a in fa l l  and ebb t ide.  

Mar ine   sample   s ta t ions  6-9 were loca ted  i n  the v i c i n i t y   o f  the 
S1 iarnmon Seafoods  processing  plant  and a l l  met the approved shel 1 f ish 
growing  water  standard d u r i n g  both the May and November sampl i n g  per iods  
ind ica t ing   p rocess  effluent from the p lan t  was not influencing the water 
qual i t y .  

Dur ing  November, in-plant   samples  were taken o f  the raw water  
supp ly ,   t r ea t ed   wa te r  supply, the f ina l   p rocess  effluent (E01) and the 
bubbler  wash w a t e r   a t  the S1 iamlrion Seafoods  Plant.  The mean f eca l  
co l i fo rm level of the discharged effluent was 16/100 ml; however, 
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1 eve1 s of 100/100 m l  and 40/100 ml were observed,  suggesting t h a t  the 
process water may become contaminated on occasion. Fecal streptococci 
levels were h i g h  i n  E01 ( T F S  = 877/100 m l )  a l t h o u g h  these  levels  are of 
d o u b t f u l  sanitary  significance. Only oysters were being processed during 
the study. 

B o t h  the raw and treated water supplies were negative for fecal 
coliforms and a single sampl e of the morning washdown taken on November 20 
was a1 so negative. The bubbler wash water had low fecal col ifonn levels 
(X FC = L10/100 m l )  and sl  ightly higher fecal  streptococci  levels (T FS = 

52/100 m l  ) . 
4.1.2 Mal aspi  na I nl e t  (Mari ne Stations 22-31 1 

A1 1 marine stations i n  Malaspina Inlet were of acceptable 
shellfish growing water qual i t y ,  a1 though  shellfish a t  the head  of 
Trevenen Bay (L.2855) may  be subject t o  intermittent contamination from 
goats h a v i n g  access t o  the beach. Shell  stock samples collected a t  th is  
1 ocation  exhibited  fecal col ifonn level s o f  1700/100g and 80/100g on two 
separate occasions indicating a poten t ia l  p o l l u t i o n  problem. 

Two sample stations were located a t  the head of Grace Harbour 
and  an additional 2 stations were  sampled d u r i n g  August  1980. This d a t a  
i s discussed i n  section 4.2.4. 

4.1.3  Lance1 o t  I nlet (Marine Stations 32-35) 

Samples taken i n  Thors Cove (Stations 34 and 35)  d i d  not meet 
the approved growing water standard. The source o f  contamination of these 
station was not ascertained and d i d  not  appear t o  be correlated w i t h  
r a i n f a l l  or tidal  conditions. A small creek entering  the cove was sampled 
once,  giving a fecal col ifom  result of 1/100 m l .  
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4.1.4  Theodosia I n l e t   ( M a r i n e   S t a t i o n s  36-42) 

Samples  (40,  41, 42) i n  the i n t e r t i d a l   z o n e   a t  the head of 
Theodos ia   In le t  d i d  not meet the approved  she1 1 fish growing water 
standard.   Contamination was b e l i e v e d   t o   o r i g i n a t e  from the Theodosia 
River and o t h e r   s t r e a m s   a t  the head  of the I n l e t  where feca l   co l   i fonn  
1 eve1 s ranging up t o  27/100 ml were recorded. Other marine  sample 
s t a t ions   (37 -39)   l oca t ed   approx ima te ly  200 In west o f  s t a t i o n s  40-42 were 
o f   accep tab le   qua l i t y   sugges t ing  the river e x e r t s  a limited in f luence  on 
w a t e r   q u a l i t y   a t  the head  of the in le t .   Notwi ths tanding  this,  s a l i n i t y  
v a l u e s   a t   a l l   s t a t i o n s   ( 3 7 - 4 2 )  were very s i m i l a r   i n d i c a t i n g   b a c t e r i a l  
levels dec rease  due t o   f a c t o r s   o t h e r   t h a n   d i l u t i o n   a s   o n e  moves further 
from the es tuary .   Contaminat ion   a t  these s t a t i o n s  was noted d u r i n g  the 
ebb  and  low s lack   per iods  of the t i de ,  b u t  not on the f l o o d ,  further 
impl i ca t ing  fresh water  i n p u t s  a t  the head of the I n l e t .  A farm  located 
approximately 600 meters up  the Theodosia river from h i g h  water ,  on the 
nor th  side of  the va l ley ,   has   severa l  head of c a t t l e  and some horses  which 
appa ren t ly   have   access   t o  the streams. The farm i s  the only  known uplands 
h a b i t a t i o n  i n  the v i c i n i t y .  Samples  taken a t  the mouth of  two creeks 
f lowing  through the Percy  Logging Company  camp ($9, $10) had mean FC 

levels of  11/100 m l  and 13/100 ml indica t ing   acceptab le   per formance  of the 
septic  tank-absorpt ion f i e l d  system, and ver i fy ing  t h a t  these i n p u t s  were 
not the cause  of  h i g h  c o u n t s   a t   m a r i n e   s t a t i o n s  40, 41  and 42. Two 
commerc ia l   oys t e r   l ea ses   a r e   l oca t ed   a t  the head o f  Theodosia   Inlet  
(L. 7116 and L. 7107). 

4.1.5 Lund Harbour  (Marine  stations  43-54) 

Marine sampl e s t a t i o n s  i n  Lund Harbour were a1 1 of   acceptab le  
growing  water   qual i ty  w i t h  the excep t ion   o f   s t a t ion  51, l oca t ed  inside the 
government  wharf  breakwater.  Contamination a t  this s t a t i o n s  was due t o  a 
contaminated  creek ( S 1 1  which had a mean FC o f  206/100  ml) entering, the 
east end o f  the bay, a t   l e a s t   f o u r  d i rec t  d ischarges  from  houses  located 
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on the  beach, and moored boat  discharges. The ef f luent   d ischarged  f rom a 
package t reatment   p lant  and ocean out fa l l   serv ing  the  Breakwater   Inn and 

severa l   res idences  d id   not   appear   to   in f luence  water   qual i ty   a t   the 
sarnpl i ng   s ta t i ons .  

4.1.6 S c u t t l e  Bay t o  Powel l   R iver   (Mar ine  s ta t ions 55 -711  

Two sample s t a t i o n s  (55, 56) i n   S c u t t l e  Bay were o f  acceptable 

w a t e r   q u a l i t y   f o r   s h e l l f i s h   h a r v e s t i n g  and d id   no t  appear t o  be i n f luenced 
by  contaminat ion  a f fect ing  o ther  sample s ta t i ons   sou th   o f   Scu t t l e  Bay. 

These s t a t i o n s  were located  outs ide of t h e   e x i s t i n g  Area 15-1 c losure 
which was not sampled d u r i n g   t h i s  survey.  Marine  Stations 57, 61,  64,  65 
and 66 a1 1 exceeded t h e  approved  shel l   f ish  growing  water  standard. 

The two  major   potent ia l   sources  o f   bacter io log ica l   contaminat ion 

t o   t h i s  area  were S1 iammon Creek  and t h e  sewage. t reatment  p lant   d ischarge 

f rom  the  S1 iarnmon Ind ian  Reservat ion.   Dur ing  th is   survey  the S1 iammon 

Creek (S12, S13) was not s ign i f i can t l y   con tamina ted   w i th   f eca l   co l i f o rms  
and it would  appear t h e  STP  was the  so l  e cause of  contarnination  observed 

i n   t h i s  area.  Samples o f   t h e   f i n a l   e f f l u e n t  (E02) y i e l d e d  a mean FC count 
o f  3.5 x 106/100 m l  

Bac te r io log i ca l   da ta   f o r   mar ine   s ta t i ons  57-71 was grouped 
according t o   t i d e   c o n d i t i o n s   a t   t h e   t i m e  of c o l l e c t i o n  and t h e   r e s u l t s   a r e  

presented  bel ow: 
- F l  ood Ebb Hiqh  Slack Low Slack 

Median MPN/100 m l  15 22.5 11 2 
90 p c t  MPN/100 m l  46 33 47.5  5 
No. o f   R e s u l t s  24 24  15  15 

- 

This  data shows that   unacceptable  contaminat ion  o f  t h i s  area  occurs on all 
t i d a l  s tages  wi th   the  except ion  o f  low slack.  This i s   c o n s i s t e n t   w i t h   t h e  
STP be ing   the   ma jor   source   o f   con tarn ina t ion .   E f f luen t   f rom  th is   source  
woul d  move towards  shore and i n  a NW d i r e c t i o n  on t h e  fl ood t i d e  and away 
from  shore i n  a SE d i r e c t i o n  on the  ebb t ide .  Sample s ta t i ons   l oca ted  NW 
o f   t h e   o u t f a l l   e x h i b i t e d   p o o r e r   w a t e r   q u a l i t y   t h a n   t h o s e   l o c t e d  SE o f   t h e  
o u t f a l l  as  shown i n   t h e   t a b l e  on t h e   f o l l o w i n g  page. 
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NW o u t f a l l  SE 
S t a t  i on No. 59 60 6 1  62 63 64 65 66 67 68  69 
Median : 13 10.5 26 12.5 14 19.5 17 2.5 7 7.5 4 

90 pct: 18 27 39.4 33.5 20.6 47.2 23 59.8 32.2 21 22 

Sewage effluent. (E03) discharyed  from the Wildwood Heights sewage  lagoon 
d i d  not a f f e c t   w a t e r   q u a l i t y  d u r i n g  the survey  as   fecal   col i form  values  
were reduced t o   l e s s   t h a n  10/100 m'l due t o   c h l o r i n a t i o n   o f  the effluent. 
The creek (S15) t o  which the lagoon effluent discharged was contaminated 
( x  FC = 836/100 m l )  from other  upstream  sources and exe r t ed  a  1 imited 
effect  on water q u a l i t y   n e a r  i t s  po in t   o f   d i scha rge   (S ta t ion   70 ) .  The 
mean FC o f  the creek immediately  upstream  (S14)  of the sewage  lagoon 
d i scha rge  was 873/100 m l  which is comparable t o  the mean FC o f  730/100 m l  
observed  during surveys conducted by EPS i n  1975 (S7). The FC:FS r a t i o s  
a t  this s t a t i o n  were a l l   l e s s   t h a n  one   ind ica t ing ,  b u t  not  confirming, 
animals   as  the pol lu t ion   source .  Some small   farms  east   of Highway 101 a r e  
the 1 i kel y source. 

Sampling  conducted i n  this area  during this study ind ica t ed  
w a t e r   q u a l i t y  from S c u t t l e  Bay t o  Powell River was g e n e r a l l y  better than 
tha t   observed  d u r i n g  the previous November 1975  study. The apparent 
improvement i n  wa te r   qua l i t y  may be due t o   s e v e r a l   f a c t o r s ,  i n c l u d i n g :  
1) t h e  extension o f  t h e  S1 iamrnon STP outfall by 128 m t o  a depth o f  12 rn 

2 )  c h l o r i n a t i o n  o f  the Wildwood Heights  lagoon effluent 
3 )  dec reased   p rec ip i t a t ion  d u r i n g  the 1980  survey - 43.7 mn a s  compared 

w i t h  279.5 mn. This would s i g n i f i c a n t l y  reduce the impact  of S1 iamrrlon 
Creek and the unnamed creek  (S15) on water  qual i t y  i n  the vicini ty .  

4.1.7 Gillies Bay (Marine  s ta t ions  72-87)  

A1 1 mar ine   s t a t ions  i n  Gi 11 ies Bay met the approved she1 1 fish 
growing  water   s tandard  except   s ta t ion  74  located  near  the head  of the bay. 
Sarnpl ing was conducted  a t  a1 1 s t a t ions   du r ing   June  and November 1980. The 
rllajor source  of  contaminat ion   to  the head  of Gi 11 ies Bay  was Cranby Creek 
(S19; W FC = 358/100 M I )  which  receives effluent from a sewage  treatment 
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lagoon servicing some of the homes i n  Gillies Bay. The lagoon effluent 
(E04) qua l  i t y  varied from a mean FC of 5075/100 ml  d u r i n g  June t o  a mean 
FC o f  1.5 x 105/100 m l  during November. This higher FC value combined 
w i t h  an increase i n  flows f o r  Cranby Creek resulted i n  poorer marine water 
qual  i t y  a t  stations 72, 73 and  74 d u r i n g  the November  sampl i n g  period. 
Fecal contaminat ion was also  introduced i n t o  Cranby  Creek by a t r ibu tary  
stream (S16; X FC = 490/100 n i l )  w h i c h  drains a residential area  served by 
septic  tank/tile f i e l d  disposal  system. The fecal  coliform levels i n  t h i s  
creek were higher i n  June t h a n  November, and upstream sarnpl es (S17; K FC = 
58/100 m l )  collected i n  November had similar FC densities t o  downstream 
samples. I t  was therefore  difficult t o  determine the  sources of 
contamination t o  this stream. 

During the June survey, the sewage lagoon had no appreciable 
discharge and the anticipated  rain-induced  increase i n  discharge rate 
d u r i n g  November  was not observed, a1 t h o u g h  there was  some flow. 
Considerable  septic seepage was noted i n  the v ic in i ty  of the lagoon 
discharge point  suggesting t h a t  a portion of the  effl uent may be lost i n t o  
the ground. 

