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1.0 INTRODUCTION 

Following  a  literature  review  of  Vancouver  Harbour  (Waters 
1985a,b), Environmental  Protection  (EP)  began  a  series of benthic 
environmental  studies  in  May 1985 to  'document  the  existing  quality of 

Vancouver  Harbour.  Emphasis  was  placed  on  selected  trace  metals  and  organic 
compounds  in  surficial  bottom  sediments,  benthic  epifauna  and  demersal  fish. 
Seasonal  species  abundance  and  distribution  based  on  otter  trawl  catches 
(Goyette  and  Thomas, 1987) and  prevalence  of  liver  tissue  abnormalities  in 
flatfish  (Goyette  et  al., 1988), have  been  reported. 

Sediment  trace  metal  levels  represent  an  important  parameter  to 
measure  the  environmental  quality of a  highly  industrialized  or  urbanized 
waterway . Potential  sources  of  metal  contamination  in  Vancouver  Harbour 
include  bulk  loading  terminals  (metal  concentrates),  metal  finishing  plant 
effluents,  shipyards  (blasting  abrasives,  anti-fouling  paints,  etc.), 
municipal  waste  discharges,  oil  refinery  effluents,  and  general  urban 
runoff . Metals,  among  other  contaminants,  tend  to  adhere  to  suspended 
particulates  which  ultimately  settle  to  the  bottom.  Accumulation  and 
potential  sources  of  input  can  be  evaluated  by  measuring  the  trace  metal 
content of benthic  sediment. 

Although  bioavailability of trace  metals  from  sediment is largely 
dependent  on  chemical  state  and  mobility,  metal  uptake  can  be  toxic  to 
organisms  directly  in  contact  with  contaminated  sediment.  Knowledge  of 
spatial  and  temporal  distribution  patterns  of  trace  metals  can  aid  in 
identifying  major  sources  of  anthropogenic  input  as  well  as  providing  the 
basis  for  assessing  the  potential  biological  impact. 

This  data  report  documents  sediment  trace  metal  levels  observed  in 
Vancouver  Harbour  (Point  Atkinson  to Port Moody A r m )  from May 1985 to 
September 1986 and is one  of  a  series of reports  on  benthic  studies  in 
Vancouver  Harbour  being  prepared  by EP, Environment  Canada. 
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2.0 

2.1 

HATERIALS AND IU3THODS 

Study Area 

Vancouver  Harbour  was  subdivided  into  four  hydrographic  regions  for 
study;  stations  are  indicated  in  brackets. 

OUTER  HARBOUR - Spanish  Banks  (SB) 
- Point  Atkinson  (ATK) 
- Pacific  Environment  Institute  (PEI) 
- Dundarave  (DD) 

INNER  HARBOUR - North  Shore (1 to  13B) 
- Centre ( 1 4  to  16) 
- South  Shore (17 t o  30) 

CENTRAL  HARBOUR - Cates  Park  (CP) 
- Boulder  Rock  (BR) 

EASTERN  HARBOUR - Port  Moody  Arm  (32  to 4 7 )  

Sites  were  selected  to  evaluate  sediment  trace  metal  distribution 
with  respect  to  specific  harbour  activities.  A  total  of 73 stations  were 
sampled; 4 in  the  Outer  Harbour, 44 in  the  Inner  Harbour,  2  in  the  Central 
Harbour  and 23 in  Port  Moody  Arm.  Sampling  site  locations  are  shown  in 
Figures  la  and lb. Stations  which  correspond  with  otter  trawl  sampling 
sites  have  been  indicated  on  the  maps. In  addition to  sediment,  biota 
samples  were  collected  from  these  sites  for  trace  metal  and  organics 
analyses  and  will  be  the  subject  of  future  reports. 

Seven  surveys  were  conducted  from  the  research  vessel  C.S.S.  Vector 
during  the  study  period  from  May  1985  to  September  1986. Due to  the  size  of 
the  study  area,  most  sites  could  be  sampled  only  once.  Seven  sites  (PEI, 
11B,  15,  16,  19,  35 and  38)  were  sampled  from 3 to 5  times  to  compare  trace 
metal  concentrations  during  the  study  period.  The  sampling  schedule  under- 
taken  is  indicated  in  Table  1. 
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TABLE 1 VANCOUVER HARBOUR SEDIHENT SAMPLING  SCHEDULE FOR SURVEYS 
CONDUCTED I N  1985-86 - TRACE HETALS I N  SEDIMENT 

* corresponding otter trawl sites 
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TABLE 1 VANCOWER HARBOUR SEDIMENT SAMPLING SCHEDULE FOR SURVEYS 
CONDUCTED IN 1985-86 - TRACE METALS IN SEDIHENT 

* corresponding otter trawl site 



- 7 -  

2.2 Field Collection 

Sediment  grabs  were  taken  with  a  0.1  square  metre  stainless  steel 
Smith-MacIntyre  grab  which  provided  a  relatively  undisturbed  sample  of  the 
sediment  surface. A sample  from  the  top 2 cm  was  collected  in  a  kraft  paper 
bag,  enclosed  in  a llwhirlpakll, and  immediately  frozen  onboard  the  vessel. 
Corresponding  samples  were  collected  for:  particle  size;  residue;  and 
organics  analyses  (oil  and  grease,  hydrocarbons,  chlorophenols, 
polychlorinated  biphenyls,  polycyclic  aromatic  hydrocarbons).  The  results 
from  these  samples  will  be  documented  in  subsequent  reports. 

Generally,  three  grabs  were  taken  per  station.  Exceptions  included 
single  grabs  at  stations 2 7 ,  33A, 42-47 and  two  grabs  at  station  31.  For 
the  trawl sites, the  sediment  samples  were  taken  from  the  centre  of  the 
t raw1 t ransec t . Station  coordinates  and  depths  for  each  station  are 
presented  in  Appendix I. 

2.3 Laboratory Analysis 

Frozen  sediment  samples  were  analyzed  for  trace  metals  at  the  EP 
Laboratory  in  West  Vancouver.  The  samples  were  dried  at <4OoC and  passed 
through a 100-mesh stainless steel  sieve  (standard  series).  The  sediments 
were  subsequently  digested in a 3:l nitric-hydrochloric  acid  mixture 
(partial  digestion)  and  analyzed  for  aluminum ( A l ) ,  arsenic (As), barium 
(Ba),  cadmium  (Cd),  cobalt  (Co),  chromium  (Cr),  copper  (Cu),  iron  (Fe), 
mercury  (Hg),  magnesium  (Mg),  maganese  (Mn),  molybdenum  (Mo),  nickel (Ni), 
lead  (Pb),  tin  (Sn),  strontium  (Sr),  vanadium  (V),  and  zinc  (Zn). 

Most  trace  metals  were  determined  using  a  "Jarrell  Ash 975" 

inductively  coupled  plasma  optical  emission  spectrophotometer  (ICP-AES). 
Low-level  cadmium  concentrations  were  obtained  using  a  "Varian 1475" atomic 
absorption  spectrophotometer  with  a Varian GTA-95"  graphite  furnace 
attachment  (GF-AAS).  Mercury  levels  were  measured  by  cold  vapour  atomic 
absorption  (CVAA)  using  a  "Pharmacia"  LCD  mercury  monitor  with  a 30 cm 
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absorption  cell.  Further  documentation  of  the  analytical  procedures  is 
available  from  the EP laboratory;  an  updated  manual is currently in 
preparation. 

To evaluate  the  recovery  efficiency  of  metal  detection 
methodologies,  standard  marine  sediment  reference  materials  (BCSS-1  and 
MESS-1)  from  the  National  Research  Council of Canada  (NRCC)  were  analyzed 
with  each  set  of  samples  submitted.  Certain  metals  are  considered  more 
reliable  by NRCC (certified)  because  they  have  been  analyzed  using  at  least 
two  independent  techniques (As, Cd,  Co,  Cr,  Cu, Hg, Mn,  Ni, Pb, V, and  Zn). 
For  each  trace  metal,  percent  recovery  was  determined  as  the EP lab  result 
(mean)  divided by the  standard  (BCSS-1  or  MESS-1)  mean  times 100. 

2.4 Statistical  Analysis 

"Multiplant'  electronic  spreadsheets  were  used  to  generate 
descriptive  statistics  (mean,  standard  deviation,  coefficient  of  variation, 
maximum  and  minimum)  from  the  raw  data. 
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3.0 RESULTS AND DISCUSSION 

Percent  recoveries  of  sediment  trace  metals  for  the  standard 
reference  materials  relative  to  the EP laboratory  results  are  presented  in 
Appendix  IIA-F.  Although  recovery  efficiency  varied  among  the  metals, 
specific  metal  recoveries  were  generally  consistent  for  the  different 
surveys. 

A summary  of  mean  sediment  trace  metal  levels  in  Vancouver  Harbour 
from  May  1985  to  September  1986  is  presented  in  Table 2. Although  18  trace 
metals  were  analyzed,  cadmium (Cd),  chromium  (Cr),  copper  (Cu),  iron  (Fe), 
mercury  (Hg),  nickel  (Ni),  lead  (Pb),  and  zinc  (Zn)  have  been  highlighted. 
Figures 2 to 9 illustrate  the  distribution  of  these  metals  throughout  the 
harbour.  Raw  data  and  descriptive  statistics  for  all  trace  metals  analyzed 
can  be  found  in  Appendix  IIIA-G  and  IVA-G,  respectively. 
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TABLE 2 lzEAw SEDIMENT  TRACE  METAL  CONCENTRATIONS  OBSERVED  IN VANCOWER 

HARBOUR PROM 1985-86 

AREA 

IUTER HARBOUR 

CNNER HARBOUR 
North Shore 

Cent  re 

South  Shore 

STN 

SB 
ATK 
PEI 
DD 

1 
2 
3 A  
3 B  
4A 
4B 
5 
6 
7A 
7B 
8 
9 
10A 
10B 
1 1 A  
1 1 B  
12 
1 3 A  
1 3 B  

1 4  
15 
1 6  

17  
18 
1 9  
20A 
20B 
2 1 A  
2 1 B  
2 1c 
22A 
22B 
22c 

- 

N 
- 

3 
3 

15 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

15 
3 
3 
3 

3 
9 

12* 

3 
3 

15 
3 
3 
3 
3 
3 
3 
3 
3 

-r 

Cd 

(0.3 
0.5 
0 . 4  
0.9 

5 .2  
2.4 
7.4 
6 .6  
2.7 
4.5 
1.5 
0 .9  
0.6 
0.4 
0 .4  
0.5 
0 .7  
0.5 
0.6 
0 .6  
0.6 
0.6 
0.4 

0.6 
0.7 
0.5 

0.5 
0 .6  
0.6 
0.5 
0 .7  
1 . 2  
0.9 
0 .9  
1 . 6  
1.5 
0.7 

C - 
Cr 

50 
57 
58 
50 

39 
6 1  
48 
47 
77 
43  
38 
53 
55 
42 
40 
37 
47 
29 
33 
33 
50 
75 
39 

33 
42 
35 

37 
40 
39 
33 
33 
45 
42 
42 
37 
39 
42 

- 

ncen t 1: 

cu 

65 
241 
194 
504 

4083 
4353 
1187 
1967 
1206 
1420 

542 
439 
307 
247 
242 
226 
233 
146 
148 
226 
159 
143 
115 

333 
396 
268 

258 
279 
271 

90 
168 
354 
336 
402 
328 
839 
859 

t ion 
Fe( %) 

3.9  
3.9 
4.0 
4 . 1  

8 . 2  
5.5 
3.3 
3 .9  
3.4 
3.4 
2.9 
3.2 
3.0 
3.1 
2.8 
2.9 
3.0 
3.0 
2.6 
3.3 
3.6 
5.0 
3.5 

2.7 
3.3 
2.9 

2.9 
3.1 
3.1 
3.1 
2.9 
3.4 
3 .3  
3.2 
3.4 
3.2 
3.2 

.14 

.26 

.26 

.26 

.16 

.12 

.31 

.18 

.26 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

.12 
- 
- 
- 

.33 

.28 

.37 

.31 

.25 

. 2 1  

.26 

.30 

.28 

.26 

.45 

.31 

.25 

- 

KY we 
N i  

39 
42 
44 
35 

296 
88 
35 
44 
37 
39 
19 
23 
22 
19 
17 
16 
20 
13 
13 
17 
15 
13 
10 

22 
31 
24 

26 
27 
26 
20 
22 
65 
42 
34 
22 
28 
31 

L 
Pb 

~ 

17 
67 
49 
67 

15420 
585 
255 
262 
162 
188 

93 
97 
99 
72 
88 
84  
73  
52 
70 
49 
77 
57 
39 

64 
81 
62 

76 
71 
71 
69 
60 

144 
112 

90 
147 
120 

95 

Zn 

108 
155 
150 
206 

2267 
654 

1280 
1260 
1372 
828 

1172 
519 
48 3 
316 
646 
382 
338 
172 
335 
146 
310 
256 
161 

155 
205 
161 

147 
179 
167 
131 
134 
292 
242 
224 
333 
363 
237 

N = 11 for  mercury (Hg) 
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TABLe 2 HEAN SEDIHENT  TRACE  HETAL  CONCENTRATIONS  OBSERVED  IN VANCOUVER 
BARBOUR FROH 1985-86 (Continued) 

AREA 

ZENTRAL HARBOUR 

3ASTERN HARBOUR 
Port  Moody Arm 

STN 

23 
24 
25A 
25B 
25C 
26 
27 
28 
29 
30 
31 

CP 
BR 

32 
33A 
33B 
34 
35 
36 
37A 
37B 
37c 
38 
3 9A 
39B 
39c 
39D 
39E 
40 
4 1  
42 
43 
44 
45 
46 
47 

I I 

I 

I 
I 
I 
I L 

- 

N 
- 

3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
2 

3 
3 

3 
1 
3 
3 

15 
3 
3 
3 
3 
7" 
3 
2 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 

+ Cd 

1 . 2  
0 .9  
1 . 4  
1.3 
0 .9  
1.1 
1.0 
1 .4  
1.0 
1.1 
0.4  

<O. 3 
0.5 

0 .4  
(0.3 
,0.5 
0 . 4  
0.8 
0.9 
1.1 
0.4 
0.5 
1 . 1  
0.3 
0.5 
0 .9  
0 .9  
0.5 
0.6 
1 . 9  
3.1 
2.0 
2.4 
1.8 
1 . 6  
1.5 

C - 
Cr 

40 
42 
52 
32 
43 
37 
44 
42 
35 
34 
33 

29 
30 

- 

48 
49 
48 
59 
71 
70 
96 
70 
66 
98 

126 
110 
78 

110 
66 

132 
!67 
64 
54 
60 
55 
49 
45 

T I I 

'i 

I 

I 

L 

ncen t r 
CY 

991 
452 
343 
332 
435 
543 
370 
434 
352 
418 
178 

64 
152 

190 
234 
214 
180 
173 
193 
184 
172 
180 
149 
143 

96 
76 

143 
157 

99 
143 

98 
78 
88 
79 
57 
48 

t ion 
Fe(X) 

2.9 
3.0 
2.7 
2.2 
3.1 
2.8 
3 .3  
3.1 
2 .8  
2.6 
3.0 

3.6 
2.8 

3.6 
5.9 
5.0 
3.9 
4.0 
3.7 
3 .6  
4.0 
4 . 1  
4 .1  
3.5 
3.5 
3.5 
3.9 
3.7 
3.6 
3.5 
3.6 
3.3 
3.7 
3.5 
3.6 
3.5 

.36 

.28 
4.60 

.67 

.45  

.48 

.33 

.50 

.29 
2.20 

.13 

. ll  

.27 

.40 

.30 

.30 

.40 

.45 
- 
- 
- 
- 
.45 
- 
- 
- 
- 
- 
- 
- 

.29 

.24 

.28 

.23 

.15 

.13 

r I 

I 
I 
I 

I 
I 
I 

I 

cy we 
N i  

26 
31 
27 
25 
32 
54 
32 
28 
26 
27 
15 

7 
18 

25 
22 
24 
27 
30 
28 
32 
28 
26 
40 
23 
25 
22 
28 
25 
26 
29 
28 
26 
27 
26 
29 
29 

I 

I 
I 
I 

i 

L 

;h t 
Pb 

88 
92 

343 
241 
135 

96 
118 
181 
83 

116 
46 

19 
48 

75 
98 
84  
90 

108 
120 
140 
129 

127 
99 
98 
70 

116 
127 
109 
182 

76 
54 
57 
48 
24 
12 

128 

I 
i 
I 
I 

I 
I 
I 
I 
I 

I 

i 
i 
I 
I L 

Zn 

276 
200 
292 
248 
237 
209 
254 
374 
211 
313 
113 

88 
131 

165 
243 
239 
186 
204 
202 
230 
204 
221 
237 
271 
288 
226 
313 
206 
388 
461 
295 
214 
2 08 
170 
116 

98 

N = 6 for mercury (Hg) 
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APPENDIX I VANCOUVER HARBOUR SAMPLING  STATION  COORDINATES AND DEPTHS 

AREA STATION  SURVEY  LATITUDE  LONGITUDE DEPTH (m) 

OUTER HARBOUR 
SB 
ATK 
PEI (Trawl) 

DD 

INNER HARBOUR 
North  Shore 1 

2 
3A 
3B 
4A 
4B 
5 
6 
7A 
7B 
8 
9 
10A 
10B 
1 1 A  
1 1 B  (Trawl)  

12 
13A 
1 3 B  

Cent re 1 4  
15 (Trawl)  

16   (Trawl)  

May 85 
Sep  86 
May 85 
Oct 85 
Jan   86  
May 86 
Sep  86 
Oct 85 

Jun   86  
Jun   86  
Sep 86 
Sep  86 
Nov 85 
Sep  86 
Nov 85 
Nov 85 
Nov 85 
Nov 85 
Nov 85 
Nov 85 
Nov 85 
Nov 85 
Nov 85 
May 85 
Oct 85 
Jan   86  
May 86 
Sep  86 
Nov 85 
Nov 85 
Nov 85 

Sep  86 
Jan   86  
May 86  
Sep  86 
May 85 
Oct 85 
May 86 
Sep  86 

49'18.23'N 
49'19.67'N 
49'19.80'N 
49'19.75'N 
49'19.55'N 
49'19.77'N 
49'19.80'N 
49'19.70'N 

49'18.72'N 
49'18.65'N 
49'18.73'N 
49'18.48'N 
49'18.50'N 
49'18.40'N 
49'18.58'N 
49'18.62'N 
49'18.63'N 
49'18.53'N 
49'18.52'N 
49'18.45'N 
48'18.39'N 
49'18.35'N 
49'18.35'N 
49'18.12'N 
49°18.10rN 
49'18.27'N 
49'18.30'N 
49'18.37'N 
49'18.27'N 
49'18.23'N 
49'18.26'N 

49'18.10'N 
49'18.01'N 
49'17.61'N 
49'17.95'N 
49'17.60'N 
49'17.60'N 
49O17.60'N 
49O17.63'N 

123O13.78'W 
123°15.80'W 
123'13.73'W 
123'13.95'W 
123'13.92'W 
123°13.90'W 
123'13.94'W 
123'11.65'W 

123'07.45'W 
123OO7.27'W 
123'06.62'W 
123'06.67'W 
123OO6.48'W 
123'06.50'W 
123°06.21'W 
123OO5.90'W 
123O05.15'W 
123'05.25'W 
123'04.89'W 
123'04.76'W 
123°04.70'W 
123'04.50'W 
123'04.53'W 
123OO4.45'W 
123OO4.40'W 
123OO4.88'W 
123'04.88'W 
123'04.87'W 
123OO4.39'W 
123'04.27'W 
123'04.18'W 

123OO5.83'W 
123OO5.07'W 
123O04.60'W 
123'05.00'W 
123'03.87'W 
123'03.80'W 
123'03.87'W 
123'03.73'W 

55 
60 
59 
68 
67 
60 
58 
25 

13 
12 
1 2  
1 4  
20 
21  
24 
27 
20 
27 
16 
20 
22 
28 
20 
21 
23 
26 
28 
24 
24 
24 
26 

25 
43  
30 
18 
21 
29 
20 
1 9  
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APPENDIX  I VANCOWER EARBOUR SAMPLING  STATION  COORDINATES AND DEPTHS (CONT'D) 

AREA  STATION  SURVEY  LATITUDE  LONGITUDE  DEPTH (m) 

South  Shore 17 
18 
19 (Trawl)  

20A 
20B 
21A 
2 1B 
21c 
22A 
22B 
22c 
23 
24 
25A 
25B 
25C 
26 
27 
28 
29 
30 
31 

CENTRAL  HARBOUR 
CP 
BR 

EASTERN  HARBOUR 
P o r t  Moody Arm 32 

3 3A 
33B 
34 
35 (Trawl) 

36 
37A 
37B 
37c 

Sep 86 
J a n  86 
May 85 
Oct 85 
J a n  86 
May 86 
Sep 86 
Jun  86 
Jun  86 
Jun  86 
Jun  86 
Jun  86 
Jun  86 
Jun  86 
J u n  86 
Jun  86 
Jun  86 
Jun  86 
Jun 86 
Jun  86 
Jun  86 
Jun  86 
J u n  86 
Jun 86 
J u n  86 
Jun  86 

May 85 
May 85 

May 85 
May 85 
May 85 
May 85 
May 85 
Oct 85 
J a n  86 
May 86 
Sep 86 
Nov  85 
Nov 85 
Nov  85 
Nov 85 

49017.70'N 
49O17.41'N 
49O17.47'N 
49O17.29'N 
49O17.47'N 
49O17.47'N 
49O17.48'N 
49O17.22'N 
49O17.35'N 
49'17.16'N 
49'17.23'N 
49O17.30'N 
49O17.15'N 
49O17.20'N 
49'17.28'N 
49O17.20'N 
49O17.32'N 
49O17.28'N 
49O17.33'N 
49'17.38'N 
49O17.37'N 
49O17.41'N 
49'17.36'N 
49'17.41'N 
49'17.37'N 
49O17.60'N 

49'17.95'N 
49O18.20'N 

49'17.49'N 
49O17.47'N 
49O17.49'N 
49O17.49'N 
49O17.61'N 
49O17.62'N 
49'17.61'N 
49O17.64'N 
49O17.61'N 
49'17.70'N 
49'17.83'N 
49O17.70'N 
49O17.56'N 

123°06.50rW 
123O06.65'W 
123OO6.15'W 
123O06.17'W 
123OO6.30'W 
123°06.15'W 
123O06.28'W 
123O05.99'W 
123O05.99'W 
123O05.77'W 
123'05.77'W 
123'05.77'W 
123°05.08'W 
123°05.08'W 
123O05.08'W 
123O04.94'W 
123O04.78'W 
123'04.54'W 
123OO4.54'W 
123O04.54'W 
123OO4.33'W 
123O03.99'W 
123OO3.84'W 
123O03.81'W 
123O03.73'W 
123°03.40'W 

122'57.78'W 
122'56.36'W 

122°55.00'W 
122O54.66'W 
122°54.70'W 
122O54.25'W 
122O53.83'W 
122'53.78'W 
122O53.81'W 
122O53.8O'W 

122O53.70'W 
122O53.4O'W 
122'53.43'W 
122'53.42'W 

122053.a5'w 

17 
14 
18 
18 
18 
20 
19 
14 
18 
14 
20 
28 
13 
18 
28 
19 
22 
32 
29 
26 
26 
14 
17 
21 
13 
29 

28 
32 

20 
22 
32 
17 
17 
15 
18 
18 
16 
17 
15 
15 
15 

a 
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APPENDIX I VANCOWER HARBOUR SAHPLING  STATION  COORDINATES AND DEPTHS 
(CONCLUDED) 

AREA  STATION  SURVEY  LATITUDE  LONGITUDE  DEPTH (m) 

38 

3 9A 
39B 
39c 
39D 
39E 
40 
41 
42 
43 
44 
45 
46 
47 

Jan 86 
May 86 
Sep 86 
Nov  85 
May 85 
Nov 85 
Nov  85 
Nov  85 
Nov 85 
Nov  85 
May 85 
May 85 
May 85 
May 85 
May 85 
May 85 

49'17.95'N 122'53.10'W  12 
49'17.95'N 122'53.15'W 14 
49O17.91'N 122'53.10'W  15 
49'18.00'N 122'53.02'W 10 
49'17.90'N 122'53.02'W  12 
49'17.80'N 122°53.02'W 12 
49'17.70'N 122'53.02'W  13 
49'17.60'N 122'53.02'W  13 
49'17.95'N 122'52.90'W  12 
49'17.95'N 122'52.70'W 8 
49'17.61'N 122'52.23'W  13 
49'17.56'N 122'52.11'W  13 
49'17.50'N 122'51.98'W 14 
49O17.45'N 122'51.85'W 14 
49'17.39'N 122'51.73'W 14 
49'17.35'N 122'51.60'W  11 

Note: (Trawl) denotes sediment sampling stations corresponding to otter trawl 
sampling sites (biota sampling) 
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APPENDIX I1 

SEDIMENT TRACE METAL CONCENTRATIONS IN STANDARD 
REFERENCE MATERIALS (BCSS-1 AND MESS-1) 
AND PERCENT RECOVERY BY EP LABORATORY 

A. MAY 1985 
B. OCTOBER 1985 
C. NOVEMBER  1985 
D. JANUARY 1986 
E. MAY 1986 

F. JUNE  1986 
G. SEPTEMBER 1986 



35 - 

m W y I I l l  

0 

c ? c ? c ? c ? c ?  e e e ele 

8 %  I 
N 

00 0 

* * * * I *  

h 

f 



- 36 - 

* * * * *I* we*** I I 



- 37 - 

v! v!  v! ? ?I? 
000000 



- 38 - 

"b  a "  

* l i  
* 
z 1'9 

8*  

B 

I! 

" 4  
h"  

n 

00 $3 ?????'9 
0000010 

00 
R 

'9"! 
4 "  gj 

99999 I I 
n n 

I n 
.t i 



- 39 - 

Q I N  
4 r l  
rl 

- m  
m -  m 
. .  

w o  m 

m o  

I-- 

N m  
N 

. .  

m u ,  
m m  
m 
. .  

m o  
rl 

m m  
N r l  
N 

0 0  

PIO 
0 0  

rl 
- 4  

OIN 
N 4  

1 3  
0 0  

0 0  
0 0  m o  
N r l  
m 

? ?  
( O N  
rl 

m -  
N 4  
4 

4 1  
r l N  
rl 

m 
N -  

0 0  
. .  

0 0  
m 
m 

? 4  
4 4  
4 

0 0  
0 0  
W N  
N N  
W 

v 
dp 

4 

m w m m m w  
N N N N N N  I 

0 0 0 0 0 0  
o o o o o w  
N N r l 4 r l N  
r l r l r l r l r l r l  

m o m m w o  

m o m - r m m  
I n - r m w m  
? - ! - ! ? ? ?  
0 0 0 0 0 0  I 
0 0 0 0 0 0  
0 0 0 0 0 0  
N m 4 " Y I Y I  
W N N N r l N  
m m m m m m  I 

w r l m I O u , w  
? ? 4 ? ? ?  
0 0 0 0 0 0  I 

0 0 0 0 0 0  
O O O O O Q  
N r l r l C O P Y )  
N O O O D I O  
N N N N r l N  

m - 
I 

rlr m r l  
4 

N u l  
I- 

4 ?  

m o  
OD 

100 

"I 
m .  

W 

? ?  
OIN 
N 

Y o  
N 

m m  
- I N  m 

O N  
m -  
w u - l  
m 

.-I- 
P r l  
1 3  
0 0  

0 0  
0 0  
m m  
0.74 
m 

m m  
1"9 
N 

4.4 
r r l  

m m  
0 4  
rl 

. .  

m 
? 1  
0 0  

P 
0 0  

N 

I O N  

0 4  
rl 

. .  

0 0  
0 0  
0 0  
ODN 
m 

4 
V 

I f ,  

w w m m w w  
N N N N N N  I 
" " 9 " 9 " 9  I 
0 0 0 0 0  
V V V " "  I 

O O O O O N  
N W N m r l P  
r l m m p l r m  
P W W W W W  I 

0 0 0 0 010 

0 0 0 0 0 0  
o o o o o w  m - o a m w l .  o m m m m m  
m N N N N N  I 

- r m I - - o o  
r l N 4 N N N  I 
0 0 0 0 0 0  
O O O O O N  
w w w m m w  
m P r P w P  
4 4 r l 4 4 l - l  



- 40 - 

401 
m e  
m 

100 
m 

m o  

? 4  
N W  
N 

m u  
m m  m 
* .  

? O  
rl 

m m  
N r l  
N 

m~ 
N r l  

? ?  
0 0  

? ?  
aDN 
rl 

m e  
N r l  
7 4  

m 
? 4  
0 0  

0 0  
W 
VI 

d e  
r l r l  
rl 

. .  

v v v  

o m o ~ m o  
N r l N N r l N  I 
a m w m m  
0 0 0 0 0  
v v v v v  . * * * . I 1  

O O O O O N  
O M L n O C O v I  

W W P P P W  
m i - d o o m  

O ~ O P N P  
r m m ~ ~ m  
r l r l r l N N r l  

0 0 0 0 0 0  
. . . . . I .  

