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Zinc and Boron Pollution in Coastal Waters
of British Columbia by Effluents from the
Pulp and Paper Industry

ABSTRACT

At least part of the coastal newsprint-producing pulp and
paper industry has switched or plans to switch from zinc hydrosulphite
(zinc dithionite, ZnSp0z) to sodium hydrosutphite (produced on-site by
the Borol process) as a br1ghten1ng agent for groundwood(mechan1ca1)pu]p
This switchover is due to the concern about the bioaccumulation of zinc
by the Pacific oyster, Crassostrea gigas, which is harvested commercially
and recreationally along the British Columbia coast. A survey during 1973
of heavy metals (zinc, copper and cadmium) in oysters near B.C. coastal
groundwood mills and in uncontaminated control areas, showed zinc
concentrations as high as 19,400 ppm dry weight and 2,500 ppm wet weight
(Powell River) with the 10west'background“1evels of 2,400 ppm dry weight
and 400 ppm wet weight (Nanoose Bay).

Because production of sodium hydrosulphite by the Borol process
yields sodium metaborate as a by-product, it was considered prudent to
examine some of the -ecological effects of boron before a full-scale conversion
was made. The LC50 (concentration at which one-half the test animals die)
for boron, as sodium metaborate, tested on juvenile coho salmon in fresh
water was 93 ppm over 23 days exposure. The mode of toxic action of boron
was slow, so that the standard 96-hour bioassay could not be applied.

Tissue analysis of fish dying in the 23-day period showed substantial
increases in boron levels in comparison to unexposed fish. Bioaccumulation
of boron in underyearling sockeye salmon was slight over an 8-day period,
concentrations of boron in tissue going from an average of 0.06 ppm before
exposure, to 0.193 ppm following exposure to 10-12 ppm B above ambient.
Starting at an average concentration of 3.82 ppm before exposure, oysters
contained 4.00 ppm after 8 days exposure to 10-12 ppm B above "normal"

sea water and 13.2 ppm after 32 days, and 10.8 ppm after 47 days, suggesting
that.oysters gradually achieve an equilibrium of B in tissue about equal to
that in surrounding sea water. Boron averaged 3.53 ppm in surface water.

Boron has an inhibiting effect on photosynthesis in phytoplankton
at concentrations exceeding 1 ppm above the "natural" B concentration.
However, groundwood effluent itself may exhibit a greater inhibiting effect,
since a marked decline in phytoplankton production was shown at effluent
concentrations greater than 4%.

From the present preliminary experimental and survey data,
there appears to be no cause for alarm in terms of ecological damage by
converting from zinc hydrosulphite to sodium hydrosulphite in brightening
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groundwood pulp. There should be a decline in zinc concentration in
oysters. However, there will be a need for continued surveillance of
ecological conditions in the vicinity of groundwood mills as they undergo
conversion, particularly with respect to the Tower trophic levels (phyto-
plankton and zooplankton) and planktonic larvae.



Zinc and Boron Pollution in Coastal Waters of British Columbia
by Effluent from the Pulp and Paper Industry

INTRODUCTION

The pulp and paper industry in British Columbia normally
produces newsprint by a combination of groundWood pu]pf obtained either
by grinding blocks of wood with large rotating circular stones, or by
refining wood with a series of counter-rotating steel discs, and
chemical pulp of either the sulphite or kraft (sulphate) variety.

The short groundwood pulp is strengthened by the longer fibres of the
chemical pulp, and the proportion of groundwood to chemical pulp is
usually about 4:1.

Although a high degree of brightness is not required for news-
print, some form of basic brightening process is necessary to produce a
paper on which print will show up adequate]y\for the ordinary needs of
daily newspapers. For chemical pulp, a process, known as semi-bleach
in the parlance of the trade, is used. In this scheme,only about three
stages of bleaching are app]ied out of a total of six or seven used in
a high-grade bleaching sequence, involving chlorination, caustic extraction,
and chlorine dioxide, or sodium hypochlorite for bright kraft or
sulphite pulps. The groundwood pulp is conventionally given a treatment

with so-called zinc hydrosulphite (more correctly zinc dithionite, with

the formula Zn S, 0,).

* groundwood pulp is often referred to as mechanical pulp in contemporary
pulpmill terminology.



It was the latter reducing process that caused the concern
leading to the present work. When the use of zinc hydrosulphite for
brightening groundwood pulp in British Columbia coastal mills was first
examihed from the environmental point of view some two decades ago, |
only the acute toxicity of the zinc to marine fish and other aquatic
organisms was considered. At the concentrations of zinc expected to
occur in the effluent from the mills, and in the coastal receiving
waters, it was not anticipated that any serious harm would be caused
to the living marine resources. However, the bioaccumulative aspect of
metals was not appreciated at that time. More recent étudies have
demonstrated the enormous capacity of some organisms, particularly
the invertebrates, to concentrate metals along with other pollutants.

The concern of a particular sector of the British Columbia
pulp and paper industry, operating the pulp mill at Crofton, where
zinc hydrosulphite was used as a brightener for groundwood, was
expressed in 197], by contracting a study of the effect of zinc in
pulpmill effluents on concentrations of this metal in receiving sea
waters and in oysters. This study clearly showed that the waters of
Stuart Channel, in the vicinity of the Crofton Pulp Mill, had higher-
than-normal concentrations of zinc. Oysters in fhis area aiso exhibited
high concentrations of zinc. But even in areas considerably removed
from the pulp mills, where ambient zinc concentrations appeared to
be "normal" for coastal sea water, the oysters exceeded considerably

the 100 ppm* (marketed weight), given in the Canada Food and Drug

* ppm = parts per million. For simplification, and ease of comparison of
values, this unit is used throughout this report synonymously for milligrams
per Titre, micrograms per gram, micrograms per millilitre, and millilitres
per litre. The Appendices give the more scientifically rigorous units.



Act and Regulations as the maximum permissible concentration of
zinc in human food.

With this situation in mind, representatives of the pulp
and paper industry in British Columbia indicated in March 1973 that
they would be switching to a new bleaching compound, sodium hydrosulphite
(sodium dithionite, Na28204) to overcome the zinc contamination problem.
However, in doing so, they would be using the Borol process to produée
sodium hydrosulphite from sodium borohydride (NaBH4), with sodium
metaborate (NaBOZ) aé a by-product released to the sewer.

Although boron has a comparatively low toxicity to fish, its
effect on other organisms in the sea, and in fact, on other stages in
the Tife cycle of fishes was virtually unknown. Boron was known to
have an inhibiting effect on photosynthesis in terrestrial plants at
concentrations of 1 to 4 ppm. While boron is a major constituent
in sea water, present at about 3.5 ppm in coastal surface waters, it
could conceivably have an adverse effect on phytoplankton at only a
slight increase in concentration. This could also be true with other
marine organisms at the Tower trophic levels, and even at the higher
trophic level in the sensitive egg and larval stages.

Therefore, it was decided to conduct a collaborative study,
involving Fisheries Operations and Research and Development of the
Fisheries and Marine Service-and the Environmental Protection Service
of the Department of Environment in the Pacific Region. Cooperation
was also obtained from the British Columbia Pollution Control Branch

and the pulpmill companies. The study would include: (a) an



investigation of zinc and boron in waters and in selected marine
organisms, adjacent to pulp mills where zinc hydrosulphite is used
for bleaching; (b) the acute toxicity of boron to fish and oysters;
(c) the uptake of boron by fish and oysters; (d) effects of boron on
oyster larvae; and (e) the effect of boron on phytoplankton.

The present review reports progress in the study mainly to
September 28, 1973, although bioaccumulation experiments are reported
to November 5. There have been a number of findings which are not only
new, but quite unexpected. Because of technical difficulties in rearing
oyster larvae, this part of the study had to be postponed. Reports of
individual investigators are given in the Appendices. They will be
published eventually either in the open literature or in manuscript

and technical reports of their Services.

SAMPLING, ANALYTICAL TECHNIQUES
AND BIOASSAY METHODS

1. Sampling of water, sediments and biological specimens

Water, sediments and biological specimens were collected in the
vicinity of five coastal pulp and paper mills producing bleached ground-
wood pulp, located at Powell River, Port Alberni, Crofton, Campbell
River (Duncan Bay) and Ocean Falls. Control samples were collected at
Gambier Island, Nanoose Bay, Lasqueti Island and Sooke Basin, during
July, August and November.

Water samples were collected at surface and 5 metres depth

with Van Dorn sampling bottles, passed through 0.45uy Millipore filter,



acidified with dilute nitric acid and stored in polyethylene containers.
Sediment samples were collected with a Peterson dredge during May and
with a Ponar dredge in August. Samples were kept frozen until analysis.

Samplies of mussels, clams and oysters were collected whenever
possible and put into frozen storage. Species included the edible mussel,
Mytilus edulis, little neck clam, Protothaca staminea, soft-shelled clam,
Mya arenaria, butter clam, S’dxidonms giganteus, bent-nosed clam, Macoma
nasuta, basket cockle, Clinocardium nuttalli and the Pacific oyster,
Crassostrea gigas. .

In addition to chemical analysis for metals and boron on the
biological specimens, condition factor measurements were made on the
oysters, to determine if there is any relationship between their metal
content, particularly zinc, and their physical condition, as represented
by dry weight of meat in relation to shell size.

See Appendix I for details.

2. Metal analysis

Water and sediments are still awaiting analysis and will be
reported later.
- Biological samples for metal analysis were dried at 1100C for
48 hours and then ground with mortar and pestle. One-gram portions of
the pulverized material were digested for about 6:hours with concentrated
nitric acid and then made up to 100 ml with distilled water. Analyses
on resultant solutions were carried out by atomic absorption using a

Jarrell Ash Atomic Absorption Spectrophotometer (cf. Appendix I).



3. Boron determination

Boron determinations in seawater samples were carried out
"co1or1metrica11y by thé method of Grinstead and Snider. In this method,
curcumin reacts with borate ion in a strongly acidic medium to produce a
deep red colour due to the protonated complexing agent, which under
buffered conditions leaves only the borate complex absorbing at\550 nm.
Tissue analyses for boron are being conducted by homogenizing
a sample followed by digestion in sulphuric acid and hydrogen peroxide
solution. The digested’samp]e is then made up to volume with distilled
water and analyzed colorimetrically by the Uppstrom method, which is an
adaptation of the Grinstead and Snider procedure (See Appendix II); Check
samples are analysed by a modified Uppstrﬁm procedure developed by R.E. Drew

of the Fish Inspection Laboratory.

4. Fish bioassays

Coho alevins and fry in fresh water and sockeye fry in sea
water were exposed to boron in a range of concentrations from 82 to
656 ppm, using Na28204.8H20, in static-type bioassays, with daily
solution replacement. Time required to kill 50% of the test fish at
each concentration was used to determine the LC50's; but tests were
not restricted to a standard 48-hour or 96-hour period, since sodium
metaborate killed fish over a much more protracted time than 96 hours
(cf. Appendix III).

In preliminary experiments, only boron was tested, since there
was some urgency to obtain information on the toxicity of boron compounds,
~ in view of industry plans to make an early switchover to sodium hydro-

sulphite brightening.



