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Abstract
Paired soil and sediment samples were col-
lected along a transect across northern New
York from Lake Ontario to the Tug Hill
Plateau to Indian Lake in the Central
Adirondack Mountains. The samples were
analyzed for four classes of compounds in-
cluding polychlorinated biphenyls, polyaro-
matic hydrocarbons, select chlorinated pes-
ticides, and inorganic elements and metals
with different origins, usage bistory, and
chemical properties. In general, the concen-
trations of these contaminants were higher
in soil than sediment but relatively low
compared to other more developed areas,
consistent with the remoteness of ihe
Adirondack region and limited permanent
population. Trends in the data suggest that
the concentrations of contaminants, partic-
ularly high molecular weight organic com-
pounds, are generally greater closer to Lake
Ontario. The reason(s) for this remain un-
clear, but are likely related to the large
amounts of lake-effect precipitation the Tig
Hill area receives and scavenging of conta-
minants by rain and snow. Levels reportec
[for contaminants investigated in this study
are generally lower than those reported else-
where in the United States, and likely re-
flect the low population density of the re-

gion and less intensive land use.
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Introduction

The far-reaching impact of anthro-
pogenic activities has been convincingly
documented in the world’s remote regions
including the poles (Corsolini et al., 2000)
and mountain tops (Blais et al. 1998).
One consequence of the modern human
footprint is the global scale redistribution
of chemical compounds (Wania and
MacKay, 1996). These compounds in-
clude both natural materials (e.g. metals,
inorganic elements, ions) and manufac-
tured compounds (e.g. pesticides, dioxins,
polychlorinated biphenyls) not normally
produced by natural processes. Regardless
of their origin, anthropogenic activity has
led to the redistribution of these com-
pounds and many others on a scale few
might have anticipated just several decades
ago (cf. Rappe, 1974).

Parts of the Adirondack Park are con-
sidered by many as some of the most re-
mote areas in the United States east of the
Mississippi River. This distinction is fur-
ther advanced by regulated land-use cate-
gories that include ‘wilderness areas’, en-
compassing over one million acres and
18.4% of the Adirondack Park, where
human activity is strictly controlled
(Adirondack Park Agency, 2001). None-
theless, the region is a near equal mixture
of public and private land, surrounded by
large population centers, and has millions
of visitors a year (Jenkins, 2004). Through
atmospheric deposition the area receives
far-traveled contaminants including acidic
species, mercury and other metals, and
persistent man-made organic contami-
nants, some of which may ultimately be
derived from areas many thousands of
kilometers away (Simonin and Meyer,

. 1998). However, intensive forestry, min-

ing, agriculture, and tourism-related activ-
ities all take place within and peripheral to
the Blue Line (Jenkins, 2004) and could
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conceivably result in local sources adding
to contaminant loading.

Four different classes of compounds
were selected for analysis because of their
different origins, behavior in the environ-
ment, production and usage histories, and
possible links to anthropogenic activities
within, or adjacent to, the Park. These in-
clude polychlorinated biphenyls (PCBs),
chlorinated pesticides (including mirex,
hexachlorobenzene (HCB), dichlorodiph-
enyltrichloroethane (DDT) and its metab-
olites DDD and DDE), polyaromatic hy-
drocarbons (PAHs), and metals. A detailed
discussion of these compounds, their be-
havior in the environment, and possible
health impiclations is beyond the scope of
this paper but can be found in literature
and websites (e.g. Morrison and Murphy,
2006; ATSDR website - http://www.atsdr-
.cde.gov/).

These contaminants have long been
known to have a variety of adverse health
impacts on humans and animals (e.g.
Robertson and Hansen, 2001). For exam-
ple, the toxicity of DD'T was widely publi-
cized by Rachel Carson in 1962 in her
seminal book on environmental toxins
Silent Spring. In general, toxicity increases
with concentration in the environmental
media and through synergistic eftects (the
net effect of two or more compounds act-
ing in concert). People and animals are ex-
posed through ingestion of food and water,
inhalation, and, in some cases, through
dermal contact. Exposure to elevated levels
of most of these contaminants is typically
related to proximity to a potential source
or dietary choices.

