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T E C H N I C A L  M E M O R A N D U M    

USCG Dry Cargo Sweepings Scientific Investigation: 
Sweepings Characterization—Toxicological Analyses 
PREPARED FOR: U.S. Coast Guard 

PREPARED BY: CH2M HILL 

DATE: February 16, 2007 

This memorandum provides documentation of the toxicological activities conducted as part 
of the Sweepings Characterization for the U.S. Coast Guard Dry Cargo Sweepings Impact 
Analysis Project – Sweepings Characterization (CH2M HILL, 2007). The other activities as 
part of this task are included in a separate memorandum. 

Materials and Methods 
Dry deck taconite, limestone, eastern coal, and western coal sweepings were collected in 
October 2006, along with sump slurries and solids, chemically analyzed, and shipped to 
EnviroSystems Inc. in Hampton, NH for toxicological analysis. Dry deck sweepings were 
also sent to Applied Sciences Laboratory in Corvallis, OR for the preparation of the 
simulated slurry. Simulated deck sweepings slurry was tested for nutrient enrichment, 
shipped to Lancaster Laboratories and tested concentrations of potential toxic compounds, 
and shipped to EnviroSystems Inc. in Hampton, NH for toxicological analysis. The 
collection and chemical analysis of sweepings materials is described in the accompanying 
technical memorandum, “USCG Dry Cargo Sweepings Scientific Investigation: Sweepings 
Characterization – Chemical Analyses.” The results of the nutrient enrichment study are 
presented in an accompanying technical memorandum, “USCG Dry Cargo Sweepings 
Scientific Investigation: Biological Characterization – Nutrient Enrichment.” Dry deck 
sweeping solids and the sweepings diluted with clean sediment were tested with the midge 
(Chironomus dilutus), and the amphipod (Hyallela azteca) in chronic bioassays (20 days and 
28-days, respectively) to conservatively simulate exposure to accumulated sweepings 
deposits on the lake bottom. These tests were conducted using standard methodology for 
sediment. Multiple dilutions of sump slurry and simulated deck sweeping slurry were 
tested with the fathead minnow (Pimephales promelas) and the water flea (Daphnia magna) in 
acute bioassays (48 hours) to conservatively simulate exposure to discharged slurries in the 
lake water column. These tests were conduced with standard methodology for liquids. A list 
of samples and a description of the bioassays is provided in Table 1.  

Results 
Complete laboratory reports are provided as an attachment to this memorandum. A 
summary of the results is provided below. 

Chironomus 

Chironomid statistical evaluations were conducted using a basic comparison to a laboratory 
control. The average survival and growth (presented as dry weight/larvae after 20 days) in 
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each sample is presented in Figure 1. Significant effects on midge survival were observed in 
taconite deck sweepings samples. Significant effects on growth were observed in an eastern 
coal deck sweepings sample, but not in the taconite samples with observed significant 
effects on survival. Similar results were observed among cargo types, except for eastern 
coal, in which significant effects on growth were observed in the sample from the American 
Courage (1.92 mg) but not the American Republic (2.85 mg).  

Hyallela 

Hyallela statistical evaluations were conducted two ways, first a basic comparison of the 
response in "undiluted" samples (i.e., 100% deck sweepings) to the response in the 
laboratory control, followed by the computation of LC/IC-50 and No-Observed-Effect-
Concentrations (NOECs) point estimates. The average survival in undiluted samples is 
presented in Figure 2. Significant effects on survival as compared to the control were 
observed in all samples except an eastern coal sample. Survival was lowest in a western coal 
sample (12.5%) and highest in the eastern coal sample (82.5%). The average growth 
(presented as dry weight/amphipod after 28-days) is also presented in Figure 2. Significant 
effects on growth as compared to the control were observed in all samples except an eastern 
coal sample (a different sample than for survival) and limestone samples.  

LC/IC-50 values, which indicate the concentration of sweepings toxic to 50% of the 
organisms, and NOECs, which indicate the concentration of sweepings at which no effect is 
expected, are presented in Table 2. For survival, four of the eight samples yielded survival 
levels sufficiently low to generate an LC-50 of <100% and only one sample had a NOEC 
effect of 100% (eastern coal sample from the American Republic), indicating that the 
majority of the samples had some level of effect on survival. Analysis of growth data from 
the diluted samples showed good correlation with survival, based on the NOEC values. 
Using an IC (Inhibition Concentration) of 50%, most of the samples were not sufficiently 
toxic to result in a reduction in growth of 50% or greater. Similar results were observed 
among cargo types, except for eastern coal, in which each sample had an effect on either 
growth or survival, but not both.  

In comparison to chironomid survival, in which effects were observed in only taconite, 
significant effects on Hyallela were observed more cargo types (all samples except an eastern 
coal sample). For growth, taconite, western coal, and eastern coal from the American 
republic had a significant effect on Hyallela growth, while no effects were observed in 
chironomids. The eastern coal sample from the American Courage in which chironomid 
growth effects were observed did not produce similar results in Hyallela.  

Daphnia 

All liquid toxicity tests (i.e. Daphnia and Pimephales) statistical evaluations were conducted 
by the computation of point estimates (LC -50s). The average survival in each dilution 
treatment is presented in Figure 3. Survival was high (greater than 80%) in most samples, 
and highest in samples containing only 1% slurry, with greater than 90% survival observed 
in all sweeping types diluted to 1%. There was no survival in a taconite vessel sump slurry 
with no dilution (i.e., 100% slurry), 50% taconite vessel sump slurry from the same vessel, 
and a limestone vessel sump slurry with no dilution. The other taconite and limestone 
samples did not produce a similar effect.  
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Average Pimephales survival in each dilution treatment is presented in Figure 4. Survival 
was high (greater than 80%) in most samples. Daphnid and minnow assay results were very 
similar; if a sample had an effect in daphnid, the minnow was impacted to approximately 
the same level. Of the 14 samples tested, only 2 showed significant negative effects in the 
minnow (a taconite and limestone vessel slurry sump). 

Discussion 
Consistent toxicity was not observed across bioassays, which suggests sensitivity differences 
among the test species to the physical and chemical properties of the sweepings. High 
magnitude exceedances of benchmarks by chemical constituent concentrations were not 
observed (see the accompanying technical memorandum, “USCG Dry Cargo Sweepings 
Scientific Investigation: Sweepings Characterization – Chemical Analyses”), with all hazard 
quotients less than 10. For chironomids, survival impacts were observed in taconite 
exposures, and growth impacts were observed in an eastern coal exposure. No chemical 
constituents in taconite sample exceeded sediment benchmarks. In the eastern coal sample, 
there were slight exceedances of the benchmarks for arsenic, chrysene, naphthalene, 
phenanthrene, and pyrene (all HQs were less than 5.0). For the Hyallela bioassays, where 
impacts were observed in several samples and dilutions, there were also few exceedances. 
The lowest Hyallela survival was observed in western coal, but there were only slight 
exceedances of sediment benchmarks for benzo(a)anthracene, phenanthrene, and pyrene in 
this sample.  

Both daphnid and minnow survival were decreased in sump slurry samples from a taconite 
vessel and a limestone vessel. In the taconite sample slurry, aluminum, copper (total and 
dissolved), and zinc (total, but not dissolved) concentrations exceeded acute criteria. In the 
limestone sample slurry, only aluminum exceeded criteria. In both samples, total iron also 
exceeded chronic criteria (acute criteria are not available for iron). In simulated taconite and 
limestone deck sweepings slurries, no effects on survival were observed.  
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Table 1
Summary of Samples Collected and Toxicological Analyses Performed

FieldID GraphID1 Description Toxicological Analysis
Dry Deck Sweepings

DLHTV1-DS-1 TV1 Taconite deck sweeping collected from Edwin R. Gott vessel Chironomus dilutus  20-day exposure:
- Measured survival and growth and compared 
statistically to laboratory control
- No sample dilutions
- Test chambers were 400 mL and contained 175 mL 
of deck sweepings
- Daily renewal of overlying water. 
- Monitored overlying water hardness, ammonia and 
alkalinity at start and end of assay plus day 10.     
- 8 Replicates per treatment

Hyallela azteca  28-day exposure:
- 100%, 50%, 10% sample dilutions
- Measured survival and growth and compared statistically to laboratory 
control, LC50, IC50, and NOEC
- Daily renewal of overlying water. 
- Monitored overlying water hardness, ammonia and alkalinity at start and 
end of assay plus day 10.
- 8 Replicates per treatment
- Sediment samples were diluted using an artificial sediment composed of 
graded quartz sand and approximately 2-5% organic matter.

