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In 7978, a New York State Department of Environmental Conservation (NYSDEC)

investigation of contamination of municipal water supply wells by volatile organic

chemicals initiated concern regarding disposal of the solvent tetrachloroethene from dry

cleaning establishments to on-site sanitary and drainage systems. As a result of this

concern, the Westchester County Department of Health (WCDH) conducted a county wide

survey of these potential sources of chemical releases which included the dry cleaner

located in the Shopping Arcade in Bedford Village, New York. In 1979, because of

suspected releases of chemical contamination from the dry cleaning establishment, a

study was conducted in Bedford Village by WCDH and a number of samples were collected

from private wells in the vicinity of the Shopping Arcade and the dry cleaner. Analysis of

these samples identified an area of contaminated ground water located in the Village

Green area immediately downgradient of the Arcade. Chemical analyses of the samples

indicated the presence of high concentrations of tetrachloroethene and its breakdown

compounds trichloroethene and cis-l,2dichloroethene.

Between 1982 and 1984, studies performed by NYSDEC showed fluctuating levels of

the volatile organic chemical contamination in the private water supply wells and in 1985,

the Shopping Arcade building and the Theater building installed granular activated carbon

(GAC) treatment filters.

In 1986, WCDH and United States Environmental Protection Agency (USEPA)

investigations confirmed that volatile organic contamination existed in the private wells

and low concenfations of volatile organic chemicals also appeared east and southeast of

the Arcade in water supply wells which \r'ere previously uncontaminated.

Based on the aforementioned findings and the nature of the chemicals found, the

source of contamination was thought to be from the dry cleaning establishment formerly

located in the Shopping Arcade. It was suspected that the dry cleaner in the Arcade

disposed of waste/wastewater containing the solvent tetrachloroethene into the Arcade's

sanitary system which discharges to a leaching field behind the Arcade building and the

adjacent Exxon gasoline station. In addition, surface soils behind the dry cleaner were

believed to have also been contaminated from past disposal practices and that

contamination may have entered the stormwater drainage system in the vicinity of the
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I
t
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site. The drainage system becomes an open drainage ditch which eventually discharges to

a series of surface water bodies (wetlands and ponds) in the study area before entering the

Mianus River.

As a result of these findings, NYSDEC as part of the New York State Superfund I ?

Progxam, placed the Shopping Arcade Site on the State Superfund List and retained the l)hr'^^ .

services of Dvirka and Bartilucci Consulting Engineers to conduct a Remedial

Investigation and Feasibility Study (RI/FS). The goals of the RI/FS were to
determine/verify the nature, source and extent of contamination in the vicinity of the

Arcade, assess impacts on human health and the environment, and depending on the

results of the investigation, identify, evaluate and select a long-term cost-effective

remedial action to mitigate contamination.
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/\ntins..(:og" }vrarl stud/ which ats/ invotved contaáination uy 9'lsuspected dry cleanâr

i an\ waS similar lqrcope to the-irlvestigation of the ShopÈ[S..Arcade, is-containedrin a
\ -,1

A separate RI/FS was also conducted simultaneously at the Hunting Ridge M¡l\Site
rd ao6à\imâtelv onêzlrrilê souttffièst of the Shø6òtne Arcade^The result( of th6

separate report.

The Remedial InvestigatÍon of the Shopping Arcade Site, which is the subject of this

report, was conducted from June 1987 to April 1989, and comprised a multi-phase,

multi-matrix sampling program including ground water, surface water, stormwater

drainage system sediment, surface water sedirnent, surficial soils, septic tank sludge and

supernatant samples. Phase IA, conducted in August 1987, and Phase IB, conducted in

May and June 1988, evaluated potential sources, surficial contamination and possible

routes of migration. Information from these phases was used to design the Phase II

investigation.PhaseIIA,conductedfromAugustßelt6ã@andPhaseIIB,\:.-..-.-
conducted from April 1988 to January 1989, characterized the hydrogeology and ground

water quality underlying the study area as well as provide an assessment for the potential

for further migration.

Phases IA and IB comprised the sampling of the Shopping Arcade sanitary system

(one sample), the Ex:<on gasoline station sanitary system (one sample), the stormwater

drainage system in the vicinity of the Arcade including two catch basins on Route 22 and

Court Road (two samples), the drainage ditch along the north side of Court Road to which

the drainage system discharges (three samples), wetlands/ponds upgradient and

downgradient of the point to which the drainage ditch discharges (eight samples) and the

Mianus River to which the wetland/pond system discharges (four samples). In addition,

located apóro\imately on7rnile soutlfièst of the Shp6Èfng Arcad2,--.The resul;

{unting É.ioge Ìvfall studf which als/ involved contaínination by g/suspected d4
'f'6\'"il"'
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soils were sampled behind the former location of the dry cleaner and at the Shopping

Arcade's sanitary system leaching field (3 samples). Phase IA \ras comprised of
approximately an equal number of analyses for Hazardous Substance List (HSL) compounds

and volatile organic chemicals (VOCs), as was the Phase IB analyses.

Phase IIA and IIB involved the installation and sampling of 13 monitoring wells in

and contiguous to the Shopping Arcade Site at nine locations, as well as.the sampling of

two existing/abandoned water supply wells, one owned by the Exxon gasoline station and

one owned by the Bedford School. Soil samples were obtained during the construction of

seven monitoring wells, al.l of which were located downgradient of the Shopping Arcade.

A total of 2l ground water samples were collected from the monitoring wells (including

the Ex¡<on and Bedford School wells). The Phase IIA sampling program was comprised of

approximately an equal number of HSL and VOC analyses, while Phase IIB was comprised

of only VOC analyses.

In addition to the Phase I and II monitoring programs, as a result of concerns

expressed by local residents regarding the quality of drinking \r'ater from private wells, a

third phase not included in the original scope of work was undertaken (Water Supply

Sampling Program) which involved the sampling of 39 private (residential and commercial)

wells in the study area. This sampling program, which involved analysis primarily for

VOCs, nitrates, and a limited number of analysis for HSL compounds, was conducted in

October and November 1988.

The findings of the Remedial Investigation sampling program, health risk assessment

and recommendations for potential remedial action to be considered in the Feasibility

Study, are as follows:
---'¿'-/

Source/Sanitary System Contamination

The analysis of waste\rrater supernatant in the septic tank of the sanitary system

that serves the Shopping Arcade (no sludge was found in the septic tank) showed low

concentrations of solvents typically used in dry cleaning and their breakdown products.

This, together with the results obtained from analysis of soils behind the former location

of the dry cleaning establishment and at the Arcade's sanitary disposal system leaching

field, indicate that there is little continuing contamination resulting from the past dry

cleaning operation, and little residual contamination in the soil resulting from prior

discharges. However, elevated concentrations of copper (1,750 u,/l), silver (332 ug/l) and

phenol (46.8 ug/l) were detected in the Shopping Arcade's septic tank supernatant that
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exceeded effluent discharge standards. Although copper, silver, andphenol have not been 
,,,,\( /{1,n.

found in ground s/ater downgradient of the site at levels that exceed their respective t/ ''

gtround \ryater standards, the elevated concentrations of these parameters in the septica 
fr"^- 

Iw1 .)
tank supernatant are still in contravention of effluent discharge standards. nlu"

Sampling of the Exxon gasoline station sanitary system septic tank sludge detected

high levels of benzene (1,700 ug/kg) toluene (300,000 ug/kg), :çylene (37,000 uglkg) and

other volatile aromatic hydrocarbons such as ethyl benzene (37,000 ug/kg) and

l,4-dichlorobenzene (2,501Q90 ue/ke\. The high levels of all of these compounds

significantly exceed the (ARARffor soil and sediment based on the New Jersey

Department of EnvironmeììA-ótection (NJDEP) cleanup guidelines for Total Volatile

Organic (TVO) compounds. In addition, an elevated level of lead (1,000 mglkg) was found

in the sludge that exceeded the NJDEP cleanup guideline for lead of 100 mg/kg. Since

benzene, toluene and >iylene (as well as lead) continue to be found in the g¡ound \l,ater

downgradient of the site at concentrations that exceed ground water standards, it is

pg!å_ible that the sanitary system and underlying soil could be a continual source of this

contamination.

?, Stormwater Elrainage System Contamination

Sampling of the sediment in the catch basins as part of the stormwater drainage

system serving the vicinity of the Shopping Arcade along Route 22 and Court Road and

samples from the storm\\'ater drainage ditch along Court Road, showed littlè
contamination. The only sample locations that showed slightly elevated concentrations of

volatile organic chemicals/analytes of concern was in the catch basin at the intersection

of Court Road and Route 22 and where the stormwater drainage ditch merges with the

outlet of the pond north of Court Road. The following analytes of concern were detected

in the catch basin sediment sample: trichloroethene (5.0 uglkg); l,l-dichloroethene (7.0

uglkg); 1,1,1-trichloroethane (5.0 ug/kg); benzene (6.0 uglkg); toluene (9.0 ug/kg);

2-butanone (21.0 ug/kg); chlorobenzene (6.0 ug/kg) and 4-methyl-2-pentanone (7.0 uglkg),

and the ditch/pond confluence sample contained tetrachloroethene (5.0 uglkg);

l,2-dichloroethene (9.0 ue/kg); benzene (3.0 uelke); toluene (41.0 ug/kg); total 4ylenes

(52.0 ue/kg); and vinyl chloride (3.0 uglkg). The pond sediment sample also contained

several polycyclic aromatic hydrocarbons (PAHs) including pyrene (1,300.0 uglkg), benzo

(k) fluoranthene (930.0 ug/kg), benzo (a) anthracene (530.0 uglkg), fluoranthene (922,0

uglkg), benzo (b) flouranthene (690.0 uglkg) and phenanthrene (280.0 uglke). These

contaminant levels are not considered significant in relation to guidance values

established by the New Jersey Department of Environmental Protection (NJDEP) used in
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determining the need for evaluation of remediation. (The guidance value for total

PAHs/base neutral compounds is 10,000 ue/kÐ.

Wetland/Pond Contamination

Results of sediment samples obtained from the wetlands and ponds north and south

of Court Road to which the stormwater drainage system discharges show little
contamination. Overall it appears that the sediment in the three ponds sampled within

the study area contain only low concentrations of the organic compounds of concern and

there does not appear to be a concern for future significant releases to the study area and

Mianus River from these sediments' Low levels of only tu¡o analytes of concern

(1,1,1-trichloroethane [11 ug/kgl and benzene [3 uglkg} were found only in the pond

sediment north of Court Road; however, elevated levels of phenols (740 ug/kg) were found

in the last pond in series (Long Pond) located north of Pound Ridge Road as well as the
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first pond located north of Court Road (4,590 uelkÐ. Ehese concentfetio$ g_

.pnenotsZaciO e-t mpounds ar:e_l_eqlltrel [t!_"_1"fel)established 
for evaluation of

I .r ,\¡.rtr --- ft--\ \ /clean up which is 10,000 uglke)up which is 10,000 uelkC) t 
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G-' \,'.\o,unl
Mianus River Contamination \ çho: '"

Except for 2-butanone (methyl ethyl ketone), which was found in both upstream and

downstream samples of water and sediment, the Mianus River showed little
contamination. However, the sediment sample obtained at the confluence of the

wetland/pond system discharge to the river contained elevated concentrations of several

PAHs including fluoranthene (780.0 ug/kg), phenanthrene (520.0 uglkg), benzo(a)pyrene

,-,r (560.0 uelkg) and pyrene (580.0 ug/kg), the total of which is substantially less than the
r .À-
nùï. NJDEP Suidance\evels for cleanup.) In addition, a slightly elevated concentration of

' silver (28.0 ugll) was found in the surface water sample taken at this location; but is less

than the ,t"nd"rdffiÈìestablished for this metal.
\,/

A review of the analytical results generated from the Mianus River sampling

illustrates relatively unrelated low level occurrence of organic chemical contamination

from analytes of concern in the Mianus River, as well as those in the other surface waters

in the study .r"..ft does not appelftnat the Shopping Arcade Study Area is significantly

contributing to contamination found in the Mianus River, however,[1 does appeallthat an

unidentified source(s) of 2-butanone exists. upgradient "F.PÐ in the vicinity of the

study area. The PAH compounds{most likeli}esult from coal tar and asphaltic compounds

in roadway/surface runoff. L )

13628



,ü

Subsr¡rface Soil Contamination

Low levels of contaminants were found in the soils of five (MW-18, MW-3M,

MW-SS, MW-58 and M\{-11) of the seven monitoring well boreholes that were sampled.

All of the wells were located downgradient of the Shopping Arcade and one exploratory

borehole (lvfW-ll) was located behind the former location of the dry cleaner. The highest

concentrations of contaminants were found at lvfW-3M directly in front of the Arcade

building. Three of the four samples collected contained detectable levels of
contaminants. In the 5-7 foot sample, 6 ug/kg of toluene was detected. The 15-17 foot

sample contained 22 ug/kg of trichloroethene and 32 ug/kg of toluene and the 20-22 foot

sample (bedrock uras encountered ar23 feet) contained 34 ug/kg of trichloroethene and 50

ug/kg of toluene.

In addition, an exploratory source boring (MW-11) drilled directly behind where the

former dry cleaning establishment was located contained low levels of the indicated

contaminants at the indicated depths: tetrachloroethene (10.4 ug/kg) at 0-2 feet;

trichloroethene Q.a uelke) at 4-6 feet; trichloroethene (6.1 ue/kg) at 22-24 feet; and

trichloroethene (5.7 ug/kg) at 30-32 feet.

All of the aforementioned levels are not considered significant in relation to

guidance values established by the New Jersey Department of Environmental Protection

(NJDEP) used in determining the need for remediation.

Ground llfater Contamination

Based on the results of sampling monitoring wells and water supply wells in the

study area, three areas of ground urater contaminated primarily by the dry cleaning

chemical, tetrachloroethene and its breakdown compounds (as well as benzene, toluene

and xylene compounds) have been identified. The first area consisting of elevated levels

of contamination comprising tetrachloroethene and its breakdown compounds exists in the

unconsolidated/overburden deposits in front of the Shopping Arcade. This fairly high

contaminated 'þocket" of contamination is centered around MW-3M where a total average

(average of Phase IIA and IIB sampling results) concentration of tetrachloroethene and its

breakdown products was found to be 213 ug/|. In addition, ground \¡/ater in this area (at

MW-2M and MW-3M) contains elevated levels of lead, chromium and barium that exceed

gfound water standards.
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The second area of ground urater contamination consisting of mainly

tetrachloroethene and its degradation compounds is the large primary plume of
significantly contaminated ground water in bedrock migrating/extending northeastu¡ard

from the vicinity of the Shopping Arcade's private water supply well downgradient to

approximately monitoring well MW-68. The dimensions of this plume are approximately

800 feet in length and 200 feet in width at its widest point. The total average (average of
Phase IIA and IIB sampling results) concentrations of tetrachloroethene and its breakdown

compounds in this plume range between a low of 146 vg/l at lv[W-68 to a high of 746u9/l

at the Shopping Arcade water supply well. Other high values recorded were 468 ug/l at

lvfw-lB, 284 ug/l at the Exxon gasoline station water supply well and 216ugll (as well as

514 ug/l of BTX contamination) in an abandoned water supply well that once served the

Banks building located directly opposite/downgradient of the Exxon station as well as the

Arcade.

The third area of ground water contamination, or secondary plume, is a portion of

the primary plume of contaminated ground water in the bedrock that has migrated

perpendicular to Court Road in a southeasterly direction along the east side of Route 22

near the center of the village. Concentrations of tetrachloroethene and its breakdown

products ranged from a total averaged level of 26 ug/l in the private water supply well at

a residence at 1l Court Road to 85 ugll in the private water supply well serving the Fire

Department building on the Village Green.

Based on the nature of the chemicals detected and the location of the dry cleaning

establishment, all three areas of ground water contamination most likely resulted from

prior discharges of tetrachloroethene to the Shopping Arcade's sanitary system, direct

disposal to surface soils and contamination of the areafs stormwater drainage system.

The benzene, toluene and xylene compounds found in the ground water are most likely due

to prior discharges of these contaminants to the Exxon gasoline stationrs sanitary system,

underground fuel tank leakage and spills at the Exrcon station and possibly the Bedford

School, as well as roadway runoff. The lead contamination (and possibly chromium and

barium) in ground water in the immediate vicinity of the Arcade and Exxon station is most

likely due to contaminants released by the Ex)con gasoline station as mentioned above.

Based upon historic information and data obtained during the Remedial Investigation, it
appears that contamination will persist in the subsurface environment of the study area

above standards and guidance values established for ambient ground \¡'ater quality.

13628 s-7
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lVater. Sr¡pply Conta mination

As described above, sampling of community and private wells in the study area

revealed significant contamination of water supply based upon exceedance of ambient

ground water standards and guidelines and drinking water standards, both within the

boundary of the Shopping Arcade property and along Route 22 and in the Village Green,

and Court Road. Although there is some contamination of benzene, toluene and :<ylene,

most likely caused by reported gasoline and fuel leaks/spills at the Ex¡<on gasoline station

and Bedford School in the study area, most of the contaminants found in this investigation

appear to be related to dry cleaning solvents and its degradation products. Based on

trends in the levels of contaminant, it appears that in general the contaminant

concentrations in the Shopping Arcade Study Area have slightly declined, most likely due

to the cessation of waste discharges and periodic clean out/pump out of the Arcade's

sanitary system. However, the most recent analytical results indicate that some private

water supply wells (especially at the Arcade and Exxon station) showed increases in some

contaminants.

Overall, a large portion of the study area still contains contaminated ground v/ater

@tjs above standards established by New York State for both ambient ground water and

drinking water. Because it appears that this is basically residual contamination after the
c

(ation of source releases, it is expected that the contaminant levels will persist for

some time above standards established for drinking \ryater, and thereby will continue to

impair water supply until they are eventually displaced from the subsurface environment

underlying the study area.

Health Risk Assessment

Carcinogenic and non-carcinogenic risks were computed for hurnan receptors using

domestic wells which utilize ground water as a source for water supply.

Results of non-carcinogenic risk estimation indicate that the average

non-carcinogenic risk for the entire study area, as measured by the hazard index value, is

well below the United States Environmental Protection Agency (USEPA) recommended

acceptable ceiling of 1. However, non-carcinogenic risks (hazard index values) for

exposure to ground water drawn from wells located within the bedrock contaminant plume

downgradient of the Shopping Arcade Site approach the limit of l. In addition, hazard

index values calculated for residential exposure to untreated ground water taken from

wells located at the Shopping Arcade are slightly above the acceptable limit.
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Calculated increased lifetime cancer risk posed to human receptors using domestic

wells which are supplied by gfound water are examined using two approaches.

The first approach utilizes ground water data from monitoring wells screened at

different zones of the water bearing strata. Results of this approach indicate that the

carcinogenic risk posed by ground water in the overburden is well within the USEPA

recommended acceptable range of l0-4 to l0-7.

The carcinogenic risks lie in the range of 7.28x 10-4 to 3.17 x l0-4 for the bedrock

\¡/ater bearing strata. These values of computed risk are slightly higher than the highest

USEPA recommended value of 10-4. Individual carcinogenic risks calculated for specific

compounds indicate that the contaminants of concern which lead to this high carcinogenic

risk for ground water in the bedrock are breakdown products associated with the dry

cleaning solvent tetrachloroethene, specifically 1,2-dichloroethene and vinyl chloride.

The second approach toward evaluating the risks posed by ground u/ater use involves

computation of carcinogenic risks based upon data available at receptor points prior to

filtration. Average increased lifetime cancer risk calculated for the entire study area

falls within the range of 1.06 x^10-4 to 3.07 x l0-4. These values fall slightly above the

USEPA acceptable range of l0-4 to lO-7.

In order to further identify areas within the study area which may pose greater or

lesser risks due to gfound water exposure, the study area is broken down into 
"*potut"

scenarios based upon detected levels of contamination. Results of this analysis indicate

that the lowest risk is posed for human receptors at points located hydraulically

upgradient and laterally away from the suspected source. This scenario, as well as the

scenarios which include wells within the overburden plume and wells along the fringe of

the bedrock plume, all have calculated increased lifetime cancer risks within the

acceptable range of l0-4 to 10-7.

Data collected from wells located within the bedrock contaminant plume resulted in

calculated increased lifetime cancer risks in the range of 2,59 x l0-3 to ?.05 x 10-3.

Within this plume, untreated ground water from the Shopping Arcade well has a calculated

increased cancer risk of 2.50 x l0-3 to 5.83 x l0-3, and untreated v/ater from the

abandoned Banks building well, across from the Shopping Arcade, has a calculated

increased cancer risk of 4.83 x l0-3 to 1.03 x rc-z. Review of data tables for these
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scenarios indicates that the contaminants giving rise to these elevated risks include

tetrachloroethene and its breakdown product 1,2-dichloroethene for the ShoppÍng Arcade

well, and tetrachloroethene, l,2-dichloroethene and benzene for the abandoned Banks

building well.

It should be noted that, with the exception of untreated ground water from the

Shopping Arcade well, the dermal route of exposure yields risks which are well within the

acceptable range recommended by USEPA. Accordingly, ingestion and inhalation are the

exposure routes of concern.

Remedial action to address the areas of contamination, routes of migration and

potential receptors identified in this report will be addressed in the next phase of this

investigation which is referred to as the Feasibility Study. The Feasibility Study will

identify potential remedial alternatives, evaluate these alternatives based on

effectiveness, implementability and cost, and select a remedial action plan whích will

include a conceptual design, preparation of a cost estimate, and schedule for

implementation.
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I.O INTRODUCTION

As part of the State of New York's efforts to clean-up inactive hazardous $/aste

sites, the New York State Department of Environmental Conservation (NYSDEC) entered

into a contract with the firm of Dvirka and Bartilucci Consulting Engineers of Syosset,

New York to undertake a Remedial Investigation and Feasibility Study (RI/FS) for the

Bedford Village tffells-Shopping Arcade Site located in Westchester County, New York

(see Figure No. l-l). The RI/FS for this site is being conducted with funds allocated

under the New York State Superfund Program. The purpose of the overall RI/FS process

is to determine the nature and extent of contamination at the site, the sources of

contamination, the risk to public health and the environment, and to perform a Feasibility

Study (FS) which will identify and evaluate mitigation alternatives, and recommend a

cost-effective, environmentally sound and long-term remedial action. The Remedial

Investigation (RI) portion of the project, which comprises primarily the field program and

health risk assessment, began in August 1987 and v/as completed in April 1989. This

report presents the results of the Remedial Investigation. After finalization of this

report, the Feasibility Study will be undertaken. The Feasibility Study will take

approximately five months to complete, after which, a second report describing the

results of this study and recommended remedial action(s) will be prepared.

l.l Site Backgror¡nd

In 1978, the Westchester County Department of Health (WCDH) became aware of

ground \rrater contamination and potential drinking \rrater problems in areas where present

and past dry cleaning establishments have been located. An investigative program was

established which collected numerous well samples throughout the County. The results of

the initial investigation revealed contaminated wells in Katonah Village, Armonk Village

and Bedford Village (Shopping Arcade). Contaminated wells located at and contiguous to

the Hunting Ridge Mall Site, also located in Bedford Village, were discovered by WCDH in

1983. The sources of contamination at these sites were suspected to be dry cleaning

establishments which disposed of wastes into sanitary and stormv/ater drainage systems.

Both Bedford Village sites involve private water supply well contamination.

1-l
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l.l.l General Description

The Bedford Village Wells - Shopping Arcade Site is located in the Village business

district (see Figure No. l-2) where a dry cleaner had operated several years ago. The

results of the lVestchester County Department of Health testing program first revealed

(April 1979) that three wells were contaminated with varying amounts of

tetrachloroethene (ll to 470 ugll), trichloroethene (2 to 80 ugll), as well as

cis-l,2-dichloroethene (4 to 51 ue/l). These wells serve the Bedford Theatre Building, the

Bedford Shopping Arcade and an Exxon gasoline station. Initially, all three wells were

placed under "boil water" notices by the Department of Health; however, monitoring data

obtained from the Phase I study conducted by the New York State Department of

Environmental Conservation in 1983 showed only the Shopping Arcade well to have

unacceptable levels (greater than 50 ug/l) of tetrachloroethene.

Prior to this investigation, the most recent (1986) analytical data has sh,, ¡rl that the

levels of volatile organic chemicals (VOCs) in the three wells continued to fluctuate.

Trace concentrations of these chemicals had also been found in \¡/ater samples obtained to

the east and southeast of the Arcade. Based on these findings and the nature of the

chemicals found, the source of contamination was thought to be from the dry cleaner

formerly located in the Shopping Arcade, however, the extent of the problem had not been

defined. Granular activated carbon (GAC) filters have been installed on the water supply

systems of the Shopping Arcade, Theatre Building and the Exxon gas station by the

property owners. Where properly maintained, these systems appear to effectively reduce

contaminant concentrations to levels which are below New York State Drinking Water

Requirements. All other contaminated wells are under "boil water" notices issued by the

WCDH.

1.1.2 Site History and Previous Investigations

1979 A Westchester County Department of Health (WCDH) testing program

reveals three wells, located in the Theatre Building, the Shopping Arcade, and

an adjacent Exxon gasoline station, are contaminated with varying amounts

of tetrachloroethene, trichloroethene, and cis-1,2-dichloroethene. The

WCDH places all three wells under I'boil water" notices.

The Westchester County Commissioner of Health releases an "Information

Bulletin" to certain dry cleaning establishments in Westchester County

outlining proper storage and disposal methods of cleaning-u,astes.

1-3
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1980 The Westchester County Department of Health removes the "boil water'r

notice from the Exxon gasoline station.

1982 Updated sampling indicates that only the Shopping Arcade well has

unacceptable (treater than 50 ugll) levels of tetachloroethene. WCDH

removes the "boil waterf' notice from the Theatre Building well, but

recommends sampling twice a year.

1983 Wehran Engineering submits the Bedford Village Wells Phase 1 Investigation

Report. The Wehran report focuses only on the Shopping Arcade Site.

1984 Wehran Engineering completes the Bedford Village Wells Phase II

Investigation Report for the New York State Department of Environmental

Conservation. They conclude that volatile organic chemical (VOC)

contamination still persists at the Shopping Arcade Site.

The Phase I[ report also contains sampling results for the Hunting Ridge Mall

Site which was discovered in 1983. Although the Mall site is located just

4,000 feet southwest of the Shopping Arcade Site, researchers feel that the

gtround water contamination at the two sites is not related.

1985 The Shopping Arcade o$'ner installs granular activated carbon (GAC) filters

in May. The Theatre Building owner installs GAC filters in August.

1986 Sampling programs undertaken by the Westchester County Department of
Health and the United Stated Environmental Protection Agency (USEPA)

reaffirm the presence of VOCs in the three private wells. Low

concentrations of VOCs also appear east and southeast of the Arcade in
private wells which \¡/ere previously uncontaminated.

NYSDEC requests five consulting firms to submit proposals for the Bedford

Village Wells Remedial Investigation/Feasibility Study project.I
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1987 NYSDEC, with the cooperation of the Town of Bedford and the Westchester

County Department of Health, selects Dvirka and Bartilucci (D&B)

Consulting Engineers of Syosset, New York to undertake the project.

The State approves the Bedford Village Wells - Shopping Arcade Site and

Hunting Ridge Mall Site RI/FS contract between D&B and the State of New

York.

1.2 Natr¡re and Extent of the Problem

The organic chemicals identified in the contaminated wells v/ere primarily

tetrachloroethene, trichloroethene and cis-1,2-dichloroethene. The source of these

organic compounds, although unconfirmed, most probably originated from a former dry

cleaning establishment lc¡cated in the Arcade.

Additional sampling in the surrounding area has shown only trace amounts of

contaminants or non-detectable levels of the same compounds. The extent of significant
gtround $'ater contamination appeared to be limited to the area of and immediately

contiguous to the Shopping Arcade in the vicinity of the suspected source. However,

sampling by USEPA and the Town of Bedford indicated that low levels of volatile organic

chemicals (10 ugll) were present east and southeast of the Arcade. Based on this data,

the extent of the problem had not been defined, nor was there sufficient data to
characterize and confirm the source of contamination or ground water flow direction.

Since boring logs and water levels were not available at the site, ground v/ater flow

direction and the extent of the contaminant plume u/as to be determined by installing

borings and constructing monitoring wells as part of this Remedial Investigation. In

addition, there $¡as the need for the identification of source(s) and its impact on the

wetlands and streams downgradient of the Shopping Arcade resulting from possible

discharges to the stormurater drainage system which serves the Arcade.

As mentioned previously, although it appears that the levels of ground v/ater

contamination have been generally declining, preliminary analysis of the data obtained

from 1982 to 1986 does not indicate a clear trend of declining contamination for all

wells. Based on this information, it was suspected that sources (including contaminated

soils) may be continuing to release organic chemicals to the surrounding environrnent.

l-6I 168E
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1.3 Discr¡ssion of \taste Types and Component Characteristics

An understanding of the pathway of migration and degredation, and the resulting

breakdown products of organic compounds in ground urater and aquifer systems is

essential to a site investigation. Characterizing the degradation pathv/ay of organic

compounds is important in determining to what extent a contaminant may have affected

the system and can aid in locating the source of a particular chemical compound. This

knowledge is pertinent from an environmental impact, and a health and safety standpoint,

as the breakdown/daughter chemical products of certain organic contaminants may be

more toxic than the initial parent compound.

As previously discussed, in the Shopping Aracade Study Area it sras suspected that

the dry cleaner in the Arcade disposed of waste/wastewater containing the solvent

tetrachloroethene (perchloroethene IPCEI) into the Arcade's sanitary system.

Tetrachloroethene is a common straight chain chlorinated aliphatic hydrocarbon. Two of

the natural pathways by which residual tetrachloroethene is removed from soils and

ground water are: 1) chemical degredation and 2) dissolution and advection via ground

v/ater flow.

Studies conducted on tetrachloroethene and its breakdown compounds have

concluded that the major pathway by which PCE is lost from surface water (Dilling et al.,

1975) isbyevaporation. Reactivitystudiesfound that sunlight had the greatest effect on

the rate of PCE disappearance from surface $'ater (Dilling et al., 1975).

Studies conducted on tetrachloroethene and its daughter products in the subsurface

have concluded that PCE is resistant to biodegradation in aerobic environments except

under specific conditions such as the presence of natural gas. However, several studies

(Parsons et al., 1984) have documented a sequential reductive dechlorinated pathway of
PCE in anaerobic subsurface environments. In the absence of light and o)cygen,

micro-organisms utilize the energy released from the oxidation and reduction reactions

for cell gror¡{th and maintenance.

Tetrachloroethene exhibits the following anaerobic sequential degradation:

{
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Tetrachloroethene (PCE)

Trichloroethene (TCE)

Cis-dichloroethene (DCE)

In general, the rates of transfornation decrease as chlorine is removed (Vogel'

McCarty, 1985). Studies (Fathepure, Nenguard Boyd, 1987) have identified the specific

cultures of anaerobic bacteria that dechlorinate tetrachloroethene. However, to date no

one has identified the specific bacteria responsible for the reductive dechlorination of

chlorinated ethenes, although it is clearly a biological reaction.

Large volumes of chlorinated solvents are widely used in virtually every city in the

country for cleaning and degreasing fibers, fabrics and metal surfaces. United States

production records show about ?50,000,000 pounds of tetrachloroethene and 325,000,000

pounds of trichloroethene are produced annually. A review of the annual production

quantities of these chlorinated solvents makes it understandable how small amounts of

these compounds could enter the environment as contaminants.

It has been suggested that in part or in whole, a contributing factor for the levels of

breakdown products detected in ground \¡/ater may be contained in the parent compound as

impurities, or the repeated use of PCE in dry cleaning (many weeks at constant reflux,

followed by repeated redistillation) might result in formation of daughter compounds by

thermal-hydrolytic breakdown. However, laboratory analyses of new and used PCE have

shown that vinyl chloride, trans- and cis-I,2-dichloroethene or 1,l-dichloroethene were

not detected in the ne\¡/ or used PCE (Wood et al., 1981).

(chloroethene)
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Studies performed (Jensen and Rosenberg, 1975) on the effect of heat on PCE

degredation also support the results above. PCE levels in boiled, deionized water in a

closed system did not exhibit any significant decrease after eight days.

Wood (1981) noted that at sites where only tetrachloroethene and trichloroethene

were used and spilled, high levels of 1,I-dichloroethene were detected in ground water. In
addition, high levels of trichloroethene were found associated with tetrachloroethene

spills, and vinyl chloride was found only in gtround water that initially contained high

concentrations of trichloroethene and/or tetrachloroethene. Based on these results, it
appears that the breakdown of tetrachloroethene in ground water is the result of

anaerobic biotransformation as described above.

Laboratory experiments were performed on tetrachloroethene and biodegradation

curves were assembled (see Figure No. 1-3). The half-life of tetrachloroethene was

estimated to be approximately 34 days. During the 30 day test period, the

breakdown/daughter compounds formed (trichloroethene, cis-l,2-dichloroethene, etc.) are

also shown. The concentrations of the breakdown compounds are represented by the Y

axis. Referring to this figure, it is possible to predict, based upon the half-life, which

compound will be present in water long after the parent compounds have completely

biodegraded.

Cis- and trans-1,2-dichloroethene and vinyl chloride all have a relatively long

half-life and would be expected to persist in the ground water environment. It should be

noted that the calculated half-life degredation curves and the formation of daughter

products from tetrachloroethene are based upon ideal laboratory conditions. While the

biological transformations of chlorinated aliphatic hydrocarbons have been reported on

the basis of numerous laboratory studies, only three reported field observations are known

to exist. Unfortunately, even these reported field cases are only briefly described, giving

no details (Silka and Wallen).

In the natural environment, site specific conditions will most likely be somewhat

less than ideal. Bacteria populations, temperature, nutrient resources and seasonal

fluctuations all can and will effect the transformation of chlorinated aliphatics. A field

study conducted at a site in the northeast contaminated with chlorinated solvents found

no evidence for biotransformation (Smith, 1988). This observation led to the conclusion

1-9ll68E
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that there rr¡as a lack of a sufficient carbon/nutrient source to sustain an adequate

biological community. The retardation rate depends on the fraction of organic carbon in

the aquifer. Potential carbon/nutrient sources that can affect bacteria populations may

be commercial and residential sanitary systems that exist in the Shopping Arcade Study

Area. The subsurface lithology can also affect the availability of the carbon/nutrient

source. Fairly coarse grained high permeability sediments will allow perculation of

nutrients into the urater table, as also exists in the study area. This may be the reason

why the breakdown products of tetrachloroethene have been readily found in ground utater

samples in and contiguous/downgradient of the Arcade site.

1.4 Corrective Measures Undertaken To Date

In addition to the sampling programs undertaken by WCDH and USEPA, the NYSDEC

has prepared Phase I and II Investigation reports which resulted in the recommendation

that a Remedial Investigation and Feasibility Study be undertaken. Limited sampling has

also been performed by the Town of Bedford. At three locations in the Shopping Arcade

area, individual GAC filtration systems have been installed by the well owners. Two of

these systems appear to effectively reduce contaminant concentrations to levels which

are below New York State Drinking Water Guidelines. All other seriously contaminated

wells are under rfboil water notices" issued by IVCDH.

1.5 Overview of the Remedial Investigation

The Remedial Investigation was designed as a sequential progression of multiple

phased sampling and data analysis programs. The objective of this strategy was to apply

data generated from previous phases of work to the design of future phases. In this v/ay, a

cost-effective, targeted program uras implemented which generated meaningful specific

data.

The following subsections present a brief summation of the various phases of field

work conducted during the Remedial Investigation. In addition, the individual programs

incorporated into the particular phases of work, including health and safety, quality

assurance and control, and data validation are also reviewed.
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1.5.1 Description of the Phased Approach

The first component of the Remedial Investigation field effort was the Phase I

sampling program. The Phase I sampling program was divided into two sub-phases (Phase

IA and Phase IB) which were targeted to sampling cornmercial sanitary systems,

stormwater drainage systems and the stream/pond system tributary to the Mianus River,

as well as the river itself. The purpose of these phases was to determine/confirm the

location of the sources and extent of contamination, and to assist in refining the location

of any additional surficial sampling and./or ground water monitoring well locations in

subsequent phases. The Phase IA and Phase IB programs were similar in scope except that

greater emphasis was placed on analysis of volatile organic compounds (VOCs) in Phase IB

rather than the Hazardous Substances List (HSL) compounds in the Phase IA program. The

Phase IB sampling program was based on the results of the Phase IA program as well as

the Phase IIA program discussed below.

The next phase of the Remedial Investigation field effort \pas the Phase II sampling

program. The Phase II program was also broken into two sub-phases (Phase IIA and Phase

IIB) which were designed to investigate the subsurface source(s), characterize site

hydrogeolory, and define migration of contamination at and away from the study area.

The placement of the Phase IIA well locations and the projected completion depths

resulted from the historical information gathered from prior ground water sampling

programs performed in the study area and the Phase IA results.

The design of the Phase IIB sampling prograrn reflected the incorporation of the

data generated from the Phase IB and Phase IIA programs. The objective of the Phase IIB

v/as to provide confirmatory data for defining the nature, extent and source(s) of ground

\,vater contamination. Similar to the Phase I sampling progxam, emphasis was placed on

analysis of VOCs in Phase IIB (entirely) rather than the HSL Compounds in IIA.

1.5.2 St¡rfaceGeophysicalStudies

A comprehensive geophysical seismic refraction survey \r¡as conducted in the

Shopping Arcade Study Area as part of the Phase IA program. The purpose of this survey

was to obtain data regarding the depth to ground water and depth to bedrock throughout

the study area.
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The data obtained from this survey was evaluated prior to the commencement of the

Phase IIA well drilling program to aid in the placement of, and in projecting the depth to

which overburden/bedrock interface and bedrock wells would need to be completed. The

seismic data and resulting map also provided a regional conceptionalization of trends in

the slope of bedrock and the thickness of the stratified drift deposits in the river valley.

The details of this seismic refraction survey are discussed in Section 4.1.1 of this report.

In addition, although not included in the original scope of work, a limited terrain

conductivity survey was undertaken on the Shopping Arcade property and at various

locations in the project study area to determine the presence of buried underground

tank(s) and other metal objects in order to assist in the placement of monitoring wells.

The details of this survey are discussed in Section 4.1.1 (Surface Geophysical Studies) of

this report.

1.5.3 Sor¡rce and Sr¡rficial Sampling and Analysis

The review of existing data generated by previous studies conducted in the Shopping

Arcade Study Area determined that it \r¡as necessary to design a surficial sampling

program as part of the Remedial Investigation. The objective of the surficial sampling

program was to document the type and concentrations of contamination in the sanitary,

storm\rater and stream/pond drainage systems at and contiguous to the site, and the

downstream receiving \rrater (the Mianus River).

The first phase source/surficial sampling and analysis program was targeted to the

following matrices:

o Septic tank sludge

o Septic tank supernatant

o Stormwater drainage system sediment

o Wetlands and pond surface water

o Wetlands and pond sediment

o Mianus River water

o Mianus River sediment

The companion component of the first phase (Phase IA) of the program was the

Phase IB sampling program which targeted the same matrices. The Phase IB program was

designed to further define possible source(s) of contamination, fill data gaps and

re-confirm data generated as part of the initial Phase IA surficial sampling program.
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1.5.4 Subsr¡rface Sampling and Anal]æis

The second phase sampling and analysis program of the Remedial Investigation was

comprised of a subsurface investigation designed to characterize the hydrogeologic

regime underlying the study area. In addition, the data generated during the progxam v/as

utilized to identify source(s) of ground water contamination and to define the lateral and

vertical extent of contamination in the ground water.

As described in Section 1.5.1, the Phase II sampling program consisted of two

sub-phases. The initial Phase IIA sampling program involved the installation of seven

monitoring wells at five locations within the study area. Two of the locations consisted of

a well cluster. The well clusters, as opposed to a single well, consisted of two wells

constructed in individual boreholes screened at different depths at the same general

location.

The Phase IIB sampling prograrn involved the installation of six additional wells at

four locations. The objective of the Phase IIB sampling program $'as to provide

confirmatory data for the definition of the nature, extent and source(s) of ground water

contamination.

A total of 13 monitoring wells at 9 locations were installed at the Shopping Arcade

Study Area during the Remedial Investigation. All 13 monitoring wells were sampled for
ground water quality data.

1.5.5 Organic Vapor Screening of Soil Samples

As part of the construction of the deepest monitoring well at each location/cluster,

soil samples \rrere obtained at five foot intervals using a split spoon sampler. These soil

samples were utilized predominantly in characterizing the subsurface litholory of the

study area. In addition, the soil samples were also screened in the field for the presence

of total volatile organic compounds.

The results of this screening of volatile organic compounds \r¡ere used in interpreting

and differentiating zones of contaminant migration in the unconsolidated stratified drift
deposits underlying the study area. Samples which recorded significant volatile organic

values were collected and sent to a field laboratory for chemical analysis/screening.

ll68E t-t4



1.5.6 Soil Gas Sr¡rrrey

The New York State Department of Environmental Conseruation (NYSDEC) retained

the services of the United States Environmental Protection Agency (USEPA) to conduct a

soil gas survey in the Shopping Arcade Study Area. Under ideal conditions, the gas

trapped in the soil can exhibit similar volatile organic chemical qualities as the ground

\rrater migrating beneath.

Soil gas sampling and analysis was utilized as a reconnaissance tool in an attempt to

delineate the plume of ground urater contamination underlying the study area. Based on

the sampling results, a map was prepared by USEPA which illustrated the concentration

gradients of soil gas contaminants. Once the data from the soil gas suruey was examined,

it was necessary to confirm the predictions of the location and concentrations of
contaminants identified during the survey. The soil gas survey map assisted in

determining the placement of the Phase IIB soil borings and the ground v/ater monitoring

well network. The results of the soil gas survey are discussed in Section 4,1,4,

1.5.7 Borehole Logging Tests

Downhole borehole logging tests $rere performed at three locations which were the

deepest accessible bedrock wells within the Shopping Arcade Study Area (MW-58 and

abandoned water supply wells at the Exxon gas station and the school on Court Road).

The downhole borehole logging tests conducted included caliper, resistivity, gamma-ray

and specific potential logging.

The predominant rationale for performing the downhole logging at these three well

locations within the study area was to obtain a better understanding of the degree of
fracturing within the metamorphic bedrock and assess its influence, if possible, on the

pathway by which contaminants are migrating through the bedrock zone.

1.5.8 Permeability

Permeability is the capacity of a media for transmitting a fluid. It is a measure of
the relative ease of fluid flow under a pressure gradient and used to estimate flow of
ground water.
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For the purpose of this investigation, permeabilities were estimated by applying the

Hazen Equation to grain size information. The grain size data was derived from soil

samples that were obtained at the screen depths of several representative monitoring well

locations within the study area. The Hazen Equation is K = Ad?0, where the parameter

K represents permeability. The parameter dr' represents effective grain size and is
taken directly from the train size gradation curve as determined by sieve analysis, and is

the grain size diameter at which 100/o by weight of the soil particles are fines and 900/o âre

coarser. For K in cm/s and dr' in mm, the coefficient A is equal to 1.0.

1.5.9 Ground Water Level Measurements

Ground water level measr¡rements were obtained from the completed wells in
December 1987, May 1988, September 1988 and November 1988. These measurements

were essential for:

Calculating the direction and magnitude of lateral and vertical hydraulic

gradient within the unconsolidated and bedrock units in the Shopping Arcade

Study Area.

Determination of seasonal fluctuation in water levels.

Determination of hydraulic interconnection between the shallow and deep water

table zones.

1.5.10 Surreying and Mapping

Upon completion of the well installation program, all monitoring wells were

surveyed vertically to an accuracy of 0.01 of a foot in relation to mean sea level. The

monitoring wells were also surveyed horizontally. The vertical elevations are essential in

establishing water levels with respect to a common datum (mean sea level) to develop

ground water elevation contour maps and flow direction, as well as profiling geologic

cross-sections.

The horizontal data was incorporated into the construction of a site base map onto

which all data obtained during the Remedial Investigation could be plotted and referenced.
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l.5.ll Aerial Photography and Topographic Malping

In order to provide an illustrative base map for the study area, an aerial photograph

was obtained at a scale of 1 inch to 100 feet. This photograph was taken in April, 1984.

In addition, to provide information on direction of surface drainage as well as ground

\¡/ater flow, topographic contours were plotted at five foot elevation intervals referenced

to mean sea level. This aerial topographic map is contained in Appendix A.

1.5.12 Health and Safety Program

The Health and Safety Plan, as defined in detail in the work plan for the Shopping

Arcade Study Area, was implemented during the remedial field investigation.

The principle chemical hazards of concern in the study area consisted of volatile

organic chemicals. Routine monitoring was conducted at all drilling and sampling sites to

evaluate the potential exposure hazards so that the proper health and safety precautions

could be exercised. All monitoring and surveillance equipment (Century Organic Vapor

Analyzer [OVA], Photovac Tip and portable combustible gas/oxygen detector) was

operated, maintained and calibrated each working day in accordance with the

manufacturer's manual and Dvirka and Bartilucci Consulting Engineers' Quality Assurance

(QA) procedures. Organic vapor monitoring v/as undertaken prior to and following

sampling at the site as well as throughout drilling operations. At no time during the

remedial field investigation did the total VOC vapors exceed background (less than I ppm)

in the breathing zone.

Level D protection was maintained throughout all phases of the remedial field
investigation except during Phase I when septic tank samples were collected. As an extra
precautionary measure, Level C protection (full-face respiratory protection, protective

coveralls ltyveks], nitrile gloves, etc.) was utilized when the field team collected samples

from the sanitary system at the Shopping Arcade and Exxon Gas Station. Although the

ambient VOC concentrations in air did not exceed background levels during this sampling,

Level C safety procedures u¡ere exercised as a precaution to possible vapor emissions.

I
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1.5.13 Quality Assurance/Quality Control ltogram

The Quality Assurance/Quality Control (QA/QC) Plan, as defined in detail in the

work plan for the Shopping Arcade Study Area, was implemented during the remedial field

investigation.

All environmental samples collected as part of the field investigation were collected

in accordance with the sampling procedures outlined in the QA/QC Plan.

Field management procedures, including the preparation of Sample Information

Record Forms, Location Sketches, Chain-of-Custody Forms, Daily Quality Control

Reports and maintenance of a daily field log book, were undertaken during all sampling

and drilling activities.

QA/QC checks, including the utilization of trip blanks, field blanks, matrix spikes,

matrix spike duplicates and method blanks, were performed as described in the QA/QC
plan and in accordance with the NYSDEC 1986 Contract Laboratory Protocol (CLP).

1.5.14 Data Validation

Analytical data resulting from the sampling program was reviewed to determine

compliance with the 1986 Contract Laboratory Protocol (CLP) QA/QC requirements

developed by the New York State Department of Environmental Conservation (NYSÐEC).

The QA/QC parameters reviewed for organics were: holding time, instrument tune, initial

and continuing calibration, method blanks, surrogate spikes, maffix spike/matrix spike

duplicates, field blanks and trip blanks. For inorganics, the QA/QC parameters reviewed

\ilere: initial and continuing calibration blanks, laboratory control samples, ICP

interference, spike sample analyses and duplicate samples.

The data validation process is used to ensure that the laboratory followed the

requirements set forth by the NYSDEC and extraneous chemical contamination was not

introduced into the environmental samples. Any samples that did not meet the QA/QC

criteria, were resampled and reanalyzed.
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A data validation report was prepared for each sampling phase of this proiect with a

detailed discussion of the validation results. The results of data validation are discussed

in Sections 3.0 and 4.0, and provided in detail in the Data Validation Reports prepared as

part of this investigation and contained in separate documents.

1.6 Overview of the Report

As an introduction to the report and as presented above, Section 1.0 provides a

general description into the site background that led up to conducting this Remedial

Investigation. Also included in this section, is an overview of the nature and extent of the

chemical contamination as documented by previous investigations, and a discussion of

\ryaste t)pes and characteristics as they pertain to the contaminants of concern in the

study area (tetrachloroethene) and its breakdo$¡n compounds. In addition, an outline of

the phased approach undertaken during this Remedial Investigation is provided which

includes a summary of the individual programs/tasks which made up the scope of work.

Other sections which make up this report include the following:

Section 2.0 describes the regional and site physical features of the Shopping Arcade

Study Area that can either be impacted by or can influence the migration of contaminants.

Section 3.0 provides the rationale for and investigative methods used in the Phase I

(source and surficial) sampling program. Included in this section are the analytical sample

results as reported by a NYSDEC certified laboratory.

Section 4.0 discusses the methodologies incorporated into the Phase II subsurface

investigation. Analytical data is also provided from the soil and ground $,ater samples

obtained for this phase. In addition, this section presents a discussion of the regional and

site specific geolory and topography, as well as the surface and subsurface hydrolory in

the study area.

Section 5.0 provides a description and results of an extensive drinking $'ater supply

sampling program that was conducted as part of the Remedial Investigation.
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Section 6.0 contairu¡ an overall disctssion of the contarnination encountered in the

Shopping Arcade Study Area. A presentation is provided with respect to source and

surficial contamination as well as subsurface and urater supply contamination that was

encountered in comparison to environmental standards and guidelines.

Section 7.0 provides an assessment of the public health and environmental concenr
related to the contaminants found in the study area. Critical contaminants are identified
along with potential migration pathways, routes of oçosure and receptors.
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2.0 SITE FEATURES

2.1 Demography

In a ranking of the 14 towns of Westchester County, Bedford ranks the seventh

largest in terms of population (approximatly 15,000). Between 1970 and 1980, the Town of
Bedford's population decreased by 1.1 percent. From 1980-1985, however, the population

of the Town is estimated to have increased by 4.7 percent. Table No. 2-1 indicates

population changes between 1970 and 1985 for the Town of Bedford and for the North

Westchester County towns. Projections to the year 2000, calculated by Westchester

County Department of Planning (April 1985), are also shown.

The composition of the male and female population in Westchester County has

shifted between 1970 and 1980. The female population became the prevalent group after
the 18 years of age group and posed a modest gain over males in the 30 to 59 year age

group. The greatest gain in age group was in the 22 to 29 year age Broup, with a 16.7

percent increase from 1970 to 1980. This age group is the forerunner in both household

formation and entry into the labor force. The median age in Westchester County is 34.5

years of age, which is a higher median age than the New York Standard Metropolitan

Statistical Area (SMSA), New York State and the region as a whole. Table No. 2-2

summarizes information from the 1980 census and indicates total population by age group

for Westchester County, the Town of Bedford and all North County towns.

2.2 Land Use

The Town of Bedford is located in northeastern Westchester County. Bedford is
bordered on the north by the Town of Somers and Lewisboro, on the east by the Town of
Pound Ridge, on the south by the Town of North Castle and on the west by the Town of
New Castle and the Town/Village of Mount Kisco. There are three unincorporated

Hamlets in the Town of Bedford, these being Katonah, Bedford Hills and Bedford Village.

The Town boundary is roughly square in shape and covers approximately 40 square miles or

25,600 acres of land.

The Town of Bedford is semi-rural in character making it an attractive residential

community. The area immediately surrounding the Shopping Arcade (The Village Green

Area) to the south and east has zoning for, and is occupied by small businesses and stores.

The area immediately to the north and west is zoned for, and is occupied residential, with

2-l
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FOP'ULATION CIIANGE T97O - T985 AND
PROJECTED FOPULATION TO 2OOO

Estimated % Change lhoJected
Area 1070 1980 1985 1970-198s 1990 2000

,l

;l

l4festchester 894,104 866,599 879,708 1.6 872,70t0 868,900

Bedford 15,309 15,137 15,855 3.5 16,000 16,200

North County
Towns 215,7n 226,549 241,337 11.9 244,70A 2,48,4AA

Source: lVestchester County Departnent of, Planning
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Area

lVestchester

Bedford

Table No. 2-2

TOTAL POPULATION BY AGE GROUPS
AI{D PERCENT OF ÎOTAI,S - 1980

0-21 22-{,4. 65 a¡d Oven

271,938 480,502 114,159
37.4o/o 55.4olo 13,2o/o

5,174 8,996 1,302
33.470 58.2alo 8,4olo

North County Towns 69,514 174,291 20,358
34.0o'1s 56.00/o 10.00ó

Source: \üestchester County Department of Planning
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lot sizes ranging from one and two acre occupancies. Surrounding the study area, the

character of development changes to mostly four acre zoning (excluding the Village Green

Area). Land use is mostly rural residential.