0 0 0 0 0 0  
0 0 0 0 0 W  
q r l W O N m  
W I O P P P W  
N N N N N N  

? ? 4 " 9 ? 4  
W e m e W w l  
N N N N N N  1 

0 0 0 0 0 0  o o o o o e  
a m w a r s m  
u ) r a a m w  
d r l r l r l r l r l  

rlr m r l  
rl 

4 1  
N ! A  
I- 

W o o  

? ?  
m~ 
N 

y o  
N 

m m  
r l N  
VI 

O N  
m e  
W L P I  w 

d e  
P d  
d o  
0 0  
. .  

c i " 9  
m m  
N 

" 9 0 1  
0 4  
rl 

? ?  
0 0  

0 0  

L 

W N  

0 . 4  
rl 

. .  

0 0  
0 0  
0 0  

!n 
W N  

c! 
u 

a m a r m a  
o o o o r l o  
rl 4 rl  rl 

U l N W P W l n  
N N N N N N  I 

w m a m m  
0 0 0 0 0  " " " " "  * * ' ' * I 1  
I n W W O W Q  
r l r l r l N N r l  
N N N N N I N  

0 0 0 0 0 0  
0 0 0 0 0 0  

N r l N N N N  
r l m r l r s ~ ~  
r l r l r l r l d r l  I 
e m m o ~ m  
T r l N M r l N  
r l r l r l r l r l r l  

0 0 0 0 0 0  
. . * .  . I .  

0 0 0 0 0 0  
0 0 0 0 0 W  
i - m C 0 W N - I  
N N N W W W  I m m m o r l o  

e - 4 ~ r l r m  
W M W M M W  

0 0 0 0 0 0  
. . . . . I .  

r o ~ r l ~ o  
d N N N N N  I 
0 0 0 0 0 0  
O O O O O N  
r lF .UYr lu )e  
N N N N N N  
N - I N W N N  



- 41 - 

m~ 
r l r l  
rl 

0 -  
401 
m 

w o  
m 

m o  

P S  
N W  
N 

? ' 9  
m m  m 

Y O  
rl 

m m  
N r l  
N 

0 0  
0 0  
P W  
- 4  
rl 

m~ 
N r l  
4 0  

0 0  
. .  

0 0  
0 0  

N r l  
W 

m o  

Y': 
m N  
rl 

m -  
N r l  
4 

e r l  
r l N  
4 

. .  

m -  
? ?  
0 0  

0 0  
VI m 

? 4  
r l r l  
rl 

0 0  

W N  
0 0  

W 
N N  

4 
U 

P 4, 

L n W N N W  I " I  
V N N N W W  
m m m m m m  I 

0 0 0 0 0 0  
O O O O O m  
P N N W L O W  
N N N N N N  
r ( 4 r l r l r l . d  

0 0 0 0 010 

0 0 0 0 0 0  
o o o o o m  
N - V W W O V )  

W N N N N N  
o m m m m m  

B o o o o o m  
0 0 0 0 0 0  

W P O O W r l  
W N W m W F l  
N N N N N N  

d l -  

rl 
m r l  

4 ?  
N U 3  
P 

m o  
W 

w o  

S ?  
W 

V I P  

m~ 
N 

. .  

N O  

N 

m m  
r l N  m 

O N  
m *  
w m  
m 

4 -  
P r l  
4 0  

0 0  
. .  

0 0  
0 0  m r r ,  
W 
0 4  

r l m  
m m  
N 

. .  

4 4  
P r l  

w m  
0.4 
,-I 

. .  

m r l  
0 0  

m * .  

0 0  
P 
N 

' 9 ?  
0 4  
rl 

0 0  
0 0  
0 0  
aDN 
In 

2 

V I W N W N  " I '  

N N q - W W  
N N N N N N  I 

o o o o o m  
m m m o r l m  
W O N N N P  

W W W P P W  I 

0 0 0 0 0 0  
0 0 0 0 0 *  

w w w w w w  
N N N N N N  

w - r m m m w  

0 0 - o w m  
m w m P m w  
0 0 0 0 0 0  
. . . . . I .  

B 0 0 0 0 0 0  
0 0 0 0 0 m  
P r l N W W W  m m m m m m  
r l r l r l r l r l r l  I 

m 
m 

m 
W 

m 
W 

I 

W 
N 
rl 

m 
P 

I 

W 
P 

O 
m 

P m 

P 
00 

0 
N 

rl 

m * 

0 
W 
rl 

m 
0 
4 

0 
N 

I 

W 
W 

B 
B 
OQ 



- 42 - 

APPENDIX  I11 

RAW DATA OF SEDIMWT TRACE  HETAL  CONCENTRATIONS 

A. HAY 1985 
B. OCTOBER  1985 
C. NOVEMBER 1985 
D. JANUARY 1986 
E. MAY 1986 
F. JUNE 1986 
G .  SEPTEMBER  1986 



- F I N  
0 Q \ m  
rl 

l n c o c o  
N r l d  

mco- 
rl 

cococo 
000 v v v  
. . .  

m m m  
- m e  
N N N  

000 
m c o o  -coco 
e m m  

e m N  d a m  

000 
-199 

000 
000 
m - m  
m u m  
m N m  

000 
d P m  
m N m  
rldrl 

. . .  

d a m  
m o w  
N N N  

. . .  

m m m  
000 v v v  
. . .  

N r l W  

* N N  
0mCa 
. . .  

3 3 3  

000 
000 w 4 m  
dr l4  

4 
c9 
rl 

- 43 - 

c o m b  eerl  
ddrl  

c a m 0  w w w  

- m m  
N N N  

cococo 
000 v v v  
. . .  

m c o m  
m m N  
m m m  

0-0 
000 

mcoco *-e 

mco- 
N o m  

000 
S???  

000 
000 * 0 e  m N d  
m m m  

000 
co-m 
m N m  
u m o  
. . .  

0-\o 

m \ g m  
m m m  
. . .  

m e m  . . .  
8 O S  

m r l u  . . .  

coco03 v v v  

000 
000 * e 0  
N N N  
m N N  

w 
rl 

o m 0  
cod- 

rl 

w e c o  
d N d  

-cob 

cococo 
000 v v v  
. . .  

N w w  
m o e  
N m N  

000 
4\00 
drlco 
e e m  

m w r l  d o m  

0 0 0  
? ? ?  

000 
000 
b e d  m N b  
N l n N  

m r l m  
N m m  w - m  
. . .  

m w r l  
4-04 N e w  
. . .  

m m m  
000 v v v  
. . .  

719 
m m m  
e-4 

cococo v v v  

0 0 0  
000 comm 
N N W  
d r l d  

PC u 

m m e  
m m N  
rlrld 

C00m 
* m e  

corn- 
rldrl 

cococo 
000 v v v  
. . .  

N w m  & d o  
m m m  

000 o w c o  - w r l  

m r l d  C0-m 
N N N  

000 
. . .  

000 
000 
m a w  coco- 
N N N  

0 0 0  

* e m  
. . .  
222 
N D O  
o o m  
m m N  
. . .  

m m w  
000 
. . .  

* a i m  
00- w w m  
. . .  

cococo v v v  

000 
000 
O m *  
4 0 0  
N N N  



- 44 - 

0 
P 
d 

co * 

W 
N 

co 
0 
V 

rl 
U 
m 

0 
0 
U 
0 
rl 

0 
m 
N 

0 

0 
0 
In 
m 
m 

0 
m 
b 

m 
m 
In 

03 

rl 

U 
b 
W 

co 
V 

0 x 
b 
N 

In 
U 

m 
U 
N 

co 
6, 

N 
N 

co 
0 
V 

W 
In 
m 

0 
0 
N 

2 

N 
0 
m 
0 

0 
0 
N m 
In 

0 

m 
U 
N 

rl 

m 
U 

wl 

8 

U 
b 
00 

co 
V 

0 
0 
N 
r- 
N 

40In 
dNco 
N N N  

r - c o r -  c o m m  
r l r l r l  

m m 
N 

b 
W 

03 
N 

co 
0 
V 

W 
m 
m 

0 
In 
U m 

d m 
N 

0 

0 
0 

m 
W 
m 

U 

cn co 

m 
m 
W 

d 

0 

In 
U 
r- 

co 
V 

0 
0 
W 
r- 
N 

N * 

U 
d 
N 

In 
U 

\D 
N 

co 

8 

m 
m 
N 

0 
N 

m U 

m 
m 
N 

0 

0 
0 In 
m 
m 

m 
co 
r- 

rl 

U 
In 

9 
N 

m 

W 
m 

co 
V 

0 
0 
In 
In 
N 

m 
U 

co 
0 
N 

P m 

r- 
N 

co 
0 
V 

W 
U 
m 

0 
m 
0 
0 
rl 

m 
r- 
N 

0 

0 

In 
0 
W 
m 

U 
co co 

* 
0 
W 

* 
N 

N 

r- 
U 

co 
V 

0 
0 
0 m 
N 

U 
U 

W 
rl 
4 

U 
N 

cn 
N 

co 

8 

rl 
P 
m 

0 

4 
rl 
rl 

m m 
l-l 

0 

0 
3 
In 
m 

0 
r- 
In 

N 

m 

\D 

rl 

m 

r- 
U 

3 

0 
0 
W co 
N 

W 
U 

co m 

N 
rl 

m 
N 

co 

8 

m 
r- 
c1 

0 

b 
0 

rl 
rl 

b 
N 
r( 

0 

0 

In 
m 
5? 

U 
43 
U 

0 
In 
U 

ul 

d 

m 
co 
r- 

3 

0 
0 
U x 

b 
U 

w m m  
r-Wb 

0 4 N  cocom l-lcoo m a m  

\om-  
N N N  

m e -  
N N N  

bcoco 
N N N  

cococo cococa . . .  cocoa) . . .  c p c o c o  . . .  . . .  
8 8 8  000 v v v  

000 
v v v  

0 0 0  
v v v  

N\DW 
comco 
m m m  

*br l  
r-bb 
m m m  

0 0 0  o m 0  w m w  o m 0  

0 0 0  
*coN U m m  m m m  

N m m  o o m  
U U *  

0 0 0  
. . .  

m w m  
N c o m  
m w r l  
0 0 0  
. . .  . . .  

0 0 0  

0 0 0  
000 
m Y l 4  
r-Nco 
m m m  

0 0 0  0 0 0  0 0 0  
000 000 0 0 0  

Wkul 
UUu-l 

r - m &  
m m m  

0 0 0  

ml-lco 
W b W  
r l r l d  

. . .  0 0 0  

m m m  
m h o \  
drlrl 

. . .  0 0 0  . . .  000 . . .  
0 0 4  
0 0 4  
N N N  

O*Cl  . . .  m W U  
UWD\D w w w  
. . .  r - o m  

m m o  
*Urn 

. . .  U m N  . . .  
b \ D m  
U U U  

o m c o  w m m  

e*- 
0 0 0  
. . .  awl- . . .  

0 0 0  

In" . . .  
0 0 0  

e * m  . . .  o o g  

\Ddr- . . .  m * m  . . .  W N b  . . .  
c o a i m  
coco03 

N U 0  
cococn  

cococo v v v  cococo v v v  
cococo v v v  cococo v v v  

0 0 0  
0 0 0  m o m  
N N N  
r - m r -  

0 0 0  000 
0 0 0  0 0 0  
W N N  0 - m  m m m  c o c o r -  
N N N  N N N  

0 0 0  
E S Z  

4 m  m m  
m m  

N 
m 

U 
m 

In 
m 



- 45 - 



- 46 - 

0 0 -  
m N w  
Q N N  
dN 

w m c o  
XZ 

m m w  
m * m  

cococo 
m o m  
N V N  

. . .  

m u *  \ D a m  
N U N  

0 0 0  o m 0  w m w  w r - r l  
rl 

0 0 0  
0 0 0  r l m \ o  
m N m  
m m m  

o o m  0 m C O  
r - c o  
rlrl 

N m O  
* d m  
. . .  

UCOS 

?";9 
N m O  

0 0 0  

r-r-r- 
r - m r -  

rl 

. . .  

CONco 
v m v  

0 0 0  
0 0 0  
r lb0 
O N m  
N N N  

U 
4 

d m 0  
m u m  
* m N  

N 

m N N  
cocod 

d 

comr. 
drlN 

o w w  
h e m  
N 4 d  

. . .  

uoco 
\DNl;f 
N N m  

0 0 0  
N O 0  
U N *  m o w  

rl 

0 0 0  
0 0 0  
r-No3 m o c o  
N m N  

0rlU-l a w c o  
m m w  

m w c o  
m N d  
N m m  
. . .  

79"; 
o o m  

4 4 0  

G A G  
cor-m 

d 

cocom 
V V N  

0 0 0  
000 =Nu 
* m N  
N N N  

In 

m r l d  
m r l m  
* - m  

r .Nr l  
CONCO 

rl 

m a r l  
d N N  

mcom 
m o m  
N V 4  

. . .  

m u m  

0 0 0  
0 0 0  
mmp.  
ddr l  
O d d  

0 0 0  
0 0 0  

m m c o  
dr ld 
m m m  

\oUCO * O w  m w r i  

0 m m  
& A <  
m r . u  

? Y " !  
0 4 0  

uoco 
m w m  
comm 

rl 

. . .  

comco v m v  

0 0 0  
0 0 0  

m m w  
NCOIO 

N N N  

m N m  
coNm u u m  

N m m  
2"s: 

m o u  
N N N  

\ D a m  

7-44 
O b *  
. . .  

m - m  m m d  
m m u  

0 0 0  
o m 4  u m w  o m m  
d 

0 0 0  
0 0 0  m d m  ooco 
m m N  

V l m 0  
0COm 
m N m  

o o w  
br -4  m e w  
. . .  

w l n w  
0 0 0  
. . .  

or lo  
* r - m  m m r l  

4 

. . .  

COCON 
V V d  

0 0 0  
0 0 0  
r.Nd 
* u m  
N N N  

-CON 
Indr- 

- o m  
r-mco 

m a w  
N N  

m r . w  
I--uo m v  
. . .  

r - m r .  
w m d  
m d *  

0 0 0  d a m  
cor-m m m m  

0 0 0  
0 0 0  a m *  
m m m  
0 0 0  

c o m m  a c o w  
P J m  

ddrn 

m m o  
m r l w  
. . .  

9??  
0 0 0  

\oTO 
r - c o w  
m m r l  

rl 

acorn v v m  

0 0 0  
0 0 0  r - w r .  
m m m  
N N N  

Nor- 
m * *  w w w  

p.dQ cocom 

r . * O  
drlN 

m w r l  
m e m  
N 

. . .  

d m 0  
r t m w  
m w m  

0 0 0  c o w 0  or-* 
c o r - c o  

0 0 0  
0 0 0  m m d  
r - r . c o  
N N N  

-001 
m e *  
N N N  

do? . .  
r - O N  
m u *  

SYS 
0 0 0  

0 0 0  

w - 4  
O d d  
r ldd 

. . .  

c o m m  
V 

0 0 0  
0 0 0  

O a r -  
O o \ d  
N r l N  

m r - 0  
c o r - c o  
m m m  

r -NU cococo 

comm 
dr ld  

0 - m  

NNhl 
o o m  
. . .  

mmco 4 - m  
m N N  

0 0 0  m m m  d w r -  
m m a l  

0 0 0  
0 0 0  
r - m r l  c o m m  
N N N  

u m o  
m N N  
N N N  

0 - m  
m m m  
m m m  
. . .  

L n ? W  

0 0 0  

o o m  
m m m  oom 
rlrl 

. . .  

cococo v v v  

0 0 0  
0 0 0  
a m 0  
N m N  
N N N  

W 
4 
r. r. CO m a 



- 47 - 

W N r l  
m o r -  
N 4 N  

O N 0  m a w  N * N  
4 4 m  

m o m  
dcld 
d N N  W N m  

- 4 4  
4 m N  m c o m  

- O m  
d 

r l N N  w w c o  

O W 4  
d d d  

mcoco 
400 
r l d V  

. . .  cococo . . .  comco . . .  
000 v v v  

- m m  
m m e  
4 4 4  

amno 
4 m m  
m d N  

m o m  
0 4 m  
m N N  

000 
0 0 0  r l W m  
m O N  
m 4 m  

000 
m m m  
0 0 0  0 0 0  

0 0 0  
b W c l  m o m  N m N  

0 0 0  
0 0 0  W - m  m c o o  
N N m  

0 0 0  0 0 0  0 0 0  
0 0 0  0 0 0  0 0 0  
0 0 -  0 0 -  
W a r n  c o m a  m d w  

m o m  m 4 m  
c o w l "  
m m m  N N N  

o m -  
d 0 W  
* m N  

. . .  m 4 m  
o m w  u m m  
. . .  . . .  

N W r n  
e m 4  

m 4 m  
0 0 0  
. . .  4 0 m  

deid 
a m m  
0 0 0  
. . .  * m m  

d d d  
m W W  
000 
. . .  4 c o m  

000 
. . .  m m -  

d d d  

m - c o  . . .  m m m  
m m m  c o m m  
. . .  - N O  

We00 m - 4  
d 

. . .  ONco N d N  

W c o m  
. . .  . . .  

4 m m  mWC0 
m o o  
m\Om 

c o c o c o  v v v  
c o m a  
V d V  cocoN v v m  

cococo v v v  
Ncoco 
N V V  

cobco 
V d V  

cococo  v v v  

0 0 0  
000 N m W  
coco4 
d d d  

0 0 0  

g%3 
0 0 0  0 0 0  0 0 0  0 0 0  
0 0 0  0 0 0  0 0 0  0 0 0  
mclco m N W  O d c o  0COm 
m m m  " c o  O O N  -cow 

N N N  cldl-l N N N  

4 4 
d 
cl 

N 
d 

m 
l-l 

m c9 
0 
4 
d 

0 
al 
d 

W 
m d 



- 48 - 

m m m  
N N N  
N m m  

u w w  
m m d  
r l d d  

m w c o  b w w  0 0 -  d o m  
rlrld 

O d c o  
N m d  

* b W  
NNr( 

o m w  
c l N N  

cococo . . .  c o c o r l  
O O N  v v  
. . .  cococo . . .  I D N W  . . .  cococo 

000 v v v  
. . .  

000 v v v  0 0 0  v v v  

m d m  
N * N  
comm 

0 0 0  
0 0 0  
N N N  
N N N  
d d d  

0 0 0  000 0 0 0  
0 0 0  0 0 0  0 0 0  
C O N W  r l o m  m m m  

0 0 0  0 0 0  
0 0 0  0 0 0  

NrnN 
ddr l  

0 0 0  

m a *  000 
0 0 0  0 0 0  000 
0 0 0  0 0 0  0 0 0  
m m m  b w m  N m *  

0 0 0  000 
000 0 0 0  

w m w  
m m m  

m m d  cocow 
N 

a d o  . . .  m a w  
N m O  
W I D b  

. . .  o o m  . . .  ooco . . .  

?1? 
d d r l  

< ? ?  
0 0 0  

*ml -  
0 0 0  
. . .  ? ? ?  

0 0 0  
? ? ?  
0 0 0  

o o m  . . .  0 0 4  . . .  mcom . . .  
N w w  a m c o  

COOco v m v  w*co wmv COOco 
V N V  

cococo v v v  COCQCO v v v  

0 0 0  000 
3 8  g % 8  

0 0 0  
0 0 0  
m N *  
N N N  
w w w  

0 0 0  
0 0 0  m m c v  
m o r n  

0 0 0  

m b m  
0 0 0  

m m m  
N N N  

w r - a  
N N N  

b 
V 
m 

m 
m 
4 m V 

m 
cn a 
m 

- m 
Q 



0 * 

49 - 



cobco * * e  
d d d  

N * b  
* e m  

N m N  *e* 

mcoco  
0 0 0  v v v  
. . .  

N m N  worn 
rnrnrn 

0 0 0  
0 0 0  m N b  
urn* 
d d d  

0 0 0  
0 0 0  m m N  
d d d  u * u  

N O 0  w w w  
r ldr l  

u m w  
c o m b  
rnrnrn 
. . .  

m m m  e** 
0 0 0  
. . .  

0 0 0  

rnbrl 
. . .  
222 
cococo v v v  

0 0 0  
0 0 0  
l-bw dcorn 

N N N  

H 
W 
PI 

wrnm m c o -  
d d d  

N m *  w w w  

m m N  
N N N  

mcoco  
0 0 0  v v v  
. . .  

N r n N  w w w  
m m m  

g s %  
cococo urn4 

0 0 0  
0 0 0  

m o m  u w m  
N N N  

N o m  
m m m  
d d d  

N d W  
rnrn-3 
m m m  
. . .  

O N N  
cocob 

0 0 0  
1 . .  

cocom 
d d 0  
b b b  

. . .  

cococo 
v v v  

0 0 0  
0 0 0  

drnln m m m  
d d d  

rl 
Gl 
d 

- 

m m m  
u m r l  
N N N  

d N N  
c o m c o  

N m m  
m m w  

acorn 
0 0 0  v v v  
. . .  

m d N  
m u m  
m o m  

b o o  0 0 0  

w*d moo 
r ld 

0 0 0  
0 0 0  
co0d 
d U N  
m m m  

w o m  
W O N  * m e  

CONm 
O D d  *e* 
. . .  

rnrlb -cow 
0 0 0  
. . .  

Ncocr) 

0 0 4  cococo 
. . .  

cococo v v v  

0 0 0  

rnrlu 
0 0 0  

N N N  
O N 4  

2 

50 - 

o m -  
cobb 
d r l d  

Y r O b  
b b W  

b b w  
N N N  

c o m a ?  . .  
0 0 0  v v v  

4 d * d m c o  
u m m  

0 0 0  
o m m  *r.rn o m m  
d 

0 0 0  
0 0 0  cow* 
m m m  
N O 0  

Lncorn  
cobb 
N N N  

rlNb 

* m m  
d m c o  
. . .  

bcob 
Lnrnrn 
0 0 0  
. . .  

m c o b  
* w w  
6coco 

. . .  

cococo v v v  

0 0 0  
0 0 0  
O * N  

N N N  
*Nd 

co 
rl 

4 d W  
bbl- 
d d d  

*cob w w w  

w e b  
N N N  

wmco 
0 0 0  v v v  
. . .  

bWU3 
b b m  
m m m  

0 0 0  N m *  
ooco m m m  

0 0 0  
0 0 0  w m o  
%%2 
m m e  
N N m  m b d  

O m -  
cocom m m m  
. . .  

cob* w w w  
d d d  

bbal 

brn0 
b b m  
. . .  

cococo v v v  

0 0 0  
0 0 0  b w w  
O O N  
N N N  

m 
d 

N m m  N o m  
N N d  

* W d  2"" 

03-w 
NC-JN 

cococo 
0 0 0  v v v  
. . .  

\or-rn N m m  
* m m  

0 0 0  

2 3 2  
Nrlr l  
d d d  

0 0 0  
0 0 0  
brn0 
N a b  
u m m  

m b b  
N e 0  

Add 

dbrn 

m a *  w w w  
. . .  

m r . 0  m m m  
0 0 0  
. . .  

O O N  
* m a  o m c o  
rl 

1 . .  

cococo v v v  

0 0 0  
0 0 0  
Wcob - m u  
N N N  

rn 
m 



- 51 - 

w m 4  
4 N N  
m o o  

N 4 W  

N N 4  
 ON^ 

O O N  
N O 0  
N N N  

4 - 4  
W O N  
N N N  

m m m  
4 4 4  

? ? ?  
m m m  
m m m  

? ? N  
- 4 4  
m m m  

9 ? ?  
r r r  
m m c o  

N ? ?  
m r w  m m m  

? 4 4  
m m m  m m m  

l N ?  
~ m w  w m m  

? ? ?  
m P I w  m w m  

m m o  
- I O N  
r r r  
* . .  ? N 4  

4 N N  
w m m  

7 9 ' 4 9  
O ~ P  
c o m m  

m m -  P - 0  
4 

O N N  
4 4  

m 4 m  
4 

O N W  
m r r  

m o m  
m m m  m m m  m w m  

P P 4  
N m m  

N O -  m m m  r - r m  
N N N  

? ? ?  
0 0 0  
" " V  

w c o m  
0 0 0  
. . .  

" V "  

m a w  
0 0 0  
. . .  

" " V  

? ? ?  
0 0 0  
" V "  

m w m  
0 0 0  
V " "  

. . .  ODQDD 

0 0 0  " " "  
. . .  m m m  

0 0 0  
. . .  

" V V  

c o 4 N  

m m m  m m m  
m l - N  
m e w  m - m  

P O P  

w m -  m o m  m - m  m w m  m m m  
N w m  
m m m  
m a t -  

0 0 0  
0 0 0  m - m  

0 0 0  
0 0 0  

4 4 4  
4 4 4  

m m m  
m r m  
N N N  
0 0 0  

m m l -  m m m  
N N ?  

r w 4  
d l - m  
N ? ?  

o 1 l - q  
w w m  
N - N  . . .  9 . .  

0 0 0  0 0 0  0 0 0  0 0 4  0 0 0  

0 0 0  
0 0 0  
m m r -  

0 0 0  
0 0 0  
N U I O  + m i - !  

m m m  
w m m  m m m  

m w o  
~ O I N  
m N m  

m w -  
Q W W  m m m  

m w . 4  
o m m  m m m  

".a) 
w w m  
4 4 4  

o w -  " -  
4 4 4  

? ? ?  
r u m  
4 ) O J Q  

~ m m  
m d c o  
. . .  
4 

"rim 

m m r  
. . .  
4 

?l? 
N 4 -  
4 - 4 4  

? ? ?  
m o r  
4 4  

w m m  0 - 0  
N N N  " N  
0 0 0  0 0 4  

m 4 m  
w m w  
0 0 0  
. . .  o m r  

9'499'4 
0 0 0  

0 0 0  
r w r  
0 0 0  
* . .  CONN 

w m m  
0 0 0  
. . .  0 0 0  

3 9 2  
4 4 0  

? ? ?  
N 4 m  m m m  

" 9 9 ' 4  
w m m  w m m  

? ? ?  
w m o  
w w w  

m o m  
m m 4  
w r w  
. . .  4 4 2  

L O O N  
c o m m  

? ? ?  
O O P  m m m  

m o m  
m o m  
m o m  

. . .  
4 

m 4 r  
N W N  

m m m  
4 

4 - m  
N 4 N  

0 0 0  
0 0 0  

P v w  
4 4 4  

r w m  

w m N  
w r w  

w m 4  
N W N  

0 4 r  m m w  

0 0 0  
0 0 0  

m m m  
N N N  

m m r l  

m o w  
m o m  
4 

0 0 0  0 0 0  
0 0 0  0 0 0  
m ~ w  m m m  
N N N  4-44 
" P m m  r w w  

0 0 0  0 0 0  
0 0 0  0 0 0  m u m  1 0 0 3 0  
w c n w  0 0 4  
4 4 4  N N N  

0 0 0  
0 0 0  
I n 4 0  

N N N  
w m m  

H 

6 4 
4 

m m 
4 

m 



- 52 - 

u m m  
m r w  
m o w  

0 0 0  

m d ~  
. . .  

c r o w  
d N N  

? ? 3  
W N W  
m m m  

d d  

N N N  
" " -4  

w m o  
d N r l  
w w m  

m o m  
m m m  

w m m  

: : z  
. . .  

m - m  
~ N N  
o m r  

0 0 0  

m o m  
P W r r  

m d m  

m o w  N O l U  

? ? 3  
0 0 0  

0 0 0  
0 0 0  

N W W  
- m w  
m o p  

0 0 0  
o r m  
O o o d  
c r v c r  

4.40 
N W m  

m w r  
. . .  

? ? 3  
* I N N  
r l d d  

0 0 0  
S ? ?  
N N N  

0 1 ' 1 2  
r m c r  
m m r  

W O N  
V N N  

0 0 0  
0 0 0  
t - r m  
4 4 4  
m - ~  

0 0 -  

d d d  
m m m  

m e o  
m m m  
d r l d  

m m r n  
o m -  
W N N  

N m U l  
W N w  
N N N  

e m 0  
N d W  
N N N  

m m r  
N P ~  
W W N  

N N r l  

m o d  
. . .  

r a m  

9 4 3  
Y ) N m  
rl 
r l m m  

' 1 ? ?  * - I -  
m r n m  

w m t n  
w m r l  
r r m  
. . .  m w w  

- r m m  
a , .  

w w w  

o m m  
m u 0  
w m w  

. . .  ? ? ?  
r w m  
P P I -  

m a w  
m m r  

. . .  

d w m  
d 

r m m  w m m  

a m m  
m m m  

w r m  
d d d  

N N N  
" V "  

r v w  
p w w  

O O N O  
m w w  

N O 4  
w - r m  
r l r l r l  

0 0 0  
0 0 -  
O O N  
m o m  
r l m  

m c r o  
N - N  
0 0 1 0  

m m m  

::: 
. . .  

m o o  
d N N  

r l d m  
N N N  

= r v m  m m m  r o o  
- 9 -  

d u m  
m m m  

r l m m  
N N N  

m a "3. 
0 0 0  
. .  

" " V  

m m m  
0 0 0  
. . .  

" V "  

m m a  
0 0 0  
. . .  
" -4"  

m m m  
0 0 0  
. . .  

