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Dear Mr. Schoepke:

On July 13, 2007, Ohio EPA received a response from Safety-Kleen Systems, Inc. (Safety-Kleen),
dated July 12, 2007, regarding Chio EPA’s June 7, 2007, notice of violation (NOV) letter for the Hebron
Recycle Center (Facility) in Licking County. The June 7, 2007, letter provided notice of two specific
violations of Safety-Kleen's hazardous waste permit and eight general comments regarding permit
compliance and recent corrective action activities and information collected at the site. In addition, on
July 18, 2007, Ohio EPA received your response to our General Comment 2 contained in the NOV
letter regarding viny! chloride.

Our review of this documentation reveals that Safety-Kleen remains in violation of its hazardous waste
permit. The following is our response to your July letters and clarification of Ohio EPA's position on the
outstanding ground water issues, including permit compliance and ground water sampling.

Safety-Kleen’s July 12, 2007 letter

S-K Response to OEPA NOV Comment (1)

As stated in Safety-Kleen's response to OEPA NOV Comment (1), Safety-Kleen believed that itwas
performing the sampling for metals in accordance with the intent of the modified permit. The eventwas
performed in accordance with Section 10 of the OEPA-approved revised permit application, which
indicated sampling for dissolved metals. However, Permit Condition E.9(a)(vi)(b) states that metals be
analyzed in both unfiltered and filtered samples (for those samples with above 5 NTUs).

Ohio EPA's Technical Guidance Manual for Hydrogeologic Investigations and Ground Water
Monitoring, Chapter 10, Ground Water Sampling, February 2006 (TGM) provides guidance on filtration
on page 10-35. The TGM does not preclude sites from taking unfiltered samples; it only provides Ohio
EPA’s general recommendations on whether and how to filter. Safety-Kleen’s permit, however,
requires anaiyzing metals in both unfiltered and filtered samples.
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U.S. EPA also recommends a dual sampling approach be used for assessing mobility of metals in
ground water when high turbidity exists (i.e., coliection of both filtered and unfiltered samples). In
addition, U.S. EPA recommends filtration of samples shouid be completed with a filter of a nominal
pore size smaller than 0.45 microns. See attached guidance “Superfund Ground Water Issue, Ground
Water Sampling for Metals Analyses.” Safety-Kleen indicated that a 5-micron filter had been used
previously. Please note thatthe TGM erroneously states on page 10-37 that use of a 5 micron filter is
recommended to ensure that the mobile fraction of turbidity is sampled. This is a misprint, as Ohio EPA
recommends using a 0.5 micron filter.

Safety-Kleen also stated in its response that the wells were purged and then allowed to stabilize
overnight in order to reduce -potential turbidity. This is not an appropriate sampling method as
discussed with Ohio EPA’s Division of Drinking and Ground Waters (DDAGW) per an October 25,
2007, phone conversation. Chio EPA recommends that Safety-Kleen'use a low flow purge and sample
method to minimize turbidity. In addition, Safety-Kleen’s Part B permit application already allows the
use of micropurge methods on page 5-1-7 (Appendix 5-1, Groundwater Monitoring Plan).

Safety-Kleen must comply with the temms and conditions of its permit. Permit condition A.1(a) states
that, "The permit application is hereby incorporated into this permit. In the instance of inconsistent
language or discrepancies between the above, the language of the more stringent provision shall
govern." Thus, Safety-Kleen remains in violation of the following hazardous waste rule and permit
condition:

Violation #1

OAC Rule 3745-50-58(A) and Permit Condition E.9(a)(vi)(b), Ground Water Sampling: The
permittee must comply with all conditions of the hazardous waste permit. Pursuant to Permit
Condition E.8(a)(vi)(b), Safety-Kleen must analyze for the presence of metals in unfiltered samples
and should also collect filtered samples from wells in which a turbidity level exceeds five (5)
nephelometric turbidity units (NTUs) despite reasonable care to minimize turbidity.

Based on discussions at the June 1, 2007, Ohio EPA/Safety-Kleen meeting, Safety-Kleen did not
analyze for the presence of metals in unfiltered samples. Instead, ground water samples were
taken, sent to the laboratory, and then filtered before analysis.