The Bedford Town Development Plan (adopted September 12, 1972) has made it an

important objective to maintain its present rural historical character as it directs future

development. Table No. 2-3 shows that the majority of vacant land with potential for

development is privately owned in Bedford.

2.3 Natr¡ral Resources

The natural resources contained in and adjacent to the Shopping Arcade Study Area

consist of a river, floodplains, wetlands and ponds, wooded tracts and ground water.

Approximately one-half mile to the southeast of the Shopping Arcade and bordering

the downgradient portion of the study area is the Mianus River, its floodplain and

associated wetlands. Within the study area, the Mianus River is a "Class AA - Special"

water body as designated by NYSDEC. Its use is classified for drinking water supply

because it is utilized as a primary drinking water sor¡rce for a downstream community

(Stamford, Connecticut).

Six hundred feet to the northeast of the Shopping Arcade and flowing to the

southeast is a series of ponds and streams which uliimately discharge to the Mianus

River. These surface waters are also classified as "AA-S" because they are tributary to

the Mianus River. This area contributes to the extensive wetlands habitat which borders

the Mianus River and its tributaries that are contained in and adjacent to the Shopping

Arcade Study Area.

The area's macro-environments surrounding the site (river, floodplain, wetlands,

ponds and woodlands) support an abundance of wildlife that is t)pical of southern New

York.

The ground water underlying the site is an important natural resource to the

residents in and around the study area. Ground water is the sole source water supply for

the residents in the study area and is classified as rrcArr by NYSDEC. The stratified
glacial drift deposits that compose the Mianus River Valley sediments are very permeable,

which makes the ground water very susceptible to contaminants spilled on the ground

surface or discharged to subsurface disposal systems.

i169E 2-4



Table No. 2-3

TOW!Ù OF BEDFORD
LAND USES - 1982

Use Percent (%)

Residential 11.7
Commercial/Retail 0.8
Industrial/Manufacturing 0.3
Institutlonal/Pr¡bfic Facilities 1,4
Open Space 5.0
Undeveloped (privately owned) 74,8

Source: Westchegter County E¡vironmental Planning Atlas
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2.4 Climatology

The climate of southeastern New York State, in which the study area is located, is

broadly representative of the humid continental weather which prevails in the

northeastern United States. The character of the topography and the relative proximity

to a large body of water (Long Island Sound) have a pronounced effect on the overall

climate.

General Climatic Features - The average climate for a particular region is the

condition that can be expected over a period of time. Each locality, however, is

influenced by the physiography and local topography. In addition, lakes, hills, forest cover

and exposure can also create relatively striking differences within an isolated area. The

average climatic condition in the vicinity of Bedford is considered to be moderate. There

are extreme variations in heat and cold, but generally, the uncomfortable periods are of

short duration.

Temperature - Over a period of years, weather records show the following averages:

January Mean maximum temperature 38"F

Mean minimum temperature 23oF

July Mean maximum temperature 85"F

Mean minimum temperature 6l"F

Generally, winter temperatures are modified by nearby Long Island Sound. The

coldest temperatures in most winters will range from 0" to lO"F for a period of five to six

days.

In the summer, Bedford may experience rather warm high humidity periods with the

temperatures exceeding 90"F for a period of 18 to25 days.

Precipitation - The Bedford region has a fairly uniform distribution of rainfall.

During the average year about 48 inches of rain falls in the region. The 1980-1981 period

was an exception and a severe drought imperiled the major surface water storage

basins/reservoirs (supplies) of the area and also had an impact on the ground water

resources in the region.
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Snowfall - Snowfall is also influenced by the Bedford physiography, topography and

its proximity to Long Island Sound. Snowfall in the Town averaged between 40 and 50

inches a year with January generally being the month of greatest snowfall. Storms of
freezing rain may be expected to occur one or more times each year.

Winds - The prevailing wind is generally from the v/est. A southwest flow of wind is

dominant during the summer months and a north\rrest component is characteristic of the

colder half of the year.

Thunderstorms and Hurricanes - The sumrner rain-thunderstorms occur on an

average of 30 days in any given year. In the late summer and early fall, hurricanes

occasionally sweep the area and strong winds and heavy rainfall result. These storm

systems generally move quickly through the area.

2.5 Topography

The extent of elevation within the Shopping Arcade Study Area varies approximately

130 feet. Elevations range from 350 feet to 480 feet above sea level. The topography of
the area reflects both the subsurface and surface geolory of the Mianus River Valley.

Directly upgradient and to the southwest of the Shopping Arcade, a ridge line rises steeply

from 400 feet to a peak of 480 feet above mean sea level. The Arcade itself and adjacent

Route 22 are situated within the Mianus River Valley. The area downgradient and to the

east of the Arcade is moderately sloping to generally flat. The slope from the Arcade tb

the Mianus River drops approximately 50 feet in one-half mile distance. This area to the

east contains ponds and wetlands which are associated with the surface water drainage

system which discharges to the Mianus River. The Mianus River is also bordered by an

area consisting of wetlands. The topographic map of the study area produced as part of
the Rernedial Investigation is provided in the map pocket as Exhibit 1 at the end of this

document.
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3.0 SOURCE AND SURFICIAL INVESTIGATION

3.1 Description of the Phase IA Sampling Program

The goal of this first phase of the source and surficial sampling program $,as to

collect and evaluate environmental data in order to make an initial determination

regarding the location of the sources of contamination, to assess the transport of

contaminants through the study area and to assist in making decisions on the specific

sampling locations for subsequent phases of the Remedial Investigation. The following

activities were undertaken during the Phase IA program.

Pertinent, available literature and technical reports and data were reviewed.

A limited number of private well depth measurements obtained from the

Westchester County Department of Health (WCDH) were confirmed in

discussions with local homeowners. This data was used in defining the Phase IIA

program and expanded upon as part of the Water Supply Sampling Program, both

of which are discussed later in this report.

Aerial photographs of the site r¡'ere obtained and topographic maps were

prepared to provide the most recent information on land use patterns, potential

sources of contamination, local topography and.drainage patterns.

Lastly, environmental sampling was undertaken at the following general

locations:

Septic tank sludge (solids)

Septic tank supernatant (liquid)

Stormwater drainage system sediment

Surface water (wetlands/ponds)

Surface $¡ater sediment (wetlands/ponds)

Mianus River water

Mianus River sediment

3-1
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3.1.1 Sample Collection Methods

As part of the Phase I program, specific types of sampling equipment were utilized

to obtain the various types of sample matrices. In many instances samples were readily

accessible (stream sediment samples, surface water samples, etc.) and only required a

stainless steel scoop for collection. In other instances, accessibility was more complex

(septic tank samples, pond sediment samples, etc.) and more sophisticated sampling

equipment was incorporated.

The following briefly describes the tlpes of sampling equipment incorporated in

collecting the source/surficial samples as part of the Phase I Remedial Investigation.

3.l.f .l Surface Water and Wastewater Sampling

Surface water samples were collected by using a stainless steel ladle. Stainless

steel material was utilized due to its noncorrosive nature. The collection of the

supernatant/wastewater samples from septic tanks was achieved by utilizing a grab

subsurface sampler. The grab subsurface sampler is constructed of aluminum tubing

making it light weight. A sample glass bottle was attached to the aluminum frame and

lowered into the septic tank and a sample was obtained.

3.1.1.2 Sediment and Sh¡dge Sampling

When a particular sample point was easily accessible, such as a stormwater catch

basin or open culvert, sediments were collected by the use of a stainless steel ladle or

trowel. Where access was more difficult, such as in the collection of a sludge sample

from a septic tank, a grab subsurface sampler was used.

3.1.1.3 Sample Preservation and Handling

Once samples were obtained, conrainers provided by the analytical laboratory were

removed from the sample coolers and filled with the sample matrix. Samples were

transferred directly from the collection equipment into the laboratory containers.

Preservation methods were utilized as required by the NYSDEC 1986 Contract Laboratory

Protocol (CLP) and included pH control by chemical addition, refrigeration and protection

from light.

I 170E 3-2



Upon completion of daily sampling, Chain-of-Custody Forms were completed and

; the sample coolers were delivered to the laboratory within 48 hours as required by

i ÌIYSDEC.

3.1.1.4 Decontamination Procedr¡res

Sampling equipment used during the Phase I investigation was decontaminated

according to NYSDEC approved procedures. This involved the following in the sequence

described below:

o Equipment uras washed with laboratory detergent and rinsed with potable water,

followed by distilled $'ater.

o Equipment was then washed with a 50/50 mix of acetone and hexane (reagent

grade), and allowed to air dry.

After equipment was dry, it was wrapped in aluminum foil (dull side against the

equipment) until it was used for sample collection.

3.1.2 Selection of Sampling Locations and Sample Points

This section briefly reviews the rationale for selecting the various Phase IA

sampling locations. The Phase IA sampling locations for the Shopping Arcade Study Area

are illustrated in Figure No. 3-1.

Septic Tank Sludge - Sludge in the existing septic tank at the Shopping Arcade was

thought to be a potential continuing source of contamination due to past disposal

practices of the former dry cleaner located in the Arcade. Sampling the contents of the

tank would confirm if the sanitary system located at the Arcade is a source of

contamination. Provision was made to collect up to four sludge samples from the septic

tank.

(Septic Tank Supernatant - Supernatant samples from the septic tank were obtained

in an effort to determine if the sanitary system was currently contributing chemical

contamination due to past disposal practices. Provision was made to obtain a total of up

;, to six samples from the septic tank.

n
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Stormwater Drainage System Sediment - Analyzing a limited number of sediment

samples from the stormwater drainage system serving the Shopping Arcade would help

determine if the system was/is contaminated and a pathway for contamination to migrate

off-site. Provision was made to collect a total of up to four samples from along the

stormwater drainage system that discharges to the stream adjacent to Court Road and

downgradient of the Shopping Arcade site.

Surface Water (Wetlands/Ponds) - Surface water samples were collected from the

wetlands and ponds east of the Shopping Arcade. Analyzing these samples assisted in

determining if organic chernical contamination exists in the wetlands and ponds that drain

the study area. Three samples were collected; one upstream and two downstream of the

point where the stormwater drainage system along Route 22 and Court Road discharges to

the wetlands/ponds.

Surface Water Sediment (Wetlands/Ponds) - A chemical evaluation of the sediments

in the wetlands and ponds near the point where the Shopping Arcade drainage system

discharges has never been conducted and would provide information on contamination in

the study area. Organic chemicals such as those found in this study area often

demonstrate a high affinity to adsorb to sediments in the environment. Provision was

made to collect up to three samples from a point immediately below the sediment surface

upstream (one) and downstream (two) from the point at which the stormv/ater drainage

system discharges to the wetland/pond systern.

River Water - Government officials and the public have raised concern over the

extent of contamination in the study area and its possible impact on the Mianus River

sediments and surface v/aters as this \¡/ater body is used as a drinking water supply for a

downstream community. River water samples were collected from a point immediately

below the surface of the water upstream and downstream of the point where the

pond/wetland system discharges to the Mianus River (see Figure No. 3-2). A total of two

water samples were collected and analyzed as part of the Shopping Arcade Study Area. In

addition, two river samples were collected from the Mianus River within the adjacent

Hunting Ridge Mall Site Study Area resulting in a total of four samples being obtained

from Mianus River.

River Sediment - Same rationale as rbove for River Water. Samples were collected

immediately below the sediment surface at the same locations from which river water

samples were collected.
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It should be noted that in the original scope of work, provisions were made to obtain

effluent samples from leaching povls at the Shopping Arcade, as well as obtain split spoon

soil samples adjacent to the leaching pools. However, when the Phase I sampling program

commenced, it was noted that the construction of the Arcade's sanitary system did not

include leaching pools, rather it was designed as a leaching field system. Therefore, these

planned samples \\¡ere not obtained.

The provision for sampling the leaching pools was applied (with the concurrence of

NYSDEC to sampling the septic tank supernatant. The split spoon soil sampling and

analysis provision for three samples lvas postponed to be used in a later phase of the

investigation. Table No. 3-1 summarizes the Phase IA sample locations, the number of

samples collected and analyzed, and the rational for conducting the sampling.

3.1.3 Analytes of Concern

Based on review of the results of samples previously collected in the study area,

primary and secondary analytes of concern were identified and defíned for the Shopping

Arcade Site. The primary analytes of concern are those volatile organic chemicals

resulting from dry cleaning operations comprising tetrachloroethene, trichloroethene,

dichloroethene and vinyl chloride. The secondary analytes of concern include

1,1,1-trichloroethane and BTX compounds (benzene, toluene and >rylene). For Phase IA

samples taken, laboratory analysis was conducted to determine the presence of these

analytes of concern and other volatile organic .chemicals (VOCs). In addition,

approximately 500/o of the samples were analyzed for the complete array of Hazardous

Substance List (HSL) compounds (see Appendix B).

3.1.4 I-ocation of Background Sampling Points

The Phase IA sampling program was essentially designed to confirm data obtained in

the past in an effort to better define the suspected source of contamination and

recommend an appropriate remedial action, if required. During this and all subsequent

phases of the program, samples were collected either upgradient (for ground water) from

suspected sources of contamination or upstream/upriver (for surface \r¡ater and sediment

samples) as a control in the program. (Refer to Figure No. 3-2 for an illustration of the

Mianus River background sampling location for Phase IA.)
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Table No. 3-l

SI.JMMARY OF THE PHASE I,A SAMPLING PROGRAM

Sampling Location

Septic Tank (Sludge)

Septic Tank (Supernatant)

Stormwater Drainage
System Sediment

Surface Water
(Wetlands/Ponds)

Surface Water Sediment
(Wetlands/Ponds)

River Water

River Sediment

Number
of

Samoles

0 (no
sludge
present)

1

Sample
Identifica-
tion Number

rA(A)14w

Rationale

Determine if sludge in the
septic tank at the Arcade is
a continuing source of ground
v/ater contamination.

Determine if septage/effluent
at the Arcade is a continuing
sor¡rce of gfound water
contamination.

Determine if the drainage
system is contributing to any
ground water or surface water
contamination in the study
area.

Determine if contamination
exists in the wetlands and
ponds.

Determine if contamination
exists in the surface sedi-
ments of the wetlands and
ponds.

Determine if contamination
exists in Mianus River
surface water.

Determine if contamination
exists in Mianus River due to
waste disposal in the study
area.

4

3

rA(A)4S
rA(A)ss
rA(A)6S
rA(A)7S

rA(A)1w
rA(A)2w
rA(A)3w

rA(A)1S
rA(A)2S
rA(A)3S

rA(A)8w
rA(A)9W

rA(A)8S
rA(A)es

3-81170E



3.2 Anab¡tical Results of the Phase IA Sampling Program

The purpose of this section of the Remedial Investigation Report is to pre. ent the

analytical results of samples which were collected during the baseline component of the

first phase of the source and surficial sampling progxam. As mentioned above, detailed

discussion concerning these results and implication in relation to causes and extent of

contamination is presented in Section 6.0.

Figure No. 3-3 presents a map of the study area which identifies the locations

throughout the Shopping Arcade Study Area from which solid (sediment/sludge) and liquid

(water/supernatant) matrix samples were collected along with the analytical results of

each sample. For purposes of presenting sampling program results, each sampling point is

identified by an identification number. For example, a sampting point labelled "IA(A)l4W"

would indicate the following. The "IA" portion of the identification number indicates that

the sample was collected during the Phase IA portion of the sampling program. The "(A)"

of the sample identification number designates that the sample was collected from within

the Shopping Arcade Study Area. The next portion of the sample identification is a

number such as "1", "2", '3"... through "25." This identifies the specific sampling location

in the study area. The last element of the sample identification number is either a "W" or

an "S." This indicates whether the sample collected was a r¡{ater (wastewater/surface

water) or solid (sludge/sediment) matrix, respectively. The following example summarizes

the nomenclature of the sample identification number:

denotes Phase IA denotes \f,ater
matrixSampling Program

denotes Shopping
Arcade Site

This sample identification number was also used on the Chain-of-Custody Forms and

Field Log Forms. As such, background information regarding each sampling location

including, location sketches, field personnel involved, date and time of sample collection,

meterological conditions, etc. can be obtained from the Field Log Forms which are

contained in separate Field Report documents by cross referencing them to the

appropriate sample identification number from Figure No. 3-3.

Sample Number tA (A) 14 lY
/\

_ / denotes samPle
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In the following sections, the sequence of data presentation will be by sampling

media, beginning with a potential source such as the septic tank and continuing with

stormwater drainage system sediment, surface \rtater (wetlands and ponds) and river

sediment, and background sample points. For each media there is a discussion of organic

(including the analytes of concern identified in Section 3.1.3) and inorganic sampling

results as appropriate. As described previously, Figure No. 3-3 presents the location and

identification numbers of each sampling location including the analytes of concern, along

with the concentration detected. Cases where analytes of concern were reported as

having nondetectable concentrations are reported as ND.

A summary of the organic and inorganic analytical results for all samples collected

in the Shopping Arcade Study Area during Phase IA is presented in tabular format in Table

No. 3-2. Samples reporting results for inorganic analyses \¡/ere analyzed for HSL

constituents. All other samples were analyzed for volatiles only.

It is important to note that as shown in Table No. 3-2, multiple samples were

obtained and analyzed at several locations during the Phase IA sampling program because

some of the initial analyses did not meet NYSDEC QA/QC requirements and the results

were deemed invalid. Therefore, only those analytical results that met the NYSDEC

QA/QC requirements for Hazardous Substance List (HSL) analysis and resultant valid data

is shown in both Table No. 3-2 and Figure No. 3-3, and presented in this report for

discussion.

As listed in Table No. 3-2, where a result is not provided for a specific compound,

the following qualifiers are used:

A btank space indicates that the analysis of the compound did not meet the

NYSDEC CLP QA/QC requirements and was therefore deemed invalid and not

shown.

The symbol "ND" indicates that the analysis of this compound met the NYSDEC

CLP QA/QC requirements, but was not measured above the analytical

instrument's detection limits (IDL).

The symbol rrNArt indicates that the compound was not analyzed.

Qualifiers
CLP qualifiers.
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ilA

NA

ilÂ

ilÁ

ilA

IA
ilA

NÂ

NA

NA

il^
ilA

NA

ilA 220.0 t
ilA t{0

N^ t{l)

ilÁ r{0

NA I{D

ilA t5.0
ilÁ t{0

ltÂ ilD

ltÁ il0
r{Â ilo
flÄ ff)
llÂ ,rt

r{A ilo
ilÁ ilf)

HA IID

|rA l{0

ila t{l}

NA I{O

t{,t [0
ila ill}

t{A flo

ilA ll0

r{A J2.0 I
lrÂ ilD

t{A }tD

ilÂ t{l}

tl,l tlo

NA IID

rA [0
r{Â ltt)

l{A }tf)

NÀ I{l)

r{a ilD

r{A lto

ÌtÄ [D

NA IIO

NA IID

ilA ilo

NA ilD

ilA lto

ilA lrD

lrÂ t{0

ilÂ ltl)

ll,1 ll0

2t.0 0 1500.0 I
t.0 J

lr0

lt0

[0
2.e J t50.0
r{0 ilD

ilD t{D

[0 t{D

IID NO

r{D lrD

ltD l{0

llD ilD

ilo ilo
ltD ilo
N0 l{0

ilD [D
lr0 flD

[D ilD

lto l{0

r{D l{D

!.l0 ilD

8.4 I 140.0

flD

il0

t{l)

ilD

ll,t
NÁ

t{Á

ilÂ

NA

l{A

t{^

ilA

IA

t{â

NA

ltA

flA

ilA

t{A

t{A

ilÀ

ilÁ

r{A

t{Â

t{a

ilA

lrâ

ilA

l{A

ilA

t{A

ilA

fiÂ

lrA

t{A

NA

HA

l{A

27.0 g 156.0r{0 r{0

¡{0 r{D

lrD ilo

ilD ilD

ÍD t6.0
ltD l{0

N0 fi0

1{0 t{D

t{D }tD

tID ilD

r{0 }t0

ilD ]{D

il0 lto

ilD r{0

r{0 t{û

ltD ilD

I{D ¡ID

IID ilO

t{0 }r0

l{D ¡t0

ilo flD

28.0 ¡ 38.0 ß

IID ND

[D t{0

ilo t{0

ilD t{D

t{I) }t0

IID ND

ilo ilo

fiD N0

¡{û lr0

[0 ltD

t{0 flo

ltA

ilA

ilÁ

llÂ

lrA

ilÂ

ilA

ÌlÁ

ilÂ

t{A

lrÁ

lla

t{A

ilÂ

ilÂ

l{¡t

ilA

ltÂ

N'r

ilA

NA

ltA

NA

IA

t{A

lla

t{/r

NA

t.la

t{Â

N'l

NÁ

ilA

ilÂ

ilD

il0

l.lD

r{0

ND

il0

l{D

flD

il0

ilD

Nâ

t{A

ila

ilÂ

ltA

t{A

N,ì

HA

N,I

ilÁ

ilÀ

ilA

ila

NA

f{Â

ilA

l,l^

NA

ilÂ

lrA

t{A

ilA

ilÁ

t{Â

t{A

NA

t{Â

lta

t{Á

¡1,1



- -r
lI-! F

IA(¡tllra ¡A(Â)25

s/3r/H8 8120187(uq/l) (us/kct

I¿ble No. 3-2 (contrnued)

Seri-Volatrles:

rA(Al rs

^l 
t,187

(uq/[q)

IA(A)2H

slteltT
(uq/ I )

IA (A) JS

8l t9187
(uq/tq )

IÁ(A) lS,i Iit{a) IH

5/JU88 6/lc/87
(uq/tql lusll)

IA(A)JSA IA(A)37
s/3u88 8ltel87(ug/tg) (uc/l )

IA{AhS IA{Ál{SÂ

8/?0/88 y3t/|}o
(us/ks) (¡gltq)

flD t{A

l{0 r{A

Í0 t{a

530.0 J [A

[0 t{A

[l) ilA

640.0 l{A

9i0.0 lrÂ

NO I{A

l{D r.lÁ

1{O NÁ

óó0.0 lrÁ

r{0 t{Á

}ID HA

llD il¡t

il0 ilÁ

t{0 fiÂ

ilD ltA

ll0 r{á

ilD r{Á

r{D NA

690.0 ÌtÁ

ilD ilA

t{D ilA

610.0 I llÂ

llD ilA

lt0 flA

l{0 t{A

ilo IÁ
llD t{Â

ll0 ilr
ll0 ilÂ

ll0 lrÀ

I{D Nâ

il0 t{A

)tD ilA

IID NA

ll0 l{a

{10.0 0 [A
e22.0 ilÄ

ilD I{A

il0 t{A

r{D ilA

ill} ilA

l{l) lrÂ

t{A r{0 t{a t{Á fiA fil) ilA ¡tA

t{A t{0 ilÂ ltÁ t{À t{0 ttA t{A

ila ilD l{á ilA ltA ilo }tA ilA

HA IID I.IA IIA ilA I{D ilA IIA
NA t{0 }tÂ }tÁ ltÁ ilo flA ltA

l{A ilD t{A ilA [A ill) [A ltÁ

HA lr0 flÀ l{A }tÂ N0 t{A íA
1{A IIl) IIÂ I{A ilA I{D ilÁ ilÂ
ilA ilf} ì{A t{A ilÄ ilD ilA t{A

[A [D t{A ilÁ ilA t{0 ltA }tA

flÁ [0 NA ltA flA ilo fiA l{A
l{A llD t{A NA [¡1 fiD t{A íA
¡tA ltD ¡tA t{A t{A N0 ilA ltA
l{A }r0 ilA ilA ilâ flD t{A t{A

flA r{0 flÁ }tÂ 1{A lto t{A ilÁ
il¡t N0 [A t{A t{A ltl) r{A ltÂ
t{A ilo t{A [A ilA ]t0 t{A ltÀ
t{A ilo NÁ }tA ilA t{D ilA ilÂ
[Â t{0 ilA ltÂ ltÂ l{0 flA t{h
ll,t tlD tlA tlA ltA ND fiA ÍÂ
t{Â ilD }tÁ }tÁ NA l{l) ilA ltÁ
ltÂ ltl) ¡l,t ilA t{a ltl) t{Á ilA
lrÁ ¡tD ltÂ ¡tA ilA ill) ilA ltÁ
N,ì r{D ilA t{Â NA ilf) ltÁ }tA

ll,t l{D HÄ ilA [â t{0 l{A [A
r{it !{0 il,i t{Á ltÂ t{D ilA t{A

ñA fit) ilâ r{A t{A ltl} t{A ilA
tiÁ l{0 t{Â ilA t{A [0 ltA ltA
ilA Nf) t{A ilÁ [Â ilD l{A l{Á
t{A t{0 ilA ilA M fll) NA t{A

IIA IIf) NA ilÂ I{A I{D NÂ IIA
l{¡l tll) il,r flA t{A ilD ilA t{A

NÁ ilD ¡ta ltÂ ilA N0 ¡{Â ltÁ
ilA IIl) NÄ IIA TA IID IIA ilA
NÂ t{t} N^ ilÀ ilA [0 ilA ilA
fl^ ilo !t¡ l{A t{Â l{D llA l{A
NÁ N0 ltÂ ilÂ ilA [D t{a l{Á
lrÁ il0 ÑA t{A t.lÂ ilD }tÂ t{A

ll,1 t'lD llÄ ttÂ flÂ [D l{,t ilA
trrr ltl) ilA ilA NA t{0 },tÂ t{A

ilô lt0 ilÂ t{Â fla ilo ltÂ t{a

NÂ lll) r{Â t{A ltÂ t{I) t{A ilÂ
ltÂ ilD ltA flô t{A [0 NA t{A

ilÂ ilo t{A flA ilA ltD ilA t{A

l,lÁ ilD t{Á ilÁ ilA ilt) t{Â ltA

t{0

ND

il0

ilD

il0

Nl)

ilt}

t{D

NO

t{0

il0

ND

lr0

il0

Í0
t{D

l{D

lrD

ilD

ilD

lr0

t{0

lr0

ltD

il0

ilD

il0

r{f)

lr0

lr0

il0

r{0

fi0
!,ll)

lr0

fl0

il0
NO

ltD

I0
Nt)

il0

fl0

r0
lt0

Âcenaphthene

At enaphthylene
Ânthracene

6en¡(ôlanthIacene
8on¡oic Acid

8en¡yl Àlrohol
8en¡o(b) f lr¡oranthene
Ben¡o(k)fluoranthene
Eenro(9,h, i)perylene
Ben¡o(a)pyrene
4-8ro¡ophenyl Phenyl Ither
0utyl Ben¡yl Phth¿late
{-Chloroanil lne

bis (2-Chloroethoryl rethône
bis (?'Chloroethyl) ether
bis (2-Chloroisopropyl ) etfter
{ -Ch loro-J-llethy lpheno I

(p-Chloro-¡-Cresol )

2-Ch I oron¿ph tha I ere
2-|]hlo¡ophenol
1-Chlorophenyl Phenyl Ither
l]hrysene

0ihen¿ (a,h)¿nthracene

Diben¡ofuran

l) i -n-0u t y lph tha l¿ te
I ,2-l}rchlorot'Pn¡ene
|,i'Dichlo¡obsn¡ene
I ,4-0r(hloroben!ene
j, jl' -ûi ch I oroben¡ i dine

?,{-0rchlorophenol
0 Íethy I phtha l¿ te
2,4- Di rethy lphenol
Di¡ethyl Phth¿late
{,6-0¡ni tro. 2-ilethyl Phpnol

?,!-0rnr tropheool

?,4-0initrotoluene
2,ó-Dinitrotoluene
Dr-rr-octyl Phthalale
bis (2-ethylhe¡yll phth¿l¿tp
f l¡oranlhene
F luorene

ller¿rh I ornben¡ene
Herach Iorobut¡diene
Herôch ¡ orocyc lopentôdi erre

Herachloroeth¿ne



r¡rra ¡rIl ìF

rÂRAñiltRS
IA(À) lS

81t.1187
( uo/hg)

tA(Al lsÂ IA(A) ilt
s/il/f¡8 t/l'¡/tìr(us/ls) (uq/l)

IA(A) IgA ¡Â(A)25
s/lr/8â qlzarn
(us/l ) (ug/!sl

l¿t'le t{n. J-2 (continued)

IA (A)2H

È/r e/8i
(usl I l

lA(A)55Â IA(A)3¡t
s/3r/88 8lt9l87
(us/kg) (ug/ I )

IátAl45 lÁ(Â)isÂ
8/20/88 s/il/Èå
(uq/kg) (uc/ks)

IÁ(A}35

ußla?
(us/ks)

Indeno( I .2, J-cd)pyrene
Isophorone

2-llethy I n¿ph tha I ene

2-llethyl Phenol

d-llethyl Phenol

tlaphl ha I ere

2-Iitroanilirre
l-l{itro¿niline
f -il¡ tro¿n i l ine
l{i trobeî¡ene
2-lli trophenol
.l-fli trophenol
il-il¡ tr oso-0iphont I a¡iûe
l{-lli troso-0ipropyla¡ine
Pen tach I oropheno I
Phenanthrene

Phenol

Phenol (total)
Pïrene

1,2,4-Irrchloroben¡ene
2,4,5- fr ich lorophenol
2,{,0-Ir ichlorophenol

::::::'
l.?-8en¡enedicarboryl ic

A(id 0ihuty¡ Ester
1,2'8en¿enedicarboli lic Âcrd

I rs(l|ethy,lpropyl )Ester 27â

?-Cyc loherene- I -one

I th¿none, l- (2-Furanyl )
Heptane. ?,ó-Di¡ethyl
3-ller¿ne'2,5-Dione
[erôoe, ?-Hethy I

4-[ydr0ry-4-üethyl -2-Penlanone

Pent¿ne, ?-llethyl
Su.lf ur,l,lol . (S8ì

fsorer of Direthïl 8en¡ene

Unknorn Allane (totall
Unlno¡n ( total l

ilÁ

ilA

ilÁ

t{Á

r{A

t{A

1{A

t{Á

t{A

ilA

ltA

ilA

t{A

l{A

ilA

lrA

ilA

ila

r{A

lltl

ltA

ilÂ

t{Ä

t{A

l{A

l{A

flA

NA

flA

ilA

flA

t{A

ilA

ltA

ilA

ilA

ltÂ

ilA

r{A

)tA

ilA

l{á

ilA

t{A

t{A

t{Á

t{Á

¡tÂ

flA

ltA

t{A

ilA

ilA

t{Á

l{A

ilâ

ltA

lrA

ltA

IA
flA

il^
t{A

t{Ä

r{A

t{A

ll0 NÂ ll0 t¡,t ltA ilA
l{I} ilÁ Htì ila t{Â t{A

ll0 r,rÂ t{0 t{a }tÁ ltÁ
lrf) r{A llD flA t{A l{Â

ilo HÁ 1{0 ltÁ t{A NA

ll0 ¡ta t{D t{A ilA flA

ill} ilA N0 t{Â ila }.tÂ

r|0 r{r t{0 HA NA flA

ll0 ilA ltD ltÁ ltÂ l{A
ilo t{Á íD t{Â ilA íA
lrD ltA ilt) ilA t{À ltA
lr0 ilA ill} ilâ l{A flA
r.lD r{Á tto ilA NA ¡tÁ

]{l) ilA }tl) t{A ilA 1{Â

ilo t{A ilD ilA ltA t{A

IID I{A IIl) IIA I{A NA

r{0 l{A ilD t{A ilA t{Â

NO I{Â IIO NÂ NA }IA

ll0 ltÁ flo I,tA I{A ilA
llf) llÂ t{l) r,t,t ilt [A
ltl) ltA ilf) ilÂ ilA flA
lr0 [Á [f) t{A t{A t{Á

t{Á

t{A

flA

t{Á

t{A

NA

ilA

t{A

ltA

flÂ

t{a

ilA

t{Â

ilA

ltÁ

ilA

ila

ltA

ilA

t{A

ltA

ilA

t{A

t{A

ilA

r{A

ilA

l{A

ilA

lrÁ

ilA

ltÂ

ilA

l{A

r{A

t{a

1500.0 J

ilD

t{0

J4.O J

lt0

il0

[0
t{l}

ilD

!t0

Nl)

,ì80(10 J

7?000 .l

ill)

fiD

'¡.0 J

t{f)

r{D

it0

ll0

ltD

NO

¡tD

ND

t{0

120.0 J

fl0

il0

ltD

t{0

il0

flD

lt0

t{0

[0
lt0

r{D

Nt)

r{0

il0

il0
lt0

il0
700.0

ill)

fl0

lt0

t{D

fl0

6000.0 J
l{0

t{D

7{00.0 J

lrD

ilD

t{0

5800.0 J

{200.0 J

1{0

')s000 J

210000 J

|t0

ilD

il0

l{D

t{0

ilD

il0

t{D

[0
t{D

lt0

il0

t.lD

[0
ltD

2ß0.0 0

il0

ltD

1J00.0

ilD

NO

Nfl

ilD

t{0

t{0

t{D

ÍD

3700.0 J

3700.0 J

16000 J

r{0

l{0

6000.0 J

t6000 J

76000 J

ltAilÁltÂltANÂt{A

t{A

ilÁ

t{Á

t{Á

t{A

t{A

ilÁ

t{À

ltA

l{A

ilA

t{A

ilÂ

flA

ilÄ

r{A

ilA

¡tÂ

ilÁ

t{Â

t{Â

IA
Itâ

ilÂ

flA

ilA

l{A

[Â
N,ì

ilA

!rÂ

ltÄ

ilA

l{a

llÂ

itÁ

ilA

ltA

HÂ

ilA

]rA

t{Á

NA

[Â

flÂ

t{A

NÂ

t{A



PARAITIfRS

Inorganics:

låt,le ilo. J-2 (contrnuedl

tA(Alts IÂ(AltsÁ IA(AIt¡r tA(Â)ilrA IA(A)2S IA(¡112r IA(A)JS II(AIJSA IA(A)ill IA(A|{S IA(Âl¡sA
8/rf/87 s/il/r8 ill3187 s/3u$8 8120187 8/¡q/87 8ltil87 s/31/08 8ltel87 8/20/88 5/31/S8(rs/lsl (¡g/ls) (uq/l) (us/ll (¡g/lgl (ug/l) (ls/tg) (¡g/kg) lug/l) (¡g/ls} (¡g/kg}

Aluri ou¡
Ant¡mny
Arsen ic
8ar iu¡
Seryl I iur
C¿d.iu¡
C¿lc iur
Chro¡i ur
Coball

Copper

Cy¿nide

lron
Lead

l'la0nesiu¡

llôngônese

llercury
ilickel
Potass iur
Sel eniur
Si lver
Sodiur
Ihal liu¡
Vanadiur

linc

flR

t7.t u

I l .4ll{
ilR

[0.21il
t.5 u

ilR

12. c

ltR

8.5 ¡{

0.t u

ilR

25.c I
iln
ltf;

0.1 u
(6.21

ilR

7.4 U

?.9 U

flR

1.5 l,
r{R

25. i

1{R

5â.0 u

i.0 tl

ilR

0.0 tl

5.0 lJ

t{R

0.0 lJ

iln

3.0 |J

I 5.fl
!tR

5.0 u

ilR

t{R

0.î u

12.\ tJ

IR

5.0 u

28.0 ll
IR

5.0 u

r{R

7.0 u

[Á
IA
fiA

ilA

H/t

ilÄ

trA

ilÄ

l{A

ilÁ

ltâ

t{A

t{Â

ilA

ltA

lrA

NA

NÂ

l{A

ltA

ilA

lü
flA

IA

ilA

IA
ltÂ

ltÂ

¡tA

t{A

ltA

ilÂ

ill
t{À

HÁ

NA

t{A

¡tÂ

r{Â

t{Â

ltA

t{a

íA

t{A

t{A

NÀ

t{Á

lta

t{â

NÄ

ltA

ilA

ila
1{A

t{A

ilÂ

t{Ä

lrA

lrA

t{A

1{A

t{A

ìtA

IA
ilA

NA

NA

ilA

ltA

ilÂ

ilA

t{a

t{A

lrA

t{A

NA

flA

fla

ilA

ilA

lrA

ilA

ilA

t{t
ilA

ltÁ

ilA

ilÁ

NA

ilA

t{A

NA

t{A

NÂ

ilA

ltÀ

ilA

t{Á

t,lÁ

ltÀ

t{A

IrA

ila

ltA

IA

flA

ltA

t{A

t{A

IA

lrA

NA

lrA

ltA

t{A

ltA

lrA

1{A

ilA

ilt

ilA

ilA

t{A

lrA

t{A

t{A

ltA

t{A

t{A

IA
t{Â

ltA

flA

ltA

1{A

fiA

ilA

ilA

[Â
ltÁ

llA

ilA

ltA

r{A

[8
58.7 U

2.0 u

lt8

0.{ u

J.J U

t{R

22.7
ìtR

Ir4.7]il
O.J U

l{R

42.0 fl

flr
t{R

0.3 u

It s. J]
NR

16.7 t)

6.7 tt

t{R

3.J U

t{R

25. J

I{R ilA

tó.t u ila

0.8 U HA

ilr ilA

0.2 u ilA

1.1 u l¡A

[n ilA

il.{ l{A

l{R llA

8.9 llÂ

0.1 u ilA

t{R ltÂ

5t.l ilrs ilA

t{R lrA

[n ilA

0.1 u r{A

[8.3ì tlÂ

ilR I{A

6.9 U [â
J.I U IIA

IIß NA

t.4 l, [A

[r ilA

3l. t ]{t r{A



-r - -

PARáIIITTRS

i¿--

IÂ{Â) ¡S
8l tel87
(uq/ks)

fÄ(A) lsA IA(Ât lt
s/t¡/rìâ 8ltcl87
(us/ks) (us/l)

Iit(Â) il¡Á IA(Al2î
s/:irltì8 8/20/rì7
(uq/l ) lug/lgl

lable fi0. 3-2 (continued)

tÂ(Â)2r
t/ lq/87
(us/ I )

IÂ(A)JSÂ IA(A}3I
s/Jl/88 8lt9l87
(us/ksl (us/l )

IÀ(Â)45 IA(Â)45Â

8/20/88 s/¡r/88
(us/ks) (us/ls)

¡A(A)JS

8/le/87
(us/ks)

Pest ic ides/PCBs:

Âldrin N0

ÂßûCtriR'i0lb HD

AR(lftùr-t?2t N0

AR0Ct0R-r?32 t{D

AR0tt0R-1242 ilD

AR0CtûR-t?48 N0

AR0Ct0R-t254 r{D

AR(||)L0R-1260 ilo
¿lpha"8H0 flD

betô-tHc ilo
de¡lô-8Hc ilo

Qama-8ll0 (Linrjane) il0
alph¿-Chlo¡dane ill}ga¡¡¿-Chlordane fll}
4,{'-0DD flD

4,{'-008 ilD
¿,4'.0t,T xl}
Dteldiln N0

[ndrin flf)
[nrJrin fetorìe [0
[odosulfan ¡ $
Endosulfan lI [0
fndosulfan Sulfate H0

Heptachlor ND

lleptachlor fpor¡de ilD

lletho¡ychlor il0
Io¡aphene ill)

! - Ilethod blank noncotpli¿nce ¡ith ilYSDEC clip
U - Indicates to¡pound r¿s analy¡ed for bul not detected.

Seported eith the instru¡enl deteetion lirits
il - Indicates spile s¡¡ple recovery ¡s 00t tithin control lirits
J - Indicates ôn esti.¿ted value.
ilA - t{ot ônaly¡ed
fll) - Not detected

t'lank sp¿ce - 0ata ls irv¿l¡d

0' lhis fl¿q is used ¡hen the the analy[e is found in the hlanh as rell as a sarple.| - Prsticide. PCB's - Ihe retention ti¡e rindo¡ for rrdrin tas outside the allorable range
0n tro of the evalrlation stôndôrd runs

lln - ll¡rl required ôs an ¿nô¡yte by 
'IYSDECIl ' Iodicates sarple value is betreen I0L ¡nd CR|)L.

I Indicôtes duplicate analysis ¡as nol rithjn control li¡its.
S lndicates value dpter¡ined hy the rethorJ of st¿ndard addition.

NO

il0

r{0

il0

t{D

t{0

t{0

fiD

il0

NO

l{0

il0

fl0

ND

il0

NO

ilt)

it0

lt0

il0

lrD

t{0

ilD

ltD

t{l)

lrD

lrD

ilD r{A

{0 ÍA
IID NA

il0 t{A

t{0 ilA

ilo l{A

ilo ltA

r{l) ilA

ltD {A
l{D ltÂ

r{D r{A

[D I{A

ilD t{A

l{0 }tA

lrD ilA

lr0 ilA

ltD t{A

ill} ltÂ

lrD ilÀ

r{0 t{A

ltD ltÂ

lrD ilA

IID NA

ilo ltÂ

llfi ilt
il0 ltA

flD t{A

il0 ilA t{A

ilo ilÁ t{À

IID IIA NA

ilD ltÁ lrÂ

r¡D ilA t{Á

r{0 ¡tÁ [A
IID ilA IIA

ilo ilA ilA

t{0 ilÁ l{A

lÍr t{A l{A

lrD fiA t{A

I0 ltÄ ilA

r{0 t{Á }tA

ilo ilÂ l{Â

Í0 [A t{A

r{0 l{A t{Â

il0 ilA lrÄ

fl0 ilA flA

il0 ilA ilå

ill) t{A ltÂ

ltt, ilA flA

l{D l{Á NA

t{l! t{A ltÂ

il¡ ilA NA

r{D ilA l{A

ilo ilA ilA

l¡D ltÁ t{â



ìrr¡ ¡- E

PArÂítïtrs
IA(â)sS ¡A(A)5SA [A(AISS^^ ¡Á(¡)óS
irl20/8fi ! ¡(/t/88 r i,lzlte El2¡ltl(ug/lql (uc/kg) (us/tc) (ug/tg)

laþle No. i-2 (continuedl

[A(A)65 ta(A)8SÁ IA(A)SH IÄ(Al8¡tA
8lt9l8t I s/Jl/f8 8ltel87 | s/Jt/ss(ug/kg) (ug/ks) (us/l) (us/l)

¡A(Á ) is
8/20/88
(ug/ts)

rA{Â}95 rr(A)!T
8lt9l87 'dlt't187(ug/kg) (us/l )

Volat i I es:

Á( etone
8en¡ene

8ro¡odichlororethane
0rorofor¡
Sroro¡ethane

2-8u tanone

Chloroben¡ene

Carbon 0isulfide
Carbon Iet¡¡chloride
Ch loroethane

Ch lorofo¡¡
Chl ororethane

Drt¡ro¡oc h lororeth¿ne
I , l -0ichloroethane

I ,2-Di( hloroethane
I , l -0ichloroethylene

1,2-Dithloroethylene
l.2-l)ich loropropane
c is- l. J- Dichloroproprne
lrans- I, J-t lch loropropene
tthyl $s¡¡s¡¿
2-Neranone

llethylene Chloride
4-l{ethy I -2-pentanone

St lrefte
I, ¡.2,2-Tetrôchloroeth¿rp
Ietr¿chloroethyleÍe
Ioluene
I, I, l-Iri(hloroethône
I , I ,2- Ir ich loroethane
Irichloroethene
Vinyl Acetat?

Vinyl |)hloride
fotal Xylenes

TÏ:.
j-l{ethyl lherrol

Phenol

t. 1,2-Irichloro-1,?,2-l't t-
f I uoro-ethane

Ihiobis llethane

t,nl,norn (lotôl)
I i ronene

3{.0 B

fl0

flt)

t{0

il0

{.0 J

ltl)

ltl)

il0

üD

ll0

lt0

N0

t{0

Nf)

lrD

l,lD

il0

ltl)

il0

lrD

r,t0

?0.0 s

il0

t{0

il0

fltt

lt0

5.0
flD

l{D

it0

ilD

ND

'1.0 J

t0.0 ,l

r¡I)

r{D

È.0 J

lfl)

NÂ

ilA

r{Á

IA

ilÁ

flA

[Á
flA

t{Â

ilÂ

ltA

t{A

ilA

r{A

l{,1

itÂ

ltÁ

r{Â

ilA

t{A

l{/t

t{Â

ilA

lrÁ

NA

l{^

ltA

Nit

t{Â

ilÂ

NÄ

t{A

t.l^

!lÀ

lrÂ

NÁ

t{Á

ilÁ

ilA

ilÁ

t{A

flA

ltA

NA

ilÁ

l{A

¡rÁ

lrA

ilÁ

ilA

t{Á

l{Á

NÁ

ilA

llÄ

[Á

¡tÂ

ilA

ilA

NA

t{,t

t{Â

t{A

ilA

ilA

ilA

ilÁ

ilA

¡{.0 $ 4{0.0 I
r{0 6.0
lrl} lrD

fiD ltD

t{D t{0

e.0 21.0
ilD 6.0
IIO NÛ

il0 t{D

t{0 t{D

ilo fiD

IIO ND

ilD ito

r{0 ilo
IIl) ND

N0 7.0
ilo r{0

il0 H0

ilf) t{D

ND IIf)

r{0 fil}

r{D ilo

25.0 S ó.0 I
N0 7.0
il0 r{D

r{l) t{0

irù r¡0

ilD 9.0
il0 5.0
I{D NI)

il0 5.0
ilB lr0

NO IID

f{0 ilo

ilD Í0
ND I{f)

[D il0.0 J

¡tD ilD

ilD I{D

Nl) I{D

27.0 I
t{0

ill}

ilD

t{ll

ó.0
flD

ltI)

fll)

il0

ilD

fl0

lt0

flD

ill)

NO

ltD

Nl)

t{D

Il)
fi0

r{D

2.0 J8

ltD

r{l)

fi0

ND

ltD

t{I)

NO

il)
t{D

llD

r{D

ND

fl0

il0

il0
il0

ilD

20.0 g,

lt0

t{D

¡tD

t{0

ltD

lt0

il0

ilD

Nl}

HD

l{0

il0

il0

llD

t{D

[0
il0

fl0

lr0

ltD

NO

19.0 I
lt0

ilD

NO

fiD

N0

N0

lt0

ND

lt0

t{D

t{D

lt0

ND

t{0

ntt

ilD

ll0

r{A

[Ä

flA

lta

ila
t{A

ilA

l{A

t.lA

t{A

flA

IA
HA

ltÂ

HA

ilA

flA

l{A

ilA

ilÂ

ltÁ

ilA

1{A

lrA

t{A

ÍA
ilA

ltA

t{á

ila
IA
IÂ
ilA

NA

t{a

ltA

ltA

lrA

ltA

IA
ltA

ltA

t{A

üA

ilA

lrA

ltA

ilA

ilA

NA

ilA

flÂ

t{A

ilA

ilÁ

ilA

lta

fla

ilÂ

ilA

t{a

ilA

ltA

ltA

ilA

ilÁ

¡rA

lta

213.0 I 22.0 I
lto lrt}

ND IID

l{D ilo

t{D r{0

I{D J.7 J

IIl) HD

¡rD ilD

ilD ilD

ll0 t{0

il0 N0

ilo lto

[0 ilD

I{D NO

I0 r{D

lrD il0

2.1 J N0

t{D }r0

ilD ilD

lr0 Í0
¡10 il0

¡r0 lto

lc.0 I 28.0 I
flo ilo

il0 flo

ll0 ilo

IID ND

ll.0 I Ì0
ltD ilD

t{D t{0

t{D lr0

ilD ilD

t{0 ilo

ilD r{0

lto Í0
il0 ilo

ilD ilD

?6.0 J t{D

!t0 ÍD

ilo ilo

NA

l{Â

rlA

ilA

ilA

t{A

ilA

flA

ll¡1

ilA

itA

IA

t{Á

HÀ

ilÂ

il^

ilA

flA

t{A

ItÂ

r{Â

NA

ilÂ

{a
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¡A(Á)5S IA(a)sSA IA(A}5SAA lA(Ä)óS
â/20lr8 | 6ltlì8 t sluee ,ð120187

(ug/tq) (us/lg) (ug/hq) (ug/kg)

rA(À)8S IA(A)8SÂ tÂ(Â)8H IA(A)8gÁ
8/re/87 I 5/3t/88 8ltel87 | s/Jl/88
(us/kg) (ug/ts) (us/l) (us/l)

fable l.l0. l-2 ((ontinued)

¡Â (A) 75

8/?()/8A
(ug/ks )

IA(Á)9S lÄfÂlrl
àltglt7 8lt9l87
(us/kg) (us/l )

[Â

ltA

flÂ

ltA

ilA

ltÁ

lrA

ilA

ilA

t{A

ltA

ilA

ilA

ilÄ

l{A

t{A

ilA

ilA

ila

t{A

l{il

ilA

ilA

ilÀ

ilA

ilA

ilÄ

flÂ

ilA

l{A

t{a

l{,1

t{A

ilA

t{Â

ltÁ

ilA

ltA

t{A

llA

fiA

t{Â

ilA

ll,1

ilÂ

ilÁ

ilA

ilA

ilÁ

fiA

l{A

ltÂ

l{A

t{â

l{A

ilA

lrA

ilA

r{A

t{A

t{Â

IA

llA

ilâ

ltA

r{Â

l{A

t{A

ltA

t{Â

llA

t{A

NA

ilA

ltA

t{å

lrA

ilA

t{A

t{A

t{Â

ilÄ

ilÂ

1{A

t{Â

t{¡l

ilÂ

IrÁ

t{A

HA

t{A

ltA

NA

t{Â

ilA

t{Á

ilÂ

Ia
t{A

t{A

ltÁ

lla

flA

ilÄ

¡rA

¡tA

ilA

t{A

IA
t{A

t{A

t{A

[Ä

ilA

¡tA

t{A

t{A

ilA

ÍÁ
t{A

ltÁ

ilA

itA

t{A

ilA

ltA

t{Á

ilA

t{A

ilA

NA

lta

ilA

ilA

NA

ilÂ il0 ltÂ

IIA ND IIA

r{Â r{0 ilá

tIA IID ¡IA

t{Á t{l) il,ì
nA l{D flA

NÂ I{l) }IA

r{Á lt0 ilÂ

[A l{0 flÂ

t{A 560.0 t{Â

t{,t t{l} t{A

ilA N0 ltÄ

t{A ilo t{a

t{A }t0 }tÂ

flÁ N0 l{A

ilÁ t{D ilÂ

ilÁ ilo ilA

l{il ll0 llA

t{A ND ilÂ

l{Ä flo ltÁ

I{A I{D NA

ilA N0 l{A

t{A t{0 t{A

llA ND ll¡1

tl,l l{D }lA

1{A ilfl }tA

r{Á ilo N^

ilA N0 lrâ

r{Ä Ht) ltÂ

ltA t{0 ilA

t{Â N0 flÁ

t{A t{0 NA

ilÁ il0 ilA

r{A }t0 1{A

ilA [D l{A

flA N0 ltÂ

ilA NI} IIÁ

IIA Nf) [A
IIA IID NA

il[ iÈ0.0 r{A

ilA !,rI} ¡tÂ

ilÁ ill} l{A

il¡t rD t{A

t{A ¡t0 t{A

NÁ tlD l{A

ilD

il0

t{D

il0

ilD

NO

r{D

il0

¡tl}

9.3 J

lrD

fiD

ilD

ND

il0

r{D

il0

ilD

ill)

t{0

¡rD

ltB

il0

il0

3.0 J

llD

flD

ill}

il0

t{D

ltD

NO

r{D

r{0

l{D

fl0

lil)

NO

6.7 J

t{D

il0

t{0

ilt
II}
¡tl}

NA

ilA

t{A

t{A

flÁ

t{A

NA

HÁ

ilA

llÄ

l{A

t{A

IA
t{a

ilÁ

l{À

t{Â

ilÂ

ilA

IA
t¡A

ilA

l{Â

ilA

ll,l
ltA

ilA

IÁ

I'rA

[Ä
ilÂ

NÂ

ilA

NÂ

ilA

NA

ilA

HA

lrA

lra

tiA

ilÄ

ilÂ

t{Â

il^

¡tA

ltA

t{A

¡tÁ

flÀ

ilÄ

ilÂ

r{A

itÂ

t{Â

r{A

ilÂ

t{A

ltÁ

ilÂ

ilA

fiÁ

t{Â

ilÁ

lrA

l{Â

NA

ilÂ

r{A

ilÂ

flÂ

t{Á

NA

t{A

t{a

[Â

NA

t{A

NÂ

ilA

ilA

lrA

ilÁ

l{A

t{a

lt^
ila

ilA

ilA

ll¡1

ltA

ilA

ll,l

ltÁ

!lÁ

ilA

ilA

IA
fiA

ilA

ltA

ila

t{Â

ilÂ

NA

¡tÁ

ilA

t{A

NA

il^
t{Â

ilA

NA

ilA

ilt
t{Â

ilA

t{A

ilA

ltÁ

ilÂ

NA

r{Á

N^

flÂ

ilÂ

l{/t

NA

Ntt

l{A

ilA

ltÂ

t¡A

N/l

ll,l

l{D

il0

l{0

ÌtD

il0

il0

il0

il0
r{0

il0

il0

ltf.l

t{0

l{l)

il0

H0

il0

ilD

il0

t{D

r{0

llD

r{l}

fll!

lrD

r{l)

illì

lr0

ilI}

ilf)

ND

NO

illl
lrl)

NO

r{0

llll
r{0

il0

fl0

ilD

ilD

Nf)

il0

ilD

Seri-Volat iles:

Ácenôf'hthene

Acenaphthylene

Anlhrarene

8en¡(a)anthr¿rene
8en¡oic Acid
Eenryl Alcohol

Eenro(h) fjuo¡¡nthene
8en¡o(k)fluor¿nthene
0en¡o(9,h, i )perylere
8en¡o(a)pïrene
4-8ro¡ophenyl phenyl ether
Sutyl bentyl phth¿l¿te
l-Chloroani.line
bis (2-Chloroetho¡y) .ethanp
bis (2-thloroethyl) ether
brs (2-Chloroisopropll) ether
l-Chloro-l-¡ethylphenol
(p-chloro-r-rresol I

?-Chloronaphthalene

2-|]h lorophenol
l-Chlorophenyl Phenyl tther
Chrysene

l}iben¡ (a,h)anthrarene

0iben¡ofuran
I)t-n Butylphthalate
I .2'0ichloroben¡ene
I,j'l)i(hlorobeo¡ene
|,4-0¡chloroben¿ene
j,J'-Di ch loroben¡ i dine
2.{-0ichIorophenol
0 iethy lphtha lale
2,4 -Di¡ethy lphenol
0irethyl Phth¿late
4,ô'Dinitro-2-ïethyl Phenol

2,{-0¡îi trophenol

2,{-0inttrotoluene
2,6-0rni I rotoluene
0i-o-0ctyl Phthalôte

t ts (2-ethylheryll pl¡th¿late

fluoranlhene
Fluorene
Herô¿hlor obentene

Helarh I orobu tad iene
ller¿chl or ocyc lopentadreno
Her¿chloroethane



E- E:: i.J

PA8âIltERS

a¡r
rr¡a 

-r¡

-

I
E

fahle il0. 3-2 (continued)

iltÂ)ss ¡A(á'$SA n(rlssÂÂ IAíAIóS
812îlt8 | tlllts t 3l2l8e slzLlst(ug/tg) lus/tsl lug/tgl (ug/tg)

râ(Á)8s n(âl8s/r Iâ(A)8f IAlr)STÀ
sltetsT 1 5/Jt/08 sltelsT I s/31/s8(ug/tg) (rs/ts) (us/t) (ug/l)

n(rl7s
8120188
(ug/Ìgl

IÂ(A,95

sltelst
(ug/tg)

IA(ô)9r
slt lttt
(ug/l l

Inde¡o(1,?,3-cd)pyrsne
Isopho¡one
?-llethy lnaphth¿lene
?-llethyl Pùenol

4-llelhyl Phenol

llaphthalene

2'lli lroa¡i I i¡e
i-lli tro¿oi line
{-flitro¡oil ioe
il¡lroben¡eoe
?-lli tropftenol
{-[i tropheool
il-[i hoso-0i ghp.DÍl¿¡j oe
ll-l[i troso-0ipropt lori¡e
Pent¿rhloropbenol
Phe¡¡ntlrme
Ple¡ol
Pl¡enol ltot¡ll
Pyre¡e

1 ,2, {-Ir ich lorobe¡¡ene
?,{,5-f r iehlorophetol
2,4,ó-f richloropàeool

::ï:'
2'üetly¡ ller¡Ìe
3-llere¡e-2,5-0ioîe
Caf feioe
tl¡tno¡n C¿rðortlic ácid (tot¿tl
U¡knorn lllaoe (tot¡ll
llnlnorn llydrocarbon

Uîlfioro letone
tl¡knoro {total)

lrA

l{Á

ilt
,$
t{A

lrâ

ilt
ilr
ilA

ffÁ

IA
nÁ

ltA

[A
ltÂ

IA
ilÂ

ilA

IA
ilA

ltA

ilt

ltA

Ht

lü
ltA

ltt
lil
ltA

ilA

t{0

il0
ltD

!r0

lr0

r{0

ilD

lrD

lrD

il0

ilD

ltD

ilD

il0

ilt!

ft0

ltD

llD

t{0

ßD

t{0

t{D

ilÂ ,tÁ

ilA [A
ilA lrÂ

t{A ltå

[¡l flA

ilÁ IÁ
t{A [â
llA t{t
l{t M
ilA ilA
t{A r{A

ltA ltÂ

lll lrA

[A ilA

ltA ltÁ

rÂM
flÁ flÂ

lll ilÁ

ilA ltA

l{A [A
FA ilA

llÂ [A

[û
llÂ

r{A

lrÂ

ltA

l{A

[À
ltÂ

lA
lrá

lrA

ilt
ilá

ilÂ

ilÀ

ilô

It
ila

[Å
llA

ItA

IA

m
ltA

ilA

lrÁ

ltA

ilâ
lrt
rA

ila

üÀ

rá
ilÁ

ilA

ltt
ilA

ilA

t{A

t{A

ltÍ
[A
ilÁ

¡fi
ltA

t{A

lta

t{A

ilA

ilA

ilt
lt¡

ilA

lrA

ltA

lrA

IA
ilA

ltA

t{A

lrÀ

ilÂ

[Á
ltA

ilA

t{Á

lrÂ

ilÁ

ilA

[A
ltå

t{Á

TA

ltÀ

m
[A
ltÂ

rÀ

[A
RA

ltA

flt

ilÁ

ltA

ltÁ

ltA

ilâ

m
lll
ltA

lrâ

ilå

ilA

l{A

ltA

llÂ

lü
ilA

ilt
lrÁ

ltÁ

rA

Ít
M
ilA

t{¡
[Â
ilô

¡{A

ilA

ltÂ

ltt

[Á
lü
IA
ltÁ

lu
ilA

ltÁ

ilÂ

ilA

ilA

lrÂ

Hô

l{Â

ltÂ

ilA

[A
ilâ
ilA

ilÁ

ltÀ

ilA

lrl
]lÂ

IA
flÁ

ltA

IA
{A

ilA

lt¡

t{A

flir
ilA

AA

,IA

íA
[A
ilA

lt0

il0

illl
Ml

[D

ltD

lt0

[0
lt0

f0
{t}
ilD

ID

il0
lt0

520.0 J

ilD

500.0

580.0

il0

ilD

ltD

m
r0
flD

lt0

17000 J
ilD

lüt

t3000 J

lt0

ilD

flD

lr0

lt0

I0
ilo

[0
lill
t{0

lt0

IrD

t{D

[0
fl0

ilD

llll
lt0

1üÌ

lt0

íD

ilo

illl
lD
il0
[0
l{D

130.0 J

9.0 J

lt0

ilt!