DLHTV2-DS-1 TV2 Taconite deck sweeping collected from Paul R. Tegurtha vessel

DHLCV1-DS-1 CV1 Western coal deck sweeping collected from American Spirit vessel

DLHCV2-DS-1 CV2 Western coal deck sweeping collected from American Integrity vessel

CLECV3-DS-1 CV3 Eastern coal deck sweeping collected from American Courage vessel

CLECV4-DS-1 CV4 Eastern coal deck sweeping collected from American Republic vessel

CLELV1-DS-1 LV1 Limestone deck sweeping collected from PathFinder vessel

CLELV2-DS-1 LV2 Limestone deck sweeping collected from Earl W Oglebay vessel
Sump Slurry

DLHTV1-LS-1 TV1 Taconite sump slurry collected from Edwin R. Gott vessel Pimephales promelas  48-hour exposure:
- Measured survival
- LC50 and NOEC calculated
- Dilution series of 1% 10%, 50% and 100% slurry
- Assay conducted as static mode.

Daphnia magna  48-hour exposure:
- Measured survival
- LC50 and NOEC calculated
- Dilution series of 1% 10%, 50% and 100% slurry
- Assay conducted as static mode.

DLHTV2-LS-1 TV2 Taconite sump slurry sweeping collected from Paul R. Tegurtha vessel

DHLCV1-LS-1 CV1 Western coal sump slurry collected from American Spirit vessel

DLHCV2-LS-1 CV2 Western coal sump slurry collected from American Integrity vessel

CLELV1-LS-1 LV1 Limestone sump slurry collected from PathFinder vessel

CLELV2-LS-1 LV2 Limestone sump slurry collected from Earl W Oglebay vessel

WCOAL LKE - 10/13/2006 WC-E Western coal deck sweeping simulated slurry with Lake Erie water

ECOAL LKE - 10/13/2006 EC-E Eastern coal deck sweeping simulated slurry with Lake Erie water

LIME LKE - 10/13/2006 L-E Limestone deck sweeping simulated slurry with Lake Erie water

IRON LKE - 10/13/2006 T-E Taconite deck sweeping simulated slurry with Lake Erie water

WCOAL LKE - 10/20/2006 WC-S Western coal deck sweeping simulated slurry with Lake Superior water

ECOAL LKE- 10/20/2006 EC-S Eastern coal deck sweeping simulated slurry with Lake Superior water

LIME LKE- 10/20/2006 L-S Limestone deck sweeping simulated slurry with Lake Superior water
IRON LKE- 10/20/2006 T-S Taconite deck sweeping simulated slurry with Lake Superior water

1 See Figures 1-4



Table 2
Hyallela Survival and Growth LC/IC-50 and NOECs

FieldID GraphID1
Survival (% Sweepings) Growth (% Sweepings)

LC50 NOEC IC50 NOEC
DLHTV1-DS-1 TV1 >100 10 78.1 10
DLHTV2-DS-1 TV2 >100 50 >100 <10
DHLCV1-DS-1 CV1 16.1 <10 84.2 <10
DLHCV2-DS-1 CV2 56 10 >100 <10
CLECV3-DS-1 CV3 74.3 10 >100 <10
CLECV4-DS-1 CV4 >100 100 >100 <10
CLELV1-DS-1 LV1 72.1 10 >100 100
CLELV2-DS-1 LV2 >100 <10 >100 100

1 See Figure 2



Figure 1. Average Chironomus Survival and Dry Weight After a 20-Day 
Exposure to Deck Sweepings (* = Significantly lower than Control at 
p < 0.05)
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Figure 2. Average Hyallela Survival and Dry Weight After a 28-Day 
Exposure to 100% Deck Sweepings (* = Significantly lower than 
Control at p < 0.05)
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Figure 3. Average Daphnia Survival After 48-Hour Exposures to Sump 
Slurry and Simulated Deck Sweepings Slurry at Serial Dilutions
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Figure 4. Average Pimephales Survival After 48-Hour Exposures to 
Sump Slurry and Simulated Deck Sweepings Slurry at Serial 
Dilutions
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TOXICOLOGICAL EVALUATION
OF WATER COLUMN SAMPLES:

Great Lakes Sweepings Characterization
Acute Exposure Toxicity Tests Using

Daphnia magna and Pimephales promelas

1.0 INTRODUCTION

This report presents the results of acute exposure water column toxicity tests conducted on water
samples provided by CH2M Hill as part of a program to evaluate deck sweepings discharged to the Great
Lakes. Testing was based on programs and protocols developed by the EPA and US ACOE (1998) and US
EPA (2002). The toxicity of the samples was assessed by conducting short  term, acute toxicity tests using
the freshwater daphnid, Daphnia magna and minnow, Pimephales promelas.  Assays were performed at
EnviroSystems, Incorporated (ESI), Hampton, New Hampshire.

Toxicity tests expose groups of organisms to environmental samples and a laboratory control for a
specified period to assess potential impacts on a variety of endpoints, such as survival, growth or
reproduction.  For this series of acute exposure assays the endpoint measured was survival.  Regression and
analysis of variance techniques are used to compute LC-50 and No Effect Concentrations.

2.0 MATERIALS AND METHODS

2.1 General Methods, Biological Evaluations

Toxicological and analytical protocols used in this program follow procedures outlined in Methods for
Measuring the Acute Toxicity of Effluents to Freshwater and Marine Organisms (US EPA, 2002) and
Evaluation of Dredged Material  Proposed for Discharge in Waters of the U.S. - Testing Manual (US EPA, US
ACOE 1998) and Standard Methods for the Examination of Water and Wastewater, 20th Edition (APHA 1998).
These protocols provide standard approaches for physical and chemical analysis and for the evaluation of
toxicological effects of sediments on aquatic invertebrates.  

2.2 Test Samples and Laboratory Control Water 

Water samples from the project site  were received at ESI under chain of custody from CH2M Hill’s
Laboratory in Corvallis, Oregon. Samples were shipped via overnight delivery.  Once received, samples were
inspected, to determine integrity, given unique sample numbers and logged into the laboratory sample
management database. Samples were then placed in a secure storage area and refrigerated at  2 - 4 °C until
required.  A listing of sample sites, sample collection and receipt information is summarized in Table 1. As
samples were received from CH2M Hill’s laboratory on a periodic basis, 8 separate rounds of testing were
conducted to complete the study.

The laboratory water used as the control and diluent was artificial reconstituted soft water prepared
according to specifications provided in US EPA, 2002.

2.3 Test Species

D. magna, <24 hours old, were obtained from cultures maintained by ESI. The original stock for the
cultures  were obtained from Aquatic Research Organisms, Inc. (ARO), Hampton, NH approximately 1 week
prior to testing. Daphnids  were maintained in laboratory water at approximate test conditions and were fed
yeast/trout chow/Cerophyll (YTC) supplemented with Pseudokirchneriella subcapitata (algae)  daily during
culture (EPA 2002). Adult daphnids were isolated 24 hours prior to test start and allowed to reproduce
overnight. Organisms used in the assay were #24 hours old.   Organisms were transferred to test vessels
using a large bore pipet to minimize the amount of water added to test solutions.
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P. promelas, 7 days old, were obtained from ARO. Prior to use, test organisms were transferred to
reconstituted laboratory water which was also used as a diluent and control for a minimum of 2 hours, under
temperature conditions similar to those used in the assay.  Fish were transferred to the test beakers using a
large bore pipet to minimize the amount of culture water added to the test solution.  Twenty representative fish,
measured at the start of the assay, were used to determine loading rates. Data are provided in the data
appendix.

