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EXECUTIVE SUMMARY 

Based on our evaluation of the data and our understanding of the concerns to be addressed by the 
Long-Term Monitoring Program, we have developed the following recommendations for future 
monitoring of the various areas of the Marathon Remediation Site: 

AREA I 

East Foundry Cove Marsh: Discontinue the sampling of cover soil and surface water. 

Constitution Marsh: Discontinue the sampling of soil and surface water. 

AREA I1 

Plant Grounds (VOCs): Continue sampling wells 7 s  and MB-3 annually for TCE, 
TCA, and PCE. 

Pedestal Area (Cadmium): Discontinue the sampling of all wells. 

AREA 111 

East Foundry Cove: Continue the sampling of sediments annually. 
Discontinue the sampling of surface water. 

East Foundry Pond: Discontinue the sampling of sediments and surface water. 

West Foundry Cove: Discontinue the sampling of sediments and surface water. 

Cols Spring Pier Area: Discontinue the sampling of sediments and surface water 
(including the Control point). 

BIOLOGICAL SAMPLINGiMONITORING 

Bioassay Studies: Discontinue these studies for all species (birds, benthic 
invertebrates, and vegetation). 

Bioaccurnulation Studies: Discontinue these studies for all species of fish. 

EFCM Revegetation: Continue visual surveys of conditions at the beginning and 
end of each growing season and the yearly inventory of the 
four established quadrats. 



1.0 INTRODUCTION 

This report addresses the review of the first five years of the long-term inonitoiing program for the 
Marathon Remediation Site in Cold Spring, New York. This monitoring program was required in 
the Records of Decision (RODS) for the site. The remediation of the site was con~pleted in 1995, 
and the first sampling event was conducted in late 1995. The first full year of the long-tern1 
monitoring program was 1996. This report addresses the period from late 1995 through 2000. 

The monitoring program consists of the collection and analyses of soil, sediment, surface water, 
andlor groundwater samples within the three ROD Areas (Areas I, 11, and 111) of the site. In addition, 
biological sampling and monitoring were conducted in portions of ROD Areas I and 111. 

The sampling procedures, methods, and selected sampling locations used for this program are 
documented in the "Long Term Monitoring Plan for the Marathon Remediation Site" dated 
December 20, 1995, and the supplemental plans dated February 21,1996 and July 14,1997. These 
plans were developed by Advanced GeoServices Corp. and were reviewed and approved by the U.S. 
Environmental Protection Agency (USEPA) and the New York State Department of Environmental 
Conservation (NYSDEC). 

Subsequent sections of this report address the monitoring within individual ROD Areas and the 
biological portion of the program: 

Section 2.0 - Area I 
Section 3.0 - Area I1 
Section 4.0 - Area I11 
Section 5.0 - Biological SamplingMonitoring 

Each of these sections contain background information, a summary of the long-term monitoring 
program within the Area, an assessment of the data collected to date, and recommendations 
regarding future monitoring within the Area. The pertinent data for each Area (cadmium or volatile 
organic compound results) are presented on the attached tables. Analytical specifics (ancillary data 
such as percent solids, total organic carbon, etc. and validation reports) are included in the individual 
Sampling Event Reports and the Annual Reports issued previously. 



2.0 AREA I 

The Area I ROD includes East Foundry Cove Marsh and Constitution Marsh. 

2.1 EAST FOUNDRY COVE MARSH 

2.1.1 Background 

The 14-acre East Foundry Cove Marsh (EFCM) was remediated by removing the vegetation and 
excavating soils with cadmium concentrations greater than 100 mg/kg. The post-excavation 
cadmium concentrations in EFCM range from 0.38 mglkg to 90.0 mgkg, with a mean value of 1 1.8 
mg/kg (values below the detection limit were considered to be equal to the detection limit for 
purposes of calculating the mean). 

The marsh was reconstructed by regrading the excavation surface, installing a geocomposite 
bentonite (Bentomat) layer, and placing one foot of cover soil. After reconstruction, EFCM was 
replanted with various wetland and upland plant species in accordance with the approved Marsh 
Revegetation Plan. 

Long Term Monitoring Program 

Sampling of the EFCM Bentornat/soil cap was performed quarterly during the first year of 
monitoring and semi-annually in Years 2 through 5 to monitor its effectiveness for containment of 
the underlying marsh soils. Composite samples of the cover soil were collected at two discreet 
depths (0 to 6 inches and 6 to 12 inches) at five locations (approximately one sample for every 
125,000 square feet of cap). The soil samples were analyzed for total cadmium, total organic carbon, 
and percent solids. 

One sample of surface water was also collected within the marsh to monitor the potential for 
transport of cadmium-containing sediments as a result of the twice-daily tidal flows. This sample 
was collected within the EFCM main channel at the same intervals as the soil samples. The surface 
water was analyzed for total and dissolved cadmium, pH, hardness, alkalinity, and total suspended 
solids. 

