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ABSTRACT

Concentrations of trace organic contaminants (dioxins, firans, chlorophenolics, polycyclic

aromatic hydrocarbons, polychlorinated biphenyls, pesticides, fatty acids and resin acids), total

trace metals and nutrients were measured in suspended sediments and/or water samples collected

upstream and downstream of six pulp mills located in the Fraser River Basin. Sampling was

conducted under fall low flow conditions over three consecutive years (1992 -1994) and under

winter base flow conditions in February 1993. Concentrations of contaminants in both sediment

and water were used to calculate log& values for dioxins, fi.wms, chlorophenolics and polycyclic

aromatic hydrocarbons. Results indicate that (i) dioxins, firans, chlorophenolics, polycyclic

aromatic hydrocarbons, fatty acids and resin acids, measured in suspended sediments, were found

in higher concentrations downstream of pulp and paper mills than at reference sites upstream of

the mills, (ii) these contaminants were generally found in higher concentrations during winter base

flow periods than under fall flow conditions, (iii) estimated loadings of 2,3,7,8 -T4CDD and

2,3,7,8 -T4CDF in suspended sedments collected downstream of the pulp mills were generally

lower than loads discharged to the receiving environment by the mills at approximately the same

time, suggesting that deposition of contaminated sediment is likely occurring, (iv) concentrations

of 2,3,7,8 -T4CDD and 2,3,7,8 -T4CDF in suspended sediments have decreased from levels

measured in 1990 prior to implementation of pulp mill abatement measures, (v) phase partitioning

of dioxins, fi.m.ns, chlorophenolics and polycyclic aromatic hydrocarbons between sediment and

water was highly variable and appeared to be influenced by site specific environmental conditions,

(vi) none of the organic contaminants exceeded existing federal guidelines or provincial water

quality criteria for the protection of aquatic life, however guidelines or criteria currently do not

exist for many organic contaminants which were measured at elevated levels downstream of the

mills, and (vii) total aluminu~ lead, chromium, copper, iron and phosphorus measured in whole

water exceeded federal guidelines and/or provincial water quality criteria for the protection of

aquatic life, but these represent natural background levels.
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tiSUME

Dans des sediments en suspension et./ou des echantillons d’eau recueillis en amont ou en aval de

six usines de piites situees clans le bassin du fleuve Fraser, on a mesur~ les concentrations de

contaminants organiques a l’etat de traces (dioxines, fhrames, composes chlorophenoliques,

hydrocarbures aromatiques polycycliques, biphenyles polychlores, pesticides, acides gras et acides

resiniques), les concentrations totales de metaux-traces et celles de nutriants. L’echantillonnage a

ete fait a l’automne clans des conditions de faible debit, pendant trois annees consecutive

(1992-1994), et clans des conditions d’ecoulement de base d’hiver en fevrier 1993. On a utilise les

concentrations de contaminants des sediments et de l’eau pour Ie calcul des valeurs logarithmiques

du KWdes dioxines, des fbrannes, des composes chlorophenoliques et des hydrocarbures

aromatiques polycycliques. D’apres les resultats on a observe, (i) en aval des usines de piites et de

papier, des concentrations superieures, clans les sediments en suspension, de dioxines, de firannes,

de composes chIorophenoliques, d’hydrocarbures aromatiques polycycliques, d’acides gras et

d’acides resiniques, par rapport a celles mesurees aux emplacements de reference situes en amont;

(ii) on mesurait generalement, au tours des periodes d’ecoulement de base d’hiver, des

concentrations superieures de ces contaminants a celles observees clans des conditions

d’ecoulement d’automne; (iii) les charges estimees de 2,3,7,8 -T4CDD et de 2,3,7,8 -T4CDF clans

les sediments en suspension etaient generalement itierieures a celles provenant des usines de piites

en amont, mesuree environ au m~me temps; (iv) les concentrations de 2,3,7,8 -T4CDD et de

2,3,7,8 -T4CDF clans les sediments en suspension ont diminue par rapport aux valeurs mesurees en

1990, avant l’application des mesures de Iutte contre la pollution visant les usines de piites; (v) les

resultats des separations par phase, entre les sediments et l’eau, des dioxines, des fhrannes, des

composes chlorophenoliques et des hydrocarbures aromatiques polycycliques, etaient tres

variables et semblaient influencers par des conditions environnementales propres au site; (vi)

m~me si aucune des valeurs des contaminants organiques mesurees ne depassait les limites fixees

par les lignes directives federales ou les criteres provinciaux de qualite de l’eau pour la protection

de la vie aquatique, des limites fixees n’existent pas pour plusieurs des contaminants organiques

mesurees en concentrations elevees en aval des usines de pates, et (vii) les concentrations totales

daluminium, de plomb, de chrome, de cuivre, defer et de phosphore mesurees clans l’eau non

traitee depassaient les limites des Iignes directrices federales et/ou celles des criteres provinciaux

de qualite de l’eau pour la protection de la vie aquatique, mais ces valeurs representent des teneurs

naturelles de fond.
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1.0 INTRODUCTION

The Fraser River Basin has an area of 234,000 km2 and extends north to Bulkley House on the

Stuart River System and from the Coast Mountain Range to the west to the Rocky Mountains in

the east (Dorcey and Griggs, 1991). It is composed of a vast network of lakes and tributaries

which feed the Fraser River, 1375 km in length, lying at its heart.

The Fraser River is internationally renowned for the abundance and diversity of natural resources

that rivals almost any other river in the world. The river and its tributaries drain diverse areas

which include urban centres, industrial centres, agricultural land and pristine habitat. The largest

tributary to the Fraser River is the Thompson River which joins the Fraser River at Lytton prior to

entering Fraser River Canyon (Figure 1).

1.1 Watmand Sed
.

iment Ouahtv Issues

Pulp and paper mills represent one of the major pollution sources affecting the state of the aquatic

environment in the Fraser River Basin, since they contribute the largest proportion of industrial

effluents discharged to the basin (Schreier et al., 1991). Contaminants related to pulp and paper

mills have been of great concern, as a number of them have been shown to cause both acute and

chronic effects in various organisms. Of primary concern is exposure of the general public to

dioxins and fbrans through food intake (Gilman and Newhook, 1991). In 1988, Mah et al.

(1989) identified dioxins and firans in Fraser and Thompson River bed sediments and fish

thereby prompting the 1989 release of an advisory by National Health and Welfare Canada

restricting the intake of muscle tissue fi-om mountain whitefis~ large-scale sucker, northern

squawfish and peamouth chub. In April 1990, the advisory was expanded to include rainbow trout

and Dolly Varden muscle and white sturgeon liver tissue.

In 1991, federal and provincial legislation was passed requiring bleached krafl pulp mills to make

process changes in order to reduce emissions of dioxins and fhrans and other organochlorine

compounds. These regulations resulted in the introduction of pulp mill technology which

modified the previous bleaching methods from using 10O”/Omolecular chlorine with a method that

employs 40- 100°/0 chlorine dioxide substitution. Following the implementation of pulp mill

regulations and based on results of the 1990-1991 organochlorine trend monitoring program

(Dwemychuk et al., 1991), consumption advisories were revised by the British Columbia Ministry

of Health. Revisions were made for quantities of mountain whitefish muscle which were deemed

safe for consumption, and recommendations were made to avoid consumption of liver from

largescale sucker, Dolly Varden, rainbow trout and mountain whitefish. In January 1994, the

British Columbia Ministry of Health lifted its advisory on the consumption of mountain whitefish

and trout muscle flesh (BCMELP, 1994b).
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Although the pulp and paper industry has been regulated, and improvements have been made in

the processing of wastes, toxic contaminants have been and continue to be found in main stem

reaches of the Fraser River, particularly downstream of mill effluent discharges. In November

1991, following the implementation of pulp mill regulations, Derksen and Mitchell (in

preparation[b]) found detectable levels of 2,3,7,8 -tetrachlorodibenzofiran in suspended

sediments collected from the Fraser River at Lillooet (downstream of five pulp and paper mills).

These levels, however, represented an 86°A reduction in concentration from March 1991 before

the initiation of chlorine dioxide substitution. In addition, Dwemychuk et al. (1991) found

measurable levels of chlorophenolics in bed sediments collected from the Fraser River in the

vicinity of Prince George and Quesnel. Furthermore, Duncan (in preparation) found detectable

levels of dioxins, firans and chlorophenolics in suspended sediments collected from Stoner (40

river kilometres (rkm) downstream of Prince George), Quesnel and Marguerite on the Fraser

River. More recently, in 1993, Sekela et aL (1994) found detectable levels of dioxins/firans and

chlorophenolics in suspended sediments and water at Marguerite, downstream of Quesnel.

In response to increasing public concern over the effects of growing urbanization and industry in

the Fraser River Basin, in June 1991, the federal government announced the Fraser River Action

Plan (FRAP). As part of FIL4P, the Environmental Quality Program is responsible for providing

a baseline of the environmental conditions in the aquatic environment and measuring the effects of

major pollution sources on the aquatic environment.

1.2 Purpose a d Sc~n

1.2.1 Purpose of Study

The purpose of this study was threefold:

1. To determine levels of contaminants, particularly those associated with pulp and paper mill

effluents, in suspended sediments and water from sampling sites on the Fraser and Thompson

Rivers;

2. To measure changes in contaminant levels over the 1992-1994 sampling period;

3. To relate changes in contaminants associated with pulp mill effluents to abatement measures

implemented by the pulp mills in 1991.

1.2.2 Scope of Report

This report contains analyses of suspended sediment and water data collected at sampling sites on

the Fraser and Thompson Rivers in October 1992, February 1993, November 1993 and

November 1994. The data contain information on sediment and water concentrations of the
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following contaminants: dioxins and fbrans, chlorophenolics, polycyclic aromatic hydrocarbons,

polychlorinated biphenyls, pesticides, fatty acids, resin acids, trace metals and nutrients. Levels of

these substances are compared with the most recent federal, provincial and international

guidelines and criteria. Itiormation on phase partitioning is presented for dioxins and firans,

chlorophenolics and polycyclic aromatic hydrocarbons.
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2.0 PULP MILL OPERATIONS

Of the six pulp and paper mills located in the Fraser River Basin upstream of Hope, five are

located on the main stem of the Fraser River and one on the Thompson River (Figure 1). All six

pulp mills release their effluents into either the Fraser or Thompson Rivers. The following

information regarding pulp mill operations has been obtained from Dwernychuk (1994), and the

reader is referred to that document for more detailed Mormation.

Prince George Pulp and Paper Limited, Intercontinental Pulp Company Limited and Northwood

Pulp and Timber Limited are located on the banks of the Fraser River at Prince George. In 1978,

Prince George Pulp and Paper Limited and Intercontinental Pulp Company Limited combined to

form Canadian Forest Products (Canfbr). All three mills produce bleached softwood kraft pulp

and release their effluents into the Fraser River.

Ctmfor’s effluent treatment system consists of a primary clarifier and a primary and secondary

aeration lagoon. The primary clarifier removes solids while the primary aeration lagoon is a one

day system used for the treatment of bleached effluent and toxic streams. The secondrq aeration

lagoon has a six day retention time. Prior to 1991 molecular chlorine was employed in the

bleaching process, but siice July 1991 the installation of a chlorine dioxide generator has resulted

in the production of bleached pulp with 70- 100°/0 chlorine dioxide substitution.

At Northwood Pulp and Timber Limited, effluent treatment consists of clarification through

screening followed by biological treatment in aerated lagoons (which operate at an excess of 80°/0

of BOD~ reduction). Recent mill modifications now allow for 70-100?! chlorine dioxide

substitution.

Cariboo Pulp and Paper Company and Quesnel River Pulp Company are located on the banks of

the Fraser River at Quesnel. Cariboo Pulp and Paper Company, also a producer of bleached

softwood kratl pulp, employs 40-1 00°/0 chlorine dioxide substitution in its bleaching process.

Prior to discharging into the Fraser River, the effluent undergoes primary clarification followed by

solids removal and then enters a series of aerated biological treatment lagoons where it is mixed

with municipal sewage.

Quesnel River Pulp Company is a Thermal Mechanical Pulp and Bleached Chemical Thermal

Mechanical Pulp mill which does not employ any form of chlorine in its bleaching process but

instead uses a two stage hydrogen peroxide bleaching system. Effluent from the mill is clarified

and then treated by an aerobkJanaerobic effluent treatment system. Effluent entering the

anaerobic reactors undergoes degradation of small chain acids with resultant methane, carbon

dioxide and hydrogen sulphide production which is processed through a gas scrubbing system.
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The effluent from the anaerobic reactors is then transferred to the aerobic stabilization basin,

which has a retention time of three days, and is then discharged into the Fraser River.

A single pulp mill, Weyerhaeuser Canada Limited located in Kamloops, is found on the

Thompson River. Also a bleached krafl mill, Weyerhaeuser Canada Lhnited produces 100’XO

chlorine dioxide bleached kratl pulp from sawdust and soflwood chips. Before discharge into the

Thompson River, the effluent is clarified, mixed with acid sewer, re-clarified in settling ponds and

then biologically treated in aerated lagoons for a period of six days.

With the exception of Weyerhaeuser Canada Limited, all mills operated normally in the period

between October 1992 and November 1994. According to information provided by

Weyerhaeuser Canada Limited (Gordon Kerfoot, personal communication) the mill was

temporarily shut down from October 13 to October 29, 1992 and again from January 20 to

February 4, 1993. Moreover, the mill ran at 75 % of normal operations for the rest of February

1993. In September and October 1993, the mill was shut down for the purpose of dredging the

effluent treatment ponds.
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3.0 DESCRIPTION OF STUDY AREA

The study area was divided into two main regions. The Fraser River study region encompassed

the mainstem of the Fraser River between Shelley and Yale, while the Thompson River study

region encompassed the area between McLure on the North Thompson River and Savona on the

Thompson River. Four sites were sampled on the mainstem of the Fraser River (Figure 2).

These included the following: Shelley (reference site, 18 rkm upstream of Prince George),

Woodpecker (59 rkm downstream of Prince George), Marguerite (65 rkm downstream of

Quesnel) and Yale (450 rkm downstream of Marguerite). The two sites in the Thompson River

study region included the reference site, McLure (41 rkm upstream of Kamloops), and Savona

(61 rkm downstream of Kamloops).

3.1 F aser R Ver Ream
.

r i

3.1.1 Geography

From its headwaters to Prince George, the Fraser River drains the Rocky Mountain trench. The

trench is characterized by lacustrine silts interspersed with sand and gravel and flanked by steep

valley walls comprising folded sedimentary rocks. The river valley is dominated by forested

uplands and partially developed land. The predominant bed material is composed of sand with

local gravel. The average gradient is of the order of 17 m per 100 km (Zrymiak and Tassone,

1988; Carson, 1988). The main tributaries entering the Fraser River north of Prince George are

the McGregor River, draining the Rocky Mountains, the Salmon River flowing from the north and

the Willow and Bowron Rivers, draining the Cariboo Mountains.

From Prince George to Marguerite, the Fraser River is joined from the north-west by waters

from the Nechako and Stuart sub-basins. As it continues its southward flow, the river is fhrther

augmented with flows from the West Road and Quesnel sub-basins. In this reach, the river is

characterized by narrow, weakly sinuous areas separated by wider multiple island stretches. It

drains a landscape characterized by lowlands and late glacial lakes (Dorcey, 199 1), The Fraser

River near Marguerite is primarily a gravel-bed river, not sand-bedded, which is consistent with

the increased river gradient of 64 m per 100 km (CarsoT 1988).

From Marguerite to Hope, the Fraser River is firther augmented by the Chilcotin and Bridge-

Seton sub-basins. South of Lillooet the river drops rapidly, at a rate of 290 m per 100 km

(Northwest Hydraulic, 1993), and enters a belt of extreme aridity. At Lytton the muddy waters

of the Fraser are joined from the east by the clear waters of the Thompson River before entering

into the long, narrow, Fraser River Canyon that cuts through the barrier of the Coast Range
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(Dorcey and Griggs, 1991). The majority of the sediment in this region is derived from glacial

and fluvial deposits (Dorcey and Griggs, 1991).

3.1.2 Hydrology and Suspended Sediment Characteristics

The hydrology of the Fraser River is predominantly determined by the melting of the snow pack

in headwater tributaries, producing great variation between years. The quantity of glacial

meltwater released each summer tends to va~ inversely with the previous winter’s snow

accumulation and with summer precipitation (Fountain and Tanghorn, 1985). Since the mainstem

of the Fraser River is unregulated, the flow regime of the river exhibits characteristic seasonal

profiles. Discharge rises rapidly in April and May, peaks in June, declines rapidly in July and then

more slowly through the rest of the year. Small isolated peaks can occur at any time of the open

water period from rainstorms. Near its mouth, low flow can go down to around 450 m3/s and

high flows can reach 20,000 m3/s (Dorcey and Griggs, 1991).

Glacial deposits exposed along the main river valleys are the major source of sediment load to the

Fraser River. Erosion and transport of this sediment is accomplished primarily by the spring

runoff. Approximately three-quarters of the annual suspended sediment load is transported during

three months in late spring and early summer, corresponding to the period of greatest flows

(Church et al., 1989).

The suspended sediment load includes sand, silt and clay size particles as well as fine organic

material. Suspended sand is mostly transported in the spring months and is only transported in

small quantities throughout the year. A large part of the annual wash load (silts and clays) is also

moved during snowmelt at freshet (Northwest Hydraulic, 1993).

Maximum suspended sediment concentrations at Fraser River sediment monitoring stations

generally exceed 500 mg/L each year and often exceed 1,000 mglL. Suspended sediment

concentrations remain high from April through the end of June. Suspended sediment

concentrations in the fall and late winter are much lower than during the snowmelt freshet and are

often less than 100 mglL. Annual minimum concentrations are usually less than 10 mg/L, and

these typically occur around the time of minimum annual discharge. Rainstorm floods in

October, November and December occasionally increase water levels and sediment concentrations

(Northwest Hydraulic, 1993).
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3.2 Thmmon River Mwm
. .

3.2.1 Geography

The Thompson River sub-basin is located in south-central British Columbia in the semi-arid rain

shadow of the Coastal Mountain Range. With a drainage basin covering 55,000 km2, the

Thompson River is one of the larger rocky bottom rivers in the world (Bothwell et al, 1992).

The physiography of the Thompson River sub-basin is characterized by plateaus and highlands

bounded on the east and west by mountain ranges. These plateaus are generally underlain by

either basaltic, sedimentary or volcanic rock and are covered by a thick mantle of glacial drift.

The mountain ranges forming the western boundary (Cascade Mountains, Clear Range and

Marble Range) and eastern boundary (Monashee Mountains and Cariboo Mountains) are

composed mainly of sedimentary and metamorphosed rock (Thompson River Basin Pre-Planning

Task Force, 198 1). The two major tributaries of the Thompson River are the North and South

, Thompson Rivers which come together to form the Thompson River at the city of Kamloops.

3.2.1.1 North Thompson River Study Reach

This reach extends from McLure, on the North Thompson River, to the confluence with the

South Thompson River at Kamloops. This portion of the river is predominated by sand and

cobble material with silt accumulations in backwater areas. The river gradient in this reach is 39.6

m per 100 km (Northwest Hydraulic, 1993).

3.2.1.2 Thompson River Study Reach

This reach extends from the confluence of the North and South Thompson Rivers at Kamloops to

Savona. Downstream of Karnloops, the first 25 km this reach of the river is generally

characterized by sand and boulders with fine silts accumulated in backwater areas (Northwest

Hydraulic, 1993) whereas for the last 25 km of the reach the Thompson River flows through

Karnloops Lake, which ends just upstream of Savona.

3.2.2 Hydrology and Suspended Sediment Characteristics

3.2.2.1 North Thompson River

With a drainage area of 19,600 km2, the North Thompson River has a mean annual flow of 432

m3/s. Freshet generally peaks in June, corresponding to the period of maximal snow melt in its
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headwater tributaries, and the lowest flows occur in late winter (January - March). Being a free

flowing river without intervening lakes in its system, the hydrology of the North Thompson is

greatly affected by heavy rains and sudden snow melt (Nordin and Holmes, 1992).

Suspended sediment concentrations of the North Thompson River range between 5 and 250

mg/L (Northwest Hydraulic, 1993).

3.2.2.2 Thompson River

Flow in the Thompson River is unregulated, so yearly discharge varies from 250 to 2,400 m3/s,

and the mean annual flow is about 800 m3/s . Because flow in the Thompson .River is largely

driven by snow pack and glacier melt, the peak freshet occurs in spring and early summer (May -

June), and the lowest flows are in the late winter (January - March) (Bothwell, 1992). The

m@nstem of the Thompson River begins at Kamloops, located at the confluence of its two

primary tributaries, the North and South Thompson Rivers. Kamloops Lake, located 10 km

downstream of Karnloops, is a long (25 km), narrow (mean width 2.1 km), and deep (mean depth

71 m) lake. The limnologicrd conditions in Karnloops Lake are such that complete flushing of the

lake occurs several times each year (Bothwell et al., 1992). Furthermore, bulk residence time,

defined as lake volume divided by river discharge, varies from less than 20 days to greater than

350 days, but the amual mean flushing time is only 60 days (Carmack el al., 1979). Flow patterns

of the Thompson River into Kamloops Lake, as described by St. John et al. (1976) and Carmack

et aL (1979), have characteristic seasonal profiles. In the winter (January to March) colder less

dense river water (O°C) flows over the warmer (4°C) more dense lake water, resulting in little

intermixing within the lake. During much of the remainder of the year (April to December), the

river water is denser than the lake surface, and the plume interflows at depth within the lake

thereby enhancing mixing between the incoming river and the lake water.

As a result of the presence of Karnloops Lake, which acts as a sediment sink, suspended sediment

concentrations in the Thompson River are typically low ~ 50 mg/L (Northwest Hydraulic, 1993).
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4.0 METHODS

4.1 s~
. .

Sampling in the Fraser Basin was conducted during the following hydrological periods: fall low

flow (October 1992, November 1993, November 1994) and winter base flow (Februa~ 1993).

Refer to Figure 3 for the mean monthly flow, relative to the annual hydrography, of the North

Thompson River at McLure and that of the Thompson River at Spences Bridge during each of the

three sampling periods. Refer to Figure 4 for the mean monthly flow of the Fraser River at

Marguerite, relative to the annual hydrograpk during each of the four sampling periods.

4.2 Field Mew
.

4.2.1 Sampling Equipment Cleaning Procedures

4.2.1.1 Field Equipment and Sediment Sample Containers

All field sampling equipment and sediment sample containers used for organic contaminants were

made of stainless steel or Teflon and were cleaned as follows: (1) washed with tap water and

laboratory detergent, (2) rinsed with tap water then deionized water (18 meg-ohm), (3) rinsed

with pesticide grade acetone followed by hexane, (4) air dried. All cleaned field equipment was

wrapped in heat treated (325” C) aluminum foil until used. Prior to use, all equipment was rinsed

with water from the sample collection site.

4.2.1.2 Water Sample Containers

Four litre glass amber bottles with Teflon lined caps were used to collect river water samples for

organics analyses. The bottles were cleaned as follows: (1) washed with tap water and laboratory

detergent, (2) rinsed with tap water then deionized water (18 meg-ohm), (3) heat treated to 330”C

for sii hours.

Sample bottles used for trace metal analyses were made of non-pigmented, low density

polyethylene and were cleaned as follows: (1) rinsed with tap water and laboratory detergent, (2)

rinsed with tap water followed by deionized water ( 18 meg-ohm), (3) placed in an acid bath of 25

YOv/v nitric acid for 2 hours, (4) rinsed three times with deionized water(18 meg-ohm) and (5)

air dried. Prior to use, bottles and caps were rinsed three times with wat?r from the sample

collection site.
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Figure 3 Mean Monthly Flow of the North Thompson
River and the Thompson River During Sampling Periods
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Sample bottles forphosphoms analyses were made of glass. Bottles and filters were cleaned as

follows: (1) washed with tap water and detergent, (2) rinsed with deionized water (18 meg-ohm)

and (3) oven dried for 2 hours.

Sample bottles for nitrogen analyses were made of non-pigmented, low density polyethylene and

were cleaned in the same manner as the bottles used for phosphorus analysis.

4.2.1.3 X4D Column Preparation

Clarified water from the continuous flow centrifuge was sampled for dioxins, fbrans, polycyclic

aromatic hydrocarbons (PAHs) and chlorophenolics using XAD-2 resin columns. These were pre-

cleaned by AXYS Analytical (Sidney, B. C.) by eluting them with dichloromethane followed by a

final rinse of methanol. The columns were left wet with methanol to prevent drying of the resin.

4.2.1.4 Liquid Phase Extractor Preparation

Two large volume liquid phase extractors were used to sample clarified water from the

continuous flow centrifuge for dioxins and fhrans. The large volume liquid extractors are made

entirely of glass and Teflon. Prior to use they were cleaned as follows: (1) washed with tap water

followed by deionized water(18 meg-ohm), (2) rinsed with pesticide grade acetone, (3) filled with

deionized water (18 meg-ohm) and pesticide grade dichloromethane and allowed to operate for

15 minutes, znd (4) drained and air dried. All cleaned equipment was wrapped in heat treated

(325 “C) aluminum foil until required.

4.2.2

Refer

Sample Collection

to Figure 5 for a schematic diagram of sample collection.

4.2.2.1 Suspended Sediment Collection

Suspended sediment samples were collected using two or three Westfalia Separator model KA-2-

06-175 continuous flow centrifuges. Each centrifuge operates by delivering sample water

continuously to a four chambered bowl assembly where it is evenly distributed by means of a vane

insert. The bowl assembly rests on a spindle which rotates the bowl assembly at a rate of 11,000

rpm. The centrifugally separated solids accumulate in the four chambers of the bowl while the

clarified water is pressure discharged by means of a centripetal pump. For a detailed description
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of the operation of the Westfalia centrifuge refer to Horowitz et al. (1989).

Sample water was delivered from the river with a submersible pump (March model 5C-MD). All

wetted plastic parts of the pump assembly are made of glass filled polypropylene with ceramic

spindles and Vitron gaskets. The pump intake was suspended in the river approximately 3 m

from shore and 1 m below the surface. Stainless steel encased Teflon tubing was used to deliver

the sample water Iiom the pump to the centrifuge.

The centrifuges were positioned onshore and power was supplied to them and the submersible

pump by a 5000 watt generator. The generator was located approximately 30 m from the

centrifuge to reduce the possibility of contamination from fbel and exhaust. Except for February

1993, the centrifuges were operated at 4 L/rein, as this flow velocity was found to be ideal for

efficient recove~ of suspended sediment (90-990/0), and because loss of particles is restricted to

those <1 pm in diameter (Churchland et al., 1987). Due to the low suspended sediment

concentrations in February 1993, the centrifuge was operated at 5.5 L/rein in order to collect

sufficient sample for analyses. The sampling periods ranged from a maximum of 95 hours at

Savona in February 1993 to a minimum of 6.5 hours at Woodpecker in October 1992. The

duration of the sampling periods was dependent on the suspended sediment concentration in the

river water at each site. Once sufficient sample water was clarified, the centrifuges were stopped.

The entire bowl assembly from each centrifuge was removed intact and taken to the on site mobile

field laborato~ for sediment removal. Sediments removed from each centrifuge were combined

and placed into a pre-weighed Teflon jar, and total sample weight was recorded. The sample was

mixed thoroughly, and subsamples for analytical splits and particle size determination were

removed prior to freezing.

4.2.2.2 River Water Collection

4.2.2.2. I Organic Contaminants

Whole water samples for chlorophenolics, PAHs and resitifatty acid analyses were collected as

discrete samples in 4 L amber glass bottles from an in-line T-valve placed in the stainless steel

encased Teflon tubing prior to entering the centrifuge (Figure 5). Sample bottles and Teflon lined

caps were rinsed three times with sample water before filling. Sample bottles were filled so that

no air space remained under the cap. Once filled, samples were kept cool (4 “C) until shipped to

the laboratory for analysis.
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4.2.2.2.2 Trace Metals

Three whole water samples were collected sequentially in polyethylene bottles from the in-line T-

valve. Sample bottles and caps were rinsed three times with sample water before filling.

4.2.2.2.3 Nutrients

Three whole water samples were collected sequentially in glass bottles with Teflon liners (for

phosphorus analysis) and in polyethylene bottles (for nitrogen analysis) from the in-line T-valve.

Three clarified water samples were collected sequentially from the centrifuge outflow tube.

Whole water samples were filtered by suction filtration using 0.45 pm cellulose-acetate filters.

Sample bottles and caps were rinsed three times with sample water prior to filling.

4.2.2.3 Clari~ed Water Extraction

4.2.2.3.1 Solid Phase Extraction

Clarified water was collected from the centrifuge outflow tube in 4 L amber glass bottles and

taken to the mobile field laboratory for solid phase extraction. The clarified water was passed

through an Infiltrex II in situ water sampler (A.XYS Environmental Systems Ltd., Sydney, B. C.)

for dioxin/fhran, PAH and chlorophenolic analyses. The Iniltrex II uses a resin column (solid

phase extraction) filled with XAD-2 resin to extract organic contaminants from sample water.

The resin column is sent to the laboratory to be eluted, and the eluate is then analysed. A detailed

description of the operation of the Infiltrex II is provided in AXYS (1991).

For all samples, 50 L of clarified sample water were passed through the column at 250 mL/min.

In order to determine the recovery of dioxins by the XAD-2 resi~ field surrogates were added to

the sample water prior to extraction. Two dioxin field surrogates (Cambridge Isotope

Laboratories, Massachusetts) were added to the sample at a rate of 0.7 mL/min over the entire

extraction period. The two internal surrogates added to the sample were: 50 nanograms per

millilitre (ng/mL) of 13Clabelled 1,2,3,4-tetrachlorodibenzo-para-dioxin and 100 ng/mL of 13C

labelled 1,2,3,7,8,9-hexachlorodibenzo-para-dioxin.

In order to determine the recovery of chlorophenolics by the XAD-2 resin, a phenolic field

surrogate (AXYS Analytical Laboratones, Sydney, B. C.) was added to the sample at a rate of 0.7

mL/min over the entire extraction period. The internal surrogate added to the sample was: 7.56

rig/L of carbon thirteen (13C) labelled 2,6-dibromophenol. Due to their ionic nature at ambient pH

(approximately 7.4), chlorophenolic compounds do not readily adsorb to XAD-2 resin. Therefore,



19

it was necessary to lower the pH of the sample water to an approximate pH of 2 (by adding 0.8

mL of concentrated sulphuric acid to each 4 L of sample) before passing it through the resin

column. Once acidified, the sample was extracted. All extractions were conducted on site in the

mobile field laboratory.

4.2.2.3.2 Liquid Phase Extraction

Clarified water was collected from the centrifuge outflow tube in 4 L amber glass bottles and

taken to the mobile field laborato~ for liquid phase extraction. Water extraction was conducted

using a large volume liquid extractor developed by Goulden and Anthony (1985). The extractor

operates as a mixer-settler. Sample water continuously passes through the extractor where it is

mixed with a strong solvent (dichloromethane). The same surrogates as in solid phase extraction

were added to the sample water prior to extraction in order to determine recovery. For all

sarpples, 50 L of clarified sample water was passed through the extractor at a rate of 250 rnlhin.

Once the 50 L of sample water was passed through the large volume liquid extractor, the

dichloromethane was removed and placed in a 1 L amber glass bottle which was sent to the

laboratory for analyses.

4.2.3 Temperature, pH and Conductivity Data Collection

Water temperature, pH and conductivity were measured in situ with a Hydrolab DataSonde 3

transmitter (HYDROLAB Corporation, Texas). The transmitter was suspended 1 m below the

surface at approximately the same distance from shore as the submersible pump intake for the

centrifuge. Readings of pH, temperature and conductivity were taken every hour during each

centrifuge sampling period.

4.3 AnalvM Metho&

4.3.1 Sample Analy$is

All trace organics were analysed by AXYS Analytical Laboratories, located in Sidney, B.C

Dioxins and fbrans in suspended sediment and clarified river water were analysed by high

resolution gas chromatography and high resolution mass spectrometric detection

(HRGC/HRMS). Refer to Table 1 for a list of dioxins and fimans analysed.

Chlorophenolics and PAHs were measured in suspended sediment, whole river water and clarified

river water and were analysed by high resolution gas chromatography with low resolution
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Tablel Dioxins and Furans Analysed in Suspended Sediment and Clarified

Dioxins ~ Furans

MICDD - Total ~ MICDF - Total

I D2CDD - Total I D2CDF- Total

2,7/2,8 2,4

I 2,3 2,8
i

I T3CDD - Total I 2,6

I 1,2,4 I T3CDF - Total

2,3,7 ~ 2,4,6/2,4,8

1,2,3 ! 2,3,8

I T4CDD - Total I T4CDF - Total

2,3,7,8 2,3,7,8

I P5CDD - Total I P5CDF - Total

I H6CDD - Total I 2,3,4,7,8

I 1,2,3,4,7,8 I H6CDF - Total

I 1,2,3,6,7,8 I 1,2,3,4,7,8

1,2,3,7,8,9 ! 1,2,3,6,7,8

I H7CDD - Total I 2,3,4,6,7,8

1,2,3,4,6,7,8 I 1,2,3,7,8,9

I 08CDD I H7CDF -Total

I I 1,2,3,4,7,8,9

08CDF

●Detection limits vary with sample size and matrix heterogeneity(for sediment)
Note: Referto Table 15 for full nomenclature
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(quadruple) mass spectrometric detection (HRGC/LRMS). Refer to Table 2 for chlorophenolics
and to Table 3 for PAHs.

Polychlorinated biphenyls (PCBS) and pesticides were measured in suspended sediments and were
analysed by HRGCILRMS. Refer to Table 4 for PCB congeners, Table 5 for PCB aroclors and
coplanars and Table 6 for pesticides analysed in suspended sediments.

Fatty acids and resin acids were measured in suspended sediment and whole water and were
analysed by HRGC/LRMS. Refer to Table 7 for fatty and resin acids analysed in these media.

Total organic carbon (TOC) was determined by Pacific Soils Ltd. in Vancouver, B.C. using the
Walkley-Black wet oxidation method. Particle size was determined by Gee-Sea Consultants in
Cambridge, U.K. with a Malvem 26001 laser particle size analyser. Total trace metals were
analysed in whole water by Elemental Research in North Vancouver, B.C. by ICP Mass
Spectrometry and Atomic Absorption. Refer to Table 8 for total trace metals analysed and
method detection limits.

Total and dissolved phosphate, ammonia, nitrite, nitrate and total nitrogen were measured in
whole, clarified and filtered river water and were analysed by the Environment Canada
Laboratory, Pacific and Yukon Regioq by calorimetric methods. Refer to Table 9 for the
nutrients analysed, method detection limits and corresponding ENVIRODAT method codes.

Refer to Appendix I for a detailed description of analytical methods for trace organics, total trace
metals and nutrients.
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Table 2 Chlorophenolics Analysed in Suspended Sediment, Whole Water and Clarified
Water*

I Chlorophenolic

4-chlorophenol

2,6-dichlorophenol

I 2,4/2,5 -dichlorophenol

I 3,5-dichlorophenol

I 2,3,5-trichlorophenol

I 3,4,5 -trichlorophenol

Chlorophenolic Chlorophenolic

3-chlorocatechol I 6-chlorovanillin

4-chlorocatechol I 3,5-dichlorosyringol

3,4-dichloroguaiacol 3,4,6-trichloroguaiacol

4,6-dichloroguaiacol I 3,4,5 -trichloroguaiacol

3,4/4,6-dichloroguaiacol I 4,5,6-trichloroguaiacol

4,5-dichloroguaiacol I 3,4,6-trichlorocatechol

3-chlorosyringol I 3,4,5 -trichlorocatechol

3,4-dichlorocatechol I 5,6-dichlorovanillin

3,6-dichlorocatechol I pentachlorophenol

3, 5-dichlorocatechol I 2-chlorosyringaldehyde

4,5-dichlorocatechol I 3,4,5,6-tetrachloroguaiacol

2,3,5,6-tetrachlorophenol I 3,4,5 -trichlorosyringol

2,3,4,6-tetrachlorophenol I 3,4,5,6-tetrachlorocatechol

2,3,4,5 -tetrachlorophenol I 2,6-dichlorosyringaldehyde

5-chlorovanillin

●Detection limits vary with sample size and matrix heterogeneity (for sediment)
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Table 3 Polycyclic Aromatic
Water and Clarified Water*

Analysed In Suspended Sediment, Whole

I PAHs I PAHs

Naphthalene Chrysene

Acenaphthylene Benzofluoranthenes

Acenaphthene Benzo(e)pyrene

Fluorene Benzo(a)pyrene

Phenanthrene Perylene

Anthracene I Dibenz(ah)anthracene

Fluoranthene Indeno(l, 2,3-c@pyrene

Pyrene Benzo(ghflperylene

Benz(a)anthracene

●Detection limits vary with sample size and matrix heterogeneity (for sediment)
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Table 4 PCB Congeners Analysed in Suspended Sediment*

Congener Congener Congener Congener Congener

815 44 110 158 193

15 42 107 129 191

19 41/71/64 118 128 170/190

18 40 114 156 189

17 74 105 157 201

24/27 70/76 136 179 197

16/32 66 151 176 198

26 56/60 144/135 178 199

25 95 149 175 196/203

3 1/28 91 134 187/182 195

33 84/89 131 183 194

22 90/101 146 185 205

45 99 153 174 208

46 83 141 177 207

52 97 130 171 206

49 87 137 172 209

47/48 85 138/163/164 180

●Detection limits vaiy with sample size and matrix heterogeneity (for sediment)



25

Table 5 PCB Aroclors and Coplanars Analysed in Suspended Sediment*

PCB Aroclors PCB Coplanars

Aroclor 1242 #77 3,3’,4,4’ TCB

Aroclor 1254 #126 3,3’,4,4’,5 PCB

Aroclor 1260 #169 3,3’4,4’5,5’ HCB

●Detection limits vwy with sample size and matrix heterogeneity (for sediment)

Table 6 Pesticides Analysed in Suspended Sediment*

Pesticides Pesticides Pesticides

HexachIorobenzene trans-Chlordane Heptachlor Epoxide

alpha HCH cis-Chlordane alpha-Endosulphan (I)

beta HCH p,p’-DDE Dieldrin

gamma HCH trans-Nonachlor Endrin

delta HCH p,p’-DDD beta-Endosulphan (I)

Heptachlor o,p’-DDT Endosulphan sulphate

Aldrin p,p’-DDT Methoxychlor

Oxvchlordane Mirex

●Detection limits vary with sample size and mab-ixheterogeneity (for sediment)



Table 7 Fatty and Resin Acids Analysed in Suspended Sediment and Whole Water*

Fatty Acids Resin Acids

Capric Pimaric

Laurie Sandaracopimaric

Myristic Isopimaric

Pahnitic Palustric

L:nolenic Dehydroabietic

Linoleic/Oleic Abietic

Stearic Neoabietic

Arachidic 12/14 Chlorodehydroabietic

Behenic 12,14 Dichlorodehyroabietic

Lignoceric

●Detection Iimitavary with sample size and matrix heterogeneity (for sediment)
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Table 8 Total Trace Metals Analysed in Whole Water and Method Detection Limits

Detection Limit (pg/L)

0.1

0.05

I Parameter I Detection Limit (pg/L)
1

Parameter

Manganese

Molybdenum

I Aluminum I 1.0

I Barium I o. I

I Beryllium I 0.05 Nickel 0.2

I Cadmium I 0.05 Strontium 0.05

I Chromium I 0.2 Vanadium 0.1

I Cobalt I 0.05 Zinc 0.2

I Copper 0.1 Arsenic 0.01

I Iron I 0.4 Selenium 0.05

Lithium 0.1 Mercury 0.01

I Lead I 0.1

Table 9 Nutrients Analysed in Whole Water, Method Detection
Method Codes

Limits and ENVIRODAT

Parameter Detection Limit (mg/L) ENVIRODAT Method
Code

Total Phosphorus 0.002 15406-730-567

I Dissolved Phosphorus I 0.002 . 15102-731-567

I Ammonia I 0.002 I 07557-615-288

Nitrite 0.002 07206-613-239

Nitrite/Nitrate 0.002 07110-628-239

Total Nitrogen 0.002 I 07617-635-2554
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5.0 QUALITY ASSURANCE/QUALITY CONTROL

5.1 Metb$.s

5.1.1 Field QA/QC Methods

The field quality assurance/quality control (QA/QC) component consisted of field blanks, splits,

duplicates and surrogates. Deionized water blanks were taken “Mid-field” (sample containers

filled in the field during sampliig) and “Post-field” (sample containers filled at the laboratory after

sampling). Deionized water blanks were analysed for chlorophenolics, PAHs, resin acids and fatty

acids. Suspended sediment field splits were obtained by subsampling each original sediment

sample, while whole water field replicates were obtained by taking a second sample immediately

following the original sample. Splits and replicates were submitted to the laboratory as blind

samples. Field replicates of whole water samples were collected for trace metal and nutrient

analysis. Field surrogates were added during solid phase extraction for dioxin and firan and

chIorophenolic samples as described under Section 4.2.2.3.1. To check the degree of precision

between centrifuges 1 and 2, some suspended sediment analyses from each respective centrifuge

were analysed separately.

5.1.2 Laboratory QA/QC Methods

The QWQC component of the laboratory methods for both organic contaminants and trace metals

consisted of surrogate standard recoveries, procedural blanks, laboratory duplicates and reference

samples (laborato~ spikes and references). Samples were worked up in batches with

accompanying QA/QC samples. Refer to Appendix I, Section 20.2., for a detailed description of

the laboratory QA/QC methods.

u Resu ts1

The reproducibility between field splits of suspended sediment and replicates of whole water

samples was generally good for all contaminants as the mean coefficient of variation for each

parameter analysed ranged between 6.4-23Y0. Field deionized water blanks were also acceptable.

Laboratory duplicates were in agreement with the original samples (+/- 20% of the mean value

plus the method detection limit) and laboratory blanks, spikes and references were similarly

acceptable for the contaminants tested. Due to their ubiquitous nature, some contaminants such

as PAW and fatty acids were found in relatively high concentrations in both field deionized water

blanks and laboratory blanks. The term “blank values” is used in the text to indicate the presence

of measurable levels of contaminants in blanks. Refer to Appendix II for detailed descriptions of

field and laboratory QA/QC results.
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6.0 PRESENTATION OF RESULTS AND STATISTICAL RATIONALE

All results presented in the summary tables are the mean of field splits and samples. In the case

where laboratory duplicates were present, these were averaged first and the resulting value was

then averaged with the sample or field split. In the case when a sample or field split was beiow

the detection limit, one half the detection limit was used to calculate the mean. Field split samples

analysed at a laboratory other than AXYS appear in the raw data tables but were not used in

calculations of means. Furthermore, NDR values (denoting that a peak was detected but did not

meet quantification criteria) were treated as detected values. The mean of the three replicates

was taken for both trace metal and nutrient results.

62 Stat istical Rat ionale for To tal Trace Metal and Nutrient Data Analvsis

Two-sample two-tailed t-tests were performed for sample sets of unequal variance in order to test

differences between the means of the sample populations. Due to limited sample sizes, it was

assumed that samples came fi-om normally distributed populations. The two-tailed t-test was

chosen due to the small sample size (N= 3), and because the test is not largely affected by

skewness in the sample population (Zar, 1984). As most of the samples had unequal variance,

the Separate Variance t-test was employed. In the case where all replicates were identical,

pseudovariance was generated.

A
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7.0 PHYSICAL PARAMETERS

Refer to Table 10 for summarized results of temperature, conductivity and pH during sampling in

the Fraser River Basin. For the Fraser River, temperature varied with time of year sampled, the

medhm pH remained relatively constant (7.59-8.18) and the median specific conductivity varied

between 116.7 and 156.0 @/cm. For the Thompson River System, both the median pH (7.71-

7.79) and specific conductivity (81.9-99.7 pS/cm) were lower than those measured in the Fraser

River.

7.1 T~ver Syskm
.

7.1.1 Results

Z1.1.l Flow

Refer to Table 11 for flow data for the Thompson River System. At both McLure and Savon&

flows during the sampling periods were greatest in October 1992 and lowest in February 1993,

whereas November 1993 had intermediate flows. Flow was always higher at the downstream site,

Savon~ than at the upstream site, McLure.

Z 1.1.2 Suspended Sediment Concentrations

Flow and sediment parameters, obtained from field centrifuge data, were used to calculate the

suspended sediment concentration at McLure and Savona at time of sampling (Table 12). The

suspended sediment concentrations of the Thompson River System were generally highest in

November of 1993 and lowest in February 1993. In October 1992 and February 1993, the

suspended sediment concentrations were higher at McLure than at Savona (3.1 mg/L and 1.6

mg/L, respectively); however, in November 1993 Savona levels exceeded those of McLure (3. 8

mg/L versus 2.4 mg/L).



Table 10 Median Temperature, Conductivity and pH in Fraser River Baain Water ( October 1992, November 1993, November 1994)

Fraser River

F

Variable medians

Tempemtim (C)

{rertgo)

pH

{mno.}

SpociSc ConducUvlty (uS/cm

{rang.}

Shelley

Nov S4

(0;2~0.14}

8.01
{7.7s - 8.08)

154.0

1320- 16eo}

Woopdecker

Ott 92 Nov 93

1.76

NIA

7.m
WA

123.8

NIA

Thompson River SyAem

Sampling Location:

Date:

Variable medians

TemperaWm (’C)

(mnge}

pH

(mwe}

Specifc Conducdvity (uS/cm)
(range}

1.78

{1.69 - 4.79)

123.8

1190- 128.7}

N/Adenoms notapplkable as single reading was taken

Marguerirm

Ott 92 Nov 93 Nov S4

3.83 5.62
{3.a3 - 4.00) {5.48 - 6.e6) {22:?2A6)

7.s6
{7A8- 8.00) {7.&~7.98} {7D;~804}

142.s 150.0 lm,o
{1413- 14.X3) (1660- 156q {1480- 1520)

MCLUM

Ott 92 Nov 83

7.10 0.10

(6.s0 - 7.56) {0.08- 0.15}

7.79 7.71

(7.43- 7.93} (7.54 - 7.74}

81.9
(EKr,o- 83.3) {9J%CU}

Savona

Ott 92 Nov 03

11.27

{11.2 -1 1.35} (52::5.45)

7.55

{7.:7:7.83} {727 -7.67

97.6
(J?8*.4} {97A-07.7)

Yale

Ott 92 Nov 93 Nov S4

4.78
{7.;~7.92} {4.76 - 4.82]

8.1S 7B6
{8.00-8.21) (7.62 - 7.88}

116.7 126.0

{1160- 117.6} {124- 162)

5,15

{5.13-6.18)

7.69
(6.31 - 7.72]

127.CI

1240- 129J3)

Nom:no dam were colbcsd in Ott lS92ntShalbyand in Feb.83atalls”*s
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Table 11 Summary of Total Organic Carbon and Particle Size in Suspended Sediment Samples and
Flow. Thompson River System ( October 1992, February 1993, November 1993 )

Sampling Date Sample Locabon TUC Parbcle Size ● Flow

(%) ‘h Gravel %Sand % Silt ‘A Clay (m3/s)

October 20, 1992 McLum 3.64 0 16.89 7994 3.17 179

Ocwber 22,1992 Savona 4.89 0 1.88 84.2 13.92 337”

February 18,1993 McLure 2.46 0 22.27 74.55 3.18 49.1

February 22,1993 Savona 18.53 0 8.80 83.70 7.50 134*

November 29,1993 McLum 1,39 0 10.06 85.49 4.45 w

December 2,1993 Savona 1.48 0 0.48 86.37 13.22 204”

~article size categories are defined as tilloma:

gravel =2-64 mm

sand =0062-2 mm
silt =0.0040.062 mm
clay = CO.004 mm

‘Flowestimatad from Kamloops Lake vmk?r levels
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Table12 FieldCentrifuge Data ●nd Calculationof SuspendedSadlmantConcentrationfor the ThompsonRiverSystem

FSarr@ing

Time

Oct. 1992

Oct. 1992

Feb. 1993

Feb. 1993

L
Nov. 1993

Nov. 1993

T
site Total

hrs.

