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Estimated Sediment Thickness, Quality, and Toxicity
to Benthic Organisms in Selected Impoundments in

Massachusetts

By Robert F. Breault, Jason R. Sorenson, and Peter K. Weiskel

Abstract

There are presently more than 3,000 dams in Massachu-
setts. Many of these dams are no longer used for their original
purpose, and some are in disrepair. Contaminants bound to
sediment trapped behind dams have the potential to affect the
downstream environment in the event of a sudden release or
dam failure. These sediments may also be an ongoing source
of contaminants to overlying water and to organisms living
on or in bottom sediment. In addition, dams do not entirely
retain impounded sediment and associated contaminants. Such
sediments are subject to scour, resuspension, and downstream
redistribution during storm events.

The U.S. Geological Survey and the Massachusetts
Department of Fish and Game, Division of Ecological
Restoration, collaborated to collect baseline information
on the quantity and quality of sediment impounded behind
selected dams in Massachusetts, including sediment thickness
and the occurrence of contaminants potentially toxic to
benthic organisms. The thicknesses of impounded sediments
were measured, and cores of sediment were collected from
32 impoundments in 2004 and 2005. Cores were chemically
analyzed, and concentrations of 32 inorganic elements and
108 organic compounds were quantified. Sediment thicknesses
varied considerably among the 32 impoundments, with
an average thickness of 3.7 feet. Estimated volumes also
varied greatly, ranging from 100,000 cubic feet to 81 million
cubic feet. Concentrations of toxic contaminants as well
as the number of contaminants detected above analytical
quantification levels (also known as laboratory reporting
levels) varied greatly among sampling locations. Based
on measured contaminant concentrations and comparison
to published screening thresholds, bottom sediments were
predicted to be toxic to bottom-dwelling (benthic) organisms
in slightly under 30 percent of the impoundments sampled.
Statistically significant relations were found between several
of the contaminants and individual indicators of urban land
use and industrial activity in the upstream drainage areas of
the impoundments. However, models developed to estimate
contaminant concentrations at unsampled sites from upstream

landscape characteristics had low predictive power, consistent
with the long and complex land-use history that is typical of
many drainage areas in Massachusetts.

Introduction

More than 3,000 dams presently impound the streams
of Massachusetts, according to the Division of Ecological
Restoration of the Massachusetts Department of Fish and
Game (MDER, written commun., 2013). Nearly 1,500 of these
dams are also listed in the National Inventory of Dams (U.S.
Army Corps of Engineers, 1996). Worcester County, in central
Massachusetts, has more dams than any other county in the
United States (425; Graf, 1999). Because many Massachusetts
dams no longer serve their original purposes, may present
safety risks, and have the potential to impair ecological
conditions, public interest in removing unused dams has
grown substantially in recent years. Dams not only restrict the
recreational use of rivers for boaters, they also limit or block
the free passage of fish and other biota, slow water velocities,
cause sediment and organic matter to settle out, and commonly
raise water temperatures. This combination of factors affects
water quality, impairs in-stream habitat, alters food web
dynamics, and limits access to different habitats for resident
and migratory fish (Wang and others, 2010; Armstrong and
others, 2011). Dam removal can increase the amount of
suitable aquatic habitat in a stream system, both upstream
and downstream of the original structure, as well as restore
ecological processes (for example, the natural movement of
water, sediment, and organic matter) that form and maintain
downstream habitat and food web dynamics over time (Poff
and Hart, 2002; Gardner and others, 2011).

The purposeful breaching and removal of dams can have
unintended effects on the downstream environment if not
thoughtfully planned and implemented. One potential nega-
tive effect is the release of toxic contaminants by mobilization,
transport, and downstream redeposition of impounded sedi-
ment. Many contaminants discharged to rivers and streams in
the form of industrial wastes, accidental spills, or urban runoff
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EXPLANATION

® Location of dam

Base from U.S. Geological Survey digital data, 1:25:000, 1991
Lambert conformal conic projection. NAD 83

Figure 1.

commonly adhere to solids suspended in the water column of a
stream and ultimately accumulate in slack water environments,
such as impoundments behind dams. The accumulation of
contaminated sediments behind dams in Massachusetts began
principally after 1810, in the early years of the industrial revo-
lution in the Commonwealth (Brown and Tager, 2000, p. 121).
Urbanization in the latter part of the 19th century and through-
out the 20th century further increased the load of contaminants
from urban watershed sources to stream impoundments (see,
for example, Breault and others, 2000, 2004, 2005).

Although contaminants trapped in sediment behind dams
are often considered buried, it is incorrect to assume that these
contaminants are immobile. For example, some contaminants
are easily exchanged between bottom sediment and the overly-
ing water column, allowing these contaminants to become
biologically available under certain environmental conditions.
Moreover, sediment-bound contaminants can be scoured,
resuspended, transported downstream and redeposited dur-
ing storm events, potentially affecting aquatic organisms,
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The locations of dams in Massachusetts. Data are from the U.S. Army Corps of Engineers (1996).

including fish, a long distance from the original source. Ben-
thic organisms, which live on or within the bottom sediment,
may be directly exposed to hazardous levels of these contami-
nants and, in turn, indirectly expose fish and other wildlife to
the contaminants through food-web magnification. Humans
may be exposed through ingestion of affected wildlife or by
direct physical contact.

The Massachusetts Office of Dam Safety (ODS) requires
regular safety inspections at dams under ODS jurisdiction.
However, such inspections do not presently (2012) include
estimates of the volume of impounded bottom sediment nor do
they include the occurrence of potentially toxic contaminants
trapped behind these dams. Hence, this aspect of the overall
hazard associated with accidental dam failures or purposeful
dam breaches is not fully known. Impounded sediment
volumes and chemical data, together with information
regarding the structural integrity of each dam, are necessary
to inform decisions regarding potential dam removal projects
in the Commonwealth. Accordingly, the U.S. Geological



Survey (USGS), in cooperation with the MDER, collected
baseline information concerning the thickness and volume of
impounded bottom sediment and the occurrence of potentially
toxic contaminants trapped behind 32 selected dams in
Massachusetts. These data may be used to help prioritize dams
that pose the greatest risk to the environment in case of either
dam failure or purposeful dam breach, as well as identify
sediment that may be acting as a present day source of toxic
contaminants to the environment.

Purpose and Scope

This report describes the methods used to measure the
thickness, estimate the volume, and collect cores of bottom
sediment impounded behind selected dams in Massachusetts.
The report also characterizes the chemical quality of the
impounded sediment, including sediment-associated inorganic
elements and organic compounds. The potential toxicity of
the impounded sediment to benthic organisms is assessed
by comparing observed concentrations of contaminants to
consensus-based sediment quality guidelines. Finally, the
report describes and interprets relations among contaminant
concentrations in sediment, present day land use, and available
indicators of past industrial history in the watersheds of the
study impoundments.

Field, Laboratory, and Statistical
Methods

The USGS assessed soft-sediment thicknesses and chem-
istry in 32 impoundments in Massachusetts by probing with
a steel rod and collecting and chemically analyzing sediment
cores. Chemical analysis of sediment cores (one homogenized
sample per impoundment) included 32 inorganic elements
and 108 organic compounds; the organic compounds included
polycyclic aromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs), and dichlorodiphenyl-trichloroethane
(DDT) pesticide compounds. Potential toxicity was estimated
using predictive relations between sediment contaminant
concentrations and the probable effects on bottom-dwelling
(benthic) organisms (Ingersoll and others, 2000; MacDonald
and others, 2000). Relations between present day land use and
sediment quality were evaluated by means of statistical cor-
relation analysis.

Site Selection and Sampling Techniques

Dams were selected in consultation with the MDER using
several criteria, including the likelihood that the dam might
be removed, land use in the upstream drainage basin (rang-
ing from undeveloped to drainage basins with long industrial
histories), local interest, and geographical location (fig. 2;
table 1).

Field, Laboratory, and Statistical Methods 3

Soft-sediment thicknesses were measured manually
with a steel rod at an average of 20 locations in each of the
32 impoundments; the number of measurements made in the
study ranged from 8 to 30 per impoundment. The steel rod was
pushed into the soft sediment from a boat or, in cases where
impoundments were drained or dams breached, by standing on
the sediment surface (fig. 3). Changes in the ease of penetra-
tion and the sound emitted from the rod as it was slowly
pushed through the soft sediment were interpreted as changes
in sediment character. In general, the interface between
soft sediment and the original stream channel or flood plain
material was felt as an abrupt change in the amount of force
necessary to advance the probe. On occasion, this change was
accompanied by an audible noise, as the tip of the rod encoun-
tered gravel or cobbles that were likely part of the historical
flood plain or stream channel. The distance the rod was pushed
(minus the measured water depth) was measured and recorded
as the soft-sediment thickness. Sediment cores were visu-
ally inspected and their length was measured, to verify that
soft-sediment thicknesses inferred from probing with the steel
rod corresponded to changes in the sediment texture observed
in cores from each impoundment in question. The average
sediment thickness for an impoundment was calculated by
summing the recorded depths and dividing by the number of
measurements made in the impoundment.

At least one core was collected from each impoundment.
The number and locations of cores collected was determined
based on the size of each impoundment and the distribution
of the estimated bottom-sediment thicknesses within each
impoundment. Each core extended from the sediment water
interface to the soft sediment bottom (to a maximum depth
of about 8 ft). Cores were collected from a small boat, a
custom-built pontoon boat and platform, or a solid platform
placed directly on the sediment surface (fig. 4). Sediment
was collected with a coring device comprising a polyethylene
piston, a slide hammer, and a disposable polycarbonate core
barrel. The core barrel was pushed by hand or hammered into
the sediment. Before driving the core barrel into the sediment,
the piston was suspended in the core barrel and secured with a
steel cable to either the boat gunwale or the platform to keep
the piston from moving as the core barrel was pushed into
the sediment. Suction produced by the piston minimizes core
compaction as the core barrel is pushed forward and helps to
retain sediment in the barrel as it is pulled out of the sediment.
Sediment cores were retrieved by hand or with a battery-
powered winch.

In most cases, the core barrel was pushed past the soft-
sediment bottom into the underlying material; however, in a
few cases the soft-sediment thickness was greater than the core
barrel length (8 ft). In these cases, the maximum core length
was 8 ft. After retrieval, the bottom of each core was checked
for evidence suggesting that the barrel was pushed deep
enough to collect samples representative of the entire soft-
sediment thickness. The end of the core barrel was frequently
plugged with either fine gray clay, which was deposited long
before the dam was built, or the remains of vegetation that
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® Location of impoundment and site identifier (see Table 1)

Drainage area contributing to impoundment

Base from U.S. Geological Survey digital data, 1:25:000, 1991
Lambert conformal conic projection. NAD 83

Figure 2.
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Locations of impoundments in Massachusetts assessed in this study and the drainage areas to the dams that

form the impoundments. Sites 24 and 31 are located less than 0.2 mile (mi) apart, and sites 20 and 27 are located less
than 0.70 mi apart. Both pairs of sites are shown by a single red symbol. Location data are from the U.S. Army Corps of

Engineers (1996).

presumably grew in the flood plain before inundation (fig. 5).
If the core barrel appeared not to extend through the entire
soft-sediment thickness and the total sediment thickness was
less than 8 ft, the sample was discarded, the core barrel rinsed
with ambient water, and another core was collected. It is
important to note that core samples collected from individual
impoundments may or may not represent the entire history
of sediment deposition, given the limited number of core
samples collected and the fact that only one composite sample
was submitted for laboratory analyses. As stated above, the
dynamic nature of sediment transport in river systems also
means that some historically impounded sediment has likely
been resuspended and transported downstream by large storms
or dam breach or both. In some cases, sediment may have also
been previously dredged and disposed of elsewhere during the
history of the impoundment.

In the laboratory, cores from each impoundment were
homogenized in a precleaned Teflon bag to produce one

composite sample for each impoundment. Prior to filling, the
Teflon bags were cleaned first with 5-percent hydrochloric
acid, then with methanol, and finally with deionized water.
Subsamples were collected and placed in precleaned plastic
(inorganic elements) or glass (organic compounds) containers
for delivery to appropriate analytical laboratories. Samples
were shipped on ice in sealed plastic coolers along with
accompanying documentation.

Chemical Analysis of Sediment

Chemical analysis of 32 inorganic elements was done
at SGS Laboratory, Lakefield, Ontario, Canada, by means of
inductively coupled plasma mass spectrometry (ICP-MS).
Chemical analysis of 108 organic compounds was done at the
USGS National Water Quality Laboratory (NWQL) in Denver,
Colorado, by means of high-resolution gas chromatography/
low-resolution mass spectrometry (HRGC/LRMS).
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6 Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts

Figure 3. Measurement of soft-sediment thickness where A,
dam has been breached and the impoundment has been drained
and B, impoundment is present at the time of sampling.

Analysis of Inorganic Elements

Before chemical analysis, SGS collected from each
sample an unsieved aliquot (about 1 gram). Next, the sample
was digested with 2 milliliters (mL) of nitric acid (HNO,)
and heated at 80 to 90 degrees Celsius for %2 hour. After the
sample had cooled slightly, the digestates were spiked with
4 mL of hydrochloric acid (HCI) and heated for 2 hours in a
water bath. Next, the digestates were allowed to cool to room
temperature and diluted with distilled water to a final volume
of 20 mL. About 5 mL of this solution was poured into a test
tube for ICP-MS analysis (U.S. Environmental Protection
Agency, 1996).

Environmental samples were analyzed by SGS in batches
of up to 40 samples. Each batch was accompanied by quality
assurance/quality control (QA/QC) samples—including pro-
cedural blanks, laboratory duplicates, matrix-spike samples,
and recovery standards—to test laboratory bias and variability.
Before analytical results were accepted, QA/QC samples had
to meet the following methodology criteria: inorganic element
concentrations measured in procedural blanks were required to
be less than quantification limits; relative percentage differ-
ences (RPDs) between laboratory duplicate and matrix-spike
samples were no more than 10 percent; and percent recoveries
were within the 50 to 100 percent range. Laboratory instru-
ments were calibrated in accordance with the standard operat-
ing procedures of SGS and were required to meet method
specifications (SGS Laboratory, written commun., 2006).

Organic Analysis

The day before the chemical analysis, the USGS labora-
tory extracted unsieved sediment overnight with dichloro-
methane in a Soxhlet apparatus and split into two aliquots
(Foreman and others, 1995; Furlong and others, 1996). The
first aliquot was analyzed for PAHs and alkyl-PAHs by capil-
lary column gas chromatography with detection by mass
spectrometry (Furlong and others, 1996). The second aliquot
was analyzed for chlorinated hydrocarbons by dual capillary
column gas chromatography with electron capture detection
(Noriega and others, 2004).

Environmental samples were analyzed at the USGS
National Water Quality Laboratory (NWQL) in batches of
up to 12 samples. Each batch was accompanied by QA/QC
samples—including procedural blanks, laboratory duplicates,
matrix-spike samples, and recovery standards—to test
laboratory bias and variability (Noriega and others, 2004).
Before analytical results were accepted, QA/QC samples
had to meet the following methodology criteria: chemical
concentrations measured in procedural blanks were less than
quantification limits; RPDs between laboratory duplicate
and matrix-spike samples were no more than 10 percent;
and percent recovery ranges were within 50 to 120 percent.
Laboratory instruments were calibrated in accordance with the
standard operating procedures of the USGS and were required
to meet method specifications.
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Figure 4. Methods used to obtain cores from impoundments. Cores were collected A, from floating
pontoon or B, at the sediment surface where the impoundment has been drained.
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Figure 5. Examples of core penetration through the full thickness of impounded sediment into
preimpoundment material. Core samples contain A, floodplain vegetation, and B, inorganic clay.



