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VIA FEDERAL EXPRESS

Ms.RuthScharr(3HS21)
U.S. Environmental Protection Agency
Region ni
1650 Arch Street
Philadelphia, PA 19103-2029

Re: Keystone Sanitation Landfill

Dear Ms. Scharr:
• \ •.'•••"'•"..-;. ' • ' •

The purpose of this letter is to submit comments on behalf of Keystone Sanitation
Company, Inc. and Mr. and Mrs. Kenneth Noel (hereinafter collectively "Keystone") in
response to the United States Environmental Protection Agency's ("EPA's") Proposed
Plan to Amend the Operable Unit One Record of Decision ("Proposed Plan") for the
Keystone Sanitation Landfill site .located in Union Township, Adams County,
Pennsylvania (the "Site"). The Proposed Plan was originally issued on July 1,1998 with
a public comment period ending July 31, 1998. EPA extended the public comment
period until August 31,1998. .

Keystone hereby reserves its rights to supplement these comments as a result of
comments submitted by other parties or if EPA makes significant changes from the
Proposed Plan in its selected remedy for the Site. In addition, Keystone hereby requests
EPA to respond fully to comments submitted on its behalf prior to the 60-day comment
period which began on July 1,1998, including, without limitation, my July 16, 1996 and
July 24,1996 letters to Mary Rugala, (Attachments 1 and 2) and a January 2,1997 report
prepared by Professor Edward J. Bouwer of Johns Hopkins University entitled
"Evaluation of Chemical Constituents in Groundwater in the Vicinity of the Keystone
Sanitation Landfill;" (Attachment 3). All attachments to this letter are submitted for
purposes of inclusion in the administrative record file for the Site.
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A. " Incorporation of Comments bv Waste Management of Pennsylvania. Inc.

.j i x-*- Keystone hereby incorporates and adopts certain comments set forth in an August
"4s-, 1998 letter submitted by .Stephen Joyce on behalf of Waste Management of
Pennsylvania, Inc. ("Waste Management"). In particular, Keystone concurs with and
requests EPA's review and full response to the following Waste Management comments:

1. The Proposed Plan incorrectly includes iron and manganese as site-related
constituents hi several off-site residential wells.

2. The Proposed Plan incorrectly includes iron and manganese as site-related
constituents when calculating Hazard Indices for off-site residential wells.

3. U.S. EPA has inappropriately indicated that vinyl chloride detected hi off-
site residential well RW-57 is related to the landfill, and has incorrectly
characterized the associated risk.

4. U.S. EPA has inappropriately characterized the contribution of other
sources to the calculated risks.

Keystone does not take a position on Waste Management's "Alternative Remedy"
comments at this time because it has participated in recent technical discussions between
Waste Management and EPA concerning the "Alternative Remedy."

B. EPA Has Not Demonstrated that Volatile Organic Compounds Detected in
CertainMonitoring and Residential Wells are Attributable to the Landfill

The Proposed Plan states that several volatile organic compounds ("VOCs")
detected in groundwater beyond the landfill boundaries in monitoring and residential
wells are attributable to groundwater migration from the landfill. S££ Proposed Plan at p.
7. In this regard, the Proposed Plan identifies 1,1,1-trichloroethane (1,1,1-TCA),
trichloroethene (TCE), tetrachloroethene (PCE), associated degradation products, and
1,4-dichlorobenezene as detected VOCs attributable to the landfill. The Proposed Plan,
liowever, fails to consider other sources of these VOCs, including then* presence hi septic
tank effluent from individual residences. The attached technical journal article entitled
"Trace Organics hi Septic Tank Effluent" (Attachment 4) reports on several studies which
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confirm that tetrachloroethene (PCE), trichloroethene (TCE) and numerous other
chlorinated organic solvents have been found in septic tanks servicing individual homes.
In fact, the article cites an EPA report in which all of the aforementioned VOCs that have
been attributed to the landfill are predicted by EPA to be the most frequently occurring
organic compounds of products used and discharged into domestic individual wastewater
treatment systems. See Attachment 4 at Table I. The article identifies a number of
common household products that are often dumped down the drain — including toilet
bowl cleaners, drain pipe cleaners, septic tank cleaners, stove and oven cleaners, tile and
tub cleaners, rug and upholstery cleaners, paint brush cleaners and thinners, and
cosmetics ~ and which contain the very same VOCs that EPA has attributed to the
landfill. Another study conducted by professors at the University of Connecticut
demonstrates that VOCs of the type reported in residential wells near the Site make then-
way into the groundwater from on-site sewage disposal systems. See Attachment 5.
Moreover, some of these same VOCs have been detected in residential wells located '
south of the stream valley of the tributary to Piney Creek in areas EPA has acknowledged
are not capable of receiving ground water affected by the landfill.

In the Remedial Investigation for OU-1, EPA recognized that residential well data
might be influenced by other factors such as nearby "septic systems" and even conducted
a preliminary well survey to identify land uses (including septic tanks) that could impact
groundwater quality). $ee Attachment 6. Despite the presence of such obvious other
sources of VOCs and other chemical constituents, EPA made no effort hi the OU-2
Remedial Investigation ("RI") to evaluate the affects of septic tanks or other on-site
residential sources of groundwater contamination. In addition, EPA has made no attempt
in the Proposed Plan or elsewhere to corroborate other landfill leachate indicator
parameters such as sodium, sulfates and chlorides in order to ascertain whether the
reported detections of a limited number of VOCs are more likely due to on-site household
sources instead of.being associated with the landfill. As Waste Management's comments
indicate, an analysis using sodium does not support EPA's contention that RW-1, RW-3
or RW-61 have been impacted by the landfill. These serious omissions now preclude
EPA from finding that the VOCs detected in residential and monitoring wells beyond the
landfill boundaries are attributable to groundwater migration from the landfill.
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C. EPA Has Not Appropriately Calculated the Risk for Individual Wells and Areas

The Proposed Plan presents its calculation of potential human health risks for
residential wells in two off-site areas (i.e. Area 1 east of the landfill and Area 2 north,
west and south of the landfill). See Proposed Plan at p. 9. The Proposed Plan attempts to
assign "Site-related" and "total" groundwater risks for these areas, as well as individual
residential wells based on those contaminants it believes are "site-related." In addition to
the problems discussed above (i.e. EPA's failure to consider other sources for
contaminants which have been detected at the landfill), the calculations for cancer and
non-cancer risks for residential wells are based upon overly conservative assumptions
which exaggerate the actual risk. For example, EPA uses a concentration of 0.765 ug/L
(parts per billion) as the "representative concentration" for calculating the risk associated
with RW3. See RI Appendix L at Table L-3. However, when the analytical results for
RW3 are probed, the folio wing'data points are found:

Date of Sample

1/1/94
6/1/94
1/1/95
10/1/95
3/1/96
6/1/96
10/1/96

PCE Concentration (ug/L)

Not Detected
1.0
NotDetected
0.4J
NotDetected
0.3J
0.6J

See RI at Appendix A, Table A-5. Several observations are worth noting. First, the "J"
qualifier is described by EPA to mean "reported value may not be accurate or precise."
Second, if the "J" values are excluded, there is only one detection (and three non-
detections) for PCE, which raises the question of how EPA could assume that 0.765 ug/L
is a "representative concentration." Third, even if the "J" values are assumed to be
correct, the average concentration for these seven samples collected over a period of 34
months is 0.328 ug/L. Fourth, EPA has made no attempt to determine whether the
concentrations for RW3 or other wells are increasing or decreasing. Instead, EPA has
used the maximum value reported, even though it appears to be an outlier, to dominate
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the calculation of risk. Since EPA's risk calculations for groundwater are based on 30
years of exposure to the "representative concentrations," the overestimation of
"representative concentrations" is a significant problem and calls into question EPA's
attempt to quantify risk in residential wells.

D. EPA's Assessment of Risk Associated with RW43 Appears to be Inappropriate

RW43 is the residential well used by Mr. and Mrs. Noel. It is reportedly more
than 600 feet.deep and is already serviced by an activated carbon filter. The RI
acknowledges that risk calculations for RW43 are based only upon one sample which
adds uncertainty to the "representative concentration" used to estimate the risk. See RI at
p. 7-29. In addition, it is believed that the one RW43 sample was collected from the
upstream side of the filter so that it does not represent the actual risk to consumers of
water on the Noel's premises. Field* notes or other documents in the possession of EPA
should be able to confirm whether the sample hi question was indeed collected from the
raw (as opposed to treated) water side of the filter. It is ironic that EPA's Proposed Plan
includes the installation of filters on residential wells to reduce the risk to human to
acceptable levels and yet does not appear to recognize the existence of a filter installed
many years ago on the Noel's well.

E. The Proposed Plan Overstates the Risk to Groundwater Because it Relies Upon
Well Samples Which Appear not to have been Field-Filtered

As EPA is aware, failure to filter groundwater samples in the field prior to
preservation with acid will result in contaminant concentrations which are often over
estimated. See e& EPA Region HI, QA Directives "Field Filtration Policy for
Monitoring Well Groundwater Samples Requiring Metals Analysis" .(April 23, 1990)
(Attachment 7). It is unclear whether all of the samples used by EPA to calculate the risk
for residential wells were field-filtered. The RI indicates that some samples were filtered
while others were not. Sse RI at Appendix C ("Sample Logs"). It is believed that field
notes taken by the sample collectors may confirm whether monitoring well and
residential well samples were in fact appropriately filtered. To the extent unfiltered
samples were used to calculate "representative concentrations" or to otherwise
characterize groundwater contamination attributable to the landfill, EPA should so state
in the RI and Proposed Plan and recalculate alternative risk factors using only filtered
samples. > :
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F. The Proposed Plan Does Not Demonstrate That the OU-1 Remedy is Necessary to
Protect Human Health and the Environment

f" • . • ,

The Proposed Plan concludes that the impermeable cap remedy selected by EPA
in September, 1990 hi the OU-1 Record of Decision, in combination with the preferred
alternative described in the Proposed Plan, are necessary in order to protect public health,
welfare and the environment from actual or threatened releases from the Site to
groundwater. Sss Proposed Plan at p. 9. However, neither the Proposed Plan, nor the RI
or Focused Feasibility Study, contain any analysis of whether groundwater concentrations
of contaminants of concern are increasing, decreasing or remaining stable as a result of
the final soil cover and vegetative layer placed on the Keystone Landfill when it closed hi
accordance with its permit requirements in 1990. Because the OU-1 Record of Decision
and the studies leading up to it occurred at a time when conditions associated with the
closed landfill could not be evaluated, the OU-2 studies and the Proposed Plan should
have reevaluated the need for a cap. EPA's conclusion that the OU-1 impermeable cap is
still needed is not supported by any current technical data or analysis and is therefore not
defensible. , - . . ' ' • . \

Thank you for the opportunity to comment upon EPA's Proposed Plan. A detailed
written response to each of the points raised above is requested.

Very truly yours,

WRT/cak
Attachments 1-7
cc: Mr. and Mrs. Kenneth Noel (w/enclosures)

John E. Griffith, Jr., Esquire (w/enclosures)
Mary Rugala, Esquire (w/enclosures)

AR32U592



* • - -
'.':•; .

;-. ?:. ̂

'"•••:' :.:.•*: •••.
:

-. • •• ••J*"-

AR32U593



PIPER & MARBURY
L.L.P.

CHARLES CENTER SOUTH
'36 SOUTH CHARLES STREET NEW yoRK

WM. ROGER TRUITT BALTIMORE. MARYLAND Z I 2O I -3O IS PHILADELPHIA
(4IO) S7O-338O .410-339-293O ' CASTON

FAX: (410) S7O-1 O4O ' FAX: «lo-93»-O*8»

July 16,1996

VIA FACSIMILE AND REGULAR MAIt. \ '. '.

Mary E. Rugala, Esquire
Sr. Assistant Regional Counsel
U.S. EPA, Region III
841 Chestnut Building
Mail Code 3RC22
Philadelphia, PA 19107

Re: Keystone Sanitation Landfill Site - OU-2 Sampling '

Dear Mary:

Enclosed please find copies of articles from the June 13, 1996 Baltimore Sun
(Carroll County edition) and the July 10, 1996 Gettysburg Times recently forwarded to
me in which Chris Corbett is quoted as saying that Keystone Sanitation Landfill OU-2
sampling has shown "additional homes that have been impacted by contaminates (sic)
that are related to the landfill," that "[tjhose homes are near the landfill, and a direct
connection to the Superfund site is likely, because those contaminates (sic) were found at
the landfill," and that "[ijt's a direct correlation.. .[between] contaminants in the off-site
wells (and) the on-site wells." Mr. Corbett's comments apparently were based upon the
latest round of residential well sampling which, according to the summary information
you forwarded to me on June 27, indicated one residential well with a very low level of
vinyl chloride and two other residential wells showing trace amounts of
pentachlorophenol ("PCP"). Mr. Corbett apparently believes that these data suggest
"mounting evidence that contamination [has] moved off-site."

