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SUMMARY

Monitoring was undertaken in the riverine section of the Fraser River
Estuary in January and February 1985 to: 1) determine locations where sedi-
ments, benthic organisms and fish could be collected, 2) measure mebals,
chlorophencls and PCB's, and 3) determine If provisional water quality

objectives were being met.

Samples were collected from six sites, two in cach of the Main Stenm,
North Arm, and Main Arm. Chlorophenol values in sediments were approximate-
1y the same as measured in earlier studies, PCB's in the North Arm and Main
Stem were three to ten times higher than bafore, copper was slightly higher,
while mercury and lead values had approximately doubled. More widespread
sampling is needed to check possible sources of these contaminants, although

stormwater may be one source of PCB's and lead to the river,

An insufficlent mass of benthic organisms was c¢ollected at most sites
to permit laboratory measurements of chlorophenocl and PCB's. PCB's could
not be detected in any benthic organisms where measurements were possible.
Chlorophenols were measured In a total of six benthic organism samples. If
the provisional objective for chlorophenols in fish flesh were applicable to
benthic organisms, whiech it 1is not, the objective would be met for all
benthic organisms from all but one site. This site contained polychaetes

from the lower North Arm (25-fold higher than the objective level).

Copper and zinec were bioconcentrated from sediments Lo eight of the
nine benthic organisms for which measurements were made. Since copper 1In
sediments seems to be increasing, it i3 important that the source of the

copper be determined.
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The number of individuals collected from each Fish species was insuffi-
cient to allow a valid comparison to earlier data. Generally, metal values
for fish muscle and livers were within the ranges repor-ed earlicr, The
highest metal values In flesh generally were for fish collected from the

lower North Arm.

Provisional water quality objectives exist for chlorcophencls and PCR's
in fish. The objectives for PCB's (0.5 ug/g wet weight) and for chloro-
phenols (0.1 ug/g wet weight) were not exceeded in any of the fish collected
from any of the six sites. However, the fish collected may not have beoen
resldent species since they were about to spawn and may have recently

returned from the ocean.

The provisional water quality objectives in place for chiorcphenols and
PCB's in bottom sediments arc £0.01 ug/g (dry welght) and $0.03 ug/g (dry
weight), respectively. Sediments from two sites in the Main Arm and from a
slte just upstream from New Westminster in the Maia Stem had chlorophenol
and PCB concentrations which were less than the objective levels. Sediments
From both sites in the North Arm and From a site near Barnston Island in the
Main Stem had PCB and chlorophenol levels Trom three to siz times the

5

objective level. Further sampling Is required to determine if these values

are changing with time and if the objectives are realistic.
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1. INTRODUCTION

A program to monitor metals, polychlorinated biphenyls {(PCRB*s), and
chlorophenols in the sediments, invertebrates, and fish of the Lower Fraser
River was carried out in January and February 1985, The purpose of the

survey was two-fold:

1. To determine if sites proposed by an earlier Committee(1) for
the river section of the estuary were appropriate for the success-
ful collectlion of sediments, invertebrates, and Fish, or if other

nearby sites were more appropriate.
2. To determine the degree to which values in sediments and fish would
meet provisional wabter quality objectives For this section of the

estuary(z).

1.1 SITE SELECTION

The Working Committee on Fraser River Lstuary Monitoring(l) recog-
nized that sites which they had recommended were "general" locatlons, and
that specific locations would be determined on tLhe basis of pilot sampling.
This report provides information on such a pllot sampling program for the

river section of the estuary.

The pilot sampling program related to the river section of the estuary
took place during January/February 1985 since it had been recommended that
sediments should be collected at low river flow, "when downstream movement
of sediments is minimal"(}). It was recommended that for the sake of
convenience of sampling, benthic organisms should be collected at the same

time as sediments.

An attempt was also made to collect fish at the same time as sediments
and benthos. Fish had successfully been collected during the summer months
in earlier studies(j). However, 1t was not known If this success could

be duplicated in the winter.



If geographical or temporal trends over several years are ever $o be
determined, variablility inherent in sampling must be reduced. This can be
done by sampling the same sites, at the same time of the year, using the
same sampling and analytical techniques. As well, enough samples have to be
collected, as is feasible, to define the mean values with a known confidence

s0 that significant changes can be identilied.

1.2 PROVISIONAL WATER QUALITY OBJECTIVES

The B.C. Ministry of Environment is currently establishing provisional
water quality objectives on a site-specific basis. One area where such
objectives have been prepared is the Fraser River, from Hope to Sturgeon and
Roberts Banks, Of particular interest to this study is that sub-basin, from

Kanaka Creek to the Banks.,

Proviaslonal objectives which are applicable to the envirommental

. . . 2
compartments examined in this survey are(“):

Chlorophenols: 10 ppb (dry weight) maximum in bottom surface sediments

0.1 ppm {wet welght) maximum in Tish muscle

PCB's : 30 ppb (dry weilght) maximum in bottom surface sediments

0.5 ppm (wet weight) maximum in fish muscle

The rationale for these provisional objectives was outlined as follows:
the provisional "objective for chlorophencls in fish muscle (0.1 ppm wet
weight) is an objective which appears to be met in the North Arm and Main
Stem, but may not always be met in the Main Arm in the future. It repre-
sents a level found in uncontaminated areas of the Fraser River. This faot,
and the general relationship of concentrations in the water column to
concentrations in fish muscle, were used to determine the objective, since

there are no working criteria for chlorophenols in fish.



Existing chlorophenol levels in certain hottom sediments were used in
setting a provisional objective at 10 ppb (dry weight). Levels of this
magnitude occur in relatively uncontaminated parts of the Fraser River and
of other rivers in Canada. At 10 ppb or less in sediments, there stould be

little tendency for chlorophenols to accumulate in agquatic 1ife.

Polychlorinated biphenyls (PCB's) can enter the river channels through
urban stormwater runoff, sewage discharges or from the Belkin paperboard
plant. on the North Arm. Objectives are therefore proposed to limit a
buiidup of these substances, The objective of 0.5 ppm (wet weight) in
muscle from fish 1is based upon a recognized working criterion to protect
aquatic life. The objective of 30 ppb (dry weight) in sediments has been
set to minimlze the passage of PCB's along the food web. It i3 met

generally in parts of the river which are relatively uncontaminated by

}‘.)CBISH (2) .



2. SELECTED SITES

The areas chosen for sampling by Lhe Working Commitiec on Fraser River
Estuary Monitoring(1) were ab  upstream and downstream locations of
major reaches of the river. These are shown on Figure 1 as, MS-1, MS$-2, on
the Main Stem; MA-1, MA-2, on the Main Arm and NA-1 and NA-2 on the North

Arm.

During the pilot project, an attempt was made to establish sites at
these locations. However, several of the sites had to be adjusted due to
water currents, the inability to collect sediments, the inability to set
gill nets, or other factors. Three sites, one site in each of the three
reaches, were found to be appropriate for sampling. These were MS-2, NA-1,

and MA-1. Modifications to the other sites wure as follows:

The site located near Xanaka Creek (MS-1) was moved approximately
two km downstream from Barnston Island. The new MS-1 site was on the south
side of the river. It had been used In earlier studies reported by

Stanoil(u). Site MS~2 was located in Sapperton Channel.,

A new NA-2 site was established in Mcbonald Slough in the North Arm.
This site replaced the old NA-2, which was felt by field staff to be located
too far seaward to reflect riverine conditions. The actual North Arm site
used In McDonald Slough was across from the entrance [rom the slough to the
North Arm, It had been used by Singleton to collect fish in a survey in
1980(3). Site NA-1 was located in a backwater on the north shore,

opposite Belkin Packaging.

Site MA-2 was replaced by a new MA-2 site in Ewen Slough. It also had
been used 1in past studies by Singleton(s). Site MA-1 was located in

Annacis Channel, to the North from Annacis Island,



3.0 MATERIALS AND METHODS

Fish were collected using sinking gill nets,. A number of different
sized net panels (13 m long by 2.5 m deep) were used, with the mash size of
several being in the two to two and one-half inch (5.1-6.4 em) range, some
three inch (7.6 ecm), and others three and one-half inches (8.9 cm). Nets
were usually set overnight and collected early the following morning. The
procedure used in this program to obtain fish muscle and livers Ffor analysis
duplicated that used earlier by Singleton, and described more fully in his

earlier report(3).

Sediments and benthic organisms were collected at the same time as the
fish, using a Petersen grab. Three replicate sub-samples of sediments were
placed in acid-washed plastic bottles for metals, and dark brown glass

bottles for PCB and chlorophenol analyses.