McLure 31.0

Savona 30.4

P&Lure 55.5

Savona 95.0

McLure I 49.5

A

Minutes

1860

1824

3330

5700

2970

3915

Litres/ Total Vol. Centrifuge 1 Centrifuge 2

rninuta (Litres) 6arrple W (g) asI’rplaw. (q

4.0 7440 5s.0 62.0

4.0 7296 23.4I 25.1
I

6.0 19980 39.4 39.5

*
4.0 ] 15660 I 60.7 I 65.4

Centrifuge 3

sample wt. (q

35.1

66.0

Total San@e

Wt w. (g)

120.0

48.5

78.9

115.4

107.2

192.1

+

% Moisture otal Sarrple
Dry weight (g

80.9 22.9

+

66.5 6.5

59.3 32.f

-1-67.5 37.5

73.0 28.9

68.9 I 59.7

Total Sarrple

Dry wdght (rng)

22920.0

6547.5

32112.3

37505.0

28944.0

59743.1

usp.sed.

I@.)_

3.1

0.9

1,6

1.1

2.4

3.8
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Z1. 1.3 Total Organic Carbon

On the Thompson River System the total organic carbon (TOC) fraction was similar between

Savona and McLure for October 1992 and November 1993 (Table 11). However a large TOC

difference between the two sites was observed in Februaxy 1993, when the TOC fraction at

Savona measured 18.53 % versus 2.46% at McLure.

Z 1.1.4 Pti”cle Size Distribution

Refer to Table 11 for particle size distribution at sampling sites in the Thompson River System.

At both McLure and Savon~ silt comprised the greatest fraction of suspended sediments ranging

from approximately 75% to 86Y0. At McLure, sand comprised the next greatest particle size

fraction, ranging from approximately 10% to 22% with clay comprising the smallest particle size

fraction. Unlike McLure, at Savona clay comprised the second most abundant fkaction, ranging

‘ between about 7V0 to 14%. In February 1993, there was an increase in the measured sand

fraction at both McLure and Savona. However whereas at McLure this increase was associated

with a decrease in the silt fraction, at Savona it was associated with a decrease in the clay fraction.

7.1.2 Discussion

The low flow and suspended sediment concentration observed in Februruy 1993, relative to

October 1992 and November 1993, is typical for the North Thompson and Thompson Rivers

(Nordin and Holmes, 1992) and is characteristic of river systems whose hydrology is snow-melt

dominated @othwell, 1992).

However, the TOC of suspended sediment measured at Savona was elevated (1 8.53%) in

February 1993 with respect to both October 1992 and November 1993. As the Kamloops City

sewage treatment plant suspends its effluent discharges during the winter period (D. Holmes,

BCMELP, personal communication) this increase in TOC likely occumed as a result of a higher

proportion of organically rich pulp mill effluent in the water column as well as an increase in

Kamloops Lake algal biomass. Bothwell et al. (1992) have shown that during the winter, due to

inverse thermal stratification in Karnloops Lake, the Thompson River flows over the surface of

the lake, thus allowing little or no mixing of effluent rich river water with lake water.

Furthermore, according to Dwemychuk (1994), the Thompson River between Savona and Lytton

contains approximately O.8°/0pulp mill effluent in the winter months as opposed to O.1°/0in late

spring - early summer. The reduced dilution capacity of Kamloops Lake during the winter may

account for some of the increase in the TOC measured at Savona in February 1993.

Algal biomass is a second likely source of the elevated TOC levels measured at Savona.
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Hstotically, algal biomass has beentigher at Savona compared tolocations upstream of

Kamloops Lake and most abundant from January to April (Nordin and Holmes, 1992). This

increase in algal biomass is presumably due to reduced nutrient dilution in Kamloops Lake during

the limnological winter (St. John et al., 1976).

The higher suspended sediment concentration and sand fraction seen at McLure versus Savona is

likely the resiilt of larger and heavier particles settling in Kamloops Lake as the river water enters

the lake. Deposition of larger sediment particles such as sand and silt in Karnloops Lake also

likely accounts for the higher clay fraction observed at Savona, for all three sampling dates, in

comparison to McLure. Furthermore, the observed increase in the sand fraction seen in February

1993 (versus October 1992 and November 1993) at both McLure and Savona is most likely due

to sampling location. During the February 1993 sampling period, both the North Thompson

River and the Thompson River were completely or partially ice covered which enabled samples to

be collected ffom the maintlow of the river (as opposed to closer to the river bank during fall

sampling). The higher water velocity in the mainflow of the river is expected to carry larger

particles, such as sand, which would normally settle out of the water column at lower water

velocities (RMSS, 1939).

7.2.1 Results

Z2.1.1 Flow

Table 13 presents a summary of flow at sampling sites on the Fraser River for October 1992,

February 1993, November 1993 and November 1994. The highest flows occurred in the months

of October 1992 and November 1993, whereas lower flows occurred in February 1993.

November 1994 flow measurements from Shelley, Marguerite and Yale were an average of 1.6

times lower than flows measured in November 1993 at the same sites.

7.2.1.2 Suspended Sediment Concentrations

Flow and sediment parameters, obtained from field centrifuge data, were used to calculate the

suspended sediment concentration at Fraser River sampling sites at time of sampling (Table 14).

Generally, the highest suspended sediment concentrations occurred in October 1992 and

November 1993, whereas the lowest occurred in February 1993 and November 1994. An

exceptionally high suspended sediment concentration of 226.0 mg/L was measured in October



Table 13 Summsry of Total Organic Carbon ●nd Particle Size in Su aDended Sediment Sam piea and Flow.
Fraser Riv*r (October 1992, February 1993, November 1993, Novem be; 1994)

Samplmg Data

October 14,1992

Octobar 15,1992

Ootobor 16.1992

October 27, 1992

Fobruery 12,1993

February 13, 1993

February 16, 1993

March 2.1993

Novemb. r3, 1993

Novombar 5.1993

Novamberl ,1993

Novambar9. lS93

November9, 1994

Novambarll ,1994

Novombar 14,1994

iample Locetton

Sholloy

Woodpackar

MerOuerite

Yale

Sholloy

Woodpecker

Marguerite

Yala

Shalley

Woodpecker

Merguarite

Yale

Shollay

Merauerite

Y910

TOC

(%)

1.92

1.96

2.63

1.02

1.80

3.46

3.34

2.2s

0.60

o.e3

1.23

0.71

0.02

2.26

1.50

‘particie ciza categories ● ra defined ● s foliows:

P a rtlcla Size Q

% Graval % Sand % S ilt % clay

o 8.19 73.63 1S.18

o 10.34 71.64 18.13

0 0.16 S0.27 19.s8

o 11.74 74.00 14.24

0 7.77 82.45 9.78

0 67.49 30.28 2.24

0 20.16 72.49 7.35

0 10.03 75.42 14.55

0 7.65 B1 .22 11.B6

o 5.62 SO.03 14.46

0 O.BO 81.97. 17.14

0 1.76 02.09 16.16

0 5.83 79.51 14.64

0 5.36 7s.71 15.91

0 6.08 79.21 14.s9

Fi Ow

{m3/s)

692

718”’

818

33s0

1 6B

264’s

310

693

641

10BO*”

764

1480

284

563

S92

greval =2-64mm
sand =0.062 -2mm

8ilt =0.004-0.082 mm
ciay = <0.004mm

●ZFIOW ●stim ated from South Fort Gaorae ●t@bon
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4.0

4.0
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4.0

4.0
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116.6

5192

635

no
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1220

6Q5

153.6

397

442

3.5

117.5

82.5

175.5

ml
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246

51a

m
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540Yale
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6s0
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346
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1992 at Yale. This value was approximately three times higher than that of November 1993

(72.0 mg/L) at the same site. The lowest suspended sdlment concentration was recorded in

February 1993 at Shelley (0.9 mg/L). Suspended sediment concentrations measured at Shelley,

Marguerite and Yale in November 1994 were approximately 3 to 10 times less than those

measured in November 1993 at the same sites.

Z 2.1.3 Total Organic Carbon

Refer to Table 13 for TOC concentrations at sampling sites on the Fraser River. Among the four

sites, the TOC content of suspended sediments ranged between 0.59-3 .45°/0. Overall, the TOC

fraction was greatest in February 1993, followed by October 1992, November 1994 and lastly by

November 1993. Generally, Marguerite had the highest TOC fraction with the exception of

February 1993 when the TOC fraction at Woodpecker exceeded that at Marguerite.

%2.1.4 Particle Size Dis~”bution

Refer to Table 13 for the particle size distribution of suspended sediment samples taken from the

Fraser River. The silt fraction comprised the greatest percentage of sediment at all sampling sites,

generally at 80% of the sample. The next greatest sediment size fraction was comprised of clay

particles which usually ranged from 7-19’% and, finally, the smallest sediment fraction was

composed of sand particles which was frequently less than 100/o.Although the particle size

distribution was similar between all sites for the four sampling dates, samples taken in February

1993 generally showed a higher sand fraction coupled with lower silt and clay fractions. Results

of particle size distribution taken from Woodpecker in February 1993 showed an unusually high

sand fraction (67.49’??o)coupled with unusually low silt and clay fractions (30.28°/0 and 2.24°/0,

respectively).

7.2.2 Discussion

A close association between suspended sediment concentration and flow exists in the Fraser

River. The low suspended sediment levels and low flows observed at all sites in Februa~ 1993

are typical of winter conditions in the upper and middle Fraser River (Carson, 1988). Atypically

low suspended sediment concentrations were measured in November 1994 due to the unusually

low flow which occurred in the fall of that year. Flow and suspended sediment comparisons from

the Marguerite Water Survey of Canada station (Carson, 1988) illustrate the atypical conditions

in the fhll of 1994. On November 11, 1994, the flow at Marguerite was only 58°/0 of the 37 year

mean flow (1950-1 986) recorded at this statio~ and the suspended sediment concentration was

only 12’XOof the 16 year mean suspended sediment concentration ( 197 1-1986). The high
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in the fall of 1994. On November 11, 1994, the flow at Marguerite was only 580/c of the 3? year

mean flow (1950- 1986) recorded at this station, and the suspended sediment concentration was

only 12?40of the 16 year mean suspended sediment concentration (1971-1986). The high

suspended sediment concentration observed at Yale in October 1992 was the result of a rapid

increase in flow (3380 m3/s) associated with a recent precipitation event in the upper Fraser River

region.

The observed increase in the TOC measured downstream of the pulp mills in February 1993

versus October 1992, November 1993 and November 1994 is most likely related to the higher

concentration of organically rich pulp mill and sewage treatment plant effluents in the water

column during the winter months. According to Dwemychuk (1994), the Fraser River may

contain 1VOor greater concentrations of pulp mill eflluent from Prince George to Lytton during

low flow winter conditions. Conversely, in higher flow conditions, such as in the fall, effluent

concentrations comprise only 0.3- 0.4°/0 of the volume of the Fraser River between Prince

George and Hope. Furthermore, an increase in algal biomass, resulting from an increase in light

penetration through the water column, as a consequence of a decrease in the suspended sediment

concentration, may have also contributed to the observed TOC increase in February 1993.

Increases in algal biomass in the Quesnel region (with respect to the Prince George region) have

been reported by Dwernychuk (1990). This combination of reduced effluent dilution, low

suspended sediment concentration and possible increase in algal biomass may account for the

increase in TOC during the February 1993 sampling period.

The silt dominated particle size distribution observed at all sites, during each sampling period, is

typical for the flow regimes under which sampling was conducted (Carson, 1988). As with winter

samples taken in the Thompson River System, samples taken from the Fraser River during

February 1993 were collected from the mainflow of the river (as opposed to closer to the river

bank during all other sampling periods). Since Carson (1988) has shown that at low flows silt and

clay dominate the particle size distribution, the higher sand fraction observed in sediment samples

collected at both Woodpecker and Marguerite in February 1993 (versus October 1992,

November 1993 and November 1994) is likely a result of sampling location.
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8.0 DIOXINS AND FURANS

Dioxins and firans are highly persistent compounds with a strong affinity for sediments and a high

potential for accumulating in biological tissues. Due to their hydrophobic nature, dioxins and

fbrans & = 6-7) have a high aflinity for both particulate and dissolved organic carbon (Webster

et al., 1986; Servos et al., 1989). Sediments which have a high organic carbon content and

surface area (frequently silts and clays) have been shown to be a sink for dioxins and fbrans

(Czuczwa and Hites, 1984).

In recent years there has been growing concern over human exposure to dioxins and fbrans

(especially 2,3,7,8-T4CDD and 2,3,7,8-T4CDF), as evidence of both acute and long-term toxicity

has been rapidly accumulating. Although 2,3,7,8-T4CDD is not a direct DNA mutagen, it has

been shown to cause toxicity to mammals, tiect reproduction, cause fetal abnormalities and

~ promote carcinogenesis (CEP& 1990). Non 2,3,7,8-dioxin and firan congeners appear to be

rapidly metabolized and depurated by vertebrates, whereas very limited metabolic transformation

of the 2,3,7,8 -conveners is observed in most species (Owens et al., 1994). As a consequence of

its high toxicity, persistence and bioaccumulative potential, both federal and provincial

governments are now in the process of developing guidelines and criteria for 2,3,7,8-T4CDD.

Sources of dioxins and furans to the environment include pulp and paper mills that use chlorine

bleaching commercial chemicals and combustion (CEP& 1990). Pulp and/or paper mills

utilkzing the chlorine bleached krafl process have been an industrial source of the lesser

chlorinated dioxin and fhran congeners (eg. tetra and penta) (Amendola, 1987).

Atmospheric sources of dioxins and fhrans include forest fires, urban incinerators, boilers,

residential stoves, fireplaces and &maces (Sheffield, 1985). Atmospherically transported dioxins

and firans may play a significant role in the total load of these contaminants to the Fraser River

Basin. Previous studies have shown atmospheric loading as a source of hepta and octa

dioxins/firans to sediments in the Great Lakes (Czuczwa and Hites, 1986).

Prior to 1991, pentachlorophenol contaminated with dioxins and firans was the largest chemical

source of dioxins and fbrans, as this chemical was widely used in Canada to presewe and protect

wood (CEP~ 1990). However, as of December 31, 1990, pentachlorophenol has been

deregulated as an anti-sapstain wood presemative, and its use has since been restricted to heavy-

duty-wood preservation. Recent evidence of dioxin and firan leaching from treated wood utility

poles and railway ties has been found by Wan and VanOostdam(1995). The second largest

chemical source of dioxins is the pesticide 2,4-D, which is registered in Canada as a herbicide

(Sue Garnet, Agriculture Canad% personal communication). Lastly, PCBS represent the most

significant potential source of firans to the Canadian environment (CEP& 1990). Although the
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use and storage of PCBs is now strictly controlled, the potential for releases through accidental

spills or fires in equipment containing PCBS still remains.

Previous studies in the Fraser River Basin have shown that fhrans are detectable in bed sediment

material (NM et al., 1989), and dioxins and firans are detectable in suspended sediments (Sekela

et al., 1994; Derksen and Mitchell, in preparation ~]) collected downstream of the six pulp

ardor paper mills in the basin.

M Thomuwlbver system.

8.2.1 Results

Due to the lengthy nature of dioxin and &ran nomenclature, abbreviations have been used. Refer

to Table 15 for a list of abbreviations with the corresponding fill nomenclature.

8.2.1.1 Suspended Sediments

Refer to Table 16 for a summary of dioxin and fhrans measured in suspended sediments from the

Thompson River System in October 1992, February 1993 and November 1993. At the reference

site, McLure, total T4CDD, 2,3,7,8-T4CDD and total P5CDD were below detection limits for all

three sampling dates with the exception of total T4CDD which was detected at 2.2 pg/g in

November 1993. At Savona, the highest concentrations of total T4CDD and 2,3,7,8 -T4CDD

(Figure 6) were measured in February 1993. Concentrations of total H6CDD, total H7CDD, and

08CDD at Savona were approximately 2-35 times greater than at McLure, for each sampling

date. Furthermore, dioxin concentrations were approximately 2-36 times higher in November

1993 versus October 1992 at Savona. The highest concentration of all dioxins detected on the

Thompson River was 490 pg/g of 08CDD measured at Savona in November 1993.

Concentrations of fhrans in suspended sediments at Savona were considerably higher than those

detected at McLure for all three sampling periods. Moreover, &ran concentrations were highest

at Savona in February 1993 (compared to all other sampling periods) for all firans measured with

the exception of 08CDF. Concentrations of 2,3,7,8 -T4CDF and total T4CDF measured in

February 1993 at Savona were 700 and 433 times greater, respectively, than those measured at

McLure in the same month. In February 1993, total T4CDF (260 pg/g) had the highest

concentration of all firans measured in suspended sediments in the Fraser River Basin. Refer to

Figure 7 for concentrations of 2,3,7,8 -T4CDF in suspended sediments from the Thompson River
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System.

Table 15

List of Abbreviations for Organic Compoundsand
Corresponding Full Nomenclatwa

Abbreviation Full Nomenclature

Dioxins

MlCDD Monochlorodibenzo- p - dioxin
D2DCDD Dichlorodibenzo - p - dioxin
T3CDD Trichlorodibenzo- p - dioxin
T4CDD TetrachioroWenzo - p - dioxin
P5CDD Pentachlorodibenzo - p - dioxin
H8CDD Hexachiorodibenzo - p - dioxin
H7CDD Heptachiomdibenzo- p - dioxin
08CDD Octachlomdbenzo - p - dioxin

Furans

M 1CDF Monochlorodibenzofuran
D2DCDF Dichlorodibenzofuran
T3CDF Trkhlorodibenzofuran
T4CDF Tetmchlorodibenzofumn
P5CDF Pentachlorodibenzofumn
H8CDF Hexachlorodibenzofumn
H7CDF Heptachiorodibenzofuran
08CDF Octachiorodibenzofuran

8.2.1.2 Chzr@ed Water (Solid and Liquid Phase lklractid)

Refer to Table 17 for a summary of dioxin and firan concentrations in Thompson River System

clarified water samples collected by solid and liquid phase extraction. For solid phase extracted

samples from McLure, with the exception of total H7CDD (O.10 pg/L) and 08CDD (0.90 pg/L),

all dioxins and fbrans were below detection limits. At the downstream site, Savon~ with the

exception of 08CDD (O.10 pg/L), no dioxins were measured above detection limits, and only

2,3,7,8-T4CDF (0.090 pg/L) was measured slightly above the detection limit of 0.030 pg/L.
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Table 16 Summary of Dioxinsand Furans in Suspended Sediments from the Thompson
System ( October 1992 February 1993, November 1993)

Sampling Location:

Sampling Date:

Dioxins(pglg)

TOQI T4CDD

2,3,7,8T4CDD

Total P5CDD

Total H6CDD

Total H7CDD

08CDD

Furans(pg/g)

Toml T4CDF

2,3,7,8T4CDF

TOQI P!XDF

Total H5CDF

Total H7CDF

08CDF

McLure

Oct. 1992 Feb.1993 Nov.1993

ND(O.4)

ND(O.~

ND(O.5)

1.3

24

36

ND(O2

ND(O.2)

N D(O.3)

ND(O.4)

4.9

5.3

ND(O.2)

ND(O.2)

ND(O.2)

1.5

11

34

O.m

0.20

ND(O.1)

Ox)

3.1

3.3

2.2

ND(O.1)

ND(O.2)

3.5

21

62

2.6

O.xl

0.60

1.6

4.6

6.5

Savona

Ott 1992 Feb.19S!3 Nov.1993

ND(O.5)

0.70

ND(0.5)

12

38

102

41

21

2.0

4.1

8.1

9.8

9.9 8.9

5.3 1.5

6.8 7.1

52 28

65 110

420 4s33

260 64

140 35

9.5 4.5

5.5 4.4

9.6 7.9

7.2 4.9

ND &notes below the R3cated detection limit (stxwm in bmckets) tin both field s~its and .san@es

were below detection limit

Abte: all results pesented = a mean of field r+icates and sam@ss

- one ha/f the detection limit w used Men only one of the sam@.s IA& below the detection limit

- ail means munckd to hm significant figures
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Table 17 Summary of Dioxinsand Furans in Solid Phase and Liquid Phase Extracted
Clarified Water from the Thompson River System ( Februaty 1993)

Solid Phase Extracted Liquid Phase Extracted

Sampling Location:

Dioxins (pg/L)

T4CDD -Tolal
2,3,7,8

P5CDD -Tolal

H8CDD -Tolal

H7CDD -Toml

I08CDD

Furans(pg/L)

T4CDF-Toial
2,3,7,8

P5CDF -Total

H6CDF-TOIZII

H7cDF-Total

I08CDF

McLure

ND (0.@
ND (0.08)

ND (0.07)

ND (0.06)

0.10

0.90

ND (0.03)
ND (0.03)

ND (0.05)

ND (0.04)

ND (O.(X)

ND (0.08)

Savona

ND (0.08)
ND (0.06)

ND (0.07)

ND (0.07)

ND (0.09)

0.10

ND(0.04)
0.090

ND (0.06)

ND (0.05)

ND(O.07)

ND(O.01)

McLure

ND (0.03)
ND (0.03)

ND (0.03)

0.20

0.10

2.0

ND (0.04)
ND (0.04)

ND (0.03)

ND (0.W)

ND (0.03)

ND (0.03)

Savona

ND (0.03)
ND (0.03)

ND (0.03)

ND (0.03)

0.060

0.20

ND (0.03)
0.10

ND (0.03)

ND (0.04)

ND (0.03)

ND (0.05)

ND denotes be/owthe indicated detection /imit (show in brackets) Men both fie/d replicates and

samples were below detection

{ } concentration value equal to or below that of laboratory anoYor field blanks

Note: all results presented are a mean of field replicates and samples

one half the detection /imit MS used Men only one of the samples WE below the detection limit

- all means rounded to two significant figures
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For liquid phase extracted samples, no tetra or penta dioxins were detected at either McLure or

Savona. Hex% hepta and octa dioxins ranged between 0.10-2.0 pg/L at McLure, whereas hepta

and octa dioxins ranged between 0.060-0.20 pg/L at Savona. No fhrans were above detection

limits at McLure, and only 2,3,7,8 -T4CDF (O.10 pglL) was above detection limits at Savona.

8.2.1.3 Distn”bution of Diom”ns and Furans Between SeaYment and Water

To examine the partitioning of organic contaminants between the particulate and aqueous phases,

the concentration of contaminant in water (pg/L), as determined by solid phase and/or liquid

phase extraction, was compared to the concentration of the contaminant in the suspended solid

phase. For this comparison, contaminant concentrations measured in suspended sediments (pg/g)

were converted to pg/L using the site specific suspended sediment concentration,

The calculation of phase partitioning was possible only for those contaminants which were

measured above detection limits in both clarified water and suspended sediment samples, and

therefore results are oilen based on limited data. Refer to Appendix IV for site specific phase

partitioning calculations for dioxins, chlorophenolics and PAHs.

Calculations of sorption partition coefficients (log Km) were petiormed on the available phase

partitioning data in order to compare them to published log KWvalues. Such a comparison

provides information regarding contaminant phase partitioning in the lotic environment under

varying physical conditions compared to that observed under constant laboratory conditions. The

sorption partition coefficient (KW) is defined as the ratio of the concentration in suspended

sediment to the concentration in water and normalized to the organic carbon content of the

sediment (Chiou et al., 1986; Smith et al., 1988). Assuming that the amount of amount of organic

carbon in the aqueous phase is negligible, IQ is defined as follows:

KOC= (C.. X 103)

(Cq x 11P Xfa)
where:

C== concentration of contaminant in suspended sediments in picogram per gram;

C,~ = concentration of contaminant in water in picogram per Iitre;

p = density of water in kilograms per litre;

~W= fraction of organic carbon in sediments;

103 = unit conversion of grams per kilograms;

Refer to Table 18 for a summary of dioxin and firan partitioning in suspended sediments,

calculated by using both solid phase extracted clarified water data and liquid phase extracted



Table 18 Summa~ of Dioxin and Furan Phase Partitioning and Leg IQ Values Calculated from Data of Solid Phase and
Liquid Phase Extracted Clarified Water from the Thompson River System (February 1993). Published Log IQ Values are
Presented for Comparison.

Calculations Made Using Data from Solid Phase Calculations Made Using Data from Liquid Phase
Extracted Clarified Water Extracted clarified Water

Compounds Published % in Suspended Calculated Log IQ “h in Suspended Calculated Log IQ
Log K=(’) Sediments Sediments

McLure Savona McLure Savona McLure Savona McLure Savona

Total H6CDD 5.02 -7.1 N/A(2) NIA . . 1.2 N/A 5.5

Total H7CDD 5.47 -7.8 15 WA 6.7 . 15 46 6.7 6.8

08CDD 5.92 -7.9 5.7 83 6.2 7.4 2.7 30 5.8 7.1

2,3,7,8- 5.2 -7.5 NIA 63 6.9 N/A 39 6.9
T4CDF

(1) Mackay et af., 1992
/

(2) N/A denotes not availabk (due to insufficient data above detedion limits)

48
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clarified water data as well as calculated and published log& values. Due to the small

number of values which were available for log Km calculations, caution is advised when

interpreting the results.

The percent dioxins and fbrans partitioning to suspended sediments at McLure ranged from 1.2V0

to 15%, whereas at Savona it ranged from 30’XOto 83?40.Calculated log&values for total

H6CDD, total H7CDD, 08CDD and 2,3,7,8 -T4CDD ranged from 5.5 to 7.4 and were within the

range of published log& values. Log KWvalues calculated from Savona data were higher than

log & values calculated from McLure data. Moreover, log & values calculated by using data

from solid phase extracted clarified water were similar to log& values calculated by using data

from liquid phase extracted clarified water.

8.2.1.4 Loadings of 2,3, 7,8-T4CDD and 2,3, 7,8-T4CDF

Refer to Table 19 for estimated loadings of 2,3,7,8 -T4CDD and 2,3,7,8 -T4CDF in suspended

sediments collected from the Thompson River System and mill effluent loadings from the

Weyerhaeuser pulp mill. Due to the unavailability of clarified water data across all sampling

periods, only dioxins and firan levels in suspended sediments were used for loading calculations,

and therefore loading values are conservative. Mill effluent loadings were calculated from a single

monthly whole effluent sample and the mean monthly effluent discharge.

Measured loadings for 2,3,7,8 -T4CDD at Savona indicate that levels of this contaminant

increased from 0.018 mg/day in October 1992 to 0.067 mg/day in February 1993 and up to 0.10

mg/day in November 1993. A similar pattern was observed for 2,3 ,7,8 -T4CDF which increased

ftom 0.55 m~day in October 1992 to 1.8 mg/day in February 1993 and finally to 2.3 mg/day in

November 1993. This increase in the estimated loadings at Savona was paralleled with an

increase in both 2,3,7,8-T4CDD and 2,3,7,8 -T4CDF loadings from the Weyerhaeuser pulp mill.

Pulp mill effluent loadings of 2,3,7,8 -T4CDD were approximately four to eleven times greater

than the measured loadings at Savona, whereas pulp mill effluent loadings of 2,3 ,7,8 -T4CDF were

approximately three to eight times greater than measured loadings at the same site.

8.2.2 Discussion

8.2.2.1 Suspended Sediments

For all sampling periods, the levels of dioxins and furans measured downstream of the pulp mill

at Savona were clearly higher than those measured upstream at McLure. Furthermore, the
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tighest concentrations ofdioAs mdfirms weremwured hFebm~l993. This Februzuy

peak in dioxin and firan concentration is likely the result of winter limnological conditions in

Karnloops Lake (Bothwell et al., 1992) which limit mixing of effluent rich river water with lake

water.

The higher dioxin concentrations measured at Savona in November 1993 versus October 1992

may be the result of mill operations. Just prior to the November 1993 sampling period,

Weyerhaeuser Canada Ltd. completed cleaning and sludge removal procedures of its eflluent

treatment ponds (Gordon Kerfoot, Weyerhaeuser Canad~ Ltd., personal communication). This

process may have resuspended and mobiliied contaminated material previously stored in the

sludge. Effluent characterization data (Environmental Protection Branch Environment Canada)

indicate that concentrations of 2,3,7,8-T4CDD were approximately double, and those of 2,3,7,8-

T4CDF were from three to seven times greater in November 1993 compared to both October

1992 and February 1993.

Studies have shown that the site specific dioxin and fbran congener profile can be considered a

“fingerprint” of various industrial sources of these contaminants (Czuczwa and Hites, 1986).

The predominance of the highly chlorinated dioxins and firan congeners in samples from McLure

is consistent with the congener profile associated with combustion sources (Czuczwa and Hites,

1984). Conversely, the relatively high levels of tetra-chlorinated dloxins observed at Savona is

consistent with the congener profile associated with pulp rd pollution (Amendol~ 1987).

8.2.2.2 Clarijied Wa& (Solid and Liquid Phase lklracte~

Dioxins and fbrans were detected in both solid and liquid phase extracted clarifled water at

McLure and Savon~ in spite of their documented low afiinity for the dissolved phase (Fletcher

and McKay, 1993). Moreover, although they were detected at both sites, the congener profile for

these contaminants differed between the sites. Congeners detected at McLure in both clarifled

water samples and suspended sedments were limited to the hex% hepta and octa forms.

However, those detected at Savona also included the tetra and penta forms (in addition to the

highly chlorinated conveners), suggesting that the pulp mill is a likely source of the lower

chlorinated congeners at this site.

Clarified water samples were extracted by both solid phase and liquid phase extraction methods to

compare the extraction efficiency of the two techniques. The similar results obtained with both

extraction methods indicate that both are equally adequate for dioxin and firan identification in

clarified water samples. However, the solid phase extraction method is preferred over the liquid

phase extraction method for sampling of clarified river water, as it is more convenient for field

application and it is safer for the operator.
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A comparison of results obtained horn suspended sediient versus clarified water samples

indicates that more dioxin and fiwan congeners were detected in suspended sediments. Since our

data indicates that a considerable fraction of dioxins and tirans are ptiitioning in the aqueous

phase (Section 8.2.2.3), sample size diEerences (50 L for clarified water samples versus thousands

of Iitres for suspended sediient) likely account for the observed detection dfieremxs.

8.2.2.3 Distribution of Dio.xins and Furans Between Sediment and W&er

The large variation observed in dioxin and firan phase partitioning is reflective of the varying

environmental ccdtions present between sites. The two environmental factors that govern the

distribution of dioxins and firms between suspended sediment and water phases are the

concentration of suspended sodiit and the fhct.ion of organic carbon in suspended sediient

(Bortleson et aL, 1994). Although there was very little dtierence in the suspended sediment

concentration of samples from McLure (1.6 mg/L) and Savona (1.1 mg/L), the TOC fraction was

much larger at Savona (1 8.53°/0) in comparison to that at McLure (2.460/0). Accordingly, dioxin

and fhran congeners measured at Savona had a higher affinity for the suspended solid phase (30-

83VO)in comparison to those measured at McLure (1 .2-15%). Conversely, the relatively low

affinity of the dioxin and firan congeners for the sediient fhction in samples from McLure

suggests that a considerable fhction of these congeners may be partitioning to dksolved and

colloidal organic matter in the water column. Although dioxins and fbrans have very low water

solubilities (0.074-200 rig/L [Shiu et aZ., 1988]), the volubility of hydrophobic organic compounds

is reported to increased by the presence of colloidal matter (Baker et aZ.,1986) and dkcdved

organic matter (Carter and Suffet, 1982) which has the effkct of lowering the IQ.

&2.2.4 Loadings of 2,3, 7,8-T4CDD and 2,3, 7,8-T4CDF

Loading calculations based on data collected from Savona indkate that there was an increase in

both 2,3,7,8 -T4CDD and 2,3,7,8-T4CDF loadii from October 1992 to November 1993. This

observed increase in the receiving environment reflects an increase in pulp mill loadiigs for this

period (Table 19). Some of the di.tlerence between the pulp mill loadiigs and the measured

loadings is very likely due to settling of suspended sedrnents in Kamloops Lake. Moreover,

loadings measured in the receiving environment are likely underestimated because only suspended

sediment data were used to calculate loadings.

The increase in 2,3,7,8 -T4CDD and 2,3,7,8 -T4CDF loadings measured both at Savona and at

the Weyerhaeuser pulp mill in November 1993 (versus both October 1992 and February 1993)

may be a consequence of cleaning of the effluent treatment ponds at the mill, which occurred in

the two months prior to the sampling date (Gordon Kerfoot, Weyerhaeuser Pulp and Paper,

personal communication).
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8.2.2.5 Compm”sons of Diaxin and Furan Concentrations to Guidelines and Critem”a

Since present federal and provincial government sediment quality guidelines and criteria have been

designed for bed sediments, all contaminants measured in suspended sediments were compared to

both bed sediment and water quality guidelines or criteria. Note that because the suspended

sediment samples are obtained by centrifigation of thousands of litres of river water, these time

integrated samples are very concentrated and, as such, are very different in nature from the more
“dilute” bed sediments. In order to compare contaminant concentrations in suspended sediments

with water quality guidelines or criteria, contaminant concentrations were expressed per unit

volume of water (using the site specific suspended sediment concentration).

Suspended sediment concentrations of 2,3,7,8 -T4CDD were compared to the Canadian Council

of Resource and Environment Ministers (CCME) Draft Sediment Quality Guideline (CCME, h

preparation) for the protection of aquatic life. No federal or provincial sediment guidelines or

criteria presently exist for 2,3,7,8 -T4CDF. Concentrations of dioxins and firans (expressed as

pg/L) were compared with the proposed Ontario Ministry of Environment and Energy (OMEE)

water quality criteria for the protection of aquatic life. In the Thompson River System, only

sediment collected from Savona exceeded these guidelines or criteria (Table 20).

Table 20 2,3,7,8-T4CDD Concentrations in Thompson River Suspended Sediments from
Savona Compared to Bed Sediment and Freshwater Guidelines/Criteria for the Protection
of Aquatic Life (October 1992, February 1993, November 1993)

Impounds Concentration in Draft Concentration in Suspended Proposed

Suspended Sediments CCME Sediments (converted to OMEE

(pg/g) Guideline pg/L)(’) Criterion for

for Bed Fresh Water

Sediment (I@)
Date Concentration

(@g) Date Content ration

2,3,7,8- Oct 92 0,70 #j” 0.25 Ott 92 0.0010 0,02
T4CDD Feb 93 5.3

:&yj
Feb 93 0.0060

Nov 93 1.5 ;fifi Nov 93 0.0060

(1) Conversion from pg/g to p@Lwas achieved by using the site spccitic suspended sediment concentration
(2) Shaded values indicate concentrations adjusted to the site speciiic organic carbon content

Concentrations of 2,3,7,8 -T4CDD exceeded the drafl CCME bed sediment quality guideline of

0.25 pg/g at Savona on all three sampling dates. However when suspended sediment

concentrations were adjusted to the site specific organic carbon content, the guideline was

exceeded only in February and November 1993. When concentrations in suspended sediments
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were converted to pm and compared to the proposed OMEE water quality criterion of 0.02

pg/L, none of the concentrations exceeded this value. Concentrations of 2,3,7,8-T4CDF in

suspended sediments did not exceed the proposed OMEE freshwater criterion of 0.2 pgL (not

shown).

8.2.2.6 Toxicity Equivalents

The overall toxicity of a mixture of dioxins and fkt.ns in one sample can be compared with other

samples by using toxicity equivalent factors (TEQs). TEQs represent a toxicity-weighted total

dioxin and fbran concentration based on the sum of all isomers that have chlorine atoms in the

2,3,7,8 positions (CEP~ 1990). TEQ values are determined by using 2,3,7,8 -T4CDD as a

reference compound since it is the most toxic dioxin or fbran. All other isomers are compared to

the reference by toxicity equivalent factors (TEFs). TEQs are computed as the sum of individual

isomer concentrations after they have been multiplied by their respective TEFs.

TEQ values were calculated according to the NATO method, as describedinCEPA(1990). As

TEQ guidelines do not exist for suspended sediments, the TEQs calculated from Thompson River

System data were compared to the CCME draft TEQ guideline (CCME, in preparation) and the

BCMELP bed sediment TEQ objective for the Thompson River (Nordin and Holmes, 1992).

Refer to Table21 for the results of these comparisons.

Table 21 Dioxin and Furan Toxicity Equivalents in Suspended Sediments from the
Thompson River System Compared to CCME Draft Bed Sediment TEQ Guideline and the
BCMELP Bed Sediment TEQ-Objective

m
Wotc: shaded values refer to TEQ val

Feb 1993 Nov 1993

I

CCME Draft Bed
Measured Measured Sediment TEQ

Guideline (@g)

;% F%

24 &# 7.6 $:$ 0.25

es adjusted to the site specific organic carbon content

BCMELP Bed
Sediment TEQ

Objective for the
Thompson River

(pglg)

0.7

0.7

While at the upstream site, McLure, the drafl CCME guideline of 0.25 pg/g was only exceeded in

November 1993, at Savona it was exceeded for all three sampling periods (even when adjusted to

the site specific organic carbon content). The BCMELP bed sediment TEQ objective of 0.7 pg/g

for the Thompson River was also exceeded at Savona on all three occasions.
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&3 Fraser RIWX
.

8.3.1 Results

8.3.1.1 Suspended Sediments

All four sites sampled on the Fraser River had detectable levels of dioxins and fhrans. Table 22

summarizes all dioxin and firans measured at the four sites on the Fraser River between October

1992 and November 1994. Note that mono, di and tri dioxins and fbrans were analysed only in

November 1994.

Total D2CDD was detected at Shelley (8.0 pg/g); however, its concentration was lower than that

detected at Marguerite (36 pg/g) and Yale (23 pglg). Marguerite had the highest concentrations

of total D2CDD (36 pg/g), total T3CDD (1.5 pg/g) and total T4CDD (5.0 pg/g) of all sites

sampled.

The isomer 2,3,7,8 -T4CDD was not detected at Shelley; however it was measured at

Woodpecker, Marguerite and Yale with the highest concentrations in February (Figure 6). Penta,

hexa, hepta and octa-dioxins were higher at all sites downstream of pulp mills with the exception

of November 1993, when the levels at Shelley exceeded some of the values measured

downstream. Overall, the majority of dioxin congeners, including total T4CDD and 2,3,7,8-

T4CDD, were generally highest in concentration in either February 1993 or November 1994, and

moreover Marguerite had the highest concentration of dioxins of all Fraser River sites.

While total MICDF was not detectable at any of the Fraser River sites, maximum levels of total

D2CDF (34 pg/g) and total T3CDF (49 pg/g) were measured in November 1994 at Yale and at

Marguerite, respectively. Total T4CDF and 2,3,7,8 -T4CDF were above detection limits at

Shelley in November 1993; however, levels of these contaminants were (with a single exception)

higher at all sites downstream of Shelley. Both 2,3,7,8 -T4CDF (Figure 7) and total T4CDF were

found in the highest concentrations in February 1993 at all sites downstream of pulp mills.

Maximum concentrations of both 2,3,7,8 -T4CDF (4.8 pg/g) and total T4CDF (9.3 pg/g) were

measured in February 1993 at Woodpecker. In November 1993, the reference site, Shelley, had

the highest concentration of penta, hexa, hepta and octa-chlorinated fhrans of all Fraser River

sites.
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Sampllsrg Dab:

Sample Data:

oloxin~pglg)

Tohl MICDD

To-1 D2CDD

Teal T3COD

Te*l T4CDD

2.3,7X T4C DD

Teal P6CDD

To* IHSCDD

To~l H7CDD

08CDD

furwm [pglg)

Tosl MICDF

To* ID2CDF

To@l T3CDF

Totil T4CDF

2,3,7,S-T4CDF

To* I P6CDF

To* IH6CDF

To* IH7CDF

08CDF

she Il.Y
Oet 1992 Fob, 1993 Nov. 1993 Nov. 1924

N D(O.3)

N D(0S)

ND(OAI

ND(O.6)

7.s

28

ND(02)

ND [02)

N D(0.4)

ND (0.4)

22

22

0s0

ND (0.1)

ND(02)

33

16

72

N D(0.1)

{0.10}

N D[02)

12

7.1

3.4

0.65

N D(0.1)

0.s8

13

60

1s0

0.s3

0.1 s

5.s

29

45

12

NO IO.6)

8.0

N O(0.3)

0.60

ND (0.3)

ND (0.3)

2.7

17

S1

ND(6.5)

ND[12)

ND (OA)

N O(0.31

N O(0.3)

ND IO.3)

13

2.3

NO[3JM

Woodpcckm

Ott 1992 Feb. 1993 Nov. 1993

ND (02)

020

ND (02)

25

ND(OS)

47

1.0

0.70

N D[02)

N D(0.3)

ND(OA)

2.4

1.6

0.s0

N D(O.1I

13

30

130

9.3

4.s

0.30

12

4.s

6.S

0s0

NO [0.1)

N Di02)

2.s

10

44

0.40

0.10

ND(021

Is

6.3

2.6

Margusn*

Ott 1992 Fob. 19S3 Nov. 1993 NOV. 19S4

ND 102)

N D(02)

N D(0.4]

70

23

8s

19

0.s0

ND(02)

2.3

62

8R

3.7

0.80

0.80

23

3s

170

7.3

3s

0.30

0.s0

2.3

2.3

1.s

020

1.7

10

26

110

3.1

1.1

1.1

3.5

7.s

3.s

ND(5QI

3s

1.6

SD

ND[3Kr)

1.36

22

so

470

ND12.1)

26

4s

6S

3B

2s

2.7

6.1

3.s

Y* 19

Dot 1992 Fob. 1S83 Nov. 1S93 Nov. 1984

N O{02)

ND (02)

N D[02)

1A

16

so

0.17

027

0.13

0.88

22

1.3

05

0.3

9.6

31

130

S3

42

02

22

6.s

12

0.10

0.40

6.6

16

65

1.3

0.50

0.60

1.6

49

ND(12)

23

09s

3.0

NO(06)

N O(0.7)

14

44

230

ND117)

34

36

6.3

3.1

0S0

1s

5.1

3n 8s2 2.6 6.1

ND denotes betow the indicetad detection limit (shown kr brackets) when both fiefd splits and sampks wsra beksw detection

Note: all tusults presented are s mean of field s’plits and samp/as : c+se hatf tha detectkm fimif was used hen only one of the aampks was below thedetection lid
- all means mursded to twu significant figures
( ) concantmtion value equal to w bebw fhal of Iaboratwy antior field Ldank
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8.3.1.2 Ck@ied Water (Solid and Liquid Phase Ektracteq

Refer to Table 23 for a summary of dioxin and firan concentrations in solid phase extracted

clarified water samples collected in February 1993 and November 1994, Note that no data are

available for the reference site, Shelley, for February 1993 and that Woodpecker was not sampled

in November 1994. No tetr~ penta or hexa-chlorinated dioxins were measured above detection

limits at Woodpecker, Marguerite or Yale. Total H7CDD was detected only at Marguerite in

November 1993 (0.20 pg/L). Octa-chlorinated dioxin was detected at all sites downstream of

Shelley, and its concentration ranged from 0.20-0.30 pg/L. No firans were measured above

detection limits.

Refer to Table 24 for a summary of dioxin and fbran concentrations measured in liquid phase

extracted water samples from the Fraser River. Note that clarified water was liquid phase

extracted only in February 1993 and that there is no data for the reference site, Shelley. All three

downstream sites, Woodpecker, Marguerite and Yale had detectable levels of total H6CDD

(0.080 pg/L -0.18 pg/L). Both Marguerite and Yale had detectable levels of total H7CDD in the

range of 0.080 pg/L to 0.20 pg/L. Woodpecker and Marguerite had detectable levels of 08CDD

ranging from 0.37 pg/L to O.51 pg/L. All other dioxins were below detection limits. All three

downstream sites had detectable levels of total T4CDF (0.040 pg/L -0.060 pg5), whereas

2,3,7,8 -T4CDF was detected only at Woodpecker (0.080 p@L) and Marguerite (0.51 pg/L).

8.3.1.3 Disti”bution of Dioxins and Furans Between Sediment and Water

Phase partitioning of dioxins and firans in the Fraser River was calculated by comparing

concentrations of these contaminants in both solid phase extracted clarified water and liquid phase

extracted clarified water with concentrations in suspended sediments. Refer to Table 25 for a

summary of phase partitioning data from Febrwuy 1993 for all Fraser River sampling sites. Due to

the small number of values which were available for log KWcalculations, caution is advised when

interpreting the results.

Based on results fi-om solid phase extracted clarified water, partitioning of 08CDD to suspended

sediments ranged between 48-82°/0. Results from liquid phase extracted clarified water indicate

that partitioning of total H6CDD, total H7CDD, 08CDD and total T4CDF to suspended

sediments ranged between 10-7 10/o. The calculated log Km values ranged between 7.0-7.3 for

08CDD measured by solid phase extraction and 4.3-7.3 for the congeners measured by liquid

phase extraction. Calculated log Km values were generally within the range of published log KW

values.



Table 23 Summary of Dioxin and Furans Detected in Solid Phase Extracted Clarified Water from the Fraser River
(February 1993 and November 1994)

Dioxins (pg/L)

T4CDD - Totai

2,3,7,8

P5CDD - Total

H6CDD - Total

H7CDD - Total

08CDD

Furans (pg/L)

T4CDF - Totai

2,3,7,8

P5CDF - Totai

H6CDF - Totai

H7CDF - Totai

08CDF

Sheiiey

Nov. 1994

ND(O.03)

ND(O.03)

ND(O.04)

ND(O.06)

ND(O.08)

ND(O.14)

ND(O.03)

ND(O.03)

ND(O.04)

ND(O.06)

ND(O.08)

ND(O.1)

Woodpecker

Feb. 1993

ND(O.04)

ND(O.04)

ND(O.05)

ND(O.05)

ND(O.07)

0.20

ND(O.03)

ND(O.03)

ND(O.03)

ND(O.04)

ND(O.06)

ND(O.07)

Marguerite

Feb. 1993 Nov. 1994

ND(O.05) ND(O.03)

ND(O.05) ND(O.03)

ND(O.06) ND(O.04)

ND(O.06) ND(O.06)

ND(O.07) ND(O.08)

0.20 ND(O.1)

ND(O.03) ND(O.03)

ND(O.03) ND(O.03)

ND(O.05) ND(O.04)

ND(O.05) ND(O.06)

ND(O.07) ND(O.08)

ND(O.07) ND(O.1)

Yaie

Feb. 1993 Nov. 1994

ND(O.1) ND(O.03)

ND(O.1) ND(O.03)

ND(O.2) ND(O.04)

ND(O.1) ND(O.06)

ND(O.2) ND(O.08)

0.30 ND(O.1)

ND(O.1) ND(O.03)

ND(O.1) ND(O.03)

ND(O.1) ND(O.04)

ND(O.1) ND(O.06)

ND(O.1) ND(O.08)

ND(O.3) ND(O.1)

ND denotes below the indicated detection limit (shown in brackets)
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Table 24 Summary of Dioxins and Furans Detected in Liquid Phase
Extracted Clarified ‘Water from the Fraser River (February 1993)

Dioxins(pg/L)

T4CDD -Total
2,3,7,8

P5c DD -Total

H’6CDD -Total

H7c DD -Total

08CDD

Furans(pglL)

T4c DF -Total
2,3,7,8

P5c DF -Total

H6c DF -Total

H7c DF -Total

08CDF

Woodpecker

Fe b. 1993

N D (0.04)
N D (0.04)

N D (0.03)

0.13

N D (0.05)

0.37

0.060
0.080

N D ~0.08)

N D (0.05)

N D (0.04)

N D (0.06)

Marguerite

Fe b. 1993

N D (0.03)
N D (0.03)

N D (0.03)

0.080

0.20

0.51

0.050
N D (0.04)

N D ~0.08)

N D (0.04)

N D (0.05)

N D (0.05)

Yale

Feb. 1993

N D (0.03)
N D (0.03)

N D (0,03)

0.18

0.080

ND(O.11)

0.040
0.010

N D (0.04)

ND(O.05)

N D (0.04)

0.13

- ND denotes below the indicated defection /imit (shown in brackets)
when both field replicates and samp/es were be/ow detection

- all results presented are a mean of field replicates and samples
one ha/f the detection /imit was used when only one of the samples

was be/ow the detection /imit

- all means rounded to two significant figures
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Table 25 Summary of Dioxin and Furan Phase Partitioning and Log & Values
Calculated From Data of Solid Phase and Liquid Phase Extracted Clarified Water from
Woodpecker, Marguerite and Yale - Fraser River (February 1993). Published log &
Values are Presented for Comparison.