My clients and I were very surprised and dismayed to read these press accounts. I
understand that on July 11, 1996 Mr. Corbett personally advised HUHIHMMk
MHHHK the Noels' tenants and the occupants of the home with the well reported by
EPA to exhibit the highest level of PCP, that a re-test two weeks earlier showed no trace

WASHINOTON - ' V
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of PCP in their well. Mr. Corbett reportedly told
drinking water was fine and that they could discontinue using the bottled water he had
recommended after the March 1996 sample indicated the presence of PCP. Despite this
apparent acloiowledgment that there was no PCP problem at theJBBBBB|residence,
Mr. Corbett either forgot to mention this important piece of information to the Gettysburg
Times reporter or was misquoted. In either event, the article is very misleading, and I
respectfully request that EPA provide a full explanation to my client and to the
Gettysburg Times so that this apparent.misinformation will not alarm the public and
create unwarranted anxiety for my clients. 1 ,

1 ,'' •'-"..•• \' , - • .

In addition, Mr. Corbett apparently stated to the media that PCP had been found
by EPA in groundwater at the Keystone Sanitation Landfill in earlier testing. I have
. carefully reviewed the July, 1990 Remedial investigation ("RI") and the September 30,
1990 Record of Decision for the Keystone site and find no reference to pentachlorophenol
or PCP in any residential or monitoring well even though at least 42 wells were tested as
part of the RI, nor was it identified as a contaminant of concern at the site. Please advise
what other data, if any, EPA has collected "from the landfill" that shows PCP to be
originating from waste contained at the site'so that my clients can better understand Mr.
Corbett's concerns and take any necessary action with regard to their tenants' wells.

It is interesting that neither of the enclosed newspaper articles mentions that the
one well located nearly one-half mile from the landfill in which vinyl chloride was
reportedly detected in the March 1996 sampling round is: (1) side-gradient to the
documented direction of ground water flow (southwest to northeast); and (2) more distant
from the landfill than at least three intervening residential wells (RW-04, RW-11 and
RW-07), that apparently did not have any detections of vinyl chloride. See enclosed
Halliburton NUS chart entitled "Keystone Landfill Residential Wells Sampled During
October 1995 - December 1995 and March 1996 Sampling Events." Moreover,
according to the summary information you forwarded to me on June 27, not cne of the

'Although the Baltimore Sun article briefly notes that "[t]he chemicals did not appear in detectable levels
in follow-up tests," it and Mr. Corbett's statements focus upon the March 1996 test results which
Mr. Corbett apparently believed had been superceded when he recommended that the
Discontinue their use of bottled water on June 11.
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other 67 residential wells tested during five rounds lof sampling data collected over the
past two years has indicated elevated levels of vinyl chloride. This one detection,
apparently not replicated hi follow-up sampling, appears to be an anomalyjuid may be
related to any plastic well casing or piping that is associated with this -new residence.
Please explain how EPA could report to the press that "a direct connection to the
Superfund site is likely" (emphasis added) from this one sample, when so much more
evidence contradicts this conclusion.

Your June 27 letter provided certain information about EPA's OU-2 residential
sampling, including results from the March 1996 sampling round which reported PCP hi
mBBMBBBBBfcwell (RW-13). Although we understand that Mr. Corbett
advised themd̂ ore than two weeks earlier (on June 11,1996) that confirmatory
sampling had demonstrated that the water was safe to drink, your letter makes no mention
of that very relevant piece of information. In addition, your letter did not transmit the
"original laboratory data" that I had requested earlier by telephone. Please advise
whether all laboratory information, which would include original laboratory data sheets,
duplicate and field blank sample results and data validation reports, are available in the
community repositories and distributed at the Task Force meetings, as your June 27 letter
implies. Please note that I have been advised that the Keystone Remediation Committee's
consultant (EA Engineering, Science and Technology) was not present at the July 11
Task Force meeting and therefore did not hear Mr. Corbett's remarks and did not receive
the residential well sampling information you forwarded on June 27. If the "original
laboratory data" is not available at the repository, I hereby request that all such
information regarding the three residential well samples discussed hi the enclosed
newspaper articles, including the March 1996 sampling round and all follow-up or
confirmatory samples analyzed for these wells, be provided to me as soon as possible. If
necessary, please treat this request under the Freedom of Information Act. Please call to
advise where and when this data can be reviewed and/or picked up.

As I think you will agree, my clients have cooperated with all of EPA's requests to
sample their tenants' residential wells, the Buchart-Horh wells and your recent request to
sample the "K" wells, all of which on the Nods' property. It is my understanding that
your June 27 letter agrees to release the results of these recent sampling efforts to me, on
behalf of my clients, at the same time as they are provided to the Task Force. If this
information does not include the original laboratory materials, including data validation
reports, I request that such information be provided simultaneously so that our
•consultants can quickly evaluate its validity and be prepared to respond to EPA's
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characterizations of the data as it is presented to the Task Force and/or the media.
Moreover, I think it is only fair that when well monitoring data or other technical
information is supplied to the Task Force or media by Agency personnel, all currently
available and relevant information (including sample results tending to contradict .the
proposition being presented) be provided so that the recipient can properly evaluate and
draw informed conclusions about the meaning of all of the data. Please confirm that the
Agency will follow this practice in the future and place my name on EPA's notification
list for all future meetings of the Task Force.

I took the time to write this letter because of the gravity of this matter, and
because I could not reach you or Joseph Donavan (your supervisor identified in your June
27 letter) by telephone. I look forward to receiving copies of the original laboratory data
requested above and written assurances that the information in the enclosed articles will
be clarified by the Agency hi written communications to the Task Force and the affected
media. Thank you in advance for your assistance.

Wm. Roger

WRT/edf
Enclosures
cc: Joseph Donovan, Esquire

Mr. and Mrs. Kenneth Noel
Mr. Timothy Saylor
John E. Griffith, Jr., Esquire
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revenues dating to
cates. money to pr
pairs, water sysi
merits and,
."We do
around and we do"
and we're in a go
throw money at th
Hampstead Mayo
M. Nevin said at T
Council meeting.

a public water supply, the The high levels of the chemicals the case for these two is very
JEPA requires the municipality to . would have prompted the EPA to strong." . • • i».\
;• ' ' . • ' • ' • " ! •

pchool board rejects video, 2 pampMets
HBoord, from Page IB] . provide Information on preventing to students as the most appropri-
- ————————— pregnancy and disease. ate choice." m addition to the par-
-Damphlets also presume sexual "Obviously there are kids who ent panel, all parents are notified
activity, he said For example, the are going to be sexually active." when new materials come up for
p̂amphlet for boys says to always Mlsh said. "But I don't think we review and can view them before

„ assume your girlfriend Is not using need to make them the focus of the school board votes.
t birth control the program." State law requires that parents
I- "There's a presumption of the At the board's request. Gary be notified of family life unit
I sex act." Stone said. Dunkleberger. assistant superin- classes and allows them to ex-
,': BaUard said she voted against tendent. drafted the abstinence dude their children. But In Car-
-the pamphlets because she policy in 1988 when he was direc- roll parents must request that
: thought they were too strong for tor of curriculum. their children participate in the Ghnrch nfi\VS-

CommissM
changes d;
for its.me<
This month's K:

ning and Zonlnv
meeting has been r
' The commissioi
pjn. Tuesday, inst
at Town Hall. 1034

Information: 23!

Lazarua
Cbjrlst:

middle school. The pamphlets "We cannot choose to teach ab- classes and sign a permission
! were proposed for seventh grade. stinence only." DunWeberger said. form. Nearly 100 percent of stu-'
• • Mish said he was less con- "We are required by I Maryland dents take the courses. Dunkle-
• cernedaboutthepamphlets.be- state law) to go beyond that, bergersaid.
2 cause they are not as powerful as a That's really what our policy says. •
•ridco. but he supported Stone's If you look at It."
-•'«*«- -...<—.• "T"K* *\r»ll**i. w«o/<C''"VC"Hil*» I SA In.
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PIPER & MARBURY
CHARLES CENTER SOUTH WASH.NCTON

30 SOUTH CHARLES STREET NEW YORK
WM. ROGER TRurrr BALTIMORE. MARYLAND Z 1,20 I -3O I & PHILADELPHIA
<4 I O) 576-E38O ' «1O-S3O-ZS3O ' EASTON

FAX: (4IO) 576-IC4O <• FAX: «IO-!S39-O4a»

July 24,1996

FACSIMILE AND U.S. MAIL

Mary E. Rugala, Esquire
U.S. EPA, Region HI
841 Chestnut Building
Mail Code 3RC22- .
Philadelphia, PA 19107 ;

Re: Keystone Sanitation Landfill Site — OU-2 Sampling

Dear Mary: '
. . ' ' " ' I . : 1 " A . . . "

As a follow-up to my July 16,1996 letter, I have enclosed a copy of a July 22,
1996 memorandum from Tun Saylor, a professional geologist who I believe has more
relevant technical training and actual site experience than anyone else who has studied
groundwater conditions at and near the Keystone Sanitation Landfill. He has reviewed
the information discussed hi my July 16 letter and concluded that EPA's reported .
detection of vinyl chloride .and pentachlorophenol cannot be associated with the landfill
based on the evidence presented. For your convenience, I also have enclosed copies of
References 3 and 4 hi Mr. Saylor*s memorandum, as well as a relevant excerpt from
ANSI/NSF Standard 14-1990 (Plastics Piping Components and Related Materials), which
help explain why residual vinyl chloride in PVC piping could be the cause of any vinyl
chloride detected in residential wells. -

Please include my July 16,1996 letter as well as this letter, and its enclosures, hi
EPA's administrative record for Operable Unit 2. I await your response to the questions
asked and information requested in my July 16 letter.

Very truly you

WRT/tsc '
Enclosures
cc: Joseph Donovan, Esquire

Mr. and Mrs. Kenneth Noel '
Mr. Timothy E. Saylor .
John E. Griffith, Jr., Esquire
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MEMORANDUM

TO: Wm. Roger Truitt, Esquire
Piper \ Marbury

FROM: Timothy E. Saylor, P.G.
Buchart-Horn, Inc.

DATE: July 22, 1996 , .

REFERENCE: Pentachlorophenol and Vinyl Chloride Findings
Keystone Sanitation Co., Inc. Landfill.Site

In response to our discussions, I have reviewed the information and asso-
ciated news clippings concerning the reported findings of pentachlorophenol at
two residences "in the vicinity" of the Keystone landfill as well as vinyl
chloride at another "nearby" residence. I have also conducted a brief investi-
gation on the uses of pentachlorophenol as well as the generation of vinyl
chloride in water wells which have been constructed with PVC pipe and cements.
In addition I also visited the three sites in question on Thursday, July 18,
1996.

PENTACHLOROPHENOL .
' ' • I • ' . • • • ; ' " ' 'Pentachlorophenol (PCP) is commercially produced for use as a bactericide, ' • ' t i

fungicide, and sliraicide for preservation of wood. Because it is a chlorinated ^-'
hydrocarbon its biological characteristics have also resulted in its being
used as an herbicide, insecticide, and molluscicide. Contamination can result
as a point source water contamination at wood preservation sites and as non-
point source through water runoff where PCP has been used.

It is manufactured as PCP, pehechlorol, Dowicide EC-7, Dowicide G, Monsan-
to Penta, and Santobrite.
VINYL CHLORIDE

Vinyl chloride is used as a vinyl monomer in the production of poly vinyl
chloride and other resins. Vinyl chloride levels ranging from nearly non-
detect to high concentrations have been found in drinking water, beverages,
food, cosmetics, and other consumer products.

A number of studies have been conducted concerning migration of vinyl
chloride into water in contact with polyvinyl, chloride pipe. A library search
turned up the following:

1. Berens, A.R., and Daniels, C.A. (1976) Prediction of Vinyl Chlo-
ride Monomer Migration from Rigid PVC Pipe: Polymer Eng. and Sci. Vol. 16, No.
8, pages 552 - 553 (August)
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2. Dressman, R.C., and McFarren, E.F. (1978) Determination of Vinyl
Chloride From' Polyvinyl Chloride Pipe Into Water: Journal of the American
Waterworks Association, Vol. 70, No. i, pages 29 - 30 (January)

3. Ando, M. and Sayato, Y. (1984) Studies on Vunyl Chloride Migrating
Into Drinking Water From Polyvinyl Chloride Pipe and Reaction Between Vinyl
Chloride and Chlorine: Water Research Vol. 18, No. 3, pages 315 - 316

4.____ (1988) News of°the Field - NSF Recalls PVC Pipe Made by
Pioneer International: Journal of the American Water Works Association, Vol.
80, No.II, page 84 (November)

The basic conclusion reached by researchers has been that there is some
migration of vinyl chloride into water from PVC pipe. The levels are not high.
In fact in five systems investigated by Dressraan and McFarren, the levels
ranged from 0.03 to 1.4 lg/1 (a unit believed to be the equivalent of parts
per billion, but it could not be substantiated) in four. It was also deter-
mined that the highest level occurred In the newest pipe, and gradually dimin-
ished over,about nine"years. Some years ago, I recall reading an article on
the re Tease.of vlnylj chloride into water by the use of resin glues manufac-
tured for cementing PVC casing pipe in water well construction. That article
have not been able to find.
POTENTIAL ORIGINS IN THE FIELD - PENTACKLOROPHENOL

• . \ • ' '' ' . ", • • •,' '" :• " » ' * - '

First it would appear that the one time only finding of pentachlorophenol.
in the March, 1996 round of sampling is probably attributable to either field
or laboratory QA/QC error. On July 18, 1996 I reviewed the two properties
wherethe PCP was allegedly found in the ground water. In the case of the
••••property (USEPA RW-13), there was no evidence of any PCP containers
or activities that would have been reason for use of PCP. I also looked at the
groundwater,mapping shown In the USEPA RI/FS reports (as well as ours). The
groundwater divide that lies roughly parallel to Line Road would preclude any
of the contaminates (real or alleged) from reaching this property based on the
preferred SW-NE flow directions of ground water. Indeed it would even be
difficult to achieve by flow over the surface of'the ground!