1m0.0 J
ilt
ID

3{00.0 J
il0

lt0

75000 J

llâ ilt
llÂ ilA

[A [a
ilÁ rA
ltÄ ttÀ

ltÁ ]tÀ

lil ltA

llÂ M
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lable il0. I-? {continuedl

PAf,¡MI[ßS
IÀl0ss ¡åfAlssA I¡(A)5S*A tA{å163
aNæ | r,lv$$ t 3l2l8tt ïtnßt(¡e/lg) (rs/ls) l¡g/Íci (rgltsl

il(Å179 U(A)SS il(tlSså rA{Â)fl ¡¡(A}SflA ¡åü}eS lttÂ)er
!20!89 sltelt? | s/il/ss 8ltet87 t s/3r/s8 sltetsT 8ttet87lreltsl (¡dtg) (rgßg) {us/U (ue/l) (rs/rs} (qs/l)

llu¡inu¡
Àotimnt
Arsen¡c

0¡riur
tery I liur
Ca&iur
0¿lciur
Chro.iü¡
co6a I t
copper
ûtânide
lroû
Lead

llagnesiu¡
llôog¡ne€g

llartury
llichì
Potassiur
$eleniur
$¡ lver
Sodim
Il¡alliur
Va¡adiu
li¡c

üfl
t{.1 tfr
0.9 r
tI
0,t til
¡.? lr

nR

10.7
ilß

28.5
0.r u

llR

{5.9 t|
tlRi

flr
û.t u

lX.l
ilß
6.1 utr

,16,J I
ilf,

t.? u
ir

lût.0 [

l{Â

t{¡
'llÂ

ilÁ

ilA

ltÂ

t{A

lrÂ

ilr
ltt
ilr
t{A

flA

ril
ilt
lta

Ít
il[
ila
t¡¡
t{t
lü
lrs

r{À

M
t{Â

$Â

ltÂ

lrI
ila

lta

il¡
t{A

ilA

t{A

ltA

[A
ilA

ilA

üA

ilr
flA

t6
M
t0
[ô
ltt
t{t

HA

ilA

ltt
li
[â
tü
ilA

!tâ

ilÂ

t{A

ftA

ilA

ltÂ

ltt
IA
[A
tâ
ilA

ilt
ilA

M
rA
ilt
[Â

l{Â

llA

ilA

üá

ilA

ila
ltA

rA

rÂ

M
ra
ltâ

t{A

ltt
M
ill
m
ilÀ
[A
TA

ßA

ilA
:llA

ltA

m
ila
[A
m
llÂ

t{Â

flA

ilA

ila
üA

M
[A
,IA

ilÀ

ItA

ill
m
ilß

ilâ
ltA

HÍ

lil
[A
rlô

ltÂ

rA
rÁ

ill
ilt
Ít
ilA

¡tt
lrl
m
[À
il/¡

ilA

[A
IA
üt
lil
lrâ

¡tt
M
m
$
ls
lta

ilA

rA
lrâ

TA

ltA

t{A

íÁ

lll
tfÂ

tü
ilA
m
[À
ilô

flA

ilÂ

TA

ilå
ltt
ilA
,IA

tå
ilt
[t

llR U
15.7 u üâ

0.t t il{
rn ilÁ

0.2u m
l.f u t{À

lrR ilA

10.¡ lt¡
Ír ilA

22.1 X ila
0.1 lr Nå

ilr ila
20., s[ ïÂ
nß ltA

milÂ
0.¡ u ilâ

f8. rl flA

ilr nr
ó,t u rá
2.:t t fr

fln ill
1,1 lt il¡

ilR ltA

16.2 lü

ilÎ
5$.0 u
¡,0 u

m
0.r u

t.0 t
[ß
9!0 u

ilf,

3.0 ü
t0.0 u
M
25.0 U

ilß

iln

0.? r,

t2.0 t
ltt
s.0 l,

?€.0 [
m
5.0 ú

m
7.0 u
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Iâ(AI5S IA(AI5SA IÂ(AISSÂA

8/20/r]8 ! 6/l/8Ðr 3/2/t,l(usltrol (uc/l¿s) (uç/kg)

fahlP [0. J'2 {continledl

IÁ(A}8S IA(Â}8SA IA(ÂI8g IA(A}SIA,àltelql I s/JUå8 8ltel87 | s/Jl/Ss(us/ls) (ug/kg) (us/l ) fug/l )

IÂ{A) 63

8l20l87
(uq/ls)

Ir(A) 75

8/20/88
(us/ls)

IÁ(AI9S lâ(Â)qs
8ll9/87 8/reliti
(ug/kg) (us/l )

Pest icides/PC8s:

Âldrin ill)AR0Cr0ß-toló flD

Aß0ü(rn-1221 [0
An0ft0r-t232 ilD
AR0C[uf-1242 ilD
âRrJcL0R-12{8 [0
ARfr0Lrìf-l?5{ t{0
AßúCr.üR-t2óo ilD
ôlpha-Ptt0 ilD
beta-8Ht ilDrjelt¿-Btl0 flf)

.oama-8H0 (l-ind¡ne) fl0
alpha-Chlord¡¡e ilDgama-Chlordane [l)
{,{'-000 ilD4,¡'.DDt ilD4,4'-DDI ilD
Oieldrin ilD
Fndri¡ ilo
Endrin letorie il0
t¡dosulfan I Ut
[ndosulfao Jl ilo
tndosulf¿n Sulfate fi0
Heptarhlor ilg
Heptarhlor Eporide {I)
llethorych lor il0
Ioraphene ilD

! - tlethod hlank nonco¡pli¿nce ¡ith t{TS0tt clip
U - Indic¿tes co¡pound ¡ôs ¡naly¡ed for but not detected.

feported rith the rnstrutrnt detection lirils
[ - lndic¿tes spile saor,le rerovery is ¡ot sithln corrtr0.l lj.jts.
J - Indrcates an esti¡¡ted val¡le.
t{â - [ot analr¡ed
[D - flot detected

blanlt spare - 0¿ta is inv¡li¡

I - Ihis fl¿g js used ¡hen the the an¿lyte is found in the blank as rell as a sârÞle.| - Pest¡cide, PCt's - lhe relenlion ti¡e ¡indoy for tndrin ¡as outside the alloxable range
on tro of the evaluation stand¿rd runs

iln ' llot required as ¿o analyte tv llYSDtC

0 ' Indlcates sðrple value is betreen tl)t and CR0t.

S - lrrdicates value sas deter¡ined bt the rethod of standard addition.

l{Á

IA

ilA

ltÁ

ltA

fl^
ilÁ

ilt
flA

ilA

flÀ

t{A

t{A

t{Ä

ilÄ

t¡Â

ilÄ

t{A

ilA

ilÂ

r{Â

r{Â

t{Â

NA

NA

HÁ

t{Â

il0 [Â flA

l{D ltÂ [/l
t{D ÍÂ flÂ

ilD ilA ilA

llD ilÂ r{Â

ilD flA t{A

[0 r{å üA

l{0 l{A l{A

llD ilÀ rÁ

ltf) l{a ilA

ilD t{A r{il

ilf} t{a ilÂ

lll) ilA ilA

ilD [A lrÂ

t{0 l{a }lA

ilo lrA l{A

ìlD flA [^
ll0 ilA ltÂ

t{D ltA t{A

ll0 ltA fiA

ilo [A l{A

ll0 ilA t{Â

ilo t{A l{A

flo ilA t{A

[D [A ]rÂ

IID ilA I{A

ll0 t{t NA

lr0

[0
lt0

il0

t{0

il0

l{0

t{D

ilD

lt0

ilD

lrD

lr0

[0
t{0

t{0

r{0

ltD

t{0

ilD

ilD

1{0

fl0

t{0

lrD

1{0

lrD

t{A

t{A

lrA

IA
NA

1{Â

t{A

t{a

ilA

ltÁ

lrA

ilA

flA

t{Ä

r{A

ltA

flÁ

t{À

t{A

l{A

r{A

ltA

t{fi

t¡a

r{A

t{A

llA
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I¡ble Io. 3-2 (roûlim¡edl

P'lßûllfffnS
rAlAlt{Í lA(t}lffr ü(ûnflfi
8l2u87t 612/8f;r UVst(uçll) {uçlll {us/U

[,olatil¡s:

-

>1
b ¡rJ T' ' > -.

- -

Aeêt0m

8e¡ir€he

Srorodi clilororct[d¡e
Sio.oforr
Sroro.etìffe
?'0utanom
0hlorl¡ie¡¡eoe
tarbon 0i$lfide
C-¡lb¡in Tst,rachlor idè
0htorost[a¡e
'0ft10¡sfrTr
Ghloroæthô|le
D¡brorftiloro¡stlôûâ
I ,,1-llichloræth¡oe
l 
'?-0iehlor,oetl¡aoeI, l'llicäloro¿thyle¡s

I,t-!irhloroethtlcne
I ,2-0ieùloroFrop¡oe
cis-l,l-ûieiloropropem
frâos- 1.3-0irlilûroÞr4re¡ts
[t[fl Be[¿eûe

2-lþrinor¡e
¡letiyleùe oñlorido
{'ilêtliyl-?.Pflltaoolte
Sitrenþ
I, 1,1,2-fetrachlorætùane
fatÌôrhlorusthlcm
loluene
l , L l-frichlotoeth¡nr
l, l'2'Ir Ích lor.qeth¡ne
lriehlotætüe¡e
ViÍtl Acetâte
Vioyl tl¡loridr
totõl lrle¡ès

ûtftcr:

õ:lletf¡yl lùenol
Phmol
t, l ,?-Irieñloro'1.?,?-lr i-

f lmro:olha¡e^
rl¡¡ob-is ]tlethüe
tl¡lnom 0ot¿l)
tiiooe¡e

r50û.0
{0
il0
ilD

lt0

t{0

ÍD
nû

fio
ltD

r.5 J
ilD

t{D

ltD

to
fl0

2.3 J

t{0

lt¡
il!
lt0

ilD

100.0 I
ilD

nD

il0

3;1 ¡
ilû

2.a J
il0.

3.1 J

i0
ü0

[D

M
ilÁ

ltA
ltA

fit
t{a

lUt

ilA

lü
NA

ilA
ltA

IÂ
ÍA
M
lt*
[A
ltÂ

ilr
ilt
$
lrA

ilA

ilÁ

ilÂ

m
!$
lrÄ

M
ltå

[a
M
flA

illt

llÂ

ilå
tfa

IA
ill
1lA

rt
[A

'lÅltA

t{t
t{A

rt
,IA

aâ

ltA

ilr
ltA

l{ô

m
lr¡
ltÂ

t{t
[A
m
ltA

lrâ

rÀ

lrÀ

lta

llô
ilÀ

M
ilÂ

[A
TA

m
ÍA
flÁ

ilâ

ilt
ltt

ila
ilA

tÂ
flA

il0
t{û

ItD

t.l0

th
a00.0 J
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Ser i-Vola ti les:

-
E

-
I¡t'le flo. 3-2 (rontinuc,J)

-

IÂ(A, l{r,t t/r(A} l{ÍÄ

^l?U87 
| 6l?.ßA I

(us/l) (us/l l

IÁ(A} I{¡lA^

J/i/81
(uq/ I )

/tcenaohthene

Âcen¿phthylene
Ân thrðcene

8en¿{a}anthracene

Ren¡oic Acid
8rn¡yl Alcohol

9enro(b) fluoranthene
8en¡o(l) fluoranthene
0enzo{9,h,i }perylene
0en¡o{a)pyrene
,l'8ro¡ophenyl phenï¡ ?ther
Sutyl ben¡yl phthalate
4.Chloro¿nilioe
bis (Z-Chloroethory) ¡elhône

bis (2-Chloroethyl) ether
bis (2-Chloroisopropyl ) ether
l-Chl oro-J-¡ethylphe¡ol
(p-chloro-¡-cresol )

2-Ch I oronaph tha I ene

2-Ch I orophenol
4-Ch¡orophenyl ?henyl €ther
0hrysene

D¡hen¡(¿,h)¿nlhracene

0iben¡ofur ¡n
Di -r- 8u ty I phth¿late

I ,?-0ichloroben¡ene
I ,3-Dichloroben¡ene
l.ô-Dichlorobenlene
3.i'-I)i th I orobeo¡ idine
2,1-0i ch lorophenol

Dtethy lphl ha late
2,,1 -0irethy lphenol

0i¡ethyl Phtbalate
4,ó-0in i tro-z-[ethyl Phenol

2,{-0ini trophenol

2, {-Dio i trotoluene
2.ti-Din i trotoluene
Di-n'0ctrl Phthalate
bis (2-ethylheryl) phthal¿te

Fluoranthene

Fluorene

Herach I oroþen¡ene
ller¿t hlorobut¡diene
Herach Iorocyc lopentadiene
Herach I oIoPthône

ìtD

r{D

r{D

il0

lrD

il0

M)

r{0

It)
il0
t{I)

l{0

HO

t{t}

ID

[0
il0

l{0

ltD

il0

[0
t{0

il0
lt0

t{t)

l{0

flD

il0

t{l}

il0

il0
t{l)

t{D

ltD

1{t}

fl¡
ID

t{D

it0

il0

lr0

ll0

il0

lt0

il0

t{A

lrÂ

ilA

ila

ilA

NÀ

Íl
ilA

flA

flÂ

ilA

lrÂ

r,tA

flA

ilA

l{A

t{^

ltA

IA
ilA

flA

ilA

fiA

flA

flA

t{A

ilA

IA
)lA

lrÁ

lr/t

IA

ltÂ

ilA

flA

ila

NA

t{A

llA

ilA

ilA

il^
t{¡

ilA

tta

ilÂ

lrA

ìtÁ

ilA

ilÂ

ll/t

t{Â

llil
NA

ilA

t{A

l{Â

ilA

lrA

lli\
ilA

ltÁ

ltA

t{Â

ìtÀ

NA

NÁ

ilA

ilÂ

il^
t{A

ilA

ilÂ

t{Á

llA

r{Á

ilA

t{A

ilA

l{A

l{lt

ilA

llrt

t{A

flA

ilA

ilA

ilA

lta

llÁ
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labla tlo. 3-? (contiouedl

ÍANAilÊTENS

ll{llrlil lâ(r)t4rÍr lâ(All{tû/t*/?utr! 6/u8ar ¡lv8elus/l) O¡/l) (rg/l)

Inde¡o11"2,5-eôplre¡e
{sopboroûè

2-llethy ln¿ptr thotene
2-llqihyl Phenol

{'lhthyl Phe¡sl
tlapùth¿lem
?'titrqôniline
S'[itroanili¡¡e
l-titro¡niIinr
titrobs¡¡eñe
2'litrsplenol
{-llitrophenol
ll-llitroso-0iphe¡tlatine
Í--iitross-lliprowloioe
Pmt¡cl¡loroplteool
fàen¡ilthrene
Phenol

?[oûol {totôll
Píreûs
I J,,f .Ir ichloroùeueae
2.0,3- trirl¡loroplenol
3,4.6. lricblorophe¡ol

ïr:'
z-tþtl¡tl llçrcne

3-lers¡¡e.?,S-0,i0ûe
0affeine

[D
ilD

r0
[D

?{0.0
t{0

ltD

Í0
[0
l¡D

rl0

il0

ltD

il0
[0
ü0

lül

ló:t
ID

ilo

lll)
t0

m
[a
uâ

ilA

aÂ

I¡
ilâ
tÀ
$A

ilÀ

fiA

ltt
ltA

fir
tt
ilA

ltA

m
ltA

TA

ilA

ili

flt
üA

lrA

ilA

nA

r{l
[å
M

ill
IA
tll
[t
m
t{t
m
ill

[A
ila
r¡
ilt
,tll
ftA

[¡
Ít
*A

{t
m
IA
ftÂ

llt
ÍA
ilå,

.Nt
ilû

IA
tt
fA
üt

ltD

I0
90.0 J

U¡10ûio c¡rbonlic Âc¡d ltotal) ¡Ê00.0 J
Unl¡o¡¡ tltane {tgtal},
U¡lnrnn llrdrocaltm
lÍrlnoffì tetor¡0

l¡itnofn (t0tôll

t{t}

lD
rû

32û.0 J
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W
fi
fit
v[
rÍ
vrl

fi
$t
üt
ilt
W

YT

m
rt
l¡l
ït
fl
ril
rt'
$l
rt
llr
$t

il croü
Yt¡ $l
$ rít 0'c
$t ,utt

vil r, 0 ¿Ês

rü ft 0'ç
ril ut
ril t0'0rl
íü lt f'I
ft{ ült
ul ül
w tln ü's
rilü
$t a 0'01
il û'09¿I
$t üt
;Ttl ûTf
ïil ü[
ïir ¡ 0'¿f
w n9'0
$r t[
ll .Ín tr'çl
tl{ ü'û l
'$t ut

)Úf¡
!n!pp{qô
lûllfsI¡¡

rûìf08
fsôI!9

rû!rþÌas
a.nFset0d

ItìtfU
fuN¡JôT

ðs0üeô!0tl

mtraû6?ll

$9il ,u0Jl

ðp!u?41

/årlüô3

Ttr8S00

fn-r¡orl|0
.l4rI03
r0$p?3

üf JlrJr0
ml¡p¡

llü0s"q
luoû!tnt
tlrüFûll

l tlor¡l ( l/õñ) filånt
68ÀYl r88lê[{ ï{stl¿l0

tTiil(rlvt Tirt(Tlv¡ fiilytvt
s{Jrnl!ru!ú

h

(p¡nü!fm)) ¿-! 'oil ôlqel

tEt 

- 

!rr- È. r E q k t

-
tl

-l
&- -¡II II b:4 H
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Iable 1{0. i-2 (cuntinuedl

- -

PÁRAlttftßs

¡Á(Al r4fl

8l2tl87 |

(uq/l )

IA(All{íÂ IA{Àll{$r
612lÊg t 3/3/8!
fuq/l) {us/l)

Pest icides/PCBs:

,rldr in
Aro0t0R- l0lô
Âr0c[0R-t22t
AßrJ|]t.0R- l2i2
Á8otr0R-t?4?

Ar0ct (ìR-t?48

Ar0c[îR- l?5ô
AR0CL()R-12ó0

ôlphð -8HC

beta-8üC

del tð-0[c
gà.ra-8HC (Lindanel

alpha-Chlordane
ga.ra-Ch lordône
4,4'-DDo

4.1'-00t
{,1'-0trl
Die ldr in
Indr in
tndrin fetone
[ndosulfan I
fndosulfan II
Endosulf¿n Sulf¿te
Heptachlor

lleplachlor tporide
lletho¡yrhlor
Tor¿phene

! - fiethod bl¿nl nonco¡pli¿nce rith llYS0Et) clip

¡t0

flD

ilD

t{0

ilD

il0

Ir0

il0

lrD

ilD

lr0

lt0

r{0

lt0

ilD

lr0

fl0

lr0

il0

Ntr

xl!

r{0

r{D

t{l}

]tD

[0
ID

U - ¡ndicates co¡pound sas analy¡ed for ôut ß0t dele(te,J.
leported ¡lth the instru¡pnl detection lir¡ts

fi - Indicðtes spike s¿rple recovery is not rithin rontrol li¡its.
J - Indicates ¿n esti¡ated value.
l{A - llol analy¡ed
ill) - fot detected
blanl space - Dat¡ is invalid
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lahle flo. 3-2 lrontinuedl

Field 8l¿nl Irip Slank Field 8l¿îk frip 0lanl Field ßlanl Trio 8l¿nk Field Blank trip 0lant Field 0lanl Irip Blônk

"tlt'187 
ttltelf'? 8l20ls7 "dl28tÊ7 gl2tl87 Ìtztts't s/Jt/ss s/3t/ss | ó/l/08 r 6/r/s8 r('rell) (ug/t) (uq/t) (us/l) (us/t) (ug/l) (uslil (us¡ll tusifl i;r;ii

Vola t i les:

Acetone

8en¿ene

Brorodichloro¡ethane
8ro¡ofor¡
Sro.otelhôûe
2-0utanone

Chlorobenzene

Carbon Oisulfide
C¿rbon Ietrachloride
Chloroeth¡ne

tft loroforr
|}h lororethaoe
I}ibroror òloro¡ethane
I, t-Dichloroethane
I ,2-0ichloroethane
l. l-l)ichloroethylene
I,?-0ichloroethylene
I ,2-Dichloropropane
cìs- 1.5-0ichloropror',.ne
t rans- [ , J-0ich loropropene
IthYl $s¡¡s¡s
2-lleranone
l'lethyl?np Chlori,je
{ -llethy I -2-Perìtanooe

Slyreîe
| . I ,2,2-Ietrachloroethane
letrðrh I oroethylene
Iolueûe
l, I, l-Irichloroethane
I, I,2-Irichloroeth¡ne
Trirhloroethene
Vinyl Äretate
Vinyl Chlorjde
lotôl )(ylenes

0lher:

Unl.no¡n Altane

24.0
r{f)

il0

lt0

t{D

1{0

ilD

il0

lt0

lt0

fl0

lt0

il0

lrf)

lt0

ltD

fl0

lt0

fl0

NO

lt0

ilD

lr.0 I
fl0

ilD

lu0

fl0

t{0

il0

fif)

ilt)

NO

ltD

Nl)

t{fl

4i.0
t{0

[0
ilD

ltD

ID

ltÌ
lt0

ttl)

ltD

lrD

!t0

r{0

fi0

tlD

il0

lrD

fi¡
il0

lt0

ltD

[0
l7.(. I
il0

r{D

¡r0

ilD

ilD

ND

!t0

l{l}

¡r0

ilD

ilD

It)

t9.7
il0

il0

lll!
ilD

t'r0

il0

fl0

itf)

lt0

t{D

lr0

l,ll)

ilD

ilD

ID

fll}

il0

tt0

¡tD

lr0

il0

7.t 0

Ìt0

ltD

lt0

il0

il0

üD

il¡
t{D

ilt)

lr0

lr0

r{0

5.È J

l,t0

ilD

lt0

lrD

t{0

lr0

2.3 J

ND

[0
ilD

flD

r{t)

fi0

ll0

r{0

il0

[0
t{D

ilD

il0

ltD

¡1.7 I
¡rD

TD

ilû

ilD

ilD

I'ilt

il0
t'll)

il0

tlD

l{D

l,t0

flo {.0 I
1.2 I flo

l{0 [0
ilD l{0

[0 flo

t9.7 ltD

lto t{D

t{0 ilo
lto [D

lr0 lt0

ilD ltD

il0 flo

r{B fl0

ND t{0

lto ilo
il0 t{D

ilD [D

lr0 [0
r{D ltl,
lr0 [0
[l} [D
ilo [0
4.6 J 3.0 I
l{D ilD

lr0 l{D

ilD lto

l{D ilt)

l{D il0

2.? J r{D

l{0 }t0

ilD fio

lr0 Ìt0

lt0 ilo

1r0 ilD

NA

[Á

ltÁ

t{A

ltA

ltA

ilÁ

ila

ltA

t{Á

l{A

t{ô

flA

ltÂ

ilA

ilA

ltA

t{A

ilA

ilA

t{A

ilA

ilA

lrA

ilA

ltÂ

Ia
t{A

ltA

t{Â

ltÁ

flA

NA

ltA

l{Afl0t{t)



T¿ble t{c. i-2 (continued)
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Soni-Volat ¡ les:

æ F

fin:Jd ll¡r:l Trr¡'tlanl field pl¡nl fnp Slank
ti lri rr: ,tlllt l:n,1 3/10/ßr ,Ål?î187

irro/l I tuullt iuoi I I {u'rll }

Field Blanl lr ip 8l¡nl Field Slant Irip 8l¿nk tield Blank Trir, Blant
812U87 'àl2tl87 s/Jt/ss S/il/Ss 6/t/Bs ,ÈIU'¿¡B(uq/l) ruç/l) (us/l) (uq/ll (uq/l) (us/l)

ila t{0 t{â

ilA ilf) t{A

t{Â t{D HA

ilA r{D }tA

ilt ltD t{A

ila [D ilr
ilÂ ilD üA

ilA ilo ÑA

ilÁ N0 ltA

llA lt0 ltA

lrÂ t{0 flA

l{A il0 t{A

HA ilo t{A

t{À ltD t{Â

[A fiD fiA

lrÂ fil) NA

t{A }tD }tÄ

ltÂ ilo t{A

t{Â ltD ilA

l{Â ltl} ilA

IIA IIl} ¡IA

t{A ilI) t{A

ltA flo HA

t{Â t{0 ¡tA

t{A ltl) ltl
llA ilD ilA

[A ID ltA

ilÂ [û ilA

r{^ ilD l{A

lrÂ lr0 ¡tâ

NA I{D IIA

lrô lto ltÂ

lrA ilo l{A

r,rÁ !t0 ]lA

ilÁ il0 ilA

ItÄ ltD HA

lrÂ ilD t{A

lrÄ t{0 Ni
ilA il0 ilA

t{A fio ¡tA

r{Á l{D ilÁ

ilÂ ilo fiâ

ilÂ 1t0 t{A

l{Á ND t{A

[A ilD ilA

ilÁ

ilA

ilA

Nâ

t{A

ilA

ilA

ll,l
t¡A

ltÁ

NA

lrÁ

ilÄ

ilÂ

ilÄ

t{A

ltA

t{A

t{A

ilA

t{A

fiA

t{Á

lliì
ltA

ilA

t{Á

t{A

lrA

t{A

ltA

lirr

t{A

ltÁ

ilÁ

N¡t

t{Â

ll,1

ilÂ

t{A

I'tÂ

t¡A

t{Á

lr^

ìl¡1

ilA

r{Â

ltÀ

ltÀ

lrA

t{â

ilA

itA

NÂ

ilÁ

t{Ä

ili\
flll
ll,l

ilá

ilA

lrÂ

t{t
t{A

!rÁ

il^
ilÁ

ila

ilÁ

il¡t

ltA

ilÂ

IA

t{^

ltÄ

ilÂ

ilÁ

ltÂ

NA

ilA

lta

lt^

NÂ

t{,ì

t{^

ilA

r{A

t{A

lrâ

l{,1

ll¡l
tlil

ll/t

N,I

ilA

ilÂ

NA

l{¡1

ilÁ

ll¡l

tl,l

il^
ll¡1

il^
ilA

N¡1

¡t^

[^
N,I

il,ì

il^
!l,l

il^
ll,1

ilÂ

ilA

r{A

ltA

il^
ilA

t{A

il^
¡r^

ilA

ilr'

N¡1

HA

N/l

NA

¡tA

N,t

il^
Nil

ll,l

ll,1

ilA

il,\
ll,l

ll,ì

¡lrì

ltA

il{
t{a

ilA

ilA

ilA

lt/t

llÄ

fiÁ

ttÄ

ilA

N,1

flA

tlÂ

ilÄ

ilA

t{Â

t{,\

[Â
t{A

llir
ll,1

t{A

ilÂ

ll,ì
il¡t

llrì

ili
l{A

H/t

N,\

ilA

ll/t

ll¡l
¡t^

!trì

lr^

llrt

ilA

ll¡1

ilA

lrÂ

ltÄ

t{Â

t{Â

ilÂ

1{Á

ltA

IA

fiA

IA
ltA

l{A

ilÂ

lrA

ilÁ

]tâ

t{A

lrÁ

ilÁ

flA

ltA

ltA

NA

t{Á

ìtA

ltÂ

ilÁ

ltA

ltÀ

ilA

ilA

ttA

lra

ilA

NA

HA

HÂ

fiÂ

t{A

HA

l{,t

t¡A

t{A

ilA

ilô

ilÂ

t{A

lrA

H¡I

lrÂ

t{^

llA

H¡

ilÂ

ilÁ

ll/t
!i/t

il/t

ll,l

ll^
ll,1

il¡1

l¡¡l

ltrt

tl,l

lta

l,l,l

ll^
tl,t

fiÂ

ilA

llil
ilÀ

t{,1

il^
lt^

l{,1

ll¡l

l,l¡l

ll¡l
ll,t

ll,I

t.lA

il^
ll,t

ilA

il/t

ilrt

ilÂ

ti^
N,1

I^
flÄ

Nlt

N,I

t¡/t

l$
H'I

il^
lrrr

NA

ll,1

líÍl

l^
lt/i

ilÁ

iln

ftÂ

[^
l¡^

l,l¡1

fl,1

ll^
ilÄ

lt^
ll,1

il/t
ll,l

il^
t{A

ll,l

Ìl/t

ilÄ

rt^

il^
il/t

ìr/1

H^

llil
N/t

NA

l¡¡l

ll,l
llit

¡ìr f,niphtherrp
Acenaphlhyle¡c
Âr,l I'fô( ene

8en¡o{¿)anthrat errs

irn:ore Ât id
Serr:yl Alcolol
Deqio{t,l f luor ¿nthene

8Pr'rol l,) I luorin thene

l.en¡o(q,h, i )perylene
8en¡o(a)pyrene
,¡'er(riúFhe!ìyl Phenyl Ither
Puiyl ßen¡yl Phlh¿latr
4-Chlrro¿rri I in?
bis (?-ùhl¡)roethoÌyl oethan?
t'ls (2'f:l'lo, oethyl ) ethcl
hr¡ i?-ull,:r orsupropyl ) ethpl
¡ - lìi I rrro. 3-l|ethylpherrol

(p-,.hlor o-r-r r *sol )
?-tlr lt'r o¡¿¡'hth¿ lene
2-th I ot onl¡er¡o I

4-[hl¡rlr'hq¡yl l'hpnvl Ith¡r
r)hr y.iene

[¡i[ìcn¡Í¿r,hìanllra(enp
Drt'entûlqr,ln
lll' rr hllylr,hlhilât?
l,?-0tchloroben¡ene
l,i' lltt hltrr ot'rn¡ene
I,1-Dir hlorobpn¡ene
iì,l"trrr hlorober¡¡idine
2,4-!rchlor ophenol

l!jethylphth¿lite
?,4 -0 ioethy lphenol
Dr¡ethyl Phth¿late
ô,r'I}rnr tr o-2-llethyl Phpnal

2,4-ûini t rophenr¡l

2,4'Ùtnt tt nloluene

2,t"!¡rrllrololupnp
0t-rr-'ir ty I Phlh¿l¿te

t'i{ (? elhyJh{Tyl) Phtl'¡i¡l'.
I luor¿nthene
I luot ene

ll¿:r¿th lor oben¡ene

!¡'arhl¡r¡t'ul adiene
HPrôr:h lof ocyr lopent¡diefie
llerar hloro¡th¡ne
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f¿ble ilo. J-2 (continued)

freld 8l¡nÌ Irio Slanl Field Slank lrip Elank Field 0l¡nk Irip Btant Field Elant Irip 0lant fietd Blank trip Blankqlr't¡s7 8/le/$7 8120187 8/20/87 s/2U$/ 8l2tl87 s/Jt/86 s/Jr/ss Ltttss 6ltt88(us/ll (ue/l) lus/l) (uc/ll (us/ll (us/l) (uq/l) (uq/ll {us/l) (us/t)

l{a

t{Ä

t{A

ilr
fiA

ilA

ltÅ

t{A

t{Á

ìtâ

1{A

t{A

ÍA
ilA

ltÂ

ilA

flA

TA

l{A

ilÂ

ilA

TA

flA

1{À

t{A

ilÂ

flA

ltA

ilA

HÂ

NA

[À

t{A

l{A

flA

flÁ

[Á
fiÂ

t{A

ltA

r{A

IA
t{â

l{A

ilA r{D

ilA IID

ilâ t{D

ilA ltD

flA ilD

ilA lr0

lrÀ t{0

ilÁ [0
r{A l{D

il/t ilo
ilA t{0

ilA l{0

l{A flD

ilÂ lr0

}IA ¡ID

r,rÂ ltD

fir ilo
ilA lto

1{r l{0

t{A t{D

íA l{D

lrÂ ÌrD

ltÁ

IA
NA

ilA

IA

ilA

lrA

ltÄ

flA

ilA

ltA

llA

t{A

ltá

r{A

ilA

ltA

lrÂ

ilA

ilA

ilA

flA

t{Â

t{a

t{,1

t{Â

ltA

t{A

l{â

t{Â

IA
IA
t{A

t,la

ilÁ

ilÂ

t{Á

ilA

t{,1

r{A

ilÁ

ilA

ilA

t{Â

ilÁ

NA

IA
r{A

flA

ilA

[Â

ltA

l{A

lrÁ

flâ

ilA

t{A

ilÁ

¡tA

l{A

lt^

ltÁ

ilA

ÍA
NA

flA

ltA

lta

t{Á

ilA

lra

t{A

ltÁ

ilA

l{Á

NA

!tA

flÄ

ilA

ilA

ÌtA

t{A

il,1

l{A

ilA

t{A

t{a

ilA

IA
ilA

¡tÂ

lrA

t{A

ilA

ilA

lrA

ilA

l{A

flA

ilA

ilA

ltÂ

t{A

l{A

r{A

ilÁ

t{A

ilÀ

ilA

N,I

ltÂ

NÁ

NA

[Â
IA

lrA

ltA

ilÂ

ltÂ

NA

ilA

t{Ä

HA

ilÁ

H¡I

t{A

nA

flÂ

IA

l{,1

t{ô

r{A

Indenoll.2, j-rdlpyrenc

Isophorone

2-üethylnaphthalene

2-llethyl Phenol

4-llethyl Phenol

l.laph tha Iene

2-llitro¡niline
J-l{itroaniline
ô-ili lroôni line
l{i troben ¿ene

2-lli t rophenol
4 -tli troDhenol
ll- lli tloso-0i phenyl ari ¡e
l{-ll i t roso-0 ipropy lat i ne

Pen t ach lor ophenol

Phenanthrene

Phenol

Phenol ltotalì
Pyrene

I.2,ô-Tr icb Ioroben¿ene

2,4,5-Ir ichlorophenol
?,4,ó-lr ich lorophenol

0ther:
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f¿hle llo. 3-? (¿ontinued)

firl,l llaol I¡ip 0laol f¡ald 8l¡nk fr io el¡nl Field Slank Irip Slaot tield Slont Irip Blanl tield Blant Ìrip 8l¡¡llltît*7 
^lt4l6? 8l20lt7 rl?0/,È7 glzvt? 8l?tl8? 5/3t/8S s/3Uæ 6/Ut0 tlttsslur¡/ll tuo/ll (ug/ll (uoltt {us/ll tug/[ {us/ll (qs/lt (ug/l} (uslU

trnorqan i¿s:

60.0 u lrâ

ó0.0 u ilA

¡.0 t t{t
25.0 U m
0.5 u ltr
5.0 u [r

600.0 u t{A

10.0 u ilâ

¡5.0 u ilâ

10.0 u [t
¡0.0 u lrA

[75.0¡ [A(t.el m
9û0.0 u Ír

2.0 u lrA

0.2 u ÍA
15.0 u ltA

lsl0.0 u ilå
2.0 u lrA

10.0 u [r
70.0 u lrA

2.0 u ür
t0.0 u lrA

11.0 Í¡

[A ltÁ il,t ltA rA m [A ilt
l{A llÀ llÂ lt¡t lll ltA ltÁ ilA
iltt ltA flâ ltÄ llt lt¡ rA ít
rÄ ilÂ flÂ lt/t ltA ltA [A ilA
ilÂ ltô itA fl[ ltt lü ltA tlÂ
flA r{A t{A il/t il¡t ilÁ t{A [A
ll¡l lt¡l llÂ ll,1 ll'1 ltâ ltA l{â
ilA HÁ [n ilÂ ilÀ ilÁ ltÁ ilÀ
il,r [â l¡A ilô ltA ttâ [t il¡
ll,t t{l llÂ x,l ttÂ fr ilr ilA
ll¡l ll¡l tlÂ Hô l{A ltÂ llA ltÀ
nÀ ilit l{t ltÂ ilA tlA ilA t{A
ilA ltil ila ltÀ ltA ltA IA iltlltl ,lÁ lÛ1 iln M ilA [A t{A
NÁ ilA tû rt ltA ltÂ t{A ilt
llÂ il ltÂ lt,t [â [A lrA ilA
llt l{â ilÁ fl ltt l{À ilA ln
ilÀ [Â ltÅ lt/t ilA ilA IA ltÀ
[ô t{1 fit l¡t ltÂ ilA ltt ltô
llÄ HÄ r{A rlt tla ilÀ ilt [A
ilÂ t{t ilA ilA ln ltA ü ilÂ
Itô ll/l ll,1 ltl ttÁ tÂ ilA íÂ
ltÂ lt,t ltÄ !il ilt lil ltA ilA
frÀ ilt ltÀ M ilt ilA ilA [A

Âluri¡ur
lntiroÍy
¡rsefti (
8ôr iu¡
Srryl liur
t¡.hiur
talt iur
Chroriur
tot'al I
|;ofger

lìy¡nide
Iro¡r
Lùôd

ll¡onegiur
llðf¡qaûese

llrftüry
li( kel
P'rl¿ss írlr
Selen iur
ti lvrr
Sodiu¡
Ih¿l I iu¡
V¿rr¿diur

!inr
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PÁn,lfltl[f,S

Iat'le llo. l-? (continued)

tiold Slank
'rtl t? 187

luo/l )

lrip Slanl field 0lanl frip 0lant
f¡¡ttlt? ",t120181 tjlît)lfj|
{uqll } (us/l ) tuq/l I

field Slanft Irip 0lank tield elank Irip Blanh Field Blant Irip 0laot
8.12U87 'àl2tl87 s/Jl/s0 s/3¡/ss 6tus8 6/t/ss(us/l) lßtlll (us/tl (ug/ll (uqlll tus/D

tPsl icides/Pl]8s:

tl,t llÂ ttÁ t{A ltA ill) ilÁ
ll,1 l{Â llA }tâ ltÂ l{0 ltÂ
ll,l llA ttÁ ltA ilA r{t} ilA
llrl llÂ l{A ltÂ ilA }t0 ilÂ
rtÄ trA ilÁ ltA ltA t{D }tA
il^ IA ltÂ ltÁ l{A }t0 IÂ
ll,t ll^ ttÂ ilA ilÁ il0 ilA
ilt ilA ltÂ ltÀ ltÁ ilD ltÄ
N,l l,lrt flÁ [¡t ilA {¡) ilÂ
ll¡t llÂ ltÂ ltÂ t{Á llD ltA
lrfi ltÁ il ilt l{À ltl) ltÂ
[,t xA l{Á t{A t{A ilo il¡
ilÂ t,lA t{t ilA [A ltD ltA
l{A l{Á l{¡l t{A ÍA t{0 ltA
fl^ ilâ ilA ltA {Â ilD flA
il^ llÂ l{Il lt,t t{A }t0 ltArr/t [^ ltÂ [A ]tA ]t0 flÄ
r^ ilA Nâ ltÂ ltÄ il0 ill
NÂ llÂ llÄ ltÂ ilA ill) il,t
tl¡t l{A tlÂ ilA il¡l }10 lùt
flÁ t{A ilÂ ltA }tÂ }tD t{Â
H,l llÂ llÂ ttÄ flÁ ltO ilÂ
tr/l llÂ Íâ fiA tr,l lto t{A
llÂ llA tt,t NA ltá ltl) ll,ì
[i ilA Mr ilÂ t{A [0 ilA
fiA NA t{A IA ltA }fD [^
ÍA t{A ltA ltÂ flA t{D ltÂ

ilA

l{,t

il¡1

ilâ

ilA

)l,l

t{A

il^
ll,l
Ìlil

l{,ì

IA
ilA

ltÁ

ltJl

llft
Nit

t{,l

!{,1

ll/l
ilÁ

l{,1

ilÂ

1{,1

ilâ

ilÁ

ilA

lt^

t{/t

!{^

il^
ll,l

ltA

TÂ

ilA

I'lil

lr^

Nfi

lrA

t{Ä

tl,t

l¡¡

ll,l

il^
ll,1

il^
ll¡l

!ta

llrt

ilA

lfA

lt/r

ltA

t{Â

[^
il^
il,t

ll,l

ilA

ll,t

NÁ

il,\

fl^
NA

fl^

ll¡t

ll¡1

ilÁ

flÂ

ilA

ll,ì

il^
ll¡ì

l{/¡

il,1

!l
llfi
Ì,rÀ

Iil
ll,t

illl

Âldt irr
¡lRr,c[rif.l0t¡
Afti'ût'it- l?Zl
,lRitL'iR- I 251

ÂRnnl.r'¡f- I2{?
¡lt'lctrìt- l?48
Âf41t!fl- I 254

/tf¡!:t¡tfr.l2r¡0
a I Dhr-îHf:

t,el ¿"$ll0

drrl I ¡-$HC
,¡alrô-8flo (ttnd¿ne)

a I r'ù¿-Chlordane
ga!¡¡ -|)h I r)r dôn€

{,{'-D0D
4.{'-!l!F
.¡, i ' -D0I

0t¿l'Jr rn

Indr i¡
tndr in letole
fn,J¡sul f¿n I
[ndosul f¿n II
[¡dusul f,¡n Sulf¡te
t|er,lAr:hlrrr'

lløi l¡rhlur f.poride
llethorvch lor
lr¡xaohene

U - ln.licôtes co¡pou¡r,J x¿s ô0ôly¡ed l0r but not detected.
Re¡o¡ted ¡itft the lrrlru¡pnl detection lirits

ll - InrJir¿tes sgile st¡ßlp recovery is not etthin coîtrol liiil,,.
J - lrrditates an estrratet valup.
B'Iho ar¿lyt,e ¡as foun4 rrr ttre ¡elhr.! t'l¡rrl ¿s ¡ell ¿s ¿ <¡nnle.
íl - lrrdrr¿tes s¿rple viluþ ts t,ptrqm I0t. ¿rd CRÐ|..I - l{,1tt(ide, Ptl0's - Ihi r*l¡rti0r li¡e cinduí for l_rrdri¡ s¡s nut:.ide lhe ¿llo¡rable ranqe orr lN0 ol lhe evaluallon strndôrd runs.r - i{îldrn! tl¡e elcer¡Jed !ur vul¡tilp::.
liÍ . il¡¡t rcqurred ¿s ¡n ¿rr¿lylp ty [TS0tt
| 'llethu,J bl¡rrl non¡"rr.lt¿n,e sith llTSOtC clip
ll,l - ll{!l ¡nälyr?d
llD - tlot ,Jele(led

I'l¿nl: rf'¡tp - D¿l¿ tr rnv¡li.t
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f¡trle llo. i-? lronlin¡edl

field Slaot lrio 8l¡¡l¡ Fi¿l¡l slanl frip 0lant field 0l¡¡t lrip Blaok
,,l4t:8 t $l?,lr,t | 3l?lte .t/t/St ¡,lj,ltt', j/J/f,g
lup/l I rug/l I (uq/ll (uolll (,¡,¡/ll (us/ll

lE ¡rll

åceto[c
Ben¡eûe

0¡omdicñlororslh¿ne
Sroroforr
Sronorelh¿ne

?-tt¡t¿none

Ctlorobeolene
Carùon 0isulfide
Carbon letrachloride
Cl¡loroeth¿ne

Chloroforr
Chlororeth¿oe

0ibromchloro¡etb¡¡e
I , l'0ichloroetha¡e
I ,?-Diclloroethane
I, l -Di ch loroelhtlene
l ,?-l}ichloræthylens
I ,2'0ich I oroprooane

c is- I .3-ûichloropr ope¡e

t rôos- 1 , i-0 ich loropropenÊ
flhyl ten¡eoe
2-lleranone,

ñetl¡ylene Ciloride
4 -ilelhy l -?-Peûtôoooe

Styr?ns

l. I,2.2- f etrårbloroetb¿n?
lpl ra(lìloroethy¡ile
Ioluene
Ll,l-lrithloroçlh¿ne
L l.?-lr irh loroetha¡e
Ir ith I oroetfte¡e
Vi¡yl Âcetata
vinyl Chlor,idç
lDlôl Xyleîes

1T1',
l,nk¡oÍr Álhôîe

ilD

,ID

t{0

il0

ID

ilD

NO

lt0

il0

lr0

ID
lr0

t{D

il0

ll0

ill)

[D
lil!
lrD

lr0

t{D

lr0

i.0 J

lrD

[0
il0

BD

il0

ltD

t{0

l[)
il0
flD

[0

r0

[0
ltfl

lrD

t{D

r{0

t{8

rl0

lt0

Í0
l¡0

llB

l{0

Ut
il0

¡r0

il0

ilD

il0

llll
fl0

il¡
il0

lt0

il0
llll
l{0

lrD

[0
lüt
lilt
flD

il0

[ß
fl0

l{0

[0
lr0

ltt
lt0

il0

!tD

fl!
lr0

ilD

l¡D

lrI
!r0

il0

lt0

ilD

ltD

rtD

ID

il0

ltD

{D

lü)

¡tll

ilD

t{0

ltD

I¡}
lt0

fl0

flD

1.0 J

il0

il0
l¡D

, ¡.0
ilD

[0
fl0

il0

lt0

ID

ilD

!tI
fl0

[fi
]tD

ltD

l{0
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In addition, several sample results show the presence of unknown isomers and

"other" compounds. These compounds are listed in the table and presented in the text;

however, identification and determination of the exact levels of the compounds, as well as

a discussion of their presence and extent of contamination, is not definable within the

context of this program and is not included in the discussion.