~5. Bioaccumulation experiments

Boron bioaccumulation studies were conducted in 80-litre
fibreglass tanks, with continuous f1ow of fresh sea water uniformly
dosed with stock solutions of sodium metaborate in constant-head
Mariotte bottles (cf. Appendix III). In the preliminary tests, there
were five tanks, ihcluding one control tank and two replicates, one
with 1 ppm boron and the other with 10 ppm boron above background; Each
tank contained 25 sockeye fry and 30 young oysters of similar size. The
choice of boron concentrations was based on the expected boron levels
(0.89 ppm) in the effluent pipeline at the Powell River mill. It was
felt that if there was no bioaccumulation at 1 and 10 ppm B used in thé
tests, then there should be no concern about the B concentrations released
from the mill, especially when the anticipated dilution due to mixing and

dispersion is taken into account.

6. Phytoplankton bioassay experiments

Seawater samples were obtained with a 6-1itre Van Dorn sampling
bottle from 1.5 m off the Pacific Environment Institute dock. Determinations
were carried out for boron, pH and alkalinity on subsamples from each
sample. A phytoplankton count was made. The remaining sea water from
the Van Dorn bottle was stirred and added to 130-ml incubation flasks,
which were used in 13 incubation sets for each experiment. Two of the
sets were controls, and the remainder were incubated with various
concentrations of boron (sodium metaborate) or groundwood effluent.

After boron additions, approximately 5 microcuries of carbon-14 were
added to each flask, which was then stoppered, shaken and incubated
at 1.5 m off the P.E.I. dock for a 5-hr period. Three boron concentrations

using sodium metaborate were standardized: 0.01, 1 and 10 ppm. Fresh



refiner groundwood effluent was obtained from the Western Forest
Products Laboratory, Vancouver, and was added serially in volumes of
1 to 20 m1, with or without the presence of boron.

After 5-hour incubation, individual test samples were passed
through 0.45y membrane filters. The filters were then placed in scinti-
liatioﬁ vials with fluor and counted in a Packard Tri-carb scintillation

counter (cf. Appendix IV).

RESULTS

1. Metal analysis in field samples

Only zinc, copper and cadmium analyses for Pacific oysters
are available at this time.

Preliminary ahalyses of oyster samples, taken from the
vicinity of pulp mil]s using zinc hydrosulphite for brightening,
confirm earlier reports of zinc accumulations to levels considerably
above background. The maximum concentration found in May was 19,000 ppm
dry weight (the ratio of dry weight to wet weight zinc concentration
was approximately 6:1), which is about 15,000 ppm above the 4,200 ppm
considered to be a background level for that particular location.
Very high zinc concentrations were confined to the immediate outfall
area within a radius of 1-2 miles, where oysters were available, but
elevated levels were noted for some distahce downstream in the direction
of net tidal flow.

The highest zinc concentrations were‘found in oysters from

the Powell River area at a station nearest the pulpmill discharge,



where a maximum average in 5 samples of 5 oysters each was 17,280 ppm
In. Oysteré from other stations ranged in Zn concentration from 6,680
to 10,000 ppm. For comparison, oysters from the western tip of Texada
Island in 1971 gave zinc concentrations of 5,600 ppm. Control samples
from Okeover Arm, near the entrance to Toba Inlet, were in the range of
3,200 to 4,800 ppm, with an average of 4,200 ppm.

Oysters from the Stuart Channe] area adjacent to the Crofton
mill were high in zinc concentration, but not as high as the ones from
the Powell River area. This may be related partly to the total volume of
zinc-containing waste released from the two mills, and partly to the
general océanographic conditions in the two bodies of water. "Background”
zinc Tevels in Stuart Channel were 2,080 ppm, compared to 4,200 ppm on
the shores of the Strait of Georgia on either side of Powell River.

The affected area in Stuart Channel is concentrated between
Ladysmith Harbour and Sansum Narrows. Zinc concentrations in oysters
showed: a mean of 6,960 ppm, and a range from 4,600 to 8,000 ppm, on the
Shoal Islands to the northwest of Crofton; a mean of 8,060 ppm, and a
range of 5,100 to 11,200 ppm, just behind the two diffusers for the
pulpmill outfalls; and a mean of 6,360 ppm, with a range of 5,400 to
7,800 ppm, to the southeast on Burgoyne Bay on Saltspring Island.

The net flow of effluent from the outfall appears to be in
a south-easterly direction, impinging on Booth Bay of Saltspring Island,
directly across Stuart Channel. Next to the sampling station nearest
the outfall, the station in Booth Bay yielded oysters with the highest
zinc concentrations, with a mean of 10,020 ppm and a range from 8,700

to 11,000 ppm.
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Oysters collected in the vicinity of the E1k Falls pulp mill
in Duncan Bay exhibited perhaps the lowest level of zinc concentration
of any collected near mills using zinc hydrosulphite. No doubt this is
related to the high degree of mixing and dispersion in the tide-swept
waters of Discovery Passage. However, the closest oyster sampling point
was 3 miles southeast of the mill discharge and within the influence of
Campbell River. These oysters gave a range of zinc values from 3,200 to
8,0b0 ppm, with an average of 5,360 ppm. Oyster samples from Rebecca
Spit, on the east side of Quadra Island, well removed from the influence
of the Elk Falls pulp mill, ranged in zinc concentration from 3,600 to
4,500 ppm, with a mean of 3,940 ppm.

Lasqueti Island oysters, taken from Boat Cove on the south
shore of the island, and considered to be free of artificial contamination
by zinc, yielded a range of zinc concentration from 3,600 to 6,600 ppm,
with an average of 5,480 ppm. Nanoose Bay oysters were lowest in zinc
of any control samples analyzed, containing an average of 3,400 ppm,
with a range from 2,400 to 4,400 ppm.

Total inorganic boron concentrations in water samples
collected from the surface and 5 m depth at 40 stations in areas near
groundwood mills ranged from 0.22 to 4.68 ppm, with an average of 3.53
for surface water and 3.86 ppm for water from 5 m depth. Boron content
is related to salinity of water, inasmuch as borate is a major constituent
of sea water. Therefore, surface waters in estuarine areas always have

a lower natural'boron content than deeper water.
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2. Fish bioassays

Static bioassays with coho salmon fry in fresh soft water
indicated that boron (from sodium metaborate addition) was toxic to
fish over a range of 82 to 656 ppm B and that the mode of toxic action
was slow. Bioassays were carried out fpr up to 23 days to assure cessation
of acute toxicity phenomena in test tanks. For this reason, standard
~ 96-hour toxicity tests are not applicable for this toxicant. The 23-day
LC50 for coho fry at 11%0.59C was 93 ppm B. The coho dying during the
23-day test were analysed for boron and exhibited appreciable increases
in boron concentration compared to the control fish. Sockeye fry in sea
water appeared somewhat more sensitive to B, although the 23-day LC50 has

not yet been determined for this species.

3. Bioaccumulation

Bioaccumulation studies with sockeye underyearlings and
young oysters have been initiated and preliminary tests completed.
Groups of animals exposed to 1 and 10.ppm B (above background) were
analyzed for accumulation following 8, 32 and 47 days exposure to the

two concentrations of B.

Control samples of sockeye showed an average concentration
of 0.06 ppm B in tissue and a range of 0.046 to 0.095 ppm. Control
samples of oysters held in tanks gave a range of B values from 3.60 to
4.03 ppm. The average of 10 oysters from Piper's Lagoon, Nanaimo,
presumably with no artificial boron contamination, was 3.90 ppm B.

The sockeye exposed for 8 days to 1 ppm B exhibited an average
of 0.12 ppm B with a range of 0.096 to 0.144 ppm B. Those exposed for
8 days to 10-12 ppm B gave an average B concentration in their tissue

of 0.193 ppm, wfth a range from 0.147 to 0.232 ppm.
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Oysters exposed to 1 ppm of B for 8 days gave an average B
concentration in tissue of 3.79 ppm and a range from 3.62 to 4.00 ppm.
After 32 and 47 days exposure, they showed an average of 7.1 and 5.3 ppm,
compared to 6.0 and 4.8 ppm for the controls, respecfively. Those
exposed to 10-12 ppm B for 8 days averaged 4.00_ppm, with a range from
-3.83 to 4.21 ppm B in tissue. After 32 days, they averaged 13.2 and
ranged from 12.6 to 13.8 ppm; and after 47 days they averaged 10.8
and ranged from 10.4 to 11.2 ppm. The higher values after 32 days may

have been due to some inadvertent desiccation.

4. Phytoplankton bioassays

Phytoplankton studies commenced on 4 July 1973 and inciuded
15 in situ bioassays, 9 of which involved exclusively boron additions
and 6 dealt with groundwood or kraft mill effluent additions plus boron.

In all 9 experiments, boron additions at 1 and .01 ppm caused
a s]fght inhibition of growth of phytoplankton, at 0.1 and 0.5 ppm a
slight stimulation, and at 1 ppm production was not seriously affected.
However, at concentrations higher than 1 ppm, growth decreased rapidiy,
with negligible growth at 50 ppm. In most experiments, growth of
phytoplankton in the control flasks exceeded that in flasks receiving
boron, suggesting that even small concentrations of boron require some
algal acclimation.

Results with groundwood effluent showed an inhibition of
phytoplankton growth at 0.78%, a slight inhibition at 3.84% and then
a tailing off to complete growth inhibition at 7.69% and higher
concentrations of groundwood effluent. Additions of 1 ppm of boron

in the tests with groundwood effluent showed a depression in production,
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but no significant difference in effects on phytoplankton from those
with groundwood alone. However, 1 ppm B without groundwood effluent
resulted in growth of phytoplankton equal to that of the control, which
is indicative of a toxic effect of groundwood effluent over-riding any
negative boron effects at that boron concentration.

Effects of pH on phytoplankton were examined, and it was noted
.that a change of 0.1 to 0.2 pH units appeared not to affect the metabolism
of algae. However, a pH change of 0.5 to 1.0 pH units could lead to a
serious shock response, resulting in an inhibition of photosynthesis.
The range of pH change in the experiments with boron and groundwood
effluent could not be considered as being responsible for the changes

noted in phytoplankton production.

SUMMARY AND CONCLUSIONS

Zinc concentrations in oysters in the vicinity of pulp and
paper mills, producing groundwood pulp and using zinc hydrosulphite as
a brightening agent, were found to be up to 19,000 ppm dry weight or
almost 5 times as high as "background" levels in the area. The Towest
concentrations of zinc in oysters, well removed from pulp and paper mills,
were found to be on the average 3,400 ppm dry weight or 550 ppm wet
weight.

Boron in waters in the vicinity of the mills at 40 stations
averaged 3.53 ppm in surface water and 3.86 ppm in water at 5 m depth.

The 23-day LC50 of sodium metaborate for coho fry at 11%0.50C
was 93 ppm B, while that for sockeye in sea water was considered to be
somewhat less. The mode of toxic action is slow, and for this reason,

the standard 96-hour toxicity test is not meaningful for this substance.
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Oysters show a natural concentration of boron in their
tissue of about 3.8 ppm, compared to about 0.06 ppm in underyearling
sockeye. With exposure to 1 and 10 ppm boron, oysters showed no
increase after 8 days at 1 ppm and about 0.2 ppm or 5% increase in
tissue boron at 10-12 ppm. However, after 32 and 47 days exposure to
10-12 ppm boron, the oysters exhibited 13.2 and 10.8 ppm, respectively,
.in their tissue boron, suggesting an equilibration of B in tissue with
that in the water. The sockeye showed a bioaccumulation of 0.12 ppm,
or 100% increase at 1 ppm and 0.19 ppm,‘or over 200% increase, at
10-12 ppm after 8 days exposure.

