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EXECUTIVE SUMMARY

BACKGROUND
The Thomson, Forbay, and Fond du Lac Reservoirs were created along the Lower St. Louis River
in the early 1900s for the purpose of hydroelectric generation. Since their construction, several
feet of soft sediment have accumulated behind the dams. In 1974, the U.S. Corps of Engineers
estimated that 4.6 million cubic yards of fibrous organic sediments and sludges, approximately 510 feet thick, had accrued behind these dams (USCOE, 1974).
Prior to 1979, the primary effluent dischargers to the St. Louis River, upstream of the reservoirs,
were the City of Cloquet, the USG Corporation (formerly Conwed), and Potlatch's Northwest
Paper Division facility. The wastewater from these discharges were combined and routed to the
newly constructed Western Lake Superior Sanitary District (WLSSD) in 1979. Nonpoint sources
of contamination from landfills, runoff, and atmospheric sources may have contributed to
contamination in the reservoirs. Landfills operated by Conwed and Potlatch exist along the St.
Louis River, just upstream of the Thomson, Forbay, and Fond du Lac Reservoirs. The
contribution from these landfills to downstream contaminant levels is not known; however, some
of the solid waste (e.g., sludge ash, sludges) may be contaminated with mercury (Hg), 2,3,7,8tetrachlorodibenzo-p-dioxin (TCDD) (hereafter referred to as TCDD or dioxin), and/or
polychlorinated biphenyls (PCBs).
The Thomson, Forbay, and Fond du Lac Reservoirs were included in the International Joint
Commission's (IJC) designation of the St. Louis River as an Area of Concern (AOC). Surficial
sediment samples in these reservoirs have shown 2,3,7,8-TCDD, PCB, and mercury
contamination. The fisheries resources in this area have been limited in the past, but are
recovering. Limited fish contaminant work in the past has shown PCB and mercury
contamination, but no detectable amounts of 2,3,7,8-TCDD. Fish from downstream of the
reservoirs in the St. Louis River have shown 2,3,7,8-TCDD, PCB, and mercury levels above
those recommended for unlimited fish consumption; thus, these fisheries are listed in the
Minnesota Fish Consumption Advisory [Minnesota Department of Health (MDH), 1992]. While
the presence of other contaminants may be of concern for ecological impacts, the priority of the
Citizen's Advisory Committee of the St. Louis River Remedial Action Plan (RAP) was to address
mercury, PCB, and 2,3,7,8-TCDD contamination, which were believed to be of greatest risk to
human health.
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PROJECT OBJECTIVES
The primary objectives of this project were to:
•

Quantify the concentrations of 2,3,7,8-TCDD, PCB, and mercury in sediment cores
collected from depositional zones of the Thomson, Forbay, and Fond du Lac Reservoirs,
and in fish tissue collected from these reservoirs.

•

Assess the presence of acutely toxic contaminants in the sediments by conducting toxicity
tests with the amphipod, Hyalella azteca.

•

Determine, if possible, potentially responsible parties by using historical information
about former discharges above the study sites.

FIELD SAMPLING PROCEDURES AND ANALYTICAL METHODS
Fish were collected by the Minnesota Department of Natural Resources (MDNR), using gill nets,
during June, 1992. The traps were deployed for four days; 17 fish were retrieved from Thomson
Reservoir and 20 fish from Fond du Lac Reservoir. No fish were found in the Forbay Reservoir
traps. During the same week as the fish trapping, one bedrock-depth sediment core was collected
from each reservoir. The cores were collected by driving a 10 cm casing into the sediment, and
successively sampling from this casing with a 2-meter-by-5 cm piston corer. One meter of
sediment was obtained through the casing during each successive drive. Sediments were
extruded from the piston corer, and each drive was stored intact for sectioning in the laboratory.
The sediment core depths obtained from Thomson, Forbay, and Fond du Lac Reservoirs were 3
m, 2 m, and 5 m, respectively.
Cores for sediment toxicity testing were collected one year later, in August of 1993, at locations
near the original collection sites. Because the sediment contaminant profile was already known
at the time of this collection, the sediment retrieval for toxicity testing was targeted at layers
known to be contaminated (approximately one-half the core depth at each reservoir), as well as
the surface sediments. This was done in order to evaluate the worst-case situation in which the
most heavily contaminated sediments would be exposed to the benthic community. Sediment
toxicity tests were conducted at a contract laboratory within one week of collection. Sediment
mercury was measured by researchers from the University of Minnesota-Duluth (UMD) and U.S.
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EPA; fish tissue mercury was measured by the MDH analytical laboratory. PCBs and 2,3,7,8TCDD were measured in fish tissue and sediments at UMD's Trace Organics Laboratory.
All analytical methods for mercury, 2,3,7,8-TCDD, and PCBs were standard sediment analyses
using EPA protocols. The species used in the sediment toxicity tests was the freshwater
amphipod Hyalella azteca (a scud).
RESULTS AND DISCUSSION
FISH TISSUE SAMPLES
Mercury concentrations in walleye and white sucker fillets from Fond du Lac Reservoir were
higher than in those from Thomson Reservoir; however, this difference was not statistically
significant. Mercury concentrations in fish from Thomson Reservoir ranged from 0.19 ± 0.13
(standard deviation) mg/kg for white sucker to 0.42 ± 0.042 mg/kg for smallmouth bass.
Mercury in fish from Fond du Lac Reservoir varied from 0.26 ± 0.12 mg/kg for channel catfish
to 0.45 ± 0.13 mg/kg for walleye. PCB concentrations in fish from Thomson Reservoir were
generally undetected, except in one of the smallmouth bass tested, and the single channel catfish
tested (20 and 56 µg/kg, respectively). PCBs were detected only in three of the five channel
catfish tested from Fond du Lac Reservoir, at levels of less than 65 µg/kg. No 2,3,7,8-TCDD
was found in any of the fish tissue samples, with a detection limit of approximately 1.0 ng/kg.
The PCB results of the fish tissue analyses would place most of the fish in these reservoirs (i.e.,
the walleye, northern pike, and white sucker) in the "unlimited consumption" group for adults in
the MDH fish consumption advisory. The PCB results for smallmouth bass and channel catfish
would place the fish in the "one-meal-per-week" category for adults.
The levels of mercury contamination would place nearly all the fish from both Thomson and
Fond du Lac Reservoirs into the "one-meal-per-week" category for adults. Interpreting the
2,3,7,8-TCDD fish data is difficult because the detection limits, while extremely low, are still
higher than the highest level in the MDH fish advisory.

Page xii

SEDIMENT SAMPLES
Cesium-137 dating was performed on the three deep cores from the reservoirs. The 137Cs dating
pinpointed two years within the sediment core (1954 and 1964) by which sediment deposition
rates could be calculated for the following periods: 1954-1964 and 1964-1992. Absolute
deposition rates were highest for Fond du Lac Reservoir. For Thomson Reservoir, the respective
sedimentation rates calculated for 1954-1964 and 1964-1992 were 2.8 ± 0.8 and 5.0 ± 0.2 cm/yr.
For Fond du Lac, these rates were 8.6 ± 1.2 and 7.5 ± 0.2 cm/yr. The deposition rates for Forbay
Reservoir were 1.2 ± 0.4 and 1.8 ± 0.1 cm/yr. The deposition rates for Thomson Reservoir
appeared to approximately double during the two time periods, whereas less variable changes in
the deposition rates were observed for the other two reservoirs.
Mercury concentrations in the Thomson Reservoir sediments were highest in the middle core
sections (1.4-1.8 m), peaking in approximately 1960 at 2 mg/kg. Mercury in the deepest sections
of the core was at levels of 0.05-0.1 mg/kg, corresponding to the period between 1908 and 1920.
Current surficial levels in the biologically active layer fluctuated at around 0.13 mg/kg. In
Forbay Reservoir, mercury levels peaked at around 1945-1951, at 1.3 mg/kg. Current surficial
concentrations were near 0.1 mg/kg. Mercury concentrations in the Fond du Lac core exhibited
wider fluctuations with depth than in the other reservoirs, and had a lower maximum
concentration (0.74 mg/kg at the 1946 depth). Current surficial layers had mercury levels of
about 0.06 mg/kg. In summary, sediments in the three reservoirs have surficial mercury levels
similar to those observed in the earliest sediments laid down after reservoir impoundment. Peak
concentrations of mercury, which occurred at approximately 150 cm, 70 cm, and 160 cm in
Thomson, Forbay, and Fond du Lac Reservoirs, respectively, were at levels that would be of
concern for benthic biota exposed to these sediments (Persaud et al., 1993). In contrast, based on
these core measurements, mercury concentrations in surface sediment layers were at levels
similar to those of remote Minnesota lakes (Sorensen et al., 1990).
Aroclors 1254 and 1260 predominated most of the total PCB levels for each sample. These
Aroclors followed a concentration pattern similar to that of mercury in Thomson Reservoir; that
is, concentrations increased with sediment depth to maximum levels approximately halfway
down the core. Total PCBs peaked in sections 104-112 cm, 136-144 cm, and 168-176 cm at 245,
299, and 211 µg/kg, respectively. PCB concentrations in Forbay Reservoir cores were fairly
uniform, with a single peak at 42-50 cm (170 µg/kg), somewhat shallower than the peak mercury
levels. Peak PCB levels in the Fond du Lac core occurred about halfway down the core, at 104
and 135 µg/kg. Some ecotoxic effects to benthic biota would be expected from exposure
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to the peak concentrations of Aroclors 1254 and 1260 in each reservoirs sediment cores (Persaud
et al., 1993).
Concentrations of 2,3,7,8-TCDD were non-detectable (i.e., <1.5 ng/kg) in surficial sediments of
all three reservoirs. For Thomson Reservoir, dioxin levels peaked in the 184-192 and 192-200
cm sections (corresponding to the mid-1940s) at approximately 27 ng/kg; 2,3,7,8-TCDD was last
detected at the core depth corresponding to the late 1960s. In Forbay Reservoir, concentrations
peaked at the depth corresponding to 1950 (at 21 ng/kg). 2,3,7,8- TCDD levels in Fond du Lac
were highest in the 276-384 cm layers, at 10-15 ng/kg. Overall patterns for 2,3,7,8-TCDD
profiles were quite consistent from reservoir to reservoir. The trend observed was that dioxin
was undetectable in surface and bottom strata, and reached maxima in either the mid-1940s or
the mid-1950s. The appearance and peaking of dioxin in each core appeared to be at well-buried
levels; however, it should be noted that large gaps in 2,3,7,8-TCDD measurements may disguise
the presence of dioxin in shallower core sections.
Toxicity test results indicated that surficial sediments from all three reservoirs were not toxic to
Hyalella azteca. However, buried sediments from Thomson Reservoir (130-150 cm) and Forbay
Reservoir (90-110 cm) were toxic to this species. The specific cause of this toxicity could not be
determined. Neither Fond du Lac sample was toxic. However, the deep layers in Fond du Lac
Reservoir corresponding to the peaks in contaminant levels could not be obtained with available
sampling gear; therefore, it is unknown whether these layers would be toxic.
CONCLUSIONS
Based on the contaminant profiles in the sediment cores, Thomson Reservoir appears to serve as
the primary catchment basin for sediment associated contaminants. Forbay and Fond du Lac
Reservoirs appear to receive contaminant inputs principally from Thomson Reservoir.
Based on Ontario sediment quality guidelines, concentrations of PCBs and mercury, in the deeper
core sections of each reservoir, exceeded Low Effect Level values. Thus, some detrimental
effects to the benthic community might be observed. The Ontario guidelines were used as
benchmark values since Minnesota does not have sediment quality guidelines; thus, these values
would not be used for regulatory purposes. At the present time, sediment quality guidelines are
not available for 2,3,7,8-TCDD. The toxicity test results for Thomson and Forbay Reservoirs
confirm that the deeper sediments are toxic to the amphipod, Hyalella azteca.
Potentially responsible parties could not be determined given the available information on
effluent dischargers. The contamination profiles observed in the sediments were, for the most

Page xiv

part, consistent with known industrial uses in the watershed. However, past loadings from some
of the industries of concern [e.g., Potlatch and USG (formerly Conwed)] could not be calculated
due to either insufficient or nonexistent contaminant data for the effluent discharges. The routing
of effluent to WLSSD in 1979, and the ban on PCBs in 1979, had a beneficial impact on
reducing contaminant discharges into the reservoirs. It would appear that the greatest sources of
contamination to the reservoirs today are from: 1) in-place contaminated sediments, and 2)
nonpoint sources, especially from landfills and atmospheric deposition.
The most pressing questions derived from this survey are related to the elevated concentrations
(and acute toxicity) measured in the buried sediments:
•

Is the burial phenomenon observed here a reservoir-wide characteristic, or are there areas
of scouring that may have exposed high levels of contaminants?

•

Assuming the core profiles obtained here are characteristic of reservoir-wide conditions,
what potential events could cause re-exposure of the buried, more highly-contaminated
sediments?

RECOMMENDATIONS
The sampling plan for this investigation was limited in scope, and as such, additional work
should be conducted to further assess the extent of contamination in the Thomson, Forbay, and
Fond du Lac Reservoirs. Specific recommendations that will also help answer the questions
given above include:
•

Determine current loadings of mercury, PCBs, and 2,3,7,8-TCDD in the Thomson,
Forbay and Fond du Lac Reservoirs

•

Collect additional cores from each reservoir to verify the core profiles observed in this
study. In addition, determine depositional and erosional zones, particularly near the
dams, to determine the potential for re-exposure of buried contaminants.

•

Quantify the volume of sediments in the reservoirs.

•

Minnesota Power should consider the effects of erosion and sedimentation on reservoir
operations.
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•

A baseline human health risk assessment and a screening level ecological risk assessment
(ERA) for aquatic life and piscivorous wildlife should be conducted to determine the
potential for current risks to humans and biota. In order to determine the potential for
human health/ecological harm resulting from dam failure, a fault-tree risk assessment
should be conducted to assess the risks resulting from flooding as well as scouring and
resuspension of contaminated sediments.

•

Contaminant (i.e., mercury, PCBs) monitoring in fish tissue should be conducted at
regular intervals as long as fish advisories are in effect. If remediation is ever done in
these reservoirs, caged fish studies could be used to monitor contaminant uptake after the
remediation action.

