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SECTION 1

1.0 INTRODUCTION

This monitoring plan has been prepared to outline the requirements and methods to be used to
monitor indoor air quahty in Buildings B-1, B-2, B-9, B-12, and B-65 of the former Stratford
Army Engine Plant. The purpose of the indoor air monitoring program is to document indoor air
quality in currently occupied areas of the facility and evaluate the air quality for continued
occupancy. Air quality will be compared to the limits estabhshed under the Connecticut
Department of Environmental Protection (CTDEP) Remediation Standard Regulations (RSRs)
and previous sample results. A screening level human health risk assessment will be performed
for sample results that significantly exceed previous results.

In August 1999, a soil vapor survey with on-site analysis was conducted beneath the majority of
buildings at SAEP. Exceedances of CTDEP RSRs for soil vapor were observed at the facihty.
In September 1999 two rormds (rounds 1 and 2) of indoor air monitoring were performed in
Building B-2 (HLA/FWENC, 1999). Results indicated some exceedances of CTDEP RSRs for
indoor air and two additional rounds (rounds 3 and 4) of indoor air samples were collected in
occupied portions of the facility. Rounds 3 and 4 indicated indoor air quality in some of the
occupied areas exceeds the CTDEP RSRs for indoor air. A screening level human health risk
assessment was completed for these results which indicated that for a five year exposure period,
excess cancer risks did not exceed 1x10'^ of rounds 1, 2 and 3. The results of indoor air
monitoring for Rounds 1 through 4 along with the screening level human health risk assessment
are presented in detail in Appendix B and C.

The air monitoring described in this workplan is a continuation of the air monitoring conducted
during Rounds 3 and 4 for occupied areas of the facility.

The air quality objectives of this monitoring plan are outlined below:

1. Document indoor air quahty concentrations in occupied areas of the facility of target
contaminants of concern for averaging periods that correspond to the CTDEP
"Industrial/Commercial Target Indoor Air Concentration" standards.

2. Evaluate background air quality as measured by samples collected outside of buildings
within the facility. Background samples maybe collected near air intake locations for use
in evaluating the potential benefit of changing air exchange rates within the buildings.

3. Document the variability of indoor air quality concentrations under different weather
conditions and seasons and estimate average concentrations by over a six-month period.
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SECTION 2

2.0 MONITORING LOCATIONS AND SCHEDULE

Indoor air monitoring will be conducted at ten interior building locations and two outside
background locations within the SAEP facility. Each monitoring location will be placed, where
possible, according to the following criteria:

• Minimum of 35 feet from any wall or other obstruction to airflow; or,

• Minimum unrestricted airflow of at least 270 degrees around the sample inlet; and

• Sample inlet height of 5 feet above grade. This will be achieved either through placement
of the monitoring caijdster on a platform, or extending the inlet from the monitoring
canister to 5 feet through use of/4" teflon tubing.

Indoor air sampling locations will be located as follows (see Figure 1):

Designation Building Location Descripton

IAB102 B-1 Second Floor

IAB103 B-1 Third Floors

lABlOl B-2 Main Entrance/Guard

Area

IAB201 B-2 Boiler Room

lAMLOl B-2 Meyer's Lease, second
floor office

IAML02 B-2 • Meyer's Lease, storage
area

IAB901 B-9

IAB1201 B-12 Maintenance Area

IAB1202 B-12 Office Area

IAB6501 B-65 Index Lease Area

IABKGD08 Background 50'North of B-12

IABKGD09 Backgroxmd Roof of B-12

'Background locations may be moved for each sampling event.

Monitoring will begin during the first week of February and will continue for six months. The last
monthly samples will be collected in July.
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SECTION 3

3.0 MONITORING AND ANALYTICAL METHODS

All air samples will be collected and analyzed in accordance with a modified EPA TO-14 method.
The TO-14 method uses gas chromatography/mass spectrometry (GC/MS) to analyze for a select
series of volatile organic compounds. The monitoring and analysis procedures will follow the EPA
TO-14 method, with the exception that the samples will be analyzed for the COCs, not the full TO-
14 analyte hst. The level of detection of the analytical method will be approximately 0.1 to 10 parts
per billion (ppb) for most compounds analyzed. The target hst of COCs, based on the data firom the
soil gas sampling program, is hsted below:

Contaminants of Concern

(COCs)

1,1,1 -Trichloroethane

1,1 -Dichloroethene

Perchloroethylene

Trichloroethylene

Vinyl Chloride

Monitoring will be conducted over an 8-hour period, approximately firom 7 am to 3 pm. This
period corresponds to the Industrial/Commercial Target Indoor Air Concentrations under the
CTDEP regulations, and corresponds to the expected work schedule of workers that are likely to
use this building space. The EPA TO-14 method uses an evacuated SUMMA©canister to draw
an air sample for subsequent analysis. The use of a SUMMA© canister eliminates the need for
pumps and sampling media and associated equipment cahbration activities. A 6-liter SUMMA©
canister will be used over the 8-hour monitoring period. The 6-liter volvune has proven adequate
during previous indoor air monitoring. Standard operating procedures for collecting canister
samples are outlined in Appendix A.

At the conclusion of the monitoring event, the SUMMA© canisters will be removed fi:om the
monitoring location, canister pressure checked and recorded, flow controller removed and valve
closed and covered to prevent contamination during shipping. The canisters will then be labeled
with the monitoring location ID number, date and total monitoring time, and placed into a shipping
container. Qhain-of-custody forms will also be filled out and placed with the samples for shipment
to the analytical laboratory. When filling out the chain-of-custody forms, the sampling technician
will identify the analytes to be analyzed using the EPA TO-14 method.

Weather observations will be recorded at the start and finish of the monitoring program. These
data will be used to interpret the monitoring data, as necessary. Local wind directions will be
recorded based on visual observations, since winds are strongly influenced by site-specific
conditions. All other meteorological data will be obtained firom the closest National Weather
Service (NWS) Station or firom a local weather report. Meteorological data to be recorded will
include: wind speed, wind direction, temperature, relative humidity, and atmospheric pressure.

Air Toxics Limited (ATL) hi Folsom, California or an equivalent laboratory will be used for all
sample analysis. ATL is a laboratory specializing in the analysis of toxic air samples, and is
g.\projects\tercs\projects\do20\ou2\indoor_air_quality\6 rounds addT saTTipling\workplan\monitor.doc 47254
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SECTION 3

certified throu^ various State environmental laboratory approval programs. ATL also participates
in the USEPA's Superfimd Special Analytical Services (SAS) National Standards Institute (NSI)
audit canister program.

Field Monitoring Data Logs will be used to record all data on sampling times and canister readings.
A map will be marked up to identify the actual monitoring locations selected in the field. Distances
from property boundaries, walls, beams, etc. will be recorded in order to verify locations in the
future, if necessary. ,
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SECTION 4

4.0 QUALITY ASSURANCE/QUAUTY CONTROL MEASURES

Quality assurance (QA) and quality control (QC) checks will be performed to evaluate the accuracy
and precision of both the monitoring and analytical methods. The QA/QC checks will include the
following standard procedures;

• batch certification of Summa canisters

• method spikes/method spike duplicates (one each per sampling event);

• field blanks (one per sampling event); and

• duplicate field samples (one per sampling event).

In order to provide a quality assurance check on the canister cleaning procedures, blanks are performed
on each canister prior to shipment. The canister blank is performed by analyzing ultrapure air evacuated
into the canister. Method spikes/method spike duplicates will be analyzed by the laboratory for each
monitoring event. The method spike and method spike duplicate are performed by analyzing a known
concentration of each COC, which is injected into a clean canister, then extracted for subsequent
analysis. The method spikes measure the efficiency of recovery of the analyte during the TO-14
SUMMA© canister extraction procedure. Canister blanks and method spikes will be generated and
conducted by the laboratory. They do not require additional sample collection.

A field blank will be analyzed for the sample canisters to identify potential contamination during
shipping and/or handling of the samples. The field blank will be obtained by simulating monitoring
through testing the canister pressure, installing and removing the flow controller, capping and sealing
the canister, then packing the canister for shipment with the actual field samples. The field blank
includes all sample-handling activities with the exception that air is not drawn into the canister. One
field blank will be obtained for each sample event.

To test the precision of the monitoring and analytical methods, a duplicate co-located sample will be
obtained at one monitoring location fi-om either the indoor or background air samples. The results of
the primary and secondary (duplicate) samples will be compared to determine the variation in the COC
concentrations measured. A duplicate sample will be obtained during each monitoring event.
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SECTION 5

5.0 DATA REPORTING

5.1 Reporting Schedule

A brief letter report will be completed for each sampling round. The summary report will also
include a screening level human health risk assessment. If the results of a monthly sampling
event significantly exceed the currently available results, an interim screening level risk
assessment will be prepared and included with the monthly letter report..

A summary report will be completed following the six rounds of sampling, summarizing all data
collected, and reporting on trends in data, with recommendations for future actions.

5.2 Data Report Format

All data results will be tabulated for each monitoring location, the COCs are detected in the
outdoor ambient air samples, these concentrations will not be subtracted from the indoor air results.
However, if significant concentrations are foimd in the ambient air that cause an exceedance of the
CTDEP Industrial/Commercial Target Indoor Air Concentrations, then extemal air emission
sources will need to be investigated. The CTDEP standards are outlined below for each of the
COCs;

Chemical of Concem Industrial/Commercial

Target Indoor Air Cone,
(pg/m^)

1,1,1 -Trichloroethane 1,460

1,1 -Dichloroethene 0.0818

Perchloroethylene 11

Trichloroethylene 5

Vinyl Chloride 0.0487

EPA Method TO-14 provides a measurement of the COC concentrations in ppmv. Because the
analytical instrumentation is calibrated at standard temperature and pressure, the laboratory results
do not require any temperature and pressure correction for comparison to the CTDEP
Industrial/Commercial Target Indoor Air Concentrations. However, to adjust the concentrations
to obtain common imits as the standards, the following equation must be used:

Cone (pg/m^) = Cone (ppmv) x Molecular Wei^t / 0.02404

Average and maxirmim concentrations will be tabulated for each COC at each monitoring location.
The average indoor concentrations will be computed for comparison to the CTDEP
Industrial/Commercial Target Indoor Air Concentrations. Monitoring methods will be
summarized in the report and any specific conditions encountered during the monitoring event
will be documented in the report to assist in evaluating the final data results. All QA/QC results
will be summarized in the report with discussions on the data validity based on the QA/QC
results. All field monitoring logs, chain-of-custody logs, and analytical laboratory reports will be
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SECTION 5

included in an appendix to the final data report. The final laboratory report will provide all backup
equipment cahbration data and gas chromatographs along with the results of the QA/QC checks.
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APPENDIX A

Standard Operating Procedures for Monitoring with EPA Method TO-14
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Routine Operation of SUMMA© Passivated Canisters Page 1

1.0 APPLICABILITY

This document describes the procedures to be used for the routine operation of SUMMA©
passivated canisters. The canisters are used to sample ambient air for the deterniination of volatile
organic compounds (VOCs) by EPA Method TO-14.

2.0 DOCUMENTATION REQUIRED

The following documentation should be completed by the field personnel:

AQ Form 1: Canister Sampling Data Sheet

AQForm2: Chain of Custody Form

3.0 EQUIPMENT REQUIRED

6 or 15L SUMMA© passivated canisters
3 0 PSIG V acuum gauge
9/16" wrench or adjustable wrench
Flow controller

Flow meter (rotometer or digital flow meter) and connecting plumbing (only
required if adjusting flowrate in the field)
Tripod
1/4" CD Teflon (3-5 ft)
1/4" Swagelock nuts
Packing tape

Note: for 24 hour samples, a 15 L canister may be preferred. The larger canister volume allows the
use of a higher flow rate, which will maintain a more stable flow. A critical flow orifice is also
recommended for 24 hour sampling, to avoid unstable flows.