3.2.1 Potential Sor¡rce Investigation (Septic Tank)

As previously discussed, as a result of past disposal practices at a former dry

cleaning establishment located in the Shopping Arcade, provision was made in the Phase

IA sampling program to obtain up to six liquid matrix (septic tank effluent) samples from

the leaching pools of the subsurface disposal system at the Arcade and two solid matrix

(septic tank sludge) samples from the septic tank of the subsurface wastev/ater disposal

system at the Arcade. Subsequent to the approval of the Bedford Village Wells RI/FS

contract and during the preparation of the Remedial Investigation Work Plan, it was

learned that a leaching/tile field system rather than leaching pools is utilized for the

subsurface disposal of wastewater from the Arcade.

Since there were no leaching pools, it was not possible to obtain septic tank effluent

samples from those units. However, in consultation with the NYSDEC Region-3 Field

Supervisor, it was determined that it would be appropriate to obtain one liquid matrix

sample from the effluent pump chamber of the septic tank. It is this liquid which is
pumped to the leaching lines and would be representative of an effluent sample. An

attempt was also made to obtain a sludge sample from the septic tank serving the

Shopping Arcade; however, sludge was not found in the system.

3.2.1.1 Organic Sampling Results

The analytical results of sample IA(A)l4W ,from the Shopping Arcade septic tank

showed that the following organic compounds were detected: (Please note that the initial

sample failed QA/QC requirements for pesticides/PCBs. Therefore, this location was

resampled and renalyzed and only these valid analytical results are presented.)

Analytes of Concern

Tetrachloroethene
Trichloroethene
Trans-1, 2-dichloroethene
1, l, 1,-Trichloroethane

Concentration (uglll

3.4 J
3.4 J
2.3 J
2.4 J
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Other Compounds Concentration (ug/l)

Acetone 4,500.0
Chloroform 4.5 J
Phenol (total) 46.8
Methylene chloride 100.0 B
Limonene 2,400.0 J
4-Methyl phenol 240.0
Caffeine 90.0 J
Unknown carboxylic acid (total) 3,800.0 J
Unknown (total) 3,200.0 J

"J" indicates estimated value.
"Bf indicates compound found in method blank.

It should be noted that the compounds bis(2-ethylhoqn)phthalate and methylene

chloride, as well as acetone, chloroform, carbon disulfide, 1,1,2-trichToto-1,2,2-

trifluoroethane (freon) di-n-butylphthalate and a number of polynuclear aromatic

hydrocarbons, including phenanthrene, were often (if not always as in the case of

methylene chloride) found in trip blanks and field blanks as well as method blanks and are

most likely laboratory contaminants. As such, these compounds will not be specifically

addressed (only listed) hereinafter in this section or in the discussion of the analytical

results in Section 6.0.

3.2.1.2 Inorganic Sampling Results

Inorganic analyses conducted on the sample number IA(A)I4W liquid matrix
(effluent) colleted from the septic tank serving the Shopping Arcade showed that the

following metals were detected:

Metals Concentration (ugll)

Antimony 139.0
Chromium 43.0
Copper 1,750.0
Mercury t.t N
Nickel t30.0I
Silver 332.0 N
Tinc 3,003.0

"N" indicates spike sample recovery r¡/as not within control limits.
'r[ ]'r indicates the reported value is between the Contract Required Detection Limit
(CRDL) and Instrument Detection Limit (IDL).

3-38



3.2.2 Stormwater Drainage System Sediment Investigation

The Phase IA drainage system sediment investigation was comprised of four

sampling locations. The first location is on Route 22 directly in front of the Shopping

Arcade building at the catch basin of the stormwater drainage system. The second

location is the catch basin located at the intersection of Court Road and Route 22. The

third location is at the point where the stormwater conduit discharges to the drainage

ditch along and on the north side of Court Road, and the last location is at the point

where the drainage ditch merges with outlet from the pond which flows under Court Road.

3.2.2.1 Onganic Sampling Results

Sediment sample number IA(A)05S, collected from the primary catch basin of the

drainage system in front of the Shopping Arcade contained the following organic

compounds: (Please note that the initial sample failed QA/QC requirements for

pesticides/PCBs. Therefore, this location $/as resampled and reanalyzed and only these

valid analytical results are presented.)

it

r:l

Anal_r,¡tes of Concern

I , 1 , 1 -Trichloroethane

Other Compounds

Acetone
2-Butanone
Methylene chloride
3-Methyl phenol
Phenol
3-Hexene-2,S-dione
Unknown alkane
Unknown (total)

"J" indicates estimated value.
"8" indicates that the compound was found in the method blank.

Sediment sample number IA(A)07S collected from the stormwater drainage system

catch basin at the intersection of Court Road and Route 22 contained:

Concentration (uglkg)

5.0

Concentration (ug/kg)

34.0 B
4.0 J

20.0 B
9.0 J

10.0 J
1,200.0 J
3,400.0 J

75,000.0 J

Concentration fug/kg)

s.0
7.0
5.0
6.0
9.0

Analytes of Concern

Trichloroethene
1,1-Dichloroethene
1, 1, l-Trichloroethane
Benzene
Toluene
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Organic analyses of sample number IA(A)065 collected from the drainage ditch along

Court Road revealed the detection of the following organic compounds, none of which

were the analytes of concern:

Other Compounds

Acetone
2-Butanone
Chlorobenzene
Methylene chloride
4-Methyl-2-pentanone
1,1,2-Trichloro-

1,2,2-trifluoroe thane

"J" indicates estimated value.
"8" indicates compound found in method blank.

Compound

Acetone
2-Butanone
Methylene chloride

"8" indicates compound found in method blank.

Compound

Acetone
2-Butanone
Pyrene
Benzo(k)fluoranthene
Benzo(a)anthracene
Fluoranthene
Chrysene
Benzo(b)fluoranthene
Di-n-butylphthalate
Butyl benzyl phthalate
Phenanthrene
Methylene chloride
Bis(2-ethylhexyl)phthala te
4-Hydrory-4- m e t hyl-2-pent anone
Hexane, 2-methyl
3-Hexane-2,S-dione
Isomer of dimethyl benzene

Concentration Gg/kg)

440.0 B
21,0
6.0
6.0 B
7.0

110.0 J

Concentration (ug/kgù

74,0 B
9.0

25.0 B

Organic analyses of sample number IA(A)04S collected at the point where the

stormwater drainage ditch merges with the outlet from the pond on the north side of

Court Road contained the following organic compounds, again none of which were

analytes of concern: (Please note that the initial sample failed QA/QC requirements for
pesticides/PCBs. Therefore, this location was resampled and reanalyzed and only these

valid analytical results are presented.)

Concentration fuglkg)

156.0
16.0

1,300.0
930.0
530.0 J
922.0
690.0
690.0
660.0 B
660.0
280.0 B
38.0 B

440.0 B
16,000.0 J
3,700.0 J
3,700.0 J
6,000.0 J
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As can be seen from the results above, sample IA(A)04S contained high levels of

certain polynuclear aromatic hydrocarbons (PAHs) and a number of phthalate based

compounds. The analytical laboratory noted that the phthalate compounds were detected

in the method blanks utilized in the laboratory quality control program and is a laboratory

derived contarninant. In addition, the PAH phenanthrene was also detected in the method

blanf. The remaining PAH compounds are coal tar based and most likely the result of

runoff from tar or asphalt applied to the street surface.

3.2.2.2 Inorganic Sampling Results

Inorganic analyses were conducted on one sample collected from the drainage

system in the Shopping Arcade Study Area. Sediment sample number IA(A)5S, collected

frorn the primary catch basin located on Route 22 in front of the Shopping Arcade

contained the following inorganic chemicals:

Unknown alkane (total)
Unknown (total)

rrJ" indicates estimated value.
"8" indicates compound found in method blank.

Constituent

Arsenic
Chromium
Copper
Lead
Nickel
Silver
Tinc

16,000.0 J
76,000.0 J

Concentration lmglkg)

0.9 N
10.7

. 28.5
45.9 N
13.7
16.3 N

101.0 N

i

Í
I

,h

il

lr
tl

ü
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Sediment sample number IA(A)04S, collected at the point where the stormwater

drainage ditch merges with the outlet from the pond on the north side of Court Road,

contained the following inorganic chemicals:

Constituent

Chromium
Copper
Lead
Nickel
Zinc

"S" indicates a value was determined by MSA.

Concentration (mglkg)

"N" indicates spike sample recovery was not within control limits.
"#" indicates duplicate analysis was not within conrol limits.
"[ ]" indicates the reported value is between the CRDL and IDL.

tl.4
8.9

sl.1 SN#
t8.31
33.1 N#
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3.2.3 SurfaceWaterlnvestigation(Wetlands/Ponds)

For the purposes of this discussion, the Phase IA surface water investigation in the

Shopping Arcade Study Area will begin with sample number IA(A)O2W which is located at

the inlet of the pond immediately south of Court Road. This pond is the first naturally

occurring surface water body located downstream of the Shopping Arcade and receives a

portion of the storm\rrater flow generated from within the study area of the Arcade. This

surface water sampling location represents the first of four downstream surface water

sampling locations. These include sample number IA(A)0IW located at the inlet to Long

Pond, sample number IA(A)O8W located at the confluence of the Mianus River and the

outlet from the wetland/pond system in the Shopping Arcade Study Area and sample

number IA(A)O9W located in the Mianus River at Middle Patent Road. One additional

surface water sample number, IA(M)O8W, was obtained from the Mianus River at a point

approximately 400 feet east of the intersection of Greenwich Road and Millbrook Road in

the Hunting Ridge Mall Study Area. This sample location was selected as a background

location and will be discussed as part of Section 3.2.5 Background/Control Sampling Points

along with the surface \¡/ater sample IIA(A)03W1 collected at the outlet from the pond

north of Court Road.

3.2.3.1 Organic Sampling Results

None of the surface water samples collected as part of the Shopping Arcade Study

Area immediately south of Court Road [IA(A)0IW, IA(A)O2W, IA(A)08W] and in the Mianus

River near Middle Patent Road [IA(A)09W1 contained the analytes of concern. Acetone

and methylene chloride were found in field, trip and method blanks and considered

laboratory contaminants, as well as di-n-butylphthalate and bis(2-ethylhexyl)phthalate

which were found in method blanks.

Surface water sample IA(A)0IW contained the following organic compounds: (Please

note that the initial sample failed QA/QC requirements for pesticides/PCBs. Therefore,

this location was resampled and reanalyzed and only these valid analytical results are

presented.)

Compound

Acetone
Methylene chloride
2-Cyclohexene-l-one
Unknown (total)

Concentration lugll)

6.0 B
1.2 JB
9.0 J

120.0 J{

I

I
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Surface water sample IA(A)O2W contained the following organic compounds:

Surface water sample IA(A)O8W contained the following organic compounds: (Please

note that the initial sample failed QA/QC requirements for pesticides/PCBs. Therefore,

this location was resampled and reanalyzed and only these valid analytical results are

presented.)

Compound

Acetone
2-Butanone
Methylene chloride
Nonanal

Compound

Acetone
Methylene chloride
Benzo(a)pyrene
Di-n-butylphthalate
Bis(2-ethylhexyl)phthal ate
Unknown hydrocarbon
Unknown ketone

Compound

Acetone
2-Butanone
Methylene chloride

"J" indicates estimated value.
"8" indicates compound found in method blank.

3.2.3.2 Inorganic Sampling Results

Constituent

Cyanide
Silver

Concentration (ug/lì

21.0 B
2.9 I
8.4 B
7.0 J

Concentration lugll)
20.0 B
19.0 B
9.3 J
3.0 J
6.7 J

130.0 J
9.0 J

Concentration (ug/l)

22.0 B
3.7 I

28.0 B

Concentration lugll)
15.0
28.0 N

Surface \¡rater sample IA(A)O9W obtained from the Mianus River at Middle Patent

Road contained the following organic compounds:

I

I

I

I

I

Of the surface $/ater samples collected as part of the Shopping Arcade Study Area

IIA(A)0IW, IA(A)02W, IA(A)O8W and IA(A)09W1, only IA(A)OIW and IA(A)O8W v/ere

analyzed for inorganic analytes.

Surface water sample IA(A)OIW contained the following inorganic constituents:

I
"Nrrindicates spike sample recovery was not within control limits.

,l
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Surface $'ater sample IA(A)O8W contained only the following metal:

"N" indicates spike sample recovery was not within control limits.

3.2.4 Surface Water Sediment Investigation llVetlands/Ponds)

The Phase IA sediment investigation (Wetlands/Ponds) in the Shopping Arcade Study

Area consisted of sediment samples collected from naturally occurring wetlands and ponds

located to the east of and draining the study area and from the Mianus River.

3.2.4.1 Organic Sampling Results

Organic analysis of sediment sample number IA(A)02S collected from the head of

the pond immediately south of Court Road showed that the following organic compounds

were detected, none of which were analytes of concern:

Compound

Acetone
2-Butanone
Methylene chloride

"8" indicates compound found in method blank.

Concentration (ug/kg)

Sediment sample number û(e)OtS was collected at the inlet to Long Pond and

contained the following organic compounds: (Please note that the initial sample failed

QA/QC requirements for pesticides/PCBs. Therefore, this location was resampled and

reanalyzed and only these valid analytical results are presented.)

Metal

Silver

Analytes of Concern

Benzene

Other Compounds

Acetone
Methylene chloride
2,4-Dimethyl phenol
2-Methyl phenol
7,2-B enzenedi c arboxyl i c

acid dibutyl ester
Ethanone, I -(2-furanyl)

Concentration (ug/l)

28.0 N

220.0 B
45.0
32.0 B

Concentration (ug/kg)

2.0 J

Concentration (ug/kg)

57.0 B
25.0 B

470.0 J
110.0 J

1,500.0 J
34.0 J

I
,l
Í

R

:ll
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Sample number IA(A)08S was collected at the confluence of the Mianus River and

the outlet from Long Pond. It contained the following organic constituents, none of which

were analytes of concern. (Please note that the initial sample failed QA/QC requirements

for pesticides/PCBs. Therefore, this location was resampled and reanalyzed and only

these valid analytical results are presented.)

2-Metho:<y phenol
Unknown alcohol
Unknown alkane (total)
Unknown (total)

"J" indicates estimated value.
"8" indicates compound found in method blank.

Compound

Acetone
2-Butanone
Methylene chloride
Fluoranthene
Phenanthrene
Benzo(a)pyrene
Phenol (total)
Pyrene
Unknown alkane
Unknown (total)

"J" indicates estimated value.
"B" indicates compound found in method blank.

Sample number IA(A)09S collected from

contained the following organic compounds:

Analytes of Concern

Trans-1,2-dichloroethene
Toluene

Other Compounds

Acetone
Methylene chloride
Thiobis methane

"J" indicates estimated value.
"B" indicates compound found in method blank.

160.0 J
36.0 J

38,000.0 J
72,105.0 J

Concentration (ug/kg)

27.0 B
6.0
2.0 JB

780.0
520.0 J
s60.0
s00.0
580.0

17,000.0 J
13,000.0 J

the Mianus River at Middle Patent Road

Concentration (uglkg)

2.t J
11.0 B

Concentration (ug/kg)

213.0 B
19.0 B
26.0 J
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3.2.4.2 Inorganic Sampling Results

Inorganic analysis was not conducted on the solid matrix (sediment) sample number

IA(A)02S collected from the inlet to the Pond immediately south of Court Road.

However, inorganic analysis was conducted on sample number IA(A)01S which was found

to contain the following inorganic constituents:

Constituent

Arsenic
. Beryllium

Chromium
Copper
Lead
Nickel
Tinc

Concentration (mglkg)

tl.41 N
t0.21 N
12.9
8.5 N

25.9 N
t8.2I
2s.3

"N" indicates spike sample recovery was not within control limits.
"[ ]" indicates the reported value is between the CRDL and IDL.

Sediment sample number IA(A)08S, collected at the confluence of the Mianus River

and the outlet from Long Pond, contained the following inorganic constituents:

Constituent Concentration Lmg/kg)

Chromium 10.3
Copper 22.7 N
Lead 20.9 SN
Nickel t8.II
Tinc 46.2

"S" indicates a value was determined by MSA.
"N" indicates spike sample recovery was not within control limits.
"[ ]" indicates the reported value is between the CRDL and IDL.

3.2.5 Background/ControlSamplingPoints

3.2.5.1 Onganic Sampling Results

As described above, the stormu,ater drainage system of the Shopping Arcade

originates in the vicinity of the Arcade and discharges to the pond/wetland system east of

the Arcade and subsequently to the Mianus River. A background/control sampling point

was located upstream in the Mianus River at a point in the river approximately 400 feet

east of the intersection of Greenwich Road and Millbrook Road. This sample location is

identified as IA(M)O8S and IA(M)08W and analytical results indicate non-detectable

concentrations of the analytes of concern.
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Although analytes of concern were not detected, the following organic compounds

were found in sample number IA(M)08S.

Compound

Acetone
2-Butanone
Methylene chloride

"8" indicates compound found in method blank.

Concentration (ug/kgl

200.0 B
39.0

5.0 B

19.0 B
4.3 J

28.0 B
4.0 J

In addition, although analytes of concern \ilere not found in sample number

IA(M)O8W, the following organic compounds were detected:

Compound

Acetone
2-Butanone
Methylene chloride
Hexane

"J" indicates estimated value.
"8" rndicates compound found in method blank.

Concentration fugll)

I

I

ü

l

I

I

During the Phase IIB well drilling program, a background groundwater monitoring

well was installed upgradient of the sanitary system behind the Shopping Arcade. The

purpose of this well and the analytical results obtained from groundwater samples

obtained from this location will help determine whether the Arcade is a potential source

of surface water, sediment and/or ground water contamination found in the

downgradient/downstream portions of the Shopping Arcade Study Area.

In addition to the background samples discussed above, a background sample was

originally planned to be collected from the inlet to the Pond located north of Court Road

(sample number IAIAIO3W and IA[A]03S). However, upon field inspection of the proposed

sampling point, it was observed that in a distinct inlet to the pond was not present.

Discussions with a few local residents indicated that the pond was most probably "spring"

fed. As a result, the background sampling point was relocated to the mouth of the outlet

of the pond.
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The sediment sample from this location, sample number IA(A)03S, contained the

following compounds: (Please note that the initial sample failed QA/QC requirements for
pesticides/PCBs. Therefore, this location \\'as resampled and reanalyzed and only these

valid analytical results are presented.)

Analytes of Concern

I , 1 , 1-Trichloroethane
Benzene

Other Comoounds

Acetone
Methylene chloride
2-Butanone
2-Methyl phenol
4-Methyl phenol
Phenol
2-Methoxy phenol
Phenol (total)
Unknown alcohol
1,Z-Benzenedicarboxylic acid
bis (methyl propyl) ester 278

Heptane,2,6-dimethyl
Pentane,2-methyl
Sulfur, mol.
Unknown alkane (total)
Unknown (total)

"J" indicates estimated value.
"8" indicates compound found in method blank.

Concentration (uglkgl

1 1.0
3.0 J

Concentration (ug/kg)

1,500.0 B
140.0
150.0
900.0 J
250.0 J
s40.0 J

2,900.0 J
700.0
570.0 J

6,000.0 J

'1,400,0 J
5,800.0 J
4,200.0 J

95,000.0 J
210,000.0 J

Organic analysis of sample number IA(A)O3W showed that the following compounds

were detected, none of which were analytes of concern:

Compound

Acetone
Methylene chloride
Unknown (total)

"J" indicates estimated value.
"8" indicates compound found in method blank.

Concentration (ug/l)

27.0 B
28.0 B
14.0 J
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3.2.5.2 Inorganic Sampling Results

Inorganic analysis conducted on sample number IA(A)03S detected the metals listed

below:

Metal

Chrornium
Copper
Lead
Nickel
Zinc

Concentration hg/kg)

22.7
ll4.7l N
42.0 N

t1s.3l
25.3

il

il

t

I
I

I

ü

I

I

I

"N" indicates spiked sample recovery was not within control limits.
"[" indicates sample value is between IDL and CRDL.

3.3 Description of the Phase IB Sampling Program

This section presents in detailed narrative and tabular format the specific

components and associated activities of the Phase IB sampling program. The data

collected from this phase of the sampling program assisted in determining the design of

the IIB component of the Remedial Investigation.

The objective of the second phase (Phase IB) of the source/surficial sampling

program was to provide additional data regarding the source and extent of contamination

within the study area. Some of the locations sampled in the first phase of sampling (Phase

IA) exhibited elevated concenrations of contaminants. It was the purpose of the Phase IA

investigation to sample a broad range of locations to make an initial determination of

contamination location, t¡pe and concentration. Based on that analytical data, Phase IB

was designed to target these locations and additional locations to provide confirmatory

data.

Environmental sampling was undertaken at the following general locations:

Septic tank (sludge)

Stormwater drainage system sediment

Surface water sediment (wetlands and ponds)

Soil (sanitary leaching field)

o

o

o

o
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3.3.1 Sample Collection Methods

Methods for collection, preservation and handling of sediment and sludge, and

surface water and supernatant in the Phase IB sampling program and decontamination of

sampling equipment are the same as those described for the Phase IA program in Section

3.1.I.

3.3.2 Selection of Sampling Locations and Sample Points

This section briefly reviews the rationale for the selection of various Phase IB

sampling locations for the Shopping Arcade Study Area. These sampling locations are

illustrated on Figure No. 3-4.

Septic Tank Sludge and Supernatant - The data validation procedure determined that

there was a problem with the quality control exercised by the laboratory in the analysis of

the Phase IA sample obtained from the Shopping Arcade septic tank. At the request of

the NYSDEC, the Shopping Arcade septic tank was resampled.

It had originally been proposed that in view of the analytical data generated by the

effluent sample collected and analyzed from the septic tank (IA(A)I4!V), an additional

effluent sample would be collected from the septic tank servicing the Arcade and

analyzed for Hazardous Substance List (HSL) compounds to confirm the estimated values

of trichloroethene, l,l,l-trichloroethane, trans-l,2-dichloroethene and phenol previously

found in Phase IA.

During the Phase IA sampling program, an attempt was made to obtain a sludge

sample from the Shopping Arcade septic tank. However, sludge was not encountered in

the sanitary system.

The Phase IB sampling program also provided for sludge samples to be collected

from the Exxon Gasoline Station septic tank and the Shopping Arcade leaching field

distribution box; however, sludge was not found in the Shopping Arcade leaching field

distribution box.
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Stormwater Drainage System Sediment - The data validation procedure determined

that there was also a problem with the quality control exercised by the laboratory in the

analysis of the Phase IA sediment samples obtained from the Route 22 storm drain in

front of the Arcade and the drainage ditch along Court Road. At the request of NYSDEC,

the abovementioned locations were resampled as part of the Phase IB field investigation.

Since the Phase IA sampling program documented limited low level concentrations

of contaminants in samples taken from the drainage ditch along Court Road and in the

pond north of Court Road, an additional sediment sample was collected from the drainage

ditch along the north side of Court Road and analyzed for HSL compounds to confirm the

presence of PAHs, phthalate compounds and the analytes of concern. This sample would

also better determine the horizontal and vertical extent of organic contamination in the

study area.

Surface Water Sediment (Wetlands and Ponds) - Data validation determined that

there was a problem with the quality control exercised by the laboratory in the analysis of

the Phase IA sediment and water samples obtained from the pond immediately north of

Court Road, the pond to the south of Court Road (behind the school) and the Mianus River

immediately downstream of the pond discharge. At the request of the NYSDEC, sediment

and water at the abovementioned locations were resampled.

The Phase IB sampling program also provided for two sediment samples to be

collected from the pond north of Court Road in order to better define the horizontal and

vertical extent of organic chemical contamination detected in the pond.

Soil (Sanitary Leaching Field) - The Phase IB sampling program provided for three

soil samples to be taken behind the Shopping Arcade building to determine if the soil is a

continuing source of contamination. Two soil samples were collected immediately

adjacent to the Arcade leaching field and one directly behind the location of the former

dry cleaning operation at the Shopping Arcade. Each sample was obtained at a depth of 3

feet below the ground surface (at the bedrock interface) using a hand auger.

Table No. 3-3 summarizes the number and types of samples collected at each

location as part of the Phase IB program.



Table No. þ3

SIJMMARY OF THE PTIASE IB SAIúPLING PROGRAM

I

,I

Sampling I¡cation

Septic Tank (Sludge)

Stormwater Drainage
System Sediment

Surface \{ater Sediment
(Wetlands/Ponds)

Soil (Sanitary
Leaching Field)

Number
of

Samples

I

Sample
Identifica-
tion Number

rB(A)25

rB(A)1S

rB(A)7S
rB(A)8S

rB(A)4S
rB(A)ss
rB(Ð6S

Rationate

Determine if the Exxon Gas
Station septic tank is a
sor¡rce of contamination as a
result of present and past
disposal prractices.

Determine if the drainage
system is contributing to
surface water in the study
area.

Determine the extent of
contamination in the wetlands/
pond system that discharges to
the Mianus River.

Determine if soil is a con-
tinuing source of contamination
to ground water.

:l

,l

I

:t

:l

I

:

I
I

l,

ü
lr
It
!l

:l

:l

.l

T
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3.3.3 Analytes of Concern

For all Phase IB samples obtained, laboratory analysis was conducted to determine

the presence of volatile organic chemicals including tetrachloroethene, trichloroethene,

cis-1,2-dichloroethene, 1,1,1-trichloroethane and the BTX compounds. In addition, a

select number of samples were analyzed for the HSL compounds.

3.4 Analytical Results of the Phase IB Sampling Program

The purpose of this section is to present the analytical results which were collected

during the Phase IB component of the Remedial Investigation. As was presented in the

previous section, provision was made to collect solid and liquid matrix samples at specific

locations throughout the Shopping Arcade Study Area. The purpose of obtaining and

analyzing these samples was threefold. First, the samples would confirm and expand upon

previous analytical results obtained in Phase IA. Secondly, the results of the sampling

effort would assist in the design of future phases of the sampling program (if required),

and third, the evaluation of the data would assist in determining how the analytes of

concern are moving through the environment of the study area and confirm possible

sources of contamination.

Figure No. 3-5 presents a map of the study area which identifies the locations

throughout the Shopping Arcade Site from which solid (sludge/sediment) matrix samples

were collected during the Phase IB program, along with the analytical results of each

sample. For purposes of presenting the sampling program results, each sampling point was

identified by an identification number. For example, a sampling point labelled "IB(A)I4W'
would indicate the following. The "IB" portion of the identification number indicates that

the sample was collected during the Phase IB portion of the sampling program. The

remainder of the sample identification number is described in Section 3.2.

Similar to the results for Phase IA, in the following sections the sequence of data

presentation for the Phase IB results will be by sampling media, beginning with potential

sources such as septic tanks and continuing with drainage system sediment, wetlands and

pond sediments, and soils. For each media there will be a presentation of organic and

inorganic sampling results as appropriate.
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A summary of the Phase IB organic and inorganic analytical results of samples

collected in the Shopping Arcade Study Area are presented in tabular format in Table No.

Z-4. Samples reporting results for inorganic analyses v/ere also analyzed for

pesticides/PCBs, volatiles and semi-volatiles. All other samples u/ere analyzed for

volatiles only.

It is important to note that as shown in Table No. 3-4, multiple samples were

obtained and analyzed at several locations during the Phase IB sampling program because

some of the initial analyses did not meet NYSDEC QA/QC requirements for Hazardous

Substance List (HSL) analysis and the results were deemed invalid. All resampling results

were analyzed for Target Compound List (TCL) constituents (see Appendix B for a list of

TCL constituents). Therefore, only those analytical results that met the NYSDEC QA/QC

requirements for HSL and/or TCL analysis and resultant valid data is shown in both Table

No. 3-4 and Figure No. 3-5, and presented in this report for discussion.

As listed in Table No. 3-4, where a result is not provided for a specific compound,

the following qualifiers are used:

A blank space indicates that the analysis of the compound did not meet the

NYSDEC CLP QA/QC requirements and was therefore deemed invalid and not

shown.

The symbol "ND" indicates that the analysis of this compound met the NYSDEC

CLP QA/QC requirements, but was not measured above the analytical

instrument's detection limits (IDL).

The symbol 'rNA'' indicates that the compound was not analyzed.

Qualifiers that accompany the concentrations reported in the table are NYSDEC

CLP qualifiers.

In addition, several sample results show the presence of unknown isomers and

"other" compounds. These compounds are listed in the table and presented in the text,

however, identification and determination of the exact levels of the compounds, as well as

a discussion of their presence and extent of contamination is not definable within the

context of this program and is not included in the discussion.

I
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Isopho¡one

?-llethy lnaphtha lene
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{-llethyl phpnol

fliphthalene
2-t{itroani I ine
.ì-Íi troôni¡ ine
¡.llitroar¡iline
Il¡ lrohùn¡e¡e
?-lli trophenol
.l-l'll t rophenol
ll l{i lroso-diphenyla¡ine
l{-ll r t roso-dipropyl¡rine
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Phrnol
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18(Alll 16lÂ)lS8 I$(,1¡25
ô/UÊa rlt il?lf.', t.litl9l, lt(uq/Lql (uo/lrrl {uq/lq)

l¡¡lr llO. j-,1 (to¡ttn¡¡¡d)

t8(Â){S l0{^}ss I0 (A}oS

,'l2lq8 tt 612lÌ)\ lt ô/2/8ß ft(uq/ko) (us/lql (us/hs)

r8(Al75 ¡8(A)8S
6/J/88 fr 6/i/8e ft
{ug/kgl (us/l:q}

i::1:::lvfiï'
Âldr rÍ
ân'r0t,!R- l0lö
/lfft¡Ctr1ft- I 221

it[r'Ct 'rfi_l?;?

^ff'ì|]l,li,_ 
I ?,i?

ÂPl'ü[ifl-l ?4]ì

AÊttr:¡n¡;. ¡254

A8u:l ¡'¡R-l?ô0

¿lr'h¿ ÊlllÌ

h¿t.r'0llc

'lel t¿-iiltl
,¡,rral-¡llr) ltindln?l
¿ lrh¡-t:\lr'r d¿np

r¡;,ßr¿-¡:h I or'J,trre

4.4'. ¡l!0
{,4'-û0t
4,,r'.!!f
8tel.ft t¡
f n,Jr ro

[¡,Jr tn ketqlre

f n,,l¡ru l f ¡l¡ I

lr,j'rsull¿fr II
Ir¡.Jr'sulf¿r sulf¡le
!lel'tat h lnr
l!,.'r,tachlor enoride
ll4ll¡rr rvrr¡ | s1

Ícrar'h*¡e

ll0 llft ilD lt¡t ilÁ t{A t{,t
ll0 ll0 lt0 t{it }tÂ ilÁ ilA
il0 lto l{l} t{Á ilA [A [AtlD H0 ill) ¡t,l ltÂ il¡ì ltA
tl0 {lì t{D t{t fi,t l{,r lü
lrD üû il0 ilÂ ilÁ ltA ltA
ll! 1¡0 llD ltÍ ¡A lt¡ [A
lll! ¡10 ll0 fl,l [^ ilÁ ilÀ
trD r¡0 ilD il^ t{Â ltÄ ilÂ
ll0 ll¡ ND l{rt [A ilÁ t{ô

[0 ilt| H0 trÂ t{A ilÁ ilÂ
ND 1.1.0 | ll0 ¡r¿ flÁ ìt¡t il¡ì
lltr t¡lì l¡l) Ì,t^ l{¡t l{A llit
ll0 llD tlo il¡ ltÁ il¡ì t¡Â

ll[ Il H0 tr^ NA fl,l 1l/|

lll {0 }tD iltt [Â ilA ilâ
lll! ll8 l{0 ll,t t{tt ilA NA

il0 ilD flD ltÄ ilA ilA lt¡l
il0 ttF ltD ltll ilÁ ltÂ ilA
ll0 tlfì tl0 ll¡t ltÂ tl,t [A
li0 lrtl lt|} fl¡t [A 

'lA 
ltA

¡i¡ llD tlD ltit t{A lt¡t ilA
â{D [t' ID il¡r NA t{A il^
ill) lto ilt' Nll ttÂ t{A il¡ì
ilt} rJ0 ilD ilA ilA [Â l{A

ll0 llD tlD lt,r lt¡t ilÂ ilA
lll) ilI} ll0 llrr ÍA ltA ltÁ

lf - ln'ltrales co¡pound r¿t àfi:tltzort tlt l,ul nnt dpl?rted.
fl lr¡diriles spilp :.¡¡l,le t¡(rv¡'ry ts not rithin rr¡lrlrol l¡r¡1..
.l - lndl(ales ¿n esti¡¡tprJ vll(e.
0 . Ihls ll¿o is uc¡,J uhen tl¡r, lhe rflalytr ¡s lr,unrl in the relhod hlanh

¡s rell as the s¡role.
I' Feslitide. PC8's - lI¿ retpntior tire rin,Jor for llndrin x,rs urlsidr tlrl,¡llo¡able

rar¡oe 0n tÍo of lhc pv.llu¡tton sttndârd rurrs.
| - ll0ldinq ti¡e e¡teed¡d fur vol¡tiles.
llD - llot detecte'!.
tlÂ tlcl ôrrdly¡ed.
t.l¡¡l :¡¡rp - 0at¡ rs irrv¡l ¡.!.

[l - Indicates sô.ele vôlue is bet¡een l0[ aîd cf0t.
ft - l('ldino lire for field/trip blanl e¡ceeded.
I - 0uplicate analysis is not rithin control lirits.
e - Índrcalps ð vôlüe estirated or nol repoÍt?d

due to the presence of interlere¡ce.
P - lndicales ICP analysis.
F - Indicates furnace analysis.

Cv - Gold vapor analysis.
ll:fl - lletal to rater r¿tio in sa¡ple ônalysis.
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Also similar to the presentation of the results for Phase IA, a number of the

environmental samples have letter subscripts following the numerical concentration

values. A letter 'B' indicates the analyte was found in the laboratory method blank

samples as well as the environmental sample. The letter 'J' indicates that the

concentration is an estimated value.

3.4.1 Potential Sor¡rce Investigation (Septic Tanks)

As a result of possible past disposal practices at a dry cleaning establishment

formerly located in the Shopping Arcade, provision was made in the Phase IA sampling

program to obtain a supernatant sample from the Arcade septic tank. However, as

mentioned in Section 3.2.1, the data validation procedure that reviews the analytical

results for quality assurance noted that a problem existed with the quality control

exercised by rhe laboratory when analyzing the Phase IA sample obtained from the

Shopping Arcade septic tank and the results were deemed invalid. Therefore, at the

request of the NYSDEC, provision was made to resample the septic tank supernatant

during Phase IB. As discussed earlier in this report, the analytical results of the

resampling at this location were presented in Section 3,2,1.

In addition to resampling the Shopping Arcade septic tank during Phase IB, as a

result of discovery during the Phase IA field investigation that a leaching field existed

directly behind the Shopping Arcade, provision \ilas made in Phase IB to sample the

leaching field distribution box for sludge. However, no sludge was encountered in the

distribution box at the time of sampling. As part of the Phase IB progfam, provision was

also made to sample the Exxon Gasoline Station septic tank to determine whether or not

it was a source of contamination.

3.4.1.1 Organic Samoling Results

Sediment/sludge sample IB(A)02S was collected from the Exxon Station septic tank

and contained the following organic compounds:

Analytes of Concern

Benzene
Toluene
Total xylenes

Concentration luglkg)

I,700.0 J
300,000.0
37,000.0

:l
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Other Compounds

Phenol (total)
Lindane (gamma-BHC)
Ethyl benzene
1,4-Dichlorobenzene
Methylene chloride
2-A mino-4(IH)pyri mdine
Unknown cyclic compound
Decane
Dodecane
2,7,10-T rimethyldodecane
Heptadecane
Undecane
Unknown carboxylic acid (total)
Unknown alkane (total)
Unknown (total)

"J" indicates estimated value.
"8" indicates compound found in method blank.

3.4.1.2 Inorganic Sampling Results

Constituent

Aluminum
Barium
Calcium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Sodium
Zinc

Sludge sample IB(A)02S contained the following inorganic constituents:

Concentration (ug/kÐ

19,800.0
24.0 J

15,000.0
2,500,000.0

10,300.0 B
7,600.0 J
9,400.0 J

790.0 J
200.0 J
280.0 J
540.0 J

1,300.0 J
3,700.0 J

32,000.0 J
49,000.0 J

Concentration lmglkÐ

6,700.0
t360.01

32,000.0
48.0 #

1,200.0
18,400.0

1,000.0
[4,400.0]

1s0.0
2.1

t40.01
[3,8oo.ol
1,900.0
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"[]" indicates sample value is between IDL and CRDL
"#" indicates duplicate analysis was not within control limits.

3.4.2 Stormwater Drainage System Sediment Investigation

The data validation procedure determined that there was a problem with the quality

control exercised by the laboratory in the analyses of the Phase IA sediment samples

obtained from the drainage ditch along the north side of Court Road (IAIA]04S) and the

Route 22 storm drain in front of the Shopping Arcade (IAIA]05S). At the request of the
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NYSDEC, sediment at the aforementioned locations was resampled during of the Phase IB

sampling program. As discussed earlier in this report, the analytical results of the

resampling at these locations were presented in Section 3,2,2.

Since the Phase IA sampling program documented limited low level concentrations

of contaminants in samples taken from the drainage ditch along the north side of Court

Road and in the pond north of Court Road, provision was made in Phase IB for an

additional sediment sample from this drainage ditch to be analyzed for HSL compounds to

confirm the presence of PAHs, phthalate compounds and analytes of concern. This sample

would also better determine the extent of organic chemical contamination found during

the Phase IA program at this location.

3.4.2.1 Onganic Samplîng Results

Sediment sample IB(A)0IS obtained from the Court Road drainage ditch was found

to contain the following organic compounds: (Please note that the initial sample failed

QA/QC requirements for pesticides/PCBs. Therefore, this location was resampled and

reanalyzed and only these valid results are presented)

lr

I

Analytes of Concern

Tetrachloroethene
Trans-l,2dichloroethene
Vinyl chloride
Benzene
Toluene
Total lrylenes

Other Compounds

Phenol (total)
Acetone
Methylene chloride
4-Methyl- 1 -( 1 -methylethyl)

cyclohexene
Alpha-pinene
Anthracene
Benzo(b)fluoranthene
Benzo(a)P)¡rene
Chrysene
Bis(2-ethylhexyl)phthala te
Fluoranthene
Indeno( l, 2,3-cd)pyrene
Phenanthrene
Pyrene
Hexadecanoic acid

Concentration (ug/kg)

5.0
9.0
3.0
3.0 J

41.0
52.0

Concentration (ug/kg)

200.0
65.0 B
9.0 B

54.0 J
100.0 J
280.0 J

1,400.0
960.0
770.0
450.0 J

I,700.0
480.0 J

1,300.0
1,400.0

14.0 J
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Sulfur 41.0 J
Unknown cyclic compound 27.0 J
Unknown alkane (total) 1,080.0 J
Unknown carboxylic acid (total) 380.0 J
Unknown (total) 1,309.0 J

"J" indicates estimated value.
"8" indicates compound found in method blank.

3.4.2.2 Inorganic Sampling Results

The following inorganic constituents were found in sediment sample IB(A)01S:

Constituent Concentration (mg/kg)

Aluminum 68'800.0
Arsenic tl.9l
Bariurn t56'ol
Beryllium t0.61
Calcium 47,900.0
Chromium 17.0
Cobalt 17.61
Copper 25.0
Iron 14'300.0
Lead 55'o
Magnesium 4,900.0
Mañganese 150.0 N
Nickel 13.0
Potassium [1,300.0]
Silver 6.4
Vanadium 19.0
Zinc 110.0

"N" indicates spike sample recovery was not within control limits.
"[ ]'r indicates the reported value is between the CRDL and IDL.

3.4.3 Sr¡rface Water Sediment Investigation fWetlands/Pondsì

The data validation procedure determined that there was a problem with the quality

control exercised by the laboratory in the analyses of the Phase IA sediment and water

samples obtained from the inlet of the pond immediately south of Court Road (IAtAlOlS

and IAIAI0I!Ð, the pond north of Court Road (IAtAl03S and IA[A]O3W) and the Mianus

River immediately downstream of the pond (Long Pond) discharge (IAIA]08S and

IAIA]O8W). These locations rilere resampled during the Phase IB sampling program. As

discussed earlier in this report, the analytical results of the aforementioned samples were

presented in Section 3.2.
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3.4.3.1 Organic Sampling Results

Sediment sample IB(A)07S collected at a depth of one foot below the sediment

surface at the pond outlet north of Court Road was found to contain the following organic

compounds:

Anal)¡tes of Concern Concentration (uglkg)

Benzene 2.0 J

Other Compounds Concentration (ug/kg)

Acetone 95.0 B
Carbon disulfide 5.0 J
Methylene chloride 49.0 B
Unknown alkane (total) 12.0 J
Unknown (total) 15.0 J

"J" indicates estimated value.
"8" indicates compound found in method blank.

Sediment sample IB(A)08S collected at a depth of two feet below the sediment

surface from the pond outlet north of Court Road was found to contain the following

organic compounds, none of which were the analytes of concern in the study area:

Compound

Acetone
Methylene chloride
Unknown (total)

"J" indicates estimated value.
"8" indicates compound found in method blank.

3.4.4 Soil Sampling Investigation

Concentration (uglkg)

60.0 B
26.0 B' 32.0 J

I In the Phase IA sampling prograrn, provision was made to collect six supernatant

I samples from the leaching pools associated with the Shopping Arcade septic system.

However, since there were no leaching pools, it was impossible to obtain septic tank
I
I effluent samples from those units. As an alternative, soil samples were obtained in Phase
I

IB by hand augering at two locations immediately adjacent to the sanitary leaching field

I and one directly behind the location of the former dry cleaner in the Shopping Arcade.
I The samples were obtained at depths of approximately two to four feet below Sround

I surface (at the bedrock interface). These samples would determine if the soil is a
¡I continuing source of contamination at the Shopping Arcade.

I
I
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3.4.4.7 Onganic Sampling Results

Soil sample number IB(A)04S, obtained immediately adjacent to the Shopping Arcade

leaching field, was found to contain the following organic compounds, none of which were

analytes of concern:

I
¡

I
x

I

I

I

I

Soil sample number IB(A)05S, also obtained immediately adjacent to the Shopping

Arcade leaching field, was found to contain the following organic compounds, and again

none of which were analytes of concern:

Compound

Acetone
Methylene chloride
4-Methyl-3-penten-2-one
2,3-Dimethylheptane
Unknown carboxylic acid (total)
Unknown alkane (total)
Unknown (total)

"8" indicates compound found in method blank.
"J" indicates estimated value.

Compound

Methylene chloride
I ,1,2-Trichloro-

1,2,2-trifluoroethane
Unknown (total)

"J" indicates estimated value.
"8" indicates compound found in method blank.

Compound

Tetrachloroethene
1 , 1 , 1-Trichloroethane

Other Compounds

Acetone
Methylene chloride
Unknown alkane (total)
Unknown (total)

"J" indicates estimated value.
"8" indicates compound found in method blank.

Concentration (ug/kg)

30.0 B
8.9 B

22.0 J
17.0 J

3s0.0 J
100.0 J

1,900.0 J

Concentration (ug/kg)

800.0 B

2,000.0 JB
1,500.0 J

Concentration (ug/kg)

7.0
1.0 J

Concentration (ug/kgì

51.0 B
10.0 B
23.0 J
8.0 J

Soil sample number 18(A)065, obtained directly behind the location of the former dry

cleaner, was found to contain the following organic compounds:

I

I

.l
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I 3.4.4.2 Inorganic Sampling Results

Constituent

Aluminum
Antimony
Barium
Beryllium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Vanadium
Tinc

Soil sample number IB(A)04S r¡/as found to contain the following inorganic

constituents:

J

I

I

I

'f

I

Concentration (mg/kg)

38,700.0
50.0 N

300.0
2.1

3,500.0
31.0 #
32.0
22.0

54,300.0
23.0

18,200.0
660.0
32.0

11,900.0
100.0
120.0

I

I

f'N" indicates spike sample recovery was not within control limits.
"#" indicates duplicate analysis was not within control limits.

:l

it
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4.0 HYDROGEOLOGIC INVESTIGATION

4.1 Field Investigation Methods and Results

4.1.1 Surface Geophysical Studies

4.l.l.l Seismic Refraction

A comprehensive seismic geophysical survey was performed as part of the Shopping

Arcade Site Remedial Investigation. The purpose of this geophysical survey was to obtain

non-destructive subsurface data which defined on a preliminary basis the depth to ground

water and bedrock throughout the study area. Geophysical surveys are a cost-effective

reconnaissance tool that allows the profiling of large areas of the subsurface so that

hydro- geologic maps can be constructed while minimizing the need for soil borings.

The seismic refraction method was utilized to generate the data. This method

records a shock wave that is propagated by striking a sledge hammer against a plate laid

on the ground surface. As the shock wave travels through the subsurface, it is affected by

the densities of the material through which it passes. The resultant reflected wave is

recorded along a line of geophones (sensing devices) which are placed on the ground

surface at pre-selected distances from the wave source.

The refraction method utilizes the amount of time it takes the resultant wave to

travel to each geophone. Analysis of the data (travel time and distance) provides

velocities of the seismic wave in the subsurface. Depths to interfaces of differing seismic

wave velocities can be computed from the data. Data was collected at 12 locations

throughout the Shopping Arcade Study Area.

The interpretation of the seismic data is presented on two maps, Figure Nos. 4-l
and4-2, and in a table of results, Table No. 4-1. Figure No. 4-1 graphically depicts the

seismic station location and number, depth to ground water (below ground surface) and the

velocity of the water bearing layer. The velocity of the seismic wave is indicated by a

number (smaller size) above the depth value. By multiplying this number by 1,000' the

actual velocity can be determined.
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Table No. 4-l

SEISMIC REFRACTION INTERPRETATION
SHOPPING ARCADE STUDY AREA

Station
Number

AI

A4

A7

A9

410

All

A]2

Depth
G3)

0to7
7to31
Below 3l

0tol0
l0 to 38
Below 38

0to8
8to42
Below 42

0to9
9to?

0to12
12 to 4l
Below 4l

0to10
l0 to 80
Below 80

0to7
7 to70
Below 70

0to8
8to69
Below 69

0to12
12 to 57
Below 57

0 to ll
11 to 56
Below 56

0to12
12 to 79
Below 79

0to15
15to?

Velocity
(FtlSec)

1,100
3,250
20,000

I,100
3,500
20,000

1,100
5,000
20,000

1,100
4,500

Interpreted
Material

TILL
MOIST TILL
ROCK

TILL
MOIST TILL
ROCK

TILL
MOIST TILL
ROCK

TILL
MOIST TILL

TILL
MOIST TILL
ROCK

TILL
MOIST TILL
ROCK

TILL
MOIST TILL
ROCK

TILL
MOIST TILL
ROCK

TILL
MOIST TILL
ROCK

TILL
MOIST TILL
ROCK

TILL
MOIST TILL
ROCK

TILL
MOIST TILL

Depth to rock is greater than 69 feet

I
I

,l
t

I

I

l

t

I
t

.t

I

I

I

I

1,200
6,000
20,000

1,200
5,500
20,000

1,350
4,500
15,000

1,100
4,750
20,000

1,100
7,000
20,000

1,000
4,000
20,000

1,100
4,600
17,000

I,250
8,000

,tl

î

I 171E

Depth of rock is greater than 71 feet



Figure No. 4-2 illustrates the seismic location and number, depth below ground

surface to rock and the velocity of the rock. Again, the displayed velocity value can be

multiplied by 1,000 to determine the actual velocity. For a complete review of the

geophysical survey report for the Shopping Arcade Site, see Appendix C.

A comparison of depths to bedrock obtained using seismic refraction and actual

depths to bedrock obtained frorn monitoring well borings revealed that the seismic data

was relatively accurate in cases where boring locations coincided with seismic refraction

data points with differences between estimated and actual depths to bedrock of less than

five feet.

Depths to ground \ryater obtained using seismic refraction were also compared to

actual gtround water levels obtained from monitoring wells. Again, the data correlated

very well \¡/ith differences between estimated and actual depths to ground water of less

than five feet.

4.1.1.2 Terrain Conductivity

A limited terrain conductivity st¡rvey was undertaken on the Shopping Arcade

property and at various locations in the project study area to determine the presence of

buried underground tank(s) and other metal objects in order to assist in the placement of

monitoring wells.

Profiling was undertaken using a Geonics EM 31-DC conductivity meter which

provides measurement of both the quadrature-phase and in-phase components of terrain

conductivity without ground electrodes or contact. The nominal depth of subsurface

sampled by this equipment is about 18 feet. The survey r¡ras conducted with continuous

operation of the instrument.

Individual conductivity surveys were performed on the Eru<on gasoline station
property, in front of the Shopping Arcade Building, in the parking lot behind the Bedford

Playhouse, and behind the Fire Department Building. As a result of using this geophysical

technique, monitoring wells lvfW-l, lvfw-2, MW-3, MW-4 and M\{-5 \¡/ere successfully

installed.
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4.1.2 Soil Boring and Monitoring Well Installation

4.7.2.1 General Description

Section 1.5 of this document includes a description of the hydrogeologic

investigation portion of the Bedford Village Wells-Shopping Arcade Site as a multi-phased

progxam comprised of Phases IIA and IIB. This program had been developed to supplement

existing data and to provide a comprehensive site investigation which would characterize

the hydrogeologic regime underlying the site. A further objective \\'as to identify the

source(s) of ground water contamination and to define the lateral and vertical extent of

contaminated ground water to facilitate the evaluation and selection of a viable,

long-term remedial action Plan.

Initially, pertinent and available literature, technical reports and analytical data

from the existing monitoring and water supply wells in the study area was reviewed. This

provided a baseline characterization of the geolory, ambient ground water quality and

flow direction.

This previous information was incorporated into the design of the Phase IIA well

drilling program. The main objective of the Phase IIA program was to evaluate the ground

water quality, determine ground water flow direction and map the subsurface geology

underlying the site on a preliminary basis. The two specific aquifers that were defined for

investigation in the Shopping Arcade Study Area included the overburden/water table

aquifer and the bedrock aquifer. Ground water monitoring was conducted in the two

aquifers within four specific zones: water table, overburden/bedrock interface, shallow

bedrock and deep bedrock.

During the Phase IIA sampling program, seven monitoring wells were installed at

five well locations within the study area. Two of the Phase IIA boring locations (lvtw-4

and MW-5) consisted of two wells screened at different depths in separate boreholes in

close proximity. The purpose of these well clusters in the hydrogeologic investigation was

to determine:

Whether independent hydraulic regimes exist in the overburden zone and the

competent bedrock zone;
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The vertical hydraulic relationship and contaminant behavior/migration

between the units; and

The vertical distribution of contaminants.

The Phase IIA well drilling program commenced in August 1987 and was completed

in December 1987. Upon completion of monitoring well installation, all wells were

sampled for chemical analysis. Wells were sampled a minimum of two weeks after

completion.

Data obtained from the monitoring well boring logs (see Appendix D for boring logs)

\trere organized and incorporated into hydrogeologic maps to illustrate the subsurface

hydrogeologic conditions underlying the study area. Potentiometric (ground water flow

direction) maps were assembled for the overburden/water table and bedrock aquifers. In

addition, a bedrock surface contour map vras constructed for the study area, and finally,

hydrogeologic cross sections of the Shopping Arcade Study Area were prepared. These

maps and cross sections are provided later in this section.

