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VIA FEDERAL EXPRESS

Ms. Ruth Seharr (3HS21) aiE
U.S. Envxronmental Protection Agency
Region I

" 1650 Arch Street '
Phlladelphla PA 19103-2029

Re: Kexstme&enxtatmnl&ndﬁn
: Dear Ms. Scharr

; . LN R . : . .
v The purpose of this letter is to submxt comments on behalf of Keystone Samtatlon
' 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 pubhc comment
‘period untll August 31, 1998 o R :

_ Keystone hereby reserves its nghts 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, mcludmg, without limitation, my July 16, 1996 and
July 24, 1996 letters to Mary Rugala, (Attachments 1 and 2) and a January 2, 1997 report
preparéd 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 submltted for :
purposes of melusmn in the admuustratlve record ﬁle for the Site.
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 z1&% Keystone hereby incorporates and adopts certain comments set forth in an August
728, 1998 letter submitted by Stephen Joyce on behalf of Waste Management of

- Pennsylvania, Inc. ("Waste Management"). In partxcular, Keystone concurs with and
requests EPA's review and full response to the following Waste Management comments: .

1. The Proposed Plan mcorrectly includes iron and manganese as 51te-related
‘constituents in several off-site residential wells.

2. The Proposed Plan mcorrectly includes iron and manganese as sxte-related‘ '
consntuents when calculating Hazard Indices for off-site residential wells.

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

4. US. EPA has mappropnately charactenzed the contnbutlon of other. . \\/_
. sources to the calculated risks. :

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

The Proposed Plan states that several volatile orgamc compounds ("VOCs") .
detected in groundwater beyond the landfill boundanes in monitoring and residential
wells are attributable to groundwater mlgratlon from the landfill. See 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, -

Thowever, fails to consider other sources of these VOCs, including their presence in septic |
tank effluent from individual residences. The attached technical journal article entitled :
"Trace Organics in Septic Tank Effluent” (Attachment 4) reports on several studies which . R
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- confirm that tetrachloroethene (PCE), tnchloroethene (T CE) 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 their
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 recexvmg groundwater aﬂ'ected by the landfill.

In the Remedial Investngatlon for OU-l EPA recognized that re51dent1al well data
might be influenced by other factors such as nearby "septic systems” and even conducted )
a preliminary well survey to 1dent1fy land uses (including septic tanks) that could impact
groundwater quality). See Attachment 6. Despite the presence of such obvious other
sources of VOCs and other chemical constituents; EPA made no effort in 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: bemg 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.

o
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The Proposed Plan presents its calculation of potential human health risks for
resndentlal wells in two off-site areas (i.e. Area 1 east of the landfill and Area 2 north,
west and south of the landﬁll) Seé 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 examplé, 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 analytlcal results for
_ RW3 are probed, the following data pomts are found: - ‘

Date of Sample- PCE Concenfration (ug/L)
1/1/94 .~ | Not Detected
6/1/94 . 1.0
1/1/95 - | Not Detected
10/1/95 - - 0.4) ‘
1371796 - | Not Detected
6/1/96 0.3J
10/1/96 : 0.6]

'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 o
"representative concentrations" is a significant problem and calls into questron EPA's

_ attempt to quantxfy risk in resrdentral wells \

RW43 is the resrdentxal well used by Mr. and Mrs Noel. lt 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 representatlve 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 in 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 resxdentlal wells to reduce the risk to human to

acceptable levels and yet does not appear to recogmze the existence of a filter mstalled
many years ago on the Noel's well

- As EPA is aware, faxlure to ﬁlter groundwater samples in the ﬁeld pnor to
~ preservation with acid will result in contaminant concentrations which are often over
estimated. - See e.g. EPA Region IIl, 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. See 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 alternatlve risk factors using only filtered
’samples .

‘7‘9.
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. The Propose& Plan concludes t_hat'.the impemieable cap remedy selected by EPA
in September, 1990 in the OU-1 Record of Decxslon, 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. Se¢ Proposed Plan at p. 9. However, neither the Proposed Plan, nor the RI
or Focused Feasibility Study, contain any analy51s 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 in -
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 QU-2 studies and the Proposed Plan should

. have reevaluated the need for a cap. EPA’s conclusion that the OU-1 unpermeable cap is :
still needed is not supported by any current technical data ¢ or analysxs and i is thereforenot’ ‘

+_ defensible. x . v ¥

BERRER

Thank you for the opportumty to comment upon EPA's Proposed Plan A detalledk :
written response to each of the pomts raxsed above is requested. .

Very truly yours,
WRT/cak

)
Vi T
. ‘V“‘ .
Wm. Rbger Truitt
Attachments 1 -7

cc:  Mr. and Mrs. Kenneth Noel (w/enclosures)
_ John E. Griffith, Jr., Esquire (w/enclosures) -
" Mary Rugala, Esquire (w/enclosures)

AR32L592



o . ] r-.k vi-.-, ’

AR32L598



.~ PIPER & MARBURY

L.L.P .
’ CHARLES CENTER SOUTH . % . N
. ! L WASHINGTON :
. , v
. ' 36 SOUTH CHARLES STREET . NEW YORK : \_) :
'WM. ROGER TRUNT BALTIMORE, MARYLAND 21201-3018 PHILADELPHIA
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July 16, 1996 .

VIA FACSIMILE AND REGULARMAIL - \
Mary E. Rugala, Esquire

"Sr. Assistant Regional Counsel

U.S.EPA,Region Il

841 Chestnut Building

Mail Code 3RC22
Philadelphia, PA 19107

Cbeevay
. Enclosed please find coples 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 "addmonal homes that have been impacted by contaminates (sic)

~ that are related to the landfill," that "[t]hose 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 contammatxon [has] moved off-sute . '

"My clients and I were very surpnsed and dismayed to read these press accounts. I SRR

‘. understand that on July 11, 1996 Mr. Corbett personally advised JEENENEENNEGENg
— the Noels' tenants and the occupants of the home with-the well reported by -
EPA to exhibit the hlghest level of PCP, that a re-test two. weeks earlier showed no trace

AR324591



'PIPER & MARBURY

. , LL.P
Mary E. Rugala, Esquire SR “ L S R

July 16, 1996, : - . ' oo o :

Pagc2 '

of PCP in thclrwe‘ll Mr. Corbett reportedly told— that their
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 acknowledgment that there was no PCP problem at thelJ SN 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 1.
respectfully request ‘that EPA provide a full explanation to my client and to the
- Gettysburg Times so that this- apparent . mrsmformatlon will not alarm the public and
create unwarranted anxiety for my clients. 1.~ \

In addmon, 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 lnvestlgatron ("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 momtonng 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 srte so that my clients can better understand Mr.
Corbctt's concerns and take any necessary act:on wrth regard to their tenants’ wells v

v ~Itis mtcrestmg that nelther of the enclosed newspaper artrcles mentlons that the
one well located nearly one-half mile from the landfill in which vinyl chloride was

- reportedly detected in the March 1996 samplmg 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 mformatxon you forwarded to me on June 27, not one of the

” lAlthough the B_ammgr_gs_un article bneﬂy notes that "[t]he chemlcals 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 reéommended that the QNS ’
Hiscontinue their use of bottled water on June 11. - .
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other 67 residential wells tested during five rounds ‘of samptinig data colléctéd over the -
‘past two years has indicated elevated levels of vinyl chloride. This one detection,
apparently not replicated in follow-up samphng, appears to be an anomaly d may be -
related to any plastic well casing or piping that is associated with this ‘mew 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 whcn so: much more
evidence contradxcts thxs conclusxon

Your June 27 letter provxded certain mformatlon about EPA's QU-2 residential
sampling, including resuits from the March 1996 sampling rourid which reported PCP in
well (RW-13). Although we understand that Mr. Corbett

advised the J SIS more 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 presemt 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 in 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 callto = -
’ adv1se where and when thls data can be revxewed and/or picked up.

As1 think you will agree, my clients have cooperated with all of EPA's requests to
sample their tenants' residential wells, the Buchart-Horn wells and your recent request to -
sample the "K" wells, all of which on the Noels' 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

;i
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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 (mcludmg sample results tending to contradict the -
proposition being presented). be prov:ded 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 meetmgs 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 supcrvxsor identified in your June
27 letter) by telephone. - I look forward to teceiving copies of the original laboratory data
requested above and writtén assurances.that the information in the enclosed articles will
be clarified by the Agency in written commmncatxons to the Task Force and the affected.
. medla ’I’hank you in advance for your assxstance

Very truly yours,

" Wm. Roger Truitt

-~ WRT/edf
~ Enclosures
cc:  Joseph Donovan, Esquxre
- 'Mr. and Mrs. Kenneth Noel -
Mr. Timothy Saylor
: JohnE Griffith, Ir. Esqmre
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BY ROBERT HOLY
Temes Stoff Writer . -

SILVER RUN, Md. - Even as

a cleanup design was reviewed

Tucsday night for the Keystono
Sanitation Co.  landfill

o Superfund site in Adams

County, a federal official said

‘he will recommend some

cleanup plan for surrounding

- residential areas.

Christopher Corbett, the
Environmental = Protection
Agency’s KSC project engincer,
said alter a landfill task force
meeting that officials con-

firmed in 1990 there was off-

sito contamination. . -
“It's mora of a continuation. I

~ think the operable unit one.

record of decision they mads
tho statemont thers was off-.
site contamination,” Corbett

“What we've scen :\through

~ the sampling of operable unit
" two is additional hits, addition-
~al homes that have been

impactced by contaminates that

. are rolated to ths landfill,” he
- said. ’

The latest rounds of sam-
pling showed a home with lov-
els of vinyl chlorids, and two

homes. showed new off-site .

traces of Pentachlorophenol
(PCP) at two homo. "
- Those homes are noar the

- landfill, and a direct connection
. to the Superfund sito is likely, . P

because those contaminates
w?: found at the landfill, he
said.

The PCP levels at homes
. around the landfill is now, sug-

gosting mounting evidence that
contamination moved off-site,

Corbett said. .

The EPA engineer said he is
not suro what will be rccom-
mended in tho clean-up plan
that - will be -released in

January or February.

‘Whea tho proposed plan
comes out we'll have a cleanup
planoutlined,” he'said. e ¢

Final sémpling in residontial
aresas -around tho- landfill,
which has beon guving on for

- more than a year, should be

dono in August. :
Corbott said draft reports

.should be finished by lats

Novembor or early Dccember:

A

" task forcs members,

Lanarii ciean-up
will include some
residential areas

~— - — Thecleanup plan will include . .
-+ .- recommendations for protection

of groundwater and rasidents in

: Pennsylvania and Maryland.
“Thers will'be various alter-

nativea that will bs evaluated,”
ho said. » o
But oven i{ the final report
comes out as planved early next
ear, it could be some time

efors any action occurs if the

process goes at the pace as,

cleanup at the landfill.

The KSC task force members
ot their firat look at thq design
or a treatment plant that will

at tho landfill ' .

Pcter Pellisaler, é)roject nian.

ager for E.A, ,
Scienco - and Technolpgy in

purgo contaminatos from water-

-Sparks, Md., showed tho task

force plans for a’ pump and
treatment system that EPA

officials want in opération by

December 1697.

* Corbett said the public com-
meat period for the design'runs

through Aug. 19, with a public
meoting to explain the plans in
September or Detober. .

. Ho sald thé public meeting on

"the ‘construction plans should

not bo beld until the company
that wins tho bid is available to
outline planas.
That drew objectioas from
vho say
the mccting will be toolate for
ublic input. .
But Corbett said sonte plans

can bo adjusted to accommo--

date public concarns. -
At the same time, the task

- force is opposing efforts by tho
landfill owners to eliminate
plans to cap tho site. :

The task force is planning to
send EPA offlcials a latter
today saying they wlill agree ¢to
a plan to delay capping the aite.

ut for that agreement, thoy
want. the landfill owners and
EPA will to providas alternative
water sources such as filters
and: bottled water and a buffer
zone for protecting resldential
areas.. | : ° . .

Corbott said tho beat the
landfill ownars can hopp for is a
delay of capping the aite,
because a cap on the landfill is
required by Pennsylvania cnvi-
ronmental Jaws.

ngineering, -

A
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EPA tests indicate

‘to Superfund site

8| A pretty strong argunent’

Keystone, now clo;,ed1

isjust across

| statelineinPa. :

EYAGUXSTAPFWRITEX
 Cancer-causing chemicals
that were found in residen-
tial wells near Keystone San.’
tation Landfil may have.
rovided the first direct link
etweeh toxic - chemicals
buried at the Superfund
cleanup site endp eighboring
watersupplies. "~ .
_ 'High levels of vinyl chlo-
ride turned up In one well
and pentachlorophenoc! in
two others In March tests on
about 70 residental wells
that the federa) Environmen-
tal Protection Agency has
monitored " regularly since
February 1994. The chem!-
_cals did not appearin detect-
_able levels in follow-up tests
two weeks ggo, but experts
8ay such an erratic pattemis
DOt uncommon. .
Both ehericals have been
present in the past at even |

Jlers ture, _._-[.'S‘c-c._{_\ybo.-us.ugy

v
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Qlgher Jevels In’ monitonng

forthesite, .

wells at the closed landfin, .
seld Christopher J. Corbett,
the EPA's project manager

Eeystone. & private opers-
ton in Adams County, Pe.,
‘across the border from Car-
roll County, was edded to the
EPA’s Superfund list in 1087,

“Tbe vinyl chloride and
PCP in wells close to the
Jandfll, to me that makes &
pretty strong ergument that
they are from the landan”
Corbett told a Eeystone task
force at its meeting Tuesday,
The group of loca! govern-
ment officiels and residents
monitors the cleanup effort.
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Thursday. June 13, 1996 'I‘he Sun in Can*oll

. i.}f»\‘.“_ﬂ‘r

COUNTY\V[DE

| Carcinogens in Pa. well
linked to closed Jandfill

13"

) (La.ndﬁll jromPage 13}

past. the EPA and Pennsylvania
and Maryland health officlals have
sajd that contaminants in wells
near Xeystone could have come
frorn other sources,

* With the recent findings, Cor-
bett said, “It's a direct correlation.
Ne're seeing contarninants in the

off-site wells that are {n the on-site

Swells” -
# The contarinated wells are in
_ ?ennsylyanm. EPA officials would
ot identify the property owners.
- Carbett said the homeowners had
}zeexmotm:d of the test results,

Vinyl chloride, a solvent usedin .

' ma)dng plastice, was present in
amounts five times higher than-
theEPA's “actionlevel*ina well at
. ahouse Corbett described as ~fair-
"~ lynew construction.” The house is

#ithin2,500 feet of the landSil
‘the action level in samples takcn
“Jrom a public water supply. the

. ;PA requ!ru the munic:paﬂty to .

When 2 contaminant reaches

- ... reduce the amount of the eoRtaT:
- inant to safelevels for drinking. -
Pentachlorophenol, which is 3

used in wood preservetives was

present in another wel) at 25 times .

) the level that the EPA rates as

reky for tap water. That well is
nearthelandfil's eastern edge,

" At a third well, nesr the land-
fii's northerm border, penta-

chloropbenol was detected at . with bottled water or well Mters it
_neaxrly double the risk level, which follow-up tests had shown the
EPA considers a less-serlous con- / same results, Carbett said.

cern

‘The government doesn't regu-
late private water supplies the
way it regulates puble systems.

*You put the person on notice,
give him sufficlent Information
that he can maXke a reasongble de-
ciston, which may be to treat the
water or may beto bring in bottled
water,” sald Charles L. Zeleski, as-

sistant director of environmental - Sée i the 1andfill {s a potential
health for the Carroll County Source .. and also to look at the
. Heelth Department.