At theHMH (sp?) property on the northwest corner of Clouser and
Chestnut Hill Roads, anything is possible. The well, according to Ken Noel, is
a very shallow, hand dug well. It is located midway between Clouser Road and
the house, which is only about 30 to 40 feet away from Clouser Road. The
property Is poorly maintained. A York Waste trash compactor truck was parked
along the west side of the house. Some out buildings also are located to the
west of the house. Between Clouser Road and these out buildings are parked a
number of pieces of farm equipment. Ken Noel also related that this gentlemen
is always using more insecticdes, pesticides, and fertilizers than necessary

. . .
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on the fields he farms. He also washes down his equipment along Chestnut hill •-—v'
Road next to .the house! Finding almost anything In the way of contaminates i
would not be a surprise. To relate almost any contamination in1 the well tp the \^s
landfill would be difficult.

POTENTIAL ORIGINS IN THE FIELD - VINYL CHLORIDE

On the same day I examined the other two properties in the field, I also
looked the residence located just.south of USEPA RW-29, on Chestnut Hill Road.
It appeared to be a new residential structure constructed approximately 100
feet east of Chestnut Hill Road. The well was very visible from the road and
was located about 25 to 35 northwest of the northwest corner of the house. I
did not examine the property in detail because no one appeared to be home. The
well was drilled by William U. Reichert, Inc., Hanover, PA. If vinyl chloride
was present,' it was roost likely from the new well Construction. The distance
of this residence from the landfill (approximately 2500 feet), the preferred
direction of groundwater flow (SW/NE), and the rate at which ground water
flows, makes it virtually impossible for any. contaminates that may be present
to have originated from the landfill. The fact that the finding of vinyl
chloride was not repeatable on the subsequent sampling event, makes this moot.
CONCLUSIONS

1. Although pentachlorophenol could occur as a contaminate in the ground
water anywhere in the area, it would-be very difficult to relate its occur-
rence to the land fill, because of its usage in farming chemicals.

2. The geologic structure and the. groundwater system in the landfill area
vlrtualTvoreclude the migration of this chemical compound (PCP) to the

»-well on.thep|mproperty.
3. The management of chemicals and the poor housekeeoing practices coupled

with the shallow well used for water supply on theIHHproperty, would make
it. very difficult to relate almost any contamination found to the landfill.
Analysis of the groundwater is almost meaningless.

4. The occurrence of vinyl chloride in the new water well on the property
south of USEPA RW.29 would most likely been attributable to the fact that the
well was only recently constructed. The distance of the property, the rate of
groundwater flows in the area, the geologic structure, and groundwater flow In
a preferred SW-NE direction would make It impossible for the landfill to be a
source.

5. The fact that these findings in the March 1996 sampling round were not
repeated in the subsequent June 1996 round, makes any conclusions as to what
was present and why moot. It most likely could be attributed to either a field
or laboratory QA/QC error. •
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ANSI/NSF14-1990
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PLASTICS PIPING COMPONENTS AND
RELATED MATERIALS

American National Standard/
NSF International Standard
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6.1.2 CALCIUM STEARATES: Calcium stcarates shall comply with the applicable
requirements of NSF Standard 61 when tested in PVC pipe or rulings formulated to

. contain the ingredient at the maximum use level.
" ' . .• - '.- . ' •

6. 1.3 HYDROCARBON WAXES: Hydrocarbon waxes shall comply wilh Title 21 , (food and
drugs) CFR-178.3710 and the applicable requirements of NSF Standard 61 when tested
in PVC pipe or fittings formulated to contain the ingredient at the maximum use level.

6.1.4 OXIDIZED POLYETHYLENE WAXES; Oxidized polyethylene waxes shall comply
with Tide 21, (food and drugs) CFR-172.260 OR CFR-177. 1620 and the applicable
requirements of NSF Standard 61 when tested in PVC pipe or fittings formulated to
contain the ingredient at the maximum use level.

6.1.5 TITANIUM DIOXIDES: Titanium dioxides shall comply with Title 21 .(food and drugs)
CFR 73.575, and/or shall comply with the applicable requirements of NSF Standard 61
when tested in PVC pipe or fittings formulated to contain the ingredient at the maximum
useleveL , ,

SECTION?. MONITORING REQUIREMENTS FOR POTABLE WATER PLASTICS PIPING
SYSTEM COMPONENTS AND RELATED MATERIALS

7.0 MONITORING: Plastics piping system components and related materials shall be monitored at
least once each calendar year for the chemical extraction parameters in Table 1. Only antimony
containing products shall be monitored for antimony. Only copper containing products shall be
monitored for copper. The levels of substances in the low pH extractant water shall not exceed
the maximum permissible levels (MPLs) in Table 1 after the third exposure. The extractant
waters may also be analyzed for additional substances based on the formulation information, and
shall not exceed levels of lexicological significance.

' * '

7.1 TOTAL TRIHALOMETHANES: The maximum permissible level of total trihalomethanes in
the organic extractant water after exposure to CPVC pipe shall not exceed 0.10 mg/L.

7.2 RESIDUAL VINYL CHLORIDE MONOMER <£VCM): The maximum permissible level of
' RVCM in PVC and CPVC piping products shall not exceed 3.2 mg/kg.

' • ' '

7.3 EXTRACTION TESTING: Plastics piping system components and related materials shall be
extraction tested in accordance with the following procedures for monitoring.

7.3.1 EXPOSURE CONDITIONS: Exposure of samples shall be conducted using the multiple
exposure procedure; except that dip tubes, shall be tested using the single exposure
procedure. Pans and tanks shall be filled with the extractant water and exposed using
the multiple exposure procedure.
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SINGLE EXPOSURES: (DIP TUBES ONLY)
72'± 4 HOURS AT 99 ± 0.5° C

MULTIPLE EXPOSURES:
COLD APPLICATIONS
1. 24 ± 1 HOUR AT 37 ± 0.5° C
2. 24 ± 1 HOUR AT 37 ± 0.5° C
3. 72 ± 4 HOURS AT 37 ± 0.5° C

HOT APPLICATIONS:
1. 1 HOUR AT 82 ± 0.5° C
2. 1HOURAT82±0.5VC
3. 0.5 HOUR AT 82 ± 0.5° C AND

72 ±4 HOURS AT 37 ± 0.5° C

TABLE 1. MAXIMUM PERMISSIBLE LEVELS FOR CHEMICAL SUBSTANCES

MPL Action Levels
SUBSTANCES mg/L me/L

Antimony 0.05
Arsenic 0.050
Cadmium 0.005
Copper 13 '
Lead 0.020
Mercury 0.002
Phenolic Substances 0.053
Tin a05
TOC 5.03
TTHM 0.10
RVCM* f 3.2 2.04

*ln the finished product ppm (mg/kg).

3This is an action level. If the level is exceeded, further review and/or testing shall be initiated to
identify the specific substance(s), and acceptance or rejection shall be based on the level of specific
substances in the water.

4Additional samples shall be selected from inventory and tested to monitor for conformance to the
MPL. ' • ' • ' • • : • : ' : ' " • , " " ' • ' ' - . ' . .

U
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/° ' STUDIES ON VINYL CHLORIDE MIGRATING
INTO DRINKING WATER FROM POLYVINYt
CHLORIDE PIPE AND REACTION BETWEEN

VINYL CHLORIDE AND CHLORINE
MASANORI ANDO and YASuyosHt SAYATO

i • National Institute of Hygienic Sciences, Seti|tya>ku. Tokyo 158. Jap«n

, , (XtrrtetJ Junt I98J)

• Abctrtet—To determine the conditions forthe migration of vinyl chloride monomer {VCM) into water
from polyvinyl chloride (PVQ pipes and to examine the reaction between VCM and the chlorine present

1 . in drinking water, we studied the migration of VCM into water. Il was found that migration of VCM
into wxter from PVC pipes (containing 29.5 ppm VCM) could only be detected by using >n ipparatus
that prevented volatilization of VCM and incrcajing the surftcc area of the pine wall in conflict with the
water. The amount of VCM which could undergo action of the chlorine in the wnter decreased markedly

1 with the age of the pipes »nd when the pH was lowered. VCM occurred in the water WJH converted to ,
1 chloroacculdchyde. chtoroicetic ucid. etc.. by it* iwction with chlorine, while the amounts of these ' fe '

rocianu varied with pfl of the solution war Ranged. r r

' Kty NOW*!—vmyl chloride, polyvinyl chloride pipe, chlorine, chlorotcetaldehyde. chloroucellc acid.
reaction of VCM with Ci,. migration. VCM migrating into drinking water from PVC pipe. VCM. PVC

i INTRODUCTION compounds present in water interact with chlorine,
, - no evidence has thus far been revealed on the reicUon

. -- One of the first reports on the adverse effects to between VCM and chlorine. This paper reports a
human health Was the discovery of neoplasia. or stu(|y of ,he actull, conditions under which VCM
-tumor formation, linked 10 vinyl chjoridejnonomer migrates into water from PVC pipes and the reunion
(VCM). by Viola ei at. (1971). Shortly thereafter of VCM with chlorine in water.
Maltons end Lefemine (1971) reported on malignant~r
changes in animals, including angiosarcoma of the
liver Crecch and Johnson (1974) supported this

: observation in their report on angiosarcoma of the MATERIALS AND METHODS
Ilver- ' Mltreilonof VCM Into vatet from PVC piptt
VCM i* used extensively as a basic msteriaMo ,,'.., .„ , ,«/».. T ».«- ,• . . . , .. ., ,„,,— . . -, . !««*««/. Migration of VCM into w«ierm»m PVC pipesmake polyvinyl chloride (PVC) and other plastics vtvt ttud:e(1 by ̂^ w,,,f -n Kell(>M of pvc ̂  ^

; which are used In such manufactured productt as PVC pipes (length ImxZOmm. t.d.» »ert senled with
pipes, containers, transparent sheeting, etc. In recent siKcone rubber siuppen at one end. The solutions uved to
years. PVC has been widely used In public drinking nil«r?le VCM from PVC were 0.1 M phwphite buffer
water systems, and amounts of the production and p?pes°wercfilled 'to* overflowtnf̂ wiiĥ fhe* solution* Ind
installation of such pipes is increasing in Japan. riHcone rubber stopper* were slid ow the lop in weh » way
Because such materials are now commonly used, it is as to preclude tny air spice forming during sealing. Thcxa
obvious that people art in daily contact with PVC. were then •HowesMo ««nd for • number of d«y* (I. 2. jnd
Residual VCM from PVC materials have been re- 3fd«y ***?£> •'.20*?-ln thi$ «p€nnKni. the surface arc«j . . . . .. _, . . • of the PVC pipe in conuct with tho toluilon w««ported as hazardous to human health. Thus, it has o.Scm'ml'1.
become an important problem to solve, despite the MtthodllAnother method of migrating VCM from PVC
apparent haura's to health, only few studies have w« carried out by scaling * few pieces of PVC pipe and
been made on the migration of VCM from PVC w»wr in » «™m ***• Bghi piece* of PVC pipe {length
pipes. Although chlorine is used to purify drinking • Jtd̂ SotJy'Sê S
water in Japan, there has been little research on the vial (R^ ,} The ,0,u,ion, Mei w mi8ra,e VCM were the
reaction, or chemical recombination, of VCM with same as those used in Method I. Eton jerum «iul *».« filled

• chlorine in water. —to overflowing with the solution*, then willed with an
The discovery that chloroform and other tri- »l«"«inlumnp fined with Tenon sepia* th« no nil•*?*<*

. . . ' , , ., . . j . . .. remained. They were then allowed lo «und for» number of
halomethanes are-produced in chlorinated drinking diys {I. 2 and 3 d.ŷ riods) .t 20'C. In thi* experiment.

j water (Rook. 1974; Bellar el at.. 1974) has attracted ihe surface are* of ihe PVC pin* in comuciwiih the solution
much attention. Although it is known that organic was 8 g cm1 ml'1.

i
3IJ
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II K 20 24 It

Tune I mil t

,Aj IB) *"'* •*• C« chrommoinm of vinyl chloride treuied
> chlorine Vinyl chloride* 10 ppm: chlorine » 30 ppm.

