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ABSTRACT

Concentrations of trace organic contaminants associated with pulp mill effluent were measured in

suspended sediments and water collected from the Fraser River at Marguerite, British Columbia.

Sampling was conducted during the initial rise of the hydrograph (March 30 to April 22, 1993) to

determine if there was a change in the concentration of the following contaminants during this period:

dioxins, furans, polycyclic aromatic hydrocarbons (PAHs), chlorophenolics, resin acids and

fatty acids.  The data indicate that: i) trace organic contaminants are detectable in suspended

sediments measured at Marguerite which is located approximately 59 river kilometres downstream

of the nearest pulp mill source, ii) suspended sediments showed a measurable increase in contaminant

concentration during the onset of freshet and this increase was likely due to the resuspension of bed

sediment material deposited during the previous winter low flow period, iii)  the calculated loadings

of  2,3,7,8-T4CDD and 2,3,7,8-T4CDF in suspended sediments at Marguerite were highest on April

7, corresponding to the peak in suspended sediment concentration during the freshet sampling period,

iv) dioxins/furans and PAHs were found to partition almost exclusively in suspended sediments

thereby confirming that suspended sediments are an appropriate method of sampling for these

contaminants and v) none of the contaminants measured exceeded existing water quality guidelines

for the protection of freshwater aquatic life.
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1.0 INTRODUCTION

In June 1991, the federal government announced the Fraser River Action Plan (FRAP).  The overall

goals of FRAP are 1) to restore the natural productive capacity of Fraser River ecosystems 2) to

arrest and reverse the existing environmental contamination and degradation of Fraser River

ecosystems and 3) to build partnerships with provincial and local governments as well as other

interested groups to develop a cooperative management program for the Fraser Basin based on the

principles of sustainability. As part of FRAP, 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.  The present study was aimed at

determining the effects of  pulp mill effluents on the Fraser River receiving environment.

Previous studies have identified pulp and paper mill effluent as a source of trace organic contaminants

such as dioxins/furans, chlorophenolics and resin acids (Dwernychuk, 1991, Dwernychuk, 1994;

Merriman, 1988; Amendola et al., 1987).  The Fraser River from Prince George to Quesnel receives

effluent from five pulp and/or paper mills.  Three bleached kraft mills are located in Prince George

and one bleached kraft mill and one thermo-mechanical pulp and paper mill are located in Quesnel.

In 1989, elevated levels of dioxins and furans were measured in bed sediments and fish collected from

the vicinity of pulp and paper mills in the Fraser basin (Mah et al., 1989).  In 1990 and 1991,

Dwernychuk et al. (1991),  reported measurable levels of chlorophenolics in bed sediments collected

from the  Fraser River in the vicinity of Prince George and Quesnel. Similarly, in the same two

years, dioxins, furans and chlorophenolics were measured in pulp mill effluent biosolids and Fraser

River suspended sediments (Derksen and Mitchell, in preparation).  Sampling conducted  by

Merriman (1988) also showed elevated levels of these contaminants, as well as polycyclic aromatic

hydrocarbons, in pulp mill effluent and suspended sediments from the Rainy River in northern

Ontario. 

A more recent study (Owens et al., 1994) conducted in the Wapiti-Smoky river system in Alberta

concluded that the environmental transport of dioxins and furans in that riverine system occurred

predominately in suspended sediments, and the observed seasonal fluctuations  in the concentration

of these compounds were due to flow variations.  
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The Fraser River typically experiences a period of low flow and decreased suspended sediment load

from December to April (Carson, 1988).  During this period, the concentrations of  pulp mill

contaminants in  suspended sediments have been shown to be higher than at other flow periods

(Sekela et al., in preparation).  

Evidence of fine sediment deposition under low flow conditions has been found by Krishnappan et

al. (1994) in the Athabasca River downstream of a pulp mill at Hinton, Alberta.  It was found that

during low flows, widespread deposition of fine sediment particles (silts and clays) is possible due

to flocculation of the fines in the presence of pulp mill effluents in low energy environments that are

sheltered from the main flow of the river. In a more recent laboratory study conducted by

Krishnappan and Engel, (1994) using sediments and pulp mill effluent collected from the Fraser

River system,  it was found that this pulp mill effluent similarly enhanced sediment flocculation and

deposition.  

It is hypothesized that in the Fraser River, suspended sediments contaminated with trace organic

substances would be deposited as bed material in low energy environments during the winter low

flow period.   These contaminated sediments would  accumulate and remain as bed material until

such time (spring freshet) that the river velocity  increased sufficiently to resuspend the bed material.

Based on data provided by Carson (1988), the initial onset of spring freshet (increase in flow) in the

Fraser River results in a peak in the suspended sediment concentration, and this peak consists

predominantly of fine material.  

The purpose of the current study was to investigate changes in contaminant concentrations in

suspended sediments and water during the onset of spring freshet in the Fraser River at Marguerite.
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2.0 STUDY AREA, PULP MILL OPERATIONS AND SAMPLE TIMING

2.1 Study Area

All suspended sediment and water samples were collected from the east bank of the Fraser River at

the Marguerite Ferry landing (Figure 1).  Marguerite is located approximately 59 river kilometres

(rkm) downstream of Quesnel and 209 rkm downstream of Prince George. 

2.2 Pulp Mill Operations

Five mills are located on the Fraser River upstream of Marguerite.  Three of the mills are located at

Prince George: Northwood Pulp and Timber Ltd., Intercontinental Pulp Company Ltd. and Prince

George Pulp and Paper Ltd..  In 1978 Intercontinental Pulp Company Ltd. and Prince George Pulp

and Paper Ltd. combined to form Canadian Forest Products Ltd. (Canfor). The two Canfor mills

share a single discharge to the Fraser River.  The two remaining mills, Cariboo Pulp and Paper

Company and Quesnel River Pulp Company, are located in Quesnel.  Refer to Figure 1 for mill

locations.  

At the time of sampling,  all mills utilized a combination of molecular chlorine and chlorine dioxide

(ranging from 40 to 100% chlorine dioxide substitution) in their production processes except for

Quesnel River Pulp Company.  The Quesnel River Pulp Company mill is a chemi-thermo-mechanical

mill which does not employ chlorine in its process.  All five mills treat their effluent in aerated

stabilization basins prior to discharging into the Fraser River. During the biological treatment

process in the stabilization basins the dissolved organic waste material is broken down thereby

reducing the biochemical oxygen demand and acute toxicity to fish (Derksen and Mitchell, in

preparation).  During the study period all five mills were operating normally (personal communication

Northwood Pulp & Timber Ltd., Canadian Forest Products Ltd., Quesnel River Pulp Company and

Cariboo Pulp & Paper Company). 
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2.3 Sample Timing

In 1993, ice break-up on the Fraser River at Marguerite commenced on March 29 and was completed

on March 30 (Water Survey of Canada, 1993).  Samples were collected four times in 1993: March

30, April 7, April 15 and April 22.

3.0 FIELD METHODS

3.1 Sampling Equipment Cleaning Procedures

3.1.1 Field Equipment and Sample Containers

All field sampling equipment and sample containers used for organic contaminants 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,0

all equipment was rinsed with water from the sample collection site.

3.1.2 River (Whole) Water Sample Containers

Four litre glass amber bottles with Teflon lined caps were used to collect all river water samples.  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 six hours. 0

3.1.3 XAD Column Preparation

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

aromatic hydrocarbons using XAD columns. These were pre-cleaned by AXYS Analytical (Sydney

B.C.) by eluting them with dichloromethane followed by a final rinse of methanol. The columns were
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left wet with methanol to prevent drying of the resin.

3.2 Sample Collection

Refer to Figure 2 for a schematic flow diagram of sample collection.

3.2.1 Suspended Sediment Collection

Suspended sediment samples were collected using a Westfalia Separator model KA-2-06-175

continuous flow centrifuge. The 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 of the operation

of the Westfalia centrifuge refer to Horowitz et al., 1989. 

Sample water was delivered from the river to the centrifuge via a submersible pump (March model

5C-MD).  All wetted plastic parts of the pump assembly were 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 from the pump to the centrifuge.   

 

The centrifuge was positioned onshore and power was supplied to it 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 fuel and exhaust.  The centrifuge was operated at 4 L/min, as

this flow velocity was found to be ideal for efficient recovery of suspended sediment (90-99%) and

because loss of particles is restricted to those < 1 µm in diameter (Churchland et al., 1987).  The

sampling periods ranged from a maximum of 7.5 hrs on March 30 to a minimum of 6.0 hrs on April

15 and April 22.  Table I lists the flow rates, sampling period and total volume of water centrifuged

for each sample. 
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Analyses
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Figure 2     Schematic Flow Diagram of  Suspended Sediment and Water Sample Collection in 
the Fraser River



Table I Suspended Sediment Collection Data and Total Suspended Sediment Concentration
for the Fraser River (Marguerite - 1993)

Sampling Sample Sample Centrifuge Sample Wet Sample Dry Total Suspended Fraser River
Date Period Volume ‘ Flow Rate Weight Weight Solids 2 Flow ‘

(hrs) (L) (Lfmin) (d (9) (mg/L) (m3/s)

March 30 7.5 1800 4 366 220.3 122.4 520

r’pril 7 6.5 1560 4 523 320.6 205.5 1050

Ppril 15
1

6.0 1440 4 360 256.7 146.7 1240 I
pril 22 6.0 1440 4 344 205.0 142.4 1440

1 Sample volume was calculated by multipllng sample period by centrifuge flow rate.
2 Total suspended solids was calculated by dividing sample dry weight by sample volume.
3 Flow was obtained from Water Survey of Canada.
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Once sufficient sample water was clarified, the centrifuge was stopped.  The entire bowl assembly

was removed intact from the centrifuge and taken to the on-site mobile field laboratory for sediment

removal.  Once removed, the sediments were 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 on dry ice.

3.2.2 River (Whole) Water Collection

River whole water samples for trace polycyclic aromatic hydrocarbons, chlorophenolics, and

resin/fatty acids analyses were collected on each sampling date.  Discrete samples were collected in

a 4 litre amber glass bottle from an in-line T-valve placed in the stainless steel encased Teflon tubing

prior to entering the centrifuge (Figure 2).  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.o

3.2.3 Solid Phase Extracted Water Collection

Clarified water from the centrifuge was passed through an Infiltrex II in situ water sampler (AXYS

Environmental Systems Ltd.) for dioxins/furans and PAH sampling.  The Infiltrex II uses a resin

column (solid phase extraction) filled with XAD-2 resin to extract organic contaminants from sample

water.  The resin column was sent to the laboratory to be eluted, and the eluate was then analysed.

A detailed description of the operation of the Infiltrex II is provided in AXYS, 1991.    

A single sample was collected on each sampling date.  For all samples, 50 litres of clarified sample

water was passed through the column at 250 mL/min.  In order to determine the recovery of the

XAD-2 resin, two internal dioxin field surrogates (Cambridge Isotope Laboratories, Massachusetts)

were added to the sample at 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 Carbon thirteen (   C)13

labelled 1,2,3,4-tetrachlorodibenzo-para-dioxin and 100 ng/mL of    C labelled 1,2,3,7,8,9-13

hexachlorodibenzo-para-dioxin. The whole operation was conducted on site in the mobile field

laboratory.
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3.2.4 Temperature, pH and Conductivity

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 electronically logged every 15

minutes during each centrifuge sampling period. 

4.0 ANALYTICAL METHODS 

Due to the lengthy nature of organic chemical nomenclature, abbreviations have been used.  Refer

to Table II for a list of abbreviations with the corresponding full nomenclature.

4.1 Sample Analysis

Dioxins and furans were analysed by high resolution gas chromatography and high resolution mass

spectroscopic detection (HRGC/HRMS).  Chlorophenolics, polycyclic aromatic hydrocarbons and

fatty/resin acids were analysed by high resolution gas chromatography with low resolution

(quadruple) mass spectrometric detection (HRGC/LRMS).  Total organic carbon (TOC) was

determined using a LECO Carbon Analyser.  Particle size was determined via a Malvern 2600l laser

particle size analyser.  Refer to Appendix I for a more detailed description of analytical methods.

4.2 Quality Assurance/Quality Control (QA/QC) Methods

4.2.1 Field QA/QC Methods

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



,

Table II

List of Abbreviations for Organic Compounds and
Corresponding Full Nomenclature

Abbreviation Full Nomenclature
1
I

Dioxins I

T4CDD
P5CDD
H6CDD
H7CDD
08CDD

Tetrachlorodibenzo - p - dioxin
Pentachlorodibenzo - p - dioxin
Hexachlorodibenzo - p - dioxin
Heptachlorodibenzo - p - dioxin
Octachlorodibenzo - p - dioxin

I

Furans

T4CDF
P5CDF
H6CDF
H7CDF
08CDF

Tetrachlorodibenzofuran
Pentachlorodibenzofu ran
Hexachlorodibenzofuran
Heptachlorodibenzofuran
Octachlorodibenzofuran

Chlorophenolics

2,4,6-TCP
4,5-DCG
4,6-DCG

3,4,5-TCG
3,5-DCC
4,5-DCC

3,4,5-TCC
3,4,5,6-TeCC

6-MCV

2,4,6-Trichlorophenol
4,5-Dichloroguaiacol
4,6-Dichloroguaiacol

3,4,5-Trichloroguaiacol
3,5-Dichlorocatechol
4,5-Dichlorocatechol

3,4,5-Trichlorocatechol
3,4,5,6-Tetrachlorocatechol

6-Monochlorovanillin
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splits and field surrogates.   Deionized water blanks were taken "Mid-field" (sample containers filled

in the field during sampling) and "Post-field" (sample containers filled at the laboratory after

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

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

while whole water field splits were obtained by taking a second sample immediately following the

original sample. Splits were submitted to the laboratory as blind samples. Field surrogates were added

during solid phase extraction for dioxin and furan samples as described under section 3.2.3.

4.2.2 Laboratory QA/QC Methods

The QA/QC component of the analytical methods consisted of procedural blanks, lab duplicates,

surrogate standard recoveries and reference samples (lab spikes and references).  Samples were

worked up in batches with accompanying QA/QC samples.  Refer to Appendix I, Section 2.0, for

a detailed description of the QA/QC methods.

5.0  RESULTS

5.1 Physical Parameters During Sample Collection

Conductivity and pH remained relatively constant on all sampling dates while temperature increased

over the sampling period.  Table III presents a summary of physical parameters during sample

collection, refer to Appendix II, Table 1 for a complete list of results. 

5.2 Quality Assurance/Quality Control Results 

The reproducibility between field splits of suspended sediment and whole water samples was generally

good for all contaminants (coefficient of variation of 15% or less for 75% of  all field splits taken).

 Field deionized water blanks were also acceptable.  Laboratory duplicates were in agreement with

the original samples (+/- (20% + Method Detection Limit{MDL})) and laboratory 
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blanks, spikes and references were similarly acceptable for the compounds tested.  Due to high

background levels, PAH levels were often higher in the field and lab blanks than in the whole water

samples, thereby precluding us from analyzing the whole water data for PAHs.   Refer to Appendix

I, Section 3.0, for a detailed description of field and laboratory QA/QC results.

5.3 Suspended Sediment Results

Table IV presents the results for trace organic contaminants detected in suspended sediments.

Appendix II presents the  results of all trace organic analyses.  

5.3.1 Particle Size Distribution, Flow and Total Organic Carbon

Figure 3 presents the particle size distribution and flow for suspended sediment samples collected

during the freshet period extending from March 30 to April 22, 1993.  During each sampling period

silt comprised the largest fraction (approximately 75%) of the suspended sediment, followed by clay

and then sand.   No definitive conclusions could be drawn regarding changes in particle size

distribution between sampling periods due to analytical variability which ranged from 1.4-7.0% in the

field splits.  However, there is an apparent decrease in the percentage of sand and an increase in the

percentage of clay on the latter two sampling dates (April 15 and April 22).  Flow was lowest on

March 30 at 520 m  /s followed by a sharp increase to 1050 m  /s on April 7, after which it gradually3 3

increased to 1440 m  /s on April 22. 3

Refer to Figure 4 for the total organic carbon and suspended sediment concentration during the

March 30 to April 22 sampling period.  The suspended sediment concentration of the Fraser River

(calculated from the total sediment collected by the centrifuge over the total volume of water

clarified) increased from March 30 to April 7 and then decreased to April 22.  The organic carbon

fraction of the suspended sediment progressively increased throughout the sampling period (from

0.94 % on March 30 to 1.14% on April 22).  Although this increase was quite small, the high degree

of  precision between the field splits and samples, gives us a high level of confidence in the data

values.
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Figure 3     Fraser River Flow and Particle Size Distribution of Suspended Sediments 
(Marguerite - 1993) 

particle size categories are defined as follows: sand = 2.0 - 0.062 mm, silt = 0.004 - 0.062 mm, clay = <0.004 mm.
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Sediment in the Fraser River (Marguerite - 1993)
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5.3.2 Dioxins and Furans

Dioxins

Figure 5 shows the concentration of dioxins measured during the onset of freshet. The highest

concentration of dioxins was measured on April 7.  Concentration peaks on this date were observed

for  total T4CDD, total P5CDD, total H6CDD, total H7CDD and O8CDD. Although total T4CDD

concentration ranged from 2.7 to 4.3 ng/g, 2,3,7,8-T4CDD levels did not exceed 0.2 ng/g and

remained  relatively constant throughout the sampling period.  Furthermore, the higher chlorine

substituted dioxin congeners were found to have higher concentrations in the suspended sediments

than the lesser chlorine substituted congeners. Overall, O8CDD had the highest concentration of all

dioxins measured at  215 pg/g .

Furans

Refer to Table IV and Figure 6 for furan concentrations in suspended sediments. Generally, furan

concentrations  were lower than dioxin concentrations  with the exception of 2,3,7,8-T4CDF which

had a higher concentration than 2,3,7,8-T4CDD.  The former ranged between 0.3-0.7 pg/g, whereas

the latter ranged between 0.1-0.2 pg/g.  Both 2,3,7,8-T4CDF and total T4CDF were highest in

concentration at the onset of freshet and declined thereafter, whereas total H7CDF and O8CDF

peaked on April 7.  No increase in concentration was observed for total H6CDF, and total P5CDF

levels were below detection.  As was the case for dioxin concentrations, the higher chlorine

substituted furans, total H7CDF and O8CDF, had the highest overall concentrations in the suspended

sediments measured.

Loadings 

Loadings of  2,3,7,8-T4CDD and 2,3,7,8-T4CDF were estimated for each of the four sampling dates

by using contaminant concentrations in suspended sediments  and flow for each individual sampling

date at Marguerite.  Based on supporting data (see section 5.5.1), the assumption was made that

these contaminants partition primarily in  the suspended sediment fraction versus the water fraction.

These  loadings were compared with April 1993 average combined loadings for these contaminants

from the Canfor, Northwood and Cariboo mills (Table V and Figure 7).  (Although a comparison

with daily mill loadings would have been ideal, this was not possible due to the  lack of availablility

of daily contaminant measures from the mills).  Results show that 2,3,7,8-T4CDD loadings calculated

from the Marguerite data were as much as four times higher during the sampling period than the 
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Figure 5     Dioxin Concentration in Suspended Sediments Collected 
from the Fraser River (Marguerite - 1993)

Results are presented as the mean of field splits and sample and one half the detection limit was used for non-detect samples.
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(Marguerite - 1993)

Results are presented as the mean of field splits and sample and one half the detection limit was used for measurements below the 
detection limit.
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Table V

Concentrations and Loadings of 2,3,7,8 -T4CDD and 2,3,7,8 -T4CDF in Suspended Sediments at Marguerite, and Combined Mill Effluent

Loadings from the Canfor, Northwood and Cariboo Pulp and Paper Mills

Sampling Date

March 30

April 7

April 15

AmH 22

I
520 0.024

1050 0.041
1240 0.015
1440 0.014

2,3,7,8-T4CDF

in susp. sed

(pglL)

0.086
0.113

0.044

0.064

2,3,7,8-T4CDD

loading at Marguerite

(mg/day)

1.078

3.720

1.607

1.742

~

loading (mg/day) Ioadmg (mg/day)

3.864 I 0.9 I 3.9
I I

10.251 0.9 3.9

4.714 0.9 3.9

7.963 0.9 3.9

● Combined mill loadings are reported as averages for the month of April 1993

(based on mill submitted data courtesy of Environmental Protection, Environment Canada)

N
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Figure 7   Estimated Loadings for 2,3,7,8-T4CDD and 2,3,7,8-T4CDF in Suspended Sediment at 
Marguerite and Mean Combined Loadings for Effluents from Canfor, Northwood and Cariboo 
Pulp and Paper Mills for the Month of April 1993
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average combined loadings from the three mills.  Furthermore, the peak loading for 2,3,7,8-T4CDD

at Marguerite occurred on April 7 coinciding with the peak in suspended sediment concentration

(Figure 4).  Similarly, the  2,3,7,8-T4CDF loadings calculated from the Marguerite data were higher

than the combined loadings from the pulp mills for each of the dates sampled, with the exception of

March 30 when the Marguerite loading was slightly lower than the average combined mill

loading. As  was the case for 2,3,7,8-T4CDD, the peak loading of  2,3,7,8-T4CDF at Marguerite also

occurred on April 7.   In considering the difference  between the loading levels in suspended

sediments and mills' effluents, it must be recognized  that the loading measured from the mills

represent an average for the month which would mask daily fluctuations.

