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ABSTRACT 

t 

A san i ta ry  and bacter io logical   survey  of   the  waters  cont iguous  to 

and en te r ing   i n to   t he  Vancouver Is land  foreshore between Sherard  Point  

and Bare  Point ,   the  foreshore  waters  of   the Shoal Is lands and selected 
foreshore  areas  o f   Sal tspr ing  Is land was conducted  between  January  11 and 

February 4, 1977  by  personnel  of  the Shel l f i s h  Water Q u a l i t y  Program, 

P a c i f i c  Region. 

The bacter io log ica l   s tudy was undertaken  to  evaluate  molluscan 

shel lfi sh growing  water  qual i ty and permi t  a rev iew  o f   re levant   por t ions  
o f   t h e   e x i   s t i n g   B r i t i s h  Columbia Fisheries  Regulat ions  Schedule J 

Contaminated Shel lfi sh C 1  osure 17-3. A sanitary  survey was performed 

c o n c u r r e n t l y   t o   i d e n t i f y  and evaluate  major  sources  of   bacter io logical  

contamination t o  the  study  area. 

During  the  survey  period, 368 marine, 42 f reshwater and 42 e f f l u e n t  

samples were  col lected and analyzed f o r   c o l i f o r m   l e v e l s .  A t o t a l   o f  45 
marine  stat ions were sampled and, o f  these, 8 did  not  meet  the  shel lfi sh 

growi ng water  standards. 
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f 

Dans  le  cadre  du  programme  de  la  qualit6  des  eaux 2 crustae&,  r6gion  du b 

Pacifique,  un  personnel  scientifique a entrepris,  entre  le 11 juin  et  le 4 f6vrier 1977, 
une  etude  sanitaire  et  baet6riologique  des  eaux  qui  bordent  l'fle  Vancouver  entre 
Sherard  Point  et  Bare  Point  ou  quiyy  p6n&rent,  ainsi  que  des  eaux  qui  longent  les 
iles  Shoal et certaines  zones  sGlectionn6es  de  l'fle  Saltspring. 

On anentrepris  l'gtude  bact6riologique  afin  d'dvaluer  l'6tat  des  eaux 

oij vivent  les  mollusques  et  crustac6s  et  de  permettre  de  revoir  les  sections 
pertinentes  des  Rsglements  actuels  des  PEches  en Colombie-Britannique,(annexe J, 
17-3) concernant  la  barrigre  pour  les  crustac6s  contamin&.  L'6tude  sanitaire 
a 6t6 faite enmGme temps  pour  d6terminer  et  &valuer  les  sources  principales  de 
contamination  bact6riologique  dans  la  zone  6tudiBe. 

Pendant  la dude de l'Stude,  on a prGlev6 et analys6 368 Schantillons 
d'eau de mer, 42 6chantillon.s  d'eau  douce  et 42 Gchantillons  d'effluents,  pour 

denombeer  les  coliformes.  Les  6chantillons  provenaient  de 45 stations  maritimes. 
Sur  ces 45 stations, 8 n'atteignaient  pas  les  normes  fixdes  pour  la  qualitd  des  eaux 

B crustacgs. 
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CONCLUSIONS 

1. Osborn Bay waters o f f  B.C. Forest  Products and adjacent   Stuar t  
Channel Wharves proved t o  have high  fecal   counts due to   t he   f ou r  

d i rec t   d ischarges  from the  three  sept ic  tanks and the  Bio  Pure 

Sewage Treatment   P lant   to   the  receiv ing  waters  from the  onshore 

f a c i l i t i e s   ( S t a t i o n  27-31). 

2. The in te r t ida l   waters   a t   the   sou thwestern  end o f   t h e  Shoal Is lands 

are  contaminated wi th   feca l   po l l u t i on   t o   t he   ex ten t   t ha t   consumpt ion  

o f   m o l l u s c a n   s h e l l f i s h  can c o n s t i t u t e  a hea l th  hazard. The 

p o l l u t i o n   i s   i n t r o d u c e d   i n t o   t h i s   a r e a  by  Bonsall Creek, the  main 
c o n t r i b u t o r s   o f   b a c t e r i  a1 contamination  observed  being  farm  animal s. 
The presence o f  human f e c a l   p o l l u t i o n  was suggested by the  FC:FS 

r a t i o .  However, the  sani tary   survey  d id   not   reveal  any sewage 

d i  sposal  problems.  There i s  a p o s s i b i l  i ty t h a t  some o f   t h i s  

contaminat ion  could have come from the  south sewer o u t f a l l  from the 
B.C. Forest  Products mill which was o c c a s i o n a l l y   r u n n i n g   a t  an 

abnormally  high pH dur ing   the   survey   per iod   w i th  a resu l tan t   l ower  

d i e o f f   o f   m i c r o r g a n i  sms. 

3. The Georgia  Generat ing  Stat ion  at   Bare  Point  has a d i r e c t   p i p e d  

sewage d ischarge  to   S tuar t  Channel. It i s  c o n c e i v a b l e   t h a t   t h i s  

d i  scharge  could  resul t  i n  feca l   co l i   f o rm  l eve l  s i n  excess o f  

she1 1 f i  sh growi ng water  standards in   the   fo reshore   waters .  

4. In te r t ida l   waters  2 km. south  o f   Bare  Point   are  contaminated  wi th  

f e c a l   p o l   l u t i o n  t o  the  extent  that   consumption  of   mol luscan 

s h e l l f i s h  may c o n s t i t u t e  a health  hazard. The contaminat ion  could 

conceivably emanate from two residences  which  respect ively  d isplay 

septic  tank  ground  di  sposal seepage problems  and an apparent   d i rec t  

sewage d i  scharge t o  the  receiv ing  waters.  
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5. The intertidal and subtidal waters i n  the vicinity of the BCFP 

Crofton Mill (S ta t ions  19-26) were of acceptable bacteriological 
water quality during the survey period. However, the presence of 
Kraft Mill Effluent i n  these waters, and the lack of information 
concerning the human health effects  related to the consumption of 
oysters grown i n  the presence of KME have resulted i n  this area 
remaining  under  Schedule J closure. 

6. The intertidal waters of Osborn Bay s o u t h  of the ferry dock 

(S ta t ions  35-38)  were of acceptable water quality during the 
survey period. However, the discharge of raw or pa r t ly  treated 
sewage i n t o  this bay fran  the Crofton Sewage treatment p l a n t ,  and 
the reportedly poor d i l u t i o n  of sewage (5000:1, Dobrocky 
SeaTech), particularly i n  early summer, precludes this area from 
she1 1 f i sh harvesting . 
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RECOMMENDATIONS 

1.  The present contaminated area 17-3 Schedule J closure should be 

amended t o  read: Area 17-3. "The waters and t i d a l  foreshore of 
Area 1 7 ,  l y ing  inside a straight  line drawn  from the o l d  wharf 
located about 2000 feet west of Sherard Point t o  the North Reef 
light, south  of a straight  line drawn  from t h a t  l i g h t  t o  the 
southern t i p  of Willy Island (National Topographic Map 92B/13, 
East Half 1, south of a straight  line drawn  from  Wil l y  Is land t o  
the northernmost t i p  of l a n d  on the southern bank a t  the mouth o f  
the Chemai  nus River" . 

2. The Po l lu t ion  Control  Branch  should be requested t o  investigate 
the Sewage discharge from the Georgia Generating Station with a 
view t o  attainment of shellfish growing water qua l i ty  i n  the 
foreshore waters. 

3. The Director of the Central Vancouver Island Health U n i t  should 
be requested to investigate: 

The efficacy of the sewage  di sposal  systems a t  the two 
residences suspected of causing fecal contamination i n  the 
foreshore waters a t  sample station 1. 

The source of the h i g h  fecal coliform level s found i n  the 
two small streams ( S 4  and S5). Both streams are drainage 
ditches from the Crofton townsite. 

The source of the h i g h  fecal coliform level s found i n  
Bonsall  Creek. I t  i s  suspected t h a t  run-off from grazing 
land may be a principal contributor 
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( d l  The two small   streans  bel ow the  Twin  Gables  Motel ( S 4  and 

S 5 )  exhibi ted  h igh  counts.   Both  are  drainage  di tches from 
the  Crof ton  townsi te.  

(e)   Bonsal l  Creek exh ib i ted   h igh   counts   * i ch  were p a r t i a l l y  

a t t r i b u t a b l e  to runoff   f ran  grazing  land; a po ten t i a l  

c o n t r i b u t o r   i s   t h e   d a i r y  farm o f  M r .  Joe  Groenendyk.  There 

i s  a1 so human fecal   contaminat ion  enter ing  th is   creek 

although  the  source was undetermined. 
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1 INTRODUCTION 

Oyster  growing  leases i n  the  Crof ton  area  ad jacent   to   the Shoal 

Is lands were a s ign i f i can t   sou rce   o f  commercial oys te r   p roduc t i on   p r i o r  

t o   t he i r   t akeover  by Bri ti sh Columbia Forest   Products  Ltd.  i n  1964-1965. 

The takeover  act ion was i n i t i a t e d  because of   complaints from the  oys ter  

growers i n  the   a rea   tha t   the  mil 1 e f f l u e n t  was having an adverse e f f e c t  

on t h e   q u a l i t y   o f   t h e   o y s t e r s   t h a t  were be ing   cu l t i va ted .  The mil 1 

disposes  of  i t s  wastes a t   t h e   r a t e   o f  2.6m /sec  through two  submarine 

o u t f a l l  s i n to   t he   wa te rs   o f   S tua r t  Channel . 
The in f l uence   o f   t he   pu lp  mil 1 on the   loca l   oys ter   popu la t ion  has 

been previously  reported  (Dobrocky SeaTech, 1973, (1 )   Por te r ,  1969, ( 2 ) .  
The l a s t   s h e l l f i s h  survey   o f   the   a rea   (F isher ies   S ta t i s t i ca l  Area # 17) 

i n  1964 was repor ted by the  Department  of  National  Health and Welfare, 

Publ ic   Heal th   Engineer ing  Div is ion.   (3)  The survey  indicated  unacceptable 

growi ng water  qual i ty a t   o y s t e r  1 eases oys ter  337, 31 6, 81 and  11 88. 
High  bacter io log ica l   counts  were also  found i n   t h e  Chemainus River. The 

h igh   bac te r io log i ca l   coun ts   i n   t he   a rea  were a t t r i b u t e d   t o   t h e  mill 

o u t f a l l .  The survey  report  recommended tha t   ce r ta in   l eases  be  closed  to 

the   tak ing   o f   mo l luscan  she l l f i sh .   In  1972, the  contaminated  area was 

geographica l ly   def ined and inc luded as a contaminated  area i n  "Schedule 
J" o f  t h e   B r i t i s h  Columbia  Fishery  Regulations. The present  contaminated 

area i s  def ined as:  

Area 17-3. The waters and t ida l   fo reshore   o f  Area 17, l y i n g  
i n s i d e  a s t r a i g h t   l i n e  drawn from the  o ld   whar f   located  about  

2000 f e e t  west o f   Sherard   Po in t   to   the   Nor th  Reef l i g h t ,   s o u t h  
o f  a s t r a i g h t   l i n e  drawn from t h a t  1 i g h t   t o   t h e   s o u t h e r n   t i p  of 

I s land  14  (National  Topographic Map 92B/13, East   Hal f )  , e a s t   o f  

a s t r a i g h t   l i n e  drawn from Is land  14   to   the   sou theas t   ex t remi ty  

o f  Mainguy I s 1  and t o  the  shore o f  Vancouver Island. 