The

lavels ofthe chemicals the case for these two is very
wotld have prompted the EPA to mn&

et
ﬂﬂ.\' lou:n H l“ r:m

supply the affected homeowners

T4

Oouncxl backst”

of smpTus fund:

)
. e

FITASUNSTAPY WRITEX
The Hampstead

unanimously ‘a

$1,210,060 budget

for the Arst time in .

tory, passed a lon

improvement plan,
g.' =b :‘hcto;rgeg:l

“It's not surprsing with & udget u
lie the Keystone landm, that fs | revenues dating to.

such a nonhomogenous. source,
that you don’t-see contaminsnts

at the same.time at the same
wells,” Corbett sald. "1 think thc,

i8 to look back at the landm and

potential for transport. ... I think

sy

\0...!‘.! IU

l School board

re]ects v1de0 2 pamphlets

E[Board.fi'om Pape lﬂ

-pamphiets also presume sexusl
activity, he said. For examnple, the
- _pamphlet for boys says to always
~assume your girlfriend is not using
sbirtheontrol -

.3exact.” Stone said,
!. Ballard said she voted against
«the ' pamphlets because - she
“thought they were too strong for
-~odddle school. The pamphlets
wtre proposed for seventh grade. .

* Mish said he was Jess con- .

-cemed about the pamphlets, be-

Zcausethey are not as powerfulasa -

-ndco but he supponcd Stone’s

-~ P Y et

“There’s a presumption of the

provide ln!ormaﬁon onpreventing
pregnancy anddisease.,

“Obviously there are kids who
are going to be sexually active”
Mish said. “But I don't think we
need to make t.hem the rocus of
the program.” -

At the board’s request, Gary
Dunkleberger, assistant superin-
tendent. drafted the abstinence

~policy in 1988 when he was direc-

tor of curriculum.

" “We cannot choose toteach ab-
stinence only,” Dunkieberger said.
“We are required by .{Maryviand
state law} to go beyond thsat.
That's really what our policy says.
Uyoulookatit”

Thea Mllru reardc-: \("h-ln the in.

~

“to students as the most appropﬂ-
ate choice,” In addition to the par-
ent panel, all parents are notiied
when new materials come up for
review and can view them bctore
the school board votes,

State law requires that pa.rents
be notified of family life unit
classes and allows them to ex-

. clude thelr children. But In Car-
rol), parents must request that
their children participate in the
tiasses and sign a permission
form. Nearly 100 percent of stu-
dents teke the courses. Dunkle-
~berger said.

- faclitles.

cates money to pt

pairs, water sysi
ments and, &~ ™
“We do

amundandvh;éﬁo)

and we're in 8 go
throw money at th
Hampstead Mayo
M. Nevinsald at T
Counciimeeting. -

Commissi(
changes d:
for ifs. mex

This month's H: -
ning and Zonin:.
meeﬂng hasbeenr

“The commissiol

: p.m. Tuesday, inst

at Town Hall, 1034
- Informaation: 23¢

Church news. .

Lazarus U
Christ: Father

.
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FAREN

F’IPER & MARBURY

‘L.L.P. ‘
. T N
‘ e 'CHARLCS‘ QEWER SOUTH ‘ ‘ WASHINGTON
f , ‘ |~ 36 SOUTH CHARLES STREET - REW YORK
Wn. Rocer TRurrT " BALTIMORE, MARYLAND. 21201-3018 : PHILADELFHIA
410) 576-2380 . - A " 410-830-2830 . ~ €eAsTow

FAX: (410) 576-1640 - . . FAX: 410-539-0480 -
July 24, 1996
MaryE.Rugala,Esquire o e
"U.S.EPA, Region Il '
841 Chestnut Building

Mail Code 3RC22 . |
Philadelphia, PA 19107 .

‘Re:  Keystone Sanitation Landfill Site -- OU=2 Sempling
Dear Mary: o

As a follow-up to my July 16 1996 letter, l have enclosed a copy of a July 22,

1996 memorandum from Tim Saylor, a professxonal 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 in 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 in Mr. Saylor's memorandum, as well as a relevant excerpt from
ANSUNSF Standard 14-1990 (Plastics Piping Components and Related Materials), which
help explain why residual vinyl chloride i in PVC pxpmg could be the cause of any vmyl
chlorrde detected in resrdentral wells e

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

Very truly your

'WRT/sc A

‘Enclosures
cc: Joseph Donovan, Esquire’

Mr. and Mrs. Kenneth Noel :
Mr. Timothy E. Saylor .
-John E. Griffith, Jr., Esquire .

AR324603
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. MEMORANDUN

TO: Vm. Roger Truitt , Esquire

Piper & Marbury

: FROM‘ Timothy E. Saylor, P.G. ’ ' o
T - Buchart- -Horn, Inc. \ o | s :
©DATE: July 22, 1996 T |
 REFERENCE: Pentachloropheno] and V1ny1 Chlor1de F1ndings |

Keystone Sanitation Co., Inc Landfi]l/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 VlSlted the three sites in quest:on on Thursday, July 18
1996. .

PENTACHLOROPHENOL

Pentach]orophenol (PCP) is commerc1al1y produced for use as a bacteric1de,
fungicide, and slimicide for preservation of wood. Because it {s a chlorinated:

hydrocarbon its biological characteristics have also resulted in its being

used as an herbicide, insecticide, and molluscicide. Contamination can rasult
as a point source water contamination at wood preservation sites and as non-
point source thraugh water runaff where PCP has been used. .

It is manufactured as PCP, penechlorol Dowicide EC 7, Dowicide G Honsan-_"

to Penta, and Santobrite.
VINYL CHLORIDE

- ¥inyl chloride is used as a vinyl monomer in the product:on of polyvinyl

ch1oride 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 concernxng migration of v1ny1
chloride into water in contact with polyvinyl chloride pipe. A library search
turned up the: fol]owxng°

1. Berens, A.R., and Daniels C. A (1976) Prediction of Vlny1 Ch]o-x

vide Monomer Migration from Rigid PVC Pipe Polymer Eng. and Sc1. Val. 16, No.
8 pages 552 - 558 (August) o

AR324 604
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2. Dressman, R. c.. and McFarren. E.F. (1978) Determination of Viny1
o Chloride From Polyviny! Chloride Pipe Intc Water: Journal of the American
Water Works Association, Vol. 70, No. 1. Ppages 29 - 30 (January)

: - 3. Ando, M. and Sayato, Y (1984) Studzes on Vunyl Ch]orrde Mngratxng
Into Drinking Water From Polyvinyl Chloride Pipe and Reaction Between Viny]
Chloride and Chlorine. Water Research Vol. 18, No 3 pages 315 - 318 :

4. (1988) News of”the Field - NSF Recal]s PVC Pipe Hade by
Pioneer Internat1onal- Journal of the Amertcan Water Works Association, Vo] |
80, No. 11 page 84 (November)

The basic concluslon ‘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 b{ Dressman and McFarren, the levels
ranged from 0.03 tc 1.4 1g/1 (2 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 aboul nine years. Some years ago, I recall reading an article on
the release .of vinyl, chloride fnto water by the use of resin glues manufac-
. tured for cémenting PVC casing p1pé in water well construct1on. That artxcle
. have not been able to f1nd o : ‘

POTENTIAL ORIGINS IN THE FIELU - PENTACHLOROPHENOL

: First it would appear that the one time only ftnding of pentach1oropheno1.
in the March, 1996 round of sampling is probably attributable to either field
3 . or laboratory QA/GC error. On July 18, 1996 I reviewed the two properties
: \\_,/ where the PCP was allegedly found in the ground water. In the case of the

I ﬂ 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 Tooked at the
© groundwater mapping shown in the USEPA RI/FS reports (as well as ours). The
groundwater divide that 1ies 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 the WA (sp’) property on. the northwest corner of C'louser and. y

Chestnut Hill Roads, anything is possible. The well, according to Ken Noel. is .

2 very shallow, hand dug well. It s located mzdway between Clouser Road and

the house, which is onrly about 30 to. 40 feet awzy from Clouser Road. The
property is poorly mafntained. 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

1s a]ways using more insect:cdes. pestic:des. and fertilizers than necessary

anszusos1




" on the fields he farms. He also washes down his equipment along Chestnut hill
Road next to .the house! Finding almost anything in the way of contaminates

. would not be a surprise. To relate a]most any contamination in'the well to the -
landfill would be difficu]t. v

POTENTIAL ORIGINS IN THE FIELD - VINYL CHLORIDE

On the same day I examined the other two - properttes in the field, - [ also
Tooked 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.
did not examine the property in detail because no one appeared to be home. The
well was drilled by William W. Reichert, Inc., Hanover, PA. If vinyl chloride .
was present, it was most likely from the new well construction. The distance
of this residence from the landfill (approximately 2500 feet), the preferved
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 sampltng event makes this moot

CONCLUSIONS

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

. 2. The’ geo]og1c structure and the groundwater system in the 1andf1ll area
.,would,virtua)] reclude the mlgration of this chemical compound (PCP) to the
¢ dell on-the&property | | | |

"~ 3. The management of chemicals and the poor housekeeping practices coupled

. with the shallow well used for water supply on the property, would make

it. very difficult to relate almost any contamination found to the landfiII.
- Analysis of the groundwater is almost meaning]ess.,

4. The occurregce of vinyl ch]ortde in the new water well on the praperty
south of USEPA RW.29 would most likely been attributable to the fact that the

" well was only recent]y constructed. The distance of the property, the rate of
groundwater flows in the area, the geolog1c structure, and groundwater flow in
a preferred SW-NE direction would make 1t imposs1ble for the landfill to be a
“source. ,

5 5. The fact that these findings in the March 1996 sampllng round were not
-repeated in the subsequent June 1996 round, makes any conclusions as to what

~ was present and why moot. It most like]y could bas attr1buted to exther a fleld ‘
or laboratory QA/QC error. i
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~ PLASTICS PIPING COMPONENTS AND |
| RELATED MATERIALS

ANSINSF 14-1890 |

 ANSI/NSF 14-1990 .

-Amerlcan'Natlonal Standard/ 1
NSF International Standard
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6.1.2 CALC[UM STEARATES Calcmm stcarates shall- comply wuh thc applicable
" requirements of NSF Standard 61 when tested in PVC plpc or ﬁtungs formulated to
. contain the mgredlem at the maximum us¢ levcl

6.1.3 - HYDROCARBON WAXES: Hydrocarbon waxes shall comply with Tite 21 (food and
dmgs) CFR-178.3710 and the applicable requirements of NSF Standard 61 when tested .
in PVC prpe or fittings formulated to contain the mgredncnt at the maxxmum use level,

6.14 OXIDIZ?.D POLYETHYLENE WAXES Oxidized polyethylene waxes shall comply‘ X

- with Title 21, (food and drugs) CFR-172.260 OR CFR-177.1620 and the -applicable
requirements of NSF Standard 61 when tested in PVC pxpe or ﬁlungs formulated to
contain the ingredient at the maximum' use level.

' 6.1.5 TITANIUM DIOXIDES: Titamum dxoxldes 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’ t.he mgredlent at the maximum
use level.

-’

SECTION 1. MONITORING REQUIREMENTS FOR POTABLE WATER PLASTICS PIPING

7.0

71

12

13

. SYSTEM COMPONENTS AND RELATED MATERIALS

MONITORING Plastics plpmg system components and related matenals 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 formulauon mformauon, and
shall not exceed levels of toncologmal srgmﬁeam:e

- TOTAL 'IRIHALOME’I'HANES “The maximum perrmssrble level of total trihalomethanes in
- the orgamc extmctam water after exposure to CPVC plpe shall not exceed 0.10 mgiL

RESIDUAL VINYL CHLORIDE MONGCMER (RVCM): The maximum permxssrble level of
'RVCM in PVC and CPVC ptpmg products shall not exceed 3 2 mg/kg.

EXTRACTION TESTING Plastics piping system components and related materials shall be

~ extraction tested in accordance with the following procedurcs for monitoring,

731 BXPOSURE CON DITIONS Exposure of samples shall be conducted using the mulnple
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 usmg
the muluple exposure proeedure
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. : SINGLE BXPOSURBS !D[P TUBES 0 !
v ST : 72:t4HOURSAT99:I:05‘C

' MULTIPLB EXPOSURES

' COLD APPLICATIONS
1. 24:!:1HOURAT37:I:OS°C
2. 24+1HOURAT37%£05°C

. J
3. . 72:!:4HOURSAT37iOS°C -
'HOT APPLICATIONS , o - : . -
1. lHOURAT82:i:05°C e A , ‘ '
- 2. - 1HOURATS82+05°C : ~ t ’

3. 0.5 HOUR AT 82 £ 0.5° C AND
-72 + 4 HOURS AT37_:EQS°C

‘TABLE 1. MAXIMUM PERMISSIBLE LEVELS FOR CHEMICAL SUBSTANCES

A o . MPL Action Levels
SUBSTANCES o mgh 0 - mgl
, : ~ - Antimony - 005
S0 -Arsenic coon T 0.050
o/  Cadmium 0005
Copper - TR =
Lead ' o - ) ' - 0,020
Mercury - S 0002
Phenolic Substanccs TR T . 0.05°
Tin o005 N
TTHM S 000 ,
. RVCM* oo 32 - 20%

“In the finished product ppm (mg/ke).

Ld e

“This is an action level. If the level i is cxceeded. further review and/or testing shall be initiated to
1dcm1fy the specific substancc(s). and aoccptanoc or rejection shall be based on the level of specific
substances in the water. : o

. ‘Addmonal samplcs shall bé selected from mvcntory and tested to monitor for conformance to the g
S MPL. : ‘
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Water Res. Vol. 18, No. ), pp. 315-318. 193¢ - : , 0043-1354/84 33.00 +0.00
Prlated in Great Dritwin. All rights rescrved |

** STUDIES ON VINYL CHLORIDE MIGRATING = ' -
~ INTO DRINKING WATER FROM POLYV[NYt
CHLORIDE PIPE AND REACTION BETWEEN -

~ VINYL CHLORIDE AND CHLORINE

_  MaSaNORI ANDO and YASUYOSHL SAYATO
’ Nationul Institute of Hygicnic Sciences, Setagaya-ku, Tokyo 158, Japaa

(Received June 1983)

Abstract—To detcrmine the conditions for the migsation of viayl chloride monomer (VCM) into water
from polyvinyl chioride (PVC) pipes und 10 examine the reaction betwsen VCM and the chiorine present
in drinking water, we studied the migration of VCM into water. It was found that migratlon of VCM
inlo wxter from PVC pipes (containing 29.5 ppm YCM) could only be detected by usiag sn spparatus
that prevented volatilizaiion of VCM and increusing the surface area of the pipe wull in contuct with the
water. The amount of VCM which could underpo action'of the chlorine in the water decreuscd markedly
with the age of the plpes und whea the pH was lowered, VCM occurred in the water was converted to

- . chioroacetaldehyde. chioruxcetic xcid. ete.. by its reaction with chlorine, while the smounts of these

© reactants veried with pH of the solutlon waschanged. : -

Kc} -onl.;—\'iﬁ‘yl chleride, polyvinyl chionde pipe, chiorine, chloroscetaldehyde. ch!»orou‘:ellc‘ acd.
reaction of VCM with Cl,, migration. VCM migrating into drinking water from PVC pipe. YCM, PVC

INTRODUCTION - -~ ' compounds present in water interact with chlorine,

o ; . no evidence hus thus far been revesled on the redction
One of the first reports on the adverse effects to

human_ hedlth was the discovery of ncoplasiz, Or  giudy of the actual conditions under which VCM
~tumor formation, linked to vinyl chioride monomer  migrates into water from PVC pipes and the rexction
(VCM). by Viola &1 al. (1971). Shortly thereafter o VCM with chlorine in water.

Maltoni and Lefemine (1971) reported on malignant— , : .