Sediments were sieved through plastic buckets with screens (=0.5 mm) on
the Dbottom to try and collect adequate numbers of benthic organisms for
analysls. Generally, six to eight glass Jars (~0.5 L) were filled per site
with material retained on the sgcreens. About 20 to 30 discrete sediment
samples were required per site to obtalin sufficient volume to fill the
benthic organism containers. The samples ab this point contained wood,
organic debris, and benthos. The contalners were sent within 8 hours to
the Envirommental Laboratory for sorting of benthiec organisms (KEY: Pennak,
R.W., 1953, Freshwater Invertebrates of the United States) and subsequent

analysis.

Metals in sediments were analyzed following drying and grinding of the
sediments, while fish muscle and livers and benthic organisms were initially
homogenlized separately. Most were then subjected to nitric/perchloric acid
digestion and ICP analysis. The ICP was replaced by Heated Graphite Atom-
izer for analyses of lead, chromium and nickel in fish and cadmiun In
sediments and fish. For mercury analyses, a nitrico/sulphuric acid digestion

was used prior to a manual cold vapour analysis,.
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Carbon analyses used the Leco Carbon analyzer, while total volatile

residue used a graphite furnace at 550°C, following drying and grinding.

Sediments, fish and benthic organisms were extracted, fluorosil was
added, and the samples analyzed for PCB's on the gas chromatograph with
electron capture. Acidification, extraction, back extraction, methylation
and fluorsilation were completed prior to analysis for chlorophenocls on the
gas chromatograph. Samples of fish and bventhic organisms were initially

homogenized separately.



4., RESULTS AND DISCUSSION
4.1  SEDIMENTS

Particle size distributions are in Table 1 for the coillected sediment
sanmples. Based upon the percentage of sediment particles that passed the
400 mesh size (Tyler), the coarsest particles were associabed with Main Stem
sediments, and the finest particles were associated with sediments from the
Main Arm. The coarsest particles were associated with sediments from
Barnston Island in the Main Stem. Main Arm sediments were finep textured

than North Arm sediments.

Particle size can be important with respect to metal concentrations of
sediments, Stancil reported that sediments composed of finer material
usually had higher metal contents, since rine grained particles have large
surface areas to which metals are easily Sorb@d<u}. High organic
matter and humic content increase adsorption and binding capacities of

bottom sediments(S).
4.1.1 POLYCHLORINATED BIPHENYLS

Total PCB's could not be detected (<0.02 pg/g - wet weight) at the
Sapperton Channel site (MS-2), or at sites in the Main Arm of the river.,
They were detected at the other sites. The total PCB's ab these sites could
be higher than reported here, since those reported here are for only one
Arochlor (1242), the only form analyzed In the Laboratory, The values,

converted from wet to dry weight, are reported below.

Aroclor 1242 Concentrations (ug/g)(dry)

Sample 1 Sampla 2 Sample 3
BARNSTON ISLAND (MS-1) 0.093 0.28 0.092
UPPER NORTH ARM (NA-1) 0.140 0.168 0.137

LOWER NORTH ARM (NA-2) 0.099 - 0.097



Garrett<5) reported PCB concentrations from a July 1976 survey of
0.03 ug/g (dry weight) downstream from Barnston Island, close to Sapperton
Channel . Values from this survey for Sapperton Channel (MS-2) were about
that level, however the values for the Barnston Island slte {(MS-1) were

three to ten times higher. This could reflect the fact that:

1. The sites are too far separated to be comparable, or

2. The difference in time of year of sampling (July compared to
February) was significant, since sediments in this survey were
collected following nearly one year's deposition, while those from
Garrett's study were just freshly renewed, or

3. There is an upstream localized source of PCB's to the lower Fraser

River, possibly since 1976,

Garrett(5) also found higher PCB values throughout the North Arm,
particularly adjacent to Belkin Paper, but alsc upstream and downstream from
the plant. The site used in our survey (NA-1) was across the river from the

Belkin plant.

All the detectable PCB values in sediments from this survey exceeded
the provisional objective (0.03 ug/g dry) for the river. The objective was
chosen as being typlcal of uncontaminated areas, so the results indicate the
need for more widespread sampling and the checking of possible PCB sources.

The data obtained for the North Arm sites indicate that:

1. The sediments 1In the North Arm are not renewed quickly, or
2. There may be a continuing source of PCB's to the sediments of the
North Arm {although the average values Tor MS-1 and NA-1 are the

same) .

Levels of PCB's in fish muscle (Section 4.3,14) were low.

Swain<6) has reported that "stormwater constitutes a diffuse source of
E
PCB's at low levels ¢to the river", Values for stormwabter sediments

expressed on a dry-weight basis ranged from <0.02 to 0.19 ug/g (Arochlor
1242) and from <0.02 to 0.45 ug/g (Arochlor 1260). These maximum values In

stormwater sediments exceed the wmaximum found 1in the North Arm.



Swain(7> has 1indicated that there are a large number of stormwater
outfalls, especially to the North Arm of the river. Therefore the high

sediment values may originate from stormwater.
4.1.2 CHLORCPHENOLS

Chlorophenols (pentachlorophenol and tetrachlorophenol), as was the
case for PCB's, could not be detected (<0.005 pe/g - wet  welght basis) at
Sapperton Channel, Annacis Channel, or at Fwen Slough. Concentrations In
sediments from the other three sites were converted from web to dry weight,

and are reported below:

Chlorophenol Concentrations (pg/g){dry)

Average

Sample 1 Sample 2 Sample 3 Averarpe Total
Barnston Island: penta 0.027 0.040 0,013 0.027 =
(M5-1) tetra 0.013 0,013 <0.007 0.011 “L 0,038
Upper N. Arm : penta 0.028 0.056 0.031 0.038 1
(NA-1) tetra  <0.007 0.019 0.009 0.012 - 0.050
Lower N. Arm : penta 0.0H2 - 0.042 0.042
(NA-2) tetra 0.014 - 0.014 0.014 :L 0.0%6

Garrett(5) reported levels of pentachlorophenol in sediments in
the North Arm to be as high as 0.09 pg/g. A similar maximun was found for
‘tetrachlorophenol. Average values were 0,017 and 0.021 ug/ g, respectively,
or 0.038 total. Average values found in this survey for the North Arm

sediments were slightly higher than those mean values.

All the detectable chlorcphenol valuss {(sum of penta and tetra) exceed-
ed the provisional objective (0.01 ng/g) for bottom sedlments in the river,
including the upstream "control"™ at Barnston Island. Such a result indi-
cates that Cfurther sampling and a study of chilorophenol  sources  are

required. Fish muscle levels were low (Section 4.3.13).
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Hall et al. reported that "phenol wag the only acidic contaminant found
in sediments" (i.e. tetra and pentachlorophencl could not be detected) in
!983(8). The sediment samples discussed by Hall et al. had bsen
collected in the North Arm and Main Arm below New Westminster. Chloro-
phencls may be blodegraded in sediments and generally not available to
biota. This would explain why levels were low in fish, but not why these
continue to be found in sediments unless the material had been freshly

deposited and had not had time to degrade,
.1.3 METALS

Metal values in sediments are reported in Table 2 on a dry-weli ght
basis. Certain metals could not be detected. These metals, and the detec—
Lion level, were as follows: arsenic, 25 pg/u; boron, 1 ug/g; berylliium,
1 ug/g; selenium, 10 ug/g; tin, 5 ug/g; and tellurium, 20 pg/g. The other

metals measured are discussed below.

In the following discussion, values cited refer to mean values of the

replicate samples, unless otherwise stated.
4.1.3.1  Aluminum

Aluminum values increased in the Main Stem from aboult 8 400 ug/ g at
Barnston lsland, a site with the coarsest sediments, to 10 000 ug/g at
Sapperton Channel. Values in the North Arm were hetween 10 000 and
11 000 ug/g, and about 13 000 yg/g in the Main Arm. Higher values tended to

be agssocliated with sediments of a finer texture.
4,1.3.2 Bariunm

Barium values increased in the Main Stem from about 75 to 97 ug/g.
Values in both the North and Main Arms decreascd going downstream, This was
not related to particle size distribution (Table 1), and therefore may be

related to the tidal influence at the two downstream sites.
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H,1.3.3 Cadmium

Cadmium values increased from 0.20 ug/g al Barnston Island to aboutb
0.32 ug/g at Sapperton Channel., This latter value was also representative
of cadmium in sediments of the North and Main Arms. here was no obvious
relationship between cadmium values and sediment texture. These values are
similar to those reported by Stancil but significantly lower than sonme
earlier values reported by Stancil (see Table 3-10, reference 4). This
indicates that there 1likely has been no significant change In cadmium

content of sediments.

