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1 INTRODUCTION 

G a b r i o l a Bar i s a l a r g e i n t e r t i d a l area i n F a l s e Narrows on the 

south s ide o f G a b r i o l a I s l a n d . During low t i d e s and p a r t i c u l a r l y du r ing the 

very low s p r i n g t i d e s much o f the bar i s exposed to and a v a i l a b l e fo r 

h a r v e s t i n g o f c l ams . Over the yea r s t h i s area has been p e r i o d i c a l l y c l o s e d 

to h a r v e s t i n g , g e n e r a l l y du r ing the summer months, due to the i n c i d e n c e of 

high feca l c o l i f o r m l e v e l s de tec ted i n commerc ia l ly harvested c l ams . Surveys 

have been conducted by the Department o f F i s h e r i e s and Oceans and 

Environmental P r o t e c t i o n to assess the b a c t e r i o l o g i c a l q u a l i t y o f the waters 

and s h e l l f i s h harves ted from the a r e a . A summary of these surveys i s 

presented i n Appendix I . 

B r i e f l y , three surveys (June & August 1982, February 1983 & 

December 1984) e v a l u a t i n g mar ine , f reshwater , sediment and manure samples i n 

t h i s area d i d not i d e n t i f y a source o f con t amina t i on . A study i n June 1984 

attempted to determine i f prolonged h o l d i n g (3 days) o f sacked clams at 

va r ious l o c a t i o n s i n the i n t e r t i d a l area a f f e c t s f eca l c o l i f o r m l e v e l s . 

Resu l t s i n d i c a t e d tha t 28X o f t o t a l samples c o l l e c t e d exceeded the s h e l l f i s h 

meat s tandard , however r e s u l t s were i n c o n c l u s i v e concern ing prolonged h o l d i n g 

o f the c l ams . In 1985 s tud i e s by both Environmental P r o t e c t i o n and F i s h e r i e s 

and Oceans found some con tamina t ion but no c o n c l u s i v e r e s u l t s i n d i c a t i n g the 

source . 

This r epo r t desc r ibes a b a c t e r i o l o g i c a l su rvey , conducted between 

May 26 and May 29, 1986, o f groundwater, clam t i s s u e and beach sediment from 

G a b r i o l a Bar . Th i s survey attempted to i d e n t i f y a source of con tamina t ion 

to the clam h a r v e s t i n g area a t G a b r i o l a Bar . P rev ious work specu la ted tha t 

the source o f the contamina t ion may be t i l e f i e l d e f f l u e n t s from homes 

onshore o f the clam a rea . 
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2 METHODS FOR THE ANALYSES OF SHELLSTOCK AND SEDIMENT 

2.1 S h e l l s tock 

1. C o l l e c t s h e l l s t o c k , l a b e l samples, and s to re a t 4 ° C u n t i l 

b a c t e r i o l o g i c a l analyses can be performed. 

2 . P r i o r to b a c t e r i o l o g i c a l a n a l y s i s a l l s h e l l s tock w i l l be 

scrubbed and washed under tap water . Th i s w i l l remove excess g r i t or dead 

a l g a e , e t c . 

3 . Dur ing the p roces s ing o f s h e l l f i s h , rubber g loves should be worn 

and p e r i o d i c a l l y s t e r i l i z e d w i th an i o d i n e s o l u t i o n or e q u i v a l e n t . 

A d d i t i o n a l l y , s t e r i l i z e the shucking k n i f e p e r i o d i c a l l y wi th methanol and a i r 

d r y . Using a shucking k n i f e f o r o y s t e r s , or s c a l p e l fo r c lams , pry open the 

s h e l l and put a l l c o n t e n t s , meat and f l u i d , i n t o a s t e r i l i z e d t a r ed war ing 

blender j a r . 

4 . When an adequate amount o f s h e l l f i s h sample i s shucked, 

approximate ly 250 grams fo r oys t e r s and 100 grams fo r c lams , t a r e the b lender 

j a r and c o n t e n t s . A f t e r t a r i n g , add an equal amount (grams) o f buf fe red 

s t e r i l i z e d d i l u t i o n water which w i l l r e s u l t i n a 1:1 d i l u t i o n . 

5 . A f t e r b lend ing fo r 90 seconds, a s e p t i c a l l y p i p e t t e 20 grams of 

the contents i n t o a t a red 80 ml d i l u t i o n blank o f buf fered s t e r i l e wate r . 

The net r e s u l t w i l l be a 1:10 d i l u t i o n . 

6 . Shake contents fo r about one minute and the a s e p t i c a l l y p i p e t t e 

a l i q u o t s o f 10, 1 and 0.1 ml i n t o a 5 tube d i l u t i o n s e r i e s f o r MPN us ing 

standard methods. 