The monitoring of the revegetation of EFCM is presented in Section 5.3 

2.1.3 Assessment of Results 

The analytical results for the EFCM cover soil samples are shown in Table 1. Approximately one- 
third (3 1.5%) of the collected samples had no detectable levels of cadmium. Regression analyses 
were performed on the detected concentrations of the 0 to 6 inch and 6 to 12 inch depth increments. 
The plots, attached in the Appendix, indicate a very slight increase in the cadmium concentrations 
with time for the 0 to 6 inch depth increment. Tlis may be the result of tidal deposition of sediments 
from the adjacent East Foundry Cove. The plot for the 6 to 12 inch increment shows no appreciable 



change with time. However, the concentrations for both increments are typically well below 1 
mgkg, significantly less than the mean value (1 1.8 mgkg) of the underlying marsh soils. The 
Bentomatlsoil cap appears to be effective as a containment system. 

The analytical results for the EFCM surface water samples are shown in Table 2. Forty-two percent 
of the samples had no detectable levels of total cadmium. The remainder had concentrations that 
are typically less than 0.25 pgll. Eighty-three percent of the filtered poi-tions of the samples had no 
detectable levels of dissolved cadmium. The only two samples with detectable dissolved cadmium 
had concentrations of 0.1 and 0.1 1 pgll. The results indicate that significant transport of cadmium- 
containing sediments does not'occur on a regular basis. 

2.1.4 Recommendations for Future Monitoring 

Although there appears to be a very slight increase in the cadmium concentrations of the surface (0 
to 6 inch) samples, the results are well below 1 mglkg. The 6 to 12 inch samples show no 
appreciable change with time. The surface water samples have very low levels of total cadmium and 
the majority have no detectable levels of dissolved cadmium. We believe the effectiveness of the 
Bentomatlsoil cap has been established, and recommend that the sampling of soil and water samples 
within EFCM be discontinued. 

2.2 CONSTITUTION MARSH 

2.2.1 Backmound 

Only the northern quarter (about 80 acres) of Constitution Marsh (CM) is included in the long term 
monitoring program, as this is the area flushed by tidal action through East Foundry Cove. 
Constitution Marsh was classified as a No Action area in the ROD. 

2.2.2 Long Term Monitoring Promam 

Sampling of soils was performed quarterly during the first year of monitoring and semi-annually in 
Years 2 through 5 in areas within CM that were shown to contain high concentrations of cadmium 
during pre-remediation studies. CM was not remediated; the sampling was conducted to monitor 
the potential for transport of cadmium-containing sediments from CM to other remediated areas as 
a result of the twice-daily tidal flows. Composite samples of the marsh soils were collected at a 
depth of 0 to 6 inches at five locations. The soil samples were analyzed for total cadmium, total 
organic carbon, and percent solids. 

Two samples of surface water were also collected within the marsh to monitor the potential for 
transport of cadmium-containing sediments as a result of the twice-daily tidal flows. These samples 
were collected within the main CM channel at the same intervals as the soil samples. The silrface 
water was analyzed for total and dissolved cadmium, pH, hardness, alkalinity, and total suspended 
solids. 
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2.2.3 Assessment of Results 

Seventy soil samples have been collected and analyzed fiom CM during the monitoring program. 
The resulting cadmium concentrations, shown in Table 1, range from 25 to 598 ingkg, with a mean 
value of 155 mgkg. These results are within the range of 4 to 940 mgkg and slightly less than the 
mean of 178 mgkg determined prior to the remediation of the adjacent areas. A regression analyses 
was perfonned on the CM long term monitoring data. The plot, attached in the Appendix, indicates 
a very slight decrease in the cadmium concentrations with time. This reduction may indicate some 
transport of cadmium-containing sediments from CM, although the noted differences may be the 
result of the wide range of concentrations detected. 

The analytical results for the CM surface water samples are shown in Table 2. Nineteen percent of 
the samples had no detectable levels of total cadmium. The remainder had concentrations that range 
from 0.12 to 1.6 pgll. Sixty-seven percent of the filtered portions of the sanlples had no detectable 
levels of dissolved cadmium. The remainder had dissolved cadmium concentrations of 0.1 to 0.52 
pgll. The results indicate that significant transport of cadmium-containing sediments does not occur 
on a regular basis. 

2.2.4 Recommendations for Future Monitoring 

Although the regression analysis shows a very slight decrease of the cadmium concentrations within 
CM, the calculated "trend" may be the result of the wide variation in the results. The surface water 
samples have very low levels of total cadmium and the majority have no detectable levels of 
dissolved cadmium. We believe the transport of cadmium-containing sediments fiom CM to other 
remediated areas of the site has been shown to be insignificant, and recommend that the sampling 
of soil and water samples within CM be discontinued. 