" V V  

m m m  
0 0 0  
* . .  
" " "  

N ~ I O  
W N U I  
N N N  

m - m  
N N N  
cr-cr 

m c r r  
m c r c r  
m m m  

v w m  
r w c r  
m m m  

P N O  

m m m  
d w w  

* m u  
w t n t n  
m m m  

0 0 0  
P N N  
N N r l  
u w w  

0 0 0  
N O W  
N P . ~  
m m m  

0 0 0  w m m  
m w r  
m m m  

0 0 0  
o o m  m ~ r  
o o m  
r l d  

0 0 0  0 0 0  0 0 0  m m c l  m o c r  o m 0  d m r  v m w  m - m  
m m m  m c n m  o m 0  

d d  

r m p .  
N O l r l  
? ? ?  

m o m  
m m m  
? ? ?  
0 0 0  

m t n m  
N F m  
? ? ?  

P d N  
m m m  
? ? 7  

m m r n  m m m  
? - ! ?  

m u m  
0 - 4  
? ? ?  

0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  

0 0 0  
0 0 0  
O N -  

o m m  
rl 

N ~ W  

m o o  
~ m m  
m m o  

mom 

0 0 0  0 0 0  0 0 0  
0 0 0  0 0 0  0 0 0  
v ~ m  m w o  m m d  
0 4 4  m m r n  s r m ~  
m m m  N N N  m m m  

0 0 0  0 0 0  

Y I U I I ' .  N P U I  
0 0 0  0 0 0  

W r l r l  U l N W  
m m m  m m m  * m m  

".? 
m r r  
m m m  

r o r  
w r w  
r l d d  

u m -  
W N N  
m m m  

d m m  
N - r l  
m m m  

P ? ?  
m a l -  
m m m  

? ? ?  
r l m m  
m m m  

m w p  

N r l r l  
c r w c r  

. . .  N P N  

P m m  
m m m  

. . .  

Y 9 3 ' 9  
m m w  
4 

" ?  
o w 0  
4 4  

v m d  
o ~ m  
. . .  

r l r l  

" Y  
- o m  
d 4 r l  

0 0 0  
T ? ?  
w m m  

m r c r  

0 0 0  
S ? ?  

m m w  

0 0 0  
"94 

m w w  
a m m  

0 0 0  
. . .  m o o  

r m m  
0 0 0  

9 . .  

0 0 0  
w o r n  
r l N r l  
. . .  

m ~ m  
4 o m  
w m m  
. . .  0 0 0  

r r r  o m w  r l ~ m  
o o o  r r r  o m 0 0  
. . .  ? ? ?  9 3 "  

r l d 4  4 

3 3 9  
r m m  
m w o  
d r l N  

m w m  
" " V  

m m m  
r l v  

m m ~  
e m 0  
d r l  

0 0 0  
0 0 0  

0 0 0  0 0 0  
0 0 0  0 0 0  
v m m  - N U )  
w w u  m o o  
N N N  d N N  

0 0 0  
0 0 0  m m a  

0 0 0  
0 0 0  
m m m  
P d O  
A N N  

0 0 0  
0 0 0  
m o m  0 0 0  

0 0 0  

m r l m  
m m m  
N N N  

. + A 0  
N N N  

A N A  
N N N  

0 
N 

m 
d 
N 

4 
-4 
N 

m 
rl 
U 

N N 



- 53 - 

N I B 4  

m m m  
m m -  

U ) W N  
V I W N  
N N N  

rlrrl 
w r m  
N N N  

r r m  
d N d  
m o m  

m w w  
O W N  
W N W  

W N ~  
m m m  
N N N  

0 - N  
U l W N  
N N N  

m w r -  
N N N  
d o 0  

4:: 
W N O  
m m m  

d W W  

d N W  
m m m  

. . .  w m -  
O N 4  
. . .  

m m m  

w m m  
m o m  
r r r  
* . .  0 - 0 1  

m m d  
. . .  

w m w  
? ? ?  
o r r l  
m r m  

4 ? ?  
N C O ~  

m m r n  
r l w m  r r r  
. . .  rim- 

Q ) N N  
. . .  
r r r  

u ~ w r  

m m r  
o o m  
. . .  0 0 0  

N - 0  
N W W  
r l r l r l  

. . .  m m d  
r l m m  
u m w  
. . .  o r m  

r r r  
m r l -  
, . .  w r w  

r m m  
. . .  

m w w  

N W W  
r l r l r l  

w r m  ~ m m  
N d r l  

r m r  o m m  
rl 

m ~ m  
m m m  

- o r  
N W O  
4 d r (  

U ) W N  
r n m m  

N P P  
m r n m  

w m r  
- d w  
m m m  

r w m  
- 4 -  
d d r l  

m r l r  
N W N  

N O 4  
m m m  

W W U )  
N N N  

" 0  
N N m  r l m w  

N d W  
m o w  
N W m  

o c p m  
w - m  

? ? ?  
0 0 0  
v v v  

m m m  
0 0 0  
. . .  

V " V  

"9: 
0 0 0  
V V "  

m m m  . . .  
0 0 0  
V " "  

m m m  
O O $  
. . .  

V V  

m m m  
0 0 0  
. . .  

V V "  

"9: 
0 0 0  
" V "  

r n m m  
c r l - m  
m m m  

m r U )  
m I D w  
m m m  

- 1 - 4  
N N N  
m m m  

w r m  - ? e - ?  
m m m  

- ? o m  
m m r  
N N N  

m m r l  
- N -  
N N N  

m m m  
m - m  
m m m  

N W - ?  
N - N  
m m m  

0 0 0  0 0 0  0 0 0  0 0 0  
m w m  o o o  m 4 - r  N ~ C O  
m r ~  W W N  r w m  rut- 
w m m  r l o o  m m m  m m m  

r l r l r l  

0 0 0  
N W U )  
U ) m m  
m w m  

0 0 0  0 0 0  

W N W  4 W - I  

rl 

m r n m  d m o  
w m m  m m o  

0 0 0  

N N W  
r w m  
m r n m  

m o m  
r o o m  
N ? N  

" o m  m m o  
N N N  

W V N  
w w m  
N ? ?  

N W U )  
m m I o  
N N N  

0 0 0  
w o w  
? ? ?  

4 0 0  

? N N  
W N m  
- 9 m w  - ? - e  
0 0 0  
. . .  

m ~ m  
d N O  

? ? 1  
0 0 0  0 0 0  0 0 0  0 0 0  r l ~ m  o r l o  0 0 0  

0 0 0  
0 0 0  
O I d N  
O W N  
m m m  

0 0 0  0 0 0  0 0 0  0 0 0  
0 0 0  0 0 0  0 0 0  0 0 0  
r m m  N ~ V I  m d m  m - r -  
~ d r l  m m m  m o m  m - r  
W W W  N N N  N W N  N N N  

0 0 0  0 0 0  
0 0 0  0 0 0  
N W ~  w r l m  
m o d  r n d d  
N N N  N W W  

0 0 0  
0 0 0  m l - 0  
bin03 
N N N  

W ~ N  

m m r -  
o o w  

m o m  
m - m  
m o m  

r m m  
W N W  
u w m  

w o r l  
m m m  
m o o  

F i r - l o  
W d N  
Tr" 

W O I D r l  
O N 0  
m m w  

m d w  
m m r  
N - V  

d 

m m w  . . .  
0 - 0 )  
" m m  

N 4 Y  
r d m  
m - m  

3'13 
N N d  
- Q - -  

" 1 4 ' :  
m - w  
m - m  

O m N  
U l P N  
W N W  

. . .  4 1 :  
N W W  " -  

- ! ? ?  
m m r  

rl 

' 9 4 4 ' :  
r m m  

rl 

N ? ?  
o m 0  
d d d  

Y 2 4  
m r r  

m o ~  
m m -  
. . .  

d d d  

0 0 0  
~ W N  

r l d d  
. . .  o o m  

m m m  
0 0 0  
. . .  0 0 0  

N W N  

d r l d  
. . .  r r o  

m m o  
0 0 . 4  
. . .  0 0 0  

m m r  
4 0 4  
. . .  0 - 0  

w w m  
d 0 d  
. . .  m o m  

m m m  
0 0 0  
. . .  O N 0  

r m r  
d o 0  
. . .  

3 3 9  
o m m  
W N O  
r l r l r l  

" i ?  
q m w  
m m m  

? N 3  
- 9 . m  
m m m  

4 ? ?  
m m r n  
m m m  

? ? N  
m r m  
w m w  

1 4 1  
r m u )  
r a m  

m m m  
V r l V  

m m m  
" V  

m m m  
" V  

m m r n  " "  m m m  
v v  

0 0 0  0 0 0   0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  
0 0 0   0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  
o r l m  " o w   " ~ m  - o m  v ' c r m  F I N -  .-in,+ m r n m  
O N O  m ~ r l   o o m  N N N  r n m m  W N W  , - I O N  r m m  
N N N  N N N  N N r l  N N N  4 4 4  N N N  d d d  

m 
N 
N 

N 
N 

u 
W 
N 

- 
N 

;4 
N 

m m 
N N 

m u 
W 
N 



- 54 - 

-9 
In 
N 

4 

v 
m 

0 

4 
0 
4 

m 

m 
-4 
4 

N 
3-l 

4) 

0 
v 

m 
m 
m 

0 
0 
r 
O 
4 

10 

m 
N 

0 

0 
0 

m 

0 
r 
m 

vi 
-r 

I- 

In 
4 

w m 
0 

3 
0 
N 

4 

m 
v 

0 

N 
0 

N 
N 

K 

m m I n  
e m m  
0 9 . 1 -  

m e 0  
4 4 0  
N N N  

4 o m  
N O W  
w m e  

o r  
N O  
4 4  

o m  
m m  

a .  

o m  
4 

0 0  

m r l  
N l -  
-4 

. .  

m w  

o m  m e  

e l -  
-44 

m a  

0 0  
. .  
"-4 

P N  
lnl- 
N N  

-In 
0 0  

l n w  
m m  

- 4 m  
N m  
? ?  
0 0  

0 0  
0 0  e m  
0 4  
m m  

m m  
4 4  
m w  

? r :  
e l m  
m m  

2 e  
OOP 

N O  
. r m  
0 0  
. .  

\ D N  

0 4  m m  
* .  

m o  
" 4  

0 0  
0 0  
m e  
-4d 

r e  

" 1 ' 1 4  
O I n U r  
m r r  

N l n W  

m m m  
m w w  

e . .  
r e p  
m l - l n  
w w w  
. . .  

m m m  
4 - 4  

m m r  
m w m  
4 4 4  

m a 0  
4 4  

m m o  
4 4  

o m m  
4 O N  
4 4 4  

m q r  
m m r  

r m o  
N N ~  

w l - w  
N N N  

m m m  
0 0 0  
. . .  
" -4" 

? 2 ?  
0 0 0  
v v v  

w m m  
c f m m  
m m m  

m m m  
N " r l  
m m m  

m o w  0 4 m  
m m N  

o m 0  
0030 N e w  
0 0 0  
. . .  
0 0 0  0 0 0  0 0 0  
0 0 0  0 0 0  0 0 0  
N O 0  4 N l -  o w l -  
W W W  N N N  N N N  
0 4 4  m a w  w w u l  

w w m  
m m m  
U I D N  

c O v 4  
m m e  
r m m  

' " ' 1 2  
m m m  
I n P N  

r 4 y  
V I n N  
. .  

m m m  

In In 0, 

n l m -  
4 4  

. .  v ! ? ?  
l n w w  
4 

0 0 0  
I n N e  
44-4 
* . .  o m m  e m -  

4 0 0  
. . .  0 0 0  

O N - 4  

4 - 4 4  
. . .  

o o m  
m N w  4 o m  
4 4  

, . .  

O L n N  
4 N W  

m m o  
v v - 4  

m o m  
- 4 . 4 4  

0 0 0  0 0 0  0 0 0  
0 0 0  0 0 0  0 0 0  
m o m  W O N  r m o  o o \ m  m o p  w m m  
N d d   4 N 4  4 4 4  

m 
N 

0 4 m 
N 



- 55 - 

w o m  
m w -  
r l d r l  

m - m  m m m  
r l r l . 4  

0 0 0  
0003 
r l N *  
r l r l d  

W V P  
w o r l  
m m ~  

W d r l  - m P  
r l r l  

? 1 ?  
W W N  
m m m  

- m m  . . .  
m l n w  
m m m  

? ? ?  
P W P  
m m m  

0 0 0  

N m P  
N N N  
44.4 

. . .  O O N  

o m m  
. . .  

o m m  
d 

o m 0  * . .  
m o l -  
P P P  

3 ? N  
~ w m  
w w -  

91': 
m r l c r  
w w w  

r l m m  
w m ~  
. . .  

P P I -  

1 9 ?  
- 4 0  
P P I -  

? ? ?  
r - r n w  
m m m  

w w l n  o m 0  
r l r l  

N N N  
" " V  

N N N  
-4""  

P W N  

m P m  
w w w  

o m m  
r w m  

m r n m  
P W W  
N N N  

m - m  
N - d  
N N W  

W N O  
m w m  

- m o o  
w m w  

" V I M  m m m  
W P N  m - m  m w r l  m m -  N - 0  

N N N  

m m m  
0 0 0  
* . .  
" " "  

m c o m  
0 0 0  
. . .  
" " "  

? ? ?  
0 0 0  
V " "  

m m m  
0 0 0  
* . .  
" " "  

m m m  
0 0 0  

9 . .  

" " "  
m m m  
0 0 0  " " "  
. . .  m m m  

0 0 0  
9 . .  

" " "  

m m m  
m m m  
m P P  

N " l n  
r l o o  m m m  

N P P  
N N m  m m m  

N W r l  
O N U l  
m W N  

0 0 0  0 0 0  0 0 0  0 0 0  0 0 0   0 0 0  0 0 0  
0 0 0   0 0 0   0 0 0  P C l m  N O W  m P r l  d N e  
N N ~  W - P  w w m  w o m  m m ~  m w w  - N W  
- e -  - m m  r l o o  P P W  ~ m m  w r q  P W W  

d r l r l  r l r l r l  r l r l r l  

a r m  
o m r l  
N ? ?  

r w l n  P m o  
N W W  

0 0 0  
. . .  

O P O  
m r m  
? ? ?  
0 0 0  

P N U l  
O N W  
W N N  . . .  

q m o  r l m m  
? ? ?  

N m P l  0 - m  
' I ? ?  
0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  

0 0 0  
0 0 0  
P l n O  

q m m  0 - 0 1  

0 0 0  
0 0 0  
~ a ~ m  
m m m  
m m m  

0 0 0  
0 0 0  
N N O  

m m -  
1 - 0 1 0  

0 0 0  
0 0 0  
a d o  
V m N  
N N N  

0 0 0  
0 0 0  

m w w  
N N N  

m m c o  
0 0 0  
0 0 0  

N ~ P  

N N N  
m r n m  

o w w  
N N r l  
N d -  

0 0 0  
P P N  
r l d N  
d d r l  

0 0 0  0 0 0  

- 4 N  W W W  
r l N N  r l r l r l  

m e r -  m o d  P m P  
N N d  
- I d 0  

o m w  
m m m  o m -  

? ? ' :  
m m m  
m l n l n  

? ? ?  
m P m  m m m  

q m -  . . .  "': 
P W P  - "  0 - 4  

P r l O  
. . .  

N ~ N  

7 ? ?  
W N P  
d d d  

?':': 
o o m  
d d  

? ? ?  
U l N W  
r l r l r l  

m w s .  
r l N N  
r l r l r l  

. . .  9 ? ?  
N W r l  
r l d  

71': 
m m w  

o m 0  
' I ? ?  
0 0 0  

o w 0  0 0 0  0 0 0  0 0 0  
P N P  - N P  ? ? 4  y ? ?  
0 0 0  P P I -  W W P  V "  
. . .  . . .  - m m  m - m  

0 0 0  
. . .  m r l N  

5'9: 
0 0 0  

9 9 9  
O N N  
d o 0  
r l r l r l  

o e m  
m t - r -  
m m m  

9 . .  ??l 
- o m  
P P I -  

m o m  . . .  
o m m  
P P Q  

' : ? ?  
N ~ O  m m m  

? ? ?  
m r o  
w m w  

m m m  
" V r l  

m o D m  " " "  m w m  
" " V  

0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  
0 0 0   0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  
m o m  ~ m -  ~ m o  m m o  o m m   - m ~  
m w p .  m r - i -  m - m  m f - m  m m d  - - .- I  
N N N  N N N  N N N  r l d N  

0 0 0  
0 0 0  
w m r l  

H 

k 9. 
rn 



- 56 - 

r w o  
w m m  
r l r l r l  

m m m  
4 0 0 1  
r l r l  

v w r l  
m m m  
r l r l r l  

N N r l  

r l r l r l  
m m r n  

-rim 
d r l - 3  
N N N  

? ? Y  
m - m  
m m m  

W m P  . . .  
m d m  
W P P  

w - m  . . .  
O m N  m - m  

9 3 0 '  
m m d  
P P ~  

N a D m  
m m m  
* . .  

I O W P  

40'0' 
m o d  
w w m  

w q ' o  
r l - m  
m m m  

0 1 9 ?  
N N -  m m m  

N W W  

m 4 w  
W P P  

. . .  ? ? :  
m r m  
m m m  

q N - 3  " . + I - m  w w m  m m m  

m r l w  
r w m  

P C 0 - r  
w r - m  

0 - 0 1  
m m i -  

w m o  
d r l N  
r l r l d  

m u 0  
N N P (  
r l r l r l  

w m c r  
r l d r l  

~ m m  
N N N  

m r l ~  
N W W  

r l w m  
W N N  

r l r l r l  
m m m  

m r l ~  
m m m  

m w m  
0 0 0  
V " "  

. . .  m m m  . . .  
0 0 0  
" V "  

YO?? 
0 0 0  
V V V  

w m m  
0 0 0  
. . .  
" -4"  

~ w m  
- r m m  
m m m  

O d W  
r r P  
N N N  

o m 0  
m m P  
m m m  

4 - N  
P w m  
m m m  

N P O  
o m 0  
- m a (  

0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  
4 1 - 0  w r l m  m w m  o o o  o o o  o o o  r n - o  m ~ m  ~ m - 3  - m o  P W N  m o m  c o m o  m w m  m w m  m m m  ~ N N  ~ ( N N  

rl r l r l d  44.4 

W P  
O I N  
? ' ?  
0 0  

m w m  
N W -  

N ? U N  
N P W  
o m r l  
- m -  . . .  

N N  

9 -  1 
4 0  . .  

0 0 0  0 0 0  0 0 0  0 0  
. .  

0 0 0  
0 0 0  
+ N O  z z :  

0 0 0  
0 0 0  
o m r l  
N N N  
m n - r  

0 0 0  
0 0 0  m o d  
w m o  
N N ~  

0 0 0  
0 0 0  
N W N  
r l o r l  
m m m  

0 0 0  
0 0 0  

W r P  
m m m  
~ m w  

0 0 0  
0 0 0  
r l m m  
m P m  
m m m  

l n m w  
O N N  
w m m  

m m - r  
m m m  
r l r l r l  

d m -  
m w t -  
N N N  

r - 4 4  
m m P  
N N N  

r l w m  
W P P  
r l r l r l  

w o m  
m w m  
.+-I.+ 

3 7 3  
m I O I O  
N N N  

m q m  
o m r  
q m m  

0 - N  

- r o w  
m m r -  
. . .  

7 ' 1 9  
w m ~  

9 1 2  
m m - r  

3 9 "  
m m m  

4 4  

N ? 4  
q N d  
r l r l r l  

? ? ' :  
m m o  

rl 

"101 
o l m o  

rl 

o o m  
' 9 ? ?  
0 0 0  

N o d  
m m m  
0 0 0  
. . .  - l o o  

4 ' 4 ' 9  
0 0 0  

o o m  
~ m m  . . .  
0 0 0  

0 0 0  
m - 0  
O O d  
. . .  0 0 0  

" 0 ' 2  
r l o r l  

? 9 ?  
m o w  
W P P  

m - o  
~ m m  

I . .  

P P m  

m m - 3  . . .  
m m m  
P P P  

m o o  
w o r l  m o o  

r l r l  

* * a  ".9  
m - 0  

rl 
m m o  

m m w  
" " V  

m m m  
V " "  

m m w  
" " -4  

m m m  
V " "  

N P m  
4 r l d  

m a p .  
N N  

0 0 0  
0 0 0  
r l ~ m  
m m o  
4 r l N  

0 0 0  
0 0 0  m m ~  

0 0 0  
0 0 0  N N m  

0 0 0  0 0 0  0 0 0  
0 0 0  0 0 0  0 0 0  m c > w  m w m  m - m  
N N N  N N N  N N N  
d d o  m m r n  m m r n  m i i - r  

r l r l r l  
m o A  
A N N  

m 
rl 

W 
rl 

r 
rl 

m 
4 

m 
m 

m 



- 57 - 

APPENDIX I V  

DESCRIPTIVE STATISTICS OF 
SEDIMENT  TRACE  METAL  CONCENTRATIONS 

A. MAY 1985 

B.  OCTOBER 1985 
C. NOVEMBER 1985 
D.  JANUARY 1986 
E. MAY 1986 
F. JUNE 1986 
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REVIEW NOTICE 

Data  reports  are  prepared  to  make  data  available  without  full 
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1.0 INTRODUCTION 

Environment  Canada  initiated  a  series  of  benthic  environmental 
quality  surveys  in  Vancouver  Harbour  in  May  1985.  Emphasis  was  placed  on 
sampling  surficial  bottom  sediments  for  geographic  distribution  patterns  of 
selected  trace  metals  and  organic  compounds  in  Vancouver  Harbour.  The 
trace  metals  in  sediment  data  has  been  documented  in  Thomas  and  Goyette 
(1989a).  Sediment  particle  size  distribution,  residue  and  bacteria  content 
data  are  presented  in  Thomas  and  Goyette  (1989e).  Epibenthic  invertebrates 
and  bottomfish  were  collected  for  tissue  trace  metal  analysis  (Thomas  and 
Goyette, 1989b).  Distribution  and  abundance  of  benthic  species  (Thomas  and 
Goyette, 1987),  polycyclic  aromatic  hydrocarbon  concentrations  in  flatfish 
and  Dungeness  crab  tissue  (Thomas  and  Goyette,  1989d),  and  the  prevalence 
of liver  lesions  and  external  abnormalities  in  flatfish  (Goyette  et  al., 
1988),  have  been  reported. 

Organic  compounds  represent  an  important  component  in 
environmental  studies  associated  with  urban  centres.  Sources  of  such 
compounds  include  oil  refinery  wastes,  road  and  general  urban  runoff, 
lumber  treatment  facilities,  marine  traffic,  atmospheric  fallout,  municipal 
effluents,  among  others.  The  purpose  of  the  current  report  is  to  document 
organic  compound  concentration  (oils  and  grease,  hydrocarbons,  various 
polycyclic  aromatic  hydrocarbons  (PAH),  polychlorinated  biphenyls  (PCB)  and 
chlorophenols  (tri,  penta,  and tetra))  in  surface  sediment  collected  from 
Vancouver  Harbour  between  May  1985  and  September  1986. 
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2.0 HATERIALS AND KBTHODS 

2.1 Study Area 

Vancouver  Harbour  (Point  Atkinson  to  Port  Moody Arm) was 
subdivided  into  four 
indicated  in  brackets: 

OUTER  HARBOUR 

INNER  HARBOUR 

hydrographic  regions  for  study;  stations  are 

- Spanish  Banks  (SB) 
- Point  Atkinson  (ATK) 
- Pacific  Environment  Institute  (PEI) 
- Dundarave  (DD) 

- North  Shore  (1  to  13B) 
- Centre  (14  to  16) 
- South  Shore  (17  to  31) 

CENTRAL  HARBOUR - Cates  Park  (CP) 
- Boulder  Rock  (BR) 

EASTERN  HARBOUR - Port  Moody  Arm  (32  to  47) 

In total, 73 stations  were  established for  study  between May 1985 

and  September  1986  (Figure  la  and lb). Out  of  the 73  stations,  59  were 
sampled  for  oils  and  grease,  hydrocarbons,  polychlorinated  biphenyls  (PCB), 
and  chlorophenols  (penta,  tetra,  tri),  and 23 for  polycyclic  aromatic 
hydrocarbons (PAH).  Sampling  stations  consisted  of  sites  immediately 
adjacent  to  discharges  or  shorebased  activities  and  stations  further  from 
shore  to  examine  the  extent  of  contamination.  Seven  stations  corresponded 
to  otter  trawl  sampling  stations  (mid-point  along  transect),  used  for 
tissue  collections  (Thomas  and  Goyette  1989b,  1989d).  The  trawl  sites  were 
sampled  from  3  to 5 times  during  the  study  to  determine  the  stability of 

organic  chemical  concentrations  in  sediment  during  the  survey  period.  The 
remaining  stations  were  sampled  only  once. 
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2.2 Field Collection 

Seven  surveys  were  conducted  from  the  research  vessel  CSS  Vector. 
The  sampling  schedule  is  provided  in  Table 1. Station  coordinates  and 
depths  are  provided  in  Appendix I. 

Sediment  surface  grabs  were  obtained  using  a 0.1 square  metre 
stainless  steel  Smith-MacIntyre  grab.  Subsamples  were  taken  from  the  top 
two  centimeters  and  placed  into  heat-treated  glass  jars  with  aluminum  foil 
lining  the  lid.  Samples  were  kept  frozen  until  analyzed.  Additional 
sediment  samples  were  taken  for  trace  metal,  particle  size  and  residue 
analysis;  results  have  been  reported  in  other  data  reports  (Thomas  and 
Goyette,  1989a, 1989e). Samples,  normally  taken in triplicate at each 

site,  were  analyzed  for  oils  and  grease,  hydrocarbons,  PCB  and 
chlorophenols  by  the  Environmental  Protection  laboratory  in  West  Vancouver. 
PAH  samples  were  submitted  to  two  external  laboratories  (LABORATORY A and 
LABORATORY B)  for gas  chromatograph/  mass  spectroscopy  (GC/MS)  analysis. 
To  maximize  coverage of the  harbour  with  the  available  funds,  sampling  was 
confined  to 23  stations  with 1 to 3 samples  per  site.  Earlier  samples 
submitted  to  two  other  laboratories  were  discarded  due  to  problems  with 
detection  limits. 

2.3 Laboratory Analysis 

For  a  detailed  description  of  the  methodology  of  oils  and  grease, 
hydrocarbons,  PCB  and  chlorophenols,  refer  to  analytical  procedure 
documentation  available  from  the  Environmental  Protection  laboratory. 
Procedures  are  summarized  as  follows. 

2.3.1 Oils and Grease 

The  sample  was  air-dried  overnight  then  a  weighed  portion  placed 
in  a  centrifuge  bottle  with  anhydrous  Na2S04,  concentrated  sulfuric  acid 
and  Freon 113. The  bottle  was  then  sealed  and  mixed  on  a  wrist-action 
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TABLE 1 VANCOUVER HARBOUR SEDIMENT  SAMPLING  FOR  SURVEYS  CONDUCTED I N  1985-86 
- ORGANIC COMPOUNDS I N  SEDIMENT 

AREA 

OUTER HARBOUR 

INNER HARBOUR 
North  Shore 

Cent re 

South  Shore 

7- 
1 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

. I .  STN 

SB 
ATK 
PEI* 
DD 

1 
2 
3A 
3B 
4A 
4B 
5 
6 
7A 
7B 
8 
9 
10A 
1 0 B  
1 1 A  
1 l B *  
12 
1 3 A  
1 3 B  

1 4  
15 
16* 

17 
18 
19* 
20A 
20B 
2 1 A  
2 1 B  
21c 
22A 
22B 
22c 
* c o r  

TOTAL 
NUMBER 
SURVEYS 

1 
5 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
1 
1 
1 

1 
3 
4 

1 
1 
5 
1 
1 
1 
1 
1 
1 
1 
1 

sspondin 

MAY 
1985 

X 

X 

X 

X 

o t t e r  

-i 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
L 

I_ 

1 

OCT 
1985 

X 

X 

X 

X 

" 

trawl 1 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

I -  

s j  

NOV 
1985 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

i tes 

T 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

. I -  
I 
1 

I 
I" 

J A N  I MAY 
1986 I 1986 

" 
1 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

. I _  
JUNE 
1986 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

7- 
I 
I 
I 
.I. 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

SEPT 
1986 

X 
X 

X 
X 

X 

X 

X 
X 
X 

X 

T 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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T A B L E  1 (CONT‘D)  VANCOUVER  HARBOUR  SEDIMENT  SAMPLING  FOR  SUkVEYS  CONDUCTED I N  
1985-86 - ORGANIC  COMPOUNDS I N   S E D I M E N T  

1- 
I 
I 
I AREA 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

1 CENTRAL 
I HARBOUR 

I E A S T E R N  
I HARBOUR 
I PT.MOODY A R M  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-i 
I 
I 
I 

t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
‘ I  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

. I-  
I I I 
I T O T A L  I I 
I NUMBER I MAY I O C T  

S T N  I SURVEYS1 1985 I 1985 
i I 

I-I- 
I 

I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

5 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 

X 

I 
3 * corresponding otter  trawl 

NOV 
1985 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

i tes 

T 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

I 
J A N  
1986 

X 

X 

-i 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

I-  
MAY 
1986 

T 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

I -  
J U N E  
1986 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

T 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

I -  
SEPT 
1986 
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shaker  for 90 minutes  followed  by  centrifuging  for 10 minutes.  Oils  and 
grease  were  quantified  on  an  infrared  spectrophotometer  (5cm UV cell)  as 
the  difference  in  the  absorbance  of  the  freon  extract  measured  at 4000 

(baseline)  and  2935  cm-1. The amount  of  oils  and  grease  are  reported  in 
ug/g  dry  weight  "standard  oil"  equivalent.  Recovery  of  a  "standard  oil" 
(151111  hexadecane,  15ml  iso-octane  and  10ml  chlorobenzene)  spike  at  the  0.25 
mg/l  level  gave  92%  recovery  with  a  mean  of  0.23mg/l  (S.D.=0.04)  over 8 

replicates. 