The chemical analytical data and the physical hydrogeologic data, based on the

information generated by the Phase IIA sampling program, as well as the data from

previous investigations, was reviewed. Trends in the data \¡/ere noted and data gaps

identified. This knowledge was utilized in designing the Phase IIB well drilling progxam.

The objective of the Phase IIB program vras to provide confirmatory data for defining the

nature, extent and source(s) of the ground water contamination.

The Phase IIB drilling program, which commenced in April 1988 and was completed

in September 1988, involved the installation of an additional six monitoring wells at four

monitoring well locations. In addition, one exploratory contaminant source boring was

advanced behind the Shopping Arcade building and soil samples were collected.
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The following monitoring wells were consructed during the Phase IIA and Phase IIB

well drilling program in the Shopping Arcade Study Area.

Phase IIA
lvtW-lB

MW-2M

lvtw-3M

MW-4S
MW-48

Ìvfw-sS
MW-58

Depth (ft)*
43.5

22.5

Phase IIB

MW-6M
MW-68

MW-78

MW-8M
MW-88

MW-l0M

B-1 1**

Depth (ft)*
37
87.3

105

25
60

85.5

32

20.5

22
73

22
116

I

* Depth below ground surface.t* Exploratory contaminant source borings.

Note: MW+S refers to a shallow (overburden/water table) well
lvtW-#M refers to a middepth (overburden/bedrock interface) well
MW-#B refers to a bedrock well.

For a complete discussion regarding the rationale for the placement of the

monitoring wells, refer to Sections 4,2,1 and 4.4.1, The locations of the wells in the study

area are also provided in these sections in Figure Nos. 4-7 and 4-9.

4.1.2.2 Soil Boring and Rock Core Sampling

As mentioned in the previous section, soil borings \ilere advanced in each of the well

drilling phases (llA and IIB). At the completion of each boring, a monitoring well was

constructed within the borehole (with the exception of the exploratory contaminant

source boring). During drilling, split spoon samples were collected in the deepest borehole

in each well cluster generally at five foot intervals in the unconsolidated deposits except

for the exploratory contaminant source boring where continuous split spoon samples were

collected. Split spoon samples were obtained to classify the stratigraphic sequences

underlying the study area. The recovered soil samples $,ere inspected and logged

characterizing the soil type, color, grain size and moisture content. Selected grain size

analyses were performed and the results are presented in Section 4.1.6, In addition, the

samples were screened for the presence of organic chemical vapors, and if the samples

were suspected of containing significant concentrations of contaminants, they were

submitted to a field laboratory for chemical analysis/screening. A representative sample

from each split spoon was preserved in a glass sample jar for future reference.
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Continuous rock core samples were collected within the bedrock borings. The rock

cores were examined and a permanent log was recorded to establish the lithology and

physical characteristics of the bedrock unit. A complete visual description of the core

\ilas recorded, including the rock type, color, hardness, size and shape of grains (if
discernable), sorting, cementation and fractures. The samples of bedrock were stored in

labeled core boxes for future reference. These samples were given to the SUNY-New

Paltz Geology Department and the New York State Geological Survey in Albany.

4.1.2.3 Well Construction

Shallow Overbrnden Monitoring \tells

The shallow overburden monitoring wells were designed to intercept and effectively

monitor the shallow \r'ater table system which exists in the unconsolidated deposits. The

two shallow wells installed (MW-4S and MW-SS) were constructed at a depth of 22 feet
below ground surface. Borings were advanced through the overburden zone using hollow

stem augers. The augers were of sufficient diameter (four inch inner diameter) to allow

for the installation of a two inch diameter stainless steel screen and flush joint, threaded

Schedule 40 PVC casing. (Fifteen feet of 0.006 screen lmachine cut slots] was installed

with 10 feet of stainless steel screen situated in the saturated portion of the borehole.

Situating the screen in this manner will monitor and detect any light fractions of organic

compounds which may be "floating" on the ground water surface (such as benzene, toulene

and xylene) as well as compensate for seasonal variation in ground water levels. A two

inch diameter PVC riser extends from the top of the screen to an elevation of two feet

above glound surface except where vaults were required.

In constructing the well, the annulus of the borehole was sand-packed to a height of
two feet above the screened interval with clean silica sand, and a two foot seal of
bentonite pellets was placed immediately above the filter material. The remaining

annulus \¡/as grouted with a cement/bentonite slurry using a tremie pipe to prevent

bridging and to ensure the filling of all voids. Finally, a four inch diameter protective

outer steel surface casing with locking cap was installed except where vaults were used.

(See Figure No. 4-3 for an illustration of the construction of a water table well.)
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Overburden/Sedrock Interface Monitoring Wells

The construction depth of the overburden/bedrock interface monitoring wells varied

from 20.5 feet to 85.5 feet depending on their location within the river valley and the

thickness of the overburden deposits. When constructing the interface monitoring wells,

the well screens \¡/ere situated at the top of the overburden/bedrock interface.

Monitoring this zone will detect heavy volatile organic compounds (such âS,

tetrachloroethene, trichloroethene, cis-1,2-dichloroethene, etc.) that may be found

migrating along the bedrock surface. Construction techniques for the interface

monitoring wells are the same as those for the shallow overburden wells described above

with the exception that 10 feet of screen was installed rather than the 15 feet installed in

the shallow overburden wells. (See Figure No. 4-4 for an illustration of the construction

of the overburden/bedrock interface well.)

Bedrock Monitoring Wells

Each bedrock well was designed to intercept and monitor the quality of ground

\ryater in the upper fractured zone of the bedrock strata. These wells were installed by

augering to the bedrock with six inch inner diameter hollow stem augers. When bedrock

was encountered, a five foot hole/socket was drilled (roller bit reamed) into rock and a

four inch PVC casing $,as grouted in place with a tremie pipe. The casing was allowed to

set for a minimum oî 24 hours. Once a secure impermeable seal was established in the

rock, an open hole (three inch diameter) was cored into bedrock. Coring (a minimum of 30

feet) was continued until a v/ater bearing fracture zone \ryas encountered. A six inch

diameter protective steel surface casing with locking cover was installed over the

monitoring well riser pipe, except where vaults were required. (See Figure No. 4-5 for an

illustration of the construction of the bedrock well.)

4.1.2.4 Well Development

Well development helps restore the natural hydraulic conductivity of the formation

between the well and aquifer. In addition, it removes extraneous drilling fluids that may

have been introduced during borehole construction and fine grained sediments in the

formation immediately in the vicinity of the well screen to ensure to the maximum extent

possible, that turbid-free ground water samples can be obtained. Monitoring wells in the

Shopping Arcade Study Area were either developed using an air compressor with an in-line

filter, hand bailed with a PVC bailer or evacuated with a PVC hand pump. Water was

removed from the wells until it was "clear" as determined by the on-site geologist in

consultation with the NYSDEC field representative.

1 171E 4-1 1



I
,.1

I

I

I

I

I

I

:l

I

d Sr.al Cop Mir{mum 9 lncho¡

Vtnt.d PVC Cop

:,,

Noot Ccmcnt Stop.d
trtz

_1
" l.d. M¡nrm uml

.N
PVC Pl9. thrcodrd.
ISF Apþroy.ó

2" l.rl. Minlm¡
Fluah Jolnll

Crment - Eantoñlta Croul

A.ûtonlta Seo I

Sond o¡ Grovrl Poct
211 AÞova Wrll Scrrr

lOlt. r 2" Stolnlr¡¡ st.al Wall ScrlonWlth lollon Plug

2" Sond
or OroYOl

GLACIAL lILI=_
EEDROCK

ùrlrlcrsld
Bertluæl
CoarÀlrð Cló.iEaa

MID-DEPTH/INTERFACE WELL

FIGURE NO. 4-4



I
I

I

I

ì

Í

I

I

I

I

I

I

I

I

7" l.d. Stccl Cop Mlnlmum 9 lnchcr

Horp

Vrntod PVC Cop
zttrtt. Pod I ocl

6" 1.d. St¡¡l ProtcctlvG Corlng

sttrtt. Ncol Camant Slop¡d

a" l.d. Mlnlmum Pr/C PlDr ltr¡odod.
Flu¡h Jolnlr NSF Approvcd 

--.

Ov.rhrrdm

Ccmcnt-Bcnlonlta 6rout

PvC Co.lnC lnto Compatonl
Ecdrock ot o Dcpth ol 3 lt.

4ttLd. o¡ Grcolargoclcl ln 8¡drocl

Camanl-Ecntonlta Orout Brdroct(Soturoted Zonc )

Op.n H ol. ln Bcdrock
Mlnlmum Depth of 30
of 3" f .D.

ît.

DEEP/BEDROCK WELL
efid
Bartlucrl
ccr.61^r¡o :r€ryE¡¡ô

FIGURE NO. 4-5



4.1.L5 Decontamination Procedures

Decontamination of drilling equipment was performed at the designated equipment

staging area which was located at the Town of Bedford Highway Department Garage at

the end of Crusher Road in Bedford Village. A temporary decontamination pad was

constructed at the staging area. The decontamination pad was lined with plastic, bermed

and graded so that residual soils and u,ater would drain into the deep portion (sump) of the

pad for collection. The contents of the sump were pumped out following each

decontamination event and temporarily stored in 55 gallon drums prior to being treated by

an activated carbon system and discharged.

Prior to drilling the first well and following the completion of drilling at each

borehole, all down-hole equipment (augers, rods, plugs, etc., including the drilling rig) was

brought to the decontamination pad and steam cleaned.

The procedures followed for decontamination of the split spoon samplers involved

removing gross contamination and soil residue using a potable water rinse. This was

followed by washing the split spoons with a solution of potable water and Alconox soap.

The split spoon samplers were then rinsed with distilled water.

4.1.3 Organic Vapor Screening of Soil Samples

As described above, as part of the construction of each monitoring well, soil samples

were obtained using a split spoon sampler at five foot intervals. These soil samples were

used to classify the stratigxaphic units underlying the study area. In addition,

immediately upon retrieval of the split spoon sampler, a representative soil sample was

collected in a six ounce drilling jar which was tightly capped. Approximately a one inch

head space was allowed between the soil sample and cap so that soil gases could

equilibriate in the void/head space.

The soil sample was allowed to warm up for a period of approximately 10 minutes.

Using a Century Organic Vapor Analyzer (OVA), Model 128 (flame ionization detector), a

probe was quickly introduced into the head space and a reading of the total volatile

organic compounds was recorded in relation to depth on the Well Log Forms.
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The values recorded were used in interpreting and differentiating zones of

contamination in the unconsolidated deposits underlying the study area. Soil samples

which recorded significant volatile organic head space values were collected and sent to a

field laboratory for chemical screening analysis. The results of the soil screening with the

OVA are provided on the boring logs in Appendix D, and the results of screening by the

field laboratory are presented in Table 4-2.

4.1.4 Soil Gas Suney

There exist three distinct hydrogeologic zones within the unconsolidated sediments

underlying the site. One is the zone of saturation (or phreatic zone) in which all the voids

between the soil grains are filled with fluid. This zone is monitored at the site utilizing

wells which provide representative ground water samples from the formation.

Located above the zone of saturation is the capillary fringe. The capillary fringe is

a zone in which the voids between soil particles are only partially filled with fluid as a

result of capillary forces.

Above the capillary fringe is the vadose zone or more commonly referred to as the

unsaturated zone. Within this zone, the voids between the soil particles are filled with

vapor/gas. Under ideal conditions the gas tapped in the soil can exhibit similar volatile

organic chemical qualities as the ground water beneath.

Soil gas sampling and analysis can be utilized as a reconnaissance tool to monitor

the vadose zone and which at times can reduce the time and costs associated with

locating and delineating plumes of ground water contamination (as well as areas of

contaminated soil). Once the data from the soil gas survey is examined, it is necessary to

confirm the results with analysis of soil and ground water samples. The mapping of soil

gas contaminant concentrations can assist in designing the placement of the soil borings

and the ground water monitoring network.

The New York State Department of Environmental Conservation (NYSDEC) retained

the services of the United States Environmental Protection Agency (USEPA) to conduct a

soil gas survey in the Shopping Arcade Study Area as part of the Remedial Investigation.

Samples were obtained at 69 locations in the study area as shown in Figure No. 4-6.
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Table No. 4-2

SOIL SAMPLE SCREENING

PHASE trA

Tetra- Tri-
chlqe chlore
ethene ethene
þpb) (ppb)

Sample
Number

838731305

83873r306

838731307

838731308

838731309

838731701

838731702

838731703

838731704

838731705

838731706

838731707

838731708

838731709

B38731710

838731301

838731302

838731303

838731304

Date
Collected

tl/3/87
tt/5/87
tl/5t87
tl/5t87
rt/st89
tt/9/89
llt9/87
rr/9t87
rvgt87
tt/lt/87
tl/1v87
t7n2t87
tt/t2t87
lt/t2t87
tvt2/87
t0/28t87

10t28/87

tot28t87

10t28/87

Matrix

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

soil

1,z-Di-
chloro-
ethene
(ppbì

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Sample
Location

MW-18 (5-7')

MW-2M (5-7')

MV[/-2M (10-12')

MW-2M (15-17')

MW-2M (20-22')

MW-3M (5-7')

MVrr-3M (10-12')

MW-3M (15-17')

MW-3M (2O-22'l

MW-4M (5-7')

MVI'-4M (t0-12')

MW-4M (15-17')

MVy-4M (20-22')

lvfW-4M (25-27',

M1V-4M (30-32')

MW-sS (5-7')

MW-5S (10-12')

MW-sS (15-17')

MW-5S (20-22',)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

22

34

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Benzene Toluene Xylerrc
(Ðb) (ppu) (ppbl

ND5ND
ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND6ND
ND ND ND

ND 32 ND

ND 50 ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND ND ND

ND6ND
ND ND ND

ND ND ND

ND ND ND
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Table No. f2 (continued)

SOIL SAMPLE SCREENING

Sample
Number

838734101

838734102

838734103

838734104

838734105

838734106

838734107

Sample
Number

388-194-07

388-194-08

388-194-09

388-l9s-01

388-195-02

Sample
I-ocation

lvfW-58 (33-35')

MW-58 (40-42',\

MW-58 (4547',)

M\ry-58 (50-52')

MW-58 (55-57')

MW-58 (65-67')

MW-58 (75-77,)

Sampllng Point

MW-l lsA (0-2')

MW-llsA (4-6')

Mw-l rsA^ (22-24',\

MW-llsA (30-32')

MW-llSA (water)

Date
Collected

t2/03/87

12t03/87

12t03/87

12t04/87

12104/87

12/05187

12/0s/87

Phase IIA

Tetra-
chlore
ethene

Matrix (ppb)

soil ND

soil ND

soil ND

soil ND

soil ND

soil ND

rocks

Tri-
chloro-
etlrcne
(ppbì

ND

l5
l4
ND

ND

ND

1,z-Di.-
chlore
ethene
(ppb)

ND

ND

ND

ND

ND

ND

Benzene
(ppb)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Benzene
þEb)

Xylene
(ppbì

ND

ND

ND

ND

ND

ND

Toluene
(pbì

sample not analyzed

Tetra-
chloro-
ethene
þeb)

10.4

ND

ND

ND

ND

Tri-
chloro-
ethene
þeb)

ND

7.4

6.1

5.7

6.9

Phase IIB

Trans-I,2-
Dichloro-
ethene
(ppb)

ND

ND

ND

ND

ND

I,l{x-
chlqe
ethene
(ppb)

ND

ND

ND

ND

ND

l,l,l-Tri-
chloo-
ethane
mu)

ND

ND

ND

ND

ND

ND ND

ND ND

ND ND

ND ND

ND ND

Toluene
rwb)

Vinyl
Chloride
(rb)

ND

ND

ND

ND

ND

Note: ND - Not Detected

I lTlE



lrrr- 
-lr 

- 

E 

- - 

E æ

w-8
(D

0ãt.

0?? a
06

c
040ü

C\I
C\J

I

TJt-
f
Eu 607

0a¡.
.6e

MW-4
Or-r

os¡tl I

05a.

qe5
rt

qeo. æ' æ9

B8
MW-6

o
0?6.

o"r. I

'gt3

LEACH FIELD
û1¿.

zp MW-9

o

1
t-\

f--l o"t 067

' n¡ 
oee

MW-5

lñne ¡rousr I
LEGEND

'e - SâXPLE illlNTS

O - vELr-s, PRoPos

O - veL¡-s, ExIsrIr{GI
VILLAGf

GREfN
NOTE: CONCENTRATIONS SHOWN lN PPB.SOURCE: U.S.E.P.A.

SHOPPNG ARCADE STUDY AREA

SOIL GAS SUBVEY
SAMPLE STATION LOCATIONS

THEATER

o3t or9.

'g¡8
'ot7

.o¡ó
. org

tû¡¡

cO!&T BOan

fl Dvül¡¡

d-- trF.'s- FIGURE NO.4-6



The analytical data generated from the soil gas sampling indicated the presence of

tetrachlorethene and trichloroethene as well as benzene, toluene and other hydrocarbons

in the subsurface. The results showed that significant tetrachloroethene contamination

was detected in only one sample located directly behind the former dry cleaning

establishment at the Shopping Arcade, and only in trace amounts at two other locations

(one sample near MW-s). Trichloroethene was found at four locations, but only confirmed

by GC/MS analyses in two samples downgradient of the Shopping Arcade along Route 22 in

front of the Exxon gasoline station. In addition, benzene, toluene and other hydrocarbons

were detected in most samples, however, it is not uncommon to find such high levels of

hydrocarbons in soil gas near gasoline stations.

The results of the soil gas investigation were used in the planning and design of the

Phase IIB well drilling program. For a review of the soil gas report prepared by USEPA,

refer to Appendix E.

4.1.5 Borehole Logging Tests

Downhole borehole logging was performed at three bedrock borehole locations

within the Shopping Arcade Study Area. The three bedrock borehole locations included

the abandoned Bedford Resource Center School production well on Court Road, the

abandoned Exxon production well located behind the Exxon Station and monitoring well

MW-SM located behind the Bedford Firehouse. The downhole borehole logging tests

included caliper, resistivity, gamma-ray and specific potential logging. The following

provides a brief review of the type and rationale for each of the logging tests performed.

Caliper - The caliper log provided a continuous record of borehole diameter. These

logs are useful in determining the location and extent of openings in the sides of the

borehole caused by caving, fracturing and solutioning.

Electrical Resistivity - The electrical resistivity logs form a continuous record of

the resistance to flow of an electrical current from points within the borehole to an

electrical ground at land surface. Sandstone units containing fresh water have a high

resistance, while shales have a low resistance. This log is useful for determining lithology

and stratigraphic correlation as well as the presence of water producing fractures in

bedrock of low porosity.

I l71E 4-19



Spontaneous Potential - The spontaneous potential logs record small differences in

voltage that develop at the contact of the borehole fluid, the surrounding rock and the

water in the aquifer. The logs are used for determining lithology, predominantly with

regard to shale and clay content.

Gamma Ray - Natural gamma logs indicate the amount of natural gamma radiation

emitted by the rock surrounding the borehole. In general, shales give off more radiation

than sandstones or carbonate rocks, typically because of their potassium content.

Consequently, the logs are useful in determining lithology and in making stratigraphic

correlations.

The predominant rationale for performing downhole logging at the three well

locations within the Shopping Arcade Study Area was to obtain a better understanding of

the degree of fracturing within the metamorphic bedrock and the pathway by which

contaminants are migrating through the bedrock zone. These wells were the deepest

drilled as part of the Remedial Investigation.

The abandoned Exxon production well was chosen for downhole logging because of

its depth (310 feet) and its close proximity to the Arcade's sanitary disposal system which

is suspected to be an origin of contaminant release. This well also contained some of the

highest concentrations of the analytes of concern detected in gfound water within the

study area.

The monitoring well MW-58 was chosen for downhole logging because it was the

deepest well available in the southeast quadrant of the study area. This location is

between the suspected source and the Mianus River discharge.

The Bedford Resource Center School abandoned well was chosen for its easterly

position in relation to the suspected source as well as the fact that it was the deepest well

available (650 feet) for performing downhole logging in the study area. This well is also

representative of the geoloty in the central portion of the valley just east of Bedford

Village.

A review of the downhole logging tests performed on the three wells indicates that

the gneiss bedrock underlying the study area is relatively massive and very competent in

sructure. Overall, the caliper log did not detect significant zones of fracturing within

the gneiss. However, in the abandoned Exxon well at 300 feet and in monitoring well
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MW-58 at 86 feet, a lithologic change occurred and limestone was encountered underlying

the gneiss. The caliper log noted solution cavities within this limestone lithology and at

the time when the drilling activities were being observed, it was noted that this limestone

strata was capable of producing significant quantities of ground water as compared to the

gneiss.

The resistivity, spontaneous potential and gamma data obtained from the tests

yielded small amounts of information and little can be determined regarding the preferred

ground water flow pathways at specific depths. The anomalies noted in the gamma logs

within the gneiss are probably influenced by locally high concentrations of potassium

feldspar crystals within the gneiss bedrock.

4.1.6 Permeability

For the purpose of this investigation, permeabilities were estimated by applying the

Hazen Equation to grain size analysis curves. The grain size analysis curves \rtere

generated from soil samples that were collected at the screened intervals of monitoring

wells lvfW-3M, MW-4M and deep in the overburden at MW-58 which are located

downgradient of the Shopping Arcade and are representative of the geolory in the study

area. The grain size analyses are contained in Appendix F.

The Hazen Equation is K = Ad?0, where the parameter K represents permeability.

The parameter dr' represents effective grain size and is taken directly from the gtrain

size gradation curve as determined by sieve and hydrometer analysis. It is the grain size

diameter at which 100/o by weight of the soil particles are finer and 900/o are coarser. For

K in cm/s and dr' in mm, the coefficient A is equal to 1.0.

The following are permeability calculations for unconsolidated sediments collected

from the screen depths of MW-3M, lvfw-4M and in the deep overburden at MW-58.

ìvtW-3M (15 to 22 îeet)

dlo = 0'015

K = 1.0 (0.015)2

= 2,25 x 10-a cm/sec

Fine to coarse sand, some silt, trace gravel.
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lvtw-4M (25 to 32 feet)

dlo = 0'06

K = 1.0 (0.06)2

= 3.6 x l0-3

Fine to medium sand, little silt.

lvtW-sB (50 to 57 feet)
dlo = o'07

K = 1.0 (0.0?)2

= 4.9 x 10-3

Fine to medium sand, little silt.

The above calculations display relatively uniform high permeability values which are

characteristic of the generally clean, well sorted sands found in the study area. By

comparing the grain size descriptions noted in the boring logs with the corresponding

permeability values, it appears that the glacial stratified drift deposits overlying the

bedrock in the study area are relatively isotropic (a medium whose properties are the

same in all directions).

4.1.7 lVater Level Measurements

After the monitoring wells were installed in the study area, a permanent reference

point was established on the top of the PVC riser pipe casing by scribing. This reference

point was surveyed to an accuracy of 0.01 feet in relation to mean sea level. Water levels

were periodically measured to an accuracy of 0.01 feet in all wells, and the data recorded

on a 1og. Ground water elevations were obtained utilizing an electronic water level

indicator (Slope Indicator Model 51453). Water level measurements provided the

necessary base line data in the study area for:

o Calculating the direction and magnitude of lateral and vertical hydraulic

gradients within the unconsolidated and bedrock units.

o Determination of fluctuation/seasonal variation in water levels.

o Determination of hydraulic interconnection between the shallow and deep water

table zones.
¡

I

I
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The results of the ground water levels obtained during the Remedial Investigation

are presented later in Section 4.7.2.

4.1.8 Ground Water Sampling

4.1.8.1 Well Evacuation

Ground water in the well column can be effected by pressure, degassing and

prolonged contact with the well construction materials. Standing water within the well

may not be representative of in-situ ground water quality. Therefore, it is essential to

evacuate the standing water in the well and filter pack so that it can be replaced with

representative formation ground water.

Fluorocarbon resin/Teflon bailers were utilized in evacuating three well volumes

from each monitoring well prior to sampling. Pre-cleaned (decontaminated) bailers were

incorporated in the evacuation procedure to minimize the potential of introducing

contamination into the monitoring wells. In addition, precautionary measures, such as

using clean gloves, dedicated braided nylon cord, and plastic sheeting placed around the

well head during the purging and sampling procedures, were exercised.

4.1.8.2 Sample Withdrawal. Presen¡ation and Handling

Once three well volumes of ground water were removed, sample containers provided

by the analytical laboratory were taken from the coolers and filled with ground water

samples obtained from the same bailer which \ilas utilized in purging the monitoring well.

Samples \#ere transferred directly from the bailer into the laboratory containers.

Since many of the chemical constituents and physiochemical parameters that were

measured in the ground water monitoring program are not chemically stable, sample

preservation was required. Sample preservation is generally intended to retard biological

action, retard hydrolysis and reduce absorption effects. Preservation methods which were

required by the NYSDEC 1986 Contract Laboratory Protocol (CLP) and utilized included

pH control by chemical addition, refrigeration and protection from light.

Upon completion of daily sampling, Chain-of-Custody Forms were completed and

the sample coolers were delivered to the laboratory within 48 hours as specified by

NYSDEC.
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4.2 Description of the Phase IIA Sampling Program

This section reviews the specific components and associated activities of the Phase

IIA sampling program.

The objective of the Phase IIA sampling program was to collect and analyze

subsurface (soil and ground water) data from the Shopping Arcade Site and the surrounding

area. As described in Section 4.7.2, as a means of developing this information, soil

borings and monitoring wells were installed. Soil samples were obtained from the

borehole and screened in the fietd with utilizing an Organic Vapor Analyzer (OVA). After

screening by the OVA, a number of soil samples were selected for chemical analysis at the

NYSDEC laboratory in Saratoga, or with an infield Gas Chromatograph (GC) provided

through NYSDEC and located in Spring Valley. Once the monitoring wells \were

constructed, representative gfound water samples were collected and sent to a NYSDEC

certified laboratory for analysis. The analytical data generated as part of the Phase IIA

sampling program, complimented by the data produced in the Phase IA sampling program,

made it possible to identify on an initial basis, the location of the sources of

contamination, to assess the surficial transport and subsurface migration pathway, and

extent of contaminants in the study area; as well as to assist in making decisions on

specific sampling locations for the Phase IB and IIB components of the remedial

investigation.

The following activities were undertaken during the Phase IIA Sampling Program:

Pertinent, available literature, and technical reports and data were reviewed.

These included:

Dvirka and Bartilucci Consulting Engineers "Remedial Investigation -
Interim Report Phase IA Sampling Program (Shopping Arcade), December,

1987."

Leggette, Brashers and Graham, Inc. "Ground Water Assessment, Town of

Bedford, New York, December, 1985."

Oversight was provided for a limited tap water sampling program conducted at

commercial establishments along Route 22 by the Westchester County

Department of Health (WCDH) in September, 1987. The program was

conducted by personnel from the WCDH with review provided by a
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4.2.7

representative of Dvirka and Bartilucci Consulting Engineers. Some private

well depth measurements and analytical data obtained from WCDH were

confirmed and expanded upon as a result of discussions with the local

proprietors.

Aerial photographs of the study area were obtained to provide the most recent

information on land use patterns, potential sources of contamination, local

topography and drainage patterns. In addition, aerial topographic contour maps

(five foot contour intervals) $¡ere produced to further enhance the

understanding of surficial and subsurface drainage patterns in the study area.

Data generated from the seismic survey conducted during Phase IA of this

investigation was reviewed and incorporated in to the design and analysis of the

results of the Phase IIA Sampling Program. This seismic survey was undertaken

to obtain data on depth to, and slope of bedrock, and depth to gtound water in

the Mianus River Valley/study area.

Seven monitoring wells were constructed at five locations.

All monitoring wells constructed as part of the Phase IIA sampling program

were sampled and surveyed, and ground \ilater level readings were obtained and

recorded. These measurements supplied the necessary data for determining

ground water flow direction underlying and in the immediate vicinity of the site.

Selection of Ground Water Monitoring Well Locations

This section reviews the rationale for selecting the various Phase IIA monitoring

well locations.

In part, as discussed previously, the rationale for the overall selection of monitoring

well locations was based on the analytical data generated by prior ground water

investigations, the analytical data obtained from the Phase IA Sampling Program, the

location of the suspected source(s) of contamination, and the pre-supposition that ground

water is flowing toward and discharging to the pond system adjacent to Court Road and

ultimately to the Mianus River.
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The following table summarizes the well depths for each monitoring well which was

constructed in Phase IIA in the Shopping Arcade Site. The locations of the wells are

illustrated in Figure No. 4-7.

Phase IIA Wells Location Depth (ft)*

lvtW-lD Adjacent to the Shopping Arcade septic system 43.5

lvfw-2M In the Exrcon Gasoline Station parking lot 22.5
(behind the building)

lvfw-3M In front of the Arcade Building 20.5

MW-4S In back of the Theatre Building 22
lvtw-4B 73

MW-5S In back of the Fire Department 22
tvtW-SB 116

I

I

* Depth below ground surface
I

I Note: MW-#S refers to a shallow (overburden/water table) well
MW#M refers to a mid-depth (overburden/bedrock interface) well

I lvfw#B refers to a (shallow) bedrock well

I the following outlines the rationale for the placement of the seven ground water

I monitoring wells in the study area.
I

:l
o The bedrock well installed at the lvfw-l location provides ground water quality

I

I data in the upper fractured zone of the bedrock in the area immediately

adjacent to a suspected source of ground vrater contamination.

o Monitoring wells at lvfw-2 and MW-3 were installed at these locations to

document the ground water quality in areas east and immediately downgradient

of the Shopping Arcade Site.

I o The well clusters installed at the lvfw-4 and MW-5 provide data on the ground
I

water quality that has mígrated from the Shopping Arcade Site towards the

I pond/wetland system that discharges to the Mianus River.
T

n
T

I
I

I
I

I
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4.2.2 AnalyticalParameters

For all Phase IIA samples collected, laboratory analysis was conducted to determine

the presence of volatile organic chemicals (VOCs) including, but not limited to,

tetrachloroethene, trichloroethene, cis/trans-l,2-dichloroethene, vinyl chloride,

1,1,l-trichloroethane, benzene, toulene and xylene (the analytes of concern in the study

area). In addition, approximately 50 percent of the samples obtained were analyzed for

the Hazardous Substance List (HSL) compounds.

4.2.3 Location of Background Ground Water Monitoring Well

The Phase II well drilling program was designed to confirm data obtained in the past,

and to better define the suspected source(s) and extent of contamination in the study area

in order to develop an appropriate remedial action, if required. At the completion of the

Phase IIA program, ground water flow patterns were determined in the water table zone

as well as at the overburden/bedrock interface.

As part of the Phase IIB well drilling sampling program, an upgradient monitoring

well was constructed east of the Shopping Arcade Site along Tarleton Road.

Representative ground $rater samples were collected at this site as a control in the

program to document the ambient quality of ground water. This provides better definition

of the suspected source and degree of contamination in the study area.

4.3 Analytical Results of the Phase IIA Sampling Program

The purpose of this section is to present the analytical results of samples which

were collected during the baseline component of the ground water sampling program. The

purpose of obtaining and analyzing these samples is twofold. First, the evaluation of the

data would assist in determining where and how the analytes of concern are moving

through the ground water system in the study area and to determine/confirm possible

sources of contamination, and second, the results of the sampling effort would assist in

the design of future phases of the sampling program.

Figure No. 4-8 presents a map of the study area which identifies the locations in the

Shopping Arcade Study Area from which ground water samples were collected, along with

the analytical results of each sample for the analytes of concern and other organic and

inorganic contaminants detected. For purposes of presenting the sampling program
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results, each sampling point is identified by an identification number. For example, for a

sampling point labeled 'IIA(A)MW-1S," The ''IIA' portion of the identification number

indicates that the sample was collected during the Phase IIA portion of the sampling

program. The "(A)" of the sample identification number designates that the sample \¡tas

collected from within the Shopping Arcade Study Area. The next portion of the sample

identificationis theprefix MW- followed by a number such as "1," "2," "3," etc., through
rr5.rr This identifies the sample as being taken from a monitoring well and the specific

location/identification of that well. The last element of the sample identification number

is either â "S," rrMrr or rrB'r, which indicates whether the monitoring well is shallow (water

table), mid-depth (interface) or a bedrock well, respectively.

This sample identification number is also used on the Chain-of-Custody Forms and

Field Log Forms. As such, background information regarding each sampling location

including Location Sketches, field personnel involved, date and time of sample collection,

meteorological conditions, etc., can be obtained from the forms which are contained in

the Field Report (separate document) by cross referencing the forms to the appropriate

sample identification number from Figure No. 4-8.

In the following sections, the sequence of data presentation will be by proximity to

the suspected source in the study site. For each location, there is a presentation of

organic and inorganic sampling results for the compounds detected. Cases where analytes

of concern were reported are specifically discussed.

A summary of the organic and inorganic analytical results of samples collected in

the Shopping Arcade Study Area as part of the Phase IIA program are presented in tabular

format in Table No. 4-3. Samples reporting results for inorganic analyses were also

analyzed for pesticides/PCBs, volatiles and semi-volatiles. All other samples were

analyzed for volatiles only.

It is important to note that as shown in Table No. 4-3, multiple samples were

obtained and analyzed at several locations during the Phase IIA sampling prog¡am because

some of the initial analyses did not meet NYSDEC QA/QC requirements for Hazardous

Substance List (HSL) analysis and the results were deemed invalid. All resampling results

were analyzed for Target Compound List (TCL) constituents. Therefore, only those

analytical results that met the NYSDEC QA/QC requirements for HSL and/or TCL

analysis and resultant valid data is shown in both Table No. 4-3 and Figure No. 4-8, and

presented in this report for discussion.
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$ 'Ih¡s fl¡,¡ is usr:,| r¡hp¡ lh? thr, rr,nlyte is f¡n¡,J rrr lhr I,lalrl ¿s rell ¡s ¿ sô.ple.
[t - Snnole ras dilute,J {l:5) he¡ause this r"o¡¡orrnd'r inilial concenlration Ías ¡bove the c¡litration range.I - Pr,<liftrjù, PC0's - fh,'rr,lc¡llon li.Ê r,ilrC"í fnr ln,Jnn Íô( oul(i,JÞ ll¡r,.rllorable range on leo ol the evaluatjon stI - llold¡ßc tire er¡'eede,J frrr vrrl¡til¡s
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s ¡n',i(¿tes ô value delerriîr,rt bv rcthod of .rl.rnd¿t'J ¡ddition.
| - lîdicðtts duplirale ¿rr¿lysr., i: not tithin rontrul lirits.
fl - Iûdicôtes duplicate ini¡:tti¡r¡ ¡p5ul¡i. err¡r.Jr'l rnllrol li¡rits.
P - Ifidir¿tnc I|)P a¡¿lysrs.
f - Ir¡Cr(öles lurnóre arraly,.l...

ll:ll- ftôtr0 of ¡etal to rat'I rrr i¿¡r,le analysis
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tl,l

t{¡l

ìilâ
lt^

lrrr

NA

ll¡t

ll,l
[^
ilA

fl/t

ll,t

ilA

lt/t

[Â
ll¡1

t{À

ll¡l
t{A

ilâ

ilÂ

ilA

ilÁ

l{Á

ltA

ltA

ilÁ

lt^

ÍA

ilA

ilÁ

HÂ

lrA

ilÂ

ilA

t{A

1{^

ilA

fiA

H/l

ilÂ

ilA

lr^

il,r

ilA

ila

lrA

1{A

ilÂ

l{A

ilA

ilA

ilA

ilÁ

t{A

tl - Ïndi(¡!f( to¡otrund u¡i ¿rìðly:erj lr'r't'ut r0l d0tp(lrd. Reporta.J ¡rilh lhe iostru¡ent deteclion li¡its.
t{ - ln,,icalps spile sair'lo ¡pr¡yo¡y ir not silhin (0ntt0l litits.
J - lndir¿lqs an estißalÊd vôlue.
f - Ihis flao is used rl'r'q rh. rfte ànðlvte is for¡nd irr ttrp hl¿nk is Íell ¡s a sarple.
D - 5¡¡ole ¡l¡'. diluted {l:$l belôuse thi'. noronun,r'r rnitial r.oncenlr¿lror¡ sas ¿bove the calihration range.t - Pestl(lde, f08's - lirp rplr'fillon li¡e $¡ndou for fndiln [ðs oülsidr thp allo¡able ranqe 0rr lrû nf the evaluation st¿ndard runs.l - Holdtrr.r ti¡e ertpeded fur vui¡tilss
ilR ' llut rrqurred ôs rn .ìn,rlyl0 tv t{150t0
ilD - N'Jt ,Jet0cted.

ll,t - {ot,loalyìed.
bl¡rl sr,¿ie - 0¡ta is inv¡liC.
[ 'Y¿lvs errpeds ir¡itirl r¿lihrali0n r¿nqe.
CV- rlold Var,or lechfiique

Il ' indtr¿tes sarple vôlur t. hllupfr¡ l|lt ¿rd CR8l.
c'ln.Jrr¿tes a vôlue esti.ôtp.J 0r û0t rpported due to the presence

j' l4ler ference.
r - It¡djtatgs ¿ value detpr¡lr¡ed by ¡rthod of rl¡¡rl¿¡¡ â,Jditio0.
I - fndlc¡tes duplicate an¿ly-..rs ls not Hithi0 r¡¡trol lr¡r.r.
ll - lndlr¡lr:i Cuolrrats trrtrrl¡t,lr tgulls erceeded (ofitr0l lißits.
P - fnd¡rates ICP ar¿lys¡t.
f - lrrdi(¿les furn¡ce ar¡alyrjc.

{l:ll' R¿tto ol ¡etal to ¡aler ln sr¡plt' ¿rr¡lysir
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Iaùle llo. 1-5 (¿sttinued)

tiald 0l¡n*. Íield 0l¿nl lrip 8l¡nl field 0l¡nt lrip 0lant Field Slant lrip Bl¿¡k ietd 0lont rrip 8l¿nÌ
!/¿t/ûs t t/¡lltû I tlzfw | 2t4,tú 2lz7lse slztw yttgs Vttw ititæ{ustit {r¡sllt (uç/n rue/i) rrç/it üiii iiiqill iigiil ii¡glu

rolati les:

lfetone
0eo¡e¡re

Sromdlchloroætf¡ane
tr¿mfo¡r
Sromæth¡ns
2-8¡taone
0hlorùenrerre
C¡rùon ûisulfids
0¡rbon lelrael¡lorido
0hloroethane
Chlorof ør
Chlororetb¿ne

0ibrorortløoretü¿ne
|, l.D¡cbloroeth¡ne
l.?-Dichloroeltano
I , l 'ùich lorætlw le¡e
I,2-0ichloroetñr¡on?
I,t-0ichlororropane
r i t- I 

" 
l-0ich¡oÌoplopsûe

tra¡g-l 
"Srllicñ 

lgropropeoe
tlht¡ 8er¡oûs
?-llersnoûe
lleft¡yle¡e 0ìloride
4 -llethyl -2-Pent¿nore

Styrsne

L I,?,2'Ittr¡chtroroathrne
Iet¡rriloroethtlem
foluere
|,l, l-lrirhlorotth¡nc
L l,?-Irichloroelù¿oe
friclrlor url htne
Vinyl Àeetate
riorl 0hlsridp
Iotal Xrlmes

0lùer:

il0
lo
It0

ü0

r0
ltD

Í0
ilD

ID
ilD

ll0
il0
[0
ID
t{D

[0
[0
ilD

üll

[0
il0
ID
¡.0 8J
fl0,

rD

il0
[t
lD
ilD

n0

lD
IrD

lrD

il0

[D

TD

m¡

flD

flD

il0

ilû
il0

ilD

il0

ilD

ID

ID

ü0

Tll

üD

íû
[0
üD

n0

ltD

tt0

lt0

il0
lrD

[!
lrD

[û
lr0

ill
llD

Ilt
lt0

[0

lD
ilD

ÍD

ilD

[û
il0

ilD

il0
ilD

flD

TD

rN0

lll
il0

il0

rD

t{l¡

ilD

[0
ltD

M}

il0
ilD

flo
ltD

ltD

llD

ltt
flD

[0
?.0 J
ltû

lrD

il0

13.0
ID
fiD

ID
ltD

[0,

ilD

ilû
lilt
rD

il0

ID
il0
lto
ltD

fl0

t{D

il0
ltD

ilD

[0
[0
[0
ils
[û
ü0
[D

[û
lt0

ilD

ltD

t{0

x0

il0

ilD

il0
l{0

t{0

ilD

l{ù

t{0

f0
ilo
Í0
!üt

lr0

ilD

fl0

rD
ilo

[ù
t0
lto
ilû

[D
ilû

4.0 J
llD

ilD

il0

ltfl

r{ù

ll0

lr0

il0

¡10

!üt
il0

15¡0

t¡D

lrD

ltD

ilD

ltû

ilt
ltD

ilD

ID
lrD

n0

ltD

ttt
ilD

ilD

il0

ilD

ilD

lt0

!t0

ltD

ID

ilD

l{0

t{0

ilD

ilD

il0

t{D

ilD

il0
ilt¡
lt0
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lrpld ilqiri, ttel,i Elan! Ir ip 0l¡rr!.
Ut,1!È;,t tl?t.lttù, t tl2tl$F t
t't,tlll (uo/l ) (uo/l )

I¿ble l{0. ¿..ì (ront rnuedl

freld 8l¿nÍ Irrp 0lanl
?ltiÉ189 2l2il89
(u,¡/l ) (¡ro/l )

Field Blank Trip tlank
il2lge J/t/se(us/l) (uq/l I

P,llAft Íilis
tield Slanl lrip 8l¡nk
3l7l8e 3l7l8r(us/l) (uç/l)

.îg¡tr -V¡,1¡l I l¿",.:

i\r pfi¿f'hllerre

¡\r err¿Phthylene

Mthr at ene

Ben¡(¿)anll:r ¿cene

$r:n:o¡r Âr id
Eerrtyl /rltohol
8en:o (bl f l'.iur ¡nthene
8en¡o(ll fluor¿nthene

Êrn¡ú(o.h,i loerylcnp
Erntu(¡lpyr eirg

¡-gr ort¡ohenyl lhenyl tther
Sulyl Een¡yl Phth¿late
.t Chloro¿¡ili¡e
t'rs lî-rìhloroelholyl ¡eth¿ne
t'i:, (?-tìhloropthyll elher
hrs t?-¡¡¡olortooropyl ) ether
1' |ìt' t('r rr-l-fielhylphenol
(!-rh I oro-û-( resol ,

2-,]h¡ ot r'naohtia lene

2-lll lOr¡rOl¡pr¡¡¡l
,l'fhlor trr,he¡yl lhpnyl Ither
ii,! y.ion9

Ít !i.errr l¡.hl¿Íl hr ôrenú
Dihen¡otur ¿n

l¡' r-8r,1 ylr,hlhi lâte
l,?-0trhloroben¡ene
l. j-f¡ir hlr,r oben¡ene

l,.l-0lr.hlor'ùt'en¡ene
i..i''Dlr hlor ohen¡rdine
?,4'!rihlot urhenoI
Dt"lhvl¡hlI¿l¿te
2,4'Dr.ethllpheicl
t)rlrlhyl thlh¿late
4,t'' Bl r:t I ro-?-llethyl Phen'rl

?, r-i ¡l ¡ | t ¡;f,h¡nc I

:1,4 Drnr lÌololu¿n'¡
?,h'Dr rrt I rolüluÊnP

Dr ¡-¡rr tyl thth¿lôte
t'ls {l-elhvlleyyl I phlh¿latp

I luor¿nthene
I lurrr p¡r

fiet¡f l¡ lr:r r)t pn¡ene

!{pr¿rhlool'uladipne
tler¿r hL¡r q¡ryc IopenladieÍe
ller¿rhl¡r oelh¿rnp

tl,t

ilA

ltA

ll¡1

ilÂ

ilÁ

NÂ

lrÂ

N/t

fl^
t{Â

llÀ

ll¡l

t{A

[^
l{A

il^
tl¡t

il,ì

t{A

llil
llfì
fi^

ltA

fl¡t

ltA

flÂ

ilÀ

fl/l

ilÁ

itÂ

ll,l
t{A

ltA

r{^

ilÁ

il¡l

flA

tl,ì

ilÂ

ilA

ilA

!{A

ilA

t{Á

NÂ

flA

ltA

ilA

lta

t{Á

ilA

!{Ä

¡tfi

t{A

ilA

ilA

ltt
ilA

flÁ

ltA

ll,ì

IA

ilA

l{A

Í^
ltA

ltA

l{¡l

ilA

ilâ

ilA

il¡t

il,t
NÂ

tl¡t

lrÂ

l{fr

ltÀ

t{Â

ltÄ

t{A

flÂ

{A
]tÂ

l{rt

t{A

ÍÂ

ilâ

t{^

ltÁ

lrA

t{Â

r{A

ilÁ

il^
ilA

NA

ilA

ilÀ

ilÁ

l{A

l{â

ilA

ltA

ltÄ

ltA

flt
l{rl

l{Â

ltâ

ilÄ

1{A

ltå

t{A

IA

fiA

IA
rÄ

lrA

r{Á

NA

l{â

HA

t{A

1{Á

l{rr

ltÂ

l{Â

l{A

flit
lt¡t

t{A

ll¡l

il^

ll,l

ltÁ

H^

t{t
flil

N¡l

fl^

t{,1

fiÂ

ilÂ

NA

ll,t

tl,l

ltÂ

ilA

t{Â

t.l^

ll/r

il^
ltÁ

ilÀ

lli\

ll,l

l{/l

Í/t
ìtÂ

il,1

NÂ

rJ^

NÁ

il,1

ilÁ

t{^

!{i
!t^

ll¡1

il,1

flÂ

ll,l

ilô
Hrr

l¡,t

l{a

lt^

il^

ilá

li,l

ll^
ti^
t11

ll,1

¡l

ll'\
H,t

ll¡1

tl¡ì

ll¡1

lt^
ilÂ

ltA

ltÂ

lt^
r{^

!{i\

tl,1

li^
lrÁ

!.lL

l¡,1

il/i

il,1

NA

il,1

lt/1

N,1

lllr

i¡rt

tl^
il^
ll,1

x/l

t{n

¡{tr

ilÂ

ltÁ
rt^

lirì

Irr

¡iiì

i,t,t

il^
)l/'

il,t

!l^

il,r

NÂ

tíÁ

lt/t

ilA

Nfi

t{Â

il¡l
¡lA

illl
N'I

ll,l
N,I

!lil

l!^

HÁ

il/t

ltil

l.lil

ltil

t{A

!tÂ

l{,1

ltÂ

itl\

ir¡i

ilÂ

ft^

H/!

N¡

l{,1

NJl

HA

l{il

N,l

N/t

lt^

Lt^

!l¡1

il/l
t{A

l¡¡t

rtÂ

ilÂ

ll^
flÂ

ll^
N,I

t{A

ilA

HA

ilÂ

¡l^

NA

HA

¡tÂ

ilÂ

NA

t{Ä

ilÂ

rt¡ì

ltÂ

rlt
¡rA

ilA

NA

ilÂ

NA

!.t^

il/t
r{/t

il^
lt/t

N¡\

il^
1,1,1

ilA

ll,t
r{A

Ì,1Â

t{Â

ilA

tì,1

N¡t

l{A

ll,1

ll/t

t{á

t{^

ll,1

ll'l
il^
ll,1

il^
HA

t{,i

t{,1

ll,1

llit
lt^

l{Ä

ll,1

il]1

ll¡1

ilA

t{^

lltr

ltll

l{Â

ilÀ

t{A

llÂ

IA
t{^

ll,l
ltA

t{^

ll,ì

ll¡t

ll,1

t{,l

ll,l

tlÂ

ltÂ

tl¡1

.r
l̂l,1

t{,1

t{A

ltA

lrÂ

ltA

r{Â

ilA

t{Â

ilA

fA
lilt

ll¡t

ilA

IA

lra

ltA

il¡
ÍÁ

ltA

lrA

ilÄ

ilÁ

ilA

[Á

üÂ

ltá

IA
IA
ilA

ilA

ilâ
ltA

lrA

ilA

t{A

l{¡l

lrA

ilA

ltA

ilÁ

ltA

ilA

ilA

t{a

r{Á

fiA
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Iable ilo. 4-J (continued)

freld Slank field Slank Irip 8l¿nk
PAßAIITìTRS utelÍã

{u.¡i I )

tl?Ut t tlzthì,8 +

{us/1, lus/ I )

Field Slanl trip Slani
2128189 2127l\e(u,l/t) (u,¡/l)

Field tla¡k Irip 8l¡nkj/2/8e 3ltlge
(us/l ) (uq/l)

Field tl¿nk Irip Slank
3l7l8e 3l7l8e(us/l) (us/l)

lndeno( 1 ,2, J -cd) pyrene

I sophorone

2-llethy lnaph tha lene

?-llelhtl Phenol

1-l'lethyl Phenol

t{aphthalene

?-l{i troani line
3-llitr o¿¡rr I ine
lli trotren¡enr
2-tli I rophenol
4-tli t rophenol
tl-tll t roso- Di ptreny,l¿¡ine

il-lli troso-dipropy la¡ine
Pentachl orophenol
Phenônthrene

Phenol

Phenol (totall
Pyrene

1,2,{-Ir ich loroben¡e¡e
?, I,5- Ir icÀl oropl¡enol
2,{,6- Irich lorophenol

llther:

IA

ilA

ilA

ilA

ilA

l{/l

ltÄ

ilA

ìtÂ

lra

1{A

ilÀ

ltA

flÁ

t{À

ilA

ilA

t{A

itA

ilA

ilA

lü
ilÄ

ilA

ltA

l{A

flA

ll¡1

1{ir

il^
ltrì

il,1

t{A

r{A

]tÁ

fiÄ

l{A

l{Á

lt,\

NA

r{/t

ltA

HA

ll¡1

tl¡l

flA

t{A

tlfì

ltA

ilA

flA

t{A

]tÄ

l{A

HÄ

fl^

ilA

ltA

ltA

t{A

t{Â

t{A

ll¡l

HA

t{â

ltA

ltÂ

t{A

ll,1

r{A

[^
ilA

ilA

nA

ila

ltA

ltA

flÂ

l{A

ilÁ

ilA

IA

l{A

ilA

1{A

ltA

ìta

t{A

t{A

fiA

ltA

HA

l{,1

[Â

l{t
IA

ilA

Tâ

ilA

t{Â

l{A

ilâ

ilA

lrÄ

ilA

r{Á

NÂ

ll,l
NA

lta

ilÂ

fl^

ilÁ

t{A

ilÁ

t{,t

flÂ

ltA

ilÄ

t{A

ilA

flA

flA

!{A

ilA

ltÄ

ilA

ilA

t{A

ltA

[Á
r{A

ltA

t{fi

¡tA

ilA

lr{
ilA

ltA

[Á
ltA

r{A

l{A

t{Á

flA

ilA

ilA

ilÂ

lrA

ilA

IA

ltA

ilA

ilA

ltâ

l{A

itA

t{a

ltÁ

l{A

t{A

t{A

ilA

ltA

ltA

l{Á

ltA

ilA

t{Á

ilA

t{A

¡{Â

ilA

t{Â

ilA

ilA

l{À

NÁ

ltÂ

lrÂ

ilA

lrA

t{A

ilÂ

ilÁ

lrA

lrA

lrA

ilA
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Frpld il¿nl tield 8l¡r¡1, Irio El¡¡'k
I I trl*tl
luo/ i l

tl?tlr¡ t tl?tß* |
(u,¡/ I ) luq/l I

I¿t,le llo. .l i lrontinuedl

firld Elank lrip Slanl
?l':tlg.a ?l?7ltùP,lÊ,l!lÍ If lìS

Field Slanl lrip 8l¿nk Field Slanl lrip tl¡nk
3l7l8e 5l7l8e(ug/ll (us/l)lu,tl Il fus/ I )

sl2lÎe
{uc/l I

3/l/re
(ug/l)

Inorg¿n i ¡s:

1{â

ilÂ

t{A

ilÂ

l{Á

lrÂ

t{Â

ltA

t{A

ilÁ

ltA

t{A

ilâ

üA

ltÂ

ltA

t{A

ilA

[â
IA
lrA

lrA

ilA

lta

l{Â

lrt
t{A

ltâ

ilA

ltA

[Â
ilA

ilA

lrA

ltÀ

ilA

t{Â

ltA

ilA

t{A

flA

t{Á

ltA

t{lt

IA
t{A

ltA

t{A

t{A

ilÂ

ll/r

IA
ilA

l{A

ltÂ

t{A

ltó

l{Á

llÂ

ltÁ

Iit
IA
llir

ilA

t{lt

ilA

ilA

t{A

lrÁ

ilA

ilÂ

flA

ltA

lrA

ltA

ilÂ

r{Â

l{á

llJr

NA

ilÄ

r{A

Ii
t{A

ilA

t{A

l{A

t{A

|tA

1{A

[Â
ltA

flA

ltÁ

ilA

ltt

lt/t

ilÄ

lt^

l¡rt

ll'1

NA

H¡l

llrl

ll¡l

It¡t

lt^

t{Â

il,1

N¡l

fi,1

llit
r,i,\

ll,1

lt^

H¡I

ll¡l
ltt
rl¡\

ll,l

ilA

ilÂ

lt¡t

ll,1

ilA

NA

ll¡t

ll,l
N,1

l{il

l{¡l

illt
l{A

ll^
ltA

ll,t
llll
t{'\

t{A

ilÁ

l{lr

ll,l
ll,t

t{Á

tlil

{A

llÂ

tt^

tl,1

lrÂ

ìtA

l{Ä

ilâ

l{A

HA

{Á

r{A

r{Ä

ltA

l¡,1

ll,\

il,ì
l{A

ll¡t

ltÄ

t{Â

[Á

HA

[Â

t{Á

üA

llil
IA
ll'l
ll,l
t{,1

ilÁ

lt^

ilA

l{¡1

IA

il^
ilA

ri^

ltA

ll,l
il^
ll,l
H,1

ltÁ

tl,l

fiÁ

H'I

ilÁ

ilâ
|t^

il¡l

N,l

IA

ll,t

ilÂ

l{Á

flÂ

t{ll

ltA

tl,1

ltÀ

tllr

1r^

lt/t
rfil

NÂ

fiA

l.l¡\

il^
lt/t

Âl u¡inun

^nt 
irony

Ârsenit
6¿r iu¡
lrt yll iu¡
C¡.Jtiu¡

'l¿lt 
iu¡

Chl,¡iut
îobal I

Cr)oper

Ctantù'
Itsn
Itai
ll¿,¡nesiur

llðÍaafifse
llerr ¡¡y
llj t.[¡gl

Pt)t¿ss ¡ un

Se I en tu¡
5 t lv'rr
St diur
Ih¿ I I i¡lr
V¿¡ad¡ur

. tnl
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r/rffÂ[t Itns
fr id Elanlt Ficl,l Slanl lrip 0lant
l/t"irì8 tl?tlitt t llltlt;¡; +

fu,rili (uq/l) (uo/ll

I¿ble l{0. ¡ i lrunlinued}

Field Slank frip Slanl
2l2|l8'l 212?l8E
(u,¡/l) (us/l)

Field 0l¿nl Trip Slanl
3l2l8e 5/t/8e(uç/l) (ug/l)

lield 0lank Irip Slank
317189 317189
(us/l ) (ug/l)

F*<tir ¡,Jsc/lûB.i:

/rldr I n

Äf;¡Cl"¡R l0l¡
ilfittìL"R- llll
Àl,rt)Ltil-ll¡î
nn¡¡ût 0R- 1242

,lR'ìllL0f;-l?48

AR('CL0R-i?5{

ÂÊ'!f;[{rì.12A0

a I oh¿-tll0
bet¡ -BHC

del lö'ßHc
oimr-gllc {trnd¡ne)
¡ lrha-Cl¡l o¡d¡rre
o¿¡la -llh lord¿ne
r,j'.l)DD
r ..r ' -0rt

4 ,.1 
'-lrlr

li':l dt trr

I r'ln n

[ ¡'f ir i¿t¡rr¡'t

In,Jr¡sul f¿l¡ I
tn,Josrlf¡n fl
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As listed in Table No. 4-3, where a result is not provided for a specific compound,

the following qualifiers are used:

A btank space indicates that the analysis of the compound did not meet the

NYSDEC CLP QA/QC requirements and was therefore deemed invalid and not

shown.