Calculations made using SolidPhaae Calculations made using Liquid

Extracted Clariffed Water Data Phaae Extracted ClarMed Water

Data

Compounds Published ●/. in Suspended Calculated Log ‘?/.in Suspended Calculated

Log Koc Scdiment9@) &Values Sedimentso) Log &Values

Valueso)

Total 5.02 -7.1 N/Ao) 10-57 4.3 -6.9
H6CDD

Total 5.47 -7.8 NIA . 45-47 6.8- 7.2
H7CDD

08CDD 5.92 -7.9 48-82 7.0- 7.3 61-71 4.9- 7.0

Total T4CDF 5.2- 7.5 NIA 30-53 4.5- 7.0

2,3,7,8- 5.2- 7.5 NIA 47 7.3

T4CDF

08CDF 6-7.4 NIA . 11 6.4

(1) MSCkSyCta/., 1992
(2) Values expressed as a range across all sampling sites
(3) N/A denotesnot available(due to insu~cicnt data above detectionlimits)

8.3.1.4 Loadings of 2,3, 7,8- T4CDD and 2,3, 7,8- T4CDF

Table 26 presents the estimated loadings of 2,3,7,8 -T4CD13 and 2,3,7,8 -T4CDF in Fraser River

suspended sediments and the corresponding loadings fi-om the pulp and paper mills upstream of

each sampling site. In October 1992, a single loading of 2,3,7,8 -T4CDD (0.28 mg/day) was

estimated for Woodpecker, as levels of this contaminant were below detection limits at all other

sites. This measured loading represents 40% of the 0.70 mg/day combined mill effluent loading

from upstream mills located in Prince George. The measured loading of 2,3,7,8-T4CDF was

lower than the combined mill loadings at both Woodpecker and Marguerite, but at Yale the

calculated loading of 18 mg/day was 2,5 times greater than the combined mill effluent loading

from the five kraft pulp and/or paper mills upstream of this site. Refer to Figure 8 for a



Tab!e 26 Concentratkms and Imadings of 2,3,7,&T4CC13and Z3,7,8-T4UY in Fraser IWer SuspendedSedimentSartples
and Confined Mill Effluentladings fromthe PrinceGeorge, Nmltrmod, CaribooandW+erhaeuser F+JlpMills
(October 1994 FebruaIy1993, hkwe*r 1993,November1994)

Sar@ing 123te

Cktober 1992

Felxuary 1993

Nx’WdEr 12’33

NJwntJer 1S94

Location

Wl@ecker
Miqwite

Yale

Wpeckef
Marguerite

Yale

Wpecker
Nhrguerite

Yale

Marguerite

Yale

3xpendec

sxin-ent

(r@L)

15.0
23.0
226.0

7.3
4.7
2.7

167.6
11.6
72.0

4.6
2,7

Flow 2,3,7,&T~
in susp. seal.

(rllW) (p@L)

71P
918

~.

310
593

Iom”
764
1480

%3
892

0,0345
m
m

0.0058
0.CW3
0.0011

ND

0.0023
0,con

m
m

2,3,7,ELT4CW

in susp. seal.

(@L)

0.011
0.021
0.072

0.035
0,017
O.ofx?a

0.017
0.013
0.036

0.017
o.oo&2

2,3,7,&T~

Ioad-lg

(f-W’@)

0.28
FYA
IVA

0.13
0,10
0.054

MA
0,15
0,92

N’A
IVA

2,3,7,&T4CG
loach-g

(fW’@)

0.65
1.6
18

O.ea
0.45
0.45

1,6
0.84
4.6

0.85
0.63

2,3,7,ELT~

~rrbined Mll
loach-g

(w’@)

0.70
0.93
1.1

MA
0.20
0,50

tVA
0.19
0.72

tVA
tVA

2,3,7,8-T4CCF
~rrbined till

Ioachg

O-fE@v)

3.7
4.6
7.2

3.0
4.0
9.1

2.0
2.6
20

3.3
7.6

AD dsmtes belowckfeciim Ii@ (refer to Tide 22 fa &teifion Iimls in sqxrnddsecimtis)

WA cknctes d appfca~e &e to WJ’MSMowcktdti Iirn?

* Minedml Wings are a.mulathe of fhe @p andppermlls upsfream &the san#ing tie; cdymll Iaxhgs atxxe dsta.fion limits ha~ been included

“Flowesfimted M Sxlh Fat G90ry daticm

We: @rbined ml Wings are gmsral edirmtes b to unawilability ofswm ml loadings
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Figure 8 Estimated Loadings of 2,3,7,8 -T4CDF in
Fraser River Suspended Sediment and Combined*
Mill Effluent

* Combined mill loadings area cumulative of all pulp mills upstream of the sampling

site.
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comparison of measured loadings of 2,3 ,7,t3-T4CDF in Fraser River suspended sediments and

combined loadings from upstream pulp mills.

Although none of the Prince George mills detected 2,3,7,8 -T4CDD in their effluents in February

1993, calculations based on our suspended sediment data indicate that the highest loadings of this

contaminant were measured at Woodpecker (O.13 mg/day). Similarly, the estimated loading of

2,3,7,8 -T4CDF (0.80 mg/day) was also highest at Woodpecker. This loading represents 27% of

the combined mill effluent loading of 2,3,7,8-T4CDF from all Prince George pulp mills for the

month of Februacy 1993. None of the loadings measured at the other Fraser River sites exceeded

combined loadings from upstream pulp mills during the sampling period.

In November 1993, 2,3,7,8-T4CDD was measured at both Marguerite and Yale at 0.15 mg/day

and 0.92 mg/day, respectively. The measured loading of 2,3 ,7,8-T4CDD at Yale exceeded

combined loadings from upstream pulp mills by 28°/0. The highest 2,3,7,8 -T4CDF loading was

similarly measured at Yale (4.6 mglday). However, this loading represents approximately 23°/0 of

the combined mill effluent loading from pulp mills upstream of this site. The measured 2,3,7,8-

T4CDF loading at Woodpecker (1.6 mg/L) represents 80% of the combined pulp mill effluent

loading from the Prince George mills. None of the 2,3,7,8 -T4CDF measured loadings exceeded

combined loadings from upstream pulp mills.

In November 1994, 2,3,7,8 -T4CDD was not detected in either pulp mill effluent or at any of the

sites sampled. Loadings of 2,3,7,8-T4CDF were higher at Marguerite (O.85 mg/day) than at Yale

(0.64 mg/day). Neither of these loadings exceeded the loadings from upstream pulp mills.

Over all sampling periods, measured loadings of 2,3,7,8 -T4CDF were approximately 2 to 18

times greater than measured loadings of 2,3,7,8 -T4CDD.

8.3.2 Discussion

8.3.2.1 Suspended Sediments

For all sampling periods, most dioxin and firan concentrations measured downstream of the pulp

mills at the Woodpecker, Marguerite and Yale sampling sites were higher than those measured at

the upstream reference site, Shelley. The higher concentrations of di, tri and tetra-chlorinated

dioxins and firans measured in November 1994 at all sites downstream of pulp and paper mills,

relative to Shelley, confkms the association of these contaminants with pulp mill effluents.

Although the association between tetra-chlorinated dioxins and firans and pulp mill effluents

(Amendol~ 1987) has been documented for some time, recent studies by Pastershank and Muir

(1995) have identified di and tri-chlorinated dioxins and fbrans as usefil markers of hydrophobic
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organics of bleached kraft mill origin in abiotic samples. Furthermore, the relatively high

concentration of pent% hexq hepta and octa-firans detected at Shelley in November 1993 is

likely from combustion origins, since the higher chlorinated dioxins and fhran congeners in the

receiving environment have been shown to be associated with this source (Czuczwa and Hites,

1986).

The highest concentrations of dioxins and iimans were generally found downstream of the pulp

mills in Februa~ 1993 and November 1994. This increase in dioxin and fbran concentration

observed for these two sampling periods is likely the result of both an increased effluent

concentration in the water column and a decrease in the suspended sediment concentration.

During the winter low flow period, (typically November through March), effluent concentrations

in the Fraser River can reach an average of 1’%v/v of river water (Dwemychu~ 1994), and

suspended sediment concentrations can decrease to below 5 mg/L (at Marguerite) (Carso~

1988). As a result, in the winter low flow period, the Fraser River would be expected to contain

the highest concentration of pulp mill contaminated suspended sediments relative to other times of

~ the year. This increase in contaminant concentration under low flow conditions was observed at

all downstream locations, including Yale.

For all sampling periods, Marguerite had the highest concentration of dioxins measured. This is

likely the result of its close proximity (downstream) to the five upper Fraser River pulp mills.

However, bran concentrations were slightly higher at Yale than at Marguerite in Februa~ 1993.

This may be a consequence of an increased loading of firans from the Thompson River which

enters the Fraser River downstream of Marguerite. Although Yale is approximately 265 rkm

downstream of Weyerhaeuser (the nearest pulp mill), Dwemychuk (1994) has reported that

effluent concentrations can reach 0.7°A v/v of river water in this reach of the river during the

winter low flow period.

A comparison of dioxin and firan concentrations measured in Fraser River suspended sediments

by Derksen and Mitchell (in preparation[b]) in October 1990, prior to implementation of pulp

mill abatement measures, to levels measured in October 1992, February 1993, November 1993

and November 1994 (post abatement) are presented in Figure 9. Both 2,3,7,8-T4CDD and

2,3,7,8-T4CDF concentrations decreased dramatically following process changes which replaced

molecular chlorine, used in the bleaching process, with 70-1 00°/0 chlorine dioxide substitution.

Concentrations of 2,3,7,8 -T4CDD measured at Woodpecker and Marguerite in 1992, 1993 and

1994 were 79-97% lower than October 1990 concentrations, whereas concentrations of 2,3,7,8-

T4CDF were 38-99% lower than October 1990 concentrations. The largest relative decrease in

both dioxin and fhran concentrations was seen at Woodpecker.
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Figure 9 2,3,7,8 -T4CDD and 2,3,7,8 -T4CDF in
Fraser River Suspended Sediment
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8.3.2.2 Clari>ed Water (Solid and Liquid PhaseExtracte(J

The relatively low number of detectable concentrations of dioxins and firans in clarified water

compared to suspended sediment samples is related primarily to sample size differences (Section

8.2.2.2). As with data collected from the Thompson River System, the most prevalent congeners

detected in clarified water were hepta and octa-dioxins. These congeners, which are associated

with combustion sources, are highly hydrophobic (log KOW= 7.5-8.7 [Shiu et al., 1988]), and

consequently their presence in clarified water is likely associated with their complexation with

dissolved and colloidal organic carbon (Webster et al., 1986).

8.3.2.3 Distribution of Dioxins and Furans Between Sediment and Water

As with data collected from the Thompson River System, log KOCvalues calculated from data

obtained from solid phase extracted clarified water, were similar to log KOCvalues calculated from

~ data obtained from liquid phase extracted clarified water. Since dioxins and furans have low

water solubilities, binding to dissolved and colloidal organic matter in the water column very

likely accounts for the relatively high presence of some of these contaminants in the water phase.

Due to the low variability in both the suspended sediment concentration (0,9-7.3 mg/L) and TOC

(1 .80-3 .45%) among sampling sites in February 1993, the effect of these parameters on dioxin

and firan phase partitioning could not be ascertained.

8.3.2.4 Loadings of 2,3, 7,8-T4CDD and 2,3,7, 8- T4CDF

Based on loadings calculated from suspended sediment data, the measured loadings of2,3,7,8-

T4CDD at all downstream sampling stations on the Fraser River were generally less than the

total loadings from the upstream pulp mills. This was expected due to deposition of some of the

larger sized sediment particles contaminated with dioxins and furans. However, the measured

loadings exceeded the combined loadings from upstream pulp mills on two occasions (February

1993 at Woodpecker and November 1993 at Yale). On both of these dates, both pulp mills

upstream of Woodpecker did not detect 2,3 ,7,8 -T4CDD in their effluent; however their detection

limits were approximately 100 times larger than those reported in our data. This large difference

in detection limits therefore likely accounts for the higher loadings of 2,3,7,8 -T4CDD measured

in the receiving environment on both occasions.

Loadings of 2,3,7,8 -T4CDF were less than the combined loadings from the upstream pulp mills

for all but one of the sampling sites and sampling periods (Yale, October 1992). Since all five

kraft pulp mills upstream of Yale reported levels of this contaminant above detection limits for

that month, the relatively high loading measured at Yale in October 1992 (18 mg/day) is likely the
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result of resuspension of contaminated bed sediments. A recent study on Fraser River suspended

sediments (Sekela et al,, 1994) found that contaminants associated with suspended sediments,

including fbrans, may increase in concentration with increasing flow, and this increase is likely the

result of resuspension of contaminated bed material. Therefore the dramatic increase in flow

(3380 m3/s) may have contributed to resuspension of previously deposited contaminated

sediments, hence accounting for the elevated 2,3,7,8 -T4CDF loading measured at Yale in October

1992.

&3.2. 5 Comparisons of Dioxin and Furan Concentrations to Guidelines and Criteria

As with data collected from the Thompson River System, suspended sediment concentrations of

2,3,7,8-T4CDD were compared to the Canadian Council of Resource and Environment Ministers

(CCME) Draft Sediment Quality Guideline for the protection of aquatic life (CCME, in

preparation). No federal or provincial sediment guidelines or criteria presently exist for 2,3,7,8-

T4CDF. Concentrations of dioxins and firans (expressed as pg/L) were compared with the

proposed Ontario Ministry of Environment and Energy (OMEE) water quality criteria for the

protection of aquatic life (OMEE, 1994).

Refer to Table 27 for 2,3,7,8 -T4CDD concentrations which exceeded bed sediment quality

guidelines or criteria in Fraser River suspended sediments. The drafi CCME bed sediment

guideline for 2,3,7,8 -T4CDD was exceeded most commonly in February 1993 during base flow

conditions. During this mont~ concentrations 2,3,7, 8-T4CDD exceeded this guideline at all

three downstream sites, Woodpecker, Marguerite and Yale. However, once these concentrations

were adjusted to the site specific organic carbon content, none of the resulting values exceeded

the drafl CCME guideline. Moreover, upon conversion of 2,3,7,8 -T4CDD concentrations to

pg/L, none of the concentrations exceeded the proposed OMEE fresh water criterion of 0.02

pg/L. Lastly, concentrations of 2,3,7,8 -T4CDF in suspended sediments (converted to pg/L) did

not exceed the proposed OMEE freshwater criterion of 0.2 pg/L (not shown),

8.3.2.6 Tom-city Equivalents

Refer to Table 28 for TEQ values for dioxins and tirans measured in suspended sediments from

the Fraser River and the CCME draft bed sediment TEQ guidelines for the protection of aquatic

life (CCME, in preparation).



Table 27 2,3,7,8-T4CDD Concentrations in Fraser River Suspended Sediments Exceeding Bed Sediment and/or Freshwater

Quality Guidelines or Criteria for the Protection of Aquatic Life

Compound Concentrationsin Suspended Draft Concentration in Suspended Proposed OMEE

Sediments (pg/g) CCME Sediments Criterion for Fresh

Guideline (exprewd a9 pg/L~J ) Water @g/L)

for Bed

Sediment

(Pdd

Date Concentration Date Concentration

2,3,7,8- :@;gpWoodpecker Ott 92 0.30 ,.. 0.25 Woodpecker Ott 92 0.0050 0.02
T4CDD :Q;fiFeb 93 0.80 Feb 93 0.0060

...............
Marguerite Feb 93 0.80 @i#f Marguerite Feb 93 0.0040

Yale Feb 93 ,@+@0.50 Yale Feb 93 0.0010

(1) Conversion flom pg/g to pglT_.was achieved by using the site specific suspended sediment cmcentration
(2) Shaded values indicate concentrations adjusted to the site speci!lc organic cwbon content

68

I!:



69

Table 28 Dioxin and Furan Toxicity Equivalents in Suspended Sediments from the Fraser
River Compared to the CCME Draft Bed Sediment Quality TEQ Guideline for the
Protection of Aquatic Life

Location October 1992
Measured

TEQ (pgig)

1 Shelley 0.070 O;*5

●Note: shaded values refer to TEQ values

February
1993

Measured
TEQ (pg/g)

,:fi~g1,8 ‘,,,, .,.

djustcd to the site sp

November
1993

Measured
TEQ @g/g)

1.2 I&’

:ific orgsnic c.don

November CCME Draft
1994 Sediment

Measured Quality TEQ
TEQ (@g) Guideline (pg/g)

0,70 Q#t$ 0.25

0.25

2.0 ;:$,~ I 0.25

Based on TEQ values adjusted to the site specific organic carbon content, the drafi CCME bed

sediment quality TEQ guideline of 0.25 pg/g was exceeded at Woodpecker in October 1992, at

all three downstream sites in February 1993, at all sites (with the exception of Woodpecker) in

November 1993 and at all sites sampled in November 1994. The highest TEQ (2.2 pg/g),

measured at Marguerite in November 1994, is approximately nine times greater than the draft

TEQ guideline for bed sediment.

Note that the TEQs measured in the Thompson River at Savona were considerably greater than

those measured at the Fraser River sites (Table 21). Moreover, for sites below pulp mills on both

the Thompson and Fraser Rivers, the highest TEQ values were obtained from data collected in the

periods of lowest flow, February 1993 at Savona and both February 1993 and November 1994 at

the Fraser River sites. This association between high TEQs and low flow indicates that the

greatest potential for stress to the aquatic environment maybe during the late fall low flow or

winter base flow periods.
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9.0 CHLOROPHENOLICS

There are three main classes of chlorinated phenolic compounds, phenols, guaiacols and

catechols. The environmental beha~our of these individual compounds is related to their physical

and chemical properties. Volatility and water solubWy decrease with increasing molecular

weight, and sorption appears to play a significant role in the removal of some chlorinated phenols

from the water column (CCRE~ 1987). Chlorophenolic & values vary between 0.88 to 5.0,

and highly chlorinated chlorophenolics such as pentachlorophenol & = 5.0) tend to be more

hydrophobic (Solomon et al., 1993). In general, as the degree of chlorine substitution increases,

the octanollwater partition coefficient (IQ of individual compounds also increases, indicating a

greater aflinity for the organic content of sediments (CCRE~ 1987). The sorption partition

coefficient (IQ) also increases with increasing hydrophobicity of a compound but represents a

more accurate measure of the potential of a compound to partition into the sediment versus the

water phase, because it takes into account the organic carbon fraction of the sorbing medium

(Chiou et al., 1986).

The concern over the presence of chlorophenolics in the aquatic environment stems fkom their

immunotoxic, fetotoxic and embryotoxic properties. Toxicity to aquatic life and the generation of

an unpleasant taste in fish and shellfish living in contaminated wastewater has been documented

even in relatively low concentrations. However, in mammals chlorophenolics are not

bioaccumulated to a high degree in fat due to their rapid excretion as glucuronide conjugates

(Water Quality Branch 1993a).

Chlorophenolics are found world-wide in water, soil, sediment and biota (Konasewich et al.,

1978). Their widespread presence has been attributed to their historically extensive use in treated

wood products as well as from leachate from waste dumps and accidental spills (Water Quality

Branc~ 1993a). Until its restriction on December 31, 1990, about one half of the 750 tonnes of

pentachlorophenol which entered British Columbia annually (WHO, 1989) was used as anti-

sapstain treatment on cut lumber. However, present legislation has banned pentachlorophenol use

as a general anti-sapstain agent and has restricted its use to heavy duty wood preservation. In

British Columbi~ chlorophenols in mixtures of creosote are presently used in railway ties, tresles

and utility and telecommunication poles (Wan and Van Oostdaq 1995). Other sources of

chlorophenolics to the environment include: sewage treatment plant effluents (Pierce, 1978),

chlorinated pesticides and krafl pulp and paper mill effluent (Water Quality Branch, 1993a).

Pulp and paper mills are an important source of chlorophenolics to the aquatic environment.

Chlorophenols, chloroguaiacols and chlorocatechols are all produced in paper making during

chlorine bleaching operations and have been observed in bleach plant wastewater and in water,

sediment and biota from aquatic systems receiving pulp mill discharge, In particular, chlorinated
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guaiacols can be used as tracers to identifi the presence of pulp mill effluent in the aquatic

environment (Carey and Hart, 1988). Previous studies in the Fraser River Basin have shown that

chlorophenolics are measurable in bottom sediments (Voss and Yunker, 1983; Dwemychuk,

1990; Dwemychuk et al., 1991) and suspended sediments (Sekela et al., 1994; Dunca~ in

preparation) collected from sites downstream of pulp and paper mills.

er S-

9.2.1 Results

9.2.1.1 Suspended Sediments

Refer to Table 29 for a summary of all chlorophenolics detected at McLure and Savona.

Although suspended sediment samples collected from McLure had detectable levels of a number

of chlorophenolics, with the exception of 3,4-dichlorophenol, all chlorophenolics were higher in

concentration at Savona than at McLure. Samples collected from Savona had measurable levels

of over 20 individual chlorophenolics. The majority of the chlorophenolics measured at Savona

were higher in concentration in February 1993 than on the other two sampling dates. Figure 10

presents the concentration of 6-chlorovanillin at the McLure and Savona sampling sites. Whereas

6-chlorovanillin was below detection limits for all three sampling dates at McLure, at the

downstream site of Savona it measured 57 rig/g, 1100 nglg and 210 rig/g in October 1992,

February 1993 and November 1993, respectively. Moreover, this contaminant had the highest

concentration of all chlorophenolics measured in the Fraser River Basin. Other relatively high

levels of chlorophenolics detected at Savona included 4-chloroguaiacol (42 rig/g), 4,5-

dichloroguaiacol (61 rig/g), 3,5-dichlorocatechol (27 rig/g), 3,4,5 -trichloroguaiacol (55 rig/g) and

5,6-dichlorovanillin (36 rig/g), aIl measured in February 1993, and 3,4,5,6-tetrachloroguaiacol (23

n@g) measured in October 1992.

9.2.1.2 Whole Water

Refer to Table 30 for a summary of chlorophenolics measured in whole water samples from the

Thompson River System. The majority of chlorophenolics measured at both McLure and Savona

were below detection limits. At McLure, concentrations exceeding blank values were detected for

six chlorophenolics in October 1992 and February 1993, with 4-chloroguaiacol (20 nglL) having

the highest detected concentration. At Savona, seven chlorophenolics in October 1992 and four

in February 1993 were above detection limits and blank values. Of these, S-chloroguaiacol had

the highest concentration (39 rig/L) in October 1992. This chlorophenolic was also the only one
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Tablo 29 Summary of Chlorophonolics Dotac~d in Suspandod Sodimorrta from dro Thompson

River Syotam [Octobor 1992, February 1993, Novombor 1993)

Sampling Location:

Sampling Data:

Chiorophenols (rig/g)

+ckdorophanol
2,&dichloropherrol
2#zsD CP
3,5dichlorophenol

Z3-dichlorophenol

3,4-dichlorcphe nol

6-chlorcguaieccl

+chloroguaiacol

5-chlorogueiaccl

2,4,&tichlo rophe nol

2,3,6-trichlorop henol

2,3,%ichlo rophe nol
2,4,5+ichlorophe nol
z3,+tichlorophenol
3,4,Wichlorophe nol
3-ctiorcca*chcl

4-chlorcca*chcl
3,4dichloroguaiacol
4,Sdichloroguaiacol

3,4/4,6-d ichioroguaiacol
4,5dichloroguaiacol
3-ctrloroeyringol

3,+dichlorocatschcl
3,&dichlcrocak? chcl
3,5dichlorocemchcl

4,5dichloroce*chcl
2#,5,Gmwachlorcphe nol
2#,4,&atachlorophe nol

2&3,4,5mtechlorophe nol
Sctdorovanillin
Sctrlomva nillirr

3,5dichloroayrkrgol
3,4,S8ichlorogua iacol
3,4,5tichlorogua iacol

4,5,Wichloroguaiacol
3,4,&richlorocamchol
3,4,5trichloroca* chol
5,Sdichlorova nillin
penrmchlomphenol
2-chlomayringalde hyda

3,4,5,&* trechlomguaiacol
3,4,5tichloroa@tgol
3,4,5,Swwachlo roca=chol

2.&dichlomavrinoelde hvde

MC Lure

Ott 1882 Feb. 1993 Nov. 1883

N0(0.5)
1.8

0.60
ND (0.3)
ND(O.3)
ND(O.21
ND(O.1)
ND(O.1)

ND(O.1)

ND(O.1)

ND (0.3)

N D(O.3)

ND (0.3)

N 0(0.3)

N D(O.3)

ND (0.7)

N 0(0.6)

N D(O.4)

N 0(0.4)
.-

N D(02)

N 0(0.1)

ND(l.5)

ND(19)

1.7

ND(l.8)

N D(O.SI

N D(O.5)

N 0(0.3)

ND(20)

ND(23)

N D(O.6)
. .

N 0(0.4)

N 0(0.2)

ND(l.0)

ND (0.6)

ND (0.8)
-.

ND (0.6)

ND (0.4)

ND(4.8)
-.

ND(l.4)
ND(2.1)
ND(l.5)
ND(l.8)
ND(l.8)
ND(l.3)
ND(l.3)
ND(l.6)
ND(l.5)
ND(2.1)
ND(l.6)
ND(l.7)
ND(l.4)
ND(l.4)
ND(l.5)
N0(3.2)
ND(5.0)

..

..

ND(2.2)
N0(2.0)
ND(l.2)
ND(9Q)
ND(ll)
N0(8.7)
ND(ll)
ND(5.1)
N0(5.5)
ND (3.4)
ND(26)
NDC28)
N0(80)
N0(4.1)
ND(4.0)
ND(2.8)
N0[7.7)
ND(7.1)
ND(6.6)
ND(94)
ND (5.4)
ND (5.5)
ND(5.3)

NQ
NQ

ND(l.3)
N0(0.3)
ND(12)
ND(O.3)
NO(0.3)

9.1
ND(O.6)
ND(O.7)

2.5
ND (0.7)
ND (0.4)
ND(O.4)
N0(0.3)
N0(0.3)
ND(O.3)
ND(O.6)
N0(0.9)
ND(O.2)
N0(0.2)

..
ND(O.2)
ND (0.2)
ND(l.1)
ND(l.2)

4.8
ND(l.4)
N0(0.6)
N0(0.6)
N0(0.4)
ND(5.2)
ND(5.7)
ND (0.6)
ND (0.5)
ND (0.6)
N0(0.4)
ND(O.3)
ND(O.2)
N0(0.6)
N0(0.6)
N0(0.3)
N0(0.4)
ND (0.5)
ND(4.8)
ND(9.0)

Savona

Oct. 1882 Feb. 1993 Nov. 1883

N 0(0.6)
N 0(0.6)
ND (0.5)
N D(O.6)
N D(O.6)
N D(O.4)
N 0(0.3)

2.s
N 0(0.3)
ND(O.1)
N D(O.4)
N 0(0.4)
N 0(0.3)

NO (0.3)
N D(O.6)
N D(O.8)

2.1
N 0(0.6)
0.70

.-

7.s
ND (0.2)

ND(2.0)
ND(2.5)

2.6

ND(2.6)
ND(l.0)
ND(l.0)

ND (0.6)
N D(3.5)

67

ND(l.0)
--

6.3

1.0
.-

10
1.2

ND(l.3)
.-

23
ND(l.0)

2.4
.-

3.2
7.9

ND(I.2)
ND(l.7)
ND(l.6)
ND(l.1)
ND(14)

42
ND(2.2)

3.4
ND(l.3)
ND(l.3)
N 0(0.8)
ND(1J3)
ND(l.1)
ND(l.2)

ND(l.8)
. .
. .

3.7
61

ND(10)

ND(10)
N D(4.3)

27
ND (4.7)
ND(24)
ND(2.6)

ND(l.7)
ND(16)
1100

ND (3.5)
ND (3.5)

55

N D(2.3)
3.7

N D(2.8)

36
ND(3.8)
ND(3.2)

20
N 0(3.0)

NQ
NQ

ND (0.7)
0.60

ND(l.2)
0.20

N D(O.2)
0.60

N 0(0.6)
ND (0.7)

11
N 0(0.8)
ND (0.2)
N D(O.2)
N 0(0.2)

ND (0.2)
ND (0.2)

0.60

N D(O.6)
N D(O.1 )
N D(O.2)

2.0
ND(O.1)

N D(O.8)
ND(l.0)

5.9

8.1
ND (0.5)
N D(O.5)

ND (0.3)
ND(3.2)

210

N D(O.6)
N 0(0.8)

3.5

ND(O.7)
0.60
2.9

N 0(0.5)
ND (0.6)
N D(O.4)

1.6
ND (0.6)

17

ND(7.2)

ND denotes below tha hrdicatad detection limit (shown in brackets) when both field sp4its and

samples wwra below detection

NQ denotes not quantifiable

Note: all rwults prasentad em a mean of field sflits and samples

-one half the detection limit wws used Men only one of the samples was b slow the detection limit
- ell means founded to two w“gnificent figures
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Table 30 Summarv of Chlorophenolics Detected in Whole Water from the Thompson River Svstem

( October 1992, February 1993, ”November 1993)

Sampling Location:

Sampling Date:

lChlorophenolics [rig/L]

4-chlorophenol

2,6-dichlorophenol

2,4/2,5dichlorop henol

3,5-dichlorophenol

2,3-dichlorophenol

3,4dichlorophenol

6-chloroguaiacol

4-chloroguaiacol

5-chloroguaiacol

2,4,6 -trichlorophenol

2,3,6-trichlorophenol

2,3,5-trichlorophenol

2,4,5-trichlorophenol

2,3,4-trichlorophenol

3,4,5-trichlorophenol

3-chiorocatechol

4-chlorocatechol

3,4dichioroguaiacol

4,6-dichloroguaiacol

4,5-dichloroguaiacol

3-chlorosyringol

3,4-dichlorocatechol

3,6-dichlorocatechol

3,5-dich[orocatechol

4,5-dichlorocatechol

2,3,5,6-tetrachlorophenol

2,3,4,6-tetrachlorophenol

2,3,4,5-tetrachlorophenol

5-chlorownillin

6-chlorownillin

3,5-dichlorosyringol

3,4,6-trichloroguaiacol

3,4,5-trichloroguaiacol

4,5,6-trichloroguaiacol

3,4,6-trichlorocatechol

3,4,5-trichlorocatechol

5,6-dichlorovanil lin

pentachlorophenol

‘2-chlorosyringaldehyde

tetrachloroguaiacol

3,4,5-trichlorosy ringol

tetrachlorocatechol

2,6-dichlorosyringaldehyde

McLure

)ct. 1992 Feb. 1993 Nov. 1993

ND(O.4)
ND(O.6)

{1 .5}

ND(6)
ND(O.6)

ND(O.6)
ND(O.6)

{2.0}

ND(0,6)
1.2

ND(O.6)

ND(O.9)
ND(O.8)
ND(O. 6)

ND(O. 6)
ND(I .8)

ND(10)

ND(1)
15

ND(O.9)

ND(O.6)

ND(O.5)

ND(O.5)

ND(O.2)

ND(1)

ND(O.9)

1.5

ND(O.8)

ND(O.9)

ND(O.8)

ND(O. 8)

N D(O. 6)

ND(0,8)

ND(O.6)

ND(1)

ND(1)

ND(0,6)

ND(O.6)

ND(1)

ND(O.3)

ND(O.6)

ND(O.9)

ND(O. 8)

ND(3)

ND(1 .7)

5.9

ND(l.2)

ND(1)

ND(0,7)
2.5

20

ND(1,6)

ND(0,4)

ND(l.2)

ND(1 .2)
N D(O.7)
ND(O.9)

ND(0,9)
ND(l.4)
ND(2.1)
ND(1 .4)
ND(1 .2)
ND(1 .3)
ND(O.6)
ND(3.2)
ND(4.2)

ND(3.3)
ND(4.2)
ND(l.6)

ND(I .9)
ND(I.1)
ND(2.7)

ND(3.4)
ND(I.9)
N D(3)

ND(2,1)
ND(1,3)
ND(2)

ND(I.6)
ND(3.5)
ND(1 .2)

ND(5)
ND(1 .4)
ND(2.3)

ND(2.6)
ND(5)

ND(1 .2)
ND(1 .6)

ND(1 .7)
ND(1 .5)
ND(1 .4)

ND(l.1)
ND(O.5)
ND(O.7)
ND(O.7)
ND(1 .5)
ND(I .3)

ND(I.3)
ND(l.1)
ND(l.2)

ND(l.2)
ND(2.4)
ND(3.9)

ND(I .6)
ND(1 .5)
ND(1 .4)

ND(O.6)
ND(l.9)
ND(2.3)

ND(2. 1)
ND(2.8)
ND(3.2)

ND(3,3)
ND(2.2)
ND(6.7)

ND(7.2)
ND(3.6)
ND(1 .7)

ND(2.1)
ND(I .7)
ND(2.7)

ND(2.3)
ND(2.6)
ND(2.2)

ND(1,9)
ND(2)

ND(2.4)

ND(2.9)
ND(3.3)

Sawna

)ct. 1992 Feb. 1993 Nov. 1993

ND(0,8)
ND(O.9)

2.1

ND(O.8)
ND(O.8)
ND(O.6)
ND(O.6)

3.8

39
3.0

ND(O.9)

ND(l.2)
ND(O.8)
ND(O.9)

ND(O.9)
ND(2.3)
ND(13)

1.2

ND(O.9)
1.5

ND(O.8)
ND(0,6)
ND(O.8)

ND(0,4)
ND(1 .2)
ND(O.8)

ND(I .2)
ND(O.6)
ND(l.3)

ND(I.6)
ND(O. 8)
ND(O.9)

2.0

ND(O.9)
ND(O.9)

ND(2)
ND(O.8)
ND(O.9)

ND(O.9)
ND(O.6)
ND(O.6)

ND(5.2)
ND(5.8)

ND(l.6)
ND(0,7)

3.4

ND(O.7)
ND(O.6)
ND(O.4)

1.0
11

6.6

ND(O.6)
ND(O.6)

ND(O.6)
ND(O.4)
ND(O.5)

ND(O.5)
ND(O.6)
ND(O.9)
ND(O.7)
ND(1 .3)
ND(0,8)

ND(O.4)
ND(3.7)
ND(4.8)

ND(3.9)
ND(4,9)
ND(O.6)

ND(0,7)
ND(O.4)
ND(1 .3)

ND(2.2)
ND(O.9)
ND(2)

ND(1)
ND(0,6)
ND(2)

ND(O.9)
ND(I.2)
ND(O.7)

ND(5)
ND(O.6)
ND(O.7)

ND(3.2)
ND(5)

ND denotes below the indicated detection limit (shown in brackets) when both field replicates and

ND(O.8)
ND(O.9)

ND(l.3)
ND(0,8)
ND(O.8)
ND(O.6)
ND(O.4)
ND(O.5)

5.6

ND(1 ,4)
ND(1 .0)

ND(1 .0)
ND(O.9)
ND(1 .0)

ND(O.9)
{1 .9}

ND(2.7)
ND(I.2)
ND(l.1)
ND(l,l)
ND(O.6)
ND(I .3)
ND(I .6)

ND(1 .5)
ND(1 .9)
ND(2.4)

ND(2.6)
ND(I .6)
N D(4. 2)
ND(4.9)
ND(3.1)
ND(l.1)

ND(1 .4)
ND(I.1)
ND(2.4)

ND(1,9)
ND(I.7)
ND(2.1)

ND(1 .2)
ND(l.1)
ND(1 .6)

ND(1 .7)
ND(2,2)

samples were below detection

{ ) concentration value equal to or below that of laboratory andor field blank

Note: all resu/ts presented are a mean of fie/d replicates and samples - one ha/f the detection limit was

used when only one of the samp/es was below the detection limit

- all means rounded to tm significant figures
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above blank values and detection limits in November 1993 and, fixthermore, it was the only

chlorophenolic measured at Savona whose concentration was considerably above that measured

at McLure. Refer to Figure 11 for 5-chloroguaiacol concentrations at sampling sites on the

Thompson River System.

9.2.1.3 Distribution of Chlorophenolics Between Sediment and Water

Calculations of chlorophenolic phase partitioning were performed by subtracting the

chlorophenolic concentration in suspended sediments (converted to pg/L) from that of whole

water. Note that due to the limited number of chlorophenolics measured above detection limits,

phase partitioning calculations were possible for only a small number of congeners, all detected at

Savona. Consequently, caution is advised when interpreting the results. Log KOCvalues were

calculated from the field data, however no published log KOCvalues exist for comparison, Refer

to Table 31 for a summary of phase partitioning data for chlorophenolics measured at Savona.

Table 31 Summary of Chlorophenolic Phase Partitioning and Calculated Log KOCValues -

Savona, Thompson River System (October 1992, February 1993, November 1993)

Compounds 0/0 Partitioning to Calculated

Suspended Sediments(’) Log KOC

4-chloroguaiacol 0.070-0.42 4.2 -4,3
i I

5-chloroguaiacol 0.72 5,2
I I

I 3-chlorocatechol 0.12 4.3
I I

4,5-dichlorocatechol 0.47 5,0
, I

3,4,5 -trichlorocatechol 0.37 4,9

(1) Values expressed as a range across all sampling periods

The percent partitioning to suspended sediments ranged from 0.070’?ZOfor 4-chloroguaiacol to

0.72% for 5-chloroguaiacol, whereas the calculated log KOCvalues ranged from 4.2 for 4-

chloroguaiacol to 5.2 for 5-chloroguaiacol.
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9.2.?. Discussion

9.2.2.1 Suspended Sediments

For all sampling periods, the large majority of chlorophenolics measured downstream of the pulp

mill at Savona were clearly higher in concentration than those measured upstream at McLure.

Furthermore, the observed peak in chlorophenolic concentration measured at Savona in February

1993 (relative to the two fidl sampling dates) is likely the result of reduced mixing of Thompson

River water with Kamloops Lake water during the limnologica.1 winter (Bothwell et al., 1992).

The higher concentrations of chlorophenolics, in particular 6-chlorovanillin (57-1 100 rig/g),

measured at Savona relative to McLure maybe related to pulp mill effluent discharges. This

chlorophenolic is known to constitute approximately 90°/0 of the total chlorophenolics in

softwood bleaching mill effluents, such as Weyerhaeuser, which employ 100°/0 chlorine dioxide

substitution (Liebergott et al., 1991). Chloroguaiacol, identified as a tracer of pulp mill effluent

(Carey and Hart, 1988), was higher in concentration at Savona than at McLure. Levels of 4,5-

dichloroguaiacol at Savona ranged from 2-61 rig/g, while not detectable at McLure (detection

limit 0.20-2.0 rig/g).

Lastly, the low concentrations of chlorophenolics detected in suspended sediments collected at

McLure were likely from utility poles and railway ties (Wan and Van Oostdam, 1995) and

possibly combustion sources (Paasivirta and Sarkka, 1985).

9.2.2.2 Whole Water

Of the 43 chlorophenolics analysed in whole water from McLure and Savon~ only 10 were found

above detection limits, and concentrations of these chlorophenolics were, for the most part,

similar between the two sites. Given that our data indicate that chlorophenolic partitioning to the

aqueous phase occurred in excess of 99’% (Section 9.2.1.3), the detection difference between the

two media is most likely a direct consequence of sample size differences (I L for whole water

versus thousands of Iitres of water for suspended sediments).

9.2.2.3 Distn”bution of Chlorophenolics Between Sediment and Water

The calculated log & values for chlorophenolics measured at Savona ranged from 4.2 to 5.2.

Since a log& value of 3.84 indicates a high potential for partitioning to sediment (Water Quality

Branch, 1993a), all of the chlorophenolics detected would be expected to have a high affinity for

suspended sediments. However, the phase partitioning data indicate that partitioning to suspended

sediments was surprisingly low (0.070-0 .720A). This apparent weak affinity for the suspended
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solid phase may be related to the low amount of suspended sediment (0.9-3.8 mg/L) present at

this site. Studies have shown that in water bodies containing relatively high suspended sediment

concentrations (-1 00 mg/L), the extent of partitioning of hydrophobic contaminants to suspended

sediments is approximately 40?/o greater than in those with lower suspended sediment loads (-10

mg/L) (Olsen et al., 1982). This observed behaviour is most likely due to the increased

availability of sediment binding sites at higher suspended sediment concentrations. Furthermore,

the association of some of the more hydrophobic chlorophenolics with dissolved and colloidal

organic material in the water column may also increase the apparent volubility of these

compounds.

9.2.2.4 Compm”sons of Chlorophenolic Concentrations to Guidelines and C..”tm”a

Since no water quality criteria currently exist for chloroguaiacols, chlorocatechols,

chlorosyringols, chloroaldeydes and chlorovanillins, comparisons of data to existing criteria was

limited to the chlorophenol group. Chlorophenol concentrations in both suspended sediments

(expressed as pg/L) and whole water from the Thompson River System were compared to B.C.

Ministry of Environment, Lands and Parks’ interim aquatic life toxicity criteria (BCMELP,

1994a). All of the chlorophenols measured in both suspended sediments and whole water were

well below BCMELP criteria.

9.3.1 Results

9.3.1.1 Suspended Sediments

Refer to Table 32 for a summary of chlorophenolics detected in suspended sediment samples from

the Fraser River. The rellerence site, Shelley, had detectable levels of a number of chlorophenolics

with 3,5-dlchlorocatechol (4. 1 rig/g) having the highest concentration. However, concentrations

of these chlorophenolics were lower than those measured downstream of the pulp mills. At the

downstream sites, chlorophenolic concentrations were generally highest at Woodpecker and

Marguerite and lowest at Yale. The majority of chlorophenolics peaked in concentration in

Februaxy 1993 at all downstream sites. Figure 12 presents the concentration of 4,5-dichlorocatechol

measured in suspended sediments at sampling sites in the Fraser River Basin. Levels of this

contaminant measured at Woodpecker and Marguerite in February 1993 were 670 rig/g and 520

rig/g, respectively, whereas at Yale it was detected at 29 rig/g. (Note that relatively low

concentrations of this congener were measured Savona.) Other chlorophenolics found in

relatively high concentrations included 3,4,5 -trichlorocatechol (290 rig/g) and

3,4,5,6-tetrachlorocatechol (270 nglg), both measured at Woodpecker in February 1993.
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Table 32 Summaryof Chloropheno[icsDetected in Suspended Sediments from the Fraser Rwer (October 1992, Februa~ 1993, November !993, November 19S4)

Chic.roph.nolic. (n#g)

4.cM.mphmol

2,5dclbmphenol

2,4 Q, Sdctdompheno1

3,$&ctdomphmd

2,3ckhlorophmo1

3,+dwtbrophend

&ctkT.lg”a(aml

+Chlomgimacol

&NOmcua(acol

2,4,8-tncNorwhend

2,3,&1 ncNcmph.nc.

2,3, S4ncticfoPhmc.

2,4 $mcliorophenc+

2,3, Uncliorophenol

3,4,5-tncNorophenol

>ctiOrOcalechol

4-cMxocatechd

3 4-khlorog.atacol

4,&dcliorowa!acci

3,4/4,5 dcNo(og”.,acol

4,5tict40rog”al aco1

>clioro,y””gol

3,*dchJofocatechd

3, E&cliomcatechol

3,kbch10rocatechol

4 5-dci-domcatectm

2,3,5,9-l elraclioro@m”d

2,3,4, &ltirac!i0roph*n01

2,3,4, >!etnM.rovhenol

stiomva~!m

Echlomvaiuw

3, S4chlor0swng01

3,4,5tncMomg”a( acol

3,4,54 ncli.ro9ua4acol

4,5 In”cmrogualacol

3,4,& mcMarocatechol

3,4, St.chloroca[ echo

5,5rldJorwan41in

petiactbrophenol

2-chlorosynn@dehyde

3,4,5 Netrachbrog.a(acol

3,4 Wmhlorosynngol

3 4,5,61 dracMoroca(echo1

2,5dcMoro.ynnga ldeh&

0.5
Jl

ND(O 4)

ND(O 1)

ND(O 1)

ND(O 1)

ND(O 1

ND(o 1)

ND(O 2)

NC(O 2)

ND(O 2)

NO(O 1)

NO(O 1)

ND(O 1)

ND(O 1)

ND(O 1)

NO(O 1)

ND(O 2)

ND(O 2)

ND(O 2)

ND(O 2)

NO(O 1)

ND(O 1)

ND(O 5)

ND(O 6]

ND(O 5)

ND(O 0)

ND(O 3)

ND(O 3)

ND(O 2)

ND(1 O)

ND(1 0)

NO(O 4)

ND(O 2)

ND(O 2)

ND(O 3)

ND(O 3)

ND(O 4)

ND(O 4)

ND(O 3)

ND(O 6)

.—

F&
~

ND(O 1)

ND(O 3)

ND(O 2)

ND(O 2)

ND(O 2)

ND(D 1)

ND(O 1)

ND(O 1)

ND(O 1)

ND(O 2)

ND(O 1)

ND(O 1)

NO(O 1)

ND(O 3)

ND(O 1]

NO(O 3)

ND(O 4)

ND(O 3)

ND(O 2)

ND(O 2)

W(O 09]

ND(1 7)

ND(2 O)

4.1

ND(2 1)

ND(O 2)

ND(O 3)

ND(O 2)

ND(25)

ND(2 9)

ND(O <)

ND(O 1)

ND(D 1)

ND(O D91

ND(O 7)
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9.3.1.2 Mole Water

Refer to Table 33 for a summary of chlorophenolics detected in whole water samples from the

Fraser River. Ten chlorophenolics were detected at Shelley however, with the exception of

pentachlorophenol and 2,6-dichlorosyringaldehyde, both measured at 18 nglL, all other

chlorophenolics were detected in concentrations <5.0 rig/L. The majority of chlorophenolics

measured on the Fraser River were detected at Woodpecker, Marguerite and Yale, and the highest

concentrations of these were generally measured in February 1993. As with suspended sediments,

4,5-dichlorocatechol was detected in the highest concentration relative to other cl-dorophenolics, with

a maximum value of 130 rig/L measured at Woodpecker in February 1993. Although concentrations

of 3,4,5 -trichloroguaiacol were not as high as those of 4,5-dichlorocatechol, levels of this

contaminant peaked in Februa~ 1993 at all three sampling locations downstream of Prince George

(Figure 13). Note that 3,4,5 -trichlorocatechol was not as prominent in samples collected from

Savona on the Thompson River System.