4.0 SAMPLING METh6d

Method TO-14 is based on the collection of whole air samples in SUMMA© passivated stainless
steel canisters. A 6 Litre (L) or 15 L canister is used that has been certified cleaned and evacuated
to a pressure of -30 pounds per square inch gauge (psig) prior to sampling. 1 During sampling, the
canister collects a sample by regulating the flow rate into the canister through a stainless steel
precleaned flow controller. The canister vacuum is checked periodically during sampling to
maintain a flow rate that will result in a final vacuum pressure between -5 and -15 psig. The
canister should never be evacuated to atmospheric pressure. Figure 1 is a diagram of a typical
canister based sampling system.

4.1 Equipment Setup
«>

The following steps should be followed when setting up the canister for sampling:

T0I4S0P
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Step 1: Check the initial vacuum of the labeled canister by removing the brass cap from the
canister and connecting the vacuum gauge to the canister, then opening the valve. The
pressure should read -30 psi, + 2 psi. Record the canister starting pressure in AQ Form 1.
Make sure the pressure gauge is capped off on the outlet or the canister will evacuate
immediately and cannot be used.

Step 2: Record the vacuum on the canister label and the canister sampling data sheet, AQ Form 1.

Step 3: Close the canister valve (hand tight) and remove the vacuum gauge. Do not overtighten the
valve, but ensure die valve is closed. Make sure the valve is closed before removing the
gauge or the canister will evacuate immediately and cannot be used.

Step 4: Remove the brass cap and plastic plug from the flow controller. If the flow controller has
not been preset in the laboratory, it will need to be adjusted to the proper flowrate setting.
The flowrate setting should be established by dividing 75% of the canister volume
(maximum fill level) by the total sampling time (Itr/min).

Step 5: Connect the flow controller outlet, "LP" to the canister. Using the 9/16" wrench tighten the
nut (on the flow controller) 1/4 turn beyond finger tight. Verify the tightness of the
connection by attempting to rotate the flow controller. It should not be possible to rotate the
controller.

Step 6: Connect the filter to the flow controller inlet ("HP"). Tighten the filter to the flow controller
using the 9/16" wrench. The filter prevents dust or particulates from entering the flow
controller.

Step 7: Connect the inlet of the filter to a length of teflon tubing using a 1/4" swagelock nut fitting.
Fasten the tubing to a tripod or other device to ensure the inlet is located at the appropriate
sampling height. For outdoor sampling, the teflon tubing should be angled downward to
avoid precipitation from entering the sampling fine.

Stq) 8: Once the sampling system is placed at the sampling location, open the canister valve to
initiate sampling. Record the sample start time on AQ Form 1. If a critical flow orifice is
used to control the sampling flowrate, the canister pressure does not need to be tested during
the sampling period.

4.2 Equipment Teardown

After sampling is complete, perform the following procedures:

Step 1: Close the valve on the canister, remove the tripod, and remove the canister from the sample
location.

T014S0P
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Step 2: Check the final pressure of the labeled canister by removing the flow controller and filter,
connecting the vacuum gauge to the canister, and opening the valve. The pressure should
lie between -5 and -15 psig (optimal pressure is -10 psig). Record the final vacuum on the
canister label and in AQ Form 1. Make sure the pressure gauge is capped off on the outlet
or the canister will evacuate immediately and cannot be used.

Step 3; Close the canister valve and then remove the vacuum gauge. Make sure the valve is closed
or the sample will be lost. Do not overtighten the valve.

Step 4: Send the labeled canister accompanied with a chain-of-custody form (AQ Form 2) to the
laboratory for analysis. Indicate on the chain-of-custody form the sample ID niunber, the
date and time of sampling, the samphng location, the analytical method to be used, and the
compounds to be analyzed for. Sign the form in the first "reliquished by" signature box.

T014S0P



AQ FORM 1
CANISTER SAMPLING DATA SHEET

Network: Sampled By:

Site Location: Sampling Date:

Sample ID No. Sampling Location Start

Time

End

Time

Total

Sample
Time

Canister Start Pressure

(psig)

Canister End Pressure (psig)

r"

Comments:

T014S0P
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AQ FORM 2

Network

ANALYSES (List analytical method and componnds to be analyzed)

Site Location

Sampled By:

Sample
No./

Identificatio

n

Date Time

Sampling
Location

Lab

Sample
Number

-

Relinquished by: {Signature) Date Time Received by: {Signature) Date Time

Relinquished by: {Signature) Date Time Received for Laboratory: {Signature) Date Time

Sample Disposal Method: Disposed of by: {Signature) Date Time

SAMPLE COLLECTOR ANALYTICAL LABORATORY

lkjense0\air\500SOP w51



APPENDIX B

Technical Memorandum: Rounds 1 through 3 Results
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December 1,1999

Mr. John Burleson

BRAC Environmental Coordinator

Stratford Army Engine Plant
550 Main Street

Stratford, CT 06615

SUBJECT: Summary of Indoor Air Quality Sample Analyses
Stratford Army Engine Plant

^  Stratford, Connecticut

Dear Mr. Burleson,

The jpurpose of this technical memorandum is to summarize results of indoor air quality monitoring conducted
at the Stratford Army Engine Plant (SAEP) by Harding Lawson Associates (HLA) between September 1,1999
and October 22,1999. Three rounds of monitoring were conducted, the results of which are presented in the
following paragraphs. In addition, a risk sdreening of detected indoor air contaminants is presented to further
assess potential risks to workers and provide perspective as to the likelihood of potential risks.

ROUND 1 (SEPT. 2,1999) SAMPLING AND RESULTS

In August of 1999, HLA was asked to conduct indoor air monitoring for a potential lease area inside Building 2.
On September 2,1999, the first round of indoor air monitormg was conducted inside Building 2 at locations lA-
99-01 through IA-99-05 (see Figure 1). In addition, two background samples were collected at locations
lABKGDOl and IABKGD02. Samples were collected over an 8-hour period firom approximately 7:30AM to
3:30PM to approximate the standard work day at SAEP. Samples were analyzed by Quanterra in Santa Anna,
CA for trichloroethene (TCE), 1,1-dichloroethene (1,1-DCE), vinyl chloride, tetrachloroethene (PCE) and
1,1,1-trichloroethane (1,1,1-TCA). Weather conditions during the sampling round were clear, relative humidity
between 37% and 69%, with a temperature ranging firom 67 to 78 degrees Fahrenheit during the sampling
period. Winds were relatively steady at 6 to 8 knots fi"om the east and southeast. The average barometric
pressure for the day was 30.02 inches of mercury (in. hg).

Analytical results indicated concentrations of TCE and 1,1-DCE exceeding Connecticut Department of
Environmental Protection (CTDEP) Remediation Standard Regulations (RSRs) for commercial/industrial
indoor air quality in aU five sample locations, IA-99-01 through IA-99-05 (see Table 1). 1,1-DCE exceeded the
CTDEP RSR by a factor of 36 times at sample location IA-99-03, and TCE exceeded tJie CTDEP RSR by a
factor of 12 at sample location IA-99-04. Vinyl chloride concentrations exceeded the CTDEP RSR at sample
locations IA-99-03 and IA-99-05. Duplicate sample results for IA-99-01 indicate good agreement for the
compounds 1,1-DCE and TCE, but not for vinyl chloride (see Table 1). Review of sampling protocol and
laboratory records did not disclose the source of this discrepancy for vinyl chloride concentrations.

Background samples lABKGDOl and IABKGD02 both contained TCE at concentrations exceeding the CTDEP
RSR by a factor of up to 4.8. Vinyl chloride also exceeded the CTDEP RSR by a factor of 17 in sample
IABKGD02.

G:\Projects\TERCS\Projects\DO20\OU2\Indoor_Air_Quality\Roundsl-3\Results_Tech_Mem.doc



\  j
y -

ROUND 2 (SEPT. 21,1999) SAMPLING AND RESULTS

Based on Round 1 analytical results, HLA was asked to conduct an additional round of indoor air monitoring at
the same locations inside Building 2, IA-99-01 through IA-99-05 (see Figure 1). In addition, two background
samples were collected at locations IABKGD02 and IABKGD03. Background sample location IABKGD03
was favored over location lABKGDOl to provide a better chance of upwind conditions from Building 2.
Samples were collected over an 8-hour period front approximately 7:00AM to 3:00PM to approximate the
standard work day at SAEP. Samples were analyzed by Quanterra in Santa Anna, CA for TCE, 1,1- DCE, vinyl
chloride, PCE and 1,1,1-TCA. Weather conditions during die sampling round were overcast with rain and mist,
relative humidity between 93% and 100%, with a temperature ranging from 64 to 66 degrees Fahrenheit during
the sampling period. The average wind speed for the day was approximately 13 knots, from the northeast. The
average barometric pressure for the day was 29.76 in. hg.

Analytical results mdicated concentrations of 1,1-DCE, TCE, and vinyl chloride exceeding Connecticut
Department of Environmental Protection (CTDEP) Remediation Standard Regulations (RSRs) for ,
commercial/industnal indoor air quality in all five sample locations, IA-99-01 through IA-99-05 (see Table 2).
At sample location IA-99-04,1,1-DCE concentrations exceeded the CTDEP RSR by a factor of 32 times, TCE
concentrations exceeded the CTDEP RSR by a factor of 2, and vinyl chloride concentrations exceeded the
CTDEP RSR by a factor of 3.5. Duplicate sample results for IA-99-05 indicate generally good agreement (see
Table 2).

Background samples IABKGD02 and IABKGD03 contained vinyl chloride, TCE, and 1,1,1-TCA, all at
concentrations less than or equal to the CTDEP RSRs(

SUMMARY OF ROUND 1 AND ROUND 2 RESULTS ,

Round 1 and Round 2 analytical results indicate that the mterior air of Building 2-contains concentrations of
chlorinated volatile organic compoimds (VOCs) exceeding CTDEP RSRs for Industrial/Commercial
workspaces. Concentrations of TCE decreased significantly between Rounds 1 and 2 (some of the TCE
detected in Round 1 samples may have originated from an aquifer pumping test occurring at the Chromium
Plating Facility durmg this round). Following a review of diese two rounds of data, the U.S. Army requested
that HLA perform additional indoor air quality sampling in occupied buildings at SAEP to evaluate potential
exposure of workers to indoor air contamination.

ROUND 3 (OCT. 21,1999) SAMPLING AND RESULTS

Based on Rounds 1 and 2 analytical results, HLA was asked to conduct additional indoor air monitoring'in
occupied buildings to evaluate potential exposure of workers to indoor air contamination. Eleven indoor air
samples were collected at various locations on October 21,1999 during sampling Round 3. Three indoor air
samples were collected in Building 1 at IA-Bl-01 (first floor), IA-Bl-02 (second floor), and IA-Bl-03 (third
floor). Two samples were collected in the leased section of Building 2 at IA-ML-01 and IA-ML-02 (both on
the second floor). An additional sample was collected in the unleased section of Building 2 near the boiler plant
at IA-B2-01. Two samples were collected in Building 12 at IA-B12-01 and IA-B12-02. Additional indoor air
samples were also collected at IA-B9-01 (Building 9), IA-B-48-01 (Building 48), and IA-B65-01 (Building 65).
Two field duplicates were collected for IA-B12-01 and IA-B65-01. Two background samples (IABKDG04 and
IABKDG05) were also collected (see Figure 1).
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,' Samples were collected over an 8-hour period from approximately 7;00AM to 3:00PM to approximate the
standard work day at SAEP. Samples were analyzed by Air Toxics, Ltd. of Folsom, CA for TCE, 1,1-DCE,
vinyl chloride, PCE and 1,1,1-TCA. Weather conditions during the sampling roimd were clear, relative
humidity between 44% and 86%, with a temperature ranging from 44 to 58 degrees Fahrenheit during the
sampling period. Winds were relatively steady at 6 to 10 knots from the northwest. The average barometric
pressure for the day was 29.98 in. hg.

