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After removing contaminated sediments from a toxic waste site’s outlet stream into Brockport creek,
PCB concentrations in the outlet stream dropped from 1,730 to 34,900 pug/kg in 2002 to 288 to 432 ug/kg
in 2003. Concentrations are now below water quality criteria for aquatic organisms and human health.
Concentrations of eight metals (Arsenic, Barium, Cadmium, Chromium, Copper, Lead, Nickel and Zinc)
also decreased greatly but because of naturally high background levels several remain above water
quality criteria. The benthic macroinvertebrate community at the remediated site was severely degraded
by dredging but showed signs of recovery the next year. All but one of the other sites sampled above
and below the outlet stream from the toxic waste site had moderately polluted or disturbed benthic
macroinvertebrate communities typical of the region. No patterns of sediment toxicity (survival, growth,
reproduction) were observed for Daphnia magna, Hyalella azteca and Pimephales promelas in relation
to sampling locations in the waste site’s outlet stream and Brockport creek. The cleanup of the

contaminated outlet stream appears to have been successful.
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INTRODUCTION

Contaminants accumulate in sediments following their
introduction into aquatic ecosystems and may adversely
affect benthic organisms. Through bioaccumulation and
trophic interactions, contaminants may also magnify in
food webs and threaten top predators, including humans.
A number of contaminants, including heavy metals and
polychlorinated biphenyls (PCB), are found in sediments
from the Great Lakes region due to industrial activity (Sly,
1983; Fallon and Horvath, 1985; Hamdy and Post, 1985;
Lum and Gammon, 1985; Maguire et al., 1985; Chau et
al., 1985; Pranckevicius, 1986; Sierra Legal, 2006; Teach
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Great Lakes, 2007).

PCBs are found in fish and wildlife around the world at
concentrations that may adversely affect their health
(Holmes et al., 1967; Risebrough et al., 1968; Jensen et
al., 1969; Manny and Kenaga, 1991a; Pearson et al.,
1997; Gale et al., 1997; Geisy et al., 1997). PCBs were
used in dieletrics, vacuum pumps, heat transformer
liquids, lubricants, and plasticizers (Walker et al., 2001).
Due to their persistence in nature and detrimental effects
on humans and animals, they were banned in the U.S. in
1976. Major sources of PCB pollution included
manufacturing waste and careless disposal practices
(EIP Associates, 1997; Landis and Yu, 1998; UNEP
Chemicals, 1999). Their distributions and toxicological
affects have been reviewed by Gustafson (1970), Peakall



128 J. Environ. Chem. Ecotoxicol.

and Lincer (1970), Risebrough (1970), Veith and Lee
(1970), BNS (1999), ATSDR (2000), Schantz et al.
(2003), and Heidtke et al. (2006).

Heavy metals, like PCBs, accumulate in the sediment
of lakes and rivers. Once in contact with the sediment,
metals easily adsorb to organic molecules and biota
within the sediment in depositional regions (Manny et al.,
1991b; Nichols et al., 1991; Goncalves et al., 1992;
Landis and Yu, 1998; Walker et al., 2001; Hatje et al.,
2003; Jain and Ram, 1997; Saeedi et al., 2004; Fan et
al., 2007; Saeedi et al., 2011). Once in the benthos,
metals are transported up the food web into fish and
other predators. Accumulation of large concentrations of
heavy metals causes gill, liver, kidney, and hematological
damage in fish and invertebrates (Delvalls et al., 1998;
Rasmussen and Anderson 2000; Usha Rani, 2000;
Adami et al., 2002; Farkas et al., 2002; Basa and Rani,
2003; Olaifa et al., 2004; Ashraj, 2005; Vosyliene and
Jankaite 2006; Waqar, 2006; Farombi et al., 2007;
Vinodhini and Narayanan, 2008).

The objective of this study was to:

(1) Compare the concentrations of total PCBs and eight
metals in Brockport Creek and Tributary #3 before and
after remediation of Tributary #3.

2) Assess the health of the aquatic invertebrate
community in Brockport Creek and Tributary #3 after
remediation.

(3) Determine the toxicity to three standard test
organisms of sediments remaining in Brockport Creek
and Tributary #3 following remediation.

MATERIALS AND METHODS

Brockport Creek is small, shallow and drains a 21.5 km? watershed
that flows into south-central Lake Ontario (Figure 1). It receives
water from Tributary #3, a 1.7 km-long manmade stream that drains
storm water runoff and sludge pit (43.21268°N, 77.92950°W)
effluent from the former Dyna Color-3M, General Electric, and Black
and Decker facilities that operated from 1940 to 1986. In 2002, the
New York State Department of Environmental Conservation
(NYSDEC) began removing contaminated sediment from Tributary
#3, a NYS superfund site.

Approximately 2,140 metric tons of contaminated sediment was
removed from the start of Tributary #3 at the Industrial site
downstream to Site #6 and a new tributary bed was constructed
(Figure 1).