2 .2 Sediment 

1. C o l l e c t sediment w i t h a s t e r i l e spoon to a depth of 2-3 cm and 

d e p o s i t i n a s t e r i l e Whir l Pac or another s u i t a b l e s t e r i l e c o n t a i n e r . Store 

at 4 ° C u n t i l b a c t e r i o l o g i c a l analyses can be performed. 
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2 . A s e p t i c a l l y add 50-100 grams o f sediment i n t o a t a red s t e r i l e 

p l a s t i c sample b o t t l e . Tare b o t t l e and contents and add an equal amount 

(grams) o f s t e r i l e buffered d i l u t i o n wa te r . Th i s w i l l r e s u l t i n a 1:1 

d i l u t i o n . 

3 . A s e p t i c a l l y p i p e t t e 20 grams o f the supernatant i n t o a t a r ed 80 

ml d i l u t i o n blank o f s t e r i l e buf fe red water . The net r e s u l t w i l l be 1:10 

d i l u t i o n . 

4 . Shake contents fo r about 30 seconds and a s e p t i c a l l y p i p e t t e 

a l i q u o t s of 10, 1 and 0.1 i n t o a 5 tube d i l u t i o n s e r i e s fo r MPN us ing 

standard methods. 
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3 DESCRIPTION OF THE AREA AND STUDY PROCEDURE 

3.1 Topography and P r e c i p i t a t i o n 

G a b r i o l a Bar and the populated area i n l a n d from F a l s e Narrows r i s e s 

i n e l e v a t i o n from sea l e v e l to the h ighes t e l e v a t i o n s on the i s l a n d (>160 

mete r s ) . The p r i n c i p l e bedrock i n t h i s area i s a h i g h l y f r a c t u r e d 

Northumberland s h a l e . Al though shale i s g e n e r a l l y low i n p e r o s i t y , h i g h l y 

f r a c t u r d shale can be qu i t e permeable ( B . Moen, 1979) . 

Topography can p lay an important r o l e i n the movement o f groundwater 

s ince h y d r o s t a t i c pressure d i f f e r e n c e s are r e s p o n s i b l e fo r groundwater f lows 

and movement i s from higher e l e v a t i o n s to lower e l e v a t i o n s . Groundwater 

recharge on G a b r i o l a i s predominate ly due to p r e c i p i t a t i o n and g e n e r a l l y 

occurs at h igher e l e v a t i o n s w h i l e d i scharge zones occur at lower e l e v a t i o n s . 

The h igher e l e v a t i o n d i r e c t l y behind the F a l s e Narrows area serves as a 

recharge area w h i l e G a b r i o l a Bar serves as a d i scharge zone. Under such 

c o n d i t o n s , s e p t i c f i e l d e f f l u e n t from homes along the G a b r i o l a / F a l s e Narrows 

foreshore cou ld l each to the groundwater f low and u l t i m a t e l y d i scha rged to 

the clam beds (F igure 1 ) . 

Al though r a i n f a l l d i d not occur du r ing the week o f the su rvey , 

25.8 mm f e l l du r ing the week p r i o r to the su rvey . R a i n f a l l fo r the e n t i r e 

month o f May amounted to 87.7 mm ( R a i n f a l l data cour tesy Atmospheric 

Environment S e r v i c e ) . 

3 .2 Seepage F l u x Meters and Minf -P iezomete r s 

Seepage f l u x meters and min i -p i ezome te r s are two r e l a t i v e l y 

inexpens ive ins t ruments used to measure and c o l l e c t groundwater f l o w i n g i n t o 

an e s tua r i ne zone (Lee , 1977) . Seepage meters are cons t ruc t ed by c u t t i n g a 

15 cm s e c t i o n from the top and the bottom o f a 208 l i t e r drum. The open end 

i s turned i n t o the sediment o f the area to be sampled l e a v i n g the vent hole 

s l i g h t l y e l e v a t e d to a l l o w gas to escape. A rubber s topper w i t h a p l a s t i c 

tube i n the s topper cen te r i s i n s e r t e d i n t o the vent hole and a s t e r i l i z e d 

p l a s t i c bag i s a t tached to the tube wi th an e l a s t i c band. Upward seepage 

w i l l then be c o l l e c t e d i n the p l a s t i c bag (F igu re 2 & 3 ) . 
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FIGURE 1 a 3 M « T I 0 N 0 P « ) U K D l f A T E E B Y S m C f f l I ) S 