A resurvey  of  the  area was undertaken  for   the  fo l lowing  reasons: 
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the  oyster  leases h e l d  by B.C. Forest  Products had reverted to 
the crown ( l a s t   l ea se   r eve r t ed  June 8, 1976). 

condition  factors i n  the oysters had s igni f icant ly  improved i n  
the  area under closure  (personal  canmunication fran Dave Smi th ,  
Marine  Resources  Branch,  Province of B.C., Appendix VI). 

the Program Manual  of Operations  referred to i n  the 1948 Canada- 
U.S.A. Bilateral  Shel l f i  sh Control Memorandum  of Agreement 
recanmends that  surveys of canmrcial   shel  lf i  sh harvesting  areas 
should be conducted once every  ten  years. 

oyster  leases  outside of the closure  area had not been surveyed 
since 1964. 

shel l f ish growing waters  outside o f  the closure  area had not been 
previously  surveyed. 

Hence a  bacteriological and sanitary  survey of the  waters 
contiguous to and entering  into the Vancouver Island  foreshore between 
Sherard Poi n t  and Bear Poi n t  as  we1 1 as the foreshore  waters of the Shoal 
Islands was conducted between January 11 - February 4, 1977 by personnel 
of the Shel l f i  sh Water Qual i ty  program, the Environnental  Protection 
Service. The growing waters of Booth and Burgoyne Bays a t  Saltspring 
Is1 and were a1 so surveyed. 

2 SAMPLE STATION LOCATIONS 

Marine sample s ta t ions  were  chosen to assess  the extent  and 
degree of bacteriological  contamination to the shellfish growing waters 
ar is ing fran the B.C. Forest  Products mil 1 out fa l l  to Stuar t  Channel and 
the   Dis t r ic t  of North Cowichan  sewage out fa l l  to Osborne Bay. Stations 
were also  established i n  the dock loading  area i n  Osborne B a y  (to monitor 
the  effects  of  d i rec t  i n p u t s  fran  septic  tanks i n  the area) ,   o f f  the 



FIGURE 2 SHERRARD POINT TO BARE POINT AND OUTLYING AREAS  SAMPLE  STATIONS 
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mouths of creeks and the Chemainus River, and a t  random intervals along 
the foreshore (dependent on residential development i n  some cases). 
Samples  were a1 so taken a t  various locations  for colour and odour 
measurements  with the results presented i n  Appendix VI. 

Freshwater  samples  were  taken fran  the Chemainus River, Bonsall 
and Whitehorse  Creeks and two smal 1 streams i n  Crofton to assess  their 
influence on receiving water quality. 

Oysters were  sampled for determination of fecal coliform bacteria, 
polychlorinated biphenols  (PCB's) and chlorinated  insecticides i n  the 
meat. 

Marine and freshwater sample station  locations  are  illustrated i n  
Figures 1 and 2. The oyster sample stations  are il 

3 FIELD PROCEDURES A N D  METHODS 

Sampling stations were selected and a bacter 

ustrated i n  Figure 2. 

ological and physical 
water testing program  was  developed t o  assess the shellfish growing water 
quality and the source and impact of bacteriological  pollution. 

3.1 Bacteriological  Testing and Analyses 

A1 1 water samples for  bacteriological analyses were collected i n  
sterile 170 or 340 cc wide-mouth bottles w i t h  the  marine stations being 
sampled approximately 15 to  30 an bel ow the water surface. The water 
depth a t  collection  points over she1 lfish beds d i d  not exceed 1.2 metres. 
Samples  were collected by b o a t  or on foot  and stored i n  coolers a t  
temperatures not exceeding 10°C u n t i l  processed. Analyses  were carried 
out i n  the  Environnental Protection Service mobile laboratory  located a t  
the sampling area and were  performed w i t h i n  three hours of col lect ion.  
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The fecal  coli form MPN per 100 ml  was determined us ing  the 
multiple tube  fermentation  technique ( a t   l e a s t  3 decimal di lut ions of 5 
tubes each)  as  described i n  Par t  908C of the 14th  edit ion of Standard 
Methods f o r  the Examination of Water and  Wastewater (4 ) .  Incubation was 
for  24+ - 2 hours i n  a bath equipped w i t h  a c i rcu la t ion  device, and 
maintained a t  44.5+ - 0.2OC. Presumptive cul ture  medium used was Bacto- 
Lauryl Trptose Broth; fecal  coliform  determinations were made using 
Bacto-EC medi um. 

A1 1 freshwater samples were analysed  for  fecal  coli forms and fecal 
streptococci using membrane f i l t ra t ion   t echniques   (Par t  909 of Standard 
Methods). The volume of sample filtered was not less than  100 ml and 
appropriate  dilutions were made i n  o rder   tha t  the number of colonies per 
plate  normal ly  ranged between 20 and 80. Colonies were counted under 10 

power magnification  using a cool white fluorescent b u l b  as  a l i g h t  
source. Bacto-mFC Agar  was used f o r  the fecal  coliform  determinations; 
fecal  streptococci  determinations were made using KF Streptococci Agar. 
Factory  steri l ized membrane f i l t e r s  (0.45  micron  pore size) were obtained 
from Sartor ius  (West Germany). Fecal coliform  plates were incubated a t  
44.5+ - 0.2OC f o r  24 hours i n  water- t ight   plast ic  bags submerged i n  a water 
bath.  Colonies which were t o t a l l y   o r   p a r t i a l l y  blue i n  colour were 
counted as  fecal  coliforms. 

IMViC analyses on bacter ia l   i solates  were performed as  described 
i n  Part 91 1 B of  Standard Methods. Oxidase testing and the MOMoC 
biochemical tes t  series was performed on suspected  Klebsiella  isolates. 
A1 1 tes t  media used were Bacto  brand. 

3.2 Physical and Chemical Testing Equipment and Analyses 

Temperature and sa l in i ty  measurements a t  marine sample s ta t ions  
were made a t  a d e p t h  of 15 to  30 an below the wa,ter surface  using a YSI  

Model 33 Sal inity-Conductivi  ty-Temperature meter o r  a Beckman Model 
RB3-349 Solubridge  Electrolytic  Conductivity meter i n  conjunction w i t h  a 
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standard immersible  thermometer. Wind da ta  was determined w i t h  a Tel cor 
series 210 electronic wind speed/direction  indicator. pH determinations 
were  made w i t h  a Sargent-We1 ch Model PBL pH meter. Samples  were a1 so 

taken for  tristimulus  analysis, colour (He1 lige colour comparator) and 
odour determination. The results  for the latter  are presented i n  
Appendix VI . 

Tidal data presented is  t h a t  for F u l f o r d  Harbour and the rainfall 
data  was obtained from the Atmospheric  Environment Data Centre i n  
Victoria and was for the Cowichan Bay station. 
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DISCUSSION OF RESULTS 

Daily bacteriological, physical and elemental da ta  for each 
sample station  is presented in Appendices IV and V. Fecal coliform 
results  for marine and fresh water stations  are summarized i n  Tables 1 
and 2 respectively. 

The results have  been interpreted and the growi ng waters 
classified based on the following criteria. 

In order t h a t  an area can be considered bacteriological ly safe 
for the harvesting of she1 l f i  sh, the fecal coliform median MPN 
of the water must not  exceed 14 per 100 ml , and not more than 
10 percent of the samples ordinarily exceed an MPN of 43 per 
100 ml f o r  a 5 tube  decimal dilution  test in those portions of 
the area most probably  exposed to fecal contamination during 
the most unfavourable  hydrographic and pol lution condi tions.* 

During the survey, 368 marine, 42 freshwater and 42 effluent 
samples  were collected and analyzed for fecal coliform levels. The 
bacteriological  results presented i n  Table 1 show t h a t  37 of the 45 
marine stations met the shellfish growing water standard. Of the 
remaining 8 sample stations were classified as unacceptable, 7 exceeded 
the standard a t  the median level and one  exceeded the standard a t  the 90 
percentile  level. Fecal coliforms were detected in a l l  oyster meat 
samples (see Table 41, the  highest counts being a t  stations 0-6 
(220/10Chnl), 0-7 (130/100ml) and 0-9 (230/100ml). 

Rainfall during the survey period total led 75.2 mn which i s  
less t h a n  one half  of the mean to ta l  precipitation  for the period 
1941-1970. Precipitation da ta  i s  presented graphically i n  Figure 3. 
There was no apparent relationship between rainfall and bacteriological 
results. Most of the sampling i n  the vicinity of the Shoal Islands could 

*This report expresses the 10 per cent limit i n  terms of a 90 percentile 

which must not exceed  43/100 ml . 
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TABLE 1 

SUMMARY OF FECAL  COLIFORM MPN DATA FOR MARINE  STATIONS 

SAMPLE NUMBER OF MPN MPN per 100 ml 
STAT I ON SAMPLES RANGE MEDIAN 90 PERCENTILE 

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 

6 
1 1  
1 1  
6 
6 
7 

1 1  
6 
6 
10 
10 
8 
7 
13 
13 
12 
8 
12 
14 
13 
8 
14 
7 
6 
6 
7 

2-2 40 
2-63 
2-3 3 
2- 5 
2-2 2 
2-2 3 
2-4 6 
2-8 
2-1 1 
2-49 
4-  79 
2-1 3 
2-1 7 
2-1 30 
.2-3 3 
2-2  40 
2-1 30 
2-49 
2-3 3 
2-3 3 
2-1 3 
2-2 3 
4-1 3 
2-1 1 
2- 5 
5-70 

28.0 
5.0 
5.0 
3.5 
6.0 
8.0 
5.0 
5.0 
3.5 
7.0 
8.0 
4.5 
2.0 
8.0 
13.0 
9.5 
34.5 
3.0 
6.0 
7.0 
3.5 
5.0 
8.0 
6.0 
3.0 
7.0 

143.4 
10.7 
30.5 
5.0 
13.6 
16.0 
31 .O 
8.0 

11  .o 
13.0 
17.0 
8.2 
9.3 
33.0 
33.0 
9.6 
114.0 
12 00 
17.6 
20.3 
13.0 
19.4 
11.6 
9.8 
4.4 
30.8 
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TABLE 1 (Cont. 
SUMMARY OF FECAL COLIFORM MPN DATA FOR MARINE  STATIONS 