Sample collection and analysis

Composite sediment samples were collected from seven sites, one
in Tributary #3 and six in Brockport Creek, on October 30, 2003
(Figure 1). At each site, sediment was removed from the slowest
moving section where fine sediment accumulated and presumably
contained the highest concentrations of contaminants.
Approximately 4 L of sediment was collected at each site with a 1 L
hexane-rinsed stainless steel cup. Sediment samples were placed
in 4 L hexane-rinsed plastic containers and stored at 4°C until used.
Sites 3 to 6, which encompass the remediation site in Tributary #3,
the confluence of Tributary #3 and Brockport Creek, and two sites

in Brockport Creek immediately downstream from Tributary #3
(Figure 1), were analyzed for PCBs following USEPA (1996a) and
for heavy metal presence following USEPA (1996b). One
concentration value was provided for composited samples from
each site before (Ecology and Environment, 2001) and after
(Ecology and Environment, 2004) remediation.

Benthic macroinvertebrate samples were collected at Sites 1to 7
(Figure 1) using a D-ring kick net (32 x 25 cm) following the method
of Bode et al. (1996) and preserved in 70% ethanol. We identified
organisms to order and calculated a biotic index for each site
following the method of Hilsenhoff (1975) modified by Beck (2005).

Toxicity testing

To generate test organisms, laboratory cultures of the cladoceran
(Daphnia magna), the isopod (Hyalella azteca), and the fathead
minnow (Pimephales promelas) were established according to
protocols of Neuderfer (2000) and USEPA (2002). Acute 48 h tests
with D. magna were conducted according to USEPA (1994). Ten
newly hatched neonates (<24 h old) were placed in 130 ml beakers
with 50 ml sediment and 50 ml water from each site. Four replicates
were tested for each site, and survival was recorded at 24- and 48
h. A chronic 10-day test with D. magna was conducted in the same
manner as the acute test except for the following conditions: one
newly hatched neonate was placed in each 130 ml beaker, two
replicates were tested for each site, and survival and offspring
produced were recorded every other day.

Acute 10-day tests with H. azteca were conducted according to
USEPA (2000). Ten 7 to 10 day old amphipods were placed in 130
ml beakers with 50 ml sediment and 50 ml water in five replicates
from each site. Survival and growth in length and weight were
recorded after 10 days. Chronic 42-day tests with Hyalella were
conducted in the same manner except for the following conditions.
Four replicates were evaluated for changes in weight and length
after 28 days.

On day 35, five replicates were viewed for offspring production.
Five additional replicates were evaluated for survival, offspring
production and changes in weight and length through 42 days.

Acute 96 h tests with P. promelas followed USEPA (1994). An
Ace Diluter system was connected to a 500 L tank containing 3 L of
sediment and 100 L of water from each site. Ten adult fathead
minnows were placed in 10 L jars and connected to the diluter
system. Two replicates at four diluent: effluent concentrations (3:1,
1:1, 1:0, and control) were tested for each site. Survival was
recorded daily. Chronic 7-day tests with larval fathead minnows
were conducted in the same manner except for the following
conditions. Ten newly hatched larvae (<24 h) were placed in 1-L
beakers with 200 ml sediment and 800 ml water from each site.
Two replicates were tested for each site. Survival and change in
length were recorded at the end of 7 days.

Statistical analysis

Potential differences in sediment toxicity among the seven sites and
their controls were determined following statistical flow diagrams
provided with each toxicity protocol (USEPA, 1994, 2000, 2002). A
probability level P < 0.05 was considered significant. Normality of
data was determined using the Shapiro-Wilks test. Normally
distributed data were analyzed using one-way analysis of variance
(ANOVA) to determine significance (Statistix 8.0, Analytical
Software, Tallahassee, FL). When significance was detected, we
used Turkey’'s pairwise comparison test to determine which sites
differed. Non-normal data were assessed using the Kruskall-Wallis
non-parametric ANOVA and the same pair-wise comparison test
was used when a significant difference was detected.
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Figure 1. Composited sediment sampling sites in Brockport Creek and Tributary #3.
Before remediation: Site A = 690 m upstream in Tributary #3, Site B = 1.29 km
upstream in Tributary #3, Site C = 1.46 km upstream in Tributary #3. After
remediation: Site 1 = 5.7 km downstream in Brockport Creek, Site 2 = 610 m
downstream in Brockport Creek, Site 3 = 120 m downstream in Brockport Creek, Site
4 = 46 m downstream in Brockport Creek, Site 5 = confluence of Tributary #3 and
Brockport Creek, Site 6 = Remediation Site, Site 7 = 61 m upstream of confluence of

Tributary #3 and Brockport Creek.