Bias and Variability in Field and Laboratory
Analyses

Environmental samples were collected and analyzed
along with field duplicates (or split samples) and blind refer-
ence samples. These QA/QC samples were collected, pro-
cessed, and analyzed in exactly the same way as the environ-
mental samples. Therefore, the field QA/QC samples can be
used to assess bias and variability associated with environ-
mental conditions, sample collection, and sample processing
as well as with laboratory processing. Field duplicates were
collected at 3 of 32 locations and consisted of two representa-
tive aliquots of sediment that were taken from the homoge-
nized sample and were analyzed separately. RPDs for detect-
able inorganic element concentrations between field duplicate
samples averaged 2.9 percent, with one exception. The RPD
for detectable molybdenum concentration measured in the
Mountain Lake impoundment field duplicate sample (site 13)
was 66 percent. Blind reference samples for the inorganic ele-
ments, consisting of National Institute of Standards and
Technology (NIST) standard reference material (SRM) 2711
Montana Soil, were submitted to SGS for analysis. RPDs
between the SGS-reported inorganic element concentrations
and the NIST-certified values for the blind samples were all
less than 15 percent, with the exception of that for titanium,
which had an RPD of about 28 percent. Field duplicate
samples were not analyzed for organic compounds.

Quality assurance for organic constituents was conducted
at the NWQL. No blind reference samples were submitted to
NWQL. However, percent recovery of laboratory surrogate
organic constituents ranged between 30 and 95 percent, and
RPDs between sample and replicate results were less than
25 percent for 103 of the 115 constituents investigated for two
of the replicate sample pairs and less than 25 percent for 88
of the constituents for the third replicate sample pair. Average
and median RPDs between all replicate sample pairs were 18
and 6 percent, respectively.

Concentrations of inorganic elements and organic
compounds greater than the detection limit indicate that the
compound concentration is greater than the laboratory report-
ing level (LRL) for a given analytical technique. Nondetec-
tion may indicate either that the compound is not present in
the sample or that the concentration of the compound in the
sample is less than the LRL for the analytical technique used.
The LRL is generally equal to twice the long-term method
detection limit (LT-MDL) for a given analyte and laboratory
method (Childress and others, 1999).

Estimated Toxicity of Sediment

The consensus-based sediment quality guidelines
(Ingersoll and others, 2000; MacDonald and others, 2000)
were used in this study to compare impounded-sediment
chemistry results to predicted impacts on benthic dwelling
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organisms. It is important to note that these guidelines are
empirical, effects-based thresholds derived from laboratory
toxicology tests on a limited range of organisms. As such, the
thresholds do not account for chronic toxicity that results from
prolonged exposure, toxicity caused by mixtures of chemicals,
nor to biological availability of contaminants or other mortal-
ity drivers that may be governed by environmental conditions.
For example, high sediment-oxygen demand (SOD) may
result in low dissolved oxygen (DO) concentrations that can
be lethal to some aquatic organisms; by contrast, acid-volatile
sulfides (AVS) may chemically bind some toxic chemicals
making them biologically immobile.

Nevertheless, estimation of sediment toxicity from
concentrations of common contaminants and known
threshold effect concentrations (TECs) and probable effect
concentrations (PECs) has been shown to be a reasonable
predictor of toxicity in a laboratory setting for a limited range
of organisms (Ingersoll and others, 2000; MacDonald and
others, 2000). The TEC for a given contaminant is defined as
the concentration below which harmful effects are unlikely
to be observed, and the PEC is defined as the concentration
above which effects are likely to be observed (MacDonald and
others, 2000).

Understanding of potential sediment toxicity is facilitated
by determination of PEC quotients (PECQs) for individual
contaminants within a sample (MacDonald and others, 2000).
The PECQ is defined as the ratio of the concentration of a
contaminant in a sample to the contaminant PEC. To obtain
an estimate of the overall toxicity of a sediment sample x,
the PECQs for the individual contaminants (and contaminant
groups) in a sample are averaged to obtain the overall sample
PECQ, also known as the PECQ , as follows:

S o
PEC
PECQ, =———, (M
nx
where
PECQ_  is the average PECQ for sediment sample x,

C is the concentration of contaminant y or
contaminant group y in sample x,
is the PEC for chemical y (MacDonald and
others (2000), and
n is the number of contaminants or contaminant
groups used in sample x.

PEC

Before calculating the PECQ , the contaminant concentrations
are first adjusted for censored data (data below the laboratory
reporting level). In accordance with the practice of Breault
and others (2005, p. 10), censored data were set equal to zero
in the calculation of the PECQ and PECQ _values. Conse-
quently, our approach to the calculation of PECQ_for a sample
does not include any toxicity associated with undetected
constituents.
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In the current study, 10 PECQs (for arsenic, cadmium,
chromium, copper, lead, nickel, and zinc, total PAHs, total
PCBs, and total DDTs) were averaged to determine a PECQ,
for each sample. For the purposes of this report, total PAHs
equal the sum of anthracene, benzo(a)anthracene, benzo(a)
pyrene, chrysene, 9H-fluorene, fluoranthene, naphthalene,
phenanthrene, and pyrene; total PCBs equal the sum of all
polychlorinated biphenyl congeners; and total DDTs equal the
sum of ortho,para’-DDE, para,para’-DDE, ortho,para’-DDD,
para,para’-DDD, ortho,para’-DDT, and para,para’-DDT.

The probability of observing sediment toxicity in a
sample may be estimated from the PECQ using the following
equation (MacDonald and others, 2000):

Y =101.48x(1-0.36") 2)

where
Y s the estimated probability of toxicity, in
percent; and
x is the average probable effects quotient for
a sample (PECQ ); as calculated in
equation 1.

Sediment Thickness, Chemical Quality,
and Estimated Toxicity

The thickness, chemical quality, and estimated toxicity
of bottom sediment were assessed at each of the 32 impound-
ments selected for this study. Major results are presented in the
following sections.

Measured Sediment Thicknesses and Estimated
Volumes

Average sediment thicknesses ranged from 0.5 to 6.7 ft
among the impoundments, with an overall average of 3.7 ft
(table 2). Minimum sediment thicknesses ranged from 0 to
2.6 ft. The maximum measured sediment thickness was about
15 ft (D.F. Rile Grist Mill Dam, site 12). At the Conway
Electric Dam on the South River in Conway (site 11), sedi-
ment thicknesses were found to be greater than what could be
feasibly measured with a steel rod (greater than 20 ft). At the
Pentucket Pond Outlet and Carding Mill Dams (sites 8 and
14), local field conditions precluded collection of thickness
data. For these reasons, estimates of sediment volume could

not be calculated for these three sites. At all other sites, surface
areas reported in the NID for each impoundment (U.S. Army
Corps of Engineers, 1996) were multiplied by average thick-
nesses to give planning-level estimates of sediment volumes
(table 2). Sediment volumes estimated in this manner ranged
from 110,000 ft* (Deleano Pond Dam on an unnamed tributary
of the Skug River in North Andover, site 28) to 81 million
cubic feet (Mft*; Talbot Mills Dam on the Concord River in
Billerica, site 16). It is important to note that sediment may not
accumulate in a uniform manner behind a dam; commonly it
forms a wedge shape based upon the gradual settling of differ-
ent grain sizes in response to reduced water velocities within
an impoundment. Therefore, actual volumes of impoundment
sediment may be greater or less than the estimated volumes
presented here.

Concentrations of Inorganic Elements

Contaminant concentrations in the sediment cores (inor-
ganic elements and organic compounds) varied substantially
among impoundments. Many of these contaminants are on the
U.S. Environmental Protection Agency list of 126 priority pol-
lutants (U.S. Environmental Protection Agency, undated). The
priority pollutant elements arsenic, chromium, copper, lead,
nickel, and zinc were detected at all 32 impoundment sites.
The priority pollutant element cadmium was detected at 14 of
the 32 sites.

The highest concentrations of the inorganic elements
copper, nickel, and zinc were measured at the Worcester
Consolidated Station Dam (site 29) on the Blackstone River
in Millbury (fig. 6; table 3). This finding is consistent with the
long industrial history of the Blackstone River and its water-
shed, which, together with the Charles River, is considered
the birthplace of the industrial revolution in Massachusetts
(Brown and Tager, 2000, p. 121). Among the 32 impoundment
sites, the highest concentrations of the inorganic elements
arsenic, cadmium, chromium, and lead were measured at the
Mill Pond Dam #1 on the Town Brook in Plymouth (site 20),
the Mill Pond Dam on the North Nashua River in Fitchburg
(site 19), the Perryville Pond Dam on the French River in
Dudley (site 6), and the Tel Electric Pond Dam on the West
Branch Housatonic in Pittsfield (site 25), respectively. The
Rice City Pond Dam on the Blackstone River in Uxbridge
(site 21) also had relatively higher concentrations of the prior-
ity pollutant elements than most other sites, with the second
highest concentrations of cadmium, chromium, copper, and
nickel and the third highest concentrations of lead and zinc
among the 32 sites (fig. 6).
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Table 2. Bottom-sediment thicknesses and estimated volumes of sampled impoundments in Massachusetts in 2004 and 2005.

[Estimated sediment volumes are rounded values. no., number; ft, feet; {t*, square feet; ft*, cubic feet; --, not sampled]

Estimated Average Average Minimum Maximum Number Estimated Number of

Site Dam surface water st_adiment st_ediment st_adiment of mea-  sediment sediment
no. area, depth, thickness, thickness, thickness, sure- volume, cores col-
in ft? in ft in ft in ft in ft ments in ft lected
1 Factory Village Pond 220,000 6.2 34 1.1 7.0 29 750,000 4
2 Horseshoe Pond 2,600,000 1.6 44 1.9 6.1 16 12,000,000 2
3 Sheomet Lake 1,300,000 6.9 2.5 0.0 4.2 24 3,200,000 2
4 North Webster Village Pond 3,700,000 4.4 4.5 0.0 7.8 15 17,000,000 5
5  Ballardvale 1,600,000 2.3 33 0.0 5.1 23 5,200,000 5
6  Perryville Pond! 1,100,000 3.0 4.5 2.5 9.5 50 1,917,000 3
7  Ipswich Mills 1,300,000 4.1 3.3 0.0 8.5 27 4,300,000 2
8  Pentucket Pond Outlet? 4,000,000 - -- -- -- -- -- 4
9  Felton Lake 540,000 7.0 2.8 0.1 5.5 15 1,500,000 1
10 Watertown 630,000 5.0 1.5 0.0 5.2 17 950,000 3
11 Conway Electric?® 98,700 -- - -- -- -- -- 2
12 D.F. Rile Grist Mill 770,000 8.5 5.0 0.0 15.0 18 3,900,000 7
13 Mountain Lake 460,000 O] 6.4 1.5 9.3 21 2,900,000 2
14 Carding Mill Pond? 1,800,000 -- - - - - - 3
15  Robert Meadow Upper Reservoir 240,000 8.6 6.7 1.4 10.6 19 1,600,000 2
16  Talbot Mills 22,000,000 9.3 3.7 0.0 8.0 12 81,000,000 3
17 Mill River 870,000 2.5 4.8 2.6 7.2 11 4,200,000 2
18  Windsor Reservoir 3,200,000 “ 4.0 0.3 8.0 26 13,000,000 2
19 Mill Pond 200,000 3.1 3.3 0.0 9.6 26 660,000 2
20 Mill Pond #1 40,800 2.5 4.8 2.6 7.2 11 200,000 1
21 Rice City Pond 940,000 1.3 5.4 0.3 3.1 8 5,000,000 6
22 Assabet River® 210,000 1.5 4.5 0.3 11.0 140 1,483,200 3
23 Upper Flints Pond 3,100,000 4.9 1.7 0.6 4.0 21 5,400,000 3
24 Stony Brook 59,800 2.5 2.0 0.6 3.8 23 120,000 3
25  Tel Electric Pond 610,000 43 34 0.0 6.5 21 2,000,000 3
26 Monument Pond #2 320,000 4.7 24 1.4 4.4 18 770,000 3
27  Town Brook #1 50,500 1.8 3.4 0.8 4.9 16 170,000 3
28  Deleano Pond 220,000 4.0 0.5 0.0 1.8 27 110,000 7
29  Worcester Consolidated Station 2,400,000 32 4.0 1.0 6.7 30 9,600,000 4
30  Cooks Canyon Lower Pond 30,800 2.5 5.1 0.3 11.4 25 160,000 2
31  Unnamed, Stony Brook 120,000 2.5 2.0 0.6 3.8 23 240,000 3
32  Unnamed, Winnetuxet River 17,200 2.3 3.2 0.2 5.7 25 55,000 2

'Data from Zimmerman and Breault (2003).
“Field conditions precluded measurement.
3Thickness greater than 20 ft probe length.
“Impoundment was dry at time of measurement.

Data from Zimmerman and Sorenson (2005).
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Table 3. Concentrations of inorganic elements measured in bottom-sediment cores collected from selected impoundments in
Massachusetts in 2004 and 2005.

[Concentrations were determined on unmilled samples using method 3050b digestion from U.S. Environmental Protection Agency (1996). DUP, field duplicate
sample; no., number; ppm, parts per million; %, percent; <, less than value shown]

Site Bt_aryll- _So- Mzzlgne- Alumi-  Phos- Pc_)tas- (_;al- Sf:an- T_ita- V'f:ma-

no. Dam name _Ilum, (!lum, sium, num, pl_lorus, sium, cium, _dlum, nium, _dlum,

inppm in% in % in % in % in % in % in ppm in % in ppm
1 Factory Village Pond 4.2 1.08 0.28 5.91 0.15 2.19 0.6 53 0.2 46
2 Horseshoe Pond 1.5 0.89 0.2 3.73 0.1 1.06 0.56 43 0.19 54
3 Sheomet Lake 1.9 0.8 0.58 5.46 0.12 0.85 0.87 10 0.29 94
4 North Webster Village Pond 2.1 1.12 0.3 4.75 0.04 1.48 0.99 3.9 0.16 27
5  Ballardvale 2.4 1.11 0.36 4.73 0.05 1.51 1.01 4.6 0.18 36
6  Perryville Pond 22 1.1 0.31 4.57 0.07 1.5 0.93 42 0.16 33
7  Ipswich Mills 1.7 1.36 0.39 4.82 0.03 1.73 0.76 4 0.12 36
8  Pentucket Pond Outlet 1.2 0.44 0.33 2.4 0.05 0.52 1.18 33 0.08 31
9  Felton Lake 1.7 0.99 0.28 4.54 0.23 0.86 1.22 9.2 0.51 37
10 Watertown 1.8 1.36 0.68 5.47 0.09 1.66 1.26 7.8 0.33 78
11 Conway Electric 1.9 1 1 6.15 0.06 1.22 1.42 15.3 0.3 93
12 D.F. Rile Grist Mill 1.6 1.43 0.67 5.62 0.05 1.22 1.27 9.8 0.28 70
13 Mountain Lake 2.1 1.53 0.55 6.39 0.1 1.66 1.32 8 0.3 68
14 Carding Mill Pond 2.4 0.78 0.26 3.73 0.25 0.88 1.32 4.7 0.16 36
15  Robert Meadow Upper Reservoir 2.9 1.12 0.56 6.45 0.09 1.52 1.12 9.8 0.31 83
16  Talbot Mills 1.9 0.97 0.25 4.02 0.1 1.3 0.98 3.6 0.1 30
17 Mill River 1.5 1.45 0.25 4.57 0.03 1.6 0.83 43 0.21 36
18  Windsor Reservoir 1.5 0.87 0.064 5.48 0.07 2.17 0.84 7.3 0.28 61
19  Mill Pond 2.7 1.05 0.24 7.07 0.07 1.58 0.67 5.4 0.45 50
20  Mill Pond #1 1.5 0.6 0.22 2.84 0.07 0.88 0.41 33 0.14 42
21 Rice City Pond 1.9 1.08 0.36 4.71 0.18 1.54 0.8 4.9 0.21 43
22 Assabet River 2.1 1.19 0.62 5.53 0.14 1.27 1.22 8 0.25 63
23 Upper Flints Pond 22 1.14 0.21 4.18 0.06 1.47 0.87 33 0.14 21
24 Stony Brook 1.6 0.81 0.48 4.05 0.11 0.89 1.31 5.7 0.2 61
25  Tel Electric Pond 1.5 0.56 1.66 5.18 0.08 1.71 2.52 7.9 0.18 66
26  Monument Pond #2 1.4 0.85 0.25 3.58 0.03 1.12 0.43 34 0.15 34
27  Town Brook #1 2.1 0.61 0.2 3.67 0.06 0.97 0.38 53 0.18 54
28  Deleano Pond 1.9 0.17 0.16 1.41 0.15 0.15 1.05 5.5 0.05 14
29  Worcester Consolidated Station 1.9 1.05 0.42 5.25 0.12 1.77 0.84 5.6 0.23 49
30  Cooks Canyon Lower Pond 2.8 1.65 0.33 6.12 0.18 1.67 1.67 53 0.35 46
31 Unnamed, Stony Brook 1.3 0.79 0.37 3.64 0.1 0.79 1.11 4.5 0.17 49
32 Unnamed, Winnetuxet 0.9 0.7 0.15 2.61 0.03 0.96 0.32 2.3 0.14 25
1 DUP-Factory Village Pond 4 1.09 0.28 5.95 0.15 2.21 0.61 52 0.2 47
13 DUP-Mountain Lake 2.2 1.51 0.56 6.37 0.1 1.65 1.34 8.1 0.3 70