" changes in animals, including angiosarcoma of the .

liver. Creech and Johnson (1974) supported this: - :

observation n their report on'angiosarcqma of the MATERIALS AND METKOOS.

liver. ' . ST

VCM is used exiensively as a basic material 1o

make polyvinyl chloride (PVC) and other plastics

Migrarion of VCM tato water Jrom PYC pipes

" - Methed {. Migration of VCM iata water from PVC plpes
was studied by scaling water ia scctions of PVC pipe. The

.which are used In such manufactured products 2s  PVC pipes (longth §m x 20mm. 1.4} wers sealed with

pipes. containers. transparent sheeting, cte. In cecent si!iicone r:!éb« s;oppzn zg, eac ead. The solutions usg:d aw
years. PVC has been widely used In public drinking Migrate VCM from PVC were 0.1 M phosphate buller
water systems. and amounts of the production and 210408 (PH S, 7 and 9) and deionized water  The PV(

installation of such pipes is increasing ?ﬂ Jll”{'- ~ silicone rubbe? stoppers wese sld over the 1op in such v wuy
Because such materials are now commonly used, itis  as to preclude any alr space forming during sealing. Thesa

obvious that people are in daily contact with PVC.  were then allowed to stand for's number of days (1. 2, and
Residual VCM from PVC materials huve been re- 3 day periods) a1 20°C. In this experiment, the surfuce ancu

"4 ¢ ! ; PVC pipe in contact  wi -
poried a5 hazardous to human health. Thus, it has 8;:,:‘:,“,-5 pipe in contact with the wolution” wus

become an important problem to solve, despite the  Merhod I/ Another meihod ofmigra;l;t;g VCM from PvC
apparent hazards to health, only few studies have wus carried out by sealing s few picces of PYC pipe and

been made on the migratlon of VCM from PVC Wuer in x serum visl. Eighy picces of PVC plpe {lengih -

T, . .y 2.5 cm, width 0.3 cm, thickness 0.3 em} whose surls
prpes. Although chlorine is used to purify drinking had previously bcenéalc\.:md ol phlc:d ;w‘ '%r x:\‘lc:e :::
- water in Jupan, there has been little research on the

reaction, or chemical recomblnation, of VCM with - same as those used in Method [, Eaoh scrum viul was filled
‘chlorine in waier. o : -0 overflowing with the solutlons, then sculed with un

The discovery thut chloroform and’ other tri- Aluminlum cap lined with Teflon septu o that no wif spuce

, . . - remained. They were then allowed to stund for » number of
halomethanes are. produced in chlorinated drinking  g300 (1. 2 mdyl day-periods) ut 20-C. la this experiment,

water (Rook, 1974: Bellar et of., 1974) has attracted  the surface area of the PVC pipe 1n contucy with the solution
much attention. Although it is known thal organic = was 8 8cm!mi-!. - '

NS

o
M

between VCM and ‘chlorine. This paper feports o’
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pipes were filled to overflowing with the solutions, and °

vial (Fig. 1). The solutions used to migrate VCM were the -
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ch ! Mcihod u-—Mlguuon mcthod et' vmyl chlonde

' from polyvinyl ehloride pipe. (A) pclrdny! chionde pipe.

{B) preces of polyvinyl chioride pipe. scxled in the vial of
. walter. e

- The solmxons mlgm:c by Mell\od 1 nnd Method I

© allowed 1o swsad for 1. 2 3ad 3 duy periods were directly

injected into ¢ gas chrornmcgraph to dcxemmz lhc vCM,

. Reaction between YCM and chlorine in um

Several serum visls were filled to ovcrﬂowmg with de-
ionizcd watcr, sexled with sn aluminium ¢up lined with
Teflon scpte 3o thut no alr space remained, then 3 gus
- containing VCM was injected into cuch of the sexled viuls.
Various cencentsations of sodlum hypochlorite was injecied
into the sedled vials containing wuter and VCM. For periods
of verying hours. the wuter in the viuls was injecicd directly -
into the gus chromatograph 1o determine the VCM and the
rexctunts of VCM und chlorine. R
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Fig. 2. Time coursc variation of vinyl chioride fa water with

- chlorine. Vinyl chioride = 10 ppay; chlorine w 30 ppm.
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Fig 1 Gus chromutogram of vinyl chloride trewted with

chlontne  Vinyl chlonde =« 10 ppm.  chlorine » 30 ppm.

pH = $ 8. reuction lime = 24 b,

Gers ¢hmm¢mgra/:k| wndmun.t '
The gas chromumguph used 10 determine VOM wus

equipped with « flame jonizution detectorxnd s im x dmm - -

id. gluss column contuning Chromosoch 104 on 60-80

- mesh The unalysis was made under the following condi-

tions: column tempereture, 120 C: detector tempersture.
120 C: und nitrogen carner gus, 30 mi min~ "', The unalysis

of the resctants in the solution produced by the reaclion

between VCM xnd chlorine was made under the following
conditions. the gus chromatograph wus Rtied with an
electron-capture detector and & § m x Imm L. gluss col
uma conteining Chrumosorb 101 on 60-80 mesh. The

. conditions for xnalysis were as follows: column emperature, -
- 155 C. injection port wemperature, 200°C: deteclor tem-

perature. 280 C: and nitrogen eurricr gas 30 ml mm"

Ges dnmmmgmyh-mun spectrometry -
The products formed by the reaction between VCM and

. chlerine were identified by combined gas chromatograph-

mass spectrometry {GC-MS). A peak identifier fitted with
u lmx dImm id, gluss column contxining Chromosard
101. was used 1o elute tach compound. Each mass specirum
wus recorded. then ideatified by companng its spectre vath
those of authentic specimens.

RESULTS AND DISCUSSION ;

To elucidate the exisung conditions for the mi-

gration of VCM into- water from PVC pipes, a

migrating experiment for YCM was conducted by |

Method 1 and Method 1 (sce Fig. 1). Table  gives
the results .of the anslysis of VCM migrating into
water from PVC pipes. With Method 1, it was not
possible to show thet VCM migrated into water of
the diflerent solvents end days of the test. Wuh

Mcthod 11, in which ¢ few pleccs of PVC pipes were

.1‘

Table 1. Migration of vigyl ehloride into the #u« from polyviay! chloride pibc'

Vlnﬂ chlondc
) ro!wlarl
chloride pipe:
-Etuting solution ~“Gopom} - |
© o pHSO - B8 NO
pHT0 . ‘a3 ND
pHeO / - . 3 ND
 Dustifled water .. 29

Elullng time (day)

Mtn\odl Method I
1 3 o 3
ND ND 0060 0085 0.12%
ND - ND 0065 0054 0113
ND ND. 0035 00% Qi
0060 0085 0120

i
. z
=]

NO-—non deteciable.

"ND  ND
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Reaction between VCM 2nd O,

Peak 11
© | tChloroocetic acid 1

Inlcns_lly'

m7sy

Peax |
{ Chioroacetaldenyds )

Intensitly
8
T

20. - 40 [ 2] 80 . 10
.mh' : !

Flg 4. Muass :peclrum of gas chromatograph etﬂnenl pesk
I xnd pexk U1, .

sealed in with the water, migfztion_ of VCM into

water wis determined (0 be more than 50 ppm. The

- FDA (1975) has alrezdy pointed out that since water
. pipes made of hard PVC are rigid and relatively thick
walled, migration of VCM into water from such pipes
would probably not have 3 potential for higher levels.

The data in Table | shows that we were able (0 detect
VCM migrating into water feom PVC pipes only by
using an apparstus that prevents volatilization of

VCM and by increasing the surface area of the pipe

wall in contact with the water,

It was necessary to study the rezction between

VCM and the dissolved substances in water. Since the
most commonly used purificatior agent is Shlorine,
-the reaction between VCM and chlorine was studied.

The amount of VCM in the water decrcased
markedly with sge. or with 2 lowering pH and, at the

- Peok hexgit of Peak t formed { em}

Time (0

Fig. 5. Chunges or peak L in the soluuon of viny} chlondc :

treated wuh chlonne. Vinyl chloride = 10 ppm; chlonne
. =30 ppm. ’

‘VCM o= { ppm )

. pesk [

ny

40:; ’ . . - 20

20} ‘ . 1w

sl 1

120

Peox hegin of Peck | Fig.3 lem)

Cly tpom)
Fug. 6. Etfect of chlonne concentration on the formation of”

from vinyl chioride. Vinyl chloride w 10 ppm.
_pH = 2.8; reaction time = 2 4.

_ same time, the VCM was converted into other com-
. pounds by the action of the ‘chlorine (sce Fig. 2).

The reacted soltion was directly injected into 2 gas

" chromatograph t0 analyse compounds that were coa-

verted from VCM. Under this gas chromatograph
condition (Chromosorb 101,” ECD). the chro-
matogram of the reacted soluuon indicated 4 pcaks
at the .77, 9.36, 13.04 cnd 21.56 mmuze positions
(sce Fig. ).

The compounds of peaks 1 and HI were identified
by gas chromatograph-mass spectrometry. Figure 4
shows the mass spectrum of peak [ znd indicates
chlorozeetaldehyde with 2n m/e of M* as 78. Peak |
111 wag given an m/e of M* 2t 94 and coincides with -
that of chloroacetio scid. :
_ The producing results of peak l according to the
pH dilferences and the time course, are shown in Fig.
S. [t was found that the height of peak [ increased.
markedly within 2 h, with the solution at a pH of |
or 2. But pesk | did not rise beyond the 2h. In
addition, the amount of peak I decreased as the
creacted solution was neutralized. The change in the
amount of the compuuad produccd at peak [ and the

T _ . : n68

3 K -

2 N

E §H75 “/..

8 : L ,

4 4r- /PH ' .

- ) e

/. . s

‘:s',. pH 90 o
1°] 0

f T

g 24 a8 r2 1

o .

: Time ()

Fig. 7. Time course variation of pexk It formation of vinyl
chloride treated with chlorine, Vinyl chloride ~ 10 ppm:
chlorine = 30 ppm.
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hg K. édm of chlonnc concentration on thdo&niiwti‘of
- peak 111 from vinyl chioride. mel chloride = {0 ppm:
] pH = 6,%: reaction Ixmt - 24h Pl

* Peak height (cm}

Fig. 9. Influences of pH on pesk L und pexk 11 formation.

‘ mel chloride « 10 ppm mcucn timr peak w2 h peak

-24h

VCM, sccarding to the concentration of chlorine, is .
shown in Fig. 6. On the other hard, VCM decreased

tinearly as chlonne was added, then dxsappearcd are .

-i‘i*ﬂ‘ ‘ B

'“W‘

i

Y

“

level of 70 ppm chloniae, while the amouat of com-

" pound produced at peak 1 increascd lincarly, Sub-
_sequently, 8t & concentration of morc thun 70 ppm
chiorine, peak | decreased murkedly und finatly dis-

tppeared at 120 ppm. .
. The results of pesk 111, showmg un oppomc ten.

" dency; are shown in Fig. 7 The formauon of peak 111

took a long ume, with the solution in pH range from
6.5 to 1.8. Figuse 8 shows the cflect of the chiorine
concentration to form the pesk Il compound from
VCM. The amounts of the compound produced
af peak 11} was l'ound to show & lmcar increasc up

10 24h.

Figure 9 summarizes the rute at which pedk { and
peak Ul were formed in relation to the pH value of
the solution. It was found thut peak | wis easy to
produce in the acidic region. but pcak m occumd in

‘the neutral pH region.-

From these facts, i water pipe wes m&de of PVC,

" it suggested that VCM migrated into water from the

pipe 2nd that the VCM in the watcr was converted

“into chloroacetaldchyde. chloroacetic acid, ete (peak.

Il and V), as the VCM reacted with the chlorxne.
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B ﬂSF Racal!s PVC Pipe

Made by Pioneer International

Under the direction of the National
Sxnitation Foundation (NSF), Pioneer
Internationat (GA) Inc. of Greensboro,
Ga.,in Septemberinitiated arecall of its

' polyvxnylchlonde(PVC)mpeforpo:ablc '

drinking water.
The recalled pipe may not comply

with the maximum level of 2.0 mg/L of

residual vinyl chloride permitted under
NSP Standard 14 and may leach vioyl

chloride monomer to water in excessof -

the 2.0 mg/L federal standard.

The pipe being recalled (all sizes) was
made on March 24, 25, and 28 of this
year. Production dates can bedctermmed

- by codes printed on the pipe; eg., the

code for pipe produced on March 24 is
032488, in which the first two nurabers
designate the month, the middle two
numbers designate the day, and the last

© two numbers designate the year.
To obtain further details or toinform -

NSF of any pipe already in service,

NEWS OF THE FIELD

: telephone EarD. sz NSF vice-presi.
" dent of opcrauons. at (313) 769-8010.

Amended Fluor!de Standard

‘Proposed for Bottled Water

The US Food 2nd Drug Admimstration
(USFDA) has prapased smending its

" quality standard for fluoride in bottled

drinking water (Sept. 16, 1988, Federal
Register). Maximum permissible concen-
trations of fluoride under the proposed
rule would be 2.0 mg/L for bottled water
containing only naturally occurring
fluoride and 1.3 mg/L for botcled water
containing any amount of added fluoride.

The proposal zdditionally calls for-

analysts of fluoride concentrations to be
conducted using the potentiometric ion
selective electrode method identified as
413B Electrode Method in the 16th
Edition of Standard Methods for the

Exzamination of Water and Wastewater, .

The USFDA noted that the changes

‘were being proposed in response to the

ov. ]5Y

P
~

US Environmental Protection Agency's -

(USEPA’s) 1986 revision of the 1975

interim federal drinking water standard -

for {luoride. In that controversial action,

~which was upheld in federal court,

USEPA replaced the interim standard,

which varied from 1.4 to 2.4 mg/L -

-depending on an area's 3verage maxi-

mum alr temperature, with two stan-
dards—a primary standard (maximum

" contaminant level) of 4.0 mg/L and a

secondary standard of 2.0 mg/L.

Current USFDA standards for fluoride

in bottled water, set in 1973, limit

naturally occurring fluoride levels in -

bottled water to 1.4-2Z.4 mg/L 2nd added
fluoride levels to 0.8-1.7 mg/L, both

"being dependent on air temperatures.

Bottied water not complying with the
standards is required to be labeled to

_that effect. In it proposal, the USFDA

adopts USEPA's rationale for abandon-
ing the temperature-related standards

and accepts the USEPA's secondary

standard as appropriate for naturally

_ occurring fluoride in bottled water.

LEAD (Pb) RESIDUALS '

Are Yoa Meeting The Cm'rent Standards?
Wzll You Be Able To Meet The Pro_bosed Stcmdardr

. Tecnnlcal Praducts Corporation can help you now, with our patanted VIRCHEM Serias of Zine orthophos-
phate Intemal comosion inhibitors, and our 15 years of axpeﬂence applying thsse products.

“RECENT DATA INDICATE THAT ZINC ORTHOPHOSPHATE MAY BE THE MOST '

EFFECTWE CORROS!ON INHIBITOR FOR LEAD PIPE AND SOLDER..."

VIRCHEM products have glven dmmaﬂc lead rasl -
- dual reductiona In waters from all parts of the U.S.
“and they will do the same thing for your system. -

FLOEHAL REWIS T[R.AUG 18, 1950, VOL. 53, NC

These same VIRCHEM products will also:

sPrevent colored water

*Provida corrosion control for fron and

copper plping

*Reduca potential for THM formation
. *Malntaln high system “C" tactors

*Protect asbestoa/cement pipe

*Cut water maln flushing time

Reader lnquiry Seevice No. 209

10 PO

' FOR MORE INFORMATION ON
HOW OUR PRODUCTS CAN HELP YOU, CALL OR WARITE
. THE WERTS IN THIS TECHNOLOG Y

-

ye

Tecunicar  Probuers Corroration

1501 London Boumw . Pommauth VA 23704
' 804 393-5009

N

ra vf

. JOURNAL AWWA ©
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" PIPER & MARBURY
) L.L.P

/ CHARLES CENTER SOUTH
) ) ) WASHINGTON
36 SOUTH CHARLES STREET ‘NEW YORK.

- Ww. RoceR TRunT - BALTIMORE, MARYLAND 2120(-3018 PHILADELPHIA
(410) 578-2380 . 410-339-2530 . : - ) EASTON

FAX: (410) 5761840 - FAX: 410-539-04809 -

January 2, 1997

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

| DearMary | L

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

U G
. Dr. Bouwer is a professor of env1ronmental engmeermg at Johns Hopkms
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 dunng the OU-1
"~ RUFS 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 mdlcatmg 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

[3 .
[ 2
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- PIPER & MARBURY -
‘ LLP

Mary E. Rugala, Esquire .