F«g I Method II— Migration method of vinyl chloride pH * 5 8. reaction time * 24 h.
from polyvinyl chloride pipe (A) polyvinyl chloride pipe.
(8) pieces of polyvinyl chloride pipe scaled in the vjjf of

water. Gat ihramaiogrofky toniti/ioiu
The gas chromxiOfraph used to determine VCM we»

The solutions migrated by Melhod I and Method II «Q"jPP«» """» « "««« iomwiion tfeieciorsnd a i m x 3 mm
allowed to stand for I. 2 and ̂  day periods w«« Jirecily '•<•• *la« "'"n"1 containing . Chrome-sorb JW on «0-SO
injected inio « gs* chromniograph to determine the VCM. mest* *** «n»ly*« *M m»de undcr lh« following condl-

, ' uons: column temperature. 120 C: detector temperature.
Jttaciton ArtH-rfu VCM and Marine in »ettr izo C: und nitrogen earner g«$. 30ml min'1. The analysis
Several serum vicb were filled to. overflowing wilh dc< of the reictinu in the solution produced by the reaction

ionized w«tcr. sc«led with «n aluminium C*p lined with between VCM und chlorine was made under the following
Teflon scpu so thui no «)r spice remained, then a giis condiiions: the gut chrematograph w«s ((tied wilh an
containing VCM w«s injected into each of the sealed vials electron-capture detector and a I m x 3mm Id. gfuss col-
Various concentrations of sodium hypoohlorile was injeacd umn conuining Chrvmoiorb 101 on 60-40 mesh. The
Inio the sealed vjalj containing water and VCM! For periods conditions for analysis were as follows: column temperature.
of varying hours, the wuter in the vinlswai Injected directly US C; injection porl temperaiure. 200'C: detector tern-
into the gsj chronuiograph to determine the VCM and the pemture. 280 C: and nitrogen currier g» JO ml min * '.
reactunts Of VCM iind Chlorine. / Co., tfiromaioxraph-nuM tpttttomttry

•' , The products formed by the reaction between VCM and
chlorine were identified by combined gas chrotnttograph-
miii spccirometry (GC-MS) A peak identifier (Sited with
• I m x .1 mm id. gtuss column containing Chromoiorb
101. was used 10 dutc each compound. EaoA mass spectrum
wus recorded, then identified by comparing its spectre with
those «f authentic spccimerij

RESULTS AND DISCUSSION ,

To elucidate (he existing conditions for the mi-
gration of VCM into water from PVC pipes, a
migrating experiment Tor VCM wai conducted by
Method I and Method If (see Fig. 1J. Table 1 gives
the results of the analysis of VCM migrating into
water from PVC pipes. With Melhod I, it was not
possible to show thet VCM migrated into water of

Fig. 1 Time course v«ri3iion of vinyl chloride In water with 'he different solvents and days of the test. With
chlorine. Vinyl chloride •» 10 ppm; chlorine » JO ppm. Method II. in which 6 Tew pieces of PVC pipes were

.. • '.-.• - i
Tibic I. Miircliflii of viayt chloride into lh« wticr from polyviayl ehleridc pipe

V)ny) chloric Eluilpf lime (d<y)
. • ' . - . . . in — — - — . . . _ - . _ . —

polyvtayl Mtihod 1 Method II
chloridtpip* - •••• . . . . .

toluu'on frpm I J J 12 3
pH5.0 :».» NO NO NO 0060 OOJJ 0 12J
pH 7.0 - • <29f) NO NO NO 006} 0 094 0 125
pHIO ».J NO NO NO . 0.03J 0090 0120

Onlitttd »ilCT . J9.3 ND NO NO 0.060 O.OM QUO
NO— noo dcnauble '
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Reaction between VCM ind d, 317

KX)'~ p.*k III
IChtoroaceilc acid I -

-• i. ill
20 «O CO . «0 ICO

m/i •

too Peak I

g
s

80

Jl-k L

C Chtoraac«lold*hydi)
Fig. 6. Effect of chlorine concentration on the formation of
petit I from vinyl chloride. Vinyl chloride'•• 10 ppm;

pH « 2.8: reaction time » 2 h.

20 40 60 80 K»
m/t \ same time, the VCM was converted into other com-

; pounds by the action of the chlorine (see Fig. 2).
Fig. 4. M«u spectrum of gas diromatograph effluent peak The reacted solution was directly injected into a gas

I and pert lit. chromatograph to analyse compounds that were con-
verted from VCM. Under -this gas chromatograph
condition (Chromosorb 101. ECD). the ohro*

sealed in with the water, migration of VCM into matogram of the reacted solution indicated 4 peaks
water was determined to be more than 30 ppm. The at the 6.77. 9.36. 13.04 and 23.56 minute positions
FDA (1975) has already pointed out thai since water (see Fig. 3).
pipes made of hard PVC are rigid and relatively thick The compounds of peaks I and III were identified
walled, migration of VCM into water from such pipes by gai chromatograph-mass spectrometry. Figure 4
would probably not have a potential for higher levels, shows the mass spectrum of peak I and indicates
The data in Table 1 shows that we were able to detect chloroacetaldehyde with an mle of M * as 78. Peak
VCM migrating into water from PVC pipes only by III was given an m/t of M* at 94 and coincides with
using an apparatus that prevents volatilization of that of chloroacetio acid.
VCM and by increasing the surface area of the pipe The producing results of peak.I. according to the
wall in contact with the water. pH differences and the time course, are shown in Fig.

It was necessary to study the reaction between 5, It was found that the height of peak I increased
VCM and the dissolved substances in water. Since the markedly within 2 h, with the solution at a pH of I
most commonly used purification agent is chlorine, or 2. But peak I did not rise beyond the 2h. In
the reaction between VCM and chlorine was studied, addition, the amount of peak I decreased AS the
The amount of VCM in the water decreased reacted solution was neutralized. The change in the
markedly with aje. or with a lowering pH and. at the amount of the compound produced at peak I and the

PH 1.0

I •

•3

i
1 Z4 «B rz 9C
Q.

Time ffil

Fig. 5. Chvnges of peak I in the solution of vinyl .chloride Fig. 7. Time course variation of peak III formation of vinyl
tmted with chlorine. Vinyl chloride •• 10 ppm; chlorine chloride treated with chlorine. Vinyl chloride - 10 ppm:

. ' ,«• 30 ppm. , , chlorine - 30 ppm.
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. . level of 70 ppm chlorine, while the amount of com-
"•'..,'•• pound produced at peak I increased linearly. Sub-

sequently, at » concentration of more than 70 ppm
r -o chlorine, peak t decreased markedly and finally dis-

appeared at 120 ppm.
The resulu of peak HI. showing un opposite ten-

dency; are shown in Fig. 7 The formation of peak HI
took a long lime, with the solution in pH range from
6.5 to 7.8. Figure 6 shows the effect of the chlorine
concentration to form the peak III compound from
VCM. The amounts of the compound produced
at peak III was found to show at linear increase up

1 0.

20 40 «0 CO CO IZO MO . 10 24 h.
. fc Cl (f0mi Figure 9 summarizes the rule at which peik I and

* ' peak III were formed in relation to the pH value of
Fig. R. Effect of chtonnc concentration on the fbmuition of the solution. It was found thut peak I was easy to
peak 111 from vinyl chloride. Vinyl chloride« 10 ppm: produce in the acidic region, but peak III occurred in

PH - M: reaction time - 24 h, |fce nwlnl pH Kglon
From these facts, if water pipe was made of PVC,

. . ' il suggested that VCM migrated into water from the
" rtt" pipe and that the VCM in the water was converted

into chloroacetaldchyde. chloroacetic acid, etc (peak
II end IV), as the VCM reacted with the chlorine.

I
f,!
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NEWS OF THE FIELD

telephone Earl D.Dieu, NSF vice-prest- US Environmental Protection Agency's
dent of operations, at 013)769-8010. (USEPA's) 1986 revision of the 1975

interim federal drinking water standard
Under the direction of the National • for fluoride. In that controversial action,

Sanitation Foundation (NSF). Pioneer Amended Fluorfde Standard which was upheld in federal court.
International (CA) Inc. of Greensboro. Prnnnitwl for Bnfttad Water USEPA replaced the interim standard,
Ga..inScptemberinitiatedarecaHofite rr°P°sea !°r nonifla w»ier which varied from 1.4 to 2.4 mjr/L
polyvinylcAloride(PVC)pipeforpotable The US Foodand Drug Administration depending on an area's average maxi-
drinking water. (USFDA) has proposed amending its mum air temperature, with two stan*
The recalled pipe may not comply quality standard for fluoride in bottled dardi—a primary standard (maximum

with the maximum level of 2.0 mg/L of drinking water (Sept. 16.1988. Federal contaminant level) of 4.0 mg/L and a
residual vinyl chloride permitted under Register). Maximum permissibleconcen- secondary standard of 2.0 mg/L
NSP Standard 14 and may leach vinyl trations of fluoride under the proposed Current USFDA standards for fluoride
chloride monomer to water to excess of rule would be 2.0 mg/L for bottled water in bottled water, set in 1973, limit
the 2.0 mg/L federal standard. containing only naturally occurring naturally occurring fluoride levels to
The pipe being recalled (all sizes) was fluoride and 1.3 mg/L for bottled water bottled water to 1.4-2.4 mg/L and added

made on March 24, 25, and 28 of this containingany amount of added fluoride. fluoride levels to 0.8-1.7 mg/L, both
year.ProductJondatescanbedetermincd The proposal additionally calls for being dependent on air temperatures.
by codes printed on the pipe; e-g.. the analysis of fluoride concentrations to be Bottled water not complying with the
code for pipe produced on March 24 is conducted using the poientiometric Ion standards is required to be labeled to
032483, ia which the first two numbers selective electrode method identified as that effect. In it* proposal, the USFDA
designate the month, the middle two 413B Electrode Method in the 16th adopts USEPA's rationale for abandon-
numbers designate the day. and the last Edition of Standard Melkodt for the ing the temperature-related standards
two numbers designate the year. Examination of Water and Wasteaater. and accepts the USEPA's secondary
To obtain further details or to inform The USFDA noted that the changes standard as appropriate for naturally

NSF of any pipe already in service, were being proposed in response to the occurring fluoride in bottled water.

LEAD (Pb) RESIDUALS
Are You Meeting The Current Standards?

Will You Be Able To Meet The Proposed Standards??
Technical Products Corporation can help you now, with our patented V1RCHEM Series of zinc orthophos-
phate internal corrosion inhibitors, and our 15 years of experience applying these products.

"RECENT DATA INDICATE THAT ZINC ORTHOPHOSPHATE MAY BE THE MOST
EFFECTIVE CORROSION INHIBITOR FOR LEAD PIPE AND!SOLDER..." -

HUtMAtHtGI5TCR.AU8 19.19EB.VOl.S3.NC! :BJ PSJ.'M

VIRCHEM products have given dramatic lead rest- fon MORE INFORMATION ON
dual reductions In waters from all parts of the U.S. wow Ol"» PRODUCTS CAN HELP YOU, CALL on WRITE.
and they will do the same thing for your system. me EXPERTS IN THIS TECHNOLOGY:
These same V1RCHEM products will also:

•Prevent colored water
. •Provide corrosion control for Iron and

copper piping .J——
•Reduce potential for THM formation /r« n >•*
•Maintain high system "C" factors 1 ECHNICAL JTRODVCTS CORPORATION
•Protect asbeatoa/cement pipe 1301 London Boutavart • Portimouth. VA 23704
•Cut water main flushing time {804)399-5009
•i
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LL.P. . •• . •
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J . ' CHARLES CENTER SOUtH
WASHINGTON

3O SOUTH CHARLES STREET NEW YORK
WM. ROGER TRUITT BALTIMORE. MARYLAND 2 I 2O t -3018 PHILADELPHIA
(410)570-2380 4IO-33O-233O - CASTOM

FAX: (41 O> S7O-1 O4O FAX: 4io-339-O4aa

January!, 1997

VIA FEDERAL EXPRESS

Mary E. Rugala, Esquire
U.S. EPA, Region ffl
841 Chestnut Building
Mail Code 3R.C22 .
Philadelphia, PA 19107

Re: Keystone Sanitation Landfill Site - QU-2

Dear Mary:

Pursuant to the concerns expressed in my My 16,1996 and July 24,1996 letters
to you concerning EPA's characterization of residential well sampling results conducted
under OU-2,1 am submitting herewith ten copies of a report prepared by Dr. Edward J.
Bouwer entitled "Evaluation of Chemical Constituents in Groundwater in the Vicinity of
the Keystone Sanitation Landfill." ,

• • • '( . - • ' '
Dr. Bouwer is a professor of environmental engineering at Johns Hopkins

University where he has taught and conducted research on groundwater contamination for
the past 12 years. He has just completed a three-year research project for EPA's Office of
Research and Development and has been awarded a new three-year research project by
EPA's National Center for Environmental Research and Quality Assurance program to
study transport and fate of toxic organic compounds in groundwater. • •

Dr. Bouwer has reviewed all of the available groundwater monitoring data '
relevant to the Keystone Sanitation Landfill, including that collected during the OU-1
RI/FS process and the OU-2 groundwater data released by EPA to date. He has analyzed
groundwater flow direction and velocity, the absence of any pattern of groundwater
contamination indicating a plume from the landfill and several published surveys of
groundwater in similar rural areas showing comparable levels of the same constituents.
Dr. Bouwer concludes that the Keystone Landfill is a highly improbable source for the
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PIPER & MARBURY
L.L.P.