Analytical results indicated concentrations of 1,1-DCE and vinyl cliloride exceeding Connecticut Department of
Environmental Protection (CTDEP) Remediation Standard Regulations (RSRs) for commercial/industrial
indoor air quality in a number of sample locations (see Table 3) in the following buildings:

•  B-1 (outside security headquarters)

•  B-2 (Meyers lease area, and near the boiler room)

•  B-9

^  • B-12

•  B-48

•  B-65

VOC concentrations did not exceed CTDEP RSRs on samples from the 2^ and 3"^ floors of Building 1.

Duplicate sample results for IA-B65-01 and IA-B12-01 indicate generally good agreement (see Table 2).
Backgroimd samples IABKGD04 and IABKGD05 did not contain VOC concentrations exceeding the CTDEP
RSRs.

C y RISK SCREENING OF INDOOR AIR CONTAMINANTS
To further assess potential risks to workers and provide perspective as to the likelihood of potential risks, HLA
performed a preliminary risk screening associated with worst case exposures via the indoor air pathway for
workers at the Stratford Army Engine Plant m Stratford, Connecticut. This worst case exposure scenario
assumes that indoor workers are exposed onsite to maximum detected concentrations of VOCs throughout the
workday. This preliminary risk screening is performed in accordance with the CTDEP RSRs, and is based on
the risk assessment principles and guidance provided in USEPA's Risk Assessment Guidance for Superfiind
(RAGS) (USEPA, 1989).

To supplement this preliminary risk evaluation, indoor air concentrations were also compared to workplace
exposure standards published by the American Conference of Governmental and Industrial Hygienists
(ACGIH). The ACGIH publishes time-weighted average (TWA) exposure concentrations and Short-Term
Exposure Limits (STELs) (ACGIH, 1998). The TWA is protective for long-term exposures (i.e., the
conventional 8-hour workday) to workers. STELs represent a 15-minute TWA appropriate for evaluating short-
term exposures.

Several important conclusions of this preliminary risk evaluation are identified below.

•  No short-term or long-term worliplace exposure standards are exceeded.

• Maximum detected concentrations of three compounds (vinyl chloride, TCE, and 1,1-DCE) exceed
CTDEP industrial/commercial iridoor air target levels.

,  - • A preliminary screening level risk evaluation showed that the cumulative excess cancer risk met the
(  ̂ CTDEP RSR criteria of lxlO■^
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•  Cancer risks for three compounds calculated based on maximum concentrations exceed the CTDEP
cancer risk limit for individual compounds. However, if exposures to these levels of contaminants
are limited to 5 years, nsk levels are not exceeded.

• Maximum concentrations likely overestimate risks.

The remainder of this memorandum is organized as follows:

•  Current Site Layout

•  Building Interior Data Collection and Analysis

•  Exposure Assessment and Assumptions

•  Exposure Points

•  Exposure Point Concentrations

•  Toxicity Assessment

•  Risk Characterization Results and Discussion

•  References

Current Site Layout

The Stratford Army Engine Plant consists of a large complex of 49 buildings as shown in Figure 1 - Air Quality
Sampling Locations. Six buildings, mcluding Building 1, 2, 9,12,48, and 65, are currently occupied with
office workers and/or maintenance workers. The other buildings are empty. However, maintenance workers
may visit these empty buildings occasionally.

Building 1 is a three-story buildmg used as office space. Building 12 has offices and shop space and is
occupied eight hours per day by office workers in the area of the building represented by location lA-B 12-02
and occupied four to six hours per day by maintenance workers m the area represented by sample lA-B 12-01.
\Building 2 is the largest building onsite and contains the former chromium plating facility. It is currently
unused and is occv^ied at most two hours per day, primarily by maintenance workers fi-om B-12 passing
through or performing brief periods of maintenance. Building 9 is used for shop space and may be occupied
approximately four hours per day by workers from B-12 for tasks such as painting. Building 48 is also used as
shop space and may be occupied up to four hours per day by workers performing carpentry activities and
machining. Buildmg 65 is occupied for eight hours per day; this building is leased to a private company that
performs electronics manufacturing. The area of Building 2 represented by samples IA-ML-01 and IA-ML-02
is leased by Meyers trucking company for office space and is occupied for eight hours per day.

Building Interior Data Collection and Analysis

Building 2 was selected for indoor air monitoring in 1999 as part of a potential leasing transaction for
warehouse space. HLA collected indoor air samples in Building 2 at five locations (IA-99-01 through IA-99-
05) during sampling Rounds 1 and 2 in September 1999. Eleven indoor air samples were collected in October '
1999 during sampling Round 3 at various locations. Five indoor air background samples (lABKDGOl through
IABKDG05) were collected during sampling Rounds 1 through 3, but were not factored into this worst case
evaluation which focuses on exposure to maximum detected concentrations in occupied buildings. However,
for further risk evaluations for die SAEP site, background data would likely be considered.
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All samples were analyzed for vinyl chloride, 1,1-DCE, 1,1,1-TCA, TCE, and PCE. Analytical results for all
samples are provided in Table 4. Results for the unleased portion of Building 2 (where workers are only
present intermittently throughout the day) are provided separately from the results for the other plant buildings,
which are occupied full-time by office and/or maintenance workers.

Exposure Assessment and Assumptions

Office and maintenance workers (mcluding security personnel) are the only people who are present at the site
frequently. Receptors may potentially be exposed to VOCs via inhalation that may migrate from soil gas to
mdoor air of occupied buildings. The presence of the building complex overlying the affected vadose zone
soils suggests that workers could potentially be exposed to the VOCs migratng from soil and/or groundwater to
soil gas if it migrates through cracks in the building foundations or building slabs to the air inside.

Two worst case scenarios have been evaluated. For Worst Case Scenario 1, it is assumed that the indoor
maintenance worker is present at the unleased portion of Buildmg 2 intermittently throughout the day (assume 2
hours/day). The remaining workday is assumed to be spent in the other portions of the facility (assume 6
hours/day). For Worst Case Scenario 2, a full-time indoor worker is assumed to spend the entire workday m
portions of the facility other than the unleased portion Building 2. For the purposes of this preliminary risk
screening, it is assumed that an mdoor plant worker works a total of 8 hours per day, 250 days per year, for 25
years.

Exposure Points

As shown m Figure 1 - Air Quality Sampling Locations, the plant is composed of Building 2 and 48 other
buildings of varying sizes. As discussed earlier, only six buildings are currently occupied. Environmental and
exposure conditions likely differ between the smaller areas and the larger manufacturing areas within the
building complex. However, to streamline this assessment, Buildmg 2 will represent one exposure pomt and
the remaining building complex will represent another exposure point.

Exposure Point Concentrations

Maximum concentrations were used as exposure point concentrations (EPCs) for the worst case scenarios.
Duplicate results were averaged with primary results prior to calculating the average EPCs. The maximum may
represent an overly conservative estimate of concentrations of analytes that are present in building indoor air,
but will serve to represent the worst-case scenario for workers at the SAEP site. Some estimate of average
concentrations would better represent the concentrations of VOCs at the exposure points, because the average
indoor air concentrations would likely represent a composite of the potential contnbutions from each sampling
location, and may help account for the fact that compound concentrations will dilute and mix with the buildmg
air. Maximum EPCs for VOCs detected in indoor air samples are provided in the risk spreadsheets (Tables 7
through 12).

Toxicity Assessment

The main source of dose-response values is the USEPA Integrated Risk Information System (IRIS), which is a
data base established by USEPA containing all validated data for many substances. This database was used to
identify the unit risks (URs) and reference concentrations (RfCs) used in this evaluation. The UR is defined as
the upper 95% Confidence Limit of the mean incremental lifetime cancer risk estimated to result from lifetime
exposure to an agent if it is in the air at a concentration of 1 ug/mS. RfCs represent air concentrations (in
mg/m3) at which adverse or deletenous effects are unlikely (i.e., an air concentration corresponding to a Hazard

G:\Projects\TERCS\Projects\DO20\OU2\Indoor_Air_Quality\Roundsl-3\Results_Tech_Mem.doc



Index (HI) = 1.0). Non-carcinogenic risks due to inhalation exposures are estimated by comparing the
environmental air concentration to the inhalation RfC.

Where no information was found in IRIS, USEPA Health Effects Assessment Summary Tables (HEAST) were
consulted. When toxicity values from IRIS or HEAST were not available, alternative toxicity values available
from USEPA were used. Appropriate dose-response values are provided in the risk calculation spreadsheets.

Risk Characterization Results and Discussion

Risk characterization involves the mtegration of the exposure and toxicity assessment into quantitative
expressions of potential human health risks associated with exposure to compounds. Quantitative estimates of
both carcinogenic and noncarcinogenic risks are made for each compound. Quantitative estimates of cancer
and non-cancer health risk were calculated by combining the quantitative intake estimates for compoimds with
the toxicity data.

Evaluation of Cancer Risks
!

To evaluate cancer risks associated with inhalation exposures, average air concentrations over a lifetime are
calculated and are multiplied by inhalation toxicity values (URs). The product of these two values is an estimate
of the excess lifetime cancer risk, which is defined as the excess probability that an individual will develop
cancer over a lifetime due to exposure to the compound of potential concem. In accordance with Section 22a-
133k-3 (c)(4)(B) of the CTDEP remediation regulations (CTDEP, 1996), the target excess lifetime cancer risk
level for each compound is one in one-million (1 x 10"®). Cancer risks for all detected compounds are summed

\  to yield the cumulative receptor cancer risk. Each cumulative receptor cancer risk is compared to the target
'  cumulative receptor cancer nsk limit of one in one-hundred thousand (1 x 10'^).

Evaluation ofNoncancer Risks

To evaluate noncancer risks associated with inhalation exposures, average air concentrations over a specific
time period are calculated and are compared to inhalation toxicity values (RfCs). The hazard quotient (HQ) is
calculated for each chemical for inhalation exposure by dividing the average air concentration by the RfC. For
a mixture of chemicals, a screening hazard mdex (HI) is estimated by summing the individual HQs for all
compounds. A screening HI of less than 1 indicates that noncarcinogenic toxic effects are not expected to occur
due to the exposure. An HI greater than 1 indicates a greater possibility of a noncarcinogenic toxic effect
occurring, but the circumstances must be evaluated on a case-by-case basis. Generally, as the HI increases, so
does the likelihood that adverse effects might be associated with exposure.