January 2, 1997,

Page2

sporadlc detectlons of chermcal constltuents that have been observed in nearby res:dentral

| | wells.

On behalf of Keystone Samtatlon 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 repos1tones so that we can track compliance with
our request. If EPA needs additional copies of this report, please contact Gina Zamtoskr B

at (410) 576-1792 or me to make appropnate arrangements

Fmally, if your chent has qu%tlons or comments concerning the enclosed report,

 please direct them in wntmg to my attentzon as soon as possible.

Very truly yours

W, o.gerTmitt |

o WRT/kag ‘
"~ ¢c:  Mr. and Mrs. Kenneth Noel (w/ene)

Edward J. Bouwer, Ph.D. (w/o enc.)
“John E. Griffith, Jr., Esquire (w/enc))’
Gina M. Zawitoski, Esquire (wlenc.) '
Mr. Christopher Corbett (w/o enc) (via facsimile & USS. Mail)
Patncra C. Miller, Esquxre (wlo enc ) (via Eatmmxle &US. Mall)
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EVALUATION OF CHEMlCAL CONSTITUENTS IN GROUNDWATER IN
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~
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 Professor Edward J. Bouwer

~ January 2, 1997

313 Amex Hall, Ba!nnm Maryland 21218-2686, USA
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 ABSTRACT ~

ThlS study was conducted to address the fate and transport of both organic and \) '
inorganic constltuents in soil and groundwater at, under, and surrounding the - ’
Keystone Samtatlon Landfill. The analysis is based on a raview of the site '

" hydrogeology and monitoring data, experience of the author wrth sonl and groundwater

contammatron and upon the crted references

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

The groundwater flow ongrnatmg from the Keystone site is generally to the nonheast
and the southwest because the groundwater will follow the lineations due to .
'schlstoslty which run in the direction NE-SW ‘Many of the resndentlal 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 lrkely tobs
hydraultcally rmpacted by the srte ' ' - N
The groundwater flowing northeasterly and southwesterly from the Keystons 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 teet/year) the

maximum travel distance for the groundwater since operation of the landfill is 530 fest

(21 feet/year x 30 years). Even it the Keystone Landfill were a potential source of

" contamination, the maximum travel dlstance of chemical constituents is estimated at

less than 630 fest trom tha site. Many chemical constituents move much siower than .
‘groundwater because they partmon/react wnth the sorl :

The patterns in the monitonng data are not consistent with principles of constituent
~movement and fate within.a groundwater plume. As groundwater flows downgradsent .
froma sourcs, the processes of advectton. dlsperslon. sorption, and reactions will

cause the concentrations to decline in the direction of groundwater flow. Itis hnghly

improbable for distant wells to have substantially higher concentrations ofa - -
constituent in comparison to wells closer to the landfill. Also, if a contaminant plume o

were present downgradlent from the Keystone Landfill, then wells that are relatrvely D
close together should exhibit simllar‘concentratlons of the constituent. At the Keystone \)

AR324619



‘ Landflll the concentratlons of constltuents detected in some’ of the resrdentlal wells

generally do not decllne 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 . ‘i o "
witha oontaminant plume coming trom the Keystone Landfll ’ o

Numerous studles of landl”ll Ieachate plumes have shown that the lnorganrc and

_ organic chemicals in the leachate usually lead to the development of difierent

oxidation-reduction (redox) environments in the plume. The monitoring data do not.

“indicate the typical changes in geochemical parameters known to occur from landfill |

leachate plumes, such as the presence ot organic acrds. methane, hydrogen sulfide,
reduced iron, and reduced manganese downgradlent from the site, and depletion of
oxygen. Furthermore, metabolites of chlonnated solvent transformatlons have not.

been conclusuvely detected in sampled groundwater

Several publlshed surveys of rural dnnking water wells have ylelded slmilar types of
chemicals and concentrations as observed in'the resldentlal 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 dnnklng water supply wells in rural areas.
These publushed surveys indicate there are many possible diffuse sources for the . - |

~ constituents detected at low levels in groundwater. all of whrch are unrelated to the
landfillitself. - . 0 o

Based on the local geology and hydrology; residential well sampling resutts 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 cther sources must ba
evaluated and ruled out before oonsldenng the Keystone Landfill a potential source of
the chemical constituents reported in off-site wells. |
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INTRODUCTION

The author has studled the Keystone Samtation Landfill (Keystone Landfill or : u
Keystona 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 descnptnon of the sita hydrogeology, and available
monrtonng 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
prasent condition of the closed Keystone Landfill, the topography surroundrng the sits,
- the location of many of the memtonng wells, the location of several topographic swales
and strearns‘: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 .
‘expenence in studying soil and groundwater comammatron, and upon the csted
~references | :

The author is a Professor of Environmental Engineering in the Department of
~ Geography and Environmental Engineering of the Johns Hopkins University in
. Baltimors, Maryland where he has taught environmental engineering and conducted
research on groundwater contamrnation for the past 12 years. The author holdsa " \_) .
Ph.D. in Environmental Englneenng and Science from Stanford Unlversrty. and hrs
primary field of expertise is soil and greundwater contamination. In September 1996
the author completed a 3-year research project for the U.S. Environmental Protectxon
Agsncy's (EPA) Office of Research ‘and Dsvelopment on biodegradation of '
~hydrocarbons for apphcatron to site remedratxon 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 transpon and fate of toxic .
. organic compounds in groundwater. A full description of his qualrﬁcatlons and
publications appears in the attached Curnculum Vitas (Appendrx 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 ma]or streams.
are unllkely to be hydraullcally lmpacted by the slte.

AR324621



b b M ANT
gl

- The elevatron 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 tlow 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 conf rmed by the potentrometnc surface map for .
the site (Figure 5, 1980 EPA ROD). Therefore. wells that are located outside of this.

" NE-SW corridor from the site are unlnkely to be hydraulically linked to the groundwater—

- flowing trom 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 riorth 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 schlstoslty (see slte map in Append|x C for locations of these wells)

R There are dralnage swales (l e., surface depresstons) and lntermrttent streams

between the. Keystone slte and several of the residences in the area. The approximate
locations appearon 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-48.
Similarly, the distant wells NE of the Keystone site, such as RW-62, RW-12, RW-15,

~ RW-38, and RW-39, are on the other side of a major drainage swale. Groundwater
"trom the Keystone site probably cannot impact these wells.

Because of the NE-SW groundwater tlow directlon 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 unrkely to be impacted by groundwater
- from the Keystone site. Theretore, sources otherthan the Keystone Landt”ll must be
~ responsible for the constrtuents 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 Iandfill Is

: estlmated to be Iess than 630 feet.

Avalilable 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-Horn, 1980). 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, 1990), 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,_\_relocity (21 festlyear), the maxirnurh travel
distance for the groundwater since operation of the landfill is 630 feet (21 feet/year x

- 30 years). Thersfors, 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 faet 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 pesticfdes 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
impeds) the constitusnt 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 2.0t0 5.0
(Bedient et al., 1994). This translates to a maximum travel distance of between 126
~ feet and 315 feet for chlorinated solvents if the groundwater has moved 630 feet over -

- 30 years, Itis highly lmprobable 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 reslden‘tlal

| wells susrounding the Keystone Landfill indicate. that the landﬂll Is not
- the source of reponed contamlnatlon.
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There have been several rounds of samplmg in the resrdentral wells located wnhm
one mile radius of the Keystone Site under EPA's Operable Umt 2 (termed 0ou-2). |

most of the samples, the constituents . are below the detection limits. However, some of
the wells exhibit an occasional detectron of one or more constituents above

- benchmark. cntena (the constituents and oonoentratlons recently detected are located
on two site maps that appear in Appendlx C).. In many instances, the detection ofa
constituent is not repeated ina subsequent round of sampling. The pattems in the
monitoring data indicate that the landfi Il is not the source for the following reasons: (a)
landfill leachate plumes have well-characterized geochemical signatures that are not
evident from the data collected at the site, (b) if the landfill is the source, the oonstntuent .
.concentrations should decline with dlstance away from the landfill because of '
dlspersion and attenuation processes in the groundwater as it moves through the
subsurface, (c) often a constituent ls detected in one well and is not detected in nearby‘ .
wells, and (d) metabolites of chlorinated solvent transformatlons have not been
conclusively detected in the sampled groundwater Addmonal dlSCUSSIOﬂ ot ‘each of
these four pomts appears below S

a. 'Numerous studies of _landﬁll Ieachate 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 al., 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 mlcroblal processes are generally competitive, a
dlstnbullon of redox zones develops downgradlenl of the landfill. Close to the landfill

“there will be a methanogeniclsulfate reducmg zone where both methane and |
hydrogen sulfide are produoed and are obvious indrcators of anaerobic mlorobral

- actlvity As the leachate plume moves away from the landfill, less reducmg oonditlons
- are present in the form of lron-reduclng, manganese-reducing, and nitrate-reducing )
. zones. The leading edge of the plume becomes aeroblc as the leachate mixes with -

_the native groundwater. These anaeroblc processes cause marked changes in the
chemistry within the plume which can be. easily detected with groundwater monitoring.
‘For example, the leachate plume Is estabﬁshed by the presence of organic acids (par
of the dissolved organic matter), methane, hydrogen sutfide, reduced iron, reduced

| manganese. and no -oxygen. The oonoentratrons of these major chemical species that

-~ typically delineate a landﬁll Ieachate plume wrll be in the mg/L (ppm) range. Detection J
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' of these major chemrca| spec:es is relatively easy Based on the monrtonng data
prowded there.is no indication that these constntuents 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. Furthermors,
* the anaerobic conditions will be very noticeable from the perspectrve of causmg taste
and odors in the dnnktng water :

b. When contaminants enter groundwater there are several processes whrch
influence the movement and fate of the chemical constitusnts. The movement of non-
reactive (conservative) dissolved contaminants is controlled by advection, mechanrcal
dispersion, and molecular diffusion (Bouwer et al., 1988; Bedient et al., 1894). These
processes will cause a spreading (or dilution) of the chemical constituents, so that the
_ooncentrations in the groundwater decline as the groundwater travels downgradtent
" from the source. For reactive contaminants, such as chlorinated solvents,
hydrocarbons, pesticides, and certain metals, additional processes of
sorptionldesorptron. chemical transformatton. and biotransformation affect transport
_(Bouwer et al., 1988; Bedtent et al., 1994) With these processes, the plume of the
reactive contaminant will expand more slowly and the groundwater concentration will
-change mors 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. benzens, toluens, and chlorinated solvents) is embedded or
contained within the main leachate plume that is defined by the various anaerobic
redox zones as discussed i in point "3a" above (Reinhard etal., 1984 Ftﬂgge et al
1995). ' : :

Even if the Keystone Landﬁtl were a source of contaminatlon the constntuent
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 walls closer to the landfill. An example of the opposite
behavior is RW-26 and RW-30 from the 1/95 samplmg event. Chloroform was not

detacted in the wall closer to the landfill (RW-26), but was_detected in RW-30 (9.5 pg/L)

which is more distant from the Keystone site. !n addition, the arsenic level in RW-30
(5.5 ug/L) was higher than that réported in RW-26 (2.3 poiL). Furthermore, if a plume
‘were coming from the landfill, then the concentrations would be conttnuous 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 Vthat do notltyplcally decr‘ease thh distance away from the landiill. 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 1/85 sampling event, but was not detected in other wells .

along the NE direction of groundwater tlow. such as RW-11, RW-26, RW-22, and RW-
12. Similarly, dieldrin (0.092 pg/L) was detected in RW-02 during the 3/86 sampling
- event, but was not detected in other wells along the SW direction of groundwater flow,
such as RW-16, RW-01, and RW—10 ‘The observed conditions are not consistent with
E principles of contaminant movement and fate within a groundwater plume. In addmon. '

- the monitonng data are not steady with trme A constituent typically detected in one

: monitonng penod is not detected in the next monrtonng penod For example. 1,1-
.dlchloroethene was detected in RW-04 (2 Kg/L) in 6/94, but was not detected inthe |
~ well in.2/94, 1/95, 10/95, 3/96, and 6/96. Similariy. pentachlorophenol was detected in.
RW-13 (14 pg/L)in 3/96, but was not detected in the well in 10/95 and 6/96. The
"_absence of continuous constituent deteotion throughout the several samptmg rounds
- . "in most of the wells is inconsistent wlth & contaminant plume coming trom the

o Keystone Landfill.

c lf a contaminant plume were present downgradzent from the Keystone Landfll then
_ wells that are relatively close together'should exhibit similar concentrations of the
- constituent. This will especially hold for groups of wells that are thousands of feet
downgradient from the landiill, because sharp constituent gradrents are not possible
.due to longitudinal and lateral dispersion Waells that are on the order of 500to 1000 |
. feet apart should not vary-greatly in thelr response to contamination if the source Is the o
landfill. This behavror is not evident trom the monitoring data. When a constituent is -
detected in one residential well, the constituent is often below the quantitation limit in _
nearby residential wells. Examptes trom 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 jig/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 pg/L) in RW-17, but no detection of chloroform in RW-46
and RW-55, detection of lead (45 pg/L) In RW-46, but no detection of lead in RW-14
"and RW-17, and detection of arsenic. {6 pg/L) in RW-55, but no detection of arsenic in
RW-14 and RW-17. Finally, examples irom the March 1996 sampling event are the
~ detection of vinyl chloride (11 pg/L) and 1,1 2—tnchloroet_hane (0.9 pg/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 thalhum (23 2 pg/L) in RW-46 but no detectlon of thalliumin RW-17 and

RW-36.

" d. The anaserobic microbial processes wnthm a landfill leachate p!ume (dlscussed in

Point "3a" above) are conducive for transforrnatson of certain chigrinated 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 atomis
replaced by a hydrogen atom to produce a compound with one less chlorine. As the

- number of chlorines on the moleculs 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 | '
trichloroethylena, trichloroethylene to dichloroathylenes, dichloroethylenes to vinyl
chloride, 1,1,1-trichlorosthane to 1,1-dichloroethane, and chloroform to methylens -
chloride (McCarty, 1994). |f the parent compounds are Initially present in the landfill

(e.g. tetrachlorosthylens, 1,1,2-trichlorosthane, 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 ifa parent chlorinated compound Is detected, the. corresponding metabolits -

from reductive dechlorination is not detected. For example, chloroform was detected

~ in RW-17, but methylene chloride, its metabohte from reductive dechlorination, was not

detected. 1,1 2-tncnloroethane was detected in RW-57, but 1 2-drchloroethane (uts
metabohte from reductwe dechlonnatron) was not detected. Finally, ™
pentachlorophenol was detected in RW-13, but tetra- and tri-chlorophenols, its -

‘metabolites from reductive dechlorinati_o_n. were not detected. This is further evidence
- that the landfill is not the source of the parent chlorinated compounds.

‘4. Many actlvitles 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 residentlial wells In the
~area around the Keystone Landflll. |

" The scientific literatura contains extensive documentation of groundwater .
‘contamination from a variety of waste disposal actlvrties industrial impoundments,
‘land disposal of solid wastes, septic tanks and cesspools, municipal wastewater -
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. dlsposal Iand-spreadmg of wastes, exploltatlon of petroleum and other mmeral
‘resources, and deep well disposal (Pye et al 1983; National Research Councll 1994;

Pankow and Cherry, 1996) Other sources ‘of groundwater contamination not intended
for waste disposal include: accidental sptlls. Ieakmg storage tanks, irrigation practices,

~ and use of fertilizers and pesticides. In a rural setting like that surrounding the
’ Keystone Landfil, it ls not surpnsing to t"md oocasnonal occurrences of chemlcals in
' sampled groundwater 5 ~ : :

) Several publrshed surveys of water supply wells have ylelded similar types ol

chemicals and concentratrons as observed in the residential wells surrounding the
Keystone Landfi I, 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 dltterent sites) throughout New Jersey (Page, 1981). The
sample locations were selected to inolude approximately the same number of sites in

- tural or undeveloped areas as those in’ heavlly developed areas, including industrial

areas and some in the vicinity of landfi ls. 1,1 1-tnchloroethane (T CA) was deteoted in

- 835 out of 1071 samples with & mednan concentration of 2 pg/L. Similarly,

trichloroethylene (T CE) 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 pg/L max.) and TCE (635 pg/L max. ), but the majority contained concentrataons of
a few pg/L or less as evidenced by the medran ooncentratrons The study by Page
(1981) also compared data from the wells sampled in southern New Jersey with the
data averaged for the whole state. The patterns of contamlnatlon for the more rural

.southem part of New Jersey were slmllar to the rest of the state ‘

A second study was oonduoted by EPA and ls entrtled the Ground Water Supply
Survey (GWSS) (Westrlck etal., 1984) .Out of 500 randomly selected groundwater

- supply wells in the U.S., 230 were found to be contaminated with volatrle organic

compounds (VOCs) of the same type found in the vicinity of the Keystone Site. The
groundwater supplies sampled covered & broad range of populations. The most

~ pertinent to the Keystone Landfill area Is the grouplng of 80 wells that serve fewer than
.- 100 people. .In this set of wells sampled 70 were below quantitation [i imit, 9had

conoentrations up to's uglL and 1 had a ooncentratlon between 11 and 50 po/L.