&« To retum to compliance, Safety-Kleen must resample al! of the wells listed in Permit Condition
E.9(a)(vi)(b), analyze for the presence of metals in unfiltered samples, and provide Ohio EPA with
the results. Ohio EPA recommends that Safety-Kleen use a low flow purge and sample method to
minimize turbidity. Safety-Kleen may resample the wells as part of the next ground water sampling
event scheduled for November 2007.

S-K Response to OEPA NOV Comment (2)

As stated in Safety-Kleen's response to OEPA NOV Comment (2), Safety-Kleen does not believe that
confirmation sampling for metals is necessary/warranted at this time and refers to the approved Class 2
permit modification request included in Section 10.4.5 of the revised permit application, which states
that Safety-Kleen may perform confirmation sampling.
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As discussed with Ohio EPA per an October 25, 2007, phone conversation, confirmation sampling is
required by the permitindependent of the requirement to establish background concentrations, which is
in Permit Condition E.S(@)(vii)(b).

Safety-Kleen must comply with the terms and conditions of its permit. Permit condition A.1(a} states
that, "The permit application is hereby incorporated into this permit. In the instance of inconsistent
language or discrepancies between the above, the language of the more stringent provision shall
govern." Thus, Safety-Kleen remains in violation of the following hazardous waste rule and permit
condition:

Violation #2

OAC Rule 3745-50-58(A) and Permit Condition E.9(a)(vii)(a)}, Ground Water Confirmation
Sampling: The permittee must comply with all conditions of the hazardous waste permit. Permit
Condition E.9(a)(vii){(a) requires Safety-Kleen to conduct confirmation sampling within thirty (30}
days of the date the data is reporied and validated.

Confirmation samples for metals were not conducted for any of the 13 downgradient monitoring
wells subsequent to the initial modified appendix sampling conducted in April 20086, although
confirmation sampling was conducted for voiatile organic compounds (VOCs). In addition,
confirmation sampling was conducted in the background wells, but not for the appropriate metals
samples.

« To retumn to compliance, Safety-Kleen must resample all of the wells listed in Permit Condition
E.9(a)(vi)(b) to analyze for metals. If the sampling results in the detection of any metals, Safety-
Kleen must conduct confirmation sampling within 30 days of the date the data is reported and
validated and provide the results to Ohio EPA. Safety-Kieen may resample the wells as part of the
next ground water sampling event scheduled for November 2007.

In General, Comment 1 in Chio EPA’s July 7, 2007 NOV letter, we asked for more information to
determine whether Safety-Kleen is in compliance with OAC Rule 3745-50-58(A) and Permit Condition
G.7(c). Todate, we have not received documentation to justify why the upper prediction limitused was
ten times higher than the listed concentration limit. Thus, Safety-Kleen is in violation of the following
hazardous waste rule and pemit condition:

Violation #3

OAC Rule 3745-50-58(A) and Permit Condition G.7(c), Statistical Procedures: The permittee
must comply with all conditions of the permit. Permit Condition G.7(c) requires Safety-Kleen's
statistical procedures to be protective of human health and the environment, provide reasonable
confidence that the migration of hazardous constituents from a regulated unit into and through the
aquifer will be indicated, and determine whether such leakage of hazardous constituents into the
ground water exceeds specified concentration limits.

Forvinyl chloride, the statistical evaluation needs to be capable of evaluating chemicals of concern
(COC) detections to the concentration limit of 2 ug/L as listed in the table in Permit Condition
G.2(a). However, Appendix C-1, Table 33B of the Supplementary Annual Report for 2006 indicates
that the upper prediction limit for vinyl chloride was 20 ug/L in well H-15S.
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= To return to compliance, Safety-Kleen must resample the well for vinyl chloride and use statistical
procedures capable of evaluating detections to the concentration limit of 2 ug/L as listed in the table
in Permit Condition G.2(a). Safety-Kleen may resample the well as part of the next ground water
sampling event scheduled for November 2007 and submit the results to Ohio EPA in the
Supplementary Annual Report for 2007.