Numerous other  drainage  ditches around Gill  ies Bay were  sampled 
during November ( S Z O - S Z 8 )  and some exhibited h i g h  fecal  coliform  levels. 
However,  due t o  the extremely low flow of these  discharges, their  impact 
on the receiving environment was diff icul t  t o  measure. The cause of 
contamination t o  these  drainage  ditches was most probably seepage from 
septic t a n k  absorption fi.elds. Time d i d  not permit an investigation t o  
determine  the  sources of fecal  pollution t o  the storm drains and FC:FS 
ratios  were'generally  inconclusive. The effect of these  drainage  inputs 
on the  bacteriological qua l i ty  of shellfish i n  Gillies Bay would be  more 
pronounced d u r i n g  low tide,  when undiluted  drainage would flow across  the 
beach areas. Thus the measurement of overlying water qual i t y  i n  this 
instance may not necessarily  reflect the actual  pollution  effects. 
Contamination of shellfish  tissue from the  intertidal area a t  the head of 
Gi 11 ies Bay has previous1 y been recorded by the Fi sh Inspect ion Branch, 
Department of Fi sheries and Oceans. 
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4.2 Area I 1  

In  t o t a l  , 597 samples were collected from 97 marine  sample 
stations i n  Area 11. All samples were collected between July 7 and August 
1, 1980. Unacceptable fecal col iform levels were  found a t  15 sample 
stations i n  Prideaux Haven,  Tenedos Bay, Allies I s l and ,  Roscoe Bay, Refuge 
Cove, Squirrel Cove, Cortes Bay and Manson Bay. However, evidence of 
fecal p o l l u t i o n  was diff icul t  t o  detect i n  a1 1 areas  since  the  sole  source 
of  sewage contamination t o  most areas surveyed was the overboard discharge 
of raw sewage from pleasure  vessel so 

The assessment of she1 1 fish growi ng water qual i t y  i n  anchorage 
areas  requires  several  considerations t o  be taken into account. These 
i ncl  ude: 
1) Boats are  sources o f  fresh  fecal pol lu t ion .  
2 )  The unpredictable  aspects of boat po l lu t ion ,  which include: 

( i )  vari ab1 e popul a t  ion 
( i i )  mobility 

( i i i )  intermittent p o l l u t i o n  contribution 
( i v )  varying modes of sewage hand1 i n g  r a n g i n g  from no, treatment t o  

hol d i n g  tanks  
( v )  treatment  devices w i t h  varying efficiencies 

( v i )  varying hydrographic and f l u s h i n g  features of different anchorage 
areas 

( v i i )  the  epidemiological background of a transitory p o p u l a t i o n  
c o n t r i b u t i n g  fresh  fecal p o l l u t i o n  is  not well defined 

3 )  The approved growing water bacteriological  standard does not 
necessarily apply because: 
( i )  unpredictable  aspects of boat p o l l u t i o n  mentioned above 

( i i )  the pathogen t o  coliform ratio  is  different i n  fresh  fecal 
material than  i n  rnunicipal sewage from which the bacteriological 
standard was derived 

( i i  i ) usual sampl i n g  techniques do not a p p l y  
These considerations led t o  the development of a policy statement by the 
Shellfish S a n i t a t i o n  Branch o f  the U.S. Food and Drug Adminsitration. 
This pol icy statement  says, i n  part, t h a t  "no bacteriological  criteria 

am 
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have  been establ ished t o  eval uate boat discharges because of h i g h l y  
variable  indicator t o  pathogen ratios, freshness of fecal  material, lack 
of dispersion of fecal  material i n  water column, lack o f  sensitivity for 
present water sampling methods t o  detect such random occurences and poor 
epidemiological  evidence on which t o  establish  guidelines." Therefore t h e  
U. S. FDA bel ieved i t  necessary t o  close waters around rnari nas,  boatyards 
and mooring areas,  the  extent and time of these  closures depending on 
1 oca1  cond i t i  ons . 

The bacteriological da ta  collected d u r i n g  this  study reinforces 
the  difficulties encountered i n  measuring sewage discharges from boats. 
Vessel counts were taken d a i l y  a t  each anchorage area  (Table 1) however 
there was no correl a t i o n  between the number or density of boats and 
o.bserved fecal col iforrn level s i n  

analysis of shellfish  tissues. i n d i  
the  tissue was occurring,  despite 
overlying  waters i n  some areas. 

Therefore,  the  results p 

the water. Limited bacteri ol ogical 
cated significant  fecal contamination of 
acceptable  fecal  coliform levels i n  the 

resented  in subsequent sections shoul d 

be interpreted w i t h  caution, bearing i n  mind these  considerations. In 
addition t o  the bacteriologial sampling conducted i n  these anchorage 
areas, pleasure  vessels were  randomly surveyed t o  determine the  types of 
sewage disposal systems on board. The survey will be the subject o f  a 
future  report and will not be discussed i n  detail here. However, the 
majority of vessels of Canadian registry interviewed d id  not  have  any 
means of treating or hold ing  their  sewage.  American vessel s are  required 
by law t o  have U. S. Coast Guard approved treatment or holding systems. 

Rainfall dur ing  the study  period (July 1 - August 1, 1980) 
totaled 21.3 mn which is  less t h a n  the 19 year average of 39.6 mn 
tabulated by the Atmospheric Environment Service.  Therefore the water 
quality  results  reflect  conditions t h a t  would  be expected t o  occur i n  the 
absence o f  significant  rainfall and presumably are  indicative of sources 
of pol 1 u t ion  t h a t  occur independent of rainfall . Summarized and daily 
bacteriological d a t a  for marine  sample stations i s  presented i n  Tables 3 
and  4 of Appendix IV. Freshwater bacteriological  results  are found i n  
Tab1 es 5 and 6 of Appendix 1V. 
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4.2.1  Tenedos Bay and  Prideaux Haven (Mar ine   s t a t ions   1 -141  

Both Tenedos Bay and Prideaux Haven a r e  major r e c r e a t i o n a l  
anchorage  areas  and  form part of the Desolat ion Sound Marine Park.  Daily 
b o a t   c o u n t s   f o r  these two areas   ranged from 15-116 a t  the time marine 
sampl es were col lected. 

Sample s t a t i o n s  3 and 8 i n  Prideaux Haven exceeded the s h e l l f i s h  
s t anda rd  and f eca l   co l i fo rm levels i n  this anchorage were g e n e r a l l y  
e l e v a t e d   a t  a1 1 s t a t i o n s .  She1 1 s tock  samples c o l l e c t e d   a t   m a r i n e   s t a t i o n s  
4,  5 and 6 y i e lded   f eca l   co l i fo rm results of 330, 1700  and 330 per 1009 of 
tissue, r e spec t ive ly .  These values  exceed the approved  market  standard  of 
230 fecal   col i forms/ lOOg for s h e l l f i s h  and i n d i c a t e  the o y s t e r s   a r e  
subject t o   s i g n i f i c a n t   f e c a l   c o n t a m i n a t i o n .  The only  ident i f ied  
p o l l u t i o n   s o u r c e  i n  the a rea  was the discharge  of  sewage  from  anchored 
boa ts .  A small   stream (S2) e n t e r i n g   a t  the e a s t e r n  end of  Laura Cove 
was not  imp1 i c a t e d   a s  a source  of   contaminat ion (mean FC/ 100 ml  = 2 )  . 

Two sample s t a t i o n s  i n  Tenedos Bay ( s t a t i o n s  9 a n d   1 4 )  
exceeded the approved  growing  water  standard and some of  the o t h e r  
s t a t i o n s  were subject t o  intermittent fecal  contamination.  Again,  
anchored  boats  were the only  identified sources  of contamination. A 
sma l l   s t r eam  (S l )   d ra in ing  Unwin Lake  had a mean fecal   col i form  count   of  
12/100 m l  . No shel 1 stock sarnpl es were col 1 ected i n  Tenedos Bay. 

4.2.2  Grace  Harbour  (Marine  stations 15-18) 
Marine  water  qual i t y  i n  Grace  Harbour was a c c e p t a b l e   f o r  the 

p u r p o s e   o f   s h e l l f i s h   h a r v e s t i n g  despite the presence of  anchored  boats. 
The major i ty   o f   boa ts  were genera l ly   anchored  i n  p r o x i m i t y   t o   s t a t i o n s  
15  and 16,  where feca l   co l i form levels ranged from less than  2 t o   1 3  per 
100 m l  . Samples   co l lec ted   a t  these s t a t i o n s  d u r i n g  May 1980 (Sec t ion  
4.1.2) had f eca l   co l i fo rm  l eve l s   r ang ing  from less than 2 t o  23 per 100 
ml i n  the absence o f  anchored  boats.  No shel 1 stock  samples were 
c o l l e c t e d   a t  this l o c a t i o n .  



m 
W 

e 2  
o m  
V 

- 20 - 

h N m m  
N d r n N  

. 
m 
d 

r 
I 



- 21 - 

a 

I 

4.2.3 A l l i e s   I s l a n d   ( M a r i n e   s t a t i o n s  19,  20.) 
Sampl es were c o l l e c t e d   a t  A1 1 ies Is1 and due t o  the proximity 

of a commercial o y s t e r   l e a s e  (L.3901,  L.297) t o  an anchorage  area.  
S t a t ion   20  d i d  not meet the she l l f i sh   g rowing   water   s tandard  and 
she l l s tock   s amples   co l l ec t ed  from the l e a s e   y i e l d e d  a fecal   col   i form MPN 
of  1700/1UOg i n d i c a t i n g   s i g n i f i c a n t   p o l l u t i o n   o f  the l e a s e  was 
occurring.  Boat  counts  ranged  from 3 - 8 a t  this l o c a t i o n  and no o t h e r  
p o l l u t i o n  i n p u t s  were i d e n t i f i e d .  

4.2.4 Roscoe Bay (Mar ine   s t a t ions   21 ,   22 )  
S t a t i o n  22  exceeded the growing  water  standard due t o  a s i n g l e  

h igh   feca l  MPN va lue  o f  1600/100 ml. S t a t i o n   2 1  was not  contaminated 
and the s t ream  draining  Black Lake (S3)  was not   implicated i n  the con- 
t a m i n a t i o n   a t   s t a t i o n  22 (T FC/100 ml = 5.5). Boat c o u n t s   a t  this 
1 o c a t i  on ranged  from 10 - 16  and were the only identified sources  o f  

bacter io logica l   contaminat ion .  The occurrence o f  a s i n g l e   h i g h   f e c a l  
c o l i f o r m   c o u n t   a t  this l o c a t i o n  is i n d i c a t i v e   o f  the unpred ic t ab le  
results e x p e c t e d   f o r  intermittent d i scha rges  such as   t hose  from boats.  

4.2.5 Refuge Cove ( M a r i n e   s t a t i o n s  23-29) 
S t a t i o n s  23,  24  and 25, l o c a t e d   a t  the head o f  Refuge Cove, 

exceeded t h e  shellfish growing water s tandard.  This area was subject t o  
fecal   contaminat ion  f rom the fo l lowing   sources :  

( i ) raw  sewage d i scha rges  from b u i l d i n g s  a1 ong the foreshore;   and 
( i i ) d i scha rges  from  boats moored a t  the marinas. 
The poor   wa te r   qua l i t y  i n  t h i s  port ion  of  Refuge Cove has been noted i n  
a previous  survey  conducted by EPS i n  1973 (1). A Schedule I 
contaminated   a rea   c losure  (13-6) was invoked  as a result of this survey 
and there a p p e a r s   t o  have been 1 i t t l e  improvement i n  water  qual i t y  t o  
da te .   Samples   t aken   ou ts ide  the Schedule I c l o s u r e   a t   s t a t i o n s  26 - 29 
met the approved shellfish growing water s t anda rd .   S t a t ions  27, 28 and 
29 were l o c a t e d   a t  a r a f t   o y s t e r   c u l t u r e   l e a s e   l o c a t e d  in Refuge Cove. 
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4.2.6 Squirrel Cove (Marine stations 30-36) 

Stations 30 - 36 were located i n  the major anchorage area of 
Squirrel Cove.  She1 1 fish growing water qual i t y  was not  met a t  stations 
31,  33 and 36 and intermittent low-level  fecal  contamination was noted 
a t  stations 30 and 32. The source of contamination a t  stations 31 and 
33 was identified as discharges from anchored boats  since no other 
source was noted. A stream (S5) d r a i n i n g  a lagoon a t  this  location d i d  

not contribute t o  the bacteriological po l lu t ion .  Boat counts i n  
Squirrel Cove ranged  froln 9 t o  58 during  the  course of the survey. 

The source of the contamination a t  station 36 was not 
identified, a l though landwash may have  been the cause since some rain 
was noted on July 15 by field  staff a l t h o u g h  none  was recorded a t  the 
Cortes  Island  Forestry Sta t ion .  Fecal coliform levels on other days 
were low a t  this s ta t ion .  Shell  stock samples (oysters) taken a t  
stations 30 and 33 yielded  fecal  coliform  levels of 1300/100 g and 
330/100 g i n d i c a t i n g  shel 1 fish harvested from this area would not meet 
market standards due t o  unacceptable  bacteriological  contamination. 

Stations 37 - 40 were established  outside  the major anchorage 
t o  assess water q u a l i t y  f ront ing the Indian  Reservation and Squirrel 
Cove  government dock areas. A1 1 stations i n  th i s  area rnet the growing 
water s tandard ,  a1 t h o u g h  elevated  fecal col ifonn  level s were noted a t  
stations 37 - 39 on July 12,  coincident w i t h  ra infa l l  observed by field 
s taff .  Previous samples taken by EPS i n  1973 (1) also  indicated water 
qual i t y  offshore of the Indian  Reservation was acceptable for shel 1 fish 
harvesting.(Sewage generated on the  reserve is  reportedly  coil  ected by a 
single  collection system and treated by a septic t a n k  w i t h  subsequent 
ground disposal .  A stream (S6) entering approximately 100 m north of 
the government  dock was sl ight ly  contaminated (X FC = 68.5/100 m l )  
although this  area is  presently under a general Schedule I wharf 
c 1 osure . 
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4.2.7 Squirrel Cove t o  Mary Po in t   (Mar ine   s t a t ions   37 -442  

I 

I 

r 

S t a t i o n s   4 1   t o   4 4  were loca ted   a long  this sec t ion   of   coas t1  ine 
t o   a s s e s s  growing water qua l i ty .  All s t a t i o n s  met the approved  standard 
a l though   e l eva ted   f eca l   co l i fo rm  l eve l s  were r e c o r d e d   a t   s t a t i o n s   4 1   a n d  
43 on J u l y  15, presumably  resulting  from  landwash effects. No sources  
o f  sewage  contamination were noted  onshore  or   f rom  boats .  An o y s t e r  
l e a s e  (L.1512) l o c a t e d   a t   s t a t i o n   4 4  was well removed from any  po ten t ia l  
sou rces  o f  b a c t e r i o l o g i c a l   p o l l u t i o n .  

4.2.8 Cor t e s  Bay (Mar ine   s ta t ions   45-47)  

Sample s t a t i o n s  45, 46 and  47 were e s t a b l i s h e d   t o   a s s e s s   w a t e r  
q u a l i t y  i n  Cor tes  Bay and  of these s t a t i o n s ,  45  and 46 both  exceeded the 
approved  growing  water  standard. 

Boat   discharges were aga in  imp1 i c a t e d   a s  the source  of   fecal  
con tamina t ion ,   a s  no onshore  sources  were i d e n t i f i e d  d u r i n g  the s a n i t a r y  
survey. The boat counts presented i n  Table 1 range  from 19 t o  42  and 
include anchored  vessels  and vessels docked a t   b o t h  the government  wharf 
and private marina. ,No contaminat ion was n o t e d   a t   s t a t i o n   4 7 ,  w i t h  the 
except ion  of a s ing le   h igh   coun t  on J u l y  15. An o y s t e r  she1 1 s tock  
sample   co l lec ted  a t  station 47 y ie lded  a f eca l  coliform result of 
40/100 g. 

4.2.9 S u t i l  P o i n t   t o  Manson Bay, i nc lud ing  T w i n  Is lands  (Marine 
s t a t i o n s  48-53) 

S t a t i o n s  48 t o  53 were e s t a b l i s h e d  i n  these a r e a s   t o   a s s e s s  
growing water q u a l i t y .  A r e g i s t e r e d   o y s t e r   l e a s e   l o c a t e d  between the 
Twin  Islands  (L.1442) was not  sampled due t o  the a b s e n c e   o f   s i g n i f i c a n t  
p o l  1 u t  ion  sources .  

