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ABSTRACT 

Between July 1980 and April 1984 six benthic sediment chemistry 
studies and three benthic fauna studies were  conducted i n  the vicini ty  of 
the P o i n t  Grey Spoil  Area i n  Georgia Strait,  British Columbia. The studies 
were conducted by Environmental Protection  Service, Environment Canada 
w h i c h  administers the Ocean Dumping Control Act of Canada. The purpose of 
the studies was t o  determine trace metal accumulation i n  benthic sediments 
and fauna resulting from dumping dredge spoils and excavation material 
originating from the British Columbia lower mainland. 



R ~ S U M ~  R 

Entre juil  l e t  1980 et  avril 1984, six etudes des  sediments 
benthiques et   trois etudes de l a  faune  benthique furent  entreprises 2 
proximi te de 1 'Aire de Deb1 ais de Po in t  Grey  dans 1 e  detroi t de Georgia, en 
Colombie Bri tannique. Les 6tudes furent  entreprises par l e  Service de 
Protection de 1 'Environnement,  Environnement Canada. Ce service administre 
l a  l o i  sur 1 'immersion  des dechets en  mer du Canada. Le b u t  de ces  etudes 
f u t  de determiner 1 'accumulation des metaux traces dans les sediments e t  l a  
faune benthique, rgsultant des  deversements dedechets de draguage e t  
materiaux d'excavation provenant de l a  partie  continentale  inferieure de l a  
Colombie Britannique. Ce rapport  pr6sente les  r6sultats de ces 6tudes. 
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SUMMARY 

The Po in t  Grey  Ocean Dump Site has  been utilized  for the disposal 
of wastes for many years. Since the Ocean Dumping Control Act was pro- 
claimed in 1975 approximately 2,000,000 cubic metres of regulated dredge 
spoil has been deposited a t  the si te.  

The analysis of sediments dur ing  the present study period d i d  not 
indicate a trend i n  trace metal concentrations. Occasional elevated 
levels, of cadmium in  particular, a t  certain stations were no t  
substantiated on subsequent surveys. These  anomalies may be  due t o  the 
heterogeneity of sediments a t  the dump s i te ,  changes i n  analytical  
procedures, contamination o f  samples after  collection or a combination o f  
these  variables. I t  i s  recommended t h a t  cadmium levels a t  the dump s i te  
continue t o  be closely  scrutinized and t h a t  more sensitive analytical 
procedures be  used t o  re1 iab ly  quantify this  trace metal a t  low levels. 

Bioaccumulation was not  evident i n  the benthic epifauna and 
infauna species  collected. Trace  metal concentrations i n  these  species 
were generally w i t h i n  the ranges identified previously for the coast of 
Bri ti  sh Col umbi a. 

Submersible dive observations substantiated  earlier  findings 
(Packman 1980) t h a t  more dumping had taken place i n  the northeast quadrant 
of the dump site.  Qualitative observations made dur ing  the dives suggested 
t h a t  areas  characterized by much  dumped material were inhabited by reduced 
numbers of benthic epifauna. A decrease i n  burrowing ac t iv i ty  (craters) i n  
these  areas suggested t h a t  infaunal communities may a1 so be depressed. 
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1.0 INTRODUCTION 

Routine  monitoring and assessment of the impacts of ocean dumping 
activities a t  designated ocean  dumpsites i s  carried o u t  by the 
Environmental Protection  Service (E.P.S.). This work i s  intended t o  
identify  large  scale impacts on the marine  environment or  trends i n  the 
chemical  composition o f  sediments a t  the dumpsite. Studies of a more 
detailed  nature  are supported by the National Ocean Dumping Control Act 
Research Fund and are designed t o  define  the long-term  environmental i m p l i -  
cations of disposing certain substances. 

E.P.S. ' s  surveys  conducted i n  July 1980, March 1982, November 
1982, September 1983, November 1983, and April 1984 are reported here. 
Previous studies conducted i n  1975/76 and 1978 are reported i n  Packman 
1980. 

The authors would like t o  emphasize t h a t  many improvements  have 
been  made t o  analytical  procedures for  trace metal determinations since  the 
i n i t i a l  study a t  Point Grey (Packman 1980) and more particularly during the 
las t  couple of years. I t  i s  recommended t h a t  the da ta  presented i n  this 
report be  viewed in t h a t  context. Also for this reason, trace metal da ta  
from Packman 1980 are not presented for comparative  purposes. 

1.1 Study Area 
The Point Grey  ocean dumpsite (Figure 1) i s  located approximately 

7.4 km west of P o i n t  Grey i n  the S t r a i t  of Georgia. 
The designated dumpsi te  is  del ineated by a circular boundary w i t h  

a 1 nautical mile (1.85 km) radius, centered a t  4g015.45'N,  123"22.10iW, i n  
the S t r a i t  of Georgia. Water depths a t  this s i te  vary from 210-275 metres, 
w i t h  an average of approximately 250 metres. The study area extends 2 
nautical miles (3.7 km) beyond the dumpsite  boundary (Packman 1980) 
(Figure 2 ) .  

A summary of the type and quantity of material dumped a t  Point 
Grey since  the institution of the Ocean Dumping Control Act is contained 
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i n  Appendix I .  Estimates o f  t o t a l  volumes disposed of a t   P o i n t  Grey for 
each year  are: 

1976 - 183,400 m3 
1977 - 770,000 m3 
1978 - 78,000 m3 
1979 - 166,400 m3 

Total Volume: 2,094,750 m3 

1980 - 200,350 m3 
1981 - 240,000 m3 

1982 - 306,600 m3 
1983 - 150,000 m3 
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2.0 METHODS AND MATERIALS 

2.1 Benthic Sampl i n9  

2.1.1 F i e l d  Procedures - Core and  Grab  Sampling.  Sediment cores 
were obtained i n   J u l y  1980, March 1982, and A p r i l  1984 using a BENTHOS 

Gravity  Corer.  Intact  cores were extruded  into a p las t i c   t rough and 
measured. Samples were  removed from  selected  depths  (0-10 cm., 30-40 cm., 
and 60-70 cm. ) t o   p l a s t i c  bags  and f rozen  pr ior   to   t race  meta l   analys is .  
I n   a l l   o t h e r  surveys,  a 0.1 m2 SMITH McINTYRE Grab  Sampler was used t o  
sample sediments.  Representative samples  were  removed from each  grab t o  a 
p l a s t i c  and/or  paper  bag and f rozen  p r io r   to   t race   meta l   ana lys is .  

2.1.2 F i e l d  Procedures - Benthic  Trawls.  Benthic  trawls were 
conducted a t   s e l e c t e d   l o c a t i o n s   a t  and near  the  Point Grey dumpsite 
(Figures 3  and 4). The t raw l ing  gear cons is ted   o f  an o t t e r   t r a w l   w i t h  
3.8 cm mesh body  and  a 5.8 metre  throat. The t rawl  was 1  owered t o   t h e  
bottom  with a  3 t o  1 scope ( three  t imes  the amount o f   w i r e  as the  depth a t  
the   t rawl   loca t ion)  and  towed  on the  bot tom  for  1.0 naut ica l   m i le .   A f te r  
each  tow, the  contents were washed, sorted and ident i f ied .   Se lec ted   t i ssue 
samples  were  removed f o r   t r a c e  metal  analysis;  the  remaining  animals were 
returned t o  the sea. 

2.1.3 Analy t i ca l  Procedures. Analyt ical   procedures  for   t race 
metals i n  sediments and t issues  are  g iven i n  Appendix IV, IVa, & V. The 
analyses were performed  by  the  Environmental  Protection  Service - 
Department o f   F i she r ies  and Oceans Laboratory  Services i n  West Vancouver. 
The procedure f o r  sediments was m o d i f i e d   i n  1983  as noted i n   t h e  
Appendices. Cer t i f i ed   re fe rence  sediments were included  during  the  analy- 
s i s   o f  sediment samples from September  and November  1983, and from  Apr i l ,  
1984. A complete heavy metal scan was conducted on each  sample. Resu.lts 
f o r  cadmium (Cd) , mercury  (Hg) , lead (Pb) , copper  (Cu) and zinc  (Zn)  are 
tabu1  ated. 
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2.1.4 PISCES I V  Submersible  Dives. Pisces I V  submersible  dives 
were conducted i n  November 1983. Dive  t racks  (Figure 5 )  were selected on 
the  bas is   o f   resul ts   o f   sediment   sampl ing and previous  dive  surveys.  Diver 
observations  recorded on tape and transcr ibed  are  presented i n  Appendix 11. 
A photographic  record  of  each d i ve  was recorded on 70 mn film. 
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3.0 RESULTS AND DISCUSSION 

3.1 Trace  Metals i n  Sediments 

Y 

I 

The trace metal analysis  results  are presented i n  Tables 1 t o  6 
and are expressed i n  ug/g, dry weight. 

Trace  metal concentrations i n  sediments d i d  not show any trend 
over the study period (1980 - 1984). Data presented herein suggests t h a t  
ocean dumping activities a t  the P o i n t  Grey  dumpsite  have not  significantly 
elevated trace metal levels i n  the sediments. The trace metals mercury and 
cadmium listed i n  Schedule I of the Ocean Dumping Control Act ( i  .e: prohi-  
b i  ted substances)  are of prime  concern i n  the marine  environment. Mercury 
levels in sediments collected  since 1980 were not detected above 
0.75 mg/kg, the ODCA regulated limit. The regulated limit o f  0.6 mg/kg for 
cadmium was  exceeded i n  some samples;  however, the results  are  quite 
variable and the analytical technique (Inductively Coupled Argon Plasma 
exitation source coupled t o  an Optical Emission Spectrophotometer, or 
"ICAP") cannot reliably quantify cadmium a t  the lower concentrations  i.e.: 
around 0.6 mg/kg. Also, i n  the case of cadmium, environmental concentra- 
tions may exceed the  regulated 1 imi t naturally and Canada has chosen t o  use 
the existing regulated levels as screening limits. 

The  September 1983 cadmium results (Tab1 e 4) have not been 
adjusted t o  reflect the poor reference sediment analysis  results run for 
qual i ty  control purposes and should be  viewed accordingly. The  November 
1983 samples  were  run i n  two separate lots, each w i t h  i ts  own reference 
sediments as noted a t  the end of Table 5. These results also have not been 
adjusted. 

Three replicate samples  were collected during the September 1983 
'survey allowing population mean and populat ion standard  deviation t o  be 

included w i t h  this da ta  set  (Table 4) .  Two replicate samples collected 
during the November 1983 survey were analysed i n  duplicate or triplicate 
a1 1 owing sample mean and sample standard deviation t o  be included w i t h  this 
data set  (Table 5 ) .  Five replicates of each of seven samples from the 

R 

n 
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Apri 1 1984 survey (Tabl e 6 )  were analysed and reported i n  Tabl e 7. 
Reference materials run w i t h  the April 1984 samples  appear i n  Table 8. 
Data for the April 1984 survey w h i c h  was reported by the laboratory  as less 
than the limit of detection (L.O.D.)  i s  reported here as not  detected 
(N.D.)  w i t h  the L.O.D. appearing i n  brackets. 

I n  view of the changes i n  laboratory procedures for cadmium 
during the survey period and the L.O.D. using I.C.A.P. i t  i s  d i f f i c u l t  t o  

m interpret  the cadmium results. Al though there were several  elevated values 
recorded i n  November 1983, i t  is  impossible t o  re1 iably  postulate any trend 
i n  cadmium levels. Further  careful study for this trace metal i s  
recommended. 

a 

r3 3.2 Trace  Metals in Benthic  Invertebrates 
Selected samples  were  removed  from benthic trawls for  trace metal 

I analysis (Tables 9 and 11).  Cadmium concentrations i n  fish muscle tissue 

I cadmium levels  are  often detected i n  the smaller individuals  (Garrett 
do no t  appear t o  increase w i t h  increasing  size or age. In fac t ,  higher 

1984). Elevated 1 eve1 s of cadmium i n  smal ler individuals were observed i n  
the November 1982 and September 1983 benthic fauna results. Cadmium is  
elevated i n  Pandal opsi s dispar  and Pandal us sp. b u t  is general ly bel ow 
detection limit i n  the fish samples. 

hm 

II Molpadia intermedia (sea cucumber) were collected w i t h  a Smith- 
McIntyre  grab  sampler and submitted for  trace metal analysis (Table 10) .  - One specimen (S ta t ion  49) was noted t o  have higher levels of lead, copper 

I Previously recorded wet weight levels of cadmium i n  shrimp (whole body) and 
and zinc t h a n  the remainder. Cadmium and mercury levels were not elevated. 

crab muscle i n  B.C. are 0.10 t o  2.7 mg/kg for shrimp and 0.01 t o  0.10 mg/kg 
---,for crab (Garrett, 1984). 