4,1.3.4 Cobalt

There was no apparent trend Ln cobalt values in sediments. ALl values
ranged between 10 and 18 pg/g. In the Main Stem, values increased From
about 13 to 17 ug/g, Main Arm values increascd from 15 to 18 ug/g, while
North Arm values decreased from about 14 to 12 g/ g. There was not an
obvious relationship between the cobalt values and the texture of the sedi-
ments. These values are typical of more recent values reported by Stancil
(see Table 3-9. reference #), indicating no significant change in cobalt

content of sediments.
4,1.3.5 Chromium

Chromium values in the Main Stem and in the North Arm ere about the
same (31 pg/g) at both sites. Values in the Main Arm were about 36 ug/eg.
Therefore the higher values tended to be associated with finer textured

sediments.
4,1.3.6 Copper
Copper values increased in the Main Stem from about 27 to 31 ug/g.

Values going in a downstream direction in the North Arm decreased from 38 to

32 ug/g, while they increased from about 39 to 42 ug/ % in the Main Arm.
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Other than the decreasing North Arm values, the higher values tended to be
assoclated with finer textured sediments, Copper values reported here are
generally higher than reported by Stanoil(“), whio had reported
28.4 yug/g at Sapperton Channel area, between 17 and 19.6 ug/g in the Main
Arm, and between 22.2 and 28.4 pg/g in the North Arm. This may indicate a
potential new source of copper to the river. Swaln reported coppar in
stormwater sediments ranging between 22 and 29 pg/g (dry)., Therefore storm-
water lilkely is not the source of these possibly higher copper levels in

sediments.
4.1.3.7 1Iron

Going In a downstream direction, values Increased in the Main Stem From
19 400 to 23 300 ug/g, and decreased in the North Arm from 25 600 to
22 000 ug/g and the Main Arm from 31 400 to 29 900 ug/g. Although iron
values within each reach were not directly reiated to particle size distri-
bution, apparent values for each reach were related to particle size (i.e.
values increased from about 21 500 pg/g in the Main Stem to 23 800 pg/g in
the North Arm and 36 000 ug/g in the Main Arm).

The Main Stem values reported hereln are about the same, although those
for the North and Main Arms are higher than reported by Stanoil(“), who
had found about 23 000 pg/g in the Main Stem, between 16 820 and 20 000 ng/ g
in the Main Arm, and from 18 350 to 20 450 ug/g in the North Arm. Iron is

not particularly toxic to aquatic life,
4.1.3.8 Mercury

Mercury could not. be detected (0.05 ug/g) at Sapperton Channel in the
Main Stem. Values at all other sites, including the Barnston Island site
upstream rom the major discharges, were fairly consistent at about 0.06 to
0.07 ug/g. Therefore mercury could not be related to particle size distri-
bution. These values are significantly higher than reported by Stancil,
possibly reflecting an upstream source of mercury to the river. Mercury had
not been detectable (varying detection limits) in the data from

Stanoil(g).
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An area of high natural mercury exists on Pinehi L.ake in the upper
reaches of the Fraser River. Sediment samples should be collected between
the headwaters and the Lower Mainland area to determine the overall status

of mercury In sediments of the Fraser River.
4.1.3.9 Manganese

The lowest values were in the Lower North Arm, at 284 wz/g. Values in
the Main Stem increased in a downstream direction from about 410 to 460 pg/g
and in the Main Arm from 520 to 590 ug/g. Other than sediments from the
North Arm, higher manganese values were correlated with smaller particle
size. These values are higher than reported by Stancil(“). Staneil
had reported about 370 ug/g in the Main Stem, between 261.2 to 309.3 pp/g in

the Main Arm, and between 213.1 and 319.7 ug/g in the North Arm.
4.1,3.10 Molybdenum

Molybdenum values were about the same at all sites, between 6 and

8 wg/g.
4,1.3.11 Nickel

Nickel values increased in a downstream direction in the Main Stem from
about 35 to 40 pg/g. They were slightly lewer than this latter value in the
North Arm, and slightly higher in the Main Arm. These values are typical of
those reported earlier by Stancil(“), Indicating no apparent change

over time. There was no obvious correlation to sediment particle size.
4.1.3.12 Lead

Lead values in the Main Stem and Main Arm were considerably higher than
the values reported by Stancil (<10 ug/g)(“), at about 20 ug/g. Values
in the North Arm were virtually unchanged, at about 20 to 25 ug/g. These

.
values do not appear to be correlated to particle size. Swain(o)
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reported lead values of 180 pg/g for sediments associabed with stormwater.
This could explain the higher values in the North Arm, since there are a

considerable number of stormwater outfalls to the North Arm.

4,1.3.13 Strontium

Values for strontium increased in the Main Stem in a downstream direc-
tion, from about 32 to 39 ug/g. Values in the Main Arm were at about this
latter value, however North Arm values were between 23 and 35 pg/g. These

values do not scem to be correlated to particle size.

B.1.3.14 Titanium

Titanium values in Maln Stem sediments increased from 210 to 205 ug/g.
Sediments in the Main Arm were slightly higher ( 285 g/ g) while those in
the North Arm were slightly lower (200 to 245 yg/g). Therefore there did
Seem to be a slight trend correlating titanium values in the Main Stem and

Main Arm to particle size; however, North Arm values did not correlate.

§.1.3,15 Thallium

Thallium could not not be detected (20 pg/g) in the sediments from the
North or Main Arms, In the Main Stem, values ranged from about 23 to
27 ug/g. Tnis indicates that no apparent correlation existed between

thallium values and particle size.

4,1.3.16 Vanadium

Vanadium increased slightly in a downstream direction in the Main Stem,
increasing from about 24 to 29 ug/g. North Arm values were about the same
(28 to 29 ug/g), while values in the Main Arm were slightly higher (33 to

34 yg/g). Thus these values had a slight correlation with particle size.



4.1.3.17 Zinc

Zinc values increased slightly in a downstream direction. 1In the Main
Stem, values increased from about 47 to 55 ug/g. These are lower than

reported by Stancil(g).

Values in the North Arm were the highest, and were 98 pg/g at the Upper
North Arm site and 71 ug/g at the second site. These are of about the same
magnitude as reported by Stancil(u). Sediment and grit from a storm-
water outfall draining to the North Arm had a zine concentration of
140 ug/g(é). This, or seepage from Western Canada Steel and Tree
Island Steel, could explain the higher values of zine in North Arm sediments

than found in cther reaches.

Values in the Maln Arm were about 70 ug/ g, considerably higher than
reported by Stancil (45 ug/g)(u>. There was no apparent correlation
between zine concentrations and particle size, although the high zinc values
in stormwater sediments, in the discharge from Noranda Metals located on

Annacis Island, or in seepage from Titan Steel and Wire way skew any trend.
b.o1.4 CONCLUSIONS

Some differences were noted bhetween metal data reported earlier by
Stancil(u> and those reported here, These could be real or could he
artifacts of sampling location or time of year. Fubure sampling at the same
sample locations and time of year will help to determine which of the two
factors is responsible fopr any observed differences, Some mebal values
apparently have changed since the last report by Stancil(u). In the
estuary area, these metals include copper which was 50 to 100% higher, iron
which was about 20 to 50% lower, mercury which was detectable, manganese
which was only about %0% of those data reported earlier and, in the Main

Stem and Main Arm, lead which had at least doubled.



PCB's and chlorophnenols in the North Arm and at the Barnston Island
site in the Main Stem excecded the provisional water quality objectives,
Further sampling will determine if these values are changing with time.
Studies are required to trace the source of PCB's and chlorophenols, both of
which were found to be exceeding the objective, and to determine upstreanm

background levels.

Metal values generally were higher in the North and Main Arms compared
Lo values in sediments in the Main Stem. Data for most metals had some
correlation to particle size, i.e., higher metals values were associated

with smaller particle size.

Detectable mercury values are suspected to be due to some upstrean
source. A survey of the Fraser River sediments, from the Lower Mainland to
the headwaters, should be undertakon so that a better understanding of

mercury in Fraser River sediments can be obtalned.