No contaminat ion was noted  a t   Smelt  Bay and i t  would appear 
the septic t anks  and  absorption f ie lds  serving these houses   a re  
opera t ing   adequate ly .  
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S t a t i o n  5 1  i n  Manson Bay exceeded the  growing  water  standard 

a t  t he  median l eve l .  The source o f  con tamina t ion   a t   t h i s   l oca t i on  was 
no t   i den t i f i ed   a l t hough   the  cause was e i t h e r   l a n d  based o r   r e l a t e d   t o  

boat  discharges.  Boat  counts shown i n  Table 1 include  both  anchored 
vessels and vessel s docked a t   t he  government wharf. Drainage  from 
Manson's  Lagoon en ter ing   the  bay a t   s t a t i o n  50 was not  contaminated, 
thereby   d iscount ing   th is   source  as the  cause o f  t he   h igh   co l i f o rm 

Val  ues. 
Sampl es c o l l e c t e d   i n   b o t h  Manson Bay and Manson's  Lagoon 

du r ing   t he  1973 EPS su rvey   (1  ) met the  shel 1 f i s h  growing  water  standard 
and no  sewage disposal  problems were noted a t  that   t ime. 

4.2.10 Gorge Harbour  (Marine  stat ions 54-621 
Sta t ions  54 t o  62 i n  .Gorge  Harbour met the  approved  shel 1 f i s h  

growing  water  standard. The major   po ten t ia l   sources   o f   con taminat ion   to  
the  harbour  i nc l  uded : 

( i )  sewage discharges  from  anchored  or moored boats;  and 

(ii) contaminated  streams  entering  at S7 and S8. 

The former  potent ia l   source was no t   ev iden t   i n   t he   wa te r  

qual i t y  r e s u l t s  from the  major  anchorages  despite  the number o f   boa ts  
present  (Table  1). These major  anchorage  areas were i n   t h e   v i c i n i t y   o f  
s t a t i o n s  54 - 56 and 59  and 60,  and i ncl  uded the  whar f  and  gas f l o a t s  

a t   t h e  Gorgeview  Marina.  Previous  sampling  by EPS i n  1973 i n   t h e  

v ic in i ty   o f   the   mar ina   ind ica ted   con taminat ion   o f   the   g rowing   water  was 

occur r ing  as a r e s u l t   o f :  

( i )  boat  discharges; 

( i i )  a contaminated  stream  entering a t  the  marina; and 

( i i i ) poss i   b l  e absorpt ion f i e l  d  seepage. 
Dur ing  the 1973 s tudy   the  mean fecal   co l i form  va lue  for   the  creek (S7) 
was 79/100 m l  as compared w i t h  81/100 m l  during,  the  present  study 

suggest ing  there has  been l i t t l e  change i n   t h i s  area  dur ing  the  past 7 
years. The da ta   co l lec ted   dur ing   the  1973 s t u d y   r e s u l t e d   i n   t h e  im-  
p o s t i o n   o f   o f  Schedule I contaminated  area  closure 13-7 and tha t   c losu re  
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remains i n  effect a t  present. A registered o y s t e r   l e a s e  (L.473) loca ted  
west o f  the m a r i n a   ( s t a t i o n  57)  remains  outs ide the c l o s u r e  and was 
u n a f f e c t e d   b y , t h e   b o a t i n g   a c t i v i t y  and fecal   contaminat ion i n  S7. 

A r e g i s t e r e d   o y s t e r   l e a s e  (L.457) located  a long the south 
shore  o f  Tan Is land  was not  sampled due t o  the absence of s i g n i f i c a n t  
sources  of  contamination. 

A t h i r d  o y s t e r   l e a s e  (L. 1571 ) , 1 o c a t e d   a t  the eastern end of 
Gorge  Harbour ( s t a t i o n  61), was of  acceptable  growing water qual i t y .  A 

stream entering the harbour   a t  the f a r   e a s t e r n  end (S8) was not signifi-  
cant ly   contaminated ( X  FC = 26/100 m l )  and d i d  no t   a f f ec t   wa te r   qua l i t y  
a t  nearby  marine  s ta t ion 62. 

4.2.11 Whaletown Bay (Mar ine   s ta t ions  63-651 

Three s t a t i o n s  (63,  64,  65) were e s t a b l i s h e d   a t  Whaletown Bay 
t o   a s s e s s   w a t e r   q u a l i t y   a t  a registered o y s t e r   l e a s e  (L.458) loca ted  
near  the government  dock.  Although some fecal   contaminat ion was ob- 
served i n  S t a t i o n s  63 and 64, they d i d  not exceed the approved  growing 
water   s tandard.   Sources   of   contaminat ion  to  Whaletown Bay include dis- 
charges from moored b o a t s   a t  the government  wharf  and  discharges  from 
f e r r y  vessels t r a v e l 1  ing between Whaletown Bay and Heriot  Bay (Quadra 
I sl and) . 
4.2.12 Coul te r  Bay (Marine s ta t ions 66-69) 

Marine   s ta t ions  66 - 69 exh ib i t ed   exce l l en t   wa te r   qua l i t y  
d u r i n g  t h e  survey and no sources  of  contamination were noted   tha t  would 
a d v e r s e l y   a f f e c t  the o y s t e r   l e a s e s   l o c a t e d  between Coul ter  Is land  and 
Cortes   Is land (L.437,  L.438). A small  stream ( S 9 )  entering Coul te r  Bay 
d i d  not  cause any water  qual i t y  d e t e r i o r a t i o n  (X FC = 18.5/ 100 ml  ) 
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4.2.13 Carri ngton Bay and Q u a r t z  Bay (Marine stations 70-73) 

These areas were not used for  recreational boat anchorage 
during  the survey and no other  potential pol 1 u t ion  sources were ob- 
served. Water qual i t y  a t  a1 1 marine stations (70 - 74) was excel lent 
i n c l u d i n g  those stations i n  the v ic in i ty  of the oyster  lease (1.468) i n  
Q u a r t z  Bay (stations 73 a n d  74). The small stream (S10) entering a t  the 
head of Quartz Bay had no effect o n  water qual i t y  ( X  FC = 1 ess t h a n  
1/100 m l ) .  

4.2.14 Von Donop Inlet (Marine stations 75-79) 

Five sample stations (75  - 7 9 )  were established i n  Von Donop 
Inlet t o  assess the impact of boat anchorage on water quali ty.  Boat 
counts, which varied from 13 t o  27 d u r i n g  the  survey, d i d  not correlate 
w i t h  water qua l i ty ;  t h a t  i s ,  water qual i ty  d i d  not vary according t o  the 
number of boats  present. low level  fecal  contamination was noted in 
stations 75, 76 and 77, however shellfish growing water standards were 
not exceeded. Shellstock samples collected  previously from this  area 
and analyzed by the Fish Inspection Branch  have shown occasional fecal 
contamination. 

4.2.15. Read Is land  (Marine stations 82-871 

Marine stations 82 - 87 were established i n  Evans Bay, i n c l u d -  
i ng Bird Cove, and a t  a registered  oyster 1 ease i n  Burdwood Bay. No bac- 
teriol  ogical  contamination was observed a t  any of these stations , nor 
were there any sources of fecal p o l l u t i o n  identified. 

4.2.16 Quadra Is1 and (Marine stations 88-97) 

Marine stations on Quadra Is1 and were concentrated i n  the Drew 
Harbour area t o  assess the effects of boat discharges on the  recreational 
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vesting  beaches  of  Rebecca  Spit  and the commercial o lys t er 
1 e a s e  1 o c a t e d   a t  Heri o t  Is1  and. 

Water q u a l i t y   a t   a l l   s t a t i o n s  (88 - 97) i n  this a rea  was good, 
and there was no apparent  impact o f  boat   d i scharges  on the rece iv ing  
waters  despite the u t i l i z a t i o n  of Drew Harbour f o r  a-nchorage  (Table 1). 
Other p o t e n t i a l  sources a t   H e r i o t  Bay include sewage discharges  f rom the 
f e r r y  and from moored boa t s   a t   bo th  the p r i v a t e  and  government  wharfs. 

Three f reshwater  inputs t o  this a r e a  were sampled on one 
occasion  and the results a r e  presented below: 

Fecal Col i f o n l  Fecal   Streptococci /  
Locat i on 100 rnl 100 ml 

unnamed creek e n t e r i n g  
200 W o f  government  dock 98 
unnamed creek e n t e r i n g  a t  
head of Hyacinth Bay 7 

85 

33 
Drew Creek 23 69 

These i n p u t s  were not   considered  to  be of sufficient f l o w   t o  
i m p a c t   s i g n i f i c a n t l y  on the receiving waters.  

Samples   col lected i n  Heriot  Bay and Drew Harbour d u r i n g  1973 
i n d i c a t e   w a t e r  qual i t y  has not changed s i g n i f i c a n t l y  d u r i n g  the pas t  7 
y e a r s   a l t h o u g h   g r e a t e r   u t i l i z a t i o n  of the harbour  as an  anchorage  area 
was noted. 
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FIGURE 6 RAINFALL DATA - POWELL R I V E R  
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APPENDIX 11, Table 1: MARINE SAMPLE STATION  COORDINATES (Area 1) 

Sample Stat ion  Lat i tude  (North)  L ongt i t ude ( West ) Area 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

49"  57.96' 
49" 57.87' 
49"  57.97' 
49"  58.47 ' 
49" 58.52' 
49"  58.46' 
49O 58.48' 
49  58.49' 
49" 58.52' 
49"  59.35' 
49"  59.37' 
49"  59.43' 
49"  59.59' 
49"  59.47' 
49"  59.48' 
50"  00.27' 
50" 00.32' 
50" 00.46 ' 
50"  00.62' 
50" 00.64' 
50" 00.44' 
50" 01.85' 
50" 01.84' 
50" 01.18' 
50"  00.90' 
50" 00.85' 
50" 01.74' 
50" 01.95' 
50" 03.09' 

124'  40.91 ' 
124"  40.70 ' 
124"  40.58' 
124"  40.63 ' 
124"  40.64 ' 
124"  41.35 ' 
124"  41.32 ' 
124"  41.36 ' 
124"  41 . 38 ' 
124"  41.30 ' 
124"  41.39 ' 
124"  41.41 ' 
124"  41.72 ' 
124"  42.57 ' 
124"  42.64 ' 
124"  45.51 ' 
124"  43.52 ' 
124"  43.60' 
124"  43.74' 
124"  43.69' 
124"  43.36 ' 
124"  44.80' 
124"  44.78' 
124"  44.04' 
124"  43.98' 
124"  43.93 ' 
124"  45.17' 
124" 45.44' 
124"  47.23 ' 

Okeover  In1 e t  
I' 

I' 

I' 

I' 

I' 

I' 

I' 

I' 

I' 

I* 

'I 

I' 

I' 

I' 

Penrose Bay 
I' 

I' 

I' 

I' 

I' 

Coode Is1 and 
Id 

Trevenen Bay 
I' 

I' 

I t  

#I 

Thorpe Is1 and 
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APPENDIX 11, Table 1: MARINE SAMPLE  STATION  COORDINATES  (Area 1) 

Sample  Station  Latitude  (North)  Longti  tude  (West)  Area 

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 
55 
56 
57 
58 

50"  03.30' 
50"  03.20' 
50" 02.44' 
50"  02.75' 
50"  03.60' 
50"  03.65' 
50"  03.97' 
50"  04.20' 
50" 04.30' 
50"  04.38' 
50"  04.36' 
50"  04.44' 
50"  04.58' 
49" 58.95' 
49"  59.09' 
49"  59.14' 
49"  59.25' 
49"  59.00' 
49" 58.95' 

124"  44.64 ' 
124"  44.36 ' 
124"  42.66' 
124 " 42.40 ' 
124"  41.94' 
124"  41.86 ' 
124"  41.85 ' 
124"  40.49 ' 
124" 40.55' 
124"  40.62' 
124"  40.20 ' 
124"  40.30' 
124"  40.37 ' 
124"  46.16 ' 
124"  46.02 ' 
124"  46.04' 
124"  46.05' 
1240 45. a5 
124 O 45.64 ' 

490  58.57 
49"  58.49' 
49"  54.50' 
49"  54.35' 
49" 54.13' 
49"  54.00' 

124" 45:56 ' 
124"  45.57 ' 
124"  37.58' 
124"  37.70 ' 
124"  37.53 ' 
124"  37.30' 

Grace  Harbour 
'1 

Lance1 o t  In1 et 
I' 

Thors  Cove 
I' 

Theodesi a In1 et 
'I 

11 

' I  

I' 

'I 

I' 

Lund Harbour 
8' 

'I 

'I 

I' 

'I 

I' 

I' 

'I 

I' 

I' 

I' 

Sc utt 1 e Bay 
I' 

SI iamon I. R. 
'I 
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APPENDIX 11, Table 1: MARINE SAMPLE STATION  COORDINATES (Area 1) 

Sample S ta t ion   La t i tude  (North) Longtitude  (Nest)  Area 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
a1 
a2 

a4 
83 

85 
86 
87 

49"  53.80' 
49"  53.70 ' 
49" 53.70' 
49"  53.71' 
49"  53.53' 
49"  53.71' 
49"  53.50' 
49"  53.63' 
49"  53.48' 
49"  53.39' 
49"  53.20' 
49"  52.81 ' 
49"  52.48' 
49"  40.68' 
49"  40.70' 
49"  40.68' 
49"  40.57' 
49"  40.57' 
49" 40.57' 
49"  40.57 ' 
49"  40.40' 
49O 40.33' 
49"  40.24' 
49" 39.67' 
49"  39.94' 
49"  40.42' 
49"  40.16' 
49"  39.62' 
49"  39.30' 

124" 37.18' 
124"  37.10' 
124"  36.72 ' 
124"  36.50' 
124"  36.54' 
124"  36.40' 
124"  36.40' 
124"  36.20' 
124"  36.03' 
124"  35.70' 
124"  35.30' 
124"  34.97 ' 
124"  34.12 ' 
123"  28.82 ' 
123 " 28.80 ' 
123"  28.60' 
123"  28.53 ' 
123O 28.62 ' 
123O  28.83 ' 
123" 28.95 ' 
1 2 3 O  29.15' 
123"  29.40' 
123"  29.70 ' 
123"  29.05' 
123"  28.85 ' 
123" 2a. 38' 
123"  28.20' 
123" 28.00' 
123 " 28.00 ' 

S1 iammon I. R. 
I' 

I' 

I1 . 

'I 

'I 

I' 

11 

I' 

I' 

Gibson' s Beach 
Powel 1 River 

I' 

G i  11 i es  Bay 
II . 