- 6 -

TOP OR BOTTOH OF 268 LITER DRUH 
'̂ y.','']! i' v 'r v V V V 'i' I'l 

RUBBER BUNG W''^ 

F 1 G M 2 G R O U N D M E R S E E P A G E F M I M 



U A T E R S U R F A C E 

ffillRES S E E P A G E M E I E R IN P M C E fflGHDE 



- 8 -

M i n i - p i e z o m e t e r s were i n s t a l l e d by d r i v i n g a 2.5 cm s t ee l p ipe one 

meter i n t o the sediment. The p ipe i s l o o s e l y f i t t e d w i th s t ee l l a g b o l t s at 

both ends. Once the d e s i r e d depth i s reached a p l a s t i c hose w i t h mesh 

secured to the end i s i n s e r t e d i n t o the pipe and he ld i n p lace w h i l e the pipe 

i s removed. The l a g b o l t remains a t the bottom o f the bore wi th the nylon 

mesh tub ing p o s i t i o n e d j u s t above the b o l t . Samples from piezometer w e l l s 

were taken dur ing low t i d e s by pumping l i q u i d for v a r y i n g per iods up to 75 

minutes i n d u r a t i o n (F igu re 4 ) . 

Seepage meters and piezometer w e l l s were set i n t o the i n t e r t i d a l 

zone dur ing low t i d e and sampled for three days a f t e r the comple t ion of one 

t i d a l c y c l e (F igu re 5 ) . B a c t e r i o l o g i c a l r e s u l t s fo r the sampling p e r i o d are 

presented i n Table 3 . 

3.3 S h e l l s tock and Sediment Samples 

S h e l l s tock samples were taken from 12 l o c a t i o n s i n the F a l s e 

Narrows area and sediment samples were d u p l i c a t e d i n ten o f these l o c a t i o n s . 

F igure 6 shows s t a t i o n l o c a t i o n s for these samples w h i l e Table 2 g ives the 

b a c t e r i o l o g i c a l r e s u l t s fo r the samples taken du r ing the survey . 
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FIGURE 4 M i l - P E O M E T E R OPERATION 



F I G U R E 5 S E E P A G E W E L L A N D P I E Z O M E T E R L O C A T I O N S 



- 1 1 -

f l G U R E 6 S T A T I O N L O C A T I O N S S E D I M E N T A N D S H E L L S T O C K 



- 12 -

4 DISCUSSION OF RESULTS 

4.1 Groundwater Seepage F l u x Meters and M i n i - P i e z o m e t e r s 

Fecal c o l i f o r m b a c t e r i a were not found i n any o f the samples from 

e i t h e r the seepage meters or the piezometers w e l l s . S a l i n i t y va lues on a l l 

seepage meter samples i n d i c a t e d tha t s a l i n e waters were being sampled r a the r 

than the in tended groundwater f l u x (Table 3 ) . On May 27, s a l i n i t y readings 

on two of the piezometers w e l l s i n d i c a t e d tha t some f resh water was present 

at one meter below the s u r f a c e . Wel l s IG and 2G recorded readings o f 16 and 

17 ppt s a l i n i t y . 

4 .2 Sediment, S h e l l s tock and Freshwater 

Samples of sediment and s h e l l s t o c k i n d i c a t e d tha t contamina t ion was 

present throughout the ba r , w i t h one s h e l l s t o c k sample exceeding the 

s h e l l f i s h s a n i t a t i o n program g u i d e l i n e s o f 230 F C / l O O g . Th i s occured a t 

s t a t i o n 0601-10 which i s l o c a t e d i n the area r e f e r r e d to as the " B r i c k Y a r d " . 

Fresh water s t a t i o n 0601-10 f lows i n t o t h i s area but was not running dur ing 

t h i s su rvey . 

H i s t o r i c a l data f o r t h i s s t a t i o n suggest tha t a l though the creek 

does not p rov ide a cons tan t source of c o n t a m i n a t i o n , p e r i o d i c high feca l 

l e v e l s have occured (Table 1 ) . 
A sample o f seepage i n the area produced a count <2FC/100 ml 

(F igure 6 ) . 
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TABLE 1 HISTORICAL BACTERIOLOGICAL DATA - STREAM. 0601-10 

S t a t i o n Agency Date 

EPS 85 12 07 
EPS 12 08 
EPS 12 09 
EPS 12 10 
EPS 12 11 
DFO 85 06 03 
DFO 06 04 
DFO 06 06 
DFO 06 07 
DFO 07 02 
DFO 07 03 
DFO 07 04 
DFO 07 05 
EPS 84 12 03 
EPS 12 04 
EPS 12 05 
EPS 83 02 15 
EPS 02 16 
EPS 02 17 
EPS 02 18 

Fecal c o l i f o r m / l O O ml 

S6 56 
20 

7 
5 
3 

49 
13 

280 
22 

5 
<2 
33 

130 
<10 

30 
<10 
<10 

10 
160 

10 

TABLE 2 RESULTS FOR SHELLSTOCK AND SEDIMENT ANALYSIS 

STATION DATE SAMPLED 
FECAL COLIFORM/lOOg 

SEDIMENT BUTTER LITTLE 
NECK 
(MIXED) 