5.3.3 Chlorophenolics

Refer to Table IV for the concentrations of chlorophenolics measured in suspended sediments at

Marguerite.  Two chlorophenolics, 4,5-DCG and 4,5-DCC  peaked in concentration on April 7.

Figure 8 shows the change in concentration of 4,5-DCC during the freshet period. The 100 ng/g

April 7 peak detected for this contaminant was the highest for all chlorophenolics measured.  A single

reading was detected for 3,5-DCC on April 15, as the rest of the dates showed concentrations below

detection limits. Two chlorophenolics, 6-MCV and 3,4,5-TCG, were detected in the suspended

sediment but did not show a peak.  Levels of 3,4,5-TCC progressively decreased with the

rising hydrograph, whereas 3,4,5,6-TeCC was not detected until April 15.  All other chlorophenolics

were below detection limits.

5.3.4 Polycyclic Aromatic Hydrocarbons

Refer to Table IV for the results of PAHs detected during the onset of freshet.  A number of  PAHs

showed small peaks in concentration on either April 7 or 15.  Figure 9 shows a graph of these PAH

concentrations during the freshet sampling period. As the figure indicates, phenanthrene,

benz(a)anthracene, and benzofluoranthene peaked on April 15, whereas naphthalene peaked on April

7.   In contrast, acenaphthene, fluoranthene and pyrene concentrations were highest on March 30 and

then decreased with the increasing hydrograph.  Two PAHs, fluorene and perylene, increased with

the rising hydrograph, whereas chrysene and benzo(ghi)perylene levels remained relatively constant.
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Figure 8     4,5-DCC Concentration in Suspended Sediments Collected
from the Fraser River (Marguerite - 1993)

* note:  only one sample was available on April 7.
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5.4 Whole Water Results

Whole water is defined as river water containing suspended sediments whereas clarified water as

whole water minus the suspended sediments. Table VI  presents the results of organic contaminants

detected in whole water samples.  Refer to Appendix II for the results of all trace organic analyses

on whole water samples.

5.4.1 Chlorophenolics

The majority of chlorophenolics analysed were below detection limits, with the exception of those

presented in Table VI.  Levels of 4,5-DCC, 3,4,5-TCG, 4,5-DCG and 2,4,6-TCP were highest at the

onset of freshet and declined with the increase in flow.  Figure 10 shows the concentration profile

of 4,5-DCC throughout the freshet sampling period. This contaminant had the highest overall

concentration of all chlorophenols measured (45 ng/L) in whole water.  The only contaminant which

showed a slight concentration peak was  3,4,5-TCC, whose  levels peaked on April 15. High

detection limits for the rest of the chlorophenolics in Table IV prevented any further conclusions from

being drawn.  A comparison of chlorophenolic concentrations in whole water  versus suspended

sediments (Table VII) reveals that all of the chlorophenolics measured were found in higher

concentrations in the water fraction of the whole water samples.

5.4.2 Polycyclic Aromatic Hydrocarbons

Refer to Table VI for the concentration values  for PAHs in whole water samples.  A comparison of

these values to laboratory water blanks (Appendix III, Table 6) reveals that none of the PAHs

detected in the whole water samples had values exceeding those of the laboratory water blanks.  Due

to the ubiquitous nature of these compounds, it was assumed that the values measured in the whole

water samples represented background levels, and consequently there was no further investigation

of the data.



Table VI

concentrations of Chlorophenolics, PAHs, Fatty Acids and Resin Acids in Whole Water
Samples Collected from the Fraser River (Marguerite - 1993)

Chlorophenolics (rig/L)

4,5-DCG

4,6-DCG

3,4,5-TCG

3,5-DCC

4,5-DCC

3,4,5-TCC

3,4,5,6-TeCC

2,4,6-TCP

6-MCV

PAHs (rig/L)

Naphthalene

Fluorene

Phenanthrene

Fluoranthene

Pyrene

Benz(a) anthracene

Chrysene

Eefizofluranthene

Perylene

Benzo(ghi)perylene

Fatty Acids {ngL) ._

Laurie

Myristic

Palmitic

!.iflolei~oleic

Stearic

Arachidic

Behenic

Lignoceric

Resin Acids (ngiL)

Pimaric

Sandaracopimaric

Isopimaric

Palustric

Dehydroabietic

Abietic

12,14 Chlorodehydrabietic

12,14 Dichlorodehydrabietic

March 30 April 7

1.3

1.7

5.6

7.3

45.0

10.3

3.5

7.7

ND(5,0)

ND(l.6)

1.6

4.7

ND (15.5)

45.5

3.8

ND(12)

4.9

ND(4.6)

March 30 AiJri\ 7

April 15 April 22

ND(2.0)

ND(I,8)

5.5

4.4

19.0

13.0

ND(4.2)

3.8

ND(6.6)

1.1

1.4

4.0

ND (3.8)

13.3

8.0

4.0

1.4

ND(4.9)

ADri\ 15 ADri\ 22

13.0 14,5 14.0 13.0

4.8 5.0 5.2 3.3

7.0 9.3 7.2 5.6

3.9 5.2 3.9 3.7

4.3 9,3 5.2 2.0

1.8 1.0 2.1 2.1

2,6 1.7 3.2 1.9

2.3 ND(3.8) ND(2.4) ND(2.6)

3.2 2.3 1.7 ND(2.4)

2.1 2.0 4.1 2.9

March 30 April 7 April 15 April 22

91.3 155.0 ND (150) ND (790)

537.5 375.0 190.0 ND (730)

875.0 770.0 975.0 ND (2400)

117.0 445.0 ND (347) ND (2150)

640.0 580.0 675.0 ND (1450)

23.5 27.5 25.0 ND (34)

197.5 210.0 132.5 83.0

515.0 460,0 270.0 110.0

March 30 April 7 April 15 April 22

36.8 49.5 28.5 28.5

7.2 9.9 ND (5.7) ND (4.9)

49.5 49,0 21.0 28.5

77.8 77.0 125,0 120.0

150.0 155.0 59.0 77.0

79.3 94.0 ND (51.3) ND (51)

35.8 15.0 ND (8.1) ND (7.5)

3.6 ND (0.9) ND (9.5) ND (9.0)

27

Note: all resufts presented area mean of field splits and samples - one half the detection Iimft

was used when only one of the samples was below the detection Iimft

ND denotes below the indicated detection limit when both field splfts and samples were below detection.
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Figure 10     4,5-DCC Concentration in Fraser River Whole Water (Marguerite - 1993)
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:hlorophenolic Concentrations In whole Water Versus the Suspended Sediment Fraction - Fraser River (Marguerite - 1993)

Chlorophenolks (n@)

4,5-DCG

4,6-DCG

3,4,5-TCG

3,5-DCC

4,5-DCC

3,4g5-Tcc

3,4,5,6-TeCC

2,4,S-TCP

I S-Mcv

March 30

whole Water Suspsad. % in SuspSad
.

1.3 0.318 24.5

1.7 WA NIA

5.6 0.316 5.67

7.3 ND(O.490) 0.67

45.0 2.607 ‘ 5.79

10.3 0.636 6.16 “

3.5 NQ NIA

7.7 ND(O.061) 0.79

ND(5.0) 1.359 27.2

AIM 7

WholeWafer Susp sad. % in Susp Sad.

ND(l.6) 0.637 39.6

1.6 N/A NIA

4.7 0.575 12.2

ND (15.5) ND(l.17) NIA

45.5 20.550 45.2

3.6 0.863 22.7

ND(12) ND(2.26) 40.4

4.9 ND(O.144) 2.9

ND(4.6) 1.274 27.7

April 15

Whole Water Susp sad. ‘A in Susp Sad

ND(2.0) 0.103 5.1

ND(l.6) NIA NIA

5:5 0.396 7.2

4.4 1.350 30.7

19.0 5.426 26.6

13.0 0.361 2.9

ND(4.2) 0.734 17.4

3.8 ND(O.044)) 1.2”

ND(6.6) ND(l.06) N/A

ADril 22

Whole Water Suap Sad. % in SuspSe

1.1 0.157 14.2

1.4 NIA N/A

4.0 0.313 7.82

ND (3.8) ND(l.36) N/A

13.3 5.340 40.2

6.0 0.313 3.91

4.0 0.863 22.1

1.4 ND(o.056) 4

ND(4.9) ND(l.65) NJA

ND denotesbelowthe indicateddetectionlimitwhen bothfieldsplitsand Sampie$were belowdetacliort the detectionlimitwas usedin the calculationwhenthe concentrationof omeof the sampleswas belowdetection

NQ denotesNotQuantifiab4s ,

N/A denotesNotAvailable ‘

.
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5.4.3  Fatty Acids

The concentrations of behenic acid (Figure 11), lauric acid, linoleic/oleic acids and arachidic acid all

peaked on April 7, whereas concentrations of stearic and palmitic acids peaked on April 15. 

Furthermore, concentrations of myristic and lignoceric acids were highest on March 30 and

progressively decreased thereafter.  Palmitic acid had the highest overall concentration (975 ng/L on

April 15) of all fatty acids measured.  Capric and linolenic acid levels were below detection.  

5.4.4  Resin Acids

Generally, resin acids showed a concentration peak on either April 7 or 15. These included pimaric,

sandaracopimaric, palustric, dehydroabietic, and abietic acids. Figure 12 presents the concentration

of pimaric acid throughout the freshet period, showing the typical  concentration peak.  In contrast,

concentrations of isopimaric and 12,14-chlorodehydroabietic acids were highest on March 30 and

progressively decreased thereafter. The highest overall concentration was measured for

dehydroabietic acid (155 ng/L on April 7).  Dehydroisopimaric and neoabietic acid levels were

below detection. 

5.5  Solid Phase Extracted Clarified Water Results

5.5.1  Dioxins and Furans

In general, dioxin concentrations were below detection limits with  the exception of total H6CDD.

A concentration of 4.9 pg/L was detected for this contaminant on March 30, however upon further

investigation a contaminated field surrogate was found to be the source of the high H6CDD levels.

Trace levels of O8CDD were also detected in the range of 0.3-0.4 pg/L.  No furans were detected

in the extracted water, as all values were below detection limits or not quantifiable.  A comparison

of  dioxin and furan levels in solid phase extracted  water  with levels in suspended sediments (Table

VIII) reveals that dioxin and furans were partitioning primarily in the suspended sediment fraction.



Mar 30 Apr 7 Apr 15 Apr 22

Sampling Date

0

50

100

150

200

250

300
M

ea
n 

C
on

ce
nt

ra
tio

n 
(n

g/
L)

0

200

400

600

800

1000

1200

1400

1600
F

low
  (m

3/s)

Max/Min of Field Splits Detection Limit Flow 

Mean Concentration

Figure 11     Behenic Acid Concentration in Fraser River Whole Water (Marguerite - 1993)
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Figure 12   Pimaric Acid Concentration in Fraser River Whole Water (Marguerite - 1993)



“abla VW

)ioxinlFumn and PAH Concantrstiona in Suapsndad Sediment Sampiaa Versus Soiid Phasa Extractad Clarified Water Sampiaa”

Dioxins (p#L) Match 30 April 7 Aprii 15 Ap/fi 22

Susp. Seal. Clar. Water Susp. Seal. Clar. Water Susp. Seal. Clar. Water Susp. Seal. Ciar. Water

2,3,7,6-T4CDD 0.024 NDR(O.1) 0.041 ND(O.07) 0.015 ND(t).7) 0.014 ND(O.05)
Totsi T4CDD 0.330 ND(O.08) 0.884 ND(O.07) 0.601 ND(O.7) 0.584 0.09
Totai P5CDD 0.061 ND(O.1) 0.534 ND(O.2) 0.249 ND(O.2) 0.328 ND(O.1)
Totai H6CDD 1.248 4.9** 3.452 ND(O.2) 2.127 ND(O.09) 2.350 ND(O.06)
Totai H7CDD 3.770 ND(O.2) 10.686 ND(O.1) 7.188 ND(O.1) 7.690 ND(O.1)
Totai 08CDD 17.442 ND(O.6) 41.614 0.4 28.607 0.4 30.616 0.3

Fumns (p#L) March 30 April 7 Aptil 15 April 22

Susp. sad. Clar. Water Susp. Seal. Clar. Water Susp. Seal. Clar. Water Susp. Seal. Ciar. Water

2,3,7,6-T4CDF 0.086 ND(O.05) 0.113 ND(O.06) 0.044 ND(O.05) 0.064 ND(O.04)
Total T4CDF o.135 ND(O.05) 0.051 ND(O.06) 0.059 ND(O.05) 0.071 ND(O.04)
Total P5CDF ND(O.012) ND(O.1) ND(O.021) ND(O.1) ND(O.161) ND(O.08) ND(O.014) ND(O.06)
Totai H6CDF 0.049 ND(O.08) 0.082 ND(O.1) 0.073 ND(O.1) 0.057 ND(O.07)
Total H7CDF 0.159 ND(O.2) 0.473 ND(O.2) 0.308 ND(O.1) 0.171 ND(O.1)
Totai 08CDF 0.196 ND(O.6) 0.452 ND(O.2) 0.279 ND(O.2) 0.228 ND(O.3)

PAHs (n@L) March 30 April 7 April 15 April 22

Susp. Seal. Clar. Water Susp. Seal. Ciar. Water Susp. Seal. Clar. Water Susp. Seal. Clar. Water

Acenaphthene 0.233 0.300 0.109 0.300 ND(O.147) 0.500 0.114 1.100
Fiuorene 0.330 0.300 0.678 0.300 0.513 0.500 0.498 1.100

Phenanthrane 0.930 NDR(O.6) 2.261 NDR(O.8) 2.054 1.100 1.638 1.200
Fiuorenthene 0.636 NDR(O.2) 1.089 0.400 0.689 NDR(O.4) 0.470 0.400

Pyrene 0.731 NDR(O.2) 1.089 NDR(O.3) 0.711 NDR(O.2) 0.605 NDR(O.3)
knz(a)anthrscene 0.282 ND(O.1) 0.370 ND(O.1) 0.411 ND(O.1) 0.171 ND(O.1)

Chrysena 0.502 ND(O.1) 1.028 ND(O.1) 0.763 ND(O.1) 0.598 ND(O.1)
leruofluorenthenes 0.526 ND(O.1) 0.986 ND(O.1) 0.939 ND(O.2) 0.698 ND(O.1)

Peryiene 3.403 ND(O:l) 8.220 ND(O.1) 8.142 ND(O.2) 8.117 ND(O.1)
Ierlzo(ghi)peryiene 0.392 ND(O.2) 0.658 ND(O.1) 0.469 ND(O.3) 0.427 ND(O.2)

● Solid phase extracted ssmplee contain cantrtfugad rtvar water (suspended sediments have been removed)

●* Contamlnatad fleid surmgata

ND denotes below the Indkated detection Ilmlt Mren both field spllts ●nd samples ware below detection.

NDR denotes peak detecrd but dld not meat quantification crltaris
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5.5.2  Polycyclic Aromatic Hydrocarbons

The majority of PAHs were either below detection limits or not quantifiable with the exception of

naphthalene, fluoranthene, acenaphthene and fluorene.  Figure 13 presents the concentration profiles

of fluoranthene, acenaphthene and fluorene during the sampling period.  Whereas fluoranthene levels

remained relatively constant, acenaphthene and fluorene progressively increased in concentration

during the course of the freshet period reaching concentrations of 1.1 ng/L and 0.8 ng/L, respectively.

Naphthalene had the highest concentrations of all PAHs analysed (10-24 ng/L), but this was likely

due to naphthalene contamination as this compound is known to form as a byproduct of polymer

breakdown in the resin column (Georgina Brooks, AXYS Analytical, personal communication).   A

comparison of  PAH concentrations in suspended sediment versus clarified solid phase extracted river

water (Table VIII) reveals that with the exception of acenaphthene, all measured PAHs were found

in higher concentrations in the suspended sediment fraction. 

6.0 DISCUSSION

6.1 Suspended Sediment Properties and Flow

6.1.1 Flow and Suspended Sediment Concentration

The Fraser River upstream of Marguerite has received effluent from  pulp and/or paper mills since

1966.  These effluents typically contain high levels of suspended solids composed primarily of

biosolids (Derksen and Mitchell, in preparation).  The total suspended solids, 2,3,7,8-TCDD and

2,3,7,8-TCDF loading measured in the final effluent of the four upstream mills for the month of April

1993 are presented in Table IX (mill submitted data, courtesy of Environmental Protection,

Environment Canada).  Total suspended solids ranged from a high of 10,880 kg/day for Canadian

Forest Products Ltd. to a low of  3,745 kg/day for Cariboo Pulp and Paper  Company.  Northwood

Pulp and Timber had the highest 2,3,7,8-TCDD loading, whereas Canadian Forest Products had the

highest 2,3,7,8-TCDF loading.  Furthermore, 2,3,7,8-TCDF loadings were higher than 2,3,7,8-TCDD

loadings in all effluents measured.   

Figure 13





rable IX

Dioxin, Furan and Total Suspended Solids Loading in the Final Whole Effluent of
the Prince George and Quesnel Pulp

Pulp Mill

Canadian Forest Products Ltd.

Prince George

Northwood Pulp and Timber Ltd.

Prince George

Cariboo Pulp and paper Company

Quesnel

Quesnel River Pulp Company
Quesnel

Total

Mills Located on the Fraser River - April 1993

Suspended
Solids 2,3, 7,8-TCDD 2,3, 7,8-T4CDF

(kg/day) (mg/day) (mg/day)

10880 0.2 1.8

10241 0.5 1.0

3745

7004

0.2

NA

1.1

NA

NA denotes not available.
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Hydrophobic and semi-hydrophobic organic contaminants such as dioxins, furans and chlorophenolics

have been measured in the suspended solids fraction of the final effluent from of all upstream mills

(Derksen and Mitchell, in preparation; Duncan, in preparation). These suspended biosolids are

released into the Fraser River as part of the mills' final effluent and are thought to interact with

ambient suspended sediment, flocculate and then deposit as bed sediment during the winter low flow

period (Krishnappan et al, 1994). 

At the onset of freshet, the flow increases sufficiently to resuspend the deposited bed sediments

(Tassone, personal communication).  The resuspended portion of sediment may be observed as a

"peak" in the suspended sediment concentration.  Figure 14 shows the mean daily flow and

suspended sediment concentration (measured by depth integrated suspended sediment sampler) at

Marguerite from 1971 to 1986 (Carson, 1988).

Prior to March 30, the Fraser River at Marguerite was ice covered with a mean monthly flow for

January, February and March of 334 m  /s, 321 m  /s, and 360 m  /s, respectively (Water Survey of3 3 3

Canada, 1993).  Both suspended sediment concentration, as measured by centrifuge, and flow rapidly

increased from March 30 (no ice cover) to April 7 (Figure 15).  A peak  in suspended sediment

concentration was observed on April 7 .  

6.1.2 Particle Size Distribution

Although suspended sediment concentrations changed over the freshet period, the silt fraction of the

suspended sediment remained relatively constant (Figure 3).  The apparent higher sand fraction in

the first two weeks of freshet versus the last two weeks corresponded with the rapid increase in flow

observed  between March 30 and April 7.   The increased flow may have resuspended the larger and

heavier sand particles which had been deposited as bed sediment throughout the winter period

(Tassone, personal communication).
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6.1.3 Organic Matter Content 

Particulate organic matter is derived from biotic material such as living and dead faunal material and

detritus of both aquatic and terrestrial origin (Fletcher and McKay, 1993).  Particulate organic carbon

has been shown to be associated with fine sediment (silt and clay) rather than with coarse sediment

(sand).  This is attributed to a greater surface area and the availability of more sites for absorption

on the former versus the latter (McLaren et al., 1993).  Clays and silts are thus expected to contain

higher organic carbon levels and therefore more effectively bind hydrophobic and semi-hydrophobic

contaminants (Karickhoff et al., 1978).

