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ABSTRACT 

Environmental Protection has monitored marine waters around 
coastal pulpmills since 1976. Howe Sound has been  part of this 
annual routine  marine monitoring programme. Water quality records 
were kept of temperature, salinity,  dissolved oxygen and colour 
relative to water depth, Marine sediment was collected for trace 
metals, volatile residue, particle size and chlorophenol analysis. 
Trawls of fish and crustaceans were collected, identified and 
analyzed for trace metals. 

This data report summarizes the sampling done in Howe Sound  by 
Environmental Protection in November 1983 and April 1986 around 
Port Mellon, B.C. Methods used  for collection and analysis  are 
described and results  are presented without analysis or 
interpretation, The  sole intent of this report is to provide 
historical data from Howe Sound. 



La Protection de 1'Env ironnement  a  Bchant illonng les eaux 
marines receptrices aux  environs des usines  de  pate c8tiGres depuis 
1976. Howe Sound  a  fait  partie d'un programme d'echantillonnage 
marin de routine annuel. Les donnees de qualit6 de l'eau sont 
concentrees sur la tempbrature, salinite,  oxygene dissous, et 
couleur en relation h la profondeur d'eau. Des echantillons 
instantanes de sediment- furent  recueillis  pour des analyses de 
metal h 1'6tat de trace, de residu volatil,  grosseur de particules, 
et des analyses de chlorophenols.  Des  poissons  et crustaces 
attrapQs au chalut furent  recueillis,  identifies  et analyses pour 
metaux h 1'6tat de trace. 

Ce rapport de donnee resume l'echantillonnage fait dans le 
Howe Sound  par la Protection de 1'Environnement en  Novembre 1983 et 
Avril 1986. Les rapports de donnees  resument  les methodes utilisbes 
pour 1'6chantillonnage  et'l'analyse. Les rdsultats sont presentbs 
en tables ou graphiques sans analyse  ni  interpretation. La seule 
intention de ces rapports est de fournir des donnees historiques de 
Howe Sound. 
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1.0 

since 
Canf  or 
Sound 

INTRODUCTION 
Port Mellon, B.C. has been the site of a kraft pulpmill 
1908. The mill is presently  under the joint ownership of 
Corporation  and  Oji Paper Company  Ltd. and is known  as  Howe 
Pulp and  Paper Ltd. Through continued expansion and 

modernization,  production has reached 1,000 tonnes per day  of 
bleached kraft pulp  and 585 tonnes of newsprint (Cirrus, 1990). The 
facility also produces thermomechanical pulp (TMP). 

The mill is  located  on the Rainy  River on  the west  side of 
Thornbrough Channel which separates Gambier Island from the 
mainland (Figure 1). Historically,  pulpmill effluent was discharged 
into the surface waters of Howe Sound  near the mouth of the Rainy 
River. In 1982 a submarine  diffuser  system was installed which 
carried effluent to a depth of approximately 115 metres below the 
surface (Cross, 1989). Effluent  discharge volumes for  1987  are 
summarized in Appendix I and results for effluent monitoring on 
November 7, 1990 are  found  in  Appendix 11. In 1991, total suspended 
solids (TSS) averaged  10,140 kg/day and biochemical oxygen demand 
(BOD) averaged 2,000 kg/day.  Seaconsult  studied effluent dispersion 
of the Port Mellon outfall and  identified layers of effluent 
trapping through dye tracing in 1990 (Hodgins and Knoll, 1990). 

With its proximity to Vancouver, B. C., the Howe Sound 
watershed is an  important  recreational,  industrial, and residential 
area. Two major pulpmills,  forestry, mining, shipping, and 
recreational use have all  had  an  impact on the aquatic environment 
of Howe Sound.  Consequently, there has been extensive 
multidisciplinary  study of the area. Most recentlythis information 
has been  summarized by the Howe Sound Environmental Science 
Workshop (1991). 

In November  1989, a national dioxin study by Environment 
Canada  and Fisheries and Oceans Canada demonstrated the presence of 
dioxins and furans in harvested fish and shellfish in the vicinity 
of several pulpmills.  Port Mellon was on this list and closures 
resulted  for  prawn  and crab fisheries (Figure 2) . Extensive 
closures for  shellfish  harvesting in Howe Sound have created 
considerable public  concern.  Annual monitoring is carried out so 
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that trends in dioxin levels can be  detected. Recreational and 
native harvesting of crab and oysters remained open with some 
consumption guidelines. 
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2.0 MATERIALS AND METHODS 
Sampling at  Port Mellon was done from the C.S.S. Vector on 

November  16, 1983 and  on April 7, 1986 at stations shown in Figure 
3. Stations were located using ship's LORAN-C  and  radar. Station 
positions are  described  in Appendix 11. Tables 1 and 2 summarize 
water quality, sediment  and tissue parameters sampled, and 
techniques are summarized in  Tabld 3. Lab analyses were done at the 
EP/DFO West Vancouver laboratory. 