3.0 AREA I1 

The Area I1 ROD encompasses the grounds of the former manufacturing plant and its ancillary 
facilities. 

3.1 PLANTGROUNDS 

3.1.1 Backround 

This 11.9-acre area is the location of the former manufacturing facility and lined sediment storage 
area (vault). The structures and most of the underground utilities have been removed, along with 
about 24,000 cubic yards of contaminated soils, including the vault contents. The removed non- 
vault soils were sieved and the coarser portions (gravel and cobbles) were washed, tested, and reused 
as backfill in some of the excavations. 

The focus of the long term monitoring program in this area is the volatile organic compounds 
(VOCs) present in the groundwater. The ROD required the excavation and enhanced volatilization 
of soils containing VOCs. An Explanation of Significant Differences (ESD) was subsequently 
issued by the USEPA that rescinded this requirement and specified continued monitoring of the 
groundwater for VOCs. 

3.1.2 Long Term Monitoring Program 

Thirteen wells within the former Plant Grounds were sampled to monitor the attenuation andlor 
transport of volatile organic compounds (VOCs) within the groundwater. Samples were collected 
semi-annually and analyzed for the VOCs detected prior to remediation: trichloroethene (TCE), 
1,1,1 -trichloroethane (TCA), and tetrachloroethene (PCE). 

3.1.3 Assessment of Results 

Assessments of the specific analyzed compounds are presented below. 

3.1.3.1 TCE 

TCE is the predominant compound detected. The analytical results are shown in Table 3. Only two 
of the thirteen wells (7s and MB-3) have shown elevated concentrations of TCE. The remaining 
eleven wells are typically either non-detect or less than 6 pgll. In general, the TCE concentrations 
have been consistent since 1988 (a total of 16 sampling events); there is no indication of transport 
of TCE between the wells. Regression analyses were performed for wells 7 s  and MB-3. The plots, 
attached in the Appendix, show a decreasing trend with time; some attenuation of the TCE 
concentrations is indicated. 



3.1.3.2 TCA 

The analytical results for TCA are shown in Table 4. Only five of the thirteen wells have had 
detectable levels of TCA. The range of detected concentrations is 0.7 to 7.9 pgll, with a mean value 
of 3.06 pgll. In general, the concentrations have been consistent since 1993 (a total of 14 sampling 
events); there is no indication of transport of TCA between the wells. 

3.1.3.3 PCE 

The analytical results for PCE are shown in Table 5. Only two of the thirteen wells (7s and MB-3) 
have had detectable levels of PCE. The range of detected concentrations is 1.2 to 7.7 pgll, with a 
mean value of 3.6 pgll. In general, the concentrations have been consistent since 1993 (a total of 
14 sampling events); there is no indication of transport of PCE between the wells. 

3.1.4 Recommendations for Future Monitoring 

While the analytical results show that the VOC concentrations have remained fairly consistent over 
the past thirteen years, the regression analyses indicate that the two locations with elevated 
concentrations (wells 7 s  and MB-3) are decreasing with time. The analytical results for the 
remaining wells demonstrate that transport of the VOCs has not occurred. We recommend that 
future VOC monitoring be limited to analyses of TCE, TCA, and PCE in wells 7 s  and MB-3, and 
that the sampling be reduced to an annual event. 

3.2 PEDESTAL AREA 

The pedestal area is a localized zone within the central area of the Plant Grounds. This zone is the 
former location of the facility's cadmium nitrate storage tank. During the remediation of the Plant 
building, elevated levels of cadmium were encountered in the soils in the vicinity of the tank 
pedestal. These soils were removed to the groundwater table (a depth of about 22 feet). Elevated 
cadmium levels were present below the groundwater, but continued removal would be difficult, 
requiring retention systems and a significant expansion of the excavation. This condition was 
evaluated by Advanced GeoServices Corp. in the April 11, 1995 report "Cadmium Fate and 
Transport at the Former Pedestal Area." The results of this evaluation led to the issue of an ESD by 
the USEPA. The ESD allowed for limited soil removal followed by backfill of the excavation and 
the installation of a monitoring well (Well PA- 1) in the pedestal area to measure the cadmium levels 
in the groundwater. The backfill of the pedestal area is 25 feet thick and includes several feet of 
limestone to provide additional buffering of infiltrating acidic rain. 



3.2.2 Long Term Monitoring Program 

Four wells were sampled to monitor the potential for transport of cadmium via groundwater from 
the Pedestal Area within the former Plant Grounds. Samples were collected semi-annually and 
analyzed for total and dissolved cadmium, pH, hardness, alkalinity, and total suspended solids. 