2.4 Water Column  Assays

2.4.1 D. magna Acute Exposure Evaluations

The 48 hour static acute toxicity tests were conducted at 25±2°C with a photoperiod of 16:8 hours
light:dark. Test chambers were 250 mL glass beakers each containing 100 mL of test solution in each of 4
replicates with 10 organisms/replicate. Survival in all test replicates was recorded after 24 and  48 hours
exposure. Dissolved oxygen and pH and were measured at the start and end of the assay in one replicate of
each treatment. Conductivity was measured at the start of the assay in one replicate. Temperature data was
obtained from monitoring equipment maintained in the test incubator. Organisms were not fed during the
assay.

2.4.1 P. promelas Acute Exposure Evaluations

The 48 hour static acute toxicity tests were conducted at 25±2°C with a photoperiod of 16:8 hours
light:dark. Test chambers were 250 mL glass beakers each containing 200 mL of test solution in each of 4
replicates with 10 organisms/replicate. Survival in all test replicates was recorded after 24 and  48 hours
exposure. Dissolved oxygen and pH and were measured at the start and end of the assay in one replicate of
each treatment. Conductivity was measured at the start of the assay in one replicate. Temperature data was
obtained from monitoring equipment maintained in the test incubator. Organisms were not fed during the
assay.

2.5 Data Analysis

As appropriate, statistical analysis of acute and chronic exposure data was completed using CETIS,
Comprehensive Environmental Toxicity Testing System, software.  The program computes acute exposure
endpoints,  LC-50 values, plus No Effect Concentrations (NOEC) based on EPA decision tree guidelines
specified in individual test methods. For No Effect Concentration endpoints statistical significance was
accepted at % <0.05.

2.6 Quality Control

As part of the laboratory quality control program, standard reference toxicant assays are conducted
on a regular basis for each test species. These results provide relative health and response data while
allowing for comparison with historic data sets. Summaries of acute exposure reference toxicant assays
conducted in support of this study are provided in Table 4. 

2.7 Protocol Deviations

Review of data from the assay documented no deviations from the prescribed method and ESI’s
related standard operating procedures.

3.0 RESULTS AND DISCUSSION

A summary of endpoints and adverse effects on each species is provided in Table 5. Water quality
characteristics are presented in Tables 6 and 7.  Support data are included in Appendix A.

3.1 Acute Exposure Water Column Evaluations - D. magna

Protocol mandate that at the end of the 48 hour exposure period daphnid survival must be $90%.
Review of the data generated from the 8 sets of assays documented that the survival of D. magna ranged from
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95 to 100%. This meets the minimum test acceptability criteria of 90% survival and is an indication that the
test organisms were healthy and not stressed by handling.  These data are considered as valid for evaluating
impacts associated with the water column samples. 

3.2 Acute Exposure Water Column Evaluations - P. promelas 

Protocol mandate that at the end of the 48 hour exposure period minnow survival must be $90%.
Review of the data generated from the 8 sets of assays documented that the survival of P. promelas  ranged
from 95 to 100%. This meets the minimum test acceptability criteria of 90% survival and is an indication that
the test organisms were healthy and not stressed by handling.  These data are considered to be valid for
evaluating impacts associated with the water column samples. 

3.3 Summary

The following matrix summarizes adverse effects, based on a significant decrease in survival, for  the
water samples after 48 hour exposure.

Significant Negative Effect on Survival
Field ID Lab ID D. pulex P. promelas

DLHTV1-LS-1 15061-002 Yes Yes
DHLCV1-LS-1 15061-003 No No
DLHCV2-LS-1 15061-006 No No
DLHTV2-LS-1 15061-009 No No
CLELV1-LS-1 15061-012 No No
WCOAL LKE 15061-013 No No
ECOAL LKE 15061-014 No No
LIME LKE 15061-015 No No
IRON LKE 15061-016 No No
WCOAL LKE 15061-017 No No
ECOAL LKE 15061-018 No No
LIME LKE 15061-019 No No
IRON LKE 15061-020 No No
CLELV2-DS-1 15061-049 Yes Yes

4.0 REFERENCES

APHA.  1998.  Standard  Methods  for the Examination of Water and Wastewater, 20th  edition. Washington
D.C.

U.S. EPA, U.S. Army Corps of Engineers. 1998. Evaluation of Dredged Material  Proposed for Discharge in
Waters of the U.S. - Testing Manual. EPA-823-B-98-004, February 1998.

U.S. EPA. 2002. Methods for Measuring the Acute Toxicity of Effluents to Freshwater and
Marine Organisms.  Fifth Edition. EPA-821-R-02-012.
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TABLE 1.  Sample Collection Information. Great Lakes Sweepings Characterization.
CH2M Hill. October 2006.

Sample ID ESI Ref# Matrix

Sample  Collection Sample Receipt Assay Start

Date Time Date Time Date

DLHTV1-LS-1 15061-002 Water 10/01/06 1440 10/03/06 1200 10/03/06

DHLCV1-LS-1 15061-003 Water 10/03/06 - 10/05/06 1030 10/05/06

DLHCV2-LS-1 15061-006 Water 10/04/06 2300 10/07/06 1130 10/09/06

DLHTV2-LS-1 15061-009 Water 10/03/06 1300 10/09/06 0945 10/10/06

CLELV1-LS-1 15061-012 Water 10/10/06 0700 10/11/06 1000 10/11/06

WCOAL LKE 15061-013 Water 10/13/06 1315 10/14/06 1330 10/14/06

ECOAL LKE 15061-014 Water 10/13/06 1320 10/14/06 1330 10/14/06

LIME LKE 15061-015 Water 10/13/06 1325 10/14/06 1330 10/14/06

IRON LKE 15061-016 Water 10/13/06 1330 10/14/06 1330 10/14/06

WCOAL LKE 15061-017 Water 10/20/06 1130 10/21/06 1330 10/21/06

ECOAL LKE 15061-018 Water 10/20/06 1130 10/21/06 1330 10/21/06

LIME LKE 15061-019 Water 10/20/06 1130 10/21/06 1330 10/21/06

IRON LKE 15061-020 Water 10/20/06 1130 10/21/06 1330 10/21/06

CLELV2-DS-1 15061-049 Water 10/27/06 0700 10/28/06 1030 10/30/06

TABLE 2. Reference Toxicant Data Summary.  Great Lakes Sweepings Characterization.
CH2M Hill. October 2006.

Date Endpoint Value
Historic Mean/

Central Tendency
Acceptable

Range
Reference
Toxicant

D. magna

11/06/06 Survival LC-50 32.7 35.4 30.7 - 40.2 SDS (mg/L)

P. promelas

11/06/06 Survival LC-50 25.9 27.3 14.2 - 40.3 SDS (mg/L)

Means and Acceptable Ranges based on the most recent 20 reference toxicant assays
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TABLE 3. Endpoint and Adverse Effects Summary. Great Lakes Sweepings
Characterization. CH2M Hill. October 2006.