4.2 BENTHIC ORGANISMS

Under this general title, some selected vertebrates (lampreys) will
be discussed in addition to several invertebrates. The data are reported in

Table 3, on a dry-weight basis, unless otherwise indicated,

The same benthlic organisms were not Ffound at all six sites due to
particle size differences of sediments ameong sites, and salinity differences

which increased going downstreanm.

Nine taxanomic groups of benthic organisms were obtained from the
sediments, These Included chironomids, lampreys, oligochaetes, amphipods,
polychaetes, pelecypods, erustaceans, diptera, and leeches. The latter

three were found at only one site.

Generally, only metal analyses were performed on the benthic organisms,

although PCB's and chlorophenols were measured if sufficlient sample mass was
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available. Metals which were not detectable on a dry-welght basis in any of

the benthic organisms were arsenic (25 ue/g), beryllium (1 ug/g), cobalt

(10 ug/g), and selenium (10 ug’g).

4.2.1 LEECHES

Leeches were found only in Annacis Chapnel in the Main Arm. The hign-
est levels of boron (87 ug/g), chromium (48 ug/g) and nickel {96 pg/g) were
found in leeches as compared to any other invertebrates (dry-weight). Zinc
values were higher in leeches (814 ug/g) than in all other benthic organisms
except a lamprey from Sapperton Channel (1 870 ug/g). There was no obvious
correlation between the maximum values for boron and zine and maximum values
in sediments; i.e., if benthic organisms bilomagnify values in sediments, the
highest metal values should be associated with benthic organisms from the
Main Arm. This can only be said to be true for chromium and nickel in

leeches,

The use of bioconcentration Factors (concentration of metal in organ-
ism/concentration of metals in sediment) can indicate a relationship between
levels in organisms and sediments. Those characteristics for which there
was a value > 1:1 are shown below.

Bioconcentration Factors {(Leeches from Annacis

Chromium 1.33:1 Channel )
Copper 3.2 17
Nickel 2.2 1
Zine 1.1 0

These data indicate that chromium, copper, nickel and zinc are possibly

bloconcentrated from the sediments,

4.2.2 DIPTERA

Diptera were obtained only from Sapperton Channel. Metal values were
less than found in other benthic organisms. This may provide some basis for

a correlation between values in sediments and invertebrates; however, not
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enough Information is available to ascertain the effect of (actors such as

speclies differences.

Bioconcentration factors > 1:1 were present only for copper (1.5:1) and

for zinec (1.97:1).

4.2.3 CRUSTACEA

Crustacea were found only at the Barnston Island site. These had the
highest copper level (271 pg/g) found in any of the benthiec organisms.
Since copper in sediments was lowest at Barnston Island, this highest copper
value seems to discount the existence of any trend between metal values and
location, However, once again Species differences may explain the high

copper in crustacea,

Bioconcentration factors were caleulated and found to be >1:1 for the
characteristies shown below.

Bioconcentration Factors (Crustacea at Barnston

Barium 1T.46:1 Island)
Copper 10.1 1
Manganese 2.48:1
Strontium 10.7 1
Zine 4.5 1

These data indicate that a possible relationship for barium, copper,
manganese, strontium, and zinc exists between levels found in organisms and

sediments.

4.2.4 CHIRONOMIDS

Chironomids were collected at one site in each of the main river
reaches, at Barnston Island, Annacis Channel, and at the upper North Arm

site. None of the highest metal values for any metals were recorded in the

chironomid samples,
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Among the three sites, the highest metal values were recorded in the
chironomids from Annacis Channel., The one excaption was boron at the upper
North Arm, at 7 ug/g compared to not being detectable at the other two sites
(1 ug/g). Boron had not been detected in any of the sediment samples
{Section 4,1.3).

Stancil reported values for chironomid larvae for a site in each of the
major reaches for cadmium, cobalt, copper, iron, lead, mangancse, nickel,
zine, and mercury(“). Some selected values are in Table 6 for compari-
son. Mercury values were not obtained in this survey due to insufficient
sample. Other metal values in this survey were less or in the range
reported by Stancil.

COMPARISON OF VALUES IN CHIRONOMIDS BL?LS
THIS SURVEY AND THOSE REPORTED BY STANCIL

|
THIS SURVEY stanciy, (4)

Cd  Annacis Ch. (4 pg/g) Ladner Side Ch. (1.2 ug/g)

Cu  Barnston Is. (55 ug/g)l New Westminster (26,5-46.1 ug/ g)
Upper N. Arm (91 pg/g) Oak Street (27.5-41.9 pg/g)
Annacis Ch. (93 ug/g) Ladner Side Ch. (19 ug/g)

Mn Barnston Is (268 ng/g) New Westminster (75 ug/g)

Upper N. Arm (165 ug/g) Oak Street (103 ug/g)

Zn Annacis Ch. (178 ug/g) Ladner Side Ch. (152 ug/g)

Since chironomids were found at one site in each of the reaches , bio-
concentration factors were calculated at the three sites. Those with values
>1:1 are below,

Bioconcentration Factor:s

Barnston Is. Upper North Arm Annacis Channel

Cadmium 511 <3.1:1 11.4:1
Copper 2.1:1 2.4 2,411
Zinc 3.8:1 .81 2.4

These data indicate a possible correlation between metal values in chirono-

mids and those in sediments for cadmium, copper, and zinc.
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An adequate amount of sample was available for chironomids from the
Barnston Island site to conduct PCB and chlorophenol analyses. PCB's were
not detectable (0.1 ug/g wet welght ), however , pentachlorophenol and tetra-
chlorophenol values were 0.06 and 0.03 ug/g (wet weight), respectively., 1If
the objective of 0.1 ppm (wet weight) for chlorophenols in fish applied to
other aguatic life, the objective would be met fop chironomids at Barnston

Island.
4.2.5 OLIGOCHAETES

Oligochaetes were found at both sites in the Main Stem and in Annacis
Channel in the Main Arm. The highest values for any benthiec organism for
aluminum (5 010 ug/g), titanium (355 ug/g) and vanadium (20 ug/g) were found
in oligochaetes collected at the Barnston Island site. Sediments from

Barnston Island had the lowest concentrations of these three metals,

Among sites where wetal values could be detected, oligochaetes in
Annacis Channel had higher zine (259 yg/g) than in the Main Stem (180 ug/g).
Otherwise, the Main Stem sites had higher metal values than in oligochaetes
from Annacis Channel. Within the Main Stem, barium, molybdenum, and nickel
values at Sapperton Channel were higher; while from the Barnston Island
site, aluminum, horon, chromium, Ccopper, iron, manganese, strontium,
titanium, and vanadium were higher. These data tend to discount the exist-
ence of a correlation between metal values in chironomids and sedliments due

to particle size of sediments,

Bioconcentration factors were calculated for all metals at the three
sites., Values >1:1 were found at all sites, for copper and zinc. These are
shown below.

Bioconcentration Factors
Barnston Island Sapperton Channel Annacls Channel
LB 2.77:7
1 01

. 5

Copper
Zine 3.8
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Stancil reported values for oligochaetes for a site in each of the
major reaches for cadmium, cobalt, copper, iron, lead, manganese, nickel,
zine, and mercury(“). Some selected values are in Table 6 for purposes
of comparison. Mercury values were not obtained in this survey due to a
lack of sample mass. Values reported for this survey were within the range
or lower than values reported by Stancil for cadmium, cobalt, manganese,
nickel, and lead., Higher values have been found in oligochaetes from this
survey for the following: copper in the Main Stem (56-188 up/g) compared to
data for New Westminster (11.8-35.3 ug/g), and in Annacls Channel (108 ug/g)
compared to data for Ladner Side Channel (19 to 40 ug/g); iron in the Main
Stem (8 930~ 10 400 ypg/g) compared to data for New Westminster (1030 -
5400 ug/g); zine in the Main Stem (179-180 ug/g) compared to data for New
Westmlnster (82.4 - 153 ug/g), and in Annacis Channel (259 ug/g) compared to
Ladner Side Channel (40-96 ug/g).

No PCB's or chlorophenols were analyzed in the oligochaestes,
4.2.6 AMPHIPODS

Amphipods were collected at Ewen Slough and in the lower North Arm.

They did not have the highest metal values of any of the benthic organisms.

Between the two sites, boron (15 pg/g), strontium (978 ug/g), and zinc
(165 ug/g) were higher in amphipods from the lower North Arm than in those
from Ewen Slough. There did not appear to be a correlation with metal
values found in sediments other than the fact that higher values were mostly

found in the amphipods from the Main Arm.