Results
I

Risks for a maintenance worker (Worst Case Scenario 1) and full-time office worker (Worst Case Scenario 2)
were estimated for pbssible inhalation exposures to VOCs in indoor air. A summary of risk estimates
associated with potential inhalation exposures over a 25-year period are provided in Table 13. As shown in
Table 13, the total cancer risk for the maintenance worker under Worst Case Scenario 1 is equal to, but does not
exceed, the cumulative excess lifetime cancer risk limit of 1 x 10'^ required by CTDEP. The cancer risk for the
office worker (7 x 10"®) is below the cumulative excess Hfetime cancer risk limit of 1 x 10"®. However, the
cancer risk calculated for the following compounds exceed the excess lifetime cancer risk limit for individual
compounds of 1 x 10"®: vinyl chloride (Worst Case Scenarios 1 and 2), 1,1-DCE (Worst Case Scenarios 1 and

^  2), and TCE (Worst Case Scenario 1, Building 2 only). Total non-cancer risks for workers under both worst
case scenanos are all below an HI of 1.
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Assiraimg continuous exposure to maximum detected concentrations during the workday, the exposure duration
that would be associated with cancer risks meeting regulatory limits have been calculated. For Worst Case
Scenario 1, an exposure duration of up to five years yields risk estimates that meet regulatory requirements. For
Worst Case Scenario 2, an exposure duration of up to seven years yields risk estimates that meet regulatory
requirements. Table 14 shows excess lifetime cancer risk estimates by OHM using these modified dmations.
Given the conservative nature of this assessment, longer exposures are likely to meet regulatory requirements.
Risks based on average air concentrations would likely indicate that longer-term exposures meet regulatory
limits. Further evaluation of background conditions may indicate that one or more buildings have typical
background conditions.

To supplement the worst case risk evaluation, maximum detected indoor air concentrations were compared to
screenmg cnteria. As shown in Table 6, all concentrations of VOCs detected in indoor air samples are below
ACGIH TLVs.
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CONCLUSIONS AND RECOMMENDATIONS 1
I

V

•  Exceedances of CTDEP RSRs for indoor air quality are widespread in buildings at SAEP.

•  No short-term or long-term workplace exposure standards are exceeded.

• Maximum detected concentrations of three compoimds (vinyl chloride, TCE, and 1,1-DCE) exceed
CTDEP industrial/commercial indoor air target levels.

•  A preliminary screenmg level risk evaluation showed that the cumulative excess cancer risk met the
CTDEP RSR cntena of 1x10'^.

Cancer risks for three compounds calculated based on maximum concentrations exceed the CTDEP
cancer risk limit for individual compounds. However, if exposures to these levels of contaminants
are limited to 5 years, risk levels are not exceeded.

• Maximum concentrations likely overestimate risks.

•  Additional sampling should be performed to continue to assess indoor air contamination levels.

■A
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'  If you have any issues concerning the enclosed material, please contact me at (207) 775-5401.

Sincerely,

HARDING LAWSON ASSOCIATES

Nelson Walter, P.E.
Project Manager
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cc: J. Burleson (TACOM)
J. Frye (USACE-NY)
M. Brock (NAE)
R. Pendleton (HLA)
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INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR
INTERMITTENT INDOOR WORKER - USING ROUND 1 & 2 MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE lA

EXPOSURE PARAMETERS

PARAMETER.

CONCENTRATION IN AIR

CONVERSION FACTOR 1

EXPOSURE TIME DAILY

EXPOSURE FREQUENCY

EXPOSURE DURATION

CONVERSION FACTOR 2

AVERAGING TIME CANCER

AVERAGING TIME NONCANCER

SYMBOL: .

[OHMjair

CFl

ET

EF

ED

CF2

AT

AT

EQUATIONS

VALUE UW-TSr .

24

2

250

25

365

75

25

ug/m'
hours/ddy

hours/day

days/year

years

days/year

years

years

Assunption

MADEP, 1995

USEPA. 1991

MADEP. 1995

USEPA, 1991

MADEP, 1994 Background Documentation for the Dcvelopnient of the MCP Numencal Standards Apnl
MADEP, 1995 Guidance for Disposal Site Risk Characterization, Intenm Fuial Policy WSC/ORS-95-141 July
USEPA, 1991 Human Health Evaluation Manual, Supplemental Guidance "Standard Defiiult Exposure Factors " OSWER
Directive 9285 6-03

CANCER RISK = AVG. CONC (ug/in3) * CANCER UNIT RISK {uR/m3)'^-l
HAZARD QUOTIENT » AVG CONC (ug/m3)/REF. CONC. (ug/m3)

AVG. EXPOSURE CONC -

♦For noncarcinogenic effects. AT = ED

lOHMlair * EF * ET * ED

AT * CFl * CF2

INDOOR AIR RISK/2-HR ET-MAX 1/28/00 1 52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR
INTERMITTENT INDOOR WORKER - USING ROUND 1 & 2 MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLElA

CARCINOGENIC EFFECTS

OHM • AVpRACJfi AIR InbA^AtIoH cancer

AIR • concentration CANCER RISK

COmP0i?n1> (:igtNC:ENT['RATiQN UNIT RISK

(Vg/ljl*) (Ug/na?) (ug/ojsr-i

Vinyl chlonde 2 55E+00 4 9E-02 h 40E-05 4 IE-06

1,1-Dichlorocthene 2 88E+00 5 5E-02 5 OOE-05 2 7E-06

Tnchloroethene 5 95E-K)1 1  IE+00 2 OOE-06 2 3E-06

Tetrachloroethene 7 50E+00 1 4E-01 4 80E-07 6 9E-08

ARV CANCt^ RISK 9]E-9)6

INDOOR AIR RISK/2-HR ET-MAX 1/28/00 1 52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

INTERMITTENT INDOOR WORKER - USING ROUND 1 & 2 MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLElA

NONCARCINOGENIC EFFECTS

averaO^ AIB CHRONIC! HAZARP

Am CDNCSNTRATfON insalation QUOTIENT

TORlllviE PfcR^pp jwcm
CUE/n»?i

Vinyl chlondc 2 55E+00 I 5E-0I NO

1,1-Dichlorocdicne 2 88E+00 1 6E-01 NO

1, M-Tnchloroethanc 1 37E+01 7 8E-01 1 OOE+03 7 8E-04

Tncbloroethcnc 5 95E+01 3 4E-K)0 NO

T^chloroethene 7 50E-H)0 4 3E-01 4 90E4 02 8 7E-04

Si;MIViAIlVJ[IA2:A]W) INP^:X 2E-03 :

INDOOR AIR RISK/2-HR ET-MAX 1/28/00 1^2 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

INTERMITTENT INDOOR WORKER - USING ROUND I & 2 AVERAGE CONCENTRATIONS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE IB

EXPOSURE PARAMETERS EQUATIONS

parameter SYMBOL value .  . .IflVlTS BQURC:?

CONCENTRATION IN AIR [OHM]air Calculated ug/m^ CANCER RISK = AVG. CONC (ug/m3) * CANCER UNIT RISK (ug/nO)'^-!

CONVERSION FACTOR 1 CFl 24 hours/day HAZARD QUOTIENT •= AVG.CONC.(ug/ni3yREF. CONC. (ug/m3)

EXPOSURE TIME DAILY ET ^  2 hours/day Assuirption

EXPOSURE FREQUENCY EF 250 days/year MADEP. 1995 |OHMlalr*p;F*ET*Ep

EXPOSURE DURATION ED ^  25 years USEPA, 1991 AVG. EXPOSURE CONC - AT * Cn * CF2

CONVERSION FACTOR 2 CF2 365 days/year

AVERAGING TIME CANCER AT 75 years MADEP, 1995 *For noncardnogenic elTects AT » ED

AVERAGING TIME NONCANCER AT 25 years USEPA, 1991

MADEP, 1994. Background Documentation for the Development of the MCP Numerical Standards Apnl
MADEP, 1995 Guidance for Disposal Site Risk Charactcnzatioo, Interim Final Policy WSC/ORS-95-141 July
USEPA, 1991 Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors." OSWER
Directive 9285 6-03

INDOOR AIR RISK/2-HR ET-AVG i/28/00 1'52PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

INTERMITTENT INDOOR WORKER - USING ROUND 1 & 2 AVERAGE CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE IB

CARCINOGENIC EFFECTS

QHM AVPRAG^ AIR inhalation CanC|£R

AIR ,  CONCENTRATION CANCER WSK

ttWUPODNP pptNCPNl'RA'j'lON ufe'tjmR UMTRI5K

. .. (wg/mO .  (ug/rc^J . . . (ugftnayA

Vmyl chlonde 2 14E-01 ^ 4 lE-03 8 40E-05 3 4E-07

1,1-Dtdiloroethene 1  I9E-H)0 2 3E-02 5 00E-(J5 I  lE-06

Tnchloroethcnc 2 95E+0I 5 6E-01 2 00E-06 1 lE-06

Tetrachlorocthcne 2 99E+00 '  5 7E-02 4 80E-07 2 7E-08

.  SU^^MARY cancer RISK

INDOOR AIR RISK/2-HR ET-AVG 1/28/00 1 52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

INTERMITTENT INDOOR WORKER - USING ROUND 1 & 2 AVERAGE CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE IB

NONCARCINOCENIC EFFECTS

AVpRAd^ AlR cHRdNiC

AIR C0NC3ENTRAT3ON INSALATION QUOTIENT

COPiCPP^TBATION FORTlIVie l»Btapp RfC|lj
tUE/ni?)

Vinyl chloride 2 14E-0! 1 2E-02 ND

I,I-Dichloroethene 1  I9E+00 6 8E-02 ND

1,1,1 -Trichloroetbane 8 97E-K)0 5 lE-01 1 OOE-K)3 5 IE-04

Tnchlorocthenc 2 95E+01 1 7E+00 ND

Tetrachloroethenc 2 99E+00 1 7E-01 4 90EI02 3 5E-04

Si;MlViARV$[AZARD JNJJEX 9E-04 ;

INDCX)R AIR RISK/2-HR ET-AVG 1/28/00 1 52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR
FULL-TIME INDOOR WORKER - USING ROUND 3 MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 2A

EXPOSURE PARAMETERS
EQUATIONS

PARAMETER.. .

CONCENTRATION IN AIR

CONVERSION FACTOR 1

EXPOSURE TIME DAILY

EXPOSURE FREQUENCY

EXPOSURE DURATION

CONVERSION FACTOR 2

AVERAGING TIME CANCER

AVERAGING TIME NONCANCER

SYMBOL: .

[OHM]air

CFl

ET

BP

ED

CF2

AT

AT

VALUE; . UNITS SOURCE . .

ug/m^
24 hours/day

8 hours/day Assumption

250 days/year MADEP, 1995

25 years USEPA 1991

365 days/year

75 years MADEP, 1995

25 years USEPA. 1991

MADEP, ! 994 Background Documentation for the Dcvelc^mcnt of the MCP Numcncal Standards Apnl
MADEP, 1995 Guidance for Disposal Site Risk Characterization, Interim Final Policy WSC/ORS-95-141 July
USEPA, 1991. Human Hralth Evaluation Manual Supplemental Guidance "Standard Default Exposure Factors " OSWER
Directive 9285 6-03.