Daphnia magna
Field ID Lab ID 24 Hours 48 Hours

LC-50 NOEC LC-50 NOEC

DLHTV1-LS-1 15061-002 59.50% 50% 4.94% 1%
DHLCV1-LS-1 15061-003 >100.00% 100% >100.00% 100%
DLHCV2-LS-1 15061-006 >100.00% 100% >100.00% 100%
DLHTV2-LS-1 15061-009 >100.00% 100% >100.00% 100%
CLELV1-LS-1 15061-012 >100.00% 100% >100.00% 100%
WCOAL LKE 15061-013 >100.00% 100% >100.00% 100%
ECOAL LKE 15061-014 >100.00% 100% >100.00% 100%
LIME LKE 15061-015 >100.00% 100% >100.00% 100%
IRON LKE 15061-016 >100.00% 100% >100.00% 100%
WCOAL LKE 15061-017 >100.00% 100% >100.00% 100%
ECOAL LKE 15061-018 >100.00% 100% >100.00% 100%
LIME LKE 15061-019 >100.00% 100% >100.00% 100%
IRON LKE 15061-020 >100.00% 100% >100.00% 100%
CLELV2-DS-1 15061-049 80.79% 50% 66.58% 50%

Pime
phales promelas

Field ID Lab ID 24 Hours 48 Hours
LC-50 NOEC LC-50 NOEC

DLHTV1-LS-1 15061-002 18.39% 10% 18.39% 10%
DHLCV1-LS-1 15061-003 >100.00% 100% >100.00% 100%
DLHCV2-LS-1 15061-006 >100.00% 100% >100.00% 100%
DLHTV2-LS-1 15061-009 >100.00% 100% >100.00% 100%
CLELV1-LS-1 15061-012 >100.00% 100% >100.00% 100%
WCOAL LKE 15061-013 >100.00% 100% >100.00% 100%
ECOAL LKE 15061-014 >100.00% 100% >100.00% 100%
LIME LKE 15061-015 >100.00% 100% >100.00% 100%
IRON LKE 15061-016 >100.00% 100% >100.00% 100%
WCOAL LKE 15061-017 >100.00% 100% >100.00% 100%
ECOAL LKE 15061-018 >100.00% 100% >100.00% 100%
LIME LKE 15061-019 >100.00% 100% >100.00% 100%
IRON LKE 15061-020 >100.00% 100% >100.00% 100%
CLELV2-DS-1 15061-049 30.69% 10% 22.61% 10%
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TABLE 4. Initial Water Quality Data Summary. Great Lakes Sweepings Characterization.
CH2M Hill. October 2006.

Field ID Lab ID pH
(SU)

Conductivity
(µmhos/cm)

DLHTV1-LS-1 15061-002 7.46 303
DHLCV1-LS-1 15061-003 7.82 156
DLHCV2-LS-1 15061-006 7.66 128
DLHTV2-LS-1 15061-009 7.69 241
CLELV1-LS-1 15061-012 7.93 368
WCOAL LKE 15061-013 7.22 236
ECOAL LKE 15061-014 7.39 241
LIME LKE 15061-015 7.02 245
IRON LKE 15061-016 7.06 241
WCOAL LKE 15061-017 7.42 115
ECOAL LKE 15061-018 7.40 117
LIME LKE 15061-019 7.54 124
IRON LKE 15061-020 7.33 131
CLELV2-DS-1 15061-049 7.89 941

Additional water quality support data provided in Appendix A.
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APPENDIX A 
RAW DATA & SUPPORT

Contents 
Number
Pages

Daphnia magna Assays

Daily Observation Bench Sheets 14

Statistical Analysis Reports 48

Pimephales promelas Assays

Daily Observation Bench Sheets 28

Statistical Analysis Reports 60

Organism History Record 8

Fish Loading Rate Calculation Bench Sheets 7

Dilution Preparation Logs 14

Water Quality Instrument Records 14

Sample Receipt Log 8

Chain of Custody Record 9

Total Appendix Pages 210
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TOXICOLOGICAL EVALUATION
OF SEDIMENT SAMPLES

October 2006

Great Lakes Sweepings Characterization
Chironomus dilutus  Toxicity Tests

1.0 INTRODUCTION

This report presents the results of chronic exposure partial life cycle toxicity tests conducted on
sediment samples provided by CH2M Hill as part of a program to evaluate deck sweepings discharged to the
Great Lakes. Testing was based on programs and protocols developed by the ASTM (2001) and US EPA
(2000). The toxicity of the samples was assessed by conducting long term toxicity tests using the freshwater
midge, Chironomus dilutus. Assays were performed at EnviroSystems, Incorporated (ESI), Hampton, New
Hampshire.

Toxicity tests expose groups of organisms to environmental samples, a laboratory control and/or a field
reference site for a specified period to assess potential impacts on a variety of endpoints, such as survival,
growth or reproduction.  For this series of assays endpoints were survival and growth.  Analysis of variance
techniques are used to determine the relative toxicity of the samples as compared to the laboratory control
and/or field reference site.

2.0 MATERIALS AND METHODS

2.1 General Methods, Biological Evaluations

Toxicological and analytical protocols used in this program follow procedures outlined in  Test Methods
for Measuring the Toxicity of Sediment-Associated Contaminants with Freshwater Invertebrates (ASTM 2001),
Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated Contaminants with
Freshwater Invertebrates (US EPA 2000) and Standard Methods for the Examination of Water and
Wastewater, 20th Edition (APHA 1998). These protocols provide standard approaches for physical and
chemical analysis and for the evaluation of toxicological effects of sediments on aquatic invertebrates.

2.2 Test Species

C. dilutus were obtained from Aquatic BioSystems, Inc., Fort Collins, Colorado.  Second instar egg
cases were shipped to ESI 11 days after they were deposited. At ESI egg cases were transferred to fresh
water and placed in an incubator at 23°C. Observations and water changes were made daily until hatch. Once
larvae started to hatch, approximately 48 hours after receipt, the cases were transferred to a new culture
vessel. After approximately 20 hours the hatched larvae were collected and added to the test vessels.

2.3 Test Samples and Laboratory Control Sediment
 

Once received, samples were inspected to determine integrity, given unique sample numbers and
logged into the laboratory sample management database. Samples were then placed in a secure storage area
and refrigerated at  2 - 4 °C until required.  A listing of sample sites, sample collection, and receipt information
is summarized in Table 1.

The control sediment was a natural, fine-grained substrate field collected from the upper portion of the
Taylor River in Hampton and Hampton Falls, NH.  This water body receives no discharges from any known
point sources.  Overlying water for the sediment toxicity tests was a mixture of natural surface water, collected
from the same source as the control sediment, and moderately hard reconstituted water. Use of natural
surface water mixed with artificial reconstituted water is recommended by the protocol (EPA 2000, ASTM
2001).
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2.4 Chironomus dilutus  Assay

Sediment tests were conducted according to ASTM (2001) and EPA (2000) methods. Endpoints of the
20 day exposure were survival and growth, measured as ash free dry weight. Site sediment and laboratory
control sediment treatments consisted of 8 replicates with 10 organisms/replicate. Test vessels were 400 mL
glass beakers containing approximately 100 mL of sediment and 250 mL of overlying water.  Test vessels
were drilled at a consistent height above their bases and the hole covered with Nytex® screen. The screened
hole facilitated water exchange. The overlying water volume to sediment surface area ratio was approximately
7:1.  Vessels were maintained in a water bath during the assay. Depth of the water in the bath was set to be
approximately 1 cm below the drain hole in the test vessel to eliminate flow of water from the bath into the test
vessel.  The water bath was maintained in a limited access temperature controlled room.  Temperatures in
the room and water bath were independently maintained at 23 ±1°C.   The photoperiod in the test chamber
was set at 16:8 hour light:dark.   Light was provided by cool white flourescent bulbs. 

The day prior to test initiation (day -1) control and test sediments were sieved using a 2 mm sieve to
remove rocks, twigs, and other debris, and then placed in the test vessels. Overlying water was immediately
added, and the vessels were left undisturbed overnight to settle.  Floating detritus was removed the next
morning. On day 0 organisms were added to the test vessels below the water surface using a glass transfer
pipet with the assistance of a dissecting microscope. 

Overlying water in each replicate was renewed daily after collection of water quality data. The volume
of water added to each test chamber was approximately 500 mL, two volumes.  Water exchanges were
facilitated by use of a distribution system designed to provide equal, regulated, flow to each chamber. The
system was activated manually by the addition of water during this assay.

Prior to the daily overlying water renewal, temperature, specific conductance, pH, and  dissolved
oxygen were measured in one replicate of each treatment.  Alkalinity, ammonia, and hardness of the overlying
water were measured at the start, day 10 and end of the assay.   Daily overlying water quality records and
weekly alkalinity, ammonia and hardness values are available in Appendix A. Each replicate was fed 1.5 mL
of 6 g/L Tetramin® flake fish food suspension after the daily renewal.