25  DUP-Tel Electric Pond 1.5 0.57 1.63 5.21 0.08 1.71 2.46 8 0.18 68
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Table 3. Concentrations of inorganic elements measured in bottom-sediment cores collected from selected impoundments in
Massachusetts in 2004 and 2005.—Continued

[Concentrations were determined on unmilled samples using method 3050b digestion from U.S. Environmental Protection Agency (1996). DUP, field duplicate
sample; no., number; ppm, parts per million; %, percent; <, less than value shown]

Site Cl_lro- Manga- Iron, Co- Nick-  Cop- Zinc, Ar_se- SFron- _Yt- Zi_rco-
no. Dam name mium,  nese, . o _balt, _ el, _per, opm nic, _tlum, _trlum, nium,
inppm inppm inppm inppm inppm inppm inppm inppm inppm
1 Factory Village Pond 32 472 225 9 13 36.5 213 24 111 10.9 35.7
2 Horseshoe Pond 33 546 297 8 11 25.1 250 15 95.2 17.1 57.1
3 Sheomet Lake 53 602  3.04 17 28 26 216 4 80.9 17.3 37
4 North Webster Village Pond 91 297  1.23 3 10 359 51.8 6 137 10.5 38
5 Ballardvale 43 379  1.55 6 13 79 149 7 121 11.9 47.7
6  Perryville Pond 196 377 1.69 5 13 109 293 8 130 10.4 43.7
7  Ipswich Mills 37 372 2.08 5 11 9.9 59.2 7 120 7.4 32
8  Pentucket Pond Outlet 42 702 3.24 12 28 172 112 23 67.3 13 21.4
9  Felton Lake 22 285  1.89 4 6 11.2 105 4 96.1 54.7 28.4
10 Watertown 60 581 3.23 8 17 425 197 10 162 15.7 56.2
11 Conway Electric 63 1,310 4.27 8 22 17.6 72.2 3 150 23.7 30.8
12 D.F. Rile Grist Mill 35 681  2.86 8 16 11.2 68.2 3 149 19.1 28.2
13 Mountain Lake 50 577 3.67 7 15 20.7 91.4 8 238 16.5 32.7
14 Carding Mill Pond 35 469 2 10 21 63.6 191 9 125 21.5 34.6
15  Robert Meadow Upper Reservoir 58 789  3.32 8 22 212 116 3 152 18.1 50.1
16  Talbot Mills 77 451 174 12 16 50.6 143 13 123 10.7 22.6
17 Mill River 19 430  1.63 3 8 12.5 32 3 146 11.9 39.4
18  Windsor Reservoir 43 539 3.24 9 15 14.5 85.1 5 128 15.2 59.8
19 Mill Pond 60 360 1.79 7 14 753 204 11 160 10.4 41.7
20  Mill Pond #1 31 447  2.06 5 11 48.7 120 37 64.3 11.5 373
21  Rice City Pond 158 561 2.8 5 29 223 296 15 138 11.5 66.2
22 Assabet River 82 557 25 11 22 155 278 12 163 14.4 45.6
23 Upper Flints Pond 33 419  1.26 3 9 17.2 34.1 7 133 9.2 273
24 Stony Brook 42 650  2.68 11 18 25 132 14 113 11.7 40.3
25  Tel Electric Pond 103 805  3.69 11 25 69.8 293 8 79.3 12.3 56.8
26  Monument Pond #2 25 271 1.61 4 8 10.7 35.1 3 82.8 8.2 44.4
27  Town Brook #1 155 266 1.99 7 17 579 143 19 96.5 13.6 52.5
28  Deleano Pond 24 154  0.61 2 9 22.7 21 4 71.7 17.8 10.3
29  Worcester Consolidated Station 103 537 3.78 6 36 376 325 21 155 12.4 57.6
30  Cooks Canyon Lower Pond 31 468  1.83 6 10 23.6 88.4 5 454 17.4 24.7
31  Unnamed, Stony Brook 42 907 297 12 18 26.6 104 16 96.5 11.4 37.1
32 Unnamed, Winnetuxet 19 347  1.84 6 8 10.4 46.7 9 71.5 6.8 33.1
1 DUP-Factory Village Pond 32 470 227 9 14 395 212 25 111 11.5 36
13 DUP-Mountain Lake 50 573 3.81 7 15 20.5 94.1 7 236 16.4 329

25  DUP-Tel Electric Pond 111 792 3.69 11 26 75.7 300 8 79.9 13.1 59.2
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Table 3. Concentrations of inorganic elements measured in bottom-sediment cores collected from selected impoundments in
Massachusetts in 2004 and 2005.—Continued

[Concentrations were determined on unmilled samples using method 3050b digestion from U.S. Environmental Protection Agency (1996). DUP, field duplicate
sample; no., number; ppm, parts per million; %, percent; <, less than value shown]

Site Molyb- Silver, C_ald- ) Anti- Bari- Lantha- Tung- Le_ad, Bis- Lithi-
no. Dam name t_lenum, in ppm _mlum, in ppm _mony, ) um, .num, .sten, in _muth, _ um,
in ppm in ppm inppm inppm inppm inppm ppm inppm inppm
1 Factory Village Pond <1 <2 1 10 <5 479 27.4 <10 153 <5 32
2 Horseshoe Pond <2 2 <10 <5 321 25.6 <10 49 <5 11
3 Sheomet Lake <2 2 <10 <5 336 24.6 <10 46 <5 24
4 North Webster Village Pond <1 <2 <1 40 <5 336 21.6 <10 47 <5 17
5  Ballardvale <1 <2 <1 <10 <5 343 19.8 <10 26 <5 19
6  Perryville Pond <1 <2 1 20 <5 323 20.3 <10 104 <5 18
7 Ipswich Mills <1 <2 <1 <10 <5 346 14.6 <10 32 <5 18
8  Pentucket Pond Outlet 2 <2 <1 <10 <5 143 17.2 <10 13 <5 13
9  Felton Lake 1 <2 <10 <5 327 60.8 <10 29 <5 16
10 Watertown 2 <2 <10 7 440 24.7 <10 142 <5 16
11 Conway Electric <1 <2 <1 <10 <5 363 24.8 <10 20 <5 40
12 D.F. Rile Grist Mill <1 <2 <1 <10 <5 381 24.9 <10 17 <5 23
13 Mountain Lake 1 5 <1 <10 6 582 43.7 <10 82 <5 14
14 Carding Mill Pond 3 <2 2 <10 <5 291 345 <10 85 <5 17
15  Robert Meadow Upper Reservoir 1 <2 <1 <10 <5 404 353 <10 37 <5 59
16  Talbot Mills 1 <2 <1 <10 <5 329 16.8 <10 63 <5 13
17 Mill River <1 <2 <l <10 <5 466 18.2 <10 16 <5 9
18  Windsor Reservoir <1 <2 <1 <10 <5 501 31.1 <10 16 <5 19
19  Mill Pond 2 <2 19 20 20 531 26 <10 205 <5 30
20  Mill Pond #1 2 <2 <1 <10 <5 304 18.7 <10 93 <5 10
21 Rice City Pond 2 11 60 <5 451 25.4 30 174 <5 20
22 Assabet River 2 1 20 <5 438 27.6 <10 110 <5 25
23 Upper Flints Pond 1 <2 <1 <10 <5 383 16.7 <10 29 <5 13
24 Stony Brook 2 <2 <1 <10 <5 318 21.1 <10 67 <5 23
25  Tel Electric Pond 1 <2 1 <10 <5 420 25.9 <10 241 <5 36
26  Monument Pond #2 <1 <2 <1 <10 <5 329 14.1 <10 15 <5 13
27  Town Brook #1 <2 <1 40 <5 344 21.6 <10 164 <5 23
28  Deleano Pond <2 <1 <10 <5 77 232 <10 18 <5 5
29  Worcester Consolidated Station <2 9 60 7 468 29.5 <10 156 <5 27
30 Cooks Canyon Lower Pond <1 <2 <1 <10 <5 862 453 <10 77 <5 10
31  Unnamed, Stony Brook <2 <1 <10 <5 296 21.6 <10 45 <5 21
32 Unnamed, Winnetuxet <2 <1 <10 <5 307 13.2 <10 18 <5 9
1  DUP-Factory Village Pond <1 <2 1 10 <5 442 29.5 <10 156 <5 32
13 DUP-Mountain Lake 2 5 <1 <10 <5 568 39.8 <10 85 <5 14
25  DUP-Tel Electric Pond 1 <2 1 <10 <5 398 26.3 <10 257 <5 37
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Concentrations of Organic Compounds

High concentrations of organic compounds in bottom
sediment are generally the result of human activity, although
some PAHs have natural sources (Van Metre and others,
2004). Of the 108 organic compounds tested in this study, 64
were measured in concentrations greater than the laboratory
reporting level (table 4, in back of report). In general,
the highest concentrations of organic compounds were
measured at the Ballardvale Dam (site 5) on the Shawsheen
River in Andover (table 4, in back of report). Almost half
of the individual compounds detected were found at their
highest concentration at this site [number (#) of maximum
concentrations = 26]. The site with the second largest number
of maximum concentrations (n = 10) was the Deleano Pond
Dam (site 28). This result was unexpected. Deleano Pond
drains a relatively small drainage area (0.3 square mile) with
no commercial, industrial, or transportation land use and is
presently within the Harold Parker State Forest in northeastern
Massachusetts. The Deleano Pond Dam was built in the 1930s
and may have had an industrial history that is not evident by
information readily available from a geographic information
system (GIS). High concentrations of individual organic
compounds were also measured at the Tel Electric Pond Dam
(site 25) and the Felton Lake Dam on the Housatonic River in
Washington (site 9) compared with measurements at the other
sampling locations.

The maximum concentrations for the three major groups
of organic compounds considered in this study (total PAHs,
total PCBs, and total DDTs) are also of interest (fig. 7; table 4,
in back of report). The maximum concentration of total PAHs
was found at the Ballardvale Dam (site 5) where individual
compounds were also present at elevated concentrations. The
maximum concentration of total PCBs was found at the Mill
Pond Dam (site 19; estimated value), and the maximum con-
centration of total DDTs was found at the Stony Brook Dam in
Lincoln (site 24).

The major groups of compounds differed in their fre-
quency of detection. Total PAHs were found most frequently,
with detections at all 32 sites (100 percent of sites). Total
PCBs were the least widespread, with detections at only 10
of the sites (31 percent). Total DDTs were found at 29 of the
sites (91 percent), a detection frequency between that of the
other two groups. The relatively high rate of detection for total
PAHs (69 percent of sites) suggests a potential likelihood of
nonpoint sources of total PAHs in the contributing watersheds
to the impoundments. The potential role of nonpoint sources
of PAHs to impoundments is supported by recent research
on sources of PAHs to the lakes and reservoirs of the United
States (Van Metre and others, 2010). By contrast, the lower
rate of detection for total PCBs (31 percent of sites) suggests
that point sources may play an important role at sites where
PCBs were detected during the present study. Recent research
in Massachusetts (Breault and others, 2004) has provided site-
specific information on the role of PCB point sources in the
contamination of impounded sediment.

Estimated Toxicity of Sediments

Although concentrations of priority pollutants may be
used to help prioritize dam removal projects, contaminant con-
centrations alone do not indicate the potential risk posed by
toxic contaminants. Potential toxicity of sediments to benthic
organisms may be estimated by comparing observed contami-
nant concentrations in sediment to widely accepted criteria
such as threshold effects concentrations (TECs) and probable
effects concentrations (PECs; MacDonald and others, 2000).
The TECs and PECs for each of the contaminants consid-
ered in this study (inorganic elements and organic compound
groups) are shown on figures 6 and 7.

Among the inorganic elements, lead exceeded the PEC
most frequently, with 7 of 32 impoundments (22 percent)
having average lead concentrations above the PEC. Cad-
mium, chromium, and copper each exceeded the PEC at three
impoundments (9 percent of sites), and arsenic exceeded the
PEC at one impoundment. The remaining inorganic elements
(nickel and zinc) did not exceed their PECs at any of the
impoundments. Among the organic compound groups, total
PAHSs, total PCBs, and total DDTs exceeded the PEC at three,
two, and zero sites, respectively.

The overall sediment toxicity at each of the impound-
ments was estimated by calculating the average PECQ_ for
a sample (MacDonald and others (2000). The PECQ_values
(table 5) are used to assign an overall likelihood of toxicity (in
percent) to each sediment sample (table 6). These likelihood
values serve as indicators of the potential risk posed by the
sediment to local and downstream receptors.

The likelihood of toxicity ranged from 8 to 70 percent
among the sampling locations, and averaged 28 percent. A
likelihood value of 28 percent means that 28 out of 100 toxic-
ity tests are likely to show some level of toxicity for a given
sample. Values greater than 60 percent were obtained for 3 of
the 32 sites: Mill Pond Dam (site 19), Rice City Pond Dam
(site 21), and Worcester Consolidated Station Dam (site 2).
Cadmium was the largest single contributor to the estimated
sediment toxicity at the two sites with the highest overall
toxicity (Mill Pond Dam and Rice City Pond Dam; table 5).
although total PCBs were also a large contributor to toxicity
at the Mill Pond Dam. Copper was the largest contributor to
toxicity at the Worcester Consolidated Station Dam, the site
with the third highest overall toxicity. The Ballardville Dam
(site 5) was the site where toxicity was most strongly domi-
nated by a single contaminant—in this case, total PAHs, which
contributed 70 percent of the overall toxicity. Chromium was a
widespread contaminant; it contributed the largest single frac-
tion of toxicity at 11 of the 32 sites, including not only sites
with relatively low overall toxicity [Mill River Dam on the
Mill River in Taunton (site 17) and Monument Pond #2 Dam
on the Assonet River in Freetown (site 26)], but also sites with
relatively high overall toxicity [Perryville Pond Dam (site 6)
and Town Brook #1 Dam on the Town Brook in Plymouth
(site 27)].
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Table 6. Likelihood of toxicity of bottom-sediment cores collected from selected
impoundments in Massachusetts in 2004 and 2005.