2.1 Water Samples 
In 1983 water samples off  Port  Mellon were collected from 

six stations in Thornbrough Channel as shown in Figure 3. Samples 
were collected at discrete depths  with polypropylene N.I.O. 
(National Institute of Oceanography) water bottles using standard 
oceanographic techniques.  Conductivity, temperature and depth (CTD) 
profiles were taken using a Guildline 8770 CTD/DO sensor. Water 
samples were not collected  in 1986 due to equipment problems .and 
time constraints. 

2.1.1 Analytical  Procedures - Water. Oxygen concentrations were 
determined in the ship's lab  using the azide modification of the 
Winkler method. The equations of Gameson and Robertson (1955) were 
used in the calculation of percent  dissolved oxygen saturation: 

C= 475- (2.65~s) 
.33.5+T 

%Saturat ion-"x100 A 
C 

where: C = saturation of oxygen in the sample water 
S = salinity of the sample water 
T = corrected temperature of the sample water. 
A = observed  dissolved  oxygen concentration in the sample 

Nutrient samples were immediately frozen after collection 
(Strickland and Parsons, 1971), then analyzed using an automated 
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colourimeter (Technicon Auto-analyzer 11). Tri-stimulus colour 
values of previously, frozen samples were  determined spectrophoto- 
metrically in the lab. 

2.2 Sediment SamDles 
Benthic samples were collected  from  six stations on November 

16, 1983  and 14 stations on April 7,  1986. They were analyzed for 
particle size, sediment volatile residue, trace .metals, PCB and 
resin acids. In 1986,  mercury analysis was also done. 

Sediment grabs were taken at the stations depicted in Figure 
3 using a stainless steel 0.1 m2 Smith-MacIntyre  grab. The 
surficial (2 cm) sediment layer  was  collected using a plastic 
scoop, avoiding the sediment near the sides of the grab. Samples 
for trace metal, volatile residue and particle size analysis were 
placed  in paper sediment bags inside  plastic bags and immediately 
frozen. Sediments collected for PCB and resin acid analysis were 
collected using a heat-treated  metal spoon and stored frozen in 
heat-treated glass jars. 

2.2.1 Analytical Procedures - Sediment. Sediment samples  were 
analyzed by the EP/DFO West  Vancouver  Laboratory  for trace metals, 
volatile residue and particle size according to  the procedures 
described by Swingle and Davidson (1979)  with some modification by 
the lab (Millward and  Kluckner,  1989). Trace metal samples  were 
dried  at 6OoC and  passed through a nylon sieve (0.15 mm mesh) then 
digested  in a 4:l nitric:hydrochloric  acid solution diluted 
slightly with 1 ml of distilled  water. Samples were digested in a 
microwave oven for 15 minutes at 720 joules/sec (watts). Trace 
metals were determined using a Perkin-Elmer Inductively Coupled 
Argon Plasma (ICAP) Optical Emission  Spectrophotometer, A Jarrel 
Ash 850 Atomic Absorption Spectrophotometer (AAS) with an FLA 100 
graphite tube furnace was used to detect  low-level  cadmium. 
Electron capture gas liquid  chromatography was used for  PCB and 
resin acid  determination. 
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2.3 Biota Bamles 
Two trawl sites were sampled  on  April 7, 1986 to compare 

tissue  metal levels  in prawns and  sole to previous years and 
spatially within 1986, Fish and  invertebrate tissue  were collected 
for trace metal analysis from trawls taken at Port  Mellon  Stations 
3 and 9. Samples were placed in  plastic  bags  and frozen  prior to 
analysis. The following species were used  for  analysis: 

English sole Parophrys  vetulus 
Pacific  Hake #ierluccius productus 
Arrowtooth Flounder Atheresthes stomias 
Prawn Pandalus  platyceros 
Dover sole Microstomus  pacificus 
Shrimp Spirontocaris sp 

2.3.1 Analytical Procedures - Biota.  At the EP/DFO West Vancouver 
Lab, samples were thawed, blended,  freeze-dried  and oxidized in a 
low temperature asher. The ash  (metallic  salts) was  dissolved  in 
warm concentrated nitric acid,  then  analyzed on the ICAP 

Spectrophotometer.  Low-level  cadmium was analyzed using a  Jarrel 
Ash 850 Atomic Absorption Spectrophotometer (AAS) with  an FLA 100 
graphite  tube furnace. 