2.3.2 Hydrocarbons 

For  hydrocarbon  analysis,  three  grams  of  silica  gel  were  added to 
the  centrifuge  freon  extract  portion  from  the  oils  and  grease 
quantification,  shaken  for 30 minutes,  centrifuged  for 10 minutes,  then 
filtered  through a small  funnel  with  GF/C  paper  with  a  small  amount  of 
Na2S04  added.  Hydrocarbon  was  quantified  as  per  oils  and  grease.  Total 
hydrocarbon  concentrations  are  reported  in  vg/g  dry  weight  "standard  oil" 
equivalent. The precision  and  accuracy of this  technique is the  same  as 
that  reported  for  oils  and  grease  infrared  determination. 

2.3.3 Polycyclic Aromatic Hydrocarbons (PAH) 

Sediment  samples  were  collected  from 23 stations  in  Vancouver 
Harbour  and  submitted  (March,  1987)  to  two  external  laboratories 
(LABORATORY  A  and  LABORATORY  B)  for  GC/MS  analysis  of  individual  PAH 
concentrations.  Four  stations  were  analyzed  by  LABORATORY A and 19 
stations  by  LABORATORY  B.  External  quality  control  was  maintained  by 
sending  blind  split  samples  to  each  laboratory  for  comparison  by  the 
authors  (Appendix 111). Field  replicates  from  selected  stations  also 
provided  a  measure  of  analytical  precision  and  accuracy.  Summaries  of  the 
lab  methodologies  used  are  as  follows: 
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LABORATORY  A 

Sediment  samples  were  mixed  well  and  foreign  objects  such  as 
sticks,  leaves,  and  rocks  discarded.  Approximately 10  g of  each  sediment 
was  mixed  with  anhydrous  sodium  sulphate  then  soxhlet  extracted  for  16 hr 
with a dich1oromethane:acetone ( 9 5 : 5 )  solution.  The  results  were  later 
corrected  for  moisture  content  determined  on a  separate  sediment  fraction. 
The  dich1oromethane:acetone  soxhlet  solution  was  extracted  with 0.2N sodium 
hydroxide  (pH  12)  to  remove  acidic  compounds,  concentrated  to  small  volume 
using a  Kuderna-Danish  (K-D)  apparatus  and  made  up  to  volume  by  adding 
dichloromethane.  The  sample  was  analyzed  on  a  GC/MS  system  using  multiple 
ion  detection  (MID)  mode  (three  selected  ions)  for  confirmation  and 
quantification. Although reagent blanks  were run routinely during analyses 
to  monitor  interferences,  internal  duplicates did not  appear as part  of  the 
quality  control  procedure. 

LABORATORY  B 

Sediment  samples  were  dried  at  room  temperature  and  passed  through 
a  #10 (2mm)  seive.  Approximately 15 g of sample  was  transferred  to  an 
extraction  thimble,  spiked  with 3 PAH  surrogate  compounds  (napthalene-dB, 
acenaphthene-dlO,  and  2-flurobiphenyl)  to  monitor  extraction/recovery 
efficiency  and  then  soxhlet  extracted  with  dichloromethane  for  16 hr. The 
dichloromethane  extract  was  rotary  evaporated  to  near  dryness  and 
ultimately  transferred  to a partially  deactivated  neutral  alumina  column 
topped  with  anhydrous  sodium  sulphate.  Three  fractions  were  collected  by 
eluting  the  column  with  pentane  (Fraction l) ,  benzene  (Fraction 2) and 
dichloromethane  (Fraction 3 ) .  Fraction 2, the  PAH  fraction,  was  evaporated 
to  near  dryness,  redissolved  in  hexane  and  treated  with  mercury  for  sulphur 
removal.  Anthracene-d10  was  added  as  an  internal  standard  and  the  sample 
analyzed  on  a  GC/MS  system  using  MID  mode  (three  selected  ions)  for 
confirmation  and  quantification. In  addition to  spiking  samples  with 
surrogates,  method  blanks  and  duplicate  sediments  (Appendix IV) were 
analyzed  as  part  of  the  quality  control  procedures. 
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Detection  limits  (pg/g,  dry  weight)  and  percent  recovery  for  the 
various  PAH  compounds  were  reported  by  each  laboratory  as  follows: 

LABORATORY  A LABORATORY B*" 

Limit  Recovery Limit  Recovery 
COMPOUND  Detection  Percent  Detection  Percent 

LOW  MOLECULAR  WEIGHT  PAH 
Napthalene 0.08 95 0.01 - 
Acenaphthylene  0.18 90 0.01  77 
Acenapthene  0.10  0.01 
Anthracene/Phenanthrene  0.10/0.21 66 0.10 - 
Fluorene  0.10  77  0.01 - 

- 

HIGH  MOLECULAR  WEIGHT  PAH 
Fluoranthene  0.10 62 
Pyrene  0.10 74 
Chrysene/ 
Benzo(a)anthracene  0.13/0.10  74/75 

Benzo(b)fluoranthene/ 
Benzo(k)fluoranthene 0.2410.13 64 

Benzo(a)pyrene 0.13 48 
Benzo(ghi)perylene 0.21 64 
Dibenzo(ah)anthracene 0.13 77 
Indeno  (1,2,3-cd)pyrene 0.19 62 

0.01 
0.01 

0.01 

0.01 
0.01 
0.01 
0.01 
0.01 

110 
- 

* Laboratory B reported  Anthracene  and  Phenanthrene  as  one  value 
since  these  two  compounds  were  isomers  and  eluted  from  the 
spectra  as  one  peak.  Chrysene  and  Benzo(a)anthracene as  well  as 
Benzo(b)fluoranthene  and  Benzo(k)fluoranthene  were  also  reported 
as  one  value  due  to  a  similar  phenomenon. 

2.3.4 Polychlorinated  Biphenyls  (PCB) 

The  sample  was  air-dried,  weighed  and  transferred to  a  centrifuge 
tube  containing  acetone.  After  agitation  for  two  hours,  the  sample  was 
filtered  and  the  solute  transferred  to  a  separatory  funnel, 2% NaCl  added, 
and  extracted  with  hexane. The  extract  was  then  concentrated to about  5ml 
on  a  rotary  evaporator  and  quantitatively  transferred  to  a 2% florisil 
column  where it was  eluted  and  concentrated.  It  was  then  treated 
successively  with  activated  copper,  sulphuric  acid  and  mercury  to  remove 
interferences. A known  amount of the  concentrated  sample  was  injected  into 
a  packed  gas  chromatograph  with  electron-capture  detector. 
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Qualification  is  based  on  the  recognition  of  the  peak  distribution 
pattern  of  the  aroclors  present  and a  comparison of retention  times. 
Quantitative  analysis  is  based  on  the  injection  of  the  appropriate  standard 
and  summation  of  the  area  of  the  most  significant  resolved GC peaks. 
Recovery  studies  with  sediment  samples  spiked  with 0.1-5.0 pg of Aroclor 
1254  gave  an  average  recovery  of 89%. Coefficients  of  variation  ranged 
from  1.4%  to 12.7%. 

2.3.5 Chlorophenols 

The  procedure  to  analyze  chlorophenols  (chlorinated  phenols)  is 
the  same  as  that  described  for  PCB  except  for  an  added  step  converting  the 
phenols  to  anisole derivatives using  diazomethane. An appropriate standard 

is used  in  the  gas  chromatograph.  The  minimum  detectable  concentration of 

pentachlorophenol  and  tetrachlorophenol  are  0.0001  pg/g  and 0.0002 pg/g, 
respectively. The results  were  obtained  using a packed  column  gas 
chromatograph  with  electroncapture  detector. 
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3.0 RESULTS AND  DISCUSSION 

Mean  concentrations  of  oils  and  grease,  hydrocarbon,  PCB  and 
chlorophenols  are  summarized  in  Table 2; raw  data  are  provided  in  Appendix 
11. All  concentrations  are  given  in  pg/g  dry  weight.  Hydrocarbon 
analysis,  unfortunately,  was  not  done  on  the  September  1986  samples. To 

provide  the  missing  data,  the  mean  ratio  of  hydrocarbon  to  oils  and  grease 
was  calculated  from  the  previous  surveys  (n=169)  and  applied  to  the  oils 
and  grease  raw  data  from  the  September  1986  survey.  Derived  hydrocarbon 
value  was  equal  to  .81  oils  and  grease  value  (refer  to  Appendix I1 for 
specific  values). 

The  geographical  distribution  for  each  compound  in  Vancouver 
Harbour  is  illustrated  in  Figures 2 to 5. Mean  concentrations  in  the 
surface  sediments  for  hydrocarbon  ranged  from  19  pg/g  to  6587  pg/g;  oils 
and  grease,  39  ug/g to 9030  pg/g;  PCB,  <.02  pg/g  to  0.903  ug/g;  and 
pentachlorophenol (PCP),  <.001  pg/g  to  ,135  pg/g  (Table 2). Loughborough 
Inlet,  an undisturbed  area  due  north  of  Campbell  River  along  the  mainland 
coast,  was  sampled i n  July  1987  as  a  reference  site.  Mean  concentrations 
in  sediment  for  hydrocarbons,  oils  and  grease,  PCB  and  PCP  (n=3)  were 66, 
66, 0.04 and  <0.0001  ug/g  respectively  (EP,  unpublished  data). 

Statistical  comparisons  were  made  using  the  sampling  data  from  the 
trawl  sites  to  compare  differences i n  concentrations  between  field  surveys. 
Analysis  of  variance  (ANOVA,  P=.O5)  followed  by  the  multiple  comparison 
statistical  test,  Tukeys  (alpha=.05)  to  determine  where  the  differences 
lie.  Differences  are  indicated  in  Table 3 by  the  use  of  alphabetical 
letters,  such  that  mean  values  with  the  same  letter  do  not  differ 
significantly. In the  case  where  mean  values  are  represented  by "a,b,c and 

ab" 9 "a"  and "b" are  significantly  different  but  cannot  be  distinguished 
from  mean  value rrabrr. However,  values  labelled  Ira, b and  ab"  are 
significantly  lower  than  mean  concentration "c'~ . Concentrations  of  the 
specific  organic  compounds  analysed  varied  considerably  between  sampling 
periods  with  no  definite  trend. 
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CONCENTRATION (pg /g  D r y  Weight) I CONCEElTRATION (pg /g  Dry Weight) 
CHLOROPHENOLS 1 CHLOROPHENOLS 

STN O M  HC PCB  PENTA  TETRA  TRI I STN O&G HC PCB  PENTA  TETRA TRI 

XrR 

PEI 

1 

2 

3A 

38 

4A 

4B 

5 

6 

7A 

78 

8 

9 

1OA 

108 

1lA 

11B 

12 

13A 

138 

227 

150 

477 

694 

1150 

122 

266 

228 

400 

381 

344 

329 

306 

303 

252 

284 

189 

229 

48 

39 

79 

184* .120 

133* .043 

459 -043 

670 .013 

934* .070 

100* .041 

216* .235 

152 <.020 

237 <.020 

293  .O2O 

200 .310 

244  .047 

163 .617 

183 .903 

160 .683 

186 (-020 

84  -077 

202* .059 

27 -290 

19  .020 

40  -040 

.011 

.004 

-004 

.OOl 

.010 

-004 

-011 

-014 

.003 

.003 

.007 

.003 

.009 

.010 

.OlO 

.004 

.004 

-005 

.001 

.OOl 

.001 

-006 

.006 

-015 

.006 

.020 

-009 

.015 

.007 

.003 

.003 

.007 

-003 

.008 

.008 

.006 

.003 

.002 

.004 

.001 

.001 

1 

I 

I 

I 

I 

I 

I 

I 
<.001 I 

I 
< .001 1 

I 
<.001 I 

I 
<.001 I 

I 
< .001 I 

I 
<.001 1 

1 
(-001 I 

I 
< .001 I 

I 
< .001 I 

I 
<.001 1 

I 

I 
<.001 I 

I 
<.001 1 

I 

< .003 1 

<.0003 I 

< .0003 I 

<.0003 I 

< .003 I 

< .003 I 

<.003 I 

<.0003 I 

14 

15 

16 

17 

18 

19 

20A 

20B 

2lA 

21B 

21c 

22n 

228 

22c 

23 

24 

25A 

25B 

25C 

26 

277 

309 

177 

243 

534 

290 

413 

705 

1100 

724 

761 

2193 

1613 

1037 

987 

618 

9030 

1957 

1077 

922 

225* 

280* 

154* 

198 * 

525 

258* 

398 

687 

654 

614 

632 

1883 

1241 

718 

838 

509 

6587 

1713 

997 

916 

.034 

.046 

.183 

.091 

.044 

.045 

.07 

.08 

.316 

.OS5 

.073 

-552 

.288 

.087 

.167 

.083 

.517 

.439 

.151 

-046 

.005 

.026 

.004 

.006 

.Ob1 

-005 

.002 

.002 

.001 

.003 

.003 

.009 

.OOl 

.002 

.003 

-003 

.135 

.022 

.004 

.015 

.002 

.003 

.007 

.010 

.079 

.004 

.009 

.018 

.010 

.004 

.004 

.018 

.009 

.031 

.007 

.005 

.Ob3 

.017 

.011 

.027 

< .003 

< .0003 

< .0003 

< .003 

< .0003 

< .0003 

< .0003 

< .0003 

< .0003 

.0023 

.0029 

< .0003 

< .0003 

< .0003 

.0013 

.0020 

.0245 

.0045 

.0044 

.0092 

.001 < -001 I 
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TABIg 2 (CXRfl',D) -ORs OF OIIS AlpD (;REASE (OCG), (HC), PO=- 
BIPAElRZS (PCB) AWD cHu)wIpAEIIDIs - - BRRB[IIIR (1985 - 1986) 

CHLOROPHENOLS I CHLOROPHENOLS 

STN OtG HC PCB PENTA TETRA TRI I STN O&G HC PCB PENTA TETRA TRI 

I 

27  632 

28  2333 

29 650 

30 1207 

31 451 

35 843 

36 891 

37A 1217 

3711 726 

632 .159 

2310 .185 

622 .088 

1160 .138 

364 .05 

749* .094 

729 .040 

1040 .040 

601 .045 

.036 

.014 

.OOl 

.003 

.001 

.005 

.011 

.014 

.012 

.033 

.024 

.016 

.008 

.OOl 

.008 

.009 

.012 

.011 

I 

I 
.0134 I 

I 
.0088 I 

I 

I 
.0009 I 

I 

I 
<.001 I 

I 
< .001 I 

I 
< .001 I 

.0132 I 

.0029 I 

<.0003 1 

37c 

38 

39A 

39B 

39c 

39D 

39s 

40 

41 

449 

993 

1617 

1039 

414 

429 

506 

1034 

2090 

347 .117 

863* .ll 

1437 .OS0 

890 .OS0 

338 .030 

363  .043 

404 .033 

904 <.020 

1897 .090 

.017 

.030 

.014 

.014 

.010 

.010 

.047 

.007 

.017 

.012  <.001 

.033  <.0003 

.010  <.001 

.008 <.001 

-007 c.001 

.009  <.001 

.013 c.001 

.004 <.001 

.015 < .001 

* Mean calculated using derived values for missing hydrocarbon data in September 1986. A factor of .81 
was applied to raw oils and greatest data for that survey. Refer to Appendix I1  for more detail. 
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Sediment  PAH  concentrations  in  Vancouver  Harbour  are  in  Table 4 

and  detailed  in  Appendix V. Total  PAH  concentrations  are  illustrated  in 

Figure 6. Out  of 23 stations,  total  PAH  concentration  ranged  between 1.34 

and 14.11 ug/g  dry  weight.  Low  molecular  weight  PAH  ranged  between 0.32 

ug/g  and 7.51 ug/g;  high  molecular  weight  PAH,  between 1.02 ug/g  and 8.82 

vg/g  (Table 4 ) .  

Although  the  analysis  was  conducted  on  triplicate  samples  per 

station,  analytical  precision  was  not  confirmed  by  internal  duplicates.  In 

a  number  of  cases,  the  variation  between  field  replicates  was  larger  than 

would  be  expected  in  replicate  samples  (Appendix V). In the  case  of 

Laboratory B, samples  were  periodically  analyzed  in  duplicate  (labelled  A & 

B). The  agreement  between  the  internal  lab  duplicates  and  between  the 

field  replicates  was  acceptable  (Appendix IV & V). Results  from  blind 

splits  taken  from  two  sampling  locations  showed  large  differences  between 

Laboratory  A  and B (Appendix 111). Results  from  both  laboratories  have 

been  given  but  those  from  Laboratory  A  should  be  considered  preliminary 

until  confirmed  with  additional  field  samples. 
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APPENDIX I 

VANCOUVER  HARBOUR  SAMPLING STATION COORDINATES  AND  DEPTHS 
1985 - 1986 
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APPENDIX I VANCOUVER  HARBOUR  SAMPLING  STATION  COORDINATES  AND  DEPTHS 
(1985-86) 

AREA  STATION  SURVEY  LATITUDE  LONGITUDE  DEPTH( m) 

OUTER  HARBOUR 
SB 
ATK 
PEI  (Trawl) 

DD 

INNER  HARBOUR 
North  Shore 1 

2 
3A 
3B 
4A 
4B 
5 
6 
7A 
7B 
8 
9 
10A 
10B 
11A 
11B  (Trawl) 

Cent  re 

12 
13A 
13B 

14 
15  (Trawl) 

16  (Trawl) 

May  85 
Sep 86 
May  85 
Oct  85 
Jan  86 
May 86 
Sep 86 
Oct 85 

Jun 86 
Jun  86 
Sep 86 
Sep 86 
Nov 85 
Sep 86 
Nov 85 
Nov 85 
Nov 85 
Nov  85 
Nov  85 
Nov  85 
Nov 85 
Nov 85 
Nov 85 
May 85 
Oct 85 
Jan 86 
May 86 
Sep  26 
Nov  85 
Nov  85 
Nov  85 

Sep  86 
Jan  86 
May  86 
Sep  86 
May 85 
Oct 85 
May 86 
Sep 86 

49'18.23'N 
49'19.67'N 
49'19.80'N 
49'19.75'N 
49'19.55'N 
49'19.77'N 
49'19.80'N 
49'19.70'N 

49'18.72'N 
49'18.65'N 
49'18.73'N 
49'18.48'N 
49'18.50'N 
49'18.40'N 
49'18.58'N 
49'18.62'N 
49'18.63'N 
49'18.53'N 
49'18.52'N 
49'18.45'N 
49'18.39'N 
49'18.35'N 
49'18.35'N 
49'18.12'N 
49'18.10'N 
49'18.27'N 
49'18.30'N 
49'18.37'N 
49'18.27'N 
49'18.23'N 
49'18.26'N 

49'18.10'N 
49'18.01'N 
49'17.61'N 
49'17.95'N 
49'17.60'N 
49'17.60'N 
49'17.60'N 
49'17.63'N 

123'13.78'W 
123'15.80'W 
123'13.73'W 
123'13.95'W 
123'13.92'W 
123O13.9O'W 
123'13.94'W 
123'11.65'W 

123'07.45'W 
123'07.27'W 
123'06.62'W 
123'06.67'W 
123'06.48'W 
123'06.50'W 
123'06.21'W 
123'05.90'W 
123'05.15'W 
123'05.25'W 
123'04.89'W 
123'04.76'W 
123'04.70'W 
123'04.50'W 
123'04.53'W 
123'04.45'W 
123'04.40'W 
123'04.88'W 
123'04.88'W 
123'04.87'W 
123'04.39'W 
123'04.27'W 
123'04.18'W 

123'05.83'W 
123'05.07'W 
123'04.60'W 
123'05.00'W 
123'03.87'W 
123'03.80'W 
123'03.87'W 
123'03.73'W 

55 
60 
59 
68 
67 
60 
58 
25 

13 
12 
12 
14 
20 
21 
24 
27 
20 
27 
16 
20 
22 
28 
20 
21 
23 
26 
28 
24 
24 
24 
26 

25 
43 
30 
18 
21 
29 
20 
19 
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APPENDIX I VANCOUVER  HARBOUR  SAMPLING  STATION  COORDINATES  AND  DEPTHS 
(1985-86)  (CONTINUED) 

AREA  STATION  SURVEY  LATITUDE  LONGITUDE  DEPTH (m) 

South Shore 17 
18 
19  (Trawl) 

20A 
20B 
2 1A 
21B 
2 1c 
2 2A 
22B 
22c 
23 
24 
25A 
25B 
25C 
26 
27 
28 
29 
30 
31 

CENTRAL  HARBOUR 
CP 
BR 

EASTERN  HARBOUR 
Port  Moody Arm 32 

3 3A 
33B 
34 
35  (Trawl) 

36 
37A 
37B 
37c 

Sep 86 
Jan 86 
May 85 
Oct 85 
Jan 86 
May  86 
Sep 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 

May 85 
May 85 

May 85 
May 85 
May 85 
May 85 
May  85 
Oct 85 

Jan 86 
May 86 
Sep 86 
Nov  85 
Nov  85 
Nov  85 
Nov 85 

49'17.70'N 
49'17.41'N 
49'17.47'N 
49'17.29'N 
49'17.47'N 
49'17.47'N 
49'17.48'N 
49'17.22'N 
49'17.35'N 
49'17.16'N 
49'17.23'N 
49'17.30'N 
49'17.15'N 
49'17.20'N 
49'17.28'N 
49'17.20'N 
49'17.32'N 
49'17.28'N 
49'17.33'N 
49'17.38'N 
49'17.37'N 
49'17.41'N 
49'17.36'N 
49'17.41'N 
49'17.37'N 
49'17.60'N 

49'17.95'N 
49'18.20'N 

49'17.49'N 
49'17.47'N 
49'17.49'N 
49'17.49'N 
49'17.61'N 
49'17.62'N 

49'17.61'N 
49'17.64'N 
49'17.61'N 
49'17.70'N 
49'17.83'N 
49'17.70'N 
49'17.56'N 

123'06.50'W 
123'06.65'W 
123'06.15'W 
123'06.17'W 
123'06.30'W 
123'06.15'W 
123'06.28'W 
123'05.99'W 
123'05.99'W 
123'05.77'W 
123'05.77'W 
123'05.77'W 
123'05.08'W 
123'05.08'W 
123'05.08'W 
123'04.94'W 
123'04.78'W 
123'04.54'W 
123'04.54'W 
123'04.54'W 
123'04.33'W 
123'03.99'W 
123'03.84'W 
123'03.81'W 
123'03.73'W 
123'03.40'W 

122'57.78'W 
122'56.36'W 

122'55.00'W 
122'54.66'W 
122'54.70'W 
122'54.25'W 
122'53.83'W 
122'53.78'W 

122'53.81'W 
122'53.80'W 
122'53.85'W 
122'53.70'W 
122'53.40'W 
122'53.43'W 
122'53.42'W 

17 
14 
18 
18 
18 
20 
19 
14 
18 
14 
20 
28 
13 
18 
28 
19 
22 
32 
29 
26 
26 
14 
17 
21 
13 
29 

28 
32 

20 
22 
32 
17 
17 
15 

18 
18 
16 
17 
15 
15 
15 
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APPENDIX I VANCOUVER  HARBOUR  SAMPLING  STATION  COORDINATES  AND  DEPTHS 
(1985-86) 

AREA  STATION  SURVEY  LATITUDE  LONGITUDE  DEPTH( m) 

38 

39A 
39B 
39c 
39D 
39E 
40 
41 
42 
43 
44 
45 
46 
47 

Jan  86 
May 86 
Sep 86 
Nov 85 
May  85 
Nov  85 
Nov  85 
Nov  85 
Nov  85 
Nov  85 
May  85 
May 85 
May 85 
May 85 
May 85 
May 85 

49'17.95'N 
49'17.95'N 
49'17.91'N 
49'18.00'N 
49'17.90'N 
49'17.80'N 
49'17.70'N 
49'17.60'N 
49'17.95'N 
49'17.95'N 
49'17.61'N 
49O17.56'N 
49'17.50'N 
49'17.45'N 
49'17.39'N 
49'17.35'N 

122'53.10'W 
122'53.15'W 
122'53.10'W 
122'53.02'W 
122'53.02'W 
122'53.02'W 
122'53.02'W 
122'53.02'W 
122'52.90'W 
122'52.70'W 
122'52.23'W 
122'52.11'W 
122'51.98'W 
122'51.85'W 
122'51.73'W 
122'51.60'W 

12 
14 
15 
10 
12 
12 
13 
13 
12 
8 
13 
13 
14 
14 
14 
11 

Note:  (Trawl)  denotes  sediment  sampling  stations 
corresponding t o  otter  trawl  sampling  sites 
(biota sampling). 
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APPENDIX I1 

SEDIMENT ORGANICS - RAW DATA 

OILS AND GREASE, HYDROCARBON, POLYCHLORINATED BIPHENYLS 
AND CHLOROPHENOL CONCENTRATIONS 
- VANCOUVER HARBOUR  (1985-1986) 
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1.0 INTRODUCTION 

Environmental  Protection  (EP)  began  a  monitoring  program  in  May  of 
1985  to  assess  the  benthic  environmental  quality  of  Vancouver  Harbour. 
Contaminants  entering  the  harbour  from  anthropogenic  sources  can  be 
deposited  in  the  sediment  and  potentially  taken  up  by  bottom-dwelling 
organisms.  Sediment  samples  have  been  analyzed  for  trace  metals,  organic 
compounds,  partical  size,  residues,  and  bacterial  content  (Thomas  and 
Goyette,  1989a, 1 9 8 9 ~ ~  and  1989e,  respectively).  Tissues  of  benthic  fish 
species  and  epibenthic  invertebrates,  potentially  affected  by  contaminanted 
sediments,  were  analyzed  for  trace  metals  (Thomas  and  Goyette,  1989b)  and 
polycyclic  aromatic  hydrocarbons  (Thomas  and  Goyette,  1989d). In  addition, 
flatfish species were examined for liver  lesions  and  skin  abnormalities 
(Goyette,  et  al.,  1988). 

The  reports  noted  above  document  data  collected  in  seven  surveys 
conducted  between  May  1985  and  September  1986.  Due  to  the  large  size of the 
study  area  and  limited  sampling  time  per  survey,  only 7 of 73  stations  were 
replicated  during  this  period.  The  current  report  contains  results  of 
inorganic  and  organic  concentrations  in  sediment  samples  collected  in 
October  of 1987, to  supplement  the  earlier  findings. A comparison  of  the 
current  and  previous  results  will  be  undertaken  in  a  summary  report 
currently  in  preparation. 
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2.0 MATERIALS AND METHODS 

2.1 Study Area 

The  four  hydrographic  regions  established  during  the  May 1985 to 
September 1986 surveys  of  Vancouver  Harbour  were  maintained  for  the  October 
1987 survey - the  Outer  Harbour,  Inner  Harbour,  Central  Harbour,  and  Port 
Moody  Arm.  Loughborough  Inlet  (LI),  a  coastal  inlet  removed  from  urban  and 
industrial  activity,  was  sampled  as  a  reference  location  in  July  of 1987 
(Figure 1). Study  efforts  were  concentrated  in  Port  Moody  Arm  including 17 
previously  established  stations  and 15 new  stations.  Only 2 stations  in  the 
Outer  Harbour  and 4 stations  in  the  Inner  Harbour  were  sampled  during  this 
survey.  Station  coordinates  and  depths  are  listed  in  Appendix I and  the 
locations  are  mapped  in  Figures 2 and 3 .  

2.2 Field Collection 

Sediment  sampling  was  conducted  from  the  research  vessel, C . S . S .  

Vector,  using  a 0.1 m stainless  steel  Smith-MacIntyre  grab.  Samples  were 
collected  in  triplicate  from  each  station  using  a  stainless  steel  spoon  to 
subsample  the  top 2 cm of the  grab.  Sediments  for  trace  metal  analysis  were 
collected in kraft  paper  bags and enclosed in  "whirlpaks". Samples  for 

organic  compound  analysis  were  placed  into  heat-treated  glass  jars  with 
aluminum  foil  lining  the  lids.  All  collections  were  immediately  frozen  for 
subsequent  analysis. 

2 

2.3 Laboratory Analysis 

2.3.1 Trace Metals 

Sediment  samples  were  analyzed  for  trace  metals  at  the EP 
Laboratory  in  West  Vancouver.  The  samples  were  dried  at <4OoC and  passed 
through  a  100-mesh  stainless  steel  sieve  (standard  series). In a  closed 
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vessel,  the  sediments  were  microwave  digested  in  a 3:l nitric-hydrochloric 
acid  mixture  (partial  digestion),  then  analyzed  for  aluminum  (Al),  arsenic 
(As), barium  (Ba),  cadmium  (Cd),  chromium  (Cr),  copper  (Cu),  iron  (Fe), 
mercury  (Hg),  magnesium  (Mg),  manganese  (Mn),  molybdenum (Mo), nickel (Ni), 
lead  (Pb), tin (Sn), strontium (Sr), vanadium (V), and  zinc (Zn). 