Phytoplankton production is inhibited at concentrations of
boron greater than 1 ppm above background. It appears that 1 ppm above
background (3.1 ppm at P.E.I. dock) is a critical level, and at concentra-
tions higher than that, growth is retarded. At concentrations greater
than 10 ppm boron, growth is negligible.

Groundwood effluent is toxic to phytoplankton, judging by
inhibition of‘photosynthesis, at all concentrations tested, but most
significantly at concentrations exceeding 4%. Groundwood plus 1 ppm
boron did not increase the negative effect of groundwood effluent,
suggesting that boron will be Tess of a problem to phytoplankton than
the effluent itself. The pH of groundwood and KME effluent, however,
seems severe enough to warrant study of its in situ effect on phytoplankton
production in waters adjacent to mills. However, because of the buffering
capacity of sea water, it is not anticipated that the effluent would have

much pH effect beyond the immediate vicinity of the outfall.
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The preliminary information presented here indicated that
there is no cause for serious ecological concern arising from intro-
duction of the new brightening agent, sodium hydrosulphite produced by
the Borol process, with sodium metaborate as a waste product. However,
further experimentation is required to monitor the possible ecological
effects of boron in receiving waters, especially those affecting Tower
trophic Tevels, i.e. phytoplankton and marine invertebrates that possess

a planktonic larval stage.
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APPENDIX I

Heavy Metal Monitoring Program
with Emphasis on'Zinc'Contamination_

~ of the Pacific OyStér, Crassostrea gigas

By: D. Goyette
and H. Nelson

Environmental Protection Service
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September 26, 1973



INTRODUCTION

-Recent surveys have indicated that the effluent discharges
from certain pulp mills employing the zinc hydrosulphite bleaching
process have resulted in a significant build-up of zinc in shellfish,
particularly the Pacific oyster Crassostrea gigas. On the basis
of these findings, and possibly other considerations, several of the
mills have decided to change to sodium hydrosulphite for groundwood
bleaching. The new bleaching compound will be produced by the Borol
Process with the by-products being sodium metaborate and sodium hydro-
sulphite. Since zinc will be largely eliminated from the effluent
discharge, the Environmental Protection Service initiated a program
. to determine the present zinc levels in shellfish found in the areas
affected, and to monitor changes occurring owing to the change-over
to the Borol Process. This was part of a joint program with the
Fisheries and Marine Service (Fisheries Operations and Fisheries
Research and Development), Environment Canada; the Provincial Pollution
Control Branch and the various companies involved. The program includes
the following activities:

1. An extensive field program for the collection of biological,
- sediment, and water samples from areas where groundwood
bleaching is in progress.

2. Analysis of the above mentioned samples for heavy metal
content with particular emphasis on zinc concentrations.

3. Condition factor measurements on C. gigas to determine

if a correlation exists between the heavy metal content
of an oyster and its physical condition.

METHODS

Sampling Frequency and Location

Stations were set up around five groundwood bleaching mills
such that the outer perimeter of any heavy metal contamination
. would be defined. The mills were the MacMillan and Bloedel mills
at Powell River and Port Alberni, the British Columbia Forest
Products mill at Crofton and the Crown Zg]]erbach mills at Elk
Falls near Campbell River and Ocean Falls. These areas were
sampled in May, 1973 to form the initial background data. In June
1973, Gambier Island, Nanoose Bay, Lasqueti Island, and Sooke Basin
were sampled as control sites and/or for background data. In order

* This mill has been recently acquired by thé B.C. Government.



to record any seasonal fluctuation in heavy metal content of oysters,
another complete sample collection was made in August 1973, and a third

- collection was completed in November 1973. Data from the latter sampling
are not shown 1n this report.

Letter des1gnat10ns for the stations appear in Table I. On the
August 1973 trip, sediment and water samples were collected from new
stations situated closer to the effluent discharge than the or1g1na]
stations. _

Field Procedures

1. Biological Samples - oysters, mussels, and clams were
collected from each station when available and put in
frozen storage. The species collected were C. gigas,
the edible mussel Mytilus edulis, the little neck clam
Protothaca staminea, soft-shelled clam Mya arenaria,
butter clam Saxidomus giganteus, the bent nosed clam
Macoma nasuta, and the basket cockle Clinocardium v
nuttalli. Oyster samples consisting of five individuals
each were taken from five different locations along the
middle inter-tidal zone at each station to account for
any local variations.

Those specimens of C. gigas for condition factor (C.F.)
determinations, taken on the August 1973 trip, were weighed
and measured on the day of collection to avoid moisture
Toss.  The shucked oyster meat was frozen and held for
dry weight measurements to be appiied to the equation:

C.F.  _dry wt. of meat  x 1000
h wt. of oyster - wt. of shell

2. Water Samples - water was collected from 0 and 5 meters
depths in a Van Dorn bottle, passed through a 0.45u
millipore filter to remove plankton and acidified with

Transistar grade HNO3 (10 mls/%). Samples were stored
in polyethylene conta1ners

3. Sediment Samples - sediments were collected in a Peterson
' dredge on the May 1973 survey and in a Ponar dredge on
the August 1973 survey. The samples are stored in a
freezer. .




Analytical Procedures

1. Biological Samples - the analytical technique for zinc, copper,
and cadmium appears below. Mercury content is determined on a
separate sample since the drying step is omitted.

sample is dried for 48 hours at 1109C then
ground in a mortar and pestle .
- ‘one gram portions are digested with 10 mls
conc. HNO3, approximately 6 hour
- samples are made up to 100 mls with water
- analysis is done on a Jarrell Ash Atomic
"~ Absorption (A.A.) Unit.

Zn, Cu, Cd

2. Water Samples - analysis for Zn, Cu, and Cd is done on the
' A.A. Unit after passing the sample through an ion exchanger
to concentrate the trace metals. This technique also removes
interfering ions such as sodium, potassium and calcium from
the sea water,

3. Sediment Samples - sediments are digested with a strong acid
and analysed for Zn, Cu and Cd on an A.A. Unit. .

RESULTS

Analysis has been completed for the content of Zn, Cu and Cd
in oysters collected on the May 1973 survey. These results appear
in Tables III to VIII, each value representing a sample of 5 oysters.
The data for mean and standard deviation of Zn levels are recorded
in Table II and plotted on Figures 1, 2, and 3 to show contamination
~Tevels in relation to distance from outfall. Figures 4 to 9 are
nautical chart reductions showing station locations. Figures 10 - 14
are nautical chart reductions showing the mean zinc concentration
found in groups of five whole oysters at each station. Values are
expressed on a -dry weight basis.
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- Tables

I Station éesignations.
II Analysis results for.Zn; meang - and standard deviations.‘
III‘ Analysis results, Powell Riﬁer

v Analysis results, Campbell River

v .Analysis results,‘Alberni Inlet

VI Analysis reshlts, Crofton

VII  Analysis results,,Nanooée Bay and Lasﬁﬁéti Island

VIII Analysis results, Gambier Island

ceaeidls
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Table 1
krea Shore Stations |Water Stations Sediment Stations FigurJ
Powell River | A-14 -+ A-23 A-1 » A-13 A-1, A-3 + A-8 4
: | and a-25 A~27, 28, 29 and A-12
: (Georgia Strait)
Elk Falls B=14 + B=-21 B~-1 - B~13 5
Alberni Inlet| C-15 + C~18 c-5 + C-9, C-13, C-1 + C-4 26
BN and C-14 . |
C-1 =+ .C-4 (Sechart
Channel)
_lerofton D-9 + D-17 D-1 + D=7 “ | D1 + D=5 7
: D-8 (Georgia Strait)
INanoose Bay | F-1 '
| ' 8
Lasqueti Is, | F-2
Gambier Is G~1 + G-3 9
Sooke Basin | S-1

el 6



Table II

Statiqn

# of Samples

Zn_ppm dry wt
X _

o

Zn_ppm wet wt

X

o

| ‘Powell River
- ~A-14

‘A-16
A-19

- A-20

A-21
A-23
A-25

' Campbell River

B~14
B-17
B~18
B-19
B-20
B-21

Alberni Inlet
C~15

Crofton
D~9
. D~10
©D-11.
D-12
D-13
D-14
D-15
D-16
D17

,Nanoosé Bay
F=-1

Lasqueti Is,
F-2 . '

Gambier Is,
G-1

" G=2

"G-3

bt —

b

(LB RV RV RV. TN,

R RV RV R RV

(U RV RS I R AV IV, I E,

U

(PRCNE

9060
8740
17280
7720
7260
16680
10600

3940
. 5780
4660
4800
4640
5360

10600

4600
4760
2080

6960,

7840
8060

3440

5480

6360 |
- 10020 |

2920

5340
10880]

9420!
’ {

712,74
1071.44
1758,42

465,84

219,09

892,75 -

2044,51

427,79
506.96
691,38
871.78
1099,09
1762.95

2391.66

952,89

1005.98

927,36

654,21 |

420,71
471,17
1453.,62
531,99
2611,13

726 .64

1154.12

3951.96

2488.37

5136.34

1360
1472
2120
1170
1120

856

1604

650
956
762
644
824
1026

2180

1066
1420
768
896

320

520
1300

3670 .

545

844

1444
1668

1620

1 5777.50

114,02
240.67
248,10
178.89

44,72
124,22
161.49

70,36
140,10
125.18
129,15
257.84
280,85

491,94

204,16
148.32
156.11
125,02
115,54

85.15
300.00

92,60 -
266,23 |

390.74
483,86
376,83

ceeeed]?
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TABLE III SHFLLFISH HEAVY METAL ’VIONITORING PROGRAM

POWELL RIVER = OYSTERS (résults expressed in feg/gm)

ZINC ’ - COPPER - - CADMIUM -
Dry wt.- Wet wt., . Dry wt, Wet wt, Dry wt. Vet wt,

A1k 9,600 | 1,400 230 3410 S

8,600 | 1,400 250 42 7 Y

8,300 1,200 _- 230 -33 110

. 1
| 8,800 | 1,300 210 ) 113 | 2
N —}.10,000____1. 1,500 : 310 |66 19 1.4

A“}G______'_J:SOO o bi,300 140 V23 UA T 0.7
.. |/0,000 i 3,800 ___ | 130 __ _ |24 ___ 18 |1
7 1
0

179,800 " 1"1 660 “150 | 2s
e |-75900. 1,300 | 100 17-
| 8200 ___ ] 1,300_._ | 130 _ -21

ALY 718,000 | 2,200 |"270 36 %5 | 0k
215,000 1, 900 17180 23

| 16,000_____| 1,900 | 220° T26. g

0
' : Gemees | 0.5
18,000 ~-2,100 210 T24° T o
19,400 {2,500 210 25 |3 on

_A=20T7,000 1950 _180 25 8 |1
L300 11,400 17220 - . 135 T 1

{7,800 _____i_1,100 .230 . 34 1o 1

17,800 1,100 {200 ______ |.28 . _.___1.10 i

_ 7,700l _14300;__,,_210_‘-____..;__35 R I I I

: ‘_7;‘_2:1_““““ 74007 o 1 10017240 T35 1Az 7|2
. | 7,200 " {1,200 | 200 33 110 2
| 6,900 | 1,100 200 Bl 1
T TTTTTre00 T T100 200 Y29 [T 79 1o 1
e |7,400 1,100 1220 )33 (13 2

L 57900~ ~720" B e R T
T N e s

v._,7.;.700___ ‘ 950 240 {59 = g

5,600 740_ 250 33 s

TN NO NN

7,000 870 270 34 14
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TABLE II1 f(cont'd) SHELLFISH HEAVY METAL MONITORING. PROGRAM

POWELL RIVER - OYSTERS

(results expressed in ug/gm)

ZINC

Dry wt.