[Likelihoood of toxicity calculated from equation 2 of this report (MacDonald and others, 2000). The
average probable effects concentration quotient for a site (PECQ)) is the average of the PECQs for arsenic,
cadmium, chromium, copper, lead, nickel, and zinc, total polycyclic aromatic hydrocarbons (PAHs),

total polychlorinated biphenyls (PCBs), and total dichlorodiphenyl-trichloroethylene (DDTs). For the
purposes of this report, total DDTs comprise the sum of dichlorodiphenyl-trichloroethane and dichlorodi-
phenyl-dichloroethylene compounds. Total PAHs comprise the sum of the concentrations of anthracene,
9H-fluorene, naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, chrysene, fluoranthene, and
pyrene. no., number]

Estimated likelihood of toxicity
Mean

Site no. Dam name PECQ of bottmp-sediment cores,
in percent

1 Factory Village Pond 0.365 32

2 Horseshoe Pond 0.254 23

3 Sheomet Lake 0.262 24

4 North Webster Village Pond 0.204 19

5 Ballardvale 0.583 46

6 Perryville Pond 0.481 39

7 Ipswich Mills 0.132 13

8 Pentucket Pond Outlet 0.221 21

9 Felton Lake 0.428 36
10 Watertown 0.389 33
11 Conway Electric 0.169 16
12 D.F. Rile Grist Mill 0.144 14
13 Mountain Lake 0.211 20
14 Carding Mill Pond 0.327 29
15 Robert Meadow Upper Reservoir 0.191 18
16 Talbot Mills 0.292 26
17 Mill River 0.081 8
18 Windsor Reservoir 0.140 14
19 Mill Pond 1.148 70
20 Mill Pond #1 0.343 30
21 Rice City Pond 0.942 63
22 Assabet River 0.482 39
23 Upper Flints Pond 0.121 12
24 Stony Brook 0.242 22
25 Tel Electric Pond 0.842 59
26 Monument Pond #2 0.085 8
27 Town Brook #1 0.513 41
28 Deleano Pond 0.136 13
29 Worcester Consolidated Station 0.936 62
30 Cooks Canyon Lower Pond 0.212 20
31 Unnamed, Stony Brook 0.222 21
32 Unnamed, Winnetuxet 0.102 10
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This evaluation of potential toxicity was intended to
distinguish contaminants or contaminant groups that are likely
to be associated with adverse biological effects at specific
sampling locations. Additionally, these data were calculated
for homogenized core samples and may not represent poten-
tial toxicity at the present day sediment surface (top 4 inches)
where many benthic organisms live and feed. Nevertheless,
estimated toxicity values can be used to help evaluate the rela-
tive ecological risks present in the studied impoundments.

Relations Among Contaminant
Concentrations, Land Use, and
Industrial History

Present day land use has been shown to be an accurate
predictor of shallow sediment chemistry in certain situa-
tions. For example, Chalmers and others (2007, figs. 2 and
3) showed that the percentage of commercial, industrial, and
transportation (CIT) land use in a drainage basin can be used
to predict concentrations of both individual contaminant
concentrations and average PECQs for lake and impoundment
sediment accumulated since 1990 in New England. However,
predicting potential risk to biota posed by toxic contaminants
buried at deeper levels within sediment—representing point-
and nonpoint-source contamination from activities in the
drainage basin many decades in the past—has not been tested
using this approach.

Correlation analysis was conducted to evaluate relations
between basin characteristics and sediment contaminant
concentrations, following the approach of Chalmers and others
(2007). Concentrations of individual inorganic elements and
organic compound groups (total PAHs, total PCBs, and total
DDTs) were used as response variables. The explanatory
variables tested were obtained from publicly available
geospatial data layers, and included the drainage basin area
upstream of each dam, the number of upstream dams, the
percentage of impervious area, the percentage of commercial,
industrial, and transportation land use in the basin in 1971
and 2005, and the number of 21E! sites (Massachusetts Office
of Geographic and Environmental Information, 2009). In
addition, the number of factories operating in the 1830s in
each drainage basin was obtained from a recent geospatial
compilation of historical information (Hall and others, 2002).
Information concerning land use in 1971 and the number of
factories operating in each drainage basin in the 1830s was
included in the analysis (table 7) to represent conditions prior
to the effects of the U.S. Clean Water Act, enacted in 1972
(U.S. Environmental Protection Agency, 2011).

ISites noted as 21E sites are oil and (or) hazardous material disposal sites
that have been reported and classified under Massachusetts General Laws
chapter 21E (General Court of the Commonwealth of Massachusetts, undated)
and the Massachusetts Contingency Plan (310 CMR 40.0000; Massachusetts
Department of Environmental Protection, undated).

Correlations between several of the response variables
and particular explanatory, or landscape, variables were found
to be statistically significant (p values less than 0.05) or highly
significant (p less than 0.01; table 8). The landscape variable
with the largest number of significant correlations with con-
taminant concentrations was the number of factories in each
drainage area in the 1830s. Concentrations of five of the inor-
ganic elements (chromium, copper, zinc, cadmium, lead) as
well as total PAH concentrations were significantly correlated
with this variable. Three other landscape variables (number of
dams, commercial and industrial land use in 1971, and number
of 21E sites) were found to be significantly correlated with
inorganic metal concentrations, with each landscape variable
showing significant correlations with a different subset of
inorganic elements (table 8). One of the inorganic elements
(arsenic) and two of the groups of organic compounds (total
PCBs and total DDTs) showed no significant correlations with
any of the landscape variables.

Other statistical approaches (univariate, multivariate,
and logistic regression modeling with and without transfor-
mations of variables) were also tested to predict contaminant
concentrations and toxicity potential. Numerous individual
correlations between chemical concentrations and present day
landscape variables were found to be statistically significant
(as described above). However, none of the regression models
described a sufficient amount of the overall variability to
make the models useful for prediction of the depth-averaged,
bulk sediment concentration at unsampled impoundments
in Massachusetts. These findings suggest that human activi-
ties in Massachusetts drainage basins have varied to such an
extent during the past 200 years that it may not be feasible to
predict the depth-averaged quality of impounded sediment
behind most unsampled impoundments, using models based
largely on recent land use in the contributing drainage basin.
If the objective of a particular investigation is to predict the
chemical quality and potential toxicity of recently deposited
(post-1990) sediment behind a dam in Massachusetts, existing
models relating chemistry and potential toxicity to geospa-
tial indicators of urbanization in New England (for example,
Chalmers and others, 2007) may be sufficient for screening
purposes. However, if the objective is to characterize average
sediment quality and potential toxicity over the entire range
of sediment depths, the results of this study suggest that site-
specific sampling will likely be required.

The data collected and interpreted for this study could
provide a starting point for a statewide database of information
concerning Massachusetts impoundments. Such a database
could include data on impoundment water depths (bathym-
etry), impounded sediment thicknesses, sediment chemical
quality, and potential toxicity of sediment to benthic organ-
isms. This information could be used to help prioritize sites for
dam removal, and to inform impounded sediment management
decisions in the Commonwealth.
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Table 8. Relations between sediment-core contaminant concentrations and land use in the drainage areas of selected impoundments
in Massachusetts.

[CIT 2005 is the sum of commercial, industrial, and transportation land use for 2005; CI 1971 is the sum of commercial and industrial land use for 1971. Num-
ber of 21E sites is the number of oil and (or) hazardous material disposal sites that have been reported and classified under Massachusetts General Laws chapter
21E and the Massachusetts Contingency Plan. r is the Pearson’s correlation coefficient. p value, a measure of statistical significance; p values less than 0.05 are
considered significant and are in bold type. The number of factories in 1830s was obtained from Hall and others (2002); all other information was obtained from
the Massachusetts Office of Geographic and Environmental Information (2009). DDT, dichlorodiphenyl-trichloroethane; PAH, polycyclic aromatic hydrocarbon;
PCB, polychlorinated biphenyl]

. Chromium Nickel Copper Zinc Arsenic
Landscape characteristic

r pvalue r pvalue r pvalue r pvalue r pvalue
Drainage area, in square miles 0.295 0.101 0.083 0.652 0.206 0.259 0.224 0.218 0.022 0.907
Number of dams 0.489 0.004 0.192 0.293 0.491 0.004 0.435 0.013 0.140 0.443
Impervious cover, in percent 0.168 0.357 0.120 0.515 0.339 0.057 0.168 0.357 0.207 0.256
CIT 2005, in percent 0.273 0.130 0.239 0.187 0.486 0.005 0.317 0.077 0.127 0.490
CI 1971, in percent 0.329 0.066 0.417 0.018 0.615 0.000 0.437 0.012 0.155 0.398
Number of 21E sites 0.417 0.018 0.317 0.077 0.523 0.002 0.416 0.018 0.130 0.480
Number of factories in the 1830s  0.500 0.004 0.159 0.386 0.398 0.024 0.394 0.026 0.047 0.800

Cadmium Lead Total PAH Total PCB Total DDT

r pvalue r pvalue r pvalue r pvalue r pvalue
Drainage area, in square miles 0.195 0.286 0.189 0.301 0.293 0.104 0.055 0.764 -0.212 0.245
Number of dams 0.398 0.024 0.316 0.078 0.316 0.078 0.144 0.431 -0.242 0.182
Impervious cover, in percent 0.122 0.506 0.203 0.266 0.049 0.790 -0.060 0.745 -0.059 0.750
CIT 2005, in percent 0.249 0.170 0.242 0.182 0.058 0.755 0.029 0.874 -0.130 0.478
CI 1971, in percent 0.346 0.052 0.360 0.043 0.121 0.511 0.065 0.724 -0.080 0.663
Number of 21E sites 0.377 0.034 0.337 0.059 0.340 0.057 0.056 0.760 -0.199 0.276

Number of factories in the 1830s 0.397 0.024 0.366 0.039 0.508 0.003 0.141 0.440 -0.209 0.251
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Summary

Contaminants in impounded sediment may be a source
of contaminants to the overlying water column, to organisms
that live on or in bottom sediment, and to wildlife and humans
that come into contact with contaminated sediment. Such
sediment may also be an ongoing source for resuspension,
downstream transport, and dispersal of contaminants. The
U.S. Geological Survey and the Massachusetts Department
of Fish and Game, Division of Ecological Restoration
collaborated to collect baseline information describing the
thickness of impounded sediment and the concentrations of
sediment-associated contaminants behind 32 dams throughout
Massachusetts. Sediment-core samples were collected, and
concentrations of 32 inorganic elements and 108 organic
compounds were quantified.

Sediment thicknesses across the 32 impoundments
ranged from 0 to more than 20 feet and averaged 3.7 feet.
Bottom-sediment volumes—estimated by multiplying
the average sediment thickness by impoundment surface
area—ranged from about 55,000 cubic feet to 81 million
cubic feet. Concentrations of contaminants toxic to benthic
organisms, as well as the number detected above laboratory
reporting levels, varied greatly among sampling locations.

Of the impoundments sampled, the highest concentrations

of inorganic elements and organic compounds generally

were measured in samples collected from impoundments
downstream of present or former urban and industrial areas,
including the Blackstone and North Nashua Rivers (elements)
and the Shawsheen River (organic compounds). The estimated
probability of toxicity of bottom sediment ranged from about
8 to 70 percent among the sampling locations and averaged
slightly under 30 percent. Statistically significant correlations
(p less than 0.05) were found between concentrations of some
of the contaminants and upstream basin characteristics. In
particular, significant correlations were found between the
number of factories operating in each drainage basin in the
1830s and the concentrations of several inorganic elements
(cadmium, chromium, copper, lead, and zinc) as well as total
PAH concentrations. However, predictive statistical models
developed from the data were found to have a high degree

of uncertainty. This result is consistent with the complex
industrial history to which impoundments in Massachusetts
have typically been subjected over their periods of deposition.
This result also indicates that site-specific sampling may likely
be required to characterize overall, depth-averaged sediment
quality at unsampled impoundments in Massachusetts.

References Cited

Armstrong, D.S., Richards, T.A., and Levin, S.B., 2011, Fac-
tors influencing riverine fish assemblages in Massachusetts:
U.S. Geological Survey Scientific Investigations Report
2011-5193, 58 p. (Also available at http://pubs.usgs.gov/
sir/2011/5193.)

Breault, R.F., Cooke, M.G., and Merrill, Michael, 2004,
Sediment quality and polychlorinated biphenyls in the
lower Neponset River, Massachusetts, and implications for
urban river restoration: U.S. Geological Survey Scientific
Investigations Report 2004-5109, 48 p. (Also available at
http://pubs.usgs.gov/sir/2004/5109/.)

Breault, R.F., Durant, J.L., and Robbat, Albert, Jr., 2005,
Sediment quality of lakes, rivers, and estuaries in the
Mystic River Basin, eastern Massachusetts, 2001-03:
U.S. Geological Survey Scientific Investigations Report
2005-5191, 110 p. (Also available at http://pubs.usgs.gov/
sir/2005/5191/.)

Breault, R.F., Reisig, K.R., Barlow, L.K., and Weiskel, P.K.,
2000, Distribution and potential for adverse biological
effects of inorganic elements and organic compounds in
bottom sediment, lower Charles River, Massachusetts: U.S.

Geological Survey Water-Resources Investigations Report
2000-4180, 70 p.

Brown, R.D., and Tager, Jack, 2000, Massachusetts—A con-
cise history: Ambherst, Mass., University of Massachusetts
Press, 361 p.

Chalmers, A.T., Van Metre, P.C., and Callender, E., 2007, The
chemical response of particle-associated contaminants in
aquatic sediments to urbanization in New England, U.S.A.:
Journal of Contaminant Hydrology, v. 91, no. 1-2, April,

p. 4-25.

Childress, C.J.O., Foreman, W.T., Connor, B.F., and Maloney,
T.J., 1999, New reporting procedures based on long-term
method detection levels and some considerations for
interpretations of water-quality data provided by the U.S.
Geological Survey National Water Quality Laboratory: U.S.
Geological Survey Open-File Report 99-193, 19 p.

Foreman, W.T., Connor, B.F., Furlong, E.T., Vaught, D.G., and
Merten, L.M., 1995, Methods of analysis by the U.S. Geo-
logical Survey National Water Quality Laboratory; deter-
mination of organochlorine pesticides and polychlorinated
biphenyls in bottom sediment by dual capillary-column gas
chromatography with electron-capture detection: U.S. Geo-
logical Survey Open-File Report 95-140, 78 p.



Furlong, E.T., Vaught, D.G., Merten, L.M., Foreman, W.T.,
and Gates, P.M., 1996, Methods of analysis by the U.S.
Geological Survey National Water Quality Laboratory;
determination of semivolatile organic compounds in bottom
sediment by solvent extraction, gel permeation chromato-
graphic fractionation, and capillary-column gas chromatog-
raphy/mass spectrometry: U.S. Geological Survey Open-
File Report 95-719, 67 p.

Gardner, C., Coghlan, S.M., Zydlewski, J., and Saunders,
R., 2011, Distribution and abundance of stream fishes in
relation to barriers: Implications for monitoring stream
recovery after barrier removal: River Research and
Applications, August 22, accessed December 18, 2012, at
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1
267 &context=usdeptcommercepub.

General Court of the Commonwealth of Massachusetts,
[undated], Massachusetts oil and hazardous material
release prevention and response act, chap. 21E of General
laws part I title II: The 187th General Court of the Com-
monwealth of Massachusetts, accessed February 8, 2012, at
http://www.malegislature.gov/Laws/GeneralLaws/Partl/
TitleIl/Chapter2 1 E.

Graf, W.L., 1999, Dam nation—A geographic census of
American dams and their large-scale hydrologic impacts:
Water Resources Research, v. 35, no. 4, April, p. 1305—
1311. (Also available at http://www.wou.edu/las/physci/
taylor/g407/graf 1999.pdf.)

Hall, Brian, Motzkin, Glenn, Foster, D.R., Syfert, Mindy,
and Burk, John, 2002, Three hundred years of forest and
land-use change in Massachusetts, U.S.A.: Journal of
Biogeography, v. 29, p. 1319-1335. (Also available at
http://hfr.Iternet.edu/sites/harvardforest.fas.harvard.edu/
files/publications/pdfs/Hall JBiogeography 2002.pdf.)