3.2.3 Assessment of Results 

The analytical results for the Pedestal Area monitoring are shown in Table 6. Only PA-1, the well 
at the source, has significant concentrations of cadmium. A review of the analytical results and the 
regression analyses for well PA-1 (attached in the Appendix) show the dissolved cadmium 
concentrations have decreased about forty to fifty percent with time. The remaining three wells are 
typically either non-detect or less than 1 pgll. Regression analyses for these wells, attached in the 
Appendix, show a decrease in dissolved cadmium concentrations with time (7s and MB-3) or are 
essentially unchanged (MB-1). There is no indication of a transport of cadmium between the wells. 
It is apparent that the cadmium in the soil within the Pedestal Area remains in place and has not gone 
into suspension within the groundwater. 

3.2.4 Recommendations for Future Monitoring 

The analytical results and the regression analyses demonstrate that the dissolved cadmium 
concentrations in well PA-1 are decreasing. These data suggest that the cadmium within the soils 
at this location will not go into suspension. The analytical results for the remaining wells 
demonstrate that transport of the cadmium has not occurred. As the stability of this condition has 
been established by the monitoring to date, we recommend that the sampling of the groundwater for 
cadmium be discontinued. 



4.0 AREA 111 

The Area I11 ROD includes the waters of East Foundry Cove, East Foundry Pond, West Foundry 
Cove, and the Cold Spring Pier Area. 

4.1 EAST FOUNDRY COVE 

4.1.1 Background 

East Foundry Cove (EFC) is a 30-acre tidal estuary bordered by East Foundry Cove Marsh to the 
north and east, Constitution Island and East Foundry Pond to the south, and the Metro-North railroad 
embankment to the west. EFC was remediated by dredging the majority of the Cove bottom to 
remove contaminated sediments. The average removal depth was 18 inches. The post-dredge 
cadmium concentrations in EFC range from 0.74 mgkg to 8 1.2 mgkg, with a mean value of 10.9 
mgkg (values below the detection limit were considered to be equal to the detection limit for 
purposes of calculating the mean). 

4.1.2 Long; Term Monitoring Program 

Sampling of the EFC sediments was performed annually to monitor the transport of cadmium- 
containing sediments from Constitution Marsh as a result of the twice-daily tidal flows. Composite 
samples of the sediments were collected on the bottom of the cove at five locations and analyzed for 
total cadmium, total organic carbon, and percent solids. 

Samples of surface water were also collected at two of the sediment sampling locations within EFC 
to monitor the potential for transport of cadmium-containing sediments as a result of the twice-daily 
tidal flows. These samples were collected concurrently with the sediment samples. The surface 
water was analyzed for total and dissolved cadmium, pH, hardness, alkalinity, and total suspended 
solids. 

4.1.3 Assessment of Results 

The analytical results for EFC are shown in Table 7. The measured cadmium concentrations are 
highly variable, ranging from 0.34 to 277 m a g ,  with a mean value of 36.5 mgkg. These levels are 
about 5 to 10 percent of the pre-remediation levels. A regression analysis performed on the EFC 
data is attached in the Appendix and shows an increasing trend. However, 3 of the 5 highest 
concentrations were measured in the last sampling event (April, 2000); when the regression analysis 
is conducted without the April 2000 results, the trend indicates decreasing levels of cadmium. 

The analytical results for the EFC surface water samples are shown in Table 8. Seventy-five percent 
of the samples had no detectable levels of total cadmium. The remainder had total cadmium 
concentrations that range from 0.11 to 1.4 pg/l. Seventy-nine percent of the filtered portions of the 
samples had no detectable levels of dissolved cadmium. The remainder had dissolved cadmium 
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concentrations that range from 0.1 to 0.14 pgll. The results indicate that significant transport of 
cadmium-containing sediments does not occur on a regular basis. 

4.1.4 Recommendations for Future Monitoring 

Because of the cadmium concentrations within the sediments reported during the year 2000 
sampling, we believe additional monitoring is needed to establish the long-tenn decrease indicated 
by the 1996-1999 results. We recommend that the sampling of the sediments within EFC be 
continued annually until a trend can be established. The majority ofthe surface water samples have 
no detectable levels of total or dissolved cadmium; we recommend that the sampling of surface water 
within EFC be discontinued. 

EAST FOUNDRY POND 

4.2.1 Background 

East Foundry Pond (EFP) is a 6-acre tidal estuary located between East Foundry Cove and the 
northern end of Constitution Marsh. EFP was remediated by dredging to remove contaminated 
sediments. The average removal depth was 16 inches. The post-dredge cadmium concentrations 
in EFP range from 1.0 mgkg to 37.1 mgikg, with a mean value of 8.4 mglkg (values below the 
detection limit were considered to be equal to the detection limit for purposes of calculating the 
mean). 

4.2.2 Lone: Term Monitoring Program 

Sampling of the EFP sediments was performed annually to monitor the transport of cadmium- 
containing sediments from Constitution Marsh as a result of the twice-daily tidal flows. Composite 
samples of the sediments were collected on the bottom of the pond at two locations and analyzed for 
total cadmium, total organic carbon, and percent solids. 