In the current study, organic carbon content in suspended sediment increased with increasing flow,

indicating that organic carbon content may be more closely associated with the clay fraction which

appeared to similarly increase with flow.  Since many of the contaminant peaks were associated with

the period of highest suspended sediment concentration suggests that resuspension of previously

deposited sediment, and not organic carbon or clay content of suspended sediment, was likely the

most important factor in the observed contaminant peak during the study.  Mah et al. (1989) also

observed that concentrations of furans measured in bed sediment samples collected downstream of

pulp and paper mills in the Fraser River were not significantly correlated with organic carbon

content.  

6.2 Contaminants in Suspended Sediment

6.2.1 Dioxins and Furans

Due to their hydrophobic nature, dioxins and furans (K    6-7) have a high affinity for bothow

particulate and dissolved organic carbon (Webster et al., 1986; Servos et al., 1989).  Sediments

which have a high organic carbon content and surface area (such as silts and clays) have been shown

to be a sink for dioxins and furans (Czuczwa and Hites, 1984).  Previous studies have shown that

furans are detectable in bed sediment material (Mah et al., 1989) and dioxins and furans are

detectable in suspended sediments (Derksen and Mitchell, in preparation; Sekela et al., in preparation)

collected downstream of the five Fraser River mills. 
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Pulp and/or paper mills utilizing the chlorine bleached kraft process have been a source of the lesser

chlorinated dioxin and furan congeners (e.g. tetra and penta) (Amendola, 1987), whereas Czuczwa

and Hites (1986) found that combustion was the most common source of the more highly chlorinated

congeners (e.g. hepta and octa).  The fact that hepta and octa substituted dioxins and furans were

found in the highest concentrations during the freshet period suggests that combustion may be a

significant source of these contaminants to the Fraser River.  Some possible sources of the highly

chlorinated congeners measured at Marguerite may be from surface runoff originating from slash

burning of clearcut logging areas  and forest fires.  Atmospheric transport may also play a significant

role in the total load of these contaminants to the Fraser River basin, since previous studies have

shown atmospheric loading as a source of hepta and octa dioxins/furans to sediments in the Great

Lakes (Czuczwa and Hites, 1986).  One such possible atmospheric source  may originate from

combustion of waste wood material in the beehive burners of saw mills  upstream of Marguerite.

Once in the atmosphere, these contaminants may enter the river through either wet or dry deposition.

The peak in concentration observed on April 7 for many of the dioxins and furans coincides with the

measured peak in suspended sediment concentration.  Since mill operations remained constant

throughout the freshet period (Canadian Forest Products,  Northwood Pulp and Paper, Cariboo Pulp

and Paper, Quesnel River Pulp, personal communications), the likely source for the observed peak

in dioxin and furan concentrations appears to be the result of resuspension of contaminated bed

sediment material. 

Following April 7, as flow continued to increase and as more natural sediment particles were added

to the overall suspended sediment load, the "pulse" of contaminated resuspended bed material was

carried beyond the Marguerite sampling site resulting in the observed decrease in dioxin and furan

levels.  Overall, the dioxins showed the largest percent change (up to 79.7%) in contaminant levels

in the time between the onset of freshet (March 30) and April 22.   

Although total T4CDD concentrations were higher than total T4CDF concentrations (Table IV),

2,3,7,8-T4CDD levels were considerably lower than 2,3,7,8-T4CDF levels during the sampling

period.  The latter observation supports data on loading from the mill effluents (Table IX) and

findings of previous studies.  Mah et al. (1988) did not detect any measurable levels of 2,3,7,8-

T4CDD in bed sediments at sites downstream of Prince George or Quesnel.  However,

concentrations of up to 274 pg/g of  2,3,7,8-T4CDF were measured downstream of these sites.

Nevertheless it should be noted that the detection limits in the Mah et al. study were an average of
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200 times higher than those of our study.  More recently suspended sediment samples taken by

Derksen and Mitchell (in preparation) at Marguerite in October 1990 measured  concentrations of

3.7 pg/g for 2,3,7,8-T4CDD and 6.4 pg/g for 2,3,7,8-T4CDF.  Their detection limits were similar

to those in our study (0.1-0.5 pg/g). 

The relatively high loadings of 2,3,7,8-T4CDD and 2,3,7,8-T4CDF found at Marguerite on April

7 (Table V) during the peak in concentrations of these contaminants may be attributed to

resuspension of bed sediment material deposited during the winter low flow period.  This increase

in loading of 2,3,7,8-T4CDD and 2,3,7,8-T4CDF during the freshet period may represent a

significant period of transport of these contaminants from the upper reaches of the Fraser  River to

the lower reaches of the Fraser River.

6.2.2 Chlorophenolics

Chlorinated phenolics are released into the aquatic environment through industrial effluents from

pulp and paper mills and wood treatment facilities and via leaching of agricultural products (Health

and Welfare Canada, 1980).  Chlorinated phenolics are also formed by chlorination of sewage

treatment plant effluents and drinking water that contains phenols (U.S. EPA, 1979).  Previous

studies have shown that chlorophenolics are measurable in bottom sediments (Voss and Yunker,

1983) and in suspended sediments (Sekela et al., in preparation; Duncan, in preparation) collected

from the Fraser River at Marguerite.

The three main classes of chlorinated phenolic compounds are phenols, guaiacols and catechols. The

environmental behaviour of these individual compounds is related to their physical and chemical

properties. Volatility and water solubility decrease with increasing molecular weight, and sorption

appears to play a significant role in the removal of some chlorinated phenols from the water column

(CCREM, 1987). Chlorophenolic K    values vary between 0.88 to 5.0.  Highly chlorinatedow

chlorophenolics such as pentachlorophenol (K    = 5.0) tend to be more hydrophobic (Solomon et al.,ow

1993). In general, as the degree of chlorine substitution increases, the octanol/water partition

coefficient (K   ) of individual compounds also increases, indicating a greater  affinity for the organicow

content of sediments (CCREM, 1987).   

Partition coefficients (K ) also increase with increasing hydrophobicity of a compound but representp
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a more accurate measure of the potential of a compound to partition into the sediment versus the

water phase. Therefore, although the K     of chloroguaiacols is higher than that of chlorocatechols,ow 

their K  values are lower (Allard et al., 1988).  This is most likely attributed to the higher affinity  ofp

the hydroxy functional groups of catechols to the positively charged clay particles in the sediment

versus the less polar methoxy functional group of guaiacols. 

The highest concentration of chlorophenolics measured in suspended sediments was 100 ng/g of 4,5-

DCC on April 7.  Although all the chlorophenolics measured were found to partition primarily in the

water phase, 4,5-DCC had the highest percentage of all chlorophenolics measured in suspended

sediments (up to 45.2%).  This could be due to its higher K  value which makes it more likely top 

become associated with  clay rich bottom sediments.  Consequently, the observed increase in 4,5-

DCC on April 7 may be partially attributed to chlorophenol contaminated sediments which were

resuspended from bed sediment material during the onset of freshet.  However, with the exception

of 4,5-DCC, which had a 78.8% increase in concentration over the freshet period between March 30

to April 7, the change in concentration peaks of chlorophenolics was not as great as that for dioxins

and furans.  This is likely the result of the lower hydrophobicity of chlorophenolics in comparison to

that of dioxins and furans. 

6.2.3 Polycyclic Aromatic Hydrocarbons

PAHs are formed by the incomplete combustion of organic material, diagenesis (chemical and

physical changes occurring during and after their deposition) and biosynthesis (CCREM, 1987).  They

are hydrophobic in nature (K    = 3.37 - 7.66) and their aqueous solubilities are low (0.3 - 3,420ow

µg/L), with the exception of naphthalene (12,500 - 34,000 µg/L) (Neff, 1979; CCREM, 1987).  As

a result, most PAHs are likely to adsorb strongly to the organic carbon fraction of suspended and bed

sediments (CCREM, 1987). 

Perylene was found in the highest concentration (57 ng/g) in the suspended sediments. The fact that

perylene levels increased proportionately with flow may be due to its known association with bottom

sediments and possible resuspension during periods of high flow.  A study conducted by Broman and

Naf (submitted) found perylene to occur in low concentrations in the atmosphere but higher

concentrations in surface sediments. Perylene seems to form anaerobically during surface sediment

decomposition (Broman and Naf, submitted; Wakeham et al., 1980) although the exact mechanism
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is unknown.  Based on this information, Broman and Naf used perylene as a tracer of surface

sediments and concluded that perylene found in suspended sediment traps most likely resulted from

resuspension of bed sediments. 

Although there is a natural background of PAHs resulting from forest fires, volcanic activity,

diagenesis and possibly production by some plants and microorganisms, a significant fraction of the

PAHs present in the environment is the result of anthropogenic activities (Seuss, 1976; NRCC, 1983).

Although Merriman (1988) recorded detectable levels of PAHs in effluents from two Ontario pulp

mills, Derksen and Mitchell (in preparation) found that, with the exception of naphthalene and

phenanthrene, PAHs were not generally detectable in the organically rich solids centrifuged from the

Fraser River pulp mill effluents upstream of Marguerite. The peaks in concentration observed  at

Marguerite for naphthalene, phenanthrene, benz(a)anthracene and benzofluoranthene indicate that

PAHs in suspended sediment increased in concentration with the onset of freshet.  Since the pulp mills

do not seem to be the source of most of the PAHs measured at Marguerite, there appear to be other

sources of these contaminants to the river.

Atmospheric deposition is believed to be a significant route of entry for PAHs into the aquatic

environment and is responsible for much of the background concentration of PAHs (CCREM, 1987).

Such atmospheric sources of PAHs in the area include burning of wood waste in beehive burners of

saw mills, slash burning and forest fires. Another likely  source of PAHs to the Fraser River may be

automobile exhaust deposited on the major highway located adjacent to the Fraser River.  It has been

shown that following wet or dry deposition, PAH contaminated particles may enter the river as

surface runoff (Gschwend and Hites, 1981; Hites and Gschwend, 1982).  Furthermore, over the

winter period  vehicles travelling the highway may deposit petroleum products containing PAHs on

the highway surface (Water Quality Branch, 1993).  These petroleum products remain overland until

the first spring melt period, at which time they are transported with the melt into the Fraser River.

Other possible sources of PAHs may include creosote logs (CCREM, 1987) and urban runoff from

upstream communities (Boom and Marsalek, 1988).
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6.3 Contaminants in Water

6.3.1 Dioxins and Furans

Solid Phase Extracted Clarified Water

The absence of all but very low levels of dioxins and furans in solid phase extracted water samples

(Table VIII) confirms the tendency of these contaminants to partition to the solid phase (such as

sediments) as opposed to the water phase, as predicted by their high K    which range between 6-7.ow 

Other investigators similarly have not  found appreciable levels of dioxins and furans in water

downstream of pulp and paper mills in the Fraser River (Dwernychuk, 1994).  Based on these

findings, it appears that sediments still remain the best sampling medium for the detection of dioxins

and furans in the Fraser River.

6.3.2 Chlorophenolics

Whole Water

The results indicate that the majority of chlorophenolics whose levels were above detection limits

showed a decrease in concentration with the increasing hydrograph.  This can be partially attributed

to the fact that many of the chlorophenolics, specifically the mono and di-chlorinated forms, have

K    values between 2-4 and are thus expected to primarily partition in the water phase. This wasow

confirmed by data presented in Table VII.  Conversely, the tri and tetra chlorinated phenolics have

K    values between 4-5 and are therefore expected to partition in the organically rich solid phase ofow

the water column.  However, our data indicates that, as with the mono and di-chlorinated phenolics,

these compounds are also partitioning primarily in the water phase as opposed to the solid phase.

This apparent discrepancy could be explained by the fact that whole water not only contains

suspended  sediments but also dissolved and colloidal organic matter.  Dissolved organic matter is

defined as that which passes through a filter of usually between 0.2 µm and 0.45 µm pore size

(Fletcher and McKay, 1993).  Colloidal particles and other macromolecules may pass through 0.45

µm filter sizes and thus are also included in the dissolved phase. Consequently, dissolved organic

matter represents a possible binding medium for hydrophobic contaminants in water samples thereby

increasing their apparent water solubility (Kulovaara et al., 1987).  This apparent increase in

solubility could therefore account for the observed low levels of tri and tetra chlorinated phenolics
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found in the suspended sediment fraction of  whole water at Marguerite.  

6.3.3 Polycyclic Aromatic Hydrocarbons

Solid Phase Extracted Clarified Water

Acenaphthene was the sole PAH found in greater concentrations in solid phase extracted water than

in suspended sediments (Table VIII).  Since PAHs have low water solubilities (with the exception

of naphthalene) it is unlikely that this compound was dissolved in the water phase but rather bound

to dissolved organic matter.  Conversely, the remainder of the PAHs measured were found in higher

proportions in suspended sediments than in solid phase extracted water.  A noteworthy observation

was that acenaphthene is composed of  a three  ringed structure having a  higher solubility, whereas

the majority of the PAHs measured were composed of four, five and six ringed  structures having

lower water solubilities.

6.3.4 Fatty Acids

Whole Water

Fatty acids are composed of both hydrophilic and hydrophobic groups.  They are poorly soluble in

water 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 of aqueous

mixtures (CCREM, 1987).  In lakes and rivers sources of fatty acids have been identified as pulp mill

effluent and natural processes such as the breakdown of vegetation and wood fibre in the water (Fox,

1977). 

The measured increase in fatty acid concentration during the freshet period indicates that these

compounds may be associating with particulate organic matter in whole water which becomes

resuspended during freshet.  This could be confirmed by measuring fatty acids in both solid and

aqueous phases of the water.



47

6.3.5 Resin Acids

Whole Water  

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 oleoresin, a composition of

hydrophobic material of conifers (Swan, 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 total weight of wood (Enos et al., 1970), the concentations which can be present in 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 chronic effects on the

aquatic community (Brownlee et al., 1977).

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 acids have been detected in the

final effluent of pulp and/or paper mills located upstream of Marguerite (IRC, in preparation).

The measured increase in resin acid concentration during the freshet period indicates that these

compounds may be associating with particulate organic matter that is resuspended at the higher flows

accompanying freshet. The fact that dehydroabietic acid was found in the highest concentration

throughout the study period confirms its environmental persistence which is attributed to its aromatic

ring structure (Brownlee et al., 1977).

6.3.6 Comparison to Existing Guidelines

Currently no guidelines exist for contaminants in suspended sediment, therefore the concentration of

contaminants in suspended sediments were expressed as units per litre of water (Table IV) so that

they could be compared to existing water quality guidelines for the protection of freshwater aquatic

life.  None of the contaminants measured in suspended sediments, whole water or clarified solid phase

extracted water had levels which exceeded existing water quality guidelines for the protection of

freshwater aquatic life, including those of the Canadian Council of Ministers of Environment and

British Columbia Ministry of Environment Lands and Parks, as presented in Haines et al. (1995).
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7.0 CONCLUSIONS

1. Trace organic contaminants are detectable in suspended sediment measured at Marguerite which

is located approximately 59 river kilometres downstream of the nearest pulp mill source.  

2.  Suspended sediment showed an increase in contaminant concentration during the onset of freshet

and this increase was likely due to the resuspension of bed sediment material deposited during the

previous winter low flow period. 

3. The calculated loadings of  2,3,7,8-T4CDD and 2,3,7,8-T4CDF in suspended sediment at

Marguerite were highest on April 7, corresponding to the peak in suspended sediment concentration

during the freshet sampling period.  This increase in loadings during the spring freshet indicates that

there is a considerable movement (flushing) of contaminated sediment from upper reaches of the

Fraser River to lower reaches of the Fraser River at this time.

4.  Dioxins/furans and PAHs were found to partition almost exclusively into suspended sediment,

thereby confirming that suspended sediment is the appropriate medium for measuring these

contaminants.

5.  None of the contaminants measured exceeded existing water quality guidelines for the protection

of freshwater aquatic life.
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APPENDIX I

Laboratory Analytical and Quality Assurance/Quality Control Methods 

and Sample Quality Assurance/Quality Control Results



56

1.0 ANALYTICAL METHODS

1.1 Dioxin and Furan Analysis

All samples were first spiked with an aliquot of surrogate standard solution containing nine    C-13

labelled dioxin and furan congeners.  The XAD resin columns were also spiked with an aliquot of

surrogate standard solution containing deuterated PAHs.

The XAD columns  were extracted by elution first with methanol and then with dichloromethane.

Each extract was gravimetrically split into two halves and one half was set aside for PAH analysis.

The other half of each extract was carried through for dioxin/furan analysis.  It was backwashed with

base, then acid and processed through a series of four chromatographic cleanup columns (silica,

alumina, carbon, alumina).

Wet sediments were ground with sodium sulphate and extracted by refluxing in a soxhlet apparatus

for 20 hours.  The extract was backwashed with base, then acid and processed through the four

cleanup columns described above. 

An aliquot of    C-labelled recovery standard was added to each extract prior to analysis by high13

resolution gas chromatography with high resolution mass spectroscopic detection (HRGC/HRMS).

 

1.2 PAH Analysis

Sediment, water and XAD resin columns analyzed 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 backwashed with dilute base and
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extracted with water.  Water samples were extracted with dichloromethane in a separatory funnel.

The extraction of the XAD resin columns was identical as that for dioxins/furans.

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

perdeuterated PAHs was added to each extract in preparation for analysis by high resolution gas

chromatography with mass spectrometric detection (GC/MS).

1.3 Chlorophenolic Analysis

Sediment samples were first spiked with an aliquot of surrogate standard solution containing twelve

   C-labelled chlorinated phenolics and one deuterated chlorophenol.  Each sample was then extracted13

with base. The extracts were filtered, acidified and reacted with acetic anhydride to convert the

chlorophenolics to their acetate derivatives.  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

HRGC/LRMS.

Water samples were first spiked with an aliquot of surrogate standard solution containing twelve    C-13

labelled chlorophenolics. Each sample was acidified, extracted with solvent, dried over sodium

sulphate and concentrated by rotary evaporation.  The extract was then acetylated, back extracted

and prepared for clean-up by silica column.  An aliquot of recovery standard solution was added to

each extract prior to analysis by high resolution gas chromatography with low resolution (quadruple)

mass spectrometric detection (HRGC/LRMS).
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1.4 Resin and Fatty Acid Analysis

A one to three litre water sample was spiked with an aliquot of internal standard solution containing

surrogate standards for both resin and fatty acid analysis.  Each sample was acidified, solvent

extracted, dried over sodium sulphate and concentrated by rotary evaporation.  The extract was then

reacted with diazomethane to derivitize the resin and fatty acids to their methyl esters.  It was then

cleaned up on a basic silica gel chromatographic column.  An aliquot of recovery standard was added

to each extract prior to analysis by HRGC/LRMS.

2.0 LABORATORY QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) METHODS

Refer to  Appendix III, Table 1 for the laboratory blank and spike reference table for sediment

samples, Table 5 for the laboratory blank and spike reference table for whole water samples, and to

Table 10 for the laboratory blank and spike reference table for solid phase extracted samples.  The

sample results were reviewed and evaluated in relation to the QA/QC samples worked up at the same

time.

2.1 Procedural Blanks

One procedural blank was analysed with each batch sample. Sediment blanks were analysed for

dioxins, furans, chlorophenolics and PAHs.  Water blanks were analysed for chlorophenolics, PAHs,

fatty acids and resin acids.  XAD column blanks were analysed for dioxins/furans and PAHs.

2.2 Laboratory Duplicates

One laboratory duplicate was analysed with each batch sample. Duplicates must agree within

acceptable limits, generally +/- (20% + Method Detection Limit (MDL)).  Results for laboratory

duplicates are reported with the sample results in Appendix II. 
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2.3 Surrogate Standard Recoveries

These consist of internal standards 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.  In cases where this criterion was not achieved

samples were repeated.  Surrogate standard recoveries were performed for all PCDD/PCDF resin

and fatty acid samples.

2.4 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, furans and chlorophenolics.  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 extraction samples for both

PCDDs/PCDFs and PAHs.

2.5 Detection Limits

Method detection limits were calculated on a sample-specific basis and were reported with each

sample result.  The detection limit was calculated as the concentration 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 method detection limits since these two fatty acids

were not detected in the procedural blanks.
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3.0 SAMPLE QUALITY ASSURANCE/QUALITY CONTROL RESULTS

3.1 Sediment Samples

3.1.1 Particle Size and Total Organic Carbon

QA/QC results for particle size and total organic carbon (TOC) in suspended sediment field split

samples were in agreement with the original samples, indicating a high degree of reproducibility.