Ingersoll, C.G., MacDonald, D.D., Wang, Ning, Crane, J.L.,
Field, L.J., Haverland, P.S., Kemble, N.E., Lindskoog, R.A.,
Severn, Corinne, and Smorong, D.E., 2000, Predictions
of sediment toxicity using consensus-based freshwater
sediment quality guidelines: U.S. Environmental Protection
Agency EPA 905/R—00/007, June, 25 p., plus figures,
tables, and appendix, accessed February 2, 2012, at
http://www.cerc.usgs.gov/pubs/center/pdfdocs/91126.pdf.

MacDonald, D.D., Ingersoll, C.G., and Berger, T.A., 2000,
Development and evaluation of consensus-based sediment
quality guidelines for freshwater ecosystems: Archives of
Environmental Contamination and Toxicology, v. 39,

p.- 20-31, accessed February 2, 2012, at http://www.swrcb.
ca.gov/water_issues/programs/tmdl/docs/303d _policy-
docs/241.pdf.

References Cited 29

Massachusetts Department of Environmental Protection,
[undated], 310 CMR 40.0000—Massachusetts contingency
plan: Massachusetts Department of Environmental Protec-
tion, accessed February 8, 2012, at http://www.mass.gov/
dep/cleanup/laws/mcptoc.htm.

Massachusetts Office of Geographic and Environmental
Information, 2009, Land use datalayers for 2005 and
1971: Massachusetts Office of Geographic and Environ-
mental Information, accessed February 2, 2012, at
http://www.mass.gov/mgis/database.htm.

Noriega, M.C., Wydoski, D.S., and Foreman, W.T., 2004,
Methods of analysis by the U.S. Geological Survey National
Water Quality Laboratory—Determination of organochlo-
rine pesticides and polychlorinated biphenyls in bottom and
suspended sediment by gas chromatography with electron-
capture detection: U.S. Geological Survey Water-Resources
Investigations Report 2003-4293, 46 p. (Also available at
http://nwql.usgs.gov/pubs/WRIR/WRIR-03-4293.pdf.)

Poff, N.L., and Hart, D.D., 2002, How dams vary and why
it matters for the emerging science of dam removal:
BioScience, v. 52, no. 8, p. 659-668.

U.S. Army Corps of Engineers, 1996, Water control infrastruc-
ture: U.S. Army Corps of Engineers National Inventory of
Dams, on CD—ROM.

U.S. Environmental Protection Agency, 1996, Method
3050B—Acid digestion of sediments, sludges, and soils
(revision 2): U.S. Environmental Protection Agency, 12 p.,
accessed February 8, 2012, at http://www.epa.gov/wastes/
hazard/testmethods/sw846/pdfs/3050b.pdf.

U.S. Environmental Protection Agency, 2011, Clean Water
Act: U.S. Environmental Protection Agency, accessed
February 8, 2012, at http://cfpub.epa.gov/npdes/
cwa.cfm?program_id=45.

U.S. Environmental Protection Agency, [undated], Priority
pollutants: U.S. Environmental Protection Agency, accessed
February 7, 2012, at http://www.epa.gov/waterscience/
methods/pollutants.htm.

Van Metre, P.C., and Mahler, B.J., 2010, Contribution of PAHs
from coal-tar pavement sealcoat and other sources to 40
U.S. lakes: Science of the Total Environment, v. 409, no. 2,
December 15, p. 334-344.

Van Metre, P.C., Wilson, J.T., Fuller, C.C., Callender, Edward,
and Mahler, B.J., 2004, Collection, analysis, and age-
dating of sediment cores from 56 U.S. lakes and reser-
voirs sampled by the U.S. Geological Survey, 1992-2001:
U.S. Geological Survey Scientific Investigations Report
2004-5184, 187 p. (Also available at http://pubs.usgs.gov/
sir/2004/5184/.)


http://www.mass.gov/dep/cleanup/laws/mcptoc.htm
http://www.mass.gov/dep/cleanup/laws/mcptoc.htm
http://www.epa.gov/waterscience/methods/pollutants.htm
http://www.epa.gov/waterscience/methods/pollutants.htm

30 Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts

Wang, Lizhu, Infante, Dana, Lyons, John, Stewart, Jana, and
Cooper, Arthur, 2010, Effects of dams in river networks on
fish assemblages in non-impoundment sections of rivers
in Michigan and Wisconsin, U.S.A.: River Research and
Applications, v. 27, no. 4, p. 473—487, accessed December
10, 2010, at http://onlinelibrary.wiley.com/doi/10.1002/
rra.1356/abstract.

Zimmerman, M.J., and Breault, R.F., 2003, Sediment quantity
and quality in three impoundments in Massachusetts: U.S.
Geological Survey Water-Resources Investigations Report
03-4017, 36 p.

Zimmerman, M.J., and Sorenson, J.R., 2005, Sediment stud-
ies in the Assabet River, central Massachusetts, 2003: U.S.
Geological Survey Scientific Investigations Report 2005—
5131, 87 p.



31

Table 4

00€> 00€> £vo 00¢> 00€> 00€> 00€> 00€> 00€> 00€> JOXNQUUIA ‘poweuun €
0¢r> 0Er> 0¢y> 0€r> €60 0€y> 0€y> 0€y> 0€y> 0€y> yooig Auojg ‘powreuun) ¢
SL> ol 00T 692 0L2 012 SL> £yo SL> SL> puod 1m0 uokue) sjo0) (¢
S9> 08¥ 00L 0ce 0LT S9> S9> 091 6¢° (AE] UONEIS PoJEpI[OSUO]) I9ISAOION 6T
0860 08¢° 0rce 0Sce 09¢° 059> 059> 059> 059> 059> puod ouesjo@ 8T
0cI> 06¢ 009 091 o€l 0TI> 0TI> ggo 0T1> 0T1> [#3oolgumo], LT
99> 148 819 99> [1° 99> 99> 99> 99> 99> T# puod JuoWNuoN. - 9¢
e8> 008 0S8 0L1 ol Lo 68> LL® 199 6€° puod S 2L ST
0ge> ¥99 8¢9 052 L¥° 0ee> 0ee> 0ge> 0ee> 0ee> yoorg Auoys ¢
001> 001> 001> 001> 001> 001> 001> 001> 001> 001> puod spui[f 1oddn €
oy1> 0cIe 0119 890 L9® ov1> ov1> orI1> ov1> ov1> TOARI 10qessY  TC
0L> (V¢4 0Ll 021 0cI1 910 0L> 0L> 0L> LTe puog Ay 2oy 1
06C> 081° 00c2 06> 882 06> 06> 06> 06> 06> [#PUod [ININ 0T
08> 0L1 00¢ 001 09¢ 08> 08> L8 08> 08> Puod IIMA 61
9> 9> 0¢° 79> SIe 9> 9> 9> 9> 9> IIOAISSIY I0SPUIA - 81
86> 86> 86> 86> 86> 86> 86> 86> 86> 86> AT IIIN LI
091> 00T1° 0119 65° reo 091> 091> 091> 091> 091> S[IIALOqIeL 91
0€1> 0€1> $S2 0€r> 0€T> 0gT> 0gT> 0c° 0cl> 0gT> T10A1059Y Jodd) MOPEOIA 119qOY G
001> 061 06¢ 6L? LS® 001> 001> LT? 001> 001> puod [[IA Suipre) ¢
00T> 00T> 00> 00> 799 00> 00> 00T> 00> 00> e UIBUNOIN €T
9> SL LL 0¢? LT3 9> 9> 819 9> 9> MAISHD /Y A'd I
0TI> 169 0%° e 0T1> 0TI> 0TI> 0TI> 0TI> 0TI> oloa[ Aemuo) [
9> yeo 8¢2 0¢€° 0ce 79> 79> 129 79> 79> umoyere  0f
0S1 088 000°T 0¥c ovl 9> 9> 8 9> 9> AeTUORT 6
0Te> 0Te> 0ce> 0ze> 0ze> 0ze> 0ze> 0ce> 0ze> 0ze> PPNQ puod eomusd - 3
0re> 7o ore> ore> 0re> 0re> 0re> ore> 0re> 0re> SIIUA yotmsd] £
8L> 799 76 92 e 8L> 8L> 0€? 89 8L> puod oIAkIRd 9
0L> 008°C 006°€ 00%°1 00L°1 0cI1 0L> 0L8 145 reo oleApre[eg ¢
68> 0¢€° 68> 972 €eo 68> 68> 68> 68> 68> puod 9Fe[[IA 19ISGOM YHON ¥
€9> 899 86 022 145 £9> £9> €9> £9> £9> deTRWOYS ¢
0Te> 0Te> 0ce> 0ze> 0ce> 0ze> 0ze> 0ce> 0ze> 0ze> puod 20ysesIoy T
081> 0€1° or1° 081> € 081> 081> 081> 081> 081> puod a3eiA A1ope] |
qdd u qdd u qdd wi qdd u qdd u qdd u qdd u qdd u qdd ui qdd ws ou
‘aujjou ‘auaiid ‘aualyjue ‘aualony  ‘audjeyydeu ‘suazuaqol  ‘sudzuaqos ‘auadjeyjydeu ‘audzuagos  ‘auazuagol aweu weq ong

-nbig-z'z  1ApaN-L  -uaydiApaN-L  -He-IApBIN-L  -lAyeung-9'L  -oyaIg-b'L  -0jyalg-g'L  -lApeung-g'L  -o|yalQ-z'L  -ojyIML-H'T’L

[3uao1ad oy ‘umoys onjea uey) ss9| ‘> ‘pazA[eue jou ‘--
‘uoneuIBIu0d Aq pjodgge Ajayi| anjea ‘A ‘uoryiq 12d syued ‘qdd tspunodwos [Ausydiq pareuriofyoAjod ‘sg)Hd ‘spunodwod uoqredoIpAy dnewote d1[94dA10d ‘SHV{ ‘paynuenb jou nq payroa douasaid ‘Jy ‘pajew
-11s9 ‘9 ‘spunodwod aueyeoto[yoLy-[Audydiporo(yorp sy dnoid gHd [e103 seyesrpur Surpeay Aei3 (dnoid 1, €103 JO s1oquow 9jedrpul s3urpedy mo[o£ ‘dnoi3 Hyd (8103 Jo s1oquow djedipul s3urpesy onjg]

"GO0Z PUB $00Z Ul SBasNyaesse|A ul syuswpunoduwl palas|as Wolj palos||09 $8409 JUsWIPas-Wonoq ul painseaw spunodwod o1uebio Jo suonenusduoy  ajqer



00€> 00€> 00€> 869 00€> - - - - 00€> JOXNJQUUIM ‘paweut) ¢
0c> 0ct> 0€> 0919 0ct> -- -- -- -- 0ct> Jooig Auoj§ ‘pawreuu)  [€
SL> SL> (1)2% 001 SL> - - - - €8 puOd 19MO0T UOAUR)) SO0 (€
o> So> o> (1194 So9> -- -- -- -- ove uone)§ paepIjosuo)) I91SAI0N 6T
059> 059> 008°¢ 0Ts? 059> - - - - 059> puod ouws[oq 8T
0cI> 0cI> 0cI> 0€C 0cI> - - - - 001° [#3ooig umol [T
99> 99> 99> 912 99> - - - - 09 T# puod udwinuojN 97
c8> G8> 68> 00T 68> - - - - 001 puod ST 2L ST
0ge> 0ce> 0ge> 0019 0ge> -- - - -- 0ce> jooig AuolS 4
001> 001> 001> o 001> -- -- -- -- 001> puod swuff Joddn ¢z
ov1> ov1> 0L8 L83 ov1> - - - - 692 IOATY 19QBSSY 7T
0L> oL> 0L> 002 oL> -- - - - 0cCl puod ANy ooy [T
06> 06T> 06> 06¢° 06T> - - - - 06C> [#PUOd [INN 0T
08> 08> 08> (124 08> 86> - - - 091 PUOd MMM 61
79> 9> 9> 81° 9> - - - - 9> IIOAIOSIY IOSpUIpy 8]
86> 86> 86> €1e 36> - - - - 86> AL TN LT
091> 091> 091> 0L° 091> - - - - 091> S[IUALIOqIEL 91
0cI> 0€l> 0€1> 969 0€l> -- -- -- -- 0€I> 11oA10soy 1oddn) mopesJA 11990y ST
001> 001> 001> Orl 001> - - - -- 001> puod [[IA Supie) ]
00T> 00C> 00T> (1153 00T> -- - -- - 00> e UlBUNON ¢
v9> v9> v9> €9 79> - - - - 872 [IMADSED RN d'A Tl
0cI> 0CI> 069 199 0cI> - - - - 999 oLod[y Aemuo) [
79> 9> 9> ¥eo 9> - - - - ST umolRyepry 01
79> 9> S9> 09¢ 89> - - 89> - 081 MeTuoydd 6
0ze> 0ze> 0ce> 1.9 0ze> - - - - 0ze> 19NQ puod 1PMUdd 8
ore> 0re> 0re> ¥69 ore> - - - - 0re> SIIUAL yotmsd] £
8L> 8L> 8L> ySo 8L> - - - - 0¥° puod o[jiakig 9
0L> oL> 0L> 00€°C 0L> - - - - 000°T oleApre[ieg ¢
8> 8> 8> 082 8> -- -- -- -- 8> puod o3e[[IA 10ISqQOM YHON ¥
€9> €9> €9> LT? £€9> -- - - - €9> oyeowoays ¢
0ce> 0ce> 0ze> 081° 0ce> - - - - 0ce> puod 20ysssioy ¢
081> 081> 081> 001° 081> -- -- -- -- 6€2 puod 93e[[IA A1030B] |
qdd u qdd u qdd wi qdd wi qdd ws qdd u qdd ws qdd ws qdd ws qdd ws ou
‘louayd  ‘susjeyydeu  ‘suanjo}  ‘susjeypydeu ‘suanjojosy ‘jousydos)  ‘jousydoi ‘louaydjA ‘louaydos  ‘auajepydeujd aweu weq ans

-0I0|y)-z  -olojy)-z  -onuig-9z -lApewng-9z  -lIQ-pZ  -WIQ-HZ  -OIYdIQ-bT  -YBWML-9Y'Z  -OJYIML-9H'Z  -YdwlL-9'EZ

Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts

32

[3uao1ad oy cumoys onjea uey) ss9| ‘> {pazA[eue jou ‘--
‘uoneuIIBIu0d Aq pjodjge AJayi| anjea ‘A ‘uoryiq 12d syued ‘qdd tspunodwos [Ausydiq pareuriofyoAjod ‘sg)Hd ‘spunodwod uoqredoIpAy dnewode d1[94dA10d ‘SHV{ ‘paynuenb jou nq payroa douasaid ‘Jy ‘pajew
-11s9 ‘9 ‘spunodwod aueyeoto[yoLy-[Audydiporo[yorp sy dnoid gHd [e103 seyesrpur Surpeay A1 (dnoid 1, €103 JO s1oquow 9)edrpul s3urpedy mo[o£ ‘dnoi3 Hyd (8103 Jo s1oquow djedrpul s3urpesy onjg]

PanuUIU0)—'GOZ PUB $00Z Ul SHASNYIBSSEI Ul sjuswpunodwi palda|as WoJy paas||0d $8109 UaWIPas-wWonoq Ul painseaw spunodwod oiueblo jo suonenuasuoy °pyajqer