Bioconcentration factors were calculated for all metals. Values >1:1

at both sites for metals are below.

Bioconcentration Factors for Amphipods

Ewen Slough lower North Arm
Barium 2.8 211
Copper 3.7:1 2.511
Strontium 9.3:1 34,91
Zine 2.3:1 2.3:1
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These data indicate that barium, copper, strontiun, and zinec are concen-
’ Ip b 3

trated in amphipods from the sediments.

Stancil reported on metal values for amphipods from the North and Main
Arms(n>. Values obtained in this survey were less than or in the range
of values reported by Stancil for cadmium, cobalt, chromium, lead, and
nickel . In this survey, values of copper, iron (in the North Arnm only),

manganese, and zine (in the North Arm only) were higher,

PCB's and chlorophenols were not detectable (0.1 ug/g and 0.01 ug’/ g,

wel welght, respectively) in the amphipods sampled from Ewen Slough.
4.2.7 POLYCHAETES

Polychaetes were found only at Ewen Slough in the Main Arm and in the
lower North Arm. Polychaebes from Ewen Slough had the highest cadmium value
(5 ug/g) of any invertebrate. A polychaete and pelecypods from Ewen Slough
each had 5 pg/g molybdenum, the highest concentration for invertebrates.
Those polychaetes from the Lower North Arm had the highest iron value
(11 600 ug/g). There 1s no apparent correlation between values for these

metals in sediments and values in the polychaetes,

At the two sites, metal values were approximately the same with the
following exceptions. Metal values for the polychaetes from the lower North
Arm were considerably higher for aluminum, nickel, and vanadium. Metal
values for the polychaetes from Ewen Slough were considerably higher for
cadmium, copper, manganese, molybdenum, strontium, and zinc. Thus some
correlation between metal values in sediments and invertebrates may have

existed,

Bioconcentration factors were calculated to determine if a relationship
existed. Values >1:1 for metals at both sites are shown below.

Bioconcentration Factors for Polychaetes

Ewen Slough lower North Arm
Copper 2,111 1.8:1
Strontium 2.2:1 2.71:1
Zine b, 31 2.7:1



These data indicate that copper, strontium and zine are concentrated 1n

polychaetes from the sediments.

PCB's and chlorophenols were analyzed in the polychaetes from both
sites. PCB's could not be detected (0.1 ug/g) in polychaetes from either
site; however, the sum of the two measured chlorophenols was 2.5 ug/g in the
lower North Arm, but only 0.11 ug/g in Ewen Slough. Thus, if the objective
for chlorophenols of 0.1 ppm {(wet weight) in Fish muscle were applied to
benthic organisms, the objective would not be met in the Lower North Arm.

However, fish muscle samples did meet the objective (Section 4.3.13).

4.2.8 PELECYPODA

Pelecypoda were collected in the lower North Arm and in Annacis
Channel. The highest values of manganese, lead, tin, strontium, tellurium,
and thallium were recorded for these invertebrates, higher than in any other
benthic organism. Pelecypoda and polychaetes from Ewen Slough each had a
concentration of 5 ug/g molybdenum, the highest concentration in a benthic

organism.

At the two sites, metal values werc approximately the same with the
following exceptions. Metal values for the pelecypoda from the lower North
Arm were considerably higher for aluminum, iron, nickel, strontium, tellur-
lum, titanium, vanadium, and zine. Metal values for pelecypoda from Ewen
Slough were considerably higher for boron, barium, managanese, molybdenum,

lead, tin, and thallium.

Bioconcentration factors >1:1 for both sites for pelecypoda were [ound
only for strontium. These factors were 9.2:1 at Annacis Channel and 35.3:1

at the lower North Arm.

Pelecypoda from the Lower North Arm had non-detectable values for PCB's
(0.1 ug/g) but a detectable chlorophenol concentration (0.03 ug/g). Tnis
latter value would meet the water quality objective for chlorophenols which

presently applies to fish flesh, if it were applicable Lo benthic orgarnisms,
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4.,2.9 LAMPREYS

Lampreys were collected at sites at Barnston Island and Sapperton
Channel in the Main Stem and Annacis Channel in the Main Arm. Lampreys from
Sapperton Channel had the highest zinc value (1870 up/g) of any benthic

organisu.

Among the sites, many of the metal values were similar. However, lam-
preys from Barnston Island were higher considerably in values of aluminum,
barium, iron, and titanium. Lampreys from Sapperton Channel were higher
considerably for boron, chromium, copper, and zinc. There was no apparent

trend between metal values in invertebrates and those found in sediments.

Bioconcentration factors calculated for all metals were >1:1 at all
sites for only copper and zinc. These are detalled below,

Bioconcentration Factors for Lampreys

Barnston Island Sapperton Channel Annacis Channel
Copper T 011 5.1:1 1.1:1
Zinc 3.81:1 30,211 2.2:1

PCB's and chlorophenols were measured only in lampreys f{rom Barnston
Island. PCB's could not be detected (0.1 pg/g), while the sum of the Lwo
measured chlorophenols was about 0.05 ug/g. This chlorophenol value would
meet the water quality cobjective for chlorophenols which applies to [ish

flesh, if it were in faect applicable Lo benthic organisms.

4,2.10 CONCLUSIONS

Cadmium, copper, manganese, and zinc levels in chironomids; copper and
manganese in amphipods; and copper and zinc in oligochaetes were higher than
reported by Stancil(u) for an earlier study. However, samples were
collected at different times of year and at different sites, which might

explain the variability.
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It was difficult to determine if a correlation existed between metal
values in benthic organisms and those in sediments since the same benthic
organisms were not found at all six sites. As well, sufficient maass of
benthic organisms for only one measurement was available from each site,
However, using bioconcentration factors and assuming values >1:1 represent
bioconcentration of metals by organisms, copper and zine were concentrated
by all organisms (except pelecypoda) at all sites. Strontium was concen-
trated by four of the nine organisms (amphipods, polychaetes, crustacea and
pelecypoda) at those sites where this organism was found. Bioconcentration
among organisms and sites for the other metals appears to be randomly

distributed.

Due to laboratory reguirements for mass of benthic organisms, inade-
quate collections prevented chlorophenol and PCB determinations at most
sites for most benthic organisms. Chlorophenols and PCB's were tested in
chironomids and lampreys from Barnston Island, amphipods and polychaetes
from Ewen Slough, and polychaetes and pelecypoda {rom the lower North Arm.
PCB's could not be detected in any of the bonthic organisms at any of the
sites, indicating that high sediment levels were not being reflected in the

pcpulations of benthic organisms tested.

An objective of 0.1 ppm (wet weight) has been established for the sun
of chlorophencls in fish. If this objective were to apply to benthic
organisms as well, and if the sum of penta and tetrachlorophenols gave a
true indication of the sum of all chlorophenols, then the objective would be
considered as having been exceeded about 5-fold in polychaetes from the
lower North Arm. Values from this same site for sediments also exceeded the

proposed water quality objective for sediments.

4.3 FISH

Fish were collected from all six sites. Several characteristics could
not he detected in fish muscle at any of the sites. These characteristics
and their detection limits on a dry-weight basis were arsenic (25 ug/g),

boron (1 wug/gl), barlum (1 ug/g), beryllium (1 ug/g), cadmium (0.2 ug/g),
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cobalt (10 ug/g), nickel (1 ug/g), selenium (10 g/ g, tin (5 pg/g), tellur-
ium (20 pg/g), titanium (1 ug/g), thallium (20 ug/g), and vanacdiun (7 TEVASI

The remaining values for fish muscle are in Table U,

Livers were analyzed from these same fish, except for a pearouth chub
from Barnston Island and a prickly sculpin form Sapperton Channzl. Charace-
teristics (and their detectlon limits) which could not be detected in ay of

Ne 1liver samples were arsenic (25 ug/g), barium (1 pp/g), berylilium
(1 uwg/g), cobvalt (10 ug/g), tin (5 ug/), and thallium (20 e/ 8. The

remaining results are in Table 5, expressed on a dry welght basis.
4.3.1  ALUMINUM

Aluminum could not be detected (2 yg/g - dry welght) in the muscle of
Delly Varden, ralnbow or cubthroat brout in the Main Arm. Values for Dolly
Varden, ralnbow and cubthroat trout, and sculpin at the other sites were
all less than 10 ug/g (dry), except for one staghorn sculnin from ths lower
North Arm. It had a conceatration in its flesh of 28 ng/g (dry) or
N34 pyg/g (wet). The highest aluminum concentrations had been found in
sediments from the Main Arm and oligochaetes from Barnaston Island. Thus
there was no apparent correlation among maximun values in enviromental

compartments,

Aluminum was detected in livers from fish from all reaches of the
river., The maximum concentration was 12 pg/g {(dry) or 2.77 pe/g (wet) from
a rainbow trout caught in the upper North Avm., The staghorn sculpin which
had the highest muscle concentration had a non-detectable concentration
(2 yg/g-dry) in its liver. There was no apparent correlation between muscle
and liver concentrations.