9.3.1.3 C[arljied Water Samples (Solid Phase Ektracte@

Chlorophenolics were measured in solid phase extracted clarified water samples from the Fraser

River in November 1994 (Table 34). With the exception of 3,5-dichlorophenoi, chlorophenolic

concentrations were clearly higher at Marguerite and Yale than at Shelley and, moreover,

concentrations were generally highest at Marguerite. At Marguerite and Yale, both 5-chloroguaiacol

(10-1 1 rig/L) and 6-chlorovanillin (10-14 rig/L) were found in higher concentrations in comparison to

other chlorophenolics.

9.3.1.4 Distn”bution of Chlorophenolics Between Sediment and Water

Note that due to the low number of chlorophenolics measured above detection limits, phase

partitioning calculations were possible for only a small number of congeners. Consequently, caution

is advised when interpreting the results. Log Kw values were calculated from the field data;

however, due to the absence of published log Km values, no comparisons could be made. Refer to

Table 35 for a summary of chlorophenolic phase partitioning in suspended sediments and calculated

log KWvalues for the Fraser River.
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NqO.6)

NqO.9]

27

NM1.7)

3A

al

6.0

NqO.7)

Nq9.7)

6.7

Nq9.6)

10

Nql.5)

21

Nql)

Nq4.1)

8.4

NC(2.2)

Nql)

10

28

Nql)

11

Nq3.4)

Nql.8)

Nq5)

1.7

Nql.9)

Nq5.1)

NC(I)

NCfO.8)

Nql.6)

NO(O.5)

NqO.5)

Nqo.3)

NqO.2)

NC40.3)

1.0

1.1

NL7(0.3)

ND(O.3)

NqO.3)

NCfO.3)

ND(O.3)

Nq3.0)

NL?(12)

NUO.4)

1.8
1.7

NO(O.2)
ND(O.4)
ND(O.5)
NC40.4)

40
Nql.0)
Nllfl.1)
N13(0.6)
ND(l.3)
ND(2.0)
NO(O.6)
ND(O.3)

25
0.5

ND(O.6)
1.6

ND(O.6)
f.5

ND(O.4)
1.0

NC(I.9)
ND(5.1)

ND(2.2)

NqO.47J

21

NqO.76]

NqO.64)

NqO.51)

NqO.29)

0.65

60

NqO.32)

NqOA6)

NqOA5)

Nq027)

NqO.40)

NqO.36)

6.2

Nql.30)

NqO.7S)

ND(O.55)

5.~

N13(OS5)

NqO.69)

Nq0,64)

Nql.10)

NqO.62)

NqO.72)

NqO.42)

NqO.59)

NqO.72)

22

NO(OJ19)

NqO.31)

0.67

0.40

NqO.47)

NqO.51)

NqO.91)

NqO.49)

NqO.46)

NqO.74)

NqO.7)

NqO.28)

NLX15) NC(5) NCf5) NqO.76)

*.961VSUUS pmenkxYOma m44nc4Mdm@ca68a ●4f4amF4M-m0b06Um es&60nmMw$ us0dw4n011~01wcww8 empk!8tuM tekw6w&14MLbn MnA
- M nmns mumind b mm*@nbMent Ugum





ti
.:” .

84

Table 34 Summa ryof Chlorophenolics Detected In Solid Phase

Extracted Clarified Water from the Fraser River (November 1994)

Sampling Location:

Chlorophenolics (rig/L)

4-chloro phenol

2,6-d ichloro phenol

2,4/2,5 -dichloro phenol

3,5-d ichloro phenol

2,3-d lchloro phenol

3,4-d ichloro phenol

6-chloroguaiacol

4-chloroguaiacol

5-chloroguaiacol

2,4,6 -trichl Oro phenol

2,3,6 -tiichlorophenol

2,3,5 -trichlorophewol

2,4,5 -trichlorophe nol

2,3,4 -trichlorophe nol

3,4,5 -&ichloro phenol

3-chlorocatecho I

4chlcrocatechol

3,4-d ichloroguaiacol

4,6-d ichloroguaiacol

4,5-d ichloroguaiacol

3-chlorosyringol

3,4-d ichlorocatechol

3,6-d rchlorocatechol

3,5-d lchlorocatechol

4,5-d ichloroca techal

2,3,5,6 -te&achloro phenol

2,3,4,6 -tetiachloro phenol

2,3,4,5 -temachloro phenol

5-chlorovanillin

6-chlorovanillin

3,5-d ichlorosyringol

3,4,6 -t-ichloroguaiacol

3,4,5 -Fich Ioroguaiacol

4,5,6 -bichloroguaiac Ol

3t4,6-~ic hlorocatechoi

3,4,5 -tiichlorocatechol

5,6-d ichlorovanillin

pentachlorophenol

2-chloro syringaldehyde

tetrachlo roguaiacol

3,4,5 -trichlorosyringol

tetrachlo rocatechol

2,6-d ichloro syringaldehyde

Shelley

ND(O.09)

N D (0.08)

0.26

0.90

ND(O.11)

N D (0.03)

ND (0,02)

N D (0.03)

N D (0.04)

0,070

ND(O.03)

ND(O.03)

ND(O.03)

ND IO.02)

0.050

ND(O.04)

ND(O.02)

ND(O.02)

ND(O.01)

ND(O.01)

ND(O.01)

ND(O.1)

ND(O.11)

ND(O.18)

ND(O.1)

N D (0.04)

0.15

ND(O.02)

ND(O.1)

ND(O.11)

ND(O.04)

ND(O.02)

ND(O.02)

ND(O.01)

ND(O.05)

ND(O.04)

N D (0.004)

0.29

ND(O.01)

0.070

ND(O.02)

ND(O.02)

ND(O.02)

Marguerite

N D (0.1)

0.20

2.9

ND(O.13)

ND(O.11)

ND(O.08)

0.16

0.54

11

6,7

ND(O.04)

ND (0,03)

ND(O.04)

ND(O.03)

0.060

ND(O.09)

ND(O.06)

1.6

0.65

8,1

0.050

ND(O.18)

ND(0,27)

ND(O.16)

1.7

ND(O.06)

0.53

ND(O.02)

ND(O.12)

14

0.070

0.62

5.6

2.1

ND(O.11)

1.5

0.75

1.5

ND(O.02)

0.74

ND(O.03)

ND(O.21)

ND(O.03)

Yale

0.15
ND(O.06)

0,83
ND(O.11)

ND(O.09)

ND(O.07)

N D (0.02)

0.58

10

2.5

ND(O.03)

ND(O.02)

ND(O.02)

ND(O.02)

0.060

ND(O.04)

ND(O.03)

0.74

0.14

3.7

0.030

ND(O.08)

ND(O.12)

ND(O.11)

2.6

ND(O.03)

0,060

ND(O.02)

ND(O.07)

10

ND(O.09)

0.17

3.1

0.63

ND(O.1)

3.1

0.61

0.22

ND(O.02)

0.29

ND(O.02)

0.17

ND(O.04)

ND denotes be/ow the indicated detection /imit (shown in brackets)



Table 35 Summary of Chlorophenolic Phase Partitioning - Shelley, Woodpecker, Marguerite, Yale - Fraser River (October 1992, February

1993, November 1993, November 1994)

Compounds ‘/0 in Suspended Sediments(’)

Oct. 1992 Feb. 1993 Nov. 1993 Nov. 1994

2,6dichlorophenol 1.8 NIA NIA 0.39

2,4/2,5 -dichlorophenol NIA 0.22-0.58 NIA 0.060-0.26

4-ehloroguaiaeOl N/A 0.11 -5.7 NIA N/A

5-chloroguaiaeol NIA 0.060-0.14 0.81-64 NIA

2,4,6-trichlorophenol NIA 0.27-0.33 NIA 0.06Q

3-ehloroeatechol NJA 0.021
I

NIA NIA
r

I 4,6-dichloroguaiacol 0.10 N/A N/A N/A

4,5-dichloroguaiaeOl 1.3-25 0.39 -9.2 1.8- 7.3 0.25-0.67

3,6-dichloroeatechol 20 NIA NIA NIA

I 3,5-dichloroeatechol 20 NIA N/A NIA
,

4,5-dichloroeatechol 5,8-40 0.61 -3.7 6.5-31 8.5

6-chlorovanillin 3.4- 7.5 1.3 -4.7 22 0.95 -1.2

3,4,5-trichloroguaiaeol 0.24 -1.7 0,092-0.48 2.5- 6.1 0.85-0.86

4,5,6 -trichloroguaiaed 0.23-0.33 0.16-0.30 2.0 0.21-0.49

3,4,5-trichloroeatechol 2.0- 8.3 0.48-73 14-20 19

pentachlorophenol 1.9 1.0 0.33-0.73 NIA

tetrachloroguaiaeol N/A 0.25 1.4 NJA

tetrachlorocateehol 6.8-16 7.4 NIA 17

Cakulated Log&
Oct. 1992 Feb. 1993 Nov. 1993 Nov. 1994

4.5 I I I 4.5

I 44-47 I ] 3.9- 4.8 I

~
3.6- 3.7 4.8- 6.1 I1 I

I 4.1-4.8 I - ] 3.8 I

I 3.6 I I I
3.5 I I I I

4,3- 5.2 I 4,9- 5.6 I 4.2- 5.7 I 4.8 I
5.6

I I
I

5.0 I II
-=--IQ=-P-5”7 ! 5“9

5.1 I 4.9- 5.6 I 5.4 I 5.0- 5.5 I

3.9 4.3 4.8- 5.3 4.9- 5.3
I 1 I

3.5- 4.1 I 4.1-4.5 I 5.2 I 4.7 I

4.6- 4,9 ] 5.0- 7.0 I 5.4- 6.2 I 6.3 I

4.5 4.6 3.8- 4.1 II I
4.2 4,5

4.5- 5.7 5.7 6.2

(1) Values expressed as a range across all sampling sites

(2) NIAdenotesnot available(due to insufllcient data above detection limits)

85



86

Chlorophenolic phase partitioning calculations indicate that the percent partitioning in suspended

sediments versus the water phase was variable, as percent values ranged from 0.020°/0 for 3-

chlorocatechol to 73°/0 for 3,4,5 -trichlorocatechol. The log & values calculated from the data

ranged horn 3.5 to 7.0. Variation in percent partitioning to suspended sediments and calculated

log & values occurred both between individual compounds as well as with the same compound

measured at different sites or at different times of the year.

9.3.2 Discussion

9.3.2.1 Suspended Sediments

For all sampling periods, concentrations of chlorophenolics measured downstream of pulp mills at

Woodpecker, Marguerite and Yale were clearly higher than those measured upstream at Shelley.

Furthermore, for almost all of the chlorophenolics analysed, the highest concentrations were

generally measured in February 1993. This increase in chlorophenolic concentration is likely the

result of higher effluent concentrations in the water column and a lower suspended sediment load

during the winter low flow period.

The higher concentrations of chlorophenolics measured at both Woodpecker and Marguerite,

relative to Yale (Table 32), provide evidence that these areas of the river are exposed to higher

concentrations of pulp mill effluent (Dwernychuk, 1994) by virtue of their relative proximities

downstream of pulp and paper mills located at Prince George and Quesnel. The lower

concentrations observed at Yale indicate that a considerable amount of sediment dilution occurs

between Marguerite and this site.

The chlorophenolics found in the highest concentrations in Fraser River suspended sediments

were those identified as tracers of pulp mill effluent (catechols, guaiacols and vanillins), indicating

that pulp mill effluent is the most probable source of these contaminants.

9.3.2.2 Whole Water

As was the case for suspended sediments, with the exception of pentachlorophenol and 2,6-

dichlorosyringaldehyde, concentrations of chlorophenolics in whole water measured downstream

of the pulp mills, at Woodpecker, Marguerite and Yale, were clearly higher than those measured

upstream at Shelley. Furthermore, as was found in the suspended sediments, the majority of

chlorophenolics detected in whole water were chlorinated catechols, guaiacols and vanillins.

Although pulp mills are the most likely source of chlorophenolics, heavy-duty-wood presemation

plants, located on the banks of the Fraser River, may also be a contributing factor. One such
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plant, located in Prince George, has been shown to be a source of pentachlorophenol

contamination to both soil and groundwater and is consequently presently undergoing remediation

(Del Reiheimer, BCMELP, personal communication). Although detected at relatively low levels,

the presence of chlorophenolics in whole water from Shelley indicates that there maybe a

possible source of these contaminants upstream of Prince George. Studies by the B.C. Ministry

of Environment, Lands and Parks have shown the abandoned Northwood sawmill site at Shelley,

located upstream of our sampling site. to be a source of pentachlorophenol to groundwater (Dave

Sutherland, BCMELP, personal communication). Other upstream sources may include: domestic

sewage (Pierce, 1978), treated lumber for railway ties and bridges (l%ivirochem, 1992) and aerial

deposition from combustion sources (Paasivirta and Sarkk% 1985).

Lastly, the higher concentrations of chlorophenolics measured in Febrwuy 1993 (relative to all

other sampling dates) is indicative of the importance of flow reduction in increasing the

concentration of these contaminants in the receiving environment.

9.3.2.3 Clarified Water (Solid Phase IMracted)

As was the case for chlorophenolics measured in both suspended sediments and whole water,

concentrations measured in clarified water were higher at Marguerite and Yale, downstream of

pulp and paper mills, than at the reference site, Shelley. Moreover, concentrations at Marguerite

were higher than at Yale, reflecting the effect of dilution by the Thompson River and other

tributaries. Concentrations of chlorophenolics in clarified water were comparable to those

measured in whole water sampled in November 1994, indicating that sorption to sediments at a

sediment concentration of 2.7-4.7 rig/g may not be extensive for these contaminants. Due to

differences in detection limits, a larger number of chlorophenolics were detected in solid phase

extracted clarified water than in whole water. This detection limit difference was a direct result of

sample size differences: 50 L for solid phase extracted water samples versus 1 L for whole water

samples.

L

It should be noted that, to the best of our knowledge, this is the first time that solid phase

extraction with an XAD column was employed in a field study for the purpose of chlorophenolic

identification in river water. Both laboratory and field surrogate spikes indicate a high degree of

accuracy, with recoveries ranging between 70-13 0°/0for the former and 87-95.7’% for the latter.
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9.3.2.4 Distribution of Chlorophenolics Between Sediment and Water

The large variability observed in chlorophenolic phase partitioning across different sampling

periods is likely related to the highly variable suspended sediment concentrations. Unlike the

Thompson River System where suspended sediment concentrations were similar between sites,

but the TOC fraction was highly variable, samples horn the Fraser River had highly variable

suspended sediment concentrations (0.9-226 mg/L) but similar TOC fractions (O.59-3 .45VO).

Field studies described in Olsen et al (1982) have shownthat a greater proportion of organic

contaminants are found in the particulate phase at higher suspended sediment concentrations.

Based on our data, it appears that the majority of chlorophenolics which partitioned >20% to the

suspended solid phase did so at a suspended sediment concentration greater than 50 mg/L (Yale

in October 1992 and Woodpecker in November 1993). However, there is insufficient data for

statistical analysis of the association between these two parameters.

9.3.2. S Comparisons of Chlorophenolic Concentrations to Guidelines and Criten”a

Since no water quality criteria currently exist for chloroguaiacols, chlorocatechols,

chlorosyringols, chloroaldeydes and chlorovanillins, comparisons of data to existing criteria was

limited to the chlorophenol group. Chlorophenol concentrations in both suspended sediments

(expressed as pg/L) and whole water from the Fraser River were compared to B.C. Ministry of

Environment, Lands and Parks’ interim aquatic life toxicity criteria (BCMELP, 1994a). All of the

chlorophenols measured in both suspended sediments and whole water were well below

BCMELP criteria.
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10.0 POLYCYCLIC AROMATIC HYDROCARBONS

10J MmhW.um
.

PAHs are generally classified into two groups, low molecular weight PAHs (PM-Is containing

three or less benzene rings) and high molecular weight PAHs (PAHs with four or more benzene

rings) (CCREM, 1987). PAHs are hydrophobic in nature (log KOW= 3.37- 7.66) and their

aqueous solubilities are low (0.3 -3,420 pg/L) with the exception of naphthalene (12,500 -

34,000 yg/L) (Neff, 1979). Their sorption coefficients (log IQ) vary between 2.38 to 7.53.

Consequently, most PAHs adsorb strongly to the organic carbon ilaction of sediments (CCRE~

1987) which can act as a final environmental sink for these contaminants (Payne et al., 1988).

Low molecular weight PAHs are acutely toxic to aquatic organisms, whereas several high

molecular weight PAHs have been associated with carcinogenesis (Water Quality Branch, 1993b).

Of special concern are benzo[a]pyrene, benzo[b]fluoranthene, benzo~]fluoranthene,

benzo[k]fluoranthene and indeno[l, 2,3-cd’jpyrene which have all been classified as ‘probably

carcinogenic to humans’ by the Environmental Health Directorate (CEP& 1994).

Polycyclic aromatic hydrocarbons are introduced into the Canadian environment from both

natural and anthropogenic sources. Natural sources of PAHs to the Fraser River Basin include

forest fires, biosynthesis by plants and bacteria and diagenesis (combustion of organic material

over a significant span of time at low temperatures) (Water Quality Branch, 1993 b).

Anthropogenic sources include creosote treated products, spills of petroleum products (CEP&

1994), urban runoff from upstream communities (Boom and Marsalek, 1988), industrial

combustion sources, slash burning and automobile exhaust (Water Quality Branch, 1993b).

Derksen and Mitchell (in preparation [a]) found that, with the exception of naphthalene and

phenanthrene, PAHs were generally not detectable in the organically rich solids centrifuged from

Fraser and Thompson River pulp mill effluents. However, PAHs were detected in centrifuged

suspended solids of sewage treatment plant effluent from Prince George and in the liquid phase of

sewage treatment plant effluent fi-om Greater Vancouver (Derksen, unpublished data).

10.2 Tho muson River Svstern

10.2.1 Results

10.2.1.1 Suspended Sediments

m

Refer to Table 36 for a summary of PAHs measured at McLure and Savona and to Figure 14
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Table36 Surmnarvof PotvcvcliiAromaticHydrocarbonsDetectedinSuspendadSediments
from the Thomps& Rmr_S~stem( 0ctober-1992jFebrua~ 1993,Novernkr 1993)

E
Sampling Location:

SamplingDate:

PAHs(nglg)

Naphthdene
Acenaphthylane
Acenaphthene
Fiuorena
Phenanthrene
Anthracene
Fluoranthene
Pyrane
Benz(a)anthracene
Chrysene
Benzofluoranthenes
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Dibenz(ah)anthracene
lndeno(l,2,3-cd) pyren6
Benzo(ghi)perykm

TotalPAHs

McLure

Oct. 1992 Feb. 1993 Nov.1993

9.0
O.w
lq2.o)
2.0
13
2.0
14
10
4.0
10
16
9.0
6.0

~2.o)

6:0

172

6.1
1.4
1.8
3.3

{:}

7.7
4.4
8.1
12

5.0
3.4

{:2

4:6

134

21
3.3
1.2
2.9
21
4.5
19
14
5.4
15
23
7.7
4.4
110

N)(2.0)
12
9.7

275

Sawna

Oct. 1992 Feb. 1993 Nov.1993

16
2.8

IQ6.0)
5.0
33
8.5
35
29
14
26
32
20
11
36
3.2
19

5.5

180
83
6.6
30

280
30
340
500
63
140
120
100
83
92
6.0
33

200

17
2.9
1.6
2.6
18
3.5
20
17
5.5
12
14
6.4
1.8

;;.8)
3.6
7.5

299 2287 266

ND denotes bdow the incfcated detection limit (shown in brackets) when both field splls and sam~es
were bdow &tection
{ J concentration value wud to or below that of laboratory andbr field blank
Note: all resdts pesenfed we a mean of field s@ts and smp/es - ona half the dAWion /imit was
used tien only one of the samples was below the detectian /imit
- all means fowded to two sigm”ficartfigures

for total PAHs measured in Thompson River System suspended sediments. On all three sampling

dates, the total PA.H concentration was higher at Savona (up to 17 times higher in February 1993)

than at McLure.
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10.2.1.2 Whole Water

Refer to Table 37 for a summary of PAH concentrations in whole water from the Thompson

River System. At McLure, with the exception of acenaphthylene (1. 8 rig/L) and fluoranthene

(0.90 rig/L), both measured in February 1993, PAHs were below detection limits or below blank

values. At Savona, only fluorene, phenanthrene and pyrene exceeded blank values or detection

limits in October 1992, while in February 1993 only acenaphthene, fluoranthene and pyrene were

above blank values, All other PAHs were below blank values or detection limits. For those

PAHs measured above detection limits, the majority were detected in higher concentrations in

October 1992 versus February 1993 at both sites.

10.2.1.3 Clarijied Water (Solid Phase fitrncte[~

Refer to Table 38 for a summary of PAHs measured in solid phase extracted clarified water,

Approximately one half of all the PAHs analysed were detected at both McLure and Savona.

PAHs above detection limits included naphthalene, acenaphthylene, acenaphthene, fluorene,

phenanthrene, anthracene, fluoranthene, pyrene, benz(a)anthracene, chrysene, benzofluoranthenes

and benzo(’ghi)perylene. Of these PAHs, many had concentrations which were below blank

values. Naphthalene was not shown, as it is known to form as a product of XAD column resin

breakdown (Georgina Brooks, AXYS Analytical, personal communication). Similar

concentrations were measured at McLure and Savona on both sampling dates.

10.2.1.4 Distribution of PAHs Between Sediment and Water

Phase partitioning calculations were performed in the same manner as for dioxins and fhrans.

Table 39 presents the results of phase partitioning calculations for PAHs in the Thompson River

System. As with dioxins, furans and chlorophenolics, a small number of values were available for

calculations of phase partitioning and log KOCvalues. Calculations indicate that partitioning of

PAHs to suspended sediments ranged from 0.20% for acenaphthylene to 52?4. for

benzo~hi]perylene. The calculated log KOCvalues ranged from 4.5 to 6.7, and these were in good

agreement with the published log KOCvalues.
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Table 37 Summary of Polycyclic Aromatic HydrocarbonsDetected in Whole
Water from the Thompson River System (October 1992, February 1993)

Sampling Location:

Sampling Date:

IPAHs(rig/L)

Naphthalena
Ace nap hthylene
Acena phthene
Fluorene
P henanlhrene
Anthrace ne

Fluoranthene

P yrene

Benz(a) anthracena

Chrysene

Benzofluoranthenas
Benzo(e)pyrene
Benzo(a)pyrene
Perylena
Dibenz(ah)anlhracene
lndeno(lz,3cd)pyrene
Benzo(ghi)pe@ene

McLure

Ott 1992 Feb.1993

{6.4}

{1.6}
ND(3.8)
ND(3.5)

{13}
ND(3.6)

{4.3}
{6.4}

ND (4.6)
{2.8}

ND(2a)
ND(2.6)
ND (4.4)
ND(3.3)
ND(8.4)
ND(ll)
ND(7.1)

{14}

;1”!}
{0.8}
{2.8}
{0.30}

;=}
{0.40}
{0.50}

ND (0.6)
ND (0.6)
ND (0.6)
ND (0.6)
ND (0.8)
ND (0.9)
ND (0.6)

Savona

Ott 1992 Feb. 1993

ND(10)
{4.7}
ND (4.3)
5.2
18

ND (5.8)
{6.0}
9.6

ND (4.2)
{4.6}

ND(2.3)
ND (3.0)
ND(5.1)
ND (3.8)
ND(10)
ND(14)
ND (8.3)

{3.1}
{0.40}
0.60

ND (0.5)
{1.7}

ND(02)
0.70
1.1

ND (0.4)
{0.50}

ND (0.6)
ND (0.7)
ND (0.7)
ND (0.6)
ND(l.0)
ND(O!6)
{0.50}

ND denofes be/ow the indicated defection limit (shown in bmckets) Men b oth fie/d
rep/lcates and san@es were below detection
~ j concentration value equal to or below that of /aborahry ano%r fie/d b/ank

Note: all resu/ts ~sented are a mean of fie/d replicates and samp/es - one ha/f the
detection limit w used Wen only one of the samples WS below the detection limit
- all means rounded to tvw significant figures
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Table 38 Sumrnwyof PolycydlcAromaticHydrocarbonsDetectedin Soiid PhaseExtracted
ClarifiedWaterfm-mthe fiompson Kver Sy&em( October199? February1993)

E
SampiingLocation:

SampiingDate:

PAM (rig/L)

Acenapht@ene
Acenaphhma
Fluorene
PhenanUrene
A1-ldVacene
Fluorandwne
Pyrane
Benz(a)an#mcene
Chfysefw
BenmluxmUmws
Benzo(e)pymne
Benzo(a)pyrene
Pefylem
Dibenz(ah)antkacene
lndeno(l~d)pymw
Benzo(gti)perylene

lvkLwe

Ott 1892 Feb. 1993

0.76
0.44
1.1
1.9

024

;:}
{0.06}
010

ND((2W
ND(Q04)
ND(O.C(3)
ND(O.02)
ND(O.01]
ND(O.01)

1.1

0.40
0.70
{1.6}
020
O.w
0.40

ND(O.1)
{0.10}

ND((ll)
ND(O.1)
ND(Q1)
ND(O.1)
ND(O.1)
ND(02)
ND(O.1)

W denotes belowthe indctiedd%ectim Iinm-t(show in brackets)

Savona

Ott 1982 Feb. 1983

{o.1~
0.40
0.54
128
0.15

;:}
{0.040}
0.12

ND(O.(MI
ND(O.02)
ND(O.02)
ND(O.01)
ND(O.02)
ND(O.01)
ND(O.01)

{:%}

{020}
{0.63}

ND(O.1)
O.m
0.80

ND(O.1]

ND(Q1)
ND((I1)
ND(O.1)
ND(O.1)
ND(O.4)
ND(a3)

020



Table 39 Polycyclic Aromatic Hydrocarbon Phase Partitioning and Calculated and Published Log& Values - Thompson
River System (October 1992, February 1993)

Compounds ‘/. Partitioning in Suspended Sediments Cakulated Lag& Published
~g & (1)

McLure Savona McLure Savona

Oct. 92 Feb. 93 Oct. 92 Feb. 93 Oct. 92 Feb. 93 Oct. 92 Feb. 93

Awnaphtiylene 0.37 0,20 1.5 31 4.5 4.7 5.5 6.4 3.4-3.83

Aeenaphthene N/A@) 0.71 N/A 4.0 5.3 5.6 3.59-5.38

Fluorene 0.55 0.75 0.83 13 4.7 5.3 5.3 5.9 3.76-5.47

Phenanthrene 2.1 0.95 2.2 32 5.3 5.4 5.7 6.4 3.97-6.12

Anthracene 2.5 0.79 4.9 NIA 5.4 5.3 6,1 2.% -5.76

Fluoranthene 6.6 3.1 5.0 30 5.8 5.9 6.1 6.4 4.0-6.38

Pyrene 6.6 3,0 6.7 39 5.8 5.9 6.2 6.5 3.11-6.51

Benz[a]anthraeene 13 NIA 24 N/A 6.1 6.9 4.0- 7.3

Chrysene 24 11 16 41 6.4 6.5 6.7 6.6 3.66 -6.9

Bemzofluoranthenes 38 N/A N/A N/A 6.7 4.0- 7.0

Benzo&@rykne NIA NIA N/A 52 6.7 6.2-6.261

(1) Mackay etal., 1992

(2) N/Adenotesnotavailable(due to insufficient data above detection limits)



96

10.2.2 Discussion

10.2.2.1 Suspended Sediments

The presence of PAHs in suspended sediments at the reference site, McLure, is indicative of the

ubiquitous nature of these compounds in the environment. The higher PAH concentrations

measured at Savona relative to McLure, for both October 1992 and February 1993, indicate that

municipal and industrial effluents may be an important source of PAHs to the Thompson River

upstream of this site.

The notably elevated PAH concentrations measured at Savona in February 1993 may be related to

the higher TOC content of suspended sediment at this site (18.530A) versus that at McLure

(2.46%). Sorption to sediments, especially those with a high organic carbon content (Karickhoff

et al., 1979), has been shown to be the primary removal mechanism for high molecular weight

PAHs (Knap and Wllliarns, 1982). Perylene, a PAH derived from terrestrial plant sources

(Bouloubassi and Saliot, 1993), was the most abundant PAH found at McLure, as it comprised

between 34-40% of the total PAH concentration. Whereas a high perylene predominance (up to

90’% of total PAHs) has been associated with diagenetic sources, a low relative abundance of this

PAH has been associated with anthropogenic sources. Perylene comprised a much smaller

fraction of the total PAH concentration at Savona in both October 1992 and February 1993 (4.0-

12’XO),where other PAHs, particularly those with a molecular mass> 178, were much more

prominent.

The fact that at McLure the highest PAH concentrations coincided with the periods of highest

flow during the study period (October 1992 and November 1993) indicates that increased surface

runoff of automobile and combustion-related PAHs (Water Quality Branch, 1993b) maybe an

important source of these contaminants at this site. The inverse relationship between flow and

total PAH concentration in suspended sediments from Savona suggests that municipal and

industrial sources likely provide a much larger PAH load than surface runoff and combustion-

related sources at this site. The low flow winter period is associated with reduced dilution of

Thompson River water as it passes across Karnloops Lake, a factor also contributing to the high

PAH levels observed at Savona in February 1993.

10.2.2.2 Whole and C7a@ed (Solid Phase Extracted) Water

Whh a few exceptions, all PAHs measured in whole water and clarified water in the Thompson

River System were near or below detection limits or blank values. However PAH concentrations

measured in whole water were higher in October 1992 versus February 1993 at both McLure and

Savon~ although neither the suspended sediment or clarified water data showed a corresponding
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increase. Since similar PAH concentrations were detected in the laboratory blank run with the

October 1992 samples, laboratory error may be responsible for this apparent contradiction.

As PAHs are highly hydrophobic, the presence of detectable levels of PAHs in clarified water is

likely due to their association with dissolved and colloidal organically rich material in the water

column. The predominance of lower molecular mass PAHs (four or less. rings) in clarified water

samples is reflective of their higher aqueous solubilities relative to that of PAHs with five or more

rings.

10.2.2.3 Disti”bution of PAHs Between Sediment and Water

The PAH partitioning pattern was clearly related to the TOC fraction of suspended sediment,

since the partitioning profile in February 1993 was strikingly different at Savona (TOC = 18.53Yo)

compared to McLure (TOC = 2.460/0). Whereas at McLure PAH partitioning to the suspended

solid phase ranged between 0.20- 11°/0, at Savona it ranged between 4. O-52V0. The lower TOC

fraction measured at Savona in October 1992 (4.89?40) clearly influenced the partitioning profile

during this sampling period, as a much smaller PAH fraction was found in the suspended

sediments (0.83-240A).

A second factor influencing PAH partitioning to the suspended sediment fraction was molecular

mass. All samples showed a pattern of increasing afhity for the suspended solid phase as

molecular mass increased. This was particularly apparent in the February 1993 sample from

Savona in which 52% of benzo(ghi)perylene was found in the suspended sediment phase. Similar

findings were reported by Yunker et al (1993) who found that the lower molecular-mass (up to

178), more water soluble PAHs, predominate in the dissolved phase of Mackenzie River water,

whereas the larger molecular mass PAHs (> 178) predominate in the particulate phase.

10.2.2.4 Comparisons of PAH Concentrations to Guidelines and Criten”a

PAHs measured in suspended sediments from the Thompson River System were compared with

the BCMELP recommended interim bed sediment criteria for the protection of aquatic life (Water

Quality Branch, 1993 b), and concentrations in suspended sediments (expressed as pglL) were

compared with the BCMELP recommended interim freshwater water quality criteria for the

protection of aquatic life (Water Quality Branch, 1993 b).

Only naphthaIene and benzo[a]pyrene, measured in suspended sediments, exceeded the BCMELP

interim bed sediment quality criteria (Table 40). Based on concentrations adjusted to the site



Table 40 Naphthsdene and Bemm[a]pyrene Concentrations in Thompson River System Suspended Sediments Compamd to BCMELP Interim Bed

Sediment Quality and Freshwater Quality Criteria for the Protection of Aquatk Life (October 1992, February 1993, November 1993)

Compound

Naphthalene

Benzo[a]pyrene

Concentration in Suspended

Sediments

(rig/@

Date Concentration

~p
McLure NOV 93 21 ........

Savona y~Oet 92 16

Feb 93 180 g;g

&Nov 93 17

Savona Feb 93 83 .... ...&$

BCMELP Bed

sediment Quality

Criteriao)

(n@g)

10

60

(l) Basedensediieontsining l%erganicearbon

(2) Conversiem &cm n~g to n~ schievsd by using the site speMc sqended sedimnt ameentration

(3) shaded values indhte commtmliem sdjusted to the site specifsc mganic esfben content

Concentrations in Suspended Sediments

(expressed as n#L) m

Date Concentration

&lcLure Nov 93 0.050

Wona Oet 92 0.014

Feb 93 0.20

Nov 93 0.065

Savona Feb 93 0.091

BCMELP Fresh Water

Criteria

(n@)

1000

10

98
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specific organic carbon content, naphthalene exceeded the BCMELP bed sediment criterion of 10

rig/g at both McLure and Savona in November 1993. Benzo[a]pyrene levels measured at Savona

in February 1993 did not exceed the BCMELP criterion when adjusted to the site specific organic

carbon content (18. 530/0). None of the PAHs exceeded the BCMELP interim freshwater criteria

when expressed as rig/L. It should be noted that no sediment or water criteria exist for

benzo&hi]petylene which was detected at a relatively high concentration (200 rig/L) in February

1993.

PAH concentrations in whole and clarified water were also compared to BCMELP interim fi-esh

water criteria for the protection of aquatic life (Water Quality Branch, 1993b). None of the PAHs

measured in whole and clarified water samples from McLure and Savona exceeded the criteria.

10.3 Fraser Rwa
.

10.3.1 Results

10.3.1.1 Suspended Sediments

Refer to Table41 for a summaxy of PAHs detected in suspended sediments from sample sites on

the Fraser River. Although total PAHs were similar between Shelley and Woodpecker, they were

32-322’% higher at Marguerite than at Shelley for all dates sampled. In comparison to Shelley,

totai PAHs at Yale were higher in both February 1993 and November 1994, but similar to those

detected at Shelley in October 1992 and November 1993. For all sampling sites, total PAHs were

highest in concentration in both February 1993 and November 1994. Perylene was detected in the

highest concentration (14-58 nglg) of all PAHs measured at the Fraser River sites. Refer to

Figure 14 for total PAHs measured in suspended sediments from the Fraser River.

10.3.1.2 Whole Water

Refer to Table 42 for a summary of PAHs measured in whole water from the Fraser River in

October 1992 and February 1993. PAH concentrations in the whole water samples were

generally found to be similar to blank values. The only PAH which had concentration levels

consistently above blank values was pyrene. In October 1992, this contaminant was found in

similar concentrations at all four sampling sites (8.3- 9.3 rig/L), including Shelley. In Februa~

1993 pyrene was also found in similar concentrations at all four sites (1.0 -1.2 rig/L). However,

pyrene concentrations were approximately nine times larger in October 1992 than in February



Tsble 41 Summary of Pofyc@k Aromatic HydrocarbonsDetectedifrSuspended Sediments from the Fraser River (October 1992, February 19s3, November 19S3, November 1S64 )

t----

Sampling Datw

PAM (n#g)
I

Nsphthalens
Acenaph6rybM
Acarrephthsns
Fluorena
Phananthrene
Arrthracsns
Fluoranthans
Pyrsne
6enz(a)snlhracane
Chrysans
BanZotluoranthenes
6aruo(e)pyrens
6eruo(a)pyrans
Perylsna
Dibanz(ah)anthracene
Indeno(l ,2,3-od)pyrsne
_hOwrWsna

Total fW+S

shelley

Oct. 1692 Feb. 1963 Nw. 1993 Nov. 199

6.0
ND(O.5)
ND(O.2)

1.0
8.0

ND(O.7)
4.0
4.0
1.0
4.0

6.0
5.0

ND(O.S)

N~l .0)
2.0
2.0

64

6.6 6.3 5.9
1.8 0.70 ND(O.31)
3.1 0.50 ND(1 .2)
5.4 1.3 2.6
12 11 12
1.3 1.5 1.0
6.0 6.7 7.4
5.9 5.5 6.0
4.2 2.1 3.4
6.0 7.6 8.0
6.5 7.9 11
2.6 5.1 5.2
2.0 1.3 1.9
56 46
7.3 N&) 0.89
3.3 2.2 3.4
4.3 2.9 4.4

~36 102 122

woodpecker

M 1662 Feb. 1963 NOV. 1663

N;: .0)
ND(3.0)

2.0
15
1.0
6.0
8.0
3.0
3.0
9.0
7.0
2.0

N;l .0)
3.0
3.0

120

11
&)

&
1.0

18 8.9
2.4 1.5
9.7 5.0
12

7.0 N:(:.3)
10 4.5
7.4
2.4 ;.&
3.6 ND(1 .0)

{y {?0
ND(3.9)

4:1 2.5

120 66

Msrgueribn

Dct.1962 Feb.1663 Nov.1663 Nw.1964

N~O.6)
ND(1 .0)

3.0
15
4.0
11
9.0
4.0
12
10
7.0
2.0
36
1.0
3.0
4.0

128

15
6.0

22
33
20
24
6.0
8.8
9.4
6.7
3.4
36
6.5
4.5
8.8

217

9.1
1.2
0.60
2.6

::
11
9.7
3.1
10

E
ND(1 .5)

N:4.5)
ND(3.3)

3.6

135

16
3.8
2.3
8.0
55
17
47
50
15
30
22
21
17
45
1.8
13
22

393

Yale

Dct. 1962 Feb.1963 Nov. 1963 NOV.1064

8.3 16 7.5
0.30 2.9 1.0

Nql .0) 2.8 0.60
2.0 11 1.9
9.6 26 12
1.0 7.1 2.2
5.5 23 7.1
4.8 21 8.3
1.5 7.9 2.9
4.5 15 6.0
4.5 i4 10
3.8 6.4
1.0 3.8 N&

N#O.6) & ND(9.7)
2.0 5.4 ND(2.6)
2.8 8.9 4.7

75 160 lf7

14
2.0

35
7.9
26
26
7.3
17
16
12
8.3
27
1.1
6.8
14

230

E



Table 42 Summary of PolycyclicAromaticHydrocarbonsDetectedin Whoie Water Sampies from the Fraser River
( October199z February l!k3 )

lPAHs(ng/L)

lNaphhiene
lAcenaphtiyle ne
Acenaphlwne
,Fiuorena
Phenanthrene
AnUm cene
FluorenUwne
IPyrene
Benz(a)anlhracene
lChrysene
Benzolluoranthenes
Benzo(e)pyrena

Benzo(a)pyrene

Petylene

Dibenz(ah)anthracene

llndeno(l,2,3-cd )pyrena

Benzo(ghi)perylene

s helley

Ott 1992 Feb. 1893

{11}

{3.3}
{3.6}

ND{6.4.)
{18}

ND(5.5)

{5.7}

9.3

N D(3.Cl

4.8

ND(l.5)

ND(2.0)

ND(3.3)

N D(2.5)

ND(5.4’)

N D(82)

N D(4.61

{4.2}

0.5

{1:2}
{3.2}
1.1
1.3
1
1.3
1.6
1.6
1.7
1.9
2

1.5
1.6
1.9

Woodpecker

Ott 1992 Feb. 1993

{5.2}
{2.8}

ND(3.4
{32}
{14}

{:4}
8.3

ND (3.6)
(3.5]

ND(l.7)
ND(22)
ND(3S)
ND(2.EU
ND(5.1)
ND(7.8)
ND (4.4J

{3.7)
0.5
1

ND(l.1)

;0:}
0.6
1

0.9
0.9

ND(O.5)
ND(O.5)

{0.7}
{0.6}

NDR(l)
{0.8}
0.8

Merguan83

Ott 1992 Feb.1893

{5.8}
ND(l.7)
ND(3.8)

{2.2}
{15}

ND(5.8)
{5.3}
8.8

ND (4.6)
{4.1}

ND (20
ND (2.6)
ND(421)
ND(32)
ND(9.6)
ND(10)
ND(7.8)

{4.4]

0.6

{::}

{2}

{02}
{0.4}

{:.3}
{0.7}
{0.4}
{0.4}
{0.7}
{0.6}
{0.6}
{0.5}
{0.5}

Yale

Ott 1992 Feb. 1993

{5.4}
ND(l.6)
ND(3.5)

ND(2.41
{12}

ND(5.91
{5.1}
9.2

ND(l.9)
{4.4)

ND(l.5)
ND(2.0)
ND(3.4
ND(2.5)
ND(9.0)

ND(12.0)
ND(7.2)

{6.2}
0.9

ND(4,41
{3.6)
{3.5}
1.3
1.3
12
0.9
1.1
1.1
0.7

{:}
1.7
1.0
12

ND denotes below the indicated detection limit (stmn in brackets) Wen both field replicates and samples wan?below detection
{ } concentmtion value equal to or belowthat of Iabw%ry anrYcr field blank
Me: ail resdts ~sented m? a mean of field replicates md samples - cm half the @action /imit LIRSused only W?erI

on/y one of thesamples w below the detecti~ limit

101
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1993 at each site sampled.

10.3.1.3 Cla@ied Water (Solid Phase Ektracted)

Refer to Table 43 for a summary of PAH concentrations in solid phase extracted clarified water

samples collected from Fraser River. Note that naphthalene is known to form as a breakdown

product of XAD column resin (Georgina Brooks, AXYS Analytical, personal communication)

and was therefore not included in the table. For the majority of PAHs analysed in samples from

Shelley and Woodpecker, concentrations were similar to the blank values or were below

detection limits. Trace levels (S 2.4 rig/L) of the smaller molecular mass PAHs were detected at

Marguerite and Yale. No data were collected for November 1993.

10.3.1.4 Distribution of PMs Between Sediment and Water

Phase partitioning of measured PAHs was determined in the same manner as for dioxins and

fbrans. Table 44 presents the summarized results of phase partitioning calculations for PAHs at

all Fraser River sampling sites. Refer to Appendix IV for site specific calculations.

Partitioning of PAHs to suspended sediments ranged between 0.24’% for acenaphthene to 91V0 for

chrysene. Variation in phase partitioning occurred between individual PAH congeners as well as

between sample sites and sampling times. The percent partitioning to the suspended solid phase

was greater for PAHs measured in October 1992 versus February 1993 for the majority of

congeners. Calculated log&values ranged from 4.7 to 6.9 and were generally within the range

of published log&values.

10.3.2 Discussion

10.3.2.1 Suspended Sediments

The increase in PAH concentrations observed at Marguerite, relative to the other Fraser River

sites (Figure 14), may be attributed to surface runoff due to this site’s proximity to a major

highway. Furthermore, the location of this site downstream of both Prince George and Quesnel

may subject it to additional PAH loadings fi-om industrial and municipal effluents. Evidence of

PAHs associated with municipal effluents has been found by Derksen (unpublished data) who has

found PAHs in both the solid and aqueous phases of municipal effluents from Greater Vancouver

and Prince George.



Table43 Summaryof PdycyclicAmnatic H@wcartmnsDetectedin SolidPhas 6dmted ClarifiedWaterfmmthe Freer RJver
(October1992 Februaty1993)

,*mpling Location:

‘kampling Date:

PAJ-ls(nglL)

Acxmaph@dene
Acenaphelene
Flwrena
Pherwltuwm
A1-d-wacena
Fhmatim
Pyme
Benz(a)anllwacam
Ctrysena
BenzofluoranUwnes
Benzo(e)pymm
Benzo(a)pyme
Perylena
Dibem(at$antuactme
lndeno(l~)pymma
Benzo(gti)peiylem

shelley

Dct 1s32 Feb. 1993

{Qlo}
{0.cq
{0.26}
{WC))
{miq
{Q19}
{0.22}

{aOq
{W@

ND(O.0141
ND(O.02Q
ND(O.0181
ND(O.0141
ND(O.032)
ND(O.014j
ND(O.021

ND(O.01)
{Cllq
{Qlq

{w
0.10

{Qlo)
{Qlo}

ND(O.1)
{Qlq

ND(OJ!)
ND(O.1)
ND(02)
ND(O4

O.m
O.m
0.20

Woodpecker

m 1W2 Feb. 1933

:?4}
Ox)
{1.1}

{%5}
{030}
{Qofq
{0.mq
0.C60

ND(O.U?)
ND(O.OIB)
ND(O.012)
ND(O.022j
ND(O.014
ND(O.018)

{H%q
{0.q
{MO)

ND(O.1)
{Qlo)

{w
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.2)
ND(O.1)

M’gueris

Oct.1992 Feb. 1993

0.50
0.54
20
24
038

$&i)
{0.cq
0.12

ND(O.CF51
ND(O.03)
ND(O.(32)
ND(O.01)
ND(O.Q)
ND(O.01)
ND(O.01)

{:Tq
{w
{(q

{::q

{w
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)

Yale

Ott 1!X12 Feb. 1%X3

023
0.58
1.1

1.7
0.18

:!}
{am))
0.10

ND(O.03)
ND(O.02)
ND(OIE)
ND(O.021
ND(O.U2)
ND(O.(4
ND(OJ321

ox)
24

;;2}
020
0.50
0.40
0.10

{alq
ND(O.1)
ND(O.1)
ND(O.1)
ND(O.1)

O.!xl
020

Ml der?dasbdowthe irnicated cHectkm Mt (SkW in brackets) uhm bdh fieMR?@k%tesd S~@S ~ belcwd?tecticm
{} cmcatrafkm vzdw @ to w bdowth# of/~cr#wy&xWrfie/d b/ti
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Table 44 Summary of Polycyclic Aromatic Hydrocarbon Phase Partitioning and Calculated and Published Log IQ Values -
Shelley, Woodpecker, Marguerite, Yale - Fraser River (October 1992, February 1993)

Compounds

Acenaphthylene

Acenaphthene

Fluorene

Phenanthrene

Anthracene

Fluoranthene

Pyrene

Benz(a)anthracene

Chrysene

Benzofluoranthenes

Dibenz(ah)anthracene

Irtdeno(l,2, 3-cd)pyrene

Benzo@hi)perylene

YOPartitioning in Suspended Calculated Log & Published Log
Sediments(’) ~ 0)

October 1992 February 1993 I October 1992 February 1993 I I
20 2.0- 9.3 5.0 5.6- 5.8 3.4-3.83

N/A(3) 0.24-10 4.7- 6.2 3.59-5.38

3.4-30
!

1.3-16 4.8- 5.3
!

5.5- 6.5 !
3.76-5.47

1 1
13-57

!
2.6-21 5.4- 5.9 5.9- 6.2 !

3.97-6.12
1 1 I

1.3-56 1.2-34 4.7- 5.7 5.9- 6.5 2.96-5.76

27-69
~

6.7-48
~

5.8- 6.2 6.3 -6.8 I
4.0-6.38

1 I
26-69 5.0-30 5.8- 6.1 6.2- 6.5 !

3.11-6.51
, , 1 I

24-87
I

14 5.9- 6.5
I

6.5 4.0- 7.3

39-91 5.1-24 6.3 -6,6 6.5- 6.8 3.66 -6.9

NIA
I

0.93 -1.2 5.4- 5.8 I
5.2-6.52

I
NIA 1.5 -5.4 6.0- 6.1

NIA I 1.9- 8.6 6.1 -6.3 I 6.2-6.26
I

(1) Values expressed as a range across all sampling sites

(2) Mackay et al., 1992

(3) N/A denotes not available due to insuftlcicmtdata above detection limits

104



105

The higher total PAH concentrations measured at Marguerite and Yale at low flows (February

1993 and November 1994) in comparison to those measured at higher flows (October 1992 and

November 1993) suggests that municipal and industrial effluents may bean important source of

PAHs to the Fraser River, as these effluents are less diluted during low flow. However, non point

sources of PAHs are also likely to be very important to the PAH load of the river. This is

demonstrated by the relatively high levels of total PAHs found at the reference site, Shelley. Such

non point sources may be both natural and anthropogenic in nature and likely include:

atmospheric deposition from combustion sources (Water Quality Branc~ 1993b), surface run-off

(Boom and Marsale~ 1988) and natural oil seeps (All- 1990). It is unlikely, however, that

atmospheric sources and surface runoff are a significant source of PAHs during the winter low

flow period due to reduced surface run-off in sub-zero temperatures and ice capping of the Fraser

River.