RESULTS AND DISCUSSION
Contaminant concentrations in sediments

Sediments were analyzed for total PCBs and heavy metal
presence before (Sites A-C, Ecology and Environment,
2001) and after (Sites 3 to 6, Ecology and Environment,
2004) remediation in Tributary #3 (Figure 1). Three
Arochlors were detected, with total PCB concentrations

ranging from 2,317 to 52,778 ug/kg (20.248 + 16.293
ug/kg, mean = SE) before and 288 to 432 ug/kg (342.9 +
34 ug/kg) after remediation (Table 1, Figure 2A). All PCB
concentrations after remediation were below human
hazard limits (AAP, 1999; ATSDR, 2000; USEPA, 1986,
2001).

Excluding non-detects, low concentrations of metals in
Tributary #3 ranged from 2.86 mg/kg (Arsenic, Site A)
before to 0.14 mgkg (Cadmium, Site 6) after
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Table 1. Concentrations of total PCB and metals in sediments at six sites in Brockport Creek (1-5, 7) and three sites (6, A-C) in Tributary #3 near an abandoned industrial site before and after
removal of contaminated sediments. (ns = not sampled, nd = not detected; HHL = human hazard limit)

PCB ( pg’kg ) Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 HHL Site A Site B Site C
Total ns ns 288.3 361 431.7 290.5 ns 795 5650 52778 2317
Metals (mg/kg)

Arsenic 1.1 3.5 3.4 2 5.46 2.45 5.1 1.25 6.49 2.86 5.29
Barium 73 134.9 115.4 104.2 77 60.3 132.8 2.5 146 54.1 1630
Cadmium 0.7 0.9 0.9 0.8 0.43 0.14 1.4 0.625 1.23 355 9.64
Chromium 19.8 19.5 22.7 241 19.2 6.6 38.6 1.25 72.6 19.5 511
Copper 16.1 15.5 22.2 28.2 nd nd 20.4 2.5 64.5 24.6 47.6
Lead 64.3 18.8 21.9 29.5 25.4 7.3 30 0.625 124 64.4 2240
Nickel 17 19 23.5 17.1 nd nd 32.1 2.5 28.1 39.2 769
Zinc nd 114.4 117 nd nd nd 172.4 12.5 626 205 2530

remediation. High concentrations of metals in
Tributary #3 ranged from 2,350 mg/kg (Zinc, Site
C) before to 60.3 mg/kg (Barium, Site 6) after
remediation.

Before remediation, concentrations of the eight
metals analyzed from sediments in Tributary #3
were all well above human hazard limits (HHL).
After remediation, four metals (Arsenic, Barium,
Chromium, Lead) remained above their HHLs and
four were below (Cadmium, Copper, Chromium
and Lead were non-detects) (Table 1, Figure 2B).

After remediation, metal concentrations
upstream in Brockport Creek (Site 7), at the
confluence of Brockport Creek and Tributary #3
(Site 5), and downstream in Brockport Creek
(Sites 1 to 4) were mostly above their HHLs
(Table 1, Figure 2B). Since relatively high metal
concentrations are natural for the area (pers.
comm., Kelly Cloyd, NYS Department of
Environmental Conservation), and post-
remediation metal concentrations upstream (Site
7) and downstream (Sites 1 to 4) in Brockport

Creek were generally higher than pre-remediation
concentrations at sites A and B in Tributary #3
(the pre-remediation sampling sites farthest from
the industrial contamination source), the data
indicate that metals from the superfund site have
not contaminated Brockport Creek.

Benthic macroinvertebrate community biotic
index values

Dipteran larvae (Chironomidae) were the most
prevalent invertebrate taxon at the sites sampled
(47.3 £ 8.2%). Chironomid larvae are common in
benthic samples across North America, tolerate a
wide range of contaminant conditions, and are
preferred prey of fish (Rehwoldt et al., 1973).
Other sampled taxa included lIsopoda (15.7 =+
4.5%), Amphipoda (13.7 £ 5.6%), Oligochaeta
(10.9 * 6.3%), Coleoptera (4.9 = 2.7%), Bivalvia
(39 £ 2.0%), Trichoptera (2.1 + 1.2%),
Gastropoda (0.5 £ 0.5%), Ephemeroptera (0.4 +

0.4%), Megaloptera (0.3 = 0.3%), and Plecoptera
(0.1 £ 0.1%) (Figure 3).

Biotic index values for Sites 3 and 6 indicated
gross pollution and the index value for Site 2 was
only one unit above the gross pollution value
(Table 2). Site 6 in Tributary #3 was where
sediment was removed less than a year before
this study; its low biotic index value indicated that
the benthic community had not recovered. Sites 2
and 3 are located at road crossings where bridge
impacts or contaminants from ftraffic may
adversely affect the benthic communities. The
remaining sites (1, 4, 5, 7) all were categorized as
moderately polluted (Table 2), suggesting that this
is the general condition of benthic communities in
Brockport Creek. However, Site 7 immediately
upstream from the remediation site and Site 1
farthest downstream had the highest biotic index
values whereas Sites 4 and 5 immediately
downstream from the remediation site had
intermediate values. Due to the binding of PCBs
(Mayer et al. 1977; Jota and Hassett 1991;
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Figure 2. Concentrations of PCB Aroclors (A): 1242 [l , 12541, 1260l  and selected heavy metals
(B): Arsenic [#4, Barium B3], Cadmium B8 , Chromium 4 , Copper B, LeadEd , Nickel B4 , and Zinc
in composite sediment samples from Brockport Creek (BC) and Tributary #3 (T3) near an abandoned
industrial site before (Sites A-C; T3-Pre) and one year after (Sites 3-5, BC-Post; Site 6, T3-Post) removal

of contaminated sediments from Tributary #3. HHL = Health Hazard Limit (USEPA, 1986).