MPN per 100 m l  

STAT I ON SAMPLES RANGE MEDIAN 90 PERCENTILE 

27 

28 
29 

30 

31 

32 

33 

34 

35 

36 

37 
38 
39 
40 

41 
42 

43 
44 

45 

7 
7 

7 
7 

7 

10 
6 

11 
6 

6 

6 
6 

6 

6 

6 
8 

6 

6 

6 

5.70 

2-3 50 

11-1600 
2-2 40 

8-3 50 
2-49 

2-1  7 

2-49 

2-1  3 

2-3 3 
2-2 1 
2-1 1 
2-1  7 

2- 8 
2- 8 

2-1  7 

2-2 3 
2- 8 
2-2 

17.0 

33.0 

140 
17 
23 

9.0 

5.0 

5.0 

4.5 

7.5 

2.0 

2.0 

2.0 

2.0 

2.0 
2.0 

3.5 

2.0 

2.0 

55.3 

224.0 
1124.0 

240.0 

139.3 

27.0 

9.8 

25.6 

13.0 
19.8 

11.4 
8.6 

9.8 

6.2 

5.6 
9.8 

14.0 

4.4 

2.0 
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TABLE 3 

SUMMARY OF FECAL  COLIFORM MPN DATA FOR  EFFLUENT STATIONS 

E f f l u e n t  No. o f  MPN MPN/100ml Mean fl ow Popul a t i o n  

S ta t i on  Samples Range Median Mean (m3/sec) Equivalent 

E01 

E02 

E03 

E04 

E05 

E06 

E07 

E08 

EO9 

E10 

Ell 

E12 

3 2x105-3.5~106 
4 5x105-1.7~106 

5 2-540 

5 80-920 

5 2- 1600 

5 2-1600 

2  2-4 

2 1. 3x106-2. 4x106 

2 2. 3x105-9.  9x105 

2 1. 7x106-3. 5x106 

2 3 . 3 ~ 1 0 ~ - 1 .  1x105 

4  33-350 

2.3~106  2.0~106 

1.35~106  1.1~106 

4 109.8 

170 400 
- 

700 618 
- - 

1. 85x106 1.85~106 

5 . 8 5 ~ 1 0 ~  5.85~105 

2. 6x106 2. 6x106 

4 . 1 5 ~ 1 0 ~  7.15~105 

89.5  140.5 

0.11 1.19 

1.27 - 
1.27 6.62 
- 

7.9~10-5 3.94 

1 . 3 ~ 1 0 ” ~  0.02 

1 . 3 ~ 1 0 - ~  0.91 
7.6~10-6 0.146 

E01 - Cro f ton  sewage ( t r e a t e d )  

E02 - Crof   ton sewage ( raw) 1 
E03 - s o l i d  waste  leachate 

E04 - woodroom e f f l   u e n t  

E05 - nor th  sewer 

E06 - south sewer 1 
E07 - f i  1 t e r  backwash ) B.C.F.P. Crof ton 
E08 - woodroom sept ic  tank 

EO9 - #1 dock sept ic  tank 

E10 - #2 dock sept ic  tank 

Ell - #3  dock Bio  pure STP ) 

E12 - Is land  Process ing  lagoon  e f f luent  

I 
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TABLE 4 

FECAL AND TOTAL COff IRMED MPN DATA  FOR  OYSTER KATS 

Station 

0- 2 
0-4 
0-6 
0- 7 
0- 8 
0- 9 
0-10 

January 25 
Total Conf i rmed Fecal 

1300 50 
230 50 
1300 70 

- - 
230 20 
430  230 
490 50 

February 1 
Total  Confirmed  Fecal 

1100 70 
3500  20 
330 220 
790 130 
2400 40 

- - 
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the  area.  Hydrographic  conditions  were  considered to be a t   t h e i r   w o r s t  

as the re  was l im i ted   w ind  and wave a c t i o n  to a s s i s t   i n   e f f l u e n t  

di  spersal . 
4.1 B r i t i s h  Columbia  Forest   Products  Ltd.   (Crof ton  Div is ion) 

Th is  B.C. Forest   Products mill which began o p e r a t i o n   i n   t h e  

spr ing   o f  1958  produces  newsprint and bleached k r a f t  pulp. The  mean 

product ion  o f   newspr in t  and k ra f t   pu lp   du r ing   January  1977 was 765 and 

560 metr ic  tons  per day respect ive ly .  

The mil 1 has eight  d iscrete  d ischarges.  There  are two main 

sewers t h a t   d i  scharge  through two submarine o u t f a l l s   ( d i f f u s e r   t y p e )   a t  

the  canbined  rate o f  2.6 m3/sec i n t o  20 metres o f  water i n   S t u a r t  Channel 
adjacent to the Shoal Is lands .   In   add i t ion  to these  ou t fa l l s ,  woodroan 

e f f l u e n t  i s  di  scharged a t   t h e   r a t e   o f  0.1 m3/ sec. i n t o  Osborn Bay a f t e r  

treatment i n  two s e t t l i n g  ponds. During  January 1977, t h e  mean  pH o f  

t h i s   e f f l u e n t  was  6.5 and the mean temperature was 8OC. 

Wal dichuck  (5) gave a canprehensive summary o f   t h e  oceano- 

graphic  features  of   Stuart  Channel and fac to rs   a f fec t ing   the   d i   spersa l   o f  

e f f l u e n t .  He described  the  area  as  being a " s t r a t i f i e d ,   e s t u a r i n e   r e g i o n  
t yp i ca l  o f  B.C. ' inside  waters ' . ' '  

T i d a l   c u r r e n t s   i n   S t u a r t  Channel move  a1 ong the  ax i  s o f   t he  

channel , s e t t i n g  NW on   the   f lood  and SE on  the ebb w i t h   v e l o c i t i e s  
general l y  l ess   t han  one  knot a t  a1 1 depths.  During Wal dichuck's  study, 

e f f luent   d ischarged from the  d i f fusers  mixed  wi th   seawater  i n  a r a t i o   o f  

1:22  and  formed a b o i l  above the   d i f fusers .  Due to entra i rment   o f   co ld ,  

h i g h l y   s a l i n e   w a t e r ,   t h i s   e f f l u e n t   i n   t h e   b o i l   u s u a l l y  sank and spread a t  

a depth  of  3 t o  10  metres.  Waldichuck  -concluded on the   bas is  o f  cu r ren t  

measurements; "Non-t idal   currents a t  the  surface and a t  9 to 10 metres 

depth  could be expected to g i ve   t he   e f f l uen t   p resen t   i n   t hese   l aye rs  a 

net  displacement seaward through Sansum Narrows. E f f l u e n t   a t  a depth  of  
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4 t o  5 metres would receive a net transport i n  the opposite direction 
(NW 1 and coul d be expected to  be retained i n  the channel much 1 onger ." A 
she1 1 f i  sh  heavy  metal monitoring program ( 6 )  conducted i n  1973 by the 
Environmental Protection  Service confirms this observation. 

Domestic mil 1 sewage i s  processed by a system of septic tanks 
which overfl ow t o  the general sewer. As m i g h t  be expected, there i s  a 
direct  correlation between fecal coliform levels i n  the north and south 
sewers and pH a s  shown  below. 

North Sewer South Sewer 
MPN PH MPN PH 

Jan. 20 2 3 2 4.4 
Jan. 26 2 3 1600 - 
Jan. 27 1600 8.8 7 90 5 
Jan. 28 2 - 2 3.2 

Jan. 31 2 3 700  9-11 
Table 5. Correlation between fecal coliform levels and 
pH i n  B.C.F.P. (Crofton Division) north and south sewers. 

Outfall data  suppl ied by the mil 1 showed the mean pH of the 
south sewer outfal l  to be 3.5 i n  November 1976 and 3.4 i n  December 1976. 
However, the main south  sewer outfal l  pH dur ing  January 1977 was 5.2. 
The p o p u l a t i o n  equivalent  for the south sewer outfal l  was calculated to 
be 21.7, based on a flow of 1.3 m /sec. The  combined contribution of 3 

bo th  sewers w i  11 be higher, however indeterminate MPN values for  the 
nor th  sewer d i d  not  a1 1 ow a popul a t i  on equival ent cal cul a t ion t o  be  made . 
Suffice i t  t o  say t h a t  there i s  a considerable bacterial discharge from 
the mil 1 when the effluent pH approaches 7. This discharge d i d  not, 
however, adversely affect the bacteriological water quality i n  the 
immediate vicini ty  of the o u t f a l l .  Process modifications being made a t  
the mill during the survey resulted i n  this greater than normal variation 
i n  the pH of the south  sewer as a result of black 1 iquor spill s. 
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Reference has a1 ready  been made to the influence of p u l p  mil l 
discharge on oyster populations (1)(2). There  has  been l i t t l e  research 
done to investigate the effects on human health due to the consumption of 
shellfish grown i n  waters subject to Kraft Mil 1 Effluent ( K M E ) .  

The standard for the purposes of this study i s bacteriological 
on1 y. 

Other di  screte di xharges fran the mil 1 not a1 ready l i  sted 
include; the backwash from the water supply f i l ters  which i s  di xharged 
to the mudf la t s  about one  mile north of the mil 1 s i te ,  and four direct 
discharges fran septic tanks wi t h  one each a t  dock # ' s  1, 2 and 3 and a t  
the woodroan. Data fran these sources i s  summarized i n  Table 3. 

High fecal counts i n  the dock areas were attributed to three 
septic tank and one  package treatment p l a n t  direct di scharges to the 
receiving waters, the most significant being E08 and E10 w i t h  populat ion 
equivalents of 3.94 and 0.91 respectively. Discharges fran freighters 
undoubtedly cont r ibu ted  to the  water qual i ty  deterioration. During the 
sampl ing  period, u p  t o  three  freighters were docked a t  Stuart Channel 
Wharves a t  any one  time.  There was no investigation  into the q u a n t i t y  of 
sewage discharged fran  these  ships during the period of the study. 

Coliform bacteria  isolates were  taken  from the woodroan 
effluent and fran  the north and south sewers and subjected to IMV 
and/or HOMoC** biochemical analysis  series. The MOMoC series was 
performed to check for the presence of Klebsiella  species,  specif 
i n  the woodroan eff luent .  The results  are summarized i n  Table 6. 

i c t  

ical l y  

* Indole , Methyl red, Voges-Proskauer and Citrate  tests. 
**H2S, Ornithine decarboxylase, moli tity and ci trate  tests. 
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TABLE 6 

BIOCHEMICAL DATA - B.C,F.P,  CROFTON  COLIFORM ISOIATES 

Sample 

Sta t ion  

Woodroan 

ef  f l  ue n t  

North 

Sewe r 

%ut  h 

Sewer 

Number o f  I M V i C  type --++ HOMOC 

I so la tes  i+-- -+-- --++ o the r   i so la tes  

25 7 2 11 5 1/11 

28 9 0 12 7 4/12 

43 31 2 7 3 5/7 

A I  1 i s o l a t e s  have  a --++ I M V i C  r e s u l t  were  subjected t o  the HmoC t e s t  

ser ies and oxidase  analysis.  Klebsiel la  species  were  not  detected i n  

s i g n i f i c a n t  numbers i n  the woodroan e f f l uen t ,   t he   ma jo r  IMVic  type  most 

probably  being an Enterobacter.  Both " E. c o l i  and K lebs ie l l a   spec ies  were 

detected i n  the  nor th  and south sewer e f f luen ts ,  
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4.2 The Shoal Islands  north  to  Bare  Point 

Station  #1 exceeded the growing water  standard a t  the median 
level t h u s  indicating  that   continuous  pollution was occurring a t  this 
location. The contamination  could  conceivably  emanate from two 
residences which respectively display septic tank  ground  disposal  seepage 
problems and an apparent direct  sewage discharge to the receiving  waters. 