33

Table 4

00¢> 00¢> 00¢> - 00¢> - 00¢> - 00¢> JOXMUUIA ‘powreuun ¢
0¢y> 0¢y> 0cy> - 0Er> - 0Er> - (1]322 yooig Auojg ‘poweuu)  [¢
SL> SL> SL> - SL> - 011 - 1¢d puod 10M0T UOKURD $Y00D O
S9> S9> S9> - S9> - (0187 - (1143 UONeIS PAJEPI[OSUO]) ISISIION 6T
059> 059> 059> - 059> - 0cee - 059> puod ouesjod 8T
0TI> 0CI> 0TI> - 0TI> - 09¢ - LL? I#oorg umol /T
99> 99> 99> - 99> - 99> - 6° T# puod Juownuoy - 97
G8> G8> G8> - 68> - 09¢ - 08° puod dtpod[g [0L ST
0ge> 0ge> 0ge> - 0ge> - 0ge> - 0ge> jooxg Auoyg 7
001> 001> 001> - 001> - 001> - 001> puod it 1oddn - €2
ovi> ovi> ovi> - ovi> - 66° - ovi> IPARY 19qEsSsy  TT
oL> 0L> 0L> - 0L> - 0cI - L8 puod Anp ooy Ig
06> 06> 06> - 06C> - 06C> - 06T> [#PUod 1IN 0T
08> 00T 1> 08> - 08> - 08> - 0c1 PUod IIMN 61
$9> $9> $9> - ¥9> - 0¢° - ¥9> JIOAIOSIY I0SPUIpy 8]
86> 86> 86> - 86> - 86> - 86> ARSI IITN LT
091> 091> 091> - 091> - 091> - 091> SITALYoq[eL. 91
0€1> 0€1> 0€1> - 0¢I> - 0¢1> - 0¢1> 11041050y 1odd) MOPEOIN 1qOY G
001> 001> 001> - 001> - 091 - 810 puod [[IA Supie) [
00> 00> 00> - 00T> - 00T> - 00T> e URUNON €]
79> 9> 9> - 9> - Lo - yZo NN SHD I A'd Tl
0cI> 0cl> 0cIl> - 0cI> - Syo - 0cI> ood[g Aemuo) 1
9> 9> 9> =" 79> =" 9¢° - 79> umorerery 01
9> 79> 9> - 6€° - 008 - 011 DETUNRL 6
0ze> 0ce> 0ce> - 0Te> - 0Te> - 0Te> PPNQ puod epmudd - 8
ore> ore> ore> - 0re> - 0re> - 0re> SIIUA yomsd] £
8L> 8L> 8L> - 8L> - 990 - €9 puod o[jiakig 9
oL> 0L> oL> - 0L> - 00T°¢ - 000°C oleApreeg ¢
8> 8> 8> - e8> - e8> - (4 puod dSe[[IA 19ISGOM YHON ¥
€9> €9> €9> - €9> - oo - L1® AETIRWOYS ¢
0ze> 0ze> 0ce> - 0Te> - 0Te> - 0Te> puod 0ysesioy ¢
081> 081> 081> - 081> - 081> - 97 puod a8e[[IA A1ope |
qdd u qdd u qdd u qdd us qdd wi qdd wi qdd u qdd wi qdd ui ou
Jayje JAuayd  ‘JousaydjAypew-g ‘188 JAuayd ‘louayd ‘louayd ‘louayd ‘auaaely) ‘louaydosiuip ‘auajey aweu weq aug

-lAuaydouojyg-y -010149- lAuaydowoig-p  -omIN-¢ -lApewng-g'e  -oMIN-Z  -uelApaiN-z  -9'p-lAppaN-z  -ydeujAyz-z

[3uao1ad ‘o cumoys anjeA uey) ss9[ ‘> ‘pazAjeue Jou ‘-- ‘UonEU
-1wejuod Aq pajdajye A1y anjea ‘A <uorqiq 1od sued ‘qdd ‘spunodwod [Auaydiq pajeuriojyokjod ‘sgHd ‘spunoduwios uoqiesoipAy onewore d1jokokjod ‘sHyd ‘paynuenb jou 1nq pagLdA 2oudsaid ‘|z (pajewuns? 9
‘spunodwod suey3eo1o[yoLy-[Audydipoo[yorp ‘spq ‘dnoid gHd €103 sojearpur Suipeay Aeid (dnoid (I [8101 JO SIoquIaW 9)edIpul S3UIpeay Mo[[oA ‘dnoid [yd [810) JO sIoquiow djed1pul s3urpeay anjg]

PanuUIU0)—'GOZ PUB $00Z Ul SHASNYIBSSEI Ul sjuswpunodwi palda|as WoJy paas||0d $8109 UaWIPas-wWonoq Ul painseaw spunodwod oiueblo jo suonenuasuoy °pyajqer



9> 9> 9> 00> 00€> 00> 00> 00¢> 00¢> JOXMOUUIA ‘powreuu)  z¢
8> 8> 8> 0Ey> 06° 0ey> 0er> 0¢r> 0er> sjooxg Auoyg ‘pawreuun) ¢
[> [> [> SL> ore 969 0Cl 0T 00T puod JomoT uokue) sjo0) (g
> > > S9> 079 079 0.9 9> 06S uonej§ pojeprosuoy) I9JSadI0ON 6T
el> €l> el> 0919 01¢d 0919 09¢° 00S° (114 puod oues[e 8T
> > > 0L 0LE 09 0cs 0L9 09 [#300lg umo], LT
> > > 99> 99> Go 99> 919 89 C# pUOd JUstnuojN. 97
> > > 091 008°1 09% 0CL 00L°T 00T‘1 puod S [PL ST
9> 9> 9> 0ge> 99 0ge> Sto (U3 E So yooig Auoyg 4t
> [ > 001> 979 001> Y& 860 [qE puod spuiff soddn €7
> > > ovi> 061 €99 969 061 091 AT Jeqessy (T
> > 1> 0L> 06¢ 68 ol Orl 091 puod Ay 2y 17
9> 9> 9> 06C> 0gI° 889 06l° 00S 08¢° I#Puod [N 0T
> > > 08> 081 96 081 08> 00T Puod IIMIN 61
[> [> [> 79> £e9 ele (] 799 €r° IIOAISSIY IOSpUIp - 8]
> > > 86> Sl S 86> 8¢9 & DA TN L1
£> £ £> 091> oo 4% 06° 0S¢ 0919 SIILAL30qIeL, 9]
£> £> > 0Er> 199 819 0€1> 0cCI? L9 TT0AISYY 10dd) MOPERIN 11090 G
> [ > 001> 08¢S 1.2 0L 0y 0LT puod [[IA Sulpre) 4]
> > > 00> 09° e 00> (& yeo eI UBUNON €]
[> [> [> 1454 €6 8¢9 YL 0SI 001 [MAISED QI 'A'd Tl
(&2 > > 0cI> S99 £eo 1o €99 €69 OLOI[ Aemuo) [
> > > 9> ¥G9 €eo 169 L 869 umoyarepy 01
> > 1> 00t 00t°1 (18Y ov6 00%°T 00L°T T U™ 6
9> 9> 9> 0ce> 0ce> 0ce> 0ce> 0Ce> 0Te> JINQ puod ¥yomusd g
9> 9> 9> 0re> 0re> 0re> 0re> 0re> (4% SIIIA yotmsd] £
[> [> [> 8L> 001 yeo [L2 0¢l 001 puod dAkiRd 9
W > C 0L> 00L°C 008°S 00t 0L> 006t dleAaple[ied ¢
(e [ [ 8> 8¢9 9¢° 4% 669 0¢o puod o3e[[IA 1ISQIM UHON ¢
> > 1> 9C° 8¢9 019 (44 799 6¢9 e iowWwodys ¢
9> 9> 9> 0ce> 8L9 0Ce> 0ce> 0922 0Te> puod 20ysesIoOy ¢
£> £> I 081> Orr° 1¢2 00I° (¢4 (4K puod d3e[[IA A100e] |
JHE ui . qdd u qdd ui qdd ui ~H_.E ui .EE u qdd . qdd u . qdd ws -ou
HOH uey|nsopug anpy auIpuoy auajiy) auay) T auouinb auaiyueuayd aweu weq ous

-eydje -eydje -ydeuaay -ydeuaay -elpuy-01'6  [1op]eruadojahy-Hy

Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts

34

[1uao1ad oy cumoys anjea uey) ss9| > {pazA[eue Jou ‘-- ‘uoneUILIER)
-u09 Aq pajooye A[oy1] anjea ‘A <uorfiq Jod syred ‘qdd ¢spunodwos [Auoydiq pajeuriojyoAjod ‘sgDd ‘spunoduwod uoqreoopAy onewore o1[9494jod ‘SHVJ ‘poynuenb jou 1nq poyLIoA 99uasaId [\ {parewnsa o
‘spunodwos sueyjeoroyoL-[AuaydipoIo[yarp ‘spqq "dnoid gDd [e103 sayesrpur Jurpeay Aeid (dnoid 1, €103 Jo s1oquiawt djedrpurl s3urpeay mo[[ok {dnoid Hyd [©103 Jo s1oquaw jedrpul ssurpeay anjg]|

panuIu0)—G00z PUe $00Z Ul SHasNyaesse|) Ul sjuswpunodwi pajos|as Wolj palas||od $a409 JUawipas-wonog ul painseaw spunodwod djuehio jo suonesuaauoy p ajqel



35

Table 4

9> 06¢C° 00€> 00¢€> 00¢> 00€> 00¢> 00€> 00€> 9¢9 JOXMAUUIA ‘powWweUl)  7¢
8> 06¢€° 08° (A 0¢r> 66° ovle 0019 0Er> L99 sj001g Auo}g ‘paweuu() 1€
1> A 0¢C6 06L SL> 000°T 00T‘1 068 SL> 09¢ puod 10M0T UOAURD) SY00D)  (f
> 0919 000°T 068 S9> 001°T 00t°1 0051 S9> 098 uonel§ pojeplosuoy) I9JsadI0M 67
e1> A 008 0899 059> 088 06L 0cCL 059> 00¢€° puod oues[dd 8¢
(e ore> 00¥°1 000°T 0CI> 0071 009°T 00L‘T 0cI> or8 [#3001g umo], LT
> orr> 45 e 99> LTd e 61° 99> 1o C# puOd JuownuoN 9T
1> A 008 00L°€ $8> 00T°S 009°S 006y 8> 00£°C puoOd S [BL ST
9> (1474 ovlI9 0cCI? 0ge> 00¢? 0919 (K 0ge> YLd joorg Auoy§s 4
> ovI> 619 001> 001> 61° 969 ggo 001> 979 puod syurf soddn €C
(e A 00¢ (043 ovI> 00§ 08+ 065 ovI> 09¢ AT Jeqessy 7T
> A (4 0I¢ 0L> ovo 0€9 09¢ 0L> 0LE puod A1 o1y 1T
9> 056> 0SL 0799 06> 0081 00T°T 0c6 06C> 0929 1# puod [[UA 0¢
1> 08> (143 09¢C 08> olv 0ty (U8Y 00> 0r¢ Puod [N 61
1> SL> 8L 689 79> 0S1 0cl ocl 79> 199 JIOAIISIY JOSPUIA Q]
> 86> £€Co 145 86> So ggo Y& 86> LI® RATI N LI
> 091> 06¢ 0€C? 091> 0vLe 08+ 09 091> 081 SIIIALIOqIEL, 91
> 0SI> 96° ocl> 0€I> 0¢ee ol 0cIe 0¢I> 999 TI0AISY 10dd) MOPERAN 1100y G
(e 0LT> 068 ovL 001> 0¥6 00T°T 09L 001> 06¢ puod [[TA SuIpie) 14!
> 06> £99 00> 00> 0919 0gre 169 00> 99 93eT Urejuno el
1> 001> 0€¢C 00¢? 79> 065 0LE 00¢ 79> 0cl [N ISHD I A'd  TI
> A (UL S69 0cI> 001° 0clIe 0¢l 0CI> 0L® Lo Kemuo) Il
> 9> 0cl ovI° 9> 0S¢ 0S1° ol 9> 199 umoylery 0l
> 09¢° 00€°€ 0074 79> 00¥°L 00£°9 0029 000°T> 00¥C AT U] 6
9> 08¢> 0ce> 0Ce> 0ce> 0ce> 0ce> 86° 0ce> 0ce> WANQ puod 1omusd 8
9> ore> ore> ore> ore> ore> 0re> ore> ore> 099 SIIIA yotmsd] £
1> 8L> 00¢ 0l¢? 8L> (0% 00¢° 00¢ 8L> 0cl puod J[IAkIRd 9
> 0L> 002°S 00T°1 0L> 00L% 000°8 000°6 0L> 009°6 oleapre[eg ¢
(e 001> 9¢9 8> $8> 88 Lo 869 8> 0o puod oZe[[IA 10ISQIM YMON ¥
> £9> 899 Lo £€9> 0919 0S1 0S1 £9> LYo e JoWoays €
9> 08¢> 0¢I? 091° 0ce> 0€e 0ce> 0LT9 0ce> 001° puod 20ySasIoH C
> 061> 0LT 0919 081> 08L 061 00S 081> 0¢c puod d3e[[IA A10)08 ] 1
qdd w qdd ui qdd ui qdd w1 qdd w1 qdd w1 qdd ui qdd w qdd w qdd w1 ou
"HOH ‘ajejeyyd ‘auayjue ‘auajhiad ‘auljouuld ‘auayjue ‘aualhd  ‘suasesue ‘auaz ‘audo aweu weq aus

-ejaq jling-u jAzuag -1onyDjjozuag -[1yhlozuag [0]ozuag -lonjj[qJozuag [e]ozuag [e]ozuag -uaqozy  -eayuy

[3u0010d 0y ‘umoys anjea uey) SS9 > ‘PozATRUE JOU ‘-- {UOLRUILIE)
-u0d Aq pajodgge Aoy anjea ‘A ‘uorfjiq 1od syed ‘qdd ‘spunodwos [Audydiq pajeuriojyoLjod ‘sgDd ‘spunodwod uoqredoIpAy snewore 910494 10d ‘SHVJ ‘payruenb jou 1nq payrioa oouasald ‘A (pajewnso @
‘spunodwos dueyeoioyoLy-jAusydiporoyarp ‘s ‘dnois gHd 18103 sajedrpur Surpeay Aeid ‘dnoid 1, €101 JO sIoquuiawu jed1pul sSurpeay mo[[dA ‘dnoid Hvd [e10) JO s1oquiawu ajed1pul surpeay anjg|

panuiuo)—G00z PUB $00Z Ul SHasnyaesse|) Ul sjuswpunodul pajda|as Wolj palas||0d $8109 JUaWIPas-wonoq ul painsesw spunodwod siuebio o SUONBIUBIU0Y ' 3|qel