Hanberg 1996; Uhle et al., 1999; Robertson and Hansen Chen et al. 1996; Rauret 1998; Yu et al., 2001; Filgueiras
2001) and heavy metals (Nehring 1976; House et al et al. 2004) to organic compounds and sediment
1992; Calmano et al., 1993; Salomons and Stigliani 1995; particles, the biotic index data suggest that sediment
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Figure 3. Invertebrates collected at seven sites in Brockport Creek
and Tributary #3: Megaloptera, Ed Gastropoda, O Oligochaeta,
| Diptera, Trichoptera, Amphipoda, [ Ephemeroptera, O

Bivalvia, &= Coleoptera

quality at Sites 4 and 5 in the past may have adversely
affected the benthic communities immediately
downstream from now remediated Tributary #3.

Toxicity Testing

Using a variety of standard acute and chronic toxicity
tests, D. magna, H. azteca, and P. promelas were

Isopoda, = Plecoptera.

exposed to sediments from Sites 1 to 7 to evaluate their
survival, growth (weight, length) or offspring production
(Figures 4 to 7). Test organisms in direct contact with
contaminated sediment best show relationships between
concentration and survival. Sanders and Chandler
(1972), Stalling and Mayer (1972), Giesy and Hoke
(1989), Song and Breslin (1998), ASTM (2000), USEPA
(2000), Rowe (2003), and Muscatello et al., (2006) all
concluded that amphipods (example, H. azteca) and
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Table 2. Scores and pollution categories at seven sites in Brockport Creek and Tributary #3 near an abandoned industrial site after removal of
contaminated sediments. Biotic index = [2*(n in Class 1) + (n in Class 2)], where n = number of taxa in each pollution class by Order. Index
score: 0-2 = grossly polluted, 3-9 = moderately polluted, >10 = clean stream.

Taxon Pollution class Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
Megaloptera 2 1 0 0 0 0 0 0
Gastropoda 3 1 0 0 0 0 0
Oligochaeta 3 1 1 0 0 0 1 1
Diptera 3 3 2 1 3 1 1 1
Trichoptera 2 1 0 0 0 2 0 1
Amphipoda 2 1 1 1 1 1 0 1
Ephemeroptera 1 1 0 0 0 0 0 0
Coleoptera 3 1 3 1 0 0 0 1
Isopoda 2 1 1 1 1 1 1 0
Plecoptera 1 1 0 0 0 0 0 0
Index Score 8 3 2 4 4 1 5

Class Mod Mod Gross Mod Mod Gross Mod

Table 3. Mean (+SE) percent survival, change in length, and offspring production in significantly different toxicity tests for organisms exposed to
sediments from six sites in Brockport Creek and one site in Tributary #3 near an abandoned industrial site one year after removal of contaminated
sediments. Sites with the different letter designations (a, b, c, d) belong to statistically heterogeneous groups (P < 0.05).

Survival test (%) Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
Acute, 48-h Daphnia 28+4.8° 38+7.5° 40+4.1° 68+4.8° 73+2.5%° 9+4.8%° 95+2.9°
Acute, 10-d Hyalella 82+5.8% 72+11.6%° 82+4% 54+4° 8615.12 64+6.8° 66+10.3%*°
Acute, 7-d Larval Fathead Minnow 80+3.2° 50+11.4% 78482 68+3.7% 44+6° 76+8.7% 7045.5%
Growth in length (mm)

Acute, 10-d Hyalella 1.6+0° 1.840.1% 1.940.1%°  1.9+01% 2+0.1% 1.740.2% 2.1+0°
Offspring production (#/adult)

Chronic, 10-d Daphnia 3+0.5° 2+0° 60.5™ 5+0.5° 60 11+1.5% 12427

larval fish (example, P. promelas) accumulate substantial
amounts of contaminants during contact with bottom
sediment which can directly affect their survival and
reproduction. These authors also mention the usefulness
of Daphnia as another health indicator as they rapidly
accumulate contaminants that are suspended in the
water column.

Therefore, we believe our choices of test organisms
were appropriate.
For the 28-, 35- and 42-day chronic tests for H. azteca
and the 96-h acute test for P. promelas there were no
significant differences in survival among Sites 1 to 7.