CANCER RISK - AVG. CONC (UR/m3) * CANCER UNIT RISK (uR/mS)'^-!
HAZARD QUOTIENT - AVG C0NC.(ug/m3)/REF. CONC (ug/m3)

AVG EXPOSURE CONC =

*For noncarcinogenic effects AT » ED

IOHMIalr*EF*ET*ED

AT * Cn * CF2

INDOOR AIR RISK/FULLTIME-MAX 1/28/00 1 52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

FULL-TIME INDOOR WORKER - USING ROUND 3 MAXIMUM CONCENTRATIONS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 2A

CARCINOGENIC EFFECTS

OHM AVfJRAG^ air Inhalation Cancer
AIR CONCENTRAnON CANCER Risac

COMil'QfNl? COPiOPJ^TRAl^ON WTRISK
(wg/ro*) .  (ug/u^ (Ug/to3)^»l

Vinyl chlondc 5 67E-01 4 3E-02 8 40E-05 3 6E-06

1,1-Dichloroetbene 8 39E-01 6 4E-02 5 00E-05 3 2E^

Tnchloroetheoc 141E+00 I lE-01 2 00E-06 2 lE-07

Tetrachlorocthenc 3 82E-K)0 2.9E-01 4 80E-07 1 4E-07

SUMMARY CANCER RISK 7E-^i

INDOOR AIR RISK/FULLTIME-MAX 1/28/00 1.52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

FULL-TIME INDOOR WORKER - USING ROUND 3 MAXIMUM CONCENTRATIONS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 2A

NONCARCINOGENIC EFFECTS

aVpbaCp air HAJiAHP

AIR CDNOENTRATION INSALATION QUOTIENT

COMPOyND- ,  conce^^TRAT'iON PORTiMp Periqp RfCjl)
(UEAjl*) (ue/jtJ?) (Ufl/n)3)

Vinyl chloride 5 67E-01 1 3E-01 NO

1,1-Dichloroethcne 8 39E-01 I 9E-01 ND

1,1,1 -Tnchloroethaoe 6 59E+00 1 SE-KK) I OOE+03 1 5E-03

Tnclilorcethene 1 41E+00 3 2E-01 ND

Tetrdchloroethcnc 3 82E+00 8 7E-01 4 90E+02 1 8E-03

SUMMARVJflAZARD ̂ NDEX 3E-03:

INDOOR AIR RISK/FULLTIME-MAX 1/28/00 1.52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

FULL-TIME INDOOR WORKER - USING ROUND 3 AVERAGE CONCENTRATIONS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE2B

EXPOSURE PARAMETERS EQUATIONS

pARAlWrai SYMBOL: VALUE L?«TS spoRx;:^ . . , J

CONCENTRATION IN AIR [OHM]air Calculated ug/m'
CONVERSION FACTOR 1 CFI 24 hours/day

EXPOSURE TIME DAILY ET 8 hours/day Assumption

EXPOSURE FREQUENCY EF 250 days/year MADEP. 1995

EXPOSURE DURATION ED 25 years USEPA, 1991

CONVERSION FACTOR 2 CF2 365 days/year

AVERAGING TIME CANCER AT 75 years MADEP, 1995

AVERAGING TIME NONCANCER AT 25 years USEPA, 1991

MADEP, 1994 Background DocumcntatKMi for the Development of the MCP Numcncal Standards April
MADEP, 1995 Guidance for Disposal Site Risk Characterization, Interim Fmal Policy WSC/ORS-95-i41 July
USEPA, 1991 Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factcss " OSWER
Directive 9285 6-03

CANCER RISK = AVG CONC (ug/m3) * CANCER UNIT RISK (ug/m3)'^-l

HAZARD QUOTIENT - AVG CONC (ug/m3)/REF CONC. (ug/m3)

AVG. EXPOSURE CONC =

♦For noDcaranogenic effects AT ™ ED

lOHMIair * EF * ET * ED
AT * CFl * CF2

INDOOR AIR RISK/FULLTIME-AVG 1/28/00 I 52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

FULL-TIME INDOOR WORKER - USING ROUND 3 AVERAGE CONCENTRATIONS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 2B

CARCINOGENIC EFFECTS

OHW AVPRACfi AlR inhalation Cancer

AIR CONCSmHATlON CANCER RISK

COemRoUNI? COP^CfiNTRAtlON UNJT

.
.  (Mg/tn?) (ug/njS)'*^) .

Vinyl cWonde 9 54E-02 7 3E-03 8 40E-05 6 IE-07

I.I-Dichloroethene 2 28E-01 17E-02 5 00E-05 8 7E-07

Tnchlorocthenc 6 71E-01 5 lE-02 2 00E-06 1 OE-07

Tctrachlorocthenc 9 07E-01 6 9E-02 4 80E-07 3 3E-08

CANC)B^ RISK

INDOOR AIR RISK/FULLTIME-AVO 1/28/00 I 52 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR

FULL-TIME INDOOR WORKER - USING ROUND 3 AVERAGE CONCENTRATIONS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 2B

NONCARCINOGENIC EFFECTS

phm average air CHRONIC HA?iARP

AIR CDNCENTRAT30N INSALATION QUOTIENT

COMi'OlJNb CpPipENTRA'j'lOl^ FQRTIMf PERIOD RfCjlJ
(WW (ue/nd) (ufl/ms)

Vinyl chloride ' 9 54E-02 2,2E^2 ND

I,I-Dichlorocthene 2 28E-01 5 2E-02 ND

1,1,1 -Tnchlorocthdne 2 23E+00 5 lE-01 1 QOE+03 5 lE-04

Tnchloroethene 6 71E-01 1 5E-0I ND

Tetrachlorocthcne 9 07E-01

\

2 IE-01 4 90C+02 4 2E-04

SUMMARVHA^^ARD fNDl^X r 9E^)4:

INDOOR AIR RISK/FULLTIME-AVG 1/28/00 1:52 PM



Table 4

INDOOR AIR ANALYTICAL RESULTS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

Data from B-J, the leased area ofB-2, B-9, B-12, B-48, and B-65

SITE ID:IA-Bl-01 IA-Bl-02 lA-Bl-03 IA-ML-01 IA-ML-02 IA-B12-01 IA-B12-01D IA-B12-01risk IA-B12-02 IA-B9-01

SAMPLE ID:419 23988 10790 94945 20947 9549 12333 12333 13847 12952

DATE SAMPLED:10/21/99 10/21/99 10/21/99 10/21/99 10/21/99 10/21/99 10/21/99 10/21/99 10/21/99 10/21/99

Duplicate Sample

Compound ppbv ppbv ppbv ppbv ppbv ppbv ppbv ppbv ppbv ppbv

Vinyl chloride 0.022 0.020 U 0.020 U 0.032 0.020 U 0.041 0.020 0.031 0.020 U 0.022

1,1 -Dichloroethene 0.027 0.020 U 0.020 U 0.020 U 0.020 U 0.210 0.077 0.144 0.140 0.023

1,1,1 -Tnchloroediane 0.510 0.140 0.110 0.350 0.340 0.540 0.460 0.500 0.420 0.480

Trichloroethene 0.260 0.055 0.043 0.180 0.180 0.095 0.120 0.108 0.065 0.180

Tetrachloroethene 0.089 0.081 0.055 0.082 0.097 0.096 0.110 0.103 0.120 0.560

Data from B-2 (not including the leased area at the BE comer of the building)

SITE ID:lA-99-01 IA-99-01 IA-99-01RISK IA-99-02 IA-99-03 IA-99-04 IA-99-05 IA-99-01 IA-99-02 IA-99-03

SAMPLE ID: CL0054 0090 GL0054 92062 802 0071 93208 GL0054 92062 802

DATE SAMPLED: 9/2/99 9/2/99 9/2/99 9/2/99 9/2/99 9/2/99 9/2/99 9/22/99 9/22/99 9/22/99

DUPLICATE

Compound ppbv ppbv ppbv ppbv ppbv ppbv ppbv ppbv ppbv

Vmyl chloride 0.016 0.99 0.50 0.024 U 0.025 0.025 U 0.036 0.043 0.023 0.048

1,1 -Dichloroethene 0.18 0.23 0.2,1 0.15 0.72 0.18 0.14 0.32 0.24 0.29

1,1,1 -Trichloroethane 0.25 1.0 0.63 1.1 1.8 1.1 1.0 2.10 1.8 2.1

Tnchloroethene 7.8 8.1 7.95 8.2 8.2 11.0 10.0 1.8 1.7 1.8

T etrachloroethene 0.25 031 0.28 0.031 U 0.91 1.10 0.46 U 0.33 0.22 0.36

q \w9\army\stratford\NEW INDOOR AIR

TABLE 4 1/28/00
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INDOOR AIR ANALYTICAL RESULTS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

Data from B-1, the leased area ofB-2, B-9, B-12, B-48, and B-65

SITE ID:IA-B48-01 IA-B65-01 IA-B65-01D Ma^dmum

SAMPLE ID: 12703 12954 12954 Cdtu^tralion

DATE SAMPLED:10/21/99 10/21/99 10/21/99

Duplicate Sample

Compound ppbv ppbv ppbv ppbv

Vinyl chloride 0.033 0.210 0.22 0.22

1, l-Dichloroethene 0.020 U 0.038 0.039 ........0,2.1

1,1,1 -Trichloroethane 1.200 0.190 0.19 L2

Trichloroethene 0.100 0.110 0.11 0.26

Tetrachloroethene 0.160 0.047 0.046 0.56

Data from B-2 (not including the leased area at the SE corner of the building)

SITE ID:IA-99-04 IA-99-05 IA-99-05 IA-B2-01 Matiibom

SAMPLE ID:0071 93208 0090 25246 Coai^ntration

DATE SAMPLED:9/22/99 9/22/99 9/22/99 10/21/99

Duplicate Sample

Compound ppbv ppbv ppbv ppbv ppbv

Vinyl chloride 0.063 0.063 0.066, 0.010 'o,^
1,1 -Dichloroethene 0.30 0.26 0.63 0.210 0.72

1,1,1 -Trichloroethane 2.5 2.0 2.4 0.240 .  . 2,5

Trichloroethene 2.0 1.7 2.0 0.078 11

T etrachloroethene 0.41 0.35 0.43 0.065 1.1

q:\w9\army\stratford\NEW INDOOR AIR
TABLE 4 1/28/00



table 5

INDOOR AIR DATA CONVERSION

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

Chemical of Concern

MAXIMUM OHM

CONCENTRATION FROM

B-2 (LEASED), B-9, B-12, B-48, AND B
65 (ppbv)

Mol.

Formula Mol. Wt.

CONVERTED OHM

CONCENTRATION

(ug/m^)
Vinyl Chloride 0.22 CjClIfj 62 0.57

1,1 -Diehloroethene 0.21 C2CI2H2 96 0.84

1,1,1 -Tnehloroellrane 1.2 C2CI3H3 132 6.6

Triehloroethylene 0.26 €201311 130 1.4

Tetraehloroethylene 0.56 C2CI4 164 3.8

Chemical of Concern

MAXIMUM OHM

CONCENTRATION FROM B-2

(UNLEASED) (ppbv)

Mol.

Formula Mol. Wt.

CONVERTED OHM

CONCENTRATION

(ugW)
Vinyl Chloride 0.99 C2CIH3 62 2.6

1,1 -Diehloroethene 0.72 C2CI2H2 96 2.9

1,1,1 -Triehloroethane 2.5 C2CI3H3 132 14

Tnehloroethylcne 11 C2CI3H 130 59

T etraehloroethylene 1.1 C2CI4 164 7.5

Conversion of ppbv to ug/m :

Cone (ug/m^) = Cone (ppbv) /1000 x Mol. Wt./ 0.02404

q-\w9\amiy\stratford\NEW INDOOR AIR
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TABLE 6

COMPARISON OF MAXIMUM INDOOR AIR CONCENTRATIONS TO STANDARDS

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

Data from Building B-2 (Unleased) - Used in the Assessment of Short-Term Exposures at B-2 for Maintenance Workers

OHM

Max Indoor Air

Concentration (mg/m^)

Industrial/Commercial

Target Indoor Air Cone.

(mg/m^)*

Indoor Air

Concentrations

Exceeds Target?

TLV-STEL

(mg/m^)**
Indoor Air Concentrations

Exceeds TLV?