•

If remediation is ever considered for the reservoirs along the St. Louis River AOC, a
Biota-to-Sediment Accumulation Factor model could be used to back-calculate safe
concentrations of hydrophobic organic contaminants (HOCs) (e.g., PCBs, dioxin) in the
surface sediments, based on safe contaminant concentrations in fish.
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SECTION 1
INTRODUCTION

1.1 BACKGROUND
The St. Louis River watershed, located in northeastern Minnesota, was designated as an Area of
Concern (AOC) by the International Joint Commission (IJC) as a result of the 1978 Great Lakes
Water Quality Agreement between the United States and Canada. The boundaries of this AOC
range from the river reach at the City of Cloquet to Lake Superior (Figure 1-1). The St. Louis
River was originally designated as an AOC due to the large loads of suspended solids, nutrients,
and biochemical oxygen demand discharged into the river by various industries and communities
(Minnesota Pollution Control Agency (MPCA)/Wisconsin Department of Natural Resources
(WDNR), 1992). In the mid-to-late 1970s, several actions were taken to improve the water
quality and fisheries of the St. Louis River AOC. The most important action was the formation of
the Western Lake Superior Sanitary District (WLSSD). WLSSD was designed to consolidate the
treatment of a majority of the municipal and industrial discharges in the AOC by using an
advanced wastewater treatment system.
Although water quality has improved in the AOC, contamination of the sediments remains a
problem. Contaminated sediments impair the disposal of dredged material and provide a
reservoir of contaminants which biota can be exposed to and accumulate in their tissues.
Contaminants of concern in the sediments include: mercury (Hg), polychlorinated biphenyls
(PCBs), 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (hereafter referred to as TCDD or dioxin),
polynuclear aromatic hydrocarbons (PAHs), and a variety of other metals and organic
compounds. Certain areas of the AOC have been identified as having elevated levels of sediment
contaminants (MPCA/WDNR, 1992):
•
•
•
•
•

embayment that receives discharge from WLSSD, and historically received discharge
from previous treatment plants in Duluth, MN
Interlake Superfund site in Duluth, MN
U.S. Steel Superfund site in Duluth, MN
Newton Creek and Hog Island Inlet of Superior Bay in Superior, WI
Crawford Creek wetland/Koppers Co. in Superior, WI.
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The MPCA has conducted four separate sediment investigations during the past four years to
further delineate the extent of sediment contamination in the St. Louis River AOC. These studies
include:
•
•
•
•

a preliminary assessment of contaminated sediments and fish in the Thomson, Forbay,
and Fond du Lac Reservoirs
survey of sediment quality in the Duluth/Superior Harbor: 1993 sampling results of
contaminants in depositional areas outside the shipping channels
survey of sediment quality in the Duluth/Superior Harbor: 1994 sampling results of
contaminants in hotspot areas
Regional Environmental Monitoring and Assessment Program (R-EMAP) surveying,
sampling and testing: 1995 sampling results (to be followed-up by additional sampling in
1996 to assess temporal variability).

The above investigations have been conducted with the cooperation and financial support of
either the U.S. Environmental Protection Agency (EPA) Region V or the Great Lakes National
Program Office (GLNPO). These studies will support the assessment goals of the Phase I
sediment strategy for the RAP. In this report, the results of the investigation on the Thomson,
Forbay, and Fond du Lac Reservoirs will be presented. Reports for the other MPCA
investigations are in the process of being written and finalized. The status and distribution of
these reports can be determined by contacting Judy Crane at the MPCA in St. Paul, MN.
1.2 PROJECT DESCRIPTION
Contamination of the reservoirs in the St. Louis River AOC is of concern due to the potential
effects contaminants may have on human and ecological health. In addition, the potential
transport of contaminants to the rest of the AOC may impede clean-up efforts downstream of the
reservoirs. The streamflow in the downstream portion of the St. Louis River is regulated by five
reservoirs downstream of Cloquet: Northwest Paper (Potlatch), Scanlon, Thomson, Fond du Lac,
and Knife Falls (Figure 1-2) (MPCA/WDNR, 1992). These impoundments slow the flow of
water and reduce the river's gradient, thus resulting in the deposition of sediments. The Thomson,
Forbay, and Fond du Lac Reservoirs were built by Minnesota Power in the early 1900s for
hydroelectric generation. Since their construction, several feet of soft sediments have
accumulated behind the dams. The U.S. Corps of Engineers (USCOE, 1974) estimated that 4.6
million cubic yards of fibrous organic sediments/sludges, approximately 5-10 feet thick had
accrued behind these dams. The dams are immediately downstream of past discharges by the
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City of Cloquet, the Potlatch Papermill, and U.S. Gypsum. The waste water from these
discharges were combined and routed to WLSSD during 1979.
Surficial sediment samples in these reservoirs have shown detectable amounts of 2,3,7,8-TCDD,
PCBs, and mercury (MPCA/WDNR, 1992). Fish populations were adversely affected by poor
water quality prior to the implementation of the WLSSD treatment plant (MPCA/WDNR, 1992).
The fish community is currently in a phase of recovery from degraded water quality. Limited
fish contaminant work in the past has shown PCB and mercury contamination, but no detectable
amounts of 2,3,7,8-TCDD. Fish from the downstream St. Louis River AOC have shown 2,3,7,8TCDD, PCB, and mercury levels above those recommended for unlimited consumption; thus,
these fisheries are listed in the Minnesota Fish Consumption Advisory [Minnesota Department of
Health (MDH), 1992]. While the presence of other contaminants may be of concern for
ecological and human health impacts, the priority of the Remedial Action Plan (RAP) Citizen's
Advisory Committee was to address mercury, PCBs, and 2,3,7,8-TCDD contamination, which
were believed to be of greatest risk to human and ecological health.
The MPCA conducted a preliminary assessment of contamination in the reservoirs during June,
1992 and August, 1993. The project boundaries were the sediments contained within the
reservoirs above the Thomson, Forbay, and Fond du Lac dams on the lower St. Louis River,
downstream of Cloquet, MN. These reservoirs were selected because they were downstream of
all known past sources and had depositional zones of soft sediment. This project was limited in
scope in that only one sediment core was collected from each reservoir, and fish sampling was
limited to a three day period. Ten-day sediment toxicity tests with the amphipod, Hyalella
azteca, were conducted using sediment cores collected in August, 1993; these tests were
designed to assess toxicity to the most contaminated sections of the cores.
1.3 PROJECT OBJECTIVES
The primary objectives of this investigation were to:
•

Quantify the concentrations of 2,3,7,8-TCDD, PCB, and mercury in sediment cores
collected from depositional zones of the Thomson, Forbay, and Fond du Lac Reservoirs,
and in fish tissue collected from these reservoirs.

•

Assess the presence of acutely toxic contaminants in the sediments by conducting toxicity
tests with Hyalella azteca.
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•

Determine, if possible, potentially responsible parties by using historical information
about former discharges above the study sites.
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SECTION 2
SITE CHARACTERIZATION

2.1 PHYSICAL SETTING
The Thomson, Forbay, and Fond du Lac dams were constructed by Minnesota Power for
hydroelectric power. The Thomson Development was constructed in 1908 and consists of 25
earthen or concrete dam structures tied into native bedrock (MPCA/WDNR, 1992). The Fond du
Lac dam was constructed in 1924. Under normal flow conditions, the majority of water through
Thomson Reservoir passes through sluiceways of the upper gatehouse near Dams 11 and 11-1/2
to Forbay Channel and Reservoir, which represents a diversion from the original river channel.
Water then enters the lower gatehouse at the outlet of Forbay Reservoir, where it is diverted
underground to Thomson Powerhouse at the mouth of the Fond du Lac Reservoir. In addition to
receiving primary flow from the Thomson Powerhouse via Forbay Reservoir, the Fond du Lac
Reservoir receives additional input from the former St. Louis River channel via Jay Cooke State
Park. The St. Louis River widens into a freshwater estuary below the Fond du Lac Dam; this
estuary joins Lake Superior at the Duluth and Superior entries after more than 10 river miles of
estuary and harbor (Figure 1-1). Additional detail on the hydraulics and engineering aspects of
all three reservoirs is provided in Appendices A and B.
Maximum streamflow in the St. Louis River normally occurs during spring snowmelt
(MPCA/WDNR, 1992). During high flow periods, a majority of water flow into Fond du Lac
comes from the original river channel. Periods of low flow generally occur in late summer or
late winter. During normal flows, Thomson Reservoir consists of waters contained within the
489-foot contour line (Figure 2-1); Forbay Lake consists of waters within the 472-foot contour
line (Figure 2-2); and for Fond du Lac, within the 102.5-foot contour line (Figure 2-3).
Additional information on the hydrology and geological setting of this portion of the St. Louis
River is provided in the Stage I RAP document (MPCA/WDNR, 1992).
Aquatic biota are limited in their transport through the reservoir system. For example, fish may
travel from Thomson Reservoir to Forbay and Fond du Lac Reservoirs, and from Forbay to Fond
du Lac Reservoir, although the reverse is not possible. The amount of fish and sediment
transport downstream from Thomson Reservoir is not known. Sediments may be resuspended
from pool areas during high flow events or by dam operations designed to draw down the water