Most  trace  metal  levels  were  determined  using  a  "Jarrell  Ash  975" 
inductively  coupled  plasma  optical  emission  spectrophotometer  (ICP-AES). 
Low--level  cadmium  concentrations  were  obtained  using  a Varian 1475" 
graphite  furnace  (GTA95)  atomic  absorption  spectrophotometer  (GF-AAS). 
Mercury  levels  were  measured  by  cold  vapour  atomic  absorption  (CVAA)  using  a 
"Pharmacia"  LCD  mercury  monitor  with  a 30 cm  absorption  cell.  Further 
documentation  of  the  analytical  procedures  is  available  from  the  EP 
Laboratory. 

To evaluate  the  accuracy of metal  detection  methodologies,  standard 
marine  sediment  reference  material  (MESS-1)  from  the  National  Research 
Council  of  Canada  (NRCC)  was  analyzed  in  conjunction  with  the  Vancouver 
Harbour  samples.  Certain  trace  metal  values  have  been  certified by NRCC 
when  derived  using  at  least  two  independent  analytical  techniques. 
Comparability  was  determined  as  the  percent  recovery  by  the  EP  lab 
analytical  technique (i.e. the mean EP Laboratory value divided by the NRCC 
mean  and  multiplied  by 100.) 

2.3.2 Organic Compounds 

Procedures  for  oils  and  grease,  hydrocarbons,  polychlorinated 
biphenyls  (PCB),  chlorophenols  (penta,  tetra,  tri)  and  polcyclic  aromatic 
hydrocarbons  (PAH)  analyses  are  summarized  below.  All  parameters  were 
quantified  in  vg/g  dry  weight.  Detailed  descriptions  of  the  methodologies 
can  be  obtained  from  the  EP  Laboratory. 
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Oils and Grease 

The  sediments  were  air-dried  overnight  and  a  weighed  portion  was 
placed  in  a  centrifuge  tube  with  anhydrous  Na2S04,  concentrated  sulphuric 
acid, and  Freon 113. The  tube  was  sealed  and  mixed  on  a  wrist-action  shaker 
for 90 minutes  then  centrifuged  for 10 minutes. The oils  and  grease  were 
quantified  on  an  infrared  spectrophotometer (5  cm UV cell)  as  the  difference 
between  the  absorbance  of  the  freon  extract  at 4000 (baseline)  and  2935 
cm-1 . Quantities  were  reported  in  pg/g  dry  weight  "standard  oil" 
equivalent.  Recovery of a  "standard  oil" (15 ml  hexadecane, 15 ml 
iso-octane,  and 10 ml  chlorobenzene)  spike  at  the 0.25 mg/l  level  gave  92% 
recovery  with  a  mean  of 0.23 mg/l (S.D.=0.04) over 8 replicates. 

Hydrocarbons 

The freon  extract  from  the  oils  and  grease  analysis  was  mixed  with 
silica  gel,  shaken  for 30 minutes,  centrifuged  for 10 minutes,  and  filtered 
through  a  small  funnel  with  GF/C  paper  and  a  small  amount  of  Na2S04.  The 
resulting  extract  was  measured  by  infrared  spectrophotometry as for  oils  and 
grease  to  determine  hydrocarbon  values.  The  precision  and  accuracy of this 
technique  is  the  same  as  that  reported  for  oils  and  grease. 

Polychlorinated Biphenyls (PCB) 

The  sample  was  air-dried,  weighed,  and  transferred  to  a  centrifuge 
tube  containing  acetone. The  sample  was  agitated  for  2  hours  and  filtered 
though  GC/F  paper.  The  solute  was  transferred  to  a  separatory  funnel  and 
extracted  with  hexane  after  adding 2% NaC1. The extract  was  concentrated  to 
about 5 ml  on  a  rotary  evaporator  and  quantitatively  transferred  to  a  2% 
florisil  column  where it was  eluted. The extract  was  concentrated  again  to 
5 ml,  then  treated  successively  with  activated  copper,  sulphuric acid, and 
mercury  to  remove  interferences.  A  known  amount  of  the  concentrated  sample 
was  injected  into  a  packed  column  gas  chromatograph  with  an  electron  capture 
detector.  PCB  Aroclors  were  identified  by  the  peak  distribution  pattern  and 
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a  comparison of the  retention  times.  Quantitative  analysis  was  based  on  the 
injection  of  the  appropriate  standard  and  summation  of  areas  under  the  most 
significant  resolved  GC  peaks. 

The minimum  detectable  concentration of Aroclor  1260  is  0.01  pg/l 
in  sediment.  At  the EP Laboratory,  recovery  studies  of  Aroclor  1254  in 
sediments  gave  an  average  recovery  of 89%. Coefficients  of  variation  ranged 
from 1.4% to  12.7%. The texture  of  the  sediment  had  a  pronounced  effect  on 
the  recoveries,  the  coarser  the  sediment  the  better  the  recovery. 

Chlorophenols 

Chlorophenols  were  also  analyzed  using  a  packed  column  gas 
chromatograph  with  an  electron  capture  detector.  The  procedure  is  the  same 
as  described  for PCB except  for  an  added  step  converting  the  chlorophenols 
to  their  anisole  derivatives  using  diazomethane. 

The  minimum  detectable  concentrations  of  trichlorophenols, 
tetrachlorophenols,  and  pentachlorophenol  were 0.0005 ug/g, 0.0002  pg/g,  and 
0.0001  ug/g,  respectively.  At  the EP Laboratory,  average  recovery  values  of 
pentachlorophenol  and 2,3,4,6-tetrachlorophenol from  fortified  wastewater 
were 96% and 90% with  coefficients of variation of 2.4% and 4 . 3 % ,  

respectively.  Precision  averaged  30.7%  and  28.0%  standard  deviation for  
pentachlorophenol  and 2,3,4,6-tetrachlorophenol for  duplicate  analyses  of 
sediment  samples  over  a 2 1  month  period. 

Polycyclic  Aromatic  Hydrocarbons (PAH) 

Sediment  samples  were  dried  at  room  temperature  and  passed  through 
a #10 (2mm)  seive.  Approximately 15 g  of  sample  was  transferred  to  an 
extraction  thimble,  spiked  with 3 PAH surrogate  compounds  (napthalene-d8, 
acenaph  thene-dlO,  and  2-flurobiphenyl)  to  monitor  extraction/recovery 
efficiency  and  then  soxhlet  extracted  with  dichloromethane  for  16  hr.  The 
dichloromethane  extract  was  rotary  evaporated  to  near  dryness  and  ultimately 
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transferred  to  a  partially  deactivated  neutral  alumina  column  topped  with 
anhydrous  sodium  sulphate.  Three  fractions  were  collected  by  eluting  the 
column  with  pentane  (Fraction l), benzene  (Fraction 2) and  dichloromethane 
(Fraction 3 ) .  Fraction 2, the PAH fraction,  was  evaporated  to  near  dryness, 
redissolved  in  hexane  and  treated  with  mercury  for  sulphur  removal. 
Anthracene-d10  was  added  as  an  internal  standard  and  the  sample  analyzed on 
a  GC/MS  system  using  MID  mode  (three  selected  ions)  for  confirmation  and 
quantification. In  addition to  spiking  samples  with  surrogates,  method 
blanks  and  duplicate  sediments  were  analyzed as part of the  quality  control 
procedures. 
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3.0 RESULTS 

Mean  cadmium,  chromium,  copper,  iron,  mercury,  nickel,  lead,  and  zinc 
concentrations  in  Vancouver  Harbour  sediment  samples  are  presented  in  Table  1. 
Distributions  of  those  metals  have  been  plotted  for  Port  Moody  Arm,  the  main 
area  sampled  (Figures 4 - ll), for  relative  comparison.  The  raw  data  and 
descriptive  statistics  for  all  inorganics  measured  can  be  found  in  Appendix I1 

and 111, respectively.  The  trace  metal  reference  sediment  results  (MESS-1) 
are  tabled  in  Appendix  IV.  Cadmium,  copper,  iron,  mercury,  molybdenum, 
nickel,  lead,  and  zinc  were  recovered  at  a  rate - >70%.  Arsenic  and  strontium 
values  were  below  detection,  therefore,  a  recovery  value  was  not  calculated. 

Distribution  of  hydrocarbons,  oils  and  grease,  and  polychlorinated 
biphenyls  (PCB)  in  Port  Moody  Arm  sediment  is  illustrated  in  Figures 12 to  14. 
Compared  with  earlier  results  (Thomas  and  Goyette,  1989c),  current  PCB  methods 
permit  the  identification of different  isomers.  Three  Aroclors  (1242,  1254, 
and  1260)  were  detected  in  Vancouver  Harbour  samples,  then  the  values  summed 
to  calculate  total  PCB.  The  raw  data  and  descriptive  statistics  for  organic 
compounds  excluding PAH, are  reported  in  Appendix  V  and  VI,  respectively. 

The  PAH  compounds  measured  in  the  Vancouver  Harbour  sediment  samples 
included 6 low  molecular  weight  PAH  and 10 high  molecular  weight  PAH.  Mean 
concentrations  for  individual  compounds,  low  molecular  weight,  high  molecular 
weight,  and  total  PAH  values  are  summarized  in  Table  2.  Recovery  rates  for 
the  3  surrogate  PAH  compounds  added  to  each  samples  were  as follows: 

COMPOUND N MEAN  RECOVERY STANDARD  DEVIATION 

Naphthalene-d8 53  72 20 

Acenaphthene-d10 53 88 18 

2-Flurobiphenyl 53 87 20 

The  results  of  individual  samples  including  quality  control  duplicates,  have 
been  provided  in  Appendix  VII. 
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TABLE 1 HEAN CONCENTRATIONS OF SELECTED TRACE  METALS FROH VANCOWER 
HARBOUR SEDIHENT - OCTOBER 1987 

Concentration  ug/g  dry  weight 

AREA STN N Cd  Cr  Cu  Fe(%)  Hg Ni Pb Zn 

OUTER  HARBOUR  PEI 
DD 

INNER  HARBOUR 1 
2 
22A 
25A 

PORT  MOODY  ARM  32 
33B 
34A 
34B 
34c 
36A 
36B 
36C 
36D 
36E 
36F 
37A 
37B 
37c 
39A 
39B 
39c 
39D 
39E 
40 
41A 
41B 
41C 
41D 
41E 
41F 
42A 
42B 
42C 
45 
46 
47A 

Loughborough  LI-A 
Inlet* LI -B 

3 
3 

1 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 

0.24 51.7 
0.38 48.9 

2.37 48.5 
2.77 50.7 
1.74 39.4 
2.01 53.6 

0.80 50.6 
1.20 53.5 
0.66 65.6 
0.79 60.9 
10.22 58.8 
0.91 72.7 
0.96 63.8 
4.89 57.0 
0.97 62.2 
0.96 60.7 
0.94 58.5 
1.27 74.5 
1.13 58.6 
1.27 59.4 
1.77 80.1 
1.74 74.9 
1.40 79.1 
1.30 61.9 
1.40 63.1 
3.10 96.1 
1.97 128.0 
5.80 111.7 
1.66 78.2 
1.84 69.7 
1.69 67.5 
1.69 62.9 
2.49 86.4 
4.31 67.6 
1.95 52.7 
1.65 44.7 
2.87 64.4 
3.08 67.5 

0.56 33.8 
0.31 38.4 

180 
298 

9760 
6547 
1240 
444 

223 
231 
206 
207 
2 10 
188 
238 
162 
202 
180 
173 
161 
148 
158 
152 
133 
136 
142 
144 
134 
144 
135 
131 
146 
130 
125 
116 
105 
73 
62 
107 
114 

62 
65 

3.8 
3.7 

4.3 
4.3 
3.3 
3.2 

3.7 
4.4 
3.8 
3.9 
3.7 
3.7 
3.6 
3.8 
3.8 
4.2 
3.8 
3.6 
3.9 
3.7 
3.7 
3.5 
3.6 
3.7 
3.6 
3.7 
3.7 
3.6 
3.6 
3.6 
3.6 
3.6 
3.4 
3.5 
3.7 
3.2 
3.6 
3.7 

3.4 
3.0 

0.150 
0.173 

0.173 
0.157 
0.245 
2.853 

0.313 
0.318 
0.376 
0.353 
0.366 
0.362 
0.317 
0.293 
0.361 
0.365 
0.346 
0.389 
0.440 
0.375 
0.434 
0.383 
0.358 
0.368 
0.370 
0.475 
0.331 
0.293 
0.283 
0.362 
0.319 
0.304 
0.274 
0.232 
0.147 
0.109 
0.213 
0.198 

0.123 
0.120 

40 40 142 
37 53 157 

64 2060 520 
119 1023 518 
27 116 355 
33 295 332 

27 78 192 
26 79 214 
27 86 196 

28 88 199 
29 96 209 
28 95 200 
25 77 218 
28 92 203 
27 87 206 
25 89 219 
29 109 210 
26 93 203 
25 91 212 
32 134 222 
29 109 219 
30 93 204 
27 92 210 
26 94 216 
32 298 317 
27 120 246 
27 110 244 
27 86 209 
28 83 202 
27 80 198 
26 78 201 
24 96 226 
25 62 194 
29 26 138 
28 19 126 
29 64 250 
30 69 221 

23 22 127 
21 22 103 

28 87  200 

* Reference  site  sampled  in  July  of  1987  (see  Figure 1) 
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APPENDIX I VANCOUVER HARBOUR SAMPLING STATION CO-ORDINATES AND 
DEPTHS - OCTOBER 1987 

AREA  STATION  LATITUDE  LONGITUDE  DEPTH (m) 

OUTER  HARBOUR  PEI 
DD 
EB* 

INNER  HARBOUR 
North  Shore 1 

2 
Cent  re  15 

16 
19 

South  Shore  22A 
25A 

PORT MOODY A R M  32 
33B 
34A 
34B 
34c 
36A 
36B 
36C 
36D 
36E 
36F 
37A 
37B 
37c 
39A 
39B 
39c 
39D 
39E 
40 
41A 
41B 
41C 
41D 
41E 
41F 
42A 
42B 
42C 
45 
46 
47A 

49'19.78'N 
49'19.70'N 
49'17.23'N 

49'18.72'N 
49'18.65'N 
49'18.00'N 
49'17.60'N 
49'17.52'N 
49'17.13'N 
49'17.28'N 

49'17.50'N 
49'17.50'N 
49'17.63'N 
49'17.50'N 
49'17.40'N 
49'17.69'N 
49'17.60'N 
49'17.45'N 
49'17.39'N 
49'17.49'N 
49'17.47'N 
49'17.82'N 
49'17.71'N 
49'17.59'N 
49'17.95'N 
49'17.87'N 
49'17.77'N 
49'17.68'N 
49'17.60'N 
49'17.98'N 
49'17.98'N 
49'18.03'N 
49'17.89'N 
49'17.80'N 
49'17.70'N 
49'17.60'N 
49'17.96'N 
49'17.80'N 
49'17.61'N 
49'17.42'N 
49'17.37'N 
49'14.40'N 

123'13.97'W 
123'11.65'W 
123'10.50'W 

123'07.45'W 
123'07.27'W 
123'05.00'W 
123'03.88'W 
123'06.30'W 
123'05.09'W 
122'04.62'W 

122O55.OO'W 
122'54.66'W 
122'54.21'W 
122'54.21'W 
122'54.21'W 
122'53.82'W 
122'53.81'W 
122'53.81'W 
122'53.95'W 
122'53.72'W 
122'53.65'W 
122'53.38'W 
122'53.40'W 
122'53.40'W 
122'53.05'W 
122'53.05'W 
122'53.05'W 
122'53.05'W 
122'53.06'W 
122'52.87'W 
122'52.73'W 
122'52.48'W 
122'52.73'W 
122'52.72'W 
122'52.72'W 
122O52.72'W 
122'52.21'W 
122'52.21'W 
122'52.21'W 
122'51.86'N 
122'51.74'W 
122'51.56'W 

66 
35 
15 

16 
14 
36 
20 
21 
14 
14 

25 
28 
15 
19 
18 
18 
16 
19 
17 
18 
15 
18 
15 
19 
10 
14 
15 
14 
17 
9 
10 
12 
12 
12 
12 
14 
8 
9 
14 
14 
14 
17 

*EB - English Bay site  sampled  in  October  1988 
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APPENDIX I1 

SURFACE SEDIHENT TRACE HETAL CONCENTRATIONS 
IN UG/G DRY WEIGHT (OCTOBER 1987) 

- VANCOUVER BARBOUR 
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APPENDIX IV 

TRACE IU3TAL CONCENTRATIONS (pg/g DRY WEIGET) IN 

PERCENTAGE RECOVERY BY EP LABORATORY  FOR 
OCTOBER 1987 SMPLES 

STANDARD REPERENCE  MATERIALS (NESS-1) AND 
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APPENDIX v 

SURFACE  SEDIHENT  ORGANIC  COMPOUND  CONCENTRATIONS 
IN UG/G DRY WEIGHT (OCTOBER 1987) 

- VANCOUVER HARBOUR 
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APPENDIX VI 

DESCRIPTIVE  STATISTICS OF SURFACE SEDIHENT  ORGANIC 
COHPOUND  CONCENTRATIONS  IN UG/G DRY  WEIGHT 

(OCTOBER 1987) - VANCOWER HARBOUR 
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Data  reports  are  prepared  to  make  data  available  without  full  analysis 
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1.0 INTRODUCTION 

Environment  Canada  began  a  series  of  environmental  quality  studies  in 
Vancouver  Harbour  in  May  of  1985  following  an  impact  assessment  by  Waters 
(1985a,b).  Emphasis  was  placed  on  sampling  surface  bottom  sediments  and 
benthic  epifauna  to  evaluate  selected  trace  metal  (Thomas  and  Goyette,  1989a; 
Thomas  and  Goyette,  1989b)  and  organic  chemicals  (Thomas  and  Goyette,  1989c; 
Thomas  and  Goyette, 1989d).  Species  abundance  and  distribution  have  been 
reported  (Goyette  and  Thomas,  1987)  in  addition  to  tissue  abnormalities  in 
flatfish  (Goyette  et  al.,  1988). 

This  report  documents  sediment  characteristics  including  particle 
size,  residue  (volatile  and  fixed),  and  bacteria  content  in  Vancouver  Harbour. 
Particle  size is a  measure  of  sediment  texture. In  general,  the  finer  the 
grain,  the  increased  tendency  for  sediment  contamination  because  of  the  larger 
surface  area.  Bacteria  content  (coliform,  fecal  coliforms,  and  fecal 
streptococci)  and  volatile  residue  analysis  estimate  environmental  quality  by 
the  extent of bacterial  contamination  and  organic  matter  present, 
respectively.  Domestic  sewage  discharge,  pulp  mills,  farm  runoff,  fish  and 
food  packaging  plants  are  among  potential  sources  which  influence  these 
parameters. 
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2.0 HATE3UALS AND M O D S  

2.1 Study Area 

Vancouver  Harbour  was  subdivided  into  four  hydrographic  regions  from 
west  to  east  (Point  Atikinson  to  the  head  of  Port  Moody  Arm);  stations  are 
indicated  in  bracket. 

OUTER  HARBOUR - Point  Atkinson  (ATK) 
- Pacific  Environment  Institute  (PEI) 
- Spanish  Banks  (SB) 
- Dundarave (DD) 

INNER  HARBOUR - North  Shore  (Stations  1  to  13B) 
- Centre  (14  to  16) 
- South  Shore  (Stations  17  to  31) 

CENTRAL  HARBOUR - Cates  Park (CP) 
- Boulder  Rock  (BR) 

EASTERN  HARBOUR - Port  Moody  Arm  Stations  (32  to 47) 

The  sampling  stations  are  located  in  Figure  la  (outer  and  inner  harbour)  and 
figure l b  (central  harbour  and  Port  Moody  Arm). The  station  coordinates  and 
depths  are  provided  in  Appendix I .  Using  the  research  vessel, CSS Vector, 6 
surveys  were  conducted  from  1985  to  1986  to  collect  the  samples.  A  schedule 
is provided  in  Table  1  for  particle  size  and  residue  collections.  The 
sediment  sampling  for  bacterial  analysis  was  conducted  in  June  1986  along  the 
south  shore  of  the  inner  harbour  near  combined  sewer  overflow  and  storm  water 
discharges  (Stations  20A,  20B,  21A,  21C,  22A,  22C, 24,  25A,  25C,  26,  27, 28 

and 30).  

2.2 Field Collections 

Sediment  was  obtained  with  a  0.1  square  meter  stainless  steel 
Smith-MacIntyre  grab  to  provide  a  undisturbed  sample  of  the  bottom  surface. 
The  top  two  centimeters  were  scooped  into  heavy  kraft  paper  bags  then  frozen 
until  analyzed  for  particle  size  and  residue.  For  bacteriological  analysis, 
samples  were  removed  using  sterile  plastic  disposeable  spoons  and  stored  at 
4-10°C  in sterile  "whirlpak"  bags. 
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TABLE 1 VANCOUVER HARBOUR SEDIHENT SAMPLING STATIONS FOR PARTICLE SIZE AND 
RESIDUE ANALYSES IN 1985-86. 
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TABLE  1  VANCOUVER HARBOUR SEDIMENT SMPLING STATIONS FOR PARTICLE  SIZE AND 
RESIDUE ANALYSES IN  1985-86  (CONTINUED). 
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Triplicate  grabs  were  routinely  taken  at  each  site  for  residue 
analysis,  however,  only  one  sample  per  site  was  analyzed  for  particle  size. 
The  sites  located  at  the  centre  of  the  trawl  sites  (i.e.  benthic  epifauna  and 
demersal  fish  study  sites,  see  Appendix I), were  sampled  on  three  to  five 
occasions  for  particle  size  and  residue  to  assess  seasonal  variability. 
Samples  were  also  taken  for  trace  metal  and  organic  compound  (i.e.  oil  and 
greases,  hydrocarbons,  chlorophenols,  and  polycyclic  aromatic  hydrocarbons) 
analyses  and  have  reported  (Thomas  and  Goyette,  1989a;  Thomas  and  Goyette, 
1989b). 

2.3 Laboratory Analysis 

Particle  Size:  For  particle  size  determination,  each  sample  was 
dried,  then  passed  through  a  series  of  sieves  with  decreasing  mesh  sizes  for 
grain  separation  as  follows. 

silt  and  clay = <0.063mm  (-230  mesh) 
very  fine  sand = 0.063 - 0.125mm  (230  mesh) 

medium  sand = 0.25 - 0.50mm (60 mesh) 
coarse  sand = 0.50 - 1.00mm (35 mesh) 

very  coarse  sand = 1.00 - 2.00mm (18  mesh) 
granules = >2.00 mm (10  mesh) 

fine  sand = 0.125 - 0.25mm  (120  mesh) 

The  amount  collected  in  each  sieve  was  weighed  and  the  percent  composition  of 
the  total  weight  calculated  to  determine  particle  size  distribution. 

Residue:  For  sediment  residue  analysis,  the  sample  is  oven  dried  then 
ignited  at  55OoC  in a muffle  furnace.  The loss of  weight  on  ignition 
represents  the  sediment  volatile  residue (SVR), and  the  remaining  residue 
represents  the  sediment  fixed  residue (SFR). Volatile  residue  is  only  a  rough 
measure of the  organics  because  results  may  also  reflect  loss  of  water  at 
crystallization,  loss  of  volatile  organic  matter  before  combustion,  incomplete 
oxidation,  and  decompostion of mineral  salts  during  combustion.  For  a 
detailed  description  of  the  residue  analysis,  refer  to  APHA  (1985)  or  Swingle 
and  Davidson  (1979). 
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Bacteria  Content:  For  bacteriological  analysis,  approximately 50 - 

100  grams  of  sediment  sample  was  weighed  into  a  sterile  wide-mouth  jar.  The 
sediment  was  diluted  1:lO  (by  weight)  with  sterile  phosphate  buffered  dilution 
water  and  shaken  as  per  Part 900 of  Standard  Methods  (APHA,  1985).  Duplicate 
analysis  of  the  1:lO  dilution  was  performed  using  the  Most  Probable  Number 
(MPN)  enumeration  techniques  for  total  confirmed  coliform,  fecal  coliform,  and 
fecal  streptococci  as  described  in  Parts 908A,  908C, and 910A, respectively 
(APHA, 1985). Sample  results  were  expressed  as  MPN  per  1OOg. 

3.0 RESULTS 

3.1 Particle  Size  Distribution 

The  distribution of particle size throughout the harbour is presented 

in  Table 2. The  outer  harbour (PEI, SB) is  predominantly  silt  and  clay 
becoming  coarser  toward  the  first  narrows (DD). In the  inner  harbour, 
sediment  texture  averaged  very  fine  to  fine  grain  along  the  north  shore.  It 
was  fine  in  the  centre  of  the  harbour  then  varied  from  silt  and  clay  to  medium 
sand  on  the  south  shore.  Cates  Park  (CP)  and  Boulder  Rock  (BR)  in  the  central 
harbour  were  very  fine  to  fine.  Sediments  in  Port  Moody  Arm  are  primarily 
fine  to  medium  near  the  mouth  of  the  arm  becoming  coarser  toward  the  centre. 

3.2 Sediment  Residue  Analysis 

Sediment  volatile  residue  mean  concentrations  Vancouver  Harbour  are 
represented  graphically  in  Figure 2. Mean  values  of  volatile  and  fixed 
residue  in  sediment  for  stations  which  were  repeated  for  seasonal  comparison 
are  presented  in  Table  3.  Refer  to  Appendix I1 for  raw  data  values. 