Most of these contaminants bioaccu-
mulate and tend to be sequestered in fatty
tissues because of their solubility in lipids;
however, some like mercury are found in
muscle tissue. All are generally found in
highest concentrations in animals 2t the
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Figure 1. Sample location diagram for this study
showing northern New York from Lake Ontario
to the Central Adirondacks.

top of the food chain. Thus the fat and
milk of top predators such as seals, walrus,
bears, and humans often contain unsafe
levels of many of these contaminants when
exposure rates are high through ingestion
(Dewailly et al., 1989). All of us carry a
body burden of contaminants that serve as
a fingerprint of where we live and what we
eat. Some of the contaminants are readily
passed on from mothers to offspring or
eggs (Pagano etal. 1999). How these cont-
aminants move through the environment,
and their impacts and fate have been the
subjects of numerous studies.

The objectives of study were as follows:
1) to provide an initial survey of baseline
concentrations of several classes of contam-
inants in paired soil and sediment samples
across an east west transect (Figure 1)
across northern New York from Lake On-
tario to Indian Lake; 2) compare the con-
centrations of contaminants found in the
Adirondacks to other areas; and 3) deter-
mine if any spatial trends in the contami-
nant mixture (fingerprint) occur across the
sampling traverse.

Methodology

Seven sampling locations forming a
160-kilometer east west transect across
northern New York were selected (Figure
1, Table 1). The transect extended from
the eastern shore of Lake Ontario to the
central Adirondacks near Indian Lake.
Each locality was selected to allow sam-
pling of soil and stream sediment within
close proximity. To minimize differences in
substrate composition extensive deposits of
glacial lacustrine or outwash sands in
undisturbed, open areas were chosen as
sampling sites. In all cases sampling were
collected >100 yards from roads to mini-
mize the impact of automobile traffic.
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Sandy soil and sediment was collected
using a stainless steel trowel and immedi-
ately sealed in pre-cleaned glass jars. The
jars were wrapped in aluminum foil and
chilled in a cooler. Both soil and sediment
were taken from the upper 2-3 centimeters
of substrate. Any extraneous organic mat-
ter (e.g. leaves, roots, twigs, etc.) was re-
moved. Our sampling goal was to obtain
soil and sediment samples representative of
the area with similar grain-size distribution
(primarily sand) and organic content for
comparative purposes.

Individual samples were homogenized
and split into subsamples at SUNY Pots-
dam. The Environmental Research Center
at SUNY Oswego (J. Pagano) carried out
PCB and select pesticide analysis by gas
chromatography with an electron capture
detector (GC-ECD); PAH and DDT
analysis was carried out at the Environ-
mental Chemistry Laboratory ac SUNY
Fredonia (]. Glovak and M. Milligan) by
gas chromatography mass spectrometry
(GC-MS). Major and trace element analy-
sis was carried out at ACME Analytical
Laboratories in Vancouver, British Colum-
bia utilizing inductively coupled mass spec-
trometry (ICP-MS) and organic carbon
was determined by LECO analysis. Grain
size analysis and moisture content were
measured at SUNY Potsdam (K. Althouse
and J. Chiarenzelli). Except for samples uti-
lized for grain-size analysis and moisture
content, all samples were analyzed without
drying or size splitting,.

Analysis of organic compounds is fairly
complicated and the details of the analyti-
cal procedures are published elsewhere
(Hopke et al., 2003; Chiarenzelli et al.,
2001, 2002; Pagano ct al., 1999). In gen-
eral, it involves the extraction of the ana-
lytes of interest from a mass of sediment,
cleaning of the extract to remove com-
pounds causing potential analytical inter-
ference, and condensing of the final solvent
carrier. The sample is then injected into a
gas chromatograph and passes through a
long thin (capillary) column utilized to
separate related compounds of different
molecular weights by retention time (how
long it takes them to travel through the
column). Further separation can be em-
ployed using a mass spectrometer that al-
lows definitive identification of com-
pounds by their mass in addition to reten-
tion time.