I 

Mercury  was found t o  be highest i n  fish and crab tissue; however, 
the  levels were  under the Health and We1 fare Canada 1 imit of 0.5 mg/kg (wet 
weight) for the safe human consumption of fish and shellfish. There are no 
existing  limits for lead, copper, cadmium or zinc under  Health and Welfare 
Canada G u i  del i nes . 

rl 

rl )  
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3.3 Pisces I V  Dives (See Appendix I 1  f o r   de ta i l ed   d i ve   repo r t s )  

3.3.1 Dive Number 1391. The d ive   t rack  began a t   t h e   c e n t r e   o f  
the  designated  spoil  area i n  approximately 245 metres and proceeded i n  a 
no r th   eas te r l y   d i rec t i on   f o r   abou t   t h ree   qua r te rs   o f  a naut ica l   mi le .  The 
bottom on t h e   f i r s t   p a r t   o f   t h e   d i v e  was f l a t  and composed o f   f a i r l y   s o l i d  
l i g h t  brown  sediment.  There was  much physical  evidence  of dumping inc lud-  
ing  s tee l   cables and bundle  t ies ,   br icks,   bu i ld ing  b locks,  boom chains, 
clumps o f  sandstone and large  rocks.  Benthic  animals  observed  are l i s t e d  
i n  Appendix I 1  w i t h   b r i t t l e   s t a r s   b e i n g   t h e  most numerous species.  Pink 
and sidestr ipe  shr imp were present as would be expected, however the 
numbers seemed reduced  over  similar  areas i n  Georgia S t r a i t .  The marine 
l i f e  ( i e :  squat  lobster,  rockfish,  snai ls,  shrimp)  normally  associated  with 
logs and o the r   so l i d   ob jec ts  such as  cement blocks,  large  rocks,  etc. was 
a lso  reduced. On the  second ha l f   o f   t he   d i ve   t he  numbers o f   ben th i c  
animals  decreased  even more. f lost   not iceable was t h e   r e d u c t i o n   i n   b r i t t l e  
s t a r  numbers and s igns  o f   burrowing  act iv i ty   ( ie :   c raters ,   ho l lows,  bumps). 
There was s t i l l  much physical  evidence o f  dumping  up t o   t h e  end o f   t h e  
dive. 

3.3.2 Dive Number 1392. The d ive  t rack commenced a t   t h e   c e n t r e  
of   the  des ignated  spoi l   area  a t  a depth o f  245 metres and proceeded on  a 
course o f  245'T f o r  one naut ica l   m i le   ( ie :   to   the   ou ter   per imeter   o f   the  
designated  spoil  area). As wi th  the  previous  dive  (1391)  there was a l o t  
o f   debr is   f rom dumping  such  as cable,  bricks, cement, pipe,  bundle  t ies, 
and small  clumps of   rock/gravel /c lay.  There was more evidence o f   bur rowing  
a c t i v i t y   ( i e :   c r a t e r s )  and this  increased  towards  the end of   the  d ive.  
The animals  normally  associated  with wood debr is  and o the r   so l i d   ob jec ts  
were again  reduced. On the 1 a t e r  ha1 f o f   t h e   d i v e   l e s s  dumped mater ia l  was 
observed. 
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TABLE 1 POINT GREY  OCEAN DUMP SITE - TRACE  METAL  CONCENTRATIONS* I N  
BENTHIC  SEDIMENTS,  JULY 1980 

Coordinates: 4g015.4'N,  123O22.1'W 

4 0-10 I 0.150 1 < 0.55 1 80.0 1 51.0 
30-40  0.236 < 0.55  81.0 52.0 
60-70 

46.7  80.0 < 0.55 0.196  30-40 
44.0 76.0 < 0.55 0.193 0-10 5 

52.0  75.0 < 0.55 0.193 

60-70 44.8  74.0 < 0.55 0.160 

6 47.6  88.0 < 0.55 0.152  0-10 
30-40 

44.8  74.0 < 0.55 0.160  60-70 
47.5 80.5 < 0.55 0.186 

7 0-10  0.227 

42.6 80.0 < 0.55 0.219 60-70 
48.7 83.5 < 0.55 0.180  30-40 
49.6  83.4 < 0.55 

8 56.5 92.5 < 0.55 0.253  0-10 
30-40 

42.6 80.0 < 0.55 0.219  60-70 
50.5 87.0 < 0.55 0.148 

10  0-10  0.236 

47.1 66.5 < 0.55 0.189  60-70 
47.9  67.0 < 0.55 0.242 30-40 
119.0  89.0 < 0.55 

18 49.3 70.0 < 0.55 0.211 0-10 
30-40 

46.4  62.0 < 0.55 0.158 60-70 
47.5 65.5 < 0.55 < 0.125 

STATION Zn cu Pb Cd Hg DEPTH 
(cm) 

1 

0.222  60-70 
102. 47.5  74.5 < 0.55 < 0.127  30-40 
116. 59.0  82.0 < 0.55 0.156  0-10 

99.5 43.5  80.5 < 0.55 

2 109. 59.0 73.5 < 0.55 0.160 0-10 
30-40 

99.0  46.4 66.0 < 0.55 0.143 60-70 
97.9  50.5 67.5 < 0.55 0.196 

- 

- 

- 

- 

- 

- 
25 i 0-10  0.207 < 0.55 88.0  47.5  167 

30-40 
95.0 46.8 81.5 < 0.55  0.152  60-70 
102.  51.0 87.0 < 0.55 0.189 

: 115. 
1 121. 

115. 

105. 
112. 
102. 

109. 
105. 
102. 

111. 
105. 
96.5 

122. 
103. 
96.5 

123. 
106. 
96.0 

124. 
105. 
97.0 

*A1 1 resu l ts  expressed i n  ug/g dry  weight  Continued.. . 
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TABLE 1 POINT  GREY  OCEAN  DUMP  SITE - TRACE  METAL  CONCENTRATIONS* IN 
BENTHIC  SEDIMENTS,  JULY 1980 
(Continued) 

Coordinates: 4g015.4'N, 123'22.1'W 

STATION DEPTH  Hg  Cd Pb cu Zn 
(cm) 

26 0-10 0.154 < 0.55 68.0 48.8 106. 
30-40 0.230 < 0.55 73.5 48.9 109. 
60-70 0.154 < 0.55 63.0 45.8 99.5 

27 0-10 0.177 < 0.55 57.5 46.7 100. 
30-40 0.143 < 0.55 69.0 51 .O 107. 
60-70 0.193 < 0.55 67 .O 46.9 105. 

28 0-10 0.154 < 0.55 70.0 49.1 105. 
30-40 < 0.124 < 0.55 73.5 46.6 107. 
60-70 < 0.122 < 0.55 69.0 43.0 94.0 

29 0-10 0.239 < 0.55 73.5  42.8 98. 
30-40 < 0.133 < 0.55 74.5 44.9 102. 
60-70 0.193 < 0.55 72.5 46.0 102. 

30  0-10 0.158 < 0.55 80.0 48.3 110. 
30-40 0.162 < 0.55 81.0 49.0 110. 
60-70 0.141 < 0.55 69.5 44.0 97.5 

31 0-10 0.239 < 0.55 83.0 54.0 124. 
30-40 0.269 < 0.55 74.0 49.8 111. 
60-70 0.160 < 0.55 72.0 47.8 100. 

32 0- 10 0.236 < 0.55 88.0 59.5 149. 
30-40 0.160 < 0.55 88.0 54.5 108. 
60-70 < 0.113 < 0.55 83.5 50.5 97.0 

33 0-10 0.156 < 0.55 91.5 52.5 179. 
30-40 < 0.132 < 0.55 83.0 50.0 120. 
60-70 < 0.128 < 0.55 83.5 48.0 96.5 

34 0-10 0.180 < 0.55 55.0 39.6  82.5 
30-40 0.154 < 0.55 65.0 42.7 110. 
60-70 0.184 < 0.55 70.5 44.9 104. 

36 0-10 0.402 < 0.55 70.0  49.2  123. 

*All resu l ts  expressed i n  ug/g dry  weight Continued.. . 
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TABLE 1 POINT  GREY  OCEAN DUMP SITE - TRACE  METAL  CONCENTRATIONS* IN 
BENTHIC  SEDIMENTS,  JULY 1980 
(Continued) 

Coordinates: 4g015.4'N, 123'22.1'W 

STATION Zn cu Pb Cd Hg DEPTH 
(cm) 

37 

99.0  45.6 71.5 < 0.55 0.152 60-70 
106. 47.5 80.0 < 0.55 0.154 30-40 
107. 48.7 82.5 < 0.55 0.135 0-10 

38 125.  48.8 81.0 < 0.55 0.158 0-10 
30-40 

88.0 45.0 77.5 < 0.55 0.193 60-70 
122. 47.5 78.0 < 0.55 0.198 

39 

112.  48.3 75.5 < 0.55 0.191 60-70 
111. 47.6 75.5 < 0.55 0.156 30-40 
127. 51.5 87.5 < 0.55 0.172 0-10 

40 119. 50.0  84.5 < 0.55 0.154 0-10 
30-40 

115. 46.0 74.5 < 0.55 0.150 60-70 
102. 51.0 92.5 < 0.55 0.160 

43 0-10 0.162 

94.5 47.4 74.5 < 0.55 0.158 60-70 
108. 52.0 73.0 < 0.55 0.156 30-40 
114.  58.0 75.5 < 0.55 

44 0-10 0.133 < 0.55 82.5 51.0 

90.5 40.5 73.0 < 0.55 0.158 60-70 
90.5  43.5 78.5 < 0.55 0.135 30-40 
92.5 

45 

100.  49.0 63.5 < 0.55 0.198 60-70 
106. 48.8 69.5 < 0.55 0.162 30-40 
179. 73.5 101.0 < 0.55 0.242 0- 10 

46 108.  56.0 75.0 < 0.55 0.145 0-10 
30-40 

115. 54.0 76.5 < 0.55 < 0.133 60-70 
108. 55.0 80.0 < 0.55 < 0.132 

47 0-10 0.136 

89.5 47.3 69.5 < 0.55 0.227 60-70 
100. 48.8 76.0 < 0.55 0.242 30-40 
108.  57.0 84.0 < 0.55 

48 118. 58.0 85.5 < 0.55 0.160 0-10 
30-40 

104. 73.5 46.1 < 0.55 < 0.133 60-70 
110. 74.5 I 51.5 < 0.55 0.154 

*A1 1 resul t s  expressed i n  ug/g dry weight Continued.. . 
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TABLE 1 POINT GREY  OCEAN DUMP S I T E  - TRACE  METAL  CONCENTRATIONS* I N  
BENTHIC  SEDIMENTS,  JULY 1980 
(Con ti nued) 

Coordinates:  4g015.4'N, 123'22.1'W 

STATION Zn cu Pb Cd Hg DEPTH 
(cm) 

49 

93.5 46.6  75.0 < 0.55 0.152  60-70 
108.  42.9 62.0 < 0.55 0.201  30-40 
110. 42.0  68.0 < 0.55 0.148  0-10 

50 107.  47.3  73.0 < 0.55 0.236  0-10 
30-40 

91.5 43.8  66.0 < 0.55 < 0.128  60-70 
117. 51.5  79.5 < 0.55 < 0.121 

*All resul ts  expressed i n  ug/g dry  weight 
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rl 

I 

J 

J 

II 

TABLE 2 POINT  GREY  OCEAN DUMP SITE - TRACE  METAL  CONCENTRATIONS* 
IN BENTHIC  SEDIMEWTS,  MARCH 1982 - CORE  SAMPLES 
Coordinates: 4g015.4'N, 123O22.1'W 

STAT1 ON Zn cu Pb Cd Hg DEPTH 
(cm) 

7 

99.8 50.1 27 0.4 0.40 0-10 26 

108. 47.9 28 0.5 0.48 0-10 25 

104. 47.2 23 0.3 0.39 0-10 

30-40 
95.3 44.9 17 0.3 0.27 60-70 

101. 47.0 19 < 0.2 0.34 

27 

97.2 45.3 21 < 0.2 0.38 0-10 28 

87.3 41.4 21 0.4 0.38 0-10 

30-40 
104. 48.1 19 < 0.2 0.36 60-70 
105. 46.8 20 < 0.2 0.46 

29 

103. 45.0  22 < 0.2 0.44 0-10  30 

97.5 49.4 23  0.5 0.44 0- 10 
""" 

30-40 
99.4 47.8 18 < 0.2 0.36 60-70 

103. 48.5 20 < 0.2 0.42 

31 

124. 57.2 28 < 0.2 0.51  0-10 32 

102.  52.4 31 0.3 0.46 0-10 

30-40 111. 52.9 22 0.4 0.40 
60-70 0.29 

109. 47.3 28 0.4 0.36 0-10 41 

76.2 42.4 21 < 0.2 0.38 0-10 40 

91.6 44.5  27  0.4 0.38 0-10  38 

110. 48.9  27 0.5 0.39 0-10 36 

98.3  48.3  27  0.4 0.38 0-10  34 

97.7 49.1 17 < 0.2 

30-40 
106. 49.8  20 < 0.2 0.38 60-70 
99.7 46.5 17 0.5 0.36 

*All resu l ts  expressed i n  ug/g dry weight 
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TABLE 3 POINT  GREY  OCEAN  DUMP  SITE - TRACE  METAL  CONCENTRATIONS* IN 
BENTHIC SEDIMENTS, NOVEMBER 1982 

Coordinates: 49"15.4'N,  123'22.1'W 

L 

STATION 

7 
17 
18 
19 
25 
26 
27 
28 
29 
30 
31 
32 
34 
36 
38 
40 
41 
49 
50 

Hg 

0.25 
0.20 
0.20 
0.18 
0.14 
0.17 
0.16 
0.14 
0.19 
0.18 
0.15 
0.17 
0.07 
0.21 
0.16 
0.12 
0.13 
0.28 
0.19 

Cd 

< 0.3 
< 0.3 
< 0.3 
< 0.3 
1.9 

< 0.3 
22.0 
1.7 

< 0.3 
< 0.3 
1.4 

< 0.3 
< 0.3 
< 0.3 
< 0.3 
< 0.3 
< 0.3 
< 0.3 
< 0.3 

Pb 

15 
22 
10 
14 
15 
10 
25 
12 
14 
15 
12 
15 
< 3  
14 
15 
9 

160 
76 
12 

cu 

43.2 
42.3 
38.8 
45.8 
35.8 
34.8 
43.8 
35.8 
43.7 
42.3 
39.2 
40.5 
25.9 
40.9 
35.5 
22.6 
29.7 