Three tests indicated significant differences in survival
among sites (Figure 4, Table 3):

(1) H. azteca, 10-day acute test (1,2,3,5> 6,7 > 4; P =
0.036).
(2) D. magna, 48-h acute test (7 >4,5>1,23>6;P <
0.001).

(3) P. promelas, 7-day acute test (7, 6, 4,3,1 > 5,2; P =
0.006).

There were no significant changes in test organism
weight (Figure 5) and only one significant change in
length (Figure 6, Table 3). For the H. azteca, 10-day
acute test, test organisms grew significantly less in length
(P = 0.043) when exposed to sediment from Site 1 than
the other six sites. In the two reproduction tests (Figure
7), there was no difference in toxicity among sites for the
H. azteca, 42-day chronic tests but there was a
significant difference for the D. magna, 10-day chronic
test (7,6 > 3,4,5 > 1,2; P < 0.001 Table 3).

The removal of contaminated sediment to reduce PCB
and heavy metal presence is a widely used technique.
Within the Great Lakes drainage, Zarull et al. (1999)
summarized success in 20 Areas of Concern (AOC)
where contaminated sedimentwasremoved and increased
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one year after removal of contaminated sediments.

aquatic health was observed. In particular, following the

sediment from Milwaukee Estuary and Waukegan
removal of 5,900 and 30,000 m® of contaminated

Harbor, respectively, contaminant concentrations were
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below HHLs. Currently, the USEPA recognizes 43 AOC’s
within the Great Lakes drainage (US and Canada) with
two Canadian waters (Collingwood Harbor and Severn
Sound) and one U.S. water (Oswego River, NY)
becoming delisted (USEPA 2011).

Conclusion

Our data suggest that remediation of contaminated
sediments in Tributary #3 was successful. Total PCB
concentrations are now below the HHL at all sites
sampled. The concentrations of eight metals were
substantially reduced by sediment removal in Tributary
#3; however, background levels of metals in the rocks of
the region are naturally high and the concentrations of
most metals remain above their HHLs at most of the
sampled sites. The index used to assess benthic macro
invertebrate health indicates moderately polluted
conditions at the majority of sampled sites; sites with
better or worse values are best explained by unique
features of their locations rather than exposure to
contaminants from Tributary #3. Finally, no consistent
pattern of toxicity among test organisms was observed in
relation to the locations of sediment samples taken from
Brockport Creek and Tributary #3. For all of these
reasons, it is reasonable to conclude that the remediation
of Tributary #3 was successful. Focused studies and data
collection monitoring the recovery of Brockport Creek and
Tributary #3 are needed.

ACKNOWLEDGMENTS

We gratefully acknowledge the assistance of Kristina
Chalupnicki, Rick Chalupnicki, Tim Lincoln and Yorr
Marchione in sample collection. We are indebted to
Shawn Lessord, Erie Canal Keeper, for providing funding,
Gary Neuderfer (NYSDEC, Avon, NY) for providing test
organisms and statistical support, and H. George Ketola
for editorial support.

REFERENCES

AAP  (1999). Polychlorinated biphenyls, dibenzofurans, and
dibenzodioxins. In: Etzel RA, Balk SJ, editors. Handbook of Pediatric
Environmental Health. pp. 215-222.

Adami GM, Barbieri P, Fabiani M, Piselli S, Predonzani S, Reisenhofer
E (2002). Levels of cadmium and zinc in hepatopancreas of reared
Mytilus galloprovincialis from the Gulf of Trieste (Italy). Chemosphere
48:671-677.

Ashraj W (2005). Accumulation of heavy metals in kidney and heart
tissues of Epinephelus microdon fish from the Arabian Gulf. Environ.
Monit. Assess. 101:311-316.

ASTM (2000). Test methods for measuring the toxicity of sediment-
associated contaminants with freshwater invertebrates. E1706-95b.
American Society of Testing and Materials, 2000 Annual Book of
Standards, Volume 11.05, West Conschohocken, PA. pp. 1141-1223

ATSDR (2000) Toxicological Profile for Polychlorinated Biphenyls
(PCBs), Agency for Toxic Substances and Disease Registry,

November 2000, Chapter 5.pp.1-23

Basa SP, Usha RA (2003). Cadmium induced antioxidant defense
mechanism in freshwater teleost Oreochromis mossambicus
(Tilapia). Ecotoxicol. Environ. Safety 56:218-221.

Beck WM (2005). Simple biological measure of stream pollution.
http://www.sfr.cas.psu.edu/water/BIC%20card.doc.

Bode RW, Novak MA, Able LE (1996). Quality assurance work plan for
biological stream monitoring in New York State. New York State
Department of Environmental Conservation, Albany.pp.1-92

BNS (1999) PCB Sources and Regulations Background Report,
Analytical Process Reports, Bi-national Toxics Strategy, U.S. EPA,
October 1999, Introduction, p.1, accessed by:
www.epa.gov/glnpo/bns/pcb/steppch.htmil.