3.3 Bacteria  Content 

Sediment  total  coliform,  fecal  coliform,  and  fecal  streptococci  counts 
are  given  in  Table 4 for  the  13  sites  sampled. The highest  values  occurred  at 
Station  25A,  near a combined  sewer  overflow. 
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TABLE 2 SEDIMENT  PARTICLE  SIZE  DISTRIBUTION  IN  VANCOUVER  HARBOUR  (1985 - 1986) 

Station  Median  silt  very  fine  medium  coarse  very  granules 
Particle  and  fine  sand  sand  sand  coarse (%> 
Size  clay  sand (%I ( X )  (%) sand 

( X )  (X)  (%> 

SB 
PEI-M85 

-085 
- 586 
"86 
-S86 

DD 
1 
2 
3A 
4A 
5 
6 
7A 
7B 
8 
9 
1 OA 
10B 
11A 
llB-M85 

-085 
-586 
"86 
-S86 

12 
13A 
13B 
14 
15-586 
"86 

silt  and  clay 
silt  and  clay 
silt  and  clay 
silt  and  clay 
silt  and  clay 
silt  and  clay 
coarse  sand 
fine  sand 
medium  sand 
medium  sand 
fine  sand 
silt  and  clay 
very  fine  sand 
very  fine  sand 
very  fine  sand 
very  fine  sand 
very  fine  sand 
fine  sand 
fine sand 
fine  sand 
fine  sand 
fine  sand 
fine  sand 
very  fine  sand 
fine  sand 
fine  sand 
medium  sand 
fine  sand 
fine  sand 
fine  sand 
very  fine  sand 

61 
51 
71 
57 
76 
84 
16 
15 
8 
24 
13 
50 
38 
36 
34 
31 
37 
20 
29 
18 
5 
3 
18 
28 
18 
22 
8 
7 
26 
28 
38 

11 
9 
11 
8 
5 
3 
4 
11 
6 
8 
15 
14 
23 
21 
20 
31 
23 
22 
20 
26 
13 
8 
24 
24 
20 
15 
7 
8 
23 
21 
32 

11 
12 
15 
10 
6 
3 

12 
37 
30 
10 
51 
7 
15 
13 
11 
18 
15 
22 
25 
29 
70 
69 
39 
35 
49 
30 
31 
61 
22 
14 
19 

11 
13 
3 
16 
9 
2 
15 
25 
31 
11 
13 
7 
9 
14 
10 
10 
9 
16 
12 
9 
7 
17 
11 
6 
7 
20 
29 
20 
10 
14 
6 

4 
8 
0 
9 
4 
2 
13 
5 
13 
7 
5 
8 
8 

11 

9 
7 
7 
13 
9 
5 

2 
1 
4 
3 
2 
7 
12 
2 
5 

14 
3 

2 
6 
0 
0 

trace 
2 
9 
2 
6 
8 
2 
6 
4 
5 

9 
3 
4 
6 
4 
3 
2 
1 
1 
2 
2 
3 
7 
2 
3 
2 
1 

0 

1 
0 
0 
0 
4 

31 
5 
6 
32 
1 
8 
3 

trace 
7 

trace 
5 
1 
1 

10 
1 
1 
3 
2 
2 
3 
6 
2 
11 
7 
1 
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TABLE 7 SEDIMENT  PARTICLE  SIZE  DISTRIBUTION  IN VANCOWER HARBOUR  (1985 - 1986) 

Station  Median  silt  very  fine  medium  coarse  very  granules 
Particle  and  fine  sand  sand  sand  coarse ( X )  
Size  clay  sand (%I ( X )  (%) sand 

( X )  (%I ( X )  

16-M85 
-085 
"86 
-S86 

17 
18 
19-M85 
-085 

"86 
-586 

20A 
20B 
2 1A 
2 1B 
21c 
22A 
22B 
22c 
23 
24 
25A 
25B 
25C 
26 
27 
28 
29 
30 
31 
CP 
BR 

fine  sand 
very  fine  sand 
very  fine  sand 
very  fine  sand 
very  fine  sand 
fine  sand 
silt  and  clay 
very  fine  sand 
very  fine  sand 
very fine  sand 
silt  and  clay 
very  fine  sand 
medium  sand 
medium  sand 
fine  sand 
silt  and  clay 
very  fine  sand 
very  fine  sand 
fine  sand 
coarse  sand 
fine  sand 
fine  sand 
medium  sand 
very  fine  sand 
medium  sand 
medium  sand 
fine  sand 
very  fine  sand 
fine  sand 
fine  sand 
very  fine  sand 

5 
31 
36 
26 
43 
25 
61 
33 
28 
47 
84 
42 
15 
16 
25 
55 
39 
40 
29 
13 
20 
16 
21 
29 
26 
18 
25 
29 
9 
2 
38 

13 
32 
31 
32 
30 
18 
13 
27 
24 
28 

5 
22 
7 
11 
12 
21 
21 
16 
20 
7 
16 
28 
13 
30 
11 
16 
24 
32 
13 
7 
34 

70 
25 
21 
29 
15 
25 
9 
21 
21 
11 

3 
18 
19 
31 
20 
13 
19 
13 
27 
10 
30 
29 
15 
21 
12 
15 
19 
21 
32 
45 
15 

7 
9 
6 
7 
6 
20 
8 
14 
16 
8 

4 
8 
22 
31 
26 
6 
11 
11 
13 
13 
16 
13 
9 
10 
17 
16 
14 
7 
11 
13 
7 

2 
1 
4 
4 
2 
10 
6 
3 
7 
4 
3 
6 
8 
7 
10 
4 
5 
9 
6 
10 
9 
8 

8 
6 
15 
11 
7 
4 
5 
15 
5 

2 
trace 
1 
1 
1 
1 
2 
1 
1 
1 

1 
2 
6 
2 
4 
1 
2 
8 
2 
10 
6 
3 
8 
3 
9 
4 
4 
2 
7 
14 
1 

1 
2 
1 
1 

3 
1 
1 
1 
3 
1 

trace 
2 
23 
2 
3 

trace 
3 
3 
3 
37 
3 
3 
26 
1 
10 
20 
7 
5 
23 
4 

trace 
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TABLE 2 SEDIMENT  PARTICLE  SIZE  DISTRIBUTION  IN  VANCOUVER HARBOUR (1985 - 1986) 

Station  Median  silt  very  fine  medium  coarse  very  granules 
Particle  and  fine  sand  sand  sand  coarse ( X >  
Size  clay  sand ( X )   ( X )   ( X )  sand 

( X )   ( X )  ( X )  

SB 
PEI-M85 

-085 

"86 
-S86 

-J86 

DD 
1 
2 
3A 
4A 
5 
6 
7A 
7B 
8 

9 
10A 
1 OB 
11A 
llB-M85 

-085 
-586 
"86 
-S86 

12 
13A 
13B 
14 
15-586 
"86 

silt  and  clay 
silt  and  clay 
silt  and  clay 
silt  and  clay 
silt  and  clay 
silt  and  clay 
coarse  sand 
fine  sand 
medium  sand 
medium  sand 
fine  sand 
silt  and  clay 
very  fine  sand 
very  fine  sand 
very  fine  sand 
very  fine  sand 
very  fine  sand 
fine  sand 
fine  sand 
fine  sand 
fine  sand 
fine  sand 
fine  sand 
very  fine  sand 
fine  sand 
fine  sand 
medium  sand 
fine  sand 
fine  sand 
fine  sand 
very  fine  sand 

61 
51 
71 
57 
76 
84 
16 
15 
8 
24 
13 
50 
38 
36 
34 
31 
37 
20 
29 
18 
5 
3 
18 
28 
18 
22 
8 
7 
26 
28 
38 

11 
9 
11 
8 
5 
3 
4 
11 
6 
8 
15 
14 
23 
21 
20 
31 
23 
22 
20 
26 
13 
8 
24 
24 
20 
15 
7 
8 
23 
21 
32 

11 
12 
15 
10 
6 
3 
12 
37 
30 
10 
51 
7 
15 
13 
11 
18 
15 
22 
25 
29 
70 
69 
39 
35 
49 
30 
31 
61 
22 
14 
19 

11 
13 
3 
16 
9 
2 
15 
25 
31 
11 

13 
7 
9 
14 
10 
10 
9 
16 
12 
9 
7 
17 
11 
6 
7 

20 

29 
20 

10 
14 
6 

4 
8 
0 
9 
4 
2 
13 
5 

13 
7 
5 
8 
8 

11 
9 
7 
7 

13 
9 
5 
2 
1 
4 
3 
2 
7 
12 
2 
5 
14 
3 

2 
6 
0 
0 

trace 
2 
9 
2 
6 
8 
2 
6 
4 
5 
9 
3 
4 
6 
4 

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

0 

1 
0 
0 
0 
4 
31 
5 
6 
32 
1 

8 
3 

trace 
7 

trace 
5 
1 
1 

10 

1 
1 
3 
2 
2 
3 
6 
2 
11 
7 
1 
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TABLE 7 SEDIMENT  PARTICLE  SIZE  DISTRIBUTION  IN  VANCOUVER  HARBOUR  (1985 - 1986) 

___ ~~ 

Station  Median  silt  very  fine  medium  coarse  very  granules 
Particle  and  fine  sand  sand  sand  coarse ( X )  

S i z e  clay  sand ( X )   ( X )   ( X )  sand 
( X )  ( X )  ( X )  

16-M85 
-085 
"86 
-S86 

17 
18 
19-M85 
-085 

"86 
-586 

20A 
20B 
21A 
21B 
2 1c 
22A 
22B 
22c 
23 
24 
25A 
25B 
25C 
26 
27 
28 
29 
30 
31 
CP 
BR 

fine  sand 
very  fine  sand 
very  fine  sand 
very  fine  sand 
very  fine  sand 
fine  sand 
silt  and  clay 
very  fine  sand 
very  fine  sand 
very  fine  sand 
silt  and  clay 
very  fine  sand 
medium  sand 
medium  sand 
fine  sand 
silt  and  clay 
very  fine  sand 
very  fine  sand 
fine  sand 
coarse  sand 
fine  sand 
fine  sand 
medium  sand 
very  fine  sand 
medium  sand 
medium  sand 
fine  sand 
very  fine  sand 
fine  sand 
fine  sand 
very  fine  sand 

5 
31 
36 
26 
43 
25 
61 
33 
28 
47 
84 
42 
15 
16 
25 
55 
39 
40 
29 
13 
20 
16 
21 
29 
26 
18 
25 
29 
9 

2 
38 

13 
32 
31 
32 
30 
18 
13 
27 
24 
28 

5 
22 
7 
11 
12 
21 
21 
16 
20 
7 
16 
28 
13 
30 
11 
16 
24 
32 
13 
7 
34 

70 
25 
21 
29 
15 
25 
9 
21 
21 
11 

3 
18 
19 
31 
20 
13 
19 
13 
27 
10 
30 
29 
15 
21 
12 
15 
19 
21 
32 
45 
15 

7 
9 
6 
7 
6 
20 
8 
14 
16 
8 

4 
8 
22 
31 
26 
6 
11 
11 
13 
13 
16 
13 
9 
10 
17 
16 
14 
7 
11 

13 
7 

2 
1 
4 
4 
2 
10 
6 
3 
7 
4 

3 
6 
8 
7 
10 
4 
5 
9 
6 
10 
9 
8 
8 
6 
15 
11 
7 
4 
5 
15 
5 

2 
trace 
1 
1 

1 
1 
2 
1 
1 
1 

1 
2 
6 
2 
4 
1 
2 
8 
2 

10 
6 
3 
8 
3 
9 
4 
4 

2 
7 
14 
1 

1 
2 
1 
1 
3 
1 
1 
1 
3 
1 

trace 
2 
23 

2 

3 
trace 
3 
3 
3 
37 

3 
3 
26 
1 

10 
20 
7 
5 

23 
4 

trace 
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TABLE 7 SEDIMENT  PARTICLE  SIZE  DISTRIBUTION  IN  VANCOUVER  HARBOUR (1985 - 1986) 

Station  Med i an  si1 t very  fine  medium  coarse  very  granules 
Particle  and  fine  sand  sand  sand  coarse (%I 
Size  clay  sand (%I  ( X )  (%) sand 

( X )   ( X )  (%I  

32 

33A 

33B 

34 

35 "85 
-085 
-586 
"86 

36 

37A 

3 7B 
37c 

38 -586 
"86 

39A 

39B 

39c 
39D 

39E 

40 

41 

43 

44 

45 

46 

47 

fine  sand 
fine  sand 
very  fine  sand 
medium  sand 
medium  sand 
very  fine  sand 
medium  sand 
fine  sand 
medium  sand 
fine  sand 
medium  sand 
medium  sand 
medium  sand 
fine  sand 
coarse  sand 
coarse  sand 
coarse  sand 
fine sand 

coarse  sand 
coarse  sand 
very  coarse  sand 
very  coarse  sand 
coarse  sand 
medium  sand 
medium  sand 
fine  sand 

40 

31 

41 

34 

31 
49 
30 
40 

37 

42 

33 
31 

27 
43 

20 

30 

25 
42 

25 

26 

1 9  

26 

25 

37 

30 

37 

8 

11 

11 

6 

6 
8 
9 
6 
4 

5 

6 

8 

7 
5 

5 

5 
5 
5 

6 
4 

4 

5 

4 

5 

6 
7 

8 
12 

10 

a 
10 
10 
11 
8 
6 

5 

7 

10 
11 
8 

6 

6 

7 

7 
7 

7 

6 

6 

8 

7 

10 
10 

1 4  

13 

13 
15 

13 
12 
21 
13 
10 

7 

12 

1 4  

19 
12 

9 

9 

12 

7 
12 

11 
11 

12 

12 

11 

12 

10 

15 

1 6  

13 
18 

15 
9 

21  
1 4  

10 

10 

15 
15 

22 
1 4  

12 

12 

1 6  

1 4  

15 
15 

9 

18 

17 

13 
1 4  

9 

1 4  

12 

9 

l a  
20 

6 
6 

13 
14 

15 
20 

15 

13 
12 

19 

20 

22 

1 4  

20 

19 

1 4  

24 

25 

18 

23 

15 

1 

5 

3 
1 

5 
6 
2 
6 

19 

16 

7 

7 
1 
6 

29 

18 

13 
7 

15 
18 

37 

9 

9 

9 

5 

12 

silt  and  clay = <0.063 mm SB = Spanish  Banks M85 = MAY 1985 
very  fine  sand = 0.063-0.125 mm DD = Dundarave 085 = OCTOBER 1985 

fine  sand = 0.125-0.25 mm CP = Cates  Park 586 = JANUARY 1986 
medium  sand = 0.25-0.50 mm BR = Boulder  Rock M86 = MAY 1986 
coarse  sand = 0.50-1.00 mm S86 = SEPTEMBER 1986 

very  coarse  sand = 1.00-2.00 mm 
granules = >2.00 mm 
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Stat I on 

O U r E R ~  SB 
ATK 
PEI 

INNER HARBOVR - N. SHORE 1 
DD 

2 

38 
3A 

48 
4A 

5 
6 
7A 
7 8  
8 
9 
10A 
108 

118 
1 l A  

12  

138 
13A 

-CENlBE 14 
15 

- S. SHORE 17 
16 

18 
19 
2 OA 
208 
2 1A 
218 
21c 

228 
22A 

22c 
23 
24 
25A 
258 
2 5C 
26 
27 
28 
29 
30 
3 1  
CP 
BR 
32 
3 3A 
338 I 

34 

36 
35 

37A 1 

378 
37c I 
38 

398 I 
39A I 

39D 
39c I 

40 
39E 1 

4 1  L 

42 I 

43 
44 
45 ' 
46 ' 
47 

1 1 1 1 
0 38888.0 68888.0 

Conc. (ug/g dry ut. 1 

FIGURE 2 Mean Surface Sediment Volatile Residue (SVR) in 
Vancouver Harbour ( 1985-86) 
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TABLE 3. SEASONAL  VARIATION  IN HEAN SEDIHENT  RESIDUE  CONCENTRATIONS  (UG/G 
DRY  WEIGHT  BETUEEN  FIELD  SURVEYS  IN VANCOWER HARBOUR  (1985-1986) 

Station Survey SVR SFR 1 Station Survey SVR SFR 
Date I 

I 
PEI May 85 56767  923667 I 19 May 85 36000 964000 

Oct 85 55467 944333 1 Oct 85 47300  938667 
Jan 86 43367  956667 I Jan 86 51767 948333 
May 86 52567 947333 1 May 86 52833 914000 
Sep 86 43667 956333 I Sep 86 46200 954000 

I 
11 May 85 29367 968333 I 35 May 85 87133 1036000 

Oct 85 51967 915000 1 Oct 85 101833 898333 
Jan 86 64433 935667 I Jan 86 89200 911000 
May 86 36933 951000 I May 86 105667 894333 
Sep 86 23033 977000 I Sep 86 99933 900000 

15 Jan 86 48767 951333 I 38 Jan 86 104000 896000 
May 86 38133 961667 I May 86 113667 886333 
Sep 86 58100 942000 I Sep 86 100433 899667 

I 

I 
16 May 85 55567 932333 I 

Oct 85 51367 949333 I 
May 86 40700 959333 I 
Sep 86 25867 972667 I 

TABLE 4 SEDIMENT  BACTERIA  CONTENT  AT  SELECTED  STATIONS  IN VANCOWER 
BARBOUR - JUNE 1987  (MPN/lOO G) 

Station Total Coliform Fecal Coliform Fecal Streptococci 

20A 
20B 
21A 
2 1c 
22A 
22c 
24 
25A 
25C 
26 
27 
28 
30 

17  000 
17  000 
56 000 
88 000 

110 000 
67 000 
28 000 

>2  400 000 
51 000 

190 000 
285 000 
195 000 
100 000 

2 800 
2 000 

22 000 
13 000 
22 000 
15 950 
3 300 

>2  400 000 
12  000 
15 450 

2 800 
13 150 
28 000 

53 000 
15 000 
62 500 

104 500 
109 500 
74 500 

144 500 
>2  400 000 

35 000 
51 500 

105 000 
185 000 
89 500 
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APPENDIX I VANCOUVER HARBOUR SAMPLING  STATION  COORDINATES AND DEPTHS 
(1985-86) 

AREA  STATION  SURVEY  LATITUDE  LONGITUDE  DEPTH( m) 

OUTER  HARBOUR 
SB 
ATK 
PEI (Trawl) 

DD 

INNER  HARBOUR 
North Shore 1 

2 
3A 
3B 
4A 
4B 
5 
6 
7A 
7B 
8 
9 
10A 
10B 
11A 
11B (Trawl) 

12 
13A 
13B 

Cent re  14 
15 (Trawl) 

16 (Trawl) 

May 85 
Sep 86 
May 85 
Oct 85 
Jan 86 
May 86 
Sep 86 
Oct 85 

Jun 86 
Jun 86 
Sep 86 
Sep  86 
Nov 85 
Sep 86 
Nov 85 
Nov  85 
Nov 85 
Nov 85 
Nov  85 
Nov 85 
Nov 85 
Nov  85 
Nov  85 
May 85 
Oct 85 
Jan 86 
May 86 
Sep  26 
Nov 85 
Nov  85 
Nov  85 

Sep 86 
Jan 86 
May 86 
Sep 86 
May 85 
Oct 85 
May 86 
Sep 86 

49'18.23'N 
49'19.67'N 
49'19.80'N 
49'19.75'N 
49'19.55'N 
49'19.77'N 
49O19.80'N 
49O19.70'N 

49'18.72'N 
49'18.65'N 
49'18.73'N 
49'18.48'N 
49'18.50'N 
49'18.40'N 
49'18.58'N 
49'18.62'N 
49'18.63'N 
49'18.53'N 
49'18.52'N 
49'18.45'N 
49'18.39'N 
49'18.35'N 
49'18.35'N 
49'18.12'N 
49'18.10'N 
49'18.27'N 
49'18.30'N 
49'18.37'N 
49'18.27'N 
49'18.23'N 
49O18.26'N 

49'18.10'N 
49O18.01'N 
49O17.61'N 
49'17.95'N 
49'17.60'N 
49'17.60'N 
49'17.60'N 
49'17.63'N 

123'13.78'W 
123'15.80'W 
123'13.73'W 
123'13.95'W 
123'13.92'W 
123'13.90'W 
123'13.94'W 
123'11.65'W 

123'07.45'W 
123'07.27'W 
123'06.62'W 
123'06.67'W 
123'06.48'W 
123'06.50'W 
123'06.21'W 
123'05.90'W 
123'05.15'W 
123'05.25'W 
123'04.89'W 
123'04.76'W 
123'04.70'W 
123'04.50'W 
123'04.53'W 
123°04.45fW 
123'04.40'W 
123'04.88'W 
123'04.88'W 
123'04.87'W 
123'04.39'W 
123'04.27'W 
123'04.18'W 

123'05.83'W 
123'05.07'W 
123O04.60'W 
123'05.00'W 
123'03.87'W 
123'03.80'W 
123'03.87'W 
123'03.73'W 

55 
60 
59 
68 
67 
60 
58 
25 

13 
12 
12 
14 
20 
21 
24 
27 
20 
27 
16 
20 
22 
28 
20 
21 
23 
26 
28 
24 
24 
24 
26 

25 
43 
30 
18 
21 
29 
20 
19 
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APPENDIX  I  VANCOUVER HARBOUR SAMPLING  STATION  COORDINATES AND DEPTHS 
(1985-86) (CONTINUED) 

AREA  STATION  SURVEY  LATITUDE  LONGITUDE  DEPTH( m) 

South  Shore  17 
18 
19  (Trawl) 

20A 
20B 
21A 
21B 
21c 
22A 
22B 
22c 
23 
24 
25A 
25B 
25C 
26 
27 
28 
29 
30 
31 

CENTRAL  HARBOUR 
CP 
BR 

EASTERN  HARBOUR 
Port Moody Arm 32 

3 3A 
33B 
34 
35 (Trawl) 

36 
37A 
37B 
37c 

Sep 86 
Jan 86 
May 85 
Oct 85 
Jan 86 
May 86 
Sep 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 
Jun 86 

May 85 
May 85 

May 85 
May 85 
May 85 
May 85 
May 85 
Oct 85 
Jan 86 
May 86 
Sep 86 
Nov  85 
Nov 85 
Nov 85 
Nov 85 

49°17.70'N 
49O17.41'N 
49O17.47'N 
49'17.29'N 
49O17.47'N 
49O17.47'N 
49O17.48'N 
49O17.22'N 
49O17.35'N 
49O17.16'N 
49O17.23'N 
49'17.30'N 
49O17.15'N 
49O17.20'N 
49O17.28'N 
49O17.20'N 
49O17.32'N 
49O17.28'N 
49O17.33'N 
49'17.38'N 
49O17.37'N 
49O17.41'N 
49O17.36'N 
49'17.41'N 
49'17.37'N 
49O17.60'N 

49'17.95'N 
49'18.20'N 

49'17.49'N 
49'17.47'N 
49O17.49'N 
49O17.49'N 
49O17.61'N 
49'17.62'N 
49'17.61'N 
49'17.64'N 
49'17.61'N 
49'17.70'N 
49'17.83'N 
49'17.70'N 
49'17.56'N 

123OO6.50'W 
123'06.65'W 
123O06.15'W 
123O06.17'W 
123O06.30'W 
123OO6.15'W 
123O06.28'W 
123OO5.99'W 
123OO5.99'W 
123'05.77'W 
123OO5.77'W 
123'05.77'W 
123O05.08'W 
123O05.08'W 
123'05.08'W 
123'04.94'W 
123'04.78'W 
123'04.54'W 
123O04.54'W 
123OO4.54'W 
123'04.33'W 
123'03.99'W 
123'03.84'W 
123'03.81'W 
123'03.73'W 
123°03.40'W 

122'57.78'W 
122'56.36'W 

122O55.OO'W 
122'54.66'W 
122'54.70'W 
122O54.25'W 
122'53.83'W 
122'53.78'W 
122'53.81'W 
122'53.80'W 
122O53.85'W 
122'53.70'W 
122O53.40'W 
122'53.43'W 
122'53.42'W 

17 
14 
18 
18 
18 
20 
19 
14 
18 
14 
20 
28 
13 
18 
28 
19 
22 
32 
29 
26 
26 
14 
17 
21 
13 
29 

28 
32 

20 
22 
32 
17 
17 
15 
18 
18 
16 
17 
15 
15 
15 
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APPJ3NDIX I VANCOUVER HARBOUR SAMPLING STATION COORDINATES AND DEPTHS 
(1985-86) 

AREA  STATION  SURVEY  LATITUDE  LONGITUDE  DEPTH (m) 

38 

39A 
39B 
39c 
39D 
39E 
40 
41 
42 
43 
44 
45 
46 
47 

Jan 86 49'17.95'N 
May 86 49'17.95'N 
Sep 86 49'17.91'N 
Nov 85 49'18.00'N 
May 85 49'17.90'N 
Nov 85 49'17.80'N 
Nov 85 49'17.70'N 
Nov  85 49O17.60'N 
Nov  85 49'17.95'N 
Nov 85 49'17.95'N 
May 85 49'17.61'N 
May 85 49O17.56'N 
May 85 49O17.50'N 
May 85 49O17.45'N 
May 85 49'17.39'N 
May 85 49'17.35'N 

122'53.10'W 
122'53.15'W 
122'53.10'W 
122'53.02'W 
122'53.02'W 
122'53.02'W 
122'53.02'W 
122°53.02'W 
122'52.90'W 
122'52.70'W 
122'52.23'W 
122'52.11'W 
122'51.98'W 
122'51.85'W 
122'51.73'W 
122'51.60'W 

12 
14 
15 
10 
12 
12 
13 
13 
12 
8 
13 
13 
14 
14 
14 
11 

Note:  (Trawl) denotes sediment  sampling stations 
corresponding to otter trawl sampling sites 
(biota sampling). 
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APPENDIX I1 

SEDIMENT VOLATILE AND FIXED  RESIDUE  CONCENTRATIONS 

IN VANCOUVER HARBOUR (1985 - 1986) 
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STATION CONCENTRATION (ug/g) 
M E A N M E A N  REPLICATES 
SVR SFR SVR SFR 

STATION CONCENTPATION (ug/g) 
MEAN MEAN REPLICATES 
SVR SFR SVR SFR 

POINT ATKINSON 

PEI MAY85 

0'3'8 5 

JAN8 6 

MAY86 

SEPT86 

1 

2 

3A 

38 

SPANISH BANKS 44600 

43867 

22067 

56767 

55467 

43367 

52567 

43667 

33467 

32367 

85067 

39000 

940667 

956000 

978000 

923667 

944333 

956667 

947333 

956333 

966667 

967667 

915000 

961000 

41900 
44000 
47900 

42100 
44800 
44700 

27500 
28500 
10200 

57500 
57800 
55000 

54600 
56100 
55700 

45700 
43300 
41100 

54100 
53600 
50000 

43500 
43600 
43900 

42100 
10300 
48000 

45300 
30000 
21800 

87500 
83600 
84100 

42800 
35800 
38400 

942000 
942000 
938000 

958000 
955000 
955000 

972000 
972000 
990000 

927000 
916000 
928000 

945000 
944000 
944000 

954000 
957000 
959000 

946000 
946000 
950000 

957000 
956000 
956000 

952000 
958000 
990000 

955000 
970000 
978000 

913000 
916000 
916000 

957000 
964000 
962000 

208 

2 1A 

21B 

22c 

23 

24 

2 SA 

2 58 

2 OA 51000 

42667 

56233 

48900 

21c 48600 

2 2A 53433 

228 47967 

50267 

46067 

48600 

84533 

30100 

949000 

957333 

943667 

951333 

951333 

946667 

952000 

950000 

954000 

951333 

915667 

970000 

51400 
50600 
51000 

43700 
41000 
43300 

54800 
59600 
54300 

41800 
50400 
54500 

48100 
50800 
46900 

52200 
56500 
51600 

45600 
52000 
46300 

52100 
48200 
50500 

49200 
47000 

4 

51600 
48200 
46000 

96900 
59300 
97400 

32400 
25700 
32200 

949000 
949000 
949000 

957000 
959000 
956000 

946000 
940000 
945000 

958000 
946000 
950000 

952000 
949000 
953000 

948000 
948000 
944000 

954000 
948000 
954000 

948000 
952000 
95000 

951000 
953000 
958000 

948000 
952000 
954000 

903000 
941000 
903000 

968000 
974000 
968000 
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STATION CONCENTRATION (ug/g) 

M E A N M E A N  REPLICATES 
SVR SPR SVR SFR 

STATION CONCENTRATION (ug/g) 

M E A N M E A N  REPLICATES 
SVR SFR SVR SPR 

4A 

48 

5 

6 

7A 

78 

8 

9 

10A 

108 

11A 

55533 

41333 

89533 

69367 

67633 

57300 

50633 

54600 

58667 

67367 

55300 

935667 

958667 

910333 

930667 

932333 

943000 

949333 

944333 

941333 

932667 

944667 

74800 
40300 
51500 

36800 
39400 
47800 

60800 
133000 
74800 

72900 
70100 
65100 

68900 
68200 
65800 

59100 
50500 
62300 

50100 
51600 
50200 

61400 
46100 
56300 

56300 
59200 
60500 

66700 
54300 
81100 

63600 
45200 
57100 

26 

27 

28 

29 

30 

31 

32 

3  3A 

338 

34 

960000 25C 48700 951333 44200 956000 
948000 50900 949000 
899000 51000 949000 

963000 43333 956667 40600 959000 
961000 46100 954000 
952000 43300 957000 

939000 58500 942000 58500 942000 
867000 
925000 

927000 
930000 
935000 

931000 
932000 
934000 

941000 
950000 
938000 

950000 
948000 
950000 

940000 
939000 
954000 

944000 
941000 
939000 

933000 
946000 
919000 

936000 
955000 
943000 

53033 947000 48500 952000 
57700 942000 
52900 947000 

40133 959667 38000 962000 
44700 955000 
37700 962000 

40067 960000 40300 960000 
42600 957000 
37300 963000 

26950 973000 25000 975000 
28900 971000 

85767 754667 88500 898000 
88700 891000 
80100 475000 

88000 982000 88000 982000 

87500 992667 87900 970000 
87600 938000 
87000 1070000 

87500 1026667 87400 1000000 
87100 1060000 
88000 1020000 
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APPENDIX I1 SEDIMENT VOLATILE AND FIXED RESIDUE CONCENTRATIONS IN VANCOWER HARBOUR (1985 - 1986) 

STATION CONCENTRATION (ug/g) STATION CONCENTRATION (Ug/g) 

MEAN MEAN REPLICATES 
SVR SFR SVR SFR 

M E A N M E A N  REPLICATES 
SVR SFR SVR SFR 

OCT8 5 

JAN86 

MAY86 

SEPT86 

12 

13A 

SEP86 

llB MAY85 29367 

51967 

64433 

36933 

23033 

25433 

17533 

138 25433 

15 JAN86 48767 

MAY86 38133 

58100 

968333 

915000 

935667 

951000 

977000 

974667 

982333 

969000 

951333 

961667 

942000 

41000 
25400 
21700 

41400 
51000 
63500 

67200 
60400 
65700 

37800 
37500 
35500 

22600 
32200 
14300 

22900 
26200 
27200 

18500 
19900 
14200 

14200 
31000 
31100 

43700 
49400 
53200 

41000 
37800 
35600 

48900 
58200 
67200 

998000 
972000 
935000 

959000 
850000 
936000 

933000 
940000 
934000 

926000 
963000 
964000 

977000 
968000 
986000 

977000 
974000 
973000 

981000 
980000 
986000 

969000 
969000 
969000 

956000 
951000 
947000 

959000 
962000 
964000 

951000 
942000 
933000 

35 MAY85 

OCl'85 

JAN8 6 

MAY86 

SEff86 

37A 

3 78 

37C 

38 JAN86 

MAY86 

SEP86 

87133 

101833 

89200 

105661 

99933 

103467 

103733 

102233 

104000 

113667 

100433 

1036000 

898333 

911000 

894333 

900000 

896667 

896333 

897667 

896000 

886333 

899667 

86300 
86500 
88600 

97500 
100000 
208000 

93200 
126000 
48400 

10800 
103000 
106000 

101000 
101000 
97800 

95400 
106000 
109000 

106000 
99200 
106000 

103000 
98700 
105000 

104000 

114000 
112000 
115000 

104000 
100000 
97300 

1080000 
1070000 
958000 

903000 
900000 
892000 

907000 
874000 
952000 

892000 
897000 
894000 

899000 
899000 
902000 

905000 
894000 
891000 

894000 
894000 
901000 

897000 
901000 
895000 

896000 

886000 
888000 
885000 

896000 
900000 
903000 
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APPENDIX I1 SEDIMENT VOLATILE AND FIXED RESIDUE CONCENTRATIONS IN VANCOWER HARBOUR (1985 - 1986) 

STATION CONCEWI'RATION (ug/g) 

M E A N M E A N  REPLICATES 
SVR SFR SVR SFR 

STATION CONCEW'RATION (ug/g) 

M E A N M E A N  REPLICATES 
SVR SFR SVR SFR 

OCT8 5 

MAY86 

SEPT86 

17 

18 

19 MAY85 

OcP85 

JAN8 6 

MAY86 

SEPT86 

16 MAY85 55567 

51367 

40700 

25867 

51600 

36000 

47300 

51767 

52833 

46200 

53700 

932333 

949333 

959333 

972667 

948333 

964000 

938667 

948333 

914000 

954000 

946333 

58700 
56100 
51900 

42500 
42100 
66500 

37300 
44900 
39900 

28400 
23900 
25300 

47300 
50600 
56900 

40800 
29700 
37500 

53900 
42000 
46000 

45500 
67900 
41900 

45300 
49000 
64200 

44700 
48500 
45400 

51500 
56100 
53500 

398 

39c 

39D 

39E 

40 

41 

928000 39A 100333 
935000 
934000 

957000 101900 
958000 
933000 

963000 98900 
955000 
960000 

972000 102067 
971000 
975000 

953000 108667 
949000 
943000 

959000 82800 
963000 
970000 

932000 118000 
946000 
938000 

955000 
932000 
958000 

955000 
851000 
936000 

955000 
952000 
955000 

944000 
948000 
947000 

899333 

898000 

901000 

898000 

891333 

917000 

882000 

122000 
90500 
88500 

91800 
112000 

99000 
95700 
102000 

96200 
101000 
109000 

109000 
109000 
108000 

86000 
93800 
68600 

118000 
117000 
119000 

878000 
909000 
911000 

908000 
888000 

901000 
904000 
898000 

904000 
899000 
891000 

891000 
891000 
892000 

914000 
906000 
931000 

882000 
883000 
881000 
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1.0 INTRODUCTION 

In May  of  1985,  Environment  Canada  initiated  a  series  of  benthic 
environmental  quality  studies  in  Vancouver  Harbour  following  a  literature 
review  and  preliminary  impact  assessment  by  Waters  (1985a,  1985b). 
Emphasis  was  placed  on  sampling  benthic  epifauna,  demersal  fish,  and 
surficial  bottom  sediment  for  selected  trace  metals  and  organic  chemicals. 
Species  abundance  and  distribution  based  on  otter  trawl  catch  data  (Goyette 
and  Thomas,  1987)  and  prevalence  of  liver  tissue  abormalities  in  flatfish 
(Goyette  et  al.,  1988)  were  also  examined. 