Mary E. Rugala, Esquire
January 2,1997
Page2

sporadic detections of chemical constituents that have been observed in nearby residential
wells. ' ' . ,

\ ' —
On behalf of Keystone Sanitation Company, Inc. and Mr. and Mrs. Noel, we .

request that the enclosed report be placed into the administrative record for OU-2. In
addition, we request that copies be sent to the Keystone Task Force members and the
Keystone document repositories and made available at the January 14,1997 public
meeting. Please copy me on the transmittal of this report to the administrative record, the
Task Force members and the document repositories so that we can track compliance with
our request If EPA needs additional copies of this report, please contact Gina Zawitoski
at (410) 576-1792 or me to make appropriate arrangements.

i • " " ' • •

Finally, if your client has questions or comments concerning the enclosed report,
please direct them hi writing to my attention as soon as possible.

Very truly yours,

Wm. Roger Truitt

WRT/kag
cc: Mr. and Mrs. Kenneth Noel (w/enc.)

Edward J. Bouwer, Ph.D. (w/o enc.)
John E. Griffith, Jr., Esquire (w/enc.)
Gina M. Zawitoski, Esquire (w/cnc.)
Mr. Christopher Corbett (w/o enc.) (via facsimile & U.S. Mail)
Patricia C. Miller, Esquire (w/o enc.) (via facsimile & U.S. Mail)
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Department of Geography and The Johns Hopkins
Enviroiunentd Engineering University

J.W.C Whiting School of Engiheering ' Fax:(410)516-8996

EVALUATION OF CHEMICAL CONSTITUENTS IN GROUNDWATER IN
. THE VICINITY OF THE KEYSTONE SANITATION LANDFILL

( i Prepared By:

Professor Edward J. Bouwer

January 2,1997

313 Araex Kail, Baltimore. Maryland, 21218-2686. USA
(410)516-7092
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ABSTRACT \ •
* "

This study was conducted to address the fate and transport of both organic and
inorganic constituents in soil and groundwater at, under, and surrounding the
Keystone Sanitation Landfill. The analysis is based on a review of the site
hydrogeology and monitoring data, experience of the author with soil and groundwater
contamination, and upon the cited references.

Several reasons exist for why trie Keystone Landfill is not the source for the sporadic
detections of chemical constituents that have been observed in several of the
residential wells. A summary of each reason is listed below:

The groundwater flow originating from the Keystone site is generally to the northeast
and the southwest because the groundwater will follow the lineations due to
schistosity which run in the direction NE-SW. Many of the residential wells sampled
are outside of the NE-SW corridor of groundwater flow. Furthermore, many of the
wells are beyond major drainage swales and streams and are not likely to be
hydraulically impacted by the site.

The groundwater flowing northeasterly and southwesterly from the Keystone site
moves slowly with an estimated average linear velocity within the range of 2.9 and 21
feet per year. Using the highest estimate of groundwater velocity (21 feet/year), the
maximum travel distance for the groundwater since operation of the landfill is 630 feet
(21 feet/year x 30 years). Even if the Keystone Landfill were a potential source of
contamination, the maximum travel distance of chemical constituents is estimated at
less than 630 feet from the site. Many chemical constituents move much slower than
groundwater because they partition/react with the soil.

The patterns in the monitoring data are not consistent with principles of constituent
movement and fate within a groundwater plume. As groundwater flows downgradient
from a source, the processes of advection, dispersion, sorption, and reactions will
cause the concentrations to decline in the direction of groundwater flow. It is highly
improbable for distant wells to have substantially higher concentrations of a
constituent in comparison to wells closer to the landfill. Also, if a contaminant plume
were present downgradient from the Keystone Landfill, then wells that are relatively
close together should exhibit similar concentrations of the constituent. At the Keystone
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Landfill, the concentrations of constituents detected in some1 of the residential wells
generally do not decline with distance away from the site and often a constituent is
detected in one well and is not detected in nearby wells. This behavior is inconsistent
With a contaminant plume coming from the Keystone Landfill.

Numerous studies of landfill leachate plumes have shown that the inorganic and
organic chemicals in the leachate usually lead to the development of different
oxidation-reduction (redox) environments in the plume. The monitoring data do not
indicate the typical changes in geochemica! parameters known to occur from landfill
leachate plumes, such as the presence of organic acids, methane, hydrogen sulfide,
reduced iron, and reduced manganese downgradient from the site, and depletion of
oxygen. Furthermore, metabolites of chlorinated solvent transformations have not
been conclusively detected in sampled groundwater.

• • • . ' • ' • • ' ' ' . •

Several published surveys of rural drinking water wells have yielded similar types of
chemicals and concentrations as observed in the residential wells surrounding the
Keystone Landfill. The monitoring experience of sporadic constituent detections in the
residential wells surrounding the Keystone Landfill agrees with the incidence of
detecting volatile organic chemicals in drinking water supply wells in rural areas. .
These published surveys indicate there are many possible diffuse sources for the
constituents detected at low levels in groundwater, all of which are unrelated to the
landfill Itself. ; '

Based on the local geology and hydrology, residential well sampling results to date,
and studies of rural groundwater in other locations that are described above, other
sources are the most probable cause of chemical constituents reported in the
groundwater in the vicinity of the Keystone Landfill. These other sources must be
evaluated and ruled out before considering the Keystone Landfill a potential source of
the chemical constituents reported in off-site wells.
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INTRODUCTION
» " * - . • " •

The author has studied the Keystone Sanitation Landfill (Keystone Landfill or
Keystone site) from the perspective of analyzing the fate and transport of both organic
and inorganic chemical constituents in soil and groundwater at, under, and
surrounding the facility. The author has reviewed documents and reports that provide
background information, a description of the site hydrogeology, and available
monitoring data for OU-1 and OU-2. A listing of the documents appears in Appendix A.
The author has visited the site on Tuesday, November 12 and was able to observe the
present condition of the closed Keystone Landfill, the topography surrounding the site,
the location of many of the monitoring wells, the location of several topographic swales
and streams in the area, and the location of many of the residences in the area. The
conclusions set forth below are based on the author's review of the data, his .
experience in studying soil and groundwater contamination, and upon the cited
references.

' - " - , • . • "

The author is a Professor of Environmental Engineering in the Department of
Geography and Environmental Engineering of the Johns Hopkins University in
Baltimore, Maryland where he has taught environmental engineering and conducted
research on groundwater contamination for the past 12 years. The author holds a
Ph.D. in Environmental Engineering and Science from Stanford University, and his
primary field of expertise is soil and groundwater contamination. In September 1996
the author completed a 3-year research project for the U.S. Environmental Protection
Agency's (EPA) Office of Research and Development on biodegradation of
hydrocarbons for application to site remediation. The author has just been awarded a
new 3-year research project from U.S.E.P.A.'s National Center for Environmental
Research and Quality Assurance program to study the transport and fate of toxic
organic compounds in groundwater. A full description of his qualifications and
publications appears in the attached Curriculum Vitae (Appendix B).

1. Groundwater at the Keystone site tends to flow toward the northeast
(NE) and the southwest (SW). Therefore, residential wells located to the
northwest (NW) and southeast (SE) of the site and beyond major streams
are unlikely to be hydraulically Impacted by the site.
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The elevation of the Keystone site represents a "local high* point, so there is a
groundwater divide that is centered along the former landfill. Because of the
groundwater divide, groundwater will flow in two directions from the Keystone site.
The groundwater flow originating from the groundwater divide is generally to the
northeast and the southwest because the groundwater will follow the lineations due to
schistosity which run In the direction NE-SW (Figure 4,1990 EPA ROD). The NE-SW
direction of groundwater movement is confirmed by the potentiometric surface map for
the site (Figure 5,1990 EPA ROD), therefore, wells that are located outside of this
NE-SW corridor from the site are unlikely to be hydraulically linked to the groundwater
flowing from the Keystone Landfill. For example, the cluster of wells located along
Chestnut Hill Road corridor designated as RW-07, RW-61, RW-27, RW-68, RW-28, RW-
29, RW-57, RW-06, and RW-66 lie due north of the site and do not fall along the
groundwater flow lines as reflected by the potentiometric surface map and the NE-SW
lineations due to schistosity (see site map in Appendix C for locations of these wells).

There are drainage swales (i.e., surface depressions) and intermittent streams
between the Keystone site and several of the residences in the area. The approximate
locations appear on a site map prepared by Halliburton NUS Corporation (Appendix
C). The presence of the drainage swales and intermittent streams likely serve as
boundaries for the groundwater flow. For the Keystone site area, there is a large
intermittent stream south of Line Road that prevents hydraulic connection of the
groundwater to the residences along Humbert School House Road. Some of the
specific wells that are unlikely to be hydraulically connected to the Keystone site for
this reason are RW-17, RW-46, RW-14, RW-36, RW-55, RW-23, RW-05, and RW-4&
Similarly, the distant wells NE of the Keystone she, such as RW-62, RW-12, RW-15,
RW-38, and RW-39, are on the other side of a major drainage swale. Groundwater
from the Keystone site probably cannot impact these wells.

" , ' N . ' - , ' ' • ' •
1 , - ' ' . ' /-" , . • ' ' , • ' - - i .

Because of the NE-SW groundwater flow direction and presence of major swales and
intermittent streams to drain the groundwater in the basin, many of the residential wells
that have been sampled and that have shown sporadic detections of chemical
constituents above bench mark criteria are unlikely to be impacted by groundwater
from the Keystone site. Therefore, sources other than the Keystone Landfill must be
responsible for the constituents detected in these wells.
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2. Groundwater moves slowly at the site, so the travel distance of
constituents In the groundwater that may have leached from the landfill is
estimated to be less than 630 feet. .

Available field pump test data for wells located along the eastern boundary of the
Keystone site indicated a Darcy velocity ranging between 1.1 and 8.0 feet per year
(Buchart-Hom, 1990). The actual average linear velocity for the groundwater is
determined by dividing the Darcy velocity by the porosity of the formation. In the
Remedial Investigation Report (EPA, 1 990), EPA uses a porosity of 0.38. Using this
value of porosity, the groundwater flowing northeasterly from the Keystone site moves
slowly with an estimated average linear velocity within the range of 2.9 and 21 feet per
year. The Keystone Landfill began operations in 1966, which is 30 years ago. Using
the highest estimate of groundwater velocity (21 feet/year), the maximum travel
distance for the groundwater since operation of the landfill is 630 feet (21 feet/year x
30 years). Therefore, dissolved chemical constituents in the groundwater that do not
react with the soil, such as chloride and sodium, could only have migrated a maximum
of 630 feet under the most conservative of assumptions. Many of the constituents that
have been sporadically detected in the groundwater sampled from residential wells,
such as chlorinated solvents, pesticides, and certain metals, move slower than the
groundwater. This is because the constituents "react" with soil surfaces which retards
their movement relative to water (Bouwer et al., 1988). Some of the important reaction
processes in soils are sorption, ion exchange, chemical hydrolysis, and
biodegradation (Bedient et al., 1994). Sorption and ion exchange simply retard (or
impede) the constituent movement Chemical hydrolysis and biodegradation can
destroy the constituent. The retardation of the constituents means that even if the
groundwater has moved 630 feet, the chemicals would not have traveled as far.
Typical retardation factors for chlorinated solvents in soils range from 2.0 to 5.0
(Bedient et al., 1 994). This translates to a maximum travel distance of between 1 26
feet and 31 5 feet for chlorinated solvents if the groundwater has moved 630 feet over
30 years, it is highly improbable that the constituents detected in the residential wells
located more than 630 feet from the landfill could have come from the groundwater ,
originating at the landfill.