. . . ) .
Nelther Slngleton(J) nor Stan011<4’ reported aluminum

values

o o (4 ; . P o
for fish, Stan011(‘) reproduced Iinformation of a 1973 survey of 350
fish specimens ollected downstrean from Hope, Singletom(3> coilected

and reported on a 1980 survey of 273 fish specimens caught along the total

length of the Fraser River.
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4.3.2 CADMIUM

Cadmium was not debtected (0.2 upg/g-dry) in muscle; however, it was
found in livers from some fish (Table 5). The highest value of 0.61 pg/g
{(dry) or 0.138 ug/g (Wwet) was found in a staghorn sculpin from the lower
North Arm. Cadmium had been found at approximately equal concentrations in
sediments from most sites. The maximum concentration in benthic organisms

was in a polychaete (5 ug/g) from Ewen Slough.

Singleton(3) also reported not detecting cadmium in muscle samples
but detecting it in a large number of livers, a finding Singleton pointed

out as being consistent with that of other researchers.
4.3.3 CHROMIUM

Chromium was detected in all the nmuscle samples. Values ranged from
0.44 to 1.87 ug/g (dry) and 0.105% to 0,318 up/g (wet). The highest dry
welght value was for a staghorn sculpin from the lower North Arm, while the
highest wet-welght value was for a prickly sculpin from Sapperton Channel.
Chromium had been found at the highest concentration in Main Arm sediments
and in leeches from Annacis Channel. Thus, there was no apparent correla-

tion among maximum values in different enviromental compartments,

Singleton(3) reported that chromium had been found In fish muscle
collected throughout the Fraser River system and that the highest value had

been recorded for a squawfish from near MeBride.

Chromium was also detected in all the liver samples. Values ranged
from 0.55 to 2.7 pg/g (dry) or 0.13 to 0.89 pg/g (Wwet). Thne highest value
was from a cutthroat trout from Annacis Channel. Leeches from Annacis
Channel had the highest concentration fcund in benthic organisms. Ther e~
fore there may be some Dbasls for a correlation between envirommental
compartments. Singleton(g) had found chromium in liver samples from

only one salmon (0.2% ug/g-wet) from the lower North Arm,
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There was no apparent correlation among sites or species for chromium

in liver or muscle samples.
§,3.4 COPPER

Copper values in all the [ish muscle samples ranged from 2 to 4 ug/g
(dry) or 0,314 to 0,952 ug/g (wet). The maximum value was in a cutbhroat
trout and a rainbow trout from the upper North Arm and a staghorn sculpin
(which had the highest aluminum and iron) from the lower North Arm. The
maximum sediment concentrations had been in samples from Ewen Slough. The
maximum concentration in benthic organisms was in crustacea from Barnston
Island. Thus, there was no apparent correlation amcng maximum values in
environmental compartments. Singleton found the "majority of muscle samples
had copper concentrations less than 1.0 ug/g (wet)"(a), the same as

found in this survey.

Copper was found in all the liver samples at concentrations from 3 to
140 pg/g (dry), or 0.753 to 31.9 ug/g (wet). The maximum concentration was
found in a second cutthroat trout from Annacis Channel, which also had the
highest lead in livers. Thus, there was no apparent correlation among maxi-
mum values in muscle and liver, The liver values were considerably higher
than values for the muscle, by factors as high as 70:1. Singleton had
reported factors of 35:1 to 250:1. These ratios were noted by Singleton as

being typical of other water bodies(3>.
4,3.5 IRON

Concentratlions of iron in muscle tissues ranged from 18 to 59 pg/g
{(dry) or 3.8 to 9.15 ug/g (wet). The maximum value was in a staghorn
sculpin (which had highest copper and aluminum) from the lower Norih Arm,
Polychaetes from the lower North Arm also had the highest iron concentra-
tion; however, samples from Annacis Channel had the highest sediment concen-
tration. Thus, there may be some basis for a correlation between iron in
invertebrates and fish muscle. These values are about the same as reported

by Singleton for fish sampled in 1980 and 1972037,
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Liver concentrations ranged from 79 to 1060 pg/g (dry) or from 19.36 to
251 ug/g (Wet). The highest value was from a third cutthroat trout from
Annacls Channel, This location had the hnighest sediment concentration.
Thus, there may be some basis for a correlation between iron in sediments
and fish livers. These fish liver values were within the range reported by

Singleton(3).
4,3.6, LEAD

Concentratlons in fish muscle were all low, elther 1 or < 1 ug/g (dry),
i.e. all values were £0.258 ug/g {wet). The highest value on a wel-wel ght
basis was in a Dolly Varden from Annacis Channel. All values were similar

to those reported by Singleton(3) for this reach of the river,

In livers, lead concentrations ranged from <1 to 9 wg/g (dry) or to as
high as 2.05 pg/g (wet). This highest value was from the second cutthroal
trout from Annacis Channel, which also had the highest 1iver copper concen-
tration, This maximun value exceeded the maximun reported by Singleton
(0.36 ug/g) for a composite sample from peanouth chub from REwen
Slough(3).

The highest lead concentration in an organism was in pelecypoda from
Ewen Slough. The highest concentrations in sediments were in samples from
the North Arm. Therefore, there is no basis for a correlation among maximun

values in different environmental compartments.
4.3.7 MANGANESE

All manganese values in fish muscle (Table #) were at or below the
detection limit of 1 ug/g. All fish from the Main Arm had non-detectable
values of manganese, while all values in the Lower North Arm were detect—

able. However, different species were tested in each of these caces.
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All manganese values in fish livers (Table 5) ranged from 3 to 8 up/g
(dry) or 0.68 to 1.98 ugp/g (wet). Singleton had reported the highest
concentration of 3.98 yg/g (wet) in a composited liver sample from six
largescale suckers caught in Ewen Slough(3). Thus, all 1liver and

tissue manganese values were within ranges reported by Singleton,

The maximum concentrations for other envirommental compartments exam-
ined in this survey had been in pelecypoda and sediment samples from Ewen

Slough.
4,3.8 MERCURY

Values for mercury reported in Tables 4 and 5 are on a wet-wel ght
basis. Values for fish muscle (Table 4) ranged from 0.07 to 1.36 ug/g. The
highest value was for a prickly sculpin from Sapperton Channel. All other
values were % 0.26 ug/g. Mercury had not been found in sediments from
Sapperton Channel (Section 4.1.3.8), and had not been measured in inverte-
brates. Singleton reported the highest mercury value to be 1.23 pe/g in a

northern squawflish from Chilliwack(3>.

Mercury values In livers ranged from <0.05 to 0.13 pg/g. This maximum
value was recorded for a cutthroat trout from Annacis Channel and a staghorn
sculpin from the lower North Arm. The liver from the prickly sculpin fronm
Sapperton Channel was of insufficient mass to permit the analysls to e
carried out. Singleton reported a maximum mercury in liver to be 0.19 ug/ g

for a white sturgeon from Chilliwack.
4.3.9 MOLYBDENUM

Molybdenum was detected in the muscle from only one sample, a cutthroat
trout from the upper North Arm. The value was al the detection limit of
T ug/g (dry) (Table 4). Singleton had reported a maximum 1.39 ug/g (wet) Ln
a longnose sucker from Moose Lake and, in the Lower Mainland area, 0.8 ug/g

(wet) in a white sturgeon from the Main Arm.
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In fish livers, molybdenum ranged from < 1 to 3 yg/g (dry), the maximum
value being from a rainbow trout captured in the upper North Arm. This
maximum value corresponds to a value of 0.69 ug/g (wet). Singleton reported
a maximum value of 1.23 ug/g (wet) in the liver of an adult sockeye salmon
from the lower North Arm. Thus, molybdenum values were within the ranges of

values for muscle and liver samples reported by Singleton.

Molybdenum concentrations in sediments were aboubt the same ab all
sites. In invertebrates, the maximum values were 1in pelecypoda and
polychaetes from Ewen Slough. Thus, there is no apparent correlation among

envirommental compartments.