Wet wt.

Wet wt.

Dry wt.,

_ CADM

“A=25

_14,000

11,000
9.,000

“L,7200
1,600 |

1,800

9,400

1,500

*OKEOVER.ARM

9,600 .

4,600 __

1,400

820

25

25

32

3,200 _ .
|- 4,200 . -
444800 -

-f: Samples ‘epllected by

i Powell Riler division

1540 |
750 -
e 860 . -

L, Melville,

blOlOngt er Machllan
Each value represents

a samp;g*go:

Bloedel

{

1ta1n1ng 2 ovsters._

9 _
6T
5 _

no--oc/g
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TABLE IV .~ SHELLFISH HEAVY METAL MONITORING PROGRAM
CAMPBELL RIVER ~ OYSTER SAMPLES (resgl_t;s__expnessaﬁ;inﬁglgm)__.._;...
' ZINC ' - COPPER | CADMIPM
Dry wt. | Wet wt, Dry wt., Wet wt. | Dry wt __Wet wt,
BTG | 37007 | 680 | o S I NS S B
4,500 750 160 .26 11 .2
3,600 _ 570 110 Y, 9.5 1.5
4,300 | 650 130__ 20 1 9. 1
3,600~ | 600 | 130 2 9.5 2
B=16 | 6,300 | 930|140 T ) 2
BL7 [ 6160 [e40 T40____| 95 T S A SR
' 6,000 1100, <180 31 12 2 -
- 16,300___ 1,100 150, 25 L1l |2
~5,100 | 8004 120 18 - 13 e
5,400 840 _ 160 25 A e b2
B=18 | 4,100 | 650 | 120 20 |02
- _4,800_ _810 _| 180 30 A5 |2
3,800 . | 570 120 219 - 13 I
1..5,200._ 820 1300 - ~20—— 15 2
5,400 860 _170.— |28 10 -2
BRIy 56007 | 680 o m— Tis T T
| . 3,400 540 89 14 9.9 i -
5,400 _480 130 _18 12 XY
5,000 740 170 25 12 1.8
— _ 4,600 | 780. __110 19 9.9 1.7
—p=207 76,4007 "7|71,22077|"T220 T 43Tl T 242
T “4, 600 I R U ) S Y 1.8
“‘”“ 4,200 700 160 |26 e 1.4
- 14,600 820 170 3 B e 2
— _3,400 520 120 18 8.6 | 1.3
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TABLE IV (cont'd)
CAMPBELL RIVER - OYSTER SAMPLES (results expressed in/ug/gm)

- 10 -

- 21

NC

COE

PER

CADMI Ut

Dry wt. Wet wt, Dry wt. Wet wt., Dry wt, Wet wt,
B-21 5,200 800 250 _ 38 _ 17 25
5,.800 1000 310 60 11 2.1
4,600 1,000 180 38 8.8 1.9
3,200 830 180 __41 6.5 S
8,000 1,500 190 36 11 1.3 .

Ceesl/11
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TABLE V SF'ELLFISH HEAVY METAL MONITORING PROGRAM
AL BLRNL_TNI T_L - OYSTLR_ SAMPLLS _(results eypressed in/u; )
ZINC . COPHER T CAMLUM
Dry wt. Wet wt, Dry wt. Wet wt., Dry wt. Wet wt.
C~15 1\2,00'0 7,200 58 11 4 ‘ _‘.7'5“‘“"“".
. 10, 000 2,000 55 11 3 0 R
8,200 1,700 67 14 <3 - <0.5
14,000 3,000 82 - 18 6 1
8,800 2,000 51 12 4 .9
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TABLE VI

12 -

SHELLFISH HEAVY METAL MONITORING PROGRAM

CROFTION - OYSTER SAMPLES (results expressed in,ug/gm)

ZINC- } COPEER CADYIUM
Dry wt. Wet wt, Dry wt. Wet wt, Dry wt. Wet wt.
D=9 57400 870 ~92 15 —10 N B
—7,800 1,400 120 21 8 373
~6,400 1,000 100 16 7 3
6,600 1,100 110 18 7 1
5,600 960 93 16 10 ~ 9
D=10 107,000 1,600 190 30 9 !
— 11,000 1,500 260 35 16 L2
11,000 1,400 250 32 _11 1
L 9400 1,400 190 _28 9 1.
L ' |__8,700 1,200 _210 _28 6 0.8
D=1T 3,500 600 78 13 4 VAR
—5,200 970 110 ~19 -y 1T
5,100 7820 93 135” T N
3,700 620 59 9.9 TR72.5 <0.4
5,500_ 830 79 12 _8 D S
__b-12 4,400 __800 84 _15 _ 4 _0.8 -
5,800 1,100 _140 _26 7 1
4,200 __840 90 18 _4 0.8 o
5,000 930 110 20 5 0.9
| 6,400 810 |84 .15 5 -.0.85
D13 72,7800 440 83 13 e T
: | 2,000 | 340 170 12 <3 .1=0.5
1,900 _370__. 165 12 ]._3.5 L7 _
. 2,000 _130 51 3.3 . | <25 <0.2
. 1,700 | 320 |34 .| 6.3 ______[.3.5 0.7 . .
———— e e} it ——— ) —— . P [ SO — —— e - - . ‘
D-14~ 2,500 TTAI0T T A6 T TS T a3 <0.5 _ }
13,000 | 550 I LN U2 M N AR B S
773,700 640 99 17 R
2,700 480 61 11 <3. <0.5 {
2,700 520 | 140 27 9 2 |




TABLE VI (cont'd) ~SHELLFISH HEAVY METAL MONITORING PROGRAM

- 13 -

' CROFTON ~ OYSTER SAMPLES (results expressed inug/gm)
R (R COPBER ~ CADNIUM
_ Dry wt. Wet wt, Dry wt. Wet wt, Dry wt. . Vet wt.
5-15 7,800 1,%00 240 44 7.5 1 ‘“
8,000 1,400 2460 43 9 2
4,600 800 200 35 5.5 1 —
6,500 | 1,300 240 49 8 _ 2
7,900 1,600 _ 250 50 5.5 b S
D=16 77,600 1,000 80 ~T10 = BN
s _8,700 11,300 120 _ 18 5.3 0.9 _
7,500 1,600 130 26 3 0.7
| 8,000 1,400 150 26 <3 <0.5_____
{7,400 1,300 | 130 22 D 0.8
D17 11,2001, 060 120 | U8 e B N
6,800__ | 1,000 - i 100 |15 3.3 2055
10,400 1,400 1.00_ _14 <3 <0.4 _
5,100 950 120 21 _<3 <0.5._ ..
_ 6,800 1,000 120 19 1_5.2 0.8 .
e IS N U A i
. i O R N R
IR K . o |
- SN S ; -
- . T -
/14
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TABLE VII

- 14 .
SHELLFISH HEAVY METAL MOMNITORING PROGRAM .

" NANOOSE BAY (F-1)
LASQUETI IS. (F-2)

- OYSTER SAMPLES (results expressed in ug/gm)

- ZINC COPRER - CADMIUM
Dry wt. - Wet wt. Dry wt. Wet wt, Dry wt, Wet. wt,
F=1 3,600 540 190 28 20 2.8
4,400 646 190 28 14 AT
3,600 600 200 34 11 1.8
2,400 400 110 19 8.9 1.5
3,200 540 __160_ 28 _ 11 1.9
—F=2 6,600 1,200 —380 68 19 374
3,600 520 190 27 18 2.5
5,400 820" 280 43 15 N
6,200 1,000 380 63 19 3.1
| 5,600 680 280 48 18 3.1
2% 5,600 | T,100 |50 59 A I R
5,800 1,000 310_ 60 13 I -
6,800 1,100 360 62 18 _ 3
5,000 1,100 _240 53 20 b
5,800 1,000 370 67 13 _ 24

'*.One»oyster per sample

eee/15
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TABLEVVIII SHELLFISH HEAVY METAL MONITORING‘PROGRAM
GAMBIER IS, = OYSTER SAMPLES (results expressed in ag/gm)
ZINC - COFPER CADMLUM
Dry wt. Wet wt. Dry wt, | Wet wt, Dry wt. Wet wt.
e1 9,600 | 1,700 | 870 160 2 N S
k 1,100 1,500 1,200 160 25 3.3
8,000 1,200 1,000 150 - : -
1,200 1,900 _ 1,300 210 25 4.0
6,800 920 760 100 34 4.7
G2 9,400 17740 880 160 16 279
713,000 | 71,7007 | 1,100 140 .Y, 3 —
8,200 1,100 770 100 20 2.6
14,000 2,400 1,200 200 15 : 2.4
9,800 1,400 830 120 15 2,1
I6=3 15;000""2;200 17700 —260° —19 — 2.9
' __ 1,000 1,700 — 1,300 1190 IR R
9,000 1,200 1,100 160 27 _ 3.7
11,000 1,400 1,300 170 25 T
1,100 1,600 1,300 190 21 3.0
) K] /16
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- List of Figures

Graph: mean Zn levels vs miles from outfall, Powell River.

‘Graph: mean Zn levels vs miles from outfall, Campbell River.

Graph: mean Zn levels vs miles from outfall, Croftom,
Nautical chart reduction: Powell River Area,
Nautical‘charﬁ reduction: Elk Falls Area.

Nautical chart‘feduction: Alberni Inlet

Nautical chart reduction: Crofton Area

Nautical chart reduction: Lasqueti Island - Nanoose Harbour

‘Nautical chart reduction: Gambier Island.
Chart showing mean dry weight Zn. concentration, Powell River

Chart showing mean dry weight Zn. concentration, Elk Falls, Campbell

River.
Chart showing mean dry weight Zn. conéentrétion, Alberni Inlet,

Chart showing mean dry weight Zn.concentration, Crofton

Chaft'showing mean dry weight Zn. concentration, Gambier Island

Chart showing mean dry wt. etc., Lasqueti Island and Nanoose Harbour

/



I 34dNn9ld

17vd4ln0 WON4 S3TINW

-]7-

€ [4 | 0 ( [ € 14

61-v

|
L
1
|
!
b
i
:
!
l
|

43AYd T73IMOd

LSIM
6 ol
{
2
¢
v
g
9
P!
w .
— s
bi-v | 5 (0001 Xx)
P :
21 LM AMa
£ wdd x
b1
Gl uz
L9l ‘
Ll
81
6 1
02




- 18 -

91

"2 340914

TIV4LN0 WOH4 SITIW

L S ¥I g1 21 11 ol 6 8 L 9
_
2
£
vi-8 b

- (0001 x).
T om A¥Q
°  wdd x

me_ J Uz
. )
6

d3AId T1738dAVD

ol




19 -

H1YON

ol

9

1IV4LN0 WOM4 SITIW

S

14

£

e 3dN9id:

TT7HH 40 1SVv3 %

z l -0 _ 2 £ xv S 9 2

vi1-0

91-d

Zi-a

— - e e v mr e e e eve mee - —
v - — vt w0 o e — — — —

.
(717v4LNn0 40 1Sv3i) Of-a

"NOL140¥)D

6-a

HLNOS

ol

(0001 x)

‘IM ANQ

wdd x

uz




- 20 -

DESOLATION. . SOUND
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‘DISCUSSION