Safety-Kleen’s July 18, 2007 letter

On July 18, 2007, we received your response to OEPA General Comment (2) regarding the significant
increase in vinyl chloride concentrations observed in the area of well H-15S. As stated in the letter, the
concentration was inadvertently misreported at 86J ug/L. The correct concentration should have been
0.86 ug/L. We will place a copy of the corrected iaboratory data rgport in our files.

Should you have any questions, please feel free to call me at (614) 728-3887. You will find copies of
the rules and other information on the division’s web page at. http:/Aww.epa.state.oh.us/dhwmn.

Sincerely,

..

Melissa Musko

Environmental Specialist

Division of Hazardous Waste Management
Central District Office

c: Stephen Lear, Safety-Kleen Systems, Inc.
Tammy McConnell, DHWM/CO
Randy Sheldon, DHWM/CDO
Jason Reed, DDAGW/CDO
CDO File

MMnsm  SK.GW.respanse lo July 2007letter

NOTICE:
Ohic EPA's failure to list specific deficiencies or violations in this letter does not relieve your
company from having to comply with all applicable regulations.
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wEPA Superfund
Ground Water Issue

Ground Water Sampling for Metals Analyses

Robert W. Puls and Michael J. Barcelona

The Regional Superfund Ground Water Forum is & group of
ground-water scientists, representing EPA's Regional Supetfund
Officas, organized to exchange up-to-date information related
to ground-water remadiation at Superfund sites.

Fitration of ground-water sampies for metals analysis is an
issue identified by the Forum as a concern of Superfund
decision-makers. Inconsistency in EPA Superfund cleanup
practices occurs where one EPA Reglon implements aremedial
action based on unfiltered ground-water samples, while another
Region may consider a similar site to be clean based on filtered
ground-water samples.. RSKERL-Ada and EMSL-Las Vegas
have convened a technical committee of experts in the areas of
ground-water geochemisiry, inorganic chemistry, collcidal fransport
and ground-water sampling technology o examing this Issue
and provide technical guidance basad on cument scientific
infarmation. ’

Members of the committee were Robert W, Puls, Bert E.
Bledsoe and Don A. Clark of RSKERL; Michae! J. Barcelona,
Yllinols State Water Survey; Phillip M. Gschwend, Massachusstts
{nstitute of Technology; Terry F. Rees, USGS-Denver; John W.
Hass, Desert Research Institute (EMSL-LV); and Nicholous T.
Loux, ERL-Athens.

This document was written by Robert W. Puls and Michasl J.
Barcelona and edited by all membsrs of the committes.

Forfurther information contact Robert Puls, RSKERL-Ada, FTS
743-2262; Bert Bledsoe, RSKERL-Ada, FTS 743-2324; Jane
Denne, EMSL-LV, FTS 545-2855.

The findings and recommendations of the committee ware that
use of a 0.45 micron* filter was not ussful, appropriate or

reproducible in providing information on metals mebliity in
ground-water sysiems, nor was it appropriats for determination
of truly “dissolved” constituants Iin ground water. A dual
sampling approach was recommended, with collaction of both
fittered and unfiltered samples. If the purpose of the sampling
is to determine pessible mobille contaminant species, the unfliterad
samples should be given priority. This means that added
emphasis Is placed on appropriate well construction meathods,
materials andground-water sampling procedures. Foraccurate
estimations of truly “dissolved” species concentrations, filtration
with a nominal pore size smaller than 0.45 microns was
recommended, {twas further concludedthat filtration could not
compensate for Inadequate construction or sampling procedures.

Background/Support information

Fitration of ground-water samples for meta! analyses will nat
provide accurate information concerning the mobillity of metal
contaminants. This is because some moblle species are likely
io be removed by filtration before chemical analysis. Metai
contaminants may move through fractured and porous media
not only as dissolved species, but also as precipltated phases,
peiymeric specles or adsorbed to inarganic or organic paricles
of colividal dimensions. Collolds are generally considered as
particles with dlameters lsss than 10 mlcrens (Stumm and
Morgan, 1981). Numerous investigators have suggested the
facliitated transport of contaminants in assoclation with mobile
colloidal particles, Kim et al. (1984} suggested that sorptionto
ground-water colloldal material causedthe mobilization of some
radionuclides in Gorleben ground waters, Sattelli et al. (1984)
studied americium percoiation in glauconitic sand columns and
attributed the unretained fractionsto migrating colloidal specles.

