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EXECUTIVE SUMMARY

The U.8. Navy prepared thisz document to address quegtiong raiged by the
Environmental Protection Agency (EPA) in their review of the Resource
Conservation and Recovery Act Facility Investigation {(RFI) work plan for
Navdl Air Station (NAS) Key West, Florida. EPA questioned the proposed use
of rigid polyvinyl chloride (FVC) ag a monitor well construction material
during the investigation. The Navy iz submitting thia document to justify
the uge of PVC well construction materials.

The analysis performed within this document addresses the EPA information
requirementz identified below:

x Data-Quality Objectives
Concentration ranges of anticipated compounds
Rezidence time of groundwater in well
Reazong for not using a hybrid well .
Literature review of adsorption/desorption characteristics
Wall thicknesga/annular gpace
Type of PVC to be uazed

SO N e (A B

The Navy has reviewed the data~-quality objectives, the contaminanta being
monitored, the egite's hydrogeology, the pertinent lawz, vregulationz,
iiterature, and manufacturers’ recommendations.

The more recent scientific literature gtrongly supporte the gzelection of
PVC well canatruction materials. The bazis for this decislion is the nature
ot the groundwater and the ability to produce a sufficient quantity of
water, wminimizing residence time of groundwater iIn the well prier to
gampling. Thig evaluation supperts the wuse of PVC well construction
materials for the RFI inveastigation to be performed at NAS Key Wegt.




1.0 INTRODUCTION

Lecent discusgelons between the U.8., Navy and the EPA relative te the
proposed investigation to be conducted at NAS Key Weat have centered on the
geletction of well casing material for monitoring wells. The Navy believes
the vge of! Schedule 40 PVC will be equivalent 1f not wmore superior to
“gtainlegs-ateel casinge for groundwater monitoring purpozes. The following
digcuzsion addresses EPA’2 geven polnts of required information as
requeated in comments to the RFI work plan from EPA.

The =even point information requirvements are summarized below:

A Uze of an alternate well construction material must satiafy the
Data Quality Objectivel{s) {DQO) for the investigation.

2. The conegtituents and the concentrations anticipated should be
compatible with the casing material, i

3. The productivity of the aquifer and the anticipated residence time
o! the sample within the well should minimize the potential of the sample
being affected by the casing material.

4. The reagong for not uaing a hybrid well zhould be reviewed.

5. Literature on adeorpticon/desorption characteristice of the
conegtituenta and elements of concern for the type of FVC to be used should
be reviewed.

6. Determine if there ig an anticipated incremse in the thickness of
the vcasing wall and whether an inecreage in the annular zpace will be
requlped.

i Present the +type of PVC to be wused and +the manufacturersa
gpecificationg, if avallable. Additionally, EPA requests an asgurance that
the FVC to he used will not leach, mask, react, or otherwize Iinterfere with
the contaminante being monitored within the limits of the DQQ(=).

The following sectiong dlacuse the availlable information relative to each
of thege ltems.

In preparing these discussions numerous technical earticles were reviewed,
including "Selection of Groundwater Well Construction Material for Naval
Air Station Cecil Field Jacksonville, Florida® (April, 1080) prepared by
Robert Mosepr, P.E. (Scuthern Division Naval Facilities Engineering Command)
and ‘“Justification For the Usge of Rigid Polyvinyl Chleride Monitoring Well
Caaing and Monitor Well Screen at Operable Unit 1, Naval Ailr Station
Jacksonville, Florida® (September, 1981) prepared by Geraghty and Miller,
Inc. These documents provided excellent summaries and discussions of many
of the abowe issues which have been incorporated throughout this document.




2.0 INFORMATION REQUIREMENTS

To adequately address the geven eriteria, the HNavy haz gathered site-
gpecific Information concerning the project objectivesz, the constituents of
concern at NAS Key West, the general groundwater quality and the aquifer
characteristicz. 1In addition, an extengive literature search waz performed
by both Robert Mozer and Geraghty and Miller to collect current =zelentific
literature on the appropriatenese of various well conegtruction materials.
The results of thie data compilation are prezented in the following
gections.

2.1 Data Quality Objectives

Data Quality Objectives (DQ02) are ztatements of the level of uncertsinty
that a decision maker iz willing to accept in resultz derived from
environmental data. DQGa are requiremente needed to support decisions
relative to the wvarious etages of remedial actions and are developed
through a +Lhree gtage proceas. Stage 1 detines the types of decisions
which will be made regarding site remediation, evaluating available data,
developing a conpeptual model, and speciiying objectives for the project.
Stage 2 requires the identification of the -data necessary to meet the
obhjectives establighed in Sage 1 which includes +the selection of the
gampling approaches and the anzalytical optionz for the site. Stage 3
agpecitfies the methodas by which data of acceptable quality and quantity will
be obinined to make decigions.

2.1.1 GStage | DQOs; Froblem Summary

Task 1. Decision Typese. The purpoze of the RFI i3 io determine if NAS Key
Wegt &zites pose & threat to public health or the environment and 1If a
threat existz, tc determine the most effective meang for addreeeing the
percelived threat in a manner that is protective of human heslth and the
environment. With the abave =estated purpozee in mind, the queetions
pertinent to groundwater at NAS Key Weat are: {1} Are the conatituente of
concern prezent in the groundwater capable of impacting the publie and/or
valuable environmental regourcesz?, and (2} 1! an impact ieg anticipated,
what {2 the most effective meang of alleviating the rigk due to impacted
groundwaten?

DPuring the courge of the investigation, the Navy will make declsions
regarding groundwater iszuez based upon data generated during the RFI. The
Navy's Project Manager will be in cloze contact with federal and =tate
Project Managere to ensure that the dates generated will be sufficilent to
addregzg the quegticns prezented sbove congistept with the requirements of
the RCRA Hazardous and Solid Waste Amendment (HSWA) permit as well as EPA
poliey and guidance.

Teek 2. Evaluvation of Available Information. Available information wag
reviewed and used in developing the work plan. Investigations and
information used in this process included, but were not 1limited ta, report
cf previous investigationsz by QGeraghty and Miller, Inc. (1687 and 1988) and
International Technology Corp. (1990 and 1081} .

The review of past reports indicated that wusefulness of the data with




respect to groundwater characterizations ig¢ not sufficient for making
quentitative decizions concerning all ot the eites. The available
intormation deoez provide a hbagig for developing & conceptual model of
potential groundwater impacts. '

Task 3. Conceptual Model of Potential Groundwater Impacts. Conceptual
modela have been developed in the Phase I Hemedial Inveatigation Report
bagsed upon available hietorical information obtained during previous
inveatigations and sampling completed te date. Data indicate that s=oil,
groundwater and surface water Hhave been impacted with metals, volatile
organle compounda (V0Ca) and pesticide contamination at variocus ziteg. The
groundwater at all sites is classified as Clasg III-G, not suitable for
dr¥inking water.

a. Truman Annex Refuse Disposal Area This site was an uncontrolled
dieposal area. Waste encountered during Investigation conststed of
approximately 50 percent congtruction debris, 15 percent household refuge
and 35 percent =zcrap metal. GOroundwater analytical regultsz for thisz gite
indicate the detection of many of the metal compounds. Some metals
{barium, iron, and godium) are probably more relsted to the goll/rock
characteriastics or perhape gea water intrusion, than an indication of
contamination. The other detected metalz (antimony, argenic, cadmium,
chromium, copper, lead, manganege, mercury, nickel!, and zinc) may repregent
contamination caugsed by leaching of wastee from within the landfill. One
monitoring well had detectable concentrationz of pesticides. No organic or
gemi-arganic compounds were deteoted.

b. Truman Annex DDT Mixing Area Thig slte wae uged for chemical
mixing and handling o! pesticides. The building in which operations tock
place has heen demolighed, and contamination on s8ite is attributed to
unintentional s&apillage that teok place in and around the building.
Anajytical test resulte indicated metals (iron, sodium and cadmium) and
various pesticide compounds.