Calmano W, Hong J, Forstner U (1993). Binding and mobilization of
heavy metals in contaminated sediments affected by pH and redox
potential. Water Sci. Technol., 28:223-235.

Chau YK, Wong PTS, Bengert GA, Dunn JL, Glen B (1985).
Occurrence of alkyl-lead compounds in the Detroit and St. Clair
rivers. J. Great Lakes Res., 11: 313-319.

Chen W, Tan SK, Tay JH (1996). Distribution, fractional composition
and release of sediment-bound heavy metals in tropical reservoirs.
Water, Air and Soil Pollut., 92:273-287.

DelValls TA, Blasco J, Srarsquete MC, Forja JM, Gomez-Parra A
(1998). Evaluation of heavy metal sediment toxicity in littoral
ecosystems using juveniles of the fish Sparus aurata. Ecotoxicol.
Environ. Safety 41(2): 157-167.

Ecology and Environment, Inc. (2001). PCB and Heavy Metal
Laboratory Report. Analytical Services Center, 4493 Walden Avenue,
Lancaster, NY 14086. pp.1-20

Ecology and Environment, Inc. (2004). PCB and Heavy Metal
Laboratory Report. Analytical Services Center, 4493 Walden Avenue,
Lancaster, NY 14086. pp.1-20

EIP Associates (1997). Polychlorinated biphenyls (PCBs) source
identification. Prepared by: EIP Associates, October 28, 1997.
Prepared for: Palo Alto Regional Water Quality Control Plan. City of
Palo Alto. http://www.city.paloalto.ca.us/cleanbay/publications.html.

Fallon ME, Horvath FJ (1985). Preliminary assessment of contaminants
in soft sediments of the Detroit River. J. Great Lakes Res., 11: 373-
387.

Fan Q, He J, Xue H, Ch LU, Saruli YL, Sun Y, Shen L (2007).
Competitive adsorption, release and speciation of heavy metals in the
Yellow River sediments, China. Environmental Geology 53:239-251.

Farkas A, Salanki J, Specziar, A (2002). Relation between growth and
heavy metal concentration in organs of bream Abramis brama L.
populating lake Balaton. Arch. Environ. Contam. Toxicol., 43:236-
243.

Farombi EO, Adelowo OA, Ajimoko YR (2007). Biomarkers of oxidative
stress and heavy metals as indicators of environmental pollution in
African catfish (Clarias gariepinus) from Nigeria Ogun River. Int. J.
Environ. Res. Public Health 4:158-165.

Filgueiras AV, Lavilla I, Bendicho C (2004). Evaluation of distribution,
mobility and binding behavior of heavy metals in surficial sediments
of Louro River (Galicia, Spain) using chemometric analysis: a case
study. Sci. Total Environ. 330:115-129.

Gale, RW, Huckins JN, Petty JD, Peterman PH, Williams LL, Morse D,
Schwartz TR, Tillitt DE (1997). Comparison of the uptake of dioxin-
like compounds by caged channel catfish and semipermeable
membrane devices in the Saginaw River, MI. Environ. Sci.Technol.,
31:178-187.

Geisy, JP, Jude DJ, Tillitt DE, Gale RW, Meadows JC, Zajicek JL,
Peterman PH, Verbrugge DA, Sanderson JT, Schwartz TR, Tuchman
ML (1997). Polychlorinated dibenzo-p-dioxins, dibenzofurans,
biphenyls and 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents in
fishes from Saginaw Bay, Michigan. Environ. Toxicol. Chem., 16:713-
724.

Giesy JP, Hoke RA (1989). Freshwater sediment toxicity
bioassessment: Rational for species selection and test design. J.
Great Lakes Res.,15(4): 539-569.

Goncalves EPR, Boaventura RAR, Mouvet C (1992). Sediments and
aquatic mosses as pollution indicators for heavy metalsin the AVE
river basin (Portugal). Sci.Total Environ., 114:7-24

Gustafson CG (1970). PCB’s-Prevalent and persistent. Environ.Sci.



Technol., 4: 814.

Hamdy Y, Post L (1985). Distribution of mercury, trace organics and
other heavy metals in Detroit River sediments. J. Great Lakes Res.
11: 353-365.

Hanberg A (1996). Toxicology of environmentally persistent chlorinated
organic compounds. Pure Appl. Chem., 68:1791-1799.

Hatje V, Payne TE, Hill DM, McOrist G, Birch GF, Szymcza R
(2003).Kinetics of race metal uptake and release by particles in
estuarine waters: effects pf pH, salinity, and particle loading.
Environment International 29:619-629.

Heidtke, T, Hartig JH, Zarull MA, Yu B (2006). PCB levels and trends
within the Detroit River-Western Lake Erie Basin: A historical
perspective of ecosystem monitoring. Environ. Monit. Assess.,
112:23-33.

Hilsenhoff WL (1975). Aquatic insects of Wisconsin with generic keys
and notes of biology, ecology, and distribution. Wisconsin
Department of Natural Resources Technical Bulletin 89: 1-52.