* Micron = um = 10° metsr

Ada, OK
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Thase collolds were either homogeneous hydrous precipitales,
or ware formad from the adsorption of the radionuclide onto
colloldal size minaral particles. Colioldal particles generated in
batch expsrimants by Sheppard et al. (1979) were shown 1o
adsorb significant quantities of radionuclides. Further work by
Sheppard et al. (1980) conciuded that the transport of radionuclides
by colloldalclayparticles must be considered in any contaminant
transport model. Champlin and Elchhalz (1968} showed that
the movement of radloactive sodium and ruthenium in sand
beds was associated with particulate matter of micron dimenstons.
Gschwend and Reynolds (1887) demonstrated that submiloron
forrous phosphate collolds were suspended and presumably
moblile In & sand and gravel aguiter.

Sludies by Yao at al. (1871} and O'Mella (1980} indicate that
colioldal particles in the range 0.1 to 1.0 micron may be most
mobile In a sandy, porous medlum. Kovenya et al. (1972)
cencluded that parlicles In the range 0.1 10 0.5 mm weré most
rmoblle in soll column studles. As much as 200 ppb coppar, lead
and cadmium was found assoclated with colioidal materia! in
size range 0.015-0.450 mm by Tillekeratne ot al. {1986). Rapid
transport of plutonium {Pu) In core column studies by Champ st
al, {1982) was atiributed to colioldal transport, with 48% of the
Pu assoclated with colloids In the slze range 0.003-0.050 mm
and 23% In the range 0.050-0.450 mm. Reynolds {1985) using
carboxylated polystyrene beads ranging trom 0.10 to 0.91 mm
In size, racovered 45% of the 0.91 mm size beads, and greater
than 70% of 0,10 and 0.28 mm slze beads in laboratoty sand
column effluents.

Lake and estuarine studlas by Baker ot al. (1986) and Means
and Wijayaraine (1982) demonstratedthe importance of natural
colloldal material In the transport of hydrophobic contaminants.
Carter and Suffet (1982) found that a significant fraction of
“dissolved”"DDT in surface waters was bound to colloidal humic
matsrial. Takayanag!and Wong (1284) found over 70% of the
tota! lnorgankc colioldal particies.

Analytical methods used to determina “dissolved” metal
concentrations have historically used 0.45 micron flars 1o
separate dissolved and pariiculate phases. If the purpose of
guch determinations |s an evaluation of “moblie” species in
solution, significant underastimations of mobllity may result,
due to colloldatl associations. On the other hand, if the purposs
of suchfiltrationisto determine truly dissolved aqueous spacies,
the passage of colloldal material less than 0.45 microns in size
may restlt in the overestimatlon of dissolved concentrations
(Bergseth, 1983; Kim et al. 1984; Wagemann and Brunskil,
1975). Kennedy et al. (1874) found errors of an order of
magnitude or more In the datermination of dissolved concentrations
of aluminum, lron, manganese and titanium using 0.45 micron
flitratlon. Sources of emror were attributed to filter passage of
fine-gralned clay particles. Additionally, filtration of anoxic
ground-water samples Is very difflcuit without iron oxidation and
colloid formation, causing a removal of previously dissolved
spacles to be fiitered. Filter loading and clogging of pores with
fine particles may also occur, reducing the nominal size
{Daniselsson, 1981), Flttration should be viewed as only one
approach for determining the “true” soluflon geochemistry of
ground water, and others should be applled whensver possibie.

Purpose of Sampling

It Is important 1o identiiy the purpose of ground-water sampling
before decislons regarding flitration, centrifugation or other

phase separation technlques are made. |s it to determine the
mobility of contaminants or to determine in stku agusous
geochemistry? The following definitions are also useful for
consideration of this Issue; -

(1)

(2)

(3)

4

Total Contaminant Load Per Unit Volume of
Aquiter = Moblie + Immobile Species.

Moblle Spacles = Dlssolved + Suspendad
Species.

Dissolved = Free lons + Inorganic Complexes
+ Low Molecular Weight Organic Complexes.

Suspendad = Adsaorbed + Pracipitated +
Polymeric + High Molecular Welght Organic
Complaxes.