1 May 26/86 
2 May 26/86 
3 May 26/86 
4 May 26/86 
5 May 27/86 
6 May 27/86 
7 May 27/86 
8 May 28/86 
9 May 28/86 
10 May 28/86 
11 May 29/86 
12 May 29/86 
13 May 19/86 

92 
26 
14 
26 
22 
34 
10 

4 
26 
14 

80 
70 
70 

20 

20 
130 
<20 
70 
<20 
20 

230 
80 
80 
80 
20 
330 
80 
80 
<20 
80 
<20 
<20 
<20 
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TABLE 3 BACTERIOLOGICAL RESULTS FOR FLUX METER SAMPLES AND 

PIEZOMETER WELLS MEMBRANE FILTRATION DATA 

DATE SAMPLED 

SAMPLE # SEEPAGE METER MINI PIEZOMETER 

FC /100ml 

May 26 May 27 May 28 May 26 May 27 May 28 

1 0(28)* <10(27) 0(16) 0(28) 0(28) 

2 0(28) 0(27 .5) 0(17) 0(25) 0(28) 

3 0(28) 0(28) 0(28) 

4 0(27) <10(27.5) 

5 0(27) 0(27) <10(26) 0(26) 0(28) 0(28) 

6 1(28) 0(28) 0(28) 

* (b racke t s ) are s a l i n i t y va lues i n pa r t s per thousand 

MEMBRANE FILTRATION METHOD 
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CONCLUSIONS 

The marine waters o f the G a b r i o l a Bar area d i d not show feca l 

contamina t ion i n the samples taken from the seepage meters . 

Samples taken from the min i -p iezomete r s w e l l s d i d not show feca l 

con t am ina t i on . 

Samples taken from the seepage meters and the min i -p i ezome te r s were not 

r e p r e s e n t a t i v e of groundwater f l u x . Th i s was most l i k e l y due to one or a 

combinat ion of the f o l l o w i n g ; 

1) groundwater was not being d ischarged to the area because there had 

been no p r e c i p i t a t i o n , 

i i ) the sample s t a t i o n s were not c o r r e c t l y l o c a t e d and the re fo re 

missed the main f l o w , 
i i i ) the seepage meters were not i n s t a l l e d p r o p e r l y and the piezometers 

were not deep enough, 

i v ) t h i s area i s not a d i scha rge zone f o r groundwater. 

S h e l l s t o c k and sediment samples i n d i c a t e a p e r s i s t e n t source of f eca l 

contaminat ion to the a r e a . Th i s i s supported by data from pe rv ious 

su rveys . 

Freshwater 0601-10 was not f l o w i n g a t the time o f t h i s su rvey , however 

p rev ious data have es tab i shed a low l e v e l of contamina t ion i n the creek 

wa te r s . The creek d r a i n s a pasture area where cows have d i r e c t access to 

creek wa te r s . 
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6 RECOMMENDATIONS 

DATA REVIEW 

Th i s survey and p rev ious surveys have not i d e n t i f i e d a p o i n t source 

o f con t amina t i on , however data i n d i c a t e s a source of contaminat ion e x i s t s . 

Future work should review a l l past survey and h a r v e s t i n g data i n an e f f o r t to 

c o r r e l a t e contaminated l o t s w i t h such events as r a i n f a l l , summer co t tage 

a c t i v i t i e s , b i r d and waterfowl a c t i v i t y and non-po in t source a c t i v i t y tha t 

may e f f e c t the creek and u l t i m a t e l y the area o f the b r i c k y a r d . 

SOURCE IDENTIFICATION 

Review o f data should take i n t o c o n s i d e r a t i o n tha t the two 

h a r v e s t i n g a r e a s ( G a b r i o l a Bar and the B r i c k y a r d ) a re most l i k e l y 

e x p e r i e n c i n g contamina t ion tha t may be from d i f f e r e n t sources and t r anspo r t ed 

by d i f f e r e n t means. 

MANAGEMENT PLAN 

Conc lus ions from t h i s review should be used wi th in fo rma t ion on the 

commercial va lue of the harves t toward a s ses s ing the need for f u r t he r work i n 

the area or the development o f a management p lan tha t w i l l s a t i s f y the 

requirements of the S h e l l f i s h S a n i t a t i o n Program. 

FUTURE SURVEY WORK 

Should fu r t he r s a n i t a r y work be r e q u i r e d i t i s recommended tha t a 

groundwater s p e c i a l i s t be i n v o l v e d i n the development o f a f i e l d program. 
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