¢. Boca (Chieca Open Digposal Area Thiz gite was used to burn refuse
and an area waz used to place debrig that could not be burned. Groundwater
analyasis detected VOCz, baze neutral extractable compounds, and metals
{mercury, copper, and argenic).

d. Boca Chica DDT Mixing Area  Thiz area was used for that =same
purpoge a8 the Truman Annex DDT Mixing Aresa. Compounds detected include
matals (sodium and iron), organies {benzene, chlorobenzene, 1,2~

dichioroethane, ethylbenzene, 2-methylnaphthalene, and naphthalene} and
peagticides.

e. Fleming Key North Landfill This landfill consisted of 60 percent
household debris, 30 percent constructiion debrig, 5 percent electrical
debris and 5 percent scrap metal. Analytigal results of the groundwater
indicate metal compounds {antimony, cadmium, chromium, iron, lead
manganege, mercury, nickel, and =zodium) and one well had detectable
concentrationg of VQOCa.

f. Fleming Key South Landfill Thig landfill consizted of 40 percent
vehicle debrisz, 30 percent household debria, 25 percent construction debris




and 9 percent electrical debrig. One tegt pit contained 1liquid cil, gas
and antifreeze. Analytical groundwater rezults detected metale (calcium,
magnesgium, polaseium, 1ron, sodium, argepic, chromium, lead and mercury},
and organic compounds {chlorobenzene).

g. Boca Chica Fire Fighting Training Avea  This eite iz used to burn
downgraded fuel while training fire fighters. Analytical test rezults
detected metals (chromium, iron and eodium) and organice (benzene,
ethylbenzene and naphthalene).

Arens that have not been characterized include Building A-080, Sand
Blagting Area by Buillding A-860, and Former Hazardous Wagte JStorage
Building A-824. Thege =aites will be characterized in this fleld
inveatigation.

2.1.2 Stage 2 DQOs: Data Needs -

To asgsese the impact of contaminated groundwater on public health and the
environment and to screen potential remedial alternatives, data on the
underlying lithology of the glite, groundwater {low patterns, and
groundwater quality must be collected. The following sections diascuse the
additional hydrogeologie data that has been collected to satisfy the
identified data need.

Task 1. (feologic Data. The Florida Keys were created through eustatic
elevation of limestone rock units. 411 of the Lower Keys are compoged of
Miami Golite, which conslste of calcium carbonate and tiny ooloids or
gpherical oralcaricus grains, Key largo Limestone underlies the Miami
Golite on all the Lower Xeys and conaiste of cemented vremaine of anclent
coral vreets, fomesils, and zhells. The Miami Golite 1e approximately 20
feet thick at Key Weet and ig conazidered to contain primary porosity.
Primary porosity ig porosity that developed during the final astagez of
gedimentation. The underlying Key Largo Limeatone ia permeable and yleldg
water but the gquality 12 poor, being cloze to that of Beawater. The Key
Largo Limeatone iz approximately 180 feet thick at Key West.

Tagk 2. Hydraulie Data. International Technologies Corp (IT) performed

two 8glug testeg wuaing the Bouwer and Rice method of analysis. Average
hydrsulic conductivities were calculated at 72 and 1024 gallone per day per
gquare tfoot (gpd/ftz'), regpectively. Trangmiesivity values range from

approximately 72,500 gallons per day per foot (gpd/ft} ‘to 12,400 gpd/ft.
Because satorafivity cannot be determined from slug test data, an estimated
value of ztorativity of an unconfined aquifer i1s generally conzldered to be
equal to the total porosity. The estimated average poroegity of the oolitic
limegtone rangez from 0.20 to 0.35, +the storativity rangee from 0.10 to
0.17. The lower value ig representative of gilty szand, while the higher
value is repregentative of the oglitic limestone.

Task 3. Groundwater Quality. Although Key West 12 underlain by highly
trangmigsive limegtonesg, most groundwater is brackish, saline or
hyperaaline and cannot be used for potable purposes. A& fresh water lens
does exist and i3 located in the western interior of the island, however an
azgegagment of the groundwater by the United Stiates Beological Survey [USAS)
concluded that the water doeg not meet State drinking water standards for




several constituents. Drinking water is piped from Miami through an
aqueduct eystem and no known wellg are currently being used for drinking
water in Key Weat.

2.1,3 Stage 3 DQOs; Sampling Program

To further characterize the type and extent of the contamination at each
gite, the sampling program presented in the BRFI work plan will be
conducted. The folleowing Bgectionsz will briefly describe the typeg of
activities to be performed ae well az the potential impact moniter well
congtruction materials may have on the dats collection effort.

Tagk 1. Geclogic Datsa. The need f{for additional geologic data will be
gatiafied by collection of s0i]l borings along with asgociated geotechnical
sampling to include litholeglc deacripiions of each site. Monitor well
congtruction materials do not have any impact on the collection or quality
of lithologic or geotechnical information collected during the sampling
program.

Task 2. Hydraulic Data. . Az indicated in the work plan, additional wells
will be dinstalled to obtain hydraulic and contaminant data at each site.
Monitor well congtruction materiala can have an impact on the quality of
the water level data obtained from the monitor wells. The quality ot the
data will be impacted if the well oconstruction materials fail, resulting in
collapee of the well screen or 1f the monitor well ecreen becomes fouled
due to corrosion or biological growth. In either of theze instancec, the
monitor well 12 no longer in connection with the groundwater and the water
table data bhecomes guspect.

Task 3. G0Oroundwater Quality. Fupther groundwater monitoring iz scheduled
in Phase II of the RFI work plan to provide additional data concerning
groundwater contamination at +ihe various sites at NAS Key West. Chemical
data on a mwmore complete ligt of oconstituente will be ccellected at =some
eitee to adequately characterize the contamination. The additional
chemical data will algsc he ueed to adeguately review and georeen potential
remedial alternatives {for the =zite. Current research indicates that, under
certain conditiona, various monitor well ceeing materials can impact the
groundwater chemigtry in the viainity of monitor welis and lead to blasged
data.

2.2 Jldentification of Conatituent Concentrations

The EFI work plan 1identified constituents and the range of concentrations
detected In the groundwatenr during previoug invegtigatione. The
concentratione detected have been gummarized Iin Appendix A.

2.3 Aquifer Productivity and Sample Regidence Time

International Technologies Corp {(IT) performed two slug tests using the
Bouwer and Rice method of analysie. Average hydraulic conductivities were
calculated at 72 and 1024 gallons per day per square foot (gpd/ft ),
regpectively. Tranamisaivity values range from appraximately 72,800
gallona per day per foot (gpd/ft) to 12,400 gpd/ft. Becausme etorativity
cannot be determined from slug teat data, an estimated value of storativity




of an unconfined aquifer is generally considered to be equal to the total
porosity..” The estimated average porosity of the ooclitic limestone ranges
from 0.20 +to 0.35, the storativity ranges from ¢.10 to 0.17. The lower
value ig prepregentative of eilty =and, while the higher value iz
reprezentative of the oolitic limestone.

Based on calculatione previously completed in “Justification For the Use of
Rigid Polyvinyl Chloride Monitoving Well Cazing and Monitor Well Screen at
Operable Unit 1, Naval Aiy Station Jackgonville, Florids® (September, 1081)
prepared by Geraghty and Miller, Inc., the well can be purged at a rate
greater than 0.5 L/min without being purged to drynesaz. The Sampling Plan
requiree purging of three to five well volumes prior to sgampling. A1l
groundwater gamples will be collected immediately after well purging has
bden completed. Consequently, the monitor wells can be sadequately purged
and the water that will be sampled will represent f{ormation water.

2.4 Hybrid Monitoring Well Usage

The Navy chooszee to not utilize hybrid welle due to the corrosion factors
pregent at the sites, the absence of a legal mandate requiring them, and
the velative cost ot these inatallations.

2.8 Literature on adgorption/degorption characteristics of the
conatituente and elementz of concern for the type of PVC to be uzed.

A review of EPA guldance and publieshed literature was conducted in an
effort to gummarize the current position of the Agency as well as the bulk
of the gcientifia investigatlona performed to date. EPA Reglon IV's
Engineering Support Branch Standard Operation Procedurea and Quality
Asgurance Manual (1681) recommends the use of stainlegs steel for temporary
ghallow monitoring welle and stainlezs or PV (where organic compoundas are
not af aconcern} for permanent monitoring wells. EPA’z RCRA Groundwater
Monitoring Technical Enforcement Quidance Document recommends the use of
stainleae steel well materials for long-term monitoring programs, l.e., 30
or more yeara, due fo ite sgtructural integrity. Stainless steel {g algo
indicated to not sorb or leach trace organic oconatituenta to the zame
degree as other materiala. EPA’s Handbook of Suggegted Prapctices for the
Deaign and Installation of droundwater Monitoring Wells (1888} indicatesn
that corrogive conditions can limit the 1life of metallic welle and result
in & blae of groundwater gamples. EPA’2 @roundwater Handbook (1887)
recowmmends that the selection of well casing materials be conducted in
1ight of known groundwater conetituents.