4.3.10 NICKEL

Nickel could not be detected (1 ug/g-dry) in fish muscle. Singleton

=
also had not detected nickel in fish collected downstream {om Hope\j).

In livers, nickel was detected (i.e., 21 ug/g dry) in only one sample, a
Dolly Varden captured at Barnston Island. The nickel concentration of
5.43 ug/g (dry) corresponds to a wet-weight value of 1.19 up/g. Singleton
had not detected (5.0 ug/g dry) nickel in any livers(3).

Nickel values probably are unchanged slnce the time data reported by

Singleton were collected.

For other envirommental compartments, nickel was highest in lseches
from Annacis Channel and sediment samples from the Main Arm. Thus, nickel
levels in these environmental compartments could not be correlated with

values found in fish,
4.3.11  ZINC
Zinc values 1n fish muscle ranged from 14 to 50 pg/g on a dry-welght

basis (Table 4) or 3.26 to 7.3 ug/g on a wet-weight basis. The highest

values were In sculpins, the maximum in a staghorn sculpin from the lower



North Arm and the second highest in a prickly sculpin from Sapperton Channel
(43 pg/g-dry). Interestingly, the maximum corncentration in a benthic organ-
ism was in lamprey collected from Sapperton Channel, while the highest sedi-
ment level was for samples from the upper North Arm. Thus, there may be
scme correlation between environmental compartments at Sapperton Channel.
Singleton had reported a maximum value of 33 ug/g {(wet) in a peamouth chub

from Ewen Slough.

Values in livers ranged form 84 to 222 pg/g (dry) or 18.5 to 49.7 ug/g
(wet). The maximum value was [rom a second staghorn sculpin from the lower
North Arm. Singleton reported values in livers below Chilliwack ranging
from 17.7 ug/g to 41.8 ug/g (wet)(3). Thus, values found in this
survey for zinc in muscle and liver samples were about the same as reported

by Singleton.
4,3.12 OTHER METALS

Results are reported in Tables ¥ and 5 for several metals for which

neither Singleton nor other researchers have reported results.

In muscle, strontium values ranged from < 1 pg/g to 20 ug/g, although
all but one value was 55 ug/g (dry). The highest value was in a staghorn
sculpin from the lower North Arm. Strontium values ranged from < 1 to

2 pg/g (dry) in livers.

Titanium and vanadium were also measured in livers. All titanium and
vanadium values were below detection (<1 ug/g) except in a rainbow trout
(<1 ug/g) from the upper North Arm which contained 1 ug/g (dry) of each

metal.
4.3.13 CHLOBOPHENOLS
A provisional water quality objective of 0.1 ppm {(wet weight) has been

proposed for the sum of tri-, tetra-, and pentachlorophenol in fish muscle.

In this surve: only penta- and tetrachlorophencl were measured., The sum of
Yy Y I



all values for the fish tested met the objective for cnlorophenols in fish

muscle (i.e. 0.06 uyg/g wet, maximum).

Chlorophenol values were higher (Table 4) in fish captured in the Main
Stem and North Arm compared to fish from the Main Arm of the rlver. In
fact, fish collected from the Main Arm had non-detectable levels of penta-

chlorophenol (<0.01 pg/g wet) and tetrachlorophenocl (K0.01 ug/g wet).

When chlorophenols were detectable, pentachlorophenol was higher or
equal 1n concentration to tetrachlorophenol. The highest sum of chloro-
phenols was 0.06 ug/g (wet) for a rainbow brout captured in the upper North
Arm. The highest sum of chlorophenols In a benthic organism was from

polychaetes from the lower North Arm (2.5 pg/g web).

Therefore, chlorophenols do not appear to be a problem in fish muscle

at this time.
4,3.14 POLYCHLORINATED BIPHENYLS

The objective for the total of all PCB's is 0.5 pg/z (wet) in fish
musecle. Values for all species were < 0.1 pyg/g (wet) (Table k). Therefore,

PCB's do not appear to be a problem in fish muscle.
4,3.15 CONCLUSIONS

A sufficient number of individuals from each species was not collected
to permit a wvalid comparison to the work reported by Singleton(j)
(1.e., judgements as to trends of increasing or decreasing values could not

be made).

However, it generally can be stated that values for Tish muscle and
livers were within ranges reported earlier by Singleton(j). Exceptions
to this were related to liver samples. Some chromivm and lead values for

livers from cutthroat trout from Annacls Island were higher than reported in
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the past as was zinec in the liver from a staghorn sculpin From the lower
North Arm. Generally, the highest metal values in nmusecle were lor Fish

collected from the lower North Arm.

Objectives have been proposed for PCB's and cnilorophencls in fish

muscle. These were met in the fish tested in this suUrvey .

There did not appear to be a correlation among maximum values found in
sediments, benthic organisms and fish. However, some evidence of a correla-
tion seemed to exist for two of these three compartments for the same

metals.

Attempting to relate contaminant levels in salmonids to other environ-
mental compartments is questionable, since all the salmonids were "ripe"
adults ready for spawning. Thus, they had likely recently returned from the
ocean, and were not representative species for the sites where they were
captured. The only freshwater fish captured which may be representative was

the prickly sculpin from Sapperton Channel.
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Total Volatile Residue % (w/w)

Total Organic Carbon (ug/g)

Total Inorganic Carbon (pg/g)

Total Carbon {ug/g)

Total Phosphorus

{ug/g)

Particle Size (% passing)

Sleve Size 16
30
50

100

140

200

270

400

(1.2 mm)
(0.6 mm)
(0.3 nm)
(0.15 mm)
(0,106 mm)
{0.075 mm)

(0,053 mm)

(0.038 mm)

Summary (%)

Coarse and Medium Sand

(>0.3 mm)

Fine Sandg
(0.075-0.3 mm)

Silt and Clay
(£0.075 mm)
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TABLE
PARTICLE SIZE DISTRIBUTION
ARD MISCELLANEOUS ANALYSES IN SEDIMENTS

M- 1 I

BARNGTON 1S1AND i

SAMPLE 1 SAMPLE 2 SAMPLE 3 |

e (

2.9 2.7 2.6 ;

7 350 9 760 5 060 - 1

2 030 1 9Uo 3 400 - 4

9 380 11 700 8 160

538 595 569 N
100.0 59.9 100, 0
99,9 99.8 99.9
95.5 94,4 96.3
746 70.5 68.3
7.7 61.1 60,5
57.2 g7 n5.0
7.6 415 36.2
39.3 29.9 27.6
.5 5.5 3.7
38.3 bs, 7 51.3
57.2 48,7 85.0

7

SAMPLE 1

RN
12 800
1 260

Thoico

6H80

99.4
99.3
99.1
91.2
85.3
69.3
61.0
52.4

29.3

64.8

HMG-2

SAPPERTON CHANNEIL
SAMPLE 2

SAMPLE

3.2
8 190
N oo
12 600
609

99.9
99.6
9.4
50.5
82.0
68.2

31.2

6.2

.0
14 700
3 620
18 300
620

§99.8
99.5
23,1
B87.7
71.6
8.2
b2, 2

32.9

0.7

50.9

48,z

!




TABLE 1 (Continued)

e - - / -
i ; HA-1 / NA-2
o UPPER NORTH #FM !  LOWER HORTH ARM
E SAMPLE 1 SAMPLE 2 SAMPLE 3 SAMPLE U SAMPLE 5» : ; SAMPLE 1 SAMPLE 2 SAMPLE 3 .
Total Volatile Residue % {(w/w) f 5.7 5.3 5.1 © 5.5 4.9 -7 5.3 4.3 3.9
Tetal Organie Carbon (ug/g) i 16 400 14 300 17 700 th 200 15 200 N 8 530 10 664 8170
Tetal Inorganic Carbon {ug/g) : 503 3 320 < 500 3080 2 690 . ! > 2 870 579 87
Total Carbon (ug/g) 1 16 900 17 600 17 790 17 260 17 900 ‘ 11 400 11 200 9 04p
Total Phospherus {ug/g) ’ 688 681 665 575 G4 { H54 604 H38
Particle Size (% passing) [ ! l
- Sieve Size 16 (1.2 mm) E 99.9 99.9 100, 1 100.0 108.2 : ; 99,8 99.6 100.0
; 50 (0.6mm) 99.7  99.5  100.0 99.9 1000 | 91.0 9.6 985
: 53 (0.3 mm) 95.8 97.9 99.0 98, b a7t : N7 84,0 1.0
100 (0.15 mm) $2.0 95.5 96.8 95,4 ah ; 93.8 78,8 85.0
140 (0.106 mm) 5.8 9.3 9.7 .2 9.7 82.0 6.7 76.1
200 (0.G75 mm) 83,1 §87.5 85.1 3.8 : 15,8 7o 09.2
Jin {G.GB2 iy ' 77 L2 () 78.9 ! 761 53.9 65.0
|
hoo (0,038 mm) 63.4 68.9 £5.4 RN ‘ ob.h 56.7 53,5
i
: Summary (%)
Coarss and Medium Sang 4. 2.0 1.1 1.6 3.2 8.1 15.6 9.0
; (0.2 mm}
' Fine Sand 12.7 10,4 10,4 12.3 13.3 12.9 13.6 21.8
{0.07%-0.3 mm)
|
! Siit and Clay 83.1 87.5 88.6 86 .1 8.8 78.8 70,4 £9.2
| (<0.075 mm)
et e e