Furthermore, the April 7 lab duplicate was also in agreement with the original sample.  Refer to

Appendix II, Table 2 for field split and lab duplicate data.

3.1.2 Dioxins and Furans

Results of dioxin and furan field splits showed a high degree of agreement.  Laboratory duplicates

were generally acceptable, and satisfied the requirement of +/-(20% + MDL).  Furthermore,

laboratory sediment blanks were below detection limits except for O8CDD and O8CDF which

showed very low background levels.  Dioxin blank SBLK 838 had a low recovery of the O8CDD

surrogate, but was worked up with samples that had acceptable surrogate recoveries and so the batch

was therefore deemed acceptable.  Laboratory sediment spikes were also acceptable.  Refer to

Appendix II, Table 3 for field split and lab duplicate data and Appendix III, Table 4 for laboratory

blank and spike data.

3.1.3 Chlorophenolics

Field splits were in agreement with the original samples, indicating a high level of reproducibility.  Lab

duplicates were generally acceptable, and satisfied the requirement of +/-(20% + MDL).  In addition,

all sediment blanks were below  the detection limits, and the sediment spike recoveries were generally

acceptable.  Refer to Appendix II, Table 4 for field split and lab duplicate data and Appendix III,

Table 3 for lab blank and spike data.
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3.1.4 Polycyclic Aromatic Hydrocarbons

Field splits were in good agreement with original samples. Laboratory duplicates were generally

acceptable and satisfied the requirement of +/-(20% + MDL).  Laboratory sediment blanks showed

not detectable or low background levels of the target analytes. Furthermore, laboratory reference

recoveries were acceptable. Refer to Appendix II, Table 5 for field split and lab duplicate data and

Appendix III, Table 4 for lab blank and reference data.

3.2 Whole Water

3.2.1 Chlorophenolics

Results of field splits were in good agreement with original samples.  Laboratory duplicates also

showed good replication to within +/-(20% of mean + MDL).  Furthermore, laboratory water blanks

were below detection limits with the exception of 3,4,5-trichlorocatechol and 5,6-dichlorovanillin.

(Catechols are known to be unstable due to oxidation reactions, (AXYS data report, 1994)). Water

spikes generally showed acceptable recovery values.  Refer to Appendix II, Table 6 for field split

and lab duplicate data and Appendix III, Table 7 for laboratory blank and spike data.  Field blank

results were below detection limits with the exception of pentachlorophenol which registered values

up to 39 ng/L.  Refer to Appendix IV, Table 1 for field blank data.

3.2.2 Polycyclic Aromatic Hydrocarbons

Results of field splits were in good agreement with original sample values.  Lab duplicates were

generally acceptable and satisfied the requirement of +/-(20% + MDL).  Laboratory water blanks

showed background values for the majority of PAHs, the majority of which were similar or higher

than in the actual whole water samples.  Moreover, laboratory water spikes showed acceptable

recovery levels.  Refer to Appendix II, Table 7 for field split and lab duplicate data and Appendix

III, Table 6 for lab blanks and spike data.

Field deionized water blanks were either below detection limits or did not meet quantification
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criteria with the exception of naphthalene, acenaphthene, fluorene and phenanthrene.  Naphthalene

levels ranged between 20-100 ng/L, acenaphthene ranged between 2.7-8.3 ng/L, fluorene between

3.4-26 ng/L and phenanthrene between 5-34 ng/L.  These PAHs were several orders of magnitude

higher in the field blanks than the in the water samples.  Refer to Appendix IV, Table 2 for field

blank data.

3.2.3 Fatty Acids

Results of the field  splits showed some variability between samples. Laboratory duplicates were

acceptable as they agreed to within +/-(20% of mean + MDL).  Lab water blanks showed

background levels for most fatty acids with the highest being for palmitic (25-2,600 ng/L) and stearic

acids (20-1,600 ng/L).  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. However, the levels

of fatty acids detected in the blanks in most cases did not exceed 1000 ng/L.  Furthermore, laboratory

water spikes showed an acceptable level of recovery.  In addition, field blanks collected on March

30 showed  levels of lauric acid, myristic acid, palmitic acid, and stearic acid with values ranging

between 100-520 ng/L, which are considered normal background levels (Georgina Brooks, AXYS,

personal communication).  Refer to Appendix II, Table 8 for field split and lab duplicate data and

Appendix III, Table 8 for laboratory blank and spike data.  Appendix IV, Table 3 presents field blank

data.  

3.2.4 Resin Acids

Field splits were in good agreement with original samples, indicating a high level of reproducibility.

Laboratory duplicates  showed good replication, to within +/-(20% of mean + MDL). Moreover,

laboratory water blanks showed mostly non-detectable or low background levels of the target resin

acids.  Field deionized water blanks were below detection limits, with the exception of palustric (66-

130 ng/L) and dehydroabietic acid (21-24 ng/L). All laboratory spiked samples had acceptable levels

of recovery. Refer to Appendix  II, Table 9 for field split and lab duplicate data and Appendix III,

Table 9 for lab blank and spike data.  Appendix IV, Table 4 presents field blank data.
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3.3 Solid Phase Extraction

3.3.1 Dioxins and Furans

QA/QC results showed low background levels of total H7CDD, O8CDD, total T4CDF, total H6CDF

and total H7CDF in column blanks.  Column spikes showed an acceptable level of recovery.  Refer

to Appendix III, Table 11 for data.

3.3.2 Polycyclic Aromatic Hydrocarbons

QA/QC results showed no detections in laboratory column blanks and proofs.  Furthermore, the

laboratory spike showed acceptable recovery values.  Refer to Appendix III, Table 12 for data.
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APPENDIX II

Sampling and Analytical Data for Suspended Sediment, Whole Water and Solid Phase
Extracted Water Samples

                 Page Number

Table 1 Chemical and Physical Parameters of Fraser 66
River During Field Sampling (Marguerite - 1993) 

Table 2 Organic Carbon Content and Particle Size of 67
Fraser River Suspended Sediments 
(Marguerite - 1993)

Table 3 Dioxin and Furan Concentrations in Fraser 68
River Suspended Sediments (Marguerite - 1993)

Table 4 Chlorophenolic Concentrations in Fraser 69
River Suspended Sediments (Marguerite - 1993)

Table 5 PAH Concentrations in Fraser River Suspended 70
Sediments (Marguerite - 1993)

Table 6 Chlorophenolic Concentrations in Fraser 71
River Whole Water (Marguerite - 1993)

Table 7 PAH Concentrations in Fraser River Whole 72
Water (Marguerite - 1993)

Table 8 Fatty Acid Concentrations in Fraser 73
River Whole Water (Marguerite - 1993)

Table 9 Resin Acid Concentrations in Fraser 74
River Whole Water (Marguerite - 1993)

Table 10 Dioxin and Furan Concentrations in Fraser 75
River Water Collected by Solid Phase 
Extraction (Marguerite - 1993)

Table 11 PAH Concentrations in Fraser River Water 76
Collected by Solid Phase Extraction 
(Marguerite - 1993)



TABLE 1 Chemical and Physical Parameters of the Fraser River at the Time af Sampling (Marguerite - 19w) 65

)ate

Aarch 30

@ril 7

$lril 15

pril 22

“Ime of day

14:10
14;25
14:40
14;55
15:10
15:25
15:40
15:55
16:10
16:25
16:40
16:55
17:10
17:25
17:40
17:55
18:10
18:25
18:40
18:55

12:20
12:35
12:50
13:05
13:20
13:35
13:50
14:05
14:20
14:35
14:50
15:05
15:20
15:35
15:50

11:27
11:42
11:57
12:12
12:27
12:42
12:57
13:12
13:27
13:42
13:57
14:12
14:27
14:42
14:57

11:30
11:45
12:00
12:15
12:30
12:45
13:00
13:15
13:30
13:45
14:00
14:15
14:30
14;45

“temperature
(c)

0.59
0.56
0.54
0.56
0.56
0.57
0.61
0.61
0.62
0.61
0.63
0.63
0.61
0.59
0.63
0.64
0.64
0.66
0.66
0.66

1.96
1.97
1.97
2.01
2.03
2.01
2.03
2.03
2.01
1.99
1.99
1.98
1.99
1.99
1.98

3.11
3.12
3.16
3.17
3.21
3.24
3.28
3.33
3.33
3.36
3.38
3.39
3.39
3.43
3.44

7.39
7.45
7.47
7.55

7.6
7.67
7.69
7.78
7.87
7.91
7.93
7.98
8.03
8.08

pH

7.99
8.09
8.12
8.14
8.12
8.16
8.14
8.14
8.12
8.13
8.14
8.16
8.13
8.14
8.14
8.13
8.13
8.15
8.13
8.14

7.75
7.75
7.77
7.78
7.79

7.8
7.8
7.8

7.81
7.8

7.79
7.8
7.8
7.8

7.77

NIA
NIA
NIA
6.8

7.21
7.36
7.42
7.63
7.51
7.52
7.56
7.87
7.91
7.92
7.93

7.93
7.95
7.95
7.93
7.95
7.95
7.94
7.94
7.94
7.89
7.92
7.93
7.94
7.93

conductivity
(mSkm)

0.1402
0.141

0.1402
0.1406
0.1409
0.1412
0.1413
0.1415
0.1415
0.1414
0.1414
0.1413
0.1414
0.1414
0.1414
0.1415
0.1415
0.1415
0.1416
0.1415

0.1055
0.1057
0.1056
0.1057
0.1057
0.1057
0.1056
0.1056
0.1056
0.1054
0.1054
0.1054
0.1053
0.1053
0.1053

0.1045
0.104

0.1048
0.1048
0.1049
0.1049
0.1051
0.1051
0.1052
0.1052
0.1053
0.1054
0.1054
0.1054
0.1055

0.1027
0.1028
0.1027
0.1028
0.1029
0.1029

0.103
0.103

0.1029
0.1032
0.1032
0.1034
0.1032
0.1031

N/A = data not available



TABLE 2 Organic Carbon Content and Particie Size of Fraser River Suspended Sediments (Marguerite - 1993)

Sampling Date Sampie ID

March 30, 1993 MAR-3C

March 30, 1993 FRS-1OC
(Iieid split of MAR-3C)

April 7, 1993 MAR-4CA

April 7, 1993 MAR-4CB
(iab dupiicate of MAR-C!

Apni 7, 1993 FRS-12C
(field split of MAR-4CA)

April 15, 1993 MAR-5C

April 15, 1993 FRS-14C
(field spit of MAR-5C)

Aprii 22, 1993 MAR-6C

April 22, 1993 FRS-16C
(field spiit of MAR-6C)

“particie size categories are defined as foilows:

rotai Organic Carbon

(Ye)

0.94

0.94

1.07

1.08

1.07

1.14

1.10

1.15

1.12

Particle Size ●

‘A Gravel ‘k Sand ‘h Silt 0/0 Ciay

o 7.04 76.08 16.88

‘o 11.84 76.23 11.93

0 9.41 75.06 15.54

N/A NIA NIA N/A

o 8.37 76.55 15.08

0 4.67 78.04 17.29

0 6.66 75.57 17.76

0 3.55 77.45 19.01

0 10.55 74 15.45

~uspendedSedimenl
Concentration

(ma/L)

122.4

NIA

205.5

N/A

NIA

146,7

NIA

142.4

NIA

Fiow

(m3/s)

520

520

1050

1050

1050

1240

1240

1440

1440

gravei = 2-64 mm

sand = 0.062-2 mm
silt = 0.004-0.062 mm
ciay = <0.004 mm

N/A = sample was not anaiyzed



TABLE3 Dloxln ●nd Fumn Ce+wantratlons in Fraaw River Suspandad SadImants (Mwguwh - 1s93)

F
Compounds

t
Dloxlns

T4CDD - Total
2,3.7,8

P5CDD - Total
1,2,3,7,8

H6CDD- Total
1,2,3,4,7,6
1,2,3,6,7,8
1,2,3,7,8,9

H7CDD - Total
1,2,3,4,6,7,8

08CDD

I
Furans

/
4CDF - Total

2,3,7,6

I5CDF - Told
1,2,3,7,8
2,3,4,7,8

rCDF - Tolal
~,2,3,4,7,6
7,2,3,6,7,8
2,3,4,6,7,8
f,2,3,7,8,9

I7CDF - Total
1,2,3,4,6,7,8
,2,3,4,7 ,8.9

e==
13C-T4CDF

I 13C-P5CDD

13C-HSCDD

13C-H7CDD

13c4ecDD

ad 30, 19S3

AR-3CA

mcmlldml St

WE)

2.4
NDR(O.2)

1.0
0.2

99
0.3

NDR(06)
1.2

33
11

150

1.1
0.7

ND
NO
ND

0.3
ND
ND
ND
ND

1.5
0.6
ND

13

0
0

0
0

0
0
0
0

0
0

0

0
0

0
0
0

0
0
0
0
0

0
0
0

0

Rexwaty

%

94

66

78

66

48

tad’! 30, 1993

IAR-3CB
ab *lie of
IAR-3CA)

-mtbll SDL

(Palo )

3.5
NDR(O.2)

1.0
02

11
0.3

NDR(O.S)
1.1

35
13

1s0

1.1
0.7

ND
ND
ND

0.5
ND
ND
ND
ND

1.s
0.6
ND

16

0.1
01

0.1
0.1

0.1
01
0. f
0.1

0.1
01

0.3

0,1
0.1

0.1
01
01

01
01
01
0.1
01

0.1
0.1
0.1

0.3—

) Raowary

78

67

S7

66

71

47

Ikh 30, 1s93

RS-1OC
ialdsplitofW-3CA

—h SD
(Palo)

2.5
0.2

NDR(ON;

NDR(&
0.s
1.2

29
11

140

to
07

ND
ND
ND

04
ND
ND
ND
ND

2.6
0.8
ND

o’
0 “

o. ‘
0.’

o’
0. ‘
o. ‘
o. ‘

o. ‘
o.*

o.:

o’
0.’

0.1
0.1
01

0.:
O.i
0.:
0:
0.:

0.1
0.1
0.1

0.1—

Racmvwy

94

92

so

69

75

so

ptil 7, 1993

IAWICA

Wnlmim SDL

owl )

2.9
04

19
0.5
1.4
21

5s
22

240

0.9
0.6

ND
ND
ND

0.7
ND
ND
ND
ND

2.2
ND
ND

2.3

0. ~
o. ‘

o. ‘
0.4

0. ‘
0’
0. ‘
o. ‘

0.:
0.:

0.:

01
0.1

01
0.1
0.1

0.:
0.:
0.:
0.:
0:

O.i
0.:
0.:

g

Rewvary

9f

95

97

S9

S1

59

kpl’il7,1993

MR4CB
lab duplicate of
IAFWCA)

~ SDI

(PL&

4,1
NDR(O.2)

2.6
0.4

18
0.5
1.1
15

56
21

210

0.8
06

ND
ND
ND

04
ND
ND
ND
ND

2.3
0.9
ND

2.4

0.1
0.1

0.1
0.1

0.1
0.1
0.1
0.1

01
01

0.1

01
01

0.1
01
01

O.i
0.:
0.2
0:
O.i

0.2
0.2
0.2

i Ramvary

91

9s

95

92

66

63

@17, 1ss3

RS-12C
rdd q9ii C4
MFM2A)

~ SDL

(Palo )

4.3
0.2

2.4
0.3

15
0.4
1.0
1.9

47
1s

lm

0.8
0.5

ND
ND
NO

0,3
ND
ND
ND
ND

2.0
ND
ND

0.1
0.1

0.1
0.1

0.1
01
0.1
0.1

0.1
0.1

Oi

0.1
0.1

0.1
0.1
0.1

0.1
0.1
01
0.1
0.1

0.1
0,1
0.1

2.0 01

i R~

0s

104

104

75

9s

S3

q)ril15,1s93

#AR-5c

4.4
ND

2.3
0.3

14
0.4

1
1.7

49
16.6

m

0.4
0.3

ND
ND
ND

0.4
ND
ND
ND
ND

2
ND
ND

o.
0.

0.
0.

0.
0.
0.
0

0.
0.

0.

0
0.

0.
0
0.

0
0.
0.
o
0

0.’
0.
o.

1.7 0.:

i R~

S7

102

100

103

95

79

Jxil 15, 1993

RS-14C
-Wd Splfi of MAR-5C)

—loll SD

(P’w

3.7
0.1

15
0.5
1.0
1.s

49
19

1s0

04
03

ND
ND
ND

06
ND
ND
ND
ND

2.2
0.s
ND

2.0

0.
0.

0.
0.

0.
0
0.
0

0
0.

0

0
0

0.
0’
0.

0:
0.:
0,:
0:
0:

0.
o.
o. ‘

0,—

tRacowry

100

109

119

99

9s

S5

pril 22, 1993

mR4c

mrdii SD

(Pw

4.6
NDR(O 2)

21
04

NDR(;.i)
11
20

54
20

220

05
03

ND
ND
ND

ND
ND
ND
ND
ND

1.0

NDR(; ;)

2.1

0.’
0

0.
o

0.
o.
o.
o.

o
0

o

0.,
0.

0,
0,
0,

0;
o.:
0.:
0:
0:

0.1

01
0.1

g

Ramvwy

9s

105

116

66

so

5s

@l 22, 1393

RS-16C
iald Splti d MARS)

Mlcndmllml SDL

(PO@

3.5
0.1

2.5
0.4

0!
0.9
19

54
20

210

04
0.2

ND
ND
ND

0.4
ND
ND
ND
ND

1,1

01
01

02
0.2

0,1
0,1
01
01

0. ‘
o’

01

0.1
01

01
01
0.1

0.1
01
01
01
01

0.1
0.1
01

g_

Ramvary

100

10s

105

9a

96

67

SDL = .%mob dalachon limit
ND= Not c&tied
NDR = Peak datadmi hi dii nol meet quantfdion ailaria



TAW-54 Chlomptmmlle Cortcmtmtims In Fraaw Rlw Suapondad S.dImwb (Marwwitm - 1S93)

F
Uchzo 19s3 Mmdl 30, 1993 M&30 , 1093 7, 19s3 7.1993 7, 1ss3

w“
15, 19s3 15, 1993 rpd 15,1093 [w 22 1093

~
22, lee3

AR-3CA MAR-2CB FRS-lDC MAR.4CA MAR-4CB FRS-12C MAR-5c.A MAR-5CB
&bR~ d (fiok3w & MAR4CAI (labd@idOOl (W @iY o MAR+2A)

MAR4CA)
(bb duplide Ot
MAR-542A)

— so @nmnmum SD — SD — SD ~ so ~ SD ~ SD ~ so E“R”211 J!.&!!:
‘w (tie) (W@ (da) (W@) (@o) (WW Wkl) (W@)

NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

2!:
ND
ND
ND
ND
22
ND
NO
NO
ND

SDcompounds
owl) (Ml)

1 I

I

tGizD-- —
ND
ND
ND
ND
ND
ND
ND

05
0.3
0.2
0.3
03
0.2
0.2
0.3
0.3
0.3
0.3
0.3
0.2
0.3
03
0.5
0.8
0.8
0.4
02
4.0
5.0
4.0
5.4

ND
ND
ND
ND
ND
ND
NO
ND
ND
ND
No
ND

1:
ND
NO
ND

!:
NO
NO
NO
NO
21

0.4
0.5
0.3
0.4
04
0.3
0.5
0.8
0.6
0.5
0.4
0.4
0.4
0.4
0.4
0.8
1.3
1.2
0.8
0.3
4.0
5.0
4.0
5.0
1.0
1.0
07
8.3
10

1.5
1.0
11
07
09
00
1.0
13
0.0
1,0
10

ND
ND

%
NO
ND
ND

K
ND
No
ND
NO
ND
ND
NO

%
2.9
NO
ND
NO
ND
21
ND
NO
NO
ND
7.e
ND
ND
2.4
NO
ND
57
NO
ND
NO
NO

0.
0.
0.3
0.5

0.4
0.3
0.2
0.