For an assessment of mobllity, all moblie species must be
considered, including suspended particles acting as adsorbents
for contaminants. Whils not all suspended species may necassarily
be sufiiciently mobile ortoxicio pose ahealth risk, aconservativa
approach Is proposed at this time untll more definitive data are
available. Contaminant transport modals which account for an
additional aqueous mobils collcldal phase have been proposed
by Avogadro and DeMarslly (1984) and Enfield and Bengsston

(1988).

A principte objective in a sampling effort for testing a geochemical
spociation modsl is to obtaln estimates of the frae lon activities
of the major and trace alements of Interest. Since there are
relatively tew sasily performed analylical procedures tor making
these experimental estimates, an alternative procedure is to
test the analytically determined dissolved concentrations with
model predictions including both frae and complexed spacies.
More and more remedial investigations are utilizing suchmodels
{6 make predictions about contaminant behavior based on
dissolved concentrations. It is not the purpose of this report to
suggest how to perform these analytical determinations, but as
noiled above, the use of a 0.45 micron filter as the operational
definifion cof “dissclved” may be Inappropriats. Analytical
techniques such as ion selective elactrodes, lon exchange and
polarcgraphy may be more accurate. Research utliizing these
and other technlques 1o correlate “dissolved” with filter size is

recommendead,

i one adopts the conservative approach with no filtration for
contaminant moblity estimations, increased impartance s placed
on proper well consttuction, and purging and sampling procedures
to eliminate or minimize sourcas of sampling artifacts.

Sources of Sampling Artifacts vs. “real” Ground-
water Environment

The disturbance of the subsurface snvironment as a resuit of
woll construction and sampling pracedures presents serious
pbstacles to the interpretation of ground-water quality resuits.
Some degree of disturbance of natural conditions is inevitable.
Howaver, the impact of impropar well construction and sampling
fechnigues can permanantly bias the usefulness and integrity of
wells as sampling points. Several aspects of well construction
and sampling procedures must be ¢carefully considered to avoid
errors associated with the introduction of foralgn particles orthe
alteration of ambient subsurface conditions which may affect
natural dissolved or suspended materials.







Well Construction

The dasign, drilling, and construction of monloring wells have
bean identifiad as particutarly important steps in the collection of
representative water chemistry and hydrologic data. Several
references have emphasized the minimization of both the
disturbance and the introduction of foreign materials {USEPA,
OSWER-8950.1, 1986; Barcelona, et al., 1983; Barcelonaetal.,
1985) because of the potential impact on water chemistry. The
RCRA Technical Enforcement Guidance Documant (USEPA,
OSWER-9850.1, 1986) suggests that the wall must atlow for
sufficlent ground-water flow for sampling, minimize passage of
formation materials into the well, and exhibit sufficient structural
integrity to prevent collapse of the Intake structure. li shouidbe
recognized, however, that the well must first provids a
represontative hydraulic connaction to the geologic formation of
interest. Without the assurance of this hydrauilc integrity, the
water chemistry information cannot be interpreted In relfation to
the dynamics of the flow system or the transport of chemical
constituents.

More specific guidance is therefore necessary to maintain or
restore tha natural hydraulic conductivity of the formation in the
vicinity of the screened portion of monitoting welis through the
drilling, construction and development procedures. The lterature
onwater welltachnology can be most helpfulin this regard since
minimal disturbances of the subsurface Is a common goal in
maximizing both the yleld of water supply wells and the
representativeness of water samples and hydraulic information
from maonitoring welis (Driscoll, 1985).

To insure the long-term integrity of monitering weils, particularly
with respect to axcluding forelgn particies and permitiing the
passage of mobile {L.e., dssolved and suspended) contaminants,
spacliic items which should be observed are:

1) !f no alternative to the use of drilling muds orfluids exists,
these materials must be removed from the wall bore and
adjacent farmations by careful wall devetopment (Driscoll, 1988).
Thisguldance also appliesto the removal of the low parmeabiiity
“gkin” which is caused by abrasion, oxidation and invasive
muds which may seal the well bare from the scresned interval
and bias in situ determininations of hydraulic conductlvity (Faust
and Mercer, 1984; Moench and Hsieh, 1985; Faust and Mercer,
1985). Pumplng rates during developmant should be documentsd
and care should be taken not to exceed thess rates during
purging or sampling since futther development and well damage
may aggravaie suspended particuiate and turbidity problems
even in properly designed wells, :