A surface water sample was also collected at one of the sediment sampling locations within EFC to 
monitor the potential for transport of cadmium-containing sediments as a result of the twice-daily 
tidal flows. This sample was collected concurrently with the sediment samples. The surface water 
was analyzed for total and dissolved cadmium, pH, hardness, alkalinity, and total suspended solids. 

4.2.3 Assessment of Results 

The analytical results for EFP are shown in Table 7. The measured cadmium concentrations are 
highly variable, ranging from 0.4 to 130 mgkg, with a mean value of 37.4 mgikg. A regression 
analysis performed on the EFP data, attached in the Appendix, indicates that cadmium levels are 
decreasing with time. 
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The analytical results for the EFP surface water samples are shown in Table 8. Twenty-nine percent 
of the samples had no detectable levels of total cadmium. The remainder had total cadmium 
concentrations that range from 0.32 to 2.8 pgll, and are typically less than 0.5 pgll. Twenty-nine 
percent of the filtered portions of the samples had no detectable levels of dissolved cadmium. The 
remainder had dissolved cadmium concentrations that range from 0.21 to 0.56 pgll. The results 
indicate that significant transport of cadmium-containing sediments does not occur on a regular 
basis. 

4.2.4 Recommendations for Future Monitoring 

Although variable, the analytical results establish no long-term build up of cadmium as a result of 
sediment transport from CM. The regression analysis indicates that the cadmium concentrations 
within the EFP sediments are decreasing. The majority of the surface water samples have either very 
low or non-detectable levels of total and dissolved cadmium. We recommend that the sampling of 
sediments and surface water within EFP be discontinued. 

4.3 WEST FOUNDRY COVE 

4.3.1 Background 

West Foundry Cove (WFC) is contiguous to the Hudson River and is bordered by the Village of 
Cold Spring and the Cold Spring Pier Area to the north, the Metro-North railroad embankment to 
the east, and Constitution Island to the south. West Foundry Cove was classified as a No Action area 
in the ROD. 

4.3.2 Long Term Monitoring Proaam 

Sampling ofthe WFC sediments was performed annually. WFC was not remediated; it was believed 
that the cadmium-containing bottom sediments would eventually become capped with additional 
river sediment, rendering them immobile. The sampling was conducted to monitor the progress of 
this capping. (The cadmium concentrations at the bottom of the cove should decrease as additional 
material is deposited). Composite samples were collected on the bottom of the cove at five 
locations. The sediment samples were analyzed for total cadmium, total organic carbon, and percent 
solids. 

Samples of surface water were also collected at two of the sediment sampling locations within WFC 
to monitor the potential for transport of cadmium-containing sediments as a result of the river flows. 
These samples were collected concurrently with the sediment samples. The surface water was 
analyzed for total and dissolved cadmium, pH, hardness, alkalinity, and total suspended solids. 



4.3.3 Assessment of Results 

Thirty-five soil samples have been collected and analyzed from WFC during the monitoring 
program. The resulting cadmium concentrations, shown in Table 7, range from 1.3 to 143 m a g ,  
with a mean value of 34.4 mgkg. These results are less than the range of 1.1 to 569 mglkg and the 
mean of 43.9 m a g  determined prior to the remediation of the adjacent areas. This reduction may 
indicate some capping of the cadmium-containing sediments in WFC, although the noted differences 
may be the result of the wide range of concentrations detected. 

The analytical results for the WFC surface water samples are shown in Table 8. Seventy-five 
percent of the samples had no detectable levels of total cadmium. The remainder had total cadmium 
concentrations that range from 0.2 to 1.2 pgll. Eighty-eight percent of the filtered portions of the 
samples had no detectable levels of dissolved cadmium. The remainder had dissolved cadmium 
concentrations of 0.12 to 0.2 pgll. The results indicate that significant transport of cadmium- 
containing sediments does not occur on a regular basis. 

4.3.4 Recommendations for Future Monitoring 

The analytical results show a slight decrease of the cadmium concentrations within WFC; this 
"trend" may be caused by the wide variation in the results, however. As the anticipated capping is 
dependent upon the long-term conditions (flow velocities, suspended sediments, etc.) within the 
Hudson River that are inconsistent and cannot be accurately monitored, this capping may require 
dozens of years to achieve or may not occur at all. Although the capping of the WFC sediments 
cannot be established by the results to date, these results do suggest that the sediments have been 
immobilized. Considering these conditions, we recommend that the monitoring of the WFC 
sediments be discontinued. The majority of the surface water samples have no detectable levels of 
total or dissolved cadmium; we also recommend that the sampling of surface water within WFC be 
discontinued. 