Page 8

level in the reservoirs. In addition, sediments may be resuspended by any future dredging to
increase the storage capacity of the dam pools. Resuspended sediments may be transported
downstream, a portion of which will settle out in slack water areas of the estuary and harbor.
2.2 SOURCES OF CONTAMINATION
2.2.1 Point Source Dischargers
General information on historical and current effluent dischargers to the study area can be found
in the Stage I St. Louis River RAP document (MPCA/WDNR, 1992). Historical dischargers
include the following companies and municipalities: Conwed Corporation [now U.S. Gypsum
(USG)], American Cyanamid Co., Potlatch (Northwest Paper Corporation), Wood Conversion
Co., Diamond National Corp., City of Cloquet, and City of Scanlon. The aforementioned
dischargers emitted effluent directly into the St. Louis River above Thomson Reservoir prior to
routing effluent to WLSSD in 1979. Of these industries, a limited amount of historical,
contaminant data were available for Conwed and Potlatch. Wrenshall Refinery was also of
interest, but contaminant data were not available for this industry. A brief summary of the
operations at Conwed, Potlatch, and Wrenshall is given below, and more detailed historical
discharge information is given in Appendices C and D.
The Conwed facility was engaged in the manufacture of acoustical tile and TuflexR, a felt-like
substance used as a cushioning material in automobile dashboards, shoes, etc (Figure 2-4). The
past chemical constituents of the waste streams from Conwed are not known; however, analytical
data were obtained in 1975 and again in 1977 for several compounds, including lead, copper,
cadmium, nickel, zinc, and phenols (Table 2-1). A small amount of mercury was emitted in the
process water in 1977, and PCBs and dioxins were not measured in either the cooling water or
process water.
The Northwest Paper Division of Potlatch Corporation has been in operation since about 1928;
the plant is located approximately 0.5 mile downstream of the City of Cloquet (Figure 2-5). This
facility discharged process wastewater into the St. Louis River for approximately 50 years.
Initial wastewater treatment included a lime sludge lagoon for the treatment of wood digestion
waste, and a mechanical primary clarifier, for the treatment of wastewater from milling
operations. The U.S. EPA analyzed Potlatch effluent from Outfalls 006 and 007 in 1975 and
1977 for heavy metals and phenols (Table 2-2). The 1975 measurements showed that copper,
zinc, nickel, and phenols were elevated (compared to current state water quality criteria),
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especially in Outfall 006. In 1977, zinc, mercury and phenols were elevated in the plant effluent,
and aluminum and phenols in the lagoon effluent. These results represent a "snapshot in time"
and only provide a qualitative indication of the types of chemicals Potlatch discharged to the St.
Louis River.
Measurements of 2,3,7,8-TCDD and PCB were not made in Potlatch effluent during the period
of direct discharge into the St. Louis River. Due to increasing concerns over dioxin
contamination in the St. Louis River, determinations of 2,3,7,8-TCDD were made in 1987 in
Potlatch effluent discharged to WLSSD, on sludge within the Potlatch landfill, and in WLSSD
influent and sludge (Table 2-3; Poe, 1989). Examination of these levels can provide an
indication of pre-1979 discharge into the St. Louis River. 2,3,7,8-TCDD concentrations in the
Potlatch effluent and WLSSD influent are reported as suspended solids (on a dry weight basis);
sludge concentrations for both locations are reported on a dry-weight solids basis as well. The
concentration of 2,3,7,8-TCDD in suspended solids from WLSSD influent (260 ng/kg) was
approximately one-half that in suspended solids from Potlatch effluent (620 ng/kg). This
corresponds well to estimates that Potlatch effluent comprises nearly half the inflow into WLSSD
(J. Stollenwerk, MPCA Regional Water Quality Specialist, personal communication).
Concentrations in the Potlatch landfill sludge and WLSSD sludge (post-secondary treatment
settleable solids) were 34 ng/kg and 52 ng/kg, respectively (Table 2-3).
Between Thomson and Fond du Lac Reservoirs, Continental Oil's (Conoco) Wrenshall refinery
operated from 1953-1981, and discharged primary-treated cooling and boiler blowdown water
into Silver Creek via a ravine. This discharge potentially affected the Fond du Lac Reservoir (but
not Thomson and Forbay Reservoirs) until 1979, when the effluent was re-routed to WLSSD. It
is not known whether the former discharges from this industry have been monitored for PCBs,
mercury, or 2,3,7,8-TCDD.
2.2.2 Nonpoint Sources
As discussed in the Stage One RAP (MPCA/WDNR, 1992), contaminants may arise from the
following nonpoint sources: landfills/hazardous waste sites, agricultural/forestry runoff,
stormwater discharge, unsewered communities, recreational and commercial activity, spills, and
atmospheric deposition. For the system of reservoirs included in this study, detailed information
about nonpoint sources was not available. However, several active or former landfills exist along
the banks of the St. Louis River upstream of Fond du Lac dam which could contribute
contaminants to the reservoirs. The Conwed (USG) landfill, located just east of the USG
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buildings (Figure 2-6), formerly was used to store solid product waste; it currently is operating
under a Minnesota solid waste permit. Current usage amounts to approximately one truckload
per day (Dan Logelin, MPCA Regional Solid Waste Specialist, personal communication). The
potential for leachate seeps to occur from this landfill into the river are not known.
Potlatch has historically operated a landfill adjacent to their facility along the shore of the St.
Louis River (Figure 2-5). During a permit expansion request by Potlatch, an environmental
impact statement was conducted, which considered the effects of expansion of the current
landfill. Seeps were discovered from the landfill into the river in 1987. In July of 1987, Potlatch
sampled three of the leachate seeps for volatile organic compounds (VOCs). Two of the seeps
contained low levels of styrene, toluene, benzene, 1,1 dichloroethene and 1,1,2
trichlorotrifluoroethane; no compounds were detected in the third seep. Dioxin analyses were
requested by MPCA after discovery of the VOCs, due to the fact that dioxin-containing sludges
had been landfilled there in the past. Levels of 2,3,7,8-TCDD in Potlatch effluent and landfill
sludge, and WLSSD influent and sludge are given in Table 2-3. It appears that dioxins in
Potlatch effluent contributed a substantial proportion of the dioxins received at WLSSD.
A remedial investigation report was completed by Potlatch's consultant (Barr Engineering, 1994)
to: characterize, determine the extent, and evaluate environmental impacts of contaminants
released from the old, unlined portions of the Potlatch Industrial landfill. This investigation was
required as Part 6 of the July 22, 1992 Industrial Solid Waste Land Disposal Facility permit to
Potlatch. Barr Engineering (1994) determined that any water that left the landfill, and was not
lost to evapotranspiration or sampling, entered the St. Louis River. They also determined that the
landfill did not currently impact the St. Louis River.
2.3 HISTORICAL CONTAMINANT DATA
In general, sediment monitoring was not done for the stretch of river from Hoyt Lakes to Fond du
Lac prior to the 1970s. A fairly comprehensive sediment survey was performed by the MPCA in
1980, assessing contamination due to mercury, other heavy metals, PAHs, and pentachlorophenol
(PCP) in the sediments of the St. Louis River at approximately 20 sites from Hoyt Lakes
(approximately 120 river miles upstream of the Lake Superior entry) to the Duluth and Superior
Harbors (24 river miles downstream of the Cloquet Reservoirs). No report was prepared for the
data; however, original data and laboratory sheets were consulted to summarize the data for
inclusion in this synopsis.
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2.3.1 Sediment Contamination
2.3.1.1 Mercury
The earliest report of mercury concentrations in the Cloquet area of the St. Louis River was a
1970 survey performed by the Federal Water Quality Association (Appendix D). Mercury was
detected at very high levels in the sediments at Conwed (66 mg/kg, Table 2-4). Mercury was
also detected at high levels (15 mg/kg) in sediments downstream from Conwed, at Minnesota
Highway 33 in Cloquet (Knife Falls Reservoir). No other dischargers were known to exist
between Conwed and Highway 33 (Figure 2-4). The source of the extremely high mercury levels
in the sediments is not known. It is also possible that mercury discharged by Conwed during the
period prior to the 1970 sediment survey was much higher than levels measured during the 1977
compliance monitoring effluent survey (0.3 mg/L). Mercury was also detected in sediments
downstream of the Potlatch effluent discharge during the 1970 survey (2.0 mg/kg). While this
level is much lower than mercury concentrations downstream of the Conwed discharge, it is
higher than the concentrations detected in cleaner rivers such as the Upper Mississippi and St.
Croix Rivers (<0.2-1.4 mg/kg). The degree of quality assurance/quality control (QA/QC)
attached to these values is not known. However, sample holding times for the mercury analyses
appeared to be within current QA/QC limits.
Mercury data were obtained during the 1980 comprehensive sediment survey performed by the
MPCA, at sites ranging from Hoyt Lakes to Silver Creek (which contained discharges from the
Wrenshall Refinery, and flows into the St. Louis River at Jay Cooke State Park). Fond du Lac
dam was not included in this survey. Mercury was detected at very low levels in sediments near
Hoyt Lakes, Minnesota (MN) Highway (Hwy) 33, and Silver Creek (0.06, 0.06, and 0.08 mg/kg,
respectively). Mercury was highest during this survey at Scanlon dam (0.28 mg/kg), and was
present at intermediate concentrations (0.11-0.16 mg/kg) in sediments from the Knife Falls Dam,
Thomson Reservoir, and Jay Cooke State Park. No QA/QC data could be found for these
measurements.
Mercury was measured in sediments from Thomson, Forbay, and Fond du Lac Reservoirs in
1988 (Glass et al., 1989). The data reported in Glass et al. (1989) adhered to fairly rigorous
QA/QC, which was at least as strict as for this study. Sediment concentrations ranged from
0.023 mg/kg at MN Hwy 33 to 0.962 mg/kg at Thomson Dam. Concentrations of mercury were
generally higher at Thomson and Fond du Lac Dams than in the corresponding reservoirs. This
relationship was especially pronounced for Thomson Dam, and could be due to a few different
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scenarios: 1) buried, more-contaminated sediments at the dam face may be continually reexposed and suspended, or 2) upstream sources of mercury are being deposited at the dam. A
mini-mass balance study of mercury would be helpful to determine the loadings of mercury into
and out of the reservoir system.
Comparisons of the 1989 data with the 1980 and 1970 data suggest that concentrations of
mercury have decreased in sediments near the Potlatch, USG, and MN Hwy 33 areas. Assuming
that the differences in sediment chemistry are not due solely to analytical or sampling artifacts
(e.g., sample contamination or field variability), then the following scenario may account for the
vast differences in the mercury levels at these time periods: highly contaminated sediments were
buried with cleaner sediments following the re-routing of effluent from Conwed and Potlatch
facilities to WLSSD in 1979. This scenario is supported by the following information. The
reservoirs upstream of Scanlon Dam apparently have very high flow rates and low water
residence times, increasing the possibility of downstream sediment transport. There have been a
large number of high water occurrences in the area of the St. Louis River near USG. This
information, obtained from the permit records kept by Conwed for that time period, suggests that
frequent resuspension events occur in that portion of the river. The Thomson and Fond du Lac
Reservoirs have greater surface areas, greater water column depth, and longer sediment settling
times, making sediment deposition much more likely in these reservoirs. MPCA staff, when
scouting appropriate depositional locations for this study, were unable to locate deep sediments
in the Knife Falls and Scanlon areas, suggesting this area is a net erosional zone. The findings
that buried sediments in the latter three reservoirs contained elevated levels of mercury also
support this scenario.
2.3.1.2 PCBs
Total PCBs were measured along the Cloquet portion of the St. Louis River during the MPCA
1980 sediment survey (Table 2-5). PCBs were undetected at several of the locations (Hoyt
Lakes, Knife Falls, Silver Creek, and Jay Cooke State Park), and at low levels (26 µg/kg) at MN
Hwy 33. Concentrations were highest at Scanlon and Thomson Reservoir (240 and 120 µg/kg,
respectively). Because no information has been found concerning PCB discharges from either of
the two largest industries upstream of the Thomson Reservoir, the potential sources of these PCB
levels could not be determined. No QA/QC information could be obtained for these
measurements.
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2.3.1.3 TCDD
Dioxin was measured in sediments in the Cloquet area in 1987 and 1988 (Table 2-6; Poe, 1989),
and was detected in three areas: Knife Falls Dam, Thomson Reservoir, and Fond du Lac
Reservoir (1.9, 3.4, and 2.7 ng/kg, respectively). Given the data on TCDD levels in the Potlatch
effluent (Table 2-3), Potlatch's former discharge to the St. Louis River was a potential source of
contaminants into the river and for Scanlon, Thomson, and Fond du Lac Reservoirs. The source
of TCDD into Knife Falls Reservoir is not known; however, one possibility is atmospheric
discharges from Potlatch's air stacks, which could affect sediment concentrations upstream of the
former aqueous discharge. Boiler sludge known to contain TCDD (Table 2-3) is incinerated onsite; this could be a potential source of TCDD to sediments via atmospheric deposition. ENSR
(1991) acknowledged that atmospheric discharge of pollutants from Potlatch could affect
watersheds surrounding the plant. ENSR's report calculated the predicted concentrations of
TCDD and other airborne contaminants in Thomson Reservoir, as well as a small pond and
wetland area in the vicinity of the area thought to have maximum exposure risk through
atmospheric deposition. Predicted concentrations of TCDD, as for other contaminants, were
derived for the Thomson Reservoir water column (ENSR, 1991). However, highly hydrophobic
compounds, such as TCDD, would tend to strongly partition onto suspended particulate material,
some of which would settle out to the sediments.
2.3.2 Fish Tissue Data
Very little fish data were obtained prior to 1978. The preponderance of reliable data appears to
have been collected for mercury after the mid-1980s. An analysis of white sucker data for the
area near MN Hwy 33 illustrates the level of reduction following re-routing of point sources in
1979. Figure 2-7 shows fish tissue mercury levels in white sucker from 8-18 cm in length for
two years: 1975 and 1990. Fish tissue data were plotted for each year, and a logarithmic curve
was drawn to quantitate the relationship between mercury and fish length (as in Sorensen et al.,
1993). Concentrations of mercury interpolated from these equations were estimated for fish
normalized to 17 cm (following the convention of Sorensen et al., 1993). The interpolated
mercury concentrations were 0.53 mg/kg and 0.29 mg/kg, respectively, for the 1975 and 1990
fish. However, only 50% and 61% of the variation in mercury body burden was accounted for
by total length in the 1975 and 1990 white sucker samples, respectively. In addition, the quality
of the data for the fish collected in 1975 was not known, and most fish from both sampling years
comprised a narrow band of fish lengths (i.e., mostly 14-18 cm). Although a general decrease in
contaminant burdens was observed in the fish collected in 1990, it is unclear as to whether this
trend was real or a function of the smaller sample size (6 data points as opposed to 15 data points
used in the 1975 regression equation).
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A more detailed fish sampling effort of a wider range of age classes and lengths of white sucker
would be needed to quantify contaminant burdens in these fish over time. Other existing fish
tissue data for this portion of the St. Louis River are summarized in Table 2-7.

Page 22

Table 2-1. Analytical chemistry results for Conwed discharges to the St. Louis River, samples
collected August 2, 1975 and November 9, 1977. Contaminants of concern are in bold itallics.

Process water
concentration (µg/L)

1

Contact cooling water
concentration (µg/L)

Analyte

1975

1977

1975

1979

Mn
Pb
Fe
Cu
Cd
Ni
Zn
Hg
PCBs
Oil and Grease
Phenol

510
16
2900
35
<10
<10
100
NA
*
5.5
44

NA1
33
NA
146
12
<3
134
0.3
NA
NA
NA

53
<10
400
<10
<10
<10
<10
NA
*
<0.5
2.2

NA
18
NA
29
2
<3
157
<0.1
NA
NA
NA

NA, Not applicable. Measurement was not made during this survey.
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Table 2-2. Analytical chemistry results for Potlatch discharges to the St. Louis River, samples
collected September 30, 1975 and November 9, 1977. Contaminants of concern are in bold
itallics.

Outfall 006 (Mill discharge)
Analyte
Flow rate (MGD)
pH 3.7-6.7
Suspended solids (mg/L)
Dissolved solids (mg/L)
Al (µg/L)
Cd (µg/L)
Cr (µg/L)
Cu (µg/L)
Ni (µg/L)
Pb (µg/L)
Zn (µg/L)
Hg (µg/L)
Phenols (µg/L)
Oil & Grease (mg/L)
1

NA, Not analyzed

Outfall 007 (Lagoon discharge)

1975

1977

1975

1977

15.2
4.9-5.3
297
2093
4400
<10
<20
83.0
32.0
<40
310
0.1
720
8.0

12.57
7.4-8.8
104
1634
2930
5.0
12.0
31.0
8.0
<10
152
0.2
1180
NA1

0.6
10.3
49.0
1098
6900
<10
<20
41.0
35.0
<40
100
NA
740
5.0

0.43
64.0
3211
15000
<1.0
4.0
15.0
14.0
24.0
62.0
<0.1
1130
NA
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Table 2-3. TCDD levels in Potlatch effluent and landfill sludge, and WLSSD influent and
sludge.

Sample type

Measurement basis

TCDD concentration (ng/kg)

Date

Potlatch discharge

Suspended solids, dry wt.

620

1987

Potlatch sludge

Sediment, dry wt.

34

1987

WLSSD influent

Suspended solids, dry wt.

260

1987

WLSSD sludge

Sediment, dry wt.

52

1987
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Table 2-4. Existing mercury data for sediments of the St. Louis River (Cloquet to Fond du Lac).
All concentrations reported as dry weights.

Sampling location

Concentration

Date

Reference

Below Potlatch Outfall
(Scanlon Reservoir)

2.0 mg/kg

1970

NFIC1, 1970

Below USG (formerly
Conwed) Outfall

15 mg/kg

1970

NFIC, 1970

St. Louis River at USG

66 mg/kg

1970

NFIC, 1970

Hoyt Lakes to Fond du Lac

See Section 2.3.1.1

1980

MPCA sed. survey

@ USG

0.059-0.117 mg/kg

1988

Glass et al., 1989

@ MN Hwy 33

0.023-0.038 mg/kg

1988

Glass et al., 1989

@ Potlatch Dam

0.040-0.161 mg/kg

1988

Glass et al., 1989

@ Scanlon Dam

0.060-0.484 mg/kg

1989

Glass et al., 1989

@ Thomson Dam

0.861-0.962 mg/kg

1988

Glass et al., 1989

@ Thomson Reservoir

0.112-0.134 mg/kg

1988

Glass et al., 1989

@ Fond du Lac Dam

0.052-0.211 mg/kg

1988

Glass et al., 1989

@ Forbay Reservoir

0.094-0.121 mg/kg

1988

Glass et al., 1989

1

National Field Investigations Center (NFIC)
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Table 2-5. Existing PCB data for sediments of the St. Louis River (Cloquet to Fond du Lac).

Sampling location

Concentration (µg/kg)

Date

Reference

<2.1

1980

MPCA, 1980

26

1980

MPCA, 1980

St. Louis River, Knife Falls

<2.0

1980

MPCA, 1980

St. Louis River, Scanlon Dam

240

1980

MPCA, 1980

Thomson Reservoir

120

1980

MPCA, 1980

Silver Creek at Jay Cooke
State Park

<1.3

1980

MPCA, 1980

St. Louis River at Jay Cooke
State Park

<1.7

1980

MPCA, 1980

St. Louis R., Hoyt Lakes
St. Louis R., Cloquet
(MN Hwy 33)
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Table 2-6. Existing TCDD data for sediments of the St. Louis River (Cloquet to Fond du Lac).
All measurements reported as dry weight concentrations.

Sampling location

Concentration (ng/kg)

Date

Reference

ND1 (<1.0)

1987

Poe, 1989

1.9

1988

Poe, 1989

St. Louis River, Potlatch Res.

ND (<1.1)

1987

Poe, 1989

St. Louis River, Scanlon Res.

ND (<1.2)

1987

Poe, 1989

Thomson Dam

3.4

1988

Poe, 1989

Fond du Lac Dam

2.7

1988

Poe, 1989

St. Louis River, Cloquet
St. Louis River, Knife Falls

1

ND, Not detected. Method detection limit is in parenthesis.
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Table 2-7. Existing data for fish tissue from the Thomson, Forbay, and Fond du Lac Reservoirs.

Sampling location

Compound

Concentration

Date

Species

n

TCDD
PCB
PCB
Hg
Hg
Hg

NQ1 (0.7 ng/kg)
ND2 (0.01 mg/kg)
0.13 mg/kg
0.19-0.28 mg/kg5
0.14 mg/kg
0.39 mg/kg

1986
1978
1978
1978
1978
1979

Northern Pike, F3
Northern Pike, whole
Channel Catfish, whole
Northern Pike, whole
Channel Catfish, whole
Walleye

1
1
1
1
1
1

St. Louis River,
Cloquet (Hwy 33)

Hg
PCB
Hg
Hg
Hg
Hg
Hg

0.45 mg/kg
ND (0.05 mg/kg)
0.27 mg/kg
0.22 mg/kg
0.28 mg/kg
0.40 mg/kg
0.38 mg/kg

1975
1988
1990
1990
1990
1990
1990

White Sucker, plug
White Sucker, SKF4
White Sucker, SKF
Smallmouth Bass, SKF
Northern Pike, SKF
Channel Catfish, F
Walleye, SKF

15
1
6
2
3
27
14

Knife Falls Dam

PCB
PCB

ND (0.05 mg/kg)
ND (0.05 mg/kg)

1986
1986

Northern Pike, SKF
Walleye, SKF

1
1

St. Louis River,
Brookston
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Table 2-7. Continued.