II 

I' 

I' 

I' 

I' 

11 

I' 

II 

I' 

II 

11 

II 

'I 

I' 
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APPENDIX I1 Table 2: FRESHWATER AND EFFLUENT SAMPLE STATION LOCATIONS 
(Area I )  

STATION LOCATION DESCRIPTION RECE I VI NG WATER 
NO. 

s1 

s2 

s3 

s4 

s5 

S6 

s7 

S8 

s9 
s 10 
s11 

s12 
S 13 
S 14 

S15 

S16 

S 17 

unnamed stream entering a t  SW corner of 
Okeover In1 et  
unnamed stream entering a t  head o f  Okeover 
In1 et  
unnamed stream entering a t  oyster  lease 
L. 6192 
unnamed stream approx. 50m south of shell 
p i1  e on east  side of Okeover Inlet 
unnamed stream a t  shell  pile on east  side 
o f  Okeover Inlet 
unnamed creek entering n o r t h  o f  Government 
Dock 
unnamed creek entering on 'the east  side o f  
Okeover In1 e t ,  accross from Penrose Bay 
unnamed creek entering approximately 750m 
north of S7 
unnamed creek a t  Percy Logging Camp 
unnamed creek approximately 400m east o f  S9 
unnamed creek entering Lund Harbour a t  
Government  Dock 
S1 iammon Creek a t  Highway br idge 
S1 iammon Creek near mouth 
unnamed creek upstream o f  Wildwod Heights 
sewage 1 agoon discharge 
mouth o f  S14, downstream from lagoon 
discharge 
smal 1 creek entering Cranby Creek adjacent 
t o  road 
creek  adjacent t o  Arnold's  Store a t  south 
side of road (S6 upstream) 

Okeover In1 et  

Okeover In1 et  

Okeover In1 e t  

Okeover In1 et  

Okeover In1 e t  

Okeover In1 e t  

Okeover Inlet 

Okeover In1 e t  

Theodosi a In1 et  
Theodosi a In1 e t  
Lund Harbour 

Mal aspi na S t r a i t  
Malaspina S t r a i t  
Malaspina S t r a i t  

Mal aspina S t r a i t  

G i  11 ies Bay 

Gill ies Bay 

cont i nued. . . 

m 

L 
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APPENDIX I1  Table  2: FRESHWATER AND EFFLUENT SAMPLE STATION  LOCATIONS 
(Area I )  

STATION  LOCATION  DESCRIPTION  RECEIVING WATER 

S 18 

s19 

s 20 
s21 

s 22 
S 23 
s24 

s25 
S 26 
S 27 
S 28 

Cranby Creek e n t e r i n g   a t  head  of  bay a t  
road 
Cranby Creek a t  mouth n e x t   t o   G i l l i e s  Bay 
I n n  
d i t ch   acc ross  from  bank (S21 upstream) 
d i t c h   a d j a c e n t   t o  1 aundromat a t  wooden 
b r idge  
d i t c h  a t  foot  of Oak S t r e e t  
d i tch  discharge a t   f o o t  of Ash 
cul vert d ischarge  on Sanderson Road 50m 
e a s t  o f  Dogwood Avenue 
c u l v e r t  outlet 30m west o f  abandoned house 
cul vert out1 e t  25m e a s t  o f  50 km/h sign 
c u l v e r t   o u t l e t  lOOm west o f  50 kndh sign 
c u l v e r t   ( n o r t h  side) 50m before   "Ret rea t  
Motel " s ign  

Gi 11 ies Bay 

Gill ies Bay 

Gi 11 ies Bay 
Gi 11 ies Bay 

G i  11 ies Bay 
Gi 11 ies Bay 
Gi l l  ies Bay 

G i  11 ies Bay 
Gi l l  ies Bay 
Gi 11 ies Bay 
G i  11 i e s  Bay 
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APPENDIX I1  Table 3: SUMMARY OF FECAL  COLIFORM MPN DATA FOR MARINE 
SAMPLE STATIONS (Area I ) 

STATION NO. OF SAMPLES MPN RANGE MEDIAN 90 PERCENT1,LE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

10 
10 
10 
6 
6 

11 
11 
11 
11 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

L2 - 350 
L2 - 540 
12 - 540 
L2 - 13 
'L2 - 33 
L2 - 11 
L2 - 13 
L2 - 2 
L2 - 5 
L2 - 4 
12 - 14 
L2 - 2 
L2 - L2 
L2 - 2 
L2 - 2 
L2 - 5 
L2 - 2 
L2 - 2 
L2 - 79 
L2 - 49 
L2 - 5 
L2 - 2 
L2 - 5 
L2 - 49 
L2 - 2 
L2 - 2 
L2 - 23 
L2 - L2 
L2 - L2 
L2 - 23 
L2 - 21 

L2 
12 

2 
5.5 

L2 
L2 
L2 
L2 
L2 
L2 

2 
L2 
L2 
L2 
L2 
L2 . 
L2 
L2 

5 
2 

L2 
L2 
L2 
L2 
12 
L2 
L2 
L2 
L2 
L2 
L2 

5 
2 

33 
11.8 
14.4 
8.3 
6.5 

2 
2 

2.8 
8.6 

2 
L2 

2 
2 

3.2 
L2 
L2 

27.2 
29.8 
4.4 

L2 
2 

20.8 
12 
L2 

11.6 
L2 
L2 

13.4 
8.4 

I; 

continued... 
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APPENDIX I 1  Table 3: MPN BACTERIOLOGICAL  RESULTS FOR MARINE STATIONS 

STAT I ON NO. OF SAMPLES MPN RANGE MEDIAN 90 PERCENTILE 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

6 
6 
5 
5 
5 
5 
5 
5 
6 
6 
5 
3 
4 
4 
4 
4 
4 
3 
3 
3 
3 
4 
4 
6 
6 
5 
6 
5 
6 
6 
6 

L2 
L2 - L2 
L2 - 350 
L2 - 540 
2 - 5  
2 - 17 
2 - 17 
2 - 23 
4 - 33 
5 - 49 
7 - 70 
L2 - L2 
L2 - 17 
2 - 5  
L 2 - 4  
L2 - 17 
L2 - 13 
5 - 49 
5 - a  
2 - 170 
L2 - 5 
L2 - 5 
L2 - 2 
L2 - 5 
L2 - 11 
L2 - 46 
L2 - 23 
L2 - 23 
L2 - 33 
L2 - 49 
L2 - 49 

L2 
L2 
49 
13 
2 
9 
7 
5 

22.5 
23 
17 
L2 
3.5 

2 
L2 
2.5 
6.5 
13 
8 

130 
2 
L2 
L2 
L2 
5 
17 
6.5 
13 

10.5 
26 

12.5 

L2 
L2 

214.5 
335 
3.2 
14 
12 
17 
27 

39.4 

L2 
13 

3.8 
3.2 
11.4 

11 
38.2 

8 
158 

47. a 

4.1 
3.8 
L2 
4.4 
9.2 
39.5 
23 
18 
27 

39.4 
33.4 

continued.. . 
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APPENDIX I 1  Table 3: MPN BACTERIOLOGICAL  RESULTS FOR MARINE  STATIONS 

STATION NO.  OF SAMPLES  MPN  RANGE  ME0  IAN 90 PERCENTILE 

63 
64 
65 
66 
67 
68 
69 
70 
7 1  
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 

4 
6 
4 
6 
6 
6 
5 
4 
3 
8 
8 
8 
8 
8 
4 
8 
8 
7 
7 
7 
8 
8 
8 
8 
8 

L2 - 23 
L2 - 49 
12  - 23 
L2 - 130 
5 - 46 
L2 - 33 
12 - 23 
5 - 33 
L2 - 49 
2 - 49 
L2 - 79 
2 - 79 
L2 - 79 
L2 - 9 
L2 - 5 
L2 - 49 
L2 - 26 
L2 - 13 
L2 - 2 
L2 
L2 
L2 - 5 
L2 - 2 
L2 - 4 
L2 - 17 

14 
19.5 

17 
2.5 

7 
7.5 

4 
13.5 

2 
9. 5 

5 
15 
6 
3 
2 

L2 
2 
2 

L2 
L2 
L2 
L2 
L2 
L2 
L2 

20.6 
47.2 

23 
59.8 
32.2 

21 
22.5 
28.6 
34.9 
30.6 
33.4 
71.8 
26.2 
6.6 
3.8 

16.2 
10.8 
10.2 

L2 
L2 
L2 

3 
. L2 
2.4 

' 9.8 
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APPENDIX I 1  Table  4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I) 

Sampl e Collection FC Sample Col 1 ect i on FC 
Station Date Time MPN/lOOml I Sta t i on  Date Time MPN/lOOml 

I 

1 May 21 1310 
22 0995 
23 0910 
26 0915 
27 0905 
28 0905 

Nov. 18 1040 
19 0830 
20 0940 
21 0905 

L2 4 May 21  1320  L2 
L2 I 22  0955  L2 
L2 23  0925  13 
2 1 26  0925 11 
5 27  0915 I1 
L2 28  0910  L2 
L2 

L2 
3 50 

I 

I 

I 

I 

I 

2 "  
I 

I 

2 May 21 
22 
23 
26 
27 
28 

Nov.  18 
19 
20 
21 

1310 
0950 
091 5 
092 0 
091 0 
091 0 
0140 
0830 
0945 
0900 

L2 
L2 
2 
2 
L2 
L2 
L2 
L2 
L2 
540 

~ ~ ~~ 

5 May 21 1320  L2 
22 0955 2 
23 0925  L2 
26 0925 2 
27 0915 33 
28 0915 L2 

3 May 21 
22 
23 
26 
27 
28 

Nov.  18 
19 
20 
21 

1315 
0950 
0920 
0925 
091 0 
091 0 
1040 
0830 
0950 
091 0 

L2 
2 
2 
8 
2 
L2 
2 
5 
23 
540 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

6 May 21 
22 
23 
26 
27 
28 

Nov. 17 
18 
19 
20 
21 

1325 
1000 
0930 
092 5 
0920 
0920 
1500 
0930 
0900 
091 5 
093 5 

L2 
L2 
L2 
L2 
2 
L2 
11 
2 
9 
2 

L2 

continued.. . ~~ 
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APPENDIX I 1  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS  (Area I) 

Sam pl e Col 1 ect i on FC I Sample Collection FC 
Station Date Time MPN/lOOml I Station Date Time MPN/lOOml 

I 

7 May 21 
22 
23 
26 
27 
28 

Nov. 17 
18 
19 
20 
21 

1325 
1000 
0930 
0930 
0920 
0920 
1500 
0930 
0905 
091 5 
0935 

L2 
L2 
2 
13 
L2 
L2 
L2 
L2 
7 
L2 
2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

10 May 22 
23 
26 
27 
28 
29 

1010 
093 5 
093 5 
092 5 
092 5 
1105 

2 
L2 
4 

L2 
L2 
L2 

8 May 22 
23 
26 
27 
28 
29 

Nov. 17 
18 
19 
20 
21 

1005 
0930 
0930 
0920 
0920 
1110 
1505 
0930 
0905 
0920 
0940 

L2 
L2 
2 

L2 
2 

L2 
L2 
L2 
2 

L2 
2 

I 

1 11 May 22 1015  14 
23 0940  L2 
26 0945 5 
27 0930 2 
28 0925  L2 
29 1105 2 

I 

I 

I 

I 

I 

I 

9 May 22 
23 
26 
27 
28 
29 

Nov. 17 
18 
19 
20 
21 

1005 
0930 
0930 
0925 
0920 
1110 
1510 
0930 
091 0 
0920 
0940 

L2 
5 

L2 
'L 2 
L2 
L2 
L2 
L2 
8 

L2 
2 

I 

I 12 May 21 1340  L2 
22 1020 L2 
23 0945 2 
26 0940  13 
27 0930 12 
28 0930  L2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

cont i nued.. . 

c 

m 

c 

r 

L 

I 

u 

IL 

Y 



- 48 - 

c 

I 

I 

I 

m 

m 

APPENDIX 11 Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I ) 

Sampl e Col I ect i on FC ' Sample Col 1 ect i on FC 
Station Date Time MPN/lOOml Station Date Time MPN/lOUml 

I 

13 May 21 1340 L2 17 May 21 1345 12 
22 1020 L2 22 1030 12 
23 0945 L2 23 1000 12 
26 0940 L2 26 0950 12 
27 0930 L2 27 0940 12 
28 0930 L2 28 0940 2 

I 

I 

I 

1 

I 

I 

I 

14 May 22 1020 L2 18 May 21 1350 12 
23 0950 L2 22 1050 12 
26 0945 L2 23 1000 12 
27 0935 L2 26 0950 12 
28 0935 L2 27 0940 2 
29 1100 2 28 0945 12 

I 

I 

1 

I 

1 

I 

I 

15 May 22 1025 L2 19 May 21 1350 12 
23 0950 L2 22 1035 2 
26 0945 L2 23 1005 5 
27 0935 2 26 0955 5 

29  1100 2 28  0945 2 
29 -- 5 

I 

I 

I 

1 

28  0935 L2 27 0945 79 I 

I 

I 

16 May 21 1345 5 20 May 21 1350 2 
22 1030 L2 22 1035 12 
23 1000 L2 23 1005 12 
26 0950 L2 26 0955 2 
27 0940 2 27 0945 49 
28 0940 L2 28 0950 17 

I 

I 

I 

I 

I 

I 

continued.. . 
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APPENDIX I 1  Table 4 :  DAILY  BACTERIOLOGICAL MPN DATA FOR MARINE  SAMPLE 
STATIONS (Area I )  

Sampl e Col 1 ect i on FC Sample Col 1 ect i on FC 
Stat ion Date Time MPN/100ml Stat ion Date Time MPN/lOOrnl 

I 

21 May 21 1400 L2 25 May 21 1425 L2 
22 1040 L2 22 1105 L2 
23 1010 L2 23 1025 L2 
26 0955 L2 26 1015 L2 
27 0945 5 27 1005 2 
28 1010 4 28 1045 L2 

I 

I 

I 

I 

I 

I 

I 

22 May 22 1050 L2 26 May 21 1425 L 2  I 

23  1020 L2 22 1100 L 2  
26 1005 L 2  . I 23 1030 L2 
27 0955 2 26 1015 2 
28 1020 2 27 1000 2 
29 1040 L2 28 1030 L2 

1 

I 

1 

I 

I 

23 May 22 1050 L2 27 May 21 1435 L2 
23 1035 L2 22 1110 L2 
26 1005 L2 23 1040 4 
27 0955 L2 26 -- L2 
28 1020 2 27 1010 23 
29 1040 L2 28 1045 L 2  

1 

I 

I 

I 

I 

I 

24 May 22 1055 2 28 May  22 1125 L2 
23 1035 L2 23 1040 L 2  

' 26 1010 L2 26 1025 L2 
27 1000 49 27 1010 L 2  
28 1025 L2 28 1050 L2 
29 1035 L2 29 1030 L2 

I 

I 

I 

I 

I 

I 

I 

cont i nued. . . 
IL 
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APPENDIX I1  Table 4: DAILY BACTERIOLOGICAL MPN DATA  FOR MARINE SAMPLE 
STATIONS (Area I ) 

Sampl e Col  1 e c t  i on FC Sample Col  1 e c t  i on FC 
S t a t i o n  Date  Time MPN/100ml I S t a t i o n  Date  Time MPN/lOOml 

I 

29 May 21  1450  L2 33 May 22 1210  L2 1 

22  1130 L2 23  1125 L2 I 

23  1055, L2 26 1050 L2 I 

26  1030 L2 27 1030  L2 
27 1015 L2 28 1120 L2 
28  1055 L2  29 1010  L2 

I 

I 

I 

I 

30 May 22 1150 7 34 May 23 1130 L2  
23 1105 L2 26  1030 49 
26  1055 L2 27 1035  350 
27 1020 23 28 1130 2 
28 1100 2 29 1000 79 
29 1025 L2 

1 

I 

I .  