The Georgia  Generating  Station i s  situated a t  Bare Point and 
operates  intermittently  during peak  power periods. There i s  a m i n i m u m  
s t a f f  of 1 t o  2 people a t  the p l a n t   a t  a1 1 times and more when the p lan t  
is  operating. Waste disposal is  by sep t i c  tank and a direct  pi  ped 
discharge to S tua r t  Channel. 

The remainder  of the waters from the southern t i p  of Wi 1 l y  
Is1 and and north proved to be of acceptable growing water qual i ty. The 
main freshwater i n p u t  i n  the area i s  the Chemainus River. Through the 
sampling  period, no appreciable  fecal  coli form contamination i n  the river 
was observed w i t h  a  mean fecal  coliform  count of 11.4 per 100 m l  o r  a 
population  equivalent of less than 4. 

The major  freshwater  contaminating i n p u t  t o  the shellfish 
growing waters i n  this area i s  Bonsall Creek ( S 2 )  which i s  fed ,  i n  pa r t ,  
by Whitehouse Creek (S3)  near the Island Highway. This combined i n p u t  
had  a mean population  equivalent ( P E )  of 76.3 w h i c h  was the highest o f  
the non-effl uent i n p u t s  monitored i n  the survey area. Both Bonsal 1 and 
Whi tehouse Creeks had high  fecal  coliform levels w i  t h  mean fecal  counts 
of  1046.5/100 ml and 1314.3/100ml respectively.  

The waters a t  sample s t a t ions  16 and 17 mix w i t h  the outflow 
from Bonsall Creek as indicated by sa l in i ty   da ta .  Both  s t a t i o n s  exceeded 
the growing water  standards; the former a t  the 90 percentile level and 
the l a t t e r   a t  the median level (MPN's  of  92.6/100 m l  and  34.5/100 ml  
respectively).  Waters t o  the north of these s t a t ions ,  a1 though  they d i d  



- 20 - 

meet the standard, were none the les s   a f f ec t ed   ( s t a t ion  15 had a 90 
percent i le  MPN of 33/100 ml 1. There i s  a  possibil i ty t h a t  some  of this 
contamination  could have cane from the south sewer out fa l l  fran the mil 1 
h i c h  was runn ing  a t  an abnormally h i g h  pH during the survey period w i t h  
the  resultant  lower di eoff of microrganisms. However, there  did not 
appear to be  any obvious  correlation between h igh  fecal  counts a t  
, s ta t ions 16 and 17 and h i g h  pH ( i e  7 )  i n  the mill effluents. 

The fecal  coliform:  fecal  streptococci (FC:FS) r a t i o s   f o r  
Bonsall and Whitehouse  Creeks  were 4.7 and 7.28 respectively  indicating 
human fecal  pollution to be the  major  contributing  source  although there 
was  no evidence of sewage problems  along the course of these creeks. 
Several animal sources were ident i f ied by a sanitary survey  of this area 
h i c h  was carried  out on February 3, 1977, a t  vhich time 20 head of 
c a t t l e  were  observed  grazing i n  proximity to Bonsal 1 Creek and the 
animal s had direct access a t  this point.  Upstrean  investigation of 
Whitehouse Creek revealed  considerable  pastureland, some  of hhich i s  
fenced off,  although  most of the  creek i s  open access. Eleven c a t t l e  
w i t h  creek  access were  observed  where  the  creek  approaches the Island 
Highway. 

The main potential  source of contamination i s  a  dairy h i c h  i s  
farmed, owned and operated by Mr. Joe Gr0enendy.k on Mt. Sicker Road. The 
dairy  has 200 head a t  any one  time. His feed l o t  wastes  are hosed i n t o  a 
concrete-li n e d  lagoon and the e f f luen t  i s  used t o  i r r i g a t e  57 hectares of 
grazing land.  The 1ago.on  has a  capacity  of  approximately 3925 m . 3 

A l t h o u g h  the farm i s  a  considerable  distance  fran the m o u t h  of the  creek, 
contamination  can and does enter  the  creek fran the i r r i g a t i o n  system. 
However, Mr. Groenendyk i s  aware of the problem and does t ry  to keep the 
sprinkler  out of the  range of the creek to prevent  direct  contamination. 
The creek i s  fenced o f f ,  so the   ca t t l e  do not have direct access. 

A potential  source of contamination to Bonsal 1 Creek i s  the 
Island  Processing  Plant. Cooling  water  condensate a t  the  plant i s  pumped 
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t o  a lagoon w h i c h  discharges to  Whitehouse  Creek. The  mean M P N  of this 
effluent was 140.5/100 ml and, considering the h i g h  fecal coliform levels 
already i n  the creek, d id  not appear  to be a major contributor. There 
was definite seepage fran their ground disposal system for  floor and 
truck washings, b u t  i t  i s  doubtful  t h a t  this woul d reach the creek. 
There could be seepage fran the p l a n t  washroan ground disposal system; i n  
a d d i t i o n  the t i l e  fie1 d i s  covered  under  ashphal t which contravenes the 
sewage di sposal regulations of the Provinci a1 Health  Act. 

Oysters were collected for meat analysis a t  five areas i n  the 
Shoal Islands. The highest meat bacteriological M P N  count i n  the  survey 
area was a t  station 0-6. A sample taken a t  this locat ion on February 1, 
1977 had an MPN of 220/100 gm which was most likely due to  the influence 
of Bonsal 1 Creek. A t  the north end of Wil l y  Island, s t a t ion  0-2 had a 
fecal MPN of 70/100 gm. The most likely ‘source of contamination a t  this 
s ta t ion  i s  the mil 1 outfal  1s. As mentioned earlier w i  t h  respect to 
Waldichuck’s  study (19641, effluent a t  a d e p t h  of 4 t o  5 metres would 
receive a net transport i n  the northesterly  direction and could thus 
inundate the growing waters a t  this s ta t ion .  

Oysters were a1 so sunbi tted to the B .C. Ministry of the 
Environnent Pesticide Analytical Laboratory for  pesticide  analysis (PCB’s 
and chlorinated  insecticides). Neither of the  chemicals were detected i n  
any o f  the samples  taken which  included stations 0-4, 0-5, 0-7, 0-8 and 
0- 9. 

Samples  were also taken for odour determinations to  determine 
the extent of influence of the mil 1 effluent and were positive a t  most 
stations. The stations i n  fran the mil 1 artfalls,  as m i g h t  be expected, 
were the most consistantly  positive.  Positive determinations were also 
made i n  Osborn B q y  and a t  the centre of Stuart Channel. A tristimul us 
colour analysis was carried out as we1 1 i n  conjunction w i  t h  the odour 
determination. A description of this  test and tabula t ion  of the results 
are presented i n  Appendix VI. 
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4.3  Osborn Bay 

The District of North Cowichan (Crofton)  Osborn Bay o u t f a l l  
currently discharges about  9.5 x l o 4  l i  tres/day of settled  septic tank 
chlorinated sewage into 8 metres of water 168 metres from shore. With an 
area of 3 k m 2  and an average  depth of 37 metres, Osborn Bay i s  relatively 
open t o  Stuart Channel. A t  the north end i t  i s  protected by the Shoal 
Islands. The bay i s  comparatively open to  f l u s h i n g  by marine waters, 
however the ci  ruclation i n  the bay i s  sl uggi s h  i n  compari son t o  the tidal 
currents i n  Stuart Channel. The  Dobrocky  SeaTech report t o  the District 
of North Cowichan (1976) ( 7  1 states; " i t  appears t h a t  currents i n  Osborn 
Bay are opposite i n  direction t o  those i n  Stuar t  Channel. Circulation i n  
the bay t h u s  consi sts of eddies of the main system, and Osborn Bay must, 
i n  the absence of other information, be considered an embayed area." The 
report adds further; "During periods o f  weak density stratification, 
effluent will almost certainly  surface a t  Crofton ... There are occasions, 
especially during the early summer,  when people are exposed t o  direct 
contact w i t h  water  contaminated w i t h  sweage effluent a t  d i lu t ions  as low 
as 5 ,OOO: l . "  

During the survey, samples  were  taken of both treated and raw 
Crofton sewage and the results of the tests  indicate t h a t  very l i t t l e ,  i f  
any, chlorination i s  t a k i n g  place (see Table 3 ) .  The mean fecal col iform 
MPN o f  the f ina l  effluent was 1.1 x 106/100 ml  which i s  equivalent t o  a 
PE of 32.7. (Note t h a t  the PE i n  reali ty  is  probably much higher as the 
flow rate  is reportedly above design capacity; however the design 
capacity flow was  used i n  the PE calculation. I t  woul d appear t h a t  
there was excess flow f o r  the design capacity of the septic t ank .  I t  i s  
therefore doubtful  t h a t  there i s  any significant hydraulic retention time 
of fluids i n  the p l a n t ;  a f ac t  inconsistent w i t h  Po l lu t ion  Control Branch 
requirements for 48 hour retention before discharge. Nevertheless the 
growing waters t h a t  were  sampled i n  the southeast end of Osborn Bay a1 1 
proved t o  be w i t h i n  the she1 lfish growing water standard. The only area 
i n  the bay t h a t  prove unaccetable was the previously mentioned S t u a r t  
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Channel Wharves area.  Data  obtained  f ran  oyster  meat  analysis a t  s t a t i o n  

0-8 d id   no t   i nd i ca te  any unacceptable  degree of contamination i n  the 
Sherard  Point  area. Two small  streams, S4 and S5 were  contaninated w i  t h  

mean fecal   co l i form  counts   o f  2131.4/100 ml and 184/100 ml respec t ive ly ;  

although  counts  were  high,  the  corresponding  PE's of  3.16 and 0.059 were 

no t   s ign i f i can t .  These streams  carry  general  drainage frm the   C ro f ton  

township,  and no discrete  contaminating  sources  could be determined. 

The Goverrment Wharf can  accanmdate up to 50  boats. Any 

sewage f ran   these  c ra f t   wou ld  be discharged  infrequently  as  the 

v h a r f i n g e r   r e p o r t s   t h a t   t h e r e   a r e  no l ive-aboards. 