Sampling location
Scanlon Dam
Sorensen et al., 1992
Thomson Reservoir

Glass et al., 1989
Glass et al., 1989
Sorensen et al., 1992
Sorensen et al., 1992
Sorensen et al., 1992
Sorensen et al., 1992

Compound

Concentration

Date

Species

n

PCB
Hg
Hg
TCDD
TCDD
TCDD
TCDD
TCDD
PCB
PCB
PCB
Hg
Hg
Hg
Hg
Hg
Hg
Hg
Hg

1.5 mg/kg
0.556 mg/kg
0.75 mg/kg
ND (5.0 pg/g)
ND (2.4 pg/g)
ND (1.5 pg/g)
ND (1.2 pg/g)
ND (0.5 pg/g)
ND (0.05 mg/kg)
ND (0.05 mg/kg)
ND (0.05 mg/kg)
0.98 mg/kg
0.18 mg/kg
0.28 mg/kg
0.33 mg/kg
1.088 mg/kg
0.236 mg/kg
0.385 mg/kg
0.265 mg/kg

1983
1991
1972
1988
1988
1988
1988
1988
1982
1988
1988
1982
1988
1988
1991
1991
1991
1991
1991

Carp, SKF
Channel Catfish, F plug
Walleye, Plug
White Sucker, SKF
White Sucker, whole
White Sucker, F
Walleye, whole
Walleye, F
White Sucker, SKF
White Sucker, SKF
Walleye, SKF
White Sucker, SKF
White Sucker, SKF
Walleye, SKF
Walleye, SKF
Channel Catfish, F plug
Northern Pike, F plug
Smallmouth Bass, F plug
Walleye, F plug

1
5
1
1
1
1
1
1
1
1
1
1
1
1
10
1
5
14
12

Page 30

Table 2-7. Continued.

Sampling location
Fond du Lac Reservoir
Sorensen et al., 1992
Sorensen et al., 1992
Sorensen et al., 1992
Sorensen et al., 1992

1

Compound

Concentration

Date

Species

n

Hg
Hg
Hg
Hg

0.458 mg/kg
0.468 mg/kg
0.416 mg/kg
0.289 mg/kg

1991
1991
1991
1991

Channel Catfish, F plug
Northern Pike, F plug
Smallmouth Bass, F plug
Walleye, F plug

13
4
15
5

NQ, Non-quantifiable. Peaks with appropriate retention time were identified as corresponding to the range of ratios for a tetrachlorocompound, but at levels below the method quantitation limit.
2
ND, Not detected at the detection limit indicated in parenthesis.
3
F, Fillet (Skin-off)
4
SKF, Skin-on Fillet
5
0.19 mg/kg mercury represents one composite of three fish, whereas 0.28 mg/kg mercury represents a composite of the plugs
obtained from each fish.
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SECTION 3
FIELD SAMPLING PROCEDURES

3.1 FISH
During the week of June 22-25, 1992, gill nets were set in Thomson, Forbay, and Fond du Lac
Reservoirs, with the assistance of the Minnesota Department of Natural Resources (MDNR), to
trap fish for the tissue contaminant survey. Sampling personnel included Gerald Flom (MPCA)
and Pete Outstad (MDNR). Traps were checked and fish removed daily. The traps were
retrieved on June 25, 1992. Seventeen fish (two smallmouth bass, one channel catfish, four
northern pike, five walleye, and five white sucker) were retrieved from Thomson, and twenty fish
(five walleye, five channel catfish, five white sucker, and five rock bass) were caught in Fond du
Lac Reservoir. Fish were collected and processed as described in Section 4. The five rock bass
from Fond du Lac Reservoir were combined and homogenized together because their small size
would not allow individual fish analysis. No fish were found in the traps in Forbay Reservoir.
3.2 DEEP SEDIMENT CORES
Deep sediment cores were collected from June 23-24, 1992. One sediment core was collected
each from Thomson, Forbay, and Fond du Lac Reservoirs. Sediment sampling personnel
included Dan Helwig and Harold Wiegner from the MPCA, and Dan Engstrom from the
University of Minnesota Limnological Research Center.
Sites were selected and located using current bathymetric maps in conjunction with a depth meter
and visual fixes on the shoreline. The objective of the initial scouting was to identify an area in
each reservoir, near the deepest water, with a low angle of sediment repose. These sites should
have had the most inclusive and historically accurate sediment deposition. The sites are depicted
in Figures 2-1 (Thomson Reservoir), 2-2 (Forbay Reservoir), and 2-3 (Fond du Lac Reservoir).
The Thomson Reservoir site was located just outside the former (pre-impoundment) main
channel of the river. In Fond du Lac Reservoir, the core was collected outside the main channel,
but in the main portion of the entire reservoir. The core from Forbay Reservoir was collected
centrally in the widest area of the channel.
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At each chosen site, two flat-bottomed boats were arranged catamaran-style with a separation
distance of 0.3 m; the boats were moored using three anchors. A Secchi disk was used for an
accurate measure of the water depth. Deep core sampling was accomplished by using a piston
corer inside a casing. The casing, assembled from various lengths of 10-cm diameter irrigation
pipe, was lowered into the water so that the casing penetrated the sediment and extended above
the water by approximately 0.5 m. The casing permitted sampling of progressively deeper
sediments in the same hole, which eliminated overlapping cores, and increased coring resistance
and other problems associated with other methods. After setting the casing in place, a 2 meterby-5 cm clear polycarbonate piston corer was then lowered inside the casing, and successive
lengths of 3 m drive rod were added until a tape mark on the last rod was even with the top of the
casing. The tape mark was at a point calculated to place the bottom of the piston (at the bottom
of the corer) approximately 20 cm off the bottom. This ensured that the sediment-water interface
was included in the core. The advancement of the core tube, while holding the piston stationary,
provided a displaced volume for the sediment core to enter with minimal compressive distortion.
Sampling personnel were able to stand directly over the drive rod and exert maximum effort.
With each core sample drive, one-meter intervals of sediment were collected. Coring continued
until the core could not be advanced. This point of refusal should be at, or close to, the bedrock
in these reservoirs. The core sample was retrieved by clamping the piston cable to the drive rod
and the entire corer was brought to the surface, disassembling the drive rods as they came up.
The sample was visually inspected and measured to record the length retrieved. A tape seal was
removed from one hole in a series of taped holes along the core tube, which was just above the
top of the sediment. This permitted the water to drain off and the air pressure to equalize so that
the piston could be removed. An extruding piston was then inserted in the bottom of the core
tube.
The core tube was placed into a vertical calibrated extrusion apparatus; this enabled the sediment
to be pushed out of the top of the core tube, in section lengths adjustable in multiples of one
centimeter. A plexiglass collar was affixed to the top of the core tube to catch the unconsolidated
surface sediments and dispense them into sample containers. When the sediments were
sufficiently consolidated to retain their shape, the collar was detached, and the core tube was
removed from the extrusion apparatus. The core was then placed horizontally onto a clean foilcovered platform, and the remaining sediment were extruded onto this platform. The core was
rolled up in the foil, numbered, and the top and bottom labeled.
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The core driving and retrieving were repeated inside the casing until the point of refusal was
reached. As sediment consolidation increased, driving became more difficult. Pipe wrenches
were then used on the drive rod to obtain better leverage. The use of the plastic extruding collar
was only necessary on the first (surficial) core.
The unsectioned sediment cores were stored in specially designed core-holding boxes and were
transported on ice back to the laboratory, where they were refrigerated. Once in the lab, the cores
were sectioned within two weeks of collection, described, subsampled and either frozen or dried
for the various analytical procedures (see Sections 4-1 to 4-4).
3.3 SHORT CORES FOR TOXICITY TESTS
Sediment cores were collected on August 5, 1993 for use in sediment toxicity tests. Sampling
personnel on that date were Harold Wiegner and Mary Schubauer-Berigan of the MPCA. A
small, 14 ft boat, double-anchored, was used to collect the cores. Cores were collected from each
of the three reservoirs at locations which closely approximated the previous year's deep-core
sampling. Because the depths of the most heavily-contaminated sediments were already known
by studying the analytical results from the previous year's sampling, attempts were made to
sample sediments from the surface to approximately halfway down the maximum depth of the
core. Surficial sediments were collected from each reservoir using a small, modified Hongvetype gravity corer. Deeper samples were collected using a stainless steel Livingston piston corer
and drive rods as described in Section 4.2. The maximum sampling depth (water + sediment)
was 30 feet. This limitation proved to be a problem in the Fond du Lac Reservoir. Because the
water depth at this collection site was approximately 25 feet, the maximum attainable sediment
depth was 1.4 m, which was less than half of the previous core depth. However, at both Forbay
and Thomson Reservoirs, cores were retrievable to depths approximately one-half that obtained
in the previous summer's work.
The surficial sediment samples from each reservoir were extruded into sample jars after draining
the overlying water. In addition to the surface sample in each reservoir, two samples from
Thomson and one sample each from Forbay and Fond du Lac Reservoirs were collected. The
additional samples from Forbay and Fond du Lac Reservoirs were taken from the bottom 20 cm
of the piston core sampler (approximately 1.0 and 1.4 m, respectively). The additional samples
from Thomson Reservoir were collected from the bottom 20 cm of the piston corer (about 1.5
m), and the middle 20 cm (roughly 0.75 m). Approximately 300 mL wet volume was needed per
sample for the toxicity tests; therefore, a 500-mL jar was filled for each sample collected.
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Samples were placed in a cooler on ice and transported to the toxicity testing facility (AScI
Corporation, Duluth Environmental Testing Division) on the same day.
3.4 SAMPLE CUSTODY
Homogenized fish tissue samples were split and delivered to the appropriate laboratory for
analysis during the first week of July, 1992. Because the University of Minnesota-Duluth
(UMD) Chemical Toxicology Research Center (CTRC) laboratory required large tissue mass for
the analyses, fish from each species (northern pike, white sucker channel catfish and/or walleye)
within a given reservoir were combined for dioxin analysis. The status of each fish tissue analyte
(and source for funding) is outlined in Table 3-1. In summary, 17 fish tissue PCB and mercury
analyses were performed in Thomson Reservoir, and 16 PCB and mercury analyses were
completed in Fond du Lac Reservoir. Three samples from each reservoir were analyzed for
2,3,7,8-TCDD. All analyses were performed according to methods identified in Sections 4.1.1,
4.2, and 5.1. All data quality objectives and quality assurance (QA) objectives were followed for
these analyses as outlined in the Quality Assurance Project Plan (QAPP) for this investigation
(MPCA, 1993). Of these analyses, only 2,3,7,8-TCDD was charged to the EPA grant. As stated
in the original project budget, the MPCA provided funding for the remainder of the fish tissue
analyses.
Sediments from the deep cores were delivered to the UMD CTRC laboratory for dioxin and PCB
Aroclor analysis, and to the U.S. EPA Environmental Research Laboratory-Duluth (ERL-D) for
mercury measurements in July 1992. The dates of sample analysis are shown in Table 3-2.
Sediments from all three reservoirs were analyzed for 137Cesium (Cs), 2,3,7,8-TCDD, PCBs, and
mercury, according to methods identified in Sections 4.1.2, 4.2, and 5.2, and using the internal
QC checks described in Section 7 of the QAPP (MPCA, 1993). All data quality objectives and
QA objectives were followed for these analyses as outlined in Sections 3.1 and 3.3 of the QAPP
(MPCA, 1993). Short core sediments for the toxicity tests were delivered to the testing facility
(AScI Corporation) within 8 hours of collection; tests were then initiated within one week, using
the methods described in Section 4.3.
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Table 3-1. Sample analysis dates for fish tissue and water column samples from Thomson and Fond du Lac Reservoirs.

Number
of Samples

Analyte

Laboratory

Date Collected

Date of Analysis

Charged
to EPA grant

Thomson

17
3
17

PCBs
TCDD
Hg

MDH
CTRC
MDH

6/25/92
6/25/92
6/25/92

10/14 & 11/12/92
9/1/92
10/9/92

No
Yes
No

Fond Du Lac

161
3
161

PCBs
TCDD
Hg

MDH
CTRC
MDH

6/25/92
6/25/92
6/25/92

11/19/92
9/1/92
11/19/92

No
Yes
No

16
16
16
16
16
16
16
16

TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS

MDH
MDH
MDH
MDH
MDH
MDH
MDH
MDH

6/23-10/20/92
6/23-10/20/92
6/23-10/20/92
6/23-10/20/92
6/23-10/20/92
6/23-10/20/92
6/23-10/20/92
6/23-10/20/92

6/30-10/27/92
6/30-10/27/92
6/30-10/27/92
6/30-10/27/92
6/30-10/27/92
6/30-10/27/92
6/30-10/27/92
6/30-10/27/92

No
No
No
No
No
No
No
No

Site
Fish tissue

Water column
U.S. Hwy 33
Above Thomson Dam
Above Forbay Dam
Powerhouse
Above Fond du Lac dam
U.S. Hwy 23
State Hwy 39
Bong Bridge
1

20 fish were caught, but the 5 rock bass were composited to obtain sufficient mass for analysis. Thus, only 16 fish were analyzed
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Table 3-2. Sample analysis dates for sediments from Thomson, Forbay, and Fond du Lac Reservoirs.