Several papers wepre reviewed to determine the current understanding of the
interaction between groundwater and =gelect well construction materials.
The papers are gummarized below with full text appended.

-"Review of Studies Concerning Effects of Well Casing Materials on Trace
Meagurements of Organic Compoundz”, K. M. Dowd, 1887%. Appendix B.

Dowd concluded that no difference exlsta between the effecte of
3tainless steel and PVYC among certain VOCs when the groundwater 1z purged
from the wells. Btatic experiments show no difference between Teflon and
PVC. Fleld experiments suggest that FVC may be more gensitive than Teflon,




and therefore would detect volatile organics bhetter than Teflon. Dowd
coneludes.  that sampling wvariability may have 8 greater effect on trace
organic meagurements than the well material.

-"Sorption of Organics by Monitoring Well Conatruction Materisals”™, 4. L.
Sykes, R. A. McAllister, and J. B. Homolya, 1986. Appendix C.

The authorg concluded that no statiestical ditference exists in the
analytical resulte for groundwater =zamples collected from monitoring wells
constructed of BPVC, Teflon, and stainleze steel 316.

-"Well Construction and Purging Effectz on Ground Water Samples™, M. J.
szcelona and J. A. Helfrich, 1886. Appendin D.

The suthorz reporied that fieild gtudies indicated that FPVC
congletently detected higher levelg of purgeable organice than did either
gtainlesz steel or Teflon when purged. Volatile organice were alao
reported to be pregent at higher levels in PVC wellg than stainleer eteel
wells when the wells were not purged. They coneclude that purging the
etagnant water fvom the monitoring welle i esgzential to the collection of
reliable groundwater gampling. The potential existe for improper well
purging to pregent greater errore in the eample results than either the
gampling mechanizsm or well casing material.

- "Leaching of Metal Pollutantz from Four Well Cazings Used for Groundwater
Monitoring™, A. D. Hewitt, 1988. Appendix E.

Within the experimental dezign, Teflon well caging materials were
identitied az the most sultable material since it did not leach any of the

nine matale that were examined. PVYC, stainless steel 304, and stainlegsa
gteel 316 all contributed barium, cadmiuvm, chromium, lead, and copper to
water sampled from wells constructed with these materials. The author

concliudes that in inveastigations where trace concentrations of metals are
of concern Teflon well construction materials should bhe uzed. PVC iz the
appropriate second choice since its influence appears to be minimal and
predictable.

~*Influence of Well Casing Composition on Trace Metals in Ground Water™, A.
D. Hewitt, 1688. Appendix F.

In this paper, the author reported that =2tainless ateel 304 and
stainless steel 316 are both sguzceptible to oxidation and are not
appropriate for uge where trace metal concentrations are involved. FVC was
reported as having some potential ettect on cadmium at low levele and
poesibly lead where Iincreasing concentrations of total organic carbon are
pregent. FVC ie, however, recommended as the second cholce due to cozt as
well ag the etrong posaibility that the observed effectzs are of lesas
concern when resjidence time within the PVC well caging ie lezs than 24
houre.

-"Evaluation of Four Well Caeing Materials for Monitoring Selected Trace
Level Organice in Ground Water™, L. V. Parker, T. F. Jenkine, and P. BE.
Black, 1886. Appendix G.




The authors reported that of the four well casing materials considered
(Teflon, PYC, stainless steel 304, and stainlesa steel 316}, Teflon was
elearly the poorest cholce for monitoring low levele of organie
congtituents. In testing with FVC, zeveral compoundsz exhibited some losz;
howaver, the rate of legas wae alwaya much =zlower than for the Teflon
cazinge. Ugually 24 hours lapsed before sgilgnificant 1lossea occurred.
Nelther stainless steel materlal exhiblited losz of organic constituents;
however, rusting of the material occurred very quickly - sometimes
overnight in water amended with =gsodium chloride. The authors conclude
that, in a monitoring situation where the well ig purged and then sampled
within 8-24 hours, PVC cased wellg are probably gsuited for zampling mogt
arganice.

o

Heported compatibility of PVC with various constituentz ig provided 1in
Appendix H. Most compounds are compatible with PVC materials. Several
compounds, apealfically solvent type compounds, are not compatible with PVC
in a concentrated =golution. Conditione which are expected to be
encountered in the groundwater at NAS Key Weet are not believed to
repregent a threat to the integrity of the PVC well caping material,
however the corrogive nature of the =oile and hypergalinity of the
groundwater may pregent a problem with astainlese steel casing.

2.6 Anticipated inorease in annular gpace due to increasgsed t{hickness of
the ocaging wall.

No anticipated increase in the borehole annular space is anticipated aince
the outeide diameter of the two-ineh PVC well screen and cazing 1is
identical to the stainlers steel materials.

2.% Type of PVL to he uged and the mapufscturers’ specifications.
Agsurance that the PVC te be used will not leach, magk, react, or
otherwige interfere with the contaminants being monitored within the

limite of the DQO=.

Appendix H provides the manufacturers gpecifications for the PVC casing
material that will be umed for +the NAS Key West inveatigation. Southern
Divigion Naval Facilities Engineering Command Guidelines for droundwater
Monitoring Well 1Installatfon, Appendix I, apecifies Schedule 40 fluzh
threaded jointz meeting ASTM F480 and ASTM DL785.

The Navy cannct aasure EFA Region IV that PVC will not leach, mask, react,
or otherwige interfere with the contaminanta that will be monitored.
Likewlse, the Navy cannot assure EPA Regilon IV that stainlezs ateel will
not leach, mask, preact, or otherwige interfere with the contaminants that
will be monitored.




3.0 RATIONALE FOR SELECTION OF MATERIALS

The_ bazis for the =selection of the well casing material includes an
evaluation of the compatibility of each material with the groundwater
chemigtry, the coaft of the material and the generation of data of
sufficient quality to meet the DQOzs for the project.

3.1 Chemical Compatibility

The groundwater lg known to contain VOGCsz, pesticides, and metals. Several
of, the compounds are known to be compatible with PVC according to
manufacturers' literature, Appendix H. VoCz in concentrated amounts are
not compatible with PVC according to manufacturer’'s recommendations;
however, previous groundwater analyses at thege sites do not indicate that
VoCs will be encountered in the groundwater at concenirated Jlevels.
Thepatore, PVUC casing and ecreen 2ectione should be suitable at this
facility.

The uge of stainlesg 2teel screens and casing material is traditionally not
recommended at locationg where the groundwater is known to have atrong
oxidation qualities aince etainlesz stee]l well materiale are known to
contain ohromium and diron, all which are leachable under non-oxidizing
conditions. Hypersalinity ot the groundwater increases the oxidizing
conditiong, in turn, increasing the leaching of the metals. Studieg have
alap ghown that stainlese steel ruete rapidly under hypersaline conditionz.

3.2 Federal Acquisition Reguirementa

The Federal Acquiszition Regulations (FAR) reguire the government to aselect
materiale which meet the minimum neede of the investigation. I{ & less
expengive material is gvailable that can provide comparable dats, the leas
expengive material will be specified. Baszed upon known site conditions and
the compatibility of the well construction materisls with the =saite
contaminants and groundwater conditions, FPVC 1z the well constructioen
material that zhould be purchaged. The material cost for a fifteen fcoot,
two lnch diameter PVC well with a five foot screen iz approximately $23 per
linear foot. The rame diameter stainless steel well costs approximately
#46 per linear foot. A hybrid PVC and stainless steel well would cost
approximately the game as a stainless steel well.

The more costly well construction materials are sometimes congidered as
necegsary investments in long-term monitoring programs, {.e., 30 vyear
monitoring programs. The Navy intends to use the monitering wells for the
invegtigation phase only, which is anticipated to last approximately two
years. The suitability of the wells for uge during Remedial Design and
Remedial Action will be determined after the Reecord of Decision ig zigned.

3.3 Quality of Chemical Data

PVC 18 the most commonly used material for well casings snd screens. The
Water Well Journal (May 1888} reported the resulte of a January 1888 survey
of well drillere which indicated that 85.%7 percent of the monitoring wellsa
construrted ave of PVC. Stainless steel and low carbon eteel accounted for
10.8 percent of the wellsz installed while other types of well materials




accounted for the remaining 3.5 percent. From this survey one can either
conclude that VGCe are not present at 8%5_% percent of the sites or that PVC
iz an acceptable well construction material and ie the induetry etandard.