'\"‘

A third study was oonducted by the U S Geologml Survey and ls geographzcally

relevant to the Keystone site (Daley and l.lndsey, 1996) As part of the Natlonal 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 I

. analyzed for 60 Vo!atile organic compounds (VOC's; chlorinated solvents, petroleum - \) A
hydrocarbons, ketones, and ethers) with detection levels ranging from 0.05 to 0.2 pg/L.
Five of the six sampling areas were classified as rural, andtWo_ of the rural areas

contained a poputation'denSity similar to the area surrounding the Keystone Landiil.

In Decamber 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 mite is 108, and the |

.populatron density is about 270 people per square mile (assumrng 25 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 . -

- ona VOC detected (20% incidence rate for constitusnt 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 walls out of 24 sampled (25% inctdence rate) reported detections of
VOCs or semi-volatrle compounds. - ' : : |

: Through the lowa Groundwater Protection Act many municipal systems and pnvate ' \)
rural wells have been sampled in lowa since 1987 in order to establish a water quality
data base with informatton on the characteristics and presence of chemical

~ constituents in drinking water supplies. In a study entitled the Statewide Rural Well
- Water Survey conducted between Apnl 1988 and June 1989, groundwater from 686
- tural wells were sampled for various constituents, inctuding pesticides. nrtrate, and B

‘coliform bacteria (Libra et al., 1993). The monitoring data revealed that 44.8%ofthe

wells exhibited the presence of coliform bacteria, 18% of the wells contained = *

- significant amounts of nitrate, and 13.6% of the private rural drinking water wells |

contained one or more pesticides. The most frequeritly detected pesticides were

atrazine, metribuzin, pendamethalin, metolachlor, alachlor, and cyanazine.

- The observations from these four published broad monitoring surveys are similarto
- the monitoring experience atthe residential wells surroundmg the Keystone Landiill.
‘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 conclusrons | | o | u
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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,
agncuitural 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 surroundlng the Keystone Landfill. This |

- information indicates that there are many posslbie explanations for why certam -

constltuents have been detected in some ot the residential wells surroundmg 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 Landiill as a possible source for the sporadic detections of constituents

reported in the residential wells. In addition, it is the author's e‘xperien’ce that both
chloroform and phthalates (e.g., bls(a-ethylhexyl) phthalate) are common laboratory
contaminants. Several of the metals detected in the monitoring wells, such as arsemc.

“chromium, manganese, and cadmium, are commoniy found in soils (naturally
occurnng) (Shacklette and Boernlen, 1984 Llndsay. 1979).

;concwsnons

-Several reasons support the author‘s conciusion that it is highly |mprobabie that the

Keystone Landfill is a source for the sporadlc detections of chemical constituents that
have been reported in residential wells Iocated in the vicinity of the Keystone stte. A

'summary of each reason is listed below

. Many of the residenual welis sampled are omside‘ of the flow path of groundwater -
from the site due to either being outside of the NE-SW corridor of groundwater flow -

| or being hydraul:caiiy dsconnected irom the Keystone site via dramage swaies |

“and streams

« The groundwater fiovring‘northeasteriy and southwestérly from the Keystone site,
-moves slowly, so that even if the Keystone Landfill were a possible source of |
contamination. the maximum travel cﬁstance of chemical constituents is es'amated -
to be Iess than 630 feet from the slte. ~

_« The pattems in the monitonng data are not consistent wrth pnncrpies of constituent' ‘

movement and fate within a groundwater plume The concentrations of

18
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R ‘constituents deteeted in some of the residential wells generally do not dacline with -
| distance away from the Keystone site and often a oonstrtuent is detected in one ,
well and is not detected in nearby. wells o _‘ o P | \J

. The monrtonng data do not indicate the typical changes in geochemrcal

parameters known to.occur from landfill leachate plumes, such as the presence of
" organic acids, methane, _hydrogen- sulfide, reduced iron, and reduced manganese -

' downgradrent from the site, and depletxon of oxygen. Furthermors, metabolites of
chlorinated solvent transformatrons have not been conclusively detected in -
sampled groundwater. . -

» The monrtonng experlence of sporadrc constltuent detections in the residential
- wells surrounding the Keystone Landf‘ll agrees with the findings of several -

_ published surveys of dnnking water supplies in rural areas. "These publrshed
surveys indicate there are many more probable sources unrelated to the Keystone
site that need to be gvaluated and ruled out before considering the Keystone ‘

‘Landfill as a possrble sourca for the constituents detected at low levels in
groundwater :

14
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Table 1 Chenilcals detected in the groundwater ln resldentlal weus '
surroundlng the Keystone Landml and posslble sources. -

Chemical ' L POsSIble Source". _
chioroform T v._fchlonnatuon 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 o ' solvent usage, septic tank cleaner
1,1,2 2-tetrachloroethane L ‘}{’solvent usage, septic tank cleaner
dieldrin I " pesticide usage :
pentachlorophenol : B "wood preservative, creosote
- 1,1-dichloroethene . L T }fsolvent usage, septic tank cleaner

 bis(2-ethylhexyl) phthalate - " common laboratory contaminant
heptachlor epoxide ~~ . pesticide usage
gamma-chlordane . pesticide usage

gamma-BHC  pesticide usage

Arochlor 1248 * "\,Ttransformer oil, waste oils
chloromethane - . .“solvent usage

- sodium’ S ' _road salt usage

lead ©©_* leaching from solder and water ptpes

- copper " © " leaching from water pipes

Carsenic .. ‘pesticide usage

. antimony - . common in metal alloys
cadmium , o Ni-Cd batteries, common in metal alloys '
manganese . . naturally occurring
thallium ‘ . ____rodenticide usage _

**NRC, 1994 Pankow and Cherry, 1096: Merck & Co., 1989
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July 15, 1990 Report of Investrgatton and Remedratlon De51gn for Keystone Sanitary .
Landfill, by Buchart-Hom, Inc 7 | . ,

'July, 1990 Fmal Remedlal Investrgatlon Report Keystone Samtanon Company Site.
September 30 1990 EPA Record of Decxsron for Keystone Samtatlon Landﬁll site.

,February 10, 1994 Memorandum and Order and Judgment of Chref Judge Rambo in Bm_wn

- 0U-2 Keystone Resxdentlal Well data table and ﬁgures prepared by Halliburton NUS Corp .
.depicting results above benchmark cntena for sampling events of February 1994; June,
1994; January 1995; October, 1995; andDecember 1995.

| June 27 1996 letter ﬁ'om EPA Semor A551stant Regtonal Counsel Mary Rugala, attachmg o ’_

tables ‘and figure depicting residential wells sampled between October, 1995 and March,
1996 with results above benchmark cntena |

November 1, 1996 letter from EPA Semor Assxstant Regtonal Counsel Mary Ruga!a, |
attaching tables and figures'depicting ‘residential wells sampled between February, 1994 and
June, 1996 wub results above benchmark cntena

December 4, 1996 letter from EPA Semor Assrstant Regional Counsel Mary Rugala,
~attaching table depicting resrdenual wells sampled between February 1994 and June, 1996
~ with results above benchmark cntena. o
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_ onﬁ!m andHamxdous Waste Managcmcnt. '
"1988-1992 Assocm Professor ofEnvxronmcntal Engmemng 'IheJohns Hopkins Univ.
| 19851988 AssxstamProfcssorofEnvuomnemalEngmeenng 'lheJohnsHOphnsUmv
1983-1984 R Assistant Profcssor of Cwil Engmecnng, Ummsny ofHouston o »
1984Qune)  Research Advisorship, Nationa! Institute for Water Supply, The Netherlands,
1983 (July) = Project: "The Behavior of Orgamc chmpoumams in the Soil". - ' =
1978-1982 . Gmduate Student Research Assxstant. Stanford Umversxty
' 1981-1982 | Ax:unglnstmctor. Dcpanmentof Cwil Engmemng. Stanford Umverszty

'1976-'1977 RescamhAssxstanthhemical Technology Division at Oak Ridge National Labomtory Oak

'Ridge, Tennessee,

| PROFESSIONAL ORGANIZATIONS

Association ofEnvn‘onmenm!Engmemnngfessoxs Assoc.omeideataS'cxmnsts&Engmwés}

American Society of Civil Engineers - International. Association. on Wamt Quality
. American Water Works Association. . . . - TauBetaPi
- Water Environment Federation st Sigma Xi

AmericanChemicalSociety SRR T

PROFESSIONAL SF.RVICE o | L
. ‘Task Group on Modellmg of Bmﬁlm Proccsses. Intemauonal Assocxanon for Wawr Pollution Rcsweh and Comrol
1985-1989. ,

Chesapeake Bay Project Scientific T Advxsory Commmec on Nutrient Control Stmcgy. 1985.

' Pro;ect Advisory Committee on Biologi Demmficgnpp in Drmkmg Water Treatment, AWWA Research

Foundauon. 1987-1989,
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Groundwater Committee, Water Pollution Control Federation, 1987-1991.
U.S8.G.S, Committee on Water Resources Research, National Research Council, 1987-1989.
’ Executive Committee, Mid-Atlantic University Consortium on Subsurface Contamination, 1987-1988.
Awards Committee, Association of Environmental Engineering Professors, 1988-1991,
Project Advisory Committee on Microarganisms and GAC, AWWA Research Foundation, 1988-1990.
Vice-Chair, Workshop on Long-Term Water Quality Monitoring for U.S.G.S., 1988 ‘
Chair, Symposium on Groundwater Contamination, SETAC 9th Annual Meeung. 1988
Vice-Chair, Student Activities Committee, American Water Works Association, 1989-1991.
Project Advisory Committes on OzonanonIBmlogcal Trcaunent. AWWA Research Foundation, 1989-1991.
Chair, AEEP Workshop on Biological Processes in Drinking Water Trcanncm. 1989. _
Editorial Board, Biodegradation Journal, 1989-1996.
Chair, Abstract Review and Program Committee, 1990 ASCE National Conference on Envnonmcmal Engmwmg,
: 1989-1990. .
Co-Chair, AWWARF Expert Workshop on Biological Treatment Research Needs, 1990, '
Chair, Session on Biclogical Processing for Treatment of Xenobiotics, SETAC 11th Annual Meenng. 1990.
Editorial Board, 1, Contaminant Hydrology, 1990-1996. -
PrOJect Advisory Committee on Factors Limiting Microbial Growth in the D:smbunon System. AWWA Rcswrch
Foundation, 1991-1994,
Committee on Ground Water Cleanup Alwmanva. National Research Councxl, 1991-1994.

Project Advisory Committee on Microbial Impacts of Biological Filtration, AWWA Research Foundation, 1993-1995.

Board of Directors and Secretary, Association of Environmental Engineering Professors, 1993-1995.

Chair, University Student Activities Subcommittee, American Water Works Association, 1993-1996.

Committee on Shipboard Pollution Control, Naval Studies Board, National Research Council, 1994-1996.

Project Advisory Committee on Advanced Oxidation/Biodegradation Processes for the Destruction of TOC and
Disinfection By-Product Precursors, AWWA Research Foundation, 1995-1997. -

USEPA/AAFC Environmental Fate and Effects Test Methods Warkshop, March 25-26, 1996.

Steering Committee on Building an Environmental Management Science Program Board of Radxoacnve Waste

. Management, National Research Council, 1996.. _

Managing Editor, Biodegradation Journal, 1996-Present

HONORS AND AWARDS ‘

National Science Foundation Graduate Fellowship, 197 8-1982.
- Engineering Science Inc/Association of Environmental Engineering Professars Award for the Bcst Docnoral Thesis
Relevant to Environmental Engineering Practice for the 1982-1983 Academic Year.
Outstanding Teaching Award, College of Engineering, University of Houston, 1984,
National Science Foundation Presidential Young Investigator Award, 1985-1990. '
First Prize in WPCF Student Paper Competition (awarded jointly to Ph.D. student Dennis Lew), 1988 :
Paper Award, AWWA Chesapeake Section (awarded jointly to Ph.D, students G. Cobb and D. Lew). 1989.
Kappe Environmental Engineering Lecture, Penn State University, 1990.
- Paper Award, AWWA Chesapeaks Section (awarded jointly to Ph.D. student A. Leeson). 1990.
Pedagogical Lecture, Contaminants and Sediments, American Chemical Society, 1950, ’
Outstanding Doctoral Thesis Award, Engineering Science/Association of Envnonmcntal Engineering meessors
(awarded jointly to Ph.D. student Gordon Cobb), 1990
Outstanding Doctoral Thesis Award, CH2M Hill/Association of Environmental Engineering Professors
: (awarded jointly to Ph.D. student Robert Martin), 1991
- EERO Keynote Lecture, "Microbial Rcmednanon. Su'ategm. Potexma]s and Limitations," Maasmcht. The
: 'Netherlands, 1992. ‘ .

- RESEARCH INTERESTS: |

Environmental cngmeamg processes, gmundwawr contamination, bioremediation for control of arganic
contaminants at waste sites, factors that mﬂmce biotransformation of orgamc contaminants, biofilm kinetics, :
interaction between biotic and abiotic processes, biological processes design in wasxewaw mdusmal and drmhng

‘ rwatcrmaunmgandu'ansponandfateofmxcroozganxsmsmpommedxa. ‘
PUBLICATIONS:

Refereed Publications (1980 to 1996)

o
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Coffee Wastcwater with Chlorine and Chlorine Dioxide," in
Health Effects Volume 3, Jolley, R.L., Brungs, WA. and Cumrmng, R.B,, Edmors,Ann Arbor Science
pubhshcrs.AnnArbor M1, pp. 315-323 1980

| Bouwer, EJ., M.Remhard, T Everhart, and P.L. McCarty Orgamc Material Pormcd through Decolonzanm of
Water Chlorination-Environmental Impact and

Bouwer, EJ., P.L. McCarty, and J.C. Lance, "Traoe Orgamc Behavior in Soil Columns during Raptd Inﬁ!tmnon
of Secondary Wastewatcr ﬂamﬂ:mh, .15,. lSl 159 1981.

. ‘Bouwer,EJ.,BE. Ritmann, and PL. McCany *Anaerobic Degradation of Halogemwdl and 2-Carbon Orgamc
Compounds," Ennmjgmu S, 596-599 1981. o

Bouwer, EJ. and P.L. McCarty "Rcmova! of Trace Chlorinated Organic Compounds by Acnvaned Carbon and
‘ Fixed-Film Bactena. Enm,jm._'rmhnm. 16:12, 836—843 1982. '

Bouwer, EJ. and PL. McCarty "'I'ransfoxmauons of 1-and 2-Caxbon Halogcnated Alxphanc Compounds Under
Methanogemc Condmons. AmL_Enmn._Mlm 55, 4, 1286-1294 1983,

Bouwer. EJ. and P.L. McCarty, “Transformations of Halogcnawd Organic Compounds Under Denitrification
Conditions," App. Environ. Microbiol. £5:4, 12951299, 1983.