Number
of Samples

Analyte

Laboratory

Date Collected

Thomson long core

9
8
44
9

PCBs
TCDD
Hg
137
Cs

CTRC
CTRC
UMD/ERL-D
St. Johns

6/23/92
6/23/92
6/23/92
6/23/92

10/19/92
1/17/92
by 11/92
7/92

Yes
Yes
No
No

Thomson short core

3

Toxicity

AScI

8/5/93

8/10/93

Yes

Fond du Lac long core

8
6
58
14

PCBs
TCDD
Hg
137
Cs

CTRC
CTRC
UMD/ERL-D
St. Johns

6/24/92
6/24/92
6/24/92
6/24/92

7/26/93
9/7/93
by 1/93
7/92

Yes
Yes
No
No

Fond du Lac short core

2

Toxicity

AScI

8/5/93

8/10/93

Yes

Forbay long core

5
4
44
10

PCBs
TCDD
Hg
137
Cs

CTRC
CTRC
UMD/ERL-D
St. Johns

6/24/92
6/24/92
6/24/92
6/24/92

7/29/93
9/7/93
by 12/92
7/92

Yes
Yes
No
No

Forbay short core

2

Toxicity

AScI

8/5/93

8/10/93

Yes

Site

Charged
Date of Analysis to EPA grant
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SECTION 4
LABORATORY METHODS
4.1 FISH TISSUE AND SEDIMENT PROCESSING
4.1.1 Fish Tissue
After delivering fish samples to the MPCA tissue processing laboratory, fish were cut into fillets
under clean conditions using a pre-cleaned filleting knife, taking care not to contaminate the fish
fillets with any potentially contaminating substances. The skin-on fillets from each fish were
processed with a tissue grinder for physical reduction and homogenization. The samples were
then split for PCB, mercury, and 2,3,7,8-TCDD analysis. Because of large tissue requirements to
obtain the necessarily low detection limits for 2,3,7,8-TCDD, the splits for each of the
individuals within a species were combined and homogenized for that analyte. In addition, the
five rock bass collected from Fond du Lac Reservoir were combined during homogenization to
provide sufficient tissue for analysis.
4.1.2 Sediment
Once in the laboratory, the outer 2-4 mm of sediment were scraped from the sediment core, using
a pre-cleaned stainless steel spatula. All sections were then stored in pre-cleaned jars (Table 41). The samples were homogenized and split for the mercury, dioxin, PCB, and/or 137Cs
measurements within two weeks, and were then stored in the appropriate sample container prior
to delivery to the analytical lab (Table 4-1). All sediments were stored under refrigeration at 4°C
prior to analysis.
4.2 CHEMICAL ANALYTICAL METHODS
Tables 4-2 and 4-3 summarize the analytical methods used to measure 2,3,7,8-TCDD, PCBs
(Aroclors 1242, 1248, 1254, and 1260), mercury, and 137Cs, as well as total suspended solids
(TSS). Standard Operating Procedures (SOPs) for the analytical procedures for 2,3,7,8-TCDD,
PCB Aroclors, mercury (for the fish tissue matrix), 137Cs, and TSS are included in the QAPP
(MPCA, 1993).
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In summary, sediment and fish tissue measurements of 2,3,7,8-TCDD were performed according
to Method SW846 [high resolution gas chromatography (GC)/low resolution mass spectroscopy
(MS)], using acid/base, silver nitrate/silica gel, copper, alumina and carbon columns for cleanup
of sediments, and acid/base, alumina, and carbon columns for fish tissue residue cleanup. EPA
SW 846 Method 8081, using Florisil for cleanup, was used to measure PCB Aroclors in the
sediments by capillary column gas chromatography (GC) with electron capture detector (ECD).
PCBs in fish tissue were measured by GC/ECD, with Florisil cleanup. Mercury was measured in
sediments by EPA Method 245.5, and in fish tissue by cold-vapor atomic absorption
spectroscopy, using high-temperature acid digestion cleanup. Sediments were dried for PCB and
2,3,7,8-TCDD analyses, whereas mercury analyses were performed on wet sediments.
Sediment cores were analyzed for 137Cs as detailed in the QAPP (MPCA, 1993). 137Cs
concentrations corresponding to the dates 1954 and 1964, based on the initiation and peak,
respectively, in analyte concentrations were determined.
4.3 SEDIMENT TOXICITY TEST METHODS
Toxicity test methods for the freshwater amphipod, Hyalella azteca, are summarized in Table 42. The use of these organisms as a sensitive species for determining toxicity of freshwater
sediments has been approved by the American Society of Testing and Materials (ASTM)
(ASTM, 1992). The toxicity tests were conducted by AScI Corporation in accordance with the
ASTM methods. A permanent mini-diluter system, described in Benoit et al. (1993), was used in
the test set-up. The methods are described in more detail in the toxicity test report provided by
AScI Corporation (Appendix E). The acute (mortality) tests were conducted for 10 days, with an
assigned overlying water renewal schedule of four times per day. This schedule was sufficient to
maintain acceptable water quality without resuspending sediments within the test chamber
(Benoit et al., 1993). Methods for preparing glassware, food, reconstituted water; performing
reference toxicant and acute toxicity tests; and monitoring standard water quality parameters
during the toxicity tests are described in the QAPP (MPCA, 1993). The control sediment for the
toxicity tests was from West Bearskin Lake, a remote lake in northern Minnesota, known to be
isolated from point source discharges of contaminants. This sediment is used by researchers at
the U.S. EPA ERL-Duluth as a control sediment for bioaccumulation and toxicant exposures.
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Table 4-1. Sediment sample volume, container, and preservation requirements.

Analyte

Container type

Preservation

100 g

500 mL glass jar

Cool, 4°C

Mercury

5g

Whirlpak bag

Cool, 4°C

PCBs

10 g

60 mL glass jar

Cool, 4°C

2,3,7,8-TCDD

10 g

60 mL glass jar

Cool, 4°C

% moisture, LOI

10 g

Whirlpak bag

Cool, 4°C

137

Cs

40 g

polyethylene bag

Cool, 4°C

Toxicity

400 mL

500 mL glass jar

Cool, 4°C

Field collection

Amount required
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Table 4-2. Summary of analytical and toxicity test methods for sediment samples.
IDL1
ng/g

MDL2

Every 7
samples

1 pg/g

1.1 pg/g

Every 12
samples

Every 7
samples

10

10

3 pt. crv

Every 12
samples

Every 7
samples

10

10

50-120%

3 pt. crv

Every 12
samples

Every 7
samples

10

10

50-120%

3 pt. crv

Every 12
samples

Every 7
samples

10

10

75-125%

3 pt. crv

Every 20
samples

2 every 20
samples

12

12

85-115%

4 pt. crv

Every run

Every 10
samples

NA

NA

NaCl Ref.
toxicant test

NA

NA

W. Bearskin NA
control sed.

NA

Standard Method #
(description)

Sample cleanupAccuracy

initial

Calibration
ongoing
Blanks

SW846, HRGC/LRMS
Soxhlet extraction

acid/base, AgNO3/silica
gel, Cu, alumina, carbon

+50%

5 pt. crv

Every 7
samples

Aroclor 1242

EPA SW846--8081
(capillary column)

Florisil

50-120%

3 pt. crv

Aroclor 1248

EPA SW846--8081
(capillary column)

Florisil

50-120%

Aroclor 1254

EPA SW846--8081
(capillary column)

Florisil

Aroclor 1260

EPA SW846--8081
(capillary column)

Florisil

Mercury

EPA 245.5

137

NA3

Toxicity tests

ASTM E 1383

Analyte
2,3,7,8-TCDD

ng/g

PCBs

Cs

1

IDL, Instrument Detection Limit
MDL, Method Detection Limit
3
NA, Not Applicable
2

NA
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Table 4-3. Summary of standard fish tissue and water column analytical methods.

IDL1
ng/g

MDL2

Standard Method #
(description)

Sample cleanupAccuracy

initial

Calibration
ongoing
Blanks

SW846, HRGC/LRMS
Soxhlet extraction

acid/base, alumina
& carbon column

+ 50%

5 pt crv

Every 7
samples

Every 7
samples

0.5 pg/g 0.5 pg/g

Aroclor 1242

MDH3 440-C, GC/ECD

Florisil

50-120%

3 pt crv

Every 7 samp.

Ev. 7 samp.

1

25

Aroclor 1248

MDH 440-C, GC/ECD

Florisil

50-120%

3 pt crv

Every 7 samp.

Ev. 7 samp.

1

25

Aroclor 1254

MDH 440-C, GC/ECD

Florisil

50-120%

3 pt crv

Every 7 samp.

Ev. 7 samp.

1

25

Aroclor 1260

MDH 440-C, GC/ECD

Florisil

50-120%

3 pt crv

Every 7 samp.

Ev. 7 samp.

1

25

MDH 199, cold vapor
AA spectroscopy

hi-temp acid digestion

75-120%

5 pt crv

Every 10 samp. Ev. 10 samp 25

ASTM 209D

NA4

NA

NA

NA

Analyte

ng/g

Fish Tissue Residue
2,3,7,8-TCDD
PCBs

Mercury

25

Water
Total Susp. Seds.

1

IDL, Instrument Detection Limit
MDL, Method Detection Limit
3
MDH, Minnesota Department of Health
4
NA, Not Applicable
2

Ev. 9 samp.

.5 mg/L 0.5 mg/L
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SECTION 5
RESULTS AND DISCUSSION
5.1 FISH TISSUE
Table 5-1 contains summary information for the fish tissue data. In all, seventeen fish were
retrieved from the gill net in Thomson Reservoir (two smallmouth bass, one channel catfish, four
northern pike, five walleye pike, and five white sucker). Fish in Thomson Reservoir ranged in
length from 12.4 inches (smallmouth bass) to 22.3 inches (northern pike). Twenty fish were
retrieved from Fond du Lac Reservoir, including five channel catfish, five walleye, five white
sucker, and five rock bass. The rock bass were combined, homogenized and analyzed as a single
sample.
The fish tissue analytical data for mercury, PCBs, and 2,3,7,8-TCDD have been indicated with
appropriate flags for any relevant qualifiers to the data. Flags used include "U", signifying no
detectable level of the compound at the indicated detection limit, and "E" indicating acceptable
sample holding times were exceeded for the analyte. All the dioxin and PCB data exceeded the
allowable sample holding time; however, these hydrophobic organic compounds preferentially
partition into the lipids of fish. Any losses due to volatilization or absorption to the glass would
have been minimized at the 4°C storage temperature. In addition, the cool sample storage
temperature would have slowed any microbial degradation of these compounds.
PCB concentrations in fish from Thomson Reservoir were generally undetected at a detection
limit of 25 µg/kg. Detectable concentrations of PCBs were found in one of the smallmouth bass
tested (28 µg/kg) and the single channel catfish tested (56 µg/kg). No PCBs were detected in the
walleye, northern pike, or white sucker tested from Thomson Reservoir. PCBs were detected in
three of the five channel catfish in Fond du Lac Reservoir, at levels of less than 65 µg/kg. No
PCBs were detected in the walleye, white sucker, or rock bass from Fond du Lac Reservoir.
Mean mercury concentrations are shown in Table 5-2. Mercury tended to be higher in fish from
Fond du Lac than in those fish from Thomson Reservoir, although these differences are not
significant for walleye or white sucker (t-test, p<0.05). Channel catfish mercury levels appeared
higher in Thomson Reservoir; however, only one fish was recovered from Thomson, making
statistical comparisons unreliable. In comparison, Glass et al. (1993) found fish in Fond du Lac
Reservoir to contain significantly higher mercury levels than those in Thomson Reservoir.
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No 2,3,7,8-TCDD was found in any of the fish tissue samples. Sample detection limits were at
or near 1 ng/kg for each of the sample groups. The lack of detection of 2,3,7,8-TCDD in the fish
from Thomson and Fond du Lac Reservoirs is consistent with prior observations of undetectable
levels in past surveys of this portion of the river (Poe, 1989). Although holding times were
exceeded for the dioxin analyses (the samples were collected on June 23 and analyzed September
1, 1992), it is unlikely that this holding time had a significant effect on the 2,3,7,8-TCDD levels
(Keith Lodge, personal communication). In comparison, the QA/QC samples for the Lake
Ontario dioxin survey consisted of fish tissue samples spiked at a given level and then analyzed
periodically for as long as six months during the investigation (O'Keefe et al., 1990);
concentrations of 2,3,7,8-TCDD did not change significantly during this time.
The results of these analyses would place most of the fish in these reservoirs (i.e., the
smallmouth bass, walleye, northern pike, and white sucker) in the unlimited consumption group
for PCBs in the Minnesota Department of Health fish consumption advisory (Table 5-3). The
channel catfish from the reservoirs would be placed in the one meal per week adult guideline in
the Minnesota fish consumption advisory for PCBs (Table 5-3; MDH, 1990). The levels of
mercury contamination would tend to place nearly all the fish from both Thomson and Fond du
Lac Reservoirs into the one meal per week category for adults (Table 5-3). Interpreting the
2,3,7,8-TCDD fish data is difficult because the detection limits, while extremely low, are still
higher than the highest level in the MDH fish advisory (0.62 ng/kg, Table 5-3). In addition, the
status of the fish consumption advisories is currently being re-evaluated by the State Health
Department, in order to align the advisories released by other Great Lakes states.
5.2 SEDIMENT
The following sections describe the results of the sediment analyses for Thomson, Fond du Lac,
and Forbay Reservoirs. Although the results of the analyses provide historical insight as to past
and current contaminant loadings into the reservoirs, the results were obtained from a single core
from each reservoir; therefore, extrapolation of these results to the entire respective reservoirs is
not warranted.
5.2.1 Core Description
Section descriptions for the long cores from Thomson, Forbay, and Fond du Lac Reservoirs are
given in Figure 5-1. Sediments were deepest at the Fond du Lac site (4.94 m), somewhat
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shallower at Thomson (2.92 m), and shallowest in Forbay (1.86 m). Surficial sediments
appeared to be fine-grained and silty in all three reservoirs, with plant material apparent just
below the surface at approximately 20-30 cm. The appearance of woody debris may be a
significant marker in the sediments from Thomson and Forbay Reservoirs; its first appearance in
Fond du Lac Reservoir was at 60-68 cm and at 53-57 cm in Thomson Reservoir. Woody debris
continued to be found in the Fond du Lac core through approximately 358 cm, and through at
least 98 cm in the Thomson core. Woody debris was not apparent in Forbay sediment. Sediment
from Fond du Lac appeared much more sandy than that from Thomson or Forbay. While
sampling in Thomson Reservoir, large gas pockets were forcibly expelled during the driving of
the core tube casing, indicating the presence of reduced gases, such as methane or hydrogen
sulfide. Thomson Reservoir sediments appeared to contain more organic sediments and reduced
carbon and sulfide layers than those at the Fond du Lac and Forbay Reservoirs. In addition to
red clay bands and a reduced black layer, several unusual bands appeared in the cores; blue
"specks" were noted in several sections from the Thomson and Fond du Lac cores. The
composition and origin of these specks is unknown. At approximately one-half the length of the
Thomson core, bits of foil were discovered mixed in with plant material. An unusual origin for
these foil fragments has been proposed. In the early 1960s, the Air Force Air Guard Reserve
Base apparently released quantities of foil which were deposited throughout the woods of
northeastern Minnesota in order to distract potential enemy radar as a training exercise; hunters
in this area reported seeing much of it in the woods in this area (Wayne Golly, MPCA Duluth,
personal communication). It is possible that bits of the foil could have been deposited directly
into Thomson Reservoir, or washed in with plant material from the surrounding watershed.
5.2.2 Cesium-137 Dating
The cesium-137 profiles for Thomson, Fond du Lac, and Forbay Reservoirs are shown in Figures
5-2, 5-3, and 5-4, respectively. Determination of the years 1954 and 1964 corresponded to the
initiation and peak, respectively, of the 137Cs isotope. For Thomson Reservoir, significant
initiation appeared between 160 and 170 cm (Figure 5-2). A calculation of sediment depth for
the year 1954 was approximately 168 (± 4) cm (Table 5-4). The peak in 137Cs activity was
observed at 140 cm in the Thomson core; thus, 140 (± 4) cm was the depth corresponding to the
year 1964 (Table 5-4). The peak in Thomson Reservoir sediments appeared fairly well-defined;
after peaking, 137Cs dropped rapidly (peak:baseline ratio of 2.9). The spread in incidence of the
peak to its return to present "background" levels (peak width) was about 30 cm, or 10% of the
core length.
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The initiation in 137Cs activity for Fond du Lac Reservoir occurred at approximately 296 (± 6)
cm, while the peak in activity was observed at 210 (± 6) cm (Figure 5-3). Consequently, the
1954 and 1964 depths were 296 (± 6) cm and 210 (± 6) cm, respectively. The peak-to-baseline
ratio was also quite high in Fond du Lac Reservoir (5.2), and peak width was small, proportional
to the entire core length (40 cm, 8% of core length). However, there was a detectable lag period
at depths shallower than 200 cm, where the 137Cs activity fluctuated before dropping to the low
baseline level at about 130 cm. This fluctuation may reflect supplemental inputs of 137Cs from
sediments slowly being released from Thomson Reservoir upstream.
Forbay Reservoir showed the incidence of 137Cs activity at approximately 64 (± 2) cm, with the
peak occurring at about 52 (± 2) cm (Figure 5-4, Table 5-4). These depths corresponded
respectively to the 1954 and 1964 dates. The peak-to-baseline ratio for Forbay sediments was
3.8, and the peak width was about 15 cm, or 7.5% of the core length.
For each reservoir, the depositional rates for the periods 1954-1964 and 1964-1992 were
calculated as follows:

Deposition Rate = (Depth at previous marker year - depth at marker year)
(Marker year - Previous marker year)
For Thomson Reservoir, the respective sedimentation rates calculated for 1954-1964 and 19641992 were 2.8 ± 0.8 and 5.0 ± 0.2 cm/yr. For Fond du Lac, these rates were 8.6 ± 1.2 and 7.5 ±
0.2 cm/yr. The deposition rates for Forbay Reservoir were 1.2 ± 0.4 and 1.8 ± 0.1 cm/yr. The
deposition rates for Thomson Reservoir appeared to approximately double during the two time
periods, whereas less variable changes in the deposition rates were observed for the other two
reservoirs. In comparison, a model developed by Beak Consultants (1992) predicted that
deposition rates in Thomson Reservoir would be on the order of less than one mm/yr. It is
important to recognize that these determinations were obtained for a single core within each
reservoir, at locations likely to represent areas of highest deposition. Some of the sediments
found in these areas may have slumped-in from the sloping, shallower areas of the reservoirs.
This is especially likely for Fond du Lac Reservoir, as it is long, narrow, deep, and has very
sloped banks.
The core dating in Thomson Reservoir was supported by the location of the foil pieces in this
core. The foil was found at a depth of 128 cm in the core, which corresponded to approximately

Page 46

1965. The first observation of foil in the woods was 1961 (Wayne Golly, MPCA Regional
Office, personal communication), and foil was observed for several years thereafter.
An attempt was made to corroborate the higher deposition rates estimated for Thomson
Reservoir by setting out sediment traps during the summer of 1993. However, many of the traps
were found to contain nesting organisms, such as fish and crayfish. Therefore, sediment
accumulation in the traps could not be quantified.
5.2.3 Mercury
Mercury concentrations were determined for sediment core sections from all three reservoirs.
Mercury was measured in the Thomson Reservoir core at 4- to 8-cm intervals. More intensive
sampling occurred on the portion of the core less than 62 cm. Measurements were made at 4cm intervals in the Forbay core, and at 6- to 12-cm intervals in the Fond du Lac core. Although
these analyses were performed by researchers from U.S. EPA ERL-D and UMD (Glass et al.,
1993), the data are discussed in this report in order to provide context for the other analyses.
Mercury concentrations in Thomson Reservoir were highest in sediment core sections at depths
ranging from 140 to 180 cm (Figure 5-5), and peaked in approximately 1960 at
2 mg/kg, assuming accuracy in the cesium dating. Mercury was observed at concentrations
greater than 1 mg/kg in four of the sections. Mercury in the deepest sections of the core was
approximately 0.05 to 0.1 mg/kg, corresponding to the period between 1908 and 1920.
Concentrations increased to between 0.12 and 0.17 mg/kg in the next deepest sediments (1920 to
1935). Mercury then increased dramatically from 0.22 mg/kg to 0.95 mg/kg during the period
from 1935 to 1945. The concentration dropped to 0.55 mg/kg in the next core section, and then
climbed steadily to a maximum of 2 mg/kg during the period from approximately 1950 to 1960.
After another high value in the next deepest core section, the mercury concentration dropped
sharply to approximately 0.6 mg/kg, and then decreased more or less steadily over the period
from the early 1960s to the early 1970s, to about 0.2 mg/kg. At around 1980, mercury levels
jumped again to a sub-peak of 0.43 mg/kg, and then decreased slowly to the current level, which
fluctuates around 0.13 mg/kg.
Although mercury levels in Thomson Reservoir sediments peaked several decades ago, the
concentrations are currently stabilizing at levels similar to those observed at the time the dam
was constructed. One factor that could account for this occurrence is a flood event that affected
the Thomson area in the fall of 1990. At that time, a flood of approximately 1 in 500 year
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probability inundated a narrow band of Carlton County directly over the St. Louis River above
Thomson Reservoir (MDNR, 1991; Appendix F). Reported rainfall rates were greater than 8
inches per hour in this area (Figure 5-6), and the town of Thomson was evacuated due to
localized flooding and washing out of roads. This storm caused a great deal of erosion in the
area surrounding Thomson Reservoir. It is likely that relatively clean subsurface soils were
deposited into Thomson and the downstream reservoirs as a result of this event, causing a
dilution effect on the sediments for this period. Another factor that could account for the
decrease in surface concentrations of mercury is the reduction of point sources of mercury and
continued loading of nonpoint sources such as atmospheric deposition.
In Forbay Reservoir, mercury values in the deepest core sections fluctuated for approximately 30
cm at concentrations between 0.05 and 0.09 mg/kg, corresponding to the years 1910 to 1920
(Figure 5-5). Mercury concentrations then unsteadily rose for the next 60 cm, to a level of 0.25
mg/kg, which corresponded to the mid-1940s. The mercury levels then rose steeply over the
next 20 cm (1945-1951) to a core maximum of 1.3 mg/kg, somewhat lower than the maximum
concentration observed in Thomson Reservoir. The concentration of mercury thereafter dropped
rather slowly over the next 35 cm, until the mid-1970s (36 cm depth). Concentrations then
stabilized at approximately 0.13 mg/kg, with a small sub-peak of 0.21 mg/kg in the late 1970s.
Surface concentrations, at around 0.1 mg/kg, display a similar drop to a very low level (0.06
mg/kg) in the subsurface (6 cm), corresponding as in Thomson Reservoir, to a period near 1990.
Once again, the heavy flooding that occurred in late 1990 could have washed in relatively clean
materials, with present non-point source influxes reflected in the current surface sediment layers.
Mercury concentrations in Fond du Lac Reservoir exhibited much wider fluctuations than in
Thomson or Forbay Reservoirs (Figure 5-5). Incipient core section concentrations were similar
to those in the other reservoirs: approximately 0.09 to 0.17 mg/kg for the bottom 90 cm,
corresponding roughly to the period from 1924 to about 1940. The mercury levels then rose
through the next three sections to its first peak of 0.74 mg/kg which occurred around 1946. After
this first peak, mercury concentrations dropped abruptly, to levels near those in the bottom
sections, before rising to another peak at the core's midpoint (about 1956). After dropping
slightly, mercury concentrations climbed to a core maximum (0.92 mg/kg) in the early 1960s,
then oscillated with decreasing baseline and amplitude until a period corresponding to the early
1970s, at concentrations approximating 0.15 mg/kg. Mercury levels rose again to a level of 0.25
mg/kg in about 1980, and then dropped slowly to levels approximating those in the deepest
sections (about 0.06 mg/kg). As in Forbay and Thomson Reservoirs, a temporary dip in mercury
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levels occurred around 1990, which may have resulted from the dilution of surface sediments by
cleaner soils washed in during the heavy storms in the autumn of 1990.
In comparing maximum mercury values for the three reservoirs, Thomson showed the highest
maximum: approximately 1.5 times that in Forbay, and nearly 2 times that in Fond du Lac
(Figure 5-5). Baseline pre-1940 mercury concentrations were similar among all the reservoirs,
and current levels in all three reservoirs approached these pre-1940 levels. Although mercury
concentrations increased by over an order of magnitude during the 1950s and 1960s, the specific
timing and duration of the peaks was not always consistent among the reservoirs. For example,
from the cesium dating, the peak concentration in Forbay apparently preceded the peak in
Thomson Reservoir by a few years. This would not be expected to occur, since Forbay
Reservoir is downstream of Thomson. It is possible that the difference in peak timing and
magnitude could be due to the slow "bleeding" of contaminated sediments from Thomson
Reservoir to those further downstream. This seems especially apparent in the case of Fond du
Lac Reservoir, where sediment core sections are not as contaminated with mercury in magnitude
as those in Thomson, yet the sharp peaks in Thomson are somewhat blunted due to the more
diffuse source of mercury to Fond du Lac Reservoir.
Based on the available historical information, it was not possible to pinpoint the specific sources
of mercury contamination to the reservoirs. In general, mercury concentrations in the reservoir
cores were derived from both natural and anthropogenic sources. The major source of
atmospheric mercury is the natural degassing of the earth's crust, amounting to 2,700 to 6,000
tons per year (WHO, 1990). The primary points of entry of mercury into the environment from
anthropogenic sources include industrial discharges and wastes (e.g., the chlorine-alkali industry)
and atmospheric deposition resulting from combustion of coal and municipal refuse incinerators
(Glass et al., 1990). The primary industrial uses of mercury are in the manufacture of batteries,
vapor discharge lamps, rectifiers, fluorescent bulbs, switches, thermometers, and industrial
control instruments (May and McKinney, 1981). Mercury has also been used as a slimicide in
the pulp and paper industry, as an antifouling and mildew-proofing agent in paints, as an
antifungal seed dressing, and in chlor-alkali production facilities (Farm Chemicals Handbook,
1989; Friberg and Vostal, 1972). The uses and losses of mercury from industrial processes have
been reduced significantly in the U.S. since the 1970s. However, mercury contamination
associated with increased fossil fuel combustion is of concern in some areas and may pose more
widespread contamination problems in the future. It is likely that some combination of the above
sources contributed to contamination observed in the reservoirs. In addition, cycling of mercury
in the environment is facilitated by the volatile character of its metallic form and by bacterial
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transformation of metallic and inorganic forms to stable alkyl mercury compounds, particularly
in bottom sediments, which leads to bioaccumulation of mercury (Wood, 1974).
Peak concentrations of mercury, which occurred at approximately 150 cm, 70 cm, and 160 cm in
Thomson, Forbay, and Fond du Lac Reservoirs, were at levels that would be of concern for
macroinvertebrates exposed to these sediment layers (Persaud et al., 1993; Long and Morgan,
1991). Although the State of Minnesota has not developed sediment quality criteria or
guidelines for contaminants, other jurisdictions from Canada, the United States, and the
Netherlands have developed values (Crane et al., 1993). The Ontario Ministry of Environment
and Energy (OMEE) guidelines may be the most useful to compare to the results of this survey,
because their guidelines are based on freshwater toxicity data. Many other jurisdictions
incorporate marine data into their derivation of guidelines or criteria. The OMEE currently uses
a three-tiered approach in applying sediment quality guidelines (Persaud et al., 1993):
•

No Effect Level (NEL): the level at which contaminants in sediments do not present a
threat to water quality, biota, wildlife, and human health. This is the level at which no
biomagnification through the food chain is expected.

•

Lowest Effect Level (LEL): the level of sediment contamination that can be tolerated by
the majority of benthic organisms, and at which actual ecotoxic effects become apparent.

•

Severe Effect Level (SEL): the level at which pronounced disturbance of the sediment
dwelling community can be expected. This is the concentration of a compound that
would be detrimental to the majority of the benthic species in the sediment.

For mercury, OMEE has not designated a NEL but instead lists 0.10 mg/kg mercury as a
background value; this value was based on analyses of Great Lakes pre-colonial sediment
horizons (Persaud et al., 1993). The OMEE designates a LEL as 0.2 mg/kg mercury and a SEL
as 2 mg/kg mercury. While the mercury peak in Thomson Reservoir corresponded to the SEL
value of 2 mg/kg, the mercury peaks in the other two reservoirs ranged between the LEL and
SEL values.
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The surface layer concentrations of mercury in all three reservoirs appear to be approaching
background levels for sediments affected only by watershed or atmospheric inputs of mercury.
For example, sediments of eighty remote lakes in Minnesota exhibited mercury concentrations of
0.034 to 0.33 mg/kg, with an average of 0.16 mg/kg (Sorensen et al., 1990). In addition, OMEE
lists 0.10 mg/kg mercury as a background value (Persaud et al., 1993).
Since this study was completed, additional studies have been implemented to address mercury
contamination in the reservoirs and at upstream locations. An EPA-funded study of mercury
distribution in the sediments and biota of the five Cloquet Reservoirs is currently being
conducted by the Fond du Lac band of Chippewa and UMD/EPA researchers. This study will
help to determine locations of any scoured areas, as well as confirm the results obtained with the
three cores collected in this study. A sediment survey was conducted in 1994 for this study in
which approximately 80 cores, sampled in 10 cm increments, were collected and analyzed for
mercury (John Sorensen, UMD, personal communication). The results of this investigation are
not yet available. A consultant for Potlatch Corporation conducted sampling in the St. Louis
River during July, 1995 (ENSR, 1996). Sampling was conducted at 41 stations ranging from
upstream of the confluence of the St. Louis and Artichoke Rivers downstream to Forbay
Reservoir (ENSR, 1996). Core samples (0-10 cm and 10-20 cm) were analyzed for total and
methyl mercury and sediment grain size; preliminary results indicate that elevated mercury levels
were found in the Knife Falls Dam area, upstream of the Potlatch facility (ENSR, 1996).
From the results of this investigation, the following questions are of concern in terms of potential
exposure to the most contaminated sediments:
•

Is the burial phenomenon observed here a reservoir-wide characteristic, or are there areas
of scouring which may have exposed the contaminated sediments?