Vifiyl chloride 2,55E-03 4.S7E-05 Yes NA NA

1,1-DiohJoroethene .  2.88E-03 8.18E-05 Yes 79 No

1,1,1 -Trichloroethane 1.37E-02 1 46E+00 No 2429 No

XrichlcOTefliene . 5S5B-02. . 5.00E-q3 Yes 532 No

T etrachloroethene 7.50E-03 l.lOE-02 No 671 No

Data from Buildings B-1, the leased area ofB-2, B-9. B-12, B-48, and B-65 - Used in the Assessment ofLonger -Term

OHM

Max Indoor Air

Concentration (mgW)

Industrial/Commercial

Target Indoor Air Cone,

(mg/m^)*

Indoor Air

Concentrations

Exceeds Target?

TLV-TWA

(mg/m^)**
Indoor Air Concentrations

Exceeds TLV?

Vinyl chloride .5.675-04 . 4.87E-05 Yes 13 No

1,1-Dichloroefhene . . •  839E-04 ST8E-05 ;  Yes 20 No

1,1,1 -Tnchloroethane 6.59E-03 1.46E+00 No 1890 No

Trichloroethene 1.41E-03 5.00E-03 No 266 No

T etrachloroethene 3.82E-03 l.lOE-02 No 168 No

Notes:

TLV in mg/m^ = (TLV in ppm) * (gram MW) / 24.45
* Obtained from CTDEP, 1996. State of Connecticut Department ofEnvironmental Protection Remediation Standard Regulations

(22a-133k-l through 22a-133k-3).
** Obtained from ACGIH, 1998. Threshold Limit Values for Chemical Substances and Physical Agents.

Based on "adopted values" and not "intended changes."

TLV - threshold limit value

TWA - time-weighted average; appropriate for conventional 8-hr workday.
STEL - short-term exposure limit; appropriate for short-term exposures (15-minute TWA). Only short-term exposures are likely to occur in Building B-2.

q.\w9\army\stratford\NEW INDOOR AIR TLVS-TABLE 6 1/28/00



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 1

MAINTENANCE WORKER VISITING BUILDING 2 - USING B-2 (UNLEASED) MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 7

EXPOSURE PARAMETERS EQUATIONS

PARAMETra

CONCENTRATION IN AIR

CONVERSION FACTOR 1

EXPOSURE TIME DAILY

EXPOSURE FREQUENCY

EXPOSURE DURATION

CONVERSION FACTOR 2

AVERAGING TIME CANCER

AVERAGING TIME NONCANCER

[OHM]air

CFI

ET

EF

ED

CF2

AT

AT

. VALUE.

Calculated

24

2

250

25

365

75

25

ug/in

hours/day

hours/day

days/year

years

days/year

years

years

SQWCfi ■

Assun^tion

Assunption [a]

USEPA, 1991

US EPA. 1997

USEPA. 1991

USEPA, 1997 E^qxisurc Facto? Handbook, Volume I. General Factors. EPA/6(K)/P-95/002Fa

USEPA, 1991 Human Health Evaluatioa Manual, Supplemental Guidance "Standard Default Exposure Factors " OSWER
Directive 9285 6-03

fal 5 days per week for 50 Nveeks (assuming 2 wedo» vacation)

CANCER RISK - AVG CONC. (ug/m3) * CANCER UNIT RISK (ufi/mS)^.

HAZARD QUOTIENT - AVG C0NC.(ug/m3)/REF CONC. (ug/m3)

AVG EXPOSURE CONC.-

♦For noDcaranogenic elTecti' AT «■ ED

IOHMImr*EF*E;T*E;D
AT * CFl * CF2

NEW INDOOR AIR/2-HR ET-MAX 1/28/00 149 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 1
MAINTENANCE WORKER VISITING BUILDING 2 - USING B-2 (UNLEASED) MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT ^
STRATFORD, CT

TABLE?

CARCINOGENIC EFFECTS

. COftfFQUNl?

OHM

AIR

CONOPPiTRATlON .

AVERAGE AIR
CDNOENTRATION

pFETlMR

inhalation
GANGER

UJflT RI3R

CanCeR
RISK

Vinyl chloride
1,1-DichIoroethcne

Tnchloroethene

Tctrachloroethcne

2 55E-K)0

v2 88E+00

5 95E+01

7 50E-H)0

4 9E-02

5 5E-02

1 lE+00

ME-Ol

8 40E-05

5 00E-05

2 00E-06

A 808-07

4 lE-06

2 7E-06

2 3E-06

6 9E-08

9E-46!SUMMA3^V CANCER RigK

NEW INDOOR AIR/2-HR ET-MAX 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 1
MAINTENANCE WORKER VISITING BUILDING 2 - USING B-2 (UNLEASED) MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 7

NONCARCINOGENIC EFFECTS

PHM AVPBA0P AIR crrOniC HAZAm)

AIR CONCENTRATION INBALATIQN QUOTIENT

C6Mi»oUND COPiCPNfllATlON FORTIM^ PEftiqp

(uH/m*) (ue/ni?) (us/nj3)

Vinyl chlondc 2 55E+00 1 5E-0I NO

1,1-Dichlorocthene 2 88E+00 I 6E-0I NO

1,1,1 -Tnchloroethane 1 37E+01 7 8E-01 1 OOh+03 7 8E-04

Tnchloroctiicnc 5 95E+01 3 4E-K)0 ND

Tetrdchloroethcne 7 SOE+OO 4 3E-0I 4 900+02 8 7E-04

SUMMA^iV hazard JNPRX 2E^3 •

NEW INDOOR AIR/2-HR ET-MAX 1/28/00 I 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 1
MAINTENANCE WORKER IN OTHER BUILDINGS - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED), B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 8

EXPOSURE PARAMETERS EQUATIONS

PARAM?TE» SY^IBOL• value l^TS sq^rce . . ̂

CONCENTRATION IN AIR [OHM]air Calculated ug/m^

CONVERSION FACTOR 1 CFl 24 hours/day

EXPOSURE TIME DAILY ET 6 hours/day Assumption

EXPOSURE FREQUENCY EF 250 days/year Assumption [a]

EXPOSURE DURATION ED 25 years USEPA 1991

CONVERSION FACTOR 2 CF2 365 days/year

AVERAGING TIME CANCER AT 75 years USEPA 1997

AVERAGING TIME NONCANCER AT 25 years USEPA 1991

USEPA, 1997 Exposure Factors Handbook, Volume I, General Factors EPA/600/P-95/002Fa

USEPA, 1991 Human Health Evaluation Manual, Siqiplemental Guidance. "Standard Default Ejqjosure Factors " OSWER
Directive 9285 6-03

[a I 5 days per wcdk for SO weeks (assummg 2 weeks vacation) ___________

CANCER RISK - AVG CONC (uR/mS) * CANCER UNIT RISK (UR/m3)'^

HAZARD QUOTIENT = AVG CONC (ug/m3)/REF CONC (ug/m3)

AVG EXPOSURE CONC -

*For noncardnogenlc elTects' AT » ED

lOHMIair * EF * ET * ED

AT * CFl * CF2

NEW INDOOR AIR/6hr-max r 1/28/00 1 49FM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 1

MAINTENANCE WORKER IN OTHER BUILDINGS - USING MAXIMUM CONCENTRATIONS FROM B-I, B-2 (LEASED), B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 8

CARCINOGENIC EFFECTS

QHM AVI^RAC^ AlR inhalation CanCfr

AIR CDNCKNTRATON CANCER RISK

UNIT Rjgk

(wg/m*) (ug/m?)

Vinyl chlondc 5 67E-01 3 2E-02 8 40E-05 2 7E-06

1,1-DichIoroetbene 8 39E-01 4 8E-02 5 OOE-05 2 4E-06

Tnchlorocthcne 1.4IE+00 8 0E-02 2 00E^ 1 68-07

Tetrachloroctbcnc 3 82E+00 2 2E-0i 4 80E-07 I OE-07

summary CANC^ RISK

NEW INDOOR AlR/6hr-max 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 1
MAINTENANCE WORKER IN OTHER BUILDINGS - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED), B-9, B-I2, B-48, AND B-65

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLES

NONCAkCINOGENIC EFFECTS

OHW aVpragp air CHRONIC HAiiARp
AIR CONCENTRATION INSALATION QUOTIENT

foi(T[M)£ PER;tOD RlCjl)
•  (uE/m*) lUg/Kdl (Ufl/ftj3)

Vinyl cblondc 5.67E-0I 9 7E-02 NO

1,1-Dichloroethcne 8 39E-0I 14E-01 ND

1,1,1-Tnchloroethane 6 59E+00 1  lE+OO I OOE+03 1  lE-03

Tnchloroethcne 1.41E+00 2.4E-01 ND

Tetracbloroediaie 3 82E+00 6 5E-01 4 90EK)2 I 3E-03

. SUMMAftVHA^^DfNDfiX 2E^3

NEW INDOOR AIR/6hr-max 1/28/00 1-49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 2

FULL-TIME INDOOR WORKER - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED) B-9, B-12, B-48, AND B-65

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 9

EXPOSURE PARAMETERS EQUATIONS

pARAAWTra . ; symbol VALUE ... .twrrs . . . . BOURCB . . . ! ,

CONCENTRATION IN AIR [OHM]air Calculated ug/m' CANCER RISK » AVG CONC. (ug/mS)^ CANCER UNIT RISK (us/in3)M

CONVERSION FACTOR 1 CFl 24 hours/day HAZARD QUOTIENT - AVG.C0NC.(ug/m3)/REF CONC. (ug/m3)

EXPOSURE TIME DAILY ET 8 hours/day Assumption

EXPOSURE FREQUENCY EF 250 days/year Assumption [a] lOHMlair * EF * ET * ED

EXPOSURE DURATION ED 25 years USEPA, 1991 AVG EXPOSURE CONC - AT * CFl * CF2

CONVERSION FACTOR 2 CF2 365 days/year

AVERAGING TIME CANCER AT 75 years USEPA, 1997 *For noncaranogenic effects. AT-ED

AVERAGING TIME NONCANCER AT 25 years USEPA, 1991

US HP A, 1997 Exposure Factors Handbook, Volume I, General Factors EPA/60(yP-95/002Fa

USEPA, 1991 Human Health Evaluation Manual, Supplemental Guidance "Standard De&ult Eiqiosure Factms " OSWER
Duwtive 9285 6-03.

fal 5 days pei week for 50 weeks (assunang 2 wedcs vacation)

NEW INDOOR AIR/8hr-mdx 1/28/00 149 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 2
FULL-TIME INDOOR WORKER - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED) B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT -

TABLE 9

CARCINOGENIC EFFECTS

•  OHM AVHRA0^ AlR INMAIcATION CanCeR

AIR . CONCENTRAIIOIS CANCER RISK

COMPqqNb CQNOIlNT'RAT'lOhl UNIT RISK

(ug/oi*) (ug/m?) (ug/n)3)-^'l

Vinyl chlonde 5 67E-01 4 3E-02 S 40E-05 3 6E-06

1,1-Dichloroethene 8 39E-01 6 4E-02 5 00E-05 3 2E-06

Tnchlorocthcne 1 4IE+00 1  lE-Oi 2 00F-06 2 IE-07

Tetrachlorocthene 3 82E-K)0 2 9E^1 4 80B-07 14E-07

5UMMA3RYCANC]ER ftlSK 71E-0j$"

NEW INDOOR AIR/8hr-irax 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - WORST CASE SCENARIO 2
FULL-TIME INDOOR WORKER - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED) B-9, B-J2, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 9

NONCARCINOGENIC EFFECTS

QHM AVPRAPP Mr ORrOniC HA2ARP

MR CONCENTOATJON JNBALATION QUOTIENT

COm1»OONP CPNCfiNTRATIQN FOR TIME FfcfaOP RiCji) '
(wE/mO iME/nO) (Ufl/n)3>

Vinyl chlonde 5 67E-OI 1 3E-01 ND

1,1-Dichloroethcne 8 39E-0i 1 9E-01 NO

1.1,1-Tnchlorocthdnc 6 59E+00 1 5E+00 1 OOE+03 I 5E-03

Tnchlorocthenc 1 41E-K)0 3 2E-01 ND

T etrachlorocthene 3 82E+00 8 7E-01 4 OOE+02 1 8E-03

summary hazard INDEX 3E-03

NEW INDOOR AIR/8hr-mdx 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM
MAINTENANCE WORKER VISITING BUILDING 2 - USING B-2 (UNLEASED) MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT ^
TABLE 10

EXPOSURE PARAMETERS EQUATIONS

fASAmxm. ■

CONCENTRATION IN AIR

CONVERSION FACTOR I

EXPOSURE TIME DAILY

EXPOSURE FREQUENCY

EXPOSURE DURATION

CONVERSION FACTOR 2

AVERAGING TIME CANCER

AVERAGING TIME NONCANCER

SYMBOL: .