The symbol 'rND'r indicates rirat the analysis of this compound met the NYSDEC

CLP QA/QC requirements, but \¡/as not measured above the analytical

instrument's detection limits (IDL).

The symbol "NArt indicates that the compound was not analyzed.

Qualifiers that accompany the concentrations reported in the table are NYSDEC

CLP qualifiers.

In addition, several sample results show the presence of unknown isomers and

"other" compounds. These compounds are listed in the table and presented in the text,

however, identification and determination of the exact levels of the compounds, as well as

a discussion of their presence and extent of contamination is not definable within the

context of this program and is not included in the discussion.

4.3.1 Monitoring Well MW-l (MW-IB t43.5'l)

The location for monitoring well MW-IB was chosen to provide soil and ground

water quality information immediately adjacent to a suspected source of contamination.

Bedrock at this location was encountered at a depth of eight and a half (8.5) feet below

grade. Since evidence of saturation did not exist in the overburden soils at this location, a

well was not constructed in this strata. Alternately, a PVC casing was grouted in the

bedrock and 30 feet of rock core was removed from the boring.
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4.3.1.1 Onganic Sampling Results

The organic analytical results for sample IIA(A)MW-IB contained the following

compounds, of which tetrachloroethene, trichloroethene, l,2dichloroethene and vinyl

chloride are analytes of concern. (Please note that the initial sample failed QA/QC

requirements for volatiles. Therefore, this location was resampled and reanalyzed and

only these valid analytical results are presented.)

"J" indicates estimated value.
"D" indicates sample was diluted (1:5) because this compounds's initial concentration was
above the calibration range.

During the Phase IIA sampling program, methylene chloride and acetone were

commonly found in method blanks, trip blanks and field blanks, and are laboratory

contaminants.

4.3.1.2 Inorganic Sampling Results

The following inorganic constituents were found in sample IIA(A)MW-IB:

Compound

Tetrachloroethene
Trichloroethene
1,2-Dichloroethene (total)
Vinyl chloride
Bis(2-e thylhexyl)phthala te
Unknown (total)

Constituent

Aluminum
Barium
Beryllium
Calcium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Potassium
Sodium
Vanadium
Tinc

Concentration (ug/ll

42.0
71.0

520.0 D
22.0

320.0
1,500.0 J

Concentration (ug/l)

24,500.0 N
460.0

Ir.2l
91,700.0

t46.01
82.0

31,200.0
I 1.0 N#

21,200.0
1,700.0 E

4l,000.0
23,900.0

t48.01
92.0

"Nf indicates spike sample recovery was not within control limits.
'#" indicates duplicate analysis was not within control limits.
"E" indicates this sample value vras estimated due to interference.
"[ ]" indicates the reported value is between the CRDL and IDL.
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4-3.2 Monitorîng Well MW-2 (MW-2M f26.5'l)

The monitoring well lvtw-2 location was chosen to determine subsurface flow

conditions as well as ground water quality in the stratified drift just east (downgradient)

of a suspected source of contamination. A borehole \r'as advanced 27 f eet at which depth

bedrock was encountered. A five foot zone of saturation existed at the stratified

drift/bedrock interface. A 10 foot screen was installed to effectively monitor this

interface zone as well as lateral migration of ground water (and contamination) to areas

downgradient of the Shopping Arcade property boundary.

4.3.2.1 Organic Sampling Results

The analytical results for sample IIA(A)tvtW-2M showed that the sample contained

only one unknown organic compound. (Please note that the initial sample failed QA/QC

requirements for volatiles. Therefore, this location was resampled and reanalyzed and

only these valid analytical results are presented.)

, Compound Concentration (ug/l)

Unknown (total) 540.0 J

"J" indicates estimated value.

4.3.2.2 Inorganic Sampling Results

As previously mentioned, elevated concentrations of four metals of concern,

namely, barium, chromium, lead and nickel were detected in sample IIA(A)MW-2M. In

addition, other inorganic constituents found in the sample are listed below:

Constituent

Aluminum
Barium
Beryllium
Calcium
Chromium
Cobait
Copper
Iron
Lead
Magnesium
Manganese
Mercury

Concentration (ugll)

72,600.0 N
1,200.0

Iz.sl
40,200.0

54.0 N#
170.0
190.0

132,000.0
6s.0 N#

43,300.0
2,500.0 E

0.3
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"N" indicates spike sample recovery \\,as not within control limits.
"#" indicates duplicate analysis was not within control limits.
"E" indicates this sample value v/as estimated due to interference.
"[ ]" indicates the reported value is between the CRDL and IDL.

4.3.3 Monitoring Well MIV-3 (MW-3M t20.5'lì

The monitoring well MW-3 location was chosen to define the subsurface stratified

drift flow conditions, establish the hydraulic gradient in the study area as well as

determine ground water quality migrating from the Shopping Arcade. A boring was

advanced to 21 feet at which depth bedrock was encountered. Similar to the MW-2

location, a five foot zone of saturation existed at the stratified drift/bedrock interface.

A 10 foot screen was installed in the boring so that representative ground water samples

could be collected from this interface zone.

4.3.3.1 Organic Sampling Results

The results for sample IIA(A)MW-3M contained the following organic compounds, of

which tetrachloroethene and trichloroethene were analytes of concern. (Please note that

the initial sample failed QA/QC requirements for volatiles. Therefore, this location was

resampled and reanalyzed and only these valid analytical results are presented.)

Nickel
Potassium
Sodium
Vanadium
Zinc

Compound

Tetrachloroethene
Trichloroethene
Bis(2-ethylhexyl)phthala te
Unknown (total)

"J" indicates estimated value.

280.0
40,500.0
60,700.0

250.0
260.0

Concentration (ug/ll

190.0
13.0
56.0
92.0 J

It is important to note that based upon prior laboratory results, there is a strong

possibility that resamples II"r(A)MW-3MA and IIB(M)MW-8MB (Hunting Ridge Mall Site)

were inadvertently switched at the laboratory prior to analysis during the resampling

program. Past laboratory results showed that high concentrations of contaminants \ttere

found in sample IIA(A)MW-3M and not in sample IIB(M)MW-8M. However, the latest

resampling results showed high concentrations of the same contaminants in resample

IIB(M)MW-8M8, not in resample IIA(A)MW-3MA as found previously at this location. In

addition, these two samples were analyzed with one immediately following the other.
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The laboratory which analyzed r. trse samples was notified and asked to investigate

this situation. The laboratory could not determine if and when this error occurred;

however, it was acknowledged that there exists the possibility of an error to occur when

the sample is transferred from the sample vial to the analysis vial prior to analysis, as

documented in their letter dated May 3, 1989 which is enclosed in Appendix G.

4.3.3.2 Inorganic Sampling Results

As previously mentioned, elevated concentrations of four metals of concern,

namely, barium, chromium, lead and nickel were detected in sample IIA(A)ÌvM-3M. In

addition, other inorganic constituents found in this sample are listed below:

Constituent

Aluminum
Barium
Beryllium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Zinc

Concentration (ug/l)

133,700.0
2.400.0

t3.61
108,400.0

1,000.0 N#
210.0
290.0

249,900.0
33.0 N#

128,100.0
4,600.0 E

800.0
87,700.0
44,600.0

530.0
540.0

i

ii

"N" indicates spike sample recovery was not within control limits.
"#" indicates duplicate analysis was not within control limits.
"E" indicates this sample value was estimated due to interference.
r'[ ]" indicates the reported value is between the CRDL and IDL.

4.3.4 Monitoring Well Ch¡ster MW-4 (M1{-4S t22'l and MW-48 t73'l)

Monitoring well cluster MW-4 was constructed behind the Theatre Building and

downgradient of the Shopping Arcade. A stratified drift shallow water table and a

bedrock monitoring well were completed as part of this cluster. This monitoring well

location provides data on ground water quality migrating towards the low lying ponds and

wetlands which cross under Court Road and ultimately drain to the Mianus River.

Monitoring of these two strata begins to determine the vertical extent of contamination,

as well as provides essential ground \¡/ater elevation data which contributes to preparing a

potentiometric contour map of the study area.
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4.3.4.1 Organic Sampling Results

Please note that the initial sample at lvfW-4s failed QA/QC requirements for

volatiles. Therefore, this location was resampled and reanalyzed and only these valid

results are presented. The analytical results for sample IIA(A)N[W-4S showed that no

organic compounds were detected in the sample.

The analytical results for sample IIA(A)lvtW-48 showed that the sample contained

only tetrachloroethene, which is an analyte of concern. (Please note that the initial

sample failed QA/QC requirements for volatiles. Therefore, this location was resampled

and reanalyzed and only these valid analytical results are presented.)

Compound

Tetrachloroethene

Concentration (ug/l)

15.0

4.3.5 Monitoring \{ell Ch¡ster MW-5 (MW-SS f22'l and MW-58 t116fl)

Monitoring well cluster MW-S is located behind the Fire Department adjacent to

wetlands which drain to the Mianus River. The MW-5 cluster is the farthest removed

ground water monitoring point from the Shopping Arcade Site and is located downgradient

in the drainage valley. It is a monitoring point which may be representative of the ground

water quality which is migrating from the Bedford Village commercial district and

ultimately discharging into the Mianus River Valley. This was the one location in the

study area where the Inwood Marble \ilas encountered, and 30 feet of this rock core was

removed from MW-SB.

4.3.5.1 Organic Sampling Results

Please note that the initial samples at both þfW-sS and MW-58 failed QA/QC

requirements for volatiles. Therefore, these locations were resampled and reanalyzed and

only these valid results are presented. No organic compounds were detected in either

sample IIA(A)lvtW-5S or in sample IIA(A)MW-SB.

4.4 Description of the Phase IIB Sampling Program

This section reviews the specific components and associated activities of the Phase

IIB sampling program. The data collected from the Phase IA and Phase IB (source/
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surficial) sampling program, as well as the initial Phase IIA (subsurface) sampling

program, assisted in determining the design of the Phase IIB sampling program.

Similar to Phase IIA, the objective of the Phase IIB well drilling program was to

collect and analyze subsurface data from the Shopping Arcade Site and the surrounding

area. As a means of developing this information, soil borings and monitoring wells were

installed. Also similar to the Phase IIA sampling program, soil samples were obtained

from the borehole and screened in the field by utilizing an OVA. After screening with the

analyzer, a number of soil samples were selected for chemical analysis at either the

NYSDEC laboratory in Saratoga, or an infield GC provided through NYSDEC and located

in Spring Valley. Once the monitoring wells were constructed, ground water samples were

collected and forwarded to a NYSDEC certified laboratory for analysis. The analytical

data generated as part of the Phase IIA sampling program, complimented by the data

resulting from the Phase IA and Phase IB sampling prog¡ams made it possible to identify

on an initial basis, the location of the sources of contamination, and to assess the surficial

transport and subsurface migration pathway of contaminants through the study area. This

data assisted in making decisions on the specific sampling locations for the Phase IIB

component of the Remedial Investigation which were to confirm the extent and travel of

ground water contamination.

The following activities were undertaken prior to and during the Phase IIB program:

In addition to the pertinent, available literature, and technical reports and data

reviewed in preparation for the Phase IIA program (described in Section 4.2),

the following report was reviewed:

Dvirka and Bartilucci Consulting Engineers, "Remedial Investigation

Interim Report Phase IIA Sampling Program (Hunting Ridge Mall), March

1988."

Aerial photographs of the study area were again reviewed for information on

land use patterns, potential sources of contamination, local topog¡aphy and

drainage patterns, as well as aerial topographic contour maps to better

understand the surficial and subsurface drainage patterns in the area.

Data generated from the seismic survey conducted during Phase IA of this

investigation was also again reviewed and incorporated in to the design of the

Phase IIB sampling program.
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Six monitoring wells were constructed at four locations.

All monitoring wells consfiucted as part of the Phase IIB sampling program, as

well as the seven wells installed in Phase IIA were sampled. The Phase IIB wells

were also surveyed. Ground water level readings were obtained from all wells

and recorded. These measurements supplied the necessary data for determining

ground water flow direction underlying and in the immediate vicinity of the site.

Selection of Gror¡nd lVater Monitoring Well Locations

Immediately north of Court Road and west of the
pond system

West and upgradient of the Arcade building

North of the Theatre Building and northeast of
the Arcade

The rationale for the overall selection of monitoring well locations for the Phase IIB

drilling program was based on the analytical data generated by prior ground \ryater

investigations, the analytical data obtained from the Phase IA, IB and IIA sampling

programs, the location of the suspected source(s) of contamination, and the determination

that ground water is flowing toward and discharging to the Mianus River.

The well depths for each monitoring well which was constructed in Phase IIB in the

Shopping Arcade Study Area is provided below. The locations of the wells are illustrated

in Figure No. 4-9.

Well Number Location Depth (ft)t

34
87.3

4.4.1

lvfw-6M
lvtw-68

MM-78

lvtW-8M
lvtw-88

lvfw-l0M

I

I

i
t

I
l

l

I

I

I

I

I

I

105

25
60

South of Court Road and east of the pond system 80
on the Bedford School's property

* Depth below ground surface

Note: lvfw+M refers to a mid-depth (overburden/bedrock interface) well

lvtw-#B refers to a bedrock well

In total, Phase IIB consisted of the construction of three new mid-depth (interface)

wells and three bedrock wells.
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The following is a discussion of the rationale incorporated for the placement of the

six Phase IIB ground water rnonitoring wells in the study area.

lvÍW-6M and MW-68 were constructed on the north side of Court Road adjacent

to and west of the Court Road pond. Monitoring ground water at this location

provides data pertaining to potential contaminated ground water migration in

an area directly downgradient of a suspected source of contamination. The well

screen was set on top of bedrock in fine sands lying below the vr'ater table at

lvfW-6M. Competent bedrock (gneiss) was encountered at a depth of 5l feet at

MW-68. The 30 feet of rock core taken at this location revealed a significant

number of potential water bearing fractures.

lvtw-7B was constructed approximately 400 feet to the west of the Shopping

Arcade building. Monitoring ground \r'ater at this location provides data

pertaining to background ground water quality in an area directly upgradient of

a suspected source of contamination. Competent bedrock was encountered at a

depth of 23 feet at lvfW-7B. The 86 feet of rock core obtained at this location

revealed very few potential water bearing fractures.

lvtW-8M and MW-88 were constructed approximately 250 feet to the north of

the Theatre Building. Monitoring at these locations provides data that will

assist in defining the northern extent of the contaminant plume in the study

area. The well screen at lvtw-6M was set on top of bedrock in a saturated sand

unit. Competent bedrock (gneiss) was encountered at a depth of 30 feet at

lvtw-8B. The 30 feet of rock core taken at this location revealed several

potential water bearing fractures.

lvfW-lQM was constructed to the north of a previously mapped drainage divide

along Court Road on the Bedford School's property. Monitoring at this location

provides data that will show whether or not contaminants are migrating to the

north of the drainage divide. The well screen was set in saturated fine to
coarse sands on top of bedrock.
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4.4.2 Analytical Parameters

For all Phase IIB samples taken, laboratory analysis was conducted to determine the

presence of volatile organic chemicals including the analytes of concern

(tetrachloroethene, trichloroethene, cis/trans-1,2-dichloroethene, vinyl chloride,

1,1,l-trichloroethane, benzene, toluene and xylene).

4.4.3 Location of Background Ground Water Monitoring lVell

The Phase II well drilling program was designed to confirm data obtained in the past,

as well as to better define the suspected source and extent of contamination in order to

develop an appropriate remedial action. As a result of completion of the Phase IIA

program, ground water flow patterns v/ere determined in the water table zone as well as

at the overburden/bedrock interface on a preliminary basis.

Part of the Phase II well drilling program included the construction of an upgradient

monitoring well at the Shopping Arcade Site. The purpose of an upgradient well is to

provide representative ground \¡/ater samples as a control in the program to document the

ambient quality of ground water that is migrating into the study area. This will provide

better definition of the suspected sor¡rce and degree of contamination in the study area.

Based upon ground water flow direction information, the upgradient well was located

south of Tarleton Road approximately 400 feet behind the Shopping Arcade Site and

reaches a depth of 105 feet, 95 feet of which is in bedrock.

4.5 Anab¡tical Results of the Phase IIB Sampling ProÊram

The purpose of this section is to present the analytical results of the ground water

samples collected during the Phase IIB component of the sampling program.

During the Phase IIB sampling program, ground water samples were collected from

all monitoring wells within the study area. This included the seven monitoring wells

installed during Phase IIA of the Remedial Investigation as well as the six Phase IIB

monitoring wells, and the abandoned Exxon Gas Station and Bedford School production

wells.
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The resampling of the existing wells provided data which support the results of data

obtained during previous sampling events. Resampling not only provided quality assurance

with the integrity of the previous data but also allowed the identification of ffends in the

data.

The Phase IIB sampling program generated the most complete data base of ground

v/ater contamination underlying the study area to date. This data is essential in

determining where and how the analytes of concern are migrating through the ground

water system underlying the study area, as well as revealing other possible contributing

sources of contamination. This information will be incorporated in formulating the

remedial design recommendation, if remediation is deemed necessary in the Shopping

Arcade Study Area.

Figure No. 4-10 presents a map of the study area which identifies the locations from

which ground water samples were collected, along with the results of each sample for the

analytes of concern and other organic contaminants detected. Similar to Phase IIA, for

purposes of presenting the sampling program results, each sampling point is identified by

an identification number. For example, for a sampling point labeled "IIB(A)MW-1S," the

"IIB" portion of the identification number indicates that the sarnple was collected during

the Phase IIB portion of the sampling program. For the remainder of the sample number,

the nomenclature is the same as described for the Phase IIA samples in Section 4.3.

This sample identification number is also used on the Chain-of-Custody Forms and

Field Log Forms. As such, background information regarding each sampling location

including Location Sketches, field personnel involved, date and time, meteorological

conditions, etc., can be obtained from the Field Log Forms which are contained in the

Field Report by cross referencing the forms to the appropriate sample identification

number from Figure No. 4-10.

In the following sections, the sequence of data presentation will be by numerical

order of the monitoring wells. For each location there is a presentation of organic

sampling results for the compounds detected. Cases where analytes of concern wel

reported are specifically discussed.

A summary of the analytical results of all samples collected in the Shopping Arcade

Study Area during Phase IIB are presented in tabular format in Table No. 4-4. All samples

were analyzed for Target Compound List (TCL) volatiles only. As mentioned above, the
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particular analytes of concern in this investigation are the organic compounds

tetrachloroethene, trichloroethene, cis/trans-l,2dichloroethene, vinyl chloride,

1,1,1-trichloroethane, and the BTX compounds þenzene, toluene and:<ylene).

As listed in Table No. 4-4, where a result is not provided for a specific compound,

the following qualifiers are used:

The symbol rtND" indicates that the analysis of this compound met the NYSDEC

CLP QA/QC requirements, but \¡ras not measured above the analytical

instrument's detection limits (IDL).

o The symbol I'NA'' indicates that the compound was not analyzed.

Qualifiers that accompany the concentratiotìs reported in the table are NYSDEC

CLP qualifiers.

In addition, several sample results show the presence of unknown isomers and

"other" compounds. These compounds are listed in the table and presented in the text,

however, identification and determination of the exact levels of the compounds, as well as

a discussion of their presence and extent of contamination is not definable within the

context of this program and is not included in the discussion.

4.5.1 Monitoring Well MrV-l (MlY-lB f43.5't)

The location for monitoring well MW-18 was chosen to provide soil and ground

urater quality information immediately adjacent to a suspected source of contamination.

The results of the Phase IIB sampling program were similar to those from Phase IIA with

the exception of the analytes of concern, tetrachloroethene, trichloroethene,

l,2-dichloroethene and vinyl chloride, whose concentrations decreased in the Phase IIB

sample.

I
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4.5.1.1 Organic Sampling Results

The analytical results for sample IIB(A)lvtW-18 are provided below, of which

tetrachloroethene, trichloroethene, l,2dichloroethene and vinyl chloride are analytes of

concern.

Compound Concentration (ug/l)

Tetrachloroethene 22,0
Trichloroethene 51.0
l,2-Dichloroethene (total) 230.0 E
Vinyl chloride 12.0
Acetone 18.0 B
Methylene chloride 9.0 B
1,1,2-Trichloro-
7,2,2-trifluoroethane 7.0 BJ

"J" indicates estimated value.
"B'indicates compound found in method blank.
"E" indicates value exceeded calibration range.

1,1,2-Trichloro-1 ,2,2-trifluoroethane, which is commonly referred to as freon, was

found in the method blanks, as well as in a number of trip and field blanks in Phase IIB,

and is most likely a laboratory contaminant. Similar to Phase IlA, methylene chloride and

acetone (as well as chloroform) were also found in method, trip and field blanks, and these

compounds are also probably laboratory contaminants.

4.5.2 Monitoring Well MIY-2 (M1Y-2M f26.5't)

The location of monitoring well MW-2 was chosen to determine subsurface flow

conditions as well as ground water quality in the stratified drift just east (downgradient) p

of a suspected source of contamination.

Provision was made as part of the Phase IIB sampling program to sample MW-2M;

however, there was an insufficient volume of water in the well for ground \r,ater sampling.

4.5.3 Monitoring Well llVY-3 (M}Y-3M f20.5'll

The monitoring well MW-3 location was chosen to define the subsurface stratified

drift flow conditions, establish the hydraulic gradient in the area as well as to determine

ground water quality migrating from the Shopping Arcade.
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4.5.3.1 Organic Sampling Results

The analytical results for sample IIB(A)MW-3M revealed the compounds listed

below. Consistent with the sample collected in Phase IIA, tetrachloroethene was an

analyte of concern that was detected. However, trichloroethene was not found in this

phase but was previously detected in Phase IIA.

Compound Concentration (ug/l)

Tetrachloroethene 210.0 E
Acetone 8.0 BJ' Methylene chloride 7.0 B
1,1,2-Trichloro-
1,2,2-trifluoroethane 6.0 BJ

"J" indicates estimated value.
'fB'f indicates compound found in method blank.
"E" indicates value exceeded calibration range.

4.5.4 Monitoring \tell Ch¡ster MtY-4 (MW-4S f22fl and M1{-48 f73'l)

The bedrock and stratified drift/interface monitoring wells at the MW-4 location

were completed during Phase IIA. This location provides data on ground water quality

migrating towards the low lying ponds and wetlands which cross under Court Road and

ultimately drain to the Mianus River. Monitoring of these two strata will determine the

vertical extent of contamination, as well as provide essential ground water elevation data

which contributes to preparing a piezometric contour map of the study area.

4.5.4.1 Organic Sampling Results

The analytical results listed below for sample IIB(A)MW-4S are consistent with the

Phase IIA results from this monitoring well. Analytes of concern were not detected in the

sample.

Compound

Acetone
Methylene chloride
1,1,2-Trichloro-

7,2,2- tr ifluoroe t ha ne

"J" indicates estimated value.
"8" indicates compound found in method blank.

Concentration (ug/ll

17.0 B
10.0 B

7.0 BJ

I

l

I

I

II
I lTlE

I
I
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The analytical results for sample IIB(A)MW-4B were consistent with the Phase IIA

results in that tetrachloroethene was found in the monitoring well. However, the

concentrations of tetrachloroethene were found to have increased since the Phase IIA

sampling and trichloroethene was detected in this phase but not previously in Phase IIA.

The following compounds were detected, of which tetrachloroethene and trichloroethene

are analytes of concern. The source of pentane,3-methyl is unknown.

4.5.5 Monitoring Well Cluster MW-5 (MW-SS and MTÍ-58)

The bedrock and stratified drift/interface monitoring wells at the MW-s location

were completed during Phase IIA. The MW-5 cluster is the farthest removed ground

water monitoring point for the Shopping Arcade Study Area and is located downgradient in

the drainage valley. It is a monitoring point which may be representative of the ground

water quality which is migrating from the Bedford Village commercial district and

ultimately discharging into the Mianus River Valley.

4.5.5.1 Organic Sampling Results

The analytical results for sample IIB(A)MW-SS are consistent with the Phase IIA

results from this monitoring well in that no analytes of concern were detected. Other

organic compounds that were found in the sample are listed below.

Compound

Tetrachloroethene
Trichloroethene
Acetone
Methylene chloride
Pentane,3-methyl
1,1 ,2-Trichloro-

1,2,2-tifluoroethane

"J" indicates estimated value.
"B" indicates compound found in method blank.

Compound

Acetone
Methylene chloride
1,1,2-Trichloro-

1,2,Z-trifluoroethane

"J" indicates estimated value.
"8" indicates compound found in method blank.

Concentration (uglll

120.0
2.0 J

34.0 B
18.0 B
5.0 J

8.0 J

Concentration (ug/l)

11.0 B
8.0 B

7.0 BJ

t
I

ú

1171E 4-65



The analytical results for sample IIB(A)MW-SB contained the compounds listed

below. Two analytes of concern, benzene and toluene, were found which were not

previously detected in Phase IIA.

Compound

Benzene
Toluene
Acetone
Methylene chloride
Chloroform

"J" indicates estimated value.
"8" indicates cornpound found in method blank.

Concentration (ug/lì

1.0 J
14.0
33.0 B
19.0 B
4.0 J

Concentration (ugll)

19.0 B
10.0 B

4.5.6 Monitoring Well Ct¡ster llW-6 (MIY-6M f34'l and MIY-68 [87.3'l)

Monitoring well cluster MW-6 was originally to be located behind the Presbyterian

Church according to the Work Plan, but was moved to a location just north of Court Road

in an area just west of the pond system. This relocation was justified by the fact the new

location placed the monitoring well cluster more in line with the potential contamination

source(s) according to the Phase IIA ground water flow maps.

4.5.6.1 Organic Sampling Results

The analytical results for sample IIB(A)MW-6M are provided below. Analytes of

concern were not detected in the sample.

Comoound

Acetone
Methylene chloride

"B" indicates compound found in method blank.

¡

I

The analytical results for sample IIB(A)lvfW-68 are provided below of which

tetrachloroethene and trichloroethene are analytes of concern.

Compound Concentration (ug/ll

Tetrachloroethene 140.0
Trichloroethene 6,{)
Acetone 6.0 BJ
Methylene chloride 10.0 B

"J" indicates estimated value.
"B'r indicates compound found in method blank.

I
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4.5.7 Monitoring lVell MIY-? lMtV-7B fl05fl)

Monitoring well lvl\il-7B was constructed to the southwest of the Shopping Arcade

building and its sanitary leaching field. The purpose of positioning the monitoring well at

this location v/as to provide ground water quality data in an area directly upgradient of a

suspected source of contamination (the Shopping Arcade leaching field). Documenting the

background ground water quality was essential to the investigation so that a baseline

ground water quality entering the study area could be established. This analytical data is

used for the comparison of ground vrater quality values generated from the sampling of

the monitoring wells which were strategically placed throughout the study area. With

such a comparison it is possible to pinpoint sources of contaminant release as well as map

the contaminant plume and project its future migration.

4.5.7.1 Organic Sampting Results

The analytical results for sample IIB(A)MW-7B are listed below, of which benzene is

an analyte of concern.

Compound

Benzene
Acetone
Methylene chloride

"8" indicates compound found in method blank.

Concentration (ug/l)

7,0
13.0 B
10.0 B

I

I

I

4.5.8 Monitoring \tell Cft¡ster MW-8 (M\Y-8M f25'I and MtV-88 f60'll

The stratified drift/bedrock interface monitoring well and the bedrock well

constructed at the MW-8 location were completed as part of the Phase IIB drilling

program. Monitoring of these t\¡ro strata provides ground water quality data to assess the

lateral and vertical extent of contamination in the northeast quadrant of the study area.

In addition, essential ground \r'ater elevation data was obtained at this location which

contributed to the preparation of the potentiometric contour maps of the study area.
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4.5.8.1 Organic Sampling Results

The analytical results for sample IIB(A)MW-8M are listed below. The analytes of

concern were not detected in this sample.

Compound

Methylene chloride

"8" indicates compound found in method blank.

Concentration (uglll

12.0 B
10.0 B

6.0 J

9.0 B

I

,l

The analytical results for sample IIB(A)lvtW-88 are listed below. Analytes of

concern were also not detected in this sample.

Compound

Acetone
Methylene chloride
1,1,2-Trichloro-

\,2,2-trifluoroethane

"J" indicates estimated value.
"8" indicates compound found in method blank.

Concentration (ug/l)

I
I

4.5.9 Monitoring l{ell It[W-10 (MW-I0M f80'I)

Monitoring well MW-10M was constructed northeast of the Shopping Arcade

I Uuilding, south of Court Road and across the stream/pond system that runs through the
¡ valley. The positioning of this well generated ground water quality and potentiometric

I contour data at the most northeast monitoring point at the site. The ground water quality

X ¿ata was used to determine if the stream bed in the valley "actually" acts as a ground :

I water divide in the stratified drift deposits.

I
4.5.9.1 Organic Sampling Results

It 
,he analytical results for sample IIB(A)MW-IOM are listed below. The analytes of

I concern v/ere not detected in this gfound v/ater sample.
¡

Compound Concentration (ug/l)
II Acetone 8.0 BJ

Methylene chloride 9.0 B

I
I "J" indicates estimated value.

'8" indicates compound found in method blank.

.l
I
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4.5.10 The Abandoned Production Well at the E¡oron Service Station (MW-EX

f3l0'l) and the Abandoned Production Well at the Bedford School Resource

Center (MW-SCH t650'l)

As part of the Phase IIB ground water monitoring progxam, samples were collected

from two abandoned bedrock production wells located within the study area. One of the

wells is located just west of (behind) the Exxon Service Station, the other is located

adjacent to Court Road on the Bedford School Resource Center property.

. The Exxon well was chosen for sampling because it has had a history of chlorinated

solvent contamination. In fact, once the boring was completed and sampled in 1986, it
\ilas decided not to utilize the well because it contained significant levels of

retrachloroethene and its breakdown products. The well was capped and abandoned. This

abandoned Exxon well is located immediately downgradient of the Shopping Arcade

leaching field.

The abandoned Bedford School Resource Center well was chosen for sampling

because it was the deepest well readily accessible in the study area for sampling and its

location is in the center of the Bedford Village drainage Valley adjacent to Court Road

and downgradient of a suspected source of contamination. The ground water quality data

generated from this abandoned well allows an assessment to what degree contaminant

migration is structurally controlled in bedrock and if contaminants are capable of

migration beyond the stream corridor in the valley.

The school well was originally abandoned because its rate of production was

insufficient to meet the demand of the school and not because of contamination. Two

additional production wells were drilled and are presently being utilized by the school.

4.5.10.1 Organic Sampling Results

The analytical results for sample IIB(A)MW-EX are listed below, of which

tetrachloroethene and toluene are analytes of concern.

Compound

Tetrachloroethene
Toluene
Acetone

Concentration (ug/l)

10.0
3.0 J

16.0 B
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The analytical results for sample IIB(A)ÌVÍW-SCH are listed below. Toluene, which is

an analyte of concern, was detected in this sample.

Methylene chloride
Chloroform
Unknown

"J" indicates estimated value.
"8" indicates compound found in method blank.

Compound

Toluene
Acetone
Chloroform
Methylene chloride
Unknown

"J" indicates estimated value.
"8" indicates compound found in method blank.

4.6 Geolory

19.0 B
4.0 J
7.0 J

Concentration (ug/l)

t2.0
17.0 B
3.0 J

21.0 B
5.0 J

4.6.1 Regional Geomorphology

The following description of regional geolory was obtained from a report prepared

for the Town of Bedford by Leggette, Brashers and Graham, Inc. entitled "Ground Water

Assessment - Town of Bedford, New York, December, 1985."

4.6.1.1 Physical Setting

The Town of Bedford, New York is located in northeastern Westchester County in an

area of varied and rugged topography. The Town encompasses approximately 40 square

miles, or 25,400 acres, of which approximately 1,300 acres are coveredby water, leaving

24,700 acres of land area. Large water bodies include most of the Cross River Reservoir

and parts of the New York City reservoir system, and the northern part of Byram Lake

which provides drinking water for Mount Kisco.

The northern and southern parts of the Town are typified by ridges and rounded hills

with steep slopes and high elevations. The highest elevations in Bedford are more than

800 feet above sea level on Chestnut Ridge, south and east of the Shopping Arcade Site,

and 760 feet on Mount Aspetong in east-central Bedford. Rolling hills of lesser relief

characterize the topography at the site which also borders the \¡/etlands associated with

the Mianus River Valley.
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Drainage from the Shopping Arcade Site is to the southeast, eventually to Long

Island Sound. The Mianus River, located approximately 1/2 mile southeast of the Shopping

Arcade, cuts through hills forming a curving valley which is as much as t\¡/o-thirds of a

mile wide in places, before turning into the narrow fault controlled Mianus Gorge. The

Mianus River Valley contains relatively flat flood plains which are commonly covered by

s\¡¡amps and ponds. The river drains an area of approximately five square miles within

Bedford which contributes to the Mianus Reservoir, a public \r¡ater supply impoundment in

Stamford that serves the Town of Greenwich, Connecticut (see Figure No. 4-11).

4.6.1.2 General Description of Geology

The Town of Bedford lies in the Manhattan Prong of the New England Upland

physiographic province of the United States. In general, in this part of Westchester

County, the highest hills are underlain by gneiss and granite, intermediate elevations by

schist, and the main valleys by marble. The present land surface was smoothed and

sculpted by Pleistocene glaciation, which ended in this area approximately 14,000 years

ago.

4.6.1.3 Bedrock Geology

The bedrock geology of Bedford is the subject of several reports, and has been

depicted on several regional and local geologic maps. This information is summarized in

the Westchester County Areawide Waste Management Plan.

The bedrock of Bedford, comprising five different metamorphic crystalline rock

formations, is the foundation for the present land forms and topographic relief. The

relative susceptibility of the bedrock types to erosion by the passage and retreat of at

least two stages of continental glaciation shaped the present land surface, with only

geologically-minor changes occurring since that time. The five different formations that

comprise the bedrock geology of Bedford include the Fordham Gneiss, Bedford Gneiss,

Manhattan Schist, Manhattan Gneiss and the Inwood Marble, which collectively make up

the New York City Group, lower Paleozoic and/or PreCambrian in age.

Figure No. 4-12 depicts the general occurrence of the bedrock formations in the

Town of Bedford. The most abundant of the rock types is Fordham Gneiss, a rock with

pronounced compositional banding which forms most of the hills and ridges in Bedford. A

similar rock, Bedford Gneiss, occurs in the southeast corner of the Town. These types of
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bedrock are visible in many roadcuts and on steep slopes adjacent to lowlands. Fresh

exposures of Fordham Gneiss occur in the Route l-684 roadcut to the south of the Route

172 interchange. Natural outcrops are generally massive and rounded. Banding is

prominent except on weathered surfaces, where the rock is a somewhat uniform dark

gîay. The chief difference between the two gneisses is mineralogical, with the Bedford

Gneiss showing less complexity.

Two other crystalline rock types occur in narrow bands across the north central part

of the Town, and separate the Fordham and Bedford Gneisses in the southeast. These

bands are composed of Manhattan Formation Schist and Gneiss, and the Inwood Marble.

Abundant slabby outcrops of strongly-foliated rusty brown rock occur on hills composed of

Manhattan Schist. This rock contains a significant amount of mica, accounting for the

sheen that is sometimes noticeable.

Inwood Marble commonly underlies lowland swamps and stream valleys and is only

rarely found in natural outcrops. The occurrence of cleavage grains within the soil and/or

of stands of Equisetum (horsetail plant) indicates the presence of this lithology in the

subsurface. Where exposed in outcrop, usually in roadcuts, the marble is white to gray on

fresh surfaces and rusty brown where weathered.

Pound Ridge Gneiss occurs in a single narrow band just north of the Stone Hill River

at the eastern Town boundary. This pink "gxanite-like" rock displays moderate to strong

foliation.

4.6.1.4 Sr¡rficial (Uncorsolidated) Geolory

Surficial geologic maps have not been published for the Town of Bedford area. The

report prepared by Leggette, Brashers and Graham delineated and characterized the

surficial deposits using a number of sources. These included a manuscript map prepared

by the Westchester County Department of Planning, photographic soil maps from the

Westchester County Soil and Water Conservation District, and residential well records

obtained from the Westchester County Department of Health.

Most uplands and hill slopes in Bedford are covered with glacial till, a heterogeneous

unsorted mixture of clay, silt, sand, gravel and boulders. Two types of till are associated

with the glacial deposition: lodgement till, which was deposited beneath the moving

glacier and is commonly very compact and relatively impermeable; and ablation till,
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which was released by the glacier as it melted and is less dense and more permeable.

Most till deposits in Bedford are of the latter type, some of which are quite permeable

and well drained. Lodgement till commonly occurs as drumlinoid hills or ridges. Till
deposits range from inches to tens of feet thick in Bedford.

Glacial stratified drift underlies most of the stream valleys and swampy lowlands.

These sorted deposits of sand, silt, clay and gravel also occur in some upland terraces and

within zones of significant bedrock faulting. Glacial outwash sediments deposited by

running water are well sorted. This mode of deposition produces strata composed of
material with similar textural and hydrologic properties. These deposits may vary

considerably from place to place and throughout the vertical section due to the meadering

nature of glacial streams. The result is sediment with differing capacity for storing and

ransmitting water. In addition, glacial lacustrine deposits, which may occur on outwash

deposits, are very fine grained and do not generally form productive aquifers.

Stratified-drift sediments range in thickness from inches to approximately 200 feet within

Bedford.

4.6.2 Site Geomorpholory

4.6.2.1 Bedrock Geolory

The Shopping Arcade Study Area is located on the northern edge of the Mianus River

Valley immediately adjacent to an outcropping ridge line composed of Fordham Gneiss.

The ridge of Fordham Gneiss slopes steeply under the Arcade and continues sloping

southeast towards the Mianus River.

Litholory and Structr¡re

The bedrock underlying the study area is composed predominantly of Fordham

Gneiss. The Fordham Gneiss tlpically consists of a hard, gtrey to white banded rock with

fine to medium grained crystals in matrix and large potassium and calcium feldspar

crystais in the bands. The Fordham Gneiss also contains an abundance of biotite.

Located adjacent and to the south the Shopping Arcade building (MW-EX,

the abandoned Exxon well) and to the southeast (lvtw-sB behind the Fire Department), the

Inwood Marble was encountered at a depth of 260 feet and 86 feet below ground surface,

respectively. Although there were only two boring locations in the Shopping Arcade Study

Area in which the Inwood Marble was encountered, it was also found at one location in the
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adjacent Hunting Ridge Mall Area at the MW-10 monitoring well location adjacent to
Turtle Pond, approximately 4,000 feet southwest of the Arcade site. Although the

continuity of the Inwood Marble zone in the Mianus River Valley is questionable in all

three instances it was encountered, it was found below the overlying Fordham Gneiss and

was relatively deep below g¡ound surface.

Many of the bedrock borings encountered zones of high calcium concentrations

within the Fordham Gneiss and zones within the Inwood Marble that contained a

significant quantity of mafic minerals. The structural relationship between these units is

complex and not clearly understood.

The regional Bedford geolory map prepared by Leggette, Brashears and Graham (see

Figure No. 4-12) notes a thin line (1/4 mile wide) of Inwood Marble transversing through

the Mianus River Valley. This is most likely the unit encountered at the abandoned Exxon

well and the lvfw-s boring locations.

Bedrock Core Samples

Continuous rock core samples were collected in the borings advanced into each of
the bedrock wells constructed during this investigation. The rock cores were examined to

establish the lithology and physical characteristics of the bedrock unit. A complete visual

description of the rock cores were made which included rock t¡pe, color, hardness, grain

size and shape, boring, cementation and fracturing. (For a detailed description of each

rock core collected, refer to the boring logs in Appendix D.)

The top 10 to 15 feet of the Fordham Gneiss was extensively fractured and

weathered. A descriptive term referred to as RQD (which is the total length of rock core

greater than twice the rock core diameter, divided by the run length) calculates a relative
value of rock competency (fracturing). The greater the RQD value, the gxeater the

relative competency of the rock unit (fracturing decreases). A review of the RQD values

calculated for the individual rock core runs obtained at the Shopping Arcade Study Area,

shows that the Fordham Gneiss generally exhibited fewer fracture zones with depth. This

data is important in the review of fluid migration within the fractured metamorphic rock

underlying the study area. It appears that there is a pathway for ground water to migrate

into the bedrock underlying the stratified drift deposits in the Mianus River Valley.

However, the migration of ground water through the bedrock zone will be controlled by

fracture density, the interconnection of fractures and the pressures associated with the

fluids contained within the fractures.
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Bedrock TopoÊraphy

A bedrock contour map has been prepared for the Shopping Arcade Study Area and is

presented in Figure No. 4-13. Fordham Gneiss outcrops directly behind the Shopping

Arcade and forms a ridge line which trends northeast-southvsest. The Fordham Gneiss

slopes steeply to the rear of the Arcade building and then slopes less severely as it trends

to the east. At boring location MW-7, 200 feet behind the Arcade building, the gneiss was

encountered five feet below ground surface. At boring location MW-3, just in front of the

Arcade, the gneiss was encountered at 2l feet below ground surface. At boring MW-4,

which is located approximately 350 feet in the front of the Arcade building, bedrock was

encountered 33 feet below gtround surface.

It appears that the bedrock surface from the Shopping Arcade Site to the MW-6

monitoring location (the furthest downgradient monitoring point at which bedrock was

encountered) slopes to the east with a tradient of 0.13 feet (vertical) per I foot
(horizontal).

The thickest stratified drift deposits (bedrock at greatest depth below ground

surface) documented in the Shopping Arcade Study Area was at the MW-10 boring location

where \¡¡eathered bedrock $/as encountered at 80 feet below ground surface. This

boring/well location is the furthest downgradient in the study area.

4.6.2.2 Soil Geolory

Overlying the Fordham Gneiss bedrock in the Mianus River Valley and underlying the

Shopping Arcade Study Area are glacial stratified drift deposits. These deposits are

generally composed of sorted very fine-coarse sands and silts and are described below in

detail.

Soil Borings

Early in the Remedial Investigation, a geophysical survey was conducted in the

Shopping Arcade Study Area. One of the objectives of this survey was to determine the

thickness of the glacial stratified drift deposits within the Mianus River Valley.

Examination of this data assisted in planning the depths at which ground water monitoring

wells would be placed.
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During construction of the deepest borehole at each well cluster, split spoon samples

were obtained at five foot intervals in the unconsolidated deposits to classify the

stratigraphic sequences underlying the study area. The samples were logged

characterizing the soil type, color, grain size and moisture content. Detailed descriptions

of these soil samples are provided in the boring logs contained in Appendix D.

Unconsolidated Stratigraphic Sequences

Overlying the Fordham Gneiss in the Shopping Arcade Study Area is a weathered

bedrock zone. This zone is composed of fragmented and weathered bedrock that has little
structural integrity. The interaction of ground water at the soil/bedrock interface is the

primary cause for this weathered zone. The weathered bedrock zone \\'as encountered in

all soil borings advanced to bedrock except the borings at the MW-l, MW-3 and MW-7

monitoring locations. At the MW-3 monitoring location only a six foot saturated zone

occurs above the bedrock. It appears advanced weathering of the bedrock has not yet

occurred at this location.

Overlying the weathered gneiss and comprising the majority of the unconsolidated

deposits in the Mianus River Valley and the study area are fine sands gfading to clayey

silts. At many of the boring locations, the sand \rras so finely 'pulverized' that a grain size

analysis (ASTM D-2487 w/o hydrometer) was conducted to confirm whether or not 0.010

slot stainless steel screen \ryas a fine enough mesh to keep the formation from silting up

the monitoring wells. The results of the test showed that the soil samples may be

classified as SP-SM þoorly graded sand with appreciable fines) and 0.006 slot stainless

steel screens were used in the construction of several of the wells.

As the underlying bedrock dips to the east-southeast of the Shopping Arcade

towards the center of the Bedford Village Valley the unconsolidated deposits thicken to as

much as 80 feet (at the MW-10 drilling location). A zone of weathered rock

approximately ten feet in thickness, overlies bedrock in the Bedford Village Valley and

pinches out to\ilard the higher surface elevations behind the Shopping Arcade. A unit of

fine sand approximately 20 feet in thickness in the Bedford Village Valley also pinches out

towards the rear of the Shopping Arcade. The uppermost unit in the unconsolidated

sediments is a clayey silt approximately 25 feet in thickness in the Bedford Village Valley

which grades into a silt and thins to less than five feet in thickness as it approaches the

rear of the Shopping Arcade.
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The bedrock and soil geology, as described above, is illustrated in three cross

sections that were prepared for the study area (Figure Nos. 4-15 through 4-17). Figure

No. 4-14 illustrates the locations of the cross sections on a site map. Boring logs used to

construct these cross sections are contained in Appendix D.

4.7 Ground \tater Hydrology

4.7.1 Regional Ground Water Hydrology

The following description of regional subsurface hydrology was obtained from the

report prepared for the Town of Bedford by Leggette, Brashers and Graham, Inc. entitled

"Ground Water Assessment - Town of Bedford, New York, December, 1985."

4.7.1.1 Bedrock Aquifers

The crystalline bedrock of Bedford consists of hard, relatively impermeable rock of

metamorphic origin which has been extensively fractured as a result of tectonic

deformation of the earth's crust.

Hydrogeologically, these rocks can be divided into two gxoups: one, the foliated
silicates represented by Fordham and Bedford Gneisses and the Manhattan Formation, and

two, the carbonare Inwood Marble. The first group commonly yields sufficient v/ater for
domestic supply. In areas of increased fracture density, these rocks may produce as much

as 365 gallons per minute (gpm). In Westchester County as a whole, the Manhattan Schist

is the most extensive and one of the most productive bedrock aquifers.

Gneiss is reported to yield small to moderate quantities of water throughout

Westchester County and neighboring areas. Approximately 75 percent of Bedford is
underlain by this rock type, making it the most aerially extensive aquifer by far. Only

approximately 1l percent of the land in Bedford is underlain by Manhattan Formation

Schist. Approximately 93 percent of the private residential water supply in Bedford is

obtained from these rock types.
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Although of limited extent, the carbonate rocks are known to yield large quantities

of v/ater in some areas. Inwood/Stockbridge Marble is the most productive bedrock

aquifer in Westchester and Dutchess Counties. An average yield from Dutchess County

wells completed in marble is reported to be 22 gpm, with a range from 0 to 220 gpm.

Recent well yields in excess of 300 gpm have been achieved from the Inwood Marble in

Somers and in Mount Pleasant. Because these rocks are soluble at ambient pressure and

temperature, fractures tend to be chemically enlarged by most natural waters. This can

improve the water storage and. transmitting properties of the rock substantially. In

Bedford, the Inwood Marble has undergone significant fracturing. Increased production

can be expected where wells intersect openings along which solutioning has occurred.

Only four percent of the private wells surveyed in Bedford produce v/ater from the

Inwood/Stockbridge Marble. An average reported yield of only 13 gpm probably reflects

the fact that most of the wells were drilled no deeper than necessary to develop a

domestic water supply well. In addition, because these rocks often underlie

unconsolidated deposits in valleys and lowlands, the potential recharge to the marble is

substantially greater than for the upland bedrock units.

4.7.1.2 Soil (Uncor¡solidated) Aquifers

Glacial till can provide adequate water supply for domestic use from large diameter

dug wells placed in relatively thick till deposits. Significant aquifers may occur in

stratified drift, where sand and gravel layers are of sufficient thickness and where a

source of recharge exists. Stratified deposits exceeding 100 feet in thickness occur in the

Stone Hill River Valley near Pitch Swamp, in the central portion of the Mount

Kisco-Katonah corridor, in the Davis Brook lowland and at the outlet of Cross River

Reservoir. Deposits which range from 50 to 100 feet are found in parts of the Mianus

River and Stone Hill River Valleys. The most widespread stratified deposits are less than

50 feet thick. Extensive areas covered by these deposits occur along the Mianus and

Stone Hill Rivers and within the Davis Brook drainage system. The narrow valley along

the Mount Kisco-Katonah corridor is underlain along most of its length by deposits of less

than 50 feet. Isolated lowlands and stream valleys throughout the Town of Bedford also

nontain minor stratified deposits.
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The geographic distribution of stratified-drift deposits is controlled, in part, by the

configuration of underlying bedrock. The Inwood Marble is less resistant to chemical

$'eathering than the other rock tlpes and is more easily eroded. In addition, a

considerable amount of fracturing has occurred in all rocks of this area as the result of

regional tectonic forces and post-glacial rebound. Fractured rock is readily removed by

physical erosional processes. Prior to and during glaciation, areas of marble bedrock and

zones of fracture in other rock t¡pes, were eroded to form stream valleys. During glacial

retreat, melting ice released entrained rock and rock debris into streams and lakes at the

margin of the glacier. This material partially filled the preformed valleys with stratified

drift. In Bedford, several aquifers capable of supporting high-yielding wells occur within

these deposits. \{ells completed in stratified drift produce from 6 to 600 gpm, with an

average yield of about 100 gpm.