3. The behavior and patterns of constituents detected In the residential
wells surrounding the Keystone Landfill Indicate that the landfill Is not
the source of reported contamination.
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There have been several rounds of sampling in the residential wells located within
one mile radius of the Keystone Site under EPA's Operable Unit 2 (termed OU-2). In
most of the samples, the constituents are below the detection limits. However, some of
the wells exhibit an occasional detection of one or more constituents above
benchmark criteria (the constituents and concentrations recently detected are located
on two site maps that appear in Appendix C). In many instances, the detection of a
constituent is not repeated in a subsequent round of sampling. The patterns in the
monitoring data indicate that the landfill is not the source for the following reasons: (a)
landfill leachate plumes have well-characterized geochemica! signatures that are not
evident from the data collected at the site, (b) if the landfill is the source, the constituent
concentrations should decline with distance away from the landfill because of
dispersion and attenuation processes in the groundwater as it moves through the
•subsurface, (c) often a constituent is detected in one well and is not detected in nearby
wells, and (d) metabolites of chlorinated solvent transformations have not been
conclusively detected in the sampled groundwater. Additional discussion of each of
these four points appears below. .

a. Numerous studies of landfill leachate plumes have shown that the inorganic and
organic chemicals in the leachate usually lead to the development of different
oxidation-reduction (redox) environments in the plume (Baedecker and Back, 1979:
Reinhard et a!., 1984; Back et al., 1993; Bjerg et al., 1995). Landfill leachate normally
contains biodegradable organic matter which causes the groundwater to become
anaerobic. Because the anaerobic mlcrobial processes are generally competitive, a
distribution of redox zones develops downgradient of the landfill. Close to the landfill
there will be a methanogenic/sulfate reducing zone where both methane and.
hydrogen sulfide are produced and are obvious indicators of anaerobic microbial
activity. As the leachate plume moves away from the landfill, less reducing conditions
are present in the form of iron-reducing, manganese-reducing, and nitrate-reducing
zones. The leading edge of the plume becomes aerobic as the leachate mixes with
the native groundwater. These anaerobic processes cause marked changes in the
chemistry within the plume which can be easily detected with groundwater monitoring.
For example, the leachate plume is established by the presence of organic acids (part
of the dissolved organic matter), methane, hydrogen sulfide, reduced iron, reduced
manganese, and no oxygen. The concentrations of these major chemical species that
typically delineate a landfill leachate plume will be in the mg/L (ppm) range. Detection
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of these major chemical species is relatively easy. Based on the monitoring data
provided, there. is no indication that these constituents are present in the groundwater
sampled at and near the Keystone Landfill. There are no data to suggest that a
significant landfill leachate plume has developed at the Keystone site. Furthermore,
the anaerobic conditions will be very noticeable from the perspective of causing taste
and odors in the drinking water.

b. When contaminants enter groundwater, there are several processes which
influence the movement and fate of the chemical constituents. The movement of non-
reactive (conservative) dissolved contaminants is controlled by advection, mechanical
dispersion, and molecular diffusion (Bouwer et al., 1988; Bedient et al., 1994). These
processes will cause a spreading (or dilution) of the chemical constituents, so that the
concentrations in the groundwater decline as the groundwater travels downgradient
from the source. For reactive contaminants, such as chlorinated solvents, .
hydrocarbons, pesticides, and certain metals, additional processes of
sorption/desorption, chemical transformation, and biotransformation affect transport
(Bouwer et al., 1988; Bedient et al., 1994). With these processes, the plume of the
reactive contaminant will expand more slowly and the groundwater concentration will
change more slowly than that of an equivalent nonreactive contaminant What has
been observed for landfills is that the dissolved plume for specific organic
contaminants (e.g. benzene, toluene, and chlorinated solvents) is embedded or
contained within the main leachate plume that is defined by the various anaerobic
redox zones as discussed in point "3a" above (Reinhard et al., 1 984; ROgge et al.,
1995).

Even if the Keystone Landfill were a source of contamination, the constituent
concentrations in the groundwater should decline as one moves away from the landfill.
It is highly unlikely for distant wells to have substantially higher concentrations of a
constituent in comparison to wells closer to the landfill. An example of the opposite
behavior is RW-26 and RW-30 from the 1/95 sampling event Chloroform was not
detected in the well closer to the landfill (RW-26), but was detected in RW-30 (9.5 ug/L)
which is more distant from the Keystone site. In addition, the arsenic level in RW-30
(5.5 ug/L) was higher than that reported in RW-26 (2.3 ug/L). Furthermore, if a plume
were coming from the landfill, then the concentrations would be continuous and
should be detected in a series of downgradient wells that follow the flow direction of
the groundwater. The monitoring data show sporadic detections of constituents with
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concentrations that do not typically decrease with distance away from the landfill. The .
same constituent is not detected in a series of residential, wells along the direction of
groundwater flow from the Keystone site. For example, chloroform (9.5 ug/L) was
detected in RW-30 during the 1/95 sampling event, but was not detected in other wells
along the NE direction of groundwater flow, such as RW-1 1 , RW-26, RW-22, and RW-
12. Similarly, dieldrin (0.092 ug/L) was detected in RW-02 during the 3/96 sampling
event, but was not detected in other wells .along the SW direction of groundwater flow,
such as RW-1 6, RW-01 , and RW-1 0. The observed conditions are not consistent with
principles of contaminant movement and fate within a groundwater plume. In addition,
the monitoring data are not steady with time. A constituent typically detected in one
monitoring period is not detected in the next monitoring period. For example, 1,1-
dichloroethene was detected in RW-04 (2 ug/L) in 6/94, but was not detected in the
well in 2/94, 1/95, 10/95, 3/96, and 6/96. Similarly, pentachlorophenol was detected in
RW-13 (14 ug/L) in 3/96, but was not detected in the well in 10/95 and 6/96. The
absence of continuous constituent detection throughout the several sampling rounds
in most of the wells is inconsistent with a contaminant plume coming from the
Keystone Landfill. •

i - • • ' • " , . " ' - • • '

c. If a contaminant plume were present downgradient from the Keystone Landfill, then
wells that are relatively close tog ether -should exhibit similar concentrations of the
constituent. This will especially hold for groups of wells that are thousands of feet
downgradient from the landfill, because sharp constituent gradients are not possible
due to longitudinal and lateral dispersion. Wells that are on the order of 500 to 1000
feet apart should not vary greatly In their response to contamination if the source is the
landfill. This behavior is not evident from the monitoring data When a constituent is
detected in one residential well, the constituent is often below the quanWation limit in
nearby residential wells. Examples from the 1/95 sampling event are the detection of
chloroform (9.5 ug/L) In RW-30, but no detection of chloroform in RW-07 and RW-26
and the detection of chloroform (8.8 ng/L) in RW-20, but no detection of chloroform in
RW-21. Similarly, examples from the October-December 1995 sampling event are the
detection of chloroform (6.4 ug/L) in RW-1 7, but no detection of chloroform in RW-46
and RW-55, detection of lead (45 ug/L) In RW-46, but no detection of lead in RW-1 4
and RW-1 7, and detection of arsenic (6 ug/L) in RW-55, but no detection of arsenic in
RW-1 4 and RW-1 7. Finally, examples from the March 1996 sampling event are the
detection of vinyl chloride (1 1 ug/L) and 1 ,1 ,2-trichloroethane (0.9 ug/L) in RW-57, but
no detection of vinyl chloride and 1,1 ,2-trichloroethane in RW-06 and RW-07 and
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detection of thallium (23.2 ug/L) jn RW-46, but no detection of thallium in RW-17 and
RW-36.

d. The anaerobic microbial processes within a landfill leachate plume (discussed in
Point "3a" above) are conducive for transformation of certain chlorinated solvents
(Bouwer, 1994; McCarty, 1994). The anaerobic transformation of chlorinated solvents
produces chlorinated metabolites which will accumulate in the downgradient
groundwater. The typical reaction is reductive dechlorination where a chlorine atom is
replaced by a hydrogen atom to produce a compound with one less chlorine. As the
number of chlorines on the molecule decreases, the reactivity toward reductive
dechlorination decreases and the metabolite becomes more persistent. Examples of .
common reductive dechlorination reactions involving chlorinated solvents under
anaerobic conditions include the conversion of tetrachloroethylene to
trichloroethylene, trichbroethylene to dichloroethylenes, dichlorbethylenes to vinyl
chloride, 1,1,1 -trichloroethane to 1,1 -dichloroethane, and chloroform to methylene
chloride (McCarty, 1994). If the parent compounds are initially present in the landfill
(e.g. tetrachloroethylene, 1,1,2-trichloroethane, and chloroform), then the reductive
dechlorination metabolites should be detected downgradient from the landfill. This is
not the pattern that is revealed by the monitoring data for the Keystone Landfill.
Generally if a parent chlorinated compound-is detected, the corresponding metabolite
from reductive dechlorination is not detected. For example, chloroform was detected
in RW-17, but methylene chloride, its metabolite from reductive dechlorination, was not
detected. 1,1,2-trichloroethane was detected in RW-57, but 1,2-dichtoroethane (its
metabolite from reductive dechlorination) was not detected. Finally,
pentachlorophenol was detected in RW-13, but tetra- and tri-chlorophenols, its
metabolites from reductive dechlorination, were not detected. This is further evidence
that the landfill is not the source of the parent chlorinated compounds.

4. Many activities can lead to the occurrence of chemical constituents In
groundwater. Therefore, several explanations exist that better account
for the sporadic detection of constituents In the residential wells In the
area around the Keystone Landfill.

The scientific literature contains extensive documentation of groundwater
contamination from a variety of waste disposal activities: industrial impoundments,
land disposal of solid wastes, septic tanks and cesspools, municipal wastewater -

10
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disposal, land-spreading of wastes, exploitation of petroleum and other mineral
resources, and -deep well disposal (Pye et al., 1983; National Research Council, 1994;
Pankow and Cherry, 1996). Other sources of groundwater contamination not intended
for waste disposal include: accidental spills, leaking storage tanks, irrigation practices,
and use of fertilizers and pesticides. In a rural setting like that surrounding the
Keystone Landfill, it is not surprising to find occasional occurrences of chemicals in
sampled groundwater.

Several published surveys of water supply wells have yielded similar types of
chemicals and concentrations as observed in the residential wells surrounding the
Keystone Landfill. One study involved the measurement of the concentrations of 56
toxic substances in samples of both groundwater (over 1000 different wells) and
surface water (over 600 different sites) throughout New Jersey (Page, 1 981 ). The
sample locations were selected to include approximately the same number of sites in
rural or undeveloped areas as those in heavily developed areas, including industrial

s areas and some in the vicinity of landfills. 1,1,1 -trichloroethane (TCA) was detected in
835 out of 1071 samples with a median concentration of 2 ug/L Similarly,
trichloroethylene (TGE) was detected in 388 out of 669 samples with a median .
concentration of 0.3 ug/L Some of the samples contained high concentrations of TCA
(608 ug/L max.) and TCE (635 ug/L max.), but the majority contained concentrations of
a few ug/L or less as evidenced by the median concentrations. The study by Page
(1 981 ) also compared data from the wells sampled in southern New Jersey with the
data averaged for the whole state. The patterns of contamination for the more rural
southern part of New Jersey were similar to the rest of the state.

A second study was conducted by EPA and is entitled the Ground Water Supply
Survey (GWSS) (Westrick et al., 1984). Out of 500 randomly selected groundwater
supply wells in the U.S., 230 were found to be contaminated with volatile organic
compounds (VOCs) of the same type found in the vicinity of the Keystone Site. The
groundwater supplies sampled covered a broad range of populations. The most
pertinent to the Keystone Landfill area is the grouping of 80 wells that serve fewer than
100 people. In this set of wells sampled, 70 were below quantitation limit, 9 had
concentrations up to 5 ug/L, and 1 had a concentration between 1 1 and 50 ug/L

i ' , ' ' ( " " - ' •; • •. '•• . • ." •. '•••';-. {..'•} '•': • • . .

A third study was conducted by the U.S. Geological Survey and is geographically
. i relevant to the Keystone site (Daley and Undsey, 1 996). As pan of the National Water
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Quality Assessment program, groundwater samples from six areas within the Lower.
Susquehanna -River Basin that spanned portions of Pennsylvania and Maryland were
analyzed for 60 volatile organic compounds (VOC's; chlorinated solvents, petroleum
hydrocarbons, ketones, and ethers) with detection levels ranging from 0.05 to 0.2 ug/L
Five of the six sampling areas were classified as rural, and two of the rural areas
contained a population density similar to the area surrounding the Keystone Landfill.
In December 1995, EA Engineering reported that there were 44 homes within a 0.75
mile radius of the Keystone site and an additional 41 residences between 0.75 and 1.0
mile radius from the site. Thus, the number of homes per square mile is 108, and the
population density is about 270 people per square mile (assuming 2.5 people per
household). In the USGS groundwater sampling study, an agricultural area in the
Great Valley with a population density of 290 per mi2 had 4 wells out of 20 with at least
one VOC detected (20% incidence rate for constituent detection). An agricultural area
in the Piedmont Physiographic Province with a population density of 210 per mi2 had
3 wells out of 10 (30% incidence) with at least one VOC detected. These incidence
rates are comparable to the Keystone residential well data. For example, in Round 5
(3/96), only 6 wells out of 24 sampled (25% incidence rate) reported detections of
VOCs or semi-volatile compounds.