44.1 
131 

REFERENCE  MATERIALS  (November 1982) 

Zn 

109 
105 
98.2 
104 
91.1 
77.7 
92.2 
99.2 
107 
102 
89.8 
96 
55.3 
98.4 
90.7 
52.5 
77.9 

98.8 
37 5 

MESS-1 Marine  Sediments 

Certified 0.59 + 0.10 
Found 

BCSS-1 Marine  Sediments 

Certi  f i ed 0.25 + 0.04 
Found 

34.0 + 6.1 
26 
- 

22.7 + 3.4 
18 
- 

*All results  expressed in ug/g  dry weight 

25.1 + 38 
24.0 

18.5 + 2.7 
17 .o 

191 + 17 
184- 

119 + 12 
120- 



- 20 - 

TABLE 4 POINT  GREY OCEAN  DUMP SITE - TRACE  METAL  CONCENTRATIONS* IN 
BENTHIC SEDIMENTS, WITH  POPULATION  MEAN  AND  POPULATION  STANDARD 
DEVIATION - SEPTEMBER 1983, GRAB  SAMPLES 

STAT I ON Hg 

l a  0.22 
b 0.22 
C 0.20 

0.21 + 0.01 - 
2 a  0.17 

b 0.16 
C 0.19 

D.1/ + 0.02 - 
3 a  0.14 

b 0.15 
C 0.14 

'0.14 + 0.01 - 
4 a  0.15 

b 0.15 

I D.16 + 0.02 
0.18 
- 

5 a  0.22 
b 0.22 
C 0.11 

I D.18 - + O.Ob 

6 a  0.12 
b 0.13 
C 0.13 

0.13 + 0.01 - 
7 a  0.16 

b 0.16 
0.17 

D.16 - + 0.01 
~ ~~ 

I 

Cd  Zn cu Pb 

1.3 
0.8 
0.9 

'1.0 + 0.3 

0.7 
1.0 
0.9 

D.9 + 0.2 

- 

- 

21 

50.6 19 
52.2 18 
53.5 

T n 7  - 52.1 - + 1.5 

121 
117 
116 rn - 

116 
121 
117 m - 

0.9 
1.4 
1.1 

1.1 + 0.2 

0.8 
0.8 
2.9 

1.5 + 1.2 

- 

- 

46.0 
46.6 
46.6 

46 4 

103 
102 
104 rn - 

111 
113 
112 m - 

0.6 
1.0 

44.0  14 

44.6  14  0.7 
45.0 11 

D.// - + 0.21' m - 44.5 + 0.5 - 
0.7 
0.7 

45.4 17 

45.3 15 0.9 
44.6 13 

0.8 - + 0.2 m 45.1 + 0.4 

0.8  19  52.6 
0.7 20 51.2 
0.6  50.3 17 

o./ + 0.1 m 51.9 + 1.0 

0.8  23 57.7 
0.8  24 59.0 
0.8 26  58.6 

D.8 + 0 m 38.4 + O./ 

- - 

- - - 

- - - 

111 
111 
111 m - 
114 
114 
113 m - 
127 
125 
125 rn - 
126 
126 
127 m - 

25 a 50.5 i 116 I 25 I 0.7 0.15 
b 

119 47.8 25 0.8 0.13 C 
115 50.1 22 0.6 0.22 

0.1/ - + 0.05 m - 43.5 - + 1.5 m - D.7 - + 0.1 

*A1 1 resu l ts  expressed i n  ug/g dry  weight  Continued.. . 
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TABLE 4 POINT  GREY OCEAN DUMP  SITE - TRACE  METAL  CONCENTRATIONS* IN 

BENTHIC  SEDIMENTS,  WITH  POPULATION  MEAN  AND  POPULATION  STANDARD 

(Continued) 
DEVIATION - SEPTEMBER 1983, GRAB  SAMPLES 

STATION I Hg 

I 
25 a 0.13 

b 0.12 
C 0.13 

D.13 + 0.01 - 
26 a 0.12 

b 0.12 
C 0.14 

D.13 + 0.Or - 
27 a 0.16 

b 0.17 
C 0.19 

D.1/ t 0.02' - 
27 a 0.15 

b 0.22 

1 D.19 + 0.04 
0.19 
- 

28 a 0.12 
b 0.19 
C 0.20 

D.1/ + 0.04 - 
28 a 0.18 

b 0.18 
C 0.18 

0.18 t 0 - 
29 a I 0.24 

b 0.25 

I D.2/ t 0.04 
0.31 

I 0.11 t 0.02 
0.19 
- 

31 a i 0.16 

Cd Zn cu Pb 

0.8 

119 47.8 21 0.8 
116 50.2 19 0.7 
125 50.3 21 

0.8 + 0.1 2U-n 30.1 t 0.2 m 
0.7 23 47.8 118 
0.8 26 

134  50.8 31 0.7 
121 47.3 

- - - - 

Q./ - + 0.1 m rn - - - 
0.7 

22  0.7 
21 

22 0.8 
D./ - + 0.1 m - 

0.8 
38  1.0 
17 

44.2 
46.3 
46.7 

45.1 t 1.3 

44.7 
51.2 
54.6 

30.2 t 5.0 

- 

- 
0.8 
0.8 
0.6 

18 
16 
16 

D./ t 0.1 1 - 

45.1 
46.9 
41.5 

44.5 t 2.8 - 

114 
114 
107 m - 

I I 1 

0.7 
0.8 
0.8 

'0.8 + 0.1 

0.7 
0.7 
0.7 

- 

D./ + 0 - 

~ ~ ~~ ~~ ~~ 

44.0 
110 44.7 
106 

106  43.9 
44.2 - + 0.4 m 

39.2 104 
42.4 107 
44.4 110 
42 - + 2.6 m 

~ ~~~~ 

- 

- 
0.8 

15 0.7 
14 

13 0.7 
D.8 t 0.1 m - - 

~~~ ~ ~ 

45.6 
46.0 
48.3 

46.6 + 1.3 - 

113 
109 

~~ 

122 m - 
0.6 
0.6 
0.6 

D.6 + 0 - 

I I 

16 
46.3 18 
48.9 

50.9  18 
rn - 48./ + 2.3 - 

I 

1.13 
~ 107 

114 m - 

*All results expressed  in ug/g dry weight  Continued.. . 
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TABLE 4 POINT  GREY OCEAN  DUMP SITE - TRACE  METAL  CONCENTRATIONS* IN 
BENTHIC  SEDIMENTS,  WITH  POPULATION  MEAN  AND  POPULATION  STANDARD 

(Continued) 
DEVIATION - SEPTEMBER 1983, GRAB  SAMPLES 

" 

i 

STATION Zn cu Pb Cd Hg 

31 a 

114 48.6 17 0.7 0.15 C 
115 48.6 19 0.7 0.16 b 
117 50.5 19 0.7 0.19 

D.1 i  - + 0.02 m m D . i  + 0 - - - - 
32 a 

112  50.8 26 0.7 0.15 C 
105 47.9 21 0.7 0.15 b 
103 45.1 16 0.6 0.15 

D.15 - + 0 m Pi.9 + 2.4 21+-5 o./ + 0.1 - - - - 
33 a 

118 48.3 38 0.7 0.20 C 
99.4 43.1 18 0.8 0.15 b 
95.8 42.4 19  0.7 0.13 

D.16 + 0.04 104 + 12 44.6 + 3.2 rn 0 . i  + 0.1 - - - - - 
34 a 

118 46.7 27 0.8 0.22 C 
114 50.3 25 2.2 0.25 b 
128 45.1 33 0.6 0.26 

D.23 - + 0.02 m 41.4 + 2.f m - 1 . 2  - + 0.9 - - 
35 a 

106 46.1 18 0.8 0.22 C 
101  42.8 17 0.6 0.16 b 
106 44.8 18 0.6 0.18 

0.19 - + 0.03 m 44.6 + 1.7 m D./ + 0.1 - - - - 
36 a 99.3 40.3 13 0.7 0.15 

b 
106 43.6 17 0.8 0.18 C 
104 42.4 16 0.8 0.18 

U . l /  - + 0.02 m 42.1 + 1.i m - 73.8 - + 0.1 - - 
37 a 

107 42.6 24 0.8 0.17 C 
109 48.3 22 0.8 0.18 b 
108 42.2 19 0.8 0.20 

0.18 + 0.02 T U F n  34.4 + 3.4 7 n - T  0.8 + 0 - - - - 
~~~ ~~ ~ 

- 
' 38 a 

95.9 39.3 13 0.4 0.18 C 
103 42.0  14 0.8 0.22 b 
101 40.9 12  0.5 0.18 

D.19 - + 0.02 m ao./ - + 1.4 m - D.6 - + 0.2 - 

*A1 1  resul t s  expressed i n  ug/g dry  weight  Continued.. . 
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TABLE 4 POINT  GREY  OCEAN  DUMP  SITE - TRACE  METAL  CONCENTRATIONS* IN 
BENTHIC SEDIMENTS, WITH  POPULATION  MEAN AND POPULATION  STANDARD 
DEVIATION - SEPTEMBER 1983, 
(Continued) 

GRAB  SAMPLES 

STATION I 
Hg I Cd Pb I Cu I Zn 

23 
19 

0.16 
I 0.18 

0.9 
I 0.8 

43.6 
41.6 

39 a 
b 

99.3 
101 

C 0.7 0.18 
0.17 - + 0.01 0.8 + 0.1 - 

~ ~~~ ~ 

19 
126 44.3 23 
110 46.0 40 a 

0.9 0.18 b 
0.8  0.18 

19 

45-2  I 108 
20 - + 2 I 45.2 + 0.8 115 + 10 - - 

0.7 
0.18 + 0 0.8 + 0.1 - 

41 a I 0.18 I 0.8 
b 0.15 1.1 

24 
133 41.5 37 
163  45.8 

132 C 0.8 0.15 
0.16 - + 0.02  0.9 + 0.2 - 

27 
29 + 7 - 

40.2 
42.5 - + 2.9 143 + 18 - 

REFERENCE  MATERIALS ( September, 1983) 
t- 

MESS-1 
0.17 + 0.01 

0.2 1 

0.13 + 0.01 
0.1 9 

0.59 + .10 
0.8 
1.0 

0.25 + 0.04 
0.5 
0.4 
0.5 

34.0 + 6.1 - 
24 
30 

22.7 + 3.4 - 
18 
17 
19 

25.1 + 3.8 
23.2 
24.3 

18.5 + 2.7 
14.5 
16.5 

191 + 17 
161 
184 

119 + 12 
104 
111 

Certified 
Found 

BCSS-1 
Certified 
Found 

16.1 114 
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TABLE 5 

STATION 

1 a )  

b )  

5 a )  

b )  

POINT GREY  OCEAN  DUMP S I T E  - TRACE  METAL  CONCENTRATIONS* I N  

DEVIATION - NOVEMBER 1983 
BENTHIC  SEDIMENTS,  WITH SAMPLE MEAN  AND SAMPLE  STANDARD 

Hg** Cd Pb cu Zn 

0.234 0.5 18  52.4  116 
N.D. 17 51.4 116 
0.3  19  53.0 115 

0.237 0.5 lB 5370 117 
0.5  19  51.6  116 

33" 52.3 + 0.8 m 

D.5 - + 0 m 52.3 + 1.0 m - - - 

0.197 N.D. 23 57.0  119 
N.D. 26  57.8  118 

0.200 N.D. 3'2 58T3 1 1v 
N.D. 30  58.0  119 

rn $/.4 + 0.6 m 

m - 38.2 - + 0.2 m - 

0.152 N.D. 13  45.1  99.7 
N.D. 12 45.8  101 
N.D. 14  45.1  99.9 m 45.3 + 0.4 T u n 7  

0.150 N.D. 13 4675  10.7 
N.D. 15 45.9  101 

Tin" - 46.2 - + 0.4 rn - 

0.175 .6 13 47.4 111 
05 13 47.7 112 

D.6 + 0.l' m 4/.6 + 0.2 m 
0.176  073 1V 46T6 117i 

0.3 12 45.2 109 
D.3 - + 0 m 45.9 + 1.0 "rr - - - 

0.165 N.D. 13 41.2  104 
0.3 15 41.4  105 

0.194  0.3 13 4275  105 
0.5 13 43.1  107 
N.D. 9 33.3 82.8 

m 41.3 + 0.1 rn 

*A1 1 results expressed i n  ug/g dry weight 
**Mercury results are  averages o f  duplicate analysis  results 

Continued. .. 
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TABLE 5 POINT GREY  OCEAN  DUMP S I T E  - TRACE  METAL  CONCENTRATIONS* IN 
BENTHIC  SEDIMENTS,  WITH SAMPLE MEAN AND SAMPLE STANDARD 

(Continued) 
DEVIATION - NOVEMBER 1983 

cu Zn 

6 a )  I 0.225 I 0.4 I 13 111 
112 m7-r 
117 
111 m 

44.7 
44.7 

4K2 
45.0 

45.1 + 0.1 

45./ + 0 
0.5 15 I 0.4 + 1.0 I 

b) 0.199 75 15 
.4  14 

0.4 + 1.0 m 

0.200 

0.356 

18 
18 m 
17 

0.6 
0.6 

D.6 + 0 N-3. 
48.4 
48.9 

48.6 + 0.4 
4Kl 
47.7 

4/.4 + 0.4 - 

116 
115 rn 
1 13 
113 m - 

114 
111 m 
105 
107 rn - 

I N.D. 16 
I I 

25 a )  

b) 

0.233 

0.222 

23 
25 m 
23 
21 

47.3 
46.1 

46./ + 0.8 
47T7 
47.0 

4/.4 + 0.5 - 

0.4 
0.5 

0.4 + 0.1 
NTD . 
N.D. 