As  an  active  industrial  and  urban  port,  Vancouver  Harbour  is 
subject  to  metal  contamination  from  bulk  loading  terminals  (metal 
concentrates),  metal  finishing  plant  effluents,  shipyards  (blasting 
abrasives,  anti-fouling  paints etc.),  municipal  waste  discharges,  oil 
refinery  effluents,  general  urban  runoff,  among  other  sources. 
Accumulation  of  trace  metals  in  the  sediment  can  be  toxic  to  benthic  biota 
depending  on  bioavailability  (chemical  state).  Trace  metal  levels  in 
sediment  and  benthic  organisms  can  be  indicative  of  environmental  quality. 

Thomas and Goyette  (1989a)  have  documented  trace  metal  levels in 
Vancouver  Harbour  sediment  between  May  1985  and  January  1986.  The  current 
report  presents  trace  metal  levels  in  selected  organisms  throughout 
Vancouver  Harbour  during  the  same  time  period. The  organisms  collected 
included  commercially  important  species,  pandalid  shrimp  (Pandalus  danae, 
- P.  borealis, - P. hypsinotus,  and  Pandalopsis  dispar)  and  Dungeness  crab 
(Cancer  magister).  Several  species  of  bottomfish  including  the  dominant 
English  sole  (Parophyrys  vetulus)  were also collected. 
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2.0 METHOD AND HATERIALS 

2.1 Study Area 

Vancouver  Harbour  (Point  Atkinson  to  Port  Moody  Arm)  was 
subdivided  into  four  hydrographic  regions  for  study - outer  harbour,  inner 
harbour,  central  harbour  and  eastern  harbour.  The  eleven  otter  trawl  sites 
selected  have  been  shown  in  Figure  1.  Surveys  were  conducted  from  the 
research  vessel  CSS  Vector  in  May  1985,  October  1985  and  January  1986 
according  to  the  sampling  schedule  below. 

TOTAL 

NUMBER  MAY  OCT JAN 

AREA  STATION  SURVEYS  1985  1985  1986 

OUTER  HARBOUR  Pacific  Environment 
Institute  (PEI) 3 X X X 

INNER  HARBOUR 
North  Shore Burrard  Yarrows  (BY) 3 X X X 
Cent  re Centre  (CT) 1 X 
South  Shore Coal  Harbour  (CH) 3 X X X 

Vanterm  (VT) 1 X 

Sterling (ST) 2 X X 

CENTRAL  HARBOUR  Chevron  (CV) 1 X 
Cates  Park  (CP)  1 X 
Boulder  Rock  (BR) 1 X 

EASTERN  HARBOUR 
Port  Moody  Arm  Port  Moody  (PM) 3 X X X 

roc0 1 X 
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2.2 Field Collection 

Biota  samples  were  collected  using  a  small  otter  trawl  with  a  3.8 
cm  mesh  net  and  a 5.8 metre  throat.  The  trawl  was  towed  for  a  distance  of 
approximately 0.9 km  at  a  speed of 1.5  knots.  Trawl  catches  were  sorted 
and  enumerated  by  species;  lengths  and  weights  recorded  (refer  to  Goyette 
and  Thomas,  1987). 

Tissue  samples  were  taken  from  the  selected  organisms  considered 
to  be of importance  to  commercial  or  sport  fisheries  in  Vancouver  Harbour. 
Dissections  were  done  immediately  after  each  trawl  using  sterilized 
stainless  steel  scalpels  and  forceps  as  follows: 

shrimp : tail  muscle  (composites  of 2) and  hepatopancreas 
(composites of 6); 

crab : leg  and  claw  muscle  and  hepatopancreas  (composites 
of 2);  

fish : dorsal  muscle  with  skin  removed,  liver  and  gills 
(without  gill  arch). 

Fish  were  kept  alive  in  plastic  tubs  with  running  seawater  until 
processed.  Efforts  were  made  to  maintain  a  contamination-free  environment 
throughout  the  dissections.  All  tissue  samples  were  frozen  individually  in 
"whirlpak"  bags  immediately  following  dissection. 

2.3 Laboratorv Analysis 

Tissue  trace  metals  were  analyzed  at  the  Environmental  Protection 
Laboratory  in  West  Vancouver  according  to  a  modified  version of Swingle  and 
Davidson (1979).  Standard  reference  materials  including  bovine  liver  (NBS) 
and  TORT-1  lobster  hepatopancreas (NRCC) were  analyzed  with  each  set  of 
samples. 
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Tissue  samples  were  freeze-dried  and  homogenized;  0.3  gm  samples 
were  oxidized  in  a  low-temperature  oxygen  asher.  The  ashed  samples  which 
contain  the  metallic  salts  were  then  brought  into  solution  by  digesting 
with  3:l  HN03-HC1.  Deionized  water  was  added  to  make 25 ml  solutions 
before  the  samples  were  analyzed  using a "Jarrel-Ash  975"  inductively 
coupled  argon  plasma  optical  emission  spectrophotometer  (ICP-AES). 

Low  level  cadmium  and  lead  concentrations  were  analyzed  using  a 
"Varian 1475" atomic  absorption  spectrophotometer  with  a  "Varian  GTA-95" 
graphite  furnace  attachment  (GF-US).  For  mercury, 0.1 gm  of  the  freeze- 
dried  and  homogenized  sample  was  dissolved  in 4 : l  sulphuric  acid-water 
mixture.  These  solutions  were  further  oxidized  with 50% peroxide,  heated, 
cooled  and  diluted  with 1.0 ml  HN03  and  volumized  to 50 ml  with  diagnosed 
water.  Mercury  levels  were  measured  by  cold  vapour  atomic  absorption 
(CVAA)  using  a  "Pharmacia"  LCD  mercury  monitor  with  a  30cm  absorption  cell. 



- 6 -  

3.0 RESULTS 

The  levels  of  selected  metals  (Al,  As,  Cd,  Cr,  Cu,  Fe, Hg, Pb  and 
Zn)  in  the  tissue  of  pandalid  shrimp,  Dungeness  crab  and  English  sole  are 
illustrated  in  Figures 2, 3 ,  and 4 respectively.  The  complete  scan of trace 
metal  concentrations  for  all  the  organisms  analyzed  can  be  found  in 
Appendix 11; descriptive  statistics  tables  are  provided  in  Appendix 111. 
Note  that  detection  limits  varied  depending  on  the  quality  of  sample.  For 
statistical  calculations,  the  detection  limit  was  assigned  as  the  value  for 
cases  where  the  actual  concentration  was  below  the  sensitivity  level. 
Analyses of standard  reference  materials  are  detailed  in  Appendix IV. 



- 7 -  

FIGURE 2 

TRACE  METAL  CONCENTRATIONS  IN  PANDALID  SHRIMP  TAIL,  MUSCLE  AND 
HEPATOPANCREAS  TISSUE - VANCOUVER  HARBOUR (1985-1986) 

LEGEND 

(a)  Aluminum 
(b) Arsenic 
(c)  Cadmium 
(d) Chromium 
(e)  Copper 
(f) Iron 
(g)  Mercury 
( h )  Lead 
(i) Zinc 

PEI = Pacific  Environment  Institute 
BY = Burrard  Yarrows 
CH = Coal  Harbour 
CT = Centre 
ST = Sterling 
CV = Chevron 
CP = Cates  Park 
BR = Boulder  Rock 
PM = Port  Moody 

M = May 1985 
0 = October 1985 
J = January 1986 



- 8 -  

PANDALID SHRIMP 
TAIL MUSCLE 

ug/g (pprn) DRY WEIGHT ALUMINUM 

100 

80 

60 

40 

20 

0 
Month M O J  0 M O  J M O  M M M M O J  

Site PEI BY CH CT ST CV CP BR PM 

HEPATOPANCREAS 

ug/g (ppm) DRY WEIGHT ALUMINUM 

Month M O J  0 M O  J M O  M M M M O J  

Site PEI BY CH CT ST CV CP BR PM 

0 COONSTRIPE W PINK HUMPBACK 0 SIDESTRIPE 

FIGURE  2A  TRACE  METAL  CONCENTRATIONS  IN  PANDALID  SHRIMP  TAIL 
MUSCLE,  AND  HEPATOPANCREAS  TISSUE - VANCOUVER 
HARBOUR  (1985-1986) - ALUMINUM 
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PANDALID SHRIMP 
TAIL MUSCLE 

ug/g (pprn) DRY WEIGHT ARSENIC 

50 

Month M 

Site 

O J  0 M O  J M O  M M M M O J  

PEI BY CH CT ST CV CP BR PM 

0 COONSTRIPE RSiQ PINK -HUMPBACK 0 SIDESTRIPE 

HEPATOPANCREAS 

ug/g (pprn) DRY WEiGHT ARSENIC 

M o n t h M O J  0 M O  J M O  M M M M O J  

Site PEI BY CH CT ST CV CP BR PM 

FIGURE  2B  TRACE  METAL  CONCENTRATIONS  IN  PANDALID  SHRIMP  TAIL 
MUSCLE,  AND  HEPATOPANCREAS  TISSUE - VANCOUVER 
HARBOUR  (1985-1986) - ARSENIC 
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PANDALID SHRIMP 
TAIL MUSCLE 
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FIGURE  2C  TRACE  METAL  CONCENTRATIONS  IN  PANDALID  SHRIMP  TAIL 
MUSCLE,  AND  HEPATOPANCREAS  TISSUE - VANCOUVER 
HARBOUR  (1985-1986) - CADMIUM 
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PANDALID SHRIMP 
TAIL MUSCLE 

ug/g (PPM) DRY WEIGHT CHROMIUM 

0 COONSTRIPE R N  PINK HUMPBACK 0 SIDESTRIPE 

TABLE  2D  TRACE  METAL  CONCENTRATIONS IN PANDALID  SHRIMP  TAIL 
MUSCLE,  AND  HEPATOPANCREAS  TISSUE - VANCOUVER 
HARBOUR (1985-1986) - CHROMIUM 
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FIGURE  2E  TRACE  METAL  CONCENTRATIONS  IN  PANDALID  SHRIMP  TAIL 
MUSCLE, AND  HEPATOPANCREAS  TISSUE - VANCOUVER 
HARBOUR  (1985-1986) - COPPER 
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FIGURE 3 

TRACE  METAL  CONCENTRATIONS  IN  DUNGENESS  CRAB  (Cancer  magister)  MUSCLE, 
HEPATOPANCREAS  AND  GILL  TISSUE - V A N C O W E R O U R  (1985-1986) 

LEGEND 

(a)  Aluminium 
(b) Arsenic 
(c)  Cadmium 
(d) Chromium 
(e)  Copper 
( f )  Iron 
(g)  Mercury 
(h)  Lead 
(i) Zinc 

PEI = Pacific  Environment  Institute 
BY = Burrard  Yarrows 
CH = Coal  Harbour 
CT = Centre 
VT = Vanterm 
ST = Sterling 
CV = Chevron 
CP = Cates  Park 
BR = Boulder  Rock 
PM = Port  Moody 
IC0 = Ioco 

M = May 1985 
0 = October 1985 
J = January 1986 
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FIGURE  3C  TRACE  METAL  CONCENTRATIONS  IN  DUNGENESS  CRAB 
(Cancer  magister)  MUSCLE,  HEPATOPANCREAS,  AND 
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FIGURE  3F  TRACE  METAL  CONCENTRATIONS  IN  DUNGENESS  CRAB 
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FIGURE 3G TRACE  METAL  CONCENTRATIONS  IN  DUNGENESS  CRAB 
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FIGURE  31  TRACE  METAL  CONCENTRATIONS IN DUNGENESS  CRAB 
(Cancer  magister)  MUSCLE,  HEPATOPANCREAS,  AND 
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FIGURE 4 

TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE  (Parophyrys  vetulus) 
MUSCLE,  LIVER AND GILL  TISSUE - VANCOUVER  HARBOUR (1985-1986) 

LEGEND 

(a)  Aluminium 
(b) Arsenic 
(c)  Cadmium 
(d) Chromium 
(e)  Copper 
(f) Iron 
( g )  Mercury 
(h)  Lead 
(i) Zinc 

PEI = Pacific  Environment  Institute 
BY = Burrard  Yarrows 
CH = Coal  Harbour 
CT = Centre 
VT = Vanterm 
ST = Sterling 
CV = Chevron 
CP = Cates  Park 
BR = Boulder  Rock 
PM = Port  Moody  (Trawls 1 and 2) 

M = May 1985 
0 = October 1985 
J = January 1986 
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FIGURE  4A  TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE 
(Parophyrys v e t u l u s )  MUSCLE,  LIVER,  AND  GILL 
TISSUE - VANCOUVER  HARBOUR  (1985-1986) - ALUMINUM 
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FIGURE 4 8  TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE 
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FIGURE  4C  TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE 
(Parphyrys vetulus) MUSCLE,  LIVER,  AND  GILL 
TISSUE - VANCOUVER  HARBOUR (1985-1986) - CADMIUM 
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FIGURE  4D  TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE 
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FIGURE  4E  TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE - 
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FIGURE  4F  TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE 
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FIGURE  4G  TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE 
(Parophyrys vetulus) MUSCLE,  LIVER,  AND  GILL 
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FIGURE 4H TRACE  METAL  CONCENTRATIONS  IN  ENGLISH  SOLE 
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APPEUDIX I 

COORDINATES AND DEPTES FOR OTTER TRAWL SURVEYS 

IN VANCOWER HARBOUR 

(1985 - 1986) 
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AppgwIl[ I - COORDINATES AND DEPTHS  FOR  0"ER TRAWL SURVEYS IN VANCOWER HARBOUR (1985-1986) 

START FINISH 
SURVEY 

DATE  STATION  DEPTH  LATITUDE  LONGITUDE  DEPTH  LATITUDE  LONGITUDE 

MAY 1985 

OCTOBER 
1985 

JANUARY 
1986 

PEI 
BURRARD Y A R R W  

COAL HARBOUR 

STERLING 
CHEVRON 
CATES PARK 
BOULDER ROCK 

PORT MOODY 

PEI 
BURRARD YARROWS 

COAL HARBOUR 

STERLING 
PORT MOODY 

PEI 
BURRARD YARROWS 

COAL HARBOm 
CENTRE 
PORT MOODY 
IOCO 

62 
18 

26 
33 
37 
33 
26 
15 

68 
23 
20 
24 
15 

66 
27 
21 
31 
14 
13 

123O13.65'W 
123OO3.92'W 

123OO5.82'W 
123OO3.51'W 
123°00.75'W 
122O55.17'W 
122O56.79*W 
122O53.42'W 

123O14.29'W 
123OO4.50'W 
123OO5.87'W 
123°04.051W 
122O53 45'W 

123O14.39'W 
123OO5.26'W 
123°06.10'W 
123OO4.67'W 
122O53.68'W 
122O53.61'W 

37 49O19.2O'N 
22  49O18.23'N 

13  49O17.59'N 
26  49O18.18'N 
37 49°17.80'N 
26  49O17.85'N 
33 49°18.31'N 
15 49O17.55'N 

55 49O19.78'N 
24 49O18.18'N 
13 49O17.52'N 
32  49O17.74'N 
16  49O17.55'N 

56  49O19.75'N 
25  49O18.25'N 
12 49O17.53'N 
36 49O18.16'N 
17 49O17.52IN 
10 4g017.94*N 

123O12.88'W 
123OO4.23'W 

123OO6.68'W 
123004.20'W 
123O59.4O'W 
122O57.35'W 
122O56.26'W 
122O54.18'W 

123O13.55'W 
123°04.771W 
123OO6.64'W 
123OO3.39'W 
122O54.2O'W 

123O13.67'W 
123OO4.47'W 
123°06.76'W 
123°05.40'W 
122O54.45'W 
122O52.9O'W 
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APPENDIX  I1 

TISSUE  TRACE HETAL CONCENTRATIONS - RAW DATA 

VANCOUVER HARBOUR ( 1985-1986) 

A. HAY 1985 

B. OCTOBER 1985 

C. JANUARY 1986 
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APPENDIX I11 

TISSUE  TRACE mTAL CONCENTRATIONS 

DESCRIPTIVE STATISTICS 

VANCOUVER HARBOUR 

A. MAY 1985 

B.  OCTOBER 1985 

C. JANUARY 1986 
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APPENDIX I V  

TRACE  IU3TAL  CONCENTRATIONS OF STANDARD  REFERENCE  HATERIALS 

(BOVINE LIVER AND TORT-1, LOBSTER  HEPATOPANCREAS) AND 

PERCENT  RECOVERY  BY EP LABORATORY  FOR  EACH SET OF SAMPLES 

A. HAY 1985 

B. OCTOBER 1985 

C. JANUARY 1986 
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1.0 INTRODUCTION 

In May  of 1985, Environment  Canada  began  a  series  of  field  surveys 
to  determine  the  benthic  environmental  quality  in  Vancouver  Harbour.  Surface 
bottom  sediments  were  analyzed  for  trace  metals;  particle size,  residues,  and 
bacteria  content;  and  selected  organic  compounds,  including  polycyclic 
aromatic  hydrocarbons  (PAH)  (Thomas & Goyette,  1989a,  1989e,  and  1989c, 
respectively).  Epibenthic  invertebrates  and  fish  were  sampled  by  otter  trawl 
to  estimate  their  abundance  and  distribution  in  the  harbour  (Goyette  and 
Thomas, 1987). Tissues  of  selected  organisms  were  analyzed  for  trace  metals 
(Thomas  and  Goyette,  1989b).  Liver  tissue  and  epidermal  abnormalities  in 
flatfish  were  also  examined  (Goyette  et  al., 1988). 

Since  PAH  have  been  found  in  sediment  samples  from  a  number  of  areas 
in  Vancouver  Harbour  (Thomas  and  Goyette,  1989c),  the  current  study  proposed 
to  investigate  the  PAH  concentrations  in  the  tissue  of  two  resident  species, 
English  sole  (Parphyrys  vetulus)  and  Dungeness  crab  (Cancer  magister).  Many 
PAH,  generally  the  high  molecular  weight  compounds,  are  known  or  suspected 
carcinogens  (National  Academy of Sciences, 1972). Those  associated  with 
bottom  sediments  have  been  linked  to  cellular  abnormalities  in  liver  tissue 
and  other  hepatic  lesions  in  flatfish  inhabiting  urban  areas,  such  as  Puget 
Sound (Malins et al., 1984). 

PAH  are  highly  soluble  in  lipids  and  tend  to  accumulate  in  fatty 
tissue.  Some  fauna,  such  as  fish  are  capable  of  converting  PAH  compounds  to 
metabolites  which  can  escape  detection  by  conventional  PAH  analysis.  Others 
lack  the  ability  to  metabolize  PAH  and  as  a  result  can  accumulate  PAH  in  the 
tissues,  particularly  species  having  a  high  fat  content.  Although it was 
considered  unlikely  that  PAH  would  be  found  in  the  fish  tissue  using  routine 
gas  chromatograph/mass  spectrophotometer  (GC/MS)  analysis,  liver  and  muscle 
samples  of  English  Sole  were  analyzed  for  confirmation. In the  crab  samples, 
muscle  and  hepatopancreas  tissues  were  examined,  the  latter  being  most  likely 
to  accumulate  PAH  because  of  its  high  fat  content. 
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2.0 WIZRIALS AND WETHODS 

2.1 Study  Area 

Tissue  samples  for  PAH  analysis  were  collected  in  January  and 
September, 1986 from  six  sampling  stations  in  Vancouver  Harbour  as  follows: 

OUTER  HARBOUR - Pacific  Environment  Institute  (PEI) 

INNER  HARBOUR - Coal  Harbour  (CH) 
- Sterling  (ST)  (September  only) 
- Burrard  Yarrows  (BY)  (January  only) 

EASTERN  HARBOUR - Port  Moody  (PM)(January  only) 
- Ioco (ICO) 

Station  locations  are  shown  in  Figure 1. Coordinates  and  depths  are  provided 
in  Appendix I. 

2.2 Field  Collection 

Tissue  samples  were  collected by  fishing  a  small  otter  trawl  with  a 
3 .8  cm  mesh  net  and  a 5.8 m throat  from  the  survey  vessel, C . S . S .  Vector. 
The trawl  was  towed  for  a  distance  of  approximately 0.9 km at  a  speed  of 1.5 
knots.  Trawl  catches  were  sorted  and  enumerated by species,  and  lengths  and 
weights  recorded  (refer  to  Goyette  and Thomas, 1987). Fish  were  held  in  live 
tanks  and  tissue  samples  were  taken  immediately  after  each  trawl  using  heat 
treated  stainless  steel  scalpels  and  forceps.  Samples  were  frozen 
individually  in  heat  treated  aluminum  foil  until  analyzed.  Tissue  samples 
were as follows: 

English  sole:  liver  (whole);  dorsal  muscle  (with  skin  and  bone 
removed ) . 

Crab:  leg  and  claw  muscle;  hepatopancreas  (composites  of  two) 
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2.3 Laboratory Analysis 

Eleven  tissue  samples  from  the  January  1986  survey  and 44 samples 
from  the  September  1986  survey  were  sent  to  external  laboratories  for 
analysis. The  January  samples  were  analyzed  by  a  different  laboratory  than 
those  in  September. 

The  January  1986  samples  were  digested  with  ethanolic  KOH  and 
extracted  with  hexane.  Extract  aliquots  of 40 p1  (equivalent  to  1  gram  of 
fish  tissue)  were  injected  into  a  Waters  high  pressure  liquid  chromatography 
(HPLC)  system  equipped  with  a  fluorescence  detector  and  a  WISP  automatic 
sampler.  The  PAH  compounds  were  eluted  through  a  gradient  of  acetonitrile 
and  water on the  chromatographic  column. 

The  September  1986  samples  were  extracted,  fractionated  using 
adsorption  techniques,  and  analyzed  by  gas  chromatographic/mass  selection 
detection  (GC/MSD).  Selection  ion  monitoring  (SIM)  was  employed  to  increase 
sensitivity  and  selectivity.  This  was  necessary  to  achieve  maximum  detection 
limits  for  small  quantities  of  tissue (1 to 10 grams). 

Two  blind  splits  from  the  January  samples  and 9 from  the  September 
survey  were  included  with  the  test  samples  to  check  quality  control  of  the 
external  laboratories. In  addition,  the  laboratories  perform  internal  lab 
duplicates  for  verification.  For  the  January  samples,  one  internal  lab 
duplicate (A & B) was  analysed.  For  the  September  samples,  internal  quality 
control  was  maintained  using  method  blanks  and  analyzing  internal  duplicates 
(A & B), which  were  chosen  independently  by  the  laboratory.  In  addition, 
each  sample  was  spiked  with 3 surrogate  PAH  compounds  (naphthalene-d8, 
acenaphthene-dl0,  and  2-fluorbiphenyl)  and  quality  control  accuracy  data  were 
produced  for  each  surrogate  compound  as  follows: 
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Compound Mean Standard Relative 
Standard Recovery Deviation Deviation 

Naphthalene-d8 41.6%  11.7%  28% 

Acenaphthene-dl0 61.5%  11.8%  19.3% 

2-Fluorbiphenyl 53.5% 8.7% 16.3% 

Median  detection  limits  for  the  January  1986  samples  were  reported 
between  .001  pg/g  and .060 pg/g.  A  general  detection  limit of 0.01 pg/g  was 
reported for each  target PAH compound  found  in  the  September  samples  using 1 
to 10 grams of tissue  and 500 pl  final  volume. In both  cases,  amounts  less 
than  the  detection  limits  but  present  in  the  sample,  were  reported  as  "trace" 
concentrations. 
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3.0 RESULTS 

Tissue  PAH  levels of Dungeness  crab  and  English  sole  sampled  are 
provided  in  Tables 1 and 2, including  the  results  from  blind  splits  and  any 
internal  laboratory  duplicates  that  were  analyzed  for  quality  control. 

PAH  compounds  were  detected  in  all  but  one  tissue  sample  collected 
in  January  1986.  However,  this  data  is  questionable  because  agreement 
between  blind  split  replicates  was  poor. In crab  hepatopancreas  tissue, 
concentrations  were  highest  at  Port  Moody,  with  0.830  pg/g  phenanthrene  and 
0.325 pg/g  fluoranthene  reported  by  the  laboratory.  Concentrations  were 
lower in English  sole  liver,  with  the  highest  concentrations,  0.037  pg/g 
phenanthrene  and 0.074 pg/g  fluoranthene,  detected  at  the PEI station. 
English  sole  muscle  PAH  concentrations  were  either  trace  or  not  detected. 

PAH compounds  were  not  detected  in  English  sole  liver or muscle 
tissue  in  September  1986.  Higher  levels  were  detected  in  crab  hepatopancreas 
tissues  than  in  crab  muscle  tissues. The maximum  levels  for  September  1986 
were  detected  in a sample of hepatopancreas  tissue  from  Coal  Harbour,  with 
0.17  pg/g  anthracene/phenanthrene  and  0.16  pg/g  fluoranthene. 
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1. As  in 1986,  idiopathic  liver  lesions  (nonparasitic,  noninfectious)  were 
observed  in  English  sole  (Parophrys  vetulus)  collected  from  Vancouver 
Harbour.  They  were  absent  in  the  same  species  sampled  from a relatively 
undisturbed  coastal  reference  site,  Loughborough  Inlet. 

2. The  types  of  idiopathic  liver  lesions  observed  included:  nonspecific 
necrosis;  megalocytic  hepatosis,  a  specific  degenerative  condition; 
hepatocellular  steatosis  and  hemosiderosis,  intracytoplasmic  storage 
disorders;  foci  of  cellular  alteration  (clear  cell,  eosinophilic,  and 
basophilic  foci),  preneoplastic  lesions;  hepatocellular  carcinoma  and 
liver  cell  adenoma,  neoplasms;  and  cholangiofibrosis,  a  nonneoplastic 
proliferative  condition. 

3 .  Compared  with  the  previous  year,  there  was  an  increase  in  the  types  of 
idiopathic liver lesions observed in English  sole. In addition  to  the 
lesions  reported  in  the  1986  study,  hepatocellular  hemosiderosis, 
hepatocellular  carcinoma,  and  cholangiofibrosis  were  detected  in  1987. 
Modifications  to  the  histochemical  staining  procedure  and  an  increase  in 
the  sample size may,  in  part,  have  contributed  to  the  increase  in  lesions 
in  the  second  year. 