10.3.2.2 Whole and Clart~ed (Solid Phase Ektracte@ Water

As was the case in the Thompson River System, virtually all PAHs measured in whole water from

the Fraser River System were near or below detection limits. Although PAHs were detected in

higher concentrations in October 1992 versus Februa~ 1993, this was likely the result of

laboratory error (Section 10.2.2.2). No spatial or temporal patterns were observed for PAHs in

clarified water, as concentrations were near or below detection limits at all sites sampled.

Nevertheless, their presence in clarified water indicates that they are measurable in the dissolved

and/or colloidal phases where they are likely associated with organically rich material.

10.3.2.3 Distn”bution of PAIIs Between Sediment and Water

Phase partitioning of measured PAHs appeared to be influenced by both sampling time and

individual congener volubility, Higher suspended sediment concentrations during fall sampling in

October 1992 (18.9-226.0 mg/L) may have increased partitioning to the suspended solid phase in

comparison to February 1993 when suspended sediment concentrations were substantially lower

(0.9-7.3 mg/L). This is consistent with results of other studies which have reported greater

scavenging of PAHs by particulate at higher suspended sediment loads (Yunker et al., 1993;

Bouloubassi and Saliot, 1993). Secondly, the extent of PAH partitioning to the suspended solid

phase appeared to increase with increasing molecular weight for the majority of PAH congeners.

Similar studies have found that the dissolved phase composition of PAHs depends primarily on

PAH volubility (Yunker et al, 1991a; Yunker et al., 1991 b).
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10.3.2.4 Compan”sons of PM Concentrations to Guidelines and Criteria

PAHs measured in suspended sediments from the Fraser River were compared with BCMELP

recommended interim bed sediment criteria for the protection of aquatic life (Water Quality

Branch 1993 b), and concentrations in suspended sediments (expressed as pgiL) were compared

with BCMELP recommended interim freshwater water quality criteria for the protection of

aquatic life (Water Quality Branc~ 1993 b).

The only PAH measured on the Fraser River which exceeded BCMELP interim bed sediment

qualhy criteria was naphthalene. Refer to Table 45 for a comparison of naphthalene

concentrations (exceeding the provincial criterion) in Fraser River suspended sediments with bed

sediment and water quality criteria.

Table 45 Naphthalene Concentrations in Fraser R]ver Suspended Sediments Compared
to BCMELP Interim Sediment Quality and Freshwater Quality Criteria for the Protection
of Aquatic Life

Sampling Site Concentration in Suspended

Sediments

(ngig)

Date Concentration

Woodpecker Feb 93 11 E?!:*

Marguerite Feb 93 15 ##

Nov 94 16 *;*

Yale Feb 93 16 g.fj

Nov 94 14 #&

BCMELP

Criterion for

Bed

Sediments

(Ilglg)(’$)

10

10

10

Concentrations in BCMELP

Suspended Interim Fresh

Sediments Water Criterion

(expressed as (ng/L)o)

ng/L)P)

Date (n@)

Feb 93 0.080 1000

Feb 93 0.071 1000

Nov 94 0.073

Feb 93 0.034 1000

Nov 94 0.030

(1) Maximum values rcpoti

(2) Eased on sediment containing1%organiccarbon

(3) Conversion fromn~g to nglL.was achieved by using the site specific suspended sediment concentration

(4) Shaded values indicate eonecntrations sdjusted to the site specific organic carbon content

The 10 rig/g criterion for naphthalene was exceeded at Woodpecker in February 1993, at

Marguerite in February 1993 and November 1994, and at Yale in February 1993 and November

1994. However when measured concentrations were adjusted to the site specific organic carbon

content, none of these values exceeded the criterion. Moreover, when expressed as rig/L,

naphthalene did not exceeded the BCMELP interim fresh water criterion of 1000 rig/L. None of
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the PAHs measured in whole and clarified water samples from the Fraser River exceeded the

BCMELP interim freshwater criteria for the protection of aquatic life.
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11.0 POLYCHLORINATED BIPHENYLS

11.1 Intd.m.tmn
.

Polychlorinated biphenyls have been widely used in industrial applications because they are

thermally stable, resistant to both acid and base hydrolysis, generally inert, soluble in organic

solvents, possessive of excellent dielectric properties, resistant to oxidation and reduction and

nonflammable. They are also good lubricants and have high film strength (Gustafson, 1970; Safe

et al., 1982). In 1980, the use of PCBs was prohibited as a constituent of any product, machinery

or equipment manufactured in Canada (Environment Canad~ 1980). In Canad~ PCBS remain

only in old closed electrical equipment, such as transformers.

PCB congeners can be divided into two main classes: ortho-substituted coplanars and non ortho-

substituted coplanars. As studies have determined that non-ortho-substituted PCB coplanars are

more immunotoxic than the ortho-substituted forms (Silkworth and Grabstei~ 1982), these

congeners have become the focus of criteria development. Owing to their resistance to oxidation

and hydrolysis (Hutzinger et al., 1974), low vapour pressure and reduced levels of biodegradation,

PCBS are environmentally persistent compounds which bioaccumulate and bioconcentrate in

biological systems (Hanse~ 1976).

Individual PCBS vary widely in their physical and chemical properties according to the degree and

position of chlorination (USEP& 1979). Most PCBS are slightly soluble in water (2.7-15,000

pglL [USEP4 1979]), and their volubility decreases with increasing chlorine content. Evidence

suggests that solutions of PCBs in water are actually stable emulsions of PCB aggregations

(Schoor, 1975). As a consequence of their hydrophobic nature (KW = 3.6-8.26 ~ller et

al., 1985]), PCBS have a high affinity for suspended solids, especially those of high organic

carbon content (Hamelink et al., 1971).

PCBS have been found in final effluents of krafi pulp and paper mills (Merriman, 1988; Derksen,

unpublished data) and sewage treatment plant effluent (Derksen, unpublished data). PCBS have

also been found in suspended sediments in five northern Ontario rivers with concentrations

ranging between 0.23-1.57 rig/L (McCrea et al., 1984), More recently, PCBS were found in bed

sediments collected in 1994 from the Fraser River Basin (Sekel~ unpublished data), and in 1995

total PCB levels up to 100 rig/g were measured in a residential catch area in Vancouver, British

Columbia (K. Hall, Westwater Research Institute, personal communication).

Polychlorinated biphenyls (PCBS) were measured in suspended sediments from the Fraser River

in February 1993 and November 1994. No PCBS were measured in the Thompson River System.
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11.2.1 PCB Aroclors

Refer to Table 46 for a summary of PCB aroclors in suspended sediments collected from the

Fraser River in February 1993 and November 1994. Note that there was no data available for

Shelley in February 1993.

Table 46 Summary of PCB Aroclors Detected in Suspended Sediments from the Fraser
River (February 1993, November 1994)

Compounds February 1993 November 1994
(rig/g)

Woodpecker Yale Shelley Marguerite Yale
I

Aroclor 1242 4.6 0.70 ND(O.48) ND(O.82) ND(O.75)

Aroclor 1254 ND(l.5) ND(2.0) ND(l.2) ND(l.6) ND(2.0)

Aroclor 1260 ND(l.3) ND(2.2) ND(O.31) ND(l.4) ND(l.1)
i

ND= Not detected (detection limits in brackets)

Aroclor 1242 was the only aroclor measured above detection limits in Fraser River suspended

sediments. This contaminant mixture was detected only in February 1993 at Woodpecker and at

Yale.

11.2.2 PCB Congeners

Refer to Table 47 for a summary of PCB congeners measured above detection limits in Fraser

River suspended sediments in Februa~ 1993 and November 1994. Refer to Section 4.3.1 for a

complete list of all PCB congeners measured.

In February 1993, three PCB congener pairs (3 1/28, 70/76 and 90/101) were detected at

Woodpecker, with the highest concentration measured for congeners 3 1/28 at 0.90 rig/g. The

only PCB congener pair detected at Yale was 31/28 at 0.20 rig/g. In November 1994, nine

congeners were measured at Shelley, however their concentrations were only slightly above

detection limits (0.0 10-0.060 rig/g). At Marguerite, four congeners were detected with a

maximum concentration of 0.11 rig/g for congener 193, whereas at Yale five congeners were
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Table 47 PCB Congeners Detected in Suspended Sediments from the Fraser River
(February 1993, November 1994)

Congeners (n@g) February 1993

I I Woodpecker Yale

I 3 1/28 I 0.90 I 0.20

I 22 I ND(O.5) I ND(o.1)

I 52 I ND(0,06) I ND(O.06)

I 49 I ND(O.06) I ND(O.06)

I 44 I ~(0.07) I ND(O.Og)

70/76 0.070 ND(O.07)

66 ND(O.05) ND(O.05)

90/101 0.040 ND(O.2)

149 ND(O.07) ND(O.09)

153 ND(O.04) ND(O.05)

138/163/164 ND(O.05) ND(O.07)

180 ND(O.06) ND(o.1)

193 ND(O.07) ND(o.1)

November 1994

Shelley Marguerite Yale I

ND(O.03) I 0.080 I ND(o.11) I

ND(O.03) I 0.070 I ND(o.11) I

0.040 I 0.040 I ND(O.07) I

0.010 ND(O.04) ND(O.07)

0.010 ND(O.04) ND(O.08)

0.030 I ND(O.04) I ND(O.08) I
0.010 I ND(O.03) I ND(O.05) j

ND(O.04) I ND(O.07) I ND(O.09) I

ND(o.ol) I ND(O.06) I 0.16 I
0.010 I ND(O.06) I 0.10 I
0.030 I ND(O.07) I 0.21 I

0.040 I ND(O.08) I 0.16 I

0.060 0.11 I 0.16
I

ND= Not detected (detection lixnitain brackets)

detected with a maximum concentration of 0.21 rig/g for congeners 138/163/164.

11.2.3 PCB Coplanars

Refer to Table 48 for a summary of PCB coplanar concentrations in suspended sediments

collected from the Fraser River in February 1993 and November 1994. Note that there is no data

from Shelley for Februaxy 1993.

In Februaxy 1993, all three PCB coplanars measured ( # 77, # 126, and # 169) were each

detected at a concentration of 11 pg/g at Woodpecker. No PCB coplanars were detected in

suspended sediments from Yale in Februa~ 1993 or from Shelley, Marguerite or Yale in



111

November 1994.

Table 48 Summary of PCB Coplanars Detected in Suspended Sediments from the Fraser
River (February 1993, November 1994)

Compounds (pg/g) February 1993 November 1994

I I Woodpecker Yale I Shelley Marguerite Yale I

I #77 3,3’4,4’TCB I 11 I ND(3.2) I ND(O.7) I ND(3.4) I ND(2.4) I

I # 1263,3’,4,4’,5 PCB I 11 I ND(5.0) I ND(O.3) I ND(O.8) I ND(O.7) I

#169 3,3’,4,4’,5,5’ HCB 11 ND(3.4) ND(O.5) ND(l.7) ND(l.4)

ND= Not detected (detection limits in brackets)

Although low levels of aroclor 1242, coplanars #77, #126, and #169 and various congeners were

detected at the four Fraser River sites, these were ofien near detection limits. Furthermore, PCB

concentrations measured downstream of pulp and paper mills generally did not differ from those

at the reference site, Shelley. One possible source of PCBS detected in suspended sediments is

sewage treatment plant effluent. In a recent study conducted by Derksen (unpublished data),

many of the same PCBS were found in biosolids recovered from the Prince George sewage

treatment plant final effluent. Other potential sources of the PCBS measured in Fraser River

suspended sediment may include landfill leachate (Hammond, 1972), transformer stations and

long range aerial deposition (CCREM, 1987).

11.3.1 Comparisons of PCB Concentrations to Guidelines and Criteria

Total PCBS in suspended sediments did not exceed the BCMELP bed sediment criterion of 20

rig/g (BCMELP, 1994a). Similarly, none of the non ortho-substituted PCB coplanars or total

PCBS (converted to rig/L) exceeded BCMELP freshwater criteria (BCMELP, 1994a). Lastly,

total PCBS (converted to rig/L) did not exceed the CCREM water quality guideline of 1.0 rig/L

(CCRE~ 1987).
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12.0 PESTICIDES

Pesticides vary widely in their physical and chemical properties according to the chemical family

to which they belong. Organochlorine pesticides are, environmentally, the most important group

of synthetic organic pesticides because of their great stability, hydrophobicity and toxicity

(McNeely et al., 1979). Hexachlorocyclohexane, containing a mixture of eight isomers, is an

organochlorine pesticide which, historically, has been widely used in Canada (CCRE~ 1987).
Although the y- isomer (lindane) has the highest insecticidal activity, the a-isomer is the most

prevalent in surface waters of western Canada (Inland Waters Directorate, 1986). Alpha-

hexachlorocyclohexane was detected close to the CCME maximum in river water in northern

Quebec (Hudson and Ungava Bay drainage) (Lockhart et al., 1992). Hexachlorobenzene, an

organochlorine fbngicide, has been found in particulate material from the Mackenzie River,

Northwest Territories (Lockhart et al., 1992), in water samples from the Waterton River, Alberta,

and in precipitation samples collected from Yoho National Park, British Columbia (Donald et al.,

1993).

Various types of pesticides, including insecticides, herbicides and fungicides are presently

employed in agriculture in the Fraser River Basin. Pesticides can enter the aquatic environment

in a number of ways: surface runoff, percolation and subsurface runoff from treated lands, careless

applicatio~ sewage discharge and industrial effluents (McNeely et al., 1979). Moreover,

pesticides are subject to atmospheric transport and redeposition (Lockhart et al., 1992).

12.2 Results

Pesticides were measured in suspended sediments from the Fraser River in November 1994. Only

hexachlorobenzene and ct-hexachlorocyclohexane were found above detection limits in suspended

sediment samples. Refer to Table 49 for the concentrations of these pesticides in Fraser River

suspended sediments and to Section 4.3.1 for a complete list of all pesticides analysed.

Concentrations of hexachlorobenzene and a- hexachlorocyclohexane were from three to four

times higher at Marguerite and Yale than at Shelley.
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Table 49 Summary of Pesticide Concentrations in Suspended Sediments from the Fraser
River (November 1994)

I Compounds (rig/g) I Shelley I Marguerite I Yale I

I Hexachloroberuene I 0.080 I 0.30 I 0.21 I

I a-Hexachlorocyclohexane 0.040 0.13 0.17
I

Only two pesticides, the fimgicide hexachlorobenzene and the insecticide a- hexachloro-

cyclohexane were detected in Fraser River suspended sediments. Although Iindane (the y-isomer

of hexachlorocyclohexa.ne) is still registered for use in Canada, hexachlorobenzene has been

discontinued from use since 1976 (Sue Garnet, Agriculture Canada, personal communication).

The presence of low levels of both of these pesticides at all Fraser River sites is indicative of their

wide distribution and high persistence. Since pesticide use has historically not been heavily

employed in the Fraser River region upstream of Prince George (Schreier, 1991), the presence of

these pesticides at the reference site, Shelley, suggests that aerial deposition (Lockhart el al.,

1992) may bean important mechanism for their distribution in the Fraser River Basin.

12.3.1 Comparisons of Pesticide Concentrations to Guidelines and Criteria

Concentrations of hexachloroberuene and hexachlorocyclohexane in suspended sediments were

well below BCMELP (1994a) and OMEE (Persaud et al., 1991) bed sediment quality criteria and

guidelines for the protection of aquatic life. Concentrations of these pesticides (expressed as

rig/L) were similarly below both CCREM (1987) and USEPA (1990) water quality guidelines for

the protection of aquatic life.
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13.0 FATTY ACIDS

Fatty acids are composed of both hydrophilic and hydrophobic groups. They are poorly soluble in

aqueous solutions and are known to associate with suspended solids in water (TECW, 1987).

Because of their dual hydrophilic and hydrophobic nature, fatty acids tend to concentrate at the

interfaces ofaqueous mixtures (CCRE~ 1987).

Natural sources of fatty acids have been identified as breakdown products of vegetation and wood

fibre in lakes and rivers (Fo% 1977). Fatty acids of anthropogenic origin have been reported in

untreated whole mill effluent in total concentrations ranging from 20 @L (sublethal) to 22,000

@L (above acutely lethal levels) (McLeay and Associates, 1987). However there is evidence

that well-operated secondary wastewater treatment plants readily degrade fatty acids.

Degradation of over 99% of fatty acids present in raw kraft mill effluent has been reported by

Beak (1987) at an Ontario mill with an aerated lagoon. Although not as toxic as resin acids,

sodium salts of unsaturated fatty acids have been shown to contribute up to 20’% of the toxicity of

the whitewater from Ic& pulping (Leach and Thakore, 1973).

132 Thompwnlimr sYstm
.

13.2.1 Results

13.2.1.1 Mole Water

Refer to Table 50 for a summary of fatty acid concentrations measured in whole water samples

collected from the Thompson River System. The majority of fatty acids analysed were detected at

the reference site, McLure. Total fatty acids were 85’%0higher in Februa~ 1993 versus October

1992 at this site. Due to high detection limits, all fatty acids measured were below detection in

November 1993. At Savon~ total fatty acid concentrations were 3.4 times greater in February

1993 than October 1992. In October 1992, total fatty acid concentrations at Savona (1486 rig/L)

were similar to those measured at McLure (1594 rig/L), whereas in February 1993 total fatty

acids were 710/0 higher at Savona than at McLure.
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TableSO Surmnarvof FattvAcidsDetectedinWholeWaterfromthe ThompsonRmr Swtem
( October 1992,February1993,November1993)

SamplingLocation:

Sampling Date:

Fatty Acids (n@L)

Capric

Launc

Myristic

Palm-tic

Linolenic

tinoleic/Oleic

Stearic

Arachidic

Behenic

Lignoceric

TotalFattyAcids

McLure

Oct. 1992 Feb. 1993 Nov.1993

N)(150)

{220}

200

240

N)(120)

N)(looo)

100

NJ(12)

W(5)

190

1594

IQ(31 o)

220

460

1000

140

180

{720)

hD(24)

13

55

2955

N)(160)

N)(230)

N)(340)

m(z?oo)

fm(200)

FJ3(1OO)

m(1300)

N)(16)

IQ(37)

rq44)

2314

Savona

Oct. 1992 Feb. 1993 Nov.1993

m(150) FJ3(31O)

{250} 360

200 680

230 1500

F13(120) 540

m(looo) 210

71 {1300}

M3(12) 34

64 28

m(20) 270

1486 5047

IQ(160)

ND(21O)

IV3(240)

m(1200)

N)(180)

ND(250)

m(730)

N)(Xl)

h#3(22)

~(42)

1527

ND denotes bdow the indicated detection limit (shown in brackets) when bofh tie/d rep/icetes and
samples were below detection
{ J cmcentration value equal to or below that of Iaboratoty ancfbr field blank

Data have bean blank corrected
Note: all results pesentad area mean of t7e/d replicates and sampfes - one half the detection limit
was used when only one of the samples was Mow thedetectionlimit

- all mews romded to two sig)itlcmt tig.res

13.2.2 Discussion

13.2.2.1 Whole Water

The presence of relatively high levels of fatty acids at the reference site, McLure, reflects the

natural occurrence of these compounds in river water. Furthermore, the increase in total fatty

acid concentration in February 1993 versus October 1992 at both McLure and Savona indicates

that a natural fluctuation in fatty acid levels may occur between fall and winter. In the case of
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Savon~ the higher total fatty acid concentration measured in the winter versus the fall maybe

related to an increase in algal biomass. Winter limnological conditions at Kamloops Lake, which

are conducive to an increase in nutrient concentration downstream of the lake at Savona (St. John

et al, 1976), have been shown to be associated with an increase in periphytic diatom growth

(Nordm and Holmes, 1992). Diatomic algae have been demonstrated to contain high levels of

Cl,, CIG,and CM fatty acids relative to other fatty acids (Werner, 1977). These fatty acids

(myristic, pahnitic and arachidic) comprised 44% of total fatty acids in suspended sediments from

Savona collected in February 1993, whereas in October 1992 they comprised only 29% of the

total. A similar change in the fatty acid ratio between fall and winter was observed at McLure.

Whereas Cl,, Clc, and Cm fatty acids comprised 49% of total fatty acids in Februa~ 1993, they

comprised only 29°/0 of the total in October 1992. No comparisons could be made with

November 1993 data due to high detection limits.

Conversely, it is possible that the 340% increase in total fatty acid concentration measured at

Savona in February 1993, relative to October 1992, maybe pulp mill related. Reduced mixing in

~ Karnloops Lake during winter Iimnological conditions (Bothwell et al., 1992) may account for the

higher fatty acid levels observed at this time of the year compared to the fall, when pulp mill

effluent is more extensively diluted. However, since there are numerous natural fatty acid sources

and since these compounds have not been investigated in effluent from the Weyerhaeuser mill, it is

difllcult to accurately evaluate the source of fatty acids found in the receiving environment

downstream of the pulp mill.

13.2.2.2 Compm”sons of Fatty Acid Concentrations to Guidelines and Cn”ten”a

No guidelines or criteria presently exist for fatty acids concentrations. However, total fatty acid

concentrations (based on linolenic and linoleic/oleic acids) measured in whole water from the

Thompson River were approximately 29 to 93 times lower than the sublethal concentration (20

I@-) ~d approximately 29,000 to 93,000 times lower than the lethal concentration (22,000

I.@) for rainbow trout as reported by McLeay and Associates (1987).

13.3 FW River
.

13.3.1 Results

13.3.1.1 Suspended Sediments

Fatty acids were measured in suspended sediments at Shelley, Marguerite and Yale in November

1994. Refer to Table51 for a summary of these results. All fatty acids measured were clearly

higher in concentration at both Marguerite and Yale relative to Shelley. Accordingly, the total
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Table 51 Summary of Fatty Acids Detected in Suspended

River (November 1994)

Sediments from the Fraser

Sampling Location Shelley Marguerite Yale

Fatty Acid (n#g)

Capric 570 4,900 2,900

Laurie 1,300 5,000 3,900

Myristic 17,000 33,000 44,000

Pahnitic 37,000 140,000 100,000

Linolenic 3,900 8,500 11,000

Llnoleic 3,500 11,000 5,100

Oleic 9,600 46,000 27,000

Stearic 4,400 33,000 23,000

Arachidic 740 2,600 1,400

%ehenic 530 3,200 1,000

Lignoceric 70 460 110

Total Fatty Acids 78,610 288,660 219.410

Note: all results presented are a mean oljleldsplits andsamp[es - one ha/fthe detection limit was used when only one

of the samples was below the detection limit

All means rounded to two sign@cantJgures

fatty acid concentration measured at Marguerite and Yale were 3.7 times and 2.8 times greater,

respectively, than that measured at Shelley. Palmitic acid was the most abundant fatty acid

measured in suspended sediment from the Fraser River, comprising approximately 50°/0 of the

total fatty acid concentration.

13.3.1.2 Whole Water

Refer to Table 52 for a summary of fatty acids measured in whole water samples from the Fraser

River for October 1992, February 1993 and November 1993. All fatty acids, with the exception

of linoleic/oleic acids, were detected at most sampling sites including Shelley. However, with
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Fatty Adds (n@L)

Cqlric

Ialsic

Mfl’ktic

Pdtic

Linolenic

ti~waeic

*IC

Arachidc

Bahanic

Ligloceric

shaky

M 1992 Feb.1993 Nov.1993

N3(150) rwt@5)

{190) MI(47)

ml tq51)

310 rq73)

N)(lXl) fQ@7)

N)(looo) rm@6)

160 rw@2)

tq12) K)(6.7)

64 Q.Q

160 7.4

N)(160)

100

N)(130)

460

rqllo)

N)(llo)

470

rQ(12)

39

70

wooc@cksr

W 1992 Feb.1993 Nw. 1993

N3(150) NI(44)

{m PI)(24)

130 N)(z)

240 N)(38)

t’Q(120) 16

FD(looo) N)(30)

91 tO(16)

33 22

460 470

7&l 1200

Ml(m)

150

N)(130)

NI(320)

N3(11O)

rqloo)

hD(270)

B

260

290

kwm

OX 1992 Feb.1993 MJV.1993

N3(150) rq44)

{llq Ml(24)

170 Kl@6)

260 NJ(73)

N)(12U) h0@4)

rqlooo) Ml@O)

65 t’43@2)

36 10

490 230

660 610

N)(m)

N)(90)

F0(130)

tq320)

N3(llo)

Nl(loo)

N)(270)

37

370

360

MYdenotes below the indcatad cktactim Iim”t(shown inbackets) W4?SVIboth fiatdreplicates d sanpies w below&tactim
{} ca)cer#ratiw Wua ILK@ to or batow that o$labofduy andw Mdblti

Mta hew bean H& cwrected

YA13

M 1992 Feb.1993 W. 1993

IU3(150) 150 ~mo)

pltq w@o) N)(w))

340 {16q NI(130)

420 {41q N)(320)

t’q120) NI(130) N)(llo)

M3(looo) Kl(llo) N)(loo)

110 {13q tQ(270)

41 21 14

370 240 130

870 710 170

Ikte: all rawlts ps~ed mw8 mea d field rqiicdas & smptes - ma hdf the detacticmIinsl was usad whenody oneC#the smrples was Mow thedetectkmlinn”t
- ail n?ems IuUICkdto twu siglitTcad figm?s
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the exception of arachidic (l 0-41n~),b ehenic( 2.6-49 On~)andli gnoceric(7 .4-l2OOn~)

acids, the behaviour of the majority of the fatty acids was difficult to interpret due to high

detection limits. Nevertheless, arachidic, behenic and Iignoceric acids accounted for the majority

of the total fatty acid concentration downstream of Shelley. These three fatty acids were higher in

concentration at all three downstream sites relative to Shelley for all three dates sampled. Refer

to Figure 15 for the concentration of Iignoceric acid in Fraser River Basin whole water samples

for October 1992, February 1993 and November 1993. Note that this fatty acid was detected in

considerably lower concentrations in the Thompson River in comparison to the Fraser River.

13.3.2 Discussion

13.3.2.1 Suspended Sediments

Although all fatty acids measured were present at the reference site, the total fatty acid

concentration at Yale and Marguerite was three to four times greater, respectively, than at

SheHey. In spite of the fact that all Fraser River pulp mills employ secondary treatment, the data

suggest that pulp mill effluent inputs from Prince George, Quesnel and Kamloops may be

contributing to elevating the levels of these compounds in suspended sediments downstream of

the mills. Several fatty acids detected in suspended sediments from the three sites have been

shown to be major components (>100 pg/L) ofkraft pulp mill eflluent (Fox, 1977). These include

myristic, palmitic, stearic, arachidic, behenic, lignoceric, oleic and linoleic acids. It is interesting

to note that although total fatty acids were higher at both Marguerite and Yale than at Shelley,

individual fatty acids did not differ in their relative proportions of the total fatty acid concentration

at each of the three sites (Figure 16).

13.3.2.2 Whole Water

Although all fatty acids measured in suspended sediments showed an increase in concentration

downstream of pulp mills relative to upstream, due to higher detection limits in whole water

samples, only three fatty acids showed this pattern in whole water samples. Arachidic (CJ,

behenic(CJ and lignoceric (CJ acids were the only fatty acids which were clearly higher in

concentration at Woodpecker, Marguerite and Yale, relative to Shelley. All three fatty acids have

been found to be major components ofkrafi pulp mill eflluent (Fox, 1977). The behaviour of the

remainder of the fatty acids was difficult to interpret due to high detection limits. We would

therefore recommend that a much larger sample size be taken in order to obtain lower detection

limits.
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Figure 16 Fatty Acid Profile of
Fraser River Suspended Sediment

(November 1994)
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13.3.2.3 Comparisons of Fatty Acid Concentrations to Guidelines and Criteria

No guidelines or criteria presently exist for fatty acids concentrations. Total fatty acid

concentrations (based on linolenic and linoleicloleic acids) from the Fraser River were

approximately 36 to 360 times less than sublethal concentrations (20 pg/L) and 39,000 to

700,000 times less than the lethal concentration (22,000 pg/L) for rainbow trout as reported by

McLeay and Associates (1987).



L-

123

14.0 RESIN ACIDS

14.1 Introduction
.

Resin acids are unsaturated, tricyclic monocarboxylic acids. They are normally insoluble in water

but are soluble in various organic solvents and in dilute sodium hydroxide through the formation

of sodium salts (Windholtz et al., 1983). Resin acids are present in oleoresi~ a composition of

hydrophobic material from conifers (Swq 1973), and in tall oil, a resin containing by-product of

the kraft pulping process (Rogers and Harris, 1970). While resin acids represent only a few per

cent of the weight of the wood (Enos et al., 1970), the quantities which can be released into the

environment through pulp mill effluents may reach toxic levels (Davis and Hoos, 1975). Even

when diluted by receiving waters, concentrations of these compounds may still be sufficient

enough to exert chroriic effects on the aquatic community (Browrdee et al., 1977). With the

exception of dehydroabietic acid, resin acids are all bioaccumulated and their toxicity increases

with decreasing pH (Dwernychuk, 1994).

Numerous resin acids have been identified in mechanical pulping effluents, unbleached white

water, woodroom wastes, bleached kraft whole mill effluents, sulphite effluents and paper mill

effluents (Hemmigway and Greaves, 1973; Leach and Thakore, 1976). Resin acid concentrations

entering a receiving water will depend upon the wood fin-nish in the mill, the age of chips used,

the mill process and the extent of biological treatment prior to effluent discharge (Swanson,

1992). Although biological treatment of pulp mill effluent has been shown to reduce resin acid

levels by up to 96’XO(Bea~ 1987), resin acids have been detected in the final effluent of pulp

and/or paper mills located on the Fraser River (IRC, 1994). In the receiving environment,

Dwemychuk (1990) found resin acid levels exceeding the recommended surface water guidelines

in Fraser River water samples collected from the Prince George region; samples from the Quesnel

region, however, were within the recommended guidelines.

J4,2 Thomson Rwer Svst~
.

14.2.1 Results

14.2.1.1 W%ole Water

Refer to Table 53 for a summary of resin acids measured in whole water from the Thompson

River System. High detection limits for samples collected in October 1992 and November 1993

restricted comparisons to samples taken horn McLure and Savona in February 1993. Although

pimaric (12 rig/L), sandaracopimaric (2.0 rig/L), isopimaric (20 rig/L), dehydroabietic (46 rig/L)

and abietic (12 rig/L) acids were detected at Savona in concentrations slightly higher than at
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Table53 SwnmaryafRWn kidaDetected inVVhdeWaterfmmthaThompsmIWrerSystem
( October19Q Fekary19Q Nmember1993)
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FWJnAcida(@L)
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Iaopknanc

Palmtic

Detrydmisopirmric

Dehydmabiefc

Abielic

Neoabietc

lX14CHcmdetr@roabietic

1214 DicHmdeh@oab@fc

Ott 19U Feb.1983 Nov.1$3%

ND(17)

ND(l(i

ND(2Cl

ND(=
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{e
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ND(1Q
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ND(12
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ND(24
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ND(l.1)
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NDR.ZI

ND(fLl)

ND(U

ND(W)

ND(15Q

ND(V)

ND(3.4

ND(U)

ND(2El

Savona

Ott 1992 Feb.1933 Nov.1$333

ND(Z3 12 ND(44

ND(21CI 20 ND(44

ND(1Q 20 ND(W)

ND(22 ND(&ll ND(Ofll

ND(24 ND(4.8) ND(7S)

ND(1Q {6 ND(l!XJ

ND(54j 12 ND(Z)

ND(lQ ND(24 ND(U)

ND(6.4 ND(24) ND(31)

ND(9.4 ND(41) ND(33
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Me: d/n3sMspr3se#adae amemcftidtfrqlicdesmdsim@s - mehdftlw cbtacficmlimit w
usWdMh!mdyule(f thes&r@as WsbakWvthed?tecfial //Wt
-dlnEmS ~totuosi~cmt figmls



125

McLure, there appears to be very little difference in resin acid concentrations between the two

sites.

14.2.2 Discussion

14.2.2.1 U%ole Water

Since concentrations of resin acids measured at Savona were similar to those measured at

McLure, it is unlikely that industrial sources are major contributors to resin acids in the

Thompson River between Kamloops and Savona.

14.2.2.2 Comparison of Resin Acid Concentrations to Guidelines and Cm”teria

Resin acid concentrations in whole water samples from the Thompson River System were

compared to BCMELP working criteria for resin acids for the protection of aquatic life

(BCMELP, 1994a). Both dehydroabietic acid and total resin acids were well below the BCMELP

working criteria for resin acids in water. No resin acid guidelines or criteria presently exist for

resin acids in freshwater sediments.

14.3 Fraser Rwe.r
.

14.3.1 Results

14.3. X.1 Suspended Sediments

Resin acids were measured in suspended sediments at Shelley, Marguerite and Yale in November

1994. Refer to Table 54 for a summary of these results. Resin acid concentrations in suspended

sediment samples from Marguerite and Yale were clearly higher than those measured at Shelley.

Relative to Shelley, total resin acids were approximately 124 times greater at Marguerite and

approximately 64 times greater at Yale. Moreover, the total resin acid concentration measured at

Marguerite was almost double of that measured at Yale. Two resin acids, dehydroabietic and

abietic acids, comprised between 61 -72°/0 of total resin acids measured at all three sites.
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Table 54 Summary of Resin Acids Detected in Suspended Sediments from the Fraser
River (November 1994)

I Sampling Location Shelley Marguerite Yale

Resin Acid (rig/g)

Pimafic 24 18,000 9,300

Sandaracopimaric 40 2,400 1,500

lsopimaric 140 15,000 7,700

I Palustric I 17 I 61 I 40 I

Dehydroisopimaric ND(2.1) 1,700 770 I
Dehydroabietic 420 31,000 15,000

I Abietic I 170 I 32,000 I 17,000 I

Neoabietic 2.5 76 33

I 12/14 Chlorodehydroabietic
!

ND(l.7) 900 550
I I

12,14 Dichlorodehydroabietic ND(l.4) 340 190

Total Resin Acids 816 101,477 52,083

Note: all Msults presented area mean ofjleld splits and samples - one ha~the detection limit was used when on~ one

of the samples was below the detection limit

ND= Notdetected(detectionlimit in brackets)

For values below detection limiti, one haJfthe spect~ed detection limit was used in summing total resin acids

All means rwunded to two signljlcantflgures

14.3.1.2 Jl?401e Water

Refer to Table 55 for a summary of resin acid concentrations measured in Fraser River whole

water in October 1992, February 1993 and November 1993. With the exception of palustric ( 19

rig/L) and dehydroabietic acids (4.0-510 rig/L), resin acids were found in concentrations below

detection limits or blank values at the reference site, Shelley. Resin acid levels were generally

observed to be higher at all downstream sites for all three sampling dates. Moreover, resin acids

were generally higher in concentration in October 1992 and February 1993 relative to November

1993. Refer to Figure 17 for the concentration of abietic acid in whole water from the Fraser



Table 55 Summary of Resin Acids Detected in Whole Water from the Fraser River. (October 1993 February 1993, November 1993)

Sar@ing Location:

San@ing Date:

Resin kids (rig/L)

Pimaric

Sandaracopimaric

Isopimaric

Palustric

Dehydroisopimaric

Dehydroabietic

P.bietic

Neoabietic

12/14 Chlorodehydroabietic

12,14 Dichlorodehydroabieti

Shelley

)ct. 1992 Feb. 1993 Nov. 1993

ND(7.6)

ND(7.1)

ND(l I)

ND(15)

ND(23)

510

ND(32)

ND(4,1)

ND(5.2)

ND(2.4)

ND(2.1)

ND(4.0)

19

ND(3.7)

4.0

ND(16)

ND(2,6)

ND(l.7)

ND(l.1)

ND(O.6)

{12}

ND(7.0)

ND(1.6)

ND( 160)

ND(3.5)

ND(O.5)

ND(O.6)

ND(6.4) ND(1.7) ND(1.3)

Woodpecker

)ct. 1992 Feb. 1993 Nov. 199:

150 260

24 31

170 200

ND(41) 55

ND(20) 6.7

390 310

120 390

ND(4,6) 21

31 46

ND(4,7) 8.0

26

3.5

50

15

ND(1.3)

{160}

71

2,5

2.7

ND(O.5)

tv!arguerite

)ct. 1992 Feb. 1993 Nov. 199:

170 160 39

21 17 5.0

180 130 72

ND(32) 27 {13}

ND(20) 5,7 ND(2.5)

470 ND(230) 180

190 240 90

ND(4.9) 4.0 1.2

27 20 1.6

ND(7.5) 4.4 ND(0,4)

Yale

)ct, 1992 Feb. 1993 Nov. 199:

92

ND(35)

90

ND(47)

ND(M)

290

69

ND(24)

ND(12)

ND(16)

24 15

4.4 2.3

30 34

ND(3) ND(7.0)

3.5 ND(I .5)

{53} ND(160)

38 39

ND(O.8) 0.80

10 1,8

3.0 ND(O.3)., .,

ND denotes below the indicated detection Iirnit (show in brackets) when both field replicates and samples were below detection

{ } concentration value equal to or below that of laboratory anoYor field blank

- all results presented are a mean of field replicates and samples - one half the detection limit MS used when only one of the samples was below the detection limit

- all m cans rounded to two significant figures

]~7





River Basin, Whereas abietic acid was only slightly above the detection limit at Savona ( 12 n#L),

considerably higher concentrations were measured at Woodpecker (390 rig/L) and Marguerite

(240 rig/L) in February 1993, Similarly, the large majority of resin acids were notably higher in the

Fraser River in comparison to the Thompson River System.

14.3.2 Discussion

14.3.2.1 Suspended Sedin~ents

Resin acid concentrations in suspended sediments collected in November 1994 were clearly higher

at Marguerite and Yale relative to Shelley. As with fatty acids measured in suspended sediments,

resin acid concentrations in samples from Marguerite were the highest of all Fraser River sites.

Furthermore, dehydroabietic and abietic acids, which were found to comprise >60°/0 of total resin

acids, were detected at Marguerite in concentrations of 74 and 188 times higher than the

reference site, Shelley (Figure 18). Similar findings were reported in a study conducted by

Brownlee et al. (1977) in which dehydroabietic acid measured in sutilcial sediments from Lake

Superior was found at concentrations up to 67 times greater downstream of a krafl pulp and

paper mill relative to upstream sites. Both abietic acid and isopimaric acid (an isomer of pimaric

acid) were identified in kraft pulp mill effluents discharged into Lake Superior (Brownlee and

Strachan, 1977; Fox, 1977). Lastly, the fact that the two chlorinated resin acids ( 12/14 chloro-

dehydroabietic and 12,14 dichlorodehydroabietic) were only detected at sites downstream of pulp

mills (Woodpecker and Yale) is indicative of their association with industrial sources.

14.3.2.2 Whole Water

With the exception of dehydroabietic acid, resin acid concentrations were higher downstream of

the Fraser River pulp mills than at Shelley. Similar findings have been reported by Dwernychuk

(1990) who found that resin acids measured in whole water were elevated downstream of the

Prince George and Quesnel pulp mills. Although the highest concentrations at Woodpecker were

generally measured during the winter low flow period (February 1993), this was not observed at

either Marguerite or Yale. Moreover, during the winter low flow period, resin acid

concentrations decreased from Woodpecker to Yale. This would indicate that the Prince George

pulp mills may be contributing the largest portion of resin acids to the upper Fraser River.

The greater prominence of resin acids in the Fraser River receiving environment relative to that of

the Thompson River may be reflective of differences in pulp mill resin acid outputs or alternatively

it may be indicative of differences in natural resin acid sources between the two riverine systems.
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As with fatty acids, analytical detection of resin acids was superior in suspended sediment samples

in comparison to that of whole water samples. Research shows that resin acids are nearly

insoluble in water (Winholtz et al., 1983) and are therefore expected to travel with particles or

organic matter (Taylor and Yeager, 1987). As such, suspended sediments maybe the preferred
medium for the detection of resin acids in the water column.

14.3.2.3 Comparison of Resin Acid Concentrations to Guidelines and Criteria

Resin acid concentrations in whole water samples from the Fraser River were compared to

BCMELP working criteria for resin acids for the protection of aquatic life (BCMELP, 1994a).

Both dehydroabietic acid and total resin acids were well below the BCMELP working criteria for

resin acids in fresh water. No resin acid guidelines or criteria presently exist for resin acids in

freshwater sediments.
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15.0 TOTAL TRACE METALS

Trace metal concentrations in river water are an important indicator of water quality due to their

potential toxicity to aquatic life. Some trace metals such as iron are required elements of

freshwater biota, while others such as mercury, arsenic and lead can be toxic to freshwater

organisms. Metal toxicity has been shown to be affected by a number of variables, including

temperature, oxygen levels, pH (Foulkes 1990), water hardness and the presence or absence of

other metal ions (Enserink et al., 1991). Heavy metals such as lead, mercury and cadmium have

been shown to readily accumulate in the food chain with resultant harrnfhl effects in the

uppermost trophic levels (Watras and Bloom, 1982).

Most metals found in surface waters are derived from natural weathering of metal-bearing soils

and rocks, whereas anthropogenic sources include metal plating plants, sewage treatment plants

and atmospheric deposition (Shaw and E1-Shaarawi, 1995). Mining may also contribute trace

metals to receiving waters in the Fraser River Basin. As of 1991, there were six active metal

mines in the basin extracting copper, molybdenum, silver and gold (Schreier et al, 1991).

Although most mines have self-contained water treatment systems, acid mine drainage from

tailings and waste rock from abandoned mines still remains a concern. For example, the Giant

Mascot Nickel mine near Hope, although no longer in operation for more than 20 years, was still

still releasing acid mine drainage, likely rich in nickel and copper, as recently as 1991 (Schreier et

al., 199 1). There is also concern over mercury contamination from the abandoned Pinchi Lake

mine in the Stuart River area, where mercury-rich tailings were deposited in Pinchi Lake during

the 1930s and 1940s. Moreover, the disturbance and release of mercury sediments in historic

placer mining could potentially have an impact in some selected locations where old claims are

reworked. There are currently several large placer mining sites and over 200 smaller ones in

operation in the Cariboo and upper Bridge areas of the Fraser River Basin (Schreier et al., 1991).

. ls.2 ThOWon R Ver systemi

15.2.1 Results

All trace metal and nutrient data are presented in summarized form. Refer to Appendix V for

complete data results and to Appendix 111 for a detailed description of the statistical analyses

performed on the data.

Refer to Table 56 for a summary of total trace metal concentrations in whole water samples from

the Thompson River System. Table 57 presents a summary of significant t-test results (P < 0,05)

for spatial comparisons of total trace metals. In October 1992, the aluminum, cobalt, iron, lithium,
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Table 56 Summary of Total Trace Metal Concentrations in Whole Water
from the Thompson River System ( October 1992, February 1993 )

iampling Location: McLure Savona

iamplina Date: Oct. 92 Feb. 93 Oct. 92 Feb. 93

fletals (ug/L)

tluminium 140 29 67 19

Barium 7.8 8.7 9.3 9.4

leryllium <().(350 <0.050 <().()50 <0.050

Cadmium 0,057 <0.050 <0.050 <().050

>hromium <().20 {0.24} <0.20 <0.20

Cobalt 0.16 0.13 0.073 0.12

Copper {0.82} {0.24} {0.82} 0.21

Iron 280 110 100 51

Lithium 0.82 <().10 0.56 <0.10

Lead <(J.1O 1.5 <0.10 1.2

Aanfjanese 5.5 6.4 3.1 5.6

Molybdenum 0.51 1.1 0.54 0.92

Jickei 0.64 0.60 {0.21} 0.58

;trontium 81 90 79 84

/anadium 0.37 0.31 0.29 0.29

!inc {0.26} 1.8 0.88 2.1

Irsenic 0.068 0.10 0.13 0.14

)elenium <0.050” <().050 <0.050 <0.050

Aercury 0.011 {0.010} <0.010 <().01()

( } denotes concentration va/ues equal to or below that of the /aboratory
and/or field blanks
all results presented are a mean of fie/d replicates - when samples
were below detection limits, these were used in calculation of the means

- all means rounded to two significant figures
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Table 57 Summary of Significant t-test Results for Spatial Comparisons of Total Trace
Metals in Whole Water from the Thompson River System

Date Sites Compared Parameter t* d.f. P

October 1992 McLure vs. Savona Aluminum 9.713 2.6 0.004

Barium -6.784 2.7 0.009

Cobalt 6.859 3.4 0.004

Iron 25.182 2.4 0.001

Lithium 12.775 2.7 0.000

Manganese 22.112 3.3 0.000

Molybdenum -1.315 3.9 0.035

I I Nickel I 5.021 I 2.1 I 0.035

I I Vanadium I 7.778 I 2.6 I 0.008

I I Arsenic -10.298 3.9 I 0.001

February 1993 McLure vs. Savona I Aluminum I 3.721 I 2.9 I 0.035

I Arsenic I -4.243 I 2.6 I 0.033

* A ~o~itive t value si@1e5 thathe p~~eta issi~lcantly hi@er at the frostsite indicated, where~ a negative value

indicates that the parameter is signitlcantly higher at the second site indicated.

manganese, nickel and vanadium were significantly were significantly higher at Savona than at

McLure. In February 1993, arsenic concentrations were significantly higher at Savona versus

McLure, whereas aluminum was significantly higher at McLure than at Savona.

Refer to Table 58 for a summary of significant t-test results (P < 0.05) for temporal comparisons

of total trace metals measured in whole water. Aluminum, copper, and iron were significantly

higher in October 1992 versus Februa~ 1993 at both McLure and Savona, whereas the rest of the

metals in Table 58 were significantly higher in February 1993 than in October 1992 at both sites

sampled.

15.2.2 Discussion

The significantly higher (P < 0.05) concentrations of aluminum, cobalt, iron, lithium, manganese,
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Table 58 Summary of Significant t-test Results for Temporal Comparisons of Total Trace
Metals in Whole Water from the Thompson River System

Site Dates Compared Parameter t* d.f. p

McLure October 1992 vs February 1993 Aluminum 15.146 2.5 0.002

! 1
Copper ~

5.149 3,4 0.011
I 1 1

Iron 7.695 2.4 0.009

Lead -81.228 2.0 0.000

Arsenic -6.625 3.8 0.003

Savona October 1992 vs February 1993 Aluminum
~

16.403 2.8 0.001
1 I I 1
I I Copper I 3.761 I 3.9 I 0.033

I I Iron I 15.309 I 3.0 I 0.000

Lithium -7379.695 3.7 0.000

I I Lead I -21.520 I 2.0 I 0.002

I I Manganese I -12.460 I 3.0 I 0.001

I I Molybdenum I -21.541 I 4.0 I 0.000
1 I 1 R 1

I Nickel I -11.000 2.4 0.004

I I Zinc I -5.735 I 2.6 I 0.016

● Apositive t value signifies that the parameter is significantly higher on the first date indicated, whereas a negative value signifies that

the parameter is significant higher on the second date indicated

nickel and vanadium obseived in October 1992 at McLure versus Savona are likely due to the

higher suspended sediment concentration at the former site (3.1 mg/L) compared to the latter site

(0.9 mg/L). Since these trace metals occur naturally in sediments (CCREM, 1987), a higher trace

metal concentration would be expected in whole water samples from sites with higher suspended

sediment concentrations. The similarity between most trace metal concentrations at McLure and

Savona in February 1993 is likely the result of comparable suspended sediment concentrations

(1.6 mg/L and 1.1 mg/L, respectively) at these sites. Moreover, the significantly higher (P <0.05)

concentrations of aluminuw copper and iron observed at McLure and Savona in October 1992

compared to February 1993 is also likely related the higher suspended sediment concentrations

measured at both sites in the former versus the latter months.
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15.2.2.1 Comparisons of Total Trace Metal Concentrations to Guidelines and Cri”teria

Total trace metal concentrations from the Thompson River System were compared with

BCMELP freshwater criteria for the protection of aquatic life (BCMELP, 1994a) and CCREM

guidelines for freshwater aquatic life (CCREM, 1987). Refer to Table 59 for comparisons of

trace metal concentrations in whole water samples collected from the Thompson River System

with the available water quality criteria and guidelines. (Refer to Table 56 for time specific trace

metal concentrations.)