Review of recent literature 1Indicates that PVC ig a guitable material for
uze in the construction of monitoring wells. The literature concludee that
PVC may be more gensitive to the detection of VOCg than Teflon. Field
gtudiez indicate that Teflon and stainless gteel are more variahle than FVC
for reactive organics and inorganica. One author concluded that no
etatietical differences exist between analytical reszults of water gamples
exposed Lo PVC, stainless zteel, and Teflon.

Current research indicates that the quality of +the analytical data
gpllected from adequately purged PYC monitor wells will accurately
represent the verticael and areal extent of contamination &z well ag provide
gquantitative chemical data for support of the risk asgessment.




4.0 CONCLUSIONS

The Navy hag undertaken the prepsration of this document to ensureée that the

concerng of EPA Hegion IV have been considered in detail. The Navy hasg
reviewad the date quality objectives, the contaminants being monitored, the
gite hydrogeology, the pertinent literatuvre, and manufacturera’
recommendatione.

The mogt recent work cited in Seotion 2.5 performed by Parker, et al and
Hewitt strongly supporte the gelection of PVC well construction materiale.
Thie concluzion iz arrived st by coneidering the nature of the groundwatenr
and the ability to produce a sufficient guantity ol water to minimize the
rggldence time of the groundwater in the well prior +to campling. Other
factora asupporting the use of PVC well construction materials 1nclude the
corrosivity of the soil and environment in the Key Weat area, az well a=z
tederal acquisition requirementg nrelative to the cost comparison of PVC
versug sgtainless steel well casing. Thiz evaluation, therefore supports
the wusze of PVC well conetruction materialsg for the investigations to be
performed at NAS Key West.




APPENDIX A

CONSTITUENTS DETECTED AND RANGE OF CONCENTRATIONS FOUND IN GROUNDWATER
COLLECTED AT NAVAL AIR STATION KEY WEST
' 1940




TABLE 3-11

DATA SUMMARY - SITE 1
Truman Annex, Refuse Disposal Area
NAS-Key West
Key West, Florida

T Project No. 595392

——

= T
MEDIA CLASS PARAMETER CsC MINIMUM* MAXIMUM
CONCENTRATION | CONCENTRATION
Groundwater Inorganics Antimogny . 14 95.2 557
Arsenic 50 -- 62.2
Barium 1,004 1,318 1,380
Cadmium 10 222 345
Chromium 50 6L1 657 R
Copper 1,000 3,360 10,200 T
fron 300 793 155,600
Lead 50 57.1 53,700
Manganese 50 65.6 2940
Mercury 2 2.4 16.2
Nickel 70 882 303
Sodium 160,000 800,000 7.840,000
Zinc 5,000 7,320 15,200
Pesticides/PCB | Alpha- 027 - .58
chlordane
Gamma- 027 - 1.1
. chlordane
Sediment Pesticides/PCB ( Aroclor-1260 45 - 2,300
Sample
Aroclor-1254 45 .- 210
NOTE:
* = Minimum values represent the smallest concentration level above CSC
-- = Present when only one value above CSC exists
“ CSC = Concentrated standards for comparisoan

TA/5-91/595392\P1STE-1T.SB8




TABLE 3-17

) DATA SUMMARY - SITE 3
Truman Annex, DDT Mixing Area
NAS-Key West
Key West, Florida
IT Project No. 585392

- —r— 2 i = e e i« = s

NEI-;;IA CLASS PARAMETER . CSC MINIMUM* MAXIMUM
CONCENTRATION ¢ CONCENTRATON

Groundwater Inorganics Cadmium 10 11.4 R 139
[ron 300 425 895
Sodium 160,000 534,000 1,140,000

Pesticides/PCB | Alpba-BHC 05 11

Beta D3 91 7.00
Dieldrin 05 47 1.80
44-DDD 15 77 210
44-DDE 10 - 19
4,4-DDT 10 21
Heptachlor 0039 - 14
epoxide

Soil Sample Pesticides/PCB | 4,4-DDT 1,000 1,800 220,000
4,4-DDD 1,500 2,000 83,000
4,4-DDE 1,000 8,600 33,000

NOTE:

* Minimum values represent the smallest concentration levei above CSC

~-- Present when only one value above CSC exists
CSC  Concentration standards for comparison

TA/5-91/595392\PISTE-3T.SBS




TABLE 3-32

DATA SUMMARY - SITE 4 -
Boca Chica, Open Disposal Area
NAS-Key West

Key West, Florida
IT Project No, 595392

MEDIA CLASS PARAMETER CSsC MINIMUM®* MAXIMUM
] CONCENTRATION | CONCENTRATION

Groundwater Inorganics Arsenic 50 - 59
Chromium 50 - 106
Iron 300 1,110 14,300
Lead 50 54.8 3717
Manganese 50 - 53.6
Sodium 160,000 5,530,000 11,000,000
Mercury 2 --- 84

Pesticides/PCB Heptachlor 38 120
epoxide
Volatiles 1,2- 4.2 6

dichloroethene

Soil Samples Pesticides/PCB Heptachlor 33 -- 120
epoxide
Aroclor-1260 45 940

Surface Water Inorganics Cadmium 10 - 13.7
Sodium 160,000 13,100,000

Sediment Inorganics Chromium 85 -- 118

Sample Pesticides/PCB | Aldrin 2 34
Heptachlor 38 was 71
epoxide

NOTE

-~- Present when only one value above CSC exists

Concentration standards for comparison

Minimum values represent the smallest concentration level above CSC

TA/3-91/595392\P1STEAT.SB8




TABLE 3-45

DATA SUMMARY - SITE 5
Boca Chica, DDT Mixing Area

NAS-Key West
Key West, Florida

IT Project No. 595392
CLASS PARAMETER CSC MINIMUM* MAXIMUM
| CONCENTRATION | CONCENTRATION
Soil Samples Pesticides/PCB 4,4-DDT 1,000 1,000 2,800,000
4,4-DDT 1,500 23,000 - 1,800,000
4,4-DDE 1,000 - 8,400
Inorganics Silver 51 - -~ 386
Groundwater Inorganics Iron 30 465 1,700
Sodium 160,000 1,460,000 1,620,000
Volatiles Chlorobenzene 10 57 210
i,2-dichloroethene 42 1,500 1,800
Ethylbenzene 2 S 38
Naphthalene 10 40 46
Xylenes 50 - 76
Pesticides/PCB Alpha-BHC 05 14 16
Beta-BHC 05 054 6.1
Delta-BHC 05 0.10 15
44-DDE | 01 16 22
4,4-DDT 01 16 34
4,4-DDD 15 76
Surface Water Inorganics Lead 50 53.6
Sodium 160,000 6,410,000 6,590,000
Pesticides/PCB Beta-BHC 05 --- 066
4,4-DDD 15 24

TA/5.91/595392\PISTE-5T.SB8
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TABLE 3-45

DATA SUMMARY - SITE 5
Boca Chica, DDT Mixing Area

NAS-Key West
Key West, Florida
[T Project No. 595392

CsC

- Present when only one value above CSC exists
Concentration standards for comparnison

L e — =
MEDLA CLASS PARAMETER CSC MINIMUM?* MAXIMUM
CONCENTRATION | CONCENTRATION
Sediment Pesticides/PCB 4,4-DDD 1,500 6,000 13,000
i
Sempies 4,4-DDE 1,000 1,800 2,800
44-DDT 1,000 1,900 2,500
NOTE:
+* Minimum values represent the smallest concentration level above CSC

L.