I I I 2 2 t l  
26 53 

52 
m 
37 
41 
34 m - 

113 
113 m 
log 
108 
105 

I-uF-7 - 

a )  0.271 

b )  0.240 

0.8 
0.8 

0 3  
0.7 
0.7 

D.8 + 0 

D./ + 0 - 

42.0 
38.9 

40.5 + 2.2; 
4577 
45.9 
45.4 

45./ + 0.2. - 

27 a) 

b )  

0.220 

0.173 

0.4 
N.D. 

16 
17 

44.2 
46.7 

45.5 + 1.8 
4474 
44.0 

44.2 + 0.3 - 

102 
102 m 
105 
104 

105 + -1 - 

, n f T T  

17 0.4 
I O o 5  I 

I 0.4 + 0.1 17 + 0 
17 

*All results expressed i n  ug/g dry weight 
**Mercury results are  averages o f  duplicate analysis  results 

Continued.. . 
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TABLE 5 POINT GREY  OCEAN  DUMP S I T E  - TRACE  METAL  CONCENTRATIONS* I N  
BENTHIC  SEDIMENTS,  WITH SAMPLE  HEAN AND SAMPLE STANDARD 

(Continued) 
DEVIATION - NOVEMBER 1983 

STAT I ON Hg** 

32 a )  0.196 

b )  0.224 

36 a )  0.225 

b )  0.225 

37 a )  0.209 

b )  0.176 

1 

Cd 

0.3 
0.3 
0.5 

D.4 + 0.1 
OT4 
0.4 

0.4 + 0 - 

1.6 
1.6 
1.8 

1.7 + 0.1 
0-2 
0.7 

D./ + 0 

0.4 
0.6 
0.6 

D.5 + 0.1 
074 
0.5 

D.4 + 0.1 - 

0.5 
0.6 

D.6 + 0.1 
077 
0.7 

D./ + 0 - 

0.5 
0.5 

1T2 
1.3 

1.2 + 0.1 

0.5 + 0 

- 

Pb Zn cu 

23 
21 
30 rn 
lB 

45.0 
44.9 
47.3 

4b . f  + 1.4 
4774 

104 
105 
108 m 
105 

24 I '41.9 + 0.6 
48.3  109 m 

55 
53 
54 
m 
37 
36 m 

36 
43 
37 m 
37 

55.9 

143 57.2 
143 56.1 
135 

56.4 + 0.7 m r n  
4672 1 25 
43.6 128 

'5/.2 + 2.1 rn 

44.0 
46.5 
47.7 

135 
132 
131 

36 1 44.9 + 1.8 rn 43.6  128 

19 
21 rn 
17 
16 rn - 

46 
47 rn 
29 

I 45.6 
48.5 

4/.0 + 2.0 
46TO 
46.4 

46.2 + 0.3 

I 

- 

62.6 
66.0 

'64.3 + 2.4 
43T4 

107 
107 m 
103 
110 m - 

116 
117 m 
log 

30 i 47.0 I 106 
30 + 1 45.2 + 2.6 I 107 + 1 - - - 

*All resu l ts  expressed i n  ug/g dry  weight 
**Mercury resul ts   are  averages o f  dupl icate  analysis  results 

Continued.. . 
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POINT GREY  OCEAN  DUMP S I T E  - TRACE  METAL  CONCENTRATIONS* I N  
BENTHIC  SEDIMENTS,  WITH SAMPLE MEAN  AND SAMPLE STANDARD 

( C o n t i n u e d )  
DEVIATION - NOVEMBER 1983 

TABLE 5 

Hg** Cd Pb cu STAT I ON 

37A a )  

b )  

39 a )  

b) 

40 a )  

b) 

41 a )  

b )  

Zn 

103 
106 

104 + 2 
103 
103 
108 

105 + 3 - 

, $ 

48.4 
54.4 

0.196 

0.250 

26 
20 

23 + 4 

18 
18 

18 + 0 

13 

- 

N.D. 
N.D. 

3.2 
3.4 
3.3 

3.3 + 0.1 - 

51.4 + 4.2 
4273 
42.5 

" . 

42.4 
42.4 + 0.1 - 

0.223 

0.234 

46.0 1.9 
1.7 

1.8 + 0.1 
oT9 
0.9 

0.9 + 0 - 

23 
24 

24 + 1 

32 
32 + 0 

3? 

- 

104 
103 

104 + 1 
107 
106 

106 + 1 - 

44.9 
45.4 + 0.8 

45l-7 
45.0 

45.4 + 0.5 - 

0.250 

0.222 

56.4 
54.7 

2.3 
2.3 

OT8 
0.9 
0.7 

0.8 + 0.1 

2.3 + 0 

34 
35 

34 + 1 

26 
26 

25 + 1 

2T 

118 
117 

118 + 1 
1 12 
120 
116 

116 + 4 

55.6 + 1.2 
5279 

" . 

50.6 
52.7 

52.1 + 1.3 

0.201 

0.350 

41.8 
40.0 

40.9 + 1.3 
5077 

102 
95.6 

99 + 4 

122 
123 + 1 

12T 

- 

3.2 
3.2 

OT7 
0.7 

3.2 + 0 

0.7 + 0 - 

25 
25 

25 + 0 
31 
29 

30 + 1 

- 

- 
50.4 

50.6 + 0.2 - 

*All resu l ts  expressed i n  ug/g dry  weight 
**Mercury resul ts   are  averages o f  duplicate  analysis  results 

Continued. . . 
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TABLE 5 POINT GREY OCEAN DUMP SITE - TRACE METAL  CONCENTRATIONS* I N  BENTHIC 
SEDIMENTS, WITH  SAMPLE MEAN AND SAMPLE STANDARD DEVIATION 

(Continued) 
- NOVEMBER 1983 

STATION Hg**  Cd  Zn cu Pb 

REFERENCE  MATERIALS (November 1983) 

MESS-1 Marine Sediments 

Cer t i  f i e d  
***RS-1 Found 

RS-2 Found 

BCSS-1 Marine  Sediments 

C e r t i  f i ed 
RS-1 Found 

RS-2 Found 

I 
MESS-1 Marine Sediments 

C e r t i f i e d  0.17 + 0.01 
Found 0.720 

BCSS-1 Marine Sediments 

Found 

0.59 + 0.10 
OT6 
0.6 

< 0.3 
< 0.3  

0.25 + 0.04 
< OT3 
< 0.3 
< 0.3 
< 0.3 

34 + 6.1 
25 
28 
27 
28 

22.7 + 3.4 
15 
19 
18 
19 

25.1 + 3.8 
2 E 3  
23.5 
25.4 
23.6 

18.5 + 2.7 
1 579 
16.4 
15.6 
15.5 

*All results  expressed i n  ug/g  dry  weight 
**Mercury resu l ts   a re  averages o f  dup l i ca te   ana lys i s   resu l t s  

***RS-1 re ference  mater ia ls   run with s ta t ions  33, 39  and  40 
RS-2 re fe rence  mater ia ls   run   w i th  all other   s ta t ions  

191 + 17 
175 
181 
176 
180 

119 + 12 
108 
107 
108 
105 
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TABLE 6 POINT GREY  OCEAN  DUMP S I T E  - TRACE  METAL  CONCENTRATIONS* 
I N  BENTHIC SEDIMEWTS, APRIL 1984 - CORE SAMPLES 

STAT I ON Zn cu Pb Cd Hg DEPTH 
(cm) 

1 

114 46.7 4 N.D. (0.3) 0.107  60-70 
104 44.8 6 N.D. (0.3) 0.185  30-40 
111 46.0 13 **N.D. (0.3) 0.101  0-10 

2 0-10  0.242 N.D. (0.3) 

118 49.6 4 N.D. (0.3) 0.112 60-70 
123 51.5 10 N.D. (0.3) 0.135 30-40 
145 66.7 32 

3 0-10 0.130 N.D. (0.3) 13 44.0  108 
30-40 

112 44.8 10 N.D. (0.3) 0.130 60-70 
112 44.8 8 N.D. (0.3) 0.130 

4 0-10  0.231 N.D. (0.3) 11 49.4 124 
30-40  0.164 N.D. (0.3) 15 

121 48.9 11 N.D. (0.3) 0.118 60-70 
122 47.9 

5 0-10 0.192 N.D. (0.3) 13 46.1  122 
30-40  0.141 N.D. (0.3) 8 47.1 124 
60-70 0.174 118 44.6 12 N.D. (0.3) 

6 125 46.7 15 N.D. (0.3) 0.209  0-10 
30-40 

122 46.3 14 N.D. (0.3) 0.163 60-70 
127 50.3 14 N.D. (0.3) 0.193 

7 0-10  0.195 

109 40.2 7 N.D. (0.3) 0.197  60-70 
112 46.8 9 N.D. (0.3) 0.220  30-40 
134  51.9 13 N.D. (0.3) 

8 140  58.1 20 N.D. (0.3) 0.157  0-10 
30-40 

116 42.7 < 3 N.D. (0.3) 0.085 60-70 
116  49.8 4 N.D. (0.3) 0.095 

25 194  61.1 22 N.D. (0.3) 0.113 0-10 
30-40 

114  46.4 5 N.D. (0.3) 0.101 60-70 
128 52.0 8 N.D. (0.3) 0.113 

26 155 52.7 48 N.D. (0.3) 0.294 0-10 
30-40 

112 48.7 3 N.D. (0.3) 0.112  60-70 
120 47.8 6 N.D. (0.3) 0.117 

*A1 1 results expressed i n  ug/g dry weight 
**Not detected (number in  brackets  represents  the 1 imit o f  detection) 

Continued.. . 
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TABLE 6 POINT GREY  OCEAN  DUMP S I T E  - TRACE  METAL  CONCENTRATIONS* 
I N  BENTHIC  SEDIMENTS,  APRIL 1984 - CORE SAMPLES 

( C o n t i n u e d )  

STAT I ON Ztl cu Pb Cd Hg DEPTH 
(cm) 

27 125 46.1 17 N.D. (0.3) 0.236  0-10 
30-40 

113 46.4 8 N.D. (0.3) 0.117  60-70 
125 48.7 8 N.D. (0.3) 0.124 

28 130 47.9 15 N.D. (0.3) 0.117  0-10 
30-40 

113 46.5 7 N.D. (0.3) 0.174  60-70 
123 47.5 13 N.D. (0.3) 0.179 

29 129 48.7 16 N.D. (0.3) 0.140  0-10 
30-40 

113 46.4 5 N.D. (0.3) 0.107 60-70 
121 46.5 6 N.D. (0.3) 0.107 

30 128 48.5 10 N.D. (0.3) 0.140 0-10 
30-40 

112 45.7 6 N.D. (0.3) 0.101 60-70 
126  49.1 10 N.D. (0.3) 0.117 

31 137 54.3 16 N.D. (0.3) 0.196  0-10 
30-40 

116  47.8 7 N.D. (0.3) 0.106  60-70 
114  45.4 3 N.D. (0.3) 0.080 

32 140  60.5 18 N.D. (0.3) 0.146 0-10 
30-40 

116 46.7 4 N.D. (0.3) 0.106  60-70 
131 52.1 11 N.D. (0.3) 0.134 

33 0-10 0.112 

117 48.8 7 N.D. (0.3) 0.096 60-70 
128  49.7 11 N.D. (0.3) 0.139  30-40 
120 49.0 28 N.D. (0.3) 

34 0-10  0.101 N.D. (0.3) 13 41.7 

109  45.0 4 N.D. (0.3) 0.101 60-70 
123  46.8 7 N.D. (0.3) 0.112  30-40 
102 

35 99.9 41.1  22 N.D. (0.3) 0.106 0-10 
30-40 

122  47.6 11 N.D. (0.3) 0.129  60-70 
124  47.2 13 N.D. (0.3) 0.145 

*All results  expressed in ug/g  dry weight 

Continued.. . 
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TABLE 6 POINT  GREY  OCEAN  DUMP  SITE - TRACE  METAL  CONCENTRATIONS* 
IN BENTHIC  SEDIMENTS,  APRIL 1984 - CORE  SAMPLES 
(Continued) 

STATION Zn cu Pb Cd Hg DEPTH 
(cm) 

36 122 47.8 17 N.D. (0.3) 0.156  0-10 
30-40 

118  46.5 10 N.D. (0.3) 0.129 60-70 
124  48.3 9 N.D. (0.3) 0.123 

37 0-10  0.168 

115 45.2 12 N.D. (0.3) 0.128  60-70 
124  47.1 12 N.D. (0.3) 0.157  30-40 
134  49.9 16 N.D. (0.3) 

38 126 50.0 16 N.D. (0.3) 0.161 0-10 
30-40 

116  46.6 6 N.D. (0.3) 0.124  60-70 
124  49.4 8 N.D. (0.3) 0.124 

39  0-10  0.146 

111 44.5 4 N.D. (0.3) 0.107  60-70 
127 50.4 7 N.D. (0.3) 0.140 30-40 
136  52.0 26 N.D. (0.3) 