The analysis of inorganic elements and
metals in geologic samples is more straight-
forward and involves the digestion of pow-
dered samples. Homogeneized samples of
rock powder were analyzed by ICP-ES
(major elements) and ICP-MS (trace ele-
ments) after lithium metaborate/tetraborate
fusion and nitric acid digestion. A separate
split for base metals utilized aqua regia di-
gestion after fusion. During ICP-MS analy-
sis the sample is injected into a stream of
plasma where all bonds are broken and the
characteristic mass to charge ratio of each
element and/or ion can be measured as in-
tensity on a mass spectrometer.

Table 1. Information on soil and sediment samples analyzed for this study.

Location Latitude Longitude

Selkirk Shores

State Park N43°33.244°  W76°12.774’
Trout Brook

Fishing Area  N43°32.730° W?76° 02.761
Osceola

(Salmon River) N43°27.683° W75°35.890’
Pixley Falls

State Park N43°24.202° W75°20.567
Moose River N43°36.777°  W75° 06.090’
Raquette Lake

Picnic Area N43°48.497°  W74°36.146°
Indian Lake

Public Beach ~ N43°47.494" W74°14.031’

0C = organic carbon

% fines = silt + clay fraction, the remainder consists entirely of sand

%0C %fines

Altitude soil  sediment  soil sediment

298’ 0.31 0.1 2 2

545’ 27 014 8 1
1298’ 079 0.22 3 0

944 505 0.18 1 2
1501 0.28 0.1 1 0
1810° 0.18  0.09 0 0
1642’ 196 044 6 1
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Figure 2. PCB concentrations in sediment and soil from west to east across sampling
traverse.
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Figure 3. The sum of DDT, DDE, and DDD concentrations in sediment and soil from west
10 east across the sampling traverse. Note that the DDE concentration of the soil sample from
Pixley Falls is > 500 nglg and plots well above the upper limit of the diagram.
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Figure 4. PAH concentrations from in sediment and soil west to east across the sampling
traverse. The greatest concentration at the top of the diagram is 267 nglg, the National Me-
dian value for sediment from 46 drainage basins NWQAP studies (Chalmers, 2002).
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As with all analytical work, a number of steps
and samples were taken to insure quality control. In
this study quality control was particularly important
given complicated subsampling procedures and ship-
ping of samples to various laboratories. The quality
control samples include blank samples, reagent
blanks, method blanks, duplicate samples, the addi-
tion of surrogate compounds and internal standards,

-and the repeat analysis of certified standards with the

samples. In addition, we also compared analytical
methods for the analysis of DDE in two different
laboratories by different analytical techniques. In all
cases the quality control samples indicated that our
work was precise and accurate, exceeding standards
typically applied for quality control in studies of this
type.

For each class of analytes (PCBs, Chlorinated
pesticides, PAHs, and metals) at least two samples
were duplicated to test reproducibility. For example,
PCBs analysis was duplicated for sediment from In-
dian Lake (1.41 and 1.43 ng/g) and soil from Pixley
Falls (6.17 and 5.19 ng/g). PCB congener specific

patterns were nearly identical for duplicate samples

(R2 > 0.9995). For DDT and its metabolites (DDD
and DDE), ten duplicate samples where analyzed
and concentrations generally were within 80%. The
reproducibility of metals was also high, generally
>95%, except for trace elements at small concentra-
tions (ppb) which were all >90%. These results indi-
cate that the results are reproducible and the data of
high quality; however, the relatively small number of
samples limits the use of statistical comparisons.

Method blanks for PCB analysis (n = 4) ranged
from 1.29 — 2.01 ng/g with a mean 1.81 +/- 0.35.
Method blanks represent the sum total of the analyte
in question introduced into the sample during han-
dling, transport, extraction, and analysis. Several of
the samples analyzed had PCB concentrations at or
below what could be introduced during the analysis;
essentially indicating that the PCB concentrations
were at or below our effective detection limit in some
samples.