The Sa l tspr ing  Queen f e r r y  was running  temporar i ly   dur ing  the 

survey  period and has  no ho ld ing   tank   fo r  sewage. The Vesuvius Queen 

normal l y  does the  run and does have a holding  tank. A se l f -con ta ined 

outhouse  serves  the t i c k e t   o f f i c e  on  the  ferry  dock and i s  pumped out 

regu lar ly .  

4.4 Sal t s p r i  ng   Is land 

Three sample s ta t i ons  were loca ted   in   fo reshore   waters  o f  

Sal tspr ing   Is land;   two  in   Booth  Bay and one i n  Burgoyne Bay. I n  addi- 
t i o n ,   o y s t e r  samples  were also  taken in   bo th   o f   these  loca t ions .  The 

waters a t  a1 1 th ree  sample stat ions  met  the she1 l f i  sh  growing  water 

standard. However, t h e   o y s t e r s   c o l l e c t e d   a t   s t a t i o n  0-9 i n  Booth Bay had 

a meat   bac ter io log ica l  MPN count  of 230/100 gm which i s  equal to the 
market  level   set   by  the  Fish  Inspect ion  Branch  of   the  Fisher ies and 

Marine  Service. A sani tary   survey  o f   the  Booth Bay a rea   ca r r i ed  art 

during  the  survey  did  not  reveal  the  source of th is   contaminat ion.  



- 24 - 

REFERENCES 

1. Moni tor ing  the  Mar ine  Receiv ing  area  for   the B.C. Forest   Products 

Ltd.,  Crofton Mill Outfal ls.   Report  to B.C. Forest  Products Ltd., 

October 31, 1973. Debrocky SeaTech Ltd. 

2. Pulp Mill Waste and  Oyster  Farming a t  Osborn Bay, B.C., a Case StuQ 

i n  Marine  Resource Use Conf l ic ts   and  Decis ions.  R.P.R. Por te r ,  1969. 

M.A. Thesis,   Universi ty  of   Calgary.  

3. Report on Cro f ton  - Chemanius Area  Survey November 17 - 22, 1964. 

Department of   Nat ional   Heal th and We1 fare,   Publ ic   Heal th   Engineer ing 

Division,  January 21,  1965. 

4. Standard Methods for   the  Examinat ion  o f   Water   and Waste Water, 1971, 
13 th  ed. h e r  Publ ic   Heal th  ASSOC., New York. 

5. D i s p e r s i o n   o f   K r a f t m i l l   E f f l u e n t   f r o m  a Submarine D i f f u s e r  i n  S t u a r t  

Channel, B.C. M. Wal dichuk,  Journal,  Fish. Res.  Bd.  Can. 

21( 5): 1289-1316. 

6.  Heavy Metal  Contamination i n  She1 I f  i s h   w i t h  Emphasis on Z inc Con- 
taminat ion  of   the  Paci f ic   Oyster,   Crassostrea  gigas. H. Nelson and D. 

Goyette, P o l l u t i o n  Abatement  Branch,  Environnental  Protection  Service, 

P a c i f i c  Region,  Report Nunber EPS5-PR-76-2, January, 1976. 

7. Oceanographic Eva lua t i on   o f  Sewage Disposal Schemes a t  Chemainus and 

Crofton, B.C. A r e p o r t  to  t h e   D i s t r i c t   o f   N o r t h  Cowichan, December 2, 

1976. Dobrocky SeaTech Ltd. 



- 25 - 

ACKN OW LEDEMENTS 

The author w i  shes to thank  the fbl lowi ng k o  cont r ibu ted  to the  Survey: 

Messrs. Hi1 1, Hal 1 and Voycey, B.C. Forest  Products  Ltd.,  Crofton 

D iv i s ion ,   f o r   t he i r   ass i s tance   i n   p rov id ing   da ta  fran and  access to the 

mil 1. 

Steve Chan, Heal th   Inspector ,   Centra l   Vancouver   Is land  Heal th   Uni t   for  

supplying beach mon i to r ing  d a t a  and other   in format ion.  

F ish   Inspec t ion  Lab, F isher ies  and Marine  Service,   Victor ia,  B.C. f o r  

She1 ls tock  Analys is .  





- 27 - 

APPENDIX I 

MARINE  SAMPLE  STATIONS - LOCATIONS AND DESCRIPTIONS 

SAMPLE LATITUDE LONGITUDE 
STATION (48' NORTH) (123" WEST)  LOCATION 

1 

2 

3 
4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

48'54.90 ' 

54.65' 

54975' 
54.95 ' 

54.40' 

54.30' 

54945' 

54.45' 
55.05' 

54.15 ' 

54.00' 

53.80 ' 

53.85 ' 

123O41.75' 

41.75' 

41.45' 
41.20' 

41.55' 

41.40' 

41.00' 

40.20 ' 
39.00' 

40.90 ' 

40.55' 

39.95' 

39.35' 

Off Red House South of  Chemainus 
inside Shoal Islands 
100 m. south of Small poi n t  s o u t h  
of Bare P o i n t  (Tal 1 Snag) 
500 m. offshore of S ta t ion  2 
A t  closure sign on Island #70 of 
Shoal I sl a nds 
Small island between north end  of 
Mainguy Island and Vancouver Island 
Between north end of Mainguy Island 
and Vancouver I s .   ( o f f   o ld  stump) 
Halfway between southern t i p  of 
Is1 and #135 and north t i p  of 
Mainguy Island 
Beach a t  north end of Wil ly Island 
Midchannel between north end of 

Willy  Island and south end of Tent 
Is1 and 
Mouth of Chemainus River, N.E.  of 
island i n  river m o u t h  
Midchannel between north t i p  of 
mal 1 arm on Wil ly  Island and south 
channel of Chemainus River 
500 m. north of southern end  of 
Wil ly  Island 
500 m. f r an  southern t i p  of  Nil l y  
Island  (large dead tree) 
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APPENDIX I (Cont' d)  

MARINE SAMPLE STATIONS - LOCATIONS AND DESCRIPTIONS 

SAMPLE LATITUDE LONGITUDE 
STATION (48" NORTH) ( 123' WEST) LOCAT ION 

14 

15 

16 
17 

18 

19 
20 

21 
22 
23 

24 

25 
26 

27 
28 

29 
30 

53.60' 

53.45' 

53.35' 
53.00' 

53.25 ' 

53.35 ' 
52.90' 

53.10 ' 
53.20' 
53.10 ' 

53.00' 

52.95' 
52.90 ' 

52.60' 
52.60' 

52.55' 
52.45' 

39.60' 

39.40' 

39.25' 
39.00' 

38.75' 

38.70' 
38.80' 

38.55' 
38.50' 
38.25' 

38.20' 

37.95 ' 
38.60' 

38.50' 
38.30' 

38.40' 
38.45' 

Midway between end  of Mil ly  Island 
peninsula and north end of Island 
115 
Off trespassing  sign - 200 m. fran 
n o r t h  end of Island 115 
Between Islands 115 and 100 
100 m. o f f s h o r e  of  green sheds 

(Island 90) 

Midway beween Island 90 and south 
ern t i p  of Island  105 
Offshore of Island  105 
Off S.E. end of seawall, h e r e  road 
canes down hi1 1 
A t  northern t i p  of Island  60 
Midway belxeen Islands  105 and 115 
Southeastern t i p  of 115 ( off shuck- 
ing p l a n t )  
Off shucking p l a n t  new. of Island 
80 (opposite side of s t a t ion  13) 
Northern t i p  o f  Island 80 
Off p o i n t  of land south  of s o u t h  
sewer fran  tank a t  BCFP mil 1 
Off 1 og dump n o r t h  of BCFP woodmil 1 
Outside 1 ogboan 500 m. offshore 
of BCFP woodmil 1 
Middle of BCFP terminal area 
Off "Limit of Dredgi ng" sign a t  
BCFP #2 dock 
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APPENDIX I (Cont'd) 

. 

. 

MARINE SAMPLE STATIONS - LOCATIONS AND DESCRIPTIONS 

SAMPLE LATITUDE LONGITUDE 
STAT ION ( 48' NORTH 1 (123" WEST) LOCATION 

31 
32 

33 

34 
35 

36 

37 

38 

39 
40 

41 

42 

43 

44 

45 

52.30' 
52.65' 

52.70' 

52.30' 
51.85' 

51.80' 

51.80' 

51.75' 

51.45' 
51.85' 

52.05' 

51.70' 

50.95' 

49.45' 

47.90' 

38.35' 
38.05' 

37.50' 

37.70' 
38.10' 

37.90' 

37.50' 

37.10' 

36.95 ' 
35.25' 

33.20' 

33.40' 

34.80 ' 

34.70 ' 

31.85' 

BCFP #3 dock a t  end o f  walkway 

Osborn Bay, midchannel  between 
beacon and mil 1 

S.E. o f  Beacon o f f   I s 1  and 80, 
Osborn Bay 

Middle  of  Osborn Bay 

01 d f e r r y   s l   i p   s o u t h   o f  

government f l o a t  

O f f  p a i r   o f   d o l p h i n s  S.E. o f  

o l  d f e r r y   s l   i p  

O f f  green house w i  t h  1 arge 

lawn,  Osborn Bay 

Near Sherard   Po in t ,   o f f  brown 

house wi t h   b i g  windows 

South o f  Sherard  Point  

Midchannel  between  Sherard 
Po in t  and Booth Bay i n   S t u a r t  
Channel. 

Booth Bay a t  mouth o f  Booth 

In1 e t  

Booth Bay - 100 m. southwest 

o f  o l d   f l o a t ,   o f f  brown  house 

on  banks. 

M i  dchannel  between Ersk i  ne 

Po in t  and Grave Point ,  Sansum 

Narrows N. 

Midchannel  between  Maxwell and 

Arbutus  Points, Sansum 

Narrows S. 