4.4 COLD SPRING PIER AREA 

4.4.1 Background 

The Cold Spring Pier Area (CSPA) is a portion of the Hudson River situated between the Village 
of Cold Spring and the main river channel, north of West Foundry Cove. The CSPA was remediated 
by a combination of dredging and excavation to remove contaminated sediments. The post- 
remediation cadmium concentrations in the CSPA range from 2.5 mgkg to 35.7 mglkg, with amean 
value of 15.0 mglkg. 

4.4.2 Long Term Monitoring Program 

Sampling of the CSPA sediments was performed annually to monitor the transport of cadmium- 
containing sediments as a result of the river flows. Composite samples of the sediments were 
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collected on the river bottom at two locations and analyzed for total cadmium, total organic carbon, 
and percent solids. 

Surface water samples were also collected at the sediment sampling locations within CSPA to 
monitor the potential for transport of cadmium-containing sediments as a result of the river flows. 
These samples were collected concurrently with the sediment samples. The surface water was 
analyzed for total and dissolved cadmium, pH, hardness, alkalinity, and total suspended solids. 

To provide for a comparison against background levels within the river, one sediment and one 
surface water sample were also collected at a Control point approximately 150 yards upstream of 
CSPA. These samples were collected concurrently with the CSPA sampling, and similar analyses 
were conducted. 

4.4.3 Assessment of Results 

The analytical results for CSPA are shown in Table 7. The measured cadmium concentrations 
typically range from 0.28 to 42.7 m@g, with one anomalous measurement of 994 mgkg in March, 
1996. The mean concentration (without the anomalous value) is 10.2 mgkg, less than the post- 
remediation levels at those locations. A regression analysis was performed on the CSPA data (minus 
the anomalous value). The plot, attached in the Appendix, indicates a very slight increasing trend; 
however, this increase may be the result of the wide range of concentrations detected. A regression 
analysis that included the anomalous value was also performed. This plot, also attached in the 
Appendix, shows a decrease of cadmium levels with time. 

The results for the Control point are also shown in Table 7. Thesemeasurements, collected upstream 
from the Marathon site, also show a wide variation in cadmium concentrations; the range of values 
is 1.5 to 103 mgkg, with a mean concentration of 2 1.7 mgkg. 

The analytical results for the CSPA surface water samples are shown in Table 8. Eighty-six percent 
of the samples had no detectable levels of total cadmium. The remainder had total cadmium 
concentrations that range from 0.1 1 to 0.2 pgll. All of the filtered portions of the samples (100%) 
had no detectable levels of dissolved cadmium. The Control point surface water samples show 
similar trends. The results indicate that significant transport of cadmium-containing sediments does 
not occur on a regular basis. 

4.4.4 Recommendations for Future Monitoring 

When the one anomalous value is eliminated, the analytical results for CSPA and the Control point 
indicate that there is a slight decrease in the cadmium levels within these sediments. Although the 
regression analysis for the CSPA sediments shows a very slight increasing trend, this increase is on 
the order of 1 to 2 mgkg; considering the concentration levels measured, this can be considered to 
be no change. In addition, the majority of the CSPA and Control point surface water samples have 
no detectable levels of total and dissolved cadmium. We recommend that the sampling of sediments 
and surface water within CSPA and the Control point be discontinued. 



5.0 BIOLOGICAL SAMPLINGIMONITORING 

The biological sampling consists ofbioassay and bioaccumulation studies. The re-establishment of 
vegetation is also monitored in EFCM. 

5.1 BIOASSAYSTUDIES 

The majority of the bioassay studies are centered in Area I (EFCM and CM), with other samples 
collected from portions of Area I11 (EFC and WFC). No biological samplinglmonitoring is required 
for Area 11. The historic bioassay data (i.e., collected prior to the remediation) are shown in Table 
9. 

5.1.2 Lon3 Term Monitoring Promam 

Bioassay studies were performed to determine if the remediation has been effective in reducing the 
cadmium exposure of selected regional species. The target species included birds (Canada geese, 
wood ducks, swallows, and marsh wrens), benthic invertebrates (oligocheate worms and chironomid 
midge larvae), and vegetation (cattails and water chestnuts). Most of these species were collected 
annually. (The marsh wrens were collected in Years 1 and 5). Mammals (muskrats) were also 
included in the original program, but were not sampled as they have not yet become established in 
EFCM. 

5.1.3 Assessment of Results 

The results of the bioassay studies are presented in Table 9 and individual species are discussed 
below. 

5.1.3.1 Wood Ducks 

The cadmium concentrations within the wood ducks range from 0.05 to 2.4 mg/kg (livers) and 0.16 
to 17;4 mgkg (kidneys), with mean concentrations of 0.74 mglkg and 4.76 mgkg, respectively. 
These results are similar to the results of the four specimens collected for the historic study. 
Regression analyses were conducted on the liver and kidney data. These plots, attached in the 
Appendix, indicate that cadmium levels are decreasing 'with time. 