Owing to manpower and laboratory Timitations, only oyster
samples from selected stations have been analyzed to date.
These were selected to permit some early assessment of the area
and level of zinc contamination. The water, sediment and remaining
shel1fish samples are presently being analyzed. Selected shellfish
samples. are also being analyzed to determine the mercury levels in
shellfish taken. from the various sampling areas. -

'A. Pulp Mill Areas

The preliminary results of zinc analysis conducted thus far
of whole oysters from the four pulp mills employing zinc hydro-
sulphite bleaching confirms reports that zinc accumulation is
occurring in shellfish; and in some instances, zinc levels are
‘considerably above natural background levels. The maximum
concentration found during the May, 1973, survey was in the order
of 19,000 ug/gm dry weight, approximately 16,000 ug/gm above the
4,200 ug/gm considered to be background level for that particular
area. As would be expected, the very large zinc concentrations
in oyster tissue were confined to the immediate outfall area, a
distance of about 1-2 miles. However, elevated zinc levels could
be detected for considerable distances from the various newsprint
effluent discharges, particularly in the direction of the net tidal
movement. ' _

The various zinc concentrations found in whole oysters also
appeared to correspond closely to known or anticipated effluent or
tidal flow patterns, and could serve as a means of determining the
range and shape of effluent fields. '

1. Powell River

Analysis of oysters from the Powell River area revealed a much
‘higher level of contamination than the other areas tested. The
maximum average zinc concentration found in five samples of 5 oysters
was 17,280 ug/gm Zn dry wt. (Table II, Figure 10). These samples
were obtained nearest to the mill discharge. Other stations were
~within. the range of 6,680 to 10,000 pg/gm. Figure 10 outlines the
average dry weight zinc concentrations found during the May, 1973
survey -at Powell River. Patterns of zinc concentrations indicate
an effluent field with a net northwesterly flow. = Zinc levels were
distinctly higher on the northwestern side of the Powell River mill
than those to the southeast. Average zinc concentrations found at
the northwestern-most station (A-14) located at Lund (approx. 10 miles)
was 9,060 ng/gm, compared to 6,680 ug/gm at Myrtle Pt. (A-23) which
is approximately 8 miles to the southeast. As expected, .the influence
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of the mi1l extends outward to Harwood Is. OQOysters from this area
showed an average zinc concentration of 10,600 ug/gm (range 9,000
to 11,000 ug/gm). For comparison, analysis of oysters from the
western tip of Texada Is. in 1971 showed zinc levels of 5,600 ug/gm.

The genera] tendency for the mill effluent to exert a greater
effect in the northwesterly direction from the mill is also confirmed
by other biological and water quality studies conducted by MacMillan and
Bloedel Ltd. '

- Control samp]es from Okeover Arm, which is 1ocated north of
Powell River near the entrance to Toba Inlet, demonstrated an average
-zinc concentration of 4,200 nug/gm (range 3, 200 to 4,800 ug/gm).

These oysters were collected far enough from the mill influence
to be considered representative of natural background zinc levels
for that geographical area.

On the basis of 4,200 ug/gm dry wt., as the average background

level, the area of elevated zinc levels extends beyond the outer-most
stations which were Tlocated at Myrtle Pt. and Lund.

2. Campbell River

Oyster samples collected around the Crown Zellerbach, Elk Falls
mill, located at Duncan Bay, indicated that some elevation in zinc
levels in whole oyster tissue was occurring. However, as would be
expected owing to the extreme tidal flushing in this area, levels of
contamination were below the other mill areas. Figure 11 shows the
geographical distribution of zinc in oyster tissue in the vicinity of
the E1k Falls pulp mill. Unfortunately, the closest point that oyster
samples could be obtained was approximately 3 miles southeast of the
point of discharge and within the influence of the Campbell River.
The average zinc concentration in oyster tissue in this area was
5,360 ug/gm (range 3,200 to 8,000 pg/gm). Clams which were collected
closer to the discharge are presently being analyzed for zinc.

Zinc concentrations in the oysters were slightly higher at
Francisco Pt than those nearer the mill. This may be the result of
eddy currents tending to concentrate water and associated mill
effluents in this area. Water displaced southward on a flood tide
from Discovery Passage, which contains mill effluent, would flow into
both Sutil Channel and Discovery Passage on the ebb tide. This would
tend to expose the shellfish at Cape Mudge and Francisco Pt areas
more frequently to waters containing mill eff]uent than those along
the Vancouver Island shoreline.

Samples from Rebecca Spit showed average zinc levels of
3,940 ug/gm (range 3,600-4,500 ng/gm). If this value is taken
to represent the natural background level for oysters in this area,



'A..' 34 -

Oyéter Bay approximately 16 miles south from the mill has been
slightly affected by the discharge from the Elk Falls mill,
although levels are not considered to be high.

3. Crofton

As expected, results from the analysis of oysters from the
Crofton area a]so showed a significant increase in zinc levels
over background " In general, the values were Tower than those
found in oysters of the Powell R1ver area, and extreme levels d1d

.not appear to range as far.

: However, the tidal currents and methods of discharge differ
between these two mills and undoubtedly influence the affects on

the shellfish in the area. Crofton experiences a greater tidal action
and diffuses the effluent, while Powell River mill discharges directly
into surface waters and into Malaspina Strait, which likely has lesser
-tidal currents. This would Tead to less dilution of effluent and a
greater exposure of shelifish to zinc.

However, preliminary results indicate that oysters from the
Crofton area do appear to have a Tower background zinc Tevel than
those from the Powell River area, i.e. 2,080 nug/gm vs. 4,200 ug/gm,
but the overall levels of contamination may be greater 1n some areas
near Crofton.

Figure 13 shows the mean dry wt. zinc Tevels found in whole
oysters collected in the Crofton area in May, 1973. The total area
- affected appears to range from somewhere between Ladysmith Harbour
~and the Shoal Islands (means 6,960 ng/gm, range 4,600 to 9,000)
on the northwestern side of the Crofton mill to somewhere beyond
 Burgoyne Bay (mean 6,360 ug/gm, range 5,400 - 7,800) to the southeast.
The northern extension ranges to the Secretary Islands in Trincomali

Channel (means 4,760 ug/gm, range 4,200 to 5,800 ug/gm). The station
(0;17)'nearest~the outfall was located behind the diffusers. OQysters

in this area showed mean zinc concentrations of 8,060 ug/gm (range
5, 710 to 11,200).

" The general d1str1but1on of zinc concentrations in the oysters
from the Crofton area suggests a net southeasterly flow of effluent
through Stuart Channel and a tendency for effluent to concentrate in
Booth Bay, which is directly across Stuart Channel from the two effluent
diffusers. Booth Bay oysters showed a mean zinc level of 10,020 ug/gm
and ranged from 8,700 ug/gm to 11,000 ug/gm. ' '

4 Port Alberni

"The only oysters available for the Port Alberni region were located
in Barkley Sound some 23 miles from the pulp mill at the head of Alberni
InTet. Zinc tevels found in oysters from this area were unexpectedly
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high. A mean level of 10,600 ug/gm dry wt. zinc (range 8,200 to
14,000 ug/gm) was found in oysters taken from Rainy Bay, which is
situated in Barkley Sound 24 miles from the Alberni pulp mill
(Figure 12). It is conceivable that the discharge from the Port
Alberni mill is contributing to these high levels. However, there
is known mineralization in the area and further analysis is required

- to confirm-any relationship to mill discharge. Clams and mussels .

. collected along Alberni Inlet are presently being analyzed to establish
this relationship.

It was noted that the oysters collected in Rainy Bay were in
excellent condition with remarkably large shells filled with meat.
The numbers were not great and sampling should be restricted.

5. Ocean Falls

Mussel samples along with sediment and water samples have been
obtained from the area around the -Crown Zellerbach, Ocean Falls pu]p
mill. Ana]ys1s of these samples has not been comp]eted

B. Contro] Areas

In add1t1on to those areas adjacent to the five pu]p mills,
samples were obtained jointly with Fisheries Operations from Gambier
Island (entrance to Howe Sound), Lasqueti Island (Central Strait of
Georgia), BoundaryBay (Southern Strait of Georgia), and Nanoose Bay
(East coast Vancouver Island). Resu]ts for analyses of samples
have been obtained for the May, 1973 survey in waters of Gambier Is.,
Lasqueti Is. and Nanoose Bay (Figure 15).

»]. Gambier Is.

Oysters taken from Gambier Is., which is situated at the

~entrance to Howe Sound, revealed significantly high levels of both
zinc and copper in their tissue. The mean zinc values found at
three stations along the southern shore of Gambier Is. (Figure 14)
were 5,340 ug/gm (range 1,100 to 9,600), 10,880 ug/gm (range 8,200
to 14,000) and 9,420 ug/gm (range 1,100 to 15,000). Copper levels
for the three locations ranged from 760 to 1,700 ng/gm, compared to
100 to 400 npg/gm generally found in other areas. These values,
particularly the copper levels, suggest that the discharge from
Britannia Mine near the head of Howe Sound is affecting the oysters
in this area, possibly a]ong with some effects from the Fraser
River.

2. Lasqueti Is.

"Lasqueti Is. (Figure 8)valso shows higher-than-anticipated
zinc levels in oysters collected in Boat Cove on the south shore

* See footnote on page 1.
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of the island. The mean levels found were 5,480 ug/gm dry wt.
(range 3,600 to 6,600 ug/gm). Heavy metal analyses of the oysters
collected at all sample stations were performed on five separate -
samples taken from each station, each consisting of a group of five
oysters homogenized together and digested. At Lasqueti Is., an
additional sample was taken, consisting of five individual oysters
from five different areas along the middle intertidal zone and '
analyzed for metals.

Results of analyses with one oyster per sample, as shown in
Table VII for station F-2, indicate very little difference from
those oysters which were analyzed in groups of five. This suggests
that satisfactory results could be obtained by reducing the number
of oysters to possibly 2 per sample.

3. Nanoose Bay

, Oysters'co11ected from Nanoose Bay, where numerous oyster
leases exist, contained a mean zinc content of 3,400 nug/gm, and
ranged from 2,400 to 4,400 ng/gm. ’ v
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SUMMARY

Seventy-one sea water samples from 40 stations in areas
near groundwood pulp mills have been analysed for total inorganic
boron content. Concentrations obtained colorimetrically ranged
from 0.22 ng/ml to 4.68 ug/ml. A linear correlation between
salinity (S) and boronity (B) was evaluated as:

B =0.133S +0.016



INTRODUCTION

Owing to the announced intentions of certain pulp and
paper interests to convert to the use of the Borol process for
the production of sodium dithionite in their groundwood mills,
it became necessary -in the spring of 1973 to launch a study into -
the possible effects of éff]uent from the process upon the aquatic
ecosystem. The inorganic pollutant chemistry group undertook a
program of analysis for boron in water and tissue for its part in
the study. The fo}10w1ng report describes the chem1stry involved
and the results of the study to date.

Nature of the Chemistry

1.vThe Borol Process

The Borol process can be employed on site by the mill to
provide sodium dithionite (trivially named sodium hydrosulphite) to
be used as the groundwood bleaching agent. Sodium borohydride,
sodium hyd}oxide and sulfur dioxide are reacted together according
to equation 1.

NaBHg + 8NaOH + 850y 4 NapS,04 + NaBOp + 6H20 (1)

-sodium sodium
dithionite metaborate

The intended fate of the sodium metaborate is the sewer

and eventually coastal waters.