TA/5-91/595392\P1STE-ST.SBS
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TABLE 3-53

DATA SUMMARY - SITE 7
Fieming Key, North Landfill
NAS-Key West
Key West, Florida
T Project No. 595392

¥
MEDIA CLASS PARAMETER CSC MINIMUM* MAXIMUM)—[
CONCENTRATION | CONCENTRATION
Groundwater Inorganics Antimony 29 90. 141
Cadmium 10 10.3 217
Chromium 50 115 384
Iron 300 549 121,000
Lead 50 125 1,430
Manganese 50 56.9 636
Mercury 2 124 73
Nickel 70 --- 91.2
Sodium 160,000 6,190,000 14,300,000
Surface Water Inorganic Iron 300 - 556
Lead 50 - 7212 ]
Sedium 160,000 - 11,400,000 {

Minimum values represent the smallest concentration level above CSC
-v- Present when only one value above CSC exsts
CSC  Concentration standards for comparison

TA/5-91/595392\P1STE-7T.5B8
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TABLE 3-63

DATA SUMMARY - SITE 8

Fleming Key, South Landfili
NAS-Key West

Key West, Florida

IT Project No. 595392

MEDIA CLASS PARAMETER CSC MINIMUM* MAXIMUM o
_ CO§CENTRATION CONCENTRATE)_IS_‘
DRSS S ——— EERSSVEREE
Groundwater Inorganic Antimony 14 .- 954
Arsenic 50 503 109
Cadmium 10 114 71.8
Chromium 50 559 115
Copper 1,000 - 1,730
Iron 3»00’ 3,340 70,600
Lead 50 59 1870
Manganese 50 8BS 508
Mercury 2 22 iL3
Sodium 160,000 7,090,000 10,400,000
Volatiles Chlorobenzene 10 63
Sediment Inorganic Antimony 68 20.3 20.7
Samples
Surface Water Inorganic Arsenic 50 - 573
Cadmiom 10 --- 198
iron 300 - 305,000
Lead 50 -- 155
Manganese 50 - 294
Sodium 160,000 --- 5,390,000
Pesticides /PCB Aroclor.1242 0046 - 1.1

NOTE:

Minimum values represent the smallest concentration level abave CSC
Present when only one value above CSC exists
CSC  Concentration standard for comparison

TA/5-91/595392\PISTE-ST.SB8



TABLE 3-75

DATA SUMMARY - SITE 10
Boca Chica, Fire Fighting Training Area

* - NAS-Key West
Key West, Florida
IT Project No. 595392

e

N —

-

MEDIA CLASS PARAMETER CSC MINIMUM* MAXIMUM
. CONCENTRATION | CONCENTRATION

Groundwater Inorganic Cadmium 14 --- 133
Chromium 50 53 73.3
Iron 300 1,230 4,940
Manganese 50 632
Sodium 160,000 1,330,000 9,340,000

Volatiles Benzene 1 11

Ethylbenzene 2 - 15
Naphthalene 10 - 39

NOTE:

* Minimum values cepresent the smailest concentration level above CSC

- Present when only one value above CSC exists

Concentration standard for comparison

TA/S5-91/595392\PISTEIOT.SB8
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REVIEW OF STUDIES CONCERNING EFFECTS OF WELL CASING MATERTALS
ON TRACE MEASUREMENTS OF ORGANIC COMPQUNDS

Richard M. Dowd, President, R. M. Dowd & Compsny, 1317 F Street,
N.W., Washington, D.C.

- ABSTRACT

This veport analyzes the results of laboratory and field studies
that allow a direct esperimental comparisen among commonly used
monitoring well casing materials (stainless sgteel, Teflon, rigid
PYC) im terms of their potential effects on measurements of trace
organic compounds. Each of the studies anslyzed attempta to
determine experimentally how much -— 1f any — sorption occurs, or

what differences result amoung measured concentratioas of a series of
organic coumpounds.

Because the compounds tested were not consistent among all the
studies ~— although some of the same compounds were represented in
several of them -~ the analysiz compares effects of the casing
materials on sorption of different chemicals. The 1laborasory
studies anmalyzed in this veport all relate the measurements taken to
a control, and the fleld investigation to mesgurements of the game

trace compounds in adjacent wells constructed of differeant casing
materials,

In comparing the measured trace coacentratione to determine whether
the well casing materials cause significant differences in results,
a ratic was formulated to reflect the relative sorption effects of
each of the materials; sensibly constant ratlos over a rteasonable
range of trace coacentrations would indicate few, or relatively
nigor, differences between the various materials, while varying
ratlos would indicate larger differences.

The report first reviews the methodology and results of each
individual  iavestigation analyzed; these results are then compared
dcross studies through the averaged rartios; and conclusions are
drawn about similarities and differences in sorpticm bebavior.
Additional observations about sample variation, effects of well

purging, and limited measurements of non-volatile cowpounds are
ooted.

INTRODUCTION

This review coupares the results of four studies that allow a direct
experimental comparison of the potential effects of commonly used
well casing waterials (stainless steel, Teflon, and rigid BVC) on
measyrements of trace levels of organic compounds. 1,2,3,4,
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Each of the four studies was deasigued to determine experimentally,
for a water solution im contact with well casing materials (or
coupons made from them), how much sorptiom oeccurs, or what
differeacee Tesulrs among weasured concentrations, using several
orgaunic compounds. The tested organics were not identical in each
of the studies, although geveral compounds are represeuted more than
pace. Three of these studies are laboratory experimeunts that relate
-the messurements to a coutrol, while the fourth is a field study
that compares measurements of the sgame trace conceutrations on
different casing mdteriala in wells located close together.

If well materials affect trace level wmeasurements siguificantly,
_ then a ratlon can be formulated to reflect the relative sorption

effects of the materials. Such a value should be sensibly constant

x~ Over a reasonable range of trace level councentrations.

Although the exact procedures and the organic compounds measured
differ among the sgtudies, nevertheless any superlority of ome well
casing materlal over another ought to be observable if the studies
are sufficleatly sensitive. It is pagsible, of course, that at the
trace levels measured — 100 ppb to 20 ppb for the laborarory
studiea and subparte per billion for the £ield study -— other
sources of variation so overwhelm the resulte that no weaningful

differences can be observed, and this 4information is in itself
useful. '

LABORATORY STUDIES

Some preliminary observations about the varying lemgths of the test
periods in the laboratory studies are in order. The Reyvolds and
Gillham study tested only the effects on virgin materials over times
up to 7 days. This approach is important in addressing the imitial
effect of a material on trace level measurements and om the
mechaniem of sorption. However, this approach does mot wimic gctual
field protocol, such as followed by Barceloss. Barcelona et al.

show that purging is essentizsl to the correct operation of
monitoring wells.

Both the <ChenWasste @gund the Radian laboratery studies also
incorporate a 7-day exposure period; however, beyond that they each
add I~hour aund 24-hour re-exposures to represent results from both

ipitial and much more closely calibrated samplings. 'rhese_

differences should be kept in mind throughout this review.

1. The Reynolds & Gillham Study. This laboratory study cowmpared
effects of six organic polymer materials -— PVC, Teflon, nylom,
polypropylene, polyethylene, and latex rubbar —~ on a series of
different trace level orgaoics, ranging from 20 ppb to 45 ppb of
1,1,1 trichlorethame, 1,1,2,2 tetrachloroethace, hexachloroethaae,
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bromoform, and tetrachlorcethylene. Samples were withdrawn from
exposure, At times varylng from 10 minutes to 7 days and analyzed.

From the published results, the ratics of the concentratious of the
chemicals in contact with Teflon and PVC coupons respectively can be
calculated and compared for the five differeut compouunds measured.
These raties, representing the relative effects of aorption on
virgin materials, are presented in Table 1. This table indicates
‘that, for four of the compounds measured, the Teflon/PVC ration is
very close to 1, dimplying little difference among the materials'
effects. The exception is tetrachloroethylene, which showe wmuch
greater sorption, and hence leas semsitivity, for Teflon.

«* Table 1

RATIO OF CONCENTRATION MEASUREMENTS
OVER TIME FOR DIFFERENT COMPOUNDS

Reynolds Study: TEF/FVC

' hAverage
Compound/Time 10 min. 100 min. - 7 days 7 day
1,1,1 Trichloroethane 1.06 0.93 0.68
1,1,2,2 Tetrachloroethane 1.05 1.01 0.94
Hexachloroethane 1.08 1.07 1.30
Bromoform 1.06 1.17 1.68
Tetrachlaroethylene 0.9 0.46 0.10

Average . 1.03 0.93 0.94

In general, this shows typical differences at the 7-day time of +
30%. Some of the chemicals are detected more easily with PVC (1,1,1
trichloroethane, 1,1,2,2 tetrachloroether, tetrachloroethylene) and
some more easily with Teflon (hexachlorethame, bromoform). Based on
this study alome, 4t would be difficuit to establish clear
superiority of either Teflon or PVC.

2.  The ChemWaste Manmagement Study. Tbhis study measured effects of
coupous of stainless steel, Teflon, and rigid PVC on six organic
coupounds methylene chloride, 1, 2 dichloroethane, trams-1,2
dichloroethylene, trichloroethylene, chlorobenzene, and toluene.
The test solutions were prepared in the same way as for the Reynolds
study; the organica were dissolved in a concentrated methane
solution and then exposed to the coupons at two diluted
concentrarions of 50 ppb and 100 ppb.