40 99.4 40.8 12 N.D. (0.3) 0.080 ‘0-10 
30-40 

114 46.9 6 N.D. (0.3) 0.101  60-70 
128  49.7 7 N.D. (0.3) 0.113 

41  120 47.1  19 N.D. (0.3) 0.140  0-10 
30-40 

112  46.4 9 N.D. (0.3) 0.122  60-70 
123  47.3 10 N.D. (0.3) 0.151 

*AI 1 resul ts  expressed i n  ug/g dry  weight 

II 

I 

L 



TABLE 7 

STAT I ON 

4a 

6b 

8c 

26a 

- 32 - 

PRECISION DATA* WITH  SAMPLE  MEAN  AND  SAMPLE  STANDARD  DEVIATION 
FOR  TABLE 6, APRIL 1984 

Hg 

0.236 
0.260 
0.270 
0.265 
0.231 

0.252 - + 0.018 

0.213 
0.195 
0.185 
0.166 
0.193 

0.190 + 0.017 - 

0.174 
0.172 
0.105 
0.105 
0.085 

0.128 - + 0.040 

0.105 
0.105 
0.073 
0.352 
0.294 

0.186 - + 0.130 

Cd 

'*N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 

- 

N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 

- 

N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 

- 

N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 

- 

Pb 

14 
14 
15 
15 
11 

14 + 2 - 

14 
15 
15 
15 
14 

15 + 0 - 

15 
12 
6 
7 

J.D. (0.3' 

6 
6 
6 

49 
48 

23 + 23 - 

cu 

48.5 
48.3 
49.0 
48.3 
49.4 

48.7 + 0.5 - 

48.3 
48.1 
48.2 
47.8 
50.3 

48.5 - + 1.0 

48.3 
48.0 
43.4 
42.4 
42.7 

44.9 + 2.9 - 

42.5 
42.7 
43.7 
52.0 
52.7 

46.7 + 5.2 - 

Zn 

119 
118 
118 
118 
124 

119 + 3 - 

121 
122 
124 
125 
127 

123 + 2 - 

125 
126 
111 
109 
116 

117 + 8 - 

110 
110 
112 
150 
155 

127 + 23 - 

*All r e s u l t s  expressed i n  ug/g dry weight 
**Not detected (number i n  brackets  represents  the limit o f  detect ion) 

Continued ... 
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PRECISION DATA* WITH  SAMPLE  MEAN  AND  SAMPLE  STANDARD  DEVIATION 
FOR  TABLE 6, APRIL 1984 

TABLE 7 

(Continued) 