Sixteen PAHs were analyzed in this project, rang-
ing from acenaphthylene (three aromatic rings) to
coronene (seven aromatic rings). Naphthalene (two
aromatic rings) was measured in all samples, but in
many cases was present in concentrations statistically
below what was measured in method blanks. As a re-
sult, naphthalene has not been included in the sum.
For the PAH analyses, sample concentrations were
well above those measured in method blanks. For the
sixteen PAH compounds measured in this project,
the method blank total concentrations ranged from
0.2 - 0.7 ng/g (n = 2), with an average of about 0.5
ng/g. All of the soil and sediment samples analyzed
for this work had total PAH concentrations of at least
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five times the method blank average. As a
result, we believe that the PAH concentra-
tions reported here are accurate representa-
tions of the environmental burdens, and
accordingly have not been blank-corrected.

Results and Discussion

Polychlorinated Biphenyls (PCBs) — The
concentration of polychlorinated biphenyls
(PCBs) ranged from 1.57-7.44 ng/g (parts
per billion - dry weight) in soil samples and
from 1.67-3.89 ng/g (dry weight) in sedi-
ment samples. In all but two sample loca-
tions (Selkirk and Moose River) the soil
had more PCBs than the corresponding
sediment sample (Figure 2). In general, as
discussed below, the concentrations mea-
sured are relatively low but higher west of
the Adirondack Park.

Chlorinated pesticides — Several recalci-
trant chlorinated pesticides and chlorinated
byproducts were analyzed during the study.
These include Hexachlorobenzene (HCB),
Mirex, and DDT and its degradation
products DDD, and DDE. As is the case
with PCBs, these chlorinated compounds
are found in considerably higher concen-
trations in soil than sediment samples. For
example, Mirex was detected in four of the
soil samples but in only one sediment sam-
ple. In general, the concentrations of each
of these compounds is low (HCB = ND
(not detected) — 0.097 ng/g; Mirex = ND
—0.300 ng/g; DDE = ND - 1.756 ng/g;
DDD = ND -0.155; and DDT = ND -
0.655). The soil sample from Pixley Falls
had relatively high concentrations of DDE
(538 ng/g) and is considered an anomaly
for reasons presented later (Figure 3).

Polycyclic  Aromatic  Hydrocarbons
(PAHs) — The concentration of PAHs
ranged from 5.16-139.65 ngl/g (dry
weight) in soil samples and from 1.58-4.03
ng/g (dry weight) in sediment samples
(Figure 4). In each location soil samples
had more PAHs than sediment samples; at
some locations (Trout Brook and Pixley
Falls) soil contained more than 50x the
amount of PAHs as paired sediment sam-
ples. In general, these concentrations are
relatively low and this was particularly true
for Adirondack sampling locations (Moose
River, Raquette Lake, and Indian Lake).
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Organic Carbon, Inorganic Elements,
and Trace Metals — Comparison of total car-
bon with organic carbon analyses indicated
that nearly all of the carbon was in organic
form. Soil organic carbon (Table 1) con-
centrations (1.61 +/- 1.79%) were signifi-
candy higher than sediment concentrations
(0.18 +/- 0.11%). The concentrations of

major and trace elements in paired soil and
sediment where nearly identical; however,
a slight enrichment in most trace metals
was found in the soil samples (Figure 5a).
The highest concentrations of some ele-
ments of anthropogenic interest, such as
Pb, are found in the Tug Hill Plateau re-

gion (Figure 5b).
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Figure 5. Select metal concentrations from west to east across the sampling traverse; above: a) compari-
son of sediment and soil samples from this study with National Median values for sediment (NWQAP
studies; Chalmers, 2002) and average upper continental crust (Taylor and McLennan, 1985); an aver-
age crustal value for mercury was not determined. Note that the y-axis is logarithmic; below: b) varia-
tion of lead in soil and sediment across the sampling traverse. The greatest concentration at the top of the
diagram is 25.9 uglg, the National Median value for sediment from 46 drainage basins NWQAP stud-

ies (Chalmers, 2002).
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Baseline Concentrations of Contarminants
in the Transect — Concentrations of virtually
all contaminants measured in this study are
at low levels (Chiarenzelli et al. 2002; see
Figures 3, 4, and 7) consistent with the ge-
ographic and demographic factors in the
area of the transect. These factors include
relatively large distances to population and
industrial centers, limited use of these com-
pounds in the area, and prevailing wind di-
rections. It should be noted that the three
Adirondack sampling locations were within
a major west-east traffic corridor through
the Central Adirondacks (Route 28). Pre-
sumably samples taken in wilderness areas
would have even smaller concentrations
that could only be effectively measured by
increasing the sample size and/or reducing
method blanks and detection limits utilized
in this scudy.