2) The emplacement of grouts and seals to isolate the
screened interval must be carefully done. The use of tremie
pipes and frequent checking of the depth of emplacement of
clay or cement grouts during well construction are strongly
ancouraged.

it is also Important to take care to foliow manufacturer's guidslines
on the hydration of cement or expanding cement as grouts or
seals. Excess water addition and grading of cament components
or materials due to free fall through standing water can permanently
damage the well's Integrity (Evans and Eliingson, 1988).

3) Casing and screen materials must be selected to retain

their integrity in the subsurface environment (l.e., avoid iron,

steef), minimize bias to water samples and insure that scresn
openings are not reduced by the bulldup of corrosion products

or by compression (USEPA, OSWER-9950.1, 1986). These
sffects can be checked by repeat determinations of in situ
hydraulic conductivity over the useful [ife of the wall
Redevalopmant and replacemsnt of the well should be considerad
If detarioration or significant changes in hydraulic conductivity
are observed. Erraticwaterlevel readings and suddan changes
In turbidity or purging bshavior of monitoring wells prior to
sampling are warning signs of possible loss of materiatintagrity.

4) Woell design fundamentals with regard to the selection of
a filter pack and screen size are among the most important
issues in obtaining representative hydraulic and water quality
information. The exclusion of fines, clays, and slits can be
achieved by salecting the grain-size distribution for the filtar
pack by multiplying the S50-percent retained size of the finast
formation sample by a factor of two (Driscoll, 1986). The filter
pack material should be cleaned and washed free of fines to
Insure that extranaous contaminants or particles are removad.
The well screen slot opanings should be chosen to retain 90%
of the filter pack material after development. in natural packed
walls it may be advisable to select a screen slot size which will
rotaln at least 50% of the finest material in the screened
interval. Minimizing slot screen width however, often leads to
greater time and energy spant in welt development. The need
to document well development procedures cannot be
oversmphasized.

Maintenance of the hydraulic psrformance of menitoring wells
and the connection of wells to the zones of greatest hydraulic
conductivity, where contaminant transport is most probable,
should take equal impartance fo the collection of repressntative
water quality data.

FPurging and Sampling

Waterthat remalns in the well casing between sampling periods
Is unrepresentative of water in the formation opposite the
screened interval. it must be removed by purging or isolated
fromthe collected sample by a packer arrangement priorto the
collection of representative water samples. Water level readings
must be made carefully to avold the disturbance of fines or

-precipitates which may enter er formin the weli due to chemical

reactions or microbial processes and accumulate onthe interior
walls of the well casing screen ar at the bottom of the well.
Simllarly, It is important to purge the stagnant wateratflowrates
below those used In development to avoid further development,
well damage or the disturbance of accumulated corrosion or
reaction products In the well. The use of cettain sampling
davices, particularly bailers and air-lift arrangements, shouldbe
discouraged in order to avold the entrainment of suspendad
materials which are not representative of mobile chemical
constituents in the formation of Interest.

A note of cautlon should be volced to encourage repetitive
sampling of monitoring wells prior to Judging the representativenass
of determinations of hydraulic conductivity, water ievel readings
and water quality data. The efiacis of the inevitabis “irauma’
due fo drilling, sealing and development of menktoring welis can
bias observations of water chemistry untll the subsurface is
aliowed to equilibrate sufficiently {(Walker, 1983). Estimates of
the time ta achleve equllbration vary substantially, particularly
when driliing fluids are used in highly permeable formations
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{Brobst, 1984; Driscoll, 1986); however, periods of weeks to
several months may be necessary before even major lonic
conslituents of ground water squlllbrate to previous lavels
~ (Barcelona, et al., 1988).