5.1.3.2 Canada Geese 

The cadmium concentrations within the Canada geese range from 0.04 to 8.1 mgkg (livers) and 0.04 
to 14.2 mgkg (kidneys), with mean concentrations of 1.53 mgkg and 4.16 mgkg, respectively. 
There are no historic data for the Canada geese. Regression analyses were conducted on the liver 
and kidney data. These plots, attached in the Appendix, indicate that cadmium levels are decreasing 



with time. 

5.1.3.3 Swallows 

The cadmium concentrations (whole body) of the swallows range from not detected to 9.27 mgkg, 
with a mean concentration of 0.18 mgkg. These results are significantly less than the results of the 
two samples collected for the historic study (1.17 and 4.75 mglkg). A regression analysis was 
conducted on the swallow data. This plot, attached in the Appendix, indicate a decrease of cadmium 
with time. 

5.1.3.4 Marsh Wrens 

The cadmium concentrations (whole body) of the marsh wrens range from 0.13 to 1.62 mgkg, with 
a mean concentration of 0.39 mgkg. These results are significantly less than the results of the 
historic study (0.29 to 10.53 mgkg, with a mean concentration of 1.8 mgkg). As the wrens were 
only collected in Years 1 and 5, no regression analyses was performed. St 

5.1.3.5 Benthic Invertebrates 

The cadmium concentrations ofthe benthic invertebrates within EFC range from 0.46 to 1 1.2 mglkg, 
with a mean concentration of 4.37 mgkg. If the one anomalous measurement (1 1.2 mgkg, from 
1997) is disregarded, the mean value decreases to 2.66 mgkg. (The historic data ranges from 0.57 
to 4.54 mgkg). The cadmium concentrations of the invertebrates within EFC have exhibited a 
significant decreasing trend since 1997. A regression analysis was also performed on the data from 
EFC and is attached in the Appendix. This plot also shows a decrease with time. 

The cadmium concentrations of the benthic invertebrates in CM range from 1.61 to 5.5 mgkg, with 
a mean concentration of 2.60 mglkg. These concentrations have also exhibited a decrease since 
1997, although the trend is not as significant. 

5.1.3.6 Cattails 

The cadmium concentrations within the cattails in EFCM range from not detected to 0.394 mglkg, 
with a mean concentration of 0.141 mgkg. A regression analysis was performed on the cattail data. 
The plot, attached in the Appendix, shows a very slight increase with time. (This increase coincides 
with the slight increase noted in the cadmium concentrations measured in the EFCM cover soils). 
However, the concentrations are still well below 1 mgkg. 

The cadmium concentrations within the cattails in CM range from 0.23 to 1.1 mglkg, with a mean 
concentration of 0.5 1 mgkg. These results are slightly less than the historic data (0.052 to 1.45 
mgkg, with a mean concentration of 0.62 mglkg). 



5.1.3.7 Water Chestnuts 

The cadmium concentrations of the water chestnuts within EFC range froin 1.46 to 6.5 mg/kg, with 
a mean concentration of 3.91 mgkg. This value is about 25 percent of the historic mean value (15.6 
mgkg). Aregression analysis was conducted on the EFC data. The plot, attached in the Appendix, 
indicate that cadmium levels are decreasing with time. 

The cadmium concentrations of the water chestnuts within CM range from 2.5 to 10 ing/kg. The 
data shows a decrease in the mean concentrations since 1998. 

The cadmium concentrations of the water chestnuts within WFC range from 0.868 to 2.0 mgkg. 
The data shows that the mean concentrations have been fairly consistent since 1997. 

5.1.4 Recommendations for Future Monitoring 

The analytical results and regression analyses demonstrate that the cadmium concentrations within 
the birds, benthic invertebrates, and vegetation have decreased with time. Although the regression 
analysis for the EFCM cattails shows a very slight increase, the present cadmium concentrations are 
still well below 1 mgkg. These results, which have included several generations of the monitored 
species, have established the reduction of cadmium exposure among regional biota. We recommend 
that the bioassay studies for the various species of birds, benthic invertebrates, and vegetation be 
discontinued. 

5.2 BIOACCUMULATION STUDIES 

The bioaccumulation studies were performed in portions of Area I11 (EFC, CSPA, and WFC). In 
addition, a control test was conducted in 2000 in Manitou Bay, an estuary that is several miles 
upstream of the Marathon Remediation Site. The historic bioaccumulation data (i.e., collected prior 
to the remediation) are shown in Table 10. 

5.2.2 Long Term Monitoring; Proaam 

Bioaccumulation studies were perfonned to confirm if the reduction in cadmium within the 
sediments would result in a reduced exposure to regional species. Fish (killifish and crayfish) were 
utilized for these studies. The bioaccumulation studies were conducted in Years 1,3, and 5 (1996, 
1998, and 2000). 