PCBs and other banned chlorinated
compounds and their derivatives were mea-
sured at a few parts per billion (ng/g) or
below at Adirondack sampling sites. These
concentrations are slightly above, at, or
below method blank and/or detection lim-
its. Some compounds, such as Mirex, pro-
duced in relatively small amounts for a lim-
ited timeframe, and although detected else-
where in the traverse (e.g. Tug Hill) were
not detected in the Adirondack samples. In
general, concentrations of these com-
pounds in soil, where detected, are gener-
ally slightly higher than in corresponding
sediment samples. In general, contami-
nants show a correlation with organic car-
bon content and the soil samples had more
organic carbon. Polycyclic aromatic hydro-
carbons were found in each of the soil and
sediment samples, reflecting their continu-
ous production by combustion and natural
processes throughout the region (Tan and
Heit, 1981). Nonetheless concentrations
are fairly low with maximum values of 154
ng/g measured in soil at Pixley Falls, a State
Campground. This may be a function of
historic and current PAH production in
campfires, charcoal grills, or idling auto-
mobiles.

The concentrations of metals of an-
thropogenic interest are also fairly low (e.g.
Chalmers, NAWQA, 2002); ranging from
a low parts per million for As, Cr, Cu, Nj,
Pb, and Zn, and low part per billion con-
centrations for Cd, and Hg. In addition,
the chemical leach data (not presented

here) suggests much of the metals mea-
sured in the samples are tightly bound
within mineral grains, requiring digestion
to liberate them, rather than as adsorbed
particles on the surface of mineral grains.
As with the other contaminants, slightly
more metals were found in soil than sedi-
ment and in the Tug Hill samples relative
to the Adirondack samples.

Comparison of Contaminant Concentra-
tions with Other Areas — Samples collected
along the traverse generally have relatively
low concentrations for all the analytes mea-
sured, consistent with the rural to remote
locations selected for sampling (Chalmers,
NAWQA, 2002; Chiarenzelli et al., 2002).
Pixley State Park is the sole exception. Soil
from Pixley State Park has fairly high (> 0.5
ug/g or ppm) concentrations of DDE. Tt is
possible that its precursor, DDT, was uti-
lized at the park in the past for mosquito
control. This was a common practice in
many areas of the State prior to the ban of
DDT and those old enough may remem-
ber the fogging trucks or lawn mower fog-
gers utilized to distribute the pesticide. The
ratio of DDT to DEE in the samples is
small and suggestive of an older, weathered
source, rather than recent and illegal use of
banned DDT based pesticides.

Polychlorinated biphenyls concentra-
tion in soil and sediment can be broadly di-
vided into impacted or urban areas, rural
areas, and remote areas. The PCB concen-
trations measured in this study are 7 ng/g
and less and fall within the range most
often found in rural to remote areas (Fig-
ure 2; Chiarenzelli et al., 2002. For exam-
ple, recent fluvial sediment samples from
Rice Creek in Oswego, New York and the
Salmon River Reservoir in Redfield, New
York have PCB concentrations from 2-5
ng/g (Chiarenzelli et al., 2001; 2002).
Much greater concentrations, often mea-
sured in tens or hundreds of parts per mil-
lion, are found in sediments impacted by
PCB disposal or leakage (Sokol et al.,
1994). In the National Water-Quality As-
sessment Program (Chalmers, NAWQA,
2002) conducted from 1991-1997 in 46
watersheds only two samples exceeded the
50-100 ng/g detection limits reported for
PCBs. A composite sample of sediment
from the New England Coastal Basin
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(NECB) covering an area of 23,000 mi?
had 155 ng/g of PCBs and that of the
Oahu drainage basin on Hawaii had 80.9
ng/g. One study with lower detection lim-
its yielded a concentration of 8.3 nglg
PCBs in the Potomac drainage basin.
Adirondack samples had PCB concentra-
tions considerably lower than measured in
these drainage basins and often indistin-
guishable from the method blank values
determine for our study (-2 ng/g).