:
0.4
04
0.3
0.3
0.4

&
1.0
0.5

:3
4

2.8
2.3
3.1
1.0
1.2
0.5
40
5.6
1.0
0.6
00

ND
NO
NO
NO
ND
NO
ND
ND
NO
NO
No
ND
NO
ND
ND
ND
ND
ND
1.4
NO
N(2
Na
NO
N(2
NO
NO
NO
NO
NO
ND
NO
18

1.1
1.2
0.8
1.1
1.0
0.7
0.6
1.1
1.1
0.7
0.8
O.e
0.5
0.5
O.e
0.s
0.1
1.0
0.8
0.5

1.1
1.2
0.8
0.8
7.9
1.6
1.3
1.3
0.9
08
07
0.9
0.8
0.7
07

ND
ND
ND
ND
NO
ND
ND
ND
ND
ND
NO
ND
NO
NO
ND
ND
ND
ND
1.3
NO
ND
NO
NO
41
NO
NO
NO

[:
NO
ND

2,4
ND

::
NO
NO
NO
NO

0.5
0.3
07
0.3

ND
ND
ND
ND

::
ND

NOR(ON$
NO
No

E
ND
NO
ND
NO

03
0.4
0.3
0.4
0.4
0.3
0.2
02
0.2
0.2
0.2
0.2
0.1
0.2
02
0.3
0.5
02
0.1
0.1

ND
ND
ND
NO
ND
ND
ND
NO
ND
NO
ND
NO
NO
NO

NDR(Y’!;
ND
ND
1.2
NO

0.4
0.4
0.3
0.4

ND
ND
ND
ND
ND
NO
ND
ND
NO
NO
NO
NO
NO

07
0.5
0.4
0.5
0.5
0.3
0.5
0.6
0.6
0.3
0.2
0.2
0,1
0.2
0.2
0.3
0.5
0.2
0.2
0.1
5.7
6.9
5.7
7.9
0.2
0.3
02
48
5.8
04
03
03
02
03
02
02
0.3
02

i;
0.4
0.5
0.5
0.4
14
1.7
1.6
0.3
0.2
0.2
0.2
0.2
0.2
0.4

ND
ND
ND
ND
ND
NO
ND
NO
ND

1.2 ND
06 ND
0.5 ND
0.8 NO
0.8 ND
0.4 ND

0.6
0.4
03
0.4
0.4
0.3
0.2
0.3
03
04
03
03
02
0.2
0.2
0.4
0.7
0.4
04
02
9.6
11

97
13

04
04
03

13
16

0.6
03
03
02
11
10
04
0.8
0.5
04
05
80
35

2,&dw&phm
2,412,$CCP
3.5dii
2;3&hb+md
3,4-&#3@w

m-Jd

z.4.&~

2,3,4-l&&mPbd
3,4.HlwbVbd

4-dllof0c8mdld
:44,~rn@

WKMO!q@ud
3&0msYlwd
3,~
3,5-adl~a.aOl
3,5.d@Y&0m8dwl
4,SdichbroaYedm4
2.3.5fw~
2,3,4,Wotr8dIbWhen01
2.3.4.~~
5.cMOrOv*niiiin
8-dlbmvmil!kl

3.~~
3,4,b@kMom@mmcd
3,4,5-tddm-wJudaml
4,5,& Lfichbmguaiuul
3,4,ewd40mU mdld
3,4,5+id0mU WiU4
5,sdichw0w?41ii
wn~~
Z-dlblwylingddahyda
3,4,5, e-t*lmM0mgu8iu?
3,4,!3.oldlbm8ylin1301
3,4,5,6.whkMOUtKhOl
2,wkhkwos yrtnoaldchyd

0.3
0.2
0.8
0.8
3.4
0.4
0.2
0.2
0.2
02
0.2
0.5
0.4
0.1
0.3
0.2
2.4
4.4
4.0
3.1
0.4
0.5
0.3
4.2
7.8
0.5
04
04
03
05
04
o.e
0.7
0.4
0.5

0,3
0.3
0.5
o,e
o.e
0.2
0.2
0.2
0.1
02
0.2
0.4
0.8
0.3
0.2
0.1
e.e
e.4
7.0
8.5
0.3
0.3
02
6.5

15
1.9
le
0.3
02
02
0.2
0.2
02
04

NO
NOR(O.4)

ND
ND
NO
NO
NO
ND
ND
ND
NO
NO
NO

0’3
NO
ND
ND
NO
NO
29
ND
NO
ND

0.3
NO
NO
NO

ND
NO
ND
ND
ND
NO
ND
NO
NO
1.6
ND
NO
NO
NO
29
NO
NO
NO
ND
ND
ND

2%’
ND

::
NO
NO
NO
ND
NO
NO
se

NO

NDR(c!’:
ND
ND
1.2
ND

NDR(o.2)
NO

NOR(O.7)
ND

(U’

0.4
0,2
0.2
01
8.e
10

e.9
12

03
0.3
02
70
85
04
04
0.4
03
04
03
03
03
0.2

o.e
0.2
0.2
01
ee
80
e.7
6.9
05
Oe
0.4

NO
4.8
No
NO
NO
ND

lW

NO
ND
NO
NO
3s

5.e
e.7
5.7
7.e
0.3
0.3
0.2
e.e

ND
ND

Nof4(e.e)
45

NO
ND

NDR(:~

07
oe
0.5
e,e
11

1.2
o.e
07
07
07
oe
07
o.e
o.e
05

NO
NO
NO

NOR(?:
ND
NO

NO
NO
NO
NO

ND
NO
NO
NO

NO
NO
NO
ND

ND
NO
NO
NO
NO
NO

::
ND
NO

NO

1
eo
7.2

::
04
03
03
03
03
03
02
03
03
2e
8.5

NOR(171
NO
ND
2.7
ND
NO
41
NO
ND
NO
NO
NO
NO
N(3

15
ND
ND
3.5

NDR(o 5)
NO

e.z 1
e.4
o.e
02
02
01
03
0.2
0.2
0.5
03
0.3

;:
17

NO
NO
ND

7.9
0.5
0.3

ND
NO
ND
34

ND
NO
ND
20
ND
ND
1.3
ND
NO
NO

2.s
NO
NO
54
ND
NO
NO
NO

3.5
NOR(O 3)

ND
25 1

03
02
03
03
04
04
0.2
03
0,2
4*
9.1

04 ND
o?
o.e NOR(2N:
1.0 ND

NOR(O 3)

NDR(2N:
NO
NO
NO
NO

2.2
ND
ND
NO
NO

::
NO

NO
NO
ND
NO
NO

NDR(l I)
NDR(44)

NO
ND
NO
NO

NOR(4N:
NOA L

02
03 NO
26 NOR(4 2)
ee NO

NO

J
03
04
3e
94-3-._KL 105

31
4e

NO
6e

NOR(15) — . —

(1)SOL = .%mpk DOl.cbon Unit
(2) NO= Not Mtodad
(3) NOR = Pmk ddectod buldd fmlmU1.wan&nXiOn a_iYada
(4) Oti hrn nm bow? t4mk oxmebd
(5) R.& ~~ ~ ● S ~sa ~ Chbfusyllflgds. ~-ms

mlddlbrOvaniwU lnqn0tb0uanm91yqua lm%ddvato d@mda6w 0xiw0nm9ceoru
(e) 3,4/4,e ~ammpOnOduaw+hlwll P8kaw Yo8mrlphnlabtx*
(7) NO= N& QwMlabk



TABLE 5 PAH ConCantraUonS In Fraaar FUvm SUspandad $adlmanta (MmBIIwIta - 1SS3)

rSampling Date

SampN 10:

Compounds

L
Naphthah
AcmaPm&-

Fluwana
Phmanwaw
A-lthracwla
Fiwranthana
Py?-ana
Benz(a)antwwana
Chfpana
WmWmMwma
Banzo(a-
BaluO(@pyTaOa
Parylana
Dibanz(ah)anllmwna
lndan0(l,2,3+pyran
Banz ilana

amh W, 1SS3 March 30, 1993

AR-3CA MAR-3CB
(lab dupliite 0!
MAII-SCA)

neammbn SDL CUKmwmm SD1

O-WI) o-%)

5.3 0.1 6.4 0.6
NOR(1 .0) 0.6 1.0 0.4

1.2 0.7 0.6 0.5
3.3 0.4 I 2.6 0.6
6.4 0.2 8.3 0.2
2,4 02 NDR(l.5) 0.2
49 0.2 4.4 01
6.3 0.2 6.2 02

NDR(2.2) 0.5 NDR(2.4) 0.4
4.3 05 4.4 0.4
4.6 0.3 42 0.3
30 0.3 3.2 0.3

NDR(I.0) 04 NDR(I.2) 0.3

Iamb 20, 1s93

RS-1OC
w apm ‘d MAR-3CA

M-ualdl-aum SDL

(@o)

0.6
NDR(t.t) 0.4

09 0.7
2.5 0.3
7.6 0.2
2.1 0.2
3.6 02
5.7 02

NDR(2,3) 05
3.6 0,6
4.1 0.4
2.3 0.4

NDR(O.S) 0.4
0.4

NDR(I!~) 0.5
NDR(l.1) 0.8

3.2 0.6

pri17, 1993 Apd7, 1693 April?, 1993 April 16,1933 April 15,1s93 A@r’il22, 1SS3 April 22, 19s3

AR4C FRS-12CA FRS-12CB MAR-w FRS-14C MAR4C FRS-16C
(Wd aplil d MAFUc) (tab Wed (Wd @ii d MAR-5C)

field aplfi d MAR4C)
(fmld $plfi of MAR4C)

mwml-dbn SDL c41?mmmu0n SDL Cmwnvamn SDL CUwUllmlbn SDL Cwwamwlii SDL CwKammtbn SDL Gmwwa!bn

(WE) (W@)
SDL

(wl) (%) (w’J) (w’J) (@o)

1.7 NDR(7.2) 1.2 NDR(9.6) 17
NDR(l!)

7.3 1.4 NDR[6.9)
0.6 NDR(l .9)

1.8 ?4DR[7.9) 30 NDR(64) 1.1
0.7 NDR(l .0) 07 ND

NDR(O.6)
0.9 NDR(l 1)

0.6
0.6 NDR(O 6)

0.7 09
06 NDR(O.7) 04

ND 1.0
3.9

ND
0.5 2N5°

1.0 NDR(13)
3N:

10
0.6

ND
0.6

06
3.9 1.0 3 07 3.7 06 32 08

02 9.9 0.2 10 0.2
NDR(;;)

15 0.2 13 02
02 1.1

02 11
0.2 1.2 0.2 0.s

02
03 11

57 0.1 4,6 0.1
02 NDR(l’?)

5.4
02 10

0.1
0.2

4.9 0.1 44 0.1 3.3 0.1 33 01
.6.2 0.1 4.5 0.1 5.2 0. t 5.0 0.1

2.2
4.7

0.4
0.1

2.6
4.6

0.3 NDR(l.4)
0.1 3.7 0.1

0.4 NDR(3.2)
5.1

0.5 NDR(2.3) 0.4
0.3 5.0

12
0.3

0.3
4.6

,11
0.4 5.6

0.3
0.4 4.8 0.4 47 0.3

NDR(2.6) 0.3 NDR(4.S)
3.6 0.2

0.2 NDR(5.S) 0.3 NDR(6.5)
NDR(3.6)

0.4 6.2 0.3 0.2
0.3 NOR(:.:)

0.2
0.3 NDR(3.6) 0.2 NDR(3. 1) 0.3 NDR(3.9)

NDR(l:)
0.4 NDR(3.3) 0.2 NDR(:.!)

0.3 NDR(O.S) 0.3 ND
0.2

0.4 NDR(l,l) 0.4 NDR(l .5)
0.3 0.2 40

04 NDR(l.2) 0.3 ND 0.2

0.9 NDR(O%)
0.3

NDR(l.0)
57 0.4 0.3 56

0.5 ND
0.2 56

0.7
0.2

1.5 NDR(o:) 0.8 0.6
?44(}:)

0.8
0.6 NOR(l.1) 0.4 NDR(O.7) 0.6 NDR(ON; 0.6 NDR(0,8)

( 0.4 NDR(3.1) 03 NDR(3.0)
0.6 NDR[lN: 0.5 NDR[:; 0.4

0.4 NDR(3.5) 0.6 NDR(2.9) 0.4 NDR(3. 1) 0.4 NDR(2.6) 0.3

SDL = Sampb Dataclmn Lmi
ND = Nc4 DaIa12ad
NDR = Peak datwlad bul dd not meat quanlifkxlii czilafia
Now Data hnve not baan blank wraclad



TABLE 6 Chiom@w@k Concmtmtiom In Frasar Rlwr Wwlo Wtior (MwswR, - 1S9S)

Compounds

I
4.ch10m@lenc4
2.BdichlO@lOnOl
2,412,5-DCP
3,54idl10mphwld
2,3dichl.Xophww
3,4di&40mptwnd
6-cellwr#Ju*ar.d
4a10r0gwac01
5.d0mguai0031
2.4,B-tn&dwphend
2,3,5-bichlomPhand
2,3,6-bic%foF4wmd
2,4,5-bichiomFAwId
2,3,4-bichloIuPher!d
3,4,e-bichlw@wl-ld
3-d-lkNOwled-KYl
4-dd-tOdld
3,4-wllOmguai@
4,Mw0mgwiac24
4,5dicht0r0gw”m31
3-dllorosyllngol
3.4-dwOmwtUhd
3,sdidl10md0dwt
3,5-dkMwXatwhOl
4,5.dii0r0@0cJK4

2.3.5$-Io~I@
2,3,4,EIeLracMIYmPhwW
2,3,4,5-te&achlwuPhofu4
5dhwanillin
6dWmvanillin
3,3-d13wr0syllrlgd
3,4,RM&40mguaiaml
3,4,5.lJidwmQIJalawl
4,5,6-trldllOrO.31Mlud
3,4,s-blcMOnXXteaOl
3,4,5berhl-tOdld
5,6-dichl-nillin
pentawmmpfwml
2ed0msyrirPJald0hyda
3,4,5,6-te@&b-Oguawd
3,4,5-tnUi0n3synng01
3,4,5,e—tdmdwmwt0dF31
2,B-dicf4wsytin@dehyda

(1) SOL = Sarnde Oetenlkm Limit

Ic.rdl 30, 1993

IARXH

-tralim sol
(WV

I
ND
ND
ND
ND
ND
ND
ND
ND
ND

88
ND
ND
ND
ND
ND
ND
ND

2N:
ND
ND
ND
ND

8.1
45
ND
ND
ND
ND
ND
ND
ND

6.3
ND
ND
13
ND

2.2
ND

NOR(3 1)
ND

3,7
ND

2.3
3.9
3.C
3.e
34
23

;.:
22
2.1
18
17
1.2
1,2
1.3
24
3,7
1.6
2.0
1.5
0.0
7,3
8.7
7.2
9.4
le
18
1,1
2.6
34
1,9
19
1,6
13
1,6
1.3
1.5
1.1
0s
13
10
2.8
1.5—

Iwldl 30, 1993

RS-6CH
Ibid @ii ol MAR-3CH)

SDl

(m)

ND

NDR(6N;
ND
ND
ND
ND
ND

NDR(2 1)
65
ND
ND
NO
NO
NO
ND
NO
NO
NO

2
NO
NO
NO
NO

;:
ND
NO
NO
NO
NO
NO
48
ND

%
ND
ND
NO
NO
NO
ND
NO 1.7

1
1.a
f4
16
1.6
11
12
14
1.4
17
14
1.4
1.1
1.1
12

2
3

13
1.6
1.3
0.6
13
16
13
17

18
2

1.2
4.1

5
.2.1
2.4
2.2
1.6
2.1
1.7
19
2.6
1.5
18
1.8
64

pi 7,1693

IAR4CH

-tmlion sot

o-w

NO

NDR(6NI
NO
NO
No
NO
NO

NOR(14)
NOR(4.9)

NO
NO
NO

NOR(94)
ND
NO
NO
NO

2.6
ND
NO
ND
NO
NO
39
NO
NO
No
NO
ND
NO
NO

45
NO
NO

45
NO

32

NDR(2N;
NO
NO

1.1
q,g

74
1.7
le
12
1.1
1.3

;:
le
16
1.2
1.2
1.3
1.9
29
1.4
1.8
1,6
0.8

:

;:
1.9
2.0
1.2
3.6
4,6
1.8
16
1.5
10
16
1.5
1,3
2.3
1.0
16

:.:
NO 2.1

NO

NOR(6N:
NO
NO
NO
NO
NO
NO

NOR(49)
NO
NO
NO
NO
NO
NO
NO
NO

E
ND
NO
ND

::
NO
NO
NO
NO
NO
ND
NO

46
NO

3N:
NO

34
NO

24
NO
NO
NO

2.:
16
21

2
f4
14
37
*,7
1.2

1
1

06
0.6
0.6
1,2
1.6

1.:

0.:
14
16
14
18

11
1.2
0.6
2.2
2.7
1,3
7,4
13
09

1
08
11
1.2
08

1
11
12

16

ND
NO
NO
NO
NO
NO
NO
NO
ND

NDR(4 o)
NO
NO
NO
NO
ND
NO
NO
ND
NO
NO
NO
NO
NO
NO
20
NO
NO
NO

::
ND
NO
7.1
ND
NO
11

ND
ND
NO
NO
NO
NO
NO

2.6
22
1.6

2
16
13
4.7
56
55
2.6
22
23
1.7
f.7
1.8
4.5
6.9
1.7
23

2
0.9
3.5
4.3
35
45
2.3
2.5
1.5
3.7
46
2.7
3.6
37
25
2.6
2. t
26
27
1.9
26
32
4.2
2.6—

plil 15,1993

RS-13C+I
eld SP4itC4MAR-5CH)

-batlcm Soi

O-@)

NO
NO
NO
NO
NO
NO
NO
NO
NO

NOR(3.6)
NO
NO
NO
NO
NO
NO
NO
NO
NO
No
NO
NO
NO

7.0
18
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
15
NO
NO
NO
ND
NO
NO
NO

21
29
21
26
24
17
53
65
6,3
1.6
12
13
1,2
12
1.3
34
5.3
1.4
19
1.7
1.0
3.6
4.5
3.6
4.9
30
3.2
1.9
5.2
66
26
7.6
76
51
34
2.9
3.6

;,;
50
56
4.1
4.0

@l 22, 19s3

IAR45CH

Ow#ltrabcfl Soi
O-WV

ND
NO
NO
NO
NO
ND
NO
NO

NOR(14)
NO
ND
NO
NO
NO
NO
NO
NO
NO
NO
NO
ND

::
NO
12

NO
NO
ND
NO
NO
NO
NO
3.1
NO
NO
12

ND
NO
NO

NOR(1 7)
NO

NOR(2.2)
ND

1.2
6e
4.C
61
57

3:
42

4
25

2
2

11
12
1.2

2
3

1.1
1.5
1.3
0.7
2.3
2.a
2.2

3
1.4
15

1

2:
1.7
12
12
06
19
15
26
22
18
15
16
19

Z
@ 22, 1W3 Ap+il 22, 1993

RS15-C14A FRS-15CHB
iald @ii of MARJXH) (Lab. d@icate of ma

eld split of MAR@H)

SOL mtratbn SOL

(J’; (WY-)

ND
ND
ND
NO
NO
NO
ND
NO

NOR(35)
NDR(2 o)

NO
NO
NO
NO
NO
NO
NO
NO

NOR(lN~
NO
ND
NO
NO
15
NO
NO
NO
NO
NO
NO

3N:
NO

2.4
6.4
ND

25
NO

NOR(2 1)

NOR(~~
NO

20
29
21
26
24

;;
23
24
18
13
14
12
1.0
12

;.:
14
1.6
1.3
0.6
4.3
4.6
3.9
5.3
2.2
2.4

U
42
31
31
29
22
22
16
1.4
21
11
17
16
3.7

@_

NO
NO

NDR(17)
NO
NO
NO
NO
NO
NO
NO
NO
ND
NO
ND
NO
NO
NO
ND
NO
NO
ND
NO
NO
NO
13
NO
NO
NO
NO
NO
ND
NO

51
ND
NO

76
ND
NO
ND
NO

NOR(./’j
NO—

30
46
34
41
39
24
34
39
40
25
16
19
15
12
1.4
2.5
35
23
28
2.2
1.4
4.0
4.4
36
47
20
23
13
45
49
39
36
34
25
27
1.3
12
24
09
30
35
42
47

(2) NO = Not Detected
(3) NOR = Peak rleleclad tnX dld no! met quanbtlcah.m aitena
(4) Oata have not beet-l blank In-meted
(5) chlOnXatOchOls ●m gf’um to o-al maclims, UmrefOm,mgcuted

—batic4M may M accurately mtlece bw values.