5.2.3 Assessment of Results 

The results of the bioaccumulation studies are presented in Table 10 and are discussed below. 
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5.2.3.1 Killifish 

The cadmium uptake of the killifish ranges from 0 to 189 percent in EFC and CSPA, with all 
measured concentrations less than 0.1 pg/g. This is a significant decrease from the pre-remediation 
uptake of 483 and 455 percent, respectively. The uptake of killifish within WFC is 600 percent; in 
all cases, the cadmium concentrations are less than 0.1 pglg. No cadmium uptake was measured in 
the control sample in Manitou Bay. 

5.2.3.2 Crayfish 

The cadmium uptake of the crayfish ranges from 120 to 440 percent in EFC and CSPA, with all 
measured concentrations less than 0.25 pg/g. This is a significant decrease from the pre-remediation 
uptake of 915 and 1,300 percent, respectively. The uptake of killifish within WFC is 140 percent; 
in all cases, the cadmium concentrations are less than 0.1 pg/g. No cadmium uptake was measured 
in the control sample in Manitou Bay. 

5.2.4 Recommendations for Future Monitoring 

The bioaccumulation studies demonstrate a significant decrease in the cadmium uptake of the 
killifish and crayfish. These results, which have included several generations of the monitored 
species, have established the reduction of cadmium exposure among regional fish. We recommend 
that the bioaccumulation studies be discontinued. 

MONITORING OF EFCM REVEGETATION 

After the remediation of EFCM, the marsh was reconstructed as described in Section 2.1 . l .  This 
area was replanted with wetland and upland plant species, with a ROD requirement of 85% coverage 
of the marsh in five years (at the end of the 2000 growing season). 

5.3.2 Lona Term Monitoring Program 

The monitoring of the EFCM revegetation includes visual surveys of conditions at the beginning and 
end of each growing season and a yearly inventory of four established quadrats within the marsh. 

5.3.3 Assessment of Results 

The initial growing season (Summer 1995) was significantly impacted by perdition; large areas of 
cattail plantings were consumed by geese during and immediately after their installation. In 
addition, the marsh experienced severe ice scour during the very cold winter of 1995-96, resulting 
in uprooting of some of the plantings that had become established. Corrective actions have been 
implemented during the past several seasons, including the installation of fencing to decrease tidal 
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flow velocities (and facilitate the establishment of vegetation), transplanting ofmature cattails fiom 
other established areas within EFCM, and the importation of beetles for biological control of 
undesirable vegetation (purple loosestrife). 

A summary of the vegetation inventories for 1996 through 2000 for each quadrat are included as 
Tables 11 through 14. In general, an organic sediment layer has built up at the marsh ground 
surface. With this build up, the vegetation has become established and has expanded into previously 
bare areas of the marsh. There are still portions of the marsh that are sparsely vegetated, however, 
these areas are becoming more established each year. 

5.3.3.1 Quadrat A 

A total of twenty-one species were observed in Quadrat A during the five-year period. Eight were 
present in 1996, and fifteen were present in 2000. There have been significant increases in narrow- 
leaved cattails, mild water pepper, and water plantain with time within this quadrat. 

5.3.3.2 Quadrat B 

Quadrat B lies within the remaining bare area of EFCM. A total of twenty-one species have been 
observed in this quadrat; however, the number of species (and the corresponding percentage of 
cover) has decreased with time. A significant cover of smartweed had been present during the initial 
years, but this coverage has been reduced. Presently, about forty percent of the quadrat is bare, and 
another fifty percent (the southern half) is low-lying and covered by European water chestnut. 

5.3.3.3 Quadrat C 

Quadrat C is densely vegetated. There were eight predominant species during the initial year, and 
as many as twenty species were observed in 2000. The majority of the coverage during the initial 
years was three-square and umbrella sedge, but purple loosestrife has become dominant (up to forty- 
five percent coverage within the quadrat). 

5.3.3.4 Quadrat D 

Quadrat D is also densely vegetated and has been fiom the initial year. The early years (1996 and 
1997) had predominant cattail growth, with as much as ninety percent of the quadrat covered by this 
species. Common reed has become established with time, fiom two percent coverage in 1996 and 
1997 to one hundred percent coverage in 2000. 

5.3.4 Recommendations for Future Monitoring 

Although the vegetation within EFCM is becoming established, it has not achieved the ROD- 
required 85% coverage at this time. We recommend that the monitoring of the EFCM revegetation 
be continued as originally planned (i.e., visual surveys ofconditions at the beginning and end of each 
growing season and a yearly inventory of the four established quadrats) until the required coverage 
is achieved throughout the marsh. In addition, corrective actions such as the installation of fencing 
and transplanting of vegetation should be implemented as needed. 

F \OFICEAGC\PROSECTSWLES\95-2 I9\Reports\F1veYexReview4-I8-0 I wpd 17 




















































