Hg 

0.374 
0.352 
0.438 
0.373 
0.179 

0.340 + 0.100 - 

0.128 
0.124 
0.128 
0.139 
0.101 

0.126 - + 0.015 

0.117 
0.079 
0.074 
0.096 
0.112 

0.096 - + 0.020 

STAT1 ON Pb Zn Cd cu 

52.4 
53.6 
52.1 
52.3 
47.5 

51.6 + 2.6 - 

47.6 
47.8 
47.4 
47.3 
45.7 

47.2 + 0.8 - 

47.8 
16.1 
46.2 
45.7 
49.0 

41.0 + 14.0 - 

N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 

28b 51 
50 
49 
50 
13 

155 
153 
152 
149 
123 

43 + 17 - 

9 
8 

10 
8 
6 

~~~ 

N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 

120 
121 
121 
121 
112 

30c 

33a 

8 + 2  - 119 + 4 - 

0.5 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 

6 
18 
5 

'4.D. (0.3) 
28 

122 
114 
111 
110 
120 

115 + 5 - 

* ~ l l  results expressed i n  ug/g dry weight 



- 34 - 

TABLE 8 ACUCRACY DATA FOR  TABLE 6 - APRIL, 1984 

STAT I ON 

MESS-1 

C e r t i f i e d  

Found 

BCSS-1 

Cer t i  f i ed 

Hg 

0.17 - + 0.01 

0.195 
0.090 
0.207 

0.13 - + 0.01 

0.167 
0.155 
0.161 

Cd 

0.59 - + 0.10 

0.5 
0.5 
0.3 

0.25 + 0.04 - 

N.D. (0.3) 
N.D. (0.3) 
N.D. (0.3) 

Pb 

34.0 - + 6.1 

34 
30 
25 

22.7 - + 3.4 

16 
20 
18 

*All resul ts  expressed i n  ug/g dry  weight 
-7 

cu 

25.1 + 3.8 - 

24.2 
27.7 
23.0 

18.5 + 2.7 - 

16.3 
16.5 
15.7 

Zn 

191 + 17 - 

183 
186 
182 

119 + 12 - 

112 
113 
111 
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TABLE 9 TRACE  METAL  CONCENTRATIONS* I N  BENTHIC FAUNA, POINT GREY I 

OCEAN DUMPSITE, NOVEMBER 1982 - TRAWL SAMPLES 

TRAWL 1 

Panda1 opsi s dispar - whol e body 

Microstomus pacificus - muscle 

Sebastes aleutianus - muscle 

Sebastes aleutianus - liver 

TRAWL 2 

Pandalopsi s di  spar - whol e body 

Sebastes sp. - muscle - 

Sebastes sp. - liver - 

Cd 

1.9 

< 0.1 

< 0.1 

0.6 

2.2 

< 0.1 

4.1 

f ~ l l  results expressed in ug/g dry weight 

0.06 

0.07 

0.20 

0.28 

0.03 

0.14 

0.15 

Pb 

1.0 

< 1  

1.0 

< 1  

2.0 

< 1  

< 1  

cu 

107 

6.6 

1.8 

7.4 

112 

19.8 

14.5 

Zn 

53.3 

28.0 

18.2 

34.4 

55.7 

39.9 

101 

I 
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TABLE 10 TRACE  METAL  CONCENTRATIONS* IN Molpadia  intermedia  POINT  GREY 
OCEAN DUMPSITE, NOVEMBER 1982 - GRAB  SAMPLES 

STATION 

17 

18 

19 

26 

27 

29 

30 

31 

32 

41 

49 

50 

- 
Cd 

< 0.5 

< 0.1 

< 0.1 

< 0.1 

< 0.1 

< 0.5 

< 0.1 

< 0.5 

< 0.5 

< 0.5 

< 0.3 

< 0.1 

Hg 

0.03 

0.03 

0.02 

0.02 

0.03 

0.07 

0.03 

0.02 

0.03 

0.02 

0.03 

0.07 

Pb 

12.0 

10.0 

7.0 

5.0 

12.0 

< 5  

7.0 

< 5  

9.0 

6.0 

44.0 

14.0 

*All results expressed as ug/g dry weight. 

cu  

30.0 

24.5 

29.8 

18.9 

22.4 

21.0 

23.2 

14.0 

24.0 

15.0 

79.5 

28.7 

Zn 

77.2 

73.4 

73.4 

53.4 

69.1 

80.2 

57.9 

79.7 

56.8 

61.3 

245 

74.3 
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TABLE 11 TRACE  METAL  CONCENTRATIONS* I N  BENTHIC FAUNA, POINT GREY 
OCEAN DUMPSITE,  SEPTEMBER 1983 - TRAWL  SAMPLES 

SAMPLE 

TRAWL 1 

Pandal opsi s d i  spar 
(whole body g-8) 

Pandal opsi s d i  spar 
-(whole body 5 7  

Sebastolobus sp. 

Sebastolobus sp. 

Pandal  us p l   a t yce ros  
7 i k i F F i O ~  

Pandal us p l   a tyceros  
"body 2) 

Lyopsetta  exi 1 i s 

TRAWL 2 

Pandal opsi s d i  spar 
(whole body 6-8) 

Pandalopsis  dispar 
(whole body ' 6 - 8 )  

Lyopsetta  exi  1 i s  

LvoDsetta  exi 1 i s  

Lyopsetta  exi  1 i s  

Sebastolobus sp. 

0.30 
0.29 

0.28 
0.26 

0.21 
0.27 

0.27 
0.31 

0.18 
0.16 

0.23 
0.19 

0.84 
0.98 

0.3 
0.26 

0.27 
0.27 

1.4 
0.93 

0.8 
0.81 

0.66 
0.73 

0.38 
0.43 

Cd 

1.6 
1.6 

1.7 
1.6 

0.2 
0.2 

< 0.1 
< 0.1 

0.4 
0.38 

0.5 
0.5 

< 0.1 
< 0.1 

1.9 
1.9 

1.5 
1.4 

< 0.1 
< 0.1 

< 0.1 
< 0.1 

< 0.1 
< 0.1 

< 0.1 
< 0.1 

* A1 1 resul ts  expressed i n  ug/g  dry  weight 

Pb 

1 
< 1  

1 
1 

< 1  
< 1  

< 1  
< 1  

1 
1.5 

1 
2 

< 1  
< 1  

cu 

105 
107 

116 
105 

4.4 
3.7 

2.7 
3.2 

55.2 
59.9 

79.3 
86.1 

19.6 
19.6 

95.5 
93 

99.1 
97.1 

7.4 
7.6 

1.3 
1.3 

2.4 
2.5 

2.4 
3.4 

Zn 

50.9 
53.4 

55.1 
59.2 

15.1 
15.3 

11.5 
12.9 

52.7 
57.2 

60.6 
64.9 

39.8 
36.7 

54.2 
52.2 

48.7 
47.9 

22.4 
22.3 

28.5 
29.2 

19.6 
19.8 

16.0 
14.4 

Continued.. . 
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TABLE 11 TRACE  METAL  CONCENTRATIONS* I N  BENTHIC FAUNA, POINT  6REY 
OCEAN DUMPSITE, SEPTEMBER 1983 - TRAWL SAMPLES 

( C o n t i n u e d )  

SAMPLE 

Sebastolobus sp. 

Sebastol obus sp. 

Cancer magister 
(Body and leg meat) 

Pandal us sp. 
(who1 e body 12-14) 

Pandal  us sp. 
(whole body 12-14) 

Tuna Control 

Certi f i ed 
Found 

Bovine Liver 

Certified 
Found 

0.yster T i  ssue 

Certi f ied 
Found 

0.41 
0.42 

0.80 
0.96 

2.52 
3.26 

0.37 
0.38 

0.57 

Cd 

< 0.1 
< 0.1 
< 0.1 

< 0.1 
< 0.1 

0.4 
0.5 

1.7 
1.8 

2.1 
2.2 

Pb 

ANALYTICAL STANDARDS 

0.95 + 0.1 
1 .i9 

I 3.3 

*A1 1 resul t s  expressed i n  ug/g dry  weight 

< 1  
< 1  
< 1  

< 1  
< 1  

13 
12 

2 
2 

1 
2 

0.34 + 0.08 
< i.o 

0.48 - + 0.04 
< 1.0 

cu 

1.3 
2.9 
2.8 

1.0 
0.9 

37.4 
37.5 

104 
113 

110 
113 

193 + 10 
209- 

63.0 + 3.5 
6574 

Z n  

15.0 
11.7 
12.0 

16.4 
16.9 

455 
452 

66.2 
69.1 

65.6 
67 

130 + 10 
140 - 

852 + 14 - 
822 



- 39 - 

BIBLIOGRAPHY 

Packman, G.H., 1980. An Environmental Assessment o f  the  Point  Grey Ocean 
Disposal Area i n  t h e   S t r a i t  o f  Georgia, B.C. E.P.S. Regional 
Program Report 80-3. West Vancouver, B.C. 

Ward, A.B. and D.L. Sul l ivan, 1980. A Review o f  E x i s t i n g  and H i s t o r i c a l  
Ocean Dumpsites i n  the   Pac i f i c  Region. E.P.S. Regional  Program 
Report 80-5. West Vancouver, B.C. 

Garret t ,  C.L.,  L.A. MacLeod and H.J. Sneddon, 1980. Mercury i n  the 
B r i t i s h  Columbia and Yukon Environments - Summary o f   Data  t o  

January 1, 1979. E.P.S. Regional Program Report 80-4. West 
Vancouver, B.C. 

Garrett,  C.L., H.J. Sneddon, J. Shrimpton and L.A. MacLeod.  Cadmium i n   t h e  
B r i t i s h  Columbia  and Yukon Environments. E.P.S. Regional  Program 
Report   ( In  preparat ion).  

w 



- 40 - 

APPENDIX I 

POINT GREY  OCEAN DUMPSITE 

SUMMARY 
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APPENDIX I1 

PISCES IV DIVES 
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PISCES IV /PANDORA I I 

LOCATION: Po in t  Grey Dumpsite (See f i g u r e  5 )  
DATE: 09 November 1983 

D I V E  NUMBER: 1391 
PILOT: B. Hol land 

OBSERVERS: H. Nelson, D. Brothers 
POSITION: S t a r t  (0935  Hrs.) 

49'15.4'N 
123'22.1'W 

F in i sh  (1112  Hrs.) 
49'15.7'N 

123"20.9'W 

Summary: Photographic  Record - Twenty 70 mn frames  exposed 

The d ive  t rack began at   the  cent re  o f   the  des ignated  spoi l   area 
i n  a depth of  approximately 245 metres and proceeded i n  a nor th   eas ter ly  
d i rec t ion   fo r   about   th ree   quar te rs   o f  a naut ica l   mi le .  The bottom on the  
f i r s t   p a r t   o f   t h e   d i v e  was f l a t  and composed o f   f a i r l y  sol i d  1 i g h t  brown 
sediment.  There was  much physical  evidence  of dumping inc lud ing   s tee l  
c a b l e s   a n d   b u n d l e  t ies,  b r i c k s ,   b u i l d i n g   b l o c k s ,  boom c h a i n s ,   c l u m p s  o f  

sandstone and large  rocks.  Benthic  animals  observed  are 1 i s t e d  below w i t h  
b r i t t l e   s t a r s   b e i n g   t h e  most numerous species.  Pink and sidestr ipe  shr imp 
were present as  would  be  expected, however the numbers seemed reduced  over 
s i m i l a r   a r e a s   i n  Georgia S t r a i t .  The marine l i f e   ( i e :  squat  lobser, 
rockf ish,   snai ls,   shr imp)  normal ly  associated  wi th  logs and o t h e r   s o l i d  
ob jects  such  as  cement blocks,  large  rocks,  etc. was a lso  reduced. 
On the second h a l f   o f   t h e   d i v e   t h e  numbers of  benthic  animals  decreased 
even more. Most not iceable was the  reduct ion i n  b r i t t l e   s t a r  numbers and 
s igns   o f   bur rowing   ac t i v i t y   ( ie :   c ra te rs ,   ho l lows,  bumps). There was s t i l l  

much physical  evidence o f  dumping  up t o   t h e  end of   the  d ive.  
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Bottom - 
- 

- 
1016 hrs - 

- 

1034 - 
- 

1050 hrs - 
1100 hrs - 

- 
- 
- 

1112 hrs - - 

245 metres, 0956 hours 
centre of spoil  area; proceed i n  northeast  direction 
solid bottom, surface sediment 1 i g h t  brown i n  colour 
obvious dumping act ivi ty;  steel cable, bands, wood debris 
large logs covered w i t h  Neptunea sp. spider  crabs, prawns 
(Pandalus platyceros),  Actiniaria,  ratfish (Hydrolagus 
coll iei  1 
brit t le  stars,  nemerteans noted; Metridium sp. 
course heading  065"T. 
woodwaste evident;  boulders, sandstone 
1 emon sol e ( Parophrys vetul us), thornyhead rockfish 
(Sebastolobus sp. 1, sculpins 
brit t le  stars common; most abundant organism on dive track; 
concentrated i n  "patches" 
shrimp species noted; not  common 
dumping activity obvious; burrowing reduced, few craters 
Dover  sole  (Microstomuspacificus);  nemerteans associated with 
bark and branches 
Starfish; octopus 
concrete b u i l d i n g  blocks 
concentrations of brittle  stars decreasing. Most logs have 
some  form of l i f e  on them 
Neptunea sp., squat lobster (Munidaquadrispina), sea urchins, 
hermit crabs 
bottom now more depauperate since commencement of dive 
boom chains and log bundle straps noted 
1 arge dumps o f  bark  with spider  crabs and prawns ( P .  
platyceros)  associated 
244 metres 
bottom marked w i t h  wood debris, rocks and boulders - large 
clumps of clay; l o g  with octopus; bricks and cable 
mud star (Ctenodi scuscri  spatus, eel pouts brit t le  stars 
Neptunea sp. 
242 metres 
bottom type same i n  this portion o f  dive track 
238 metres 
marine 1 i fe  more scarce 
egg cases on 1 ogs and metal bands, possibly Neptunea sp. 
235 metres 
end dive 

- 

Y 

I 

W 

k 
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PISCES I V  /PANDORA  I1 

LOCATION: Po in t  Grey Dumpsite (See f i g u r e  5 )  
DATE: 09 November  1983 

D I V E  NUMBER: 1392 
PILOT: B. Holland 

OBSERVERS: H. Nelson, D. Brothers 
POSITION: S t a r t  (1235  Hrs. ) 

49'15.4'N 
123'22.1 ' W 

Sumnary : 

F i n i s h  (1420  Hrs. ) 

49'14.8'N 
123'23.4'W 

1 

1 

The d ive  t rack comnenced at   the  cent re  o f   the  des ignated  spoi  1 
area a t  a depth o f  245 metres and proceeded on a course o f  245"T f o r  one 
naut ical   mi le  ( ie:   to  the  outer  per imeter  of   the  designated  spoi l   area.)  
As with  the  previous  dive  (1391)  there was a l o t   o f   d e b r i s  from dumping 
such as cable,  bricks, cement pipe,  bundle  t ies, and small  clumps o f  rock/  
gravel /c lay.  There was more evidence o f   b u r r o w i n g   a c t i v i t y   ( i e :   c r a t e r s )  
and th is   increased even  more towards  the end o f   the   d ive .  The animals 
normally associated wi th  wood debr is  and o t h e r   s o l i d  objects were again 
reduced. On t h e   l a t e r   h a l f  o f  the   d ive   less  dumped mater ia l  was observed. 

Bottom - 1253 hours, 245 metres 
- cur ren t  one quar ter  km. from  north 
- proceed  course  heading 245"T 
- sol  i d  bottom;  obvious dumping a c t i v i t y ,  1  og bund1 e straps 1 ogs, 

woodwaste, small  rocks,  gravel,  bricks 
- Nemerteans, s idest r ipe  shr imp  (Pandalops is   d ispar) ,   ra t f ish 

(Hydro1 agus co l  1 i e i  , prawns  (Panda1 us p l   a tyceros  ) 
- A c t i n i a r i a  sp., c o i l e d  nemerteans,  Neptunea sp. noted 
- v i s i b i l i t y  2-3 metres a t  commencement o f   d i v e  now somewhat 

reduced 
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1305 hrs - 246 metres 
- bri t t le  stars, 1 ing  cod  (Ophiodonel ongatus), Neptunea sp. 
- hermit and spider  crabs 
- more evidence of burrowing ac t iv i ty  on this dive track 
- thornyhead rockfish (Sebastolobussp. ) 
- gravel under t h i n  brown surface sediment layer 
- squat lobster (Munida quadrispina) 
- bark fragments, large  plastic bucket, cement pipe 
- burrowing  anemones  noted (Pachycerianthus sp.) 
- area w i t h  dumps of grey clay sediment 
- wood debris, concrete buil d i n g  blocks 

- both dive tracks  similar; marine l i f e  scarce b u t  noted more 

- 1 ogs w i t h  Neptunea sp., pol lock (Theragra chalcogramma) 

1317 hrs - course heading 245"T, 246 metres 

burrowing ac t iv i ty  on this track 

1338 hrs - 246 metres 
- f l a t ,  s o f t  bottom; obvious dump 

- some shrimp  noted 
bui  1 d i n g  b l  ocks, concrete 

i n g  ac t  i v i  ty  bricks, cab1 es , 

1340 hrs - 245 metres 
- less dumped material, so f t  brown 
- shrimp, brit t le  stars,  skate noted 
- Actiniaria noted  throughout dive track b u t  not numerous 
- flatfish,  pacific cod (Gadusmacrocephalus),  pollock 

(T. chal cogramma 1, scul pins 
1350 hrs - 243 metres 

- area w i t h  soft bottom, light brown fine sediment layer on 

- reduction i n  woodwaste and noted increase i n  burrowing activity 
- octopus, brown cat shark (Apristurus brunneus), hake (Merluccius 

surface 

Droductus) 
1355 hrs - 242 metres 

- patchy duming activity evident 
- thornyhead rockfish (Sebastolobus sp.) and several skat; 

ratfish (Hydro1 agus col 1 iei ) 
- after one hour on track, s t i l l  encountering dumped material 
- l i g h t  grey  sediment underlying brown surface  layer; grey 

sediments are discharged during burrowing act ivi ty  
1407 hrs - 233 metres 

- END D I V E  (one roll 70 mm exposed) 
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APPENDIX I11 

BENTHIC  FAUNA COMMON NAMES 
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SPECIES 

Cancer magister 

Lyopsetta exi l is  

Microstromus Pacificus 

Molpadia intermedia 

Pandal opsi s di  spar 

Pandal us D l  atvceros " 

Panda1 us sp. - 

Sebastes aleutianus 

Sebastes sp. 

Sebastol obus sp. 

COMMON  NAME 

Dungeness  crab 

S1 ender sol e 

Dover sole 

Sea  cucumber 

Sidestripe shrimp 

Prawn 

Shrimp 

Rougheye rockfish 

Rockfish 

Rockfish, thornyheads 
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APPENDIX I V  

TRACE  METAL ANALYTICAL PROCEDURES 
I N  SEDIMENTS 

( t o  November - December 1982) 
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Sediments - Trace Metals 

SAMPLE  PREPARATION/ANALYTICAL  PROCEDURES 

SCOPE  AND  APPLICATION 
This method (Aqua regia leach) i s  applicable t o  the decomposition of 
sediments prior t o  sample analysis. 

SAMPLE  CONDITION 