1> 9> 00¢> 0¢> 00€> 00¢> 889 - 00€> 00€> JOXMPUUIA ‘pawRUUN ¢
91> 8> ocle 0> 0cr> 0¢r> 001 - 0er> 0er> sooxg Auo)§ ‘pawreuu) ¢
1> W 001°1 > S6 SL> A - SL> SL> puod 1omoT uokue) sj00)  0¢
> (& 009°T s> (4! S9> 000°1 - S9> $9> Uone)S pojepIjosuo) I9)sadIoN 6T
019 Sl 000°1 $9> 091° 059> A -- 059> 059> puod oues[e 8T
(&g [ 008°1 (45 (1197 899 0L1> - 0cI> 0cI> [#3001g Uumol, LT
1> 1> 81° S 99> 99> 99> - 99> 99> T# puod Judwnuopy - 9¢
W 14 00t°9 > 09L 8> 00%°1 - ¢8> e8> puod dMd9[g [9L ST
> 9> 0812 0e> 0ge> 0ce> 0cee - 0ge> 0ge> joord Auols 4
[ (&2 (4] or> 001> 001> 001> - 001> 001> puod swurf rddn €7
1?2 € 0TL or> 69° op1> 00€°1 - or1> orI> IOARY 10qessy T
N 1 0¢8 &> 8¢0 oL> 009°1 - 0L> oL> puod Ay ooy I¢
9> 9> 00€°1 0¢> 0L1® or1° 08> - 06C> 06> [#PUuod [N 0T
(o2 > 089 > 9o 08> 8 - 08> 08> Puod [N 6l
> > 0cI &> e £Ce 0> - ¥9> ¥9> JIOATSSOY JOSPUIAy BT
> > LT? &> 85> 86> 86> -- 86> 86> AR TIIN - LT
€ € 0LS s> 091> 69° ore> - 091> 091> S[IIALIOqEL 91
> € 0S1 s> 0g1> €60 0€1> - 0€1> 0€1> 110A1059Y] 1odd) MOPEIIN 119qOY G
(&2 > 000°T 01> 091 001> 0ce? - 001> 001> puod [[IA Sutpre) [
> > 96° 0> 00> 00> 0ee> - 00> 00> e ulBjunojN - €1
(4 01 0Ly &> 169 9> ovL - ¥9> ¥9> MASEID /Y I'd T1
[ (&2 0¢l or> € 0cI> A - 0T1> 0TI> oR[ Aemuo) ||
1> > 0S1 s> 8¢° 9> 9> - 9> 9> umopdre 01
&} > 001°L &> 09¢ 61 000°CI - 9> 9> DETUNPRI 6
9> 9> S69 0¢> 0Te> 0ce> 0Te> - 0Te> 0ce> PPNO puod wPmudd 8
9> 9> 0re> 0e> 0re> 889 01e> - 01¢> 0re> SITIN yotmsdy £
W W 06¢€ &> S 8L> 001> - 8L> 8L> puod o[jiakid 9
> W 008°8 &> vl 0L> 00T°C - 0L> 0L> dleaple[eg ¢
[ (2 199 8> 8¢o 68> ¢8> -- ¢8> $8> puod 93e[[IA 19)SQIM YHON ¥
> > 0L1 &> €9> €9> 0z1° - £9> €9> deTIRWOYS ¢
9> 9> 00¢? 0¢> 0Te> S69 00019 - 0Te> 0ce> puod d0ysasioy ¢
£> £> 09¢ 8 SLd 081> 061> - 081> 081> puod o3e[IIA A100e |
qdd qdd w qdd w qdd wi qdd u .._.E ui . qdd u .
Joyoe ‘ouep qdd uy qdd u qdd u oueyd ‘ajejeyyyd ‘1apa JEINE] aueyjaw owen weg ou
WON-SIO  -JOJy3-$13 ‘auashiyg ‘qauciojyy ‘sjozeqie’) N80 (1AxayjAypa (1Adoadosios (1Ay1001 (Axoyaoa aus
-2)sig -0|ya-gjsig -o|yo-z)sig  -ojy3-g)sig

Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts

36

[1uao1ad ‘o cumoys onjeA uey) SSI[ ‘> ‘pozA[eue Jou ‘-- ‘UOHBUILIE]
-u09 Aq pajodgge Aoy anjea ‘A ‘uorfqiq 1od syred ‘qdd ‘spunodwos [Audydiq pajeuriojyoLjod ‘sgDHd ‘spunodwod uoqredoIpAy onewore 91[949410d ‘SHVJ ‘paynuenb jou 1nq payrioa oouasaid ‘| (pajewnss @
‘spunoduwod suey3e0Io[yoLy-[Audydipoo[yolp ‘spd "dnoid gOd €103 sojearpur Suipeay Aeid (dnoi3 1 (I [8101 JO SIoquawW 9)edIpul S3UIpeay Mo[[oA ‘dnoid [yd [810) JO sIoquiow djed1pul s3urpeay anjg]

PanuUIU0)—'GOZ PUB $00Z Ul SHASNYIBSSEI Ul sjuswpunodwi palda|as WoJy paas||0d $8109 UaWIPas-wWonoq Ul painseaw spunodwod oiueblo jo suonenuasuoy °pyajqer



37

Table 4

1> 00€> (4K 00¢> 00> 9> 08¢ 00> 0e> 0¢> JOXMQUUIA ‘poweuu) ¢
91> 0Ey> 01¢e 0Eyr> 0er> 8> 0Eyr> 0Eyr> 0> 0> yooiq Auojg ‘pawreuu)  [¢
(&2 SL> A SL> A > 78 08¢ o> &> puo( 10M0T UOAUERD) SY00D) (€
(&2 S9> 9> S9> 9> > 06T 0€e o> o> uonej§ pajeprjosuoy) I9)JsadIoON 67
9> 059> A 059> A €1> 0¢e? 0S§¢? $9> $9> puod ouedod 8T
> 0cI> 0cI> 0cI> 0cI> > 08¢ 09 cl> > [#3001g umol, LT
(22 99> 99> 99> 99> > 99> 99> &> &> T pUOd JuswWnuojN. 9t
(e e8> A e8> A [> 0LE 00C°1 &> &> puod oMddq 8L ST
1> 0ge> 0LI? 0ge> 0ge> 9> 0ge> 0ge> 0¢> 0¢> joorg Auoy§ ¢
> 001> 001> 001> 001> > 001> 001> 01> 01> puod spuiff soddn €7
> ovi> A ovi> A > €Ld 0cI? or> or> AR 1qessy ¢
W 0L> 0L> 0L> A S9 001 081 > > puod Ap g It
1> 06> 06C> 06> 06> 9> 0cI? 00I° 0e> 0e> I#Puod [N 0¢C
[ 08> 08> 08> 08> [> 001 ori> &> &> puod [I'IN 61
(o 79> 79> 79> 9> 1> Yo 79> o> &> JIOAISSIY JOSPUIN 8]
(&2 86> 86> 86> 86> > 86> 86> o> > AT TN L1
9> 091> 091> 091> 091> €9 091> 091> SI> SI> SIITN 30q[eL. 91
9> ogr> 0elr> 0glr> 0er> £ 0¢r> 6L° SI> SI> T0A1dsoY 1oddn) MOpEIN 11090y G
> 001> 001> 001> 001> > Ol 06¢ 01> 01> puod [[IA Sulpre) 4]
8> 00> 00> 00> 00> > 00> 00> 0C> 0> eI UIBUNON €]
(o 79> 79> 79> 9> (& o 819 o> &> MAISHD QI A'd TI
> 0cl> A 0cl> A > 6¢° 9¢9 01> 01> OLOI[T Aemuo) [
> 79> 79> 9> 79> > (4% 79> &> &> umopep 0l
(22 00¢° (A 9> 9> > 09¢ 09¢° > &> T U0 6
1> 0ce> 0Te> 0ce> 0ce> 9> 0ce> 0ce> 0e> 0e> PINQ puod w¥yomusd g
1> 0re> 0re> 0re> 0re> 9> 0re> 0re> 0e> 0e> SIIIA yotmsd] £
(&2 8L> 8L> 8L> 8L> 1> 769 8L> o> &> puod d[iAkidd 9
(&2 0L> 0L> 0L> A 0¢ 00L°T 0LL o> > dleaple[leqg ¢
£> c8> 8> 8> $8> > 8> $8> 8> 8> puod o3e[[IA 19ISQIM YHON ¢
o> £9> £9> £9> £9> > £9> (U > &> T IPWOYS ¢
> 0ce> 0Te> 0ce> 82 9> 0ce> 0ce> 0e> 0e> puod 20ysesioy ¢
9> 081> 081> 081> 081> z 081> 081> S1> s> puog a3e[[iA A10j08f |

qdd . qdd u . qdd u . qdd u1 . qdd u1 qdd uy .ﬁ:. ul . qdd u qdd a._a:_ ul -ou

wunpug ajejeyyd ajejeyyd ajejeyyd ajejeyyd uupaIg auayd auaaelyjue N2 uuy) aweu weq aug

1ho-u-1q thing-u-1q IAyaunq 1Apaig -oljjozuaqiq  [y'eJozuaqiqg -auLad-s19

[1uao1ad oy cumoys onjea uey) SSI| > ‘pozA[eue Jou ‘-- UOHBUILIE]
-u09 Aq pojoayje A[oy1] anjea ‘A <uorfiq Jod syred ‘qdd ¢spunodwos [Ausydiq pajeurio[yokjod ‘sgDd ‘spunoduwod uoqreoopAy onewore o19404jod ‘SHVJ ‘poynuenb jou 1nq poyLIdA 99uasaId [\ parewinss o
‘spunodwos aueyeoioyoLy-jAusydiporoyorp ‘s1aq ‘dnois gHd 18103 sojedrpur Surpeay Aeid ‘dnoid 1, 8101 JO SIoquuiowl djed1pul surpeay Mo[[dA ‘dnoid Hvd [810) JO s1oquiow djed1pul sgurpeay anjg|

panunuUo)—G0Z PUB $00Z Ul SHasSNYIesSSe Ul sjuswpunodwi palda|as WoJy palas||od $8109 UaWIPas-wonoq Ul painseaw spunodwod oiueblo jo suonenuasuoy °py ajqel



00> 9> 00¢> - - - 9> o> o> 0z1° JOXNMQUUIA ‘poweuu) 7€
0€> 8> ocy> -- - -- 8> 8> 8> 0829 jyooig Auoj§ ‘pawreuun  [¢€
SL> > 06S -- -- -- > > [> 0091 puod 1omo uokue)) sj00) (¢
S9> > 068 - - - > > > 00¥°C uone)§ paepIjosuo)) 19I1SNVI0N 6T
059> €I> 0969 -- - -- > > cI> 000°C puoq oued[dq 8¢
0TI> > 001°1 - - - > (e [ 008°€ [#3oolg umol LT
99> > e - - -- > > > LEd T# pUOd JUSWNUOJN 97
G8> > 001 - - - A\ > > 0001 puod oImd9[g [AL ST
0€e> 9> oyl1e - -- -- 9> 9> 9> 0S¢ yooidq Auol§  4¢
001> > 001> - -- -- (e [ > 699 puod syurpf roddn €7
ovi> [ 00 -- - -- (&3 [ [ 00%°1 IOATY J9QESSY 7T
0L> > 0¥9 -- - -- > > > 086 puodg &1y 9oy 1T
06> 9> 0592 - - - 9> 9> 9> 00S°C [#PUOd IIIN 0T
08> > 0r¢ - - - > > > 00T°1 PUod 1NN 61
79> [> 98 - - - [> [> [> 09C IIOAIOSOY JOSPUIA, Q]
86> > 6¢€9 -- - - [> 1> > ] AT [N L1
091> € 0Sco - -- -- > > > 001°T S[IIA 30q[eL, 9]
0¢T> [ 0zI? -- - -- (= > > 0z¢ II0AIRSY 1odd ) mopeojp 11090y S
001> > 0LL - - - [ [ [ 00L°T puod [[IA Sutpie)  §1
00C> > 0919 - - - > > > 0612 oye ureuUnoOjN €]
¥9> [> 01c - - - > > [> 0€8 [MMASUD 9 A'd  TI
0CI> [ SLd -- -- - > [ > 0¢€C oLOd[g Aemuo) [
79> > 0¢T® - -- -- > > > 09¢ UMOMRIBA (T
79> > 00Ty - -- - I> I> I> 0001 METUOPT 6
0ce> 9> 0ce> - - - Cle 9> 9> 0912 PPN puod oomusd - 8
ore> 9> 01e> - - -- ¢ 9> 9> LR SIITAL yoImsd] £
8L> [> 0lce -- -- - > > > 0¢L puod 9[IAAIId 9
0L> > 009°¢ - -- - 4 > I> 000t 1 oreapie[eg ¢
68> > 8L° - -- -- [ > = 021 puod oSe[[IA 19ISqQOM YHON ¥
€9> > SLd -- - -- > > > 0OLT oe]lowoays ¢
0Te> 9> 0ce> - - - 9> 9> o> 06€ puod 0ysasioy ¢
081> €> 081° - - - > € € 006 puod a3e[[IA A1ope |
qdd ui qdd uj qdd w qdd wi qdd wi qdd u qdd u qdd wi qdd w qdd u -ou
‘auoi ._:.___om._ ‘auaihd[po  ‘sueysos  ‘suaipejuadojds  ‘auaipeinq ‘auazuaq ‘10149 ‘apixoda ‘auayp) aweu weq ous
-oydos] : -g'z’Llouapu]  -ojyoexay -Aooiojyoexay -osojyoexay -oiojyoexay  -eyday lojyaeyday -ueionj4

Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts

38

[1uao1ad oy cumoys anjea uey) ss9| > {pazA[eue Jou ‘-- uoneUILIE)
-u09 Aq pajooye A[oy1] anjea ‘A <uorfiq Jod syred ‘qdd ¢spunodwos [Auoydiq pajeuriojyokjod ‘sgDd ‘spunoduwod uoqreoopAy onewore o119494od ‘SHVJ ‘poynuenb jou 1nq poyLIoA 99uasaId [\ parewnsa o
‘spunodwos sueyjeoroyoL-[AuaydipoIo[yarp ‘spqq "dnoid gDd [e103 sayesrpur Jurpeay Aeid (dnoid 1, €103 JO s1oquiawt djedrpurl sSurpeay mo[[oh {dnoid Hyd [€103 Jo s1oquaw jedrpul ssurpeay anjg]|

panuIu0)—G00z PUe $00Z Ul SHasNyaesse|) Ul sjuswpunodwi pajos|as Wolj palas||od $a409 JUawipas-wonog ul painseaw spunodwod djuehio jo suonesuaauoy p ajqel



39

Table 4

9> 9> 00¢> 00€> 00¢> 00¢> 9> 9> 00¢€> JOXMQUUIA ‘poweuu) ¢
8> 9¢ 0cy> 0cr> 0cy> 0cy> 8> 8> 0er> joorg Auog ‘paweuun)  |¢
W L SL> SL> SL> 9o > > SL> puod 1omoT uokue) sj00) (¢
> Go 9> S9> 9> 056 > > S9> uone)S pojepljosuo]) 19)sadIoN, 6T
e1> Sl 059> 059> 059> 001° er> el 059> puod oues[o 8T
> o> 0cI> 0CI> 0cI> 08¢ > (o2 6L9 [#3001g umol, LT
> > 99> 99> 99> 88 > > ggo T pUOd JuswWnuojN. 9t
[> 9¢ e8> 8> e8> ()43 > [> 8> puod dMd9H [PL ST
9> 8¢C 0ce> 0€e> 0ce> 0ce> 9> 9> 0€e> yoorg Auol§ 4
(e [ 001> 001> 001> 001> [ [ 001> puod syt 1oddn - €2
14 I ovi> ovi> ovi> 969 > (o2 ovi> TATY Joqessy T
> 4 0L> 0L> 0L> 061 > > 0L> puod Ap g It
9> 9> 06> 06> 06> ¥9° 9> 9> 06> [#PUod [N 0T
[> > 08> 08> 08> 09¢ 1> [> 08> puod [I'IN 61
> > 9> 79> 9> 9> > > 79> JIOAIOSOY IOSPUIA 8]
> > 86> 86> 86> 86> > > 86> PA TN LT
> £> 091> 091> 091> €59 £ £> 091> SIIUALI0oqIeL. 91
£ £ 0cr> 0€r> 0cr> 0cr> £ £> 0¢lr> T0A1dsoY 1oddn) MOpEIN 11090y G
o o> 001> 001> 001> 0Cl o> o 001> puod [[IA SuIpIe) ¢
> > 00> 00> 00> 00C> > > 00> YT UrRUNOIN - €]
> 9 9> 79> 9> LS® > > 79> [MNSHD O 'A'd  TI
o> 19 0cI> 0cl> 0cI> 61° o> (22 L¥® ood[g Aemuo) 1
> I 79> 9> 9> 48 > > 9> umopep 0l
> > 89> 9> 9> (107 > > 9> T U0 6
9> 9> 0ce> 0Te> 0ce> 0ce> 9> 9> 0Te> RO puod Jpmusd 8
9> 9> 0re> 01¢> 0re> 0re> 9> 9> 01¢> SIIIA yotmsd] £
€ 3 8L> 8L> 8L> ¥9° > > 8L> puod d[iAkidd 9
4 01 0L> 0L> 0L> 009°C > > 9L dleaple[leqg ¢
> > $8> 8> e8> 0¢? > (o2 8> puod dSe[[IA 10ISGOM YHON ¥
> > £€9> £€9> £€9> £€9> > > £9> yeiouwiosys ¢
9> 4 0ce> 0ce> 0ce> (e 9> 9> 0Te> puod 20ysesioy ¢
€ 8 081> 081> 081> 099 € € 081> puod d3e[[IA K108 |
qdd w1 qdd u , qdd uy , qdd uy qdd w1 qdd u1 qdd u qdd w1 qdd w ‘ou
, ", / aujwejAuayd auiwejAdosd , , , , , aweu weq
jag-do ‘gag-do APOSOIIN-N U-IpoSOnIN-N auazuaqoniy ‘audjeyydey  ‘xanp auepur]  ‘aurjouinbosj ajs