JUNRINS N




Total Volatile Residue § (w/w)

Total Organic Carbon {(ug/g)

Total Inorganic Carbon {ug/g)

Total Carbon (pg/g)

Total Phosphorus (ug/g)

Particle Size (% passing)

Steve Size 16
30
50
100
140
200
270
100

Summary (%)

(1.2 mm)
(0.6 mm)
(0.3 mm)
(0.15 mm}
(0.106 mm)
(0.075 mm)
(0.05% mm)
(0.038 mm)

Coarse and Medium Sand

(>0.3 mm)

Fine Sand
{0.075-0.3 mm)

St and Clay
(<0.07% mm)

oo

4.9
15 400
3 520
18 900
778

100.0
99.9
| 99.8
! 99.7
99,4
98.8
97

92.6

93.8

SAMPLE 1
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TABLE 1 (Continued)

MA-1

b7
14 100
1 150
15 200
718

100.0
100.0
99.9
99.6
9%.1
98.7
47.6

90.0

0.1

98.7

15

1

ANNACIS CHANNEL

SAMPLE 2 SAMPLE 3

g

5

2 560
8 100
720

100.0
100,0
99.9
99.8
99.6
99.4
9.

5.0

99,4

L
i
=
i
I

_—

5.7
14 200
< 500
1% 200
5T

99.7
99.5
98,
97.
97
5.9

O

ERR]

9.3

2.6

MA-2

... EWEN SLOUGH

5.4
15 800
< 500
15 800
789

99.8
99.3
97.6
6.5
95.9
9n.6

ay
Fle S

88.6

AU

(%33

SAMPLE 1 SAMPLE 2 SAMPLE 3

r

400

400
770

0.9

2.0

97.0

500

[

i
|

i
-
(
i
[l
i
-
i
1
]
i
i
!
1
i
1
i
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TABLE 3 (Continued}

ANNACIS CHANNEL EWEN SLOUGH
Characteristic
Lampreys Leeches [011igochaetes|Chironomids|Pelecypoda|Amphipods{Polychaetes
Alwninum 693 829 3 810 3 030 570 2 220 3 060
Boron <1 871 8 < 6 <1 <
Barium 13 Iy 96 58 132 207 36
Calcium 4 100 6 370 11 500 5 700 339 000 19 100 8 220
Cadmium < < 1 < i <1 1 5
Chromium b L8 17 11 7 8 14
Copper 43 125 108 93 19 154 87
Iron 2 110 5 160 8 430 8 150 4 320 5 820 11 GO
iMagnesiunm 874 1 240 2 670 2 640 305 3 110 3 260
iManganese 247 453 s ihy 2 470 1 580 306
IMolybdenum < <1 <1 2 5 3 5
iNickel 8 96 <5 12 <5 19 12
l.ead <10 <10 <10 <10 24 <10 <10
Tin <5 <5 <5 <5 16 <5 <5
I.")Lr*cmtium 14 23 37 27 398 352 83
Tellurium <20 <20 <20 <20 <20 <20 20
Titanium 25 47 151 90 22 67 102
Thallium <20 <20 <20 <20 97 <20 <20
Vanadium b <1 1h 11 5 7 11
Zinc 158 814 259 178 31 157 298
Total Phoesphorus 4 530 & 170 5 690 4 670 1 140 9 190 7 200
Total PCB's (wet) - - - - ~ < 0.1 <0.1
Pentachlorophenol (wet) - - - ~ - < 0,01 0.04
Tetrachlorophenol (wet) - - - - - < 0,01 0.07
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TABLE 4 (¢
ANALYTICA

ontiaued:

L RESULTS

FISH MUSCLE

{(pg/g dry welght exceph uwhere noted)

Characteristic

LOWER NOKTH ARM

Staghorn
26.5
260.5

Sculpin

cim

g

26 om

227.2 g

Molsture Content (%)
Aluminum

Calclium

Chromium

Copper

Iron

Lead

Magnesium

Manganese

Mercury (wet)

Mol ybdenum

Strontium

Zinc

Total Phosphorus

Total PCB's (wet)
Pentachlorophenocl (wet)

Tetrachlorophenol (wet)

Staghorn Sculpin

(NA-2)

Staghorn Sculpin

8h.5

28

36
800
< 001
0.02
0.01

26.7
10 900
< 0o
0.02

0.01

o et

Standard

.18

-

22.0

7

500
O
0,505

0.005
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TABLE 6
A COMPARISON OF LEVELS OF SELECTED CHARACTERISTICS IN INVERTEBRATES
TO LEVELS FROM PREVIOUS STUDIES

DATA FROM THIS STUDY: JANUARY/FEBRUARY, 1989

Cd Cu Fe Ph Ni Zn PCB's
Chironomids Bk 2 760 <10 <5 177 0.09
Narnston Lampreys <A 37 3 1ho <10 7 115 0.05
Istand Oligochactes <1 188 10 400 <10 <5 180 -
Crustacea <1 271 7o <10 <5 211 -
Diptera <1 u6 7 950 <10 15 108 -
Sapperton Oligochaetes <1 56 8 930 <10 18 179
Lampreys A 156 2 920 <to <8 1 870 -
Upper N. Arm Chironomids <1 91 3 320 <10 <5 172 -
Amphipods <1 81 5 190 <0 7 165 -
Lower N. Arm Polychaetes <1 57 11 600 €10 HY 190 2.5
Pelecypoda <1 21 6 600 15 8 68 0.03
Lampreys <1 43 2110 <10 8 158 -
Leeches <1 125 5 160 <10 96 214 -
Annacls Oligochaetes <1 108 8 uhg <10 <5 259 -
Channel Chironomids 4 93 8 150 <10 12 178 -
Pelecypoda 1 19 4 320 24 <5 31 -
Fwen Amphipods 1 154 5 820 <1 19 157 <0.01
ISlough Polychaetes 5 87 11 000 <16 12 248 0.11
MINISTRY OF ENVIROHWMENT (1978/1979)
{SEE REFERENCE 4)
Barnston Oligochaetes 80%1 <1 - 1.0 21 - 34 3030-6680 U - 10 10 - 13 1287 - 130 -
Island Chironomids 20%
Poplar Island 0l igochaetes 90% <1 15 3010 10 <7 152 -
iUpper N. Arm Chironomids 10%
Mitchell Island Oligochaetes 90% <1 11 - 22 2680-5680 8 ~ 12 <5 - 10 82 - 150 -
l.ower N, Arm Chironomidas 10%
D/S Annacls 0ligochaetes 90%
Island <1 21 - 34 2870-8120 3 -12 YEERE' 143 - 160 ~
Chironomida 10% J
DATA FROM CHAPMAN ET AL.* AND HALL**
(See Tables 3-22 and 3-24, Reference 4)
Cd Cu Fe Pb Ni n PCB's
New* Oligochaetes <1~ 5.1111.8 - 35,301030-5400 .1 - 72 3 -13 82.4 - 153 -
Westminster Chironomids <2 - <36126.5 = UH . H|1330-2750 12.5 - <907 <3 - <90 70.2 - 206 -
Qak* Oligochaetes <t = 5,10 8.9 - 25.2] 905-4500 (5.5 - 21.6] 2.5 - 12 7.1 - 125 -
Street Chironomids <8 - 166]27.5 - U1.91840-7780 {<10 - 52,1{<17 - <66 120 - 205 -
Ladner¥*#* Oligochaeteas <0.2-<0.5 19 - 40 - 3.2 - 74 - 40 - 4§ -
Side Chironomids 1.2 19 - 5.1 - 152 -
Channel