After 20 days exposure, replicates of each test treatment were terminated to collect data for the survival
and growth endpoints. Each test chamber was gently swirled to loosen the sediments and the test material
was dumped into an 8" stainless steel sieve with a 0.5 mm mesh screen. The sediments were washed through
the sieve using synthetic, moderately hard reconstituted water and material left on the screen was sorted to
recover the organisms.  This process  was continued until the entire sample was evaluated.  Surviving larvae
were placed on tared weighing pans; partially and fully emerged organisms were recorded in survival counts
but not included in weight measurements. Pans were dried overnight at 103°C to obtain dry weight to the
nearest 0.01 mg.  The organisms were then fired in a muffle furnace for two hours at 550°C to obtain the ash
free dry weight to the nearest 0.01 mg. The mean weight of surviving organisms was determined to assess
growth. 

2.5 Statistical Analysis

 Survival and growth data were analyzed using CETIS® software to determine significant differences
between the test sediments and both the associated laboratory control and reference sediments. Data sets
were evaluated to determine normality of distribution and homogeneity of sample variance. Data sets were
subsequently evaluated using the appropriate parametric or non-parametric Analysis of Variance (ANOVA)
statistic. Pair-wise comparisons were made using the appropriate statistical evaluation. Statistical difference
was evaluated at "=0.05. 

2.6 Quality Control

As part of the laboratory quality control program, reference toxicant evaluations are conducted on a
regular basis for each test species.  These results provide relative health and response data while allowing
for comparison with historic data sets.  Results were within one standard deviation of the historic mean for the
species. Results are summarized in Table 2.
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2.7 Protocol Deviations

Review of data associated with this study documented no deviations from specified method protocol.

3.0  RESULTS AND DISCUSSION

Survival and growth data from the 20 day exposure are summarized in Tables 3 and 4, respectively.
Water quality data collected during the assays are summarized in Table 5. Support data, including copies of
laboratory bench sheets and individual endpoint summaries, are provided in Appendix A.

3.1 Chironomus dilutus 20 Day Survival and Growth Evaluation

At the end of the 20 day exposure period, mean survival in the laboratory control sediment was 87.5%;
the coefficient of variance (CV) for the replicates in the control treatment was 13.31% for the first series of
assays and 90.0% survival with a CV of 14.55% for the second series of assays.  Larvae recovered from the
laboratory control sediment had a mean ash free dry weight of 1.917 and 1.401 mg/larvae, with CVs of 32.43%
and 22.17%, respectively. The minimum acceptable criteria for the laboratory control treatment is 70% survival
and a mean ash free dry weight of 0.48 mg/larvae. As the laboratory  control treatment exceeded the minimum
acceptability criteria for the assay the test organisms were determined to be healthy and unstressed and the
overlying water was determined to have had no significant adverse impact on the outcome of the assay. These
data are considered as valid for evaluating impacts associated with the sediment samples.

Mean temperatures in the surrogate test chambers for the two series of assays were 23.22°C and
22.11°C. The means were computed from 480 hourly data points. Temperature in the surrogate test chamber
for the first assay ranged from 20.0 to 26.0°C. Temperature in the surrogate test chamber for the second
assay ranged from 20.9 to 23.0°C. 

3.3 Summary

The following matrix provides a summary of the data documenting which sample sites exhibited
significant negative effects on either midge survival or growth when compared to the laboratory control
treatment.

Sample ID Lab Code Significant Effect

DLHTV1-DS-1 15061-001 Yes

DLHCV1-DS-1 15061-004 No

DLHCV2-DS-1 15061-005 No

CLECV3-DS-1 15061-007 Yes

DLHTV2-DS-1 15061-008 Yes

CLECV4-DS-1 15061-010 No

CLELV1-DS-1 15061-011 No

CLELV2-DS-1 15061-048 Yes

4.0 REFERENCES

APHA. 1998. Standard Methods for the Examination of Water and Wastewater, 20th Edition.  Washington D.C.
 
ASTM. 2001. Annual Book of ASTM Standards. Volume 11.05. Test Methods for Measuring the Toxicity of

Sediment-Associated Contaminants with Freshwater Invertebrates. E 1706-00. ASTM, Philadelphia.

U.S. EPA. 2000. Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated
Contaminants with Freshwater Invertebrates. Second Edition. EPA/600-R-99/064. Method 100.5.
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TABLE 1.  Summary of Sample Collection Information. Great Lakes Sweepings
Characterization. CH2M Hill. October 2006.

Sample ID ESI Ref# Matrix

Sample  Collection Sample Receipt

Date Time Date Time

DLHTV1-DS-1 15061-001 Solid 10/01/06 1640 10/03/06 1200

DLHCV1-DS-1 15061-004 Solid 10/03/06 0900 10/05/06* 1030*

DLHCV2-DS-1 15061-005 Solid 10/04/06 2300 10/07/06 1130

CLECV3-DS-1 15061-007 Solid 10/06/06 1300 10/07/06 1130

DLHTV2-DS-1 15061-008 Solid 10/03/06 1300 10/09/06 0945

CLECV4-DS-1 15061-010 Solid 10/09/06 1600 10/11/06 1000

CLELV1-DS-1 15061-011 Solid 10/10/06 0900 10/11/06 1000

CLELV2-DS-1 15061-048 Solid 10/27/06 1000 10/28/06 1030

NOTES:

* The chain of custody indicates that sample receipt occurred on 10/9/06 at 0945, but the
sample receipt record indicates that sample receipt occurred on 10/5/06 at 1030.

TABLE 2. Reference Toxicant Evaluation: C. dilutus. Great Lakes Sweepings
Characterization. CH2M Hill. October 2006.

Date Endpoint Value
Historic Mean/

Central Tendency
Acceptable

Range
Reference
Toxicant

Chironomus dilutus

10/26/06 Survival LC-50 1.49 1.40 0.0 - 5.2 Cadmium (mg/L)



Great Lakes Sweepings Characterization. C. dilutus Evaluation.
Study Number 15061 Page 7 of  10

TABLE 3.  Summary of  C. dilutus Day 20 Survival Data. Great Lakes Sweepings
Characterization. CH2M Hill. October 2006.

Day 20 Survival Summary
Sample ID Lab Code Reps Mean Minimum Maximum CV

Lab Control 15061-000 8 87.50% 70.00% 100.00% 13.31%

DLHTV1-DS-1 15061-001 8 75.00% 60.00% 100.00% 18.86%

DLHCV1-DS-1 15061-004 8 95.00% 80.00% 100.00%  7.96%

DLHCV2-DS-1 15061-005 8 78.75% 40.00% 100.00% 26.67%

CLECV3-DS-1 15061-007 8 83.75% 60.00% 100.00% 16.81%

DLHTV2-DS-1 15061-008 8 72.50% 40.00% 90.00% 20.52%

CLECV4-DS-1 15061-010 8 80.00% 50.00% 100.00% 24.09%

CLELV1-DS-1 15061-011 8 83.75% 60.00% 100.00% 17.98%

Lab Control 15061-000a 8 90.00% 60.00% 100.00% 14.55%

CLELV2-DS-1 15061-048 8 16.25% 0.00% 50.00% 122.80%

Day 20 Survival Summary Statistically Significant Difference as Compared to

Sample ID Lab Code Mean Lab Control

p Value

Lab Control 15061-000 87.50% - -

DLHTV1-DS-1 15061-001 75.00% 0.0456 YES

DLHCV1-DS-1 15061-004 95.00% 0.9203 NO

DLHCV2-DS-1 15061-005 78.75% 0.1856 NO

CLECV3-DS-1 15061-007 83.75% 0.3007 NO

DLHTV2-DS-1 15061-008 72.50% 0.0171 YES

CLECV4-DS-1 15061-010 80.00% 0.2181 NO

CLELV1-DS-1 15061-011 83.75% 0.3195 NO

Lab Control 15061-000a 90.00% - -

CLELV2-DS-1 15061-048 16.25% 0.0000 YES
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TABLE 4.  Summary of  C. dilutus Day 20 Growth Data. Great Lakes Sweepings
Characterization. CH2M Hill. October 2006.