4.7.2 Site Ground Water Hydrolory

Throughout the well drilling program, water level elevations were obtained from the

monitoring wells constructed in the study area. The most comprehensive sets of data

were obtained at the end of the field program (September 1, 1988 andNovemberS, 1988)

when all the monitoring wells were completed. Water levels are an essential component

to the hydrogeologic investigation because the slope of the water table indicates direction

of ground \r'ater movement.

The ground water elevations for each monitoring well were plotted on the Shopping

Arcade Study Area base map. Ground water contours \¡/ere mapped for the tv/o subsurface

zones investigated (overburden and bedrock) utilizing triangulation and the

pre-supposition that ground urater flows from a higher to lower hydraulic head. Water

level elevations recorded during the investigation for each of the dates for which they

were obtained are provided in Table Nos. 4-5 through 4-7.

4.7.2.1 Bedrock Ground Water Flow

Ground water flow in bedrock can be an extremely complex process. The ground

v/ater flow in the metamorphic bedrock underlying the study area is characterized by

fracture flow. Fracture flow can be effected by numerous factors such as fracture

density, the interconnection of fractures and the pressures associated with the fluids

within the fractures.
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fable No. 4-5

GROI.'ND TVATER ELEVATIONS
December 21,1987

(Measned in Feet)

Depthof Depthto
Monitoring lVell Below Gror¡nd lVaten lVell Elevation GroundlYater
lVell Ground (From Top of (Mean Sea Level) Elevation Ventical Gradient
Number Suface PVC Casingl lTop of PVC Casing (Mean Sea Levelì (ft.Æt.l

MW-18 44.3t 15.23 405.30 390.07

MW-zM 25.81 7.35 392.61 385.26

Mw-3M 24.31 13.61 398.29 384.68

MW-4S 21.91 5.27 371.05 365.78
Mw_48 74.21 4.58 370.69 366.11 6.3 x t0_3 (upward)

MW-sS 24.21 8.51 374.02 365.51
MW_58 86.2t t2.90 374.t9 361.28 6.8 x l0-z (downward)
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Iable No- 4-6

GROUND TYATER ELEVATIONS
September I, 1988

(Measrned in Feet)

Depthof Depth to
Monitoring tVell Below Gru¡rd lVater Well Elevation Grurnd WatenlYell Grourd (F¡om Top of (Mean Sea Level) Elevation Vertical GradientNumben Srnface PVC Casingì (Top of PVC Casing (Mean Sea Lerrel) (ft./ft.l

MVrr-IB 44.3 26.40 405.30 3?8.90

MW-2M 2s.8 N/A 392.6t N/A

lvfw-3M 24.3 15.85 398.29 382.44

MW-4S 2t.9 6.25 3?1.05 364.80MW-48 74.2 6.28 370.69 364.41 7.5 x l0-3 (downward)

MW-5S 24.2 8.26 374.02 365.76
Mw-58 86.2 75.77 - 374.18 358.41 1.2 x l0-r (downwarQ

MW-6M 37.0 4.17 367.21 363.04
MW-68 87.3 6.69 367.25 360.56 4.9 x l0-2 (downward)

MW-?É 105.0 73.22 471.04 397.82

MW-8M 25.0 5.27 371.62 366.35
Mw-88 60.0 5.77 371.62 365.85 1.4 x l0-2 (downward)

MW-10M 85.s s.4l 367.96 362.ss

N/A - No ground water in the overburden at this location during this measurement period.
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Table No. 4-7

GROUND WATER ELEVATIONS
Novemben I, 1988

(Meaqned in Feet)

Depthof Depthto
Monitoring Well Below GroundlVaten tVell Elevation GrormdWater
Well Grourd (From Topof (MeanSea lævel) Elevatiqr Vertical Gradient
Number Surface PVC Casingl lTopof PVC Casine (MeanSea lær¡el) $t.fit.l
MW-18 44.3 14.79 405.30 390.51

ùfiv-2M 2s.8 N/A 392.6t N/A

Ivtl4r-3M 24.3 : te.zo 3g8.2g 382.09

M1{¡-4S 21.9 5.80 371.05 365.25
M1V-48 74.2 5.48 370.69 365.21 7.6 x lOa (downward)

M14¡-5S 24.2 6.2s 374.02 367.77
MW-58 86.2 13.51 374.18 360.67 1.1 x l0-r (downward)

MW-6M 37.0 3.84 367.21 363.37
MW-68 87.3 4.31 367.25 362.94 8.5 x l0-3 (downward)

M$t-?B 105.0 78.35 47t.04 392.69

MW-8M 2s.0 4.67 371.62 366.95
MW-88 60.0 5.20 371.62 366.42 0.2 x l0-r (downward)

Mlv-loM 85.s 4.88 367.96 363.08

N/A - No ground water in the overburden at this location during this measurement period.
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To best characterize the general ground water flow direction in the bedrock

underlying the study area, it is essential to obtain as many data points over a broad aerial

extent as possible. In this way, ground water elevations in bedrock can be compared and a

general trend noted.

Initially, bedrock gtround water elevations were obtained from the three Phase IIA

monitoring wells on December 21 , 1987. Later in the Remedial Investigation, upon the

completion of additional bedrock monitoring wells, ground water elevations were obtained

at six locations in the Shopping Arcade Study Area on September I, 1988 and November 8,

1988.

Generally, the ground water within the bedrock can be characterized as migrating

horizontally in a east-northeasterly direction from the Shopping Arcade towards the

central Bedford Village Valley (see Figure Nos. 4-18 throueh 4-20). The glound water

gradient in the metamorphic bedrock zone underlying the study area is approximately

0.035-0.051 foot of head loss per foot of horizontal distance. Ground water is migrating

downward through the unconsolidated deposits at the Shopping Arcade site and recharging

bedrock. Vertical gradients range from 7.6 x l0-4 ft./ft. to 1.2x l0-1 ft./ft.

4.7.2.2 Soil (Unconsolidated) Ground \tater Flow

Measurements of water elevations in the unconsolidated deposits were obtained in

December 1987, September 1988 and November 1988 in the Shopping Arcade Study Area

(see Figure Nos. 4-21 throueh 4-23).

The ground water elevation measurements obtained during these three distinct

periods all exhibit a general northeasterly flow from the Shopping Arcade parallel with

Court Road. The horizontal ground water gradient in the stratified drift deposits

underlying the study area is approximately 0.035-0.047 foot of head loss per foot of

horizontal distance. As mentioned in Section 4.7.2.1, g¡ound water also migrates

downward through the unconsolidated deposits and recharges bedrock as indicated by the

vertical gradients ranging from 7.6 x 10-4 ft./ft. to 1.2 x 10-1 ft./ft.

It appears from the ground water elevation measurements that ground water flow in

the stratified drift deposits follows the slope of the local topography in the study area.
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5.0 WATER SUPPLY SAMPLING PROGRAM

The purpose of this section of the Remedial Investigation Report is to describe the

basis, institution and proceedings of the Water Supply (Tap Water) Sampling Program,

present the analytical results of the samples which were obtained during this program and

discuss their relationship and significance to the most current applicable drinking water

and ground water standards.

5.1 Description of the Water Supply Sampling Program

5.1.1 Purpose of the Sampling Program

As a result of concern expressed by the residents regarding the quality of water

supply in the study area and at the request of the New York State Department of

Environmental Conservation (NYSDEC), a comprehensive Water Supply Sampling Program

was designed for the Shopping Arcade Study Area to supplement the originally planned

Remedial Investigation. The intent of the Water Supply Sampling Program was to:

Obtain analytical data to determine the levels of drinking water contamination

in the private water supply wells in the study area in order to address public

health concerns.

Obtain analytical data to confirm and/or supplement the existing historical data

obtained and compiled from previous water supply sampling efforts by the

United States Environmental Protection Agency (USEPA) and the Westchester

County Department of Health (WCDH), and review this data for the purpose of

evaluating trends in water supply contamination.

Obtain analytical data from the private water supply wells to supplement the

data from the monitoring well (ground water) sampling program in order to

determine and define the magnitude and aerial extent of ground water

contamination by volatile organic compounds (VOC) or Hazardous Substance

List (HSL) constituents in the study area. The evaluation of the data would

assist in determining where and how the analytes of concern are moving through

the ground water and determine and/or confirm possible sources and migration

routes of contamination.

5-11172E,



Obtain analytical data and utilize the results to assist in determining and

designing additional future phases of the ground water and water supply

sampling programs, if necessary.

Obtain analytical data and utilize the results to assist in determining and

designing a definitive remedial action in the future, if required.

Once the concept of the this program was approved by NYSDEC, a detailed work

plan was prepared for undertaking the sampling program. After the work plan was

approved, the sampling program was implemented.

5.1.2 Implementation of the Sampling Program

Prior to the implementation of the actual field sampling portion of the Water Supply

Sampling Program, permission request forms were mailed (return receipt requested) to all

property owners in order to obtain permission to gain access to their property and collect

samples. Follow-up telephone conversations with each property owner or tenant were

conducted in order to arrange a convenient time for sample collection. A planning matrix

was prepared for implementing the sampling program to ensure optimum organization and

coordination of field work by providing orderly arrangement and scheduling of sampling

dates and times most convenient to the property o\flners, as well as the types of analyses

that \¡rere to be performed and the number of samples to be collected. A

planning/implementation matrix included the following information that was obtained for

each sampling point/location:

Sampling section in which sampling point is located.

Owner name and address of property/sampling point.

Owner mailing address (if different)

Tax map number (section and lot)

Location map number

Telephone number of owner

Date that request letter was sent, date of certified receipt and date that

request letter was received.

Approval to sample (yes or no)

Most appropriate date and time to sample

Types of analyses to be performed and number of samples to be obtained

Remarks

o

o

o

o

o

o

o

o

o

o

o:

it'il
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n
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il
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I
II figure No. 5-l is a detailed base map of the Shopping Arcade Study Area illustrating

I the locations of each sampling point and sampling sector. The number and specific

' I location of each residential unit and commercial establishment sampled is identified in

I one of four sampling sectors/zones. These sampling sectors were devised for the purpose

I of achieving optimum efficiency in the scheduling and performance of daily sampling.

Water supply sampling was scheduled and samples were collected at all of the sampling-l

.-l points except for the following locations for the reasons indicated.

I Sample Location # Address Owner
"t

I o #85 644-656 Old Post Rd. Lashins Arcade Co.

. I (Shopping Arcade)

I
. I Reason: Serviced by same well as 84. Sample collected at 84.

I o #88 633-647 Old Post Rd. Bedford Village
" I (Bedford Playhouse I Playhouse Associates

I Theatre)
.t
. 
I 

Reason: Serviced by same well as 87. Sample collected at 87.

.t
o #810 12 Court Road Allan Gordon

I
,.1

Reason: Serviced by same well as 87. Sample collected atB7,

I'-l o #815 ? Court Road Bedford Village Associates

c/o Love Realty"l
.t

I 
Reason: Serviced by same well as 821. Sample collected atB21.

_t

-t o #816 5 Court Road Bedford Village Associates

I c/o Love Realtv

-l Reason: Serviced by same well as B2l. Sample collected at 821.
I

"l
"t

"l
Å-l
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Sample Location #

#818

Reason:

#829

Reason:

#B.34

Reason:

#842

Reason:

Address

677-621Old Post Rd.

(The Jackson House)

Owner

Bedford Historical

Society, Inc.

817. Sample collectedReason: Well at 818 also services location

instead of 818.

o #B.20 612-614 Old Post Rd.

(The General Store)

Reason:

o #B.23 32 Village Green

(Library Building)

at Bl7

Serviced by same well as 819. Sample collected at B19.

Bedford Historical

Society, Inc.

Bedford Historícal

Society, Inc.

Reason: Serviced by same well as 824. Sample collected atB24.

o #B.27 48 Village Green Presbyterian Church

(Minister's Residence) of Bedford

Serviced by same well as 826. Sample collected at 826.

50 Village Green Philip C. Gardener

Serviced by same well as 828. Sample collected at 828.

497 Old Post Road

(1 Pound Ridge Road)

Louise H. Renwick

Serviced by same well as 835. Sample collected at 835.

47 Pound Ridge Road Gerard H. Wood

Serviced by same well as 843. Sample collected at 843.
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Sample Location # Address Owner

Richard J. Tegtmeier#845 58 Pound Ridge Road

(50 Pound Ridge Road)

I

R

l]

Reason: Serviced by same well as 844. Sample collected at 844.

A total of 39 locations \¡/ere sampled including residential homes and business

establishments. At these locations there were a total of 35 samples collected and

analyzed for VOC's and another 4l samples tested for nitrates. Also, an additional six

samples (IICIA]B4DB, IIC[A]B4DA, IIC[A]B6DB, IICIAIB6DA, IICIAIBTDA and IICIAIB13D)

were obtained and analyzed for the HSL constituents. The HSL analysis was selected for

those samples that were collected from sampling points that were located in close

proximity to potential source(s) of contamination and/or for samples taken from water

supply wells at points that serve a large number of people in the community. Nitrate

samples were obtained as an indicator of sewage contamination.

In addition, there were three locations that contained granular activated carbon

(GAC) treatment units. Two of these locations (84 and 86) were commercial

establishments and one was an apartment building (87) that utilized GAC filter units for

water purification. The well at location 86, the Exxon gas station, also services location

89 (the Banks building). However, the old well at 89, which is now defunct, was also

sampled. The well at location B? (the Playhouse/Theatre building) services a group of

apartments (sample location B7), the Playhouse/Theatre itself (88), and the residence at

810. With regard to sampling at the establishments that contained GAC units (84, B6 and

B7), two samples were obtained for each parameter to be tested by sampling before and

after the treatment units. However, at location 87, only a sample after the GAC unit

could be obtained (see subsection 5.1.3 for discussion).

5.1.3 Sampling Procedr¡res

The water supply sampling procedures implemented, as originally outlined in the

sampling protocol work plan, q¡ere as follows:

l. Fill out Tap Water Sampling Program Sample Information Record.

T172E. 5-6



Remove the laboratory pre-cleaned sample bottles from sample cooler, label

bottles with a water proof marker, make note of any water purification or

conditioning systems, holding tanks, etc. on the Sample Information Record

Form and complete the sample Chain of Custody Form.

If there is a treatment system, identify a location to sample (if possible) that is

ahead of any in-line water purification/conditioning device. If samples are to

be collected from a faucet, disassemble any screens and/or terminal

purification system that may be attached to the faucet (if possible). Note these

conditions on the Sample Information Record Form.

Allow the water to run for approximately five minutes to adequately flush the

line before sarnpling.

Collect the water directly in the sample bottles taking care not to spill sample

on outside of bottle or overfill bottle. For volatile organic samples, make sure

that air bubbles are not in the sample vial after it has been capped.

6. Return the sample bottle to cooler.

7. Close the sampling point ahead of the treatment device and reassemble screens

and/or water purification/conditioning systems that may have been removed

during sample collection.

Please note that samples were taken before and after GAC units when the existing

plumbing permitted doing so. At locations B4 and 86 where GAC units were present,

either valves or easily accessible and removable couplings were present so that sampling

was achieved before and after the units without damaging the piping and the treatment

units. However, at location 87 the valve before the GAC unit was inoperable and

conditions for obtaining a sample before the unit were deemed unfavorable by field

personnel without risking damage to the plumbing and the GAC unit. Therefore, a sample

was not obtained before the GAC unit at this location, but only after the unit.

Daily Quality Control Reports were completed for each day of field work. These

forms summarized the work that was performed each day, the results of field analysis,

and problems encountered and resolutions. Chain-of-Custody Forms provided by the

laboratory contracted to perform the analytical services were completed for each sample

transaction.

2.

3.

4.

).

I

'')

il
'ü

I
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5.1.4 Analytical Methods

The analytical methods that were used for sample testing were in accordance with

the 1986 NYSDEC Contract Laboratory Protocol (CLP). Samples collected for HSL metal

analyses were not filtered and were preserved in the field with nitric acid as required by

NYSDEC.

Provision was made for field and trip blanks, matrix spikes and matrix spike

duplicates. In accordance with NYSDEC protocol, a complete Quality Assurance/Quality

Control progxam was instituted and was based on the following guidelines:

One field blank per day of sampling - VOC

One trip blank per sample pick-up - VOC

One matrix spike liquid HSL per 20 samples

One matrix spike duplicate liquid HSL per 20 samples

One matrix spike liquid VOC per 20 samples

One matrix spike duplicate liquid VOC per 20 samples

5.2 Anabrtical Results of the lVater Sr¡pply Sampling Program

The purpose of this section of the report is to present the analytical results of the

samples which were obtained during the water supply/tap water sampling program.

Table No. 5-l lists the analytical results for those samples analyzed for organic

compounds. Figure No. 5-2 summarizes and presents the results of each organic

compound that is an analyte of concern. Analytes of concern are the same as those

detected in the monitoring well/ground water sampling program described in Section 4.0,

these being tetrachloroethene (designated PCE), trichloroethene (designated TCE),

1,2-dichloroethene (designated 1,2-DCE), 1,1,l-trichloroethane (designated 1,1,I-TCA),

benzene, toluene and xylene. Other compounds detected included 2-butanone (designated

2-Butan) or methyl ethyl ketone.

Table Nos. 5-2 and 5-3 provide the results of the samples analyzed for inorganic

constituents, namely metals and nitrate-nitrogen, respectively. It should be noted that

for the HSL analyses, all results for semi-volatile and pesticides/PCBs were

non-detectable except for typical laboratory contaminants such as

bis(2-ethylhexyl)phthalate.

o

o

o

o

o

o
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5.2.1 Results of Samples Analyzed for Organic Compounds

The data presented in Table No. 5-l indicates that organic chemical contamination

was detected in samples that were obtained from approximately 54o/o of all of the

sampling points (21 of 39 locations). The results show that the most commonly found

parameters and analytes of concern were tetrachloroethene, trichloroethene,

1,2-dichloroethene and BTX compounds (benzene, toluene and xylene).

Tetrachloroethene, trichloroethene and l,2dichloroethene were detected at

approximately 3l% (12 of 39) of the points sampled, while BTX compounds were found at

approximately 38% (15 of 39) of the sampling locations. In addition, 2-butanone was

detected at two sampling locations.

It should be noted that organic compounds such as chloroform, acetone and

methylene chloride were found in sample blanks. All of these compounds are common

laboratory contaminants. In addition, toluene and xylene were also found in trip and field

blanks. These compounds were probably laboratory contaminants or possibly in the

ambient air at the sample location and introduced into the sample when the field blanks

were prepared.

As stated above, the most commonly found contaminants and analytes of concern

were tetrachloroethene, trichloroethene and 1,2-dichloroethene which are similar to the

results obtained from samples collected from the ground water monitoring wells in the

study area. These compounds were found in combination or individually in samples

obtained from 12 of the 2l (570/o) sampling points at which contamination was detected.

Concentrations of tetrachloroethene were found at 57o/o (12 of 21) of the sampling

points that contained contamination and values ranged from 2 to 710 ug/I. The mean

concentration of this compound (for samples obtained before GAC units and samples

where no GAC unit existed) was 112 ug/l and the median was 36 ugll. In addition, it is

important to note that at one location, namely 86 (the Exxon well), tetrachloroethene was

detected at a level of 19 ugll in a sample that was taken after the GAC unit. This well

also services the Banks building and stores (location 89) located directly across Route 22

with potable water as well as the Exxon gas station. The highest level of

tetrachloroethene was found at sampling point B4 (710 ugll) in a sample taken before a

GAC unit at the Shopping Arcade. However, no contamination was found in the sample

taken after the GAC unit at this location (84). High concentrations of tetrachloroethene

were also detected at sampling location B6 (200 ug/l) in a sample obtained before a GAC
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unit (as mentioned, 19 ug/l was also detected after this GAC unit) and at location 89 (140

ugll) in a sample taken from a well that is no longer utilized. In general,

tetrachloroethene was found in almost all of the samples collected from the commercial

establishments and homes along Old Post Road (Route 22) and Court Road located

adjacent and downgradient of the Shopping Arcade. Many of these sampling locations had

samples that contained elevated levels of tetrachloroethene such as 824 (85 ugll), B.22 (52

ug/l), 817 (47 ug/l), 825 (31 ug/l), 821 (30 ug/l) and 814 (26 ug/l). The well at B24 also

serves location 823 and the well at Bl7 serves location B18. Also, the well at BZI

provides potable water to locations 815 and 816. In addition, it should be noted that

although low levels of tetrachloroethene (2 ug/D were found at sampling point 852, this

sampling point is located approximately 2,400 feet southeast of the Shopping Arcade on

the south side of the Mianus River (see Section 6.0 for further discussion).

Trichloroethene was detected at only four of the sampling points that contained

contamination. However, samples obtained at three of these points (89, 86 and B4)

contained elevated levels of this compound. The highest concentration (47 ug/l) was found

at 89, in a sample obtained from a defunct well that was closed due to previous

contamination. Samples from 86 and B4 were obtained before GAC units and contained

levels of 20 ugll and 14 ug/|, respectively. It is important to note that the sample taken

after the GAC unit at location B6 contained 15 ug/l of trichloroethene and, as discussed,

this well at 86 (Exxon gas station) also supnlies potable water to the stores in the Banks

building at location 89.

Concentrations of 1,2-dichloroethene were found at three sampling points, namely,

84, B6 and 89 and all of the samples collected at these locations contained elevated levels

of contamination. The highest concentration, 64 ug/|, was detected in a sample obtained

before the GAC unit at sampling location 86 (Exxon). The sample taken after this GAC

unit also contained contamination with a level of 60 ug/l of this compound being found.

Again, it is important to note that this well also services the Banks building (location B9).

The sample collected from the defunct well at location 89 contained 29 ug/l of

1,2-dichloroethene and a sample taken before the GAC unit at sample location 84, the

Arcade, contained 22 ug/l (sample obtained after this unit did not contain contamination).

All of the sampling points that contained 1,2-dichloroethene contamination were located

either at, adjacent to or downgradient of the Shopping Arcade.

BTX compounds were found in combination with each other or individually at 710lo

(15 of 2l) of the sampling points at which contamination \¡/as detected. Benzene was

found at four sampling points. The highest concentration of benzene, 440 uglI, was
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detected in a sample that was obtained from the abandoned well at sample location 89. A
concentration of 9 ug/l was found in a sample taken before the GAC unit at 86. However,

no contamination was detected in the sample obtained after the GAC unit at this

location. Elsewhere, at sample locations 817 and Bl9, only low levels of benzene (2 ug/l

and 1 uglI, respectively) were found. Toluene was detected at 620/o (13 of 21) of the

sampling points with levels ranging from 1 to 35 ug/I. However, only one high

concentration (35 ug/l) was found at sampling point B9 in a sample obtained from the

defunct well that had been closed due to contamination in the past. All other sampling

locations where toluene was detected contained low levels (l to 2 ug/l'), three of which

contained 2 ug/l (87, 828 and 846). It should be noted that toluene was found in a trip

blank and 2 ugll was detected in a field blank collected on November 2, 1988. The only

location sampled on that day that contained concentrations of toluene was sample

location 838 which contained only I ug/I. Therefore, the contamination found in this

sample may be due to ambient air concentrations that were introduced when sampling as

shown by the results of the field blank. Xylene was detected at only three sampling

locations, namely, 89, B6 and 844. The highest level found was 39 ug/l at location 89.

Samples obtained both before and after the CAC unit at sampling point 86 contained 3

ug/|. However, xylene was also detected at this concentration in the method blanks as

well as the samples at 86. Therefore, the sample results are probably due to laboratory

contamination.

Two separate samples obtained at sampling points 87 and B43 contained low levels

(1 ug/l) of 2-butanone which is also known as methyl ethyl ketone. This organic compound

is possibly a laboratory contaminant, however, it was also found in a number of

source/surficial samples obtained in the study area and appears more likely to be an

environmental contaminant.

5.2.2 Results of Samples Analyzed for lnorganic Constituents

Table No. 5-2 shows the results of the samples analyzed for metals and Table No.

5-3 lists the results of the nitrate-nitrogen analyses. Although a number of inorganic

chemicals were detected, three metals namely, lead, nickel and silver exhibited high

concentrations and have been identified as contaminants of concern by New York State

regulatory agencies. All three of these metals were found at sample location 84.

Concentrations of lead \ilere detected at levels between 11,600-11,700 ug/l; nickel

between 5,120-5,780 ugll; and silver at 12,500 ug/I.
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5.3 Historical \{ater Supply Sampling Data

As part of the Water Supply Sampling Program, historical potable water supply data

was reviewed. This data included the results of several sampling programs undertaken by

the Westchester County Department of Health (WCDH) since 1979.

Table No. 5-4 summarizes the aforementioned data obtained by WCDH and the most

recent data obtained from the Water Supply Sampling Program which is designated in the

table as NYSDEC. Table No. 5-4 shows that there is extensive data for only two sampling

locations, namely, 84 and B7/88 while there is limited data for only four other locations

(89, 814, 822 and 843). The data collected for 89 includes the results of sampling

performed by Exxon in July, 1986 and NYSDEC in November, 1988. Data for 814,827 and

843 only includes sampling performed by WCDH in May and October of 1986 and NYSDEC

in November, 1988.

The data shows that, in general, tetrachloroethene concentrations at sample

location B7 lBg have fluctuated and slightly decreased or have remained the same over

time since 7979, although the level did increase in the last sample obtained in June, 1985.

The mean concentration at B7lBg between May, 7979 and June, 1985 (not including April,

1984) was 42.9 ugll and the median was 44 ug/\. At sample locations 874 and 822,

tetrachloroethene levels increased between 1986 and November of 1988. At location 84,

concentrations fluctuated but also increased between April, 1979 and the latest sampling

in November, 1988. The mean concentration of tetrachloroethene in samples obtained

before the GAC unit at B4 (between April, 1979 and November, 1988) was 348 ugll and the

median was 305 ug/|. At locations 89 and 843, tetrachloroethene concentrations

decreased between 1986 and 1988. Sampling location 86 (Exxon) showed noticeable

increasing levels of tetrachloroethene between August, 1986 and October of 1988.

Concentrations of tetrachloroethene increased in samples obtained both before and after

the GAC unit. Levels before the CAC unit rose from 36 to 200 ugll and concentrations

after the GAC unit increased from non-detectable to 19 ugll.

In general, levels of trichloroethene fluctuated, slightly decreased or remained the

same. The mean concentration in samples obtained (before GAC unit) between May,1979

and June, 1985 (not including April, 1984) was 8.7 ugll and the median was 9.0 ug/\. At

sampling location B4, trichloroethene concentrations slightly decreased in those samples

obtained before the GAC unit. The mean concentration between April, 1979 and

November, 1988 was 39 uglI, and the median was 35 ugll. Levels of trichloroethene

decreased at sample point 814, but increased at sampling location 89. Sampling location
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B6 was the only location that showed noticeable increasing levels of trichloroethene.

Concentrations of trichloroethene increased in samples obtained before and after the

GAC unit. Levels before the GAC unit rose from 4 to 20 ug/I, and concentrations after

the GAC unit increased from nondetectable to 15 ugll between August, 1986 and

October, 1988.

Concenrations of l,2dichloroethene fluctuated but generally experienced a slightly

decreasing trend at sample location B7lBg between March, 1982 and June, 1985 (excluding

April, 1934) with the mean concentration being 5.5 ugll and the median being 4,5 ug/\.

Levels of 1,2-dichloroethene also decreased at sampling point 84 between June, 1982 and

November of 1988, and decreased at sample locations B14 and 843. However,

concentrations appeared to increase at location 89. Sampling location 86 (Exxon) showed

noticeable increasing levels of l,2-dichloroethene in samples obtained both before and

after the GAC unit. Concentrations before the GAC unit rose from being non-detectable

to 64 ug/I, and levels after the GAC unit increased from being non-detectable to 60 ug/l

in samples obtained between August, 1986 and October, 1988.

The only sampling points that contained historical data on BTX compounds were 86

and 89. At location 89, levels of benzene, toluene and xylene as well as ethylbenzene

decreased between July, 1986 and November, 1988. In addition, sampling location 86

(Exxon) showed a slight increase in benzene concentrations in samples obtained before the

GAC unit from non-detectable levels in August, 1986 to 9 ug/l in October, 1988.

It should be noted that data showing concentrations of contaminants in samples that

were collected prior to GAC units and where no units were present constitute data that

can be used to evaluate gfound water contamination. Data from samples obtained after a

GAC unit and where no GAC unit existed, but where the water is still used as a potable

water supply constitutes data that can be utilized to evaluate the issue of risk to public

health. This information will be discussed in the Discussion and Health Risk Assessment

Sections (6.0 and 7.0, respectively) of this report.
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5.4 Applicable Water Quality Standards and Significance of Sampling Results

5.4.1 OrganicCompounds

The New York State Department of Health (NYSDOH) drinking water standards and

NYSDEC ambient gtround water standards and guidelines for organic compounds are listed

in Table No. 5-5. By comparing Table Nos. 5-5 and 5-1 (sample results for organic

compounds) it is found that the state standards and guidelines were exceeded. Table No.

5-6 is a summary in matrix form showing the sampling locations and concentrations

exceeding the standards and guidelines. It also shows those locations that had samples

with concentrations at or above the guidance values or standards.

From inspecting Table Nos. 5-1, 5-5 and 5-6, it is found that 11 of the 38 sampling

locations (260/o), where samples were obtained before a GAC unit or where no units were

present, had sample concentrations that exceeded the standard of 5 ugll for

tetrachloroethene. These locations were 84, 86, 89, Bl2, Bl4, 817, 819, B2l, B24 and

825. Sampling locations 84 (710 ugll), B6 (200 ugll), 89 (140 ugll),B.24 (85u9/l)andB22

(52 uell) contained the highest levels of this compound. Samples obtained after the GAC

unit at location B6 contained l9 ug/l of tetrachloroethene. This is important because the

well at 86 is used as a source of potable water by the stores in the Banks building

(location 89) as well as the Exxon gas station.

Table No. 5-6 also shows that three sampling locations (84, 86 and B9) had sample

concentrations that were in contravention of the drinking water standard of five ugll for

trichloroethene. The highest concentrations were found in samples obtained before GAC

units at B9 (47 ugll) and B6 (20 ug/l). In addition, the sample obtained after the GAC unit

at 86 was also contaminated and contained a concentration of 15 ug/l of trichloroethene.

The standard (5 ugll) for l,2-dichloroethene was exceeded at three sampling

locations, namely, 84, 86 and 89. The highest concentrations were recorded at sample

point 86 where 64 ugll was found in a sample obtained before a GAC unit and 60 ugll was

detected in the sample taken after the GAC unit.

The standards (5 ug/l) for benzene, toluene and xylene were contravened at sample

location 89 in a sample obtained from a well that is currently not in use. Concentrations

of benzene, toluene and xylene in this sarnple were 440, 35 and 39 ug/I, respectively. Only

one other sample location, 86, had a sample concentration (9 ugll) that exceeded the

benzene standard. No other samples surpassed the standards for toluene and xylene.

il

n,Íl
IJ
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Table No. 5-5

NEW YORK STATE
DRINKING IVATER AIID GROUND IVATER STANDARDS

AI.¡D GUIDELINES
FOR SELECT ORGAI{IC COMPOTJNDS*

Parameters

Tetrachloroethene

Trichloroethene

1,l-Dichloroethene

1,2-Dichloroethene

1 ,1 , l-Trichloroethane
l, 1,2-Trichloroethane

1,l-Dichloroethane

1,2-Dichloroethane

Chloroethane

Methylethyl Ketone (2-Butanone)

Benzene

Chlorobenzene

Ethylbenzene

Toluene

Xylene(Total)

NYSDOH lhinking
lVater Standards
(Part 5)

s (Poc)

s (Poc)

s (Poc)

s (Poc)

s (Poc)

s (Poc)

s (Poc)
s (Poc)

s (Poc)

s0 (uoc)
s (Poc)

s (Poc)

s (Poc)

s (Poc)

s (Poc)

NYSDEC Ground
Water Staridards
(Part 703/TOGS)

0.7 (cÐ
10

0.07 (GV)

NA

s0 (Gv)

0.6 (cÐ
s0 (GV)

0.8 (GV)

NA

NA

ND

20 (GV)

s0 (Gv)

s0 (Gv)

50 (GÐ

:l

l
l

* All concentrations for standards and guidelines are shown in ugll.

GV - Guidance Value

ND - Non-detectable

NA - None available (no standard or guideline available)

UOC - Unspecified Organic Contaminant (NYSDOH Standard for UOC'S = 50 ugll).

POC - Principle Organic Contaminant (NYSDOH Standard for POC's = 5 ugll).
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Table No. 5-6

SUMMARY MATRIX OF SAMPLING LOCATIONS IYITH CONCENTRATIONS
EXCEEDING NEW YORK STATE DEPARTMENT OF HEALTH'

DRINKING TVATER STANDARDS FOR ORGANIC COMFOUNDS+

Parameter Exceeded (Concentration lÞtected in ugfl

Tetrachloro- Trictrlæ- l,2-Dichlqo-
Sample Location ethene ethene eihene Benzene Tot¡ene Xylene

B4 (D) 710 (B) t4 22
644-656 Old Post Road
(Shopping Arcade)

B6 (D) 200 (B), 19 (A) 20 (B), ls (A) 64 (B), 60 (A) 9 (B)
640 Old Post Road
(En<on)

B? (N) 140 47 29 440 3s 39
625-629 Old Post Road

Br2 (D) t2
31 Court Road

Bl4 (D) 26
ll Court Road

817 (D) 41
615 Old Post Road
(Court House)

Bl9 (D) l0
618-634 Old Post Road

B2l (D) 30
2-24 Yillage Green
(Empire Building)



Table No. !6 (continued)

SUMMARY MATRIX OF SAMPLING LOCATIONS TYITH CONCENTRATIONS
EXCEEDING NE¡V YORK STATE DEPARTMENT OF HEALTH

DRINKING TYATER STAI{DARDS FOR ORGAI{IC COMFOT'NIIS*

Paraneten Þ<ceeded (Cmcentration Detectd in ugfl

Tetrachlore Tridrloro- I,2-Dichlqe
Samole Location ethme ethene ethene Benzene Toh¡ene Xyle¡re

822 (Dl s2
26-30 Village Green

824 (D) 8s
34 Village Green
(Firehouse)

B2s (D) 3t
38 Village Green
(Loundsbury Building)

* Drinking water standard for all parameters shown is 5 ugfl.

(D) Drinking urater supply well sample

(N) Well not used (out of service)

(A) Location that contained a GAC unit and sample obtained after GAC unit.
(B) Location that contained a GAC unit and sample obtained before GAC unit.



The NYSDEC standards and guidelines for ground water are also shown in Table No.

5-5. By comparing Table Nos. 5-5 and 5-1 it is found that the NYSDEC ambient ground

water standards and/or guidance values for tetrachloroethene, trichloroethene and

benzene were exceeded. The guidance value (0.7 ugll) for tetrachloroethene $tas

exceeded at 12 of all 39 sampling locations (310/o), the standard of 10 ugll for

trichloroethene \rras contravened at three locations and the standard (ND, non-detectable)

for benzene was exceeded at four sampling locations. All of the aforementioned

information is summarized in matrix form in Table No. 5-7.

5.4.2 InorganicConstituents

The NYSDEC and the NYSDOH standards and guidelines for inorganic constituents

in ground \ryater and drinking water are shown in Table No. 5-8. Comparing this table to

the sample results for inorganic constituents in Table Nos. 5-2 (metals) and 5-3 (nitrates),

it is found that although a number of inorganic chemicals were detected, only three

metals namely, lead, nickel and silver were found in high concentrations that exceeded

the existing standards and guidelines for ground water and drinking water at only one

sampling location (84). In addition, although there are no drinking water and ground water

standards or guidelines for aluminum, calcium, magnesium, potassium and sodium,

elevated concentrations were detected in several samples. However, these chemicals are

often found naturally in ground water at high levels.
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Table No. 5-7

SAIT{PLING LOCATIONS TVITH CONCENTRATIONS
EXCEEDING NEW YORK STATE DEPARTMENT OF EI'IVIRONMENTAL CONSERVATION

GROT,'ND WATER STAIiTDARDS/GTJIDELINES FOR ORGANIC COMPOI.INDS

Parameter E¡<ceeded (Concentration detected in ug/l)

Sample Location

84 (D)
644-656 Old Post Road
(Shopping Arcade)

86 (D)
640 Old Post Road
(Exxon)

89 (N)
625-629 Old Post Road

812 (D)
3l Court Road

814 (D)
11 Court Road

817 (D)
615 Old Post Road
(Court House)

819 (D)
618-634 Old Post Road

B2l (D)
2-24Yillage Green
(Empire Building)

B.22 (D)
26-30 Village Green

824 (D)
34 Village Green
(Firehouse)

B2s (D)
38 Village Green
(Loundsbury Building)

Tetrachloroethene*

710 (B)

200 (B), 19 (A) 20 (B), 15 (A)

140

Trichloroethene** Eegzge**t

t4

e (B)

44047

t2

41

l0

3l

T
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Table No. 5-7 (continued)

SA{PLING LOCATIONS WITH CONCENTRAÎIONS
EXCEEDING NETY YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION

GROUND ÌVATER STAIIDARDS/GIJIDELINES FOR ORGAI.UC COMPOUNDS

Parameter Exceeded (Concentration detected in ugll)

Sample Location Tetrachloroethene* Trichloroethene** &gze[e***

Bs2 (D) 2
33 Cart Way Lane \ilest

I

il

I

:t

I
I

I
I

I
-t
-l
I * Guidance value for tetachloroethene = 0.7 uíll.*it Standard for trichloroethene = 10 ug/l

't **'¡ Standard for benzene = ND (Non-detectable)
I

"t
, r (D) Drinking water supply well sample
| (N) Well not used (out of service)'f (A) Location that contained a GAC unit and sample obtained after GAC unit.

(B) Location that contained a GAC unit and sample obtained before GAC unit.

l
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Table No. 5-8

NEW YORK STATE DRINKING TYATER
AIì¡D GROI,'ND TVATER STAI{DARDS AI'TD GTIÍDELINES

FOR INORGAI{IC CONSTITTJENTS*

NYSDEC NYSDEC Ground
Ground lVater lVater Standards
Stadards and Guidelines
ßart 703.5) (TOGS)

I

,l

I

'l

Parameters

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

Nitrate
Cyanide

ã,
25

1,000

3(Gv)

:

**
300

25

35,000(Gv)

300

2

;
50

4(GÐ

,noo
10,000

200

NYSDOH lhinking
lVater Standards

3(cv)
50

1,000

10

[6"*l

to
50

300

2

7.1(Gv)

10

50

i,ooo
100

;
1,000

10

*,"o,

1,000

300r"*

2S

300,rr,

2

;
50

,roo
10,000

200

I

.l

,l

I

:t

I

I

I

¡1.

*!t

it

T

All concentrations shown in ugll
Combined concentration of Iron and Manganese shall not exceed 500 uglI.

GV - Guídance Value (no NYS standard)
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6.0 DISCUS$ON OF SITE CONTAMINATION

The purpose of this section is to provide a discussion of the significance and possible

cause of contamination found during this Remedial Investigation. The determination of

significance, at least on a preliminary basis (with final determination based on the

detailed health risk assessment provided in the following section) will be in relation to

Applicable or Relevant and Appropriate Requirements (ARARs). Areas and matrices

determined to be "significantly" contaminated will be the focus of the risk assessment.

For this Remedial Investigation/Feasibility Study (RI/FS), the ARARs selected in

coordination with the New York State Department of Environmental Conservation

(NYSDEC) are the ambient ground water and surface water quality, and effluent

limitation standards and guidance values established in the April 1987 Division of Water

Quality Technical Operational Guidance Series (TOGS) Memorandum, the Maximum

Contaminant Levels (MCLs) for drinking water supplies adopted by the New York State

Department of Health (NYSDOH), and the New Jersey Department of Environmental

Protection Soil Cleanup Guidelines. (lt should be noted that USEPA MCLs were reviewed,

but because NYSDOH MCLs are as stringent, or more stringent in some cases, the New

York State MCLs were utilized as the ARARs for drinking water.)

The focus of discussion below will be with regard to the analytes of concern

established for this project, these being the dry cleaning solvent tetrachloroethene, and

its breakdown compounds, trichloroethene, cis/trans-1,2-dichloroethene and vinyl chloride

(chloroethene), 1,1,1-trichloroethane and the BTX cómpounds (benzene, toluene and

xylene). The selection of these compounds as the analytes of concern is based on their

early discovery in suspected sources, environmental samples and drinking water supply in

the study area. Following this section and the section on risk assessment (Section 7.0),

recommendations are provided for mitigation and evaluation in the Feasibility Study.

The National Contingency Plan (NCP) requires the determination of the extent to

which Federal, state or local public health and environmental standards are applicable or

relevant and appropriate to each National Priorities List (NPL) site. In addition, Federal

or state advisories, criteria and guidance must be reviewed to determine if they are

applicable, relevant or appropriate in developing remedial actions at the site. This

section provides a preliminary presentation of these requirements. Although the Shopping

Arcade Site is a New York State Superfund site and not a NPL site, because this RI/FS is

6.1

l

l]

6-lI l73E



being conducted in accordance with the Comprehensive Environmental Response,

Compensation and Liability Act of 1980 (CERCLA) and the Superfund Amendments and

Reauthorization Act of 1986 (SARA), the determination of Applicable or Relevant and

Appropriate Requirements is germane to this study. As mentioned above, the

establishment of ARARs and comparison to the results of this investigation will determine

areas of significant contamination on a preliminary basis and provide a point of reference

for performance of the health risk assessment in the following section and the subsequent

Feasibility Study, and ultimately, the selection of an appropriate remedial action, if
warranted.

A large number of potential Federal and state ARARs are available for

consideration for site evaluation. For this Remedial Investigation, a review was

undertaken of Volume I and II of the New York State ARARs, as well as those listed by

the United States Environmental Protection Agency (USEPA). Based upon this review, the

following standards/guidelines were selected as being the most appropriate for

consideration and use at the Shopping Arcade Site. The discussion below provides a

summary of the ARARs selected for the contaminants of concern detected in various

medias (wastewater effluent and sludge, surface \À,ater, ground water, water supply, soil

and sediment) in the study area. Since contamination of ambient air by the analytes of

concern (volatile organic compounds) has never been detected above background at the

site during the site investigation (as measured with a total organic vapor analyzer),

ARARs for air are not addressed in this study.

Federal ARARs

Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLsl (40

CFR Part 141.11-141.16) - Safe Drinking Water Act Maximum Contaminant

Levels (MCLs) and Maximum Contaminant Level Goals (MCLGs) are set at

levels which would minimize adverse health effects for \r'ater used for drinking

\¡/ater supply. MCLs are enforceable standards, whereas MCLGs are

non-enforceable health goals and proposed recommendations. Only MCLs are

considered relevant and appropriate for developing cleanup standards while

MCLGs are "to be considered." For this investigation, only MCLs are

considered applicable as ARARs.

Resource Conservation and Recovery Act (RCRA) Ground Water Protection

Standards (40 CFR 264.90-264.1091 - The RCRA Ground Water Protection

Standards are appropriate as ARARs because many of the known contaminants
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are the 40 CFR 261 Appendix VIII list of substances and are present in the

ground water above background/ambient levels. The hazardous waste

requirements of RCRA applicable to the treatment, storage and disposal of

hazardous \¡/aste are also potentially applicable to the Shopping Arcade Site.

Clean Water Act (CWA) Ambient Water Quality Criteria for Protection of

Freshwater Acuatic Life GPA-440/9-76-023) The CWA Water Quality

Criteria for Protection of Aquatic Life are appropriate since fresh water bodies

in the study area and the Mianus River support fish and other aquatic organisms

and should be protected.

State ARARs

o New York State Department of Environmental Conservation Division of Water

Technical and Operational Guidance TOGS (1.1.1ì Ambient Water Oualitlr

Standards and Guidance Values - The water quality standards and guidance

values contained in this document are a compilation of values for toxic and

non-toxic pollutants contained in the following:

New York State Water Classification and Quality Standards. Chapter X.

Part 7OI-Ambient Water Quality Standards. Appendix 31

New York State Water Classification and Oualir@
Part ?O3-Ground Water Classifications. Quality Standards. and/or

Limitations

New York State Water Classification and Quality Standards. Chapter X.

Section 703.6-Discharge Criteria for Class GA Waters

These values are used by NYSDEC in the establishment of discharge permit

water quality-based effluent limits and in the evaluation of ambient water

quality data. The New York State standards are applicable because it is

required that ground water be protected as a potable source and surface \r'ater

protected as an environmental resource, and that contaminated ground water

and surface \rrater be cleaned up to State standards.
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New York State Department of Health Requirements for General Organic

Chemicals in Drinking Water (Public Health Law. Section 201 and 2051 - These

standards are applicable, because they are established to protect the health of

those who are utilizing a ground water or surface water resource as a potable

supply. Since all ground \¡/ater in New York State is classified for drinking

water purposes (GA), and since the Mianus River and tributaries in the study

area are classified as "AA-Special" because the river is a source of water

supply to a downstream community, these requirements are considered as

ARARs.

New Jersey Department of Environmental Protection Summary of Approaches

to Soil Cleanup Levels - Although these cleanup levels were developed for use

in New Jersey, since presently, guidance values for soil remedial action have

not been established for use in New York, these levels may be applicable for the

preliminary assessment of the significance of soil and sediment contamination,

as well as cleanup, at the Shopping Arcade Site.

Additional ARARs on the Federal, New York State and local level may be identified

based on the results of the selected remedial alternatives (e.g., minimum technolory

requirements) developed in the Feasibility Study. New York State regulations on

treatment, closure/post-closure, landfill requirements, cap performance standards, etc.,

will be identified, as well as State requirements on air quality, water discharge

requirements and injection/recharge regula tions.

Table Nos. 6-1, 6-2, 6-3, and 6-4, list the analytes of concern and other

contaminants identified in the study area, and the contaminant-specific ARARs for

effluent discharge, ground water, surface water and soil, respectively.

As discussed above, for the purposes of this investigation, the ARARs for ambient

water will be the New York State surface water and ground water standards and

guidelines contained in the TOGS. Where standards or guidelines do not exist in the

TOGS, USEPA MCLs or NYSDOH maximum contaminant levels for organic compounds

will be used. The NYSDOH MCLs will also be used for ground water, particularly where it
applies to drinking water supply.
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Table No. 6-l

ARARS FOR EFFLUENT DISCHARGE

Organic Compounds

Tetrachloroethene
Trichloroethene
Cis-l,2dichloroethene
Trans-I, 2dichloroethene
l, 1, l-Trichloroethane
Benzene
Toluene
Xylene
2-Butanone
1,4-Dichlorobenzene
Chlorobenzene
Ethylbenzene
Phenol

Metals

Aluminum
Antimony
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Silver
Sodium
Zinc

NYSDEC
Part 703.6
(uen)

2,000

50
2,000

20

100 (Hexavalent)
1,000

400
600

50

100

5,000

35
ND

.!
I

600
4

2,000
t

I

I

r

I

I

I
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Table No. 6-2

ARARS FOR GROTJND ÌYATER AI{D WATER SUPPLY

NYSDEC
TOGS*
(uy'l)

0.7 (G)
10 (G)

s0 (c)
s0 (G)
ND (S)
s0 (G)
s0 (c)

4.7 (S)
20 (c)
s0 (G)
1.0 (s)

NYSDOH RCRA SDTVA SDTYA
MCL MCL MCL MCLG
(uer'l) (ugllì (ug/l) (ug/l)Onganic Compounds

Tetrachloroethene
Trichloroethene
Cis-l,2-dichloroethene
Trans-l,2-dichloroethene
1, 1, l-Trichloroethane
Benzene
Toluene
Xylene
2-Butanone
1,4-Dichlorobenzene
Chlorobenzene
Ethylbenzene
Phenol

Metals

Aluminum
Antimony
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Silver
Sodium
Tinc

2.0

æo

680

5.0

5.0

780

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
s.0

1t

1,300

20

2n

ttlJl,

2,0

50

50

2,0
13.4

50

3.0 (c)
2s (s)
1,000 (s)
10 (s)

---s.0 50 s0
1,000 1,000 1,000 i-¡oo

5.010 l0 10

I

I

I

1,000 (s)
200 (s)
3oo (s)
2s (s)
35,000 (G)
300 (s)
2.0 (s)

s0 (s)

Ipoo tsl

50 (HexXS) 500 õ (rte*) õ (He*) i-¿ (Hex)
1,000

300
2.0

200
300
50

õ

5,000
I

I

I

:l

:t

l

* Class GA Water

(S) Standard
(C) Guidance Value
ND Non-Detectable
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Table No 6-3

ARARS FOR SURFACE TYATER

I

I

I

I

Organic Compo¡¡nds

Tetrachloroethene
Trichloroethene
Cis- 1, 2-dichloroethene
Trans- l, 2-dichloroethene
1 , I , I -Trichloroethane
Benzene
Toluene
Xylene
2-Butanone
1,4-Dichlorobenzene
Chlorobenzene
Ethylbenzene
Phenol

Metals

Aluminum
Antimony
Arsenic
Barium
Cadmiurn
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium

NYSDEC
TOGS*
(ug/l)

0.7 (c)
3.0 (G)

s0 (c)
s0 (G)
1.0 (c)
s0 (c)
s0 (c)

30 (s)
20 (s)
s0 (c)
1.0 (s)

ñ rcl
s0 (s)
1,000 (s)
10 (s)

s0 (s)
200 (s)
100 (s)
3oo (s)
s0 (s)
35,000 (s)
300 (s)
2.0 (s)

s0 (s)

ño rsr

CTYA
Criteria*t
(uy'l)

5,2001840

I1,000/-
11,000/-

5,300/-
17,000/-

200ts0
32,0001-
10,000/2,500

9,000/1,600

3.9lt.t

t6/\t
18/12
22/5.2

8.2t3.2

2.4/0.012
1,900/96

4.t/0.72

320/47

.l

J

I

I

I

I

:l

Silver
Sodium
Zinc

* Class AA-Special** Freshwater Acute/Chronic

(S) Standard
(G) Guidance Value
ND Non-Detectable

:t

:l

:l
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Table No. 6-4

ARARS FOR SOIL AI'ID SEDIMENT

,l

I

,l

Organic Compounds

Total Volatile Organics
Total Base Neutrals
Total Acid Extractables
TOTAI PCBS
Total Petroleum Hydrocarbons

Metals

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Zinc
Cyanide

NJDEP
Cleanrp Level
(me/ks)

I
l0
l0

l-5
100

20
3

100
t70
100

I
100

4
5

3s0
12

"l

I

I

l
:t
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6.2 Source/Sanitary System Contamination

6.2.1 Summary of the General Occr¡rrence of Hazardous Substances in Sanitary

System Effluent

The primary focus of this Remedial Investigation is to investigate the source and

extent of tetrachloroethene contamination and its breakdown compounds (defined as the

primary analytes of concern in this study) in the Shopping Arcade Study Area. Based on

the nature and location of the chemicals found at the Site, the most likely source of the

tetrachloroethene release was a dry cleaner which was located in one of the stores that

make up the Arcade. It is believed that wastewater containing dry cleaning solvent

(tetrachloroethene) was disposed of to the Arcade's sanitary system. It is also possible

that discharges and spills from product and waste material behind the former dry cleaning

establishment may have entered the soil.