TABLE 7 PAH Concentrstlons In Frsser Rivsr Whole Wster (Msrguedte - 1993)

rSamp!ing Date:

Sample ID

I
Naphthalene

Acenaphthylene

Acenaphthene

Fluomne

Phenanthmme

Anthracene

Fluoranthene

Pyl-ens

Benz(a)anthracene

Chtysene

Benzo!luorsnthenea

Benzo(e)pymne

Benzo(a)pymne

Perylene

Dih?nz(ah)anthrscene

lndeno(l,2,3-cd)pyrene

Benzo(ghi)pery Iene

larch 30, 1993 March 30, 1993 April 7, 1993 April 7,1993 April 15, 1993 A@! 15,1993 April 22, 1993

IAR-3PH FRS-9PH MAFMPH FRS-1OPH MAR-5PH FRS-12PH MAR-6PH
(rleldSpliid MAR-3PH) (f* SPMof MAR4PH) (@Id Sptii ot MAR-5PH)

;oncantration SDL Concentration SDL Concentmticm SDL ConcentrsWn SOL Conwntrstion SDL Concentration
(n@L)

SDL Conc4mtrstion
(ngK) (rig/L)

SDL
(n@L) (n@) (n~) (rig/L)

NDR(15) 1.4 NDR(ll) 0.7 1.7 NDR(14) 1.1 NDR(14) 1.7
NDR(5.3)

2.2 NDR(12)
1.4 NDR(2.6) 0.7

1.4
NDR(4: 1.5 NDR(3.4) 1.4 NDR(2.5) 1.2 NDR(3’:)

ND 1.5 ND 0.8 ND
2.0 NDR(I .7)

1.9 ND
0.8

1.3
6.3 1.5

3.8
3.3

1.9
1.3

3,1
5.6

2.4 NDR(2.7)
1.7 4.3

1.5
1,4 4,7 1.6 5.6

NDR(8.3) 0.7
1.6

NDR(5.7) 0.5 11 0.8
2.3 1,3

NDR(7.5) 0.7 7.0 0.6
NDR(3.3) 0.7

7.1 0.9
NDR(I ,8) 0.5

5.3
NDR(3.9) 0.9 2.3

0.7
0.8 NDR(3.6)

5.6 0.4
0.8 3.6 1.0 NDR(l.8)

NDR(2.6) 0.3 6.2 0.4
07

NDR(4.2) 0,4 4.6 1,0 NDR(3.1) 1.1 NDR(3.3)
NDR(5.3) 0.4 NDR(3.3) 0.3 NDR(7.4) 0.5 3.0

0.8
0.4 3.9 1.0

NDR(2.2) 0.6
NDR(I.3) 1.1

NDR(l.4) 0.5 ND 2.1
2.3 0.8

NDR(l ,0) 0.7 NDR(2.2) 0.9
NDR(3.6) 0.7

NDR(2.0) 09
NDR(l.4) 0.5 ND 2.2

0.8
NDR(2.2) 0.7 2.5 0.8

NDR(4.4) 0.6
NDR(3.6)

ND 0.5 ND
0.9

3.8 ND
NDR(2N: 07

0.7
ND 0.6

ND 2.4
0.5

ND
ND

1.0
3.6

ND
ND

2.5

NDR(IN;
0.6 ND 2.4 ND 1.0

NDR(2.6) 0.7 0.6 ND 4.2
ND 2.4

NDR(I.4) 0.7 ND 2.8
NDR(2.8) 0.6

ND 1.2
NDR(3.6) 0.5 ND 3.4

ND 2.9
NDR(2.9) 0.6

ND 3.0
ND 2.3

2,6
NDR(2.3)

ND
0.9

5.4
ND

ND
2.4 ~

NDR(IN;
3.8 NDR(4.9) 3.5 ND

NDR(2,6) 1.0 0.6 ND
39

4.5
ND 4.3

NDR(I.4) 1.1 ND 4.4
NDR(2.4) 09

ND
NDR(l.7) 0.7 ND

3.6
3.9

ND 5.7
NDR(2,0) 1.0 NDR(4.4) 2.9 NDR(3,8) 2.7 ND 4.0 ~

@ 22, 1993

RS-14-PH
‘kldsfMtofMAR-5PH)

)onwntratin SDL
(rig/L)

1,9
NDR(2?) 0.8

2.2 2.1
4.2 1.3
5.9 0.9

NDR(2,6) 1.0
4.1 1.1

NDR(2.4) 1,1
NDR(3.7) 1.1

1.6 0.9
ND 2.6
ND 2.4
ND 3.0
ND 2.3
ND 9.6

ND 5.6
NDR(3.8) 3.6

SDL=Samp4e Detection Limti
ND =Not Detectsd
NDR = Peak detected but dd not meet quantication criteria
Note: Data havsnot basnblankcormcted

-1
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TABLES FattyAcidConccnfratlonaInFraserRlvwrWrolaWater(M~ta -19SS)

rSamplii Dale

Sarq)b ID

Conrpoun.ds

Capric

Laurie

Mj+stks

Pahmii

Lmlmlii

LtiiobE

stauic

, ANdlidii

Be4mnic

Intamal Stmd8rd8

D23.LAURIC
D27-MYRISTIC
D3t -PMMITIC
D36-STEARIC
D39-ARACHIDIC

ND 150 No 1%1

ND S5 ND 65

140 92 310 92

4m tso 700 13C

ND 120 ND 120

ND Im NDR(320) 10C

390 51 4s0 57

12 12 22 12

130 5.0 lW 5.1

320 10 400 2C

% Ruirwry %Rwwey

57 44
65 63
56 46
40 2s
43 26

Iardlso, 1s93 A$+-S7 ,1993 Aq-il 7, 1ss3 - April 15,1993 April, 15, 1ss3 Apn122, 1993 April 22,1393

RS-6CH MAJWCH FRS-l ICH MAR-SCM FRS-13CH MAR-6CH FR6-16CH ‘
* aplil of MAR-3CHA) (fiaki split C4MAJUCH) (fmkt split d MAR-6CH) (frnld SPli 01 MMWCH)

SDL Cwmnlmtii SDL Cmwrhtim SDL cOnwmMOn SOL Cmmnmwl SDL Cormmhtii

(w)

SDL Ca-lmnbatknl

(w)

SDI

(*I (WV (w) (*) (mm

ND 16C

140 67

660 S2

1200 13C

NO 12C

NO lW

640 51

30 12

260 5.C

670 2(

% Ru.wary

61
79
79
53
46

ND 150 No 160 ND 160

lm 65 leo 66 ND 130

4s0 S2 m 62 ND 340

1000 130 640 lxl No lKW

NO 120 ND 120 ND 120

620 im 370 lm ND 270

670 57 490 57 ND 1300

33 12 22 12 ND 26

220 5.0 200 5.0 ND 60

460 m 4m m 260 w

% Rwwry % Remwry % Remvery

64 77 43
67 S1 66
51 62 63
2s 36 36
23 36 46

ND 160

No 160

210 170

1000 650

NDR(2SO) 200

ND 540

7m 40C

37 12

240 5

290 20

% Recmery

130
160
t60
lm
140

ND 1lcnl ND 34

ND 1200 NO 31J

ND llm ND 30

ND 3600 NO 130

NO 1300 NO 40

No 33W NO 100

NO 2tm
I

NO 60

NO 60 NO 11

NO 150 91 2<

_I--H-
SOL = S8mpla detectii li@
NO = Not deltiad
NDR = Peak detaxed Ml dd nd mod qwntifiiim uW@
WA. Not awihbh

Note DtihavebWn blU&WKOdti wtWmrOWkd

-2
w

u



Tabla S Radn Add Cwxwwatie.rw lo Fmw Rlwr W71061Wat4r (Mare-. 1661)

Smn@g Data Mwdl 30 !9s3 March 30, 1993 M&30 16S3 A@7,1s43 Apil 7, 1ss3 w is , 1s63 A@ 1s, 1993 A@ 1s, 1993 A4Xi122,1s93 W2 2, 1993

sari@ 10. MAR.3CHA MAR-3CHB FRS-SCM k@744CH FR&llCH k4JR-5ctL4
(lab _ (*W $@ild

MAR.5CHB FRS-13-CH MAR-6CH
(ndd4p1601

FRS-16CH

01MAR.3CHA) MAR-3CN.4)
O@ -~ (6W S* d

MAJWCH) d 6AAR-6CHA) MAR-6CH)
wd sp4iid
MAR5CH

Colnpwnda GOmmbwtbn SDL c~ SDL ca~ SOL C0nc4nWkm SDL c~ sLn Gwwnbdm

(w)
SOL ~

(ne’1)
sOL cwlwnbm6m

(WV
SL3LcOnantidOn

OWL) (wl)
SOL Cmwnbmb.m

(W’V
SDL

O-@) (w) (w) (w-)

Pinwk

smdmcopinulkc

Iwpinulic

Palusblc“

Dehyckwtak.

Ab@Jc“

NmaL4di.c”

1214 Chbmdohytisbiodc

34 0.7 - 29 0.5 42 0.5 54 0.5

56 0.8 &5 0.5 8.4 0.6 11 0.5

4s 2.3 u 1.7 54 17 80 1.e

75 32 78 2.3 64 2.3 7a 22

ND 19 ND 1.4 ND 1.4 ND 1.3

110 2.8 130 2.0 lm 2.2 170 1.9

62 8,s 79 2.7 88 2.7 22 8.3

ND 12 NO 1.7 ND 1.4 ND tl

33 0.6 34 0.4 36 0.4 18 0.4

41 0,5

S.7 0.5

65 1.6

76 2.2

ND 1.3

140 2.0

m 2.6

NDR(2.S) 1.3

12 0.0

NDR(15)

ND

16

NDR(120)

ND

w

ND

NO

NO

3.s

4.3

13

1s

21

1s

42

68

8.1

NDR(20)

NO

NO

NOR(120)

ND

64

NO

NO

NO

7.1 27 5.0

7.5 NO 54

20 26 20

2s NOR(120) 27

26 NO 31

24 66 24

66 ND 64

7.1 NO 8.3

0.1 NO 10

33

NO

NOR(29)

NoR(i20)

NO

89

NO

NO

ND

55

5.9

21

29

32

21

67

8.9

94

24

ND

28

NDR(120)

NO

65

NO

NO

NO

35

38

11

16

16

15

35

5.3

55

12,14 0+4amd8hydm
_

3.s 1.3 2.2 06 4.1 1.0 ND 1 NO 0.7 ND 5.5 ND 11 NO 12 !2 11 ND 60

Intewul Standard % Ruovwy % Rmmry % R@mvmy % Rommry % RMOWIY % Rmww % Ruavmy % RraMry % Recowry % Rmmwy

C-M.IIM POdOa@ 81 116 IM 110 !30 60 65 57 38 7’s

. llusa mwotmda m kwwmtoLxunstabk dab shouldk intefpr.1~ cmdiaudy’

SOL ● .%nwle ddlecdan1,*
ND = Not dntect-
NDR. Peak detectedM M matmet qummmt.m Cntena
Note Dti ham nti been L4mkwmfxed



TABLE 10 Dioxhr ●nd Furan ConcentrationsIn Fraser River Water CollectedBy Solid Phase Extraction(Marguerlta - 1993)

pnl 15, 1993 qxil 22, 1993Sampling Date:

Samp4eID:

Compounds

larch 30, 1993

75
797 798 799 800

Concentration SD1
(@)

Concentration SD1
(PEI/L)

Concentration SD
(F@)

Concentration SDL
(*)

T4CDD - Total
2,3,7,8

ND
ND

0.07
0.07

ND
ND

0,0
0.0

ND
NOR(O.1)

0,08
0.08

0.09 0.05
0.05ND

P5CDD - Total
1.2,3,7,8

ND
ND

0.1
0.1

ND
ND

0.2

0.2

ND
ND

o:
0.,

ND
ND

0.1
0.1

H6CDD - Total
1,2,3,4,7,8
f,2,3,6,7,8
+,2,3,7,6.9

0.09
0.09
0.09
0.09

ND
ND

0.2

0.2

0.2

0.2

ND 0.0’
0.0
0.0
0.0’

ND4.9

ND

4,9

ND

0.06
0.06
0.06
0.06

ND ND
ND ND

ND
ND

ND ND

H7CDD - Total
1,2,3 ,4,6,7,8

ND
ND

0.2
0.2

ND
ND

0.1
0.1

ND
ND

0.
0.

ND
ND

0.1
0.1

D8CDD ND 0.6 0.4 0.2 0.4 0., 0.3 0.2

Furens

ND 0.0
ND 0.0

F4CDF - Total
2,3,7,8

ND 0.05
ND 0.05

ND 0.06
ND O.ot

ND 0.04
ND 0.04

‘$CDF - Totel

1,2.3 ,7,8
2,3,4,?,8

ND 0.1
ND 0.1
ND 0.1

ND 0.1
ND 0.1
ND 0.1

ND 0.0
ND 0.0
ND 0.0

ND 0.06
ND 0.06
ND 0.06

+6CDF - Total
1,2,3 .4,7,8
1,2,3 ,6,7,8
2.3,4,6,7,8
1,2,3,7,B,9

ND 0.01
ND 0.01

NDR(O.08) 0.01
ND 0.01
ND 0.0

ND 0.1
ND 0.1
ND 0.1
ND 0.1
ND 0.1

ND o.
ND o.
ND 0.
ND o.
ND o.

ND 0.0
ND 0.0
ND 0.0
ND 0.0
ND 0.0

+7CDF - Total
1,2,3,4,6,7,6
1,2,3,4,7,8,9

ND 0.2
ND 0.2
ND 0.2

ND 0.2
ND 0.2
ND 0.2

ND o.
ND o.
ND o.

ND 0.1
ND 0.1
ND 0.1

ND O.a ND 0.2 ND 0.; ND 0.3D6CDF

Leb&UTO@OS

90

100

90

74

81

69

13GT4CDD 64

76

76

65

55

30

80

81

77

66

64

45

120

130

120

86

90

58

13C-T4CDF

13GP5CDCJ

13GH6CDD:

13C-H7CDD:

Field SUfKWtOS

13CS-1,2,3,4-T4CDD 73

U

6468

40

23

1213C-1,2.3,7,6,6-H6CDD

SDL = Sampla Detection Limit
ND = Not detected
NDR . Peak detected but did not meat uuantilicatien -ria



TABLE 11 PAH Concentrations in Fraser River Water Collected By Solid Phase Extraction (Marguerite - 1993)

Sampling Date: March 30, 1993

Sample ID: 797

Compounds Concentration SDL
.

(rig/L)

Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz(a) anthracene
Ch~sene
Benzofluoranthenes
Benzo(e)pyrene
Benzo(a)pyrene
Perylene

NDR(O’!)
0.3
0.3

NDR(O.6)
NDR(O.2)
NDR(O.2)
NDR(O.2)

ND
ND
ND
ND
ND
ND

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Dibenz(ah)anthracene ND 0.4
Indeno(l ,2,3-cd) pyrene ND 0.3
Benzo(ghi)perylene ND 0.2

4pril 7, 1993

798

concentration SDL
(rig/L)

NDR(;f)
0.3

NDR(g:;)
NDR(O.1)

NDR(;:i)
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.3
0.2
0.1

SDL = Sample Detection Limit
ND = Not Detected
NDR = Peak detected but did not meet quantification criteria

I

\pril 15, 1993

799

concentration SDL
(nglL)

0.1
NDR(#) 0.1

0.5 0.1
0.5 0.1
1.1 0.1

0.1
NDR(ON~ 0.1
NDR(O.2) 0.1

ND 0.1
ND 0.1
ND 0.2
ND 0.2
ND 0.3
ND 0.2
ND 0.6
ND 0.4
ND 0.3

~pril 22, 1993

800

concentration SDL
(rig/L)

NDR(O!)
1.1
0.8

NDR(;:t)
0.4

NDR(O.3)
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.2
0.2
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APPENDIX III

Laboratory QA/QC Data

Table1

Table2

Ta~le3

Table4

Table5

Table6

Table7

Table8

Table9

Table10

Table11

Table12

LaboratoryQAIQCReferenceTableforFraser
RiverSuspendedSediments(Marguerite- 1993)

AnalyticalQualhyControlResultsforDioxins and Furans - LaboratoW Sediment

Blanks and Spikes

Analytical Quality Control Results for Chlorophenolics - Laboratory Sediment Blanks

and Spikes

Analytical Quality Control Results for PAHs - Laboratory Sediment Blanks and Spikes

Laboratory QA/QC Reference Table for Fraser River Whole Water (Marguerite - 1993)

Analytical Quality Control for PAHs - Laboratory Water Blanks and Spikes

Analytical Quality Control Results for Chlorophenolics - Laboratory Water Blanks

and Spikes

Analytical Quality Control Results for Fatty Acids - Laboratory Water Blanks

and Spikes

Analytical Quality Control Results for Resin Acids - Laboratory Water Blanks

and Spikes

Laboratory QA/QC Reference Tables for Solid Phase Extracted Fraser River Water

.

Analytical Quality Control Results for Dioxins and Furans - Laboratory Solid Phase

Extraction Column Blanks, Spikes and Proofs

Analytical Quality Control Results for PAHs - Laboratory Solid Phase Extraction

Column Blanks, Spikes and Proofs

Page

Number

78

79

80

81

82

83

84

85

86

87

88

89



TABLE 1 Laboratory QA/QC Reference Table for Fraaer River Suspended Sediments (Marguerite - 1993)

contaminant Type Sampling Date Sample ID Lab Blank ID

I I 1

‘AHs

:HLOROPHENOLS

,

IIOXIN!YFURANS

March 30, 1993

lApril 7,1993

APril 15, 1993

April 22, 1993

March 30, 1993

April 7,1993

April 15, 1993

April 22, 1993

March 30, 1993

April 7, 1993

April 15, 1993

April 22, 1993

MAR-3CA
MAR-3CB
FRS-1OC

MAR4C
FRS-12CA
FRS-12CB

MAR-5C
FRS-14C

MAR-6C
FRS-16C

MAR-3C
FRS-1 OC

MAR4C
FRS-12C

MAR-5C
FRS-14C

MAR-EC
FRS-16C

MAR-3CA
MAR-3CB
FRS-1OC

MAR4C
FRS-12C

MAR-5C
FRS-14C

MAR-EC
FRS-16C

ab Spike ID

SBLK 397
SBLK 397
SBLK 397

SBLK 398
SBLK 398
SBLK 398

SBLK 398
SBLK 398

SBLK 398
SBLK 398

ISBLK 267 wSPM 165
SBLK 267

SBLK 265,267,281
SBLK 265

SBLK 265
SBLK 265

SBLK 265
SBLK 265

SBLK 838
SBLK 838
SBLK 838

SBLK 849
SBLK 849

SBLK 849
SBLK 849

SBLK 849
SBLK 849

SSPM 165

I
SSPM165, 194
2836-61

2836-61
283641

2836%1
2836-61

SSPM 106
SSPM 106
SSPM 106

SSPM 109
SSPM 109

SSPM 109
SSPM 109

SSPM 109
SSPM109

CCRM 89
CCRM 89
CCRM 89

SCRM 90
SCRM 90
SCRM 90

SiRM 90
SCRM 90

SCRM 90
SCRM 90

s
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.ab Reference ID



-r. rh, I- - .—-,. ..-–, A.. -,*L. .-. --.--, .- —..,. — e—–-. – , .- . ..- . ..- . . . . . .
IADI.C L Analytical uuauty bwrcror mesws rcrr uloxms ana Purans - Laboratory sealment ulanm ana spuces

12A/QC Lab Blanks or
Spikes

Compounds

Dioxins

T4CDD - Total
2,3,7,8

P5CDD - Total
1,2,3,7,8

H6CDD - Total
1,2,3,4,7,8
1,2,3,6,7,8
1,2,3,7,8,9

t17CDD - Total
1,2,3,4,6,7,8

28CDD

Furans

.4CDF - Total
2,3,7,8

‘5CDF - Total
1,2,3,7,8
2,3.4,7,8

{6CDF - Total
1,2,3,4,7,8
1,2,3,6,7,8
2,3,4,6,7,8
1,2,3,7,8,9

i7CDF - Total
1,2,3,4,6,7,8
,2,3,4,7,8,9

)8CDF

Surrogate Standard

14C-T4CDD

I3C-T4CDF

13C-P5CDD

13C-H6CDD

I3C-H7CDD

13C-08CDD

;BLK 838

concentration SDI

(P919)

ND
ND

ND
ND

ND
ND
ND
ND

ND
ND

ND

ND
ND

ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND

ND

o.’
0.’

0.:
0.:

0.:
0.:
0.:
0.:

().,
().4

0.{

0.1
0.1

0.:
O.i
O.i

0.:
0’..
0’..
0’
0:;

0.4
t),4
0.4

o,~

0/0Reccwery

60

63

58

47

36

17

SDL = Sample Detection Limit
ND = Not detected

;BLK 649

>onc-entration SDI
(pglg)

ND
ND

ND
ND

ND
ND
ND
ND

ND
ND

0.8

ND
ND

ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND

0.6

0.”
0.’

0.:
0.:

0.:
0.:
0.:
0.:

0.:
0.:

0.:

0.’
0.’