[OHM]dir
CFI

ET

EF

ED

CF2

AT

AT

24

2

250

5

365

75

5

USEPA, 1997 Exposure Factors Handbook. Volume I, General Factors EPA/600/P-95/002Fd.

US EPA, 1991 Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors " OSWER
Directive 9285 6-03

fal 5 days per week for 50 weeks fassumuig 2 weeks vacation)

U NITS .

ug/m'
hours/day

hours/day

days/year

years

days/year

years

years

Assumption

Assumption [a]

USEPA, 1991

USEPA, 1997

USEPA, 1991

CANCER RISK = AVG CONC. (ug/nO) * CANCER UNIT RISK (uR/mB)^.

HAZARD QUOTIENT = AVG CONC (ag/m3)/REF CONC. (ug/m3)

AVG EXPOSURE CONC.-

*FornoncarcinogenicefTectS' AT = ED

10HMlair*EF*ET*ED

AT * CFI * CF2

NEW INDOOR A1R/2-HR ET-MAX-5yr 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM
MAINTENANCE WORKER VISITING BUILDING 2 - USING B-2 (UNLEASED) MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT ;

TABLE 10

CARCINOGENIC EFFECTS

AVpRAdE AIR ljSMAi<ATION CANCER

AIR CDNC3!KrRAT3^N CANCER RISK

COPfCWRAtlON OjflT RI5R
(ug/njS^-rl

Vniyl chlonde 2^5E-K)0 9 7E-03 8 40E-05 8 2E-07

1,1-Dtchloroethene 2 88E-K)0 I lE^ 5 00E-05 5 5E-07

Tnchloroethene 5.95E+01 2 3E-01 2 00E-06 4 5E-07

Tetrachloroetbene 7 50E-K)0 2 9E-02 4 80E-07 I 4E-08

SUMMARY CAHCER RISK

NEW INDOOR AIR/2-HR ET-MAX-5yr 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM
MAINTENANCE WORKER VISITING BUILDING 2 - USING B-2 (UNLEASED) MAXIMUM CONCENTRATIONS
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 10

NONCARCINOGENIC EFFECTS

AIR

COPiCPPfTRAT'lON

AVtiRA(5^ AIR
concentration

FOR TIME pE<j;Iop •
(ug/nai

CHRONIC
INRALATION

RfClU

ha^arp

QUOTIENT

Vinyl chlonde

1,1-Dichlorocthcnc

1,1,1-Tnchloroethane

Tnchloroethcnc

Tetrachloroethene

2 55E-K)0

2 88E+00

I 37E+01

5 95E+01

7 50E+00

15E-01

16E-01

7 8E-01

3 4E+00

4 3E-01

ND

ND

1 OOE+03

ND

4 90E-K>2

7 8E-04

8 7E-04

SUMMARVHA^RP IJ^DEX 2JM3

NEW INDOOR AIR/2-HR ET-MAX-5yr 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM
MAINTENANCE WORKER IN OTHER BUILDINGS - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED), B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 11

EXPOSURE PARAMETERS EQUATIONS

pARAMgrra'

CONCENTRATION IN AIR

CONVERSION FACTOR 1

EXPOSURE TIME DAILY

EXPOSURE FREQUENCY

EXPOSURE DURATION

CONVERSION FACTOR 2

AVERAGING TIME CANCER

AVERAGING TIME NONCANCER

.SVMBOL: .

[OHM]air

CFl

ET

EF

ED

CF2

AT

AT

24

6

250

5

365

75

5

.UN]LTS .

ug/m

hours/day

hours/day

days/^car
years

days/year

years

years

Assumption

Assumption [a]

USEPA 1991

USEPA 1997

USEPA, 1991

USEPA 1997 Exposure Factors Handbook, Volume I. General Factors EPA/600/P-95/G02Fa

USEPA 1991 Human Health Evaluation Manual, Siqiplemental Guidance •Standard Default Exposure Factors " OSWER
Directive 9285 6-03

[al 5 days per week for 50 weeks (assuminfi 2 weeks vacation)

CANCER RISK - AVG CONC (ug/mS) * CANCER UNIT RISK (uH/m3)^-l

HAZARD QUOTIENT = AVG C0NC(iig/ni3)mEF. CONC. (ug/m3)

AVG. EXPOSURE CONC. =

♦For DODcaranogenic eflects AT " ED

10HM!air*EF*ET*ED

AT * CFI * CF2

NEW INDOOR AIR/6hr-max-5yr 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM
MAINTENANCE WORKER IN OTHER BUILDINGS - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED), B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 11

CARCINOGENIC EFFECTS

OHM aVeraOp air INHALATION CaNOeR

Am .CONCaNTRATJON CANCER RISK

COmpoUNI?- C:qtNc!¥iNTRA'j['lQN (jWrrjivlp UNIT risk

(ug/mjji

Vuiyl chlonde 5 67E-01 6 5E-03 8 40E-05 5 4E-07

l.I-Djchlofoethene 8 39E-0I 9 6E-03 5 00E-05 4 8E-07

Tnchloroetlicne I 4IE-K)0 I.6E-02 2 00E-06 3 2E-08

Tctrachloroethcnc 3 82E+00 4 4E-02 4 80E-07 2 IE-08

SUMlviAftY C ANCm RISK

NEW INDOOR AIR/6hr-max-5yr 1/28/00 1-49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM

MAINTENANCE WORKER IN OTHER BUILDINGS - USING MAXIMUM CONCENTRATIONS FROM B-I, B-2 (LEASED), B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT /

TABLE 11

NONCARCINOGENIC EFFECTS

AVpRAdP AJR CHR(>NIC HA2ARD

AIR • CDNQCNTRATION INaALATlON QUOTIENT
COR|PQl?Nl) CQNOJlNTRATlOh? • FORTIM^ PERJOP RfC|])

(UE/Wl*) * (me/iu5) (ufl/no)

Vinyl chlonde 5.67E-01 9 7E-02 ND

M-Dichloroetbene 8 39E-01 1 4E-0! ND

1,1,1-Tnchloroethane 6 59E-K)0 l.IE+00 1 I OOE+03 1  lE-03

Tnchlorocthenc 141E+00 2 4E-01 ND

Tctrachlorocthene 3 82E+O0 6 5E-01 4 90E+02 1 3E-03

SVMIVStAftVHA^W) INDEX 2E-03 :

NEW INDOOR AIR/6hi^max-5yr 1/28/00 1.49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM
FULL-TIME INDOOR WORKER - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED) B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 12

EXPOSURE PARAMETERS
EQUATIONS

pARAMgTER.

CONCENTRATION IN AIR

CONVERSION FACTOR 1

EXPOSURE TIME DAILY

EXPOSURE FREQUENCY

EXPOSURE DURATION

CONVERSION FACTOR 2

AVERAGING TIME CANCER

AVERAGING TIME NONCANCER

SYMBCfL.

[OHM]air

CFl

ET

EF

ED

CF2

AT

AT

VALUE. UNITS SOURCE

ug/m

24 hours/day

8 hours/day Assumption

250 days/year Assumption [a]

7 years USEPA, 1991

365 days/year

75 years USEPA, 1997

7 years USEPA, 1991

USEPA 1997 Exposure Factors Hdndbcx)k, Volume I, General Factors EPA/6(XyP-95/002Fa

USEFA 1991 Human Healtii Evaluation Manual, Supplemental Guidance* "Standard Defeult Exposure Factors " OSWER
Duective 9285 6-03

fal 5 days per week for 50 weeks (assummg 2 weeks vacation)

CANCER RISK - AVG CONC. (uB/m3) * CANCER UNIT RISK (ug/m3)^-l

HAZARD QUOTIENT => AVG.CONC (ug/m3)/REF CONC (ug/m3)

AVG EXPOSURE CONC ■

*For noncardnogemc effects. AT = ED

10HMIalr*EF*ET*ED

AT * CFl * CF2

NEW INDOOR AIR/8hr-max-7yr 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM

FULL-TIME INDOOR WORKER - USING MAXIMUM CONCENTRATIONS FROM B-l, B-2 (LEASED) B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 12

CARCTNOGENIC EFFECTS

QPM AVPRAG^ AlR iNHALjATlOrJ cancer
AIR • CONCSNTRAnON CANCER RISK

CONCRNt'RAT'ION IWTWSK

.  . .
(ug/n>3).^-l

Vmyl cfalonde 5 67E-01 1 2E-02 8 40E-05 1 OE-06

1,1-DichIoroethene 8 39E-01 I 8E^2 5 00E-05 8 9E-07

Tnchloroetbeiie I 4IE+00 3 0E-02 2 00E-06 6 0E-08

Tetrdchlorocthcne 3 82E+00 8 IE-02 4 80b-07 3 9E-08

SUMMARY CANC)Eli risk

NEW INDOOR AIRy8hr-max-7yr 1/28/00 1 49 PM



INHALATION EXPOSURE TO VOLATILE OHM IN INDOOR AIR - USING ED THAT RESULTS IN ACCEPTABLE RISKS FOR EACH OHM

FULL-TIME INDOOR WORKER - USING MAXIMUM CONCENTRATIONS FROM B-1, B-2 (LEASED) B-9, B-12, B-48, AND B-65
STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

TABLE 12

NONCARCINOGENIC EFFECTS

{::OciviI*Ol?ND

PftM
Am

CQPiCENTRAT'lON
(w/ro*)

aVpraG^ air
CDNCKmHABON •

pqiRTIMfi PEB3PP

Cug/n>?)t

CllROjMtC
JNSALATION

WC[1J
(Ufl/n)3)

HAZARP
QUOTIENT

Vmyl chlcmde 5 67E-01 I.3E-01 NO

I,l-Dichk)roethene 8 39E-01 I 9E-01 ND

1,1,1-Tnchloroethane 6 59E+00 I 5E+00 1 00E-K)3 I 5E-03

Tnchloroethene I4IE+00 3 2E-01 ND

T etrachloroethene 3 82E+Q0

j

8 7E-01 4 90EI02 I 8E-03

3UMMARVHAZAHD JNpi^X 3^3

NEW INDOOR AIR/81u--max-7yr 1/28/00 1 49 PM



TABLE 13

SUMMARY OF CANCER AND NON-CANCER RISKS FOR THE INDOOR WORKER

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

Exposure Scenario Exposure Point Receptor Exposure Route ELCR HI

Worst-Case Scenario 1 [a]