The  sample should be preserved (Code 231) and prepared (Codes 236, 238) 
(attached). Approximately 3 t o  5 g are required t o  analyze the sample i n  
duplicate. 

METHOD  PRINCIPLE 
This technique may be classed as a leach or partial  extraction. I t  will 
attack the crystal lat t ice t o  various degrees  depending on the sample com- 
position. Metals from p o l l u t i o n  sources, most sulfides and organo-metal ic 
compounds will be included i n  the extract. 

The advantage of using a partial  extraction over a to ta l  silica  destruction 
technique,  besides  the  shorter  analysis  t ime, i s   t h a t  small  but  environmen- 

t a l l y  significant metal concentrations can  be  more often  distinguished from 
the background concentration. Small concentration changes  due t o  man's 
activities may be indistinguishable against  a much larger background  due t o  
the to ta l  dissolution of the primordial material. 

INTERFERENCES 
1. Any decomposition of sediments results i n  a solut ion containing a  large 

variety of ions a t  trace t o  percent levels. Such a complex matrix 
invariably leads t o  problems during analysis. 
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APPARATUS 
1. Cal ibrated, 50-1111 test  tubes w i t h  glass  stoppers. 
2. A1 uminum ho t  block w i t h  holes t o  accomodate the test  tubes and 

dimensioned t o  f i t  a ho t  plate. 
3. Hot plate. 
4. Balance readable t o  0.001 g. 

REAGENTS 
1. Hydrochloric acid,  concentrated, reagent grade. 
2. Nitric  acid, concentrated,  reagent grade. 

PROCEDURE 
1. Weight 0.4 t o  0.5 g of freeze d r i ed ,  sieved sample i n t o  a 50-1111 test  

tube. 
2. Add approximately 5 m l  of deionized water, 4.5 ml of HC1 and 1.5 ml  

HNO3. 

hours. I f  the sample froths or bumps violently, the heat i s  too high. 
3. Place the tube on the ho t  block and heat the sample on a low heat for  3 

4. Cool and dilute w i t h  deionized water t o  the 50 m l  mark. 
5. Stopper and shake well. Allow the sample t o  s i t  overnight. 
6. Carefully decant the clear supernatant in to  a clean, acid-washed 

plastic  bottle. Discard the  residue. 

CALCULATIONS 
There are no calculations b u t  the following data is recorded: 
1. Tube  number. 
2. Sample weight (9) .  

PROCEDURE 
Analyse  sample solutions by Inductively Coupled Argon Plasma (ICAP). 
Calculations of final results on computer. program. 
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Sediments - Mercury 

SAMPLE  PREPARATION/ANALYTICAL  PROCEDURES 

SCOPE  AND  APPLICATION 
This method i s  appl   icable  to  the  determi  nat ion  of   mercury i n  marine  sedi - 
ments, f i sh   t i ssues ,  she1 1 f ish,  crustaceans and other  fresh  water and 
marine  biota. The detect ion limit i s  0.07 ug/g dry   concentrat ion  or  0.013 
ug/g  wet  concentration based on a  sample s ize  o f  0.15  g dry and, 0.75 g wet 
weight,  respectively. 

SAMPLE  CONDITION 
The sample should be preserved (Code 231)  and prepared (Codes  236, 238) 
(attached).  Approximately 3 t o  5 g. are  required  to  analyze  the sample i n  
dupl  icate. 

METHOD  PRINCIPLE 
The dried,  sieved sample i s  d igested  wi th  4 + 1 su l fu r i c   ac id ,  and 50% 
H202. This   ox idat ion will decompose inorganic  mercury compounds ( s u l f i d e s  
included) and  organo-mercury  complexes.  Potassium  permanganate i s  used as 
an aux i l la ry   ox idant .   A f te r   ox ida t ion   the  mercury i s  reduced by stannous 
ch lo r i de  and hydrazine  sulfate  to  elemental  mercury and determined as 
described  for  mercury i n  water. 

INTERFERENCES 
1. Without a drying  tube,  water can  condense on the  absorpt ion  ce l l   w in-  

dows. I f  the  apparatus,  reagents and  samples a r e   a t  room temperature, 
and t h e   c e l l   i s   c o n s t a n t l y  purged  between samples, condensation does 
not  occur. 

2. Low mercury  recoveries  usually  indicate an incomplete  digestion, most 
o f ten  as  a r e s u l t  o f  using  too much sample.  Reduce the sample s i ze  and 
analyze  again . 
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APPARATUS 
1. Reaction tubes 

These tubes are l O O - m l ,  Pyrex brand, "Student" graduated cy1 inders 
without the plastic base and truncated a t  the I00 ml  mark. 

2. Hot block and ho t  plate. 
3.  F1 amel ess system. 
4. Atomic absorption spectrophotometer capable of simultaneous background 

correction  (Jarel 1 Ash 810). 

REAGENTS 
All the reagents used are of analytical reagent grade.  Deionized  water is  
used throughout reagent preparation. 
1. 

2. 

3. 

4. 

Sulfuric  acid  solution, 4+1: Four parts  of  concentrated H2SO4 are 
added t o  one part of water. Cool before use. 
Hydrogen peroxide, 50% V/V:  This reagent is  tested for the presence of 
mercury i n  the following manner. To 4 m l  of HzSO2 add 45 ml  o f  water, 
cover and leave  overnight. Add ten m l  4+1 H2SO4 and 1 m l  5% w/V KMn04. 
Prepare a similar blank  w i t h  water instead of 50% H202. Both blanks 
are then  analyzed i n  the usual manner. A t  twice the peroxide 
concentration used i n  the digestion, no detectable  difference between 
the blanks has  been found. 
Potassium  permanganate, 0.1% w/V: Dissolve 1 g of KMn04 i n  1 l i t r e  of 
water and refrigerate before use. As the main potential source of 
mercury contamination, this reagent may contain mercury i tself  or may 
extract i t  from container walls and/or air [4]. 
Reducing solution, 2% w/V hydroxylamine sulfate, 1% w/V hydrazine 
sulfate, 3% w/V stannous chloride: 
Dissolve 10 g o f  ( N H ~ O H ) ~ . H Z S O ~  by stirring i n  30 m l  of water. Add 5 g 
of H2NNHz.HzS04, s t i r  u n t i l  dissolved. Add 15 g of SnC12.2H20 and 
dissolve. The enti  re solution i s  then diluted t o  500 ml w i t h  water 
(Note 4 ) .  

W 
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REAGENTS (continued) 
5. Mercury  standards, 0.01 t o  0.5 ug: Prepare 0.10, 1.0  and 10.0 u g h 1  Hg 

standards  from a  1000  mg/l stock  solut ion. From these  standards 
prepare a working  range by p ipet ing  appropr ia te volumes i n t o   t h e  
reac t ion  tubes. 

CONCENTRATION OF STANDARD 
( u g h 1  1 

0 
0.01 
1.0 
1.0 
1.0 
1.0 
1.0 

10.0 

VOLUME USED 
( m 1 )  

0 
0.10 
0.05 
0.10 
0.20 
0.30 
0.40 
0.05 

RESULTING HG WEIGHT 
(ug 1 

0 
0.01 
0.05 
0.10 
0.20 
0.30 
0.40 
0.05 

Using  the  tube  graduat ions,   d i lute  to 10.0 m l  with  deionized  water. 
Add 10.0 m l  o f  4+1,  H2S04+H20, sw i r l  and cool. Add  40.0 m l  o f  0.1% w/V 
KMn04 f o r c e f u l l y   t o   f a c i l i t a t e   m i x i n g .  Cover  and analyze as w i t h  
sample procedure. 

PROCEDURE 
1. Weigh approximately 0.075 g o f  f reeze-dr ied sample i n t o  a 100-ml 

reac t ion  tube.  Prepare a dup l i ca te  and record   the   v ia l  number, tube 
number and  sample weight. 

2. Add 10.0 m l  o f  4+1,  H2S04+H20 s o l u t i o n   i n  a constant stream, cover and 
leave  overnight.  

3. Add  4.0 ml o f  50% Hz02 s w i r l  and place  the  tube on the  hot  block. 
4. Swi tch  the  hotp la te  to  5 (Corning PC100) and heat   the  tubes  unt i l   the 

so lut ion  turns  co lor less  (Note 5 )  and the  bubbling  stops  (approximately 
1-1.25 hours). 
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PROCEDURE (contf nued) 

I 

Y 

5. 

6. 

7. 

8. 

9. 

Remove the tubes from the block, cool  them i n  a cold water ba th  and add 
30.0 m l  of cool  0.1% KMn04. The f i n a l  volume shoul d be 50.0 ml . 
Adjus t  the instrument as per the  manufacturer's instructions. Mercury 
absorbance is measured a t  253.7 nm, and background  absorbance is 
measured a t  254.7 nm using a t i n  hollow cathode lamp. 
Set the argon flow a t  40 ml / m i  n ( 5  on the flow meter) and switch the 
flow t o  the gas dispersion tube (Note 6 ) .  
Place a reaction tube on the apparatus and inject  forcefully 5.0 m l  of 
the reduci ng sol u t i  on. 
When the maximum  peak height has  been obtained, remove the tube and 
switch the argon flow t o  purge. 

10. Switch the argon flow t o  the  dispersion  tube, p u t  on the next tube and 
repeat  the process (Note 7 ) .  

NOTES 
1. 
2. 

3.  

4. 

5 .  

6. 

7. 

No loss o f  mercury has been associated w i t h  this procedure [S, 61. 
The use o f  argon as a sweep gas eliminated potential mercury 
contamination and increased absorbance by 25% [7]. 
An open flameless system i s  used rather t h a n  a closed system which  
requries a time consuming summation of absorbance  peaks [SI and suffers 
from reproducibility problems [SI. 
Hydroxyl  ami ne sul fate destroys excess permanganate and manganese oxide. 
Hydrazine sulfate  accelerates the reaction of stannous chloride [lo]. 
I f  the tubes are le f t  too long on the hot block, the solution becomes 
colored s l ight ly ,  however, the effect on the accuracy of the results  is 
negl i g i  bl e. 
This flow was determined empirically t o  ob ta in  maximum absorbance. If  
the cell and t u b i n g  are changed radically, the optimum flow rate must 
be  de termi ned. 
Tests showed t h a t  wai t ing  for a return t o  base1 ine between  samples was 
not  necessary and rinsing the gas dispersion tube between  samples was 
not necessary as carry-over was not  detectable i n  either case. 

m 

m 
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CALCULATIONS 
1. Draw a  standard  curve o f  ug/Hg vs  absorbance. 

2. Wet/Dry Rat io  = weight  before  freeze  drying  (g) 
weight   a f ter   f reeze  dry ing (9) 

3. ug/g  dry  weight Hg = ug Hg from  curve 
dry  weight i n  tube ( 9 )  

4. ug/g  wet  weight = (ug/g  dry  weight Hg) (wet /d ry   ra t io )  

REFERENCES 
[l] J .F. Uthe, A. 3. Armstrong and K.  C. Tam, JAOAC, Vol . 54,  P866, (1971). 
[2] J.F. Kopp, M.C. Longbottom and L.B. Lobring, JAWWA, P20, Jan. (1972). 
[3] D.C. Stuart,  Anal. Chem. Acta., Vol.  96,  P83, (1978). 
[4] D.R. Christmann and J.D. I n g l e  Jr., Anal. Chem. Acta., Vol. 86,  P53, 

(1976 1. 
[5] P.O. LeFleur, Anal. Chem., Vol . 45,  P1534, (1973). 
[6] A. Turkey  and H. Hoznung, A t .  Abs.  News., Vol. 17, P59, (1978). 
[7] T.C. Rains and 0. Mennis, JAOAC, Vol. 55, P1339, (1972). 
[8] J.L. Down and T.T. Gorsuch, Analyst,  Vol. 92,  P398, (1967). 
[9] J.F. Uthe, A.3.  Armstrong  and M.P. Stainton, J. Fish. Res. Board, Vol .  

27,  P895, (1970) 
[ l o ]  W. 3. Hover, J. R. Me1 ton and P.A. Howard, JAOAC, Vol . 54,  P660, 

( 1971). 
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Sediments - Trace Metals 

PRESERVATION (231) - PREPARATION (236, 238) 

SCOPE  AND  APPLICATION 
These methods are used t o  prepare  sediments, s o i l s  and sludges p r i o r  t o  
decomposition and metal  determination. 

SAMPLE  CONDITION 
Co l lec t  a representat ive sample (Note 11, d r a i n   o f f  excess  water,  place  the 
sample i n  a p i a s t i c   b o t t l e   o r   w h i r l - p a k  bag  and freeze. 

METHOD  PRINCIPLE 
The sample i s  f reeze  dr ied and sieved  using a 100 mesh (.150 mn) s ta in less  
steel  sieve. The 100 mesh f rac t i on   i nc ludes   t he   p r i nc ip le   "adso rbe rs "   o f  
metals  (clays,  hydrous  oxides and f i ne   qua r t z )  and p a r t i c l e s  which  are 
small enough t o  be ingested by benthic  b iota.  

IWTERFERENCES 
1. Vo la t i l i za t ion   o f   meta ls   dur ing   f reeze  d ry ing  i s  poss ib le   bu t  has no t  

been conclusively  demonstrated. Much depends ( t o  an unknown ex ten t )  on 
the sample composition,  metals  present and the i r   b ind ing   o r   adso rp t i on  
charac ter is t i cs .  

2. The sieve must be  composed o f  s ta in less   s tee l  as  opposed t o  brass (Cu 
contaminat ion)   o r   p las t i c  (mesh opens ou t  and  wears qu ick ly ) .  

3 APPARATUS 
1. Freeze  drying,  apparatus. 
2. Stainless  steel  sieves, 100 mesh. 
3 .  Acid washed p l a s t i c   v i a l s  and bo t t l es .  

I 

n 

& 



- 64 - 

REAGENTS 
1. Deionized  water. 
2. Hydrochloric  Acid, 1 + 10: Add 1 par t   o f   concentrated HC1 t o  10 pa r t s  

of  deionized  water. 

PROCEDURE 
1. Soak a l l   p l a s t i c   v i a l s ,   b o t t l e s  and caps i n  1 + 10 HC1 f o r   a t   l e a s t  24 

hours.  Rinse 3 t imes  with  deionized  water and dry. 
2. Set up the  freeze  dryer as per  manufacturer 's  instruct ions.   Place  the 

bags o r   bo t t l es   con ta in ing   t he  samples i n   t he   f reeze   d rye r .  Open the 
bag o r   b o t t l e   t o   a l l o w   t h e   w a t e r   t o  escape. 

3. Dry the samples for  48 hours o r  more u n t i l   d r y .  
4. Sieve each  sample using  the 100 mesh sieve and bottom pan. 
5. Place  the  sieved  port ion i n  a c lean   p las t i c   v ia l .  
6. Clean  the  sieve  with a brush  and/or a d ry   c lo th .  

NOTES 
1. The amount o f  sample r e q u i r e d   t o  be representat ive i s  dependent on the  

sample locat ion.  The amount o f  sample required  for   metal   determinat ion 
i s  approximately 2 g dry  weight. The ana lys is   i s   per fo rmed on  a 100 

mesh fract ion.  Therefore, samples composed mainly  of   course  mater ia l  
necessi tate a greater sample s i z e   t o   o b t a i n  enough 100 mesh f i n e s   f o r  
analysis.  

CALCULATIONS 
There are no ca lcu lat ions  but   the  fo l lowing  data  is   recorded:  
1. Sample  number. 

-32. V ia l  number. 
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APPENDIX  IVA 

TRACE  METAL  ANALYTICAL  PROCEDURES 
IN SEDIMENTS 

(since 1982) 
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APPENDIX  IVA  TRACE  METAL  ANALYTICAL  PROCEDURES IN SEDIMENT 
(since 1982) 

SEDIMENT  PREPARATION/ANALYTICAL  PROCEDURES 

1. Transfer sample materi  a1 t o   l a b e l e d   K r a f t   s o i l  sample envelopes, d ry  
samples a t  60  deg. C. 

2. When samples are  dry,  disaggregate  the sample material  by  rapping  the 
sample  bag w i t h  a rubber mal let .   Occasional ly,   the sample  bag may 
spl  it, t h i s  usual l y  occurs when the samples are  marine  sediments  or i f  
the  bags a r e   h i t   t o o  hard. I f  p a r t i c l e   s i z i n g  has been requested, 
s p l i t   t h e  sample mater ia l  on a r i f f l e  - a  normal s p l i t   i s  1/4 f o r  
metals and a f o r   p a r t i c l e   s i z i n g .  Ensure tha t   t he  sample s p l i t s   a r e  
done i n  a manner that   min imises  b ias ing  o f   the subsamples. I f  the 
p a r t i c l e   s i z i n g   r e q u i r e d   i s   f o r   o n l y   t h e  +/- 100 mesh (0.150 mm) 