Each casing material was first exposed for am 1initial 7 days
{similar to Reynolds) after which the solutions from each coupon and
control were sampled. The coupon materials were then re-exposed for
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TABLE 2
CWM Report

RATIO OF CONCENTRATION MEASUREMENTS
OVER TIME FOR DIFFERENT COMPQUNDS

(S50ppb nominal)

Initial
7days
0.92
0.92
1.00
1,02
¢.8%9
0.95

0.95

Initial
7d8ays
.89
0.90
0.76
0.73
0.79

0.84,

0.82

Initial
7days
1.06
1.03
1.13
1.11
1.07
1.13

1.09

Initial
7days
1.12
1.14
0.9%1
0.89
1,01
1.04

85/BVC
Reexposed
Compound/Time 1 hour 24 hour
Meth Chl 1.02 1.07
1,2-DCE 1.05 l.08
Trichloroethylene 1.00 1.10
Toluene 1.05 1.13
Chlben 1.18 1.14
avg 1.05 1.11
TEF/PVC
. Reexposed
Compound/Time 1 hour 24 hour
Meth Chl 1.02 0.94
1,2-DCE 1,03 0.94
1,2-DCY 0.98 0.93
Trichlorocethylene 1.02 0.92
Toluene 1.03 1.06
Chlben 1.00 1,19
avg 1.01 1.00
TARLE 3
CWM Report
RATIC OF CONCENTRATION MEASUREMENTS
OVER TIME FOR DIFFERENT COMPOUNDS
(100ppb nominal)
88/PVC
Reexposed
Compound/Time 1 hour 24 hour
Meth Chl 1.03 0.93
1,2-DCE 1.03 1.03
1,2-DCY 0.96 1.04
Trichloroethylene 1,03 1.03
Toluene 1.05 1.03
Chlben 1.06 1.04
avg 1.03 1.01
TEF/PVC
Reexposed
Compound/Time 1 hour 24 hour
Meth Chl 0.79 0.90
1,2-DCE 0.81 0.92
1,2-2CY 0.78 D.88
Trichloroethylene D.80 0.87
Toluene 0.79 0.90
Chlben 0.97 0.90
avg 0.83 0.3%0

6-32

1.02



one hour and resampled. A third sampling was performed following a
final 24-hour re—exposure.

Results from the initlal 7-day conditloning period -~ which wmay have
very little significance since groudwater sampling protocels require
purging wells prior to drawing samples — sghow that PVC 1s s better
pessuring materials 12 times, while the Tefloo or stalnlesa steel is
berter 12 tiwves.

To compare tbe remainder of the results, the concentrations of the
other experimental exposure was used to calculate ratios. Table 2
#hows the SS/PVC and TEF/PVC ratios £for the 50 ppb npominal
concentration, aund Table 3 shows the same calculations for the 100
ppb vominal concentration, for all six of the tested chemicals.

There are uvot enough control samples or replicates ia this study to
estimate the standard deviation. The best that can be done is to
compare the ratlos. Inepection of Tsbles 2 and 3 shows that PVC and
Tefloa exhibit very similar behavior; the ratiod are cloge to 1, a
result similar ta that from the Reynolds study (although the latter
ghows wider variation), \Where the coupous were re—~exposed for one
hour, Teflonm 48 slightly bdetter (2-3%) at the 50 ppb nominal case
for four chemicals and PFYC slightly better (2-3%) for oue chemical;
at the 100 ppd nominal, PVC is better (20%) for all six chemicals.
After 24 hours re-exposure, at the 50 ppb nominal PVC 1s better
6-8%) for four chemicals and Teflon detter (&6 to 20%) for two, while

at the 100 ppb nominal PVC appears about 10X better for all six
chemicals,

The re-exposure samples show stainless steel performing better ooce
better (2-10%) thap PVC ten times aud PVC performing better once for
each of the two ©nowipal concentratiouns. For the 1l-hour
re-exposures, which are 1likely to most nearly represent a well
wonitoring protocol after purging, only one of the tatios
(chlorobenzene for SS/PVYC) is more than SI greater tham 1.

Without any estimate of uncertainties, it i{s impossible to know 1if

the differences shown in this experiment (on the order of 10%) are
significant.

3., The Radian Study. This study followed the same general protocol
as the ChemWagte atudy, with several sgignificant differences. The -
same 8ix chemical compounds were used in the experiment but were
diasolved to a nominmal 100 ppb concentration in a water solution as
a carrier, instead of methanol as for Reynolds and ChemWaste. Toe
exposure periods were similar: an initial 7 days exposure of the
well casiog coupons, followed by l-hour and 24-hour re-exposures.
The 7-day and 24-hour re-exposures were held at 5°C, while the
l-hour re-exposure was at room temperature. Table 4 shows the
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results of these analyses, with trichloroethylene deleted gince it
wag anot stable.

Table 4 also preseuts the results of the nine control samples, with
averages and standard deviatioms. An anzlysie of variations showed
that the coatrols were not drawn from differeat populations and thus
can be averaged. Therefore the standard deviationm gives an estimate
of the variation likely to be seen in any set of measurements.

Inspection of Table 4 shows that, for the re-exposure experiments
for the 20 paired differences possible between concentrations (of
PYC and Teflon, and PVC and sgtainlesg steel) with the various
coupons, no difference exceeds two standard deviations, and five
‘exceed one atandard deviation. For the iunitial 7-day exposure, none

ofr the differences bDetween PVC and Teflon are greater than two
standard deviations.

However, the atainless steel results are quite unusual. The
stainless steel concentrations are more than two standard deviations
greater than the countrols, as well as more than two etandard
deviations 1larger than both PVC and Teflon for all of the
chemicals. It seems likely that some contamination has entered the
system. The stainless steel coupous were used just as received from
the manufacturer and msy bhave contained cutting fluids or other
organics which affected the spiking solutions; there was no contrel
using a coupon without a spike to check for this. In any eveat, it

appears that the 7-day stainleas gteel councentrations are highly
suspect and should be redome.

As before, the ratios (SS/PVC and TEF/PVC) can be calculated from
these data to establish relative sgorprion effects between the
varicus compounds, The results, presented in Table 5, are similar
to those from the ChemWaste Management study, ylelding ratios very
close to 1, except for the 7-day SS/PVC ones.

Table 5 also presents an estimated standard deviation for the
ratios, based on the astandard deviation of the control samples,
rather than on the small number (3) of the replicates. While this
18 not a satisfactory statistical analysis, it gives an order of
magnitude to the variations in the ratics which may be preseot due
to uncertainties in the experiment. (A uwore complete statistical
analysis will be performed.)

The resulta of the re-exposure sghow that, after one hour, FVC
appears somewhat better than both Teflon (2-10%) and stainless steel
(10-30%); bowever, the difference does not appear significant, never
exceeding two standard deviations. After 24 hours, PVC appears
better than Teflom (0 to 6X) but not as good as stainless steel

(8-12%), although again nuneither set of differences appears
slgnificant.
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Wi e e .
Radlan Study

REMAINING 1n

5.5.
131
57
104

62

SOLUTION

AVG
CONTRLS
127

AVG
127

57
103

58

aAVG
127
57
103
37
58

RATIO OF CONCENTRATION MEASUREMENTS
OVER TIME FOR DIFFERENT COMPOUNDS

CONCENTRATIONS

- ppb

ONE HOUR
PVC TEFLON

#eth Chl 129 127

1,2-DCE 68 64

1,2-DCY 109 100

Toluene 42 38

Chlben 67 60

24 HOUR

BVC TEFLCN

Meth Chl - 117 118

1,2-DCE 53 Sl

1,2-DCY 103 37

Toluene 34 34

Chlben 6 54

7 DAY

PVC TEFLON

Meth Chl 114 136
1,2-DCY 95 102
Teluene 31 35

Chlben 40 56

TABLE 5

Radian Study
SS/PVC
Reexposed
1l hour 24 hour
std dev
Meth chl 0.92 0.16 1.12
1,2-DCE 0.71 0.18 1.08
1,2-DCY 0.88 0.11 1.01
Toluene 0.76 0.15 ° 1.12
Chlben 0.82 0.17 1.11
avg 0.82 1.09
TEF/PVC
Reexposed
1 hour 24 hour
std dev

Meth Chl 0.98 Q.17 1.01
1,2-DCE 0.94 0.24 0.96
1,2-DCY 0,92 0,11 0.94
Toluene 0,90 0.18 1.00
Chlben 0.%0 0.18 0.96
avg 0.93 0.98

std dev
0.19
0.28
0.12
0.22
0.23

std dev
0.18
0.25
0.11
0.20
0.20

Initial

7days

1.66

1.74
1.43
2.23
2.10

1.83

Initial

7days

1.19
1.19
1.07
1.13
1.40

1.20

STD

10

STD
16
10

std dev
0.25
0.45
0.17
0.45
0.43

std dev
0.2)
.31
0.13
0.23
0.28



It is difficult to counclude from this experiment that there is a
consistent difference between 8talnless steel and PVC or Teflom and
PVC. TBased on the Radiap study alome, 1f a well were purged and
subsequently sampled within ome hour, PVC would seem to be somewhat
more seusitive than either stainless steel or Teflon, but not
significantly so. Twenty-four hours after purging, the PVC is still
somewhat wmore senslitive than Teflon but 1less sensitive than
gtainless sateel -—— again, not significantly so. While the initial
7-day stainless s8teel experiment appears flawed, Teflon 15 wmore
gensitive after 7 days — again, not significantly so.