Holmes DC, Simmons JH, Tatton JOG (1967). Chlorinated
hydrocarbons in British wildlife. Nature 216: 227.

House MA, Ellis JB, Herricks EE (1992). Urban-drainage-impacts on
receiving water quality. Water Sci. Technol., 27:117-158.

Jensen S, Johnels AO, Olsson M, Otterlind G (1969). DDT and PCB in
marine animals from Swedish waters. Nature 224: 247.

Jain CK, Ram D (1997). Adsorption of metal ions on bed sediments. J.
Hydrol. Sci., 42:713-723.

Jota MAT, Hassett JP (1991). Effects of environmental variables on
binding of a PCB congener by dissolved humic substances. Environ.
Toxicol. Chem., 10:483-491.

Landis WG, Yu WH (1998). Introduction to environmental toxicology:
Impacts of chemical upon ecological systems. Boston, MA.p.390

Lum KR, Gammon KL (1985).Geochemical availability of some trace
and major elements of the Detroit River and western Lake Erie. J.
Great Lakes Res., 11: 328-338.

Maguire RJ, Tkacz RJ, Sartor DL (1985). Butyltin species and inorganic
tin in water and sediment of the Detroit and St. Clair Rivers. J. Great
Lakes Res., 11: 320-327.

Mayer FL, Mehrle PM, Sanders HO (1977). Residue dynamics and
biological effects of polychlorinated biphenyls in aquatic organisms.
Arch. Environ. Contam. Toxicol., 5: 501-511.

Manny BA, Kenga D (1991a). The Detroit River: Effects of contaminants
and human activities on aquatic plants and animals and their
habitats. Hydrobiologia 219:269-279.

Manny BA, Nichols SJ, Schloesser DW (1991b). Heavy metals in
aquatic macrophytes drifting in a large river. Hydrobiologia 219:333-
344.

Muscatello JR, Bennett PM, Himbeault KT, Belknap AM, Janz DM
(2006), Larval deformities associated with selenium accumulation in
northern pike (Esox Lucius) exposed to metal mining effluent.
Environ. Sci.Technol., 40:6506-6512.

Nehring RB (1976). Aquatic insects as biological monitors of heavy
metal pollution. Bull. Environ. Contam. Toxicol., 15(2): 147-154.

Neuderfer G (2000). Standard operating procedure for the culture of
freshwater shrimp (Hyalella azteca) for aquatic toxicity tests.
Standard operating procedures for biological testing at Avon field
station. NYS DEC. 1-3.

Nichols SJ, Manny BA, Schloesser DW, Edsall TA (1991). Heavy metal
contamination of sediments in the upper connecting channels of the
Great Lakes. Hydrobiologia 219:307-315.

Olaifa FG, Olaifa AK, Onwude TE (2004). Lethal and sublethal effects of
copper to the African catfish (Clarias gariepnus). Afri. J. Biomed.
Res., 7:65-70.

Peakall DB, Lincer J (1970). Polchlorinated biphenyls-Another long-life
widespread chemical in the environment. Bioscience 20: 958.

Pearson RF, Swackhamer DL, Eisenreich SJ, Long DT (1997).
Concentrations, accumulations, and inventories of polychlorinated
dibenzo-p-dioxins and dibenzofurans in sediments of the Great
Lakes. Environ. Sci. and Technol. 31:2903-2909.

Pranckevicius PE (1986). 1982 Detroit Michigan area survey. U.S.
Environmental Protection Agency, Chicago, IL, EPA Report No. 905-
4-86-002.

Rasmussen AD, Anderson O (2000). Effects on cadmium exposure on

volume regulation in the lungworm, Arenicola marina. Aquatic Toxicol.

Chalupnicki and Haynes 137

48:151-164.

Rauret G (1998). Extraction procedures for the determination of heavy
metals in contaminated soil and sediment. Talanta 46:449-455.

Rehwoldt R, Lasko L, Shaw C, Wirhowski E (1973). The acute toxicity
of some heavy metal ions toward benthic organisms. Bull. Environ.
Contam. Toxicol., 10(5): 291-294.

Robertson W, Hansen LG (2001). PCBs: Recent advances in
environmental toxicology and health effects. The University Press of
Kentucky. Lexington, p. 496.

Rowe CL (2003), Growth responses of an estuarine fish exposed to
mixed trace elements in sediments over a full life cycle. Ecotoxicol.
Environ. Saf., 54:229-239.

Risebrough RW, Rieche P, Peakall DO, Herman SG, Kirven MN (1968).
Polychlorinated biphenyls in the global ecosystem. Nature 220: 1098.

Risebrough RW (1970). More letters in the wind (PCB’s). Environment
12: 16.

Saeedi M, Daneshvar S, Karbassi AR (2004). Role of riverine sediment
and particulate matter in adsorption of heavy metals. Int. J. Environ.
Sci. Technol., 1:143-148.