With the exception of total lead and aluminum, no other trace metals exceeded BCMELP criteria

or CCREM guidelines. Aluminum exceeded the CCREM guideline of 100 pg/L at McLure in

October 1992 (Table 56). Lead exceeded the CCREM guideline of 1 pglL at both McLure and

Savona in February 1993 but not in October 1992. However, lead did not exceed the BCMELP

criteria of 34-82 pg/L at either site. No guidelines or criteria presently exist for lithium,

strontium and vanadium.

15.3 Fraser Rwe
.

r

15.3.1 Results

Refer to Table 60 for a summa~ of total trace metal concentrations in Fraser River whole water

for October 1992 and February 1993. Only the February 1993 sample is available for the

Woodpecker site. Refer to Table61 for a surnnxuy of significant t-test results (P < 0.05) for

spatial comparisons of total trace metals in whole water. In October 1992, molybdenum,

strontium and nickel were the only trace metals found in significantly higher concentrations at

Marguerite compared to Shelley. Concentrations at Yale were generally several orders of

magnitude higher than at the other sites. Thirteen trace metals were detected at Yale in

concentrations which were significantly higher compared to Shelley. Yale also had significantly

higher trace metal concentrations when compared to Marguerite for 13 of the 19 metals

measured.

In February 1993, aluminum, manganese, molybdenum, vanadium and arsenic were significantly

higher at Woodpecker with respect to Shelley. The same trace metals (with the exception of

manganese) were significantly higher at Yale compared to Shelley.
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Table 59 Total Trace Metal Concentrations in Whole Water from the Thompson River
System Compared to BCMELP Freshwater Quality Criteria and CCREM Freshwater
Quality Guidelines for the Protection of Aquatic Life (October 1992, February 1993)

Total Trace Concentration in Whole Water BCMELP CCIUIM
Metals (M@) Fresh Water Fresh Water

Criteria Guidelines
McLure Savona (p@)(lkm (P!i@)(’)

Aluminum 29-140 14-69 N/A(3) 100

Barium 7.8- 8.7 9.3 -9.4 5000 N/A

Beryllium <().()5() <().050 5.3 N/A

Cadmium <0.050-0.057 <().()5() 0.2 0.2

Chromium <0.20-0.24 <().2() 2- 20(4) 2- 20(4)

Cobalt 0.16-0.13 0.073-0.12 50 NIA

Copper 0.24-0.82 0.21-0.82 2.0- 7.4 2

Iron 100-280 51-100 300 300

Lead <(.).10 -1.5 <().1() -1.2 34.82 (s) 1

Manganese 5.5 -6.4 3.1 -5.6 100-1000 NIA

Molybdenum 0.51 -1.1 0.54-0.92 2000 NIA

Nickel 0.60-0.64 C.22 -0.58 25 25

Zinc 0.26 -1.8 0.88 -2.1 3@@ 30(~

Arsenic 0.068-0.10 0.13-0.14 50 50

Selenium <0.05(1 <0.050” 1 1

Mercury 0.010-0.011 <().010 0.1 0.1

(1) Baaed on a water hardness of 0-60 mg/L CaCO, (unless otherwise specified)

(2) Maximum values reported (unless otherwise specified)

(3) Not applicable to whole water samples

(4) Maximum of 2 jig/L for phytoplankton and zooplankto~ maximum of 20 ~g/L for fish

(5) Hardness 50-100 mglL CaCO,

(6) Tentative criterion

(7) Tentative guideline
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Table W Sununaw of TotalTraceMetalConcentrationsinWhok Waterfromthe FraserRwer
( October 1992, ;ebruary 1983 )

San@mg Locatiin:

Dat=

Metais(ug/L)

Aluninium

Barium

Beryllium

Cadmium

Chronium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

F4ckel

Slrontium

Vanadium

Znc

%senic

Selenium

Mercury

Shelley

Oct. 92 Feb. 93

790

20

<0.050

<0.050

<0.20

0.62

{1.6)

1200

1.1

0.59

29

0.14

1.6

110

0.92

{2.5}

0.33

<o.t35r)

0.010

32

22

<().()50

0.065

0.40

0.29

{0.39}

200

2

<().10

7.4

0.50

1.0

160

0.18

1.9

0.18

<c).r)5cr

{0.010}

Woodpecker

Feb. 93

65

21

<0.050

0.054

0.32

0.22

{0.49}

200

1.3

0.10

18

1.1

0.98

110

0.45

2.7

0.31

<0.050

0.010

Marguerite

Oct. 92 Feb. 93

510

19

<().()50

<0.050

<().20

0.40

{2.2)

1000

0.87

0.48

23

0.39

1.1

120

0.82

{2.4}

0.35

<0.050

0.011

85

18

<C).(J5(J

<(3.050”

0.31

0.21

{0.63}

210

1.2

0.14

14

0.86

0.81

100

0.61

3.0

0.34

<0.050

{0.010}

Yale

Oct. 92 Feb. 93

2100

45

0.078

0.077

3.9

2.3

4.9

1800

1.3

1.9

120

0.57

8.2

110

3.3

{11}

1.0

0.061

0.011

110

20

<().050

<().()50

0.36

0.21

{0.81}

190

0.20

1.8

6.6

1.3

0.95

120

0.75

3.0

0.55

<0.050

{0.010}

{ } denotes concentration values equal to or below that of the laboratory antior field blanks
- all results presentad area mean of field replicates - when samples were below detection limits, these
were used in calculation of the means

- all means rounded to two significant figwes



Table 61 Summary of Significan tt-test Results for Spatia I Comparison so flotal Trace Metal sin
Wholo Water from the Fraser River

Date

October 1992

February 1993

Sites Compared

Shelley vs. Yale

Shelleyvs.Marguerite

Marguerite vs Yele

Shelleyvs.Marguerite

Shelley vs. Woodpecker

Shelley vs. Yale

Voodpecke rvs. Margueri@

Woodpecker vs. Yale

Parameter

Aluminum
Barium

Chromium

Cobalt
Copper

lro n

Lead
Manganeae

Molybdenum

Nickel
Vanadium

Zinc

Areanic

Aluminum
Cobalt

Iron
Litiium

Manganeee
Molybdenum

Nickel

Strontium

Aluminum

Berium
Chromium

Cobalt

Copper
Iron

Lead

Manganese
Molybdenum

Nickel
Strontium

Vanadium
Zinc

Arsenic

Lithium

Arsenic

Aluminum

Lithium
Manganese

Molybdenum

Strontium
Vanadium

Arsenic

Aluminum
Lithium

Molybdenum
Strontium

Vanadium

Arsanic

Arsenic

Aluminum
Lithium

Manganese
Vanadium

Arsenic

t“

-15.371
-15.639
-12.333
-17,720
-9.260
-5.195

-30.984
-2 S.259
-15.203

-22.883
-7.754
-13.069

-17.922

-4.763

-5.300
-9.480
-4.115

-10.553
9.493
5.900

5.1s9

-21.564

.17.013
-12.332
-21.684

-5.561
-7.153

-33.373

-29.690
-4.941

-24.335
~930.371
-S.326
-12.906

-17.629

5,051

.42,465

.12.020

9.944
18.176
-5,794

1108.000

-8.835
-21.911

-9.453
6.708

-41,676
13.005

-85.000

-12.654

-4.000

-4.970
.5.814

48.592
-9.820
-S.152

d.f.

3.7
2.6
2.0

2,8
3.7
2.0
3.6
2.0
2.6

2.1
2.9
2.1

2.4

3.1

2.4
2.0
2.9

3.7
2.6
3.9

2.0

2.7

2.4
2.0
2.1

3.6
2.2
3.7

2.1
4.0
2.2
2.1
2.6
2.3

2.3

2.0

2,9

2.6

2.2
2.0
2.2

3.9
2.0
2.3

2.1
2.9

2.1
2.0
3.2

2.0

3.2

2.4
2.9

2.0
2.1
2.2

139

I
P

0.000
0.001
0.007
0.001
0.001
0.035
0.000
0.001
0.001
0.001
0.003
0.005
0,001

0.016
0.023
0.011
0.029

0.001
0.004
0.004

0.035

0.000

0.002
0,007
0.002

0.007
0.015
0.000

0.001
0.008
0.001

0.000
0,006
0,004

0.002

0.036

0.000

0.002

0.007
0.003
0.024

0.000
0.012
0.001

0.010
0.007

0.000
0.006
0.000

0.006

0,025

0.025
0.011

0.000
0.008
0.012

. A positive I value a!onifies (hat the parameter IS significantly higher at the rirst stte ind!cated, whereas a rregatjve value

signiflds that the parameter is significantly higher at the second site indicated.
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T-tests comparing trace metal concentrations between October 1992 and February 1993 (Table

62) indicate that 42% of metals analysed were significantly higher (P< 0.05) in the fall versus the

winter sampling period at Shelley, 2 1°/0of metals were significantly higher in October 1992 versus

February 1993 at Marguerite, and 63% were significantly higher in the former versus the latter

months at Yale.

15.3.2 Discussion

The significantly higher concentrations (P< 0.05) of trace metals measured at Yale in October

1992 in comparison to both Shelley and Marguerite is clearly related to the suspended sediment

concentration which was between 10 to 12 times greater at Yale than at the other two sites.

Similar levels of these metals were measured in October 1992 at the Federal-Provincial Water

Quality Monitoring Network Station located approximately 28 rkrn downstream of Yale at Hope

(Monitoring and Systems Branch, Environment Canada). It is unlikely that anthropogenic sources

of trace metals are significant to the Fraser River, since under conditions of similar suspended

sediment concentrations, such as those at Shelley and Marguerite in October 1992, trace metal

concentrations were generaIly higher at the reference site in comparison to those at Marguerite.

Similarly, the significant increase (P< 0.05) in trace metal concentrations at Shelley, Marguerite

and Yale in October 1992 with respect to February 1993 is also likely related to the higher

suspended sediment concentration during the higher flow fall period versus the low flow winter

period. The Federal-Provincial Water Quality Monitoring Network Stations located on the Fraser

River at Hansard (approximately 144 rkm upstream of Shelley) and Marguerite also measured a

decrease in trace metal concentration in Februa~ 1993 compared to October 1992 (Monitoring

and Systems Branck Environment Canada).

The importance of high suspended sediment concentrations in trace metal transport in the lotic

environment has been studied by Gibbs (1977) and Trefry (1977) who found that in rivers with

high suspended sediment loads, more than 90’%0of total Fe, Mn, Co, Cu, Zn, Cr and Ni are

transported in the particulate phase. Furthermore, Shaw and E1-Shaarawi (1995) have shown that

there is a close relationship between total iron and non-filterable residue from the Fraser River at

Marguerite. Results of Pearson correlations indicate that there is a strong linear relationship

between total trace metal concentrations and the suspended sediment concentration for 14 of the

19 trace metals analysed in our study (Table 63). Note that lead was not strongly correlated with

the suspended sediment concentration.



Table 62 Summary of Significant t-test Results for Temporal Comparisons of Total Trace Metals in

Whole Water from the Fraser River

S ite I Dates Corn Dared 1 Parameter I t* I d.f. I II

Shelley October 1992 ve. Fe bruery 1993 Aluminum 15.029 2.0 0.004

Co bslt 3.894 3.0 0.030
Iron 173.205 2.0 0.000

Lithium -14.078 2.3 0.003

Lead 20.516 2.0 0.002

Manganese 31.820 3.2 0.000

Molybdenum -16.997 3.0 0.000

S80ntium -29.001 2.0 0.001

Venadium 5.694 2.0 0.029

Zinc 3.130 3.9 0.037

Arsenic 13.000 2.1 0.005

Marguerite October 1992 ve. February 1993 Aluminum 12.156 3.8 0.000

Co belt 6.626 2.8 0.009

ho n 16.140 3.5 0.000

Lesd 8.586 3.8 0.001

Ysle October 1992 vs. February 1993 Aluminum 29.234 2.1 0.001

Berium 14.709 3.3 0.000

Chromium 10.564 2.9 0.002

Co belt 23.719 2.1 0.001

Copper 12.510 3.1 0.001

Iron 13.949 2.0 0.005

Lead 15.319 2.4 0.002

Mengeneee 34.915 2.0 0.001

Molybdenum -27.601 2.0 0.001

Nickel 23.163 2.8 0.000

Vanadium 9.222 2.0 0.012

Zinc 9<868 3.8 0.001

Arsenic 137.000 3.8 0.001

A posdwe t va/ue signihes fha( fire parameter IS s/gnificarrt/y higher on the first date indicated, whereas a negative va/ue signifies that

the parameter is signlftcantly higher on the second date indicated

141
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Table 63 Pearson Correlation Values for Total Trace Metal and Suspended Sediment
Concentrations (Fraser River Basin - October 1992, February 1993)

Metal r p-value

Aluminum 0.954 0.000

Barium 0.870 0.000

Beryllium 0.993 0.000

Cadmium 0.819 0.002

Chromium 0.982 0.000

Cobalt 0.973 0.000

Cobalt 0.973 0.000

Copper 0.939 0.000

Iron 0823 0.002

Manganese 0.989 0.000

Nickel 0.995 0.000

Zinc 0.959 0,000

Arsenic 0.871 0.000

Selenium 0.993 0.000

Note: the number of observations for each r VSIUC= 11

15.3.2.1 Compm”sons of Total Trace Metal Concentrations to Guidelines and Critem”a

Total trace metal concentrations from the Fraser River were compared with BCMELP freshwater
criteria for the protection of aquatic life (BCMELP, 1994a) and CCREM guidelines for
freshwater aquatic life (CCREM, 1987).

Refer to Table 64 for comparisons of trace metal concentrations measured in Fraser River whole
water to water quahty guidelines and criteria. (Refer to Table 60 for site specific concentrations.)
Four trace metals exceeded the BCMELP and CCREM freshwater criteria or guidelines.
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Table 64 Total Trace Metal Concentrations in Whole Water from the Fraser River
Compared to BCMELP Freshwater Quality Criteria and CCREM Freshwater Quality
Guidelines for the Protection of Aquatic Life (October 1992, February 1993)

Total Trace Concentration BCMELP
Metals in Whole Fresh Water

Water (pg/L) Criteria
(p@)(o.m

Aluminum 32-2100 N/A(3)

Barium 18-45 5000

Beryllium <().050 - ().()78 5.3

CCREM
Fresh Water
Guidelines

(P@)(’)

100

N/A

N/A

I Cadmium I <0.050-0,077 I 08(4) 0.8

I Chromium I <0.20 -3.9 I 2- 2@sJ 2. 20(5)

1’ Cobalt I 0.21 -2.3 I 50 NIA

I Copper I 0.39 -4.9 I 7.64 -13.2 2

I Iron I 190-1800 I 300 300

I Lead I <0.10 -1.9 I 34-82(4) 2

I Manganese I 6.6-120 I 100-1000 N/A

Molybdenum 0.14 -1.3 2000

Nickel 0.81 -8.2 65

NIA

65

I Zinc I 1.9-11 I 3@ 30(7)

50I Arsenic I 0.18- 1.0 I 50

I Selenium I <0.050-0.061 I 1 1

L Mercury I 0.010-0.011 I 0.1 0.1

(1)Basedon a water hardness of 60-120 mg/L CaCO, (unless otherwise specified)

(2) Maximum values reported (unless otherwise specified)

(3) Not applicable to whole water samples

(4) Hardness 50-100 mgL CaC03

(5) Maximum of 2 pg/L for phytophmkton and zooplankton; maximum of 20 pg/’Lfor fish

(6) Tentativecriterion

(7) Tentative guideline
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Aluminum exceeded the CCREM guideline of 100 ug/L at Shelley, Marguerite and Yale in

October 1992 and at Yale in February 1993. Chromium exceeded the CCREM guideline and

BCMELP criterion of 2 @L (for phytoplankton and zooplankton) at Yale in October 1992 only.

Copper exceeded the CCREM guideline of 2 I.@L only at Marguerite and Yale, both in October

1992. Lastly iron exceeded the CCREM guideline and BCMELP criterion of 300 pg/L at Shelley,

Marguerite and Yale in October 1992. It should be noted that all trace metals which exceeded

federal guidelines and/or provincial criteria did so in October 1992 when suspended sediment

concentrations in the water column were high (18.9 -226 mg/L). In addition, federal and

provincial water quality monitoring data collected from the Fraser River between 1985-1991

indicates that our data fall well within the range of median values for total aluminum copper, iron

and zinc concentrations (Shaw and E1-Shaarawi, 1995), indicating that although concentrations of

these trace metals exceeded guidelines, they are normal values for the Fraser River.
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16.0 PHOSPHORUS

16.1 Introduc@n
.

Phosphorus in the aquatic environment exists in association with particulate matter or in dissolved

form. Principal dissolved inorganic phosphorus forms found in water with pH values ranging

between 5 and 9 are H2PO; , HP(),z-, orthophosphate (POq*), polyphosphates and phosphorus

combined with adsorptive colloids (Wetzel, 1975). Phosphate has a high afhity to clays as a

consequence of the specific chemical interaction of POd* with A13+on the edges of the clay plates

(Stumm and Leckie, 1971). Soluble phosphate concentrations in unpolluted rivers are usually less

than 0.01 mg/L (Goldman and Home, 1983).

Natural phosphorus sources to the aquatic environment of the Fraser River Basin include leaching

and weathering of rock, soil erosion (Wetzel, 1975) and decomposition of organic matter (IJC,

1980). Anthropogenic phosphorus sources include domestic effluents, industrial effluents and

agricultural runoff (CCRE~ 1987). Pulp and paper mills employing aerobic stabilization basins

for the pu~ose of reducing the biochemical oxygen demand of effluent maybe adding a

considerable load of phosphorus to receiving waters (Bothwell, 1992). Atmospheric deposition

also contributes phosphorus to the aquatic environment (Wetzel, 1975).

16.2 Thompson R iver Svste~

16.2.1 Results

Table 65 presents the results of whole water, clarified water and filtered whole water from the

Thompson River System. Total phosphoms in whole water was similar at McLure and Savona

for both October 1992 and February 1993, respectively. Both sites had significantly higher
(P<o.05) total phosphoms concentrations in February 1993 versus October 1992 (Table 66).

Dissolved phosphorus in clarified water was below detection limits at McLure, whereas at Savona

concentrations of 0.0030 mg/L and 0.0020 mg/L (just above the detection limit) were measured

in October 1992 and February 1993, respectively. No detectable levels of dissolved phosphorus

were found in filtered water samples from either McLure or Savona.
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Table 65 Summary of Phosphorus Concentrations in Water from the Thompson River
System (October 1992, February 1993)

SampIe Type I Parameter (mg/L) I McLure Savona

Oct. 1992 Feb. 1993 Oct. 1992 Feb. 1993

Whole Water Total Phosphorus 0.0020 0.0050 0.0020 0.0060

clarified water Dissolved Phosphorus 4.0020 4.0020 0.0030 0.0020

Filtered Water Dissolved Phosphorus @.oo20 UI.0020 -@.oo20 @.oo20

Note:Allresultspresentedare a meanof fieldreplicates- when samples were blow detection limits, these were used in calculation of

the means

- all means rounded to two significant figures

Table 66 Summary of Significant t-test Results for Temporal Comparisons of Total
Phosphorus in Whole Water from the Thompson River System

Site Dates Compared t* d.f. p

McLure October 1992 vs. Februaty 1993 -6.867 2.5 0.011

Savona October 1992 vs. February 1993 -6.859 2.0 0.020

● Apositive t value signifies that the parameter is signitieantly higher on the first date indicated, whereas a negative value signifies that

the parameter is significantly higher on the second date indicated.

16.2.2 Discussion

Phosphorus concentrations measured in whole and clarified water from the Thompson River

System (0.0020-0.0060 mg/L) were near or below the detection limit. Total phosphorus

was similar to mean levels reported by Provincial Water Monitoring Stations located at McLure

and Savona from 1971 to 1982 (Nordin and Holmes, 1992). The significantly higher total

phosphorus concentration (T< 0.05) measured at Savona in Februa~ 1993 versus October 1992

is likely related to winter limnological conditions precluding efficient mixing of Thompson River

water with Kamloops Lake water.

Although the total phosphorus concentration at Savona was higher in the winter base flow period

(February 1993) than in October 1992, it is unlikely to be related to the historical eutrophication

problem downstream of Kamloops Lake, since the majority of the total phosphorus is normally
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found in the form of apatite which is biologically unavailable. Although algal biomass is thought

to have declined since eutrophic conditions were first identified in the mid 1970s, concern over

eutrophication of the Thompson River still persists. Research by Bothwell e? al. (1992) has

shown that the concentration of dissolved phosphorus required to saturate the specific growth

rate of attached diatom communities is very low (- 0.001 mg/L). Since dissolved phosphorus in

filtered water samples was below the detection limit (0.0020 mg/L), we cannot determine from

our data whether dissolved phosphorus levels exceeded this value. However water monitoring

data collected between 1987-1992 from the Thompson River at Spence’s Bridge indicates that

the monthly median total dissolved phosphate concentration at this site varied between 0.003

mg/L and 0.004 mg/L which would exceed the concentration required to saturate the specific

growth rate of periphytic diatoms.

A comparison of clarified and filtered water from Savona indicates that clarified water had higher

phosphorus concentrations (up to 0.001 mg/L greater) than whole water filtered through a 0.45

~m filter, thereby indicating that centrifugally clarified water very likely contains small amounts of

phosphorus rich particulate material. Consequently, unfiltered clarified river water does not

appear to be an appropriate medium for the detection of dissolved phosphorus. However,

clarifying river water via centrifigation can be a usefil preliminary step prior to filtration for

water samples with high suspended sediment concentrations.

16.2.2.1 Comparisons of Phosphorus Concentrations to Guidelines and Criteria

As federal guidelines and BCMELP criteria have not been developed for total phosphorus in

flowing water, total phosphorus concentrations from the Thompson River System were compared

with the OMEE (1994) guideline of 0.03 mg/L for the protection of aquatic life in rivers. Total

phosphorus concentrations fi-om McLure and Savona did not exceed the OMEE guideline for

total phosphorus in either October 1992 or February 1993.

16.3 Fraser River

16.3.1 Results

Refer to Table 67 for results of phosphorus concentrations in whole and clarified water samples

collected from the Fraser River in February 1993. Refer to Table 68 for a summary of significant

t-test results (P <0.05) for spatial comparisons of total and dissolved phosphorus concentrations.

Total phosphorus levels in whole water fi-om Marguerite (0.036 mg/L) were significantly higher

than at Shelley (0.028 mg/L), Woodpecker (0.031 mg/L) or Yale (0.017 mg/L). Dissolved

phosphorus in clarified water was significantly higher at both Shelley (0.024 mg/L) and

Marguerite (0.025 mg/L) relative to Woodpecker (0.015 mg/L).



Table 67 Summary of Phosphorus
(February 1993)
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Concentrations in Water from the Fraser River

Sample Type Parameter (mg/L) Shelley Woodpecker Marguerite Yale

I whole Water I Total Phosphorus I 0.028 I 0.031 I 0.036 I 0.017

I Clarifkd Water I Dissolved Phosphorus I 0.024 I 0.015 I 0.025 I N/A*

●Sample unavailable

All results are a mean of field replicates - when samples were below deteetion limits, these were used in calculation of the means

AUmeans rounded to two signitieant figures

Table 68 Summary of Significant t-test Results for Spatial Comparisons of Total and

Dissolved Phosphorus in Whole and Clarified Water from the Fraser River

I Date I Sites Compared I Parameter I t* I d.f.

I Febmary 1993
I

Shelley vs. Marguerite Total Phosphorus -5.336 2.2

I Shelley vs. Yale
!

Total Phosphorus
I

4.184 3.6

Woodpecker vs. Marguerite
~

Total Phosphoms -9.192 4.0

I I Woodpecker vs. Yale Total Phosphorus
I

7.425
I

2.1

Marguerite vs. Yale Total Phosphoms 9.723 2.1

I I Shelley vs. Woodpecker I Dissolved Phosphorus I 25.522 I 2.3

[ I Woodpeckervs. Marguerite I Dissolved Phosphorus

P

0.026

0.011

0.001

0.015

0.008

0.001

0.006

* Apositive t value signifies that the parameter is signitieantly higher on the tirst date indicated, whereas a negative value signifies that

the parameteris significantly higher on the seeond date indicated.

16.3.2 Discussion

The significant increase (P< 0.05) in total phosphorus concentration at Marguerite relative to

Shelley in February 1993 indicates that this site maybe most affected by municipal and industrial

effluents from Prince George and Quesnel. Recent analysis of data collected by the Provincial

Water Quality Monitoring Stations on the Fraser River between 1987-1992 indicates that there is

an increasing trend in total phosphorus concentration from Red Pass (at the headwaters of the

Fraser River) to Hope (Shaw and E1-Shaarawi, 1995). Although dissolved phosphorus was not
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found to be significantly higher at any of the downstream sites relative to the reference site,

Shelley, data collected by the Provincial Water Quality Monitoring Station at Marguerite between

1987-1992 indicates that dissolved phosphorus followed a linear increasing trend with time at this

site (Shaw and E1-Shaarawi, 1995). Ttis trend is likely related to anthropogenic sources which

include municipal sewage from Prince George and Quesnel (both subject only to secondary

treatment), pulp mill effluents (which have nutrients added for secondary treatment processes) and

agricultural runoff.

Although the majority of total phosphorus is normally found in the particulate fraction, which is

biologically unavailable, our data indicates that between 48-96% of total phosphorus was found in

the aqueous phase as dissolved phosphorus (Table 67). It should be noted, however, that these

calculations were based on the assumption that all phosphorus measured in clarified water was

found in the dissolved form, and consequently the dissolved phosphorus fraction maybe

overestimated. Furthermore, dissolved phosphoms would be expected to comprise a considerably

lower fraction of the total phosphorus concentration during peak flow conditions (May - June)

when suspended sediment concentrations reach maximum values for the year. Federal and
,~

provincial water monitoring data from Marguerite indicates that during freshet, the total

phosphorus concentration often exceeds 0.5 mg/L, whereas the dissolved phosphoms does not

normally exceed 0.02 mg/L (Shaw and E1-Shaarawi, 1995).

A comparison of total and dissolved phosphorus concentrations measured at Savona on the

Thompson River with those measured on the Fraser River indicates that total phosphorus was 3-

18 times higher and dissolved phosphorus (in clarified water) was 5-12 times higher compared to

levels in the Thompson River System. This difference is primarily due to geological differences

between the two systems (C. Gray, Environment Canada, personal communication). It is

interesting to note that in spite of the relatively high levels of dissolved phosphorus (monthly

median 0.003-0.013 mg/L) measured by the Provincial Monitoring Station at Marguerite between

1987-1994 (Shaw and E1-Shaarawi, 1995), eutrophication has not been identified as a problem in

the Fraser River. This is likely attributed to the naturally high suspended sediment concentration

of the Fraser River which may prevent adequate light penetration required for abundant algal

growth.

163.2.1 Compan”sons of Phosphorus Concentrations to Guidelines and Criteria

Total phosphorus concentrations from the Fraser River were compared with the OMEE (1994)

guideline of 0.03 mg/L for the protection of aquatic life in rivers (Table 69). Total phosphorus in

whole water samples from the Fraser River exceeded the OMEE guideline at both Woodpecker

and Marguerite in Februa~ 1993.
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Table 69 Total Phosphorus Concentrations in Whole Water from the Fraser River
Compared to the OMEE Guideline for the Protection of Aquatic Life in Rivers (February
1993)

Parameter Shelley Woodpecker Marguerite Yale OMEE

Guideline*

Total Phosphorus (mg/L) 0.028 0.031 0.036 0.017 0.030

● Basedon the TheoreticalToxicologicalApproach
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17.0 NITROGEN

17.1 ~oductlou
.

Nhrogen is always present in aquatic ecosystems and most abundantly as a gas. Relatively small

quantities exist in the combined forms of ammonia (NHd), nitrate (NO;), nitrite (NO;), urea

(CO~&) and dissolved organic compounds. Nitrate is the most common form of combined

inorganic nitrogen in lakes and streams and is intimately connected with the land use practices of

the surrounding watershed (Goldman and Home, 1983). Natural nitrate sources to the Fraser

River Basin include weathering of igneous rocks, vegetable and animal debris, animal excrement

(McNeely et al., 1979) and fires and floods (Goldman and Home, 1983).

Anthropogenic sources include municipal wastewaters (USEP~ 1976), pulp and paper mill

effluents (Bothwell, 1992), feedlot discharges, Ieachate from waste disposal dumps (Ontario

Ministry of the Environment, 1981), explosives use in mining and construction (Pommen, 1983),

lagging (Goldman and Home, 1983) and agricultural fertilizers (CCREM, 1987). Because nitrate

ions move easily in the aqueous phase, their concentration in the Iotic environment increases

proportionately with flow (Likens et al, 1977).

Nitrite is produced biochemically by incomplete vitrification of ammonia and by denitrification of

nitrate. It is usually present only under conditions of limited oxygen supply (Wetzel, 1975).

Nitrite toxicity has been shown to be associated with oxidation ofmethaemoglobin leading to

cyanosis and tissue hypoxia (Hellawell, 1988). Anthropogenic nitrite sources to the aquatic

environment include industrial and municipal effluents (McNeely, et al., 1979) and explosives use

(Pommen, 1983).

Ammonia is produced naturally by the biological degradation of nitrogenous matter (McKee and

Wol~ 1963) including biological litter, animal waste and forest fires (Geadah, 1985). At a pH of

7.5 and a temperature of O-10”C, more than 99’% of ammonia is present as positively charged

ammonium ions (Trussel, 1972). Whereas ammonia is very soluble in water (McNeely et

al, 1979), ammonium ions have an affinity for clay minerals and can enter the aquatic

environment through soil erosion. Ammonia has been shown to be toxic to fish, and its toxicity

varies with pH and temperature (Hellawell, 1988). Anthropogenic sources of ammonia to the

Fraser River Basin include pulp and paper mill effluents (Bothwell, 1992), commercial fertilizers

(McNeely et al., 1979), municipal wastewaters and explosives use (Pommen, 1983).
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17.2 Thm.pson River W-em
.

17.2.1 Results

Table 70 presents a summary of nitrogen in whole water, clarified water and filtered water from

the Thompson River System.

Table 70 SummaV of IWmgen Concentrations in VVaterfrom the Thompeon River Sya&m

(October 1992 February1993)

LocatioIx lWLwe Savona

Sample Type Sampling Date: Ott 92 Feb. 93 Oct.92 Feb. 93

IWmgen (mg/L)

Whole Waw Amrrmnia 0.0030 N/A 0.0033 N/A

Nilra~/Nitri~ 0.10 NIA 0.065 N)A

Tot4 Nilrogen 0.17 0.31 0.16 0.32

ClarifiedWa8x Arfrnmia O.m 0.014 4.C0211 O.m

Nibi@ N/A Q.(X120 N/A N/A

Nits@/Niti~ 0.10 0.076 0.066 0.14

Total Nitogen 0.15 N/A 0.15 N/A

Fihxed Wa@r &rmmria 0.0030 NIA O.m NIA

NiW@/Niti@ 0.10 N/A 0.065 N/A

Total Nitrogen 0.17 N/A 0.16 N/A

WA= W An@&
Me: All results pesantad am a mean of field re@icates- Wan samgks we below detection

limits, these we used in calculation of he means
- all means founckd to tuo si~ificari fignes
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Refer to Table 71 for a summary of significant t-test results (P <0.05) for spatial comparisons of

nitrate/nitrite in whole, clarified and filtered water.

Table 71 Summary of Significant t-test Results for Spatial Comparisons of Nitrate/Nitrite
in Whole, Clarified and Filtered Water from the Thompson River System

Date Sites Compared Sample Type t* d.f. p

October 1992 McLure vs. Savona Whole Water 18.381 2.2 0.002

Clarified Water 67.535 3.2 0.000

Filtered Water 36.062 4.0 0.000

February 1993 McLure vs. Savona Clarified Water -107.112 2.2 0.000

● A positive t value signifies that the parameter is significantly higher at the first site indicated, whereas a negative value signifies that

thP parameter is significantly higher at the second site indicated.

In October 1992 whole water samples, only nitrite/nitrate concentrations were significantly

higher at McLure (O.10 mg/L) versus Savona (0.085 mg/L). Ammonia and total nitrogen

concentrations were relatively similar between the two sites. Total nitrogen levels were also

similar between the two sites in February 1993.

In October 1992 clarified water samples, nitritehitrate concentrations were significantly higher

at McLure (O.10 m@L) versus Savona (0.086 mg/L), whereas ammonia and total nitrogen were

similar between the two sites. Conversely, in Februa~ 1993 nitrate/nitrite was significantly

higher at Savona (O.14 mg/L) than at McLure (0.076 mg/L).

Filtered water samples collected in October 1992 also indicate that nitrate/nitrite was

significantly higher at McLure (O.10 mg/L) versus Savona (0.085 mg/L), whereas ammonia and

total nitrogen were not significantly different between the two sites. Filtered water was not

analysed in February 1993 water samples.

Refer to Table 72 for a summary of significant results (P cO.05) for temporal comparisons of

total nitrogen and nitrate/nitrite in whole and clarified water from McLure and Savona.

Temporal comparisons between October 1992 and February 1993 indicate that at McLure total

nitrogen was significantly higher in whole water samples in February 1993, whereas nitratehitrite

was significantly higher in clarified water samples in October 1992. At Savon~ both total

nitrogen in whole water samples and nitrate/nitrite in clarified water samples were significantly

higher in February 1993.
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Table 72 Summary of Significant t-test Results for Temporal Comparisons of Total
Nitrogen and Nitrate/Nitrite in Whole and Clarified Water (Thompson River System)

Site Dates Compared Parameter Sample Type t* d.f.

McLure October 1992 vs Febmary 1993 Total Nitrogen Whole Water -8.741 2.6

Nitrate/Nitrite Clarifkd Water 44.745 2.1

Savona October 1992 vs February 1993 Total Nitrogen Whole Water -15.495 2.4

Nitrate/Nitrite Clarified Water -426.014 4.0

P

0.005

0.000

0.002

0.000

● Apositive t value signifies that the parameter is significantly higher on the first date indicated, whereas a negative value signifies that

the parameter is significantly higher on the sescrnddate indicated.

Concentrations of ammoni% nitritehitrate and total nitrogen were generally similar between

whole water, clarified water and filtered water samples collected from the Thompson River

System.

17.2.2 Discussion

Significantly higher (P< 0.05) concentrations of nitratehitt-ite were measured in whole water,

clarified water and filtered whole water from McLure in October 1992 in comparison to Savona.

The lower nitrate/nitrite levels measured at Savona in October 1992 are reflective of the naturally

low levels of these nutrients present in Kamloops Lake in the fall (C. Gray, Environment Canad~

personal communication). Furthermore, nutrient dilution also is likely to occur as Thompson

River water thoroughly mixes with Kamloops Lake water during fall linmological conditions prior

to reaching Savona. However, as nutrient dilution is greatly reduced during winter limnological

conditions (St John et al,, 1976), higher nutrient levels may occur at this time downstream of

Kamloops Lake. Accordingly, at Savona both total nitrogen in whole water and nitratehitrite in

clarified water were significantly higher (P < 0.05) in February 1993 relative to October 1992.

Although slight seasonal differences in nitrogen levels were observed, nitrogen levels at McLure

and Savona were relatively similar. This similarity suggests that nitrogen inputs from the

Weyerhaeuser mill (Bothwell, 1992) and City of Kamloops sewage treatment plant do not seem to

alter the water chemistry of this element in the Thompson River at Savona.

The similarity between nitrogen levels in whole, clarified and filtered river water indicates that

almost all the nitrogen in the water column was found in the dissolved phase. This similarity is

primarily due to the fact that water soluble nitrate/nitrite accounted for the majority of the total

nitrogen fraction.
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17.2.2.1 Compm”son of Nitrogen Concentrations to Guidelines and Criteria

Nitrogen concentrations measured in the Thompson River System were compared to guidelines

and criteria for the protection of aquatic life. Ammonia concentrations in whole water were

compared with the BCMELP criterion of 12.7-14.4 mg/L (based on a pH of 7.5 and a

temperature of O-10”C) (BCMELP, 1994a) and with the CCREM ( 1987) guideline of 2.2 mg/L.

NhrateJnitnte was compared to the BCMELP criterion of 200 mg/L (Water Quality Branch,

199 1). Total nitrogen concentrations were compared to the Alberta Environment (1 977) criterion

of 1.0 mg/L. Neither ammonia, nitrate/nitrite nor total nitrogen concentrations in the Thompson

River System exceeded BCMELP criteri~ the CCREM guideline or the Alberta Environment

criterion for the protection of aquatic life.

17.3 Fraser River

17.3.1 Results

The summarized results of nitrogen in whole and clarified water samples collected in FebruaV

1993 are presented in Table 73. Refer to Table 74 for a summary of significant t-test results (P

<0.05) for spatial comparisons of nitrogen species.

Table 73 Summary of Nitrogen Concentrations in Water from the Fraser River (February

1993)

Sample Type Parameter Shelley Woodpecker Marguerite Yale

(mgL)

Whole Water Total Nitrogen 0.22 0.40 0.41 0.22

Clarified Water Ammonia a.oo20 0.044 0.057 0.017

Nitrite ‘=0.0020 0.0020 0.0040 NIA

NitrateiNitrite 0.14 0.10 0.17 0.0040

WA= Not snalysed

MI results presented area mean of field replicates - when samples were below deteetion limits, these were used in calculations of the

means

All means rounded to two signi!ieant figures
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Table 74 Summary of Significant t-test Results for Spatial Comparisons of Total

Nitrogen, Ammonia, Nitrite and NitrateiNitrite in Whole and Clarified Water

from the Fraser River

Sites Compared Sampk Type Parameter t* &f. P

Shelley vs. Marguerite Whole Water TotalNitrogen -15.234 2.3 0.002

Clal-ifkdw- Ammonia -24.955 2.0 0.002

Nitrite -18.187 3.2 0.000

NitrateJNitrite -5.726 2.1 0.027

Shelley vs. Woodpecker Whole Water Total Nitrogen -27.500 3.2 0.000

clarified water Ammonia -41.830 2.0 0.001

NitraWNitite 46.000 2.9 0.000

Shelley vs. Yale Clru-iiiedWatllr Ammonia -14.875 2.0 0.004

Nitrate/Nitrite 74.464 2.6 0.000

Woodpecker VS.Marguerite Clalifled water Ammonia -5.270 2.8 0.016

Nitrite -15.500 3.9 0.000

Nitra@Nitrite -11.739 2.0 0.007

Woodpeckervs.Yale WholeWater TotalNitrogen 13.250 2.9 0.001

Claliliedwater Ammonia 19.092 4.0 0.000

Nitrate/Nitrite 58.246 2.2 0.000

Margueritevs. Yale whole Water TotalNitrogen 10.786 4.0 0.000

Claritld water Ammonia 16.502 2.8 0.001

NitrateNitrite 27.748 2.3 0.001

● A positivet valuesignitieathat the pameter is signifkantiyhigherat the firstsiteindkatsd,whereasa negativevaluesignifiesthat

thcpsfam&ris signikantlyhigher atthesecond sitcindi@ed.

With the exception of nitratehitrite, all other nitrogen forms measured were significantly higher

at all sites downstream of Prince George than at the reference site, Shelley. Total

nitrogen in whole water samples ranged between 0.22 mg/L at Shelley to 0.41 mg/L at

Marguerite. There was a significant increase in total nitrogen in whole water at both Marguerite
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(0.41 mg/L) and Woodpecker (0.40 mg/L) relative to Shelley (0.22 mg/L). Ammonia (0.057

mg/L), nitrite (0.0040 mg/L) and nitrate/nitrite (0,17 mg/L) in clarified water were all higher in

concentration at Marguerite, with respect to the other sites, including Shelley.

17.3.2 Discussion

The significant increase (P <0.05) in total nitrogen, ammonia and nitrate/nitrite in whole and

clarified water samples at Marguerite, in comparison to Shelley, in February 1993 maybe due to

additional nitrogen loadings from agricultural runoff and municipal and pulp mill effluents from

Prince George and Quesnel. Recently analysed data of total dissolved nitrogen measured at the

Federal-Provincial Water Monitoring Stations between 1985-1991 indicates that there is a clear

increase in total dissolved nitrogen from Red Pass (near the headwaters of the Fraser River) to

Marguerite (Shaw and E1-Shaarawi, 1995). Dilution of the Fraser River by the Thompson River

and other tributaries likely accounts for the lower total nitrogen, ammonia and nitratehitrite levels

observed at Yale relative to both Woodpecker and Marguerite.

1%3.2. 1 Comparison of Nitrogen Concentrations to Guidelines and Criteria

Nkrogen concentrations measured in Fraser River water were compared to guidelines and criteria

for the protection of aquatic life. Ammonia concentrations in whole water were compared with

the BCMELP criterion of 12.7-14.4 mg/L (based on a pH of 7.5 and a temperature of O-10”C)

(BCMELP, 1994a) and with the CCREM (1987) guideline of 2.2 mg/L. Nitrate/nitrite was

compared to the BCMELP criterion of 200 mg/L (Water Quality Branch, 1991). Total nitrogen

concentrations were compared to the Alberta Environment (1977) criterion of 1.0 mg/L. Neither

ammonia, nitrate/nitrite nor total nitrogen concentrations in the Fraser River exceeded BCMELP

criteria, the CCREM guideline or the Alberta Environment criterion for the protection of aquatic

life.
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18.0 CONCLUSIONS

1. Dioxins, furans, chlorophenolics, polycyclic aromatic hydrocarbons, resin acids and fatty acids

measured in suspended sediments, and some chlorophenolics, fatty acids and resin acids,

measured in whole water, were generally found in higher concentrations downstream of pulp and

paper mills than at reference sites upstream of the mills on both the Thompson and Fraser River

Systems.

2. Dioxins, fbrans, chlorophenolics, polycyclic aromatic hydrocarbons, fatty acids and resin acids,

measured in suspended sediments, were generally found in higher concentrations during winter

base flow periods compared to fall low flow periods.

3. Estimated loadings of 2,3,7,8 -T4CDD and 2,3,7,8 -T4CDF, measured in suspended sediments,

were compared with loadings discharged by the pulp mills into the receiving environment.

Loadings in suspended sediments were, with two exceptions, lower than effluent loadings.

Resuspension of previously deposited contaminated bed sediment (during episodic high flow

events) may have been responsible for the higher dioxin and firan loadings measured in the

receiving waters relative to those of the mills.

4. Concentrations of 2,3,7,8 -T4CDD and 2,3,7,8 -T4CDF in suspended sediments have decreased

fi-om levels measured in 1990 prior to implementation of pulp mill abatement measures.

5. Phase partitioning of dioxins, firans, chlorophenolics and PAHs between sediment and water

was highly variable and appeared to be influenced by the site specific environmental conditions.

6. None of the organic contaminants measured exceeded federal guidelines or provincial water

quality criteria for the protection of aquatic life. However, guidelines or criteria currently do not

exist for many organic contaminants which were measured at elevated levels downstream of pulp

and paper mills.

7. Some total trace metals (aluminum, lead, chromium, copper and iron) and total phosphorus,

measured in whole water, were found to exceed existing federal guidelines and/or provincial

water quality criteria for the protection of aquatic life. However, when compared to available

water monitoring dat~ these parameters were within normal values for both the Thompson and

Fraser River Systems. In the case of the Fraser River, the majority of the metals exceeded

guidelines or criteria during high flow periods when suspended sediment concentrations were

relatively high.
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20.1 An- Methods
.

20.1.1 Organic Contaminants

The analytical analysis for organic contaminants was performed by AXYS Analytical Services

Ltd. in Sydney, British Columbia.

20.1.1.1 Dioxin and Furan Analysis

Sediment samples were ground with powdered anhydrous sodium sulphate and allowed to stand

until flee-flowing. They were then spiked with an aliquot of surrogate standard solution

containing nine 13C-labelled dioxin and &ran congeners and extracted by soxhlet for 20 hours. A

separate subsample of sediment was taken for moisture determination (oven dried at 105 ‘C) and

this result as used to convert sample wet weight to a dry weight. Results were reported on a dry

weight basis.

XAD resin columns were first spiked with an aliquot of surrogate standard solution. The columns

were extracted by elution first with methanol and then with dichloromethane. The extract was

backwashes with base and then acid and processed through four cleanup columns (silica, alumina,

carbon, alumina).

The dichloromethane extracts from the Goulden extractors (liquid phase extractors) were cleaned

up using the same column chromatography as described above for the XAD extracts.

Prior to GC/MS analysis, the extract was evaporated to dryness, and an aliquot of recovery

standard (13C-labelled 1,2,3,4-tetrachlorodioxin and 13C-labelled 1,2,3,7,8,9-H6CDD) was added.

Final analysis was performed via high resolution gas chromatography with high resolution mass

spectrometric detection (HRGUHRMS).

20.1.1.2 PAHAnalysis

Sediment, water and XAD resin columns analysed for PAHs were first spiked with an aliquot of

surrogate standard solution containing nine perdeuterated PAHs.

Each sediment sample was ground with sodium sulphate, packed in a glass chromatographic

column and eluted with methanol and dichloromethane. The eluate was backwashes with dilute

base and extracted water. Water samples were extracted with dichloromethane in a separator

fimnel. The extraction of the XAD resin columns was identical as that for dioxins/fhrans.
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Sediment, water and XAD column extracts were then solvent exchanged with iso-octane and

cleaned up by column chromatography on silica gel. An aliquot of recovery standard containing

three deuterated PAHs was added to each extract in preparation for analysis by high resolution

gas chromatography with low resolution mass spectrometric detection (HRGC/LRMS).

20.1.1.3 Chlorophenolic AnaIysis

Sediment samples were first spiked with an aliquot of surrogate standard solution containing

twelve 13C-labelled chlorinated phenolics and one deuterated chlorophenol. Water samples were

extracted with dichloromethane. Sediment sampes were extracted with a solution of potassium

hydroxide in methanol: water. The sample extracts were converted to acetate derivatives of

chlorophenolics by reaction with acetic anhydride. The derivatives were then back extracted with

solvent, dried over sodium sulphate and cleaned up by column chromatography on silica gel. An

aliquot of recovery standard (deuterated fluoranthene) was added to each extract prior to analysis

~ by high resolution gas chromatography with low resolution (quadruple) mass spectrometric
detection (HRGC/LRMS).