/

Data from B-2 (Unleased) Maintenance Worker Vapor inhalation 9E-06 0 002

Data from B-1, B-2 (Leased), B-9, B-12, B-48, and B65 Maintenance Worker Vapor inhalation

Total Risk for Receptor

5.E-06

l.E-05

0 002

0.004

Worst-Case Scenario 2 [a] Data from B-1, B-2 (Leased), B-9, B-12, B-48, and B65 Full-Time Indoor Worker Vapor inhalation

Total Risk for Receptor

7.E-06

7.E-06

0.003

0.003

Notes:

ELCR=Excess Lifetime Cancer Risk

[a] Maximum concentrations used as exposure pomt concentrations for estimating risks For Scenano 1, it is assumed that a maintenance worker may be piesent at Building B-2 (unleased) intermittently throughout the day (assume 2 hours/day).
The remaining workday is assumed to be spent m the other portions of the fecility (assume 6 hours/day) For Scenano 2. a full-time indoor worker is assumed to spend the entire woikday in portions of the facihty other than Building B-2 (unleased)

q \w9\army\stratford\IFilelCurTent 1/28/00



TABLE 14

EXPOSURE DURATIONS THAT CORRESPOND TO ACCEPTABLE CANCER RISK LEVELS BY OHM

STRATFORD ARMY ENGINE PLANT

STRATFORD, CT

Exposure Scenario Exposure Point OHM ELCR

Worst Case Scenario 1 [a] Data from B-2 (Unleased) Vinyl chlonde 8E-07

"Acceptable Duration " - 5years 1,1-Dichloroethene 5.B-07

Tnchloroethene 5.E-07

Tetrachloroethene LE-08

Data from B-1, B-2 (Leased), B-9, B-12, B-48, and B65 Vinyl chlonde 5.E-07

1,1 -Dichloroethene 5.E-07

Tnchloroethene ^ 3.E-08

Tetrachloroethene 2.E-08

Total OHM Risk Vinyl chloride l.E-06

1,1-Dichloroethene l.E-06

Trichloroethene 5.E-07

Tetrachloroethene 3.E-08

Worst Case Scenario 2 [a]

"Acceptable Duration " - 7years Data from B-1, B-2 (Leased), B-9, B-12, B-48, and B65 Vinyl chloride
1,1-Dichloroethene

Tnchloroethene

T etrachloroethene

l.E-06

9.E-07

6E-08

4.E-08

Notes:

ELCR = Excess Lifetime Cancel Risk

HI = Hazard Index

[a] Maximum concentrations used as exposure point concentrations for estimating risks Foi Scenario I, it is assumed that workers may be present at Building B-2
intermittently throughout the day (assume 2 hours/day). The remaining workday is assumed to be spent in the other portions of the facility (assume 6 hours/day)
For Scenano 2, the worker is assumed to spend the entire workday m portions of the facility other than Building B-2

q \w9\army\stratford\Sumrlsk1e06 1/28/00



APPENDIX C

Rounds 1 through 4 Air Data

g.\projects\tercs\projects\do20\ou2\indoor_air_quality\6 rounds addl samplmg\workplan\monitor doc 47254



ROUND 1

INDOOR AIR QUALITY SAMPLING ANALYTICAL RESULTS
STRATFORD ARMY ENGINE PLANT

SITE ID:|IA-99-01 |LA-99-01 |IA-99-02 |lA-99-03 |IA-99-04 |lA-99-05
SAMPLE ID: GL0054

DATE SAMPLED: 9/2/99

Compound

Vinyl chloride
1,1-Dichloroethen
1,1,1-Trichloroeth
Trichloroethene

Tetrachloroethene

ppbv

0.016

A ~o.iL
0.25

' 7'8

0090

9/2/99

DUPLICATE

ppbv

0^99

- . 0.23
1.0

8.1

""0.31"

ipbv

0.024 U

0.15.
l.f~ *
8.2

0.31 U

0.025

'1.1
::Jx-o

1.10

SITE ID: lABKGDOl

SAMPLE ID: 9707-B

DATE SAMPLED: 9/2/99

Compound

Vinyl chloride
1,1-Dichloroethen
1,1,1-Trichloroetli
Trichloroethene

Tetrachloroethene

0.15 U

0.19 U

2.1 U

1.90 U

IABKGD02

12442

9/2/99

0.33;
o.i? u
1.9 u

Shaded values indicate exceedance of RSR

RSR = CTDEP Remediation Standard

Regulation (RSR) for Indiistrial/Commereial

U - Not Detected at a concentration

above the detection limit

1.70 U

g:\projects\esps\saep\plating\fieldwrk\fldchem\Roundl&2&3_Resu]ts
ROUND I DATA



ROUND 2

INDOOR AIR QUALITY SAMPLING ANALYTICAL RESULTS
STRATFORD ARMY ENGINE PLANT

SITE ID; IA-99-01 IA-99-02

SAMPLE ID: GL0054 92062

DATE SAMPLED: 9/21/99 9/21/99

IA-99-03 IA-99-04 IA-99-05 U-99-05

802

9/21/99

0071

9/21/99

93208

9/21/99

Compound RSR*

Vinyl chloride 0.019
1,1-Dichloroethen 0.02

1,1,1-Trichloroetl: 266

Trichloroethene 0.92

Tetrachloroethene 1.61

SITE ID: 1ABKGD03

SAMPLE ID: 9707-B

DATE SAMPLED: 9/21/99

Compound

Vinyl chloride
1,1-Dichloroethen
1,1,1-Trichloroeth

Trichloroethene

Tetrachloroethene

pbv

0.018

0.01 U

0.14

0.29

0.33

1ABKGD02

12442

9/21/99

0.019

0.01 U

0.27

0.34

0.38 U

Shaded values indicate exceedance of RSR

RSR = CTDEP Remediation Standard

Regulation (RSR) for Industrial/Commercial

U - Not Detected at a concentration

above the detection limit

g:\projects\esps\saep\plating\fleldwrk\fldcheni\Roiind 1 &2&3_Results
ROUND 2 DATA



ROUNDS

INDOOR AIR QUALITY SAMPLING ANALYTICAL RESULTS
STRATFORD ARMY ENGINE PLANT

SITEID:|U-B1-01 ||IA-Bl-02 l|lA-Bl-03 ||IA-ML-01 ||IA-ML-02 ||IA-B2-01
SAMPLE ID: 419 23988 10790 94945 20947 25246

DATE SAMPLED: 10/21/99 10/21/99 10/21/99 10/21/99 10/21/99 10/21/99

Compound

Vinyl chloride
1,1-Dichloroethen
1,1,1-Trichloroeth

Trichloroethene

Tetrachloroethene

bv ppbv ppbv ppbv

0.020 U 0.020 U , 0.032i 0.019 U

0.020 U 0.020 U 0.01*9 U 0.019 U

0.140 0.110 0.350 0.340

0.055 0.043 0.180 0.180

0.081 0.055 0.082 0.097

ppbv

^ 0.020^ U

SITE ID: IA-B12-01

SAMPLE ID: 9549

DATE SAMPLED: 10/21/99

Compound RSR* ppbv

Vinyl chloride 0.019 0.041

1,1-Dichloroethen 0-02 Si 0.210

1,1,1-Trichloroetli 266 ~0'.540
Trichloroethene 0.92 0.095

Tetrachloroethene 1.61 0.096

IA-B12-01D 1

12333 1

10/21/99 1

Duplicate Sample

ppbv

0 020

__JDi.077'
""OAbO
0.120

0.110

lA-B 12-02

13847

10/21/99

e

ppbv

0.019 U

••:o7iW
0.420

0.065

0.120

IA-B9-01

12952

10/21/99

1A-B48-01

12703

10/21/99

ppbv

0.019 U

1.200

0.100

0.160

IA-B65-01

12954

10/21/99

SITEID:|1A-B65-01D nriA-BKGD-04 IA-BKGD-05
SAMPLE ID: 12954

DATE SAMPLED: 10/21/99

12954 30842 1054

10/21/99 10/21/99 10/21/99

Duplicate Sample

Compound RSR* ppbv

Vinyl chloride 0.019 "  ' 0.22

1,1-Dichloroethen 0-02 ^
1,1,1-Trichloroeth 266 0.19

Trichloroethene 0.92 0.11

Tetrachloroethene 1.61 0.046

IA-BTB-03

9936

10/21/99

Trip Blank

bv ppbv ppbv

0.018 U 0.019 U 0.010 U

0.018 U 0.019 U 0.010 u

0.092 U 0.019 U 0.050 U

0.037 U 0.042 0.020 U

0.084 0.063 0.020 U

Shaded values indicate exceedance of RSR

RSR = CTDEP Remediation Standard

Regulation (RSR) for Industrial/Commercial

U - Not Detected at a concentration

above the detection limit

g:\prpjects\esps\saep\plating\fieldwrlc\fldchem\Roundl&2&3_Results
ROUND 3 DATA



ROUND 4

INDOOR AIR QUALITY SAMPLING ANALYTICAL RESULTS
STRATFORD ARMY ENGINE PLANT

SITE ID: IA-ML-01

SAMPLE ID: 9912135A-04A

DATE SAMPLED: 12/7/99

Vinyl chloride
1,1 -Dichloroethene
1,1,1 -Trichloroethane
Trichloroethene

T etrachloroethene

RSR*

0.019

0.02

266

0.92

1.61

bv

0.021 U

0.021 U

0.200

0.200

0.140

IA-ML-02

9912135A-05A

12/7/99

IA-Bl-01

9912135B-01A

12/7/99

bv

0.020 U

0.020 U

0.180

0.047

0.072

IA-Bl-02

991213SB-02A

12/7/99

bv

0.020 U

0.020 U

0.140

0.075

0.063

IA-Bl-03

9912135B-03A

12/7/99

bv

0.020 U

0.020 U

0.150

0.120

0.110

IA-B9-01

9912135B-06A

12/7/99

bv

0.021 U

0.021 U

0.530

0.042 U

0.380

SITE ID: IA-B65-01

SAMPLE ID: 9912135B-07A

DATE SAMPLED: 12/7/99

RSR*

Vinyl chloride 0.019

1,1 -Dichloroethene 0.02

1,1,1 -Trichloroethane 266

Trichloroethene 0.92

T etrachloroethene 1.61

IA-B12-01

9912135B-08A

12/7/99

IA-B12-01D

9912135A-05A

12/7/99

Duplicate Sample

IA

bv

-B12-02

9912135B-10A

12/7/99

IM IKI

IA-B2-01

9912135B-11A

12/7/99

bv

0.021 U

*0^086
0.550

0.630

0.075

IA-BKGD-06

9912135B-12A

12/7/99

bv

0.019 U

0.019 U

0.096 U

0.038 U

0.041

SITE ID:

SAMPLE ED:

DATE SAMPLED:HHi
IA-TB-01

9912135B-14A

12/7/99

Trip Blank

ppbvRSR* ppbv ppbv

Vinyl chloride
1,1 -Dichloroethene

1,1,1-Trichloroethane
Trichloroethene

T etrachloroethene

0.019

0.02

266

0.92

1.61

0.019 U 0.020 U

0.019 U 0.020 U

0.096 U 0.100 U

0.038 U 0.040 U

0.041 0.042

0.010 u

0.010 u

0.050 U

0.020 U

0.020 U

Shaded values indicate exceedance of RSF

RSR = CTDEP Remediation Standard

Regulation (RSR) for Industrial/Commei

U - Not Detected at a concentration

above the detection limit
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