•

What potential events could cause re-exposure of these buried more highly contaminated
sediments?
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5.2.4 PCBs
PCBs were analyzed as Aroclor mixtures. The trade name Aroclor was based on the percent
chlorine content of the PCB congener assemblage used to make the Aroclor. For example,
Aroclor 1254 has an average chlorine content of 54 percent by weight. PCB Aroclor
measurements generally exceeded recommended analytical holding times for all three reservoirs,
by approximately two months for the Thomson core, and by up to one year for the Fond du Lac
and Forbay sediments. Since the cores were stored at 4 °C, any microbial degradation or
volatilization of PCBs would have been minimized. In addition, the PCBs would have
preferentially bound to the organic carbon fraction of the sediments, thus minimizing loss
through partitioning to the container.
Concentrations of PCB Aroclors were measured in eight sections of the Thomson Reservoir core.
Aroclor 1248 was not detected in any of the core sections from this Reservoir (Table 5-5). The
Aroclors which tended to have the greatest contribution to total levels were Aroclors 1242 and
1254, although in one of the core sections (104-112 cm), Aroclor 1260 was the predominating
component. Concentrations of Aroclors 1254 and 1260 followed a similar pattern as for mercury
in Thomson Reservoir (i.e., concentrations increased with depth to maximum levels
approximately halfway down the core). Conversely, Aroclor 1242 appeared to show very little
variability in the core profile. The OMEE guidelines for LEL values are as follows: 30 µg/kg for
1248, 60 µg/kg for 1254, 5 µg/kg for 1260, and 70 µg/kg for total PCBs (non-organic carbon
normalized) (Persaud et al., 1993). There are no guidelines for Aroclor 1242. A NEL for total
PCBs is 10 µg/kg (Persaud et al., 1993). Comparison of these guidelines to PCB levels in
Thomson Reservoir indicates that none of the core sections exceeded the LEL value for Aroclor
1248. Four sequential core sections (64-176 cm) exceeded the LEL value for Aroclor 1254;
these levels corresponded roughly to the years 1954 to 1978. Exceedances of the LEL value for
Aroclor 1260 occurred in 6 adjacent core sections, from 40 to 208 cm. The greatest exceedences
of Aroclor 1260 were observed in section 104-112 cm, where the guideline was surpassed by a
factor of 18, and in sections 136-144 and 168-176 cm, where the guideline was exceeded by
approximately eight times. The level of Aroclor 1254 in the surficial sediment was
approximately seven times that in the deepest sediment, and may reflect non-point source inputs
of PCBs to the system. Aroclor 1260 was undetectable in both the surficial and the deepest
sediments.
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Trends in total PCB levels in Thomson Reservoir are indicated in Figure 5-5. Total PCBs were
greatest in sections 104-112 cm, 136-144 cm, and 168-176 cm. Because PCB analyses were
performed much less frequently than mercury, it is very likely that peak concentrations of PCBs
were missed in the middle sections of the core. Despite this limitation, the trend in PCB
concentrations for the Thomson core is apparent: surface sediment concentrations, while greater
than those in the deepest sediment layers, are currently about three times less than levels in the
middle of the core. This observation supports the conclusion of the mercury analyses, that while
surface sediments may continue to pose a threat to the biota, the adjustments made in wastewater
discharge during the late 1970s had a beneficial impact on reducing PCB levels in Thomson
Reservoir sediments. In addition, the core profiles reflect the usage patterns of PCBs. In 1970,
Monsanto voluntarily announced it would stop selling PCBs for "open" use in 1970. By 1971,
total production had dropped back to 20,236 tons, lower than the 1960 level, with most of this
going to closed uses in transformers and heat transfer systems (Miller, 1975). The production
and use of PCBs was banned by the EPA in July 1979.
PCB levels in Forbay Reservoir were measured on six samples (Table 5-5). As in Thomson
Reservoir, levels of Aroclor 1248 were not detected. Aroclors 1242 and 1260 were undetectable
in the surface sediments, while Aroclor 1254 was present at fairly low levels, less than the
OMEE LEL guideline (Persaud et al., 1993). Aroclor 1254 reached peak concentrations (at
approximately twice the OMEE LEL guideline) at 42-50 cm, corresponding to the late 1960s, as
did Aroclor 1260. Aroclor 1242 did not appear to "peak" in the Forbay Reservoir core. Total
PCB levels were highest (170 µg/kg) at 42-50 cm (Figure 5-5). Again, this section, which was
the only one from Forbay to exceed OMEE LEL guidelines for total PCBs, corresponded to the
late 1960s.
Fond du Lac Reservoir PCB levels showed similar distribution patterns for total PCBs as in the
other reservoirs (Table 5-5). Peak values were observed in the middle of the core, at 156 to 288
cm. The Aroclor contributions to total PCB values were quite different than for Thomson
Reservoir. Aroclor 1242 was much lower in Fond du Lac cores, and was not detectable at depths
shallower than 336 cm. The major contributor to total PCBs was Aroclor 1254. This Aroclor
exceeded the OMEE LEL guidelines in the 156-168 cm, the 216-228 cm, and the 276-288 cm
sections. Aroclor 1260 exceeded the OMEE LEL guideline in sections 72-84 cm, 156-168 cm,
216-228 cm, and 372-384 cm.
Conclusions regarding PCB distribution in Thomson, Fond du Lac, and Forbay Reservoirs are
similar to those for mercury. That is, total PCB concentrations tended to be greatest in Thomson
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Reservoir (by about 2 times), indicating that Thomson may serve as the primary catchment basin
for sediment-associated contaminants, and that Forbay and Fond du Lac receive contaminant
inputs principally from Thomson Reservoir. One shortcoming to the approach used in this
survey is that maximum concentrations may have been missed due to the selectivity required in
analyzing core sections (because of budget limitations). Therefore, these results should be
viewed as showing potential, not actual, core profile maxima. In addition, congener specific
analysis of PCBs would provide more useful information for future sampling efforts. The
distribution of PCB congeners in Aroclors is altered considerably by physical, chemical, and
biological processes after release into the environment (Oliver and Niimi, 1988). Thus, the
composition of the Aroclor mixtures initially released into these reservoirs has likely changed
over time, and this change would be best elucidated by evaluating the congener profiles.
5.2.5 2,3,7,8-TCDD
2,3,7,8-TCDD concentrations for the three reservoirs are given in Table 5-6. As for PCB
determinations, sample holding times were exceeded for all the samples to varying degrees.
Surficial sediments in all the reservoirs were below detectable levels. Detection limits varied
from 0.7 to 1.5 pg/g (parts-per-trillion). For Thomson Reservoir, 2,3,7,8-TCDD levels became
detectable in the 112-120 cm core section at 3.4 pg/g. This core section corresponded roughly to
the late 1960s (Figure 5-5). Concentrations in subsequent sections increased to a core maximum
in the 184-192 cm and 192-200 cm core sections, approximately the mid-1940s, and then
dropped to below detectable levels near the bottom of the core (264-280 cm; mid-1910s).
Fewer sediment samples were measured for dioxin in Forbay Reservoir; however, similar
conclusions can be drawn as for Thomson Reservoir. Dioxin levels were undetectable in the
surface and bottom sediments (Table 5-6). 2,3,7,8-TCDD was observed at relatively low
concentration (3.3 pg/g) at 42-50 cm (about the late 1960s), and at concentrations approaching
the Thomson Reservoir maximum value at 78-82 cm (roughly 1950).
As was the case for Thomson and Forbay Reservoirs, concentrations of 2,3,7,8-TCDD in the
core from Fond du Lac Reservoir were undetectable in the surface and bottom sediment strata.
Relatively low concentrations (3.5 and 3.8 pg/g) were detected in the 156-168 cm and 216-228
cm sections, respectively. These correspond roughly to the years 1970 and 1963. The maximum
concentration (14.9 pg/g) was observed in section 276-288 cm (1955), and was comparatively
high at 372-384 cm (mid-1940s).
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Overall patterns for 2,3,7,8-TCDD profiles are quite consistent from reservoir to reservoir. The
trend observed is that 2,3,7,8-TCDD was undetectable in surface and bottom strata, and reached
maximum concentrations in either the mid-1940s (Thomson Reservoir) or the mid-1950s
(Forbay and Fond du Lac Reservoirs). Because dioxin/dibenzofuran contamination is found
almost exclusively in proximity to industrial sites [e.g., bleached kraft paper mills or facilities
handling 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), 2,4,5-trichlorophenol (2,4,5-TCP), and/or
silvex] (U.S. EPA, 1987), the peaks observed in the reservoirs probably correspond to industrial
activities in the watershed. Although, the appearance and peaking of 2,3,7,8-TCDD in each core
was at well-buried levels; it is important to note that the large core depth sections used to analyze
dioxin may disguise the presence of dioxin in shallower core sections.
The OMEE has not derived any sediment quality guidelines for 2,3,7,8-TCDD. The U.S. EPA
has conducted a scientific reassessment of the human health and exposure issues concerning
dioxin and dioxin-like compounds. However, there has been disagreement in the scientific
community on the results of the EPA assessment. Extremely low doses of 2,3,7,8-TCDD have
been found to elicit a wide range of toxic responses in animals, including carcinogenicity,
teratogenicity, fetotoxicity, reproductive dysfunction, and immunotoxicity (U.S. EPA, 1987). It
is also very persistent in the environment and has a high potential to bioaccumulate (U.S. EPA,
1987). The presence of dioxin in the deeper cores of the Thomson, Forbay, and Fond du Lac
Reservoirs is of concern if these sediment layers ever became re-exposed to the water column.
5.2.6 Potential Contaminant Transport Mechanisms
Discharge to both the St. Louis River and Forbay Channel from Thomson Reservoir occurs near
the top and bottom of the dam structures. Consequently, there may be an exposed edge near the
thick layer of accumulated sediments where buried sediments may become uncovered. If
contaminants in buried sediments near the weathered edge are at levels similar to those
determined in the core from the center of Thomson Reservoir, then there is significant potential
for downstream, advective transport of contaminants from Thomson. Several lines of evidence
summarized in this report support the theory that surface sediments near the dam structures are
more contaminated than those elsewhere in the reservoirs. First, surface sediment samples
collected near Thomson Dam in 1988 showed mercury concentrations 6 to 8.5 times greater than
those from the middle of the reservoir (Table 2-4; Glass et al., 1989). In addition, the mercury
profiles in the Fond du Lac deep core fluctuated to a much greater degree than those in Thomson
Reservoir (Figure 5-5). This pattern suggests that Thomson Reservoir served in the past as an
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initial repository for contaminated sediments, which slowly seeped downstream to Fond du Lac
Reservoir, either through deposition of suspended material from the original discharge plume,
scouring of contaminated sediments at the face of Thomson Dam, and/or mass resuspension of
polluted sediments in other areas of the reservoir during high water events. Contaminated
sediments also appear to have been transported through Forbay Channel and into Forbay
Reservoir, given the dispersal of contaminants in that reservoir (Figure 5-5).
The discharge from Fond du Lac dam occurs approximately 40 feet above the original rock
substrate. Due to the great water depths near the dam structure (60 feet; Figure 2-3), it is not
known whether scouring is likely to occur here. Comparisons of mercury levels near the dam
and mid-reservoir are inconclusive. Mercury measurements at the Fond du Lac dam ranged from
0.052 to 0.211 mg/kg (Table 2-4; Glass et al., 1989); however, corresponding samples were not
collected from the mid-reservoir areas. Current surface sediment mercury concentrations are in
the range of 0.05 to 0.1 mg/kg.
For both Thomson and Fond du Lac Reservoirs, the information on sediment accumulation
described in this report may be useful in defining key reservoir attributes, such as storage
capacity. Gross capacity may have been overestimated in the FERC application, given the high
deposition rates determined by the coring and cesium-dating in this study. A report contracted
by Minnesota Power predicted yearly sediment deposition rates of less than 1 mm for Thomson
and Fond du Lac Reservoirs, based on gross differences between static total suspended solids
measurements at stations upstream and downstream of the reservoirs (Beak Consultants, 1992).
This crude measurement ignores both erosional events, such as storms (which could cause large,
unmeasured quantities of sediments to be deposited rapidly) and autochthonous inputs from
bankside erosion, which seems especially likely in Fond du Lac Reservoir.
In summary, the construction design of Thomson and Fond du Lac Reservoirs suggests some
possible scouring of buried, more contaminated sediments may be occurring. This appears to be
happening in Thomson Reservoir, and perhaps in Forbay and Fond du Lac as well. This
phenomenon could lead to transport of the contaminants further downstream. The sediment core
data described in this section demonstrate the existence of relatively well-buried contaminants in
Thomson, Forbay, and Fond du Lac Reservoirs; however, the degree of contaminant burial
cannot be estimated for the entire reservoir based on the results of a single core. Other areas
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potentially scoured through high-flow events may exist in any of the reservoirs, causing reexposure of the contaminants and a mechanism for downstream, advective transport.
5.2.7 Sediment Toxicity Tests
The results of the toxicity tests with Hyalella azteca, conducted in August of 1993 for Thomson,
Forbay, and Fond du Lac sediments, are shown in Table 5-7. Test organism survival in the
control sediment (i.e., West Bearskin Lake) was used to gauge toxicity of the reservoir
sediments. Data for each of the toxicity tests was examined for normality of the data and
homogeneity of variances, using the Shapiro-Wilks and Bartlett's tests, respectively (AScI
Report, Appendix E). Differences in organism survival between reservoir and control sediments
were measured using Dunnett's one-tailed t-test (at p<0.05).
Survival data for all the samples were both normal and homogeneous (AScI Report, Appendix
E). Using the Dunnett's one-tailed t-test, survival of the test organisms was significantly lower
than the control sediments at two locations: the deep core sections (130-150 cm) from Thomson,
and Forbay (90-110 cm). No water-quality problems were observed during the tests on these
samples that could have caused the observed toxicity. Daily measurements of overlying water
pH and dissolved oxygen concentrations showed that these parameters were all within acceptable
(i.e., non-toxic) ranges (AScI Report, Appendix E). These ranges were 7.40 to 7.89 for pH and
6.3 to 8.1 mg/L for dissolved oxygen. The sediment from Thomson Reservoir (130-150 cm)
showed detectable levels of ammonia in the overlying water during the toxicity test (AScI
Report, Appendix E). These concentrations may indicate the presence of acutely toxic
concentrations of ammonia in this sample (G.T. Ankley, U.S. EPA ERL-D, personal
communication). As a note, an oily film was detected on the surface of the overlying water from
each of the reservoir sediments during the test performance (AScI Report, Appendix E). This
film was not observed in the West Bearskin control sediments.
For Thomson and Forbay Reservoirs, it is significant that toxicity was observed in the deepest
sections (140 and 100 cm, respectively), as the highest levels of mercury, dioxin, and PCBs were
found at sections corresponding to 140-180 cm in Thomson Reservoir, and 60-100 cm in Forbay
Reservoir. In Fond du Lac Reservoir, peak concentrations of these compounds were observed at
sediment depths of 200-300 cm, which were too deep to be obtained using the piston core
sampler. The appearance of toxicity is consistent with the exceedance of the LEL values for
mercury and PCBs (Persaud et al., 1993) at these core depths. However, the specific cause of
this toxicity cannot be determined from this test. A sediment toxic identification evaluation
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(TIE) would provide a way to isolate the source of toxicity to specific chemical components of
the sediments.
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Table 5-1. Fish tissue samples and analytical results.*
Fish collection
ID #
9210487
9210488
9210489
9210490
9210491
9210492
9210493
9210494
9210495
9210496
9210497
9210498
9210499
9210500
9210501
9210502
9210503
9210504
9210505
9210506
9210507
9210508
9210509
9210510
9210511
*

Analytical Lab
ID #

Location

92001
92002
92003
92004
92005
92006
92007
92008
92009
92010
92011
92012
92013
92014
92015
92016
92017
92050
92051
92052
92053
92054
92055
92056
92057

Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Thomson
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac

Species
Smallmouth bass
Smallmouth bass
Channel catfish
Northern pike
Northern pike
Northern pike
Northern pike
Walleye
Walleye
Walleye
Walleye
Walleye
White sucker
White sucker
White sucker
White sucker
White sucker
Walleye
Walleye
Walleye
Walleye
Walleye
Channel catfish
Channel catfish
Channel catfish

Length

PCBs (µg/kg)

12.4"
12.7"
14.0"
18.1"
18.4"
21.5"
22.3"
12.3"
13.7"
14.2"
14.6"
16.1"
15.1"
15.9"
16.7"
17.3"
17.3"
12.7"
14.9"
15.7"
16.0"
16.1"
14.4"
16.1"
16.2"

<25 UE
281 E
561 E
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
251 E

Hg (mg/kg) TCDD (ng/kg)
0.39
0.45
0.38
0.21
0.31
0.37
0.29
0.22
0.34
0.36
0.33
0.30
0.03
0.12
0.18
0.38
0.26
0.28
0.43
0.41
0.52
0.63
0.14
0.20
0.17

Not analyzed
Not analyzed
Not analyzed
<0.9 UEa
<0.9 UEa
<0.9 UEa
<0.9 UEa
<0.9 UEb
<0.9 UEb
<0.9 UEb
<0.9 UEb
<0.9 UEb
<1.1 UEc
<1.1 UEc
<1.1 UEc
<1.1 UEc
<1.1 UEc
<1.2 UEd
<1.2 UEd
<1.2 UEd
<1.2 UEd
<1.2 UEd
<0.8 UEe
<0.8 UEe
<0.8 UEe

U=Peaks corresponding to compound were undetected at the sample detection limit. J=Compound detected, below lowest calibration standard.
E=Estimated, holding time exceeded for sample.
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Table 5-1. Continued.*
Fish collection
ID #
9210512
9210513
9210514
9210515
9210516
9210517
9210518
9210519

Analytical Lab
ID #

Location

92058
92059
92060
92061
92062
92063
92064
92065

Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac
Fond du Lac

Species
Channel catfish
Channel catfish
White sucker
White sucker
White sucker
White sucker
White sucker
Rock bass (n=5)

Length

PCBs (µg/kg)

23.1"
23.6"
15.4"
17.5"
16.9"
15.9"
16.1"
7.8" (avg)

562 E
62 E3
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE
<25 UE

*

Hg (mg/kg) TCDD (ng/kg)
0.42
0.35
0.31
0.41
0.20
0.24
0.33
0.26

<0.8 UEe
<0.8 UEe
<1.1 UEf
<1.1 UEf
<1.1 UEf
<1.1 UEf
<1.1 UEf
Not analyzed

U=Peaks corresponding to compound were undetected at the sample detection limit. J=Compound detected, below lowest calibration standard.
E=Estimated, holding time exceeded for sample.
1

As Aroclor 1254
As Aroclor 1254 (27 µg/kg) and Aroclor 1260 (29 µg/kg)
3
As Aroclor 1254 (29 µg/kg) and Aroclor 1260 (33 µg/kg)
a-f
All fish in these groups were homogenized (according to letter) for 2,3,7,8-TCDD analysis
2
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Table 5-2. Fish tissue summary data.