I 

I 

I 

I 

31  May 22 1145 L2 35 May 23 1130  L2 
23 1110 L2 26 1050 540 
26  1035 L2 27 1035 13 
27 1020 21 28  1130 5 
28  1150  L2 29 1000 13 
29  1020  L2 

I 

I 

I 

I 

I 

I 

I 

32 May 22 1205 L2 36 May 22 1220 7 
23 1120 L2 23 1135 2 
26 1045 L2 26 1055  2 
27 1030 L2 27 1040 2 
28 1110 L2 28 1135 5 
29 1010 L2 29 0955 2 

I 

I 

I 

I 

I 

I 

cont i nued.. . 
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APPENDIX I1  Table 4 :  DAILY  BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I )  

Y 

Sampl e Collection FC I Sample Col 1 ec t  i on FC 
Stat ion Date Time MPN/100ml ' Stat ion Date Time MPN/100ml 

1 

37 May 23 1145 2 41 May 21 1545 13 I 

26 1105 1 7  22 1230  33 
27 -1045 11 23 1150 13 
28 1140 9 26 1110 33 
29 0945 2 27 1055 49 

28 1150  5 

I 

I 

I 

I 

I 

38 May 23 1145 7 42 May 21 1545 33 
26 1105 17 22 1235 110 
27 1050 7 23 1150 7 
28 1140 2 26 1110 13 
29 0950 5 27 1100 70 

28 1150 17 

I 

I 

I 

1 -  

I 

I 

I 

39 May 23 1145  5 43 May 29 1350 L2 8 

26 1105 23 30 0930 L2 
27 1050 2 June 05 0920 L2 
28 1140 11 
29 0950 5 

I 

I 

I 

1 

I 

40 May 21 1540 33 44 May  29 1355 L 2  
22 1230 4 30 0940 L2 
23 1150 5 June 04 0925 17  
26 1110 23 05  0920 7 
27 1050 22 
28 1150 23 

I 

I 

I 

I 

I 

I 

st 

T. 

1L 

cont i nued.. . 
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APPENDIX I 1  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I ) 

Sampl e Col 1 e c t i  on FC I Sample C o l l   e c t i  on FC 
S ta t i on  Date Time MPN/100ml S ta t i on  Date Time MPN/100ml 

I 

45 May 29  1355 2 50 May 29 1410 8 I 

30 0940 17 30 0950 a 
June  04 0925 11 June 05 0930 5 

I 

I 

05 0915 5 I 

46 May 29 1350 L2  51 May 29 1410 130 
30 0940 L2 30 0955 170 

June 04 0925 4 June 05 0930 2 

I 

I 

I 

05 0915 2 I 

I 

47 May 29 1400 3 52 . May 29 1420 2 
30 0945 L2 30 1015  L2 

June 04 0920 2 June 05 0905 5 

I 

I 

I 

05 0925 17 I 

I 

48 May 29 1405 L2 53 May 29 1430  L2 
30 0950 8 30 1015  L2 

June 04 0915 13 June 04 0910 5 
05 0925 5 05 0905 2 

I 

I 

I 

I 

49 May 29  1405 49 54 May 29 1430 2 I 

30 0950 13 30 1020  L2 
June 05 0930 5 June 04 0910 L2 

05 0900 L2 

I 

I 

I 

cont i nued. .  . ~~ 
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APPENDIX I 1  Table 4 :  DAILY  BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I )  

Sample Col 1 ec t  i on FC Sample Col 1 ec t  i on FC 
Stat ion Date Time MPN/lOOnll I Stat ion Date Time MPN/100ml 

I 

55 May 29 1440 L2 59 May 30 1050 L2 I 

30 1040 L2 June 03 1240 5 
June  03 1135 4 (am) 04 0530 13 
(am) 04 0845 L2 (pm) 04 1430 13 
(pm) 04 1445 5 05 0830  23 

I 

I 

I 

I 

05 0840 L2 I 

I 

56 May 29 1445 5 60 May 29 1455 L2 
30 1040 11 30 1055 2 

June 03 1150 5 June  03 1300 8 
(am) 04 0840 5 (am) 04 0825 33 
(pm) 04 1445 8 (pm) 04 1425 13 

05 0840 L2 05 0825 23 

I 

I 

I 

I 

I 

I 

I 

57 May 30 1045 L2 61 May 29 1500  21 
June 03 1220 17 30 1100 L2 
(am) 04 0840 46 June 03 1305 33 
(pm) 04 1440 33 (am) 04 0820 49 

05 0835 L2 (pm) 04 1420 17 
05 0825 31 

I 

I 

I 

1 

I 

I 

I 

58 May 29 1450 L2 62 May 29 1500 L2 
L 2  

June  03 1230 23 June 03 1310 8 
(am) 04 0845 23 ( am) 04 0815 49 
(pm) 04 1430 13 (pm) 04 1420 23 

05 0830 L2 05 0820 1 7  

I 

30 1050 L2 I 30 l i o o  
I 

I 

I 

I 

continued... 
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APPENDIX I 1  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
.STATIONS (Area I )  

Sampl e Col lect ion FC I Sample Col 1 ect i on FC 
Stat ion Date Time MPN/fOOml Stat ion Date Time MPN/100ml 

I 

63 May 30  1105 L2 I 67 May 29 1510 5 
June (am) 04  0815 11 I 30 1115 5 

(w) 04  1415 23 June 03 1345 7 
05 0820 17 (am) 04 0800 7 

(pn) 04 1405 23 
05 0810 46 

I 

I 

I 

I 

64 May 29 1505 L2 I 68 May 29 1520  L2 
30 1110 8 30 1120 L2 

June 03 1320 31 June 03 1355 7 
(am) 04 0810 L2 I (am) 04 0755 8 
(pn) 04 1410 49 (pm) 04 1405 33 

05 0815 46 05 0805 13 

I 

I 

I 

I 

I 

65 May 30 1105 L2 1 69 May 29 1530 L2 
June (am) 04 0810 23 I 30 1125 L2 

( p n )  04 1415 23 I June (am) 04 0750 4 
05  0815 11 (pn) 04 1400 22 

05 0800 23 

I 

I 

I 

66 May 29 1510 L2 I 70 May 30 1130 5 
30 1110 L2 June (an) 04 0745 2 

June 03 1335 5 ( p n )  04 1355 33 
(am) 04 0805 L2 05 0800 22 
( p n )  04  1410 13 

I 

I 

I 

I 

05 0810  130 I 

continued.. . 
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APPENDIX I 1  Table 4:  DAILY BACTERIOLOGICAL MPN  DATA FOR MARINE SAMPLE 
STATIONS (Area I )  

Sampl e Col 1 e c t i  on FC Sample Coll e c t i  on FC 
Sta t ion  Date Time MPN/100ml S ta t ion  Date Time MPN/100ml 

I 

71 May 30 1130 2 
June ( am) 04 0740 L2 

05 0755 49 

I 

I 

I 

I 

I 

74 June 02 
03 
04 

, 05 
Nov. 18 

19 
20 
21 

1030 
1015 
1025 
1020 
1030 
1020 
1010 
1100 

5 
13 
2 
2 

79 
17 
33 
70 

72 June 02 
03 
04 
05 

Nov. 18 
19 
20 
21 

1020 
1015 
1030 
1025 
1040 
1025 
1130 
1115 

8 
11 
17  
2 
8 
8 
49 
26 

75 June 02 
03 
04 
05 

Nov. 18 
19 
20 
21 

1030 
1005 
1020 
101 5 
1040 
1025 
1020 
1130 

79 
5 

L2 
11 

7 
L2 
13 

5 

73 June 02 1020 
03  1015 
04 1025 
05  1025 

Nov. 18 1035 
19 1020 
20 1015 
21  1110 

5 
2 
5 
L2 
2 

22 
7 
79 

I 

I 

I 

I 

I 

I 

I 

I 

76 June 02 1035 
03 1010 
04 1040 
05 1015 

Nov. 18 1045 
19 1030 
20 1025 
21 1135 

5 
2 

L2 
4 
L2 
L2 
6 
9 

, 
I 

m 

I 
I 

- 

cont i nued.. . 
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APPENDIX I 1  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I ) 

Sampl e Col  1  ect i on FC Sample Col 1 e c t i  on FC 
S t a t i o n  Date Time MPN/100ml I S t a t i o n  Date  Time MPN/100ml 

1 

77 June 02 1035 2 80 June 02 1045 2 
03 1010 L2 03 1030 2 
04 1035 2 04 1050  13 
05 1015 5 05 1035 12 

Nov. 18 1105 12 
19 1045 9 
21 1145 12 

I 

I 

I 

I 

I 

I 

I 

78 June 02 
03 
04 
05 

Nov. 18 
19 
20 
21 

1040 
1015 
1035 
1020 
1050 
1035 
1030 
1135 

L2 
L2 
L2 
8 
5 

49 
2 
2 

I 

I 81 June 02 1045 12 
03 1030 12 
04 1055 12 
05 1040 2 

Nov. 18 1105 12 
19 1050 12 
21 1150 12 

I 

I 

I 

I 

1 

I 

I 

79 June 02 
03 
04 
05 

Nov. 18 
19 
20 
21  

1040 
1025 
1045 
1030 
1100 
1040 
1040 
1145 

4 
L2 

2 
7 

26 
2 

L2 
2 

82 June 02 
03 
04 
05 

NOV. 18 
19 
20 
21  

1105 

1100 
1050 
1115 
1055 
1045 
1155 

12 
" 

12 
12 
12 
12 
12 
12 

continued.. . 
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APPENDIX I 1  Table 4: DAILY  BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS  (Area I) E 

Y 

Sample Coll ecti on FC Sample Col 1 ect i on FC 
Station Date  Time MPNJlOOrnl Station Date  Time MPN/lOOml 

83 June 02 
03 
04 
05 

Nov. 18 
19 
20 
21 

1100 
1035 
1040 
1045 
1120 
1055 
I045 
1200 

L2 
L2 
L2 
L2 
L2 
L2 
2 

L2 

I 

I 

I 

I 

I 

I 

I 

I 

86 June 02 
03 
04 
05 

Nov. 18 
19 
20 
21 

1120 L2 
1000 L2 
1010 2 
1005 2 
1140 L2 
1020 L2 
1100 L2 
1235 4 

84 June 02 
03 
04 
05 

Nov. 18 
19 
20 
21 

1 

1125 L2 
1005 L2 
1020 5 
1010 L2 
1025 2 
1100 L2 
1050 2 
1205 17 

I 

I 

I 

I 

I 

I 

I 

I 

87 June 02 1110 L2 
03 0950 L2 
04 1000 L2 
05 1000 L2 

Nov. 18 1145 L2 
19 1120 17 
20 ,1100 L2 
21 1250 8 

85 June 02 
03 
04 
05 

Nov. 18 
19 
20 
21 

1120 L2 
1000 L2 
1015 L2 
1010 L2 
1130 L2 
1110 L2 
1055 L2 
1215 2 

n 

t 
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Y 

7 

I 
I 

v) z 
0 

w 
ni 
L 

I c a 0  
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m z 
3 
3 
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-1 
CL 
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X 
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LL 

m c 
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m 
W 
z 
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U 

a 
0 

LL 
0 
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I 

x 
I 

n z 
W 
c1 

e c1 
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c c, Cl 

I m l  w 
b N I  . 

h 
Ln 

m 
0 

h 0 0  x 
h d m m  
c o x  m 

m d 

. 
d . 

4 

o o o m  
0 4 4 0  
4 x 1 4  

0 
I h O  x 4 m  

I 4 
0 
0 

I 

0 
0 

co 0 
3 

w 

d A  e 

4 N m u  
0 0 0 0  
w w w w  

Im 

w 
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P 

APPENDIX I I TABLE 6 
DAILY BACTERIOLOGICAL RESULTS FOR FRESHWATER 
AND EFFLUENT SAMPLE STATIONS (AREA 1) 

STATION DATE FC/lOO 1111 FS/lOO m l  

S1 May 22 
23 

S2 May 22 
23 
26 
27 
28 

Nov. 18 
19 
20 
21 

s 3  

s4 

May 22 
23 
26 
27 
28 

Nov. 18 
20 
21 

May 22 
23 
26 
27 
28 

1110 
L 10 

76 
32 
35 
160 
3 
66 
61 
100 - 
120 

8 
1 
1 
14 
0 
0 
6 
3 

6 50 
L 10 

73 
14 
13 
69 
24 
50 
20 
34 
26 

10 
7 
5 

21 
8 
0 
1 
1 

10 
19 
3 
4 

4 

cont  i nued.. . 
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I 

u 
APPENDIX 11: TABLE 6 

DAILY  BACTERIOLOGICAL  RESULTS FOR FRESHWATER 
AND  EFFLUENT  SAMPLE  STATIONS  (AREA 1) 

STATION  DATE  FC/100 ml FS/lOO ml 

s5 May 22 
23 
26 
27 
28 

S6 May 22 
23 
26 
27 
28 

s7 May 23 
26 
27 
28 

S8 May 26 
27 
28 

s9 May 23 
26 
27 
28 

230 
13 
52 
24 
8 

18 
4 
4 
22 
0 

5 
4 
22 
0 

3 
12 
28 
0 

11 
4 
6 

11 
3 

28 
15 
36 
45 
23 

8 
11 
22 
9 

12 
29 
4 

8 
17 
41 
12 

continued... 