Burgoyne Bay 
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APPENDIX I  I 

FRESHWATER SAMPLE STATION  LOCATION  DESCRIPTIONS 
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APPENDIX I 1  

FRESHWATER SAMPLE STATION LOCATION DESCRIPTIONS 

SAMPLE 

STAT I ON LOCAT I O N  

~~ ~~ 

s1 
s2 
s3 
s4 

s5 
P1 

P2 
P3 N 

P3 s 
P4 

P5 
P6 
P7 

P8 
I P  1 

IP2 

Crof to n 

(T  1 
Crof to n 

(R 1 
Crof to n 

O u t f a l l  

Chemainus River  below  bridge on o l d  highway 

Bonsal  1  Creek a t  road to Crof  ton 

Whitehouse  Creek a t   I s l a n d  Highway 

More n o r t h e r l y   o f  2 small  streams  on beach a t  Cro f ton  

( f ron t   o f   mo te l  ) 

More souther ly   o f  2 small   streans i n   C r o f t o n  

BCFP sold  waste  leachate 

Woodroan e f  f l  ue n t  

North Sewer 

South Sewer 

F i l t e r  backwash 

Woodroan washroan 
No. 1 dock  1  unchroan 

No. 2 dock 1 unchroan 

No. 3 dock  1  unchroan 
Is1 and Proces s i  ng 

Island  Processing 

Trea ted   (no t   rea l   l y )  sewage 

Raw Sewage 
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APPENDIX I I 1  

OYSTER SAMPLE STATION  LOCATION  ESCRIPTIONS 
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APPENDIX I11 

OYSTER SAMPLE STATION LOCATION DESCRIPTIONS 

SAMPLE LATITUDE LONGITUDE 

STATIONS (N 1 (W)  LOCATION 

0-1 

0-2 

0-3 

0-4 

0-5 

0-6 
0-7 
0-8 

0-9 
G10 

48'58.15 ' 

48'54.45' 

48'53.85' 

48O53.45' 

48O53.35' 

48'53.30' 
48'52.80 ' 
48'51 -70' 

48'52.00' 
48'47.45' 

123'36.40' 

123'40.20' 

123'39.35' 

123O39.40' 

123'38.70' 

123'38.80 ' 
123'37.85 ' 
123'36.90 ' 

123O33.00' 
123O31.10' 

N. end of  Northern  Secretary 

Is1  and 

Beach a t   n o r t h  end of Wil l y  

Is land (same as Mar ine  Stat ion 8 )  
500 m. n o r t h   o f   s o u t h e r n   t i p  of  
Wil l y  Is land (same as Marine 

S ta t i on  13) 
O f f  t respassing  s ign 200 m. fran 

nor th  end of Is1 and 115 ( same as 

Mar ine  Stat ion 15) 
Offshore  of   Is land 105 (same as 

Mar ine  Stat ion 19) 
South  of  Island 90 
25 m. N.W. o f  ulmanned L i g h t  
O f f  Sherard  Point,  almost midway 
between Marine  Stat ions 38 & 39 
Mouth o f   B o o t h   I n l e t  

Head of  Burgoyne Bay 
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APPENDIX I V  

BACTERIOLOGICAL  ANALYSES  RESULTS AND 

SAMPLING  CONDITIONS FOR MARINE SAMPLES 
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APPENDIX V I  

THE CROFTON  PULP M I L L  OUTFALL 

ZONE OF INFLUENCE, JANUARY 1977 

V. Bradshaw 
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THE CROFTON  PULP MILL OUTFALL ZONE OF INFLUENCE 

1 GENERAL OCEANOGRAPHY 

I n  several  surveys  carr ied  out by Dr .  M. Waldichuk  during 

the  1960 's   for   the F i  sher ies Research  Board o f  Canada, the  physical  

oceanography o f  S tua r t  Channel  near the  Crof ton mil 1 was studied. 

T ida l   cur ren ts  were  found to move  a1 ong the   ax i s   o f   t he  

channel , set t ing  nor thwest  on the fl ood  and southeast on the ebb, w i t h  

ve loc i t i es   genera l l y   l ess   t han  1 k n o t   a t  a1 1 depths.  With  respect  to 

the   Cro f ton   ou t fa l  , Waldichuk  (1964)  pointed  out  that  discharged 
e f f l u e n t  forms b o i l  when i t  mixes  with  seawater a t   t h e   o u t f a l l  

General ly, it then  sinks i n  t h e   v i c i n i t y   o f   t h e   b o i l  and spreads a t  a 

depth  o f  3-10  meters. 

"AS e f f l   u e n t   l e a v e s   t h e  ' b o i l  I i n  a t h i n  1 a y e r   a t   e i t h e r  some 

subsurface 1  eve1 o r  on the  surface,  depending on the   dens i ty   o f   the  

surface  seawater, i t  f i r s t  forms  a  plume,  almost  as  a smoke plume 

leav ing  a stack, and then  gradually  forms a widening  r ibbon  o f  

e f f luen t .   Th is   behav io r  can  be seen i n   a e r i a l  photos o f   S t u a r t  
Channel. Wi th   the   chang ing   t ide ,   the   r ibbon  o f   d i lu te   e f f luen t  i s  

tw is ted  back i n t o   t h e  channel , and depending on t h e   c u r r e n t s   a t   t h e  

depth of e f f l u e n t ,  i t  may dif fuse  throughout  the  channel on subsequent 

t i d e s   o r  form  only a  meandering  stream w i t h   c e l l s   o f   h i g h   c o n c e n t r a t i o n  

o f   e f f l u e n t  separated by areas o f   r e l a t i v e l y   u n p o l l u t e d  seawater." 

T h i s   p a t t e r n   o f   d i f f u s i o n  means tha t   unpo l l u ted  seawater  and 

e f f l  uent-contami  nated  seawater  are  both 1 i ke l  y t o  be found a t  a given 

1 ocation  from  t ime t o  time, a1 though c e r t a i n l y   w i t h i n   c l o s e  range o f  

the  outfal l   the  presence  of   ef f luent-contaminated  seawater  occurs  wi th 

a higer  frequency. I n   a d d i t i o n ,  Waldichuk  (1964)  detected  the  presence 

o f   K r a f t  Mill E f f l u e n t  (KME) a t  a s t a t i o n  550111 south  east   o f   the 
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o u t f a l l  regardless of the state of the tide. Two of the three highest 
KME levels  registered a t  this s ta t ion were associated w i t h  f looding 
ti  des. 

Since these early surveys were conducted, other  studies have 
been carried ou t  i n  an effort t o  assess the environmental  impact of the 
effluent discharged i n t o  S tuar t  Channel.  Numerous parameters have  been 
measured b u t  those we are concerned w i t h  here are those which show 
direct  influence of the effluent. We will attempt t o  define the zone 
of influence by the effluent. 
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2 

2.1 

HISTORICAL  SIGNIFICANCE 

Zinc - 

Dur ing   t he   pe r iod   f rom  the   f i r s t  mil 1 s t a r t - u p   i n  1958 t o  

some t i m e   i n  1973 , z inc   d i   t h iona te  ZnS204 was used f o r   b r i g h t e n i n g  

groundwood pul p ( i .e. mechanical l y  ground). It was discovered i n  a 

1971  study, i n i t i a t e d  by the mill af te r   oys te r   g rowers   i n   t he   a rea  

expressed t h e i r  concern, t ha t   z inc  was accumul a t i  ng i n   t h e  shel 1 f i s h ,  

even i n  those  taken  from  stat ions  quite  remote  from  the mil 1.  The 

heal th   or   fa tness  o f   the  oysters ,  as measured  by the  Condi t ion  Factor  
(CF)*, was a lso   found  to  have d e t e r i o r a t e d   i n  a s t rong  inverse 

re1   a t ionsh i  p w i t h   t h e   i n c r e a s e   o f   z i n c   i n   t h e i r  ti ssues. Zinc i s  
numbered amongst those heavy metals  that   are  accumulated by oysters. 
Th is  has been well  demonstrated by Chipman " e t  a1 (1958) and others. 

As repor ted by Drinnan  (19661,  there i s  no accepted  in jur ious 

o r  minimum l e t h a l  dose o f  z i n c   i n  man o r   l abo ra to ry  mammals.  .He c i t e s  

Va l l ee ' s  (19591, f i g u r e   o f  2 mg Zn/Kg body weight,  which i s  approxi- 

mately 150 mg  Zn f o r  man, which  would r e s u l t   i n  a depression  of  blood 

count. However , t h i  s data i s  based on the   i n take   o f   z inc   sa l t s .  Much 

o f   t h e   z i n c   i n   o y s t e r  meat i s  p robab ly   pa r t   o f  an organic complex. By 
feeding  oysters  containing  z inc  to  cats  (McFarren  1961 , it was found 

t h a t  a t  l e a s t  100 mg Zn/Kg body weight,  or  approximately 7500mg f o r  

man, were requi   red  to  induce  vomit ing.  

*CF o r   C o n d i t i o n   F a c t o r s   i s  an expression  of   re1  at ive  fatness  which 

ind ica tes   the   vo l  ume o f  meat to   the   vo l  ume o f   the   she l  1 c a v i t y  and i s  

ca lcu lated  accord ing  to   the method  by  Quay1 e (1964) : 

CF = x 1000;  where the volume o f  the  shel 1 
c a v i t y   i s  determined  f rom  the  d i   f ference  in volume o f  a who1  e, c losed 

i n t a c t   o y s t e r  and the  vo l  ume o f   t h e  shel 1 s a f t e r   t h e   o y s t e r   i s  shucked. 

weight of d r y  meat 
volume of shell cavity 
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Although a base l i ne   t ox i c   l eve l  has y e t  t o  be accepted, it i s  

known t h a t   z i n c   i n   h i g h   c o n c e n t r a t i o n s   i n   o y s t e r s  can  be c l i n i c a l l y  
manifested as nausea and vomit ing i n  mammals, and cuases d e t e r i o r a t i o n  

i n  oysters.  Therefore,  there i s  cause f o r  concern  about  anthropogenic 

inputs   o f   z inc  in to   the  env i ronment .  

Once the Zn-CF re1   a t ionsh i  p was rea l  i zed, the   z inc  

c o n c e n t r a t i o n   i n   o y s t e r  meat was used  as a r e l i a b l e   i n d i c a t o r  o f  the  

range o f   e f f l u e n t   d i s p e r s i o n   i n   S t u a r t  Channel. The net   southeaster ly  

movement of  water  through Sansum Narrows, as p red ic ted  by Waldichuk, 

was confirmed.  Oyster meat f rom  s tat ions  nor thwest   o f   the  out fa l l  and 

nor theast  beyond  Houston Passage  were o f  normal  ambient o r   s l i g h t l y  
e leva ted   z inc   leve ls   wh i le  meat f rom  stat ions i n   S t u a r t  Channel south 

and sou theas t   o f   t he   ou t fa l l  had h igh ly   e leva ted   z inc   concent ra t ions  

a1 though  the  oysters were q u i t e   d i s t a n t  (3.2 km) from  the mil 1. Table 

1 1 i sts   t he   z inc   l eve l s   ob ta ined   i n   su rveys  by Dobrocky  Seatech 

(1973-75)  and by the  Environmental  Protection  Service  (1973  and  1977). 

These are   d iscussed  la te r   in   the   tex t .  

I n  1973, the BCFP Crof ton mil 1 swi tched  to  a whitening 

process  that  releases  boron  into  the  environment as  sodium metaborate, 

(NaBO 2) from  sodi um borohydride (NaBH4), rather  than  z inc.  

2.2 Boron 

Boron i s  a major   const i tuent   o f   seawater ,   present   a t  
approximately 3.5  ppm i n  coastal  surface  waters. However, it i s  

conceivable  that  it could have an adverse e f f e c t  on phytopl  ankton above 

th is   concent ra t ion .  Boron has  been known t o  have an i n h i b i t i n g   e f f e c t  
on photosynthesis i n   t e r r e s t r i a l   p l a n t s   a t   c o n c e n t r a t i o n s   o f  1-4 ppm. 