2. Aqueous Boron Cnemistry

There are probably four common boron-containing cohpounds
which find common usage commercially. These are boric acid
(H3BO3 or B{OH)3),sodium pyroborate (borax, NapBs0;), sodium
metaborate (NaB02 or NaoB20gz), and sodium perborate (NaB03).
Borax and the perborate are used widely in cleaning agents, while
boric acid has found past popularity in patent medicine. In recent
years, the use of aqueous solutions of boric acid as eyewash haé



been discouraged for obvious reasons. Sodium borohydride is used
widely as a reducing or hydrogenating agent in research and industry.
' In spite of the four oxyboron compounds mentioned above
and riumerous other more complex compodnds found in the literature,
the aqueous chemistry,-from the stand-point'of analysis and the
nature of the systems under study, is much simpler. The two main
species found in environmental waters are boric acid and the borate
anion, B(OH)z. An equilibrium relationship exists between the two

- species (Equation 2).

B(OH)5 + 2H,0 > B(OH)z + H30" (2)

Bofic acid is a weakTy dissociated monobasic acid; hence the equili-
brium 1ies to the left of the equation.

The various borate anions undergo a similar transformation
in aqueous -solution. In the case of the metaborate ion, conversion
“to B(OH)3 occurs readily in dilute solution (Equation 3)

BO; + 2H,0 » B(OH), (3)

Although the description above has been simplified con-
siderably, it does serve to illustrate the fact that although the
metaborate ion may find its way into open water, it certainly does
not remain as such for any time. As far as the analysis is concerned,
we may use standards prepared from boric acid, since this is in fact
the species being determined.

3. Analysis

; A number of procedures for the analysis of boron in
various matrices are to be found in the literature. There are
three 1nstrumenta1 techniques which have found wide popularity:
colorimetry, atomic absorption and spectrofluorimetry. 'Atomic
absorption is the least desirable of these for environmental
'analysis, because of poor sensitivity and thus relatively high
detection limits. Fluorescence spectrophotometry is the most



sensitive method, but for routine work (unless it is automated),
it is probably too time-consuming. The third and most usable
method of colorimetry is straight forward, moderately sensitive
and inexpensive.

‘ The most widely used colorimetric method involves
curcumin as the'boronéspecific complexing agent. Reaction of a
0.125% solution of cuchmin with borate ion in a strongly acidic
medium produces a-deep red colour, which is due to the protonated
complexing agent. Destruction of this protonated form through
buffering leaves only the borate complex which absorbs at 550 nm.
Sample volumes of the order of 0.25 to 0.5 ml are generally used,
inasmuch as the water matrix serves as an interferent, which is
removed with strong dehydrating agents, such as sulfuric acid and
acetic or propionic anhydride.

Analysis of organic matter presents special prob1ems
associated mainly with proper digestion techniques. Several workers
have fouhd'that severe losses of the analyte can occur if too strong
heating is applied. Thus, use of dry ashing is discouraged. A wet
ashing technique employing sulfuric acid and 50% hydrogen peroxide
appears to be useful. Also, if the apparatus is available, a radio-
frequency low-temperature ashing system is most desirable. Once the
- tissue has been properly dﬁgested, the same colorimetric method as
_uséd_fof water analysis can be applied.

Sampling ‘
Water samples from inlets Tocated near groundwood pulp

mills were obtained in May, 1973, by Dr. dJohn Davis and his group.
Two samples were obtained at each station at depths of 0 and 5
metres. At time of collection, 1 ml of 0.1 molar sodium azide was
added to each sample (appkox. 1 litre) to inhibit metabolic activity.

'Ana1ytica] Proceduke

Water samples were analysed for total inorganic boron
(as borate) using the method of Grinstead and Snider (1967) which,
in turn;kis a modification of that of Hayes and Metcalfe (1962).

Duplicate analyses were performed on each sample. Results are shown
in Table 1. .
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Salinities were determined initially by Dr. Davis'
assistants using hydrometers. A selected number of samples were
re-analysed using an Auto-Lab 601 salinometer.

RESULTS AND DISCUSSION

The boron values reported for the seventy~-one sea water
samples listed in Table 1 ranged from a low of 0.72 ug/ml for
station Cy4 at the surface, to a high of 4.68 ng/ml for station Byj
at the surface. A plot of boron values (boronity) against salinity
(Figure_1) shows a linear relationship. The higher salinity waters
all had boron levels around the accepted deep-sea value of 4.6 ug/ml.
Boronity-chlorinity ratios varied from 1.80 x 10'4 to 3.09 x 10-4.
Open ocean values have been reported at around 2.4 x 1074 (Riley
and Chester, 1971).

' At most of the stations a slight increase of boron
content with increased depth was noted. The most striking
differences between zero and 5 metres can be seen at stations A7
(Powell River) and Cya (Alberni Harbor) where the halocline was
very near the surface.

The ana]ytica] method used for the water analysis was
found to be good. The method, as described by Grinstead and Snider
(1967), had one major fault not reported by them, but one which has
been noted by Uppstrom (1968). We found that addition of the
acetic acid-acetate buffer solution to the strongly acidic sample
invariably resulted in formation of long, white crystals which
conceivably were those of ammonium sulfate. To obtain solutions
suitable for use in the spectrophotometer, it was first necessary
to filter. This was regarded as a highly undesirable step, although
no apparent interference was observed. We have now adopted the
more recent procedure of Uppstrom (1968), in which crystal formation
does not occur.

Precision of the Grinstead and Snider method was deter-
mined through aha]ysis of eight aliquots from samp]e'A10 (5m). Average
content was 3.98 ug/ml. Standard deviation was 0.064 ug/ml or 2%.



Tissue Analysis

We have just recently begun analysing oyster and fish
tissue as part of the uptake and retention studies being carried
out by the Physiology section. One method that has been tried

| is that worked out by R.E, Drew of the Fish Inspection Laboratory

in Vancouver. In principle, the method appears sound as it is an
adaptation of the Uppstrom procedure. However, we have found in
practice that the method is unpredictable. Destruction of excess
oxidizing agents in the standards is highly critical. The siightest
amount of hydrogen peroxide in the presence of sulfuric acid will
destroy the complexing agent immediately. In addition, the working
curve produced even with successful standard determinations is not
linear. We are presently working on.a procedure from which a straight

~ Tine calibration will be obtained.

CONCLUSIONS

We have determined the background boron concentrations in
waters from eight-areas near which are Tocated groundwood pulp mills.
These data will serve as a valid means of compérison for future
studies into possible effects of Borol process by-products.
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Tabieil:, Boron and Salinity Data for Samples from 40
Stations near Groundwood Mills.

Location Station Depth Boron Salinity Chlorinity Boron/Chloride
' ‘ # (m) ugB/ml1 %/00 - 0/o0 Ratio- x104
Malaspina A 0 3.82 29.0 16.07 2.38
Stralt & ! 5. 3,82 29.0 16.07 2.38
- Peninsula . T ’ ) )
. | A, 0  3.85 29.3 16.23 2.37
5 4.02 29.7 16.45 2,44
Aq 0, 3.52  28.9 16.01 ~ 2.20
5 3.95 29.9 16.57 2.38
' A, 0 3,72 29.4 16.29 2.28
5 4.02 29.7 16.45  2.44
A 0 3,45 28.2 15.62 2.20
5 3.75 29.8 16.51 2.27
A 0 3.66 25.0 13.85 2.64
5 3.45.  29.9 16.57 2.08
A, 0 2.40 19.0 10.53.  2.27
5 4.20 30.3 16.79 2.50
Ag 0 4.15 29.9 16.57 2.50
5 4.02 29.8 16.51 . 2.43
Ay 0 3.98  29.0 16.07 2.48
5 3.88 30.0 - 16.62 2.33
Ay O 3.88 28.8 15.96 2.43
5 4.00 30.0 16.62 2.40
Alq 0 3.85 28.8 15.96 2.41
5 4.05 30.3 16.79 2,41
A, 0 3. 80 29.8 16.51 2.30
5 3.95 29.8 16.51 2.39
Als 0 3.98  29.8 16.51 2.41
5 3.82 29.8 16.51 2.31
Algerine A, 0 3.90  30.3 16.79 2.32

Passage 5 4.10 30.0 16.62 2.46



Table 1: con't

LoCatiQn_ Sta;i@n Dépth ’quon 'Suéinity ChAorinity _BomwMCh]Oﬁyw
- . (m) ugB/ml -~ " /oo /oo Ratio x10
Georgia Ay 0 4.00 207 16.45 2.43
Strait 5 4.05  30.0 16. 62 2.44
| Ay 0 4.18  29.9 16.57  2.52
5 . 4.00 © 30.0 16.62 2,41
Quadra’ B, 0 4:20 30.0 16.62 2.53
sland _ . s 438 30.2 16.73 2.62
Channel B, 0 4,18 30.0 16.62 2.51
| | 5 - 3.95  30.2 16.73 2.36
B, .0  3.98  30.3 16.79 2.37
| 5 4.10  30.4 16.84 2.43
B, 0 4.05 . 29.8 16.51 2.45
5 4,05  30.4 16.84  2.40
Strait of B¢ 0 4,10 30.6  16.95 2.4l
- Georgila o o : :
Discovery B, 0 4.20  30.8 17.06 2.46
Passage B, 0 4.15  30.6 16.95 2.45
By - 0  4.20 . 31.0 17.17 2.45
By 0 4.25 . 30.6 16.95  2.51
B, 0 4.25  30.8 17.06 2.49
By 0 4.30  30.4 16.84 2.55
By, 0 4.22  30.8 17.06 2.47
By, 0 4.68  30.0 16.62 2.82
Sechart c 0 4.05  31.6 17.51 2.31
ggii?g; 5 4.40  31.9 17.67 2.49
Sound c, 0 3.90 . 28.5 15.79 2.47
| 5 3.95  31.1 17.23 2.29
o 0 3.42  25.1 13.91 2. 46
| 5 3.78 30,7 17.01 2.22
C," 0 . 4.25  24.8 13.74 3,09
5 4.20  31.1 17.23 2.44



Table 1: con't - -8-

Location Station Dcp:ch Boron Salinity Ch%orini ty - Boron/Chloride
# (m} pgh/ml /oo /oo Ratio x10%
Alberni Ce 0 3.05 23.0 12.74 2.39
Inlet 5 4.40 . 29.3 16.23 2.71
Ce 0 2.50 17.3 9.58 2.61
5 4.05 29.3 16,23 2.50
c, 0 2.00  16.3 9.03 2.21
5 3.50 24.6 13.63 2.57
o 0 1.40 12.0 6.65 2.11
5 3,30 23.3 12.91 2.56
Alberni C9 0 0.90 6.6 3.66 2.46
Harbor | 5 2.90 21.2 11.75 2.47
Cio - C12 Shore Stations )
Cyz 0 0.72 . 6.6 3.66 1.97
5 1.75 12.6 6.98 2.51
Ciyq 0 0.22 2.2 1.22 1.80
5 3.85°  27.3 15.1 2.55

Mean boron concentrations for: surface samples (g =26.19/00) 3.53
5m samples (S =28.8%/00) 3.86
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SUMMARY

Boron stuqies with Pacific salmon have been initiated to
‘encompass both lethal and sublethal effects and assess‘the potential
hazard of this substance to aquatic 1ife. Static bioassays with cohoA
salmon fry in fresh soft Water indicated that boron (from sodium
.metaborate addition) was toxic to fish over a range of 82 to 656 ppm B
and that the mode of toxic action was slow. Bioassays were carried out
for up to 23 days to assure cessation of acute toxicity phenomena in
test tanks. For this reason, standard 96-hour toxicity tests are
not applicable forvthis toxicant. The 23-day LC50 for coho fry at
11%0.50C was 93 ppm B. Sockeye fry in sea water appeared somewhat
more sensitive to B, although the 23-day LC50 has not yet been determined
for this species. |

Bibaccumu]ation studies with sockeye underyearlings and youhg
oysters have been initiated and are not yet completed. Groups of animals
are exposed to 1 and 10 ppm B (above background), and are being analysed
for accumulation and clearance of B at weekly intervals. If boron proves
to be bioaccumulating in fish, a series of sublethal studies to assess
the effect of this buildup are planned.