The sum of DDT compounds
(DDT+DDE+DDD) in stream sediments
from the NAWQA study ranged from less
than <2 ng/g to 25.9 ng/g. The highest
value was measured in the densely popu-
lated NECB watershed. In this study, the
sum of the same compounds in sediment
sampled varied from 0.0 to 0.210 ng/g
(Figure 3). Sediment values for DDT,
DDD, and DDE are also low or non-de-
tectable in the Adirondacks but slightly
higher than in corresponding soil samples
and in the Tug Hill Plateau.

Among the basins studied by
NAWQA, polyaromatic hydrocarbons
ranged from <50 — 21,764 ng/g. The na-
tional median for sediment concentrations
of PAHs was 267 ng/g. All sampling sites
in this study were well below the national
median ranging between 2.2 — 5 ng/g and
below most other drainage basins reported.
Soil samples, considerably enriched above
paired sediment samples, were also well
below (6-154 ng/g) the national median
value for sediment (Figure 4).

With very few exceptions (n = 4) all of
the soil and sediment samples collected in
this study were well below national median
values for trace metals (Chalmers, NAWQA,
2002). Trace metals analyzed included
many of anthropogenic interest including
arsenic, cadmium, chromium, copper,
mercury, nickel, lead, and zinc. In fact
heavy metals in Adirondack and Tug Hill
samples are among the lowest in the 46
drainage basins investigated by the
NAWQA (Figure 5a, third set of columns
from left ). Further, the metals concentra-
tions were usually below values for the
upper continental crust (Figure 5a, fourth
set of columns from left) determined by
Taylor and McLennan (1985) and fre-
quently used to identify anomalous metal
concentrations for exploration or environ-

mental purposes.
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These data suggest that contaminant
levels across the sampling traverse are con-
sistently low for analytes measured in this
study compared to a number (n = 46) of
drainage basins throughout the country.
This is consistent with the land-use and
population density in the Adirondacks.
Previous studies have shown direct correla-
tions between contaminants and popula-
tion density and urbanization (Chalmers,
NAWQA, 2002). Another predictor of
contaminant concentrations is the amount
of organic carbon in the sediment samples.
The sediment samples in this study fall also
well below all of the other drainage basins
in terms of their content of organic carbon
(0.09-0.44% vs. National Median of
2.5%).

Spatial Trends in the Data — Although
concentrations of all contaminants are uni-
formly low throughout the sampling tra-
verse, some intriguing trends in the data
occur. These trends may be suggestive of
regional meteorological processes control-
ling the deposition of contaminants, how-
ever, further work is needed to increase
sample numbers and enable statistical test-
ing of the preliminary hypotheses men-
tioned here. In general, the contaminant
concentrations in the Adirondack portion
of the sampling traverse were less than in
the western portion (Tug Hill and Lake
Ontario). This is most apparent for man-
made organic contaminants such as PCBs,
PAHs, and chlorinated pesticides. Adiron-
dack samples were often at or below detec-
tion limits for these compounds. The rise
and cooling of moist air masses passing
over Lake Ontario and resulting precipita-
tion may result in the preferential deposi-
tion of contaminants closer to the lake
(Chiarenzelli et al., 2002).

In addition, spatial trends in the pro-
portions of compounds (congeners or iso-
mers) that make up the environmental
mixture observed in the samples also vary.
For PCBs there is a weak trend (not statis-
tically validated) for heavier compounds
(greater molecular weight) to be enriched
closer to Lake Ontario and for mixtures to
become progressively lighter as one travels
eastward into the Adirondacks (Figure 6).
These trends are most apparent in soil sam-
ples that generally have greater concentra-
tions of contaminants than corresponding
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Figure 6. PCB average chlorine to biphenyl ratio in sediment and soil samples across sampling traverse

Jfrom west to east.

sediment samples. Soil, as a residual de-
posits, develops and accumulates material
for many years whereas stream sediment
samples are often rapidly deposited and are
subjected to burial or periodic reworking,
and thus generally represent only restricted
intervals of time. In addition, soil samples
analyzed in this study have significantly
more organic carbon than the sediment
samples, which is often correlated with

contaminant concentrations and hy-
drophobic  compounds  (Chalmers,
NAWQA, 2002).