Saeedi M, Hosseinzadeh M, Rajabzadeh M (2011). Competitive heavy
metals adsorption on natural bed sediments of Jajrood River, Iran.
Environmental Earth Science 62:519-527.

Salomons W, Stigliani W (1995). Biogeodynamics of pollutants in soils
and sediments. Springer-Verlag, Inc. Heidelberg, p.352.

Sanders HO, Chandler JH (1972). Biological magnification of a
polychlorinated biphenyl (Aroclor 1254) from water by aquatic
invertebrates. Bull. Environ. Contam. Toxicol., 7(5): 257-263.

Schantz SL, Widholm JJ, Rice DC (2003). Effects of PCB exposure on
neuropsychological function in children. Environmental Health
Perspective 111(3): 357-576.

Sierra Legal. 2006. Media Release: US, Canadian cities fouling the
Great Lakes with raw sewage.
http://www.sierralegal.org/m_archive/pr06_11_29.html.

Sly PG (1983). Sedimentology and geochemistry of recent sediments
off the mouth of the Niagara River, Lake Ontario. J. Great Lakes
Res., 9: 134-159.

Song KH, Breslin VT (1998). Accumulation of contaminants metals in
the amphipod Diporeia spp. In Western Lake Ontario. J. Great Lakes
Res., 24:949-961.

Stalling DL, Mayer Jr FL (1972). Toxicities of PCBs to fish and
environmental residues. Environmental Health Perspectives 1: 159-
164.

Teach Great Lakes. 2007. Water pollution in the Great Lakes.
http://www.greatlakes.net/teach/pollution/water/water5.html.

Uhle MA, Chin YP, Aiken GR, McKnight DM (1999). Binding of
polychlorinated biphenyls to aquatic humic substances: The role of
substrate and sorbate properties on partitioning. Environ. Sci.
Technol., 33:2715-2718.

UNEP Chemicals (1999). Guidelines for the identification of PCBs and
materials containing PCBs, First Issue, August 1999. United Nationas
Environmental Program  (UNEP) Chemicals web page:
http://www.chem.unep.ch/pops/.

Usha Rani A (2000). Cadmium induced bioaccumulation in tissue of
freshwater teleost Oreochromis mossambicus. Annals of the New
York Academy of Science 919:318-320.

USEPA (1986). Quality Criteria for Water 1986. EPA 440/5-86-001.
Washington, D. C.p.477

USEPA (1994). Short-term methods for estimating the chronic toxicity of
effluents and receiving waters to freshwater organisms. Third edition.
EPA/600/4-91/002. Cincinnanti, OH. p.344

USEPA (1996a). Polychlorinated Biphenyls (PCB’s) by gas
chromatography. Method 8082, Revision 2. Updated 2/22/2006.
http://www.epa.gov/epaoswer/hazwaste/test/pdfs/8082.pdf.

USEPA (1996b). Inductively coupled plasma-atomic emission
spectrometry. Method 6010B, Revision 2. Updated 2/22/2006.
http://www.epa.gov/epaoswer/hazwaste/test/pdfs/6010B.pdf.

USEPA (2000). Methods for measuring the toxicity and bioaccumulation
of sediment associated contaminants with freshwater invertebrates.
Second edition. 600/R-99/064. Duluth, MN. p.213

USEPA (2001). Current drinking water standards. Washington (DC): US
Environmental  Protection  Agency. Available from  URL:
www.epa.gov/safewater/mcl.html.



138 J. Environ. Chem. Ecotoxicol.

USEPA (2002). Methods for measuring the acute toxicity of effluents
and receiving waters to freshwater and marine organisms. Fifth
edition. EPA-821-R-02-012. Washington, D.C. p.275

USEPA (2011). Great Lakes Area of
http://www.epa.gov/ginpo/aoc/.

Veith GD and Lee GF (1970). A review of chlorinated biphenyl
contamination in natural waters. Water Research 4: 265.

Vinodhini R, Narayanan M (2008). Bioaccumulation of heavy metals in
organs of fresh water fish Cyprinus carpio (Common carp). Int. J.
Environ. Sci. Technol., 5:179-182.

Vosyliene MZ, Jankaite A (2006). Effect of heavy metal model mixture
on rainbow trout biological parameters. Ecology 4:12-17.

Concerns.

Walker CH, Hopkin SP, Sibly RM, Peakall DB (2001). Principles of
Ecotoxicology. New York, NY. p.309

Wagar A (2006). Levels of selected heavy metals in Tuna fish. Arabian
J. Sci. Eng., 31:89-92.

Yu KC, Tsai LJ, Chen SH, Ho ST (2001). Chemical binding of heavy
metals in anoxic river sediments. Water Research 35:4086-4094.

Zarull MA, Hartig JH, Maynard L (1999). Ecological benefits of
contaminated sediment remediation in the Great Lakes Basin.
Prepared by the Great Lakes Water Quality Board.
http://www_.ijc.org/php/publications/html/ecolsed/index.html