Laboratory  studies  of  born  uptake i n   P a c i f i c   o y s t e r s ,   r e p o r t e d  by 

Thompson & Davis ( J .  Water Research  Vol . 101, have shown t h a t   t i s s u e  

boron  level  s approximated  the  level s found in   t he   wa te r   w i th in  36 days 

o f  exposure.  Following  cessation o f  dosage, t i ssue  boron   leve ls  
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returned t o  background 1 eve1 s by the 71st day of the study thus 
i 11 ustrating bo th  a f a i r ly  rap id  clearance and no evidence 'of long term 
retention. This seemed t o  indicate t h a t  there i s  no accumulation of 
boron by the Pacific  oyster  (Crassostrea  gigas) as there is w i t h  zinc. 
Boron mi ssions from the groundwood pu lp ing  process i n  B.C. coastal 
mil 1 s according t o  Thompson and Davis are reported t o  be less than 1 
a/mR ( ppm) . Their resul ts indicated no obvious  hazard a t  thi s level 
4.0 oysters. 

2.3 Condition Factors 

As previously explained, the CF i s  an expression of the 
relative  fatness of an oyster. The approximate  range i s  from 40 (poor) 
t o  150 (very good). I t  appears to  show annual variation, peaking i n  
the May-July period. In  a study reported by Dr.  Quayle (19691, i t  was 
noted t h a t  i n  water containing a KME concentration of 48-103 ppm, 
oysters were  grown w i t h  CF' s in the 50-120 range and those grown w i t h  
no KME present in their environment had CF's i n  the 120-153 range. 

Quayle' s data for the 1952-56 period for Ladysmi t h  Harbour 
showed CF's during the May-July period averaging 117. CF's obtained 
north and northwest of the Crofton o u t f a l l  i n  separate  studies reported 
,by Dobrocky Seatech and the Environmental Protection  Service during the 
period from 1970-1973 showed t h a t  the condition of the oysters  there 
were  comparabl e to those surveyed by Quay1 e,  i .e., they had CF '  s 
general ly  greater t h a n  120. 

Table 2 l i s t s  CF's obtained in the area during three 
different survey  program during 1970-1977. The  programmes  were carried 
out by Dobrocky Seatech, by the Environmental Proctection  Service, and 
by the Marine  Resources  Branch,  Province of B.C. In general,  stations 
i n  the north and northwest sections of the sampled area showed no 
significant changes  in CF values, remaining close t o  120, which 
compares favorably w i t h  Quayle' s data  for Ladysmi t h  Harbour during 
1952-56 (before mil 1 start-up) o f ,  roughly, 117.' 
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t 

Sta t ions   eas t  and south of the out fa l l  gave oysters  w i t h  
depressed CF's of approximately 80, u n t i l  1976 when the CF's ,from 
Burgoyne  and Booth Bays were 105 and 133  respectively.  Stations  near 
the out fa l l  gave oysters  w i t h  very low CF's of approximately  65, u n t i l  
1976 when the CF f o r  the Shoal Islands was reported  as 85, and when 
individual  leases were surveyed i n  1977, most  of the CF's obtained were 
greater  than 100. Figure 1 shows the l eases   t ha t  were surveyed a t   t h a t  
time by the Maine Resources  Branch. The leases  w i  t h  the 1 owest CF' s,  

and hence the l e a s t  heal  thy oysters ,  were those two c loses t   t o  the 
ou t f a l l .  The others ,  which i n  previous  years had been approximately 
80, gave CF's of approximately 130. 

I t  appears  that  the condition of oysters i n  the zone of 
influence of effluent from the Crofton mil 1 i s  improving, excepting 
those  extremely  close t o  the o u t f a l l ,  i n  so far  as  Condition  Factors 
a r e  concerned. 

2.4 Chl orophyl 1 -a 

Chl orophyll-a i s  a standard index for  phytoplankton  crops. 
I t  i s  a measure of biomass and since i t  i S a1 so an important component 
of oyster  food, any influence mil 1 effluent may have on i t  would a f f e c t  
oyster  growth. Dobrocky Seatech (19731, reported t h a t  chl orophyll-a 
level s a t   s t a t i o n s  ranging i n  distance from close  proximity  to the mil 1 
ou t f a l l ,   e a s t   t o  Booth Bay, northeast   to  Houston Passage, and northwest 
a s   f a r   a s  Ladysmith  Harbour and Yellow Point,  show  no s ign i f i can t  
differences between s t a t ions  when subjected to  s ta t i s t ica l   Analys is  of 
Variance. This led the authors of that   mauscript   to  conclude  that  even 
d i r ec t ly  i n  the outfall   boil  s where h i g h  KME values were obtained 
consis tent ly ,  there was  no a f f ec t  on chlorophyll-a levels, and t h a t  
oyster growth v i  a the pathway of the 1 ower 1 eve1 s of the food  chain, 
was not being affected by the e f f l  uent from the mil 1. 
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2.5 F i b r e  Deposi ti on 

D r .  E l l i s  (1970), as repor ted by  Dobrocky  (1974) , surveyed 

t h e   C r o f t o n   o u t f a l l  by using a submersible and u t i 1   i z i n g  surface- 

sampling methods. Based on h i s   f i nd ings ,  he repo r ted   t ha t  a f i b r e  bed 
extended 1.6-3.2 km to  the  northwest and sou theas t   o f   t he   ou t fa l l   w i th  

the  coarse  f ract ion  extending  to   approx imate ly  300 met res   o f fshore   ( to  

45 metres  depth). He repo r ted   t ha t  a coa rse   f i b re  bed  ranged t o  400 

metres on each s i d e   o f   t h e   o u t f a l l   a n d  was 10-15 cm th ick .  Normal 
marine 1 i f e  was observed  wi th in 1.6 km and a1 so a t  90 metres  depth o f f  

t h e   o u t f a l l .  

In a subsequent  study,  reported by Dobrocky  (19741, it was 

found t h a t   t h e   f i b r e  bed  has l a t e r a l l y  ex tended   w i th   t he   resu l t   t ha t  

the  area i n  which  the normal benthic community  had depauperized 

( i n c l u d i n g  a surrounding  t ransi t ion  zone),  now extended  from .8 km t o  

2 km t o  e i t h e r   s i d e   o f   t h e   o u t f a l l   i n   s h a l l o w  ( 2 2  metres)  water and f o r  

300 m e t r e s   d i r e c t l y   o f f s h o r e   i n  deeper water (93 metres) on a f i b r e  

blanket  greater  than 25 mm th ick .  The e f f e c t s   i n c l u d e  changes i n   t h e  

biomass,  density, and d i ve rs i t y   o f   t he   i n fauna .  However, no t e s t s  were 

done on how t h i s   a f f e c t s   t h e   i n t e r t i d a l  and shallow  subtidal  organisms 

such as oysters.  The EPS 1977 Crofton  survey  observed no no t iceab le  

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

Dobrocky  (19751, r e p o r t e d   t h a t  a1 though  the  f ibre  depth  o f  
the  bed i s   i n c r e a s i n g ,   t h e   h o r i z o n t a l   d i s t r i b u t i o n  appears  stable. 

F igure  2 i s  from t h e i r   r e p o r t  and i l l u s t r a t e s   t h e   e x t e n t  on t h e   f i b r e  
bed. 
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FIGURE 2 O l S T R l B U T l O N  OF FIBRE 
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3 1977 EPS CROFTON SURVEY OYSTER SAMPLING 

Oysters were sampled on 3 occasions a t  the s ta t ions  shown i n  
Figure 3. Meats were analyzed  for  concentration of the heavy metals 
mercury, zinc,  and  cadmium; and for  boron,  polychlorinated  biphenyl s 
(PCB's), resin acids,  and bacteriological  (Coliform s p p )  content. 
However, not a1 1 of the samples were analyzed  for a1 1 of the above 
mentioned  parameters. Tab1 e 3 summarized the analyzes performed and 
1 ists the results obtained  as of this wr i t i ng .  

3.1 Metal s 

3.1.1 Mercury. There was  no s ignif icant   dif ference i n  the mercury 
levels obtained from oys te r s   a t   S t a t ion  2 a t  the north end o f  Wil ly 
Is1 and (where other  parameters  indicated a lessening of the e f f ec t s  of 
the mill contamination) compared t o  the levels found a t   S t a t i o n  5 o r   a t  
Station 8. Station 5 i s  a t  the centre  of the area known to  receive 
h i g h  concentrations of KME whereas Stat ion 8 is  f a r   t o  the south a t  
Sherard  Point.  There is  presently an a1 lowable  level of mercury 
content i n  oyster meats and f i sh   f lesh  of 0.5 ppm wet weight.  All of 
the level s found i n  Crofton  area  oysters i n  thi  s survey were we1 1 bel ow 
t h i  s level. 

3.1.2 - Zinc. The 1977 zinc  data,  when compared w i t h  e a r l i e r  results 
for   s ta t ions  i n  the same areas,  show t h a t   a t   S t a t i o n  0-2, zinc 
concentrations  recorded i n  1977 of 3100 ppm compare favourably w i t h  the 
zinc  levels  recorded i n  oysters  taken from what were considered  to be 
uncontaminated areas i n  Sal ta i r   dur ing 1973 and 1975 o f  2700 and 
2400 ppm respectively. 

A t  Station 0-8 a t  Sherard  Point, the 1977 values  for  both 
samplings were 6000 ppm which can be compared w i t h  the 1973 values for 
Sherard  Point of 7840, 9300  and 6400 ppm. Osborn Bay values  for  1973, 
1974, and 1975 were 8600, 11,100 and 5,800 pprn respectively. The 
Sherard  Point  values  for 1977 may be indicative o f  some f l u s h i n g  of the 
zinc from oysters i n  that   area.  
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3.1.3 Cadmium.  Cadmium levels i n  the oyster meats sampled i n  this 
survey di  splayed no obvious  overall di fferences. The level s ranged 
from 0.52 t o  2.0 ppm wet weight,  w i t h  the higher levels being found f a r  
to  the northeast of the ou t f a l l   a t   S t a t ion  0-1 a s  we1 1 as  far  south and 
southeas t   a t   S ta t ions  0-8, 0-9 and 0-10. 

3.1.4 PCB's. A1 1 PCB levels i n  the oyster meats were below the 
detection limit. These analyses were carr ied  out  by the British 
Columbia Ministry of the Environment, Pesticide  Analytical  Laboratory. 

3.1.4 Boron  and Resin Acids. Boron level s proved to  be of normal 
ambient levels i r regardless  of the distance of the sampl i n g  si te from 
the out fa l l s .  No resin acids were detected a t  any of the sample 
sta t ions .  