A 1978 NYSDEC investigation of contamination of municipal water supply wells by

volatile organic chemicals initialed concern regarding disposal of the solvent

tetrachloroethene from dry cleaning establishments to on-site sanitary and drainage

systems. In 1979, as a result of this concern, a study was conducted in Bedford Village by

the Westchester County Department of Health and a number of samples were collected

from private wells in the vicinity of the Shopping Arcade and a dry cleaner. Analysis of

these samples identified an area of contaminated ground water located in the Village

Green area immediately downgradient of the Arcade.

As part of this Remedial Investigation, provision was made in the Phase IA sampling

program to obtain a sample of the Arcade's sanitary system liquid (supernatant) as well as

the sludge. The purpose of this analytical data was to determine if there were continuing

related discharges to the sanitary system and if the system continues to act as a

source/reservoir of residual contamination within the study area.

The sanitary leaching field that services the Arcade building has not been able to

provide sufficient capacity to accommodate the quantity of waste\ilater generated. To

mitigate this problem, septage has been periodically pumped from the septic tank and

gansported off site. When it was attempted to obtain samples from the septic tank, there

was no sludge present. As a result, only a supernatant/effluent sample was collected.
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Upon analysis of the septic tank supernatant sample, estimated values of the dry

cleaning compound tetrachlorethene and its breakdown products, trichloroethene and

1,2-dichloroethene (total) were detected at 3,4,3.4 and 2.3 ugll, respectively. In addition

to these compounds, an estimated concentration of 1,1,1-trichloroethane, a common

cleaning solvent also used as a septic system cleaner, was detected in this sample at an

estimated concentration of 2.4 ug/|,

As discussed above, the TOGS established by NYSDEC are used to define values for

effluent limitations as well as ambient water quality standards and guidelines. Assuming

discharge to ground water which is classified as GA, the guidance value established for

tetrachloroethene is 0.7 uglI, trichloroethene is 10 ug/l and trans-l,2-dichloroethene is 50

ug/I. The estimated concentrations of trichloroethene and trans-I,2-dichloroethene found

in the septic system supernatant are below the established guidelines, however, the

concentration of tetrachloroethene exceeds the ground water guideline value.

The detection of 1,1,1-trichloroethane most likely indicates solvent use in the

Arcade building and disposal to the sanitary system. The ambient ground water guidance

value for 1,1,1-trichloroethane is 50 ug/I. The estimated concentration of 2.4 ug/l

detected in the sanitary effluent is below the established limit.

Based on the analytical results, it appears that low concentrations of the dry

cleaning solvent tetrachloroethene and its breakdown products still persist in the Arcade's

sanitary system, or result from the disposal of contaminated water supply to the

wastewaterdisposal system. Also, the solvent 1,1,1-trichloroethane appears to be used in

the Arcade building and discharged to the wastewater disposal system, or result from the

disposal of contaminated water supply as mentioned above.

In addition, elevated levels of two metals, namely copper (1,750 ugll) and silver (332

ugll) were detected in the Shopping Arcade septic tank supernatant. These concentrations

exceed the effluent discharge standards for copper (1,000 ugll) and silver (100 ugll), as

well as the ground water standards of 1,000 ugll and 50 ugll, respectively. Also,

concentrations of phenol were found at 46.8 ugll which is above the standard of 1.0 ugll

for ground water.

As part of the Phase IB program, provision was also made to sample the Exxon

Gasoline Station sanitary wastewater disposal system to .determine whether or not it was

a source of contamination. A sludge sample was obtained from the Exxon station septic

tank and found to contain high levels of benzene, toluene, xylene (BTX) and other volatile
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aromatic hydrocarbon compounds. The sludge sample contained benzene at

concentrations of 1,700 uglkg, toluene at 300,000 ug/kg, total xylenes at 37,000 ug/kg and

other volatile aromatic hydrocarbons such as ethyl benzene and l,4dichlorobenzene at

15,000 ug/kg and 2,500,000 uglkg, respectively. The high levels of all of these compounds

significantly exceed the ARARS for soil and sediment based on the NJDEP cleanup level

of 1 mglkg (1,000 uglkg) for Total Volatile Organic (TVO) compounds.

As evidenced by the high concentrations of BTX compounds found in the septic tank

sludge, these contaminants have been discharged (and possibly continue to be discharged)

into Exxon's sanitary disposal system where the contaminanted wastewater is discharged

to the system's leaching unit(s) and eventually recharged to ground water. The

downgradient ground water contamination by BTX compounds is most likely attributed to

contamination from the sanitary system, gasoline spills, leaks from the underground fuel

storage tanks at the Exxon Station (and the Bedford School), as well as normal roadway

runoff containing low levels of BTX compounds (see Section 6.5.1 Ground Water

Contamination for further discussion).

In addition, elevated levels of four metals, namely copper (1,200 mglkg), lead (1,000

mglkg), mercury (2.1 mg/kg) and zinc (1,900 mg/kg) were detected in the Exxon Gasoline

Station septic tank sludge. These concentrations exceed the ARARs for soil and sediment

based on the NJDEP cleanup levels of 170 mg/kg, 100 mg/kg, 1 mg/kg and 350 mg/kg for

copper, lead, mercury and zinc, respectively. Also, it should be noted that the pesticide

lindane was detected at a level of 24 uglkg. The soufce of this pesticide in the septic

tank is unknown and may have been discarded into the sanitary system at the gasoline

station in the past.

6.3 Sr¡rface Water Contamination

6.3.1 Summary of the General Occurrence of Hazardous Substances in Sr:rface

Water

Stormwater runoff from the Shopping Arcade and the adjacent Exxon service station

along Route 22 and Court Road is diverted through a subsurface drainage system which

discharges to an open drainage ditch along Court Road. The storm drainage flows into a

small pond adjacent to and south of Court Road before the stream is directed subsurface

(piped) under the Bedford Resource Center recreation field. The stream then discharges

to a second pond just north of Pound Ridge Road. Overflow from this pond is directed

under Pound Ridge Road and travels approximately 700 feet where it discharges to the

1 173E 6-11



J

Mianus River. The first permanent surface v/ater body that receives the stormwater

surface runoff from and in the vicinity of the Arcade is the stream which runs

perpendicular to and southeasterly from Court Road.

In Phase IA of the Remedial Investigation, provision was made to collect a surface

water sample from the discharge of the pond north of Court Road in order to determine if
contamination exists in this upgradient standing water body. Chemical analysis of the

surface water sample did not indicate the presence of the analytes of concern.

The two surface v/ater samples collected downgradient of the stormwater discharge

to the stream that crosses and flows southeasterly of Court Road (at the head of the small

pond just south of Court Road and at the head of the pond just north of Pound Ridge Road)

did not contain the analytes of concern. In addition, low levels (2,9 ug/l) of 2-butanone

(methyl ethyl ketone), a common paint solvent, were found in the \¡,ater sample obtain at

the head of the small pond just south of Court Road.

Surface water samples were also obtained at the stream discharge to the Mianus

River and at the Mianus River downgradient of the study area at Middle Patent Road.

The analytes of concern were not detected in these surface water samples. However,

2-butanone was found in low levels (3.7 ugll) in the sample obtained from the Mianus

River downgradient of the study area at Middle Patent Road. In addition, it should be

noted that an elevated concentration of silver (28.0 ugll) was found at the stream

discharge to the Mianus River, however, it did not exceed the surface water standard of

50 ug/I. Overall, it appears that there exists no significant surface water contamination

within the study area.

6.4 Sediment Contamination

6.4.1 Summary of the General Occr¡rrence of Hazardous Substances in the

Stormwater flrainage System Sediment

As part of this Remedial Investigation, sediment samples were collected from the

stormwater drainage system during the Phase IA Sampling Program to determine if this

conduit is a pathway for contaminant migration in the study area. The focus of the

drainage system sampling was placed on four sampling locations located along Route 22

and Court Road.
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The first location sampled was a catch basin on Route 22 directly in front of the

Shopping Arcade building. The only analyte of concern detected was 1,1,l-tri-
chloroethane at a concentration of 5.0 ug/kg. This organic compound is a common

cleaning solvent. It appears that a low concentration of this analyte has leached into the

stormwater drainage system sediment. A low level (4.0 ug/kg) of 2-butanone (methyl

ethyl ketone) was found in the catch basin sediment. This compound is a common paint

solvent. In addition, an elevated level of silver (16.3 mg/kg) was detected in the sediment

that exceeded the ARAR for soil and sediment based on the NJDEP cleanup level of 5

mg/kg.

A second catch basin was sampled at the intersection of Court Road and Route 22.

The following analytes of concern \\,ere detected in this sediment sample: trichloroethene

(5.0 ue/kg); 1,1,-dichloroethene (7.0ug/ke); 1,1,1-trichloroethane (5.0 ug/kg); benzene (6.0

uglkg); and toluene (9.0 ue/kg). Other compounds detected were 2-butanone (21.0 uglkg),

chlorobenzene (6.0 uglkg) and 4-methyl-2-pentanone (7.0 uglke). The low levels of

benzene and toluene are most probably associated with surficial runoff from either Route

22 and/or the adjacent Exxon service station. The remaining compounds (trichloroethene,

1,1-dichloroethene, 1,1, l-trichloroethane, 2-butanone, chlorobenzene and 4-methyl-

2-pentanone) are all low concentrations of solvents which are common ingredients in

paints, varnishes, lacquers and cleaning products.

A third sediment sample was collected at the storm\¡/ater drainage system discharge

to the open culvert adjacent to and just north of Court Road. No analytes of concern

were detected in this sediment sample. Only a low concentration (9.0 uglkg) of

2-butanone (a common paint solvent) was detected.

The fourth storm\ryater drainage system sediment sample was collected at the point

where the stormwater drainage ditch merges with the outlet from the pond north of Court

Road. No analytes of concern were detected in this sediment sample. Other compounds

such a 2-butanone (16.0 uglkg) \r'ere detected and several polycyclic aromatic

hydrocarbons (PAH's) such as pyrene (1,300.0 u9/kg), benzo (k) fluoranthene (930.0 ug/kg),

benzo (a) anthracene (530.0 ug/kg), fluoranthene (922.0 uglkg), benzo (b) fluoranthene

(690.0 ug/kg) and phenanthrene (280.0 ue/kg) were found at elevated concentrations. The

NJDEP action level for Total Base Neutral Compounds which inlcudes PAHS, is 10,000

ug/kg. The PAH compounds are coal tar based and are most likely found in the sediment

as a result of runoff from tar and asphalt applied to the street surface. However, during

the Phase IB program, this area was re-sampled and the drainage ditch sediment was

found to contain low concentrations of several analytes of concern including tetra-
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chloroethene (5.0 ug/kg), 1,2-dichloroethene (9.0 ug/kg), benzene (3.0 uBlkg), toluene (41.0

uglkg) and total xylenes (52.0 ue/kg), as well as vinyl chloride (3.0 ue/kg). In addition, the

high concentrations of PAHs were confirmed and two pesticides, namely, dieldrin and

4,4'-DDD were detected in low levels and are probably present due to roadway runoff and

overland flow/drainage from the surrounding area. Also, a slightly elevated concentration

of silver (6.4 mg/kg) was detected in the sediment that exceeded the ARAR for soil and

sediment based on the NJDEP cleanup level of 5 mglkg.

A review of the stormwater drainage system sediment data indicates that low levels

of organic chemical contamination exist in portions of the stormwater drainage

systern/catch basins that service the study area. The most substantial contamination

occurs in the sediment of the catch basin at the intersection of Court Road and Route 22

and in the sediment sample from the drainage ditch near the outlet of the pond north of

Court Road. The total concentrations of volatile organic analytes of concern in the

sediment samples obtained from the catch basin and the drainage ditch equals 38 ug/kg

and 110 ug/kg, respectively.

As discussed earlier in this section, soil/sediment standards or guidance values do

not exist in New York State for organic chemical contamination. As a means of

comparison for determining the significance of the levels of contamination found in the

sediment during this investigation, the New Jersey Department of Environmental

Protection (NJDEP) has established a guidance value of 1 mglkg or 1,000 ug/kg for total

volatile organic chemicals in soil (sediment) in evaluating cleanup requirements.

6.4.2 Summary of the General Occurrence of Hazardous Substances in Pond

Sediments

As part of the Phase IA sampling prog¡am, sediment samples were obtained from the

three ponds in the study area. These ponds run in series and receive stormwater

drainage/surface water runoff from the study area and discharge to the Mianus River.

One of the three sediment samples was collected as a background sample from the

pond just north of Court Road. The chemical analysis revealed that the sediment

contained two analytes of concern, namely 1,1,1-trichloroethane at 11.0 ug/kg and an

estiamted concentration of benzene at 3.0 uglkg. Other compounds that were found

included 2-butanone and elevated levels of several phenols and unknown compounds.
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The sediment sample collected at the second pond in series located just south of
Court Road did not detect any of the analytes of concern. However, the compound

2-butanone was detected at a concentration of 45 ug/kg.

The last pond ('Long Pond') in the study area before the surface water discharge to

the Mianus River is located just north of Pound Ridge Road. This pond was sampled near

its inlet and the sediment contained an estimated concentration of benzene at 2.0 ug/kg,

as well as elevated levels of several phenols and unknown compounds.

The relatively low concentrations of benzene detected in the pond sediments can

most probably be attributed to stormwater runoff from adjacent roads. The levels of

2-butanone, a common paint solvent, were also of relatively low concentration.

Concern was raised regarding the detection of 1,1,l-trichloroethane within the pond

sediment just north of Court Road. This compound is a common cleaning solvent which is

often used by the dry cleaning industry. Thus, it was decided (in consultation with the

NYSDEC) to incorporate into the Phase IB sampling prog¡am the collection of two

additional pond sediment samples at this location in order to determine if residual

contamination exists at lower depths in the sediment in the pond north of Court Road. If
contamination existed, the pond sediments could be assumed to act as a .ontaminant

reservoir which could contribute to present and future releases.

One of these samples was collected at a depth of one foot belo\Ã, the sediment

surface at the ponds outlet. This sample contained an estimated concentration of 2.0

ug/kg of benzene, an analyte of concern. The second sample was collected at a depth of

two feet below the sediment surface at the pond outlet and the analytes of concern were

not detected in this sample.

Overall it appears that the sediment in the three ponds sampled within the study

area contain only low concentrations of the organic compounds of concern and there does

not appear to be a significant concern for future releases to the study area from these

sediments. Low levels of only two analytes of concern were found only in the pond

sediment north of Court Road, however, elevated levels of phenols were found in the last

pond in series (Long Pond) located north of Pound Ridge Road as well as the first pond

located north of Court Road.
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As discussed previously in this section, soil/sediment standards or guidance values do
not exist in New York State for organic chemical contamination. As a means of
comparison for determining the significance of the levels of contamination found in the
sediment during this investigation, the New Jersey Department of Environmental
Protection (NJDEP) has established a guidance value of I mglkg or 1,000 uglkg for total
volatile organic chemicals in soil (sediment) in evaluating cleanup requirements. Based on
the sample results and this ARAR, only low levels are present in the stormwater drainage
system and pond sediments.

6.4.3 Summary of the General Occurrence of Hazardous Substances in the
Mianus River Sediments

As part of the Phase I sampling program, three sediment samples were collected
from the Mianus River. These samples were obtained at the same locations as the surface
water samples discussed in Section 6.3.1, above.

One of the three samples was collected from the Mianus River at a point upstream
of from the study area. The purpose of sampling at this location was to document Mianus

River sediment quality that has not been impacted by contaminant discharges in the study
area. This upgradient sample also serves as a control in identifying Mianus River
sediment quality that is entering and may be impacting the study area. The chemical
analysis of the upgradient sediment sample detected 2-butanone at a concentration of 39

uglkg.

The second sediment sample of the Mianus River was obtained at the confluence of
the stream/pond system discharge to the river. The purpose of this sample was to identify
drainage system sediment contamination that has migrated through the study area and has

entered the river. The analytical data for this sediment sample did not show the
detection of any of the analytes of concern, however, 2-butanone was found at 6.0 ug/kg
and several PAH compounds including fluoranthene (780.0 ug/kg), phenanthrene (520.0

uglkg), benzo(a)pyrene (560.0 uglkg) and pyrene (580.0 uglkg) were detected at elevated
concentrations, as well as other unknown compounds.

The third Mianus River sediment sample was collected approximately one-half mile
southeast (downgradient) of the sream/pond discharge from the study area to the Mianus

River, where Middle Patent Road crosses the river. The chemical analysis of this sample

showed that an estimated quantity of trans-I,2-dichloroethene (2.1 ug/kg) was detected
and toluene was found at 11.0 ug/kg, but was also found in the method blank.
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A review of the analytical results generated from the Mianus River sediment

sampling illustrates relatively unrelated low level occurrence of organic contamination

from analytes of concern in the Mianus River, as well as those in the other surface waters

sediments in the study area. It does not appear that the Shopping Arcade Study Area is

significantly contributing to contamination found in the Mianus River sediment, however,

it does appear that an unidentified source(s) of 2-butanone exists upgradient and in the

vicinity of the study area. The PAH compounds most likely result from roadway/surface

runoff.

6.5 Subsurface Soil Contamination

As part of in-field screening (with an organic vapor analyzer), split spoon soil

samples were collected from varying depths during construction of the monitoring wells in

the study area and selected samples were sent to a field laboratory for volatile organic

chemical analysis.

Sample screening provided timely soil chemical data which was used in determining

zones of contamination in the borehole, assessing if contamination migration is

stratigxaphically controlled, and selecting the placement of the well screen in the

borehole in order to obtain optimum ground water contamination data.

Split spoon soil samples were collected from the following borings and submitted to

the field laboratory for screening:

lvtW-l8
lvtw-2M

tvtw-3M

MW-4M

MW-5S

MW-58

MW-l1 (no monitoring well installed)

All seven borings are located downgradient of the Shopping Arcade which is the

suspected source of contamination.

One soil sample was obtained from the boring advanced at MW-18, at the depth of
5-7 feet. Bedrock at this location \r,as encountered at a depth of 8.5 feet. The soil

screening results indicated that a five uglkg concentration of toluene was detected in this

sample. MW-18 is located directly adjacent to a parking lot, and the toluene

concentrations may be attributed to the infiltration of gasoline residuals.
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Four soil samples were submitted from MW-2M which is located in the southeast

corner of the Exxon Station service area. None of the analytes of concern were detected

in these samples.

At the MW-3M location in the front of the Arcade building, three of the four soil

samples submitted contained detectable levels of contaminants. In the 5-7 foot sample,

six uglkg of toluene was detected. The 15-17 foot sample contained 22 uglkg of

trichloroethene and 32 ug/kgtoluene. The20-22 foot sample (bedrock was encountered at

23 feet) contained 34 ug/kgof trichloroethene and 50 ug/kg of toluene.

Located near this monitoring well is the Exxon gasoline station sanitary system

which was found to contain high levels of toluene. This may account for the

concentration of toluene detected. Trichloroethene is a breakdown product of

tetrachloroethene which is used in dry cleaning and most likely results from releases from

the former dry cleaning establishment in the Shopping Arcade.

Soil samples from MW-4M, just northeast of the Theatre building, did not contain

any of the analytes of concern.

Northeast of the Bedford Fire Department building, soil samples were collected

from borings advanced at MW-SS and MW-SB. The sample obtained at the 5-7 foot

interval in MW-SS contained six ug/kg of toluene. At MW-58, the sample collected at

40-42 feet contained 15.0 ug/kg of trichloroethene and the sample at 45-47 feet

contained 14,0 ug/kg of trichloroethene.

An exploratory source boring (MW-11S4) was advanced directly behind where the

former dry cleaning establishrnent was located within the Shopping Arcade building. The

soil sample collected at 0-2 feet contained 10.4 ug/kg of tetrachloroethene. With depth,

trichloroethene was detected at 4-6 feet (7.4 ug/ke\,22-24 feet (6.1 uglkg), and 30-32

feet (5.7 ug/kg), and a water sample collected at the top of bedrock contained 6.9 ug/l oî

trichloroethene.

The results of the soil samples obtained from the boreholes are consistent with the

findings of ground water samples obtained from wells constructed in these locations as

described below in Section 6.4.2. A saturated zone did not exist in the overburden at the

MW-18 drilling location. As a result, an overburden ground water sample could not be

collected to confirm the results of the soil sample screening. Ground v/ater

contamination was not encountered at MW-2M and MW-4M. At MW-3M, significant
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contaminant levels were detected in ground water samples obtained at this location.

Although no ground water contamination was detected in MW-SS, its screened interval

was only to a depth of 22 feet and most likely did not encounter the contaminants

identified by the soil sample screening collected at the 40-50 foot range.

A review of all the subsurface soil samples collected for laboratory screening

indicated that none of the soil samples yielded contaminant levels that approach the

NJDEP guidelines for cleanup (total volatile organics of 1,000 uglkg).

In addition, as part of the Phase IB sampling program, additional soil samples were

obtained at two locations immediately adjacent to the sanitary leaching field and one

directly behind the former dry cleaner in the Shopping Arcade. These samples were

obtained at depths of approximately 2-4 feet below the ground surface using a hand

auger. Only the sample that was obtained behind the location of the former dry cleaner

contained analytes of concern, namely, low levels of tetrachloroethene (7.0 uglkg) and

1,1,l-trichloroethane (1.0 ug/kg) that were well below NJDEP guidelines for cleanup.

6.6 Ground Water Contamination

General Occr¡rrence of the Dry Cleaning Solvent (Tetrachloroethene) and

its Breakdown Compounds in Grou¡rd Water Within the Uncorsolidated

Stratified Drift Deposits

6.6.1

A review of the data generated from ground water samples obtained from wells

(monitoring and private water supply) which draw from the shallow unconsolidated

stratified drift deposits begins to define the nature and extent of ground \¡/ater

contamination in the study area. (Refer to Figure No. 6-1.)

The present definition of the plume comprising the dry cleaning solvent

tetrachloroethene and its breakdown products in the unconsolidated deposits appears to be

isolated to the area immediately around monitoring well MW-3M. All other monitoring

wells completed in the unconsolidated deposits have not detected any of the analytes of

concern. The MW-3M monitoring well contained concentrations of 190 ug/l of

tetrachloroethene and 13 ugll of trichloroethene during the Phase IIA sampling program

and 210 ugll of tetrachloroethene during the Phase IIB sampling program.
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It appears that the contamination detected in the unconsolidated deposits is limited

to an area confined between the outcropping ridge line (150 feet to the southwest of

MW-3). The analytes of concern were not detected i' lvtw-2M, located approximately 150

feet to the south-southeast. No contaminatiori was detected at MW-4S located

downgradient in the direction of ground water flow approximately 300 feet away to the

east-northeast. If the contamination is migrating, it appears that it has not extensively

dispersed in the unconsolidated deposits. A few of the scenarios that may explain this

data include:

The contamination detected may be a relatively recent release and has not yet

dispersed in ground \¡/ater.

A sub-surface geologic feature may be containing the contaminants from

extensive dispersion, or

The ground water and the associated contamination in the unconsolidated

deposits at the MW-3M location may be directly recharging the underlying

bedrock. This appears to be the most likely scenario since the thickness of the

unconsolidated deposits in the vicinity of the contamination source is very thin

and would facilitate almost direct recharge to the bedrock surface depending

upon the depth that the contamination was released (depth of leaching field

above bedrock).

In order to determine the relative significance of ground water contamination,

which may pose a potential hazard to human health and the environment, it is necessary

to compare the detected concentrations of tetrachloroethene, its degradation products

and other selected contaminants to established standards and guidance values established

for ambient Eround water.

Review of the analytical chemical data obtained during this Remedial Investigation

indicates that tetrachloroethene and trichloroethene were detected at concentrations

exceeding the established TOGS guidance values of 0.7 ugll and 10.0 ug/I, respectively for

ambient ground water in the vicinity of the MW-3M, which is downgradient of the

Shopping Arcade building and former location of the dry cleaning establishment.

In terms of potential public health impact on those consuming the ground water,

standards have been adopted by the New York State Department of Health (NYSDOH)

which establish Maximum Contaminant Limits (MCLs) for organic chemicals in public/
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community drinking water supplies. These standards, although they do not pertain

directly to private (individual well) water supplies, are relevant to the Shopping Arcade

Study Area because the water obtained from these wells is used for potable purposes. The

MCL's established for both tetrachloroethene and the breakdown compound

trichloroethene in public drinking water supplies are 5.0 ugll. Figure No. 6-l illustrates

the occurrence of these parameters as well as the estimated extent of contamination in

the unconsolidated deposits/overburden wells. Limited data was available on the depths

of private wells. A review of all the currently available data indicates that of the private

wells sampled in the Shopping Arcade Study Area, all were constructed in the underlying

bedrock. The impact of ground water contamination on these wells is discussed in Section

6.s.1.2

6.6.2 General Occr¡rrence of the DrJ¡ Cleaning Solvent (Tetrachloroethenel and

its Breakdown Compounds in Ground Water Within the Bedrock

Understanding ground water flow and contaminant migration in fractured bedrock is

complex. The physical properties of the underlying bedrock such as its hardness,

weathering, direction and degree of fracturing and the continuity of fracturing, as well as

the hydraulic properties including the associated hydraulic pressures, recharge, discharge

and the effect of pumping wells, all have an influence on ground $¡ater flow and

contaminant migration.

Specific to the Shopping Arcade Study Area, initially it is important to note that

ground water contamination exists in the bedrock underlying the Arcade property and

contiguous areas. The highest concentration of contamination found in bedrock was

detected at water supply sampling location B-4 (Shopping Arcade Building) where

concentrations of tetrachloroethene were detected at 710.0 ugll, trichloroethene at 14.0

ugll and I,2-dichloroethene at 22.0 ug/l (Refer to Figure No. 5-2). As shown in Figure

No. 6-2, water supply sampling location B-4 also contained the highest total averaged

concentration of tetrachlorcethene, trichloroethene, and 1,2-dichloroethene compounds at

746 ug/\.

The present definition of the plume comprising the dry cleaning solvent

tetrachloroethene and its breakdown products appears to be approximately 700 feet in

width and extends approximately 1,000 feet from the Shopping Arcade property to the

northeast as far as \¡vater supply sampling location B-12. The general trend of

contaminant migration in bedrock is in the direction of ground \ilater flow to the northeast

and east of the Shopping Arcade. Slight directional variations exist in the contaminant
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plume migration in bedrock from that of the ground water flow direction. This

phenomenon is most likely associated with the fracture flow properties of the bedrock as

it is impacted by the production wells which supply the businesses and residents in Bedford

Village. An illustration depicting the general outline of the contaminant plume is

contained in Figure No. 6-2. Basically the limits of ground water contamination by the

analytes of concern within the bedrock are defined by r¡/ater supply sampling location B-4

(Shopping Arcade building) to the northwest, water supply sampling locations B-12 (31

Court Road) to the northeast, B-14 (ll Court Road) to the east, B-25 (Loundsbury

building) to the southeast, 819 (618-634 Old Post Road) to the southwest and monitoring

well MW-18 to the west.

The highest levels of ground water contamination are found in close proximity to the

Arcade and Theater buildings and downgradient of the Arcade in the direction of ground

water flow along the north side of Court Road. Contamination has dispersed to the south

and southeast of the Arcade building, south of Court Road and along Route 22 and the

Village Green most likely due to the influence of pumping from the many private water

supply wells located south of Court Road along Route 22 and the Village Green in

combination with the sharp slope/dip in the bedrock surface from Court Road to the

southeast. As contamination eminates from the vicinity of the Arcade and migrates

across the bedrock surface in the direction of ground water flow to the northeast, some of

the contamination is drawn southeasterly by the water supply production wells and drops

down across the slope/dip of the bedrock surface and flows to the south and southwast

toward the pumping wells.

It appears that there exists a dramatic infiltration of ground water and leaching of

the associated contaminants from the overburden zone into the underlying bedrock. If the

release of dry cleaning solvent was to the Arcade's septic leaching field and/or discharged

directly to the ground surface behind the former dry cleaning establishment, as suspected,

it is somewhat surprising that the dry cleaning solvent was only detected in the

overburden at the area surrounding the MW-3 monitoring well location and that the vast

majority of the contaminants were detected throughout the bedrock zone underlying the

study area rather than the overburden deposits.

One scenario that could be proposed to explain this phenomenon is that the majority

of the original contaminants released into the overburden zone has already been flushed

out of the valley and only isolated pockets of contamination presently remain. However,

if the contaminants have been flushed out of the valley in the overburden deposits one

would suspect that a low concentration dispersed residual contaminant plume would still
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be detected in the overburden, although this has not been found. Rather it appears that

there exists a strong vertical hydraulic gradient (which may also be augmented by the

bedrock production wells in the study area) which recharges the ground v/ater, including

contaminants, from the overburden into the underlying bedrock. The contamination

appears to drop vertically through the very thin layer of unconsolidated deposits and

almost directly leaches to the bedrock interface where is then begins to disperse and

migrate in the direction of groundwater flow across the bedrock surface, rather then in

the unconsolidated deposits. The fact that the overburden deposits are very thin in the

area of the Arcade building and the probability that the leaching field lies essentially on

the bedrock surface supports/enhances the direct recharge of contamination to bedrock.

6.6.3 General Occurrence of Other Chemicals Detected in Gror¡nd l¡Vater Within

the Study Area

A review of the ground water sampling results from monitoring wells and private

water supply wells indicates that there exists four general types of chemical

contamination at the Shopping Arcade Study Area.

The type of chemical contamination that is most significant in the study area, and

discussed most widely in this report, is the dry cleaning solvent tetrachloroethene and its

, breakdown products, trichloroethene, trans-l,2-dichloroethene and vinyl chloride.

A second type of chemical contamination detected as a specific group in the ground
'il

water are concentrations of benzene, toluene and xylene (BTX). BTX compounds are used

as solvents and thinners and associated with paints, lacquers and dyes. Another major

source of these compounds is gasoline. In gasoline, BTX compounds are utilized as

additives to increase the octane level. The NYSDEC ambient ground water standard for

benzene is non-detectable. Toluene and xylene both have established guidance values of

50 ug/I. The established public drinking water supply standard for benzene, toluene and

, Xylene is 5.0 ugll.

The third group of chemical containments detected in ground water in the study

area is 2-butanone (methyl ethyl ketone). 2-Butanone is a common paint solvent. No

ambient ground water value has been established at present for 2-butanone, however, the

public drinking water supply standard established by NYSDOH for 2-butanone is 50 ugll.
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The iourth group of chemical constituents found in ground water are concentrations

of three metals of concern, namely lead, chromium and barium that were found at levels

exceeding the NYSDEC TOGS ground water standards of 25 ug/I, 50 ugll and 1,000 ug/l,

respectively.

6.6.3.1 General Occr¡rrence of Benzene. Toluene and Xylene in Ground lffater

In general, low levels of BTX contamination were detected in most of the ground

water samples collected from the underlying bedrock strata in the study area.

Concentrations of these compounds ranged from an 1.0 ug/l to 440 rt8/1,

In the private wells sampled as part of the \¡/ater supply sampling proglam, 15 wells

detected at least one of the BTX compounds, four of which (water supply sampling

locations 86, 89, 817 and Bl9) exceed the NYSDEC roGS g¡ound water standards' and

two of which (locations B6 and 89) exceeded the NYSDOH drinking water standard for

benzene (5 ugll) and one (B9) exceeded the drinking water standards for benzene, toluene

(5 ugll) and xylene (5 ugll). The highest concentrations of BTX compounds were found at

sample location 89 where 440.0 ugll of benzene, 35.0 ugll of toluene and 39.0 ug/l of

xylene were found. The sample was taken from a well that previously served the Banks

building and was abandoned due to contamination in the past from the Exxon station.

BTX contamination was detected in private wells in the vicinity of and downgradient

of the Exxon Gas Station as well as throughout the stuôy area along Pound Ridge Road.

Based on information provided as part of this investigation, it has been reported that in

the past, one of the Exxon gas station tanks was found leaking and was replaced. It

appears that the high levels and residual BTX contamination that exists in close proximity

to the Exxon station may be associated with this former leak or the high levels of BTX

found in the gas station's sanitary system. In addition, the residual/low levels of BTX

compounds detected in numerous private wells along Pound Ridge Road may be due to

roadway runoff or dishcarges/spills from the Exxon station.

In addition to water supply wells, ground water samples obtained from four

monitoring wells contained concentrations of benzene and/or toluene. Monitoring well

MW-58 which is located downgradient of the Exxon gas station contained 14.0 ug/l of

toluene and an estimated concentration of 1.0 ug/l of benzene in the bedrock zone. The

Exxon production well contained 3.0 ugll of toluene. Monitoring well MW-78, located

immeditalely upgradient of the gas station, contained 7.0 ugll of benzene. Lastly, the
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abandoned well at the Bedford School contained toluene at 12.0 ug/|. Contamination in

the abandoned school well is probably due to leakage that occurred from an underground

fuel storage tank at the school and may not be related to an upgradient source of BTX.

6.6.3.2 General Occurrence of 2-Butanone in Ground Water

Low concentrations of 2-butanone were detected in two of the private wells

sampled as part of the water supply sampling program. The concentration found in both

wells was 1.0 ug/l which does not exceed the standard for this compound.

6.6.3.3 General Occurrence of Metals in Gror¡nd lVater

Concentrations of lead, chromium and barium were found at levels that exceeded

ground r¡/ater standards in monitoring wells MW-2M and MW-3M. As mentioned in Section

6.6.3, the NYSDEC TOGS ground water standards for lead, chromium and barium ate 25

ugll, 50 ug/l and 1,000 ug/I, respectively. Monitoring well MW-2M, located downgradient

of the Exxon Gasoline Station, contained concentrations of lead, chromium and barium at

65 ug/|, 54 ugll and 7,200 vg/|, respectively. Monitoring well lv[W-3M, located

immediately downgradient of the Shopping Arcade building, contained lead, chromium and

barium at 33 ugll, 1,000 ug/l and 2,400 ugll, respectively.

Based on the nature of the chemicals found, the detection of lead in the Exxon

station septic tank sludge at a level (1,000 mglkg) exceeding the NJDEP soil/sediment

cleanup guideline (100 mglkg), and the location of the aforementioned contaminated wells

downgradient of the Exxon stationrs sanitary $,astewater disposal system and underground

gasoline storage tanks, it appears that the source of the contamination could be attributed

to discharges/leaching from the Exxon (as well as Shopping Arcade) sanitary system,

leakage from underground gasoline (leaded) tanks, and/or spillage of fuels and waste oils

containing metals at the Exxon station.

In addition, MW-2M and MW-3M contained concentrations of iron, magnesium and

manganese, and lvtw-lB contained levels of iron and manganese that exceeded ground

water standards, however, these chemicals are often found naturally in ground ìilater at

high levels.
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A review of the historical data complemented by the analytical chemical data

generated as part of this Remedial Investigation has significantly increased the

understanding of contaminant migration in the Shopping Arcade Study Area.

As previously discussed, as part of the April, 1979 testing program conducted by the

Westchester County Department of Health (WCDH), gfound \ryater samples were collected

from three private water supply wells at the Shopping Arcade, Theater building and the

Exxon gasoline station. The chemical analyses of these samples indicated the presence of

high concentrations of tetrachloroethene, trichloroethene and cis-l,2-dichloroethene.

Between 1982 and 7984, studies performed by NYSDEC showed fluctuating levels of

the volatile organic chemical contamination in the wells and in 1985 the Shopping Arcade

building and the Theater building installed GAC treatment filters.

In 1986, WCDH and USEPA investigations confirmed that volatile organic

contamination exists in all three private vrater supply wells and low concentrations of

volatile organic chemicals aiso appeared east and southeast of the Arcade in private wells

which were previously uncontaminated.

Based on the aforementioned findings and the nature of the chemicals found, the

source of contamination was thought to be from the dry cleaning establishment formerly

located in the Shopping Arcade. It was suspected that the dry cleaner in the Arcade

disposed of waste/wastewater containing the solvent tetrachloroethene into the Arcade's

sanitary system which discharges to a leaching field behind the Arcade building. In

addition, surface soils behind the dry cleaner were believed to have also been

contaminated from past disposal practices and that contamination may have entered the

stormwater drainage system in the vicinity of the site. The drainage system becomes a

drainage ditch and stream which eventually discharges to a series of surface water bodies

in the study area before entering the Mianus River.

Concern was expressed as to whether the Arcade's sanitary disposal system septic

tank and leaching field were continuing to be sources of contamination to groundwater

and whether contamination had entered (and continues to enter) the area's stormwater

drainage system from which it could reach the surface water bodies in the immediate

study area and eventually enter the Mianus River.
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A review of the results of the chemical analyses performed on the Shopping

Arcade's sanitary disposal system septic tank supernatant, soil samples in the vicinity of

the leaching field and behind the former location of the dry cleaning establishment, as

well as a sludge sample from the Exxon gasoline station septic tank is listed as follows:

Low levels of tetrachloroethene (3.4 ug/l), trichloroethene (3.4 ugll)'

l,2dichloroethene (2.3 ue/l) and 1,1,l-trichloroethane Q.a ulgl) were detected

in the Shopping Arcade's septic tank supernatant (effluent). In addition,

elevated levels of silver and copper, as well as phenols were found at

concentrations exceeding ARARS.

No contaminants were detected in the two soil samples that were obtained in

the vicinity of the Shopping Arcade's leaching field.

This finding does not appear to be consistent with the recent results of the

septic tank effluent sample showing VOC contamination and the reported VOC

contamination from past disposal practices which would have been discharged

to the leaching field and most likely cause the leaching field soils to become

contaminated. A few scenarios that could be used in explaining this finding are:

The Arcade's septic tank was pumped out on a regular basis because of

failure of the leaching system, and little, if any, of the VOC contamination

was discharged to the leaching field.

After the dry cleaning establishment vacated the Shopping Arcade building

and the heavily contaminated discharges ceased, the concentrations of

VOCs previously discharged to the leaching field were either flushed out or

volatilized in the shallow soils.

The effluent from the leaching field discharged essentially directly on top

of the underlying bedrock (reported to be only three to four feet below

ground surface) and recharged either directly to bedrock or flowed over the

bedrock surface and recharged elsewhere, or at least in part, discharged to

the parking area behind the Arcade and Exxon buildings and into the

stormwater drainage system leaving no residual contamination in the

overlying soils. (This seems to be the most plausible circumstance).
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The soil samples were obtained at locations on the periphery or slightly

askew and not downgradient of the leaching field, and that since bedrock is

very shallow the effluent from the leaching points discharged essentially

directly on top of the underlying bedrock, recharged directly to bedrock

without dispersion in the overburden deposits and flowed across the

bedrock surface downgradient of the leaching field. Therefore, if the soil

sarnples were not obtained directly in the leaching field or directly

downgradient, contamination might not be detected.

The soil sample taken behind the location of the former dry cleaning

establishment contained tetrachloroethene (7.0 uglkg) and 1,1,l-trichloroethane

(1.0 uelkg).

o The sludge sample obtained from the Ex¡<on gasoline station septic tank

contained very high levels of benzene (1,700 ug/kg), toluene (300,000 uglkg) and

xylene (37,000 ug/kg). These levels exceeded the NJDEP cleanup guidance

value of 1,000 ug/kg for total volatile organic chemicals in soil.

(Concentrations of lead fl,000 mg/kgl were also found at levels that exceeded

the NJDEP cleanup guideline value of 100 mg/kg for lead in soils.)

A review of the results of the chemical analyses performed on several of the

stormwater drainage system sedirnent samples suggests that some contamination from the

Shopping Arcade and Exxon gasoline station has entered the drainage system along Court

Road, and has traveled downgradient via the open drainage ditch and reached the first
pond north of Court Road where it has concentrated at the location where the drainage

ditch merges with the pond outlet, as well as in the shallow pond sediment near the pond

outlet. A summary of the sample results is as follows:

The sediment sample from the drainage system catch basin on Route 22,

directly across from the Shopping Arcade building, contained levels of

1,1,I-trichloroethane (5.0 uglkg) and 2-butanone (4.0 ue/ke).

The sediment sample obtained from the drainage system catch basin located at

the intersection of Court Road and Route 22 contained concentrations of

tetrachloroethene (5.0 uglkg), l,ldichloroethene (7.0 ug/kg), 1,1,1-trichloro-

ethane (5.0 ug/kg), benzene (6.0 uglkg), toluene (9.0 uglkg), chlorobenzene (6.0

uelke) and 2-butanone (21.0 ug/kg).
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The sediment sample taken from the open drainage ditch along the north side of

Court Road contained only 2-butanone (9.0 uglke).

The sediment sample obtained where the drainage ditch merges with the pond

outlet (north of Court Road) contained teffachloroethene (5.0 ug/kg),

1,2-dichloroethene (9.0 ug/kg), vinyl chloride (3.0 uglkg), benzene (3.0 uglkg)'

toluene (41.0 ue/kg), xylene (52.0 uglkg) and 2-butanone (16.0 ug/kg), as well as

high concentrations of several polycyclic aromatic hydrocarbons (PAHs) and low

levels of two pesticides.

The pond sediment sample taken near the outlet of the pond located north of

Court Road contained concentrations of 1,1,1-trichloroethane (11.0 ug/kg),

benzene (3.0 uglkg) and 2-butanone (150.0 ug/kg).

A shallow sediment sample taken in the pond north of Court Road contained

benzene (2,0 ug/kg), however, the deeper sample did not contain contamination.

As mentioned above, the low levels of VOC contamination from the analytes of

concern found in the stormwater drainage system catch basins on Route 22 and Court

Road is most likely due to contaminated stormwater/surface runoff from areas where

these contaminants were disposed of by the former dry cleaner (i.e., soils and asphalt

surface behind the dry cleaner), as well as possibly from overflows of contaminated

wastewater from the Arcade's sanitary system.

The benzene, toluene and chlorobenzene contamination in the drainage system catch

basin located at the intersection of Rout e 22 and Court Road (directly downgradient of

the Exr<on gasoline station) is most likely due to contaminated stormwater/surface runoff

and fuel spills from the Eru<on gas station, as well as possibly from overflows of

contaminated wastewater from the E><xon station sanitary system. In addition, generally

stormwater runoff from adjacent road\r,ays contains BTX compounds and most likely has

contributed to this contamination.

The BTX contamination found in the sediment obtained where the drainage ditch

merges with the outlet of the pond north of Court Road and the benzene detected in the

pond's sediment may be due to BTX contamination associated with the Exxon station and

roadway runoff, however, it could also be attributed to the contamination associated with

leakage from the underground fuel tank at the Bedford School.
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Other contaminants that were found in sediment samples obtained at different

locations in the stormwater drainage system, ditch and pond that appear to be unrelated

to the contamination associated with the Shopping Arcade Site, were 2-butanone (methyl

ethyl ketone, a common paint solvent) and various polycyclic aromatic hydrocarbons

(PAHs). Because 2-butanone has a high vapor pressure, it would be expected to volatilize

readily, however, because if its high water solubility, volatilization is probably limited in

aquatic systems or \rret soil/sediment. This could explain why 2-butanone was found

consistently in almost all of the sediment/soil samples obtained from the stormwater

drainage system catch basins, drainage ditch and ponds while other more volatile and less

water soluble contaminants were not detected. As for PAH compounds, these chemicals

are associated with coal tars and their presence in the sediments is most likely attributed

to runoff from tar and asphalt applied to the adjacent street surfaces.

A review of the other surface water and surface v/ater sediments sampled from the

ponds south of Court Road and at the confluence of the stream discharge to the Mianus

River suggests that these locations do not appear to contain contamination that can be

attributed to the Shopping Arcade site as well as the Exxon gasoline station

contamination. A summary of the sample results is as follows:

The sediment sample obtained at the entrance to the pond immediately south of

Court Road contained levels of 2-butanone (45.0 uglkg) and the surface water

sample also contained 2-butanone (2.9 ug/l),

The sediment sample taken at the entrance to the pond immediately north of

Pound Ridge Road contained concentrations of benzene (2.0 ug/kg) and the

surface water sample did not contain contamination.

The sediment sample obtained at the confluence of the stream discharge to the

Mianus River contained levels of 2-butanone (6.0 uglkg) and high concentrations

of PAHs. The surface water sample at this location contained elevated levels

of silver (28.0 ugll). The surface water standard for silver is 50.0 ug/I.

The sediment sample taken downstream in the Mianus River at Middle Patent

Road contained concentrations of l,2-dichloroethene (2,1 ug/kg) and toluene

(11.0 ug/kg). The surface water sample obtained at this location contained only

2-butanone (3.7 ue/l).
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The detection of benzene in the sediment sample obtained at the entrance to the

pond immediately north of Pound Ridge Road may be due to contamination from a leaking

underground fuel storage tank that was located on the Bedford School property or the

Exxon gasoline station located upgradient. Contamination from this spill appears to have

reached ground water in the vicinity of the school (as shown in the monitoring well data)

and if the pond is fed by ground water, this contamination could have reached the pond

directly from ground u,ater inflow or from the stream that enters the pond.

The high PAH concentrations that were found in the sediment sample obtained at

the confluence of the stream discharge to the Mianus River are most likely due to

roadway runoff from asphalt street surfaces and./or unknown source(s) upstream in the

study area and/or the Mianus River. The surface water sample taken at this sampling

location contained elevated levels of silver. The source of this metal is unknown.

Although high concentrations of silver were found in the Shopping Arcade's septic tank

effluent sample at levels that exceeded ARARs for effluent discharges, ground water and

surface water, it is doubtful that the silver concentration in the river water is due to the

Arcade's septic tank effluent since the metal $¡as not detected in any other surface water

sediment samples obtained downgradient of the Arcade.

The concentration of toluene detected in the sediment sample obtained from the

Mianus River at Middle Patent Road is probably due to roadway runoff or some other

unknown source or related to the BTX contamination near the Shopping Arcade Site or the

Bedford Resource Center. The detection of 1,2-dichloroethene in the sediment could be

associated with remnants of VOC contamination from the Arcade site that happened to

deposit and remain in this area, however, this compound is not found in any other

sediment or surface water sample in the study area south of court Road and, therefore, is

most likely from an unknown source.

6.8 Evaluation of Contaminant Migration in Ground rlVater

A review of Figure Nos. 6-1 and 6-2 reveals that three areas of elevated

contaminant concentrations have been identified within the ground water in the Shopping

Arcade Study Area. The first area of elevated levels of contamination consisting of

tetrachloroethene and its breakdown compounds exists in the unconsolidated/overburden

deposits at monitoring well MW-3M. As depicted in Figure No. 6-1, this highly

contaminated "pocket" of contamination is generally centered around MW-3M where a

total averaged (average of Phase IIA and IIB sampling results) concentration of
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tetrachloroethene and its breakdown products was found to be 213 ug/\, The areal extent

of this pocket of contamination has been approximated due to limited data on the depths

of private wells in the study area.

The second area of ground water contamination consisting of tetrachloroethene and

its degradation compounds is the large primary plume of significantly contaminated

ground water in bedrock migrating/extending northeastward from the vicinity of the

Shopping Arcade's private water supply well (sample location 84) downgradient to

approximately monitoring well MW-6B (see Figure No. 6-2). The total averaged (average

of Phase IIA and IIB sampling results) concentrations of tetrachloroethene and its

breakdown compounds ranged betv/een a low oî 146 ugll at lvfw-68 to a high of 746 ug/l at

the Shopping Arcade water supply well (sampling location B4). Other high values recorded

were 468 ug/l at lvtw-lB, 284 ug/l at the Exxon gasoline station v¡ater supply well and 216

ugll (as well as 514 ugll of BTX contamination) in an abandoned water supply well at

sample location 89.

As shown in Figure No. 6-2, a portion of the primary plume of highly contaminated

ground water in the bedrock has migrated perpendicular to Court Road in a southeasterly

direction along the east side of Route 22 near the center of the village. This third area or

secondary plume of contamination contained concentrations of tetrachloroethene and its

breakdown products that ranged from a total averaged level of 26 ug/l in the private

watersupplywell at sample location Bl4 (residence at 11 Court Road) on Court Road to

85 ug/l in the private water supply well at sample location 824, the Fire Departmerit

building, on the Village Green.

The most likely routes of contamination entry into the subsurface were:

Disposal of contaminants by the former dry cleaning establishment and Exxon

gas station into sanitary disposal systems and direct discharge of the

contaminated wastewater from the sanitary system leaching fields to the thin

layer of unconsolidated deposits and/or direct recharge to the bedrock surface.

Direct disposal of contaminants by the former dry cleaning establishment to

surface soils behind the Arcade building and leaching through the thin layer of

unconsolidated deposits to the bedrock surface.
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Sanitary system leaching field failures and resultant overflows of contaminated

u¡astewater reaching the stormwater drainage system serving the area and

distribution contaminated runoff by the drainage system to other portions of

the study area..

Direct disposal of contaminants by the dry cleaning establishment to the

surface, runoff to stormwater drainage system and distribution of contaminated

runoff to other portions of the study area.

Tank leakage and spills at the Exxon station and the Bedford School.

The most highly contaminated and extensive ground water contamination exists in

the bedrock underlying the Arcade property and extending in plumes migrating to the

northeast downgradient in the direction of ground $'ater flow þrimary plume) and

southeasterly across the bedrock surface (secondary plume). As discussed earlier in this

section of the report, it appears that there exists significant infiltration of ground water

and leaching of the associated contaminants from the overburden zone into the underlying

bedrock. Contamination released from the Arcade's sanitary system leaching field and

via other routes appears to drop vertically through the very thin layer of unconsolidated

deposits and almost directly leaches to the bedrock interface where it begins to disperse

and migrate in the direction of ground water flow and across the bedrock surface, rather

than in the unconsolidated deposits. The general trend of the contamination migration is

in the direction of ground water flow to the northeast and east (primary plume) of the

Arcade site. Slight directional variations exist in the contaminant plume migration in

bedrock from that of the ground water flow direction. This phenomenon is most likely

associated with fracture flow properties of the bedrock and the dip of the bedrock surface

as it is impacted by the production wells which supply the businesses and residents in

Bedford Village. This is exemplified by the migration pattern of the secondary plume

which is moving southeasterly toward the Village Green as it drops down across the dip of

the bedrock surface and is drawn toward the many \r¡ater supply wells south of Court Road

and east of Route 22 inthe vicinity of the Village Green.

Whichever the scenario, three areas of high levels of ground water contamination

have been detected within the Shopping Arcade Study Area. The first pocket of

contamination in the unconsolidated deposits is located above and is contributing to a

second area or primary plume of highly contaminated ground \À,ater in the bedrock which

is migrating in the direction of ground water flow in a northeasterly direction. A third

area of contamination, the secondary plume, is migrating from the primary plume across
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the dip in the bedrock surface and is being drawn in a southeasterly direction.

Concentrations of tetrachloroethene within the pocket in the overburden deposits and the

contaminant plumes in the bedrock exceed the NYSDOH drinking water standard (5.0 ugll)

by more than a multiple of l0 (some locations more than a multiple of 100), and the

NYSDEC ambient ground water guidance value (0.7 ug/l) for tetrachloroethene was often

exceeded by a factor of greater than 100 (at one point greater than 300). In addition,

concentrations of trichloroethene and trans-l,2dichloroethene also exceeded the water

supply standard of 5.0 ugll and the ground water guideline of 10 ugll for trichloroethene

and 50 ugll for trans-l,2dichloroethene.

In a review of the historical and present chemical analytical data obtained from

both monitoring wells and private water supply wells, it appears that in general the ground

water contamination concentrations in the Shopping Arcade Study Area have slightly

declined, most likely due to the cessation of waste discharges and periodic clean out/pump

out of the Arcade's sanitary system. However, more recent analytical results indicate

that some private water supply wells (especially at the Arcade and Exxon station) showed

increases in some contaminants which could be possibly due to added flushing of the

contaminated overburden deposits and leaching of contaminants to the bedrock wells. In

general, contamination in the ground water is relatively steady state and will be slowly,

over time, decreasing in concentration due to dilution, adsorption, migration, biological

decay, etc.

The plumes of contamination that presently exist in the area of the Shopping Arcade

Site, with time, will also migrate downgradient through the study area towards the Mianus

River.

Although it is anticipated that with natural attenuation, ground water will improve

in the long term, it is expected that levels of ground water contamination in the study

area, in particular in the immediate vicinity and downgradient of the Arcade, will remain

above ambient ground water and drinking water guidance values and standards for

sometime.
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