[1uao1ad oy cumoys onjea uey) SSI| > ‘pozA[eue Jou ‘-- UOHBUILIE]
-u09 Aq pojoayje A[oy1] anjea ‘A <uorfiq Jod syred ‘qdd ¢spunodwos [Ausydiq pajeurio[yokjod ‘sgDd ‘spunoduwod uoqreoopAy onewore o19404jod ‘SHVJ ‘poynuenb jou 1nq poyLIdA 99uasaId [\ parewinss o
‘spunodwos aueyeoioyoLy-jAusydiporoyorp ‘s1aq ‘dnois gHd 18103 sojedrpur Surpeay Aeid ‘dnoid 1, 8101 JO SIoquuiowl djed1pul surpeay Mo[[dA ‘dnoid Hvd [810) JO s1oquiow djed1pul sgurpeay anjg|

panunuUo)—G0Z PUB $00Z Ul SHasSNYIesSSe Ul sjuswpunodwi palda|as WoJy palas||od $8109 UaWIPas-wonoq Ul painseaw spunodwod oiueblo jo suonenuasuoy °py ajqel



9> 00¢> 00¢> 0¢> 45 9> 9> 9> 0> > JOXNJPUUIA ‘POWIBUU()  TE
8> 0€y> 00> 0> 91> 3% [4E] 8> 0> 91> sjooxg Auoyg ‘pawreuun) ¢
> SL> 0po S> > v 910 > > > puod JomoT uokue) sj00) (g
> 0g¢ 001 S> [ 1o 14t > S> > UONE}S PIJEPI[OSUO) IAISAVION, 6T
€r> 059> 059> $9> 97> 8¢ 90 cr> $o> 97> puod ouedpq 8T
(e 00€ 0zI> > S> 10 979 = zI> > I#oorg umol /T
> 0TI 05> S> (e > > > ¢> = T# PUOJ JUSWINUOIN 9T
> Lo 018 > Ll 9 769 > > > puod oA [BL ST
9> 0ge> 00¢> 0¢> 45 79 8T 9> 0> 71> yooig Auoy§ 4t
> 169 001> 01> > W 1o (e 01> > puod syurf roddn €7
[ ovi> 081 01> > 44 Lgd [ 01> > AR Rqessy 7T
N €po 0999 > » 11 99 > S> N puod AND Y 1T
9> 0LT® 00¢> 0¢> 45 I¢d 8¢ 9> 0> > I#PUod [[IN 0T
> 08> 00S°z® > [ > > > > = puod [N~ 61
> 8T 05> > [ W 4 > > > IIOAIDSY Jospuiyy 8
> 86> 05> S> [ > > > S> > RARY [IIN LI
> 0gro 050 SI> 9> ¥ ¥ > SI> 9> SIIIALIOQEL 91
€ 01> 0S1> SI> 9> € 8 > SI> 9> T10AISYY 10dd) MOPRAN 11090y G
(e 0Tt 001> 01> o 92 gre (e 01> > puod [[IA Sulpre) 4]
> 00C> 00C> 0> 8> 81 6° > 0z> 8> SYET UlRUNON ¢
> [¢o 0¢2 > » o 9T > > > MASUD A d4'd Tl
[ 0zI> 001> 01> > v 6o [ 01> > oLod[yg Aemuo) ]
> 670 05> S> [ z S 1> S> > UMOMAJBA (O
> 0919 0LT? > = Z1e LT > S> &= METUOIRS 6
9> 0610 00¢> 0¢> 45 6° 129 9> 0> > 19[INQO puod 13omusd g
9> 889 00¢> 0¢> 45 I 9> 9> 0> 7> SIIUA yotmsd] £
> ¢S] 05> S> & S 11 > > > puod d[AkiRd 9
> 0L> 011 S> W 54 61° > S> 19 ofeapre[ed ¢
[ 091 08> 8> > & - [ 8> > puod 93e[[IA 19ISGIM YHON ¥
> €9> 05> > = & = > ¢> = oYeTIoWOosYS ¢
9> 00€°To 00¢> 0¢> 45 L 01 9> 0> > puod 20ysasIoy ¢
> 0SLd 0S1> SI> 4 vo w > SI> 9> puod d3e[[IA A10308,] |
.“__.“M__“__m qdd uy m_wa”_u_._n__ .h“_..“_ﬂ__u_»_x GPEIT 1L fia! qdd uy .hﬂ.““u_nx GLEIT aweu we(q o
. "losai)-d ‘lag-dd ‘jaq-d'd ‘gaqg-d'd ‘suepiojyadxg ‘Laq-d'o als

-010]yaejuad |elop -oyay-,d'd -oyiay-,d'o

Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts

40

[1uao1ad oy cumoys anjeA uey) ss[ > {pazA[eue Jou ‘-- ‘uonBUILIE]
-u0d Aq pajooye A[oy1] anjea ‘A <uorqjiq Jod syred ‘qdd ¢spunodwos [Auoydiq pajeuriojyokjod ‘sgDd ‘spunoduwod uoqreoorpAy onewore o19494jod ‘SHVJ ‘poynuenb jou 1nq poyLIdA 99uasaId [\ parewnsa o
‘spunodwos dueyeoioyoLy-jAusydiporoyorp ‘s1aq ‘dnois gHd 18103 sojedrpur Surpeay Aeid ‘dnoid 1, €101 JO SIoquuiawl djed1pul surpeay Mo[[dA ‘dnoid Hvd (8101 JO s1oquuiow ajed1pul surpeay anjg|

panunuUo)—G0Z PUB $00Z Ul S8SNYIeSSe Ul sjuswpunodwi paldajas WoJy palaa|jod $8109 WaWIpas-wonoq Ul painseaw spunodwod oiueblo jo suonenuasuoy °py ajqel



a“

Table 4

0e> 9> 9> 00T 1> 00€> 689 8¢9 00¢> 199 - 00¢> JOXNIOUUIA ‘paweuu)  Z¢
0> 8> 8> 009°1> 0er> 0cee 0199 0cy> 0¢I? - 0cr> sjoorg Auo)g ‘pawreuun) ¢
&> W I 00> SL> 009°T 9Ld SL> 001°1 - SL> puod 1omoT uokue) sjo0) g
> > €2 00> 9> 000°¢ 091 So> 00S‘C - $9> UuonelS pajepljosuoy) 191SadloM  6C
S9> 89 89 009°C> 059> 00L1 0919 059> 0¢L 00519 059> puod oues[o 8T
(452 > > 006> £y° 00T°€ 69° 0cI> 006°C - 0cI> [#3001g Umo], LT
G> [> [> 00C> £C9 (4% LE3 99> 869 0LS? 99> C# PUOd JuaWnuoN - 9¢
G> € 14 00C> 8> 000°T1 ¥6° 0¢l1 00%°L - 8> puod dMdJ [°L ST
0> 9> 9> 00T 1> 0ge> 06¢C° 0619 0ge> 0LI? - 0ge> yoorg AuoiS 4
01> (%4 (%4 00> 001> 612 6C2 001> 8¢9 - 001> puog sy roddn ¢z
01> I° (& 00> ovi> 00T 0cI? ovi> 029 - ovi> IOATY 19qessy  C¢C
> 4 14 00> 0L> 001 061° [ 069 -- 0L> puod A ooy ¢
0e> 9> 9> 00T 1> 06C> 006°1 011° 06> 001°1 - 06C> [#PUod [I'IN. 0T
G> > > 00C> 08> 001°1 (4% 08> 00T°1 0€8° 08> Puod [N 61
&> 1> > 00> 9> 00¢ 9¢2 9> 00T - 9> JIOAISOY IOSPUIA, 1
> > > 00> 86> 819 019 86> e - 86> PATI TN L1
SI> £ £ 009> 091> 066 969 091> 0Ly - 091> SIITALIoqIeL 91
SI> £ £ 009> 0€l> 0LT 912 0cr> 00¢ - 0cr> 110A1050Y Jodd[) MOPEOIN 1O G
01> > > 00> 001> 009°1 L9d 001> 000°1 - 001> puod [[IA Suipre) [
0> > ° 008> 00> 091° 899 00C> 001° - 00C> oe  UrjunojN - ¢l
&> 9 0l 00> 9> 0SL €9 9> ovy - 9> M ISHUD /Y A'd Tl
01> (%4 (%4 00> 0cI> 061 £6° 0cI> 091 - 0cI> ood[g Aemuo) 1]
> > > 00C> 9> 08¢ 001 LT3 0¢c - 9> umoreiem 0l
> > > 00> 8¢9 000°C1 08 0L1 008°L - 9> BETUARS 6
0e> 9> 9> 00T 1> 0Te> ovle 0cI? 0ce> 689 - 0ce> JPNQ puod 1epomued - 8
0e> 9> 9> 00T 1> 01¢> 092 01e> 0re> £e9 0vee 0re> SIIIA yotmsdy £
&> > W 00> 8L> 08¢ e 9¢9 0Ty - 8L> puod oiAkidd - 9
> W I 00> 0L> 000°61 0L> 0L> 000°L1 - 0L> d[eAple[led G
8> (%4 (%4 00¢> 8> 001 8¢9 8> 189 - 8> puod 93E[[IA I9)SGIM YMON ¥
> > > 00> £9> 0¢€¢ £9> £€9> €8 - £9> yeTiewodys ¢
0e> 9> 9> 00T 1> 0Te> (1133 0ce> 0ce> 0s¢? - 0ce> puod 20ysesioy ¢
SI> £> £> 009> 081> 018 081> 081> 00§ - 081> puod o3e[IA 10308, |
.h_“_u“.—_:“_m_un_ .ho"__“_u”_m”___ﬂ.z .o_“ﬁ_h_ﬂ_.___._u qdd w qdd u qdd uy qdd uy .%:.__“__h_m_u .“”__“.__”_ﬂ ._ao.___._o“w_ .e__a._N.___M“ﬂ_EE aweu weq ou
‘auaydexo] ‘auljouinp ‘auaild  ‘jouayd - ; aus
-sueu} -suel) -sueln -ueuayq  -ueuayq -0Io[yde3d4 -010|YdEJUI

[3uao1ad ‘o cumoys anjeA uey) ss9[ ‘> ‘pazAjeue Jou ‘-- ‘UonEU
-1wejuod Aq pajdajye A1y anjea ‘A <uorqiq 1od sued ‘qdd ‘spunodwod [Auaydiq pajeuriojyokjod ‘sgHd ‘spunoduwios uoqiesoipAy onewore d1jokokjod ‘sHyd ‘paynuenb jou 1nq pagLdA 2oudsaid ‘|z (pajewuns? 9
‘spunodwod suey3eo1o[yoLy-[Audydipoo[yorp ‘spq ‘dnoid gHd €103 sojearpur Suipeay Aeid (dnoid (I [8101 JO SIoquIaW 9)edIpul S3UIpeay Mo[[oA ‘dnoid [yd [810) JO sIoquiow djed1pul s3urpeay anjg]

panuUIU0)—GOZ PUB $00Z Ul SHASNYIBSSE Ul sjuswpunodwi palda|as WoJy palas||od $8109 UaWIPas-wWonoq Ul painseaw spunodwod oiueblo jo suonenuasuoy °p ajqer



THIS PAGE INTENTIONALLY LEFT BLANK



Prepared by the Pembroke Publishing Service Center.
For more information concerning this report, contact:

Office Chief

U.S. Geological Survey

New England Water Science Center
Massachusetts-Rhode Island Office
10 Bearfoot Road

Northborough, MA 01532
dc_ma@usgs.gov

or visit our Web site at:
http://ma.water.usgs.gov



Breault and others—Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts—SIR 2012-5191

@ Printed on recycled paper



	Estimated Sediment Thickness, Quality, and Toxicity to Benthic Organisms in Selected Impoundments in Massachusetts
	Cover. Upper Left—The Ballardville impoundment on the Shawsheen River, Andover, Massachusetts. Lower Right—Rice City impoundment on the Blackstone River, Uxbridge, Massachusetts. Photographs by Robert F. Breault.
	Acknowledgments
	Contents
	Figures
	Tables
	Conversion Factors, Datum, and Abbreviations
	Abbreviations
	Abstract
	Introduction
	Figure 1. The locations of dams in Massachusetts. Data are from the U.S. Army Corps of Engineers (1996).
	Purpose and Scope
	Field, Laboratory, and Statistical Methods
	Site Selection and Sampling Techniques
	Figure 2. Locations of impoundments in Massachusetts assessed in this study and the drainage areas to the dams that form the impoundments. Sites 24 and 31 are located less than 0.2 mile (mi) apart, and sites 20 and 27 are located less than 0.70 mi apart. Both pairs of sites are shown by a single red symbol. Location data are from the U.S. Army Corps of Engineers (1996).
	Chemical Analysis of Sediment
	Table 1. Characteristics of selected dams in Massachusetts and sampling information for 2004 and 2005.
	Figure 3. Measurement of soft-sediment thickness where A, dam has been breached and the impoundment has been drained and B, impoundment is present at the time of sampling.
	Analysis of Inorganic Elements
	Organic Analysis
	Figure 4. Methods used to obtain cores from impoundments. Cores were collected A, from floating pontoon or B, at the sediment surface where the impoundment has been drained.
	Figure 5. Examples of core penetration through the full thickness of impounded sediment into preimpoundment material. Core samples contain A, floodplain vegetation, and B, inorganic clay.
	Bias and Variability in Field and Laboratory Analyses
	Estimated Toxicity of Sediment
	Sediment Thickness, Chemical Quality, and Estimated Toxicity
	Measured Sediment Thicknesses and Estimated Volumes
	Concentrations of Inorganic Elements
	Table 2. Bottom-sediment thicknesses and estimated volumes of sampled impoundments in Massachusetts in 2004 and 2005.
	Figure 6. Concentrations of A, arsenic, B, cadmium, C, chromium, D, copper, E, lead, F, nickel, and G, zinc in sediment samples from 32 impoundments in Massachusetts. Blue dashed line shows threshold effects concentration (TEC), and the red dashed line shows probable effects concentration (PEC; MacDonald and others, 2000). The laboratory reporting level (LRL) for cadmium coincides with the threshold effects concentration (1 ppm) on part B. LRLs are not shown for the remaining elements, because all other ele
	Table 3. Concentrations of inorganic elements measured in bottom-sediment cores collected from selected impoundments in Massachusetts in 2004 and 2005.
	Concentrations of Organic Compounds
	Estimated Toxicity of Sediments
	Figure 7. Concentrations for A, total polycyclic aromatic hydrocarbons, B, total polychlorinated biphenyls, and C, total dichlorodiphenyl-trichloroethylene (DDT) compounds in sediment samples from 32 impoundments in Massachusetts. Blue dashed line shows threshold effects concentration, and red dashed line shows the probable effects concentration (PEC) measured in parts per billion (ppb). The graph for DDT compounds does not show the PEC line because the value of the PEC (MacDonald and others, 2000) is more 
	Table 5. Average probable effects concentration quotients for bottom-sediment cores collected from selected impoundments in Massachusetts in 2004 and 2005.
	Table 6. Likelihood of toxicity of bottom-sediment cores collected from selected impoundments in Massachusetts in 2004 and 2005.
	Relations Among Contaminant Concentrations, Land Use, and Industrial History
	Table 7. Land use characteristics of selected impoundment drainage areas in Massachusetts.
	Table 8. Relations between sediment-core contaminant concentrations and land use in the drainage areas of selected impoundments in Massachusetts.
	Summary
	References Cited
	Table 4. Concentrations of organic compounds measured in bottom-sediment cores collected from selected impoundments in Massachusetts in 2004 and 2005.