f rac t i ons  sample s p l i t t i n g   i s   n o t   r e q u i r e d .  

3. Sieve samples through a 100 mesh s ta in less   s tee l  screen, s t o r e   t h e   f i n e  
f r a c t i o n   i n  a l abe led   v ia l ,   r e ta in   t he   coa rse   f rac t i on   i n   t he   K ra f t  
sample bag. Label the vial  body with  the sample number,  eg. 
"5673-12", l a b e l   v i a l  caps w i t h  sample series  only, eg. "5473". I f  a 
p a r t i c l e   s i z i n g   r e q u e s t   i s   f o r   o n l y   t h e  +/- 100 mesh (0.150 mn), weigh 
the  coarse and f i n e   f r a c t i o n s  and s to re  them i n  separate  vials. Ensure 
tha t   t he  screens  are  brushed  clean  thoroughly between  samples - 
occasional l y  the  screens  should be cleaned i n  an u l t rason ic   ba th   t o  
remove material  trapped i n   t h e   w i r e  mesh. Special  care must be taken 
when handling  non-routine  type samples to  prevent  cross  contaminat ion 
between  samples - eg. concentrates,   sal t  sediments, sewage sludges, 
etc.  



- 67 - 

4. Weigh  0.30 t o  0.32 g o f   s ieved sample i n t o   c a l i b r a t e d  50 ml t e s t  tubes. 
Repl icate samples, reference  materials, and reagent  blanks must  be 
inc luded  wi th   every  set   o f  samples. Normally one reference  mater ia l  
and one blank  should be run   w i th   every   se t   o f  30 o r   l e s s  samples, the 
number o f  rep1  icates  should be a t   l e a s t   t h e  square r o o t   o f   t h e  number 
o f  samples i n  a g i ven   l o t .  Use computer  program "SEDWT" t o   s e t  up a 
weight f i l e  and take  weights  directly  from  the  balance.  Please  not  the 
fol lowing  conventions: 

a) Tube numbers c o n s i s t   o f  one l e t t e r   f o l l o w e d  by a number eg. 
"X137" 

b )  The p r e f i x   l e t t e r  "A" i s  reserved  for   reference  mater ia ls 
c )  Reagent blanks  use  the  tube number "AB" (no t  "AO"! ) 

d)  Weight f i l e  names should be of   the  form "LXXXXXX", where  "L" 
i s  t h e   p r e f i x   l e t t e r   o f   t h e   t u b e  number "XXXXX" may be any 
alphanumeric  characters,  normally  this i s  the sample number o f  
t h e   f i r s t  sample i n  the   we igh t   f i l e .  

e )   A s s i g n   p r e f i x   l e t t e r s   i n   a l p h a b e t i c a l   o r d e r ,   a v o i d   t h e   l e t t e r s  
"I" and "0" - they  are  easi ly  confused  wi th  the numbers "1" 
and "g". 

5.  Add 4.5 m l  conc. HN03,  1.5 m l  conc. HC1, sw i r l   so lu t ion   v igorous ly ,  
a l low  to   react   for   about   ten  minutes,   then add  15 m l  deionized  water. 
Reagents should be dispensed  with  automatic  pipettors, use only  "BAKER 

- Instra-Analyzed  ( for   t race  metal   analysis)"   acids.  Wear eye 
p ro tec t i on  when handling  acids and  sample d igest   so lu t ions.  

6. Place  test   tubes  into  pre-heated  block and heat   for   three  hours.  
Sample so lut ions  should  bo i l   gent ly   dur ing  the  d igest ion  per iod - 
exercise  care  wi th  very  f ine  grained samples, they  are 1 i k e l y   t o  cause 
bumpi ng probl  ems. 
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7. 

8. 

9. 

Remove tes t  tubes and allow t o  cool before d i l u t i n g  sample solutions t o  
50 m l  . Cap tes t  tubes and mix well , allow sample solutions t o  sett le 
ou t  overnight.  Carefully decant sample solutions i n t o  30 ml acid 
washed  poly bottles, ensure t h a t  particulate material i s  not transfered 
t o  the sample bottles. 

Label the body of each bottle with the tube number, eg. "673"; label 
the  bottle cap w i t h  the sample lo t  number,  eg. "1073". Place the 
bottles containing sample solutions, reference materials, and blanks i n  
an orderly fashion i n  appropriate  bottle trays along w i t h  hardcopy of 
weight f i l e ( s )  and analysis request  sheets. Place bottle  trays i n  the 
proper area for ICAP sediment  samples. 

Analyse  sample solutions by ICAP. Use computer  program "SED" t o  
cal cul ate f i nal resul ts. 

Mercury i n  Sediments 
A portion of the l i q u i d  from the sediment digestion is used for 

Hg analysis on the Pharmacia mercury monitor, model 1205. The  mercury 
compounds are reduced t o  elemental Hg with  hydroxylamine sulfate and 
stannous chloride. The  mercury  vapour  produced is  swept from the solution 
with  argon and  passes  through  an  absorption  cell  where  the  absorption is 
measured a t  254 mn. 
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APPENDIX V 

TRACE  METAL  ANALYTICAL PROCEDURES 
I N  TISSUES 

(Revi sed December 1983 

A. General Sample Preparation 
B. Trace  Metal  Procedures 
C. Mercury  Procedures 
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A. GENERAL SAMPLE PREPARATION 

1. Label and weigh a su f f i c i en t   supp lyo f   c lean   p las t i c   v ia l s .  Use 
computer  program BIOWT t o   s e t  up a weight f i  1 e ( o r   t o  add t o  an 
e x i s t i n g   f i l e )  and use the  fol lowing  conventions: 

a )   V i a l s   a r e   i d e n t i f i e d  by a " v i a l  number" - t h e   v i a l  number consis ts  
o f  a l e t t e r   p r e f i x  and  a number s u f f i x  eg.: "623". The p r e f i x  
l e t t e r  "A" i s  reserved  for   reference  mater ia ls and should  not  be 
used f o r  samples. 

b )   B i o t a   w e i g h t   f i l e  names should  cons is t   o f  a s i n g l e   l e t t e r   p r e f i x  
fo l lowed by  a s e r i e s   o f  numbers and/or l e t t e r s ,   t o  a maximum o f   s i x  
characters eg. "R1015A". The f i r s t   l e t t e r   i n   t h e   f i l e  name should 
be the  same as t h e   p r e f i x   l e t t e r  used f o r   a l l   v i a l  numbers used i n  
t h a t  f i  1 e. The f i  1 e name "SRM" i s  reserved  for  standard  reference 
mater ia ls  and a l l   v i a l s   i n   t h i s   f i l e  should have "A" as 
t h e i  r p r e f i x  1 e t t e r  . 

c )  The  maximum  number o f   e n t r i e s   i n  a weight f i l e   i s  199, try t o  have 
100-150 entries  for  maximum  efficiency  and  a  minimum  number  of 
a c t i v e   f i l e s .  

d)  Assign p r e f i x   l e t t e r s   i n   a l p h a b e t i c a l   o r d e r ,   s t a r t   w i t h  "B" i n   t h e  
beginning  o f   the  year .  Some ongoing  projects may warrant  assigning 
a s i n g l e   l e t t e r   f o r   a l l  samples i n   t h a t   p r o j e c t .  

2. Homogenize wet t i ssue  samples i n  a s ta in less  s tee l   b lender  ( i f  samples 
are  small enough t o  f i t  i n t o   v i a l ,   t h i s   s t e p  may be omitted). F i l l  a 
labeled  v ia l   approximately 3/4 f u l l   w i t h   t i s s u e  homogenate. Rinse  the 
blender we1 1 with  deionized  water between  samples. 
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3. Weigh via l  + wet  sample,  use  computer  program BIOWT and follow sample 
numbering conventions when entering sample  numbers. 

4. Cover  sample vials w i t h  a "Kimwipe", securing i t  w i t h  a rubber band, 
place samples in freezer and freeze sol i d .  Exercise care when covering 
samples - rubber  bands contain s ignif icant  levels of zinc and cadmium. 

5. Place frozen samples i n t o  freeze  drier, allow a t  least 24 hours t o  dry 
- excessively wet  samples and a "loaded" freeze  drier may extend drying 
time t o  two or three days. Try t o  run heavy 1 oads  over the weekend i f  
possible. 

6 .  Weigh v ia l  + dry sample, use computer program BIOWT. 

7. Pulverize dry  sample i n  a coffee  grinder or Wiley mill. Clean coffee 
grinder we1 1 between  samples by blowing out  w i t h  compressed air. 
Excessively oily samples may coat  the  grinder, this deposit may be 
removed by grinding one or two 1 oads of rice, cleaning  grinder w i t h  a 
paper  towel and then blowing out  w i t h  compressed a i r .  Very small 
samples may be pul  veri sed by using a glass rod or stainless  steel 
spatula t o  grind sample material i n  the vial. 

1. 

-7 
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B b  TRACE  METAL PROCEDURES 

1. I n t o  a  marked p e t r i   d i s h  weigh  approximately 0.5 g. o f   f reeze  d r ied  
sample, use  computer  program BIOWT and ensure t h a t   t h e   p e t r i   d i s h  has 
been tared  proper ly  before  adding sample mater ia l .  To weigh r e p l   i c a t e  
samples , pre f i x   t he   d i sh  number w i t h   t h e   l e t t e r  "R" eg. enter  "R369" 
fo r   d i sh  # 369; program BIOWT will " i n s e r t "   t h i s   " e x t r a "   d i s h   i n t o   t h e  
w e i g h t   f i l e .  

All dishes  must be covered  with  watchglasses  immediately  after sample 
mater ia l  has been weighed t o  reduce  contamination. 

For any given 1 o t   o f  samples , the number o f   r e p l   i c a t e  samples r u n   f o r  
t h a t   l o t  should be a t   l e a s t   t h e  square r o o t   o f   t h e  number o f  samples i n  
t h a t   l o t ;  eg. f o r  16 samples do 4 rep l i ca tes  and f o r  19 samples do 5 
rep l i ca tes .  Each group o f  samples should have a t   l e a s t  two reagent 
blanks and a t   l e a s t  two reference  mater ia l  samples r u n   w i t h   t h a t  group 
o f  samples.  Reagent blanks do no t  need t o  be entered i n  a we igh t   f i l e ;  
t h e   v i a l  # - d ish  X combination o f  "AO-0" i s  reserved  for   reagent 
blanks and  a dummy sample we igh t   o f  0.5 g. i s  used. A1 1 reference 
mater ia ls  should be entered i n   t h e  "SRM" weight f i l e  and t h e i r   v i a l  
numbers have p r e f i x   l e t t e r  "A", dumnly e n t r i e s   f o r   v i a l ,   v i a l  + wet 
sample, v i a l  + dry sample weights o f  ' I +  9", ''+lO'', "+lo" must  be 
entered i n   t h e  SRM weight f i l e   b e f o r e   d i s h  sample weights  are  entered. 

2. Load cover less  d ishes  into plasma asher and ash overn ight  - see asher 
-- operat ing  inst ruct ions.  Each asher load  should  contain one reagent 

blank and  one reference  mater ia l   run  a long  wi th   the samples. 
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3. Remove samples from asher, cover w i t h  watchglasses, digest as follows: 

a )  Add 2.25 mls. nitric acid (HNO3) - warm on hotplate, i f  sample 
readily  dissol ves  then take down t o  near dryness, cool , then add 
2.25 mls. n i t r ic  acid (HNO3). Excessively oily or chunky  samples 
may require  further treatment w i t h  HNO3. 

b )  Allow dishes t o  cool, then add 0.75 mls. HC1,  warm on hotplate t o  
dissolve  material. Occasionally, a sandy residue may remain - this 
residue is  usually sand and i s  normally found with  she1 1 fish. Most 
tissue samples  should  produce clear, colourless sample solutions. 

c )  A1 low dishes t o  cool, transfer contents quant i ta t ively t o  labeled 

centrifuge tubes, make up t o  25.0 mls. w i t h  DI water, mix well. 
Enter sample solution volumes i n  weight f i l e ,  use computer program 
BIOTA. 

4. Transfer sample solutions t o  30 m l .  acid washed bottles. Label bottle 
w i t h  "v ia l#  - d i sh  #'I - eg. "637 - 432"; mark bottle cap w i t h  sample 
l o t  number - eg. for sample # "831234 - 567" use "1234". Place bottles 
containing sample solutions, reference materials, and reagent blanks i n  
an orderly fashion i n  appropriate  bottle trays a1 ong w i t h  hardcopy of 
weight f i l e ( s )  and analysis request  sheets. Place bottle  trays i n  
proper areas for ICAP biota samples. 

5. Analyse  sample solutions by ICAP, use  computer  program "Biota" t o  
cal cui ate final resul ts . 
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C. MERCURY PROCEDURES 

rl 

I 

APPARATUS 
1. Reaction  tubes - These are 100 m l .  pyrex  brand,  "student"  graduated 

cy l i nde rs   w i thou t   t he   p las t i c  base. 
2. Hot  block and ho t   p la te .  
3. Pharmacia  Mercury Monitor - model  1205. 

REAGENTS 
All the  reagents  are  analyt ical  grade. Deionized  water i s  used  throughout 
reagent  preparation. 

1. 

2. 

3. 

4. 

5. 

Sulphur ic  acid  solut ion,  4 + 1. Four parts  concentrated  sulphur ic  acid 
are added t o  one part  water. Cool . 
Hydrogen peroxide, 50% V / V .  This  reagent i s   t e s t e d   f o r   t h e  presence 
o f  mercury i n  the   fo l low ing  manner. To 4 mls. o f   su lphu r i c   ac id  add 45 
mls.  water,  cover and leave  overnight. Add 10 mls. 4 + 1 sulphur ic  
acid. Add 4 mls. o f  hydrogen  peroxide.  Prepare a s imi la r   b lank   w i th  
water   instead  o f  hydrogen  peroxide.  Both  blanks  are  then  analysed i n  
the  usual manner. There  should be no detectable  d i f ferences. 
Wash water. Add 160 m l  s. concentrated sul phur ic   ac id  and 20 m l  s. 
concentrated n i t r i c   a c i d   t o  some water.  Volumize t o  1 l i t e r .  
Reducing so lut ion.  Add 50 mls.   concentrated  sulphur ic  acid  to 450 mls. 
water. Add 15 gms. sodium ch lo r i de  and mix. Add 15 gms. 
hydroxylamine  sulphate and mix. Add 25 gms. stannous ch lo r i de  and mix. 
This  reagent will keep. 
Mercury  standards,  0.1  ug/l to 7.5 ug/ l .  

PROCEDURE 
1. Weigh approximately  0.1 gms. o f  f reeze  dr ied sample i n t o  a 100 ml .  

reac t ion  tube.  Duplicates  should be done. 0.1 gms. +/ - 0.005 gms. 
should  be used. A reference  material  should a1 so be analysed. 
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PROCEDURE (continued) 
2. Add 10.0 mls. o f  4 + 1, s u l p h u r i c   a c i d   i n  a constant stream, t o  cover 

the sample. Cover and leave  overnight. 
3.  Add 3.0 m l  s. hydrogen  peroxide and place  the  tube i n  the  cool  hotblock. 
4. Switch  the  hotplate  to 4.5 (Corning PC100) and hea t   un t i l   t he   so lu t i on  

i s   c o l o r l e s s   ( n o t e  2 )  and the  bubbling has stopped.  (Approximately 
1-1.5 hours). 

5. Remove from  heat and add 1 mls. n i t r i c   a c i d .  
6. Volumite t o  50 mls. with  water,  mix  well  and cool 
7. Analyse on the mercury  monitor. 

CALCULATIONS 
1. Use  #GFAA to   en ter   the  peak heights. 
2. Combine w i t h  BIOWT f i l e   t h a t   i s   c r e a t e d   f o r  mercury  during sample 

preparation. 

NOTES 
1. No l o s s   o f  mercury has been associated  wi th  th is  procedure.  (5, 6). 
2. I f  the  tubes  are l e f t   t o o   l o n g  on the  hot   b lock,   the  so lu t ion becomes 

c o l o r e d   s l i g h t l y ,   t h i s  does no t   a f fec t   t he   resu l t s .  

I 

I 
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