Through the Iowa Groundwater Protection Act, many municipal systems and private
rural'wells have been sampled in Iowa since 1987 in order to establish a water quality
data base with information on the characteristics and presence of chemical
constituents in drinking water supplies. In a study entitled the Statewide Rural Well
Water Survey conducted between April 1988 and June 1989, groundwater from 686
rural wells were sampled for various constituents, including pesticides, nitrate, and
coliform bacteria (Libra et al., 1993). The monitoring data revealed that 44.8% of the
wells exhibited the presence of coliform bacteria, 18% of the wells contained
significant amounts of nitrate, and13.6% of the private rural drinking water wells
contained one or more pesticides. The most frequently detected pesticides were
atrazine, metribuzin, pendamethalin, metolachlor, alachlor, and cyanazine.

The observations from these four published broad monitoring surveys are similar to
the monitoring experience at the residential wells surrounding the Keystone Landfill.
Most of the time the chemical constituents are below the quantitation limits, but there
are occasional detections that cannot be attributed to a landfill leachate plume for the
reasons described in the previous conclusions. \

' • ' " • ' • • • • 1 2 • . . . - ;
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Some of the common sources for the chemical constituents that have been detected in
the residential wells are given in Table 1. These other sources include septic tanks,
'agricultural practices, well casings and household plumbing, and household use of
wood preservatives and solvents, all of which are commonly encountered in rural
residential areas, such as the area surrounding the Keystone Landfill. This
information indicates that there are many possible explanations for why certain
constituents have been detected in some of the residential wells surrounding the
Keystone site, all of which are unrelated to the landfill itself. Therefore, the potential
sources identified in Table 1 must be evaluated and ruled out before considering the
keystone Landfill as a possible source for the sporadic detections of constituents
reported in the residential wells. In addition, it is the author's experience that both
chloroform and phthalates (e.g., bis(2-ethylhexy!) phthalate) are common laboratory
contaminants. Several of the metals detected in the monitoring wells, such as arsenic,
chromium, manganese, and cadmium, are commonly found in soils (naturally
occurring) (Shacklette and Boernlen, 1984; Undsay, 1979).

CONCLUSIONS

Several reasons support the author's conclusion that ft is highly improbable that the
Keystone Landfill is a source for the sporadic detections of chemical constituents that
have been reported in residential wells located in the vicinity of the Keystone site. A
summary of each reason is listed below:

* Many of the residential wells sampled are outside of the flow path of groundwater
from the site due to either being outside of the NE-SW corridor of groundwater flow
or being hydraulically disconnected from the Keystone site via drainage swales
'and streams.

. •• . • . . , ( , . ' . " : • • ' - ' -

• The groundwater flowing northeasterly and southwesterly from the Keystone site,
moves slowly, so that even if the Keystone Landfill were a possible source of
contamination, the maximum travel distance of chemical constituents is estimated
to be less than 630 feet from the site.

• The patterns in the monitoring data are not consistent with principles of constituent
movement and fate within a groundwater plume. The concentrations of
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constituents detected in some of the residential wells generally do not decline with
distance away from the Keystone site and often a constituent is detected in one
well and is not detected in nearby wells. /̂

The monitoring data do not indicate the typical changes in geochemical
parameters known to occur from landfill leachate plumes, such as the presence of
organic acids, methane, hydrogen- sulfide, reduced iron, and reduced manganese
downgradient from the site, and depletion of oxygen. Furthermore, metabolites of
chlorinated solvent transformations have not been conclusively detected in
sampled groundwater. •

V .

The monitoring experience of sporadic constituent detections in the residential
wells surrounding the Keystone Landfill agrees with the findings of several
published surveys of drinking water supplies in rural areas. These published
surveys indicate there are many more probable sources unrelated to the Keystone
site that need to be evaluated and ruled out before considering the Keystone
Landfill as a possible source for the constituents detected at low levels in
groundwater.

14' . ' • . , " , '
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Table 1 Chemicals detected in the groundwater in residential wells
surrounding .the Keystone Landfill and possible sources.

Chemical ___ Possible Source** ___________

chloroform chlorinatioh of water,,solvent usage
bromodichloromethane chlorination of water
dibromochloromethane chlorination of water
carbon tetrachloride solvent usage
vinyl chloride solvent usage, leaching from new PVC pipe
1,1,2-trichloroethane solvent usage, septic tank cleaner
1,1,2,2-tetrachloroethane solvent usage, septic tank cleaner
dieldrin pesticide usage
pentachlorophenol wood preservative, creosote
1,1-dichloroethene solvent usage, septic tank cleaner
bis(2-ethylhexyl) phthalate common laboratory contaminant
heptachlor epoxide pesticide usage
gamma-chlordane pesticide usage
gamma-BHC pesticide usage
Arochlor1248 ^ transformer oil, waste oils
chloromethane ,..- solvent usage
sodium road salt usage
lead leaching from solder and water pipes
copper leaching from water pipes
arsenic ..-•-. pesticide usage
antimony common in metal alloys
cadmium . Ni-Cd batteries, common in metal alloys
manganese naturally occurring
thallium ___ .___ rodenticide usage___.______'•

**N'RC, 1994; Pankow and Cherry. 1096; Merck & Co., 1989_______' •
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LIST OF SITE DOCUMENTS REVIEWED
BY DR. EDWARD BOUWER

• July 15, 1990 Report of Investigation and Remediation Design for Keystone Sanitary
Landfill, by Buchart-Horn, Inc.

• July, 1990 Final Remedial Investigation Report, Keystone Sanitation Company Site.

• September 30,1990 EPA Record of Decision for Keystone Sanitation Landfill site.

• February 10, 1994 Memorandum and Order and Judgment of Chief Judge Rambo in Brown
v. Keystone Sanitation Company.

• OU-2 Keystone Residential Well data table and figures prepared by Halliburton NUS Corp.,
depicting results above benchmark criteria for sampling events of February, 1994; June,
1994; January, 1995; October, 1995; and December 1995.

• June 27, 1996 letter from EPA Senior Assistant Regional Counsel Mary Rugala, attaching
tables and figure depicting residential wells sampled between October, 1995 and March,
1996 with results above benchmark criteria.

• November 1, 1996 letter from EPA Senior Assistant Regional Counsel Mary Rugala,
attaching tables and figures depicting residential wells sampled between February, 1994 and
June, 1996 with results above benchmark criteria.

• December 4, 1996 letter from EPA Senior Assistant Regional Counsel Mary Rugala,
attaching table depicting residential wells sampled between February, 1994 and June, 1996
with results above benchmark criteria;
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• Abstract. Thii piper reviews the available information and presents the results of* study undertaken to
(ttlmate the pretence and level ofctrtain u*ce organic* in waitewater samples collected from a septic tank
in an individual household, from a lift union, and from t watte treatment lagoon near Refiina, Canada.
Out of 11 priority pollutants analyzed. 6 priority pollutants • chloroform, bromodiehloromeihaiie, toluene,
benzene, methylene chloride and uirachloroethylenc - were detected in the samples. Benzene and
bromodlchioromethane were dominant. Meihylenc chloride and tetrachloroethylene could not be quantified
at the low coneentrationi present. Chloroform was present Ic the ligoon effluent. i«mple_one* .at ft.
concentration of 0.03 ug L*'. Toluene was tint present ciibcr in tbe septic tank effluent or in the lagoon
effluent. Benzene wis present in the septic tank effluent (max. value 450 M£ L*') and in the lagoon effluent
(max. value 120 tig L~'). Bromodichloromcihanc war present in the septic tank effluent and lagoon effluent
at concentrations lower than 1.10 M L *'. The trace organic! in the teptic tank effluent and lagoon effluent
at these comparatively low concentrations may not pose any eitnin'caat risk either to aquatic life or to public
health, taking Into account the attemunion capacity of the toil and the dilution usually available.

... I. Introduction ( • •
Most of the previously published studies have only characterized the septic tank effluent
with respect to biochemical oxygen demand (5 day, 20 *C) (BOD), chemical oxygen
demand (COD), suspended solids (SSX N, P and similar parameters. Onl>i recently has
some attempt been made to measure the trace organic* present in septic tank effluent.
There is very little published information on the subject at present.
The basic objective of this study was to characterize the septic tank effluent with

respect to certain trace organic?. ,

2. Review of Literature
2.1. GENERAL

In most areas, homeowners can buy septic tank cleaning fluids, most of which contain
trichloroeihylene (TCE), benzene, or methylene chloride. TCE and other chlorinated
organic solvents may reach and spread with the groundwater. Many of these
compounds such as TCE are known animal carcinogens (Council on Environmental
Quality, 1981). Widespread use of such solvents has led to (he closure of many public
and private drinking water wells (Council on Environmental Quality, 1981). The
monitoring data from both federal and state studies in U.S.A. on affected groundwater

• supplies showed that of all the groundwater supplies collected and analyzed, irichloro-
eihylenc (TCE), an industrial solvent and degreaser, was detected more frequently and
in the highest concentration and that tetracWoroethylehc ranked second in frequency

»anf. Air. end Soil follwtlim U (1986) 399-308.
G \n& t>y D. Rtidtl PuMahlnf Company. . ,
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2.2. TRACE ORGANICS IN SEPTIC TANK EFFLUENT AND SEFTACii;

DeWalle et al. (1980) measured several volatile organics in the influent and effluent of
a community septic tank serving 91 homes in a subdivision located south of Tacoma,
Pierce County, Washington State during a week of intense Sampling in September 1980.
Their data showed the presence of five priority pollutants -toluene, dichloromethane,
chloroform, tetrachloroethene and ethylbenzene - in the raw wastewater.. These
compounds showed essentially no removal during the one to (wo days detention in the
septic tank as indicated in Table III.

TABLE (II >
Volatile organics in septic lank influent and effluent (averaged over 7 d J« h composites)

(from DeWalle ««L.1930)

Organics , Concentration

Influent Effluent -Scum Solids
• • . ''., • . • " ' " . ' . ' , . Accum.

Toluene R6 38.8 0.7. O.OJ
Dichtoromelhant .».« 3.4 0.* 025
Chloroform ' 1.7 0.7ft O.I 0.0fi
Tetraehloroethcnc 0,76 0.28 A« 16
Ethylberuene ft. I O.I ' £.9 6

'* : ' . '

These priority pollutants showed higher levels in the weekend probably reflecting
increased domestic activity. Most of the other volatile compounds were reported to be
hydrocarbons and their removal by septic tank generally decreased with increasing
molecular weight. Several organosulfur compounds s'howed a substantial increase in
concentration as a result of anaerobic digestion process in the seplic tank.

,Six additional samplings were carried out by the researchers at the University of
Washington during 1980-1982 and further analysis of these and earlier data were
reported in 1982 (DeWalle ei al.. 1982). These results indicated thnt dichloromethane
was found in all samples, followed by toluene in frequency of detection.. These
compounds were also found in the water collected from a 40m deep monitoring well
located adjacent to the drainfield. The volatile organic Traction typically contained 40
to 50 compounds at a concentration greater than 1 ujjL"'; however, only five were
identified as priority pollutants as discussed earlier.
Tomson e/a/. (1981) studied the trace organic removal efficiency of a rapid infiltration

system treating secondary sewage effluent. A broad spectrum monitoring of trace
organics in the secondary sewage effluent applied to the rapid infiltration site was
compared to a timilar broad spectrum analysis of groundwater beneath the site. Overall
removal efficiency was found to be about 92 %. Classes of organic compound s exhibited
removal efficiencies ranging from 70 to 100%. The 'dampening* effects of ground water



Dai« Day of the Sample details
week ——____

Individual household^_________ Lifstation Lagoon

se s?c ff
effluent sludge tcuni '

I4-08-I5 Wednesday x: : ~~̂ —— *~—— ———
*4-OM6 Thursday „, ' '' •>' >* x
M-OM7 Friday x x r* * •'
W-OM8 Saturday K x * * x x
M48-I9 Sunday x K * • «
M-08-20 Monday . x " x
$4-08.21 Tuesday " x" ' y~;1~u--. j,—_ _..,... x

collected at 7 p.m.; samples on August 18 and 19 werecoHeeied at 2 p.m. Samples were
collected in plastic buckets and transferred to glass bottles immediately at the site. These
samples were then sent to Saskatchewan Research Council laboratory at Saskatoon,
240 km away, by bus in two batches. Samples were stored at 5 ' C before being shipped
to the laboratory. Out of 29 samples sent, 27 camples were analyzed due to breakage
of two sample bottles. Samples were analyzed for trihalomethanes (chloroform, bromo-
dichloromethane, dibromochloromethane and bromoform), toluene, benzene, methyl-
ene chloride (dichloromethane), carbon tetrachloride, trichloroethylene, tetrachloro-

' ethylene and 1-2-dichloroethane. All the organic compounds belong to the category of
priority pollutants designated by the U. S. EPA. Samples were preserved at 5 * C before
analysis. Samples were analyzed using a gas chromatograph (Hewlett-Packard, Model
5730A) by a beadspace technique. The halomethanes were ̂eiermined with an electron

I j ' capture detector. The other compounds were determined using a flame iomzalion
^—--t detector. Standards obtained from the U.S. EPA were, used for calibration. It is highly

I unlikely that the presence of other organics have any interfering effects. Some samples
of septic tank effluent, lift station wastewater and lagoon effluent were analyzed for
BOD and SS.