L 
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APPENDIX I 1  : TABLE 6 

DAILY  BACTERIOLOGICAL  RESULTS FOR FRESHWATER 
AND EFFLUENT SAMPLE STATIONS  (AREA 1 ) 

s 10 May 23 
26 
27 
28 

s11 May 27 
29 
30 

June 02 
03 
04 

s 12 May 29 
30 

June 02 
03 
04 

S 13 May 30 
June 02 

03 
04 

S 14 May  27 
June 03 

04 

1 
12 
37 
0 

54 
26 

170 
730 
180 

74 

18 
14 

6 
21 
37 

23 
13 
28 
79 

2300 
130 
190 

5 
7 

20 
15 

130 
13 

200 
72 
44 
48 

18 
31 
a 

11 
10 

71 
22 
15 
35 

2400 
130 
230 

continued... 
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APPENDIX I 1  : TABLE 6 

Y 

I 

DAILY  BACTERIOLOGICAL  RESULTS FOR FRESHWATER 
AND EFFLUENT SAMPLE STATIONS (AREA 1) 

STATION DATE FC/100 m l  FS/lOO ml 

S 15 

S 16 

j 

S 17 

S 18 

May 27 
June 03 
. 04 

June 02 
03 
04 

05 
Nov. 18 

19 
20 
21 

Nov. 18 
19 
20 
21 

June 02 
03 
04 
05 

Nov. 18 
19 
20 
21 

2300 
90 
119 

620 
1285 
1015 
340 
100 
41 
28 

680 

100 
40 
34 

680 

20 
90 
320 
181 
360 
190 
290 
510 

2100 
20 
103 

173 
93 0 
890 
120 
20 
8 
13 

680 

20 
11 

270 
54 

8 
220 
430 
1500 
110 
50 
10 
70 

c 

Y 
1 

L 
I 

1 
I 

u 

continued... 
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APPENDIX 11: TABLE 6 
DAILY  BACTERIOLOGICAL  RESULTS FOR  FRESHWATER 
AND EFFLUENT SAMPLE STATIONS  (AREA 1)  

~ 

STATION DATE FC/lOO rnl FS/100 rnl 

s19 June 02 

03 
04 
05 

Nov. 18 
19 
20 
21 

s 20 Nov. 19 
20 
21  

s 21 Nov. 18 
19 
20 
21 

s 22 Nov. 19 
20 
21  

s 23 Nov. 19 
20 

2 1  

460 

390 
900 
370 
170 
160 
81 

330 

6 
11 
7 1  

30 
19 
2 

58 

770 
660 

2200 

3300 
2500 
6400 

123 
280 
560 
170 
150 
19 
19 
30 

32 
57 
38 

80 

22 
12 
55 

230 
220 
660 

880 

1800 

4400 

c o n t i  nued.. . 
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I 

I APPENDIX I I : TABLE 6 
DAILY BACTERIOLOGICAL RESULTS FOR FRESHWATER 
AND EFFLUENT  SAMPLE  STATIONS  (AREA 1) 

I 

.L 

STATION DATE FC/100 ml FS/100 ml 

S 24 

s25 

S 26 

S 27 

S 28 

NOV. 19 
20 
21 

Nov. 18 
19 
20 
21 

Nov. 18 
19 
20 
21 

Nov. 18 
19 
20 
21 

Nov. 18 
19 
20 
21 

35 
22 
87 

100 
" 

90 
140 

1690 
130 
690 
250 

60 
63 
29 
39 

1200 
560 
340 
630 

23 
72 
57 

1300 
" 

" 

280 

170 
160 
" 

10 

150 
20 
49 
12 

730 
70 
200 
320 

cont i wed . 
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L 
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APPEND1 X I I : TABLE 6 

DAILY BACTERIOLOGICAL  RESULTS FOR FRESHWATER 
AND EFFLUENT  SAMPLE STATIONS (AREA 1)  

STATION DATE FC/lOO ml FS/lOO ml 

Ef f l uen ts :  

E01 May, 23 
26 
27 
28 

Nov. 17 
18 
19 
20 
21 

E 02 May 30 
June 02 

03 
04 

E 03 May 30 
June 03 

04 

E 04 June 02 

03 
04 
05 

Nov. 18 

19 
20 
21 

0 
0 

1 
0 

100 
L10 
40 

L  10 
L10 

68000 
5.7~106 
2.9~106 
1.8~106 

10 

L10 
L10 

81 00 

71 00 
4100 
1000 

1.2~105 

1.9~105 
1.8~105 
9.4~104 

1410 
360 

80 
72 

1300 
780 

1250 
2480 

150 

GSOOO 
2.2~105 
1.2~105 
1.1~105 

40 
20 

L 10 

300 

800 
280 
300 

2 900 
L 1000 
2800 
1600 
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APPENDIX 11, Table 7: SUMMARY OF SALINITY  DATA FOR MARINE 
STATIONS (AREA 1) 

SAMPLE NO. OF SALINITY  RANGE  MEAN  SALINITY 
STATION  SAMPLES ( PPt 1 

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 

5 
4 
4 

4 
4 
5 
4 

3 
3 
3 
3 
4 
4 
3 
3 
4 
4 
4 
4 

4 
4 
3 
3 
3 
4 
4 

18-28 
26-5-28 
25-28 
26-27 

25.5-27 
18-27 
26-28 

27  5-28 
27-28 

26-27.5 
25-27 
26-28 
26-28 

27-27.5 
27-28 

26.5-28 
27-28 

26-5-28 
26.5-28 
26-28 
27-28 

26.5-27 
27 

26.5-27 
26-27.5 
26.5-28 

25 
27.5 
27 

26.5 
26 
25 
27 

27.5 
27.5 
26.5 
26 
27 
27 

27.5 
27.5 
27 

27.5 
27 
27 
27 

27.5 
26.5 
27 
27 

26.5 
27 

continued... 
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APPENDIX 11, Table 7: SUMMARY OF SALINITY  DATA FOR MARINE 
STATIONS (AREA 1) 

SAMPLE NO. OF SALINITY  RANGE  MEAN  SALINITY 
STATION SAMPLES ( PPt  1 

27 
28 
29 

3 0  
31 
32 
3 3  
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49  
50 
51 
52 
53 

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

26-26.5 
26-27.5 
15-28 

25-28 
25-27 

26-27 
26-27 
25-28 
25-28 
13-24 
6-1 2 
6-1  5 
6-1 4 
4-1 7 
5-1 2 
6-14 

28 
26-5-28 

27-28 
27-28 

28 
26- 5-28 
26.5-28 

28 

26.5-28 
16-28 

24- 26 

26 
27 
24 

25.5 
26. 5 
26-5 
26.5 
26.5 
26.5  
17.5 

8 . 5  
9.5 
9.5 

10 
9 

10.5 
28 

2 7 . 5  
27.5 
27.5 

28 

27 .5  
27 

28 
25 

27 

24 
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APPENDIX 11, Table 7: SUMMARY OF SALINITY  DATA FOR MARINE 
STATIONS (AREA 1) 

SAMPLE NO. OF SALINITY  RANGE  MEAN  SALINITY 
STATION  SAMPLES ( PPt 1 I 

m 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

3 
4 
4 
3 
4 
3 
4 

4 
4 
2 
4 
2 
4 
4 
4 
3 
2 
2 
4 
4 
4 
4 
4 
4 
4 

26-28 
25-28 
24-28 

26.5-27.5 
26-27 

26.5-27 
24-27 

24-26.5 
20-26.5 
22-26.5 

3-24 
23.5-26.5 
23.5-26.5 

23-27 
24-27 

24-26.5 
25 

22.5-25 
25-28 
26-28 
26-28 
26-28 

26.5-28 . 

26.5-28 
27-28 

27 
26.5 
26.5 

27 
26.5 
27 
26 

25.5 
24.5 
24 

17.5 
25 

25.5' 
25 

25.5 
25.5 
25 
24 

26.5 
26.5 
27 
27 
27 
27 

27.5 

I 

li 

L 

m 
I 

CT 

79 4 26.5-28  27 

~ ~~ 

cont i nued . . . 
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APPENDIX 11, Table 7: SUMMARY OF SALINITY DATA FOR MARINE 
STATIONS  (AREA 1) 

SAMPLE NO. OF SALINITY RANGE MEAN  SALINITY 
STAT1 ON SAMPLES ( FFt 1 

80 
81 
82 
83 
84 
85 
86 
87 

26-28 
26-28 
26-28 
26-28 
27-28 

26.5-28 
26-28 

26.5-28 

27 
27 

27.5 
27 
28 

27.5 
27.5 
27.5 



- 7 1  - 

APPENDIX I 1 1  

. AREA I I FIGURES 



- 72 - 

a 

li APPENDIX 111 
FIGURE I M A R I N E  AND  FRESHWATER  SAMPLE  STATION 

LOCATIONS - PRIDEAUX  HAVEN,  TENEDOS B A Y ,  
GRACE  HARBOUR  AND WEST REDONDA  ISLAND 
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P U  A O R  A I 
I S L A N D  

APPENDIX UI 
FIGURE 2 MARINE AND FRESHWATER  SAMPLE  STATION 

LOCATIONS - CORTES,  READ AND QUADRA ISLANDS 

m 



- 74 - 

I- 



- 75 - 

I 2 3 4 5 6 7 8 9 1011 l 2 1 3 l 4 b  
I J u l y  

16 I7 18 19 20 21 &! 23 24 25 26 27 28 29 30 31 

APPENDIX III 
FIGURE 4 RAINFALL DATA - CAMPBELL RIVER - 

J u l y  I 9 August I ,  1980 

I 
Aug 
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APPENDIX IV 

AREA I 1  TABLES 
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APPENDIX I V ,  Table 1: MARINE SAMPLE STATION COORDINATES (Area 11) 

Sample Sta t ion  Lat i tude  (North) Longti tude (West)  Area 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

50O08.  70 ' 
50°08.  60' 
50°08. 55 ' 
50  O08.45 I 

50°08.  55 
50 "08.55 ' 
50O08.80 ' 
50O08. 80 ' 
50°07. 35 ' 
50O07.50' 
50O07.55 ' 
50°07. 35 ' 
50°07.40' 
50°07.  35 
50°03. 15 ' 
50°03. 25 
50O02.  95 
50O02.90' 
50°12. 80' 
50O12.  70' 
50°09. 50 ' 
50'09.65 ' 
50'07.45' 
50°07.  60' 
50°07.70 
50O07.  45' 
50°07.  40' 
50O07. 35 ' 
50O07.  30 I 

124°40.30 ' 
124°41. 20' 
124O41.05 I 

124O41.35 ' 
124°40.  60 
124O40.20 ' 
124O40.00 
124O39.90 
124O42.60 ' 
124O42.45 
124O42.35 ' 
124O41.75 ' 
124O41.50' 
124°41.  50' 
124O44.40 ' 
124O44.60' 
124O44.65 ' 
124O44.95 I 

124O48.90' 
124O48.75 I 

124'46.25 I 

124O45.70' 
124O50.35 ' 
124O50.30' 
124O50.40 ' 
124O50.40' 
124O50. 75 ' 
124°50.90' 
124O50.90' 

Prideaux Haven 
I' 

II 

Melanie  Cove 
I1 

Laura  Cove 
I1 

Tenedos Bay 
11 

I' 

II 

I' 

Grace  Harbour 
I' 

II 

A1 1 ies Is1 and 
I1 

Roscoe Bay 
I1 

Refuge Cove 
I1 

I' 

II 

I' 

II 

continued... 
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APPENDIX IV, Table 1: MARINE SAMPLE STATION COORDINATES (Area 1 1 )  

Sample Sta t ion  Latitude (North) Longt i tude  (West) Area 

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 
55 
56 
57 
58 

50'08. 60 
50'08. 55 I 
50'08.45 I 

50'08.  35 ' 
50'08.  35 ' 
50'07.90' 
50'07. 80 ' 
50'07 . 50 ' 
50'07. 40 I 
50'07.15 ' 
50'07. 10' 
50'05. 35 ' 
50'05.  25' 
50'04.  20 ' 
50'04. 00' 
50'03. 40 ' 
50 '03.80 ' 
50'03. 90 ' 
50'02.  05 ' 
50  "02.20 ' 
50'04.  35 ' 
50'04. 55 ' 
50'04. 60 ' 
50'04. 40' 
50'06 . 10 ' 
50'06.  50' 
50'05. 90 ' 
50'05.90 
50'05. 60 

124'55.20' 
124'55.00' 
124'55.30' 
124'54.95 
124'55.65' 
124'55.60' 
124'55.20' 
124'55.10' 
124'55.10' 
124'54.75' 
124  O54.70 ' 
124O53.80 ' 
124'53.75 ' 
124'53.15 
124'52.80' 
124'55.70 ' 
124'56.20 ' 
124'55.90' 
124'59.50' 
124'59.  50' 
124'58.90' 
124'58.90 ' 
124'59.00' 
124'59.25 ' 
125O01.95' 
125'01.70' 
125'01.40' 
125'00. 90' 
125'00.  30' 

Squirrel Cove 
I t  

11 

11 

I 1  

I' 

11 

I 1  

'I 

I' 

I1  

Seaf ord 
w 

South Eastern T i p  
o f  Cortes Island 
Cortes Bay 

I' 

11 

Smelt Bay 
I1 

Manson Bay 
H 

I1  

Gorge  Harbour 
I' 

'I 
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V 

Y 

APPENDIX IV,  Table 1: MARINE SAMPLE STATION COORDINATES (Area 1 1 )  

Sample Station Latitude (North) Longtitude (West) Area 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 

50°05. 25 ' 
50O05. 25 ' 
50°05.  50 ' 
50°05.95 ' 
50°06. 55 ' 
50°06. 40 ' 
50°06.  45 ' 
50O07.  85 ' 
50°07.  95 
50°07.  70 ' 
50O07. 75 ' 
50°08.  10' 
50°09. 25 ' 
50°09. 35 ' 
50O09.35 
50°09. 40 ' 
50O09. 35 ' 
50°09. 20' 
50°08. 80 I 

50O08. 60' 
50  "08.45 ' 
50O13.25 
50°13. 30' 
50'12.05 ' 
50°12.  15' 
50O11.  90' 
50O11.85' 
50O10.  05' 
50°09. 95 I 

125OOO.  45 ' 
125°00.  30 ' 
124°59.20' 
124O58.  80' 
125°02.85 ' 
125°03.00 ' 
125°02.901 
125O02.70' 
125°02.70' 
125O02.55 
125'02.45 ' 
125OOO. 00 ' 
125°00.15 ' 
124O59.90' 
124O59.85 ' 
124O59.75 ' 
124O56.90' 
124O56.90' 

124°56.70' 
124'56.65 ' 
124O56.80' 
125'04.20 ' 
125O04.05 ' 
125°05.50' 
125O05.40' 
125'03.75 ' 
125O03.70 ' 
125O05.80 
125O05.80 ' 

Gorge  Harbour 
I' 

11 

I' 

Whal etown  Bay 
'I 

I' 

Coul ter Bay 
I' 

I1 

1' 

Carri ngton Bay 
Quartz Bay 

'I 

I1 

I' 

Von Donop Inlet 
11 

I1 

11 

I1 

North A r m  Evans 
Bay 
Bird  Cove 

I1 

Evans Bay 
I' 

Burdwood Bay 
I' 

continued... 
~ ~~~ 
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APPENDIX I V ,  Table 1: MARINE SAMPLE  STATION  COORDINATES (Area  11) 

Sample Station  Latitude  (North)  Longtitude (West)  Area 

88 50 '06 . 35 I 

89 50'06.25' 
90 50'05.60' 
91  50O05.45 ' 
92 50'05. 40 
93 50  "06 . 20 
94 50O06.  60 I 

95 50'06. 80 
96 50O07.30 I 

97 50'07. 55 I 

125'11.50' Drew Harbour 

125'11.45' 'I 

125'10.95 I 1  

125'11.15' I' 

125'11.45' 
125'12. 60' Heriot  Bay 

125'12.90' 
125'12.90' 
125°13.90' Hyaci  nthe Bay 

125'13.70' 

u 

'I 

11 

w 
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Q 

I 

I 

APPENDIX IV Table 2: FRESHWATER  SAMPLE  STATION  DESCRIPTIONS 
(Area 11) 