0.1

0.1

0.1

0.2

0.:

0.2

0.2

0.2

0.2

0.2

0.2

0.:

‘A Recovery

95

100

86

79

75

52

;SPM 106

‘k Recovery

NIA
110

NIA
110

NIA
110
130

93

N/A
110

93

NIA
110

N/A
110
100

NIA
100
110
110
98

NIA
100

77

110

0/0Recovery

NIA

NIA

NIA

N/A

NIA

N/A

;SPM 109

‘k Recovery

NIA
97

NIA
90

NIA
94
94
81

NIA
94

90

WA
100

NIA
100
100

NIA
100
100
90
95

NIA
110
100

100

0/0Remvety

NIA

NIA

N/A

N/A

N/A

N/A

79

NDR = Peak detected but did not meet quantification criteria
NIA = Not available



TABLE 3 Andytlcd Quality Control Rasutta for Chlorophsmolbe - Labontory Sediment Blanks ●nd Splk.s

F
;BLK 265

hcantmtiom SDL

(Wrl)

ELK 267

brwentratbn SD1
(f%)

;BLK 281

%ncwtration SDL
(WE)

838-61

0.6
0.5
0.4
0.4
0.4
0.3
0.9
1,1
1.1
0,3
0.3
0.3
0.2
0.2
0.2
0.6
0.9
0.3
0.3
0.1

4
4.8

4
5.4
0.5
0.6
0.4
13
15

0.5
0.6
0.6
0.4
0.5
0.5
0.4
0.7
0.3
0.3
0.5
3.4
~

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.6
1,6
1,1
1.5
1.4
0.9
0.6
0.8
0,7
1.9
1.a
1.6
0.9
1.1
1.1

2
3.2
0.7
1,4
0.6
1.3
1.6
1.3
1,7
1.4
1.6
1.1

9
11

1.7
1

1.1
0.7
1.7
1.4
1.8
1.7
1.1
1.2
1.5
2.2
28-

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

::
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

1
0.9
1.3
0.8
0.7
0.5
1.1
1.3
1.3
0.9
0.7
0.7
0.5
0.6
0.5
0.8
1.2
0.3
0.6
0.4
1.2
1.5
1.2
1.6

1
1.1
0.7
12
15

1.4
0.6
0.6
0.6

1
0.9

1
1.4
0.7
o.@
0.6
2.1
2.2—

98
60

190
96

110
100
72

140
130
330
69
99

130
120
88
12
21

110
92

5.7
170
190
160
210
240
230
160
76

170
82
77

240
120
57
99
25

600
5.7
330
130
160
40

Ioc
98

20C
110
13a
10C

10C

140

10C

ND 9.1
7.8
18

9.9
11

9.6
7.3
14
12
32

6.5
8.9
12

8.8
7.5
1.7
1.6
7,1
9.7
1.2
11
15
14
31
25
24
15
11
30
12

7.8
22
12
4

13
9.4
60

3
32
f7
12
47

lC
lC
2(
1[
1:

lC
5.9
14
lG
3a

7.0
9.a
12
11

7.9
3.3
5.9

7
12
17
11
11
10
61
24
24
17
11
52
15
70
22
11

9.9
21

4.6
47

9
35
30
31
41—

4-dllomphend
2,8-diilorophend
2,412,5-DCP
3,5diind
2,wibmphend
3,4-diMOrOphend
6dlbmgudecd
4-chbrogudaoJl
5-&dOmguaiacd
2,4,&trichlor@and
2,3,6-tddbmphend
2,3,5-trichlomphanol
2,4,6-trichbfoPhend
2,3,4-trichbrophend
3,4,5-trkhlciophenol
3-chloroatachd
4-chlOrocatedlol
3,4/4,8diiloroguaiscd
4,5dkhlomguaiacd
MJWosyringd
3,4-diibmcatechd
3,6diilorocatachd
3,5diilomcatachd
4,5diibroatachd
2,3,5,6-tetrachl~hend
2,3,4,&te&echbmphend
2,3,4,5-tetrachlomphsmd
6-chlorovanil~m
8-chbmvenMn
3,5-diibroey~d
3,4,&trkWx0guaiecd
3,4,wiCh10mgueiaa4
4,5,8-trkM0mgueiaa4
3,4,6-trkJlkJmcatachd
3,4,5-trwOmCetadld
5,SdiibmveniMn

w~~
2-CMmeyrm@e hyde
3,4,5,6-tatrachbroguaiacd
3,4,5—md-lbmayrin@
3,4,5,6-tlwllOmCabCM
b2,8-dkhlomeyringeldehyde

63
64

160
91

120
100
76

140
lW
310

S5
89

120
120
82
26
38

260
150
58

110
110
110
110
240
230
130
120
290
220

66
170
120
48

280
100
500

35
320
240
200
Soo

100
98

200
110
130
100
100
140
Iw
300

78
100
130
110

100
100
180
92

110
65
66

140
68
30
55
76

120
87
67
17
20
77
82
29

110
110
60

100
310
290

100
98

200
110
130
100
100
140
100

ND
- ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

78
100
130
110
60

110
110

70
100
130

110
80

110
110
200
110
110
160
170
150
190
330
240
160
120

ND
ND
ND
ND

80
110
110
200
110
110
110
110
108
100
330
240
180
120
120
430
100
210
130
140
230
160
600

01
380
300
tm

ND
ND 100
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

110
110
110
110
110
100
330
240

160 180
130
240
270

64

120
120
310

120
430

100
190 210

130
140
230
290

210
130120

30
59
71 22

500
2632

330
160

300
100
44—

ND
ND

ND
ND

180 100
410 I 670 410

(1) SDL = Samp4e Detacbm
~mt

(2) ND= Nol Detedad
(3) NDR = Peak dateUed Lwldid not meat quetition aitarie
(4) Dote hew not ban blank cumctad
(5) Raadw -pounds such ●S dhwatdd s. ~~~a, *lom’s@w@s, ~bmayrkwaldehydee

and chbmvenilline mey not be accurately quantitiad due b degmdative oddetkm mectiong
(6) 3,4/4,6 diibrogueiacd era reported es e co-edutingpek due to sample matrh etfecta

00
0



TABLE 4 Analytical Quality Control Results for PAHs - Laboratory Sediment Blanks and Spikes

F
Compounds

Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz(a)anthracene
Chrysene
Benzofluoranthenes
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Dibenz(ah)anthracene
Indeno(l ,2,3-cd)pyrene
Benzo(ghi)perylene

:BLK 397 SBLK 398

concentration SDL Concentration SDL
(nglg) (rig/g)

NDR(2.5)
NDR(0,8)

1.6
2.1

NDR(:::)
1.8
1.5
1.3

NDR(;::)
NDR(l.1)
NDR(l .4)
NDR(l .0)
NDR(6.1)
NDR(2.2)
NDR(2.7)

0.3
0.5
0.6
0.7
0.2
0.3
0.2
0.2
0.5
0.5
0.5
0.5
0.6
0.5
1.8
1.3
1.0

NDR(?:)

NDR(lN:
NDR(l .6)
NDR(O.7)

NDR(:::)
NDR(O.6)

0.8
ND

NDR(ON:
NDR(O.6)

ND

NDR(ON:

0.7
0.6
0.8
0.6
0.3
0.3
0.1
0.1
0.4
0.4
0.4
0.4
0.5
0.4
1.3
0.9
0.6

2CRM 89

Determined Expected
(rig/g) (rig/g)

3300
270
110
390

2600
720

2900
2400
1500
2200
4400
1700
1500
440
430

2200
1600

4100 +/- 1100
190 +/- 50
230 +/- 70
470 +/- 120
3000 +/- 600
1100 +/- 400
3540 +/- 650
3000 +/- 600
1800 +/- 300
2000 +/- 300
4230 +/- 750

2200 +/- 400

490 +/- 160
1950 +/- 580
1780 +/- 720

2CRM 90

)etermined Expected
(nglg) (rig/g:

4300
440
130
470

3100
820

3500
2500
1600
2300
5000
1800
1600
430
450

2100
1500

4100 +/- 1100
190 +/- 50
230 +/- 70

470 +/- 120
3000 +/- 600
1100 +/- 400
3540 +/- 650
3000 +/- 600
1800 +/- 300
2000 +/- 300
4230 +/- 750

2200 +/- 400

490 +/- 160
1950 +/- 580
1780 +/- 720

SDL = Sample Detection Limit
ND = Not Detected
NDR = Peak detected but did not meet quantification criteria

00
.



TABLE 5 Labomtory QA/QC Reference Table for Fraser River Whole Water (Marguerite - 1993)

-.

mtaminant Type

\Hs

iLOROPHENOLS

,

TTY ACIDS

:SIN ACIDS

Sampling Date Sample ID Lab Blank ID Lab Spike ID

I I I

March 30, 1993

i4prii7, 1993

April 15,1993

K@ 22,1993

blarti 30, 1993

4pril 7, 1993

4pril 15,1993

@lil 22,1993

darch 30, 1993

@il 7,1993

ipril 15,1993

Qril 22,1993

March 30, 1993

4pril 7,1993

4pnl 15,1993

4pril 22,1993

MAR-3PH
FRS-9PH
FRS-6PH
MAR-4PH
FRS-1OPH
FRS-11 PHA
FRS-llPHB

MAR-5PH
FRS-12PH
FRS-13PH

MAR-6PH
FRS-14PH
FRS-15PH

MAR-3CH
FRS-6CH
FRS-9CH
FRS-1OCH

MAR-4CH
FRS-llCH
FRS-12CH

MAR-5CH
FRS-13CH
FRS-14CH

MAR-6CH
FRS-15CH
FRS-16CH

MAR-3CH
FRS-6CH
FRS-9CH

FRS-1OCH

MAR-4CH
FRS-llCH
FRS-12CH

MAR-5CH
FRS-13CH
FRS-14CH

MAR-6CH
FRS-15CH
FRS-16CH

MAR-3CH
FRS-6CH
FRS-9CH
FRS-1OCH

MAR*CH
FRS-1 lCH
FRS-12CH

MAR-5CHA
MAR-5CHB
FRS-13CH
FRS-14CH

MAR-6CH

WBLK 365
WBLK 385
WBLK 385
WBLK 385
WBLK 385
WBLK 385
WBLK 365

WBLK 396
WBLK 396
WBLK 396

WBLK 396
WBLK 396
WBLK 396

WBLK 264
WBLK 264
WBLK 264
WBLK 264

WBLK 264
WBLK 264
WBLK 268

WBLK 268
WBLK 268
WBLK 268

WBLK 268
WBLK 275
WBLK 268

WBLK 85
WBLK 85
WBLK 65

WBLK 85

WBLK 85
WBLK 85

WSPB 153
WSPB 153
WSPB 153
WSPB 153
WSPB 153
WSPB 153
WSPB 153

WSPB 159
WSPB 159
WSPB 159

WSPB 159
WSPB 159
WSPB 159

WSPM 156
WSPM 156
WSPM 156
WSPM 156

WSPM 156
WSPM 156
WSPM 166

WSPM 166
WSPM 166
WSPM 166

WSPM 166
WSPM 175
WSPM 166

WSPM 177
WSPM 177
WSPM 177

w SPM 177

w SPM 177
w SPM 177

WBLK 96 & WBLK 97 WSPM 194

WBLK 96 & WBLK 97 WSPM 194
WBLK 98 & WBLK 99 WSPM 195
WBLK 98 & WBLK 99 WSPM 195

WBLK 96 & WBLK 99 WSPM 194
WBLK 98 & WBLK 99 WSPM 195
WBLK 98 & WBLK 99 WSPM 195

WBLK 85 WSPM 177
WBLK 85 WSPM 177
WBLK 85 WSPM 177
WBLK 85 WSPM 177

WBLK 65 WSPM 177
WBLK 65 WSPM 177
WBLK 88 WSPM 164

WBLK 68 WSPM 164
WBLK 68 WSPM 164
WBLK 66 WSPM I&
WBLK 88 WSPM 164

WBLK 68 WSPM 164
IFRS-15CH IWBLK 68 bSPM 164
IFRS-16CH hLK 88 l’WSPM 164

82



TABLE 6 Analytical Quality Control Results for Polycyclic Aromatic Hydrocarbons in Laboratory Water Blanks and Spikes

r
Compounds

Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz(a) anthracene
Chrysene
Benzofluoranthenes
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Dibenz(ah)anthracene
Indeno(l ,2,3-cd) pyrene
Benzo(ghi)perylene

1

NBLK 385

concentration SDL
(rig/L)

NDR(19)
NDR(9.1)

ND
12

NDR(53
NDR(9.4)

NDR(258;
NDR(4.1)
NDR(4.1)
NDR(2.2)
NDR(3.3)

NDR(3N:
NDR(3.1)
NDR(2.5)

3.2
3.4
2.2
3.3
0.8
0.9
0.4
0.5
0.7
0.7
0.6
0.5
0.7
0.6
2.9
0.9
0.8

SDL = Sample Detection Limit
ND = Not Detected

VBLK 396

concentration SDL
(rig/L)

NDR(14)
NDR(2.8)

3,6
4.3

NDR(::
NDR(5.2)
NDR(3.8)
NDR(3.5)
NDR(4.4)
NDR(3.4)
NDR(l.5)
NDR(2.4)
NDR(3.2)
NDR(6.9)
NDR(5.4)
NDR(4.7)

1.3
1.3
1.3
0.8
0.5
0.6
0.6
0.6
0.5
0.5
0.6
0.5
0.7
0.6
1.2
1.2
0.8

VSPM 153

Determined Expected
(rig/L) (rig/L)

2200
2300
2100
3400
2200
2200
2700
1900
1800
1900
2600
2300
1800
2100
2400
1800
2000

2350
2000
2300
2540
2400
2500
2500
2100
2100
2100
2700
2200
1900
2100
2400
1800
2100

/VSPM 159

Determined Expected
(rig/L) (rig/L

2500
2600
2400
4100
2400
2300
2900
2100
2100
2100
2900
2500
2000
2200
1900
2000
2100

2300
2000
2300
2500
2400
2500
2500
2100
2100
2100
2700
2200
1900
2100
2400
1800
2100

NDR = Peak detected but did not meet quantification criteria



TABLE 7 Analytical Quality Control Resutta for Chlorophenollcs - Laboratory Water Blanks and Spikes

QJVQC Lab Blanka or Spikes

Compounds

I

4-chlorophenol
2,8-ditilorophenol
2,4/2,5-DCP
3,5dichlorophanol
2,3dichlorophanol
3,44ichlorophenol
khloroguaiacol
tiloroguaiacol
5-chloroguaiaml
2,4,8-trichlorophenol
2,3,8-trichlorophanol
2,3,5-trichlorophenol
2,4,5-trichlorophenol
2,3,4-trichlorophenol
3,4,54richlorophenol
$dIorocatechol
4-rSllorocatachol
3,44ichlomguaiacol
4,64ichloroguaiacol
4,5dichloroguaiacol
3-dorosyringol
3,4dichlorocatechol
3,8ditilorocatechol
3,5dlddorocatechol
4,5dlchlorocetechol
2,3,5,8-tetrschlorophenol
2,3,4,8-tetrstilorophenol
2,3,4,5-tetrschlorophenol
5-chlorovsnillin
Mhlorovanillin
3,5-diddorosydngol
3,4,8-trichloroguaiacol
3,4,5-trichloroguaiacol
4,5,6-trichlorcguaiacol
3,4,6-tritilorocatechol
3,4,Wrichlorocatetiol
5,8-dichlorovsnillin
Pantadlorophenol
2-chlorosyrtngaldehyde
3,4,5,8-tetrarMoroguaiacol
3,4,5-trichlorosyringol
3,4,5,6-tetrschlorocatechoi
2,6dichlorosyringatdehyde

@LK 284

oncentrstion SD1
(rig/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

2.2

::
4.f
4.4

?

1.i
2.1

.2.1
2.1
1.7
1.7
1.1
1.1
1.2

~

4.E
2.1
2.7
2.3
1.1
3.1
3.6

3
4

1.8
1.9
1.2
2.1
2.5
2.2
1.5
1.5

1
1.3

1
1.3
1.9
0.6
0.6

2.:
13-

NBLK 266

concentration SDL
(ngA)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

;
1.4
1.7
1.6
1.1
0.8

1
1

1.6
1.3
1.3
1.1
1.1
1.2
2.4
3.6
1.1
1.5
1.2
0.7
2.5

3
2.4

3
2.5
2.7
1.6
2.7
3.2
1.9
1.2
1.2
0.8
1.6
1.4
2.3
2.6
1.1

1
1.3
2.2
1.7—

VBLK 275

:oncantration SDL
(rig/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

NDR(3N:
3.2
ND
ND
ND
ND
ND
ND

8.2
8.9
6.4

6
7.5
4.6
4.6
5.4
5.4
4.5
3.2
3.3
2.5
2.1
2.3
4.2

6
3.5
4.3
3.3
1.6
2.3
2.6
2.1
2.8
3.4
3.6
2.2
15
16

4.1
4

3.8
2.6
2.5
1.9
1.9
3.2
1.2
3.8

5.;
4.8.

.
tSPM 156

etermined Expected
(ngA) (ngiL]

98
99

200
130
130
130
160
160
120
340

78
100
130
120
93
20

5.6
92
66
74
58

140
160
150
110
290
250
170
130
140
350
100
100
130

18
70

250
530
150
340
240

19

100

2::
110
130
loa
loa
140
100
300

76
100
130
110
80
46
28

100
100
110
110
110
100
100
100
330
240
180
120
120
430
100
210
130
29
67

290
500
160
350
300
21

370 410

100
100
190
120
130
120
110
180
110
340

66
92

120
110
90
32
17

120
88

120
120
170
180
210
110
230
230
160
140
130
460

70
170
120
46

130
480
530
330
340
360
90

560

100
98

200
110
130
100
100
140
100
300

78
100
130
110
80

110
110
100
100
110
110
110
110
100
100
330
240
180
120
120
430
100
210
130
140
230
290
500
160
350
300
100
410

93
98

190
100
120
100
150
140
120
320

58
83

120
95
76
63
48
63
58
50
39

140
140
140
140
230
250
160
150
160
260
110
190
130
130
210
190
510
110
330
190
110
310

1Oc
9a

20C
llC
130
10C
10C
140
100
300

78
100
130
110
80
46
28

100
100
110
110
110
110
100
100
330
240
180
120
120
430
100
210
130
29
87

290
500
160
350
300

21
4~o—

SDL = Sample Detection Limit
ND= Not Detected
NDR = Peak deteded but dti not meet Quantificationcriteria



TABLE 8 Analytical Quality Conbml Reeulta for Fatly Acids - ~boretory Water Blmrkeand Splkea

QAfQCLabBlmrke
or Splkee

Compounds

Caprk

Leurk

f4@alk

Pdrnitic

UnOlenk

LholeWObic

StearW

Aradlidii

Behenk

Lbnocerk

Internal Standwds

D23-LAURIC
D27-MYRISTIC
D31-PALMITIC
D36-STEARIC
03%ARACHIDIC

f8LK S5

:mcentratbrl SD1
(WW

ND ~

10 3.1

16 22

25 1.7

ND lC

ND 74

20 3,5

ND 1

ND 2.8

ND 6.6

% Recovery

40
51
49
37
52

VBLK66

. SD1

IOQ 3.4

234 2,S

340 3.6

2600 7.6

NDR(180) 17

260 42

16C0 11

25 13

ND 3C

51 34

% Recovery

75
63
61
66
67

VBLK97

:Onantmtion SD1
(n@L)

69

220 2.;

320 3.4

2400 6.:

NDR(160) It

270 u

15D0 11

24 2(

ND 34

53 6C

% Recovery

88
96
82
69
97

WLK 66

hlcerlmbn SD1
(ngA)

NOR(14) 4.1

1s0 2.s

1so 2.1

S50 3.7

NDR(200) 12

500 27

390 5.3

9.2 7.1

ND 16

ND 16

% Rewve~

61
69

lCO
87

101

k8LK S9 .

.
SD1

66 5,:

160 4.1

160 3.4

620 6.:

NDR(2200) 22

550 51

410 lC

ND 9,5

ND 2e

ND 34

% Recovery

69
66
97
75
95

VSPM 177

Datenrrkled Expeued
(n@) (w)

16W 150(

2300 230(

22c@ 1%X

2100 1s0(

2600 2XU

4400 500(

2owJ 2ofx

21W m

1800 190C

1300 160C

% Recovery

64
67
63
69
65

VSPM 194

Determined Expauw
(ngA) (rig/L

2200 257[

5ooo 336!