4, Results and Discussion
-/ ' . ' ' " "'4.1. RESULTS ,

\' i ' . • • ' / ' , '

Benzene, toluene and bromodichloromethane present in the 27 samples collected are
shown in Table V. Methylene chloride (dichloromethane) was detected in samples of
septic tank effluent on August 16, sludge on August 17 and ccum on August 16, but
could not be quantified at low levels. Tetrachloroethylene was detected in lift station
wastewater on August 15 and 20. Chloroform was detected once only in the effluent of
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; TABLE VI
. ' . BOD and SS of samples ,

Sample description Average concentration
(mfiL-»)

BOD ... $$

SopUc look effluent ' 152 He
Lift station wastewater 140 . 125
Lagoon I cdl effluent I2J 108

TABLE vn r
_____ )OcBurren™..°r.*«.ce organks mjamrĵ s.
™™"̂ ^̂ ^̂ ™̂*" *̂ ™̂ ™̂*̂ ^̂ ™™~̂ ^̂ ™̂ ^̂ |̂-̂ ^̂  «• ______ N . • ' * ' '
.No. Compound Rlw Septic Septic Septic Lift Lagoon

wastewater tank . -tanl; r tank station I cell
effluent -sludge' scum "wMiewMer effluent

' ______"'2 ^"3 #-.)••.. 0*3 .V«7 A-«7

I Chloroform 0 x 0 0 0 0 M
2 Sromodichloromethane 100 100 6? 10° 100 fit

' 3 Olbromochloromcthane '0 0 0 0 U 0
4 Bromoforrn 0 , 0 ' .0'.'..:••- 0 0 0
5 Toluene 100 6 00 14 0
6 Benzene • jo «0 -1 33 61 71 J3
7 Methylcne Chloride -

' (Dichloromethancj 0 2« J3 • 33 0 ()
' S Carbon Tttrachloride 0 0 0 0 0 0

9 Trtchloroethylene • 0 0 . 0 0 , 0 0
10 Tctrachloroethylene 0 0 0 0 29 0
tl l-2̂ ichloroethane 0 0 0 0 0 0

' ______ j __ ^̂ ^̂ ^̂ ^ ___ ___ • ___ ___
Detection Hnii is lOngL"' benzene. IJng I/*' for toluene and 0,()2vgL' ' far CHCljBr,
Nm number of samples. ' .

, Toluene occurred at an average concentration of 225 (tg L ' in the household
wastewater while none was detected in the teptic tank effluent, sludge and scum.
Toluene was present in one sample at a concentration of 30 wg L "' taken from the lift
station which collects the effluent from the various septic tanks in the community. This
is in sharp contrast to the University of Washington study results which showed that
toluene was most prevalent in raw wastewaster and septic tank effluent (Table III).
Benzene concentrations in septic tank effluent, lift station wastewater and in lagoon
I cell effluent were much higher than in raw wastewater, whenever it was detected. The
average concentrations of bromodichloromcthane in raw wastewater and septic tank
effluent were 0.30 ug L ' and 0.46 ug L~.'. respectively, showing no removal through
the septic tank; the average concentrations in lift station waxtewatcr and lagoon (1 cell)
effluent were 0.62 jig L"' and 0.16 ug L~', respectively, showing approximately 74%
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such as phenol, 2.4,6-irichlorqphenol, 2-chlorophenol, 1-2-dichlorobunzcne, 1,4-di-
chlorobenzene, 1,1,1-trichloroethanc, naphthalene, diethyl phthalate and dimethyl
phatbalate;
(2) laboratory column studies with different soil types to understand about the

behavior of trace organics through the soil; :
(3) field studies to monitor the presence and quantity of trace organic s downstream

of existing and experimental septic tile systems in different soil environments: and
(4) regular groundwater monitoring for trace organic j in areas where there is a

' relatively high density of septic tank systems to assess the long-term effects of such
systems on groundwRier quality. ;
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Sites selected for the study were four single family dwellings
located in Coventry, CT; three condominiums: Stony Hill Villages in
Erookfield, CT, Horthbrook Condominiums in Honroe, CT, and Stone Pond
Condominiums in Tolland, CT; a business-residential complex in Chester,
CT; and a community on-site sewage disposal system designed to serve 43
single family homes. At the latter site, each home's septic tank connected
to a gravity sewer system going to the community soil absorption field
area. , • . . . ; • • . ' •• ' . . '

Except for the Coventry, location site, selection was done in
cooperation with the State of Connecticut Department of Environmental
Protection Water Compliance Unit. This was an attempt to provide a mix of
site conditions representative for the state. A second important
consideration in the site selection process was the availability of on-
site sewage disposal system design information and the system instaliatin
.practices followed.

A RUCK denitrification system located in Mansfield, CT, was used to
evaluate techniques for determining the movement and concentration of
constituents in the household wastewater discharge as it moves through the
on-site sewage' disposal system. This installation was designed for
experimental use and consisted of : a number of sampling points within the
system including a capability for on-site column studies. The system was
developed by Laak, one of this study's principal investigators, and
researched by Costello (1984), The water supply for the residence came
from a 40 meter (131 feet) deep drilled well located upstream about 35
meters (115 feet) from the sewage disposal system.

For the Coventry, CT site, each single family dwelling was on a 0.4
ha (1 acre) plot and had a conventional septic tank-leaching system for
sewage disposal. These systems had been in place for about twenty years.
The soils<at this site were underlain by a compact basal till and the soil
drainage characteristics ranged from good to poor. Ground water monitoring
wells utilized were those installed earlier by Luce and Veiling (1983) in
a study of the movement of nitrates, phosphates, and fecal coliform
bacteria from these soil-leaching field areas;

The ground water monitoring wells at the Chester and Tolland
condominium sites were already in .place. The latter wells were installed
at the time of condominium construction to satisfy the requirements of the
State of Connecticut Department of Environmental Protection.

Ground water monitoring wells were installed at the Brookfield,
Honroe and Somers sites. The Konroe.and Somers wells were placed a little
less than one meter (three feet) into the existing water table at the time
of well boring. At the Brookfield site, this practice was followed only in
the leach field area because of the difficult well boring conditions
encountered in the glacial till for the equipment being used.

At the Somers location, a parallel set of wells were installed to
observe leachate flow similarities or differences coming from the soil
absorption field. Paired wells were used at three locations. Two piping
materials, polyvinyl chloride (PVC) and stainless steel, were used to

2BO

&R32U66I



I
The constituent concentration for' ground .water at the condominium

site in Honroe and for the residential housing complex at Somers are shown
in Tables 2 and 3. At Honroe, the drinking water supply was also
analyzed. Emphasis at Somers was for a more' in-depth evaluation of the
constituent movement from the soil absorption field into the ground.water

. '' and away from the site. The distance between wells A and D was
approximately 38 meters (124 feet); for wells H to E, the approximate
linear distance was 41 meters (133 feet).

Summary

Volatile organic compounds and hydrocarbons were found to make' their
way into the groundwater area near the on-eite sewage disposal system.
Further groundwater studies near on-site sewage disposal sites are

, recommended. ., •
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' /Table 1.

Chemicals Detected in Ground Water Samples Taken from
- Observation Wells at Brookfield, Chester, and Coventry, CT.

Site Location Chemicals Detected

Brookfield, CT (6) Except for one instance, and then only one
. well, no water found in any of the three

. perimeter wells; chloroform -at 34 ppb. 10
ppb toluene in sample taken from the soil

. leaching field area. . .

.Chester, CT (7) — - —— • ——
1 to 3 ppb trichloroethylene

4 ppb methylene chloride
7, 9 ppb chloroform
4 ppb dichloroethane

; Unidentified peaks at GC retention times
• of 3.22, 5.13 and 8.77 minutes.

120 ppb fluorodichloromethane
5 ppb trans-l,2-dichloroethane
3 ppb trans-l,3-dichloropropane

Methane present but not quantified

, Unidentified peaks at retention times (RT)
of 5.10, 8.34 and 5.13; RT's of 5.25 and
approximately 8.30 similar to ethyl
Alcohol.and acetone, respectively.

Coventry, CT (8) . ——--~-—
, Ethyl benzene present but not quantified.

10 ppb ethyl benzene

Unidentified peak at GC RT of 3.25; 7, 4
ppb trans-l,2-dichloroethene.

Unidentified peak or ethyl benzene <1 ppb
(twice)

Number in ( ) is the number of sampling events; different sampling event
chemical detections are separated by •——.

RT - Retention Time; Time is in minutes.
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pumping. MostotheF wells showeda significant incfeasa in water levels during pumping, attributabla
• ' ' . ' • - • . , ' r

to thetainfall.-Append W) contains foe raw data for both drawdown and residual drawdown. - |

Oneoftoeobjectrvesofthetestwastodeterminê

4-58

to theBBHBSpmgareâ -Since thfrdata-were-distorted̂ ue-tarain-eventŝ t was not possible to . -—-|
determine this hypothesis by the pumping test However, the hydratjfic correction is expected given
tha topographic and potentiometric relation shown in tha cross section on Figure 4-16. The figure _J
shows that the ground surface intersects the water table (potenttometric surface) on the northeast end
'v . ' ^̂ ^̂ ^̂  . ' • • ' • t
of the cross section in thefHIQspring area, j

4.8 RESIDENTIAL WEa SURVEY I

( /I-1
The results of the residential wefl survey are presented in Table 4-5. Residents in tfia Keystone Site , j
vJcinity obtain wajfer from shallow springs and wetts hundreds,of feet deep. Most wefl systems have [
a 20 to 30 gaflonholding tank, and some have a fftering or water treatment unit _

Several residents indicated water was restricted to houseĥ  Water with an
odor was reported at RW-8 and RW-11. Both locations have shallow water sources and septic systems
nearby.. Water which caused black or grey-black stains was reported at RW-13 and RW-15. ' r

: • • • . . - - . " '"' : " ' -I.

Several factors may influenca tha CLP chemical analysis results. These include depth and type of |
water source, wefl design, and land use. Most residential wefls wera also located near cultivated fields «
and septic systems. |

r

r
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TABLE4-5
RESIDENTIAL WELL SURVEY

KEYSTONE SANITATION COMPANY SITE
UTTLESTOVVN. PENNSYLVANIA

'REMV

WELL SOURCE USAGE LAND USE

RW-5 8 inch diameter weH AH household uses Crops grown near well
with 20 gallon holding
tankandffter V

RW-1 —500-foot:deep. 6Jnch—_-All-household uses - —^ Onsftê -septicUaDlP
diameter cast torn wefl norteastofwen j".''
with water softner and ' : I
charcoal filter y , ;

RW-2 ShaDow spring source Washing and bathing . Well 85 feet northeast [ ;
with 25 gallon holding only . ofsjBptigtang> I

. • . tank r : - . . • - . • ; - " • • • ' ; , ; _ . . . . ' . ' . . . .

RW-3 120-footdeepsteeIweU All house hoW uses cJê Êm̂ orth west |
with Amway fltering of wefl no farming

.-. - system and about 35 activities
, gallon holding tank •

RW-4 10 Inch diameter wefl N/A : Wefl 20 feet north of
• . ' • - • " .': ...y., •••..•-• •' • .' ' house

L
RW-6 Shallow spring source, All household uses, Crops grown near p

no water treatment watering livestock spring. ... > ..r

RW-7 30-foot deep wefi with AH household uses, WeS 30 feet west of
20-gaHon holding tank wateringlh/estock,crop house, crops grown
no water treatment Irrigation nearwefl

I



TABLE 4-5 (Continued)

RESIDENTIAL WELL SURVEY

KEYSTONE SANITATION COMPANY SITE
UTTLESTOWN, PENNSYLVANIA

REMV

WELL SYSTEM USAGE LAND USE

- Very-oldr<m5d 1800's)- -~ Washing only, -water--— Crops growninear wefl.
35-foot deep, stone has rotten egg smel —«™=^-- -
wall with water
treatment

RW-9 N/A AH household except <cSepig~_tank> crops
drinking grownhearby

RW-10 140 foot deep, 8 inch Ail household uses. Crops grown near weH
diameter well with no watering livestock septic system south of
water treatment weB

RW-11 Spring source with 30 All household uses <T§eptic~̂ k. about 90
gallon holding tank except cooking and feetnortheast of spring,

drinking, water has drain field north of
odor house

RW-12 Well with treatment AO household uses Crops grown near well,
system weBabout2Qfeetsouth

of house.
RW-13 About 435 foot deep AO household uses CjeptkrfcP* about 100

weB with hokfing tank except drinking water, feet sotheast of house
and no treatment causes grey-black crops grown near weB.
system. stains.

RW-14 N/A N/A N/A

* , .

RW-15 10 inch diameter wett All house hold uses
with 25 gallon holding . except drinking. Water feet east of weB. Crops
tank causes blank stains grownnearweB.

4-59
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FIELD FILTRATION POLICY FOR MONITORING WELL GROUNDWATER SAMPLES
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