Recommendations for Sampling

in general, the zone of Interest must be Isolated, the sample
pumped slowly to minimize turbldity and sample collected in
such manner as to eliminate O, and GO, exchange with the
atmosphere, Na filtratlon for moblle metals determination s
racommendad. [ the unfiltered values exceed maximum
contamninant leve!l concentrations for ground-water qualily,
additional analyses and re-avaluation of sampling anifacts are
required. It should bs emphasized that extremo ditferences
betwaan unfiltered and 0.45 mm filtered samples does not
preciude the uss of unfiltered data for risk assessment decisions.
Signifleant particulate mobliity may be occurring at such a site,
and additional analyses with other largeriliters {e.9. >0.45 mm)
may ba most appropriate given the current size estimates for
uppor limits far moblie particles.

Isolation of Sampling Zone

Isolation of the sampling zene Is necassary to minimize the
purge volume as well as to minimize alr contact. This is
aspaclally important since Eh/pH condttions of the formation
waters are notoricusly sensitive to dissolved gases content.
Inflatable packers can be used to achleve lsolation of the
sampilng zone.

Pumplng for Sample Collection

it Is recommended that a positive displacement pump can be
used. Olhertypes of sample collection {s.g., bailing) may cause
displacament of non-mobile particles orsignificantly alterground
water chemistry leading to colloid formation (e.g., vacuum
pumps). Surging must be avolded, and a flow rate as close to
the actual ground-water flow rate should be employed.
Acknowiadging that this may be impossible or impractical in
some instances, a pumping flow rate based on the linear
ground-watsr flow rate and open screen area Is proposed,
" where

pumnping flow rate ~linear GW flow rate x 2 x screen ht, x
wall radius x 10

While an Initlal approximation, fiow rates around 100 mimin
have baen used to successiully sample ground-waters in a
quisscent mods. - :

Addiional research Is needsd In this area, partlcularly with
raspect fo the appropriateness of this generle equation. An
Inexpensive flow-through type csll set-up utilizing this approach
was described by Garske and Schock (1986).

Assessment of Water Constituents While Sampling

Monltoring of the pumpsd ground water for dissolved oxygen,
temperalure, conductivity and pH aids in the interpretation or
establishmaent of ground-water background quality. Gschwend
and co-workers (personal communication) have observed that
{ubidity diminished dramatically after prolonged pumping, changing
simllarly, although possibly more slowly, than other water quality

parameters (8.g., O,, conductivity). Aninitial estimate proposed
tor time of pumping necessary to collect water froma jormation
is around two times the tims required to get plateau valuss for
the above parametars,

No Flitration for Mobile Fraction Determination

Those samples Intended to indicate the mobile substance load
should not be fillered. Steps to preserve thelr integrity, such as
acidlfication, should be performed as soon as possibie,

Filtration for Specific Geochemical Information

Any filtration for-estimates of dissoived subsurface species
loads should be performed In the fisld with no air contact and
immediate preservation and storage. In-line pressure flltration
is bast with as smali afliter pore size as practically possible (e.qg.,
0.05, 0.10 micron). Using a smaller pore size filter will reguire
fonger sample collection time, Increasing the need for alr exciu-
sion from the sample (Laxen and Chandier, 1982; Holm st al.,
1988). Polycarbonate membrane-type fitters with unlform and
sharp size cutoffs are recommended to minimize particle load-
ing on the fliter. Although membrane filters are more prons to

clogging than fiber-type filters, the uniferm pore size, ease of

cleaning, and minimization of adsorptive losses fromthe sample
tend to improve the precision and accuracy in the analytical
data. The filter holder should be of material compatible with the
metals of intersst. Holders made of stesl are subject to
corrosion and may introduce non-formatlon metals to samples.
Large diamseter flter holders (e.0., > 47 mm) are recommended
1o reduce clogging and pore size reduction and for ease of filter
pad replacement. The use of disposable in-line fliters are
suggested forconvenlence If of sufficlent quallty. Prewashing of
filiers should be routinely performed. Work by Jay(1985) shows
that vinually all filters require prewashing to avoid sample
comtamination.

Quality assurance and quality control becaomes increasingly
imporant when adopting the above recommendations, The use
of flald blanks and standards for field sampling is essantial, Field
blanks and standards enable quantitative correction for bias due
to collection, storage and transpert. Analysis of the fifters
themselves and their particutate load is suggested as achack on
mass balance and filtration sffacts on solid/solution separation
afficlency.
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