Mean AF Dry Weight-mg Summary

Sample ID Lab Code Reps Mean Minimum Maximum CV

Lab Control 15061-000 8 1.917 1.067 2.720 32.43%

DLHTV1-DS-1 15061-001 8 2.206 1.333 3.473 33.24%

DLHCV1-DS-1 15061-004 8 1.519 1.189 1.916 20.01%

DLHCV2-DS-1 15061-005 8 1.573 0.396 2.217 34.41%

CLECV3-DS-1 15061-007 8 1.408 1.054 1.670 15.02%

DLHTV2-DS-1 15061-008 8 1.936 1.584 3.420 31.39%

CLECV4-DS-1 15061-010 8 2.851 2.056 3.870 19.50%

CLELV1-DS-1 15061-011 8 2.387 1.412 2.844 19.50%

Lab Control 15061-000a 8 1.401 0.915 1.920 22.17%

CLELV2-DS-1 15061-048 8 0.295 0.070 0.480 63.02%

Day 20 Mean AF Dry Weight-mg Summary Statistically Significant Difference as Compared to

Sample ID Lab Code Mean Lab Control

p Value

Lab Control 15061-000 1.917 - -

DLHTV1-DS-1 15061-001 2.206 0.7953 NO

DLHCV1-DS-1 15061-004 1.519 0.0633 NO

DLHCV2-DS-1 15061-005 1.573 0.1288 NO

CLECV3-DS-1 15061-007 1.408 0.0229 YES

DLHTV2-DS-1 15061-008 1.936 0.5241 NO

CLECV4-DS-1 15061-010 2.851 0.9966 NO

CLELV1-DS-1 15061-011 2.387 0.9456 NO

Lab Control 15061-000a 1.401 - -

CLELV2-DS-1 15061-048 0.295 0.0000 YES
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Table 5. Summary of Water Qualities: C. dilutus. Great Lakes Sweepings
Characterization. CH2M Hill. October 2006.

Sample ID Lab Code pH
(SU)

Conductance
(µmhos/cm)

Alkalinity
(mg/L)

Ammonia
(mg/L)

Hardness
(mg/L)

Lab Control 15061-000
Day 0 7.33 270 41 0.19 86

Day 20 6.76 215 26 0.48 42

DLHTV1-DS-1 15061-001
Day 0 8.99 252 45 <10 96

Day 20 8.25 235 63 0.23 97

DLHCV1-DS-1 15061-004
Day 0 7.53 295 60 <10 66

Day 20 7.13 160 31 0.2 35

DLHCV2-DS-1 15061-005
Day 0 7.46 214 63 <10 84

Day 20 7.06 159 30 0.22 32

CLECV3-DS-1 15061-007
Day 0 6.71 642 <10 <10 350

Day 20 6.58 133 <10 0.33 42

DLHTV2-DS-1 15061-008
Day 0 7.96 239 <10 <10 89

Day 20 7.24 171 53 0.23 68

CLECV4-DS-1 15061-010
Day 0 7.56 415 72 <10 150

Day 20 7.12 156 34 0.33 170

CLELV1-DS-1 15061-011
Day 0 7.81 390 88 <10 230

Day 20 7.79 227 84 <10 180

Pond Water
Day 0 - - 30 <0.1 54

Day 20 - - 18 <0.1 33

Lab Control 15061-000a
Day 0 7.44 284 21 0.19 33

Day 20 6.98 173 33 0.12 42

CLELV2-DS-1 15061-048
Day 0 8.63 170 15 0.58 32

Day 20 7.74 221 72 0.64 81

Pond Water
Day 0 - - 18 0.73 32

Day 20 - - 28 - 41

Additional water quality data provided in Appendix A
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TOXICOLOGICAL EVALUATION
OF SEDIMENT SAMPLES

Great Lakes Sweepings Characterization
Hyalella azteca 28 day Sediment Toxicity Tests

1.0 INTRODUCTION

This report presents the results of chronic exposure partial life cycle toxicity tests conducted on
samples provided by CH2M Hill as part of a program to evaluated deck sweepings discharged to the Great
Lakes. Testing was based on programs and protocols developed by the ASTM (2001) and US EPA (2000).
The toxicity of the samples was assessed by conducting long term toxicity tests using the freshwater
amphipod, H. azteca. Assays were performed at EnviroSystems, Incorporated (ESI), Hampton, New
Hampshire.

Toxicity tests expose groups of organisms to environmental samples, a laboratory control and/or a field
reference site for a specified period to assess potential impacts on a variety of endpoints, such as survival,
growth or reproduction.  For this series of assays endpoints were survival and growth.  Analysis of variance
techniques are used to determine the relative toxicity of the samples as compared to the laboratory control
and/or field reference site.

2.0 MATERIALS AND METHODS

2.1 General Methods, Biological Evaluations

Toxicological and analytical protocols used in this program follow procedures outlined in Test Methods
for Measuring the Toxicity of Sediment-Associated Contaminants with Freshwater Invertebrates (ASTM
Method E 1706-00, 2001), Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated
Contaminants with Freshwater Invertebrates (US EPA 2000) and Standard Methods for the Examination of
Water and Wastewater, 20th Edition (APHA 1998). These protocols provide standard approaches for physical
and chemical analysis and for the evaluation of toxicological effects of sediments on aquatic invertebrates.

2.2 Test Species

H. azteca were obtained from Aquatic Research Organisms, Hampton, New Hampshire. Organisms
were approximately 7 days old at the start of the assay. 

2.3 Test Samples and Laboratory Control Sediment
 

Sediment samples from the project site were received at ESI under chain of custody.  Once received,
samples were inspected to determine integrity, given unique sample numbers and logged into the laboratory
sample management database. Once logged in the samples were placed in a secure refrigerated, 2 - 4 °C,
storage area. A listing of sample sites, sample collection, and receipt information is summarized in Table 1.
 

The control substrate was an artificial sediment consisting of varying sized silica sand and
approximately 1-2% organic material by weight. Organic matter consisted of material recovered from
amphipod and chrionomid cultures. The organic matter was seived and then autoclaved prior to use.
Overlying water for the sediment toxicity tests was a mixture of natural surface water, collected from the same
source as the control sediment, and moderately hard reconstituted water. Use of natural surface water mixed
with artificial reconstituted water is recommended by the protocol (EPA 2000, ASTM 2001).
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2.4 Hyalella azteca Survival and Growth Toxicity Tests

The 28 day amphipod survival and growth tests were conducted according to ASTM Method E 1706-00
(ASTM 2001) and EPA method 100.4 (EPA 2000).  Endpoints of the assay were survival and growth,
measured as dry weight.

The site sediment and laboratory control sediment treatments consisted of 8 replicates with 10
organisms/replicate. Test vessels were 400 mL glass beakers containing approximately 100 mL of sediment
and 250 mL of overlying water. The overlying water volume to sediment surface area ratio was approximately
7:1.  Test vessels were drilled at a consistent height above their bases and the hole covered with Nytex®
screen. The screened hole facilitated water exchange without compromising organisms. Vessels were
maintained in a water bath during the assay.  Depth of the water in the bath was set to be approximately 1 cm
below the drain hole in the test vessel to eliminate flow of water from the bath into the test vessel. The water
bath was maintained in a limited-access temperature controlled room. Temperatures in the room and water
bath were independently maintained at 23 ±1°C.  The photoperiod in the test chamber was set at 16:8 hour
light:dark. Light was provided by cool white flourescent bulbs. 

One day prior to test initiation (Day -1), control and test sediments were sieved using a 2 mm sieve to
remove rocks, twigs, and other debris. Two aliquots of the samples were arbitrarily selected and mixed with
the laboratory control sediment on a 1 to 9 and 1 to 1 basis so as the generate 10% and 50% sediment
concentrations, respectively.  The amended sediments plus “undiluted” sediment were placed in the test
vessels.  Overlying water was immediately added, and the vessels were left undisturbed overnight to settle.
Floating detritus was removed the next morning.  On Day 0, organisms were added below the water surface
of each test vessel.