~* Bouwer, EJ. and PL. McCarty, *Effects of 2-Bromoéthanesulfonic Acid and 2-Chloroethanesulfonic Acid on
Acetate Utilization in a Connnuous-Flow Mcthanogemc Fixed-Film Column. Appl,_Environ, Microbiol.
45:4, 1408-1410, 1983. © v , B ; :
Bouwer, EJ PL. McCany H Bouwcr. and R C. ch 'Orgamc Contaminant Behavwr Durmg Rapxd
Infiltration of Secondary Wastcwater at the Phoemx 23rd Avenue Project,” m:sgamh 184, 463-472
1984 ‘ ‘ ‘

Bouwer. EJ.and PL. McCany Modclmg of Tmce-Orgamcs B:ouansfoxmaum inthe Subsmfaoe. Qmmd
mzz:x 433440,1984. '

Bouwer, EJ. "Secondary Unlmnon of ‘l’race Halogenatcd Oxgamc Compoxmds in Blofilms, Environmental
Progress. 4: l 4346, 1985.

: .Bouwcr.EJ and P.L McCarty, "Ethylenc Dibromxde Transfonnauon Undu' McthanogcmcCondmons. AmL
Ennmn..hﬁsmhmluiﬂ-z 527-528 1985 L

pouwor. EJ.andPL. McCarty, "Unhzanon Rates of Trace Halog cna:ed Otgamc Compounds in Adetate-Grown
Biofilms," Biotech, and Biceng., 27:11, 1564-1571, 1985 ‘

Bouwer, EJ. and G.D. Cobb, "Modeling ofooIogxcaIProcessosmﬂwSubsnrfaoe mw 19,
 No.5%6,769-780,1987. 4

- Bouwer,EJ., ‘Theorencal lnvesngauon of Pamcle Dcposmon in Biofilm Syswns. m:ﬂmamh. 2l: 12
. 1489-1498 ‘1987. '

" Bouwer, EJ. and JP. anht. 'Tmnsfomauons of Trace Halogenated Alxphancs in Anoxxc Bnofi!m Columns,” J, E
: Qonmnmam.mdmlm. 2, 155-159 1988 : ‘ ‘

Bouwer, EJ., J. Mercer, M. Kavanangh, and E. DxGmno, "Copmgwxmcroundwatet Contzmnnanon. LWater
mmmmnmfsdmmn £0:8, 1415-1427 1988, , :

' ,Bouwer.EJ and P.B. Crowe, Assessmentomelogwalecuscstnnhnng‘neauncm, L.Amsx.
- Water Works Assoc., 80:9, 8293, 1988

: Bouwu. EJ, "B:otransfomxanon of Axomancs m a Stnp-Pn Pond W m 4 741-755 ,
' 1989.
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Cobb, G.D. and EJ. Bouwu.'EffectsofBlecmAecepmronHalogenaderganmCoﬁ und
ontransformauons in a Biofilm Column,” Environ. Sci. Technol., 25:6, 1068-1074 1991.

~Martin, RE., LM. Hanna. and EJ. Bouwer, "Determination of Bacterial Coltision Efﬁclcnacs ina Rmaung
stk System,” Enmnjm._Igth,Zi.lZ. 2075-2082, 1991,

Bouwer, EJ. and B.E. Rittmann, "Commem on: Use of Colloid Filtrauon Theory in Modelmg Movement of
Bactma through a Comarmnawd Sandy Aquifer," Enmn_Sg._’[cg_hngl.. 2622, 400-401 1992.

Pardxeck. DL., EJ Bouwer, and A.T. Stone. "Hydrogcn Peroxide Use 1o Increase Oxidant Capamty forIn Sxm
Bioremediation of Comaxmnazed Scils and Aquifers: A Remw. L Contaminant Hvdrology, 9, 221-242, .
1992, :

Martin, RE., EJ Bouwer, and L. M. Hanna, "Apphcanon of Clean Bed Filrmuon Theory 10 Bacwml Deposition
m Porous Media,” Environ, Sci, Technol,, 26:5, 1053-1058, 1992. - . o

Bouwer. EJ.,C.T. Chcn. and Y.H.Li, ‘Transformanon ofa Petrolemn Mixture in Biofilms," m:gj_mm;l
Iq;hm]ggx. 26:3-4, 637-646,1992.

McGahey, C. and EJ. Bouwcr, 'ondegxadanon of Ethylene Glycol in Sxmulawd Subsmface Eavn-onmems,
ﬂm&mand.’l‘mbnﬂm 26:1-2, 41-49, 1992.

Hozalski, RM., S. Goel, and EJ. Bouwer, "Use of Biofiltration for Removal of Namral Orgamc Matwr to .
Achieve Bmloglmlly Stable Drinking Watct. ﬂamﬁmmmm 26:9-11, 201 1-2014 1992,

Bouwcr. EJ. and AJB. Zehnder, "ercmed:auon of Organic Compounds-Pumng Microbial Mctabohsm o
- Work,” Trends in Biotechnology, 11:8, 360-367, 1993. - : -

Rijnaarts, H.H.M., W. Norde, EJ. Bouwcr.l Lyklema.mdAJ.B Zehnder, "Bacterial Adhesion under Static and
Dynamchondmons, Appl._ﬁnﬂmn._mmm..SS?'lO 3255-3265, 1993.

- Rnﬂ:m.E andEJ Bouwer, “AProposecl Approach forDmvmgNauonal SedxmcantmaforDmm 28 9,
441A-443A. 1994,

‘Bouwer, EJ., N. Durant, L. Wilson. W Zhang, and A Cunningham, ‘Degradanon of Xenobxonc Compounds In
Sita: Capabxlmes and Limits," EEMS_MimthRﬂ. 152-3, 307-317, 1994. .

Dmam. ND,LZP. Wilson. and E.J. Bouwer, "Microcosm Studies of Subsurface PAH-Degradmg Bacteria fmm a
Former Manut'acnn'ed Gas Plant” memnmﬂxdrnlm 173, 213-237 1995. ‘

" Gocl. S.,R. Hozalski, and EJ. Bouwcr. "Biodegradation of NOM: Characterization of Dxffcrem Smn'ces and
EffcctofOzoneDose LAmﬂmm:ks_Am,ml 90-105, 1995. . '

Sturman, PJ., P.S. Stcwan. AB. Cunningham, EJ, Bouwex. and JH. Wolfram. "Engmccnn Scale-Up of In-
‘ Sntu memedxanon Processes: A Review", ], Contaminant Hydrotogy, 19, 171-203, 1995.

Zhang. W., EJ. Bouwer, L. Wilson, and N. Durant, *Biotransformation of Aromatic Hydrowbons in Submface"
Bloﬁlms Em&mmanﬂahnn!w. 31:1,1-14,1995.

‘Logan, B.E. D.G. Jewett, R.G. Amold, EJ. Bouwer, and CR. O'Mcha. Clan.ﬁcanon of Clean-Bed Filtration
Models . LEnmnm:xmLEnzmmmﬁmm.As.CE. 121:12, 869-873, 1995.

Rijnaans. HHM., W. Narde, EJ. Bouwer, J. Lyklcma. and AJB.Zehnder, "Revasxb:lny and Mcchamsm of
- Bacterial Adhesion,” Colloids and Surfaces B: Biointerfaces; 4, 5-22. 1995.

Hozalski, R., S. Goel, and EJ. Bouwer, "TOC Removal in Blologlcal Filters® anﬂaﬂgmmm
87:12, 40-54, 1995 '

Wilson, LP. and EJ. Bouwcr. 'decgradanon of Aromatic Compmmds Under Mixed OXYgeMDaumfymg
Conditions," Llndnsmau.rﬁmmmnn. n prcs& ’

4
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Runaans. H.H.M. W Nordc EJ Bouwet. J Lyklcma. and AJB. Zehnder, "Bacwna! Deposmon in Porous
Media Related to the Clean Bed Collxszxson Efﬁmcncy and to Substramm-Blochng by Attached Cells"
- Environ, Sci. Technol., 30: 10 2869-2876. - '

' Rijnaarts, HH.M., W. Norde, E.J. Bouwet,l Lyklcma.andAJ.B Zehndcr. "Bacterial DeposmonmPormxs

Media: Effects of Cell Coating, Subsu'annn Hydmphobxcnty. and Electrolyte Conccntrauon . Environ, Sci,
- Technol,, 30:10, 2877-2883 4

' Bouwer. EJ W. Zhang, LP. Wllson and N.D Durant, "Bmtreatment of PAH Contaminated Soxls/Sedxmcnts

Annals.omg.m:l:muf.s.mnm submitted for Pubhcmon-

Bosma.TN.P EJ. Bouwer.Mchee andAJ.B Zehnda ModelmgTransponandRadxa!DxffuswnLunned
Biodegradation of Orgamc Commmnants in Saun'awd Columns,” Water Resources Research, submm:d for’
pubhcauon .

Cobb, G.D., E.J. Bouwer, and LM Hanna. "Sxmulanon of Steady-Statc Muluple Electrron Acceptor Utilization
and Orgamc Contaminant Btotmnsfomauon by Biofilms in Porous Media 1. Conccpts. J_..Enmnjng;.
Div,, ASCE, submitted for pubhcanon. e L

~ Cobb, GD.,EJ. Bouwer, and LM. Hanna 'Sumﬂauon of Steady-Sxaxc Mulnplc Electrron Acceptor Utilization
. -and Orgamc Contaminant Biotransformation by Biofilms in Porous Media 2 Expenmcns, L_Enmn.
EngLJzu.,._ASQE submitted for pubheanon. C

Book Chapters (1992 to 1996)

Bouwer. EJ., "Bicremediation of Orgamc Contamman!s in the Subsurface,” in Ennmnmmmmnlgu, R.
Muchcll Ed., John Wiley and Scms. Chapter 11, pp. 287-318, 1992.

Harvey, R.W. and EJ. Bouwer. "Linuts on Quanntanve Dcscnpnms of oncolloxd Mobxlity in Contannnated
.FJ. Wobber, cds Lewis Pubhshers PP 57-64 1993 -
Bouwet.EJ %crobmchmedxanon. Strategxes. Potennals and Lumtauons. mlmgmm_s_ml_mmmm ’
HJ.P Eumckasand'l‘ Hamcrs,Eds. KluwerAcademxc :
Pubhshers PP- 533-544 1993

Mamn.R E., EJ Bouwer.andl. Hanna. CensandSmfacesmeundwawrSym nganmnlanm_Qf

W&dﬂmﬁmmmmmmn JF. McCanhyandFJ Wobber,eds. Lewis
Publishers, pp. 67-71, 1993. _

Bouwer. EJ., "Microbml Remedxanon Su'ategxes. Potentials, and I.umtauons in Im:mmmundmxmgm
Research: A Basis for Proper Protection, HJ-P Eusackusand'l‘ Hamers, Eds., lﬂuwerAcademxc

Pubhshers pp. §33-544, 1993.

Noms.R.D..R.Hinchee.R.Bmwn,P.L.MoCany L.Sempnm J. Wn!sou.D Kampbell.M.Remhard.EJ
‘Bouwer, R. Borden, T. Vogel.MThomas.andH.Ward.HnnSﬂkanﬁmmﬂmmuwxs , .
‘Publishers, 1994, ,

Durant, N.D., L.P, Wilson, and E.J, Bouwéz, "Scrwmng for Natural In-Situ Subsurface Biotransformation of
Co PolycychcAmnancHydrwarbonsataFomerMannfacndeasPlam. In Bioremediationof
ated ¢ Aroma ; pnd R.EHinchec A.ston.l. Semprini,

and SK. Ong.&!s Lewis Publishers, p. 456461, 1994

Durant, N.D., C.A.A. Jonkers, L.P. Wilson, &nd E.J. Bouwer, "Enhanced ondegradauon of Naphthalene in MGP
AquerMicrooosms, Inlnmnm_ﬁmmgdiam R.E.Hmchee.l'l’ Wilson andDC.Downcy.Eds.
Battelle Press, pp 189-196 1995.. =
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Wilson, L.P., N.D. Dmam. andEJ. Bouwer. 'Ammanc Hydrocarbon Biotransformation Under Mxxed
Oxygen/Nitrate Electron Acceptor Conditions,” In Microbial Processes for Bioremediation. R.E. Hinchee,
F.J. Brockman, and C.M, Vogel, Eds., Battelle Press, PP. 137-144, 1995.

'Zhang, W.,EJ. Bouwer, AB. Cunningham, and G.A. Lewandowski, "Influence of Sorpuon on Orgamc \_) '
- Contaminant Biuodegradation,” mmﬂmmmm RE. Hmchee. FJ. onckman. '
and CM. Vogel, Eds. Battelle Press, pp. 315-322. 1995. : _
_ Bouwer. EJ., N. Durant, L. thson. and W. Zhang. "Deslgn Consxderauons for In Situ onremedxauon of
Organic Contaminants," In Biological Treatment of Hazardous Waste. G. Lewandowski and L. DeFilippi,
Eds,, John Wiley and Sons, i m press. Co
Bouwer. EJ,W. Zhang, LP. leson and N.D Durant. 'ondegradanon of Coal Tar Consnmenrs in Aquer
Bedamangn. H Rubm, N Narkis and J. Carberry, Eds.. Spnnger-Verlag. in press. ‘
Selected Conference Proceedmgs (1990 to 1996) | v
Pardxeck. D EJ. Bouwerand A.T. Stone. *Hydrogen Pero:ude as a Source of Oxidant Capamty for the

_B:on'ansformanon of Benzene, Toluens, and Xylene in Biofilms,” Proceedings of the ASCE 1990 National -
'Coﬂference on Environmental Engineering, pp. 374-381, Washington, D.C., July 1990.

Trizinsky, M.A. and EJ. Bouwer, "Biotransformation of Aromatic Compound Mixtures under Denitrifying
Conditions,” Proceedings of the ASCE 1990 National Conference on Emnronmemal Engmeenng. pp. 921-
922, Washington, D.C., July 1990, -

-McGahey, C. and EJ. Bouwer, "ondegmdanon of Ethylene Glyeol in Sixbsmfme Envu'onmems. Proceedmgs of
. the ASCE 1990 National Conference on Envxronmental Engmeermg. PP 903-904 Washmgton. D C., July
11990.

Mm-alxdhamn.v LS. Hirsh.T.L. Pecples, RM. Kelly.I.Suy.andEJ Beuwu‘. "Mixed Culmres ofogh R
Temperature Bacteria: Prospects for Bioprocessing of Fossil Fuels,” Proc. 2nd International Symposium on \)
: onlogu:al Processing of Coal, Sponsored by EPRI and DOE, San Diego, CA, May 1991, 15 pages. '

: Bouwer. EJ,.MA. Tnzmsky and W. Zhang, *Influence of Redox Conditions on Orgamc Contaminant :
Biotransformation,” Proc. of the In-Situ on:emedxanon Symposium 92, Niagara—On-'lhe-Lake Ontario,
Canada, September 20-24,1992.

MacFarlane. LD., G.D. McCleary, EJ. Bouwer. and PJ S. Colberg, "Evidence fox' Natural In Situ Blodegradauon
- of Aromatic Hydmcarbous. Proc. Innovative Solutions for Comammated Sxte Mmagemem. Water
Env:ronment Federation, Miami, Florida, March 6-9, 1994,

Goel, §., R.M. Hozalski, RM., and EJ. Bouwez; "Removal of Natural Organic Matter in Biofiltérs,” Proc.
Amet Water Works Assoc, Annual Conferenee. New Yok Cxty, NY, June 19-23, pp. 653-675. 1994

MacFarlane, I.D EJ. Bouwer, and PJ.S. CoIberg. *Demonstrating the Feasibility of Intrinsic onremedxanon at |
a Former Manufactured Gas Plant,” Proc. Symposium on Intrinsic eremedxauon of Ground Watcr. '
US.EP.A., Denver, CO, PP 181-182, Aug. 30- Sept. 1, 1994, , ‘

Bouwer, EJ., "In-Situ Bioremediation: Suategxes. Capabilities, and Limits,” Proc. 7th Annual Symposium of
the Arizona Hydrological Society entitled *Approaching the Millennium, Evolvmg Pelspecnvec in Water
Resources®, Scottsdale, Anzona. September 22-23, pp. 335-342, 1994, -

Wilson, L.P PC. D'Adamo. andEJ. Bouwer, "Aromatic Hydrocarbon Bmuansfmnauon Under Mixed
OxygexVNiu'axe Electron Acceptor Conditions,” Proc. Symposium on Bioremediation of Ham'dous Wastes:
Research, Development, and Ficld Evaluations, USEP.A., Rye Brook, NY, pp 22-23, 1995 -

CURRENT RESEARCH FUNDING : o o

"Biaremediation of BTEX, Naphmaleue. and Phenanthrens in Aquifer Material Usmg Mixed Oxygen/Nitrate u |
Electron Acceptor Conditions,” U.S. EP.A., October 1, 1993 to September 30, 1996; $295.497.
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“Coal Tar ondegradauon at the Balnmore Gas and Electric Spnng Gardens Facdxty Balumore Gas and ,
Electric, October 1, 1991 loDocember 31 1996 $508,000. - .