A “heavier” signature in the PCB mix-
tures observed suggests distinct changes in
the proportion of individual congeners or
isomers making up the mixtures (finger-
print) found in the environmental samples
(Morrison and Murphy, 2006). In the case
of PCBs, the mixtures with heavier signa-
tures tend to be enriched in highly chlori-
nated congeners. This can be measured by
determining the average number of chlo-
rines per biphenyl molecule in a given en-
vironmental mixture. Figure 6 shows the
trends in soil and sediment in terms of the
average chlorine per biphenyl molecules
across the sampling traverse. It should be
noted that the trends displayed in Figure 6
are based on a limited number of samples;
more data are needed to confirm the trend
noted.

The PCB fraction in these samples is
dominated by recalcitrant congeners that

are less mobile and have been shown to re-
sist degradation in the environment and by
metabolic processes within animals (James,
2001; Chiarenzelli et al., 2001). They rep-
resent a “weathered” fraction that has accu-
mulated despite degradation and physical
redistribution processes such as volatiliza-
tion, solubilization, oxidation, and bio-
degradation. Since lighter PCB molecules
(those with less chlorine) have a greater
tendency to remobilize, soil samples are
dominated by residual congeners.

Summary

The following key points emerge from
the data presented:

Contaminant (PCBs, chlorinated pes-
ticides, PAHs, and metals) concentrations
in paired sediment and soil samples are
similar but low in the Tug Hill and Adiron-
dack regions probably because of limited
population density and relative geographic
isolation. As might be predicted from their
geography, Adirondack samples tend to
have concentrations lower than those from
the Tug Hill region. Factors such as eleva-
tion and watershed geology that may be
important in determining the impact of
acidic precipitation or mercury deposition
appear to have limited influence on these
classes of contaminants.

Despite active forestry, mining, and
tourism activities within the Park, the con-

taminant concentrations measured are
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among the lowest in the Nation, based on
comparison with available databases and
the literature. However, this also suggests
that some contaminants not used in great
abundance in the Park (e.g. PCBs, chlori-
nated pesticides) are likely derived from at-
mospheric transport from sources external
to the region. Unfortunately despite lim-
ited local input of contaminants, the envi-
ronmental health of the Adirondacks de-
pends primarily on decisions and actions
taken outside of the Adirondacks. Amelio-
ration of existing problems such as acidic
precipitation (Driscoll et al., 2003) and
mercury deposition (Simonin and Meyer,
1998) are thus also dependent on external
factors.

Spatial trends suggest that within PCB
mixtures “heavier” molecules are relatively
enriched in samples taken along the west-
ern end of the sampling traverse closer to
Lake Ontario. One possible reason for this
is the path of regional air masses from west
to east over population centers and the
scavenging effect of lake-effect precipita-
tion (Franz and Eisenreich, 2000). Fine
particles and their adsorbed contaminants
in air may be partially removed by precipi-
tation in the Tug Hill Region, effectively
cleaning air masses prior to their move-
ment over the Adirondack Region. Because
the Tug Hill Region is closer to population
centers and receives large amounts of lake-
effect precipitation, it may serve as a har-
binger of environmental change and fore-
shadow trends in contaminant deposition
in northern New York. If so, the Tug Hill
Plateau may provide important context for
future contaminant studies in the Adiron-
dack Park.

To our knowledge this is the first scudy
of this kind conducted in the Adirondacks
and perhaps elsewhere. Comparison of soil
and sediment samples taken in the same
area suggests soil, a residual deposit, tends
to accumulate more contaminants, al-
though this may also be a function of or-
ganic carbon content. The organic contam-
inants in soil have a highly “weathered” sig-
nature due to physical, chemical, and/or
biological processes operating in the soil.
However, because of their highly recalci-
trant nature and resistance to redistribution
the compounds remaining may be pre-
served in the soil profile for perpetuity.

ANALYSIS
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