Overlying water in each replicate was renewed daily after collection of water quality data. The volume
of water added to each test chamber was approximately 500 mL or two volumes.  Water exchanges were
facilitated by use of a distribution system designed to provide equal, regulated, flow to each chamber. The
system was activated manually by the addition of water during the assay.

Prior to the daily overlying water renewal, temperature, specific conductance, pH, and  dissolved
oxygen were measured in one replicate of each treatment. Temperature data were collected in a surrogate
test chamber on an hourly basis during the 28 day exposure period. Alkalinity, ammonia, and hardness of the
overlying water were measured at the beginning and end of the assay. Daily overlying water quality records
are available in Appendix A. Each replicate was fed 1.0 mL of a yeast/trout chow/alfalfa suspension after the
daily renewal.

After 28 days exposure all replicates of each test treatment were terminated to collect data for the
survival and growth endpoints. Each test chamber was gently swirled to loosen the sediments and the test
material was dumped into an 8" stainless steel sieve with a 0.35 mm mesh screen. The sediments were
washed through the sieve using synthetic, moderately hard reconstituted water and material left on the screen
was sorted to recover the organisms. This process was continued until the entire sample was evaluated. 
Recovered organisms were set aside to determine growth.  Surviving amphipods were counted and placed
on tared weighing pans. Pans were dried overnight at 103°C to obtain dry weight to the nearest 0.01 mg.  The
mean dry weight of surviving organisms was determined to assess growth. 

2.5 Statistical Analysis

 Survival and growth data were analyzed using CETIS® software to determine significant differences
between the test sediments and both the associated laboratory control and reference sediments. Data sets
were evaluated to determine normality of distribution and homogeneity of sample variance. Data sets were
subsequently evaluated using the appropriate parametric or non-parametric Analysis of Variance (ANOVA)
statistic. Statistical comparisons were made against the following endpoints; day 28 survival and day 28 dry
weight.  Pair-wise comparisons were made using the appropriate statistical evaluation. Statistical difference
was evaluated at "=0.05. Additionally, where applicable, 28-day No Effect Concentrations (NOEC) and
LC/EC-50 values were computed for the diluted sediment sample sets. 
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2.6 Quality Control

As part of the laboratory quality control program, reference toxicant evaluations are conducted by ESI
on a regular basis for each test species.  These results provide relative health and response data while
allowing for comparison with historic data sets.  Results are summarized in Table 2.

2.7 Protocol Deviations

Review of data generated during the 28-day exposure period documented a minor deviation from
prescribed protocol. The 8 replicates in the 10% treatment of the CLECV4-DS-1 sample contained 20
amphipods instead of the specified 10. The additional organisms were the result of a double addition of
organisms to the test chambers during assay setup. Statistical analysis of these data were based on 20
organisms per replicate.  Replicates “A” -“C” associated with the 10% CLECV3-DS-1 treatment received no
test organisms at the start of the assay. The 3 replicates were excluded from the final statistical evaluation.
Additionally,11 amphipods were recovered from laboratory control treatment replicate “A”. The number of
amphipods in this replicate at the start of the assay was adjusted to 11 to reflect the addition of the extra
amphipod. These deviations from the method protocol were the result of staff errors made in initial counts of
organisms added to a replicate in on case and errors in actually adding organisms to test chambers. The
number of errors was small, representing 12 replicates from the 400 used in the assay. It is the opinion of the
study director that these deviations had no overall impact on the outcome of the assay.

3.0  RESULTS AND DISCUSSION

Tables 3 and 4 provide a summary of survival and growth data, respectively.  Overlying water quality
data collected during the assays are summarized in Table 5. Support data, including copies of laboratory
bench sheets, statistical analyses and individual endpoint summaries, are provided in Appendix A.

3.1 Hyalella azteca Survival and Growth Evaluation

At the end of the 28 day exposure period, mean survival in laboratory control sediment was 83.75%
with a coefficient of variation (CV) of 12.66%.  Amphipods recovered from laboratory control sediment had a
mean dry weight of 0.456 mg/amphipod, with a CV of 17.79%.  The dry weight of a representative group of
amphipods at the start of the assay was 0.019 mg/individual. The minimum test acceptability criteria for
survival in the laboratory control is 80%. The minimum acceptable criteria for growth is a demonstration of
increased dry weight after 28 days exposure. These criteria were met indicating that the organisms were
healthy and not stressed by handling.

Daily temperature data collected as part of routine daily water quality measurements during the 28 day
exposure period documented values ranging from 20 to 23°C. Temperature data collected by the data logger
documented values ranging from 20.9 to 23.5°C with a mean value of 22.3°C. Test acceptability criteria
requires a mean temperature of 23±1°C, with maximum temporary fluctuations of 23±3°C. Review of water
quality parameters, Table 6 and Appendix A, document that variation in conductivity, alkalinity, hardness and
ammonia between the start and end of the assay were within protocol limits. 

3.2 Summary

The following matrix provides a summary of project samples having a significant impact on either
amphipod survival or growth. A determination of a negative effect was based on finding of a significant
reduction in amphipod survival or growth in the “As Received” (undiluted sample) as compared to the
laboratory control treatment. Using data from the “diluted” samples the level of impact is also summarized in
the matrix. The No Effect Concentration represents the no effect level.  It should be noted that in the case of
sediments from CLECV3-DS-1 there was a non-dose response curve associated with the growth data. In this
case there was no significant impact observed for amphipod growth in the “As Received” sample but
significant reductions in growth were observed in the “diluted” sediment treatments.  
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Sample ID Lab Code Significant Impact Based on Level of Impact Based on
“As Received” Samples “Diluted” Samples

Survival Growth Survival
(NOEC)

Growth
(NOEC)

DLHTV1-DS-1 15061-001 Yes Yes 10.0% 10.0%
DLHCV1-DS-1 15061-004 Yes Yes <10.0% <10.0%
DLHCV2-DS-1 15061-005 Yes Yes 10.0% <10.0%
CLECV3-DS-1 15061-007 Yes No 10.0% <10.0%*
DLHTV2-DS-1 15061-008 Yes Yes 50.0% <10.0%
CLECV4-DS-1 15061-010 No Yes 100.0% <10.0%
CLELV1-DS-1 15061-011 Yes No 10.0% 100.0%
CLELV2-DS-1 15061-048 Yes No <10.0% 100.0%

* Non-dose response curve observed. 

4.0 REFERENCES

APHA. 1998. Standard Methods for the Examination of Water and Wastewater, 20th Edition.  Washington D.C.
 
ASTM. 2001. Annual Book of ASTM Standards. Volume 11.05. Test Methods for Measuring the Toxicity of

Sediment-Associated Contaminants with Freshwater Invertebrates. E 1706-00. ASTM, Philadelphia.

U.S. EPA. 2000. Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated
Contaminants with Freshwater Invertebrates. Second Edition. EPA/600-R-99/064. Method 100.5.
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TABLE 1.  Summary of Sample Collection Information. Great Lakes Sweepings
Characterization. CH2M Hill. November 2006.

Sample ID ESI Ref# Matrix

Sample  Collection Sample Receipt

Date Time Date Time

DLHTV1-DS-1 15061-001 Solid 10/01/06 1640 10/03/06 1200

DLHCV1-DS-1 15061-004 Solid 10/03/06 0900 10/09/06 0945

DLHCV2-DS-1 15061-005 Solid 10/04/06 2300 10/07/06 1130

CLECV3-DS-1 15061-007 Solid 10/06/06 1300 10/07/06 1130

DLHTV2-DS-1 15061-008 Solid 10/03/06 1300 10/09/06 0945

CLECV4-DS-1 15061-010 Solid 10/09/06 1600 10/11/06 1000

CLELV1-DS-1 15061-011 Solid 10/10/06 0900 10/11/06 1000

CLELV2-DS-1 15061-048 Solid 10/27/06 1000 10/28/06 1030

TABLE 2. Reference Toxicant Evaluation: H. azteca. Great Lakes Sweepings
Characterization. CH2M Hill. November 2006.