' "In-Sxtu onremedxauon of Orgamc Compounds Coupling of Mass-'['ransfer and Bnodegxadauon. New Jersey

" Hazardous Substance Management Research Cemer. July 1, 1995 to June 30, 1997; $185,000; (Dr. Gordon -
. Lewandowski Co»Pnncxpal Investigator).

'Effect of Phosphate-Based Corrosion Inhibitors and other Nutrients on Klebsxella Growth in Treated WSSC

Water," Washington Suburban Samtary Commxssxon, ‘August 1, 1995 to July 31, 1996; $49,207.

"’l'echmcal Support on onremedxauon." U.S Army Corps of Engmeers September 25, 1995 to June 30,
1997 $12,000.. - o . ‘

Opurmzmg Filtrauon in Blologncal Filters AWWA Research Foundauon. January 1, 1996 © Deccmber 31,

 1997; $75,000.

"onavaﬂabmty of Aromanc Hydrocarbons in Saturated Porous Media: The Effects of Chemical Agmg and
Mass Transfer”, U.S. EP.A. National Center for Envuonmemal Research and Quality Assumnoe December S,

- 1996 to Deocmber 4, 1999; $439 725

CON SULTING

\

}
“*Biological T:eatment ot‘ " Hazardous Wasxe lmpoundment for RCRA Site Closure,” Al Wexgand. lnc .y 1984-
1986.

" *Groundwater Comammauon by Chlomated Solvents,” Wobumn, MA. Unifirst Corporauon.' Goodwm. Procter,

.and Hoar, 1985-1986.
"Degradation of Halogenated Solvents in Groundwater. IBM, 1986-1987;

* "Groundwater Contamination by Halogenated Aliphatics,” Groundwater Sciences Corporation, 1987

"Transport and Fate of Pesticides and Natrients a1 the Caves Valley Project,” Piper and Marbury, 1988-1989
“Single-Studge Denitrification for City of Fredericksburg,” Whitman, Requardt and Associates, 1989

~ "Fate of Formaldehyde at the Oroville Plant," Louisiana-Pacific, 1989

"Assessment of Subsurface Microbial Processes,” IBM, 1989-1990.

Technical Advisory Committees for James M. Montgomery

"Arkansas Eastman Company Wastewater Treatment Process Development. 1989- 1990
~ "Mesa Water District/Orange County Water District Production Demonstration Facility,” 1990, -
"Biofiltration Process Study at Water Treatment Plant No. 8, Palm Beach County, Florida,"” 1990,

"Partitioning of Dioxin to Wastewater Solids and to Ocean Particulates,” Rifkin and Associates, 1990.

“Assessment of Pulaski Incincrator Wastewater and Treatment,” Whiting-Turner Contracting Company, 1990. -

"Geochemical Factors Influencing Organic Contaminant Biotransformation in the Subsurface,” IBM, 1990.
"Biological Nutrient Removal Wastewater Treatment Plant Design for BARC-East,” KCI Techmlogxcs, 1991.
*Bioremediation of Chlorinated Solvents using Alternate Electron Acceptors,” USEP.A., 1992,  ~

v "Subsurface Remediation Modeling - A State of the Art Review”, DuPont, 1992-1993.

"Biodegradation of Organic Contaminants,” Sonnenschein Nath & Rosenthal, 1993."
"Dover Air Force Base Bioreactor Study,” EA Engineering, 1992-1994,
"Transport and Fate of Dioxin in Aquatic Systems,” Rifkin and Associates, 1991

- "Evidence for Intrinsic Bioremediation of Vinyl Chloride at the Ekotek Site", RUSTE. & L, 1994-1995

"Hampstead Wastewater Treatment Plant Expansion®, Anderson, Coe, &nd ng, 1995.

" *Inwinsic Remediation at the Chem-Solv Site®, Rare Earth Envirosciences, Inc., 1995.

"Potential for Groundwater Contamination fmm the PST Landfill", Anderson, Coe, and King, 1995
"Attenuation of Thiophenes at the McColl Superfund Site”, ENVIRON, 1995. ‘

_ "PCE Contamination at Westview Mall, Baltimore, MD", Weinberg & Green, 1995-1996.

~ "Groundwater and Soil Contamination at lhe Athens, AL Facility of MagneTek, Inc.”, Sonnenschein Nath &

Rosenthal, 1996.
“Fate an:ll 99'lf‘x‘gnspom't of Cmtammams m the Vlcimty of the Keystone Samtanon Landﬁll" Pxper and Marbm'y.
g
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TRACE ORGANICS IN SEPTIC TANK EFFLUENT
T. VIRAKAGHAVAN and smdw HASHEM .
Faculiy of Engineering, Univershiy of Regina, Regina, Saskatchewan, S48 OA2, Canada
 (Reccived May 5, 1985; revisca October 22, 1985)

ABttract. This paper reviews the availablc information and presents the results of » uiady undertaken 1o
estimate the presence xnd level of eertain 1euce orgunics in wastewater samples collected from a septic tank
in an individua} household, from s lin station, and from & waste t:eatmcmblagqon near Regins, Cannda,

- Outefl} priority pollutants anglyzed. 6 priority pollutants « chioroform, bromodlchloromethane, toluene;

benzene. methylene chloride and teirachloroethylene - were desected in the samples. Benzene and

bromodichloromethane were dominant, Methylenc chioride end teu-:;hlorqcthykne could not be quantifieg |
&t the low concentrations present. Chloroform was present In the lagoon efMuent sample_once at a.

-concentration of 0.03 ug L* X, Toluene was nat present eilber in the septic tank efMluent or in the lagnon

" effluent, Benxene wus present in the septic wnk efMuent {mex. value 450 p L~ nH and in the lagoon effusnt

(max. value 120 g L= 1), Bromodichloromethanc was presentin the scptic tank effluent and lagoon effiuent
at concentrations lower than LI0pg L%, The trace organies in the septic tank effueng and lagoon eMyent

- stihese comparatively low concentrations May 801 posc any significant risk either to squatic life or to public

health, taking into account the Litentuation capacity of the £0i! and the dilution usually available.

1. Introduction -

Most of the previodsly ptublisheqﬂnudies h_avie only chﬂfﬁctcﬁz'edl the septic tank effluent
with respect to biochemical oxygen demand (5 day, 20 *C) (BOD), chemical oxygen
demand (COD), suspended solids (S8), N, P and similar parameters. Onb1 recently has

- some attempt been mede (o measure the trace organics present in $eptic tank effluent.
. There is very little pubiished information on the subject atpreseat, ..
The basic objective of this study was 1o characterize the septic tank effluent with

respect to certzin trace organics.

" 2. Review of Literature

- 2.1. GENERAL

In most areas, hom;o’wne;s cun buy septic unk'cleaning;ﬁxiids.' most of which contain

trichloroethylene (TCE), benzcnc. or methylene chloride. TCE and other chlorinated
Organic solvents may reach and spread with the groundwater, Many of these

“supplies showed that of sl the groundwater supplies collected and analyzed, trichloro-

ethylene (TCE), an industrial solvent and degreaser, was detected more frequently and-

in the highest coneentration und that uuaqh)omemyleixg ranked second in frequency

Worer. Air, and Soll Polluiten 28 (1986) 299-308,
© 1986 by D. Reidet Publishing Compapy.
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2.2. TRACE ORGANICS IN SEPTIC TANK EFFLUENT AND SEPTAG:

DeWalle et al. (1980) measured several volatile or'gknics in the influent and cffiuent of

a community septic tank serving 91 homes in a subdivislon located south of Tacoma,

" Pierce County, Washington State during a week of intease fampling‘in‘Scplembef 1980.

Their data showed the prescnce of five priority pollutants ~ toluene, dichloromethane,

- chloroform, tetrachloroethene and ethylbenzene - in the raw wastewater.. These
sompounds showed essentially no remuval during the one 1o two days detention in the

septic tank as indicated in Table IIl. -

1

o TABLEW )
Volatile organics in septic tank nfluent and effluent (averaged over 7d 24 h composites)
‘ {from DeWalle 1ol 1980) - . :

"_»—'b-r—gahi_c-su'i I uﬂ.f:;ﬁfcnlrltion tual.';‘) -‘"'. e
- ‘ , Aoflvent Effivent : - +Seum | Solids
Toluene 36 88 .o 002
- Dichloromethane ) RX B T TR 1 - 028
Chloroform = - - o K. 0. 0 - 006
Tetrachlorocthene 0w 028 - syt v g

Ethylbenzene - 0l A A L 6

i

These priority pollutants showed higher levels in thc‘ﬁ:rcckend probably reﬂectiri_g'

increased domestic activity. Most of the other valatile compounds were reported 16 be
hydrocarbons and their removel by septic tank generelly decreased with increasing

- molecular weight. Sevcral organosulfur compounds showed a substantial increase in

concentration as a result of anaerobic digestion process in the seplic tank.

Six additional samplings were carricd out by the researchers at the University of - .~

' Washington during 1980-1982 and further analysis of these and earlier duta were
reported in 1982 (DeWalle et al., 1982). These results indicated that dichloromethane
was found in all samples, followed by toluene in frequency of detection.. These

compounds were also found in the water collected from 2 40m decp monitoring well

- located adjacent to the drainfield. The volatile organic fraction typically contained 40

to 50 compounds &t & concentration greater than 1 pg L'=Y; however, only five were

.+ identified as priorily pollutants as discussed earlier, - .-

Tomson et al. (1981) studied the trace organic removel éﬁgiéhcy 6? urapid infiltration
system treating secondary sewage effiuent. A broad spectrum monitoring of trace
organics in the secondary sewage effluent applied to the rapid infiltration site was

compared to & similar broad spectrum analysis of groundwater beneath the site. Overall
- removal efficiency was found to be sbout 929%,. Classes of organic compounds exhibited

removal efficiencies ranging from 70 to 100%. The ‘dampening’ effects of groundwater

S TTETec s a%g ok dviwrhd™ s e L LA T
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TABLE IV . ,
Sample details and locations - - ‘ Rt

RN

: Date Day of the  Sumple details S : : '
. week ‘ — ‘ —
: u v Individua! househole . . . - ~ .« Lifstation Lagoon
A ) Raw Septic Septic - Scptic  Wastewater I cell offucnt

wattowater  tank . iank tank
: o cffuent  shudge Cseum

840815 Wednesday

* o r. x

84-08-16  Thursday X E JEEEEE TR x

84-08-17  Friday x x x S x x x

$4-08-18 ° Ssiurday x x Xy x

8408-19  Sunday x Co x x

; 84.08-20 Monday x N e Mk e g
T 84-08-21 . Tuesday x \ DR (T x x

collected at 7 p.m.; samples on August 18 and 19 were collected at 2 p.m. Samples were
collected in plastic buckets and transferred to glass bottles iramediately at the site. These ,
semples were then sent 1o Saskatchewan Research' C@gncﬂ laboratory at Saskatoon,
: 240 kmn away, by bus in two batches. Semples were stored at 5 * C before being shipped
v 1 the laboratory. Out of 29 samples sent, 27 samples were anulyzed due 10 breaksge
of two sample bottles. Samples were asulyzed for trihalomethanes (chloroform, bromo--
dichloromethane, dibromochloromethane and bromoform), toluene, benzene, methyl-
ene chloride (dichloromethane), curbon tetrachloride, trichloroethylene, tetrachloro- -
i . ethylene and 1-2-dichloroethane. All the organic tompounds belong 10 the category of
= priority pollutants designated by the U.S. EPA. Samples were preserved at § *C before
analysis. Samples were analyzed using g gas chromatograph (Hewlet-Packard, Model
- S3730A) by a headspace téchniglie. The halomethanes were determined with an electron

unlikely that the presence of other organics have any intérfering effects. Some samples
of septic tank effluent, lit station wastewster and lagoon efluent were analyzed for
- BOD and SS, S L

4..Results and Discusston

. 41 ResuLts , B A : .

- 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 efuent on August 16, siudge on August 17 and scum on August 16, but ‘
could no be quantified at low levels. Teteachloroethylene was detected in Lift station |

Wastewater on August 15 and 20. Chloroform was detected once only in the effiucot of -

AR3ZLEST
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3 CTABLEVI L
: ~ BOD snd SS of samples e : ,
Samplé description”. - E Average conéentration -
NGV | | (msL™y
- : 80D . .. §§ . e

-
7

Soptic tenk effucnt v 182 B IIG .
Lift sation wastewater 140 T 128

Legoon teclieflues . y23 T Hos

T e e—— ao——

- TABLEVH
_ ‘Occurreugc_p[gag_e_ormiﬁ: inswmples (%) _ .- _

No. Compqurid ' . Ruw ’ Septic S:’ptic‘ Scbtiq -Lify : Lagoon™ - Lo
' Wagewster  tank . . -tank | tank . station 1eel o

i : - : ~effiuent 7 slidge " st © wastewater effluent
. . ’ Na2 * - Nas$ Neld' Ne)d Na7 N=]
-1 Chloroform 0~ 0 0 L 0 14
2+ Bromodichloromethane 100 w061 00 00 .
"3 Dibromochloromethane 0 0 0 0 .- 0
4  Bromoform ‘ 0 S AN 1 0 0 0
.5 Toluene 100 U] ¢ o u 0
. 6 - Benzene - s0 & - 33 67 n 43
. 7 Mecthylene Chioride e o
i " (Dichloromethgne) 0 0 B 0
) "8 . Carbon Terrachioride 0 0 0 o 0 ]
9  Trichlorocthylene 0 0 ¢ ¢ .0 )]
10 Tetrachloroethylene . 0 0 QL 0 29 0
{1 t-2-dichloroethane . . h 0 Q- ¢ 1 0

; | ‘Detection limit is 10pg L=" benzenc. 15 ug L,=! for toluehe and D02 pg L* ! for CHCI,Be.
u N = number of samples. ™~ - b . el

_ ‘ Toluene occurred ul an averape coacentration ‘of 225pg L " in the houschold
. wastewater while none was detected In the septic' tank effiuent, sludge and scum.

: Tolucne wes present in one samplc at a concentration of 30 re L= taken from the tift
station which collects the effluent from the various septic tanks in the community. This

-

is in sharp contrast o the University of Washingion study results which showed that
toluene was most prevalent in raw wastewaster and septic tank cffiuent (Table [11).
Benzene concentrations in septic tank effluent, Iift station wastewater and in Jagoon
Leell effluent were much higher than in ruw wastewater, whenever it was detected. The
average concentrations of bromodichloromethane in raw wastewater and septic tank
, . effiuent were 0,30 pgL* ! and 0.46 g L =Y, respectively, showing 16 removal through
o the septic tank; the average concentrations in Lt statjon wastewater and lagoon (I cell)

cffiuent were 0.62 ngL-" and 0.16 kg L', respectively, showing approximately 74%,

i P ema

e e s e i
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such as phenol, 246-lnchlorophenol 2-chlorophcﬁo! 1-2 du.hlorobmzcne. M di- -
‘chlorobenzene, 1,1,1-trichloroethan, naphlhalenc. dxethyl phthalate and dimethyl

phathalate;
(2) laboratory column :tudles with dxﬂ'erenl soil types to undemand about the
behevior of trace organics through the soil;

(3) field studies 1o monitor the presence: and quanmy of trace orgamcs duwmm:am
* of existing and experimental septic tile " systems in different soil environments: and -

(4) regular groundwater monitoring for trace organics in areas where there is a

" eelatively high density of septic tank systems to asscss thc long-term chiects of such

systems on groundwau:r qualny R
N
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Sites selected for the ktudy; were four single family . dwellxngs
located in Coventry, CT; .three coundominiums: Stony Hill Villages in
Brookfield, CT, Northbrook - Condominxums in Monroe, CT, and Stone Pond

" Condominiums in- Tolland, CT; a . busineau—restdentxal complex in Chestet,
CT; and a community on-site sewage - disposal system desxgned .to serve 43 -

single family homes. At the latter ‘site, each home's septic tank connected
to a gravity sewer: system goxng to the communxty soil absorption - field
area.. , L ‘ : .