STAT1 ON DESCK I PT I ON RECE I VI NG WATER 

s1 
s2 

s3 

s4 
s5 
S6 

s7 
S8 

s9 
s 10 

stream dra in ign  Unwin Lake 
stream en te r ing   ea s t  end o f  Laura Cove 

stream  draining I31 ack Lake 
stream dra i  n i  ng Refuge Lagoon 
stream dra in ing  Lagoon, Squi r re l  Cove 
stream entering near gov' t wharf, 
Squi r re l  Cove 
s t ream  enter ing a t  Gorge View Marina 
stream e n t e r i n g   a t  east end of Gorge 
Harbour 
s t ream  enter ing  a t   marine  s ta t ion #68 
stream en te r ing   a t   mar ine   s t a t ion  #74 

Tenedos Bay 
Laura Cove, 
Prideaux Haven 
Roscoe Bay 
Refuge Cove 
Squi r re l  Cove 
Squi r re l  Cove 

Gorge  Harbour 
Gorge  Harbour 

Coul ter Bay 
Quar t z  Bay 

Miscellaneous  stations:  
HI31 unnamed creek entering 200m west of Heri o t  Bay 

HB2 unnamed c reek   a t  main gravel  road  Hyacinthe Bay 
gov' t wharf 

e n t e r i n g  a t  head of Hyacinthe  Bay 

1-103 Drew Creek - cul vert e x i t   a t  main road Drew Harbour 
s 7u S7 upstream o f  Gorge View Marina a t  Gorge  Harbour 

S8U S8 upstream a t  road Gorge  Harbour 
main road 
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APPENDIX IV Table 4: DAILY  BACTERIOLOGICAL MPN DATA FOR MARINE  SAMPLE 
STATIONS (Area  I1 ) 

Sam pl e Col 1 e c t  i on FC I Sample Col 1 e c t  i on FC 
S ta t ion  Date Time MPN/100ml ' Sta t ion  Date Time MPN/lOOml 

I 

1 Ju ly  08 
09 
11 
14 
15 
16 
26 
27 

" 

1150 
1010 
1105 
1105 
1255 

4 
2 

23 
11 

7 
L2  
L2 

2 

I 

I 

I 

I 

I 

I 

I 

I 

5 Ju ly  08 -- 
09 -- 
11 1135 
14 0955 
15  1050 
16 1105 
26 1045 
27 -- 

13 
L2 
23 
L2 
L2 
L2  

5 
2 

I 

I 
29 -- 49 

2 Ju ly  08 -- L2 
09 -- L2 
11 1155 . 7 
14 1010 2 
15 1100 2 
16 1125  L2 
26 1100 2 
27 -- 2 

6 Ju ly  08 -- 11 
09 -- L2 
11 1135 2 
14 1000 L2 
15 1050 2 
16 1055 2 
26 1040 8 
27 -- 11 

I 

3 Ju ly  09 -- L2 7 Ju ly  09 -- L2 
11 1125 920 11 1210  L2 
14 0950 L2 14 1020 17 
15 1040 L2 15 1125 2 

26  1030 11 26 1115 11 

I 

I 

I 

I 

I 

I 

I 

I 

16 -- 1 2  16 -- L2 

27 -- 17 27 -- 33 

I 

c 

u 

I 

4 Ju ly  09 0-  2 8 Ju ly  08 -- 8 8 

I 11 1130 L2  09 -- 2 
14 0950 L2 11 1210 2 
15  1040 5 14 1025 L2 

26 1025 5 16  1140  L2 
27 -- 33 . I  26 1110 49 
29 " 2 27 -- 79 

I 

I 

I 

I 
16 -- L2  15  1120 79 

I 

I 

cont i nued.. . 

Y 

I 

Y 
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APpENDIX.IV  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE W W L E  
STATIONS  (Area 11) 

Sampl e Collection FC Sample Collection FC 
Station Date  Time MPN/100ml Station Date Time MPN/lOOml 

I 

9 July 08 
09 
11 
14 
15 
16 
27 

" 

" 

1100 

1015 
" 

" 

" 

L2 
L2 
L2 

49 
2 

79 

I 

I 

I 

I 

I 

I 

I 

I 

13 July 08 0-  L2 
09 " 2 
11 . 1040 2 
14 0915 L2 
15 0955 7 
16 -- L2 
27 " L2 

I 

10 July 11 1050 2 14 July 08 -- L2 
14 0925 33 .09 -- 2 
15 1010 23 11 1040 L2 
16 0- L2 14 0910 8 
27 " 2 15 0955 2 

16 -- 5 
27 -- 240 

I 

I 

I 

I 

I 

I 

I 

I 

I 

11 July 11 1050 L2 15 July 08 -- L2 
14 0925 11 09 -- L2 
15 1010 2 11 1000 a 
16 -- L2 14 0830 L2 
27 " ' 33 15 0910 13 

16 -- 2 

I 

I 

I 

I 

I 

I 

I 

I 

I 12 July 08 -- 2 16 July 08 -- L 2  
09 -- L2 09 " 2 
11 1045 L2 11 1005 5 
14 0920 L2 14 0835 8 
15 1000 L2 15 0920 11 

I 

I 

I 

I 

I 16 -- L2 16 -- L2 
27 -- L2 27 -- 2 I 

continued... 
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APPENDIX I V  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I I ) 

Sam pl e Col 1 ect i on FC Sample Col 1 ect i on FC 
Station Date Time MPN/lOOml ' Station Date Time MPN/lOOml 

I 

17 July 08 -- L2 21 July 08 -- 5 
09 -- 8 09 -- 2 
11 1010 8 14 1010 2 
14 0840 5 15 1110 L2 
15 0920 2 16 1115 5 

I 

I 

I 

I 

I 

16 -- L2 I 

I 

18 July 08 0 -  L2 22 July 08 -- L2 
09 -- L2 09 -- L2 
11 1010 2 14  1015  1600 
14  0845 2 15 -- 4 
15 0925 2 16 1120 L2 

I 

I 

I 

I 

I 

I 

I 

16 -- 2 

I 

19 July 08 -- L2  23 July 08 -- 2 
09 -- L2 09 1055 2 
11 1140 L2 11 1230 280 
14 1035 L2 14 1140 12 
15 1045 49 15 -- 1600 
16 1055 L2 16 1200 23 

I 

I 

I 

I 

I 

t 

20 July 08 -- 49  24 July 08 -- 2 
09 " 2 09  1045 L2 
11 1140 4 11 1220 2 
14 1040 2 14 1135 . L2 
15 1045  49 15 1150 1600 
16 1050 L2 16  1150 5 

I 

I 

I 

I 

I 

I 

1 

a 

continued... 
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APPENDIX IV Table 4: DAILY  BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I1 ) 

Sampl e Collection FC I Sample Collection FC 
Stat ion Date Time MPN/lOOml I Stat ion Date Time MPN/lOOrnl 

I 

I 

25 July 08 -- 4 29 July 08 -- L2 
09 1045 2 09 1030 L2 
11 1220 L2 11 1210 17 
14 1135 17 14 1125 L2 
15 1155 540 15 1140 L2 

I 

I 

I 

I 

I 

16 -- 5 16  1140  L2 I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

26 Ju ly  08 -- L2 
09 1040 5 
11 1215 L2 
14 1130 L2 
15 1145  79 
16 1150 L2 

30 Ju ly  08 -- L2 
09  1145 L2 
11 1040 17 
14  0930 33 
15 0955 8 

26  1230 2 
16 -- 2 

27 -- 4 

I 

27 Ju ly  08 -- L2 
09 1040 L2 
11 1210 L2 
14 1125 L2 
15 1140 11 
16 1145 L2 

I 

I 

I 

I 

I 

I 

I 

31 Ju ly  08 -- 
09 1135 
11 1040 
14 0935 
15 0950 
16  1000 
26  1230 
27 -- 

L2 
2 

920 
2 

920 
L2 
2 
33 

I 

I 28 July 08 -- L2 
09 1035 L2 
11 1210 L2 
14 1125 L2 
15 1140 11 
16 1145 L2 

I 

I 

I 

I 

I 

1 

I 

I 

32 July 08 -- 
09  1150 
11 1035 
14  0930 
15 0945 
16  0955 
26 1150 
27 -- 

L2 
L2 
2 
2 
5 

L2 
2 
23 

continued.. . 
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APPENDIX I V  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I1 ) 

Sampl e Col 1 ect i on FC I Sample Col 1 ect i on FC 
Station Date Time MPN/100ml I Station Date Time MPN/100rnl 

1 

I 

33 July 09 1130 L2 37 July 08 -- 12 
11 1045 7 09 1200 2 
14 0940 2 11 1020 23 
15 0955 49 14 0910 12 
16 1010 3 50 15 0925  49 
26 1235 L2 16 0935 12 

I 

I 

1 

I 

1 

I 

27 -- L2 30  0950 2 I 

I 

I 

34 July 09 1155 L2  38 July 08 -- 2 
11 1030 L2 09 1210 12 
14 0925 2 11 1020 2 
15 0935 L2 14 0910 6 
16 0950 L2 15 0925 70 
30 1010 L2 16 0935 12 

30  0950 12 

I 

I 

I 

I 

I 

I 

I 

1 

I 

35 July 09 1200 2 39 July 08 -- 12 
11 1025 2 09 1210 12 
14 0920 L2 11 1015 7 
15 0930 2 14 0905 12 
16 0945 2 15 0920  49 
30 1000 L2 16 0930 2 

. 30 0945 12 

I 

I 

I 

I 

I 

I 

I 

1 

I 

36 July 09 1200 L2 40 July 08 -- 12 
11 1020 11 09 1215 12 
14 0915 5 11 1015 2 
15 0930 130 14 0905 4 
16 0940 2 15 0920 12 
30 1000 L2 16 0930 2 

I 

I 

I 

I 

I 

1 

I 

1 

IMS 

4 

continued... 
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APPENDIX I V  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area 11) 

Sample Col 1 ect  i on FC I Sample Col 1 ect  i on FC 
Stat ion Date Time MPN/100ml I Stat ion Date Time MPN/100ml 

I 

I 

41 Ju ly  09 1245 42 45 Ju ly  09 1310 8 
11 1005 L2 11 0930  79 

15 0910 94 15 0845 110 
16 0920 5 16 0900 23 
30 0940 L2  26 1310 L2 

1 

I 

14 0855- L2 14  0835 21 I 

I 

I 

I 

I 

42 Ju ly  09 1245 2 46 July 09 1320 L2 
11 1005 2 11 0940 33 
14 0855 L2 14 0810 13 
15 0910 L2 15 0835 110 
16 0920 2 16 0815 8 
30 0940 5 26 1305 L2 

I 

I 

I 

I 

I 

I 

I 

43 July 09 1250 L2 47 Ju ly  09 1325 L2 
11 0955 2 11 0945 13 
14 0845 2 14 0800 5 
15 0905 49 15 0835 79 
16 0915 L2 16 0855 L2 
30 0930 5 26 1305 L2 

I 

I 

I 

I 

I 

I 

I 

44 Ju ly  09 1255 L2 48 July 17 0755 33 
11 0955 5 18 -- 49 
14 0845 L2 21 " 5 
15 0900 L2 23 0800 5 
16 0910 2 24 0735 L2 
30 0925 2 25 0750 L2 

I 

I 

I 

I 

I 

I 

I 

cont i nued.. . 
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APPENDIX I V  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I1 ) 

Sample Col 1 ect i on FC I Sample Col 1 ect i on FC 
Station Date Time MPN/100ml Station Date Time MPN/lOOrnl 

I 

I 

49 July 17 0755 13 53 July 17 0825 5 
18 -- 8 18 0845 7 
21 " L2 21 -- 8 
23 0800 L2 23 0820 8 
24 0740 2 24 0755 5 
25 0755 L2 25 0815 L2 

I 

I 

I 

I 

I 

I 

I 

I 

50 July 17 0810 L2 54 July 17 0840 4 
18 0835 8 18 0900 L2 
21 " 4 21 ." 2 
23 0810 L2 23 0845 2 
24 0750 L2 24 0830 L2 
25 0835 L2 25 0905 L2 

I 

I 

I 

I 

I 

1 

I 

I 

51 July 17 0815 11 55 July 17 0930 2 
18 0835 130 18 0905 L2 
21 " 27 21 -- 2 
23 0815 14 23 0840  14 
24 0755 5 24 0825 2 
25 0810 33 25 0905 12 

I 

I 

I 

I 

I 

I 

I 

52 July 17 0820 L2 
18 0845 2 
21 " 8 
23 0815 33 
24 0755 5 
25 0810 7 

I 

I 

I 

I 

I 

I 

I 

I 

56 July 17 0935 
18 0905 
21 " 

23 0840 
24 0825 
25 0900 
26 1430 

2 
L2 
L2 
L2 
L2 
5 

L2 

Y 

h 

L 

L 
I 

- 
yr 

continued.. . 
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APPENDIX I V  Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I I ) 

Sampl e Col 1 ect i on FC Sample Collection FC 
Station Date Time MPN/100ml Station Date Time MPN/100ml 

I 

I 

57 July 18 0910 L2  61 July 17 0955 L2  
21  " 2 18 0930 1 2  
23 0845 2 21 " L2 
24 0825 L2 23 0855 2 
25 0855 L2 24 0810  L2 

25 0840 L2  

I 

I 

I 

I 

I 

I 

I 

58 July 18 0915 L2  62 July 17 1000 5 
21  " L2 18 0935 L2 
23 0850 L2 21 " 1 2  
24 0800 L2  23 0900 2 
25 0830 L 2  24 0810 8 

25 0850 L2 

I 

I 

I 

I 

I 

I 

I 

I 

59 July 17 0945 4 63 July 17 1030 8 
18 0920 L2 18 1000 L2  
21  -- 5 21 " 13 
23 0850 5 23 0920 11 
24 0800 L2 24 0910  L2 
25 0825 L2 25 0920 13 

I 

I 

I 

I 

8 

I 

I 

I 

60 July 17 0945 49 64 July 17 1035 L2  
18 0920 L2 18 0950 L2  
21  " 4 21 " 2 
23 0850 2 23 0920 33 
24 0805 L2 24 0905 2 
25 0830 2 25 0925 7 

I 

I 

I 

I 

I 

I 

I 

continued... 
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APPENDIX I V  Table 4: DAILY BACTERIOLOGICAL  MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I1 ) 

Sampl e Collection FC Sample Col 1 ect i on FC 
Station Date Time MPN/100ml I Station Date Time MPN/100ml 

I 

I 

65 July 17 1035 L2 69 July 17 1105 L2 
18 0950 L2 18 1015 L2 
21 " 2 21 " L2 
23 0920 5 23 0935 2 
24 0905 L2 . 24 0925 L2 
25 0920 L2 25 0940 2 