A field sampling program has been set up and extensive collection
of water samples and tissue samples of oysters, clams and mussels have
been made in areas near groundwood pulp mills. These collections should

establish boron levels in water and intertidal organisms before and after

mills convert to the Borol process and provide samples for zinc analysis.

5 November 1973.



RATIONALE AND APPROACH

As. the Boro] pfocess appeared with no prior warning as a
. potential hazard to marine systems, a crisis-type approach has been
adopted in assessing the potentia1 probjem.‘ Essentially, we decided
that research into zinc bioaccumulation could wait, as the zinc
problem has been with us for some time and indeed the bioaccumulative
nature of zinc and other heavy metals in moliuscs has been reported
extensively in the Titerature. In addition, it was felt that the
Environmental Protection Service has an extensive field program for
sampling zinc levels in oysters, clams and mussels near coastal
groundwood mills and a further investigation in this area WOqu be
dup1icéting effort. Thus, we have so far confined our activities to
’the fo]Towing: _ _
1) determination of acute toxicity of sodium metaborate
(expressed as conc. of B) to Pacific salmon in both
fresh and salt water.
2) rough estimation of presence or absence of additive
~ (synergistic) effects of boron plus kraft mill -effluent
on salmon.
3) bioaccumulation studies with salmon and young oysters
_‘and.boron.A | '

It was felt that such a program'wou1d give a fairly quick
answer to whether or not conversion to the Borol process would
constitute a hazard to marine life.

METHODS AND -RESULTS
(1) Bioassays | . _
‘ Bioassays using coho and sockeye salmon and boron are
summarized in the accompanying figures (1, 2 & 3). Coho_aTevins
and fry were tested in fresh soft water at 11 ¥0.50C at fish
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loading densities of 0.2 - 0.7 g/1 solution. Bioassays were of

the static type with daily solution replacement. They were carried
out using 5 to 20 fish/tank in all-glass, aerated aquaria 1mmersed
in a cooling bath. Times to death of individual fish were recorded
and the time required to kill 50% of the fish at each concentration
was used to determine LC50's(Fig. 1, 2). For one test, toxfcity of
boron to coho fry in fresh water and toxicity of a 50% by volume -
kraft mill effluent solution were determined separately. It was
then possible to combine the two toxicants and test for synergistic
effects as outlined by Sprague (1969) (Fig. 3). -

‘Bioassays indicated that relatively large concentrations of
B are toxic to salmon in é static bioassay. The LC50 for coho alevins
and fry in fresh water was 93 ppm B. For sockeye fry in sea water
it was Tower, but has not yet been precisely determined. Further
bioassays are planned using the same sockeye in fresh water to see if
the apparent greater sensitivity of sockeye compared with coho (to boron)
~is a species difference or is related to whether the bioassay is done
in fresh or salt water. In all bioassays, pH was kept at approximately
7 by addition of NaOH or H2504 to avoid pH effects. It should be noted
that boron appears to kill fish slowly,and bioassays longer than the con-
ventional 4-day type are required. There is some evidence that kraft
mill effluent and high concentrations of boron are additive in toxic
effect (Fig. 3).

Subsequent analysis of tissues from some of the coho that died
in the higher B concentratfons during the bioassay were carried out.
Analyses, done on 1 g of wet tissue from the homogenate of several fish
at a given concentration, were as follows:

B conc. in water - B conc. in tissue Medial Survival
(ppm) (ppm) Time of Group (hrs.)
656 ' 354 33.4
656* 391 33.4
328 224 84.0

(* determination repeated)
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These results indicate a substantial buildup of boron in
the tissues during the bioassay {sockeye fry, unexposed to boron,
had only 0.06 ppm B in their tissues). Furthermore, the amount of
uptake appeared related to test concentration and length of survival
time. Thus, boron uptake may constitute one of the modes of toxic
action rather than some extérna] influence on the gills, osmoregulatory
capability or other function. o

(2) Bioaccumulation Studies
, Five 80-1itre fibrelgas tanks, operating on a continuous-flow
basis, were used for a boron bfoaccumu1ation study. Each tank

initially contained 25 soékeye fry adapted to sea water and 30 young
- oysters of uniform size. Dosage was accomplished by continuous flow

of sea water from a constant-head device and stock solutions of sodium
metaborate from constant-head Mariotte bottles. One control tank (no boron
dosage) and 2 replicates of 1 ppm boron above background and 2 replicates
of 10 ppm boron above background were used. Water and tissue sampling
was conducted at periodic intervals after boron exposure began. Five

fish and five oysters were sampled each time. Dosage was stopped

after 47 days and the experiment was continued to study possible recovery
of tissue B levels to pre-exposure levels. |

~ Results, to date, of the bioaccumulation study are shown in

Figure 4 for oysters only. At the start of the experiment, oysters

had approximately 3.8 ppm in their tissues. After 8 days exposure
‘there was little change, but after 32 and 47 days exposure, B levels

had increased substantially in oysters exposed to 10 ppm B. Those
exposed to 1 ppm B above background showed levels roughly 1 ppm above
that of controls after 32 and 47 days exposure (levels reported for

the 32-day exposure may be slightly high due to sample desiccation

during chemical processing). The experiment is continuing to see if
tissue boron concentrations in exposed oysters will decline now that

B dosage has stopped. »
Sockeye fry exposed to identical conditions as the oysters
gave the following results after eight days of the bioaccumulation study:
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~ Control fish had 0.06 ppm B in their tissues, while
fish exposed to 1 ppm B above background had 0.12 ppm B -
a 100% increase. Sockeye exposed to 10 ppm B above
background had 0.19 ppm B - an increase of over 300%.
Studies of the uptake of boron by fish are continuing.

The above results indicate that Pacific oysters do not bio-
accumulate boron in concentrations higher than that in the water.
In fact, it appears as if the oyster tissue boron concentrations may
closely parallel that in the water. Boron levels in fish tissue are
very low and some tendency for elevated tissue boron concentrations is
evident when boron rises above background levels. It must be emphasized,
however, that fish tissue boron levels in the bioaccumulation study were
much lower than those in the test solution after 8 days. In addition,
tissues analysed from fish which died in the bioassay showed substantial
levels of tissue B; deeven'these'1eve1s were below that present in
the water.

At this time, it appears that there is no tendency for boron
to bioaccumulate in fish or oyster tissues. As B levels discharged
by groundwood pulp mills on the Pacific coast are expected to be Tow
(Tess than 1 ppm at the Powell River Pulp Mill), there would appear
to be no bioaécumu]ation hazard to salmon and oysters. This is reinforced
by the fact that we tested B concentrations of 10 ppm in the bioaccumulation
study - a level that would be many times that occurring in the sea when
dilution of a 1 ppm discharge is considefed.

(3) Back-up Field Work

An extensive field sampling program was organized using
facilities aboard C.F.A.V. LAYMORE over the two-week period July 23 -
August 5, 1973. This was a cooperative venture between Pacific
Environment Institute Tolerance Biology Staff, under Dr. J. Davis,
and Environmental Protection Service personnel, under Mr. D. Goyette..
The cruise involved extensive sampling of water, sediments and
tissues (oysters, clams, mussels) near four local pulp mills employing
groundwood pulping. Those mills were located at Powell River,



-5 -

Campbell River; Port Alberni and Crofton. In addition, samples
were taken at a few sites removed from pulp mills as "control"
stations. E.P.S;'personne] took the rest for boron analysis. It
was felt that existing zinc and boron levels would then be known
~prior to the mills accomplishing a switch-over from use of zinc
’hydrosulphite to the Borol process for sodium hydrosulphite.
The'Statidn locations (See charts in Appendix 1) were as

follows:

{a) Powell River
- 11 shore stations for oysters, clams, mussels
along the shore on either side of the mill, extending
over a total distance of 16 sea miles (A14 - A 23)
" - 13 water sample stations apprbximate]y 0.5 to 1.0 sea
miles offshore, roughly paraT]e]ing the shore stations
(A1 - A13) : v _
- Shore station on Harwood Is. adjacent to the mill (A25)
- 3 water samples in mid- Strait of Geofgia ina Tine W.S.W.

of mill (A27- 29).

" (b) Campbell River

4 shore stations on the east side of Quadra Island between
Rebecca Spit and Cape Mudge (B14 - B17)

4 water stations off the above shore stations (B1 - B4)
shore and water station at Oyster Bay (B5 + B18)

water stations proceeding N. through Discovery Passage to
Pulp Mi11 (B6 - B 13) and N. to Seymour Narrows.

(c) Cape Scott (control)
- shore station

(d) Barkley Sound
- 4 water and sediment stations, Sechart Channel (C1 - C4)
- shore station in Rainy Bay (C15)



(e) Alberni
- 7 water stations proceeding down Alberni Inlet to the
pulp mi11 (C5 - C9, C13, C14).
- 2 shore stations in Alberni Inlet, at Sproat Narrows
and Franklin River (C16, C17).

(f) Crofton/Gulf Islands

- shore stations, Saltspring Island - Burgoyne Bay (D9),
Booth Bay (D-10) - water stations offshore (D1, D2). -

- shore stations north and south of the pulp mill - DI5,
D17 Shoal Island, D16 Sherard Pt.

- water stations off mill outfall (D-3) and off Ladysmith
Harbour (D-4).

- shore stations at Tent Island (D-11), Mowgli Island (D-12),
Valdez Island (D-13), Danger Reefs (D-14).

- water stations, Houstoun Passage (D-7), Trincomali
ChanneT.(D-G) (D-5), mid - Strait of Georgia, west of
mouth of Fraser River (D-8).

The above water and tissue samples have been turned over
to Dr. J. Thompson, P.E.I. Chemistry Section, for analysis. The
positions of these stations are shown in the zinc-sampling station
report prepared by E.P.S. for this progress report (Appendix I).

PROPOSED ACTIVITIES

On-going research is currently being done with the bio-
accumulation study as previously described. The results of this
study will largely determine the course of future research. If
boron is shown to bioaccumulate in fish at the concentrations near
those to be discharged by local mills, a program of sublethal testing
will be designed. This will include respiratory and circulatory
responses, blood analysis, fish performance indices and avoidance,
behavior tests in salmon of different sizes in sea water. If no
bioaccumulation is demonstrated, sublethal work of this type would
Tikely not be fruitful as'expected boron concentrations will likely
be .01 to .001 of the Tethal Tevel (to coho in fresh water) and it is
unlikely that such dilutions would provoke measurable sublethal responses.
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Further bioassays will be done with sockeye in salt
water. Progress is necessarily slow with these tests owing to
the long duration of the test, the fact that several weeks of
seawater acclimation prior to testing is necessary, and the large
size of test fish. As time and resources permit, bioassays will _
~also be conducted with boron and larval oysters to assess sensitivity

of larval forms.
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Mortality data from coho fry in freshwater boron solutions at 11°C.
Tanks were dosed with sodium metaborate and concentrations
are given as B present.
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obtainable from plots such as Figure 1.