3.1.6 Bacteriological  Criteria.   Bacteriological  cri teria  for 
shucked o y s t e r s   a t  the wholesale  marketing level are  set out  i n  the 
National  Shel 1 f ish Sanitation Program Manual of  Operations, 1965 
Edition. They state  as  acceptable  without  question;  oyster  meats w i t h  
a fecal  coliform density of  not more than 230 MPN per 100 grams ( m l  ) 
and a 35°C standard  Plate Count of not more than 500,000 per gram 
( m l ) .  A1 1 of the samples  taken from the Crofton  area i n  this survey 
met these standards  and, w i t h  the exception of one taken a t  Booth Bay 
on January 25, were we1 1 bel ow these 1 imi ts. The Booth Bay area  has 
been sampl ed more extensively i n  a Shel 1 f i  sh Growing Water Qual i ty  
survey of  Sal tspring Island  carried  out i n  the summer of 1977. 
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4 COLOUR 

In the January 1977 EPS survey for  bacteriological 
contamination, samples  were a1 so taken for  colour analysis. Samples 
were analyzed i n  the field using the Helige Aqua Tester, a colour 
comparator. The  same  samples  were  then sent to  the EPS 1 aboratory i n  
West  Vancouver to be analyzed using the Tristimulus method so t h a t  the 
two systems coul d be  compared. 

In the field, the samples  were a1 lowed to  sett le b u t  were no t  
centrifuged because there was no u n i t  available  for this. The  sample 
was then  compared w i t h  standards on the plat inum cobal t  scale using the 
Aqua Tester equipped w i t h  col our discs i n  the ye1 low-brown range. The 
remainder of the sample was then tested for the presence of KME odour 
and sent t o  the 1 aboratory. In the laboratory, the same samples  were 
centrifuged and pH adjustments t o  7.6 were  made  when necessary (most 
samples had pH's approximating 7.5). A transmission curve from 400 t o  
700 mu was obtained using a UV-Vis spectrophotometer. 

A computer  programme  then  used the trichromatic  co-efficients 
and the % transmission values to  calculate the dominant wave-length, % 

pur i ty ,  X 1 uminance and the col our. These col our units can be  compared 
t o  the colour units given by the Aqua Tester; however, the Aqua Tester 
detection lower limit i s  5 units and increases i n  5-units  increments,. 
whereas i n  the Tristimulus method, the lower detection u n i t  i s  1 and 

increases i n  single-unit increments. 

Colour was detected as a t r i  stimul us colour value between 1 
and 5 a t  almost a l l  remote stations. Assuming this was the background 
colour range, then, any colour values greater than 5 could be  due to 
the presence of KME. 

Both sets of colour values were plotted on a chart of the 
study area to  determine the pattern of effluent  dispersion i n  Stuart 
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Channel and Sansum Narrows (Figures 4 and 5) .  The  He1 1 ige  results were 
similar t o  the t r i  stimul us results b u t  gave a coarser  definition of the 
zone of influence. The pattern  indicates t h a t  the zone of influence of 
the effluent  is very similar to the pattern demonstrated by the 
inflated zinc concentrations i n  oyster meats and depressed CF's. To 
the north and northwest of the o u t f a l l  , most colour values were less 
t h a n  5, w i t h  the occasional intrusion of some colour i n t o  the  seawater 
a t  S t a t i o n  9 and a t  S t a t ion  8. This could  perhaps be illustrative of 
the "ribboning" effect reported by Waldichuk (1964). 

West of the effluent out fa l l  amongst the smaller islands of 
the Shoal Islands group ( I s l a n d  90, 100, 105, 115; Figure 11, colour 
values were generally greater t h a n  5, and sometimes greater t h a n  10. 

South of the o u t f a l l  , colour values were almost always 
greater than 5, and frequently  greater than 15. The highest values 
obtained were 76 and 52, both from directly over the south b o i l  . 

The colour value of the North Sewer effluent before 
dispersion i n t o  the  sea was 645; t h a t  of the South Sewer effluent was 
2300. 

Further south i n  Osborn Bay and Sansum Narrows, col our was 
detected  regularly i n  the 6-10 range. 

East of the o u t f a l l ,  i n  Booth Bay, on Sa l t spr ing  Island, 
colour i n  the 6-10 range was detected. 

Tidal influences were not  readily apparent i n  this study. 
This f i n d i n g  corroborates those of Dobrocky Seatech (19751, and those 
of Ellis (19721, which stated t h a t  colour was detectable i n  seawater 
further south of the o u t f a l l  than to the north of i t .  Figure 6 is  
taken from the report prepared by Dr. D.V. Ellis for the Crofton mill 
and illustrates the posit ion of the effluent  field during May 26, 1972. 



-1 05- 

F I G U R E  4 T R l S T l M U L U S   C O L O U R   V A L U E S  

0 1000 2000 3000 4qoo 



-1 06- 

FIGURE 5 HELLIGE COLOUR VALUES 
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FIGURE 6 POSITION OF EFFLUENT  F IELD  DURING 
SURVEY - May 2 6 ,  1972 
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5 ODOUR 

Coinc identa l   w i th   the   co lour   eva lua t ions  o f  the   Cro f ton  

marine samples was an odour eva lua t i on   o f   t he   i den t i ca l  samples  used 

fo r   co lou r   t es t i ng .   Th i s  was an experiment to  determine  whether  the 

odour of  eff luent  contaminated  seawater  would be a r e l i a b l e   i n d i c a t o r  

o f   p o l l u t i o n .  "Sniff" t e s t s  were c a r r i e d   o u t  by f i r s t  shaking  the 

samples  and then   t r y ing  to determine  whether  there was any e f f l u e n t  

odour. The r e s u l t s  were necessari ly  technician  dependent and there  
cou ld   no t  be a range o f  odour i n t e n s i t y .  A sample was e i t h e r   l i s t e d  as 

"odour  detectable" or "no odour  detectable." 

The r e s u l t s   ( F i g u r e  7) were p l o t t e d   i n  a s i m i l a r  manner to 

those  for   co lour .  The p a t t e r n   t h a t  emerges i s  the same which  ind icates 

a net   southeaster ly  movement of   water  through Sansum Narrows. In 
general,  but  not  always,  the sample with colour  values  greater  than 5 
had a detectable  odour  of  KME. A s n i f f   t e s t   i s   n o t  an accurate 

i n d i c a t o r   o f   c o l o u r ;  where there  was co lour   there was not  always  odour, 

b u t  wherever  odour was detectable,  a t r i s t imu lus   co lou r   va lue   g rea te r  

than 5 was obtained. 
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FIGURE 7 K M E  ODOUR S T A T I O N S  
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6 SUMMARY 

Based on chemical and bac ter io log ica l   ana lyses   o f   oys ter  

meats, and on col  our and odour test ing  o f   the  mar ine  receiv ing  waters  

i n  the  area  of  the B.C.F.P. Crofton  Pulp and  Paper Mill o u t f a l l ,  it 

appears tha t   a l t hough   the   d i f f us ion  zone o f   t he  mill e f f l u e n t   c a n  be 

detected as f a r  away as the  souther ly end o f   t he  Sansum Narrows  and  as 

f a r  east as Booth Bay, the  concentrat ions  o f  KME a t  these   d i s tan t  

points  cannot be s a i d   t o  be  hazardous t o   t h e   h e a l t h   o f   t h e   s h e l l f i s h   o r  
t o  man. The de le te r i ous   e f fec t   t ha t   h igh   z inc   em iss ions  had prev ious ly  

had on oysters i n  the  area has lessened  since  the mil 1 switched  over t o  

the  boron  whitening  process.  Contamination from other  heavy metals i s  

a1 so not   ev ident .   Col i form  contaminat ion  o f   the  water  and oysters i n  

the  area has decreased  since  the  previous  survey  conducted i n  1964. 



- 111 - 

BIBLIOGRAPHY 

Chipman, W.A.; Rice, T.R.; Pr ice,  T.J. "Uptake and Accumulation  of 
Radioactive  Zinc by Marine P1 ankton,  Fish and  Shel lfi sh" U.S. 

F i  sh and Wi ld l i f e   Se r i vce ,   F i   she r ies   Bu l   l e t i n  135: 279-292, 

1958. 

Dobrocky  Seatech  Ltd.  Monitoring  the  Marine  Receiving  Area f o r   t h e  

B.C. Forest  Products  Ltd.  Crofton Mill Out fa l l s .   Repor t   to  

B.C. Forest  Products  Ltd.  (Oct.  1973)  (1974)  (1975)  (1976). 

Drinnan, R.E. "Observations on the  Accumulation  of Heavy Metals by 
She l l f i sh   in   the   Es tuary   o f   the   Mi ramich i   R iver ,  N.B. 

1961-63", F i   sher ies  Research  Board o f  Canada Manuscript 

Report #862 , May 1966. 

E l l i s ,  D.V. "Proposal for   Monitor ing  the  Marine  Receiv ing  Area  for   the 

Cro f ton  M i  11 O u t f a l l  s" , consu l tan t '  s repor t ,  B i  01 ogy 

Department, U n i v e r s i t y   o f   V i c t o r i a ,  September 26, 1972. 

Environment Canada, P a c i f i c  Region,  Laboratory  Services,  "Pollution 
Sampl i ng Handbook" , Rev. 1976. 

Environment Canada, F i she r ies  and Marine  Services,  Pacif ic  Environment 

I n s t i t u t e  and Environmental   Protect ion  Services,   Paci f ic  

Region,  "Zinc and Boron P o l l u t i o n   i n   C o a s t a l  Waters o f  

B r i t i s h  Columbia  by E f f l u e n t s  from the  Pulp  and Paper 

Indus t ry "  , December 31 , 1973. 

McFarren , E.F. ; Campbell , J .E. ; Engle, J .B. "The Occurence o f  Copper 

and Zinc i n  Shel l f i  sh" ,   Proceedings  4 th  Shel l f ish  Sani ta t ion 

Workshop, Appendix R, U.S. Department of  Health,  Education 

and Welfare,  Public  Health  Service, 1961, pp. 229-234. 



- 112 - 

National She1 1 f i sh Sanitation Program Manual  of Operations, 1965 

edi t i  on. 

Ne1 son, H. ; Goyette, D. "Heavy  Metal Contamination i n  Shel l f ish w i t h  
Emphasis on Zinc  Contamination of the  Pacific  Oyster, 
Crassostrea  gigas" , Environmental Protection  Service, 
Surveillance  Report,  Janauary 1976, EPS-5-PR-76-2. 

Quayle, D.B. "Pacif ic  Oyster Culture i n  B.C., "Fisher ies  Reseach Board 
of Canada, Bulletin #169,  193 pp., 1969. 

S m i t h ,  D. Marine Resources  Branch,  Province o f  British Columbia, pers. 
comm. 

Thompson, J.A.J. ; Davis, J.C. "Toxicity, Uptake and Survey Studies of 
Boron i n  the Marine  Environment",  Journal of  Water Research, 
Volume 10, pp. 869-875. 

Vallee, B.L. "Biochemistry,  Physiology, and Pathology of Zinc", 
Physiological Revies 39: 443,  1959. 

Waldichuk, M. "Dispersion of Kraft Mil 1 Effluent from a Submarine 
Diffuser i n  S tua r t  Channel, B.C." Journal,  Fisheries 
Research Board  of  Canada 21(5)  pp. 1289-1316,  1964. 

. 


	Table of Contents

