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INTRODUCTION

As part of the U. S. Geological Survey's National Water Quality Assessment Program,
elevated nitrate concentrations and widespread low concenirations of pesticides and volatile
organic compounds (VOCs) were detected in recently recharged (shallow) ground water in
the surficial Kirkwood-Cohansey aquifer system beneath the Glassboro study area of
southern New Jersey (fig. 1A) (Stackelberg and others, 1997). This aquifer system is
increasingly being used to meet growing water-supply demands in the area, thus, the fate of
these constituents as they move deeper into the aquifer system is of concern.

OBJECTIVES

1) Evaluate water-quality data collected from three well networks (fig. 1B) to determine the
fate of nitrate, pesticides, and VOCs as they migrate to parls of the aquifer system
utiized for domestic and public supply.

2) Compare the occurrence of these constituents in moritoring and public-supply well
networks.

MAJOR FINDINGS

1) Compounds that typically originate from point sources occur more frequently and at
greater concentrations in public-supply well than in monitoring wells:
- Samples from the pubic-supply wells contained a signiicanty greater number of
'VOCs per sample (p=0.0004) and a greater total VOC conceniration per sample
(p=0.0019) than samples from the two montoring-well networks.

2) Compounds that typically originate from nonpoint sources occur with similar frequency
and concentrations among public-supply and monitoring-well networks.
- Nitrate concentrations and the number of and total concentration of pesticides per
‘sample were statistically similar (95% confidence level) among al three well
networks.
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‘The shallow monitoring wells are screened over a 2 ftinterval about 10 ft below the water
table and provide samples that were recharged:

- within 250 meters of the well site (ig. 2),

- during a refatively discrete and recent time interval (fig. 3),

-in areas of residential and urban development (table 1).

‘The moderate-depth monitoring wells are screened over a 2 ftinterval between 30 and 50
ftbelow the water table and provide samples that were recharged:

- typically within 500 meters of the well site (fig. 2),

- during a relatively discrete time interval 10 to 15 years ago (fig. 3),

-in areas of residential and urban development (table 1).

‘The public-supply wells have a median depth of 116 i, a median screen length of 30 f,
and provide samples that were recharged:

- over relatively large contributing areas (fig. 2),

- over a wide time span (fig. 3),

- beneath various land-use settings (table 1).
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GROUND-WATER-FLOW MODEL

A three-dimensional ground-water-flow model was developed to quantify the:

1) rate and path of ground-water movement through the aquier system (fig. 4), and
2) time required for water to move from the water table to point of discharge (fig. 5)
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Figure 6 ilustrates the difference in sources of water discharging from monitoring and
supply wells. It is acknowledged that many uncertainties exist in estimating contributing areas
to wells (Franke and others, 1998). Nonetheless, ground-water-flow modeling techniques can
be useful for providing insight into differences in source-area characteristics and timing of
recharge events between water discharging from monitoring and supply wells.

Monitoring Wells - Monitoring wells are not pumped except during sampling events (and
then at very low rates), thus, they capture flow which originates from relatively small
contributing areas (fig. 6 table 1). Particles tracked back from 2-foot screen intervals on
‘monitoring wells form traces at land surtace. The traces of particies at land surface were
buffered by 50 meters to accomodate uncertainties in exact recharge location.

Public-supply Wells - Public-supply wells typically withdraw large volumes of water. The
public-supply wells sampled for this study have an average pumping rate of about 100
Mgallyr. These large pumping rates result in the capture of numerous flow paths which
originate from relatively large contributing areas (fg. 6). Water discharging from a public-
supply well s, thus, usually a mixture of waters of different ages (fig. 3) and from diferent
land-use settings (table 1).

'SIMULATED CONTRIBUTING AREAS TO A SHALLOW AND MODERATE-DEPTH
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NONPOINT-SOURCE CONTAMINATION

Nonpoint sources are areally extensive sources of
contaminants such as the widespread application of
fertilzers and pesticides in agricultural areas and
emissions from automobiles in urban areas. Nonpoint
sources typically resultin large (areally extensive)
volumes of an aquifer being contaminated with low-level
concentrations of specific compounds. Nitrate and
pesticides are typically introduced into the environment
from nonpoint sources.

NONPOINT SOURCES

NITRATE AND PESTICIDES

1) Pesticides were detected in 75 to 80 percent of samples from each of the three well
networks

2) Eight pesticide compounds were detected in over 10 percent of samples from at least one
of the well networks (fig. 7).

3) Pesticides detected most frequently in samples from the shallow monitoring wells also
were generally detected most frequently in samples from the moderate-depth and public-
supply well networks (fig. 7). Notable exceptions to this occur for the agricultural
pesticides metolachlor, terbacil, and alachior which were detected more frequently in
samples from the pubic-supply wells. Public-supply wells contain  greater amount of
agricultural land within their contributing areas (table 1).

4) Analysis of variance indicates that nitrate concentrations and the number of and total
concentration of pesticides per sample are statistically similar among the three well
networks at a 95%-confidence level (fig.8).
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Point sources are local sources of contaminants such
as leaking underground storage tanks, landiills, and
‘accidental spills which typically contaminate relatively
small volumes of an aquifer system, but which may
introduce a wide variety of chemicals with widely varying
‘concentrations. VOC are typically introduced into the
environment from point sources.

POINT SOURCES

VOLATILE ORGANIC COMPOUNDS

1) VOCs were detected in over 90 percent of samples from each of the three well networks.

2) 17 VOCs were detected in over 10 percent of samples from at least one of the well
networks (fig.9).

3) VOCs detected most frequently in samples from the shaliow monitoring wells also
generally were the most frequently detected in samples from the moderate-depth and
public-supply well (fig. 9).

4) Public-supply wells had a higher frequency of detection for 15 of the 17 VOC (fig. 9).

5) Analysis of variance and multiple-comparison tests indicate that public-supply wells
contained a significantly greater number of VOCs per sample (p=0.0004) and a greater
total VOC concentration per sample (p=0.0019) than samples from the two monitoring-
well networks (fig. 10).
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1) The number of VOCs detected per sample and the total VOC concentration per
sample were significantly greater in samples from public-supply wells than
those from monitoring-well networks.

-VOCs commonly originate from point sources. Because public-supply
wells withdraw larger volumes of water than monitoring wells, their
contributing areas are larger and, therefore, more likely to intercept
VOC point sources.

- Water-quality data collected from monitoring wells generally
underrepresents the number of and total concentration of VOCs in
water discharging from public-supply wells

2) Nitrate concentrations, the number of pesticides detected per sample, and the
total pesticide concentration per sample were statistically similar among all
three well networks.

- Nitrate and pesticide compounds are introduced from diffuse (nonpoint)
sources at relatively consistent concentrations and are ot significantly
altered by physical, chemical, or biological processes within the
Kirkwood-Cohansey aquifer system on a scale relevant to regional
drinking-water supplies. Nitrate and pesticide concentrations in
samples from public-supply wells represent a composite concentration
from mixed land-use settings and flow-path ages.

- Water-quality data collected from monitoring wells is generally indicative
of the concentration of nifrate and pesticide compounds in those parts
of the aquifer system utilized for domestic and public supply.
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