Date Endpoint Value
Historic Mean/

Central Tendency
Acceptable

Range
Reference
Toxicant

Hyalella azteca

11/08/06 Survival LC-50 0.002 0.0019 0.000 - 0.004 Cadmium (mg/L)

Means and Acceptable Ranges based on the most recent 20 reference toxicant assays
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TABLE 3.  Summary of H. azteca Day 28 Survival Data. Great Lakes Sweepings
Characterization. CH2M Hill. November 2006.

Day 28 Survival Summary - “Undiluted” Samples
Sample ID Lab Code Reps Mean Minimum Maximum CV

Lab Control 15061-000 8 83.75% 70.00% 100.00% 12.66%
DLHTV1-DS-1 15061-001 8 61.25% 40.00% 80.00% 22.14%
DLHCV1-DS-1 15061-004 8 12.50% 0.00% 30.00% 102.54%
DLHCV2-DS-1 15061-005 8 31.25% 10.00% 60.00% 64.99%
CLECV3-DS-1 15061-007 8 35.00% 0.00% 80.00% 85.03%
DLHTV2-DS-1 15061-008 8 66.25% 40.00% 90.00% 26.68%
CLECV4-DS-1 15061-010 8 82.50% 70.00% 100.00% 12.55%
CLELV1-DS-1 15061-011 8 27.50% 0.00% 70.00% 84.17%
CLELV2-DS-1 15061-048 8 60.00% 30.00% 90.00% 36.73%

Day 28 Survival Summary - “Undiluted” Samples Statistically Significant Difference as Compared to

Sample ID Lab Code Mean Lab Control
p Value

Lab Control 15061-000 83.75% - -
DLHTV1-DS-1 15061-001 61.25% 0.0012 YES
DLHCV1-DS-1 15061-004 12.50% 0.0000 YES
DLHCV2-DS-1 15061-005 31.25% 0.0000 YES
CLECV3-DS-1 15061-007 35.00% 0.0004 YES
DLHTV2-DS-1 15061-008 66.25% 0.0153 YES
CLECV4-DS-1 15061-010 82.50% 0.4007 NO
CLELV1-DS-1 15061-011 27.50% 0.0000 YES
CLELV2-DS-1 15061-048 60.00% 0.0077 YES

Day 28 Survival Point Estimate Endpoint Summary - “Diluted” Samples
Sample ID Lab Code Survival

LC-50 NOEC

DLHTV1-DS-1 15061-001 >100.0% 10.0%
DLHCV1-DS-1 15061-004 16.1% <10.0%
DLHCV2-DS-1 15061-005 56.0% 10.0%
CLECV3-DS-1 15061-007 74.3% 10.0%
DLHTV2-DS-1 15061-008 >100.0% 50.0%
CLECV4-DS-1 15061-010 >100.0% 100.0%
CLELV1-DS-1 15061-011 72.1% 10.0%
CLELV2-DS-1 15061-048 >100.0% <10.0%
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TABLE 4.  Summary of H. azteca Day 28 Growth Data. Great Lakes Sweepings
Characterization. CH2M Hill. November 2006.

Mean Dry Weight-mg Summary - “Undiluted” Samples

Sample ID Lab Code Reps Mean Minimum Maximum CV

Lab Control 15061-000 8 0.4560 0.3411 0.5645 17.79%
DLHTV1-DS-1 15061-001 8 0.2934 0.2225 0.3600 17.44%
DLHCV1-DS-1 15061-004 8 0.1713 0.0800 0.2500 36.41%
DLHCV2-DS-1 15061-005 8 0.3082 0.2075 0.5800 37.56%
CLECV3-DS-1 15061-007 8 0.4143 0.3140 0.6000 25.00%
DLHTV2-DS-1 15061-008 8 0.3224 0.2500 0.4000 18.11%
CLECV4-DS-1 15061-010 8 0.2737 0.1150 0.4157 34.17%
CLELV1-DS-1 15061-011 8 0.6079 0.2700 1.1000 56.95%
CLELV2-DS-1 15061-048 8 0.5628 0.2357 0.9067 46.61%

Day 28 Mean Dry Weight-mg Summary -
“Undiluted” Samples

Statistically Significant Difference as Compared to

Sample ID Lab Code Mean Lab Control
p Value

Lab Control 15061-000 0.4560 - -
DLHTV1-DS-1 15061-001 0.2934 0.0001 YES
DLHCV1-DS-1 15061-004 0.1713 0.0000 YES
DLHCV2-DS-1 15061-005 0.3082 0.0052 YES
CLECV3-DS-1 15061-007 0.4143 0.2072 NO
DLHTV2-DS-1 15061-008 0.3224 0.0010 YES
CLECV4-DS-1 15061-010 0.2737 0.0005 YES
CLELV1-DS-1 15061-011 0.6079 0.8500 NO
CLELV2-DS-1 15061-048 0.5628 0.8484 NO

Day 28 Dry Weight Point Estimate Endpoint Summary - “Diluted” Samples
Sample ID Lab Code Survival

IC-50 NOEC

DLHTV1-DS-1 15061-001 78.7% 10.0%
DLHCV1-DS-1 15061-004 84.2% <10.0%
DLHCV2-DS-1 15061-005 >100.0% <10.0%
CLECV3-DS-1 15061-007 >100.0% <10.0% (Non-dose response curve for growth)
DLHTV2-DS-1 15061-008 >100.0% <10.0%
CLECV4-DS-1 15061-010 >100.0% <10.0%
CLELV1-DS-1 15061-011 >100.0% 100.0%
CLELV2-DS-1 15061-048 >100.0% 100.0%
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TABLE 5. Summary of Water Qualities: H. azteca. Great Lakes Sweepings
Characterization. CH2M Hill. November 2006.

Sample ID Lab Code pH
(SU)

Conductance
(µmhos/cm)

Alkalinity
(mg/L)

Ammonia
(mg/L)

Hardness
(mg/L)

Lab Control 15061-000
Day 0 5.68 358 <10 0.27 77

Day 28 7.47 272 28 <0.1 67

DLHTV1-DS-1 15061-001
Day 0 9.15 564 48 0.13 160

Day 28 8.52 326 67 <0.1 120

DLHCV1-DS-1 15061-004
Day 0 7.24 529 12 0.26 87

Day 28 7.56 282 35 <0.1 66

DLHCV2-DS-1 15061-005
Day 0 7.24 438 12 <0.1 100

Day 28 7.54 281 33 <0.1 64

CLECV3-DS-1 15061-007
Day 0 4.61 1271 <10 0.14 520

Day 28 7.18 276 12 <0.1 64

DLHTV2-DS-1 15061-008
Day 0 8.04 441 <10 0.23 120

Day 28 7.79 317 46 <0.1 100

CLECV4-DS-1 15061-010
Day 0 7.51 768 39 0.33 630

Day 28 7.76 281 40 <0.1 86

CLELV1-DS-1 15061-011
Day 0 8.16 622 31 <0.1 400

Day 28 8.33 308 51 <0.1 90

CLELV2-DS-1 15061-048
Day 0 8.16 519 42 0.27 470

Day 28 8.47 309 49 <0.1 96

MHR/Pond Water
Day 0 - 351 <10 0.16 94
Day 28 - 275 <10 <0.1 75

Additional water quality data are provided in Appendix A
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APPENDIX A 

RAW DATA & STATISTICAL SUPPORT

Contents 
Number of

Pages

H. azteca 28-Day Sediment Toxicity Tests

Daily Water Quality Measurements and Feeding Record 13

Day 28 Organism Recovery Bench Sheets 17

Day 28 Growth Data Bench Sheets 4

Initial Dry Weight Data 2

Statistical Analysis - “As Received” / Non Diluted Samples 18

Statistical Analysis - Diluted Samples 31

Water Quality Summary 8

Temperature Profile 1

Organism History Record 1

Laboratory Sample Receiving Log 6

Chain of Custody Record 7

Total Appendix Pages 108
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