3500 259(

3100 267(

4100 435(

Ssw 66sf

3400 2564

4000 302:

3500 274C

36wl 3135

% Remvwy

64
67
63
69
65

WSPM 195

Determined Expecl.3

(n@L) (n@

440 42I

520 521

510 46
.

310 43

760 57(

600 50

570 47[

130 m

430 42(

530 561

“hRecovery

WA
NIA
WA
NIA
WA

SDL = San@e detectim Iiiit
ND = N& detecied
NDR = Peak detected bul did not meet quentifkatbn criterle
Note: Data have bawl blank cOfMC!adWlW8 IWIUbSd

m



TABLE 9 Analytical Quality Control Results for Resin Acids - Laboratory Water Blanks and Spikes

QNQC Lab Blanks
or Spikes

Compounds

Pimaric

Sandaracopimaric

Isopimanc

Palustric ●

Dehydroisopimaric

Dehydroabietic

Abietic ●

Neoabietic ●

12/14 Chlorodehydroabietic

12,14 Dichlorodehydroabietic

Internal Standard

o-Methyl Podocarpic

NBLK 85

concentration SDL
(rig/L)

ND 1.2

ND 1.3

ND 3.8

ND 5.3

NDR(70) 3.1

ND 4.8

ND 9.7

ND 1.3

ND 1

ND 1.4

‘A Recovery

57

#BLK 88

Concentration SDL
(rig/L)

ND 2.3

ND 2.5

ND 14

ND 20

NDR(130) 22

ND 11

ND 38

ND 6.6

ND 5.4

ND 6.6

‘h Recovery

77

● These compounds are known to be unstable, data should be interpreted cautiously.

SDL = Sample detection limit
ND = Not detected
NDR = Peak detected but did not meet quantification M“teria
NA = Not available
Note: Data have not been blank carected.

VSPM 177

Determined Expected
(rig/L) (rig/L)

360 370

480 510

400 410

330 400

480 510

540 490

320 390

180 410

340 340

400 450

65

MSPM 184

Determined Expected
(rig/L) (rig/L)

500 42(

600 51(

520 46(

300 43(

720 57[

630 50(

81 47C

NA NP

470 56C

650 42C

‘A Recovery

51



TABLE 10 Laborato~ QA/QC Reference Table for Solid Phase Extracted Fraser River Water

contaminant Type

>AHs

310XlNS/FURANS

Sampling Date

March 30, 1993

April 7, 1993

April 15, 1993

April 22, 1993

March 30, 1993

April 7, 1993

April 15, 1993

April 22, 1993

Sample ID

797

798

799

800

797

798

799

800

Lab Blank ID Lab Spike ID

CBLK 383 CSPM 151

CBLK 383 CSPM 151

CBLK 383 CSPM 151

CBLK 383 CSPM 151

CBLK 901 CSPM 220
CSPM323

CBLK 901 CSPM 220
CSPM323

CBLK 901 CSPM 220
CSPM323

CBLK 901 CSPM 220
CSPM323



=

88
TABLE 11 Armlytlcsl Quality Control Results for Dioxlns and Fursns - Laboratory Solid Phase Extraction Column Blanks, Spikes and Proofs

Compounds

Dloxins

T4CDD - Total
2,3,7,8

P5CDD - Total
1,2,3,7,8

H6CDD - Total
1,2,3,4,7,8
1,2,3,6,7,8
1,2,3,7,8,0

H7CDD - Total
1,2.3,4,6,7,6

06CDD

Fumns

T4CDF - To@l
2,3,7,6

P5CDF - Total
1,2,3,7,8
2,3,4,7,8

H6CDF - Total

123476,. !,,
1,2,3,6,7,8
2,3,4,6,7,8
1,2,3,7,6,9

H7CDF - Total
1,2,3,4,6,7,6

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

06CDF

Surrogate Standard

13GT4CDF:

13GT4CDD

13C-P5CDF

13C-P5CDD:

13C-H8CDF:

13C-H6CDD

13GH7CDF:

13C-H7CDD:

13C-08CDtl

;BLK 901

oncentration SD1
(P@L)

ND
ND

ND
ND

ND
ND

NDR(ONj

0.2
0.2

0.5

0.07
0.07

NDR(ON:
ND

0.2
0.1

NDR(O”l;
NDR(O.3)

0.2
0.2

NDR(O.2)

ND

O.ot
0.08

0.1
0.1

0.1
0.1
0.1
0.1

0.09
0.09

0.2

0.05
0.05

0.09
0.09
0.09

0.05
0.05
0.05
0.05
0.05

0.1
0.1
0.1

0.3

%Recovery

79

90

N/A

87

N/A

74

N/A

76

50

:USM 301

oncentration SDL
(pg/L)

ND
ND

ND
ND

ND
ND
ND
ND

ND
ND

ND

ND
ND

ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND

ND

0.03
0.03

0.05
0.05

0.07
0.07
0.07
0.07

0.08
0.08

0.1

0.03
0.03

0.04
0.04
0.04

0.07
0.07
0.07
0.07
0.07

0.05
0.05
0.05

0.2

% Remvery

82

90

92

100

93

86

80

93

80

>SPM 220

‘A Rewvety

N/A
110

WA
95

WA
110
100
100

N/A
89

100

WA
95

WA
90
95

WA
90

100
90
95

N/A
94

100

100

% Recovery

100

96

NIA

103

WA

101

Nh

105

61

LSPM 323

% Recmery

WA
97

NIA
92

N/A
97
78
90

WA
87

120

N/A
100

WA
91

110

NIA
99

110
94

110

NIA
92
92

93

%Recovery

80

91

85

94

58

85

94

110

73

:OMPOSITE COLUMN
‘ROOF
797,798,799, 800)
concentration SDL

(pg/L)

ND
ND

ND
ND

ND
ND
ND
ND

ND
ND

0.7

ND
ND

ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND

O.m
O.LM

O.w
O.(x

O.LI
O.u

0.;

O.u
O.CK

O.fx

0.01
0.01

0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01

0.04
0.04
0.04

0.05 0.03

% Recovery

114

94

WA

109

WA

78

WA

93

90

SDL = Sample Date&ion Limit
ND = Not dete~ed
NDR = Peak detected but did not meet quantification uiteoa
WA= Not available



TABLE 12 Analytical Quality Control Results for PAHs - Laboratory Solid Phase Extraction Column Blanks, Spikes and Proofs

Compounds

Naphtalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz(a) anthracene
Chrysene
Benzofluoranthenes
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Dibenz(ah)anthracene
Indeno(l ,2,3-cd) pyrene
Benzo(ghi)perylene

2BLK 383

concentration SDL
(rig/L)

NDR(O.7) 0.1
ND 0.1
ND 0.1

0.1
NDR(~: 0.1

0.1
NDR(ON; 0.1
NDR(O.1) 0!1

ND 0.1
ND 0.1
ND 0.1
ND 0.1
ND 0.1
ND 0.1
ND 0.2
ND 0.2
ND 0.1

;OMPOSITE COLUMN
>ROOF
797,798,800, 802)

concentration SDL
(rig/L)

ND 15
ND 3
ND 3
ND 5
ND 5
ND 2
ND 2
ND 2
ND 5
ND 3
ND 2
ND 2
ND 2
ND 3
ND 4
ND 6
ND 13

XPM 151

% Recovery

92
100
100
96
96
96

100
95
95
95
96

100
95
95
63

100
95

SDL = Sample Detection Limit
ND = Not Detected
NDR = Peak detected but did not meet quantification criteria

00
w



90

APPENDIX IV

Field QA/QC Data

           Page Number

Table 1 Field Quality Control Results for 91

Chlorophenolics in Deionized Water

Table 2 Field Quality Control Results for PAHs in 92

Deionized Water

Table 3 Field Quality Control Results for Fatty 93

Acids in Deionized Water

Table 4 Field Quality Control Results for Resin 94

Acids in Deionized Water



TABLE1 FieldQualltyControlRssuitafor ChlomphanolksIn DsionlzsdWatsr

r
Compounds

4-chlom@and
Z,wichbmphanol
2,412,W3CP
3,5-dkYlhphanOl
Z+dkhbrophsnol
3#4diibmphand
8-chbrogusisUal
4+M0r0gusisml
5-chlOrOguaiacol
2,4,&tIW!br@anol
2,3,8-trichbroPhad
2,3,5-trkhbwhemol
2,4.5-Mchhwhanol
2,3,4-trk3110mPhed
3,4,3-tJidlbrOphsd
Mbrocatsdlol
+dlbmcatachd
3,4-dwrkJrogusisml
4,8-dWOrOguaiacol
4,5dw0r0guaiacol
3-chbmaylingOl
3,4dkh10r0wtsd101
3,8dw010catadml
3,5diibromtach01
4,5-didllmOcsIsdloi
2.3,5,8-tatrschiwoPhe#wl
2,3,4,&t@raMowhwvd
2,3,4,5-@tJa&Ilorwhand
5-chbrOw#liilkl
8-chbrOwwMn
3,5dicM0r0s@ngol
3,4,6-tridtkXOguaisaJl
3,4,%trichbmguaiswl
4,5,&lrW0r0guaiacol
3,4,6-tridlbrocstschol
3,4,5-trMks’ocatadlOl
5,8-did0r04millkl

-~
2-chlwOa@rgaldahyda
3,4,5,s-tatrachbmg@awl
3,4,5-trichbIw@lgd
3,4,5,6tatradlbromtschol
2,6-dwOm@rlgaklshyds

(1) SDL = Ssn@a Datactii Lmil
(2) ND = No4Datsuad

m 30, 1993

RS-8CH
nid-fialdbank)

:onwniMOrl (SDL)
(w)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

NDR(?~
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
13
ND
ND
ND
ND

2.1
5.4
4.2
5.0
4.7
3.3
2.6
3.1
3.1
2.9
2.3
2.3
1.5
1.4
1.6
2.5
3.8
1.9
2.3

2
0.9
53
83
52
69
1.9
2.1
1.3
2.2
2.7
2.2
2.5
2.4
1.7
1.2

1
1.3
2.1
0.8
1.1
1.8

14.0
ND 1.3

1* 30,1993

RS-1OCH
Ioat-rialdhmk)

(SQL)
(w-)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

NDR(~;
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
20
ND
ND
ND
ND

5.3
8.8
6.7
6.0
7.6
5.3
2.2
2.6
2.6
5.8
4.7
4.6
3.0
2.9
3.2
4.8
7.2
4,1
5,0
4.3
1,6
10
12
10
13

3,4
3.7
2,2
3.3
4.0
3.7
2.4
2.2
1.6
2.3
1.9
1.6
3.3
1.5
1.6
f .6
3.0

ND 2.6

pri17, 1993 April 15,1993 - April 22, 1ss3 April 22,1993

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
6

2,4
ND
ND
ND
ND
ND
ND
ND
ND
ND
39
ND
ND
ND
ND

1.5
1.8
1,3
1.6
1.5

1
0.8

1
1

1.8
1.4
1.4
1.1
1.1
1.2
2.3
3.4
1.3
1.7
1.4
0.6
3.5
4.3
3.5
4.5

2
2.3
1.3
2.8
3.4
2.8
1.4
1.3
0.9
1.6
1.4
2.4
2.5
1.1
1.3
1.5
3.0

ND
ND
ND
ND
ND
ND
ND
ND

NDR(3N:
ND
ND
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
15
ND
ND
ND
ND

0.8 ND
1.4 ND
1.0 ND
1.3 ND
1.2 ND
0.8 ND
1.0 ND
1.2 ND
1.2 ND
1.5 ND
1.2 ND
1.2 ND
1.0 ND
1.0 ND
1.0 ND
2.0 ND
3.1 ND
1,1 ND
1.4 ND
1.2 ND
0.4 ND
2.8 ND
3.3 ND
2.5 ND
3.5 ND
1.3 ND
1.4 ND
0.8 ND
2.5 ND
3.1 ND
2.1 ND
1.0 ND
1.0 ND
0.6 ND
0.7 ND
0.6 ND
1.5 ND
1.5 ND
1,0 ND
1.1 ND
1.0 ND

FRS-18CHB
(IIW- fiald Mink)

(SQL) Cmcamawn
(m)

1.9 ND
2.7 ND
1.9 ND
2.4 ND
2.2 ND
1.6 ND
0.9 ND
1.1 ND
1.0 ND
2.2 ND
1.6 ND
1.6 ND
1.1 ND
1.1 ND
1.2 ND
2.1 ND
3.2 ND
1.4 ND
1,7 ND
1.5 ND
0.7 ND
8.0 ND
9.5 ND
7.6 ND
10 ND
1.6 ND
2.0 ND
1.2 ND
2.8 ND
3.3 ND
1,9 ND
1.1 ND
1.0 ND
0.7 ND
1,6 ND
1.3 ND
2.0 ND
2.3 ND
0.9 ND
1.0 ND

(SD1

0.
2:
1.
1.
1!
1.
2.
2.
2.
1.
1.
1.
1!
1,
1.
2.
3J
1.
1.
1.
0.
2.
3.
2.’
3.
2.
2.
1.
3.1
4,
2.
z
1!
1.:
2)
2.
2.’
3.:
1.:
lJ

1.5 ND 2.!
1.6 ND 37 ND 12

ND 1,51 ND 2.9 ND 1.7 ND 2.:

(3j NDR = Paak datsUsd butdti notmsat quantii ailaria
(4) Datahsvarrc4 baanblankwrradad
i5j ChlonxUac+vXa Ua prona to Osidatbnrasctiis, lharafm, Mpollad

~SWti~$&-hvaW.



TABLE 2 Field Quality Control Results for PAHs in Deionized Water

Sample ID:

Compounds

Naphthalene
Acenaphthylene
Acenaphthene
Fiuorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz(a)anthrecene
Chrysene
Benzofluoranthenes
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Dibanz(ah)anthracene
Indeno(l ,2,3-od)pyrene
Benzo(ghi)perylene

larch 30, 1993

RS-8PH
nid-field blank)

concentration (SDL)
(rig/L)

1.5
NDR(4.%) 2.5

5.7 1.5
11.0 2.8
31.0 0.8

NDR(3.1) 0.9
NDR(7.0) 0.4
NDR(5.0) 0.5

ND 2.3
ND 2.4

NDR(2.8) 0.7
ND 0.7

NDR(2.0) 0.8
NDR(l.7) 0.7

ND 2.6
ND 1.3

NDR(l.8) 1.1

SDL = Sample Detection Limit
ND = Not Deteoted

$mil7, 1993

‘RS-1IPHA
mid+ald blank)

concentration (SDL)
(nglL)

0.9
NDR(5:: 2.7

7.9 1.0
23 1.5

0.5
NDR(2% 0.5
NDR(2.1) 0.3
NDR(2.1) 0.3
NDR(l.4) 0.5
NDR(l.1) 0.5

ND 0.5
ND 0.5
ND 0.5
ND 0.5
ND 2.5
ND 1.2
ND 0.9

qxil 7, 1993

‘RS-I 1PHB
mid-field blank)
Iuplicate
concentration (SDL)

(rig/L)

1.2
NDR(6Y 2.2

8.3 1.4
26 2.1
34 0.7

NDR(2.4) 0.7
0.4

NDR(Y6) 0.4
ND 0.6
ND 0.6
ND 0.6
ND 0.6
ND 0.7
ND 0.6
ND 3.6
ND 1.1
ND 0.9

-

$Xil 15, 1993

‘RS-13PHA
mid-fieldblank)

concentration (SDL)
(rig/L)

NDR(r3)
7.2
12
30

NDR(4.1)
NDR(2.9)

2.8
NDR(1,8)
NDR(2.1)

ND
ND
ND
ND
ND
ND
ND

2.7
1.9
2.9
2.5
1.1
1.2
1.4
1.4
1.1
1.1
1.4
1.4
1.6
1.3
5.1
4.2
3.0

@ 15, 1993

‘RS-13PHB
mid-fieldblank)

concentration (SDL)
(rig/L)

2.8
NDR;3:) 2.6

5.7 3.1
11 2.7

1.3
NDR(& 1.4
NDR(4.5) 1.5

3.0 1.5
ND 3.3
ND 3.1
ND 3.6
ND 3.5
ND 4.1
ND 3,2
ND 11
ND 8.9
ND 6.4

Qril 22, 1993

‘RS-15PH
mid-fieldblank)

concentration (SDL
(nglL)

1.[
NDR(P4) 1.:

2.7 1!
3.4 ““-1.(
5.0 0.(

NDR(2.7) (-j!
NDR(2.5) 1.(
NDR(2.3) 1.(
NDR(2.1) 0.!
NDR(3.0) 0.(

ND 1.(
ND 0,!

1.:
NDR(2N; (),{

ND 3.1
ND 4.:
ND 2.:

NDR = Peak detected but did not meet quantification criteria
Note: Data have not been blank corrected



TABLE 3 Field Quality Control Results for Fatty Acids in Deionized Water

Sampling Date:

Sample ID:

Compounds

Capric

Laurie

Myristic

Palmitic

Linolenic

LinoleicJOleic

Stearic

Arachidic

Behenic

Lignoceric

internal Standards

D23-LAURIC
D27-MYRISTIC
D31-PALMITIC
D35-STEARIC
D39-ARACHIDIC

flarch 30, 1993 March 30, 1993

‘RS-9CH FRS-1OCH
mid-fieldbank) (post-fieldbank)

concentration (SDL) Concentration (SDL)
(n@L) (rig/L)

ND 150 ND 150

100 85 110 85

210 92 260 92

400 130 520 130

ND 120 ND 120

ND 100 ND 100

350 57 500 57

ND 12 ND 12

ND 6.0 7.2 5.0

ND 20 28 20

YO Recovery ‘h Recovery

61 86
79 103
79 83
53 62
48 68

SDL = Sampledetectionlimit
ND = Not detected
NDR = Peak detected but did not meet quantification criteria
Note: Data have been blank corrected where required

qxil 7, 1993

‘RS-12CH
mid -field blank)

;oncentretion (SDL)
(n@L)

ND 230

ND 200

ND 290

ND 1400

ND 170

ND 140

ND 1300

ND 20

ND 37.0

ND 30

‘k Recovery

79
97

110
80

110

ipril 15, 1993

‘RS-14CH
mid- field blank)

concentration (SDL)
(rig/L)

ND 240

ND 290

ND 260

ND 930

ND 230 I

ND 600 ~

ND 570,

ND 170

ND 200

ND 220

0/0 Recmery

16
20
20
15
19

@-ii 22, 1993

‘RS-16CH
mid -field blank)

concentration (SDL)
(rig/L)

ND 390

ND 400

ND 370

ND 1300

ND 600

ND 1200

ND 980

ND 61

ND 140

ND 130

% Recove~

39
45
49
36
44



TABLE 4 Field Quality Control Results for Resin Acids in Deionized Water

Sampling Date:

Sample ID:

Compounds

Pimaric

Sandaracopimaric

Isopimaric

Palustric ●

Dehydroisopimaric

Dehydroabietic

Abietic ●

Neoabietic ●

12/14 Chlorodehydroabietic

12,14 Dichlorodehydroabietic

Internal Standard

o-Methyl Podocerpic

larch 30,1993

‘RS-9CH
mid-fieldbank)

concentration (SDL)
(rig/L)

ND 1.3

ND 1

ND 3.1

67 4.2

ND 2.5

24 3.8

ND 9.2

ND 1.3

ND 0.6

ND 0.9

‘/0 Recovery

83

flarch30, 1993

‘RS-1OCH
post-fieldbank)

concentration (SDL)
(rig/L)

ND 1.3

ND 0.7

ND 2.7

66 2.9

ND 1.7

21 2.8

ND 4.5

ND 0.8

ND 0.5

ND 0.6

‘\o Recovery

99

● These compounds are known to be unstable, data should be interpreted cautiously.

SDL = Sample detectionlimit
ND = Not detected
NDR = Peak detected but did not meet quantificationcriteria
Note: Data have not been blank com?cted.

\pril 7, 1993

‘RS-12CH
mid -field blank)

concentration (SDL)
(rig/L)

ND 4.3

ND 4.6

ND 24

NDR(120) 33

ND 34

ND 24

ND 53

ND 11

ND 11

ND 15

‘\’ Recovery

50

kpril 15, 1993

‘RS-14CH
mid-field blank)

concentration (SDL)
(rig/L)

ND

ND

ND

NDR(120)

ND

ND

ND

ND

ND

ND

9.2

9.9

50

71

62

57

130

21

16

17

Iprii 22, 1993

‘RS-16CH
mid-field blank)

concentration (SDL)
(rig/L)

ND 3.0

ND 3.2

ND 14

NDR(130) 19

ND 22

30 15

ND 38

ND 4.9

ND 5A

ND 7.6

‘/0 Recove~ ‘/0 Recovery

20 64