TABLE 1: PORT MELLON SAMPLING SUMMARY8 NOVEMBER 168 1983 

STATION SEDIMENT WATER 

CTD TM SVR PS COLOUR  DO 

PM-1 

X PM-2 

' X  x X X X X 
X X X X" X 

1, PM-3 i X I X I X I X -X 
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TABLE 2: PORT MELLON SAMPLING SUMMARY, APRIL 7 ,  1986 

SEDIMENT  BIOTA 

PS SVR TM PCB b ICAP b 
RA Hg 

PM-  1 

X X X X PM-4 

X X X X PM-3 

X X X X PM-2 

X X X X 

~ 

PM-5 

X X X X PM-6 

X x x  X 

PM-7 

X X X X PM-10 

X X X X PM-9 

X X X X PM-8 

X X X X 

. PM-11 X X X X 
PM-12 

X X X X PM-13 

X X X X 

CTD 
DO 
PS 
TM 
SVR 
RA 
PCB 

Conductivity, Temperature, Depth 
Dissolved Oxygen 
Particle Size 
Trace Metal 
Sediment Volatile Residue 
Resin Acids 
Polychlorinated Biphenyls 
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TABLE 3: SUMMARY  OF  ENVIRONMENTAL  PROTECTION  METHODS FOR WATER, 
SEDIMENT AND TISSUE  ANALYSES 

SAMPLE TYPE METHODS  REFERENCE 

WATER 

Salinity, CTD Goyette & MacLeod, 1984 
temperature, 
depth 
Dissolved Oxygen Azide Swingle & Davidson, 1979 

Modification of Gameson & Robertson, 
Winkler 1955 

Colour Spectrophotometer Swingle & Davidson, 1979 

SEDIMENT 

Particle Size Freeze drying, Swingle & Davidson, 1979 

Trace .Metals IcAp optical Swingle & Davidson, 1979 

Screening Griff iths , 1967 

Emmission  Millward & Kluckner, 
Spectrophotometer 1989 

ignition 55OoC for 
1 hr. 

Volatile Residue Wt. loss on Swingle & Davidson, 1979 

TISSUE 

Trace  Metals ICAP Optical Swingle & Davidson, 1979 
Emission 
Spectrophotometer 
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3.0 : RESULTS 
3.1 Water  Ouality 

Salinity, temperature, dissolved oxygen (DO), % oxygen 
saturation and colour data  from Port Mellon  water quality stations 
PM 1-6 are  listed  in Tables 4 to 7. Results of effluent monitoring 
for the Port Mellon mill on November  7, 1989 for chloroanisoles, 
chlorophenols and resin acids are  found in Appendix 11. 

3.2 Sediment Quality 
Results of sediment sampling in Howe Sound  are summarized in 

Tables 8 and 9. Resin acids and PCBs were  not  detected  in sediments 
in 1983  or  1986. 

3.3 Biota  Quality 
Table 10 lists the results of trace metal analyses on 

several different species of marine fish and invertebrates 
collected in Howe Sound trawls at  Port Mellon Trawl Stations 
2. 

TABLE 4: WATER  QUALITY, PORT MELLON,  NOVEMBER 16, 1983 
TEMPERATURE ("C) 

e"= 10.06 * 100 9.79 + BOTTOM' 

PORT MELLON  STATION  NUMBER 

PM-2  PM-3  PM-4  PM-5  PM-6 

1 and 



BOTTOM  30.67 30.83 30.61 ND 30.83 30.09 
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TABLE 10: PORT MELLON,  TRACE METALS IN BIOTA (dry weight), 
APRIL 7,1986 (SHRIMP  DATA  NOVEMBER 16, 1983) 

Hg 0.20 

A l  19 

AS 101 

Ba 0.12 

Be <O. 08 

CO  <0.4 

Cr  0.4 

Sr  8.40 ' 1  Ti 0.9 

I <0.4 

moisture 

n,= 21 1 

E F  I SOLE 
DOVER 

Y" 0.040  0.042 

0.23 I 0.14 

<o. 10  0.20 
<O. 10 <O. 08 

<O. 5 <O. 4 

<O. 5 0.5 

1.1 I 1.2 

40.7 I 20.6 

1.50 5.72 

0.2 <0.2 

81.4  81.1 
I 

0.8 0.5 0.6  25.3  9. 

21.1  20.9  59.8  71.3 56. 