20.1.1.4 Pol’ychlorinated Biphenyl and Pesticide Analysis

All samples were spiked with a solution containing 13C-labelled surrogates (hexachlorobenzene, y-

HC~ mire% p,p’-DDE, p,p’-DDT, PCB 101, PCB 180 and PCB 209) for analysis of pesticides

and PCB congeners by GC/MS, and d4-endosulphan I for the analysis of F3 pesticides by

GC/ECD (gas chromatography/ electron capture detection). The samples were also spiked with

an aliquot of 13C-labelled analogues of PCB 77, PCB 126 and PCB 169 for the analysis of non-

ortho-substituted (coplanar) PCBS by GC/MS. Sediment samples were solvent extracted on a

shaker table prior to fractionation and cleanup into two fractions (F1+F2 and F3) on a Florisil

column. The first fraction (F 1 +F2) was split gravimetrically and one half analysed by GC/MS for

PCBS as individual congeners and non-polar to moderately polar chlorinated pesticides. The

other half of the Fl+ F2 fraction underwent additional column cleanup and an additional GC/MS

run for the analysis of coplanar PCBS. The F3 fraction was analysed for the most polar

chlorinated pesticides by HRGC/ECD.

20.1.1.5 Resin and Fatty Acid Analysis

All samples were spiked with an aliquot of internal standard solution containing surrogate

standards for both resin and fatty acid analysis. Each sample was acidified, solvent extracted with

diethylether and hexane and dried over sodium sulphate. The extract was then solvent evaporated

under a stream of nitrogen and then reacted with diazomethane to derivitize the resin and fatty
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acids to their methyl esters. Next, the methylated extract was cleaned up on a basic silica gel

chromatographic column (Biosil A column). An aliquot of recovery standard was added to each

extract prior to analysis by HRGC/LRMS.

20.1.2 Trace Metal Analysis

A portion of the trace metal samples collected in October 1992 were analysed by the National

Laboratory for Environmental Testing (NLET) in Burlington, Ontario, whereas the remainder of

samples collected in October 1992 and those collected in February 1993 were analysed by

Elemental Research Inc. in North Vancouver, British Columbia. NLET employed inductively

coupled argon plasma emission spectromet~ (ICAP) while Elemental Research Inc. employed

inductively coupled plasma - mass spectrometry (ICPM4S) for all metals except total Hg which

was analysed by atomic absorption methods. The following is a summary of the methods for trace

metals analysis in water samples as performed by Elemental Research Inc. Laboratory in North

Vancouver, British Columbia.

2(9.1.2.1 Methodology for the Determination of Metals in Water

1) All glass and plastic ware was pre cleaned per procedure required.

2) Homogenized samples were spiked with an internal standard of yttrium plus an internal

standard of iridium.

3) The majority of elements were determined following sample digestion in 12°/0reverse aqua

regia in a sealed 60 ml teflon vessel at 1000 C. Elements lithium and vanadium were determined

following a nitric acidhydrogen peroxide digestion.

4) Ultra sonic nebulization was not used, since it was not necessa~ in ICP/MS due to its

intrinsically high sensitivity.

5) Hydride generation ICP/MS was used for the determination of arsenic and selenium, and Cold

Vapour Atomic Absorption Spectroscopy was used for the determination of mercury.

20.1.3 Nutrient Analysis

Nutrient analysis of whole water samples was performed at the Environment Canada

Conservation and Protection Laboratories, West Vancouver, British Columbia (now located in

North Vancouver, British Columbia). All nutrient analyses were performed using calorimetric

methods.
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20.1.3.1 Total and Dissolved Phosphate Analysis

Phosphorus present in the sample was converted to soluble ortho-phosphate by digesting the

sample with persulphate in an acidic medium. The resulting ortho-phosphate was then reacted

with ammonium molybdate and antimony tartrate in an acidic medium to form an antimony-

phosphomolybdate complex which was reduced to an intensely blue coloured complex by ascorbic

acid. The absorbance of this complex was measured at 880 nm. Dissolved phosphate was

analysed by first filtering the sample through a 0.45 pm filter before following the same

procedure as described above.

20.1.3.2 Total Nitrogen Anakjwis

The total nitrogen present in the sample was oxidized to nitrate by digesting the sample with

potassium persulphate in an alkaline medium. The resulting nitrate was reduced to nitrite by

~ passing it through a column containing granulated copper-cadmium. The nitrite was then reacted
with sulfanilarnide under acidic conditions to form a diazo compound. This compound was then

complexed with N- 1-naphthylethylenediamine dihydrochloride to form a reddish-purple azo dye,

the absorbance of which was measured at 550 nm.

20.1.3.3 NitriteZJ’VitrateAnalysis

The filtered sample was passed through a column containing granulated copper-cadmium which

reduces nitrate to nitrite. Quantitative reduction was ensured by maintaining a stable H-ion

concentration through addition of ammonium chloride (NHgCl). The nitrite that was originally

present in the sample plus the reduced nitrate was then reacted with sulfanilamide under acidic

conditions to forma diazo compound. This compound was then complexed with N- 1-

naphthylethylenediamine dihydrochloride to form a reddish-purple azo dye, the absorbance of

which was measured at 550 nm.

20.1.3.4 Niti”te Analysis

Nhrite in the sample was reacted with sulfmilamide under acidic conditions to form a diazo

compound. This compound was then complexed with N- l-naphthylethylenediamine

dihydrochloride to form a reddish-purple azo dye, and the absorbance of this complex was

measured at 550 nm.
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20.1.3.5 Ammonia Analysis

Phenol, sodium nitroprusside and an oxidizing solution composed of sodium hypochlorite in a

basic citrate solution were sequentially added to the sample. Under basic conditions, ammonia

reacts with phenol and is oxidized by sodium hypochlorite to from an organic comple~

indophenol blue. The blue colour formed was intensified with sodium nitroprusside, and the

absorbance of the resulting complex was measured at 630 nm. (Sodium citrate complexes

calcium and magnesium ions and prevents precipitation of their respective hydroxides). A

heating coil was used to accelerate the colour development.

29.2 J.aboratory Ouallty tirancefouahe Control Mdh.wis
. .

20.2.1 Organic Contaminants

The sample results were reviewed and evaluated in relation to the QA/QC samples worked up at

the same time.

20.2.1.1 Procedural Blanks

One procedural blank was analysed with each batch sample. Sediment blanks were analysed for

dioxins, fbrans, chlorophenolics, PAHs, PCBS, pesticides, fatty acids and resin acids. Water

blanks were analysed for chlorophenolics, PAHs, fatty acids and resin acids. XAD column blanks

were anrdysed for dioxins/fhrans, chlorophenolics and PAHs.

20.2.1.2 Laboratory Duplicates

One laborato~ duplicate was analysed with each batch sample. Duplicates must agree within

acceptable limits, generally +/- 20’XOof mean value plus Method Detection Limit (MDL). Results

for laboratory duplicates are reported with the sample results in Appendix II.

20.2.1.3 Surrogate Standard Recoveries

These consist of internal standards (usually chemically labelled analogs of the target compounds)

which are added to samples prior to analysis and are expressed as percent recoveries. Quality

assurance protocols require that surrogate standard recoveries must be within an acceptable range

for data to be reported. These acceptable ranges vary with contaminant type. In cases where this

criterion was not achieved, samples were repeated. All reported concentrations were corrected

for recove~ of the surrogate standards.
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20.2.1.4 Reference Samples

Reference samples were used as a method performance test. Each batch of samples analysed

included a spiked matrix sample or a certified reference sample. Spiked sediment samples were

analysed with field sediment samples for dioxins, firans, chlorophenolics, PCBS, pesticides, fatty

acids and resin acids. A marine sediment certified reference material, HS-6 (National Research

Council of Canada), was used to provide an indication of the accuracy of the PAH sediment data.

Spiked water samples were used as reference samples with whole water samples analysed for

chlorophenolics, PAHs, resin acids and fatty acids. A spiked XAD resin column extract was

analysed along with solid phase extracted samples for PCDDs/PCDFs, chlorophenolics and PAHs.

20.2.1.5 Detection Limits

Detection limits were calculated on a sample-specific basis and were reported with each sample

result. The detection limit was calculated as the coricentration corresponding to the area reject.

The area reject, determined from the mass chromatogram of each compound, is the area of a peak

with height three times the maximum height of the noise. Only peaks with responses greater than

three times the background noise level were quantified.

Fatty acid results were reported with statistically-derived Limits of Detection (LOD) since

procedural blank levels usually had detectable concentrations. LODS were calculated by

multiplying by three the standard deviation of the analyte concentration in twelve fatty acid

blanks. Behenic and lignoceric acids, however, were reported with sample specific detection

limits, since these two fatty acids were not detected in the procedural blanks.

20.2.2 Trace Metals

The QA/QC component of trace metal analysis consisted of requisite blanks, spiked samples and

duplicates. The following QA/QC protocol was employed in trace metal analysis of whole water

samples analysed by Elemental Research Inc..

a) In the analysis of 34 samples, and required replicates, 4 method blanks were run.

b) Six of every 34 samples were run in duplicate.

c) A minimum of 2 different water standards were run at the start of the analysis and at the end or

midpoint.

d) An instrument check standard was run at the start and end of the analytical run. The two

standards were prepared with concentrations approximately at the mid point for all the elements

determined.

e) A detection limit standard was run at the start and end of the analysis run. Element

concentrations were twice the stated laboratory detection limits.
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APPENDIX II

21.0 SAMPLE QUALITY ASSURANCE/QUALITY CONTROL RESULTS
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To assess the degree of precision between samples and field splits, the coefficient of variation

(CV) was calculated for each type of analysis according to the method described by Sokal and

Rohlf (1969). When values were not detectable for either sample or field split, the CV was not

calculated for the pair in order to avoid uncertainty due to unquantifiable error. Refer to

Appendix III for all QA/QC results.

21.1.1 Particle Size and Total Organic Carbon

QA/QC results for particle size in suspended sediment field split samples were in agreement with

the original samples (mean CV = 6.83?4). Sirnilar!y, the total organic carbon (TOC) field split

and samples had an acceptable coefficient of variance (mean CV = 8.43’Yo).

21.1.2 Dioxins and Furans

Results of dioxin and firan field splits showed a high degree of agreement (mean CV = 14.03%).

Field replicates indicated an acceptable degree of precision between centrifuges 1 and 2.

Laboratory duplicates were generally acceptable and satisfied the requirement of +/-(20% of the

mean value + MDL). Laboratory sediment blanks were below detection limits except for total

MICDF, M2CDF, M4CDF, 08CDD and 08CDF which showed low background levels. Dioxin

sediment blanks SBLK 838 and SBLK !?97 and DC-S-BLK 37 had low recoveries (17- 19Yo)of

the 08CDD surrogate but were worked up with samples that had acceptable surrogate recoveries,

and so the batch was therefore deemed acceptable. Laboratory sediment spikes were within the

acceptable range of 30- 100°/0, indicating an acceptable level of accuracy.

21.1.3 Chlorophenolics

Field splits were in agreement with the original samples (mean CV = 18.20’Yo)indicating a high

level of reproducibility. Field replicates indicated an acceptable degree of precision between

centrifuges 1 and 2. Moreover, where surrogate standards were used, recoveries were generally

within the acceptable range of 20- 120°/0. Lab duplicates were generally acceptable, and satisfied

the requirement of +/-(20°A of the mean value+ MDL). In addition, sediment blanks had either

non-detectable or very low levels of the target analytes, and the sediment spike recoveries were

within the accepted range of 40-13 OO/O.
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21.1.4 Polycyclic Aromatic Hydrocarbons

Field splits were in good agreement with original samples (mean CV = 7.43%), indicating a high

level of reproducibility. Surrogate standard recoveries were within the accepted range of 20-

120%. Field replicates indicated an acceptable degree of precision between centrifuges 1 and 2.

Laboratory duplicates were generally acceptable and satisfied the requirement of +/-(20% of the

mean value + MDL). Furthermore, laboratory sediment blanks were not detectable or had low

background levels of the target analytes. Laboratory reference samples were deemed acceptable

since most analytes were within 20°/0 of the certified value range.

21.1.5 Polychlorinated Biphenyls

The surrogate recovery standards for PCB coplanars were within the acceptable range of 30-

120% and were therefore deemed acceptable. Sediment blanks for PCB aroclors, congeners and

coplanars were essentially free of any detectable contamination. Sediment spike recoveries for

PCB aroclors, congeners and coplanars were within the accepted range of 40- 130’XO.The

coefficient of variance could not be calculated due to insufficient data.

21.1.6 Pesticides, Fatty Acids and Resin Acids

Surrogate standard recoveries were within the acceptable range of 20-120%. The lab duplicates

satisfied the requirement of +/-(20°/0 of the mean value + MDL). Sediment blanks had non-

detectable levels of the target analytes, and sediment spike recoveries were within the accepted

range of 40- 130°/0. Insufficient data did not permit the calculation for coefficient of variance.

21.2 whole Water Samjks

21.2.1 Chlorophenolics

Field replicates were in good agreement with original samples (mean CV = 15.32’XO).Surrogate

standard recoveries were within the accepted range of 20- 120°/0. Laboratory duplicates also

showed good replication to within +/-(20°A of mean value + MDL). Laboratory water blanks

were essentially fi-ee of detectable contamination. Water spikes generally showed acceptable

recove~ values within the acceptable range of 40- 130°/0. However due to their reactive nature,

some chloroguaiacols, chlorocatechols, chlorosynngols, chlorosyringaldehydes and chlorovanillins

did not meet this criterion. A number of chlorophenolics were detected in deionized water field

blanks, however most were <10 rig/L with the exception of 4-chloroguaiacol (22 rig/L), 3-

chlorocatechol (22 rig/L) and pentachlorophenol (12 rig/L).
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21.2.2 Polycyclic Aromatic Hydrocarbons

Field replicates were in good agreement with original sample values (mean CV = 23.3 l%),

indicating high reproducibility. Surrogate standard recoveries were generally within the

acceptable range of 20-1200A. Laboratory duplicates were generally acceptable and satisfied the

requirement of +/-(20°/0 of the mean value + MDL). Laboratory water blanks showed

background values for many of the PAHs analysed, and these values were similar to those found

in the whole water samples. Moreover, laboratory water spikes showed acceptable recovery

levels within the specified range of 70-130%. Field deionized water blanks also showed

background values for many of the PAHs analysed, and these va!ues were also similar to those

found in the whole water samples.

21.2.3 Fatty Acids

Field replicates were in close agreement (mean CV = 13.50%) with the exception of YAL-2CH

and FRS-6CH which showed greater variability. Surrogate standard recoveries were within the

accepted range of 40- 120°/0. Laboratory duplicates were acceptable as they agreed to within +/-

(20% of mean value+ MDL). Laboratory water blanks showed background levels for all fatty

acids analysed. Since fatty acid blanks are normally above sample detection limits, the

background contribution to the observed response can be significant. For this reason, fatty acid

samples have been blank corrected for the amount detected in each batch blank. The levels of

fatty acids detected in the blanks in most cases did not exceed 1000 rig/L. Laboratory water

spikes showed an acceptable leve! of recovery (within 70-1300/0). Field blanks showed detections

for a number of fatty acids, but these are considered to be normal background levels (Georgina

Brooks, AXYS, personal communication).

21.2.4 Resin Acids

Field replicates were in good agreement with original samples (mean CV = 11. 16VO),indicating a

high level of reproducibility. Laboratory duplicates showed good replication, to within +/-(2O?4O

of mean value+ MDL). Surrogate standard recoveries were within the accepted range of 40-

120%. Laboratory water blanks had mostly non-detectable levels of the target resin acids with

the exception of WBLK 94, WBLK 96, WBLK 97, W13LK 98 and WBLK 99 which contained

comparatively high levels of dehydroabietic acid. For this reason, data run in the same batches

with the above laboratory water blanks were blank corrected for this product. All laboratory

spiked samples had acceptable levels of recovery in the range of 30- 130°/0. Field deionized water

blanks were mostly below detection limits with the exception of a few low level detections.
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21.2.5 Trace Metals

Laboratory blanks showed non-detectable or very low levels of the target analytes. Field

deionized water blanks generally showed either low background levels or non-detectable levels of

the target analytes with the exception of the mid field blanks filled in October 1992 at Marguerite

which showed relatively higher concentrations of copper and lead compared to the other field

blanks.

21.2.6 Nutrients

Both regular and filtered deionized water field blanks contained non-detectable or very low levels

of the target analytes.

21.3 solid Phase Ext acted c
.

r Iarified Wate r SamR!es

21.3.1 Dioxins and Furans

Surrogate standard recoveries were within the accepted range of 30-130%. XAD column blanks

showed not detectable or low background levels of dioxin and fhrans. XAD column spikes

satisfied the criterion of 70-130% recovery. The field blank had relatively high levels of H6CDD

due to contamination from the field surrogate, rendering this sample unfit for interpretation.

21.3.2 Chlorophenolics

Surrogate standard recoveries were generally within the accepted range of 30-130%. XAD

column blanks were free of any detectable contamination. XAD column spikes generally satisfied

the criterion of 70-130% recovery.

21.3.4 Polycyclic Aromatic Hydrocarbons

Laboratory XAD column blanks and proofs showed not detectable or low background PAH

levels. Laboratory spikes had acceptable recovery values within the specified range of 70-130’XO.

XAD column field bkmks had levels similar to those of the clarified water column samples for a

number of lower molecular weight PAHs.
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4 ~acted CWed Water Sa
. . .

mnlu

21.4.1 Dioxins and Furans

Surrogate standard recoveries for dioxins and firans were generally within the acceptable range of

30- 130’XO. Concentrations in laboratory water blanks were below detection levels with the

exception of 08CDD which showed low background levels. Laboratory spikes were within the

acceptable range of 30- 130°/0. An acceptable level of reproducibility between centrifuge 1 and

centrifuge 2 was indicated by close agreement between samples SHL- 1lE and SHL 21-E. Lastly,

due to contamination of the field blank by the use of a contaminated surrogate, this sample was

rendered unfit for interpretation.
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APPENDIX III

22.0 STATISTICAL ANALYSES RESULTS
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Table 1 Descriptive Statistics for Total Trace Metals In Whole Water at Shelley
(October 1992) - Elemental Research Lab

Metal

\luminium

larium

3eryllium

;admium

>hromium

Sobalt

:opper

ron

.ithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

flrsenic

Selenium

Vlercury

Min

730.000

19.000

0.050

0.050

0.200

0.560

1.300

1200.000

1.020

0.560

28.000

0.120

1.500

110.000

0.670

2.300

0.310

0.050

0.010

Max ~

885.000

21.000

0.050

0.500

0.200

0.695

2.000

1200.000

1.200

0.640

29.000

0.150

1.650

115.000

1.100

2.700

0.350

0.050

0.010

Mean

785.000

19.667

0.050

0.050

0.200

0.622

1.600

1200.000

1.140

0.593

28.667

0.140

1.550

111.667

0.923

2.467

0.330

0.050

0.010

S.D.

86.747

1.155

0.000

0.000

0.000

0.068

0.361

0.000

0.104

0.042

0.577

0.017

0.087

2.887

0.225

0,208

0.020

0.000

0.000
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Table 2 Descriptive Statistics for Total Trace Metals in Whole Water
at Marguerite (October 1992) - Elemental Research Lab

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

[Mercury

Min

460.000

18.000

0.050

0.005

0.200

0.380

1.550

910.000

0.810

0.440

22.000

0.350

1.000

120.000

0.610

2.100

0.330

0.050

0.100

Max

550.000

19.500

0.050

0.050

0.200

0.420

2.900

1000.000

0.900

0.525

23.500

0,435

1.200

120.000

0.960

2.700

0.365

0.050

0.012

Mean

513.333

18.833

0.050

0.050

0.200

0.403

2.150

953.330

0.867

0.478

22.833

0.392

1.083

120.000

0.823

2.433

0.348

0.050

0.011

S.D.

47.256

0.764

0.000

0.000

0.000

0.021

0.687

45.092

0.049

0.430

0.764

0.043

0.104

0.000

0.187

0.360

0.018

0.000

0.000
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Table3 Descriptive Statistics for Total Trace Metals in Whole Water
at Yaie (October 1992) - Elemental Research Lab

Metal

41uminium

3arium

3eryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

Min

2000.000

42.000

0.064

0.050

3,600

2.200

4.300

1600.000

1.100

1.800

120.000

0.530

7.600

110.000

2.900

10.000

0.980

0,053

0.010

Max

2200.000

47.000

0.092

0.093

4.500

2.500

5.200

2000.000

1.500

1.900

130.000

0.620

8.500

110.000

3.800

12.000

1.100

0.073

0.012

Mean

~066<667

44.667

0.078

0.077

3.900

2.333

4.867

1800.000

1.267

1.867

123.330

0.570

8.167

110.000

3.267

11.330

1.027

0,061

0.011

S.D.

115.470

2.517

0.014

0.023

0.520

0.153

0.493

200.000

0.208

0.058

5.774

0.046

0.493

0.000

0.473

1.155

0.064

0.011

0.001
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Table 4 Descriptive Statistics of Total Trace Metals in Whole Water
at McLure (October 1992) - Elemental Research Lab

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

Min

130.000

7.700

0.050

0.050

0.200

0.150

0.680

270.000

0.800

0.100

5.400

0.490

0.550

81.000

0.350

0.200

0.060

0.050

0.010

Max

150.000

8.000

0.050

0.072

0.200

0.170

1.000

29.000

0.830

0.100

5.600

0.540

0.810

82.000

0.380

0.310

0.074

0.050

0,013

Mean

136.667

7.833

0.050

0.057

0.200

0.157

0.817

276.667

0.817

0.100

5.500

0.510

0.640

81.330

0.367

0.263

0.068

0.050

0,011

S.D.

11.547

0.153

0.000

0.013

0.000

0.012

0.165

11.547

0.015

0.000

0.100

0.026

0.147

0.577

0.015

0.057

0.007

0.000

0,002
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Table 5 Descriptive Statistics of Total Trace Metals in Whole Water
at Savona (October 1992) - Elemental Research Lab

Metal

41uminium

3arium

3eryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

Min

62.000

9.000

0.050

0.050

0.200

0.057

0.660

98.000

0.510

0.100

2.900

0.510

0.200

76.000

0.290

0.200

0.125

0.050

0.010

Max

71.000

9.700

0.050

0.050

0.200

0.092

1.075

105.000

0.575

0.100

3.200

0.550

0.230

81.000

0.300

1.000

0.140

0.050

0.011

Mean

67.000

9.330

0.050

0.050

0.200

0.073

0.822

101.000

0.535

0.100

3.083

0.537

0,210

78.667

0.293

0.467

0.135

0.050

0.010

S.D.

4.583

0.351

0.000

0.000

0.000

0.018

0.222

3.606

0.035

0.000

0.161

0.023

0.017

2.517

0.006

0.267

0.005

0.000

0.000

I

‘
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Table 6 Descriptive Statistics of Total Trace Metals in Whole Water
at Shelley (Feb~ary 1993) - Elemental Research Lab

Metal

Aluminium

Barium

BerylJium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Lithium

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

Min

30.500

21.000

0.050

0.050

0.200

0.200

0.285

190.000

0.100

2.000

6.250

0.470

0.675

160.000

0.180

2.050

0.175

0.050

0.010

Max

34.000

22.000

0.050

0.085

0.680

0.440

0.480

210.000

0.100

2.050

8.200

0.535

1.200

160.000

0.190

2.000

0.180

0.050

0.010

Mean

32.167

21.330

0.050

0.065

0.398

0.290

0.388

200.000

0.100

2.017

7.383

0.502

0.958

160.000

0.183

1.883

0.178

0.050

0.010

S.D.

1.756

0.577

0.000

0.018

0.251

0.131

0.098

10.000

0.000

0.029

1.013

0.033

0.265

0.000

0.006

0.247

0.003

0.000

0.000
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Table7 Descriptive Statistics of Total Trace Metals in Whole Water
at Woodpecker (February 1993) - Elemental Research Lab

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Lithium

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

Min

62.000

20.000

0.050

0.050

0.200

0.200

0.400

190.000

0.100

1.200

18.000

0.880

0.860

110.000

0.390

2.300

0.300

0.050

0.010

Max

70.000

22.000

0.050

0.061

0.560

0.260

0.570

200.000

0.100

1.400

18.000

1.200

1.200

110.000

0.480

3.300

0,320

0.050

0.010

Mean

65.000

21.000

0.050

0.054

0.320

0.223

0.487

196.667

0.100

1.333

18.000

1.060

0.977

110.000

0.450

2.700

0.310

0.050

0.010

S.D.

4.359

1.000

0.000

0.006

0.208

0.032

0.085

5.774

0.000

0.115

0.000

0.164

0.193

0.000

0.052

0.529

0.010

0.000

0.000
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Table8 Descriptive Statistics of Total Trace Metals in Whole Waterat
Marguerite (February 1993) - Eiemental Research Lab

Metai

Aiuminium

Barium

Beryiiium

Cadmium

Chromium

Cobait

Copper

Iron

Lead

Lithium

Manganese

Molybdenum

Nickei

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

Min

60.000

14.000

0.050

0.050

0.200

0.170

0.120

150.000

0.100

0.950

10.000

0.590

0.400

79.000

0.490

1.900

0.330

0.050

0.010

Max

130.000

24.000

0.050

0.050

0.390

0.260

1.200

280.000

0.200

1.500

18.000

1.200

1.300

130.000

0.830

3.950

0.340

0.050

0.010

Mean

85.833

18.333

0.050

0.050

0.310

0.213

0.633

208.333

0.140

1.183

13.833

0.862

0.807

102.333

0.613

3.017

0.337

0.050

0.010

S.D.

38.433

5.132

0.000

0.000

0.098

0.045

0.542

66.018

0.053

0.284

4.010

0.310

0.456

25.775

0.188

1.037

0.006

0.000

0.000
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-- C, —-- - — . .-...,--- .–. -------- -..-.-–- . . . . . . . . . . . . . . .
I ame Y uescrlpuve sxausucs Tor i o~al i race MeTais m wnole water at
Yale (February-1993) - Elemental Research Lab

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Lithium

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

Min

95.000

18.000

0.050

0.050

0.200

0.190

0.570

180.000

0.100

1.700

6.300

1.300

0.820

110.000

0.740

2.300

0.500

0.050

0.010

Max

120.000

21.000

0.050

0.050

0.660

0.240

1.100

200.000

0.410

1.800

7.100

1.300

1.200

120.000

0.760

4.000

0.600

0.050

0.010

Mean

105.000

19.667

0.050

0.050

0.363

0.213

0.813

186.667

0.203

1.767

6.667

1.300

0.947

116.667

0.750

2.967

0.550

0.050

0.010

S.D.

13.229

1.528

0.000

0.000

0.257

0.025

0.268

11.547

0.179

0.058

0.404

0.000

0.219

5.774

0.010

0.907

0.050

0.000

0.000
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Table10 Descriptive Statistics for Total Trace Metals in Whole Waterat
McLure (February 1993) - Elemental Research Lab

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Lithium

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

lMercury

Min

26.000

6.650

0.050

0.050

0.220

0.089

0.120

83.000

0.100

1.250

5.050

0.800

0.490

76.500

0.270

1.200

0.100

0.050

0.010

Max

34.000

11.000

0.050

0.050

0.260

0.160

0.320

150.000

0.100

2.000

7.800

1.300

0.790

97.000

0.380

2.850

0.110

0.050

0.010

Mean

29.333

8.650

0.050

0.050

0.240

0.126

0.237

109.000

0.100

1.617

6.383

1.067

0.640

89.500

0.313

1.750

0.103

0.050

0.010

_soix_

4.163

2.196

0.000

0.000

0.020

0.036

0.104

35.930

0.000

0.375

1.377

0.252

0.150

11.303

0.059

0.953

0.006

0.010

0.000
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Table 11 Descriptive Statistics for Total Trace Metals in Whole Water at
Savona (Februa~ 1993) - Elemental Research Lab

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Lithium

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

Min

17.000

8.900

0.050

0.050

0,200

0.110

0.110

48.000

0.100

1.200

5.300

0.900

0.540

79.000

0.280

2.000

0.130

0.050

0.010

Max

21.000

9.800

0.050

0.050

0.200

0.120

0.310

56.000

0.100

1.200

5.900

0.940

0.640

92.000

0,300

2.300

0.160

0.050

0.010

Mean

19.333

9.400

0.050

0.050

0.200

0.117

0.210

51.000

0.100

1.200

5.567

0.923

0.577

83.667

0.290

2.100

0.143

0.050

0.010

S.D.

2.082

0.458

0.000

0.000

0.000

0.006

0,141

4.359

0.000

0.000

0.306

0.021

0.055

7.234

0.010

0.173

0.015

0.000

0.000



IXI[4]

IAt ofTaldecfir TotalTraecMetalSpatialComparisons

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

Results of Spatial CornpwiacQSfor Total Trace Metals Using the Separate
Variance t-test - October 1992- Shelley vs Marguerite

ReadtaOfspatid@q* fix Total Trace Metals Using the Separate
Variance t-test - October 1992- Shelley vs Yale

Readtaof spatial compaiaona fix Total Trace Metala Uaingthe Sqmate
Vmimce t-test- October 1992- Marguerite vs Yale

Results of Spatial Cmmpariaonafm Total Trace Metals Using the Separate
Variance t-test - February 1993- Shelley VS Woodpecker

Results of Spatial Camp&ma for Total Trace Metals Using the Separate
Variance t-test - February 1993- ShelleyvsMarguerite

Resultsof Spatial Cunpariaona for Total Trwe Metals Using the Separate
Variance t-test - Februaty 1993- Shelley w Yale

Results of Spatial Comparisons for Total Trace MddS using the separate
Variance t-test-Felxuary 1993- Woodpeckerw Marguerite

Reaultaof@tid &xnpariaunsforTotalTraceUS Usingthe Separate
Variancet-test - February1993- Woodpeck= VS Yale

Re!sdtaof spatialCmpiama tbr Total Trace Metals Using the Separate
vsriancet-test -OCtobcr 1992 -McLurev9savona

Results Ofspatial Cem@sma fw TotalTraceMetalsWing the Separate
Varianect-teat -Februay 1993 -McL.urevs Savoaa

III[4a]

III[4b]

III[4C]

III[4d]

III[4e]

IU[4q

III[4g]

IIX[4h]

IIl[4i]

III[4j]



III[4a]
Table 1 Results of Spatial Comparisons for Total Trace Metals Using
the Separate Variance t-test - October 1992- Shelley vs Marguerite

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

t’

-4.763

-1.043

NA

NA

NA

-5.30

-1.227

-9.480

-4.115

-3.324

-10.553

9.493

5.900

5.189

-0.592

-0.156

1.193

NA

-1.427

d.f.

3.100

3.500

NA

NA

NA

2.400

3.000

2.000

2.900

4.000

3.700

2.600

3.900

2.000

3.900

3.500

3.900

NA

2.1

P . vaiue

0.016

0.364

NA

NA

NA

0.023

0.307

0.011

0.029

0.290

0.001

0.004

0.004

0.035

0.587

0.885

0.300

NA

0.285

NA = t-test not applicable as all samples below detection limit
* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



III[4b]

Table 2 Results of Spatial Comparisons for Total Trace Metals Using
the Separate Variance t-test - October 1992- Shelley vs Yale

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

lMercury

t*

-15.371

-15.639

-3.399

-1.973

-12.333

-17.720

-9.26

-5.195

-0.943

-30.984

-28.259

-15.203

-22.883

1.005

-7.754

-13.069

-17.922

-1.681

-0.744

d.f.

3.7

2.8

2.0

2.0

2.0

2.8

3.7

2.0

2.9

3.6

2.0

2.6

2.1

2.0

2.9

2.1

2.4

2.0

2.1

p - value

0.000

0.001

0.077

0.187

0.007

0,001

0.001

0.035

0.417

0.000

0.001

0.001

0.001

0.419

0.003

0.005

0.001

0.235

0.532

NA = t-test not applicable as all samples below detection limit
* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



Table 3 Results of Spatial Comparisons for Total Trace Metals Using
III[4c]

the Separate Variance t-test - October 1992- Marguerite vs Yale

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

t*

-21.564

-17.013

-3.403

-1,966

-12.332

-21.684

-5.561

-7.153

-3.239

-33.373

-29.890

-4.941

-24.335

9930.371

-8.326

-12.906

-17.629

-1.691

0.378

d.f.

2.7

2.4

2.0

2.0

2.0

2.1

3.6

2.2

2.2

3.7

2.1

4.0

2.2

2.1

2.6

2.3

2.3

2.000

3.900

p - value

0.000

0.002

0.077

0.188

0.007

0.002

0.007

0.015

0.073

0.000

0.001

0.008

0.001

0.000

0.006

0.004

0.002

0.233

0.725

NA = t-test not applicable as all samples below detection limit
● A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



III[4d]

Table 4 Results of Spatial Comparisons for Total Trace Metals Using
the Separate Variance t-test - February 1993- Shelley vs Woodpecker

Aiuminium

Barium

Beryiiium

Cadmium

Chromium

Cobait

Copper

iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

t*

-12.02

0.500

NA

1.062

0.417

0.857

-1.312

0.500

9.944

-0.316

-18.176

-5.794

-0.097

3108.000

-8.835

-2.423

-21.911

NA

NA

d.f.

2.6

3.2

NA

2.5

3.9

2.2

3.9

3.2

2.2

3.4

2.0

2.2

3.7

3.9

2.0

2.8

2.3

NA

NA

p - value

0.002

0.649

NA

0.380

0.699

0.473

0.261

0.649

0.007

0.770

0.003

0.024

0.928

0.000

0.012

0.099

0.001

NA

NA

NA = t-test not applicable as all samples below detection limit
* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative vaiue signifies
that the parameter is significantly higher at the second site indicated



IH[4e]

Table 5 Results of Spatial Comparisons for Total Trace Metals Using
the Separate Variance t-test - February 1993- Shelley vs Marguerite

Metal

IUuminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

t’

-2.416

1.06

NA

1.471

0.568

0.960

-0,770

-0.216

5.051

1.306

-2.701

-1.998

0.498

3.876

-3.955

-1.841

-42.485

NA

NA

d.f.

2.0

2.1

NA

2.0

2.6

2.5

2.1

2.1

2.0

2.0

2.3

2.0

3.2

2.0

2.0

2.2

2.9

NA

NA

P . value

0.136

0.418

NA

0.279

0.615

0.421

0.517

0.848

0.036

0.322

0.100

0.181

0.651

0.061

0.058

0.194

0.000

NA

NA

NA = t-test not applicable as all samples below detection limit
● A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



IIr[4fJ

Table 6 Results of Spatial Comparisons for Total Trace Metals Using
the SeparateVariance t-test - February 1993- Shelley vs Yale

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

lMercury

t*

-9.453

1.768

NA

1.464

0.169

0.997

-2.583

1.512

6.708

-0.999

1.138

-41.676

0.059

13.005

-85

-1.996

-12.854

NA

NA

d.f.

2.1

2.6

NA

2.0

4.0

2.1

2.5

3.9

2.9

2.0

2.6

2.1

3.9

2.0

3.2

2.3

2.0

NA

NA

D - value

0.010

0.191

NA

0.281

0.874

0.417

0.097

0.207

0.007

0.423

0.348

0.000

0.956

0.006

0.000

0:168

0.006

NA

NA

NA = t-test not applicable as all samples below detection limit
* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated
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Table 7 Results of Spatial Comparisons for Total Trace Metals Using
the Separate Variance t-test - February 1993- Woodpecker vs Marguerite

Metal

/Uuminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

r

-0.933

0.883

NA

0.977

0.075

0.313

-0.463

-0.305

0.847

-1.305

1.805

0.979

0.594

0.517

-1.449

-0.471

-4.000

NA

NA

d.f.

2.1

2.2

NA

2.0

2.9

3.6

2.1

2.0

2.6

2.0

2.0

3.0

2.7

2.0

2.3

3.0

3.2

NA

NA

P . value

0.447

0.464

NA

0.432

0.945

0.772

0,687

0.789

0.467

0.322

2.130

0.399

0.599

0.657

0.269

0.670

0.025

NA

NA

NA = t-test not applicable as all samples below detection limit
* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



III[4h]

Table 8 Results of Spatial Comparisons for Total Trace Metals Using
the Separate Variance t-test - February 1993- Woodpecker vs Yale

Metal

Aluminium

Barium

Beqfllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

t*

-4.970

1.265

NA

0.958

-0.227

4.240

-2.015

1.342

-5.814

-0.999

48.592

-2.502

0.178

-1.994

-9.820

-0.440

-8.152

NA

NA

d.f.

2.4

3.4

NA

2.0

3.8

3.8

2.4

2.9

2.9

2.0

2.0

2.0

3.9

2.0

2.1

3.2

2.2

NA

NA

p - value

0.025

0.285

NA

0.439

0.832

0.694

0.160

0.274

0.011

0.423

0.000

0.129

0.868

0.184

0.008

0.688

0.012

NA

NA

NA = t-test not applicable as all samples below detection limit
● A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



III[4i]

Table 9 Results of Spatial Comparisons for Total Trace Metals Using
the Separate Variance t-test - October 1992- McLure vs Savona

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

, Iron
I

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

t*

9.713

-6.784

NA

9.770

NA

6.859

-0.031

25.182

12.775

NA

22.112

-1.315

5.021

1.789

7.778

-0.757

-10.298

NA

0.632

d.f.

2.600

2.700

NA

2.000

NA

3.400

3.700

2.400

2.700

NA

3.300

3.900

2.100

2.200

2.600

2.100

3.900

NA

2.400

p - value

0.004

0.009

NA

0.432

NA

0.004

0.977

0.001

0.000

NA

0.000

0.035

0.035

0.203

0.008

0.526

0.001

NA

0.581

NA = t-test not applicable as all samples below detection limit
● A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



III[4j]

Table 10 Results of Spatiai Comparisons for Totai Trace Metais Using
the Separate Variance t-test - February 1993- McLure vs Savona

Metai

4iuminium

Barium

Beryiiium

cadmium

Chromium

Cobait

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickei

Strontium

Vanadium

Zinc

Arsenic

Seienium

Mercury

r

3.721

-0.579

NA

NA

3.438

0.464

0.229

2.776

1.922

NA

1.003

0.983

0.606

0.753

0.680

-0.626

-4.243

NA

NA

d.f.

2.9

2.2

NA

NA

2.0

2.1

1.7

2.1

2.0

NA

2.2

2.0

2.5

3.4

2.1

2.1

2.6

NA

NA

p - vaiue

0.035

0.594

NA

NA

0.075

0.686

0.843

0.106

0.194

NA

0.413

0.428

0.550

0.500

0.563

0.592

0.033

NA

NA

NA = t-test not applicable as all samples below detection limit
● A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated
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III[5a]

Table 1 Results of Temporal Comparisons forTotalTraceMetals Using
the Separate Variance t-test - Shelley - October 1992 vs February 1993

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

t*

15.029

-2.236

NA

-1.474

-1.370

3.894

5.617

173.205

-14.078

20.516

31.620

-16.997

3,676

-29.001

5.694

3.130

13.000

NA

NA

d.f.

2.0

2.9

NA

2.0

2.0

3.0

2.3

2.0

2.3

2.0

3.2

3.0

2.4

2.0

2.0

3.9

2.1

NA

NA

P - value

0.004

0.113

NA

0.278

0.304

0.030

0.022

0.000

0.003

0.002

0.000

0.000

0.049

0.001

0.029

0.037

0.005

NA

NA

NA = t-test not applicable as all samples below detection limit
* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



Table 2 Results of Temporal Comparisons for Total Trace Metals Using
III[5b]

the Separate Variance t-test - Marguerite - October 1992 vs February 1993

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

LE!KY__

t*

12.156

0.167

NA

NA

-1.930

6.626

3.001

16.140

-1.901

8.586

3.818

-2.598

1.024

1.870

1.037

-0.943

1.093

NA

1.484

3.8

2.1

NA

NA

2.0

2,8

3.8

3.5

2.1

3.8

2.1

2,1

2.2

2.0

4.0

2.3

2.4

NA

2.1

0.000 I
0.882

NA

NA

0.193

0.009

0.043

0.000

0.190

0.001

0,056

0.117

0.405

0.357

0.242

0.436

0.371

NA

0.271

NA = t-test not applicable as all samples below detection limit
* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



III[5C]

Table 3 Results of Temporal Comparisons for Total Trace Metals Using
the Separate Variance t-test - Yale - October 1992 vs February 1993

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

lMercu~

r

29.234

14,709

3.447

1.880

10.564

23.719

12.510

13.949

-4.009

15.319

34.915

-27.601

23.163

-1.999

9.222

9.868

10.137

1.691

NA

d.f.

2.1

3.3

2.1

2.0

2.9

2.1

3.1

2.0

2.3

2.4

2.0

2.0

2.8

2.0

2.0

3.8

3.8

2.0

NA

p - value

0.001

0.000

0.068

0.200

0.002

0.001

0.001

0.005

0.045

0.002

0.001

0.001

0.000

0.184

0.012

0.001

0.001

0.233

NA

NA = t-test not applicable as all samples below detection limit
* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



III[5d]

Table 4 Results of Temporal Comparisons for Total Trace Metals Using
the Separate Variance t-test - McLure - October 1992 vs February 1993

—
Metal

Aiuminium

Barium

Beryilium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickei

Strontium

Vanadium

Zinc

Arsenic

Seienium

Mercury

t*

15.146

-0.843

NA

0.986

-3.444

1.402

5.149

7.695

-3.689

81.228

-1.108

-3.810

NA

-1.250

1.526

-2.698

-6.625

NA

0.795

d.f.

2.5

2.0

NA

2.0

2.0

2.4

3.4

2.4

2.0

2.0

2.0

2.0

NA

2.0

2.3

2.0

3.8

NA

2.1

p - value

0.002

0.586

NA

0.428

0.075

0.276

0.011

0.009

0.066

0.000

0.382

0.060

NA

0.337

0.252

0.113

0.003

NA

0.508

NA = t-test not applicable as all samples below detection limit
● A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated
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Table 5 Results of Temporal Comparisons for Total Trace Metals Using
the Separate Variance t-test - Savona - October 1992 vs February 1993

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

MercuW

v

16.403

-0.200

NA

NA

NA

-4.064

3.761

15.309

-7379.695

21.520

-12.460

-21.541

-11.000

-1.131

0.500

-5.735

-0.822

NA

-1.989

d.f.

2.8

3.7

NA

NA

NA

2.4

3.9

3.0

3.7

2.0

3.0

4.0

2.4

2.5

3.2

2.6

3.2

NA

2.0

p - value

0.001

0.852

NA

NA

NA

0.040

0.033

0.000

0.000

0.002

0.001

0.000

0.004

0.356

0.649

0.016

0.468

NA

0.185

NA = t-test not applicable as all samples below detection limit
● A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies

that the parameter is significantly higher at the second site indicated
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Table 1 Total Trace Metals vs Suspended Sediment Concentration
Pearson Correlation Results - Fraser River Basin
October 1992 and February 1993

Metal

Aluminium

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lithium

Lead

Manganese

Molybdenum

Nickel

Strontium

Vanadium

Zinc

Arsenic

Selenium

Mercury

r

0.954

0.870

0.993

0.819

0.982

0.973

0.939

0.823

0.260

0.514

0.989

-0.201

0.995

0.090

-0.026

0.959

0.871

0.993

0.556

p-value

0.000

0.000

0.000

0.002

0.000

0.000

0.000

0.002

0.440

0.106

0.000

0.554

0.000

0.793

0.939

0.000

0.000

0.000

0.076

Number of Observations for each r value = 11
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Table 1 Descriptive Statistics for Nitrogen in Whole Water from the Thompson River
System (October- 1992)

Type

/Vhole Water

;Iarified Water

‘iltered Water

Site Nitrogen

McLure Ammonia

Nitrate/Nitrite
Total Nitrogen

Savona Ammonia

Nitrate/Nitrite

Total Nitrogen

McLure Ammonia

Nitrate/Nitrite
Total Nitrogen

Savona Ammonia
Nitrate/Nitrite

Total Nitrogen

McLure Ammonia
Nitrate/Nitrite

Total Nitrogen

Savona Ammonia
Nitrate/Nitrite

Total Nitrogen

I

Min.

0.002
0.100
0.160

0.002
0.085
0.150

0.002
0.102
0.150

0.002
0.086
0.140

0.003
0.102
0.160

0.002
0.085
0.150

Max.

0.003
0.103
0,180

0.004
0.085
0.160

0.002
0.102
0.150

0.002
0.086
0.160

0.003
0.103
0.170

0.003
0.086
0.160

Mean

0.003
0.102
0,170

0.003
0.085
0.157

0.002
0.102
0.150

0.002
0.086
0.153

0.003
0.102
0.167

0.002
0.085
0.157

S.D.

0.001
0.002
0.0”10

0.001
0.000
0.006

0.000
0.000
0.000

0.000
0.000
0.012

0.000
0.001
0.006

0.001
0.001
0.006



Table 2 Descriptive Statistics of Nitrogen in Whole Water from the Fraser River Basin ( February 1993)

Type

whole Water

larified Water

Site

McLure
Savona
Shelley

UVoodpeckel
Marguerite

Yale

McLure

Savona

Shelley

Woodpecker

Marguerite

Yale

Nitrogen Form

Total Nitrogen

Ammonia
Nitrite

Nitrate/Nitrite

Ammonia
Nitrite

Nitrate/Nitrite

Ammonia
Nitflte

Nitrate/Nitrite

Ammonia
Nitrite

Nitrate/Nitrite

Ammonia
Nitrite

Nitrate/Nitrite

Ammonia
Nitrite

Nitrate/Nitrite

Min.

0.280
0.310
0.210
0.390
0.390
0.200

0.009
0.002
0.075

0.020
NA

0.139

0.002
0.002
0.136

0.042
0.002
0.120

0.054
0.004
0.163

0.016
NA

0.002

Max.

0.330
0.340
0.220
0,410
0.430
0.240

0.022
0.002
0.077

0.004
NA

o.139

0.002
0.002
0.138

0.045
0.002
0.103

0.061
0.004
0.182

0.019
NA

0.007

Mean

0.307
0.320
0.217
0.400
0.407
0.223

0.014
0.002
0.076

0.003
NA

0.139

0.002
0.002
0.137

0.044
0.002
0.103

0.057
0.004
0.171

0.017
NA

0.004

S.D.

0.025
0.017
0.006
0.010
0.021
0.021

0.007
0.000
0.001

0.001
NA

0.000

0.000
0.000
0.001

0.002
0.000
0.001

0.004
0.000
0.010

0.002
NA

0.003

NA = Not Available



Table 3 Descriptive Statistics of Phosphorus in Whole Water from the Thompson River System (October 1992)

rTe

Whole Water

clarified Water

Filtered Water

Filtered (Yellow)

Water

Site Phosphorus

McLure

Savona

McLure

Savona

McLure

Savona

McLure

Savona

Total Phosphorus

Dissolved Phosphorus

Dissolved Phosphorus

Dissolved Phosphorus

Min.

0.002

0.002

0.002

0.002

0.002

0.002

0.002

0.002

Max.

0.002

0.002

0.002

0.003

0.002

0,002

0.002

0.002

Mean

0.002

0.002

0.002

0.003

0.002

0.002

0.002

0.002

S.D. ~

0.000

0.000

0.000

0.001

0.000

0.000

0.000

0.000

* Note that two different filtering methods were used



Table 4 Descriptive Statistics of Phosphorus in Whole Water from the Fraser River Basin (February 1993)

Type Site Phosphorus Min. Max. Mean S.D.