Except for the 00veutry locatzon site, selection was done in
cooperation with the State of Connectxcut Department of Environmeutal
vProtectxon Water Compliance Unit. This was an attegpt to provide a mix of
site conditions. representative  for ~the state. A second 1mpottaut
conaxderatton in the eite selection process was the avaxlgbxlxty‘of on-
site sewage disposal’ aystem desxgn informatxon and the sgystem installatin

,practxces folloved.

A RUCK denitrxfxcatxon syntem,located in Mansfield, CT, was used to
evaluate technlques for determining | the wovement and concentration of
onstxtuents in the household waatevater discharge as it moves through the

‘on-gite sewage disposal system. This instellation was designed for

experimental use and consisted. of & number of sampling points within the
system including a capability for on-site columm studies. The system was
developed by  Laak, one of this study 8. principal investigators, and
researched by Costello (1984). - The water supply for the residence came
from ' 40 meter (131 feet) deep drilled .well located upstteam about 35
meters (115 feet) from the sewage. d1sp¢sa1 system. )

For the Coventry, CT site, ~each sxngle famxly dwellxng was on a 0.4
ha (1 acre) plot aund had a conventxonal septxc tank-leaching system for

sewage  disposal. These systems had been in place for about twenty years.
' The soils at this site were undetlain by & compact basal till and the sojl
. drainage characteristics ranged from good to poor. Ground water monitoring

wells utilized vere those installed earlier by Luce and Welling (1983) in

~a study of the wmovement of nitrates, phosphates, and fecal coliform
bacteria. from these - soxl 1each1ng fxeld areas, '

The ground water monxtorxng wella< at the Chester and Tollaand
condominium sites were already .in ylace. The latter wells were installed-
at the time of condominium coustruction to satisfy the requirements of the
State of Connect1cut Department of Envxronmental Protection. .

Ground water mon1tor1ng uells‘ were 1nst311ed .at. the Brookfxeld
Monroe and Somers sites. The Monroe and Somers wells were placed a lxttle
less than one meter (three feet) 1nto the extstxng water table at the time
of well boring. At the Brookfxeld sxce, this practice was followed only in
the leach  field area because of the difficult well boring conditions
encounteted in the glacial t111 for the equipment betng used. -

At the Somera locatxon, a patallel get of wells were installed to

' obgserve leachate flow s1m11ar1t1ea or dxfferencea coming from the soil
absorption field, Paired wells were used at three locations. Two piping -

materials, polyvinyl chlo;;dg‘_(PVC)w and stainless steel, were used to-

1
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The const;tuent eoncentretxou for' ground . water at the condomtnlum"
site in Monroe and for the resrdentxal housing complex at Somers are shown

PO " in Tsbles 2 and 3. At Monroe, the drinking = vater supply was aleo .
K\_/} L annlyzed. Emphasis at Somers was for a more in-depth evaluation of the
- constituent movement from the soil abeorption field into the ground water
! . gund away from the site.. The distance between _wells A and D was

approximately 38 wmeters (124 feet); for wells H to E, the approxxmate
linear distance waa 41 weters (133 feet). o

Summary

’ ' : s

Volettle orgeanic compounds and hydrocerbone were found to make their ]

way into the groundwater drea near .the . on-gite sewage disposal system.
Further groundwater ' studies near ‘on-gite sewage digposal sites are
recommended. : : ‘ Lo ' - .

-’1'&‘_'.;.._;
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R Table 1
;A : Chemtcals Detected 1n Ground Hater Samplee Teken from "
' \\~;/ ~ Observation Wells ut‘Btookf;eld Chester, and Coventry, CT.
' site Locatton ' : ff nitfi'ﬂ " Chemicals Detected
Brookfxeld T (6) o . Eiééﬁt for one‘xnktance, and then only  one.
~‘we11, no water found in any of the  three
‘pertmeter wvells; chloroform -at 34 ppb. 10
. ‘ . .ppdb toluene in sample taken from the goil.
e ' ' S ' ‘ .leachxng field area.
Chester, CT (7) L F—-—é—é;-—

& pph,me:hylene chlorxde
7, 9 ppb chloroform.
‘k‘ppb dichloroethane

Unidentxfxed peaks at ' GC retentxon times -

. of 3.22, 5.13 and 8.77 minutes.

120 ppb fluorodichloromethane '

'S ppb trans-1,2-dichloroethane . o
3 ppb ‘trans-l 3-d1chloroptopane oo

Hethane ptesent but not quant1f1ed

..-—-d--—-—

. - . . Unxdent1f1ed peaks at retent1on times (RT)

\_/ o .- 0£'5.10, 8.34 and 5.13; RT's of 5.25 and

. : : e app:oxxmately 8.30 similar to ethyl
 41coho1.and acetoue, respectively.

Coventry, CT (8) . U eii— ‘
‘ o : - Ethyl benzene ptesent but not quantxfxed

10 ppb ‘ethyl benzene

m.«-—-——- '

Unidentified peak at“Gc BT of 3. 25; 7, 4

~ ppb trans-1,2-dichloroethene. S
Unldenttfxed peak or ethyl benzene <1 ppb U

3

(thce)

‘Number in ( ) is the number of - aampltng events' different samplxng event
chemical detections. are separated by —-—-. '
RT - Retent1on Time; Txme is 1n mlnutes. ‘

N\ :
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KEYSTONE smmmon COMPANY SITE
~ FINALRIREPORT
JULY 1990

Dumplﬂg Mosmmer wells showed a srgmﬁmnt increase in water levels dunng pumplng. amibutab!e ,

- to the-rainfall. - Appendth contains the raw: data for both drawdown and resnduaJ drawdown.

" -One onheob]ecﬁves olthetestwastodeteunmewhemer ornotme K1 areaishydrauﬁmﬂyconnected

S —-- tothe—Spring area.—stnee medet&weredlstonedduetmain events, It was not POSSib!O o -
determina this hypothesis bythe pumplng test. However, the hydrauﬁc connection is expected given - -

me topographic and potentiometric relétion shown in the cross section on Fi'gure 4-16. The figure
shows thatths ground surface intersectsthe water table (potenhometncsudace) on the northeast end
' ot the cross section in the pmg area. ‘

.

48  RESIDENTIALWELL suavsv'

The results of the resndemxal well survey are presented in Table 4-5 Resudents inthe Keystone Stte

vu:snrty obtain wa}er from shaﬂow springs and wells hundreds of feet deep. Most well systerns have

. a20to 30 gaﬂon ho!dlng tank. and soma have a ﬁ!tering orwater treatment umt
: t

.‘..A EIEL I

~ Severalresidents indicated water was restricted to household uses othe_r than drinking. Water wrth an-
odorwasreparted at RW-8 and RW-11. Bothlocations have shallowwater sources and septicsystems

nearby.. Water which caused black or grey-black stalns was reported at AW-13 and RW-15.

* Several factors may influenca the CLP chemical analysis results. Thesa include depth and typa of

water source, well design, and land use. Most residental wells were  also located near cultivated ﬁelds
% and sep'dc systems. ,

4-56
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TABLE 4.5

RESIDENTIAL WELL SURVEY

KEYST ONE SANITATION COMPANY SITE

LI'ITLEST OWN PENNSYLVANIA

REM V-

AR32L6T7YL

WELL - SOURCE - . USAGE LAND USE
AW - —5004oat. deep, 6-1nch__._ ._Aunousehotd uses ~Onsﬂ@
= -~ - diameter cast lorn well _ norteast of well
Mthwatersomtanq ) : '
'_charooalﬁter : Lo , , :
- RW-2 Shallow spring source -”Waéﬁing and bathing .~ wgll 85 feat nonheast o Ar,f'
- wx‘?\kzs gallon holdmg ~ only S L of L
- ta R . = _ .
. RWS 1204octdeepstosiwel  ‘ Allhouse hoid uses @ﬂom'west el
' with Amway fitering .. I - . of well no farming o
system and about 35 ~ activities « 0[’ ,
, ga!lonho!dingrtar‘\k’ - . R N
© RW4 10inchdiameterwel = NA ‘Well 20 feet north of
RW-5 8 inch diameter wei - All household uses _Crops grownnearwell . L.
with 20 gallon holding R B S
tankand fiter
RWQG ‘ Shauowspmgsource. ’~ ]An househo!d uses Crops grown . near-’ :
‘ ‘ nowatertreatmem . ‘,watemglivestod( L spring - ...
AW so-footdeepweﬁm AU housshold uses,  Well 30 fest west of
AR ‘20-gafion holding tank - »watennghvastod(.crop houss,  crops  grown -
no water treatment . '.lmgauon nearweﬂ




 TABLE 4-5 (Continued)
RESIDENTIAL WELL SURVEY

 KEYSTONE SANITATION COMPANY SITE | </
— - -~ -- LTTLESTOWN, PENNSYLVANIA - »
' REMV :
WELL  SYSTEM USAGE LAND USE
T ;-.vwaga..@u 1800°s) - - Washmg ‘only, -watar—-- Crops nearweﬂ..:-.-'_;;:
35-foot deep, stons has rotten egg smeil. @%gnﬁb SR
well with water . o ' ‘ '
. treatment : - o | _
RW-9 N/A Al household exoept V @ crops
‘ ‘ dnnkmg ' : grownn o
RW-10 140 foot deep, 8.inch  * Al household uses, Crops grown near well
' diameter well with no watering livestook septic system south of
watettreaﬂnem . ) well | ‘
RW-11-°  Spring soucawith 30 All household uses .about 90 \1/
- gallon holding tank . . except cooking and festnortheastotspring,
drinking, water has ‘ drain field . north of
odor : house.~
AW-12 - Well with treatment - Aﬂhodsehold uses - Crops grown nearweﬂ.' ;-
R system A - ' well about 20 feetsouth. J
7 , ' . _ o ofhouse. - _
RW-13° About 435 foot deep Al household uses Aok about 100
well with holding tank - except drinking water, - get sath east ot housa
and no treatment causes. grey-black . cfops grown near well,
system. - =~ .. stains. .
" RW-14 N/A NA " NJA
“RW-15 10 inch diameter well ~ All house hold uses  <Septic tank about 75
- with 25 gallon holding .  exceptdrinking. Water fest eastof well. Crops _
tank , _ causes blank stains grown near weil S
Y/
4-59
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FIELD FILTRATION POLICY FOR MONITORING WELL GROUNDWATER SAMPLES
T REQUIRING METALS ANALYSIS

g&ﬂ!ﬂﬁﬁm nmummmmpb hWR&“@MMMmmg
Su!dmﬁq;mda) “mm&mfam&ua Wweupnomm e

RENDNDER: A single aum-mnmmmwmmm knmmpamb of
mmmu&ﬁ?mmmmmmummmumm My

&wmnauolmwmmedmuﬁumdm zhntoulmmkpresmathe
sample. muedmpluwdwwmm omnmmdmobde
s£s excepeions below). Monitoring wells sometimes producs produce turbid water (water coataising
suspcadedsoﬁds). mmbﬂymbchnmﬁcmdmmwhm:dmwn
ot poor design asd mirial development of the well
WmeM%MM&mqumu <2 Highlevels of
aluminum, manganese, and iroq in samples oftea indicato the preseacs of thess partcles, Withouz
filtration, coaceatrations of this mobils metal contamination in the groasdwater are often over egimated.
- Therelore, if is necessary 10 taks doth filtered sud anfiitervd sam m&ﬂymm&:ﬁamd_eu
at a given site. Since aad (low pH) may distoet the distribution of metals betwoea perticalate and dissolved speces.
prescivatioa for disgolved metals samples must be perfarmed after fltration. Beamthcondmmenﬂ'cc:s ne
'mb@ydmmkﬂcmnmmmduebmm :

: mexcepuou:othapoﬁqmqmngbodﬂ:erﬁmduﬁkuadumphw - | |
L s;uwmmmmcmwwmamm -
: repeeseatative of mobile groundwater qualiy (for cxample, kaent terrain or cleas gravel faces). ,
) %mWWRWWNwHMMWWM(W?‘ :

2 mm:mmﬂ&umdhwm)&umum‘
- mamummummmmmummdmwumm

g S umwmmummu ndn&mtbnngdm:nemoa"s .
hudllﬁvmﬁ'mﬂnm&aﬁa _mﬁquwmm:r.w~ .
data aro accepable for &tmunpih.mdunnns

b. ummmmmmmwuwmwmum
mnmummmwmmnm ,

NOTE: Extna d&uﬂ&nh.hﬂdnm&du&hdhn&nhmbwm‘wm
uww.m”;u“mum mmmmmmmmmm -
ammrumm:mumwuudxmummr.

-m
»n
O

s

u:tod:e

' TECHNICAL GUIDANCE FOR FILTRATION OF MONHOWGWHLW FoR Mﬁ'ﬂs ANALYSIS

L prnemmmmchmmmumuzounmThnuunnnunuelcmn:md-..
free coviroament. Whea filtration/ appasarus is oo ia use, kecp it covered o protect from airbome pur - - L)
Use cither a glass or plastic ﬁkenng apparatus. Stainless steduumpublemnmmmmte
sa.mpla. , ‘

- - n2-3
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. F&rmnubcmmzedmedhu!ylhetm collection. Record both the time of .l
time of Glracion in the field notebook. - Ek:m%mbempkud m&u&mﬁp:a%“d

| 3. A&Gnhu&uuthneqnmi mh&m%mm bo appeopriate
U specific condicions. . Hm,%ﬁhﬂnWmmmmbn:ngdmmgh

acid) followed by thros 20 i rinses of froe deicaied water is (1)
__-ndmdmb._ o ﬂ‘l‘hcﬁhradiq_dd Mm&. mm-.m: &&smglmwcu
diats nicric solution (Le, from axzpe source, lot aamber sad/or betch prepare
ﬁkaztwtnnnﬂqaddngnﬂ X o or bt o e
5. Bath a Gltered and e tmfkered blask mus sccompeny stmpios o the tai(s). for dmadwis anicss caly wnfiered N
mphmmﬂocdww&!ﬂlbﬁv&mmwmﬂmdmﬂeu vl o
6 gnv;ia mﬁam.&mdduﬁh«dm&hhhnub i
. a
l'l

quality acid coch a8 Bekar Issra-Azaiyaed or equivaicnt.
Rmmmuuua;x.vmuhp?!dﬁqhidm”mquﬁ

fe e

i

3. Documen the ick xzmber umdmmmwmgmm-mw
potcbock. This docmentation will mmmmawmummu

‘ Mdumm (R
wells with md“ enideucod sow Sleration shonld be aoted
u ﬂm'mﬁmuwy&u-&qm | m; | w\

. meas s
b
s Sa . 3 Wb
e S =

P L LA X L

mumummo« . . _ T e g ‘ |
m:‘:mﬂ(ﬁ-ﬂ-ﬂ)“ﬁnﬂihw‘u total metal

"(naﬁhrdm;h). UhMWﬂ&wmwa-ﬂmkthk to
B wmdﬁpﬂbq—tmum . o

vluc-o{.—-.?'..-

o Y
. . mane

L mwmuﬁ-umu S :

. 9.}

Winn dmcived e, phemintyn, a&.hhh-qhamd
° mhhﬁl&&mz )

.38
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