1240 1440 1310 ND  ND 

1.87 1.91 3.11 ND  ND 

c2 c2 3 <2 

c4 <4 <4 ND ND 

c0.8 <0.8 <O. 8 ND ND 

1.90 

ND ND 1.4 0.3 0.3 

ND ND 7.38 9.75 

c0.4 ND ND <O. 4 <O. 4 

15.9 

ND ND 86.0 79.3 84.2 

5. 53.0 19.0  17.9 

I I 1 I 11 
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FIGURE 3: PORT MELWN SAMPLE SITES 
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Clorod to a l l  shrimp. pr8wn M d  Cr8b flahwia 

FIGURE 2: HOWE SOUND FISHERIES CLOSURES, 1989 
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APPENDIX 11: 
RESULTS FOR PORT MELLON PULP MILL EFFLUENT  MONITORING, 

<O.  005 

<O. 005 

<o. 002 
<O. 005 

c0.01 

CO. 01 

<o. 01 
c0.01 

<o. 01 
< O .  005 

0.279 

c0.01 

<o. 01 
c0.01 

0.29 

0.19 

<0.01 

<0.01 

0.37 

<o. 01 
<o. 01 
eo .  01 
<o. 01 



APPENDIX 111: 
PORT MELLON SAMPLING  STATION  LOCATIONS, HOWE SOUND, 
NOVEMBER 16, 1983 

HYDROCASTS & CTD 

STATION  LONGITUDE  LATITUDE 

1 

123'27.24'W  49'31.55'N 6 

123'27.69'W 49'31.55'N 5 

123'28.70'W 49'31.20'N 4 

123'28.43'W  49'31.05'N 3 

123'28.56'W  49030.57'N 2 

123'27.99'W  49'29.88'N 

TRAWL  STATIONS 

STATION  LONGITUDE LZ~TITUDE 

TRAWL-1 

49'30.22'N (FINISH) 

(START) 
123'28.30'W 49'30.75'N 

123'28.50'W 



APPENDIX I11 (cant. 1 : 
PORT MELLON SAMPLING STATION LOCATIONSl HOWE SOUND, 
APRIL 71 1986 

STATION DEPTH (m) 
I 0 

160 1 

164 

140 3 

77 2 .  

~ 4 . 200 

5 109 

6 143 

'7 196 

8  142 

I 

I 

, 
I 

~ 9 201 

HYDROCASTB & CTD 

LATITUDE 

123'28.20'W 49'31.20'N 

123'28.45' W 49'31.35'N 

123'28.50'W  49'31. OO'N 

123'28.82 'W 49'31.08'N 

123'28 . 78 ' W 49'31.15'N 

123'28.87'W 49'30.85'N 

123'29.05'W 49'31.00'N 

123'29.12'W 49'31.10'N 

123'29.20'W 49'30.84'N 

123'27,52'W 49'28.71'N 

LONGITUDE 

10  100 
I 

11 I 211 
12 

13 

STATION 

TRAWL-1 
(START) 
(FINISH) 

214 

217 

110 

49'31.57'N I 123'28.10'W 
i 

49'30.60'N I 123'28.70'W 
4 

49'30.75'N I 123'28.20'W 
49'31.05'N I 123'27.85'W 

TRAWL STATIONS 

LATITUDE LONGITUDE 

48'54 , 05'N 
48'53.61'N I 123'38.28'W 123'37 . 86'W 

(START) 48'56.62'N 
123'41. OO'W 48'56.28'N 
123'41.52'W 



APPENDIX I11 (cont. L t  
PORT MELLON SAMPLING STATION LOCATIONS, HOWE SOUND, 
APRIL 7 ,  1986 

~~ ~~ ~~ ~~ ~~~ ~~ ~~ ~~~~~ ~ ~~~ 

SEDIMENT  GRABS 

STATION LONGITUDE LATITUDE DEPTH (m) 
1 

2 

123'38.04 W 48'53.54'N 60 

123'37.19'W 48'53.18'N 126 5 

123'38.12'W 48'53.63 ' N 80 4 

123'37.85 W 48'53.61'N 110 3 

123'37.88'W 48'53.45'N 64 

6 123'38.59'W  48'53.98'N 110 

7 123'35.71'W  48'52.39 ' N 206 

8 

104 9 

123'36.42'W 48'55.52'N 38 

123'38.30'W 48'53.78 ' N 102  12 

123'39 . 1O'W 48'54.30'N 75 11 

123'37.22 'W 48'54.  OO'N 170 10 

123'41.25'W  48'56.46'N 

13 

123'38.04'W  48'53.54'N 60 CORE C-1 

123'37.52'W 48'53.30'N 67 



APPENDIX IV: 
NUTRIENT LEVELS IN WATER, PORT MELLON,  NOVEMBER 16, 1983 

STATION DEPTB T-PO, NO2 NO3 Na, 
(la) (W/L) (mg/L) (mg/L) (W/L) 

.1 0 0.046 < O .  005 0.15  0.013 

5 0.070 0.006 0.27 0.019 

10 0.073 0.006 0.29  0.019 

20 0.081 <O. 005 0.35  0.010 

50 0.085 <O. 005  0.36  0.008 

10  0.067 0.006 0.28 0.025 

20  0.088 0.005 0.37 0.025 

50 0.084 <o. 005 0.36 0.010 

100 0.083 <O. 005 0.36 0.010 

215  0.116 0.005 0.38 0.012 
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