I 

I 

I 

I 

I 

I 

I 

I 

66 ' July 17 1055 L2 70 July 17 1120 L2 
18  1010 L2 18  1045 L2 
21 " L2 21 -- L2 
23  0950 L2 23  1000 L2 
24  0920 L2 24  0945 L2 
25  0935 L2 25  0950  L2 

I 

I 

I 

I 

I 

I 

I 

67 July 18 1015 L2 71 July 17 1135 L2 
21 " L2 18 1045  L2 
23 0950 L2 21 " L2 
24 0920 L2 23 1010 8 
25 0935 L2 24 0955 L2 

25  1010  L2 

I 

I 

I 

I 

I 

I 

1 

68 July 17 1055 L2 72 July 17 1140  L2 
18 1020 L2 18 1100 L2 
21 " L2 21 " L2 
23 0935 2 23 1015 23 
24 0935 L2 24 0955 5 
25 0940 L2 25 1005 L2 

I 

I 

I 

I 

I 

I 

4 

P 

a 

5 

YI 

continued.. . 
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APPENDIX I V  Table 4: DAILY  BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I 1  ) 

Sampl e Col 1 ect  i on FC I Sample Coll ect i on FC 
Station Date Time MPN/100ml Station Date Time MPN/100ml 

I 

I 

73 July 17 1145 L2  77 July 17 1215 L2  
18 1100 L2 18 1130 5 
21  -0  L2 21  " L2 
23 1015 17 23 1035  L2 
24 0955 L2 24 1015 11 
25 1005 L2 25 1020  L2 

I 

I 

I 

4 

I 

I 

8 

I 

74 July 17 1145 L2 78 July 17 1215 5 
18 1105 L2 18 1125 2 
21  " L2 21 " L2 
23 1015 7 23 1040  L2 
24 1005 4 24 1020  L2 
25 1000 L2  25 1025 2 

# 

I 

I 

I 

I 

I 

I 

I 

75 July 18 1135 L2 79 Jyl y 17 1220  L2 
2 1  " L2 18 1125 8 
23 1045 13 21 " 8 
24 1035 2 23 1040 5 
25 1040 2 24 1025 L2 

25 1030 2 

I 

I 

I 

I 

I 

I 

I 

I 

76 J u l y  18 1135 L2 80 July 17 1250 L2 
21  -- 23 18 1240 L2 
23 1045 L2 21 " 2 
24 1030 11 23 1125 L2 
25 1035 L2 24 1025 L2  

25 1110  L2 

I 

I 

I 

I 

I 

I 

I 

- - ~~ 

continued.. . 



- 94 - 
Y 

APPENDIX IV Table 4: DAILY BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I1 ) 

Sample Col 1 e c t  i on FC Sample C o l l e c t i o n  FC 
S t a t i o n  Date Time MPN/100ml ’ S t a t i o n  Date Time MPN/100ml 

I 

I 

81   Ju l y  17 1250 L2 85 J u l y  18  1225 L2 
18 1240 L2  21 ” L2 
21 -- L2 23 1110 2 
23 1125 L2 24 1130 L2 
24 1145 L2 25 1100 L2 
25 1110 2 

I 

I 

I 

I 

I 

I 

I 

I 

82 J u l y  17 1310 L2 86 J u l y  18 1310 L2 
18 1250 L2 21 ” L2 
21 ” L2 23 1140 L2 
23 1130 L2 24 1200 L2 
24 1150 L2 25 1135  5 
25 1125 L2 30 1145 L2 

I 

I 

I 

I 

I 

I 

I 

I 

83 J u l y  17 1310 L2 87 J u l y  18  1310 L2  
18 1250 L2  21 -- L2 
21 ” L2 
23 1130 L2 
24 1150 L2 
25 1125 L2 30 1120  2 

I 

I 

I 23 ” 

24 -- 
25 -- 

” 

1 
” 

I 
” 

I 

I 

84 J u l y  18 1225 L2 88 J u l y  17 1515 L2 
21 ” L2 18 0805 L2 
23 1105 L2 21 -- L2 
24 1130 L2 23 1245 L2 
25 1055 L2 24 1240  2 

25 1250 L2 

I 

I 

I 

1 

I 

I 

cent i nued.. 
u 
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APPENDIX IV Table 4: DAILY  BACTERIOLOGICAL MPN DATA FOR MARINE SAMPLE 
STATIONS (Area I I ) 

Sampl e Col 1 ect i on FC I Sample Col 1 ect i on FC 
S t a t i o n  Date Time MPN/100ml Stat ion Date Time MPN/100ml 

I 

89  July 17 1510 L2 93 Ju ly  17 1440 12 
18 0810 L2 18 0830 2 
21 " 13 21 " 12 
23 1245 2 23 1220 12 
24 1240 L2 24 1230 12 
25 1245 5 25 1215 12 

I 

I 

I 

I 

I 

I 

8 

90 Ju ly  17 1505 L2 94 Ju ly  17 1450 12 

21 " L2 21 " 12 
23  1240 L2 23 1215 12 
24 1240 L2 24 1225 12 
25 1245 L2 25 1210 12 

30 1140  14 

I 

18 0815 2 .  18 0830 12 
I 

I 

I 

I 

I 

I 

I 

91 July 17 1500 L2 95 , Ju ly  18 0835 12 
18 0820 5 23 1215 12 
21  " L2 24 1225 12 
23  1240 L2 25 1210 12 
24 1235 L2 30 1145 17 
25 1240 11 

I 

I 

I 

I 

I 

I 

I 

92 Ju ly  17  1500 L2 96 July 17 1530 12 
18 0820 L2 18 0840 12 
2 1  " L2 21 -- 12 
23  1235 L2 23 1200 12 
24 1235 5 25 1200 t 2  
25 1240 L2 

I 

4 

I 

I 

I 

I 

I 

I 

I 

I 
97 Ju ly  17  1525 12 

18 0840 4 
21 -- 13 
23 1205 12 
24 1220 12 
25 1200 12 

I 

I 

I 

1 
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APPENDIX I V ,  Table 5: SUMMARY OF BACTERIOLOGICAL  RESULTS FOR  FRESHWATER 
SAMPLE STATIONS (Area I 1  ) 

w 

Sampl e No.of 
S t a t i o n  Sampl es 

MF Count per 100 ml  
'FC Range FC Mean kS Range FS Mean m 

s1 

s2  

s3  

s4  

s5 
S6 
s7 
sa 
s9 

s 10 

2 
2 

2 
2 

2 
2 
4 
4 

3 

2 

3-1 7 
L2-2 

4-7 
1 4 2  

0-2 
63-70 
55-1 04 
16-35 

8-1 9 

0-1 

10 
2 
5.5 
1 
1 

68.5 
81.3 
26.3 

18.5 

L 1  

- 
- 

84-350 
26-44 
14-310 

1-4 

4' 
10* 
19* 
I* 

3* 
60* 

218.5 
32 

122.3 
2.5 

* only one sampl e col 1 ected 
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APPENDIX I V  TABLE 6 
DAILY  BACTERIOLOGICAL MF DATA FOR FRESHWATER 

SAMPLE  STATIONS  (Area 11) 

STATION  DATE  FC/lOO ml FS/lOO rnl 

s1 

s2 

s3 

s4 

. s5 

S6 

s7  

sa 

s9 

s 10 

July 09 
11 

Ju ly  09 
11 

July 09 
11 

July 09 
11 

July 09 
11 

July 09 
11 

Ju ly  17 
21 
23- 
24 

J u l y  17 
21 
23 
24 

July 17 
23 
24 

July  17 

17* 
3 

L2* 
2 

7* 
4 

L2* 
1 

L2* 
0 

63* 
70 

55 
104 
84 
82 

35 
29 
16 
25 

19 
10 
8 

1 

" 

4 

" 

10 

" 

19 

" 

1 

" 

3 

" 

66 

180 
260 
350 
84 

26 
30 
44 
28 

310 
43 
14 

1 
23 0 4 

*MPN Resul ts 
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APPENDIX IV, Table 7 :  SUMMARY OF SALINITY  DATA  FOR  MARINE 
STATIONS 

SAMPLE NO. OF SALINITY  RANGE  MEAN  SALINITY 
STATION  SAMPLES ( PPt 1 

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 

4 
4 

3 
3 

4 
4 
4 
4 
4 
4 
4 
3 
3 
4 
4 
4 
4 

16-23 
16-22 
16-22 
17-22 
16-20 

16-5-22 
15.5-21 

16-20 
20-22 
23-24 

23 
17-5-22 

18-22 
12-22 
24-26 

25-25.5 
24-5-25 
25-25.5 
13.5-18 
13.5-18 
16-21.5 

16-20 
22-23.5 
14-19.5 

14-21 
21-23 

19 
19 
20 
20 
19 
19 
19 

18 
21 

23.5 
23 
21 
20 
17 
25 
25 
25 
25 
16 
16 
19 
18 
23 
17 
1 7  
22 

a 

cont i nued.. . 

Y 
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APPENDIX IV, Tab1 e 7: SUMMARY OF SALINITY DATA  FOR MARINE 
STAT IONS 

SAMPLE NO. OF SALINITY RANGE MEAN SALINITY 
STATION SAMPLES ( PPt 1 

27 

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 

4 
4 
4 
-4 
4 
3 
3 
3 
3 
3 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 

22-24 
22-24 
23-24 
22-24 
22-24 
22-24 
22-24 
23-24 
23-24 

21-5-2305 
22-24 

22.5-24 
22.5-24 

22-24 
23-24 

23.5-24 
24-24.5 

24-25 
23-25 

24 
23-24 

24-25.5 
24-24.5 

23.5-24.5 
22.5-25 

23-5-2405 

23 
23 
24 
23 
23 
23 
23 
23 
23 
23 % 

23 
24 
23 
23 
24 
24 
24 
24 
24 
24 
24 
25 
24 
24 
24 
24 

continued... 
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APPENDIX IV, Table 7:  SUMMARY OF SALINITY  DATA  FOR  MARINE 
STAT I ONS 

SAMPLE NO. OF SALINITY  RANGE  MEAN  SALINITY 
STATION  SAMPLES ( PPt ) 

53 
54 
55 
56 

57 
58 
59 
60 
6 1  
62 
63 
64 
65 
66 
67 
68 

69 
70 
7 1  
72 

73 
74 
75 
76 
77 
78 

4 24-25 
4 25-25.5 
4 
4 

3 
3 
4 
4 

4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 

3 
3 
4 
4 

24.5-26 
25-25.5 

25-26 
26 

25-26 
25-25.5 
25-25.5 

23-25 
25 
25 

25 
20-24 

20-22.5 
19.5-24 
19-24.5 
20-23.5 
20.5-24 
18-22.5 

17-23 
17. 5-23 

22-23 
22-24 
22-23 

22 

24.5 
25 
26 
25 

25.5 
26 
26 
25 
25 
24 
25 
25 

25 
22.5 

22 
22 
22 
22 
22 
21 

20.5 
21 

22.5 
. 23 
22.5 

22 

cc 

- ,  

I 

.r 

Y 

P 

L 

t 

L 

UI. 

u 

continued.. . 



- 101 - 

U 

c 

- 
f 

r 

APPENDIX IV, Table 7.: SUMMARY OF SALINITY  DATA FOR MARINE 
STATIONS 

SAMPLE NO. OF SALINITY RANGE  MEAN SALINITY 
STATION  SAMPLES ( PPt 1 

79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 

4 
4 
4 
4 
4 
3 
2 
3 
3 
4 

20-22 
22-25 

22.5-24.5 
22-26 
22-26 
22-24 

24 
21 -24 
22-24 

23-25.5 
23-25 
23-25 
23-25 

23-25-5 
22-25 
22-25 

22-23.5 
22-25 
6-24.5 

21 
23.5 
23.5 
24.5 
24.5 
23.5 
24 

22.5 
23 
24 

24.5 
24.5 
24.5 
24.5 
24 
24 
23 

23.5 
19.5 

cont i nued.. . 
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APPENDIX V 

BIOCHEMICAL CONFIRMATION RESULTS 
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1 INTRODUCTION 

The accuracy o f  the MPN tes t  procedure i n  recovering fecal 
coliforms, specifically Escherichia  coli from the marine  environment is 
routinely  tested as part of the microbiology laboratory q u a l i t y  control 
procedure. 

During shellfish surveys, a minimum o f  10% of a l l  positive 
(growth + gas) A-1 media tubes are  subjected t o  biochemical 
identification t o  determine the  existance of E. coli i n  the sample. 
Positive  tubes  are  generally picked  randomly unless anomolous results 
are observed a t  ind iv idua l  sample stations. 

2 MATER IALS AND METHODS 

1nocul.a from positive A-1 tubes  are  streaked on Levine's EMB 
aga r  t o  o b t a i n  isolated  colonies.  After 24 hours incubation on Levine's 
EMB, typical col iform colonies  are picked for  further biochemical 
identification. If no typical  coliform  colonies  are  present,  atypical 
colonies  are  selected for  biochemical screening. 

All isolates  are  subjected t o  the fo l lowing  series o f  
biochemical  screening tests: indole,  methyl red, Voges-Proskauer, 
citrate  (collectively known as IMViC)  g r o w t h   a t  44 .5OC ( lactose) ,  
motil i t y ,  oxidase and ornithine decarboxylase. The procedures fo l  lowed 

were those  described i n  Part 908 o f  the Environmental Protection  Service 
Laboratory Manual (1 ). 

3 RESULTS AND DISCUSSIONS 

A t o t a l  of 156 isolates from study  area I were biochemically 

screened and o f  these 141 (90.4%) were ident i f ied  as Escherichia col i . 
The remainder o f  the  isolates were not further  identified t o  the  species 
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level. In study  area 11, 221 i so la tes  were screened and of these 172 
(77.8%) were identified as  Eschericia  coli. 

The poor recovery (77.8%) of E. coli  from area I 1  isolates  was 
further  investigated  to deterrnine  whether alterations  in  closure areas 
would resul t   i f  MPN Val ues were  computed on the  basis o f  biochemical 
d a t a .  This  computation d i d  not generate d a t a  t h a t  would require changes 
in  closure  area  boundaries. 

The biochemical types  obtained from the Area I and I 1  is01  ates 
a re  grouped according to  their  reactions  in  the  following  table: 

BIOCHEMICAL TEST 
I t+R VP C EC(44.5"C) OX 0rn.D Percentage 

+ + - - + - +/- 90.4(141/156) 
+ + - + + - + 4.5(7/156) 

Area I :  

- - - + - - + 1.3(2/156) 
+ - - + + - + 3.2(5/156) 
+ - - + + - - 0.6(1/156) 

+ + - - + - +/- 77.4(172/221) 
+ + - + + - + 6.3 (14/221) 
+ - + + + - + 4.9(11/221) - - + + + - + 4.0(9/221) 
- - + + + - - 0.9(2/221) 

Area 11: 

Other 6.5(13/221) 
I = indole C = c i t r a t e  
MR = methyl red EC = lactose  fermentation 044.5OC 
VP = Voges Proskauer O X  = oxidase 

0rn.D = ornithine  decarboxilase 

I 

L 

Y 
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