Whole Water McLure Total Phosphorus 0.004 0.005 0.005 0.001
Savona 0.005 0.007 0.006 0.001
Shelley 0.027 0.031 0.028 0.002

Woodpecker 0.031 0.032 0.031 0.001
Marguerite 0.035 0.036 0.036 0.001

Yale 0.015 0.021 0.017 0.003

Clarified Water McLure Dissolved Phosphorus 0.002 0.002 0.002 0.000
Savona 0.002 0.003 0.002 0.001
Shelley 0.024 0.024 0.024 0,000

Woodpecker 0.015 0.016 0.015 0.001
Marguerite 0.023 0.026 0.025 0.002

Yale NA NA NA NA

NA = Not Available
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Table 1 Results of Temporal Comparisons for Phosphorus Using the Separate Variance t-test
October 1992 vs February 1993

Type

Whole Water

Clatiled Water

NA = Not Anaiysed

Site

McLure
Savona

McLure
Savona

Phosphorus

Totai Phosphorus

Dksoived Phosphorus

t“

-6.867
-6.859

NA
0.707

● A positive-t value signifies that the parameter is significantly higher

d.f

2.5
2.0

NA
4.0

P . vaiue

0.011
0.020

NA
0.519

at the first site indicated, whereas a negative vaiue signifies
that the parameter is significantly higher at the second site indicated



Table 2 Results of Spatial Comparisons for Phosphorus Using the Separate Variance t-test (February 1993)

Nhole Water

Yarified Water

NA = Not Analysed

Sites

McLure vs Savona

Shelley vs Marguerite
Shelley vs Woodpecker

Shelley vs Yale
Woodpecker vs Marguerite

Woodpecker vs Yale
Marguerite vs Yale

McLure vs Savona
Shelley vs Marguerite

Shelley vs Woodpecker
Shelley vs Yale

Woodpecker vs Marguerite
Woodpecker vs Yale

Phosphorus

Total Phosphorus

Dissolved Phosphorus

t*

-2.000
-5.336
-2.183
4.184
-9.192
7.425
9.723

-1.006
-0.863
25.522

NA
-9.171

NA

d.f. p - vaiue
I

3.2 0.134
2.2 0.026
2.2 0.147
3.6 0.011
4.0 0.001
2.1 0.015
2.1 0.008

2.2
2.0
2.3
NA
2.4
NA

0.412
0.478
0.001

NA
0.006

NA

I

* A positive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated



Table 3 Results of Temporal Comparisons for Nitrogen Using the separate Variance t-test

Type

Whole Water

Clarified Water

I

October 1992 vs February 1993 - -

Sites

McLure
Savona

McLure

Savona

Nitrogen

Total Nitrogen

Ammonia
Nitrate/Nitrite

Ammonia
Nitrate/Nitrite

v d.f.

-6.741 2.6
-15.495 2.4

-2.745 2.0
44.745 2.1

-1.551 2.0
-426.014 4.0

* A positive t value signifies that the parameter is significantly higher
at the first site indicated; whereas a negative value signifies - -
that the parameter is significantly higher at the second site indicated

p-value

0.005
0.002

0.111
0.000

0.259
0.000

RI



Table 4 Results of the Spatial Comparisons for Nitrogen Using the Separate Variance t-test - October 1992

Date

october 1992

Type

Whole Water

clarified Water

Filtered Water

Sites

McLure vs Savona

McLure vs Savona

McLure vs Savona

Nitrogen

Ammonia
Nitrate/Nitrite

Total Nitrogen

Ammonia
Nitrate/Nitrite

Total Nitrogen

Ammonia
Nitrate/Nitrite

Total Nitrogen

● A ~ositive t value signifies that the parameter is significantly higher
at the first site indicated, whereas a negative value signifies
that the parameter is significantly higher at the second site indicated

t*

0.000
18.381
2.000

0.000
67.535
-0.498

2.875
~6.062

2.121

d.f.

2.9
2.2
3.2

3.7
3.2
2.0

2.5
4.0
4.0

Yp-value

1.000
0.002
0.134

1.000
0.000
0.667

0.080
0.000
0.101



Table 5 ResuR$of Spatial CMprl$ons for NRrq~Using tbSepar~e Vadancet4est -Febwa~l993

Type

Vhda water

;larified Water

Sttes

McLure vs Savona

Shelley vs. Woodpecker

Shelley vs. Marguerite

Shelley vs. Yale

Woodpecker va. Marguerite

Woodpecker vs. Yale

Marguerite va Yale

McLure w Savana

Shelby vs. Woodpecker

Shelley vs. Marguerite

Shelley vs. Yak

Woodpeckervs. Marguerite

Woodpeckervs. Yala

Marguerite ve Yak

Nitrogen

Total N-

T&al Nitrogen

Total N@an

Total Nitrogen

Total Nitrogen

Total Nitrogen

Total N~en

Arrrrnorlia
Nitrite

NitrataJMtrite

Anlrnonrn
Nitrita

NitrateNiie

Ammonia
Nitrite

Ntie/Niie

Alnrnonia
Nitrite

Nitrate/Nitrite

Ammonia
Nitrite

NtieJNiie

hmonie
Ntie

Nitrate/Nitrite

Arnrnonie
Nitrite

Ntie/Nitr#a

~= N~ ~lyeed

● Apoaitiwtvelue aignMaethattha paranreter iaaignificantly higher
et the first site irrdiied. whereas a na9ative value skmitiea

r

-0.756

-27.500

-15.234

-0s35

-0.500

13.250

10.786

2.53o
f4A

-107.112

-41 .s30
-0.316
46.000

-24.955
-18.187
45.726

-14.875
NA

74.464

-5.270
-15.500
-11.739

19.092
NA

58.246

16.5Q2

27N?#

d.f.

3.5

3.2

2.3

2.3

2.9

2.9

4.0

2.1
NA
2.2

2.0
3.4
2.9

2.0

::

2.0
NA
2.6

2.8
3.9
2.0

4.0

2?

2.8
NA
2.3

p-value

0.497

0.000

0.002

0.640

0.653

0.001

O.OCK)

0.123
NA

O.000

0.001
0.770
O.oal

O.m
O.000
0.027

0.004

oN&

0.016
0.000
0.007

0.000
NA

O.fx)o

0.001
NA

0.001

thattheparemetarisai&iiyh*e ttheseco&eiteindii
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Table 1 Summarv of Dioxin and Furan PartHionhmto Suspended sediments, Published and Calculated
Log Koc Values - ~hompson River System - Solld ~hase Extraction ( February 1993)

Dloxlns

T4CDD - Total

2,3,7,8

P5CDD - Total

H6CDD - Total
I
H7CDD - Total

08CDD

Furans
I

T4CDF - Total

2,3,7,8
I
P5CDF - Total

H6CDF - Total
I

Published
Range of Log
Koc Values (1]

2.11-7.59

4.76-7.59

4.85-6.38

5.02 -7.1

5.47 -7.8

5.92 -7.9

5.2- 7.5

5.2- 7.5

5.59 -7.4

7.4

5-7.9

6-7.4

McLure

% In S.S. Log Koc
(2)

NIA NIA

NIA NIA

WA NIA

WA NIA

14.97 6.65

5.70 6.19

NIA NIA

NIA NIA

NIA WA

NIA NIA

NIA NIA

NIA NIA

Savona

% in S.S. Log Koc
(2)

NIA NIA

NIA NIA

NIA NIA

WA NIA

N/A NIA

82.55 7.37

NIA WA

63.11 6.92

N/A NIA

NIA NIA

N/A NIA

NIA N/A

N/A denotes not atmlicable 8s dioxin~rans were not detected in both the suspended sediment and the solid phase
extracted clan”fiad ‘water samples
(1) Mackay et al., 1992.

(2) %in S.S. = l/100Q) x 1OO”%J
(wncentration in susp. sed.)(susp. sad. cone.)(1/1000) + concentration in solid phase extract



Table 2 Summary of Dioxin and Furan Partitioning to Suspended Sedimentk, Published and Cakukitad
Log Koc Values- &npson River System - Lquki Phase ~ “ ( February 1993)

L
Dioxins

T4CDD - Total

2,3,7,8

P5CDD - Totai

H6CDD - Totai

H7CDD - Total

08CDD

Furam

T4CDF - Total

2,3,7,8

P5CDF - Total

H6CDF - Total

H7CDF - Total

08CDF

Published
Range of Log
Koc Values (1)

2.11-7.59

4.76-7.59

4.85-6.38

5.02 -7.1

5.47 -7.8

5.92 -7.9

5.2- 7.5

5.2- 7.5

5.59 -7.4

7.4

5-7.9

6-7.4

McLure

% in S.S. Log Koc
(2)

WA

NIA

NIA

1.19

14.97

2.65

NIA

NIA

WA

NIA

NIA

NIA

NIA

WA

NIA

5.48

6.65

5.64

WA

NIA

NIA

WA

NIA

N/A

Savona

% in S.s. Log Koc
(2)

WA

WA

NIA

WA

45.63

29.72

WA

39.37

WA

NJA

WA

NIA

WA

NIA

NIA

MA

6.77

7.06

NIA

6.87

NIA

NIA

NIA

NIA

N/A denotes not applicable as dioxinwfurans were not detected in both tha suspended sediment and the liquid phase
extracted clan”fied-water samples
(1) Mackay et al, 1992.

(2) %ins. s.= l/10Q@ x 100%
(concentration in SUSP. sed.)(susp. seal. cone.)(1/1000) + concentration in liquid phase extract



Table S Summary of Dloxln ●nd Furan Pattltioning to Suspended Sadlments, Published and Calculated
Log Koc Values - Fraser FUvar - Solid Phase Extraotlon ( February 1$93 )

Hoxhls

TobdT4CDD

2,3,7,8 T4CDD

Tc4alP5CDD

Total H6CDD

Total H7CD0

06CDD

Furans

TotnlT4CDF

2,3,7,6-T4CDF

Tdal P5CDF

Total H6CDF

Total H7CDF

08CDF

Published
Range of Log
Koc Values (f)

2.11-7.59

4.767.59

4.6S 6,36

5.02- 7.1

5.47- 7.8

5.92 -7.9

5.2- 7,5

5.2- 7.5

5.59 -7.4

7.4

5-7.9

6-7.4

Woodpecker

Feb.1SS3

%In8.8. LogKoc
(2)

WA

WA

NIA

NJA

NIA

82.(?2

WA

WA

NIA

WA

NIA

NIA

NIA

NIA

NIA

NIA

WA

7.02

NIA

NIA

NIA

NIA

NIA

NIA

Marguerite

Feb. 19S3

% ~2hS. Log Koc

WA

WA

WA

NA

N/A

79.96

WA

WA

WA

WA

NIA

WA

NIA

NIA

NIA

WA

WA

7.27

NIA

NIA

NIA

WA

NIA

NIA

Yak

Feb. 1993

% in S.S. Log Koc
(2)

NIA

WA

NIA

NJA

NIA

47.64

NIA

NIA

NIA

NIA

NIA

NIA

NIA

N/A

NIA

NIA

NIA

7.2s

NIA

N/A

NIA

NIA

NIA

NIA

N/A denotes not wdcabla as doximv$brans wera not detected in both the wsoended sedirnantand the solidphase
extracted clafiiied-iater samples
(1) Mackayet al, f992.

(2) %m S.s. =
@ncentretion In amp. sed.)(susp. sad. cone.)(1/1000) + concentration in solid phase extracf

Xlm



Tabb 4 Summaryof D&xln●nd FuranPartltknlngto SuspendadSediments,PubllshedandCakulated
Log Koc Values - FraserRiver- LlquldPhaseExtraction( February1993)

I
Dloxlns

IToW T4CDD

2,3,7,8 T4CDD

TotalP5CDD

TotalH6CDD

TotalH7CD0

08CDD

Furans

TetalT4CDF

2,3,7,8-T4CDF

TotalP5CDF

L
Total H6CDF

TotalH7CDF

08CDF

Publlahad
Rangeof Log
KooValuas(1)

2.11-7.59

4.76-7.59

4.85-6.38

5.02 -7.1

5.47 -7.8

5.92 -7.9

5.2- 7.5

5.2- 7.5

5.59 -7.4

7.4

5-7,9

6-7.4

Woodpecker

% In S.s. Log Koc
(2)

WA tw

NIA N/A

NIA NIA

42.m 4.33

NIA NIA

71.15 4.85

53.08 4.52

WA NIA

NIA WA

NIA NIA

WA NIA

NIA N/A

Warguerlte

% InS.s. LogKoc
(2)

NiA NiA

NIA NIA

NIA NM

57.47 6.93

47.17 6.75

61.04 7.00

40.70 6.64

WA NiA

NJA NiA

WA WA

NIA NIA

WA NIA

Yale

% In S.s. Log Koo
(2)

NIA NiA

NIA NIA

NJA WA

9.98 6.38

44.87 7.23

NIA WA

30.35 6.96

46.87 7.26

NIA NiA

MA NiA

NIA WA

11.44 6.43

WA denotes not amiiceble as dk?xinwliwans were not detected in both the SUS- sediment end the Iiwid Dhisse
extraded dmit%d”watersampies

. .

(1) Mackay et al, 1992.

(2) %in S.S. = x 100%
(cwcantretion in SUSP.sed.)(susp. sad. cone.)(1/1000) + concentration in liquid phase extract



Tabk S Summayof Chlomphwdk PWWJOIIlngb SUSPOndd StdImentsNM CdcuW Isa Koc Vatuu
ThOmpson Rlvub-(OctObu lW2FdnuaiylSS3, Nw.mboi1993)

I

z~
24tz3-CcF’
3#~
2~
38~

44110t’0gu9iacd
~*
2,4,5bichkmPhmd
23,WMuWhmd
23,5-Mchbnwtmnd
2,4,5+khbmPtund
23,4-trichbmPhond
3,4,5-trlchlUw@Uld

3v~
4,6dkhbmglwUal
4,S-dkMmgudUd
~m
3,4—dwllwuhchd
3,&dwmUkM
3,~

23,4,S4wbachbm@mnd
23,4,S-WmchbmPtmnd
$c41101wanlllim
S-chIorc+mnillbl
3,5dich10r06@nfJol

3,4,S4Jic4ilomlJwiacal
3,4,3.4ic4110nlglmixccd

4w5s~~
3,4,64richk40akcM
3,4,5—Mc41~
5,&dicMnm nillln

240t’c@ngaWailyde

t9tIachk4uguak+ll
3,4,3-bichhxc$@ngd
t@JUhlorcCatechL4
2,3dich10r0sylln@d &*

McLum

K In $.$.
(1)

Mm

WA

0?:
WA
WA
MIA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
N/A
WA
WA
WA
WA
WA
WA
WA
WA
N/A
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

FUA
NIA

4.041
WA
WA
WA
WA
WA
WA
WA
WA
MIA
WA
WA
WA
WA
WA
WA
WA
N/A
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
N/A
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

McLum

% In S.S.
(1)

W. m

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

McLum

%IIIS-S. LqKoc
[1)

W. 93

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

WA
MIA
MIA
WA
WA
WA
tVA
WA
MIA
WA
t4tA
WA
WA

M
W
MIA
WA
WA
MIA
WA
MIA
WA
WA
MIA

K
WA
WA
WA
WA
WA
WA
WA
MA
WA
WA
WA
WA
WA
WA
WA
WA

Swofm

%IIIS.S. lAw Ka
[1)

Oct$s

WA
WA
WA
WA
WA
WA

O%
WA
WA
WA
WA
WA
WA

U
WA
WA

0%
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

0.%5
WA
WA
WA
WA
WA
WA
WA
WA
WA
N/A

WA
WA
WA
WA
WA
WA
WA
4,f70

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
5.028

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
4.330

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

N/A d9dwlld.9@03t&Udl~ wumnc4dabc&d &lhOulwspenrMsOdmmta?ldlvtld9 wdw5m7#s8

(1) %inS.s. - xmm
amc8ntI-ati.min m Waiw

SwOM

%Im$.$. LagK.x
(1)

Mm

WA
WA
WA
N/A
WA
WA
WA

0.420
WA
WA
WA
WA
WA
WA

N:
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

WA
WA
WA
NA
WA
WA
WA

4.316
WA
WA
WA
WA
WA
WA

R:
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

SwOnx

Uhls.s. LO@lcoe
(1)

mv. m

WA
WA
WA
WA
WA
WA
WA

o%
WA
WA
WA
WA
WA

0!%
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

M

tWA
tVA
WA
WA
WA
WA
t4/A

5!!$7
WA
WA
WA
WA
WA

4!%
N/A
NIA
WA
WA
WA
NIA
WA
WA
WA

E
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA



I
IV[8]

Teble 6 Summery ot Chbmphenolk Petitioning to Swpended Sedimente end Caicuieted
Lq Koc Vaiuee - Freur River ( Octdier 1SS2)

WA

WA

WA

WA

N(A

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

tUA

WA

WA

WA

NiA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

0.10

2.W

WA

WA

WA

WA

5.81

WA

WA

WA

WA

3.42

WA

WA

0.24

0.33

WA

2.04

WA

WA

WA

WA

WA

12.50

WA

WA

WA

N/A

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

3.534

4.s68

WA

WA

WA

WA

5.324

WA

WA

WA

WA

5.M3

WA

WA

3.922

4.058

WA

4.862

WA

WA

WA

WA

WA

5.689

WA

I

%in S.s. Log Koc
(1)

WA

1.76

WA

WA

WA

WA

WA

WA

WA

WA

WA

N/A

WA

WA

WA

WA

WA

WA

WA

1.=

WA

WA

19.93

WA

7.75

WA

WA

WA

WA

7.48

WA

WA

0.46

0.23

WA

3.43

WA

1.92

WA

WA

WA

16.10

WA

4.471

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

4.339

WA

WA

5.614

WA

5.142

WA

WA

WA

WA

5.126

WA

WA

3.8s3

3.581

WA

4.7m

WA

4.500

WA

WA

WA

5.501

WA WA

Yeie

% in S.s. Log Koc
(1)

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

N/A

WA

WA

WA

24.90

WA

WA

WA

20.m

38.55

WA

WA

WA

WA

WA

WA

WA

1.74

WA

WA

8.34

WA

WA

WA

WA

WA

8.78

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

N/A

WA

WA

WA

WA

WA

5.157

WA

NIA

WA

5.036

5.453

WA

WA

NIA

WA

WA

WA

WA

3.ss5

WA

WA

4.596

WA

WA

WA

WA

WA

4.499

WA NIA

WA tknoteenat~ehkes CMW@md8wCm natdete&ed &? boal SUe$ended S&llef#WKtw #ewatwseqleS

(1) % h S.s. = x law
Cw@Mmumklmwetw
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Tabk7 8ununuyat~ PutMnhg tQs4s8pandadSadlnmbuldcdAatad
Log Koa VduBS-Fmsar Rivar(F~1333)

%inss Log)(oc
(1)

WA
WA
WA
WA

N/A
WA
WA
WA
NIA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

WA WA

hodpacb

%hss Loglcoc
(1)

WA
WA
0.53
WA
WA
WA
WA

5.s5
0.14
0.33
WA
WA
WA
WA
WA
WA
WA
WA
WA

9.=
WA
WA
WA
WA

3.74
WA
WA
WA
WA

4.55
WA
WA

0.4s
O.=
WA

73.43
WA
1.02
WA
WA
WA
WA

WA
WA

4.3s2
WA
WA
WA
WA

5.377
3.73s
4.125

WA
WA
WA
WA
WA
WA
WA
WA
WA

5.505
WA
WA
WA
WA

5.lm
WA
WA
WA
WA

5.2S
t4/A
WA

4.2s2
4.075
. WA
7.040

WA
4.s13

WA
WA
WA
WA

WA WA

%hSS Loghc
(1)

WA
WA
WA
WA
WA
WA
WA

0.11
O.w
WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

1.92
WA
WA
WA
WA
WA
WA
WA
WA
WA

1.26
WA
WA

0.35
0.23
WA

9.51
WA
WA
WA

0.3
WA

7.s

WA
WA
WA
WA
WA
WA
WA

3.s36
3.533

WA
WA
WA
WA
WA
WA
WA
WA
WA
WA

5.007
WA
WA
WA
WA
WA
WA
WA
WA
WA

4.911
WA
WA

4.349
4.165

WA
5.s26

WA
WA
WA

4.1ss
WA

5.706
WA WA

IV[9]

Yab

%inss Log Koc
(1)

WA
NIA

0.219
WA
WA
NIA
WA
WA
WA

0.274
WA
WA
WA
WA
WA

0.021
WA
WA
N/A

0.304
WA
WA
WA
WA

0.609
WA
WA
WA
WA

1.976
WA
WA

O.cm
0.156

WA
0.460

WA
WA
WA
WA
WA
WA
WA

WA ~mtappkabhaacMw@wws wwmnotddoctadhbothauspnddsadinwtmdW3/ ewetaf8aft@aa

WA
N/A

4.66
WA
WA
WA
WA
WA
WA

4.76

WA
NIA
MA

3.63
WA
WA
WA

4.91
WA
MA
WA
WA

5.10
WA
WA
WA
WA

5.61
NIA
N/A

4.26
4.52

5.00
WA
NIA
WA
WA
WA
WA
WA

,m

(1) % inS.s. * x m%
Umant#minwfd, wtar



Iv[lo]
Table8 Summaryof Chiomptwd k Partitioningto Suspendedsedimentsand Cakuiatad
Log KocVaiuea - Fraaar River ( November 1993)

4-chlorophenol

2,6-dichlorophanol

2,4/2,5-DCP
3,5dichlorophenoi
2,3-dichlorophenol
3,4-dichlorophenol

6-chloroguaiacoi
4-chloroguaiacol

5-chloroguaiacd
2,4,6-trichlorophenol

2,3,8-trichlorophenoi

2,3,5-trichiorophenol

2,4,5-trichlorophenol
2,3,4-trichlorophenol
3,4,5-tdchlorophenoi
3-chlorocatechd
4-chlorocatachoi
3,4-dichiorogueiecol
4,6-dichloroguaiacol

4,5-dichloroguaiacol
3-chlorosyringd

3t4dichlorocatechrY
3,6-dichiorocatechol

3,5-dichlorocatechd

4,5-dichiorocatechol
2,3,5,6-tetrachbrophenol

2,3,4,6-tetrachbrophend
2,3,4,5-tetrachbrophend

!$-chlorovaniiiin
6-chlorovaniNin
3,5-dichloroayringol
3,4,6-trichloroguaiacol
3,4,5-trichbroguaiacol

4,5,6-trichioroguaiacd
3,4,6-trichbrocatechol
3,4,5-trbhbrocatechol
5,6-dwhioroveniilin
pentachbrophend
2-chloroaynngeldehyde
tetrachioroguaiaco!
3,4,5-trichioroeyringol
tetrachlorocatechol
2,6-dichlorosynngaldehyde

shaky

% in SS Log Koc
(1)

N/A
NIA
WA
WA
WA
WA
NIA
NIA
WA
WA
WA
WA
NIA
WA
WA
WA
N/A
NIA
NIA
NiA
NJA
NiA
NIA
WA
WA
WA
NIA
NiA
NIA
NJA
NIA
NtA
N/A
NJA
N/A
NIA
NiA

0.33
NtA
NJA
NiA
N/A
WA

WA
WA

WA
NIA
NIA
WA
WA
WA
WA
NJA
WA
WA
NIA
NIA
NJA
tw
NIA
WA
WA
N/A
NJA
NIA
NtA
N/A
NIA
NIA
WA
WA
WA
WA
WA
WA
WA
NIA
WA
WA
WA

4.089
WA
WA

N/A
N(A
WA

Woodpecker
1

%inss Log KOC
I

(1)
I

WA
WA
WA
WA
WA
WA
WA
NIA
WA
WA
WA
NJA
WA
N/A
N/A
NJA
WA
WA
WA
1.80
NIA
N/A
NIA
WA

31.08
WA
WA
N/A
WA

22.35
NIA
NIA

6.09
WA
WA

20.35
WA

0.73
WA
N(A
WA
N/A
WA

WA
iWA

WA

WA
WA
WA
WA
WA
WA
WA
NIA
WA
N/A
WA
N/A
NJA
NIA
WA
WA

4.238
NIA
WA
NJA
NIA

5.630
WA
WA
N/A
WA

5.435
WA
WA

4.78@
WA
N/A

5.384
WA

3.842
N/A
WA
WA
NiA
NIA

Marguerite

% in SS Log KOC

(1)

WA
WA
WA
WA
NJA
NIA
WA
NIA

0.81
WA
NIA
NiA
NIA
NIA
NIA
WA
WA
WA
WA

7.25
NIA
NiA
NJA
WA

6.47
WA
WA
WA
WA
NIA
WA
WA

2.47
2.03
NIA

17.40
WA
N/A
N/A
WA
WA
NIA
NJA

NfA
N/A
WA
NIA
N/A
WA
WA
NJA

4.757
WA
WA
N/A
NIA
NiA
NIA
NIA
N/A
WA
NJA

5.739
NJA
WA
NIA
WA

5.885
WA
NIA
WA
WA
WA
WA
WA

5.250
5.162

N/A
6.169

WA
N/A
WA
WA
NJA
N/A
WA

Yale

% in SS Log KOC

(1)

NIA
N/A
WA
WA
N/A
NtA
WA
N/A

64.080
WA
NIA
WA
NIA
WA
WA
NIA
WA

NtA

NIA

5.082
NJA
WA
NJA
WA

7.200
WA
NJA
WA
N/A
NIA
WA
NIA

4.320
WA
WA

14.400
NIA
NIA
WA

1.440
WA
NIA
N/A

WA denotes not applicable as chbropheno/s were not detected in both suspended sediment and whole water samples

NIA
NIA

WA
WA
NIA
NIA
N/A
NIA

6.10
NIA
WA
WA
WA
WA
WA
NIA
N/A
N/A
WA

5.00
N/A
WA
WA
N/A

5.15
NIA
WA
NIA
WA
NIA
N/A
NtA

4.93
N/A
NJA

5.45
NIA
NJA
NIA

4.45
NtA
WA
WA

(7) % inS.s. = l/lr3Q x 100%
comentmtion in whob water
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U
IV[ll]

●nd Cakulated Log Koc Vduaa - Fraaar Rlvar (~vamb& 19S4)

ChlorophanoJa

khlorophenol

2,6-dkhiorophenol
2,412,5-DCP
3,5-dkMorophancd
2,3-diMorophenol
3,Michlorophend
khloroguaiacol
khloroguaiacol
5-chloroguaiacol

2,4,6-trichlorophend

2,3,6-tridicwophenol

2,3,5-tricMorophenol
2,4,5-trichkwophenol

2,3,4-trichlorophanol
3,4,5-trMkrophend
khkmcatechol

4-chlorocatacM
3,4-dichkroguaiacol
4,6-dichloroguaiacol
4,5-dichloroguaiacol
3*oayringol
3,4-dichlorrxAechol
3,6-dichbocatachol
3,$dichkrocatechol
4,5-dichlorocatadlol

2,3,5,6-tetrachbrophend
2,3,4,6-temchkrophend
2,3,4, $tetrachlorophend
5-chlorovarrwrl
6+40rovaniW
3,MichloroayThgol
3,4,64riMoroguaiacol
3,4, WricNoroguaiacol

4,5,6-trkMoroguaiacol
3,4,6-tricHorocateohol

3,4,5-trichkxocatechol
5,6-dmorovaniMin
pentackrophand
2-chbroa “ym@dehyde
tetrachbroguaiacd

3,4,5-trkhkro@ngol
tetriwslk!rooatecM
2,6dichloroayrir@ dehyde

Shelley

k in Suap. Log Koc
sad.
(1)

WA
WA
WA

0.26
WA

WA
NIA
WA
WA
NIA
WA
WA
WA
WA

WA
WA
NIA
WA
NIA
WA
WA
WA
WA
tVA
WA
NIA
N/A
NIA
WA
NIA
NIA
WA
NIA
WA

WA
WA

MIA
WA
WA
WA
N/A

WA
WA
WA

WA
WA

NIA
4.83
WA
NIA
WA
WA
WA
NIA
NIA
WA
NIA
WA
WA

WA
WA

WA
WA
NIA
N/A
WA
N(A
WA

WA
WA
WA
WA
WA
WA
IWA
WA
NIA
NIA

NIA
IVA
t4JA
NIA
IVA

WA
WA
WA
N/A
NJA

Marguerite

6 in Suap. Log Koc
Seal.
(1)

WA
WA

0.39
0.08
WA
WA
WA
WA
WA
WA

0.06
N/A

WA
WA

WA
NJA
NIA
WA

0.03
WA

0.67
NJA
WA
WA
NIA
8.58
N/A
WA
WA
MIA

0.95
WA
NtA

0.85

0.49
WA

18.92

MIA
WA

NIA
NIA

WA
16.52
NJA

WA
WA

4.57
3.67
WA
WA
WA
NIA
NIA
WA

3.75
WA

WA
WA
WA

MIA
WA
WA

3.51
NIA

4.81
NIA
WA
NJA
NIA

5.92
WA
WA
N/A
WA

4.96
NJA
NIA

4.91

4.67
N/A

6.26
WA
WA
WA
WA
WA

6.20
WA —

Yale

6 in Suap. Log Koc
sad.
(1)

WA
WA

NJA
0.06
NIA
WA
WA
WA
NJA
NIA
WA
N/A

WA
WA

WA
WA
N/A
WA
WA
WA

0.25
WA
N/A
NJA
NIA
WA
NIA
WA
WA
WA
1.24
NIA
WA

0.88

0.21
IWA
FM

WA
NIA
WA
WA
NIA
N/A
NIA

N/A
NIA
MIA

4.17
WA
WA
WA
WA
NIA
NIA
N/A
WA
NIA
MIA

NIA
NIA
WA
NJA
MIA
WA

4.80
NJA

NIA
WA
WA
WA

WA
WA
WA
NJA

5.49
WA
WA
5.33
4.71

tUA
N/A
NJA
WA
t4/A
WA

WA
WA
WA

WA denotes not ap~icable as chlom~enols Wm not detacfed in both suspended sediment and whole water samples

(1) % h S.s. =
concantrdon in w#miewafer x 100%



Table 10 Summary of Polycyclic Aromatic Hydrocarbon Partitioning to Suspended Sediment. Publiihed and Calculated Log Koc Values
- Thompson River System- ( October 1992, February 1993) - “

Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz(a)anthracene
Chpne
Benzofluoranthenes
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Dibenz(ah)anthracene
Indeno(l ,2,3-cd)pyrene
Benzo(ghi)perylene

Published
Range of

Log KOC (1]

2.38- 5.0
3.4-3.83

3.59-5.38
3.76-5.47
3.97-6.12
2.96-5.76
4.0-6.38
3.11-6.51
4.0- 7.3
3.66 -6.9
4.0- 7.0
4.0- 7.2
4.0- 8.3

3.75-5.74
5.2-6.52

.
6.2-6.26

McLure

Ott 92 Feb 93

% in SS Log Koc % in SS Log KOC
(2) (2)

0.15
0.37
NIA

0.55
2.06
2.52
6.54
6.58
13.42
23.66
38.27

NIA
NJA
N/A
NIA
WA
NIA

4.12
4.51
NIA

4.69
5.27
5.35
5.79
5.80
6.14
6.44
6.74
NIA
WA
WA
NIA
WA
WA

0.03
0.20
0.71
0,75
0,95
0,79
3.10
2.99
NIA

11.47
NIA
NIA

E
NIA
NJA
NIA

3.85
4.71
5.26
5.28
5.40
5.30
5.91
5.89
WA

6.52
WA
NIA
WA
NIA
N/A
NJA
NiA

Savona

Ott92 Feb 93

%In SS Log KOC % in SS Log i(oc
(2) (2)

0.13
1.46
NIA

0.83
2.23
4.85
4.99
6.65
23.95
16.32
NIA
NIA
WA
WA
WA
WA
NIA

4.47
5.53
WA

5.28
5.71
6.06
6.08
6.21
6.85
6.65
N/A
WA
NJA
WA
N/A
WA
NIA

0.45
31.34
3.97
13.00
31.81

NIA
29.82
38.46

N/A
41.18

WA
WA
NIA
NIA
IWA
NIA

52.38

4.35
6.35
5.55
5.90
6.40
WA

6.36
6.53
WA

6.58
NIA
WA
N/A
NIA
WA
N/A

6.74

WA &notes nof apj.?licebk?as PAWS bvam not ck#acM in both suspended sedment and solid phase extracted samples
(1) MacKay et a/, f992.

(2) %ins.s. = x 100%
(concentration b susp. sad)(susp. sad. cone.](1/1000) + corwentration in solid phase ext?acf

+“



Tsblall &lmmuyof ?dycydk AmnaucHydrocarbon?81u tkmhlgb&apandd sorsqcdcul,t dandruwahod LqKoc Valuac. Fraau Rhmr(Octobofl~ Fobruafyl$83)

L%%”*]

2.36- 5.0
3.4-3.33

3.59- 5.3s
3.78-5.47
3,97-6.12
2.S6 -5.76
4.0-6.36

3.11-6.51
4.0- 7,3

3.66 -6.9
4.0.7,0
4.0- 7,2
4.0- 8.3

3.75-5.74
5.2-6.52

6.2- 6.2S

1.02
WA

6%
23.22

WA
28,46
25.53
23,95
55.75

MIA
tVA
t-#A
NIA
WA
WA
WA

4.45 0.02 4.f8
WA WA NIA

2.71 6.24
5:4 4.63 6.46
5,82 2.63 6.22
WA 1.16 5.M

6.04 6.72 6.56
596 5.04 6.52
5.94 WA WIA
6.54 5.12 &52
WA WA NIA
WA WA WA
WA WA MIA
N/A WA WA
WA 0.s3 5.76
WA 1.46 5.M
WA 1.90 6.06

W-h=$-f

Ott 1892 Fab. 1s03

%ln8.8. LqKoc % In S.8. Lag Kac

(a m

1.20
WA

5%5
17,24
1.2s

31 .6s
28.57
33.33
3s.13
6s.23

WA
tVA
WA
tVA
NIA
WA

4.62
WA
WA

5.31
5.65
4.65
6.20
6.14
6.41
6.34
6.6s
WA
MIA
WA
MIA
WA
WA

0.i6
9.27
10.4s
16.46
20.81

WA
41.46
30.46

WA
WA
WA
WA
N/A
WA
WA
N/A
MA

N/A dmahwmtq@sb& as PMbnwvnc4&teclud &Mh~ sednantandm@?asa @8ctlsdsMphsa
(1) Madrsy at al, 1S92.

m %&ls.s. = x I@%
(~ tratim h-lausp, sect)(wlp. asd. af)c.)(Vlooo) + Unc9ntm timinwptwaextract

3.60
5.61
5.67
5.69
6.02
MIA

6.45
6.24
WA
WA
WA
N/A
WA
WA
N/A
WA
WA

w *S92 Fob.1933

0.72
WA

3!%
12.57
20.35
27.12
26.ss
53,49
69.70

IVA
WA
MIA
WA
WA
WA
WA

4,08 O,*7 4.03
WA 8.59 5.78
WA 6.96 5.60

4.76 11.06 5.s0
5.36 17,14 6.12
5.63 34.08 6.52
5.79 46a 6.76
5.79 27.33 6.38
6.26 N/A N/A
6.56 MIA WA
MIA MIA WA
WA t41A WA
WA WA MIA
MIA MIA WA
WA WA WA
WA WA WA
WA WA WA

Yak

0U1W2 Feb. 1S93

$ln Suap. Log Kac %in Sq. LqKffi
sad. sad.
(2) (2)

8.7e
10.49

St!%
66.67
66.00
68.94
6s.00
67.00
‘w .05

MA
WA
WA
WA
WA
WA
WA

4.52 0.06 4.07
5.02 1.9s 5.53

0.24 4.71
5% 1.34 5.45
5.76 3.30 5.65
5,74 6.94 6,19
5.96 8.61 6.30
5.99 9.s3 6.36
6.47 14.23 6.54
6.64 23.95 6.82
WA WA WA
WA WA WA
WA WA WA
WA FLfA
WA 1.24 5%
WA 5.37 6.07
WA 8.56 6.29
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APPENDIX V

COMPLETE DATA RESULTS FOR SAMPLES, FIELD QA/QC AND LABORATORY
QA/QC
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Data tables have been provided in digital form (Lotus 123, version 4) in the enclosed disk. Refer
to the following table of contents for lists of tables for individual parameters and corresponding
file names.

Table of Contents

List of Tables for Suspended Sediment Parameters and Flow . . . . . . . . . . . . . . . . . . . . . . . . V[3]

List of Tables for Dioxin and Furan Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V[4]

Listof Tables for Chlorophenolic Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......WGI

List of Tables for PAHAnalyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V[7]

LktofTablesf orPCBAnalyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V[9]

ListofTables for Pesticide Analyses.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......W1OI

Listof Tables for Fatty and Resin Acid AnaIyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Wlll

Listof Tables for Trace Metal Analyses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V[13]

List of Tables for Nutrient A.nalyses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V[14]



V[3]

IAst of Tablu for Swqwnded Sednent Parameters and F1OW

File Nsme Worksheet #

physical 1TotalOrgsnicC- Psrticle Sk, Flow and Suspemkd Sediment
concentrations fi-omthe Thompson River system

Total Organic C- Psxticle Size, Flow awl Suspended Sediment
Concentrations fi-omthe Frawz River

physicsl 2
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I&t of Tabka for Dioxin and Furan Analyses

Sampk Cross Referemce Tabk f6r Dkxku amd Fura8e in Suqwnded Sedmento
from the Fraeer River Ilm&

Dioxins and Furaus in Suspeded Se&.wds at MCLure

Dioxins and Furans in Swpended Sedimtmts at Savona

Dioxins and Furans in Suspeded Sediments at Shelley

Dioxins and Furans in Swpended Sediments at Woodpecker

Dioxins and Furaus in Swpended Sediments at Marguerite

Dioxins and Furans in Suspaded Sediments at Yale

Dioxins and Furans in Laboratory Sediment Blanks

Dioxins and Furans in Laboratory Sediment Spikes and References

Sampk Croes Reference Tabk for Dbxins and Furam in Solid Phase Extracted
Chuified Water from the Fraser River Basin

Dioxim and Furans in Solid Phase Extracted Clarified Water from the Thompson
River system

Dioxins and Furans in Solid Phase Extracted Clari6ed Water Ilom the Fraser River

Dioxins nod Furans in Solid Phase Extracted Deionized Water Field Blanks

Dioxins and Furans in Solid Phase Extracted Laboratory Blanks and Proofs

Dioxins and Furans in Solid Phase Extracted Laboratory Spikes

Sampk Croes Reference Tabk for Dioxim and Furans in Liquid Phase Extracted
Clarified Water from the Fraser River Basin

Dioxins and Furans in Liquid Phase Extracted Clarified Water from McLure

Dioxins and Furans in Liquid Phase Extracted Clarified Water flom Savona

Dioxins and Furans in Liquid Phase Extrscted Clarified Water from Shelley

Dioxins ad Furans in Liquid Phase Extracted Clari&d Water fbro Woodpecker

Dioxins and Furans in Liquid Phase Extracted Clarified Water tlom Marguerite

FileName

diox-fur

diox%lr

diox-iilr

diox-fur

diox-fur

diox-fur

diox-fur

diox-fiu

diox-fiu

diox-fur

diox-filr

diox-fur

diox-filr

diox-ti

diox-fur

diox-fur

diox-fix

&ox-fur

diox-filr

diox-fur

diox-fur

Worksheet #

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21
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Dioxins and Furans in Liquid Phase Extracted Clarified Water ilom Yale

Dioxins and Furans in Liquid Phase Exkacted Deionized Water Field Blanks

Dioxins and Funms in Liquid Phase Extmcted Lakatmy Blauks and Spikes

File Name Worksheet #

diox-fur 22

diox-lilr 23

diox-flu 24
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Wt of Tahk.s for Chlorophenolic Analyses

Sampk Cross Refemnee Tabk for Ctdorophenolim in Suspended Sediments
from the Fraaer River Baain

Chlorophenolics in Suspen&d Sediments at MeLure

Chlorophenolies in Swpended Sediments at Savona

Chlorophenolics in Suspended Sediments at Shelley

Chlorophenolics in Suspmded Sediments at Woodpecker

Chlorophenolics in Suspendd Sediments at Marguerite

Chlorophenolios in Suspen&d sediments at Yale

Chlorophenolics in Laboratory Sediment Blanks

Ctdorophencdics in Laboratory Sediment Spikes

Sampk Cross Referenee Tabk for Chlorophenolks in Whole Water from
the Fraser River Basin

Chlorophenolics in Whole Water at McLure

Chlorophenolies in Whole Water at Savona

Chlorophenolies in Whole Water at She&

Chlomphenolics in Whole Water at Woo@e&er

Chlorophenolics in Whole Water at Marguerite

Chlorophenolies in Whole Water at Yale

Chlorophenoli~ in DeicmizedWater Field Blanks

Chlorophenolics in Laboratory Water Blanks

chlorophenolica in Laboratory water spikes

Sampk Crocs Refercuwe Tabk tbr Chlorophen& in Solid Phase Extracted
Clarified Water from the Fraser River Bdn

Chlorophenolies in Solid Phase Extracted CIarilied Water from the Fraser River

Chlorophcnolies in Solid Phase Extracted Laboratmy Blanks snd Spikes

File Name Worksheet #

chloroph 1

chloroph 2

chloroph 3

chloroph 4

chloroph 5

chloroph 6

chloroph 7

eldoroph 8

chloroph 9

chloroph 10

chloroph

chloroph

chkx-oph

chloroph

chloroph

chloroph

ehloroph

chloroph

ehloroph

chloroph

11

12

13

14

15

16

17

18

19

20

chloroph 21

chloroph 22



I.&tof TabledforPAHAnalyees

Sampk Croaa Reference Table for PAHa in Suspended !ikdhnenta
from the Fraaer River Baain

PAHain SuspendedSedimentsat McLure

PAHa in Suspded Sediments at Savona

PAHa in Swpended Sediments at Shelley

PAHa in Swpended Sediments at woodpecker

PAHainswpended Se&mxda at Marguerite

PAHa in Swpended Sedimmts at Yale

PM-Is in IAomtmy Se&neat Blanks

PAHa in Labora@ Sediment Rekcawea

Sampk Crom Referenee Tabk ibr PAHa in whole Water from the Fraaer
River Baain

PAHa in Whole Water at MeLure

PAHs in Whole Water at Savona

PAHs in Whole Water at Shelley

PAHaitlwholew*at woodpe&r

PAHain WholeWateratMarguerite

PAHsin WholeWaterat Yale

PAH.ain Deionized Water Field Blanks

PAHa in Laboratmy Water Blanka awl Spikes

Sampk Croes Reference Tabk fbr PAHa in Solid Phaae Extracted
CIarifkd Water from t&e Fraeer River Baein

PAHa in Solid Pbaae Extra@xl Clari&d Water at McLure

PAHa in Solid Phaae Extracted Clarified Water at Savona

File Name

pah

pah

pah

pah

pah

pah

pah

pah

pah

pah

pah

pah

pah

pah

pall

pah

pall

pall

pah

pall

pah

V[7]

Worksheet#

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21



PAHs in Solid Phase Extracted Clarified Water at Shelley

PAHs in Solid Phase Extracted Clarifled Water at Woodpecker

PAHs in Solid Phase Extracted Clarified Water at Marguerite

PAHs in Solid Phase Extracted Clarified Water at Yale

PAHs in Solid Phaae Extracted D&mind Water Field Blanks

PAHs in Solid Phase Extracted Laboratwy Blanks, Spikes and Proofs

V[8]

FileName Worksheetf#

pah 22

pah 23

pah 24

pah 25

pah 26

pah 27
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lJst of Tablea for PCB Analysen

File Name Worksheet #

Sample Cross Reference Tabk fbr PCW ia Suspended Sedimenti
from the Fraser River

PCB Ardors in Suspeded Sediments fbrn the Fraser River

PCB Congeners in Suspmded Sedimmts fi-omthe Fraser River

PCB Coplanars in Suspmded Sediments h Fraser River

PCB Ardors in Labomtory Sediment Blanks and Spikes

PCB Congeners in Momtory Sediment Blanks

PCB @eners in Labor@y Sediment Spikes

PCB Cophmars in Labomtq Sediment Blanks and Spikes

pcb 1

peb 2

peb 3

pcb 4

pcb 5

peb 6

pcb 7

peb 8
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List of Tables for Peutkide Analyses

Sampk Cross Reference Tabk for Pesti~deu in Suspended Sediments
from the Fraser River

Pesticides in Suspended Sediment Samples fimn the Fraser River

Pesticides in Laboratory Sediment Blanks and Spikes

File Name Worksheet #

pesticid 1

pesticid 2

pesticid 3



Ust of Tables for Fatty and Resin Acid Analyses

SampleCroMReferenee Tabk for Fatty Acids in Whole Water from the Fraaer
River Basin

Fatty Acids in Whole Water at McLure

Fatty Acids iQWhole Water at Savona

Fatty Acids in V/bole Watu at Shelley

Fatty Acids in Whole Water at Woodpecker

Fatty Acids in Whole Water at Marguerite

Fatty Acids in Whole Water at Yale

Fatty Acids in Deionized Water Field Blanks

Fatty Acids in Laboratory Water Blanka

Fatty Acids in Laboratmy Water Spikes

SampleCWIJReference Tabk for ReaiIIAeidg in Whole Water from the Fraser
River Basin

ResiuAcidsin WholeWaterat MeLure

Resin Acidsin WholeWaterat Savona

Resin Acids in Whole Water at Shelley

Resin Acids in Whole Water at Woodpecker

ReairIAcids in Whole Water at Marguerite

Resin Acids in Whole Water at Yale

Resin Acids in Deionized Water Field Blanks

Resin Acids in Laboratory Water Blanka

Resin Acids in Laboratory WatEXSpikes

V[ll]

FileName Worksheet#

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

f-r-acid

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20



Sampk CroM Reference Tabk for Fatty and ResiD Acids in Suspended
Sediments from the Fraser River

Fatty Acids in Swpended Sediment fi-omthe Fraser River

Fatty Acids in Laboratory Sediment Blanks and Spikes

Resin Acids in Swpended Sediments fiorn the Fraser River

Resin Acids in sediment Blanks d Spikes

V[12]

FileName Worksheet#

f-r-acid 21

f-r-acid 22

f-r-acid 23

f-r-acid 24

f-r-acid 25
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Lid of Tables for Trace Metal Analysea

File Name Worksheet #

Trace Metals in Whole Water Samples from the Thompson River Syskzn
(October 1992) - Elemental Researeh Lab

Trace Metals in Whole Water Samples flom the Thompson River System
(February 1993) - Elemental Research Lab

Trace Metals in Whole Water Samples fium tbe Fraser Rivez
(October 1992) - Elemental Research Lab

Trace Metals in whole Water Samples &om the Fraser River
(February 1993) - Elemental Research Lab

Trace Metals in Deionized Water Field B1anks (Oetober 1992) - Elemental
, Research Lab

Trwe Metals in Deionized Water Field Blanks (February 1993) - Eknental
Research Lab

Trace Metals in Whole Watex Samples fi-omtbe Thompson and Fraser Rivers
(October 1992) - Burlington Lab (provided for inter-laboratory COmplUiSOLlonly)

metals 1

metals 2

metals 3

metals 4

metals 5

metals 6

metals 7
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L&t of Tabb for Nutrient Analyses

Total Phosphorus in Whole Water fkomthe Thompson River System

Dissolved Phosphorus in Clarithd Water from the Thompson River System

Dissolved Phosphorus in Filtered Water h the Thompwn River System

Total Phoaph h Whole Watexfrom the Fraaer River

Total Phoaphorua in Clari&d Water fimn the Fraaer River

Total aud Dissolved Pheepborus in Deionized Water Field Blanks

Nitrogen in Whole Water b the Thompson River System

Nl~ogen in Clarified Water tiom the Thompson River System

Nitrogen in Filtered Water from the Thompson River System

Nitrogen in Whole Water tkom the Fraaer River

Nitrogen in Clarit%d Water from the Fraaer River

Nitrogen in Filtered Water k the Fraaer River

Nitrogen in Deionized and Filtered Deionizd Water Field Blanks

File Name Worksheet #

nutrient 1

nutrient 2

nutrient 3

nutrient 4

nutrient 5

nutrient 6

nutrient 7

nutrient 8

nutrient 9

nutrient 10

nutrient

nutrient

nutrient

1

2

3