C. Barcelona's Field Experiment

‘The experiment by Michael Barcelona and John Helfrich was designed
40 provide a comprehemsive fleld study which tests the differeunces
between three different well casing materials:? PVC, stsinless
steel, and Teflon.® The experiment has potential advantages over
the 1lab studies in that it investigates the detectiou of chemicals
actually iu the groundwater at two different contaminated sites..

At each sgite there were six wells, with one each of the three
different casiog materials in a cluster upgradient and ome each of
the three materials clustered downgradient of the site. Each of the
wells at a given cluster was installed within two meters of the
other two, thereby attempting to assure that each cluster was
sampling the same groundwater.

Rach site was sawpled monthly, six times starting I1n May and
extending through October. At each of the sites, samples were taken
prior to purging the sragnant water./ The wells were purged until
parameters such as pH stabilized, and then samples were taken for an
extensive 1ist of groundwater parameters that included PpH,
counductivity, temperature, alkaliniry, and total irom, and for a
series of organic compounds that included total non-volatile orgauic
compounds (NVOC), methylene chloride, 1,l-dichiorocethane {1,1-DCE),

cie-1,2 dichloroethylene (e-1, 2-DCY), trichloroethyleve, 1,1, TCE,
and chlorobenzene,

The largest coucentratiome of total volatile halocarbons were
detected at Site 2 dowe-gradient at a few parts per billion.
However, the concentrations are so low that, in mauy cases, clear

differences between concentrations at the different wells cannot be
seen.

As Barcelona points out in the paper, there were problems at Site 1
with apparent grout contamination at both up- and down-gradient
wells. This was a factor in the abnormally large pH levels geen in
five out of the six wells at this site. The only well which
appareatly d4id not have high pH levels was the down-gradient PVC
wall. Such grout conptamination obviously ie of concern if it could

6~36



affect the measurement of organic coustituents, since those are
crucial . to the determination of sorption effects. A fairly simple
correlation of total NVOC wilth the pH values for the stalnless steel
and Tefloo wella &t Site 1 suggests thar there may be a direct
relationship between pH sund the non-volatile organic compounds. The
correlation coefficient was 0.5, with a possibility of 6%,
Therefore, in reviewing the Site 1 data, the problems with pH must
be kept in mind, since it 18 =zpparent that grout contamination
occurred and the NVOC values may be affected as well. The wells at
Site 2 apparently were constructed in euch & way that there was no
grout contamination, and the purged pH was as expected.

_With respect to well casing material, no definitive conclusions can
~ be drawn because the well casing effect is coufounded with spatial

variabilicy and, &t Site 1, with grout contamination. Each type of
well casing is used only ouce for each experimental sampling. As a
result, the differences seen could be a result of either well casing
or spatial differences. A so—called wmixed model analysis may be
used to help disentangle the effects.

Prior to that, however, the data can be inspected to observe If any
consistent differences across sites are apparent.

Table © shows the resulta of ratios calculated, as before, for
SS/PVC and TEF/PVC for each chemical measured and a group of NVOC

chemicals aand Total Volatile Halocarbons (TVOC) for Sitea 1 and 2
up~ aod down-gradieat.

As can be seen, there are no consistent results indicating that PVC
ig {oferior to the other two wmaterlals. For example, for NVOC st
Site 1 down-gradient (with grout contamination) stainless steel and
Teflon have superior detection capability, but at Site 1

up~gradient, where &ll wells have grout contamination, PVC 1is
superior. Since, presumsbly, the differences shquld be the same, it

is 1likely either spatial variability or grout contamination cause
such a large variation.

If, therefore, attention 1s focused oun Site 2 where volatile
" organics  were detected, it can be seen that PVC is consistently
superior to both Teflon and stainless steel, except for the
non—-volatiles, These values, however, have a significant variation
and only the ugmeasurements for 1,1 DCE suggest that PVC is

giguificantly (more tham two standard deviationms) superior to

stainiess steel and Teflon.

Indeed, the combination of time series data, the fixed spatial
distances, and the material differences may allow a determination of

errors due to spatial variagbilicty, which seem likely to be larger
than those due to the analytical variability.




TABLE 6

‘ Barcelona et, al.
Ratio of Groundwater Measurements
for Two Wells

« 1,2 DCE & 1,1,1 TCE

SS/PVC
Ratio STD Ratio STD
Site 1 down Site 1 up
NVOC 1.83 0.66 0.80 0.40
. Meth.Chl. 1.98 0.95 4.25 5.65
' Site 2 down Site 2 up
NVOC 1.11 0.35 ¢ 3.85 6.36
Meth.Chl. 0.90 0.44 0.91 0.39
T™VOC . 0.6l 0.24
12DCE+111TCE ‘0.70 0.39
11pCE 0.43 0.16
cl2DCY 0.63 0.22
average 0.73 0.30
TEF/PVC
Ratio STD Ratio STD
Site 1 down Site 1 up
NVOC 1.52 0.69 06.92 0.47
Meth.Chl. 1.35 0.92 1.46 1.49
Site 2 down Site 2 up
NVOC 0.89 0.31 12,99 10.35
Meth.Chl. 0.80 0.31 0.98 0.59
T™VOC . 0.43 0.16
12DCE+111TCE 0.58 0.12
11pCE 0.62 0.13
€12DCY 0.72 0.17
average 0.67 0.20
Table 7
COKPARI§9N OF SPECIFIC VOLA?}LE CHEMICALS
BETWEEN LABORATORY AND FIELD STUDIES
RATIOS OF CONCENTRATION MEASUREMENTS
SS/pVC
Radian CWM CwM Barcelgna
1,2 DCE 0.71 ~1.03 1.05 0.70 + .39*
c l,2 DCY 0.88 0.96 0.98 0.63 i'.22
TEYT /PVC
1,2 DCE 0.94 0.81 1.03 0.%8 + ,12*
c 1,2 DCY 0.92 c.78 0.98 + .17




D. Comparisoo of Results

Iu compaving the different studies, this review has analyzed the
ratios of SS/PVC and TEF/PVC derived from the experiments to assess
whether oune wmaterial 18 consistently better than another in
measuring compounds commom to the experimeats. Table 7 cowmpares 1,2
DCE and cie=-1,2 DCY, two compounds measured (at l-hour re-—exposures)
in the ChemWaste, Radian and Barceloua experiments (two laboratory
. and one field experiment): The results are genmerally coasisteat,

although the Barcelona experiment suggests that PVC iz somewhat
better than is suggested by the Radfan or ChemWaste studiea. This
implies that PVC would detect coacentrations of the chemicals more
Yafficiently than would the other two materials.

"A second way to compare the study results is to average all of the
chemicals {n each of the experimenta. Obviously, it is necessary to
be very careful about averaging different chemical compounds with
different sorption behaviors. But, since it is generally not known
which compounds ave 1ikely to be in groundwater, averaging the
ratios indicates what effects might occur with an unknown compound
or suite of compounds in & groundwater situation. Table § showe
average ratlos for SS/PVC and TEF/PVC for two categories for the
four studies reviewed. It assumes that the 1laboratory l-hour
re—exposures are roughly comparable to the Barcelona fleld
experiment when the well ig purged and that the 7-day exposures for
Reynolds, ChemWaste and Radian are roughly comparable to the
Barcelona £field experiment when samples are taken under stagnant
conditions.8 If the average for the 1l-hour re-exposure 13

considered for both SS/PVC and TEF/PVC, the ratios are determined by
all four experiments are very similar.