2000

TIME TO DEATH IN MIN.

8000

200

- 10 -

BKME & BORON — COHO FRY

® 246.2 ppm BORON
O 509% BKME
B 2462 ppm & 50 % BKME

Figure 3.

| | o ] i
20 40" 60 90 98

PERCENT DEAD

Median survival times of groups of coho fry tested in
a toxic boron solution, a toxic BKME solution and a
combination of the two solutions. Data are for tests
conducted in fresh soft water at 11% 0.50C. Mortality
is expressed as a cumulative percentage dead.
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APPENDIX IV

TOXICITY OF BORON, GROUNDWOOD EFFLUENT
AND KRAFT MILL EFFLUENT (KME)
TO NATURAL MARINE PHYTOPLANKTON POPULATIONS

By J.G. Stockner
Environment Canada
Fisheries and Marine Service
Pacific Environment Institute
(Ecology Section)

West Vancouver, B.C.



INTRODUCTION

Rationale

Phytoplankton and attached algae are very important components
of the aquatic'food chain. They form the base of the food chain and,
as such, support‘all higher trophic levels. Any substance affecting
their growth will, in turn, affect the entire food chain. Phytoplankton,
the prime food of zooplankton and all filter feeding invertebrates,
are particularly susceptible to toxic substances as they lack suitable
locomotion to avoid contact with toxicants, and their spatial distribution
is accordingly strongly affected by tidal currents.

To date, there is a paucity of information regarding sublethal
effects of toxicants on this primary trophic level. The work that has
been done has shown conclusively that phytoplankton populations in nature
or in pure culture, are sensitive indicators of effects of deleterious
substances in the aquatic environment. Two bioassay procedures were
developed: (a) the nutrient- or toxic substance-addition bioassay;
and (b) the pure culture bioassay. In the former, nutrients and/or
toxic substances are added to phytoplankton populations and incubated
©in situ with ]40 to monitor relative or absolute growth rates. In the
latter, pure cultures of algae, growing in defined media, are inoculated
with known concentrations of toxic substances and their growth rate is
monitored over a four-day period at constant temperature and light.

Data obtained from both bioassays when married provide _
excellent results of the response of phytoplankton to toxic substances,
and, if serial dilution encompasses a wide enough range, nofma]]y
provide the investigator with a range of critical lethal concentrations.
The current study has involved both bioassay procedures; however, results
of in situ bioassays are the only results reported.

METHODS

Seawater samples were obtained at a depth of 1.5 meters with
a 6-liter horizontal Van Dorn directly off the Pacific Environment
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Institute dock. Subsamples were taken for phytoplankton counts, boron
determinations, pH and alkalinity. Remaining sea water was stirred and
added to 130-m1 incubation flasks. There were 13 sets per experiment,
each set including 2 light bottles and one dark bottle. Sets. 1, 2 or
13 were control flasks, and the remaining sets were incubated with
various concentrations of boron or groundwood effluent. Concentrations
of boron tested during the first nine in situ bioassays appear in Table I.
After boron additions, approximately 5u Cu of 4C were added, flasks
stoppered, shaken, and incubated at 1.5 m for a 5-hour period off the -
P.E.I. dock. In this way, uniform temperature and light conditions
were maintained in all sets.

Three boron standards were made from analytical grade sodium
metaborate: 10 ug/ml, 1 mg and 10 mg/ml.

pH control was monitored on a digital pH meter with an accuracy
of #0.01. Light was measured on a recording solorimeter recording total
incident solar radiation in g cal em™2 min-1. A]ka]inity was determined
using methods described by Strickland and Parsons (1968).

After the 5-hour incubation, separate samples were filtered
on a 0.45u millipore filter. Filters were placed in scintiilation vials
with fluor and counted in a Packard Tri-carb scintillation counter.
Results so obtained can be expressed on a relative basis as total
counts per min (TCPM), or in absolute terms of production (g C m-2 day'1).
To expedite presentation at this juncture, only TCPM are reported.

Fresh refiner groundwood effluent provided by the Western
Forest Products Laboratory, Department of Environment, Vancouver, was
used for testing the effects of this effluent on phytoplankton. The
pH of the groundwood effluent was not neutralized prior to inoculation.
Alkaline effluent from the Port Alberni kraft mill was obtained fresh,
and inoculated at pH 10.0. To discern pH effect, some of the effluent
was neutralized to pH 7.0 prior to inoculation.

RESULTS

Work commenced July 4, 1973, and has included to the time of
writing, 15 in situ bioassays, six of which have dealt with groundwood
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effluent or KME additions plus boron,and 9 dealing exclusively with
boron additions. Results from all 15 bioassays will not be discussed

in detail as many were repetitious, designed to determine the statistical
variability of the experimental design. Three characteristic type of
results will be discussed in the following pages.

Production

Production results depend largely on algal species composition,
which undergoes a yearily seasonal succession, and on standing crop or
biomass at time of sampling. Thus, phytoplankton assemblages dealt
with in July may differ markedly from those tested in September. There-
fore, compakison of absolute rates among experiments is subject to
certain Timitations, none of which however, invalidate conclusions
drawn from comparisons among flasks in any given experiment.

Though absolute rates of production in g C m-2 day-1 have
not been calculated, TCPM bears a direct relationship to these rates,
and a valid compafison of TCPM among experiments can be made. For .
example, TCPM on July 9 in the control flask was as high as 34,000,
which corresponds to a production of about 300 mg C m-3 day-1. On a
similar bright day on August 8, TCPM in the control flask was only
2,800. This tenfold difference is attributable primarily to the
standing crop variation and secondarily to the physiological state
of the algae. However, since the results presented are used for flask
comparison on a given day, they are meaningful and valid, despite
seasonal variations. '

Boron Additions (Figure 1)

In all 9 experiments, there was an inhibition of growth at
the 1 and 10 microgram levels, followed by a slight increase at the
100 and 500 microgram level. Additions of boron of 1 mg/1 in most
cases did not seriously affect production; however, at concentrations
greater than.1 mg, growth decreased rapidly, with negligible growth
at concentrations of 50 and 100 mg boron, respectively. It appears
that 1 mg/Titer above background™ is a critical level and at higher

* Mean boron concentrations off P.E.I. dock at time of experiments -
3.1 mg/Titer



concentrations growth is inhibited. In most experiments, production
in the control flasks exceeded growth noted in flasks receiving boron
additions. This would suggest that even small concentrations of boron
required some physiological adaptation or "algal acclimatization".

It should be noted that the boron source for these experiments, sodium
metaborate, may carry too heavy a sodium load for algae. Further
experiments using boric acid as a boron source are p]anned.

Groundwood plus Boron Additions (Figure 2)

Additions of groundwood effluent were arranged serially from
1 to 20 milliliters. The results show a marked inhibition at the
1 ml concentration, slight inhibition at the 5 ml concentration, and
tailing off to almost complete cessation of growth at higher concentra-
tions. Additions of 1 mg/1 boron at the same concentrations of ground-
wood effluent showed no significant difference from groundwood alone.
The 1 mg/1 addition of boron without groundwood effluent showed growth
equal to the control, which is indicative of a toxic or strong pH
effect of groundwood effluent over-riding any negative boron effects.
In fact, in similar experiments (not reported here), it appears that
groundwood effluent with or without boron is extremely deleterious
to phytoplankton.

KME Additions (Figure 2)

Though not totally within the scope of boron work, it is
informative to present the results of KME additions to natural phyto-
plankton populations. Additions of 5, 10 and 15 m] of alkaline effluent
from the Port Alberni mill had a severe inhibitory effect on phyto-
plankton production. Even neutralizing the effluent to pH 7.0 did
not reduce the inhibitory effects. After passing the effluent over
XAD resins to remove "color and toxicants", slightly more growth was
noted. However, even the smallest additions gave production only
half that in the control flask. Neutralization of this XAD-resin
pass to pH 7.0 had a severe inhibitory effect, negating a pH effect.
Dehydroabietic acid, which 1svextreme1y toxic to salmonids, was also
shown to be inhibitory to phytoplankton production.



pH Effects (Figure 3)

It was noted that additions of sodium metaborate may increase
the pH in flasks, thereby affecting the physiological response of
natural phytoplankton populations. To attempt to separate the effect
of pH from that of the toxicity of the substance tested, pH was
carefully monitored in two experiments. It can be seen that pH
increased from 7.9 for sea water to about 8.1 with .a 1 mg/1 boron
addition. Each additional milligram of sodium metaborate added
resulted in an incremental change of approximately 0.16 pH units.

A change of 0.1 to 0.2 pH units should not affect the
metabolism of algae. A pH change from 0.5 to 1.0 pH units could
be considered as a serious shock response, and as such, inhibition
of metabolism could be suggested. In this case, it appears that pH,
though changing slightly, could not account solely for the results
obtained. Further scrutiny of the effects of pH versus toxicants
will be a part of future studies. It must be borne in mind, however,
that the experimental design called for simulation of algal response
to natural effluent additions to sea water. This does not mean pH
neutralization to minimize pH shock to algae, for pH may in the long
fun be a serious by-product of effluent discharges to sea water.

CONCLUSIONS

1. Phytoplankton production is inhibited at concentrations
of boron greater than 1 mg/1 above background. At concentrations
greater than 10 mg/1 boron, -growth is negligible.

2. Groundwood effluent is toxic to phytoplankton at all
concentrations tested, judging by inhibition of photosynthesis,
but this occurs most significantly at the higher concentrations.
Because these were only preliminary experiments, with a minimal
number of tests, further work is required to fully substantiate
these early findings. Groundwood plus 1 mg/liter boron did not
increase the negative effect of groundwood effluent, suggesting
that boron will be less of a problem than the effluent itself.



3. KME with or without color removal is toxic at all con-
centrations to phytoplankton. Neutralization of the alkaline
effluent to pH 7.0 had Tittle positive effect. Preliminary
evidence indicates that stain removal is not enough in terms of
minimizing KME effect on phytoplankton populations.

4. pH changes appear to be insignificant in terms of effects
of boron additions on phytoplankton populations. pH of groundwood
and KME, however, seems severe enough to warrant considerable study
as to the effect of effluent pH on phytoplankton production.
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Table 1. Boron concentrations added to flasks 1 through 11.
Flask Standards Amount Final Concentration
No. Used Added as B Titer-1
1 - - Control

2 - - Control

3 10 ug 0.13 ml o I ug

4 10 ug ' 1.3 ml 10 ug

5 1 mg 0.013 ml 100 ug

6 1 mg 0.065 mi 500 ug

7 1 mg 0.13 ml 1 mg

8 1 mg 0.65 ml 5 mg

9 1 mg 1.3 ml 10 mg

10 10 mg 0.65 ml 50 mg

1.3 ml 100 mg
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FIGURE 1 |
Response of natural phytoplankton populations to
‘boron additions. Boron concentrations in Flasks

1 to 9 are as follows:

Flask Number Boron Concentration
~in Flasks

1 ng/1

10 ug/1
100 ug/1
500 ng/1

1 mg/1

5 mg/1

10 mg/1
50 mg/1

- 100 mg/1
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FIGURE 2

The response of natural phytoplankton populations

to groundwood, KME and XAD single pass. Concentrations

as shown on figure.
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FIGURE 3

Change in pH as a function of sodium metaborate

addition. Addition of metaborate expressed as

mi]]igrams of boron.
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