4 .  As  in  the  previous study, the  prevalence of idiopathic  liver  lesions  was 
dependent  on  sampling  location.  The  highest  prevalence  of  preneoplasms 
and  neoplasms (75.0%) was  again  found  at  the  Ioco  station  in  Port  Moody 
Arm.  This  percentage  was  significantly  higher  than  those  at  the  other 
sampling  stations  in  Vancouver  Harbour.  Noteably,  the  water  in  the  inlet 
is poorly  circulated  and  elevated  hydrocarbon  (including  polycyclic 
aromatic  hydrocarbons)  and  certain  trace  metal  levels  have  been  observed. 
Moderate  idiopathic  lesion  prevalences  of  35.0%  and  26.3%  were  found  in 
liver  specimens  collected  closer  to  the  mouth  of  Port  Moody  Arm  (Port 
Moody  station)  and  in  the  inner  harbour  (Centre  station),  respectively. 
Only 5% occurred  in  the  outer  harbour  (Pacific  Environment  Institute 
stat ion). 

5.  Idiopathic  liver  lesions  found  in  Vancouver  Harbour  English  sole  resemble 
the  types  and  freqencies  of  those  observed  in  the  same  species  from  Eagle 
Harbour,  an  urban  industrial  area  in  Puget  Sound,  Washington. 

6. The  present  study  substantiates  the  results  of  the  previous ,1986 study, 
reaffirming  the  potential  value  of  histopathological  analysis  in  assessing 
the  effects  from  anthropogenic  chemicals  exposure  in  Vancouver  Harbour. 
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1.0 INTRODUCTION 

Studies  in  Puget  Sound  have  shown  a  positive  link  (by  association) 
between  histopathological  conditions  in  demersal  fish  and  xenobiotic  chemicals 
found  in  sediments  near  urban  and  industrial  centres  (Myers  et  al., 1987; 
Malins  and Hodgins, 1984; Malins  et  al., 1984). In particular,  high  lesion 
prevalences  have  been  observed  in  the  livers  of  flatfish  from  areas  receiving 
industrial  effluent. 

Histopathological  analyses  of  flatfish  collected  from  Vancouver 
Harbour  in 1986, primarily  English  sole  (Parophrys  vetulus),  revealed  that  the 
prevalence  of  idiopathic  liver  lesions  (noninfectious,  nonparasitic)  was 
strongly  dependent  on  location  of  capture  (Brand, 1987; Goyette et  al., 1988). 
Fish  caught  in  Port  Moody  Arm  showed  the  highest  prevalence  of one or  more 
types  of  preneoplastic  and  neoplastic  liver  lesions. There  were moderate 
prevalences  along  the  north  and  south  shores  of  the  inner  harbour  while  lower 
prevalences  occurred  in  the  centre  of  the  channel. The station  along  the  West 
Vancouver  shore  also  showed  a  relatively  low  prevalence  of  liver  lesions. 

The current  study  was  undertaken  in 1987 to  confirm  the  findings  of 
the original  study  of 1986 (Goyette  et  al., 1988). English  sole  remained  the 
target  species  due to  their  relative abundance and  sensitivity  to  idiopathic 
liver lesion development (Myers et  al., 1987). In  addition to Vancouver 

Harbour, Loughborough  Inlet  was  included  in  the  study as a  reference  site 
(Figure 1). It is  a  coastal  fjord,  located  north  along  B.C.  coast  between 
Knight  and  Bute  inlets,  relatively  undisturbed  by  human  activites.  Four  of 
the seven  Vancouver  Harbour  stations  surveyed  in 1986 were  reassessed:  Pacific 
Environment  Institute  station  in  the  outer  harbour;  Centre  station  in  the 
inner  harbour;  and  Port  Moody  and Ioco  stations  in  Port  Moody  Arm  (Figure 2) .  

The outer  harbour  is  influenced by  the  Fraser River,  Howe  Sound, and  the 
outflow  from  Vancouver  Harbour  while  Port  Moody  Arm  is  characterized by  poor 
water  circulation. It should  be  noted  that  station  names  were  selected by 
location and do  not  imply  a  principal  source of chemical  pollution  or  cause  of 
idiopathic  liver  lesions. 
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2.0 MATERIALS AND METHODS 

2.1 Sample  Collection 

Using  the  research  vessel, C . S . S .  Vector,  as  a  sampling  platform, 
English  sole  were  collected by  otter  trawl  from  Loughborough  Inlet  and 
Vancouver  Harbour on July 9,  1987 and  October 27-30,  1987, respectively.  The 
net  was  a 3.8 cm  mesh  with  a 5.8 m throat.  Trawls  were  towed  with  a 2.5 : l  

scope  (wire  1ength:depth)  at  approximately 1.5 knots  for  an  average  distance 
of 0.5 nautical  miles,  as  determined by radar  bearings.  Fish  specimens  were 
held  in  live  tanks  with  running  seawater  for  a  maximum  of  one  hour  prior  to 
dissection.  Total  fork  length  was  measured  and  the  livers  were  excised  and 
fixed  in 10% buffered  formalin.  Fixed  tissues  were  shipped  to  Victoria  for 
histopathological  analysis. 

2.2 Histological  Preparation 

While  in  the  fixative,  tissue  samples  were  excised  from  the  central 
portion  of  the  liver  along  the  longitudinal  axis  to  include  the  anterior  and 
posterior  lobes.  Each  liver  sample  was  divided  into  two  equal  parts  to  permit 
proper  penetration  of  histological  solutions,  and  histological  sectioning  of 
representative  areas  of  the  liver.  Following  fixation,  tissues  were  washed  in 
water,  dehydrated  in  ethanols,  cleared  in  xylene,  and  embedded  in  paraffin 
(Paraplast).  Skip  serial  sections (7  pm) were  cut  using  a  Sorval JB4 porter- 
blum  microtome  and  stainless  steel  knives.  Slides  were  stained  by  Delafield's 
haematoxylin  and  eosin  (HdE)  for  general  histology,  Periodic  Acid  Shiff  (PAS) 
for  glycoproteins  and  mucopolysaccharides  (Humason, 1979) ,  and  Perls'  method 
(Prussian  blue)  for  ferric  iron  (Pearce, 1972) .  Liver  abnormalities  were 
classified  using  nomenclature  consistent  with  Myers  et  al. (1987) and 
documented  on  light  micrographs  from  a  Zeiss  ultraphot  microscope  on  t-max 100 

black  and  white  film. To eliminate  bias,  sources  of  samples  were  unknown to 
the  histologist  during  the  analysis. 
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3.0 ReSULTS AND DISCUSSION 

3.1 Histopathology 

Histopathological  observations  (gross  morphology,  histopathology  and 
parasites)  of  English  sole  livers  and  corresponding  fork  lengths  of  the  fish 
are  given  in  Appendix I. 

3.1.1 Normal  Liver  Structure 

The  number of English  sole  with  normal  liver  tissue  varied  among  the 
sampling  sites  (Appendix I). A  light  micrograph of normal  liver  tissue  is 
presented  in  Plate 1. Lesions  and  granulomas  were  present  within  normal  liver 
tissue  due  to  parasitic  infections  by  Myxidium  (Plate Z) ,  nematodes  (Plate 3 ) ,  

and  helminths  (Plate 4 ) .  The  degree  of  cellular  vacuolation  varied  among 
samples  as did the  tinctorial  characteristics  of  the  hepatocellular  cytoplasm. 
For  descriptive  details of normal  English  sole  liver  structure  refer  Myers  et 
al. (1987) or  brief  descriptions  in  Brand (1987) and  Goyette  et  al. (1988). 

3.1.2 Idiopathic Liver  Lesions 

Using  the  classfication  adopted  by  Myers  et  al. (1987), the  idiopathic 
lesions  observed  in  Vancouver  Harbour  English  sole  were  as  follows: 

Nonspecific  necrotic  lesions  (Plate 5); 
Intracytoplasmic  storage  disorders - hepatocellular  steatosis  and 
hemosidersis  (Plates 6 & 7); 
Specific  degenerative  conditions - megalocytic  hepatosis  (Plate 8) 
Foci  of  cellular  alteration - clear  cell,  eosinophilic  and  basophilic 
foci  (Plates 9 - 12); 
Neoplasms - liver  cell  adenomas  and  hepatocellular  carcinomas  (Plates 
13 - 18); and 
Nonneoplastic  proliferative  conditions - cholangiofibrosis  (Plates 19 
and 20) 
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In  addition  to  the  lesions  found  in  the  1986  survey,  hepatocellular 
carcinomas,  hepatocellular  hemosiderosis,  and  cholangiofibrosis,  were  observed 
in 1987. The liver  lesion  types  common  to  both  studies  have  been  described  in 
the  previous  study  (Goyette  et  al.  1988). The  histological  and  histochemical 
descriptions  used  in  these  reports  were  taken  from  Myers  et  al.  (1987)  based 
on  studies  of  English  sole  in  Puget  Sound.  This  reference  should  be  referred 
for  specific  details.  The  three  lesions  types  additional  to  the  current  study 
have  been  described  as  follows. 

Hepatocellular  hemosiderosis  was  observed  in  fish  liver  samples  from 
all  stations,  including  the  reference  site  in  Loughborough  Inlet. It is  an 
intracytoplasmic  storage  disorder  characterized  by  an  excessive  accumulation 
of iron  within  the  hepatocytes  (Myers  et  al.,  1987).  This  condftion  was 
recognized  following  histochemical  treatment  for  iron  using  Prussian  blue 
(Plate 6). It may  have  been  present  in  the  1986  samples  but  the  sections  were 
not  treated  for  iron.  Myers  et  al.  (1987)  noted  a  weak  association  between 
hemosiderosis  and  the  preneoplastic  lesions,  eosinophilic  and  basophilic  foci, 
however  to  date  they  have  not  shown  this  disorder  has  not  been  experimentally 
induced  in  fish  by hepatocarcinogens-hepatotoxins. 

Hepatocellular  carcinoma  is  a  neoplastic  lesion  found  in  sole  well 
into  their  second  year  of  life  (Myers  et  al.,  1987).  Based  on  Myers  et  al. 
(1987), it was  distinguished  by  atypical  cellular  morphology  distinguished  by 
significant  compression  and  invasion  of  the  adjacent  tissue.  The  nodules 
display  irregular  borders  and  there  was  a  relative  absence  of  other  hepatic 
elements. The muralial  architecture  was  primarily  trabecular,  with  thickened 
cords  and  disorganized  muralial  patterns.  Cells  composing  these  neoplasms  were 
polygonal,  pleomorphic  and  anaplastic  17 & 18). Cytoplasmic  iron  was  reduced 
and  dense  PAS  positive  material  was  found  within  the  carcinomas. 

Hepatocellular  carcinoma  was  found  only  in  English  sole  collected  from 
the  Ioco  sampling  site. It was  not  observed  in  the  1986  samples.  An  increase 
number of large  size  class  sole  (mean  fork  length 33 cm),  more  liver  sections 
analyzed,  and  improved  histochemical  procedures  may  have  increased  the  chances 
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of  observing  this  lesion.  Intrahepatic  spread of hepatocellular  carcinoma  was 
evident by multiple  morphologically-identical  tumors  seen  in  a single English 
sole  liver. This spread  was  also  observed  in  samples  with  liver  cell 
adenomas. 

Cholangiofibrosis  was the  third  type of idiopathic  lesion  observed  in 
Vancouver  Harbour  English  sole  livers  for  the  first  time.  Its  presence  in  the 
1986 samples may  have  been  overlooked  due  to  the smaller  sample  size and  fewer 
liver  section  examined  but  this  is  only  speculation. It was  found  only  in  the 
Ioco  station  fish  which  showed  various  types  of  cellular  abnormalities. As 

described  in  Myers  et  al. (1987), cholangiofibrosis  is  distinguished by a 

proliferation  of  dilated  cystic  tubular  structures  resembling  bile ducts, 
often  with  numerous  papillary  regions  and  embedded  within  a  dense  fibrous 
encapsulating  stroma  (Plates 19 & 20). The tubular  lumina  often  contain  PAS 
positive  material.  Cholangiofibrosis  is  considered  to  be  a  nonneoplastic 
proliferative  lesion  due to  the  extent  of  associated  fibrosis  and  the  degree 
of  encapsulation  delimiting  growth,  and  not  involved  in  the  progression  toward 
neoplasia  (Myers  et  al., 1987). Although it has  not  been  experimentally 
induced  in  fish  by  xenobiotic  carcinogenic  chemicals, it has  in  rodents  (Myers 
et  al., 1987). 

3.2 Prevalences of Idiopathic  Liver  Lesions 

The number  of  idiopathic  lesion  types  found  in  English  sole  from 
Vancouver  Harbour  increased  between 1986 and 1987 (Table 1). Preneoplastic 
(clear cell, basophilic,  and  eosinophilic  foci)  and  neoplastic  (liver  cell 
adenomas and  hepatocellular  carcinomas)  lesions  were  the  only  idiopathic  types 
used  to calculate the  frequency  of  occurrence. The other  lesions  were  omitted 
due to  their  uncertain link to  xenobiotic  carcinogenic  chemical  exposure. 

The 1987 data  verified  that  prevalence  of  English  sole  with  neoplastic 
and  preneoplastic  liver  lesions  was  strongly  dependent  on  location  of  capture 
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TABLE 1 PREVALENCES OF PRENEOPLASTIC' AND NEOPLASTIC* LIVER~LESIONS  IN 
ENGLISH  SOLE FROM VANCOWER HARBOUR - 1987 and 1986 

STATION 1987 1986 
Number with Number with 
Neoplasms/  Neoplasms/ 

n  Preneoplasms X; n Preneoplasms X;  

Pacific  Environment 
Institute 20 
Centre  Channel 19 
Port  Moody 20 
Ioco 16 
Coal  Harbour - 
Burrard  Yarrows - 
Loughborough  Inlet 
(Reference  Site) - 5 

80 

1 
5 
7 

1 2  

0 
25 
- 

5.0  15  2  13.3 
26.3 12  2  8.3 
35.0 
75.0  17 10 58.8 
- 10 2 20.0 
- 10 3  30.0 

- - - 

Preneoplas  tic  lesions  (preneoplasms)  include  foci  of  cellular  alterations 
(clear  cell,  eosinophilic  and  basiophilic foci). 

Neoplastic  lesions  (neoplasms)  include  hepatocellular  carcinomas  and  liver 
cell  adenomas. 

Date  from  Goyette  et  al. (1988) 

(chi  square = 24.2, df = 4, P>O.OOl). The  Ioco  trawl  station  in  Port  Moody 
Arm had  the  highest  prevalence  with 75.0% of  the  fish  affected,  up  from 58,8% 

in 1986 (Table 1). The Port  Moody  station,  near  the  mouth  of  the  arm,  and 
Centre  station  in  the  inner  harbour,  followed  with  prevalences  of 35.0% and 
26.3%, respectively. The lowest  percentages (5.0% and 0%) were  observed  at 
the  Pacific  Environment  Institute  station  and  the  reference  site  (Loughborough 
Inlet),  respectively.  Of  the  total  number  of  sole  sampled  in  Vancouver 
Harbour, 33% (25 out of 75) were  affected by  either  preneoplastic  or 
neoplastic  lesions.  The  percentages  of  English  sole  with  normal  liver  tissue 
compared  to  the  occurrence  of  preneoplastic  and  neoplastic  lesions  are 
provided  by  station  in  Figure 3. 
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FIGURE 3 PREVALENCES OF PRENEOPLASTIC AND NEOPLASTIC LESIONS FOUND IN 
ENGLISH SOLE FROH VANCOUVER HARBOUR AND THE REFERENCE SITE, 
LOUGHBOROUGH INLET - 1987 

The frequency  of  individual  idiopathic  liver  lesions  (including 
neoplasms,  preneoplasms, and  megalocytic  hepatosis)  in  English  sole are 
compared  for  Vancouver  Harbour (1986 and 1987)  and Eagle  Harbour  (Puget 
Sound, WA)  in Table 2. The most  frequently  occurring  lesions  in  the  harbour 
in 1987 were  basophilic  foci (25.3%), eosinophilic  foci ( 2 4 . 0 % ) ,  and  liver 
cell  adenomas (14 .7%) .  Corresponding  Puget  Sound  values  were  reported  as 
26.5%, 30.5%,  and 18.5%, respectively  (Myers  et  al., 1 9 8 7 ) .  The numbers and 
co-occurances  of  liver  cell  adenomas,  eosinophilic  foci,  and  basophilic  foci 
were  higher  in  Ioco  compared  to  other  stations  (Appendix I). 
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TABLE 2 PERCENT PREQUENCY OF INDIVIDUAL PRENEOPLASTIC AND NEOPLASTIC 
LIVER LESIONS OCCURING IN ENGLISH SOLE FROM VANCOWER BARBOUR 
(1986 AND 1987) AND EAGLE HARBOUR (PUGET SOUND) INCLUDING NEOPLASHA, 
PRENEOPLASHS, AND HEGALOCYTIC  HEPATOSIS. 

PERCENT AFFECTED 
VANCOWER HARBOUR EAGLE HARBOUR2 
1987  1986l (PUGET SOUND) 

Neoplastic  Lesions 
Liver  Cell  Adenoma 14.7 
Hepatocellular  Carcinoma 4.0 

Preneoplastic  Lesions 
Clear  Cell  Foci 
Eosinophilic Foci 
Basophilic  Foci 

4.0 
25.3 
24.0 

Megalocytic  Hepatosis 1.3 

10.4 
0 

18.5 
15.2 

7.5 8.0 
7.5  30.5 

10.4  26.5 

1.9  53.6 

Data  taken  from  Goyette " et  al. (1988) 

Data  taken  from  Myers " et  al. (1987) 

The  one  considerable  difference  to  Eagle  Harbour  data  was  the  reduced 
number of English  sole  affected  by  megalocytic  hepatosis.  This  condition  was 
found  in  only 1.3% of  the  total  number  of  English  sole  collected  from 
Vancouver  Harbour  in  current  study  and 1.9% in  the  previous  year  compared  with 
the  more  than 50% of the  fish  sampled  in  Puget  Sound  (Table 2). Given  that 
other  idiopathic  lesion  frequencies  are  similar,  the  reason  for  this 
difference  is  unknown. In both  Vancouver  Harbour  surveys,  this  degenerative 
lesion  was  found  only  in  sole  collected  from  the  inner  harbour  which  may 
suggest  different  xenobiotic  chemicals  within  this  area.  Myers  et  al. (1987) 

had  shown  a  potential  association  between  megalocytic  hepatosis  and  putatively 
preneoplastic  foci  of  cellular  alteration  and  suggests  a  potential  utility  for 
this  lesion  as  an  early  indicator  of hepatocarcinogen-hepatoxin exposure. 
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Although  an  increased  sample  size  and  modifications  to  histological 
procedures  may  have  improved  the  original  study  design  in 1987, the  types  of 
idiopathic  liver  lesions  observed  in  Vancouver  Harbour  English  sole  for  the 
two  years  of  study  showed  similar  trends.  Consequently,  the 1987 survey 
substantiated  the  results  of  the 1986 study.  In  attempting t o  relate  the 
different  idiopathic  lesions  observed  in  English  sole,  Myers  et  al. (1987) 

stated  that  the  pattern of co-occurring  lesion  types  was  what  would  be 
expected  in  fish  continuously  exposed  to  various  hepatocarcinogens  and 
hepatotoxins  in  the  sediments  of  Eagle  Harbour.  Similar  investigations  would 
be  of  interest  in  Vancouver  Harbour. 
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PLATES 

ENGLISH SOLE LIVER  TISSUE  MICROGRAPHS 
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PLATE 1 

PLATE 2 

PLATE 3 

PLATE 4 

NO= LIVER  TISSUE - A section  of  normal  liver  tissue  showing 
hepatocytes (H), bile  duct  (BD),  blood sinus (bs), pancreatic 
acini (PA), and  melano-macrophage  centers (m-mc).  H&E.  Bar = 
500 pm. 

ZOOPARASITIC  INFECTION - Infection  of the  bile  ducts by  the 
sporozoan  Myxidium  sp. (M). Normal  hepatocytes (H)  surround 
the  infected  bile  duct.  H&E.  Bar = 500 wn. 

ZOOPARASITIC  INFECTION - An external  parasite (EP), most 
likely a  nematode  and  normal  hepatocytes (H) within the  liver 
tissue.  H&E.  Bar = 100 pm. 

ZOOPARASTIC  INFECTION - An  inflammatory  response  manifested by 
the  formation  of  a  granuloma (G) due t o  an  infection by an 
undetermined  type  of  helminth. H = hepatocellular  area  of the 
liver.  H&E.  Bar = 500 pm. 
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PLATE 5 

PLATE 6 

PLATE 7 

PLATE 8 

NONSPECIFIC  NECROTIC  LESION of  the  hepatocytes (NEC) along 
with  otherwise  normal  liver  hepatocytes (H) located  in  the 
upper  portion of this  micrograph.  H&E.  Bar = 50 pm. 

INTRACYTOPLASMIC  STORAGE  DISORDER - Section  of  normal  English 
sole  liver  with  hepatocellular  hemosiderosis  (hh)  seen  as 
black  granular  material  in  this  micrograph.  PA = pancreatic 
acini  and  arrowheads  point  to  melanomacrophage  centers. 
Prussion  blue.  Bar = 100 wn. 

INTRACYTOPLASMIC  STORAGE  DISORDER - Section of liver  tissue 
affected  with  hepatocellular  hemosiderosis.  Note  the  clear, 
spherical  vacuoles  within  the  hepatocytes.  m-mc = 
melanomacrophage  centers.  H&E.  Bar = 50 pm. 

SPECIFIC  DEGENERATIVE  CONDITION - Megalocytic  hepatosis, 
showing  enlarged  hepatocytes  with  enlarged  hyperchromatic 
nuclei.  Arrowheads  delineate  area  of  normal  sized  nuclei 
within  normal  hepatocytes.  PA = pancreatic  acini. H&E. 
Bar = 50 pm. 
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PLATE 9 FOCI OF CELLULAR  ALTERATION - Clear  cell foci (CCF).  H&E. 
Bar = 100 pm. 

PLATE 10 FOCI OF CELLULAR  ALTERATION - Eosinophilic foci (EF).  H&E. 
Bar = 100 urn. 

PLATE 11 FOCI OF CELLULAR  ALTERATION - Basophilic foci (BF). H&E. 
Bar = 100 urn. 

PLATE 12 FOCI OF CELLULAR  ALTERATION - Basophilic foci (BF).  H&E. 
Bar = 100 urn. 
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PLATE 13 LIVER CELL ADENOMA (LCA) - clear  cell type. Arrowheads 
delineate  borders of the adenoma. H&E. Bar = 500 pm. 

PLATE 14 LIVER CELL ADENOMA (LCA) - eosinophilic type. Arrowheads 
delineate  borders of the adenoma. H&E. Bar = 500 pm. 

PLATE 15 LIVER CELL ADENOMA (LCA) - basophilic type. Arrowheads 
delineate  borders of the  adenoma. H&E. Bar = 500pm. 

PLATE 16 LIVER CELL ADENOMA (LCA) - mixed type. Arrowheads  delineate 
border of adenoma. H&E. Bar = 500pm. 
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PLATE 17 HEPATOCELLULAR  CARCINOMA (HC).  H&E. Bar = 500 pm. 

PLATE 18 HEPATOCELLULAR  CARCINOMA - Higher magnification. H&E. 
Bar = 100 urn. 

PLATE 19 CHOLANGIOPIBROSIS (CF). H&E. Bar = 500 pm. 

PLATE 20 CHOLANGIOPIBROSIS - Higher magnification. H&E. 
Bar = 100 pm. 
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APPENDIX I GROSS MORPHOLOGY,  HISTOPATHOLOGY, AND PARASITIC  RESULTS OF 
ENGLISH  SOLE  LIVER  EXAMINATIONS 

Station: Loughborough  Inlet  (Reference Site) 

LENGTH GROSS  HISTOPATHOLOGY  PARASITE 
(cm> MORPHOLOGY 

33 normal normal M 

27 normal,  EP HH M,EP,G 

27 normal NEC M 

29 normal normal M 

20 normal, EP normal EP,G 

LEGEND: HH = hepatocellular  hemosiderosis 

EP = external parasite 
NEC = nonspecific necrosis 

G = granuloma 
M = myxidium  infection 
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APPENDIX I GROSS MORPHOLOGY,  HISTOPATHOLOGY, AND PARASITIC  RESULTS OF 
ENGLISH SOLE LIVER  EXAMINATIONS  (CONTINUED) 

Station:  Pacific  Environment  Institute  (PEI) 

LENGTH  GROSS  HISTOPATHOLOGY  PARASITE 
(cm)  MORPHOLOGY 

38  normal normal M 
36  mot t led NEC,  HH M 
36  normal normal M 
38  mottled NEC M 
41  normal normal M 
36  normal normal - 
35 normal normal M 
33 normal normal M 
32 normal normal M 
31 white  cyst normal M 
31  normal normal M 
33 normal normal M 
34 lesion NEC? BF M?G 
32 mottled normal M 
31 normal normal M 
31 normal normal M 
30 normal normal  M,EP 
31 normal normal - 
31 normal normal M?G 
29  normal normal - 

LEGEND: NEC = nonspecific  necrosis 
HH = hepatocellular  hemosiderosis 
BF = basophilic  foci 
M = myxidium  infection 
G = granuloma 
EP = external  parasite 
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APPENDIX  I GROSS MORPHOLOGY,  HISTOPATHOLOGY, AND PARASITIC  RESULTS OF 
ENGLISH SOLE LIVER EXAMINATIONS  (CONTINUED) 

Station: Ioco 

LENGTH  GROSS  HISTOPATHOLOGY  PARASITE 
(cm) MORPHOLOGY 

36 
31 
34 
32 
31 
35 
32 
33 
35 
36 
39 
32 
32 
33 
31 
33 

normal 
normal 

blood spot 
normal 
lesions 
lesions 
lesions 
normal 
lesions 
lesions 
lesions 
lesions 
lesions 
lesions 
lesions 
lesions 

NEC 
NEC,EF,BF 
NEC,EF,BF,CF 

EF, BF 
BF 
CF 

CCF,EF,BF,LCA,HC 
NEC,EF,BF 
NEC, EF , CF 

NEC 
BF, LCA,  HC 

NEC,HS,EF,BF,LCA 
HS,EF,CF 

CCF,EF,BF,LCA,HC 
HH 

HH,EF,BF 

LEGEND: NEC = nonspecific  necrosis 
EF = eosinophilic foci 
BF = basophilic foci 
CF = cholangiofibrosis 
CCF = clear  cell foci 
LCA = liver cell  adenoma 
HC = hepatocellular  carcinoma 
HS = hepatocellular  steatosis 
HH = hepatocellular  hemosiderosis 
M = myxidium infection 
G = granuloma 
0 = oocyte-like body. 
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APPENDIX I GROSS MORPHOLOGY,  HISTOPATHOLOGY, AND PARASITIC RESULTS OF 
ENGLISB SOLE LIVER EXAMINATIONS (CONTINUED)' 

Station: Port Moody 

LENGTH GROSS  HISTOPATHOLOGY  PARASITE 
(cm) MORPHOLOGY 

30 
29 
32 
33 
38 
31 
30 
31  
34 
34  
32 
33 
32 
32 
30 
30 
29 
28 
28 
28 

EP,mottled 
mottled,  lesion 
mottled,  lesion 
mottled,  lesion 
mottled,  lesion 
mottled,  lesion 

EP 
lesion 

lesion 
normal 
EP 

lesion 
EP 

white  cyst 
mottled 
normal 
EP 

mottled 
mot t led 

white  cyst 

NEC, BF 
EF, BF, LCA 
EF, BF, LCA 

HH 
HH 
NEC 
nor  mal 
normal 
normal 
HH 

normal 
normal 
EF , BF, LCA 

CCF,EF,BF,LCA 
EF,  BF, LCA 
normal 
normal 
normal 
NEC, EF 
normal 

M,EP 
M 

M,G 
M,EP,G 

EP 
G 

M,G 

M 

M 
EP 

- 

- 

- 

- 

M,G 

G 
EP,G 

M, EP 

- 

- 

LEGEND: EP = external  parasite 
NEC = nonspecifice  necrosis 
BF = basophilic  foci 
EF = eosinophilic  foci 
LCA = liver  cell  adenoma 
HH = hepatocellular  hemosiderosis 
CCF = clear  cell  foci 

M = myxidium  infection 
G = granuloma 
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APPENDIX I  GROSS  MORPHOLOGY,  HISTOPATHOLOGY, AND PARASITIC  RESULTS OF 
ENGLISH SOLE LIVE3  EXAMINATIONS 

Station:  Centre 

LENGTH GROSS  HISTOPATHOLOGY  PARASITE 
(em)  MORPHOLOGY 

29 normal  normal - 
30 normal  normal M 
28 normal  normal 
28 
26 mottled  normal - 
26 lesion  normal  M,EP,G 
25 white  cyst  NEC,EF,BF,LCA  M,EP 
25 white  cyst  normal  M,G 
25 normal EF - 
24 mot t led  EF M,EP,G 
3 2  lesion  LCA  G 
28 normal  normal M 
29 mottled  normal M 
26 normal  normal  G 
25 normal MH , REG M 
25 EP normal  M,EP 
25 mottled NEC, BF  M,G 
25 normal  NEC M 
26 EP  HH  EP 

- 
mot  tled normal M,G 

LEGEND: EP = external  parasite 

EF = eosinophilic  foci 
BF = basophilic  foci 
LCA = liver  cell  adenoma 
MH = megalocytic  hepatosis 
REG = hepatocellular  regeneration 
HH = hepatocellular  hemosiderosis 

NEC = nonspecific  necrosis 

M = myxidium  infection 
G= granuloma 
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