Fish species

n

Mercury (mean & SD) PCBs (mean & SD)
mg/kg
µg/kg

TCDD
ng/kg

Smallmouth bass
Thomson Reservoir 2

0.42 ± 0.042

20.21 ± 11

Not analyzed

Channel Catfish
Thomson
Fond du Lac

1
5

0.38
0.26 ± 0.12

56
33.6 ± 23.8

Not analyzed
<0.8

White Sucker
Thomson
Fond du Lac

5
5

0.19 ± 0.13
0.30 ± 0.082

<25
<25

<1.1
<1.1

Walleye
Thomson
Fond du Lac

5
5

0.31 ± 0.055
0.45 ± 0.13

<25
<25

<0.9
<1.1

Northern Pike
Thomson

4

0.30 ± 0.066

<25

<0.9

2

1

This calculation included one less-than-detectable value. One-half the detection limit
(25 µg/kg) was used in calculating the mean and standard deviation.

2

This calculation included two less-than-detectable values. One-half the detection limit
(25 µg/kg) was used in calculating the mean and standard deviation.
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Table 5-3. Minnesota fish consumption advisory levels (for those who eat sport-caught fish
regularly three or more months of the year).

Minnesota
Guideline level

Consumption Advice

Mercury
<0.16 mg/kg

A1: Unlimited consumption
W&C2: 1 meal/wk

0.16-0.65 mg/kg

A: 1 meal/wk
W&C: 1 meal/month

0.66-2.80 mg/kg

A: 1 meal/month
W&C: Do not eat

>2.80 mg/kg

A: Do not eat
W&C: Do not eat

PCBs
<25 µg/kg

All: Unlimited consumption

25-100 µg/kg

All: 1 meal/wk

110-470 µg/kg

All: 1 meal/month

>470 µg/kg

All: Do not eat

Dioxin
<0.14 ng/kg

Unlimited consumption

0.14-0.62 ng/kg

1 meal/month

>0.62 ng/kg

Do not eat

1
2

A; Adults
W&C; Women of childbearing age and children
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Table 5-4. Approximate sediment depths (± SD) corresponding to 137Cs initiation (1954) and
peak (1964) in the Thomson, Forbay, and Fond du Lac Reservoirs.

Core

1964 depth (cm)

1954 depth (cm)

1964-1992

1954-1964

Thomson

140 ± 4

168 ± 4

5.0 ± 0.2

2.8 ± 0.8

Fond du Lac

210 ± 6

296 ± 6

7.5 ± 0.2

8.6 ± 1.2

Forbay

52 ± 2

64 ± 2

1.8 ± 0.1

1.2 ± 0.4
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Table 5-5. Sediment PCB data for the long cores from Thomson, Forbay, and Fond du Lac
Reservoirs.*

Field sampling #

1242

PCB Aroclors (µg/kg)
1248
1254
1260

Total PCBs
(µg/kg)

Thomson

0-4 cm
8-12 cm
40-44 cm
64-72 cm
104-112 cm
136-144 cm
168-176 cm
200-208 cm
280-288 cm

58 E
33 E
46 E
28 E
<0.5 UE
47 E
76 E
20 E
21 E

<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE

50 E
16 E
43 E
64 E
117 E
195 E
78 E
9E
7E

<0.5 UE
7.0 E
18 E
20 E
128 E
57 E
57 E
13 E
<0.5 E

108 E
56 E
107 E
112 E
245 E
299 E
211 E
42 E
28 E

Forbay

4-12 cm
42-50 cm
78-82 cm
102-106 cm
174-178 cm
174-178 cm1

<0.5 UE
<0.5 UE
17 E
25 E
16 E
15 E

<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE

35 E
147 E
14 E
<0.5 UE
3E
4E

<0.5 UE
23 E
7E
13 E
<0.5 UE
<0.5 UE

35 E
170 E
38 E
38 E
19 E
19 E

Fond du Lac 0-12 cm
72-84 cm
156-168 cm
216-228 cm
276-288 cm
324-336 cm
372-384 cm
372-384 cm1
480-494 cm

<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
14 E
8.9 E
8.4 E

6.7 E
<0.5 UE
<0.5 UE
<0.5 UE
<0.5 UE
20 E
<0.5 UE
<0.5 UE
<0.5 UE

11 E
37 E
88 E
117 E
77 E
<0.5 UE
8.3 E
8.0 E
2.4 E

<0.5 UE
13 E
16 E
18 E
<0.5 UE
5.5 E
9.6 E
9.0 E
2.5 E

13 E
50 E
104 E
135 E
77 E
26 E
32 E
26 E
13 E

*

U=Peaks corresponding to compound were undetected at the sample detection limit. J=Compound
detected, below lowest calibration standard. E=Estimated, holding time exceeded for sample.
1

Laboratory duplicate sample
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Table 5-6. Sediment 2,3,7,8-TCDD data for the long cores from Thomson, Forbay, and Fond du
Lac Reservoirs.*

MPCA Sample ID #

2,3,7,8-TCDD (pg/g)

Thomson
4-16 cm
44-52 cm
112-120 cm
144-154 cm
176-184 cm
184-192 cm
192-200 cm
192-200 cm1
264-280 cm

<1.1 UE
<1.2 JE
3.4 E
6.1 E
9.3 E
26.4 E
27.2 E
26.7 E
<1.2 E

4-12 cm
42-50 cm
78-82 cm
174-178 cm

<1.5 UE
3.3 E
20.7 E
<0.3 UE

0-12 cm
156-168 cm
216-228 cm
276-288 cm
372-384 cm
480-494 cm
480-494 cm1

<0.7 UE
3.5 E
3.8 E
14.9 E
10.6 E
<0.5 UE
<0.5 UE

Forbay

Fond du Lac

*

U=Peaks corresponding to compound were undetected at the sample detection limit. J=Compound
detected, below lowest calibration standard. E=Estimated, holding time exceeded for sample.
1
Laboratory duplicate sample
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Table 5-7. Percentage survival for Hyalella azteca after 10-day exposure to Thomson, Forbay,
and Fond du Lac Reservoir sediments

Percent survival
Sediment Location Replicate A Replicate B Replicate C

Mean

SD1 (CV2)

Control
West Bearskin

90

90

80

87

5.8 (6.7%)

Thomson Reservoir
0-20 cm
60-80 cm
130-150 cm

80
90
50

60
80
50

60
60
70

67
77
57*

11 (17%)
15 (20%)
11 (20%)

Forbay Reservoir
0-20 cm
90-110 cm

80
30

100
60

100
70

93
53*

11 (12%)
21 (39%)

Fond du Lac Reservoir
0-20 cm
130-150 cm

70
60

80
70

80
70

77
67

5.8 (7.5%)
5.8 (8.7%)

1

Standard deviation
Coefficient of variation
*
Significantly lower survival than control; Dunnett's 1-tailed t-test (p<0.05)
2
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SECTION 6
CONCLUSIONS
The MPCA conducted a preliminary investigation of contaminants in the Thomson, Forbay, and
Fond du Lac Reservoirs during June, 1992 and August, 1993. This project was limited to
analyzing three bioaccumulative contaminants (i.e., mercury, 2,3,7,8-TCDD, and PCBs) in single
sediment cores collected from a depositional area of each reservoir. In addition, the same
contaminants were analyzed in fish collected from Thomson and Fond du Lac Reservoirs; no fish
were caught in nets set out in Forbay Reservoir. Acute, 10-day sediment toxicity tests, using
Hyalella azteca, were conducted on surface and mid-core sediment samples collected during
August, 1993. A review of historical dischargers was conducted to check whether potentially
responsible parties could be identified.
The following conclusions can be made in regards to the project objectives:
OBJECTIVE #1: Quantify the concentrations of 2,3,7,8-TCDD, PCB, and mercury in
sediment cores collected from depositional zones of the Thomson, Forbay, and Fond du Lac
Reservoirs, and in fish tissue collected from these reservoirs.
•

Mercury concentrations in Thomson Reservoir were highest at depths ranging from 140 to
180 cm and peaked in approximately 1960 at 2 mg/kg. In Forbay Reservoir, mercury peaked
at a core maximum of 1.3 mg/kg (70 cm), corresponding to the period from the early 1950s.
In Fond du Lac Reservoir, mercury peaked at a core maximum of 0.92 mg/kg (160 cm),
corresponding to the early 1960s. The surface layer concentrations of mercury in all three
reservoirs appear to be approaching background levels for sediments affected only by
watershed or atmospheric inputs of mercury.

•

The distribution of PCBs for specific Aroclor mixtures was evaluated in each core. Peak
values were observed in the middle of the core, and Aroclor 1254 was the major contributor
to total PCBs.

•

Concentrations of 2,3,7,8-TCDD were not detected in surface and bottom sections of cores
from all three reservoirs. Maximum concentrations were reached in either the mid-1940s
(Thomson Reservoir) or the mid-1950s (Forbay and Fond du Lac Reservoir).
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•

Based on the contaminant profiles in the sediment cores, Thomson Reservoir appears to serve
as the primary catchment basin for sediment associated contaminants. Forbay and Fond du
Lac Reservoirs appear to receive contaminant inputs principally from Thomson Reservoir.

•

Based on Ontario sediment quality guidelines, concentrations of PCBs and mercury, in the
deeper core sections, exceeded Low Effect Level values. Thus, some detrimental effects to
the benthic community might be observed. The Ontario guidelines were used as benchmark
values since Minnesota does not have sediment quality guidelines; thus, these values would
not be used for regulatory purposes. At the present time, sediment quality guidelines are not
available for 2,3,7,8-TCDD.

•

No detectable concentrations of 2,3,7,8-TCDD were found in any of the fish tissue samples
collected from Thomson and Fond du Lac Reservoirs. The levels of mercury contamination
would tend to place nearly all the fish sampled from both Thomson and Fond du Lac
Reservoirs into the one meal per week category for adults. For PCBs, only channel catfish
needed to be placed in the one meal per week category for adults.

OBJECTIVE #2: Assess the presence of acutely toxic contaminants in the sediments by
conducting toxicity tests with Hyalella azteca.
•

Survival of the test organisms was significantly lower than the control sediments at two
locations: the deep core sections from Thomson (130-150 cm) and Forbay (90-110 cm)
Reservoirs. The results from Fond du Lac Reservoir were inconclusive because the most
contaminated section of the core could not be reached for sampling.

•

The appearance of toxicity was consistent with the exceedance of the OMEE Lowest Effect
Level values for mercury and PCBs (Persaud et al., 1993) at these deep core depths.
However, the specific cause of this toxicity could not be determined. A sediment toxicity
identification evaluation (TIE) would need to be conducted in order to isolate the source of
toxicity to specific chemical components of the sediments.

OBJECTIVE #3: Determine, if possible, potentially responsible parties by using historical
information about former dischargers above the study sites.
•

Potentially responsible parties could not be determined given the available information on
effluent dischargers. The contamination profiles observed in the sediments were, for the
most part, consistent with known industrial uses in the watershed. However, past loadings
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from some of the industries of concern [e.g., Potlatch and USG (formerly Conwed)] could
not be calculated due to either insufficient or nonexistent contaminant data for the effluent
discharges. The routing of effluent to WLSSD in 1979, and the ban on PCBs in 1979, had a
beneficial impact on reducing contaminant discharges into the reservoirs. It would appear
that the greatest sources of contamination to the reservoirs today are from: 1) in-place
contaminated sediments, and 2) nonpoint sources, especially from landfills and atmospheric
deposition.
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SECTION 7
RECOMMENDATIONS
The sampling plan for this investigation was limited in scope, and as such, additional work
should be conducted to further assess the extent of contamination in the Thomson, Forbay, and
Fond du Lac Reservoirs. Specific recommendations are given below.
•

Additional work needs to be conducted to determine current loadings of mercury, PCBs, and
2,3,7,8-TCDD into the Thomson, Forbay, and Fond du Lac Reservoirs. In particular,
nonpoint sources of contaminants from historical landfills, runoff, and atmospheric sources
should be examined. In addition, loadings from one reservoir to another, through advective
transport of water column contaminants, should be determined.

•

The contaminant profiles observed in Thomson, Forbay, and Fond du Lac Reservoir cores
must be verified with additional cores from each reservoir before deciding if any remedial
options should be considered. Studies initiated in the past two years will help address this
recommendation for mercury contamination. In addition, depositional and erosional zones
need to be delineated, particularly near the dams to determine the potential for re-exposure of
buried contaminants.

•

In order to make recommendations regarding potential remediation strategies, it is necessary
to accurately quantify sediments in the reservoirs. The MPCA is calculating the sediment
volume in the reservoirs, based on the differential between pre-impoundment and current
lake map soundings. Minnesota Power has assisted in this effort by providing these maps in
digitized format. Unfortunately, complete map sets exists only for Thomson Reservoir.
Sediment depth transects for Forbay and Fond du Lac Reservoirs should be measured to
more accurately quantify sediment volume.

•

The sedimentation rates calculated from the cores suggest that high erosion is occurring in
Thomson, Forbay, and especially Fond du Lac Reservoir. In addition, extensive soil
slumping was observed in the steep banks along Fond du Lac Reservoir during sediment
sampling. Minnesota Power should consider the effects of such erosion and sedimentation
on reservoir operations.
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•

A baseline human health risk assessment and a screening level ecological risk assessment
(ERA) for aquatic life and piscivorous wildlife should be conducted to determine the
potential for current risks to humans and biota. For the ERA, additional fish samples would
need to be collected to determine contaminant burdens in whole fish (as opposed to fillets).
In order to determine the potential for human health/ecological harm resulting from dam
failure, a fault-tree risk assessment should be conducted to assess the risks resulting from
flooding as well as scouring and resuspension of contaminated sediments. This dam failure
risk assessment could be conducted as part of Minnesota Power's Emergency Action Plan for
the Cloquet reservoirs.

•

Contaminant (i.e., mercury, PCBs) monitoring in fish tissue should be conducted at regular
intervals as long as fish advisories are in effect. If remediation is ever done in these
reservoirs, caged fish studies could be used to monitor contaminant uptake after the
remediation action.

•

If remediation is ever considered for the reservoirs along the St. Louis River AOC, a Biotato-Sediment Accumulation Factor model could be used to back-calculate safe concentrations
of hydrophobic organic contaminants (HOCs) (e.g., PCBs, dioxin) in the surface sediments,
based on safe contaminant concentrations in fish.
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