There 45 somewhat more variation when looklng at the 7-day stagnant
situation for stalmless steel and PVC. One reason for thie may be

the possibillity of conramination in the Radian 7-day stainless steel
experiment. ' '

E. Conclusion

Based on thig veview of the existing studies, several conclusions
are possible velating to the effecrs of well casing materials on the
measurement of organic compounds, to appareat sample variations that
occur in an sctual measurement situation, and to Judging the
efficacy of varicus well materials.

o These four experiments suggest that, when groundwater is purged
from a well, there are no consistent differences between Lhe
effects of gtaimless sgreel and PVC on volatile organic compound
meagurements. The laborstory experiments also sghow oo
significant differences between Teflon and PVC, In the field
experiment, there 1s a s:nall difference that may be signiflcaut,
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Table 8

RATIO OF WELL CASING MATERIAL MEASUREMENTS

{average of all volatile organic compounds, laboratory & fjeld tests)

1 hr. SS/PVC
re-exposure

{purged)}

1 hr. TEF/PVC
re-exposure
(purged)

7 day SS/pVC
(stagnant)

7 day TEF/PVC
(stagnant)

Radian

0.82

0.93
1.64%

1.16

CWM

1.03

0.83

1.08

1.02

CuWM Reynolds Barcelona

1,05 - 0.93* (1,2
1.01 - 0.81* (1,2)
0.95 - 0,46 (2)
0.82 0.94 0.63** (2)

®*  Purged; numbers indicate sites

** Stagnant waters;

+

number (2)

indicates site 2
Possible contamination of the S5 values
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showing that PVC may be more semsitive; 1f further work confirms
thia, PVC would detect volatile organics better thaan Tefloam. If
stagnant water ls sampled, the comparison between studies is not
-~g8o clear. Nogp-volatile chemicals, tested ounly 1a the Barcelona

study, also do not show a siguificant difference scross sites for
any of the three casing materials.

o The effects of well materials on measurements of trace organic
compounds need to be disentangled from sample variability. Thisa
variability may contribute an error larger tham any error from
analytical variability. Further investigation could shed 1light

¥ on whether this 1s an artifact of this particular field study —
which seems unlikely —— or is conaisteat at other waste sltes.

o It seems clear that, im order to judge the efficacy of various
well paterials, comparisons must be made in the context of normal
experimental varistion. If it is to be judged that well material
A has a different gorprtion than well material B, the difference
in concentrations (reflecting different absorption behsviors)
batween them must be greater than the normal variation in the
samplés themselves. PFurther experiments could determine whether
effects associated with the well easing material are larger than
the 151 to 25% sample variation that seems likely.

Pivally, a conservative pogition at the present may be to allow a
choice of any of these three well casing materials: Teflon,
stainless steel and PVC, at this time, excluding PVC could result in
less detection of organic compounds.

FOOTNOTES

lReynolds and Gillham, “Absorption of Halogenated Organic
Compounds by Polymer Materials Commonly Used in Groundwater
Monitors.” Proceediungs, Second (1985] Canadian-American Conference
on Hydrogeology, Banf, Alberta, 1986, pp. 125-132.

2ChenWaste Mansgement, Ime., “Absorption of Organics by
Monitoring Well Construction Materials,” unpublished technical note.

3Barcelona, Michael J. and Jobn A. Helfrich, “"Well Construction
and Purging Effects on Ground-Water Samples,” Environmental Science
& Techumology, Vol. 20, No. 11, 1179-~84, i

4sykes, MeAllister and Homolya. “Sorption of
Monitoring Well Conmstructlon Materials."
published).

Organlcs by
Radian Corporation (to be

5The review does oot {nclude a separate paper by Barcelona et al.
that reported an investigarion of the relationship between Teflon
tubing and PVC tublng because, as Barcelona indicated, flezible PVC




tubing differs from rigid PVC pipe, aud the sorptioac behavior is
likely to differ greatly.

6The Teflon well at Site 2 was actually a Teflon/aluminum oxide
dedicated sampler.

-"7With regard to well purging, Barcelona concluded that the
experiment shows that purging is essential in order to eliminate
gpurious vesults from stagnant water. The investigatioun provides a
ugeful data base for studying the necessity of purging.

BThe stagnant conditions are not exactly the same, sipce the
Barcelona experiment allowed 30 days exposure to the well casing
materiala, vhile the laboratory experiments had only 7 days; is
addition, the Barcelona casings were not virgin materials.

6-42




r———— e e e

APPENDIX C

SORPTION OF ORGANICS BY MONITORING WELL CONSTRUCTION MATERIALS

&



| Sorption of Organics by
‘Monitoring Well Construction
Materials

by A.L. Sykes, R.A. McAllister
and J.B. Homolya

Introduction

- In*August of 1985, the Environmental Protection
Agency released a draft guidance document titled
“RCRA Groundwater Monitoring Technical Enforce-
ment Guidance Manual,™ which was intended :0 heip
EPA and state enforcement officials decide whether spe-
cific elements of an owner/ operator’s ground water mon-
itoring system satisfy the RCRA requirements. The guid-
ance document states that polytetrafluordethylene or
Type 316 stainless ste¢l are the materials of choice as
screen or casing in new well installations where volatile
organics are the parameters of interest. Since no guidance
was provided on appropriate use of casing material at the
time the RCRA regulations were promulgated, most
operators installed PVC casing in both the original and
subsequent monitoring systems because this material had
been used for years in the water well industry, is readily
available, and is fairly inexpensive,

The EPA has cited a number of reasons why PVCis

not an acceptable material for well construction. These .

include:

® Potential for casing attack and fatigue by exposure
to high concentrations of certain organic compounds

@ Desorption of plasticizers and additives from the
well casing to otherwise uncontaminated ground water
(false positive)

® Sorption of organic compounds into the well cas-
ing exposed to contaminated ground water (false nega-
tive). :

Sorption was cited as the major problem in the gui-
dance document, since the possibility of a false negative
is of prime concern to the EPA and other regulatory
agencies. )

In August of 1985, Waste Management Inc. (Jarke
1986) conducted a preliminary research program designed
as a practical and realistic evaluation of the potential for
sorption (o oceur for PVC and other materials of con-
struction expecied in monitoring wells. This study was
designed to address the potential for sorption of pre-
viously exposed casing surfaces. Proper monitoring well
sampling protocols require that the stagnant water (in
cquilibrium with the casing) be pumped from a well prior
to sampling. The recharge of formation water would
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then be representative of the ambient organic concentra-
tion and would be in contact with the saturated surface of
the well casing for a period of between one and 24 hours
before sampling. Therefore, a series of experiments were
conducted to investigate the potential of exposed casing
materials to further sorption by recharge of the well.
Results of those experiments demonstrated that for all
materials exposed for both the one and 24 hour cases, the
net sorpiion was nominally zero. These results, however,
were only preliminary because the study was limited to a
small number of exposure samples, making a statistical
interpretation of the data impossible. ¢

The major technical question resuiting from WMI'’s
preliminary research program was the use of methanol as
a means of dissolving sorbates of interest into water for
material exposure siudies. Since the final level of metha-
nol in water was significantly greater than the sorbates, it
is possible that the exposed material surfaces became
saturated with a mono-layer of methanol, preventing any
sorption of other organics. Radian’s studies were designed
10 address the criticisms of the WMI1work. Consequently,
methanol was not used as a vehicle for introducing sor-
bates to the water matrix. Each component was spiked
directly into pure water. Also, each experiment wasdone
in triplicate with full quality assurance and control
procedures followed throughout.

Technical Approach

Well Material Coupons: All marerials were obtained
from Brainard-Kilman Drill Co. (Stone Mountain,
Georgia). The PVC was “TriLoc Monitor Pipe,” 2-inch
(51mm) 1.D, by 2¥%-inch (60mm) O.D. The stainless steel
was “Armco Welded 2-inch Type 316," 2%-inch (56mm)
1.D. by 2%-inch (60mm} Q.D. The polytetrafluorocthy-
lene (virgin PTFE) was 2l4-inch (52mm) 1.D. by 2%-inch
(60mm) O.D. Ali coupons were cut to alength of 33mm,
which produced a surface area of 100cm? per coupon.
Each coupon was then cut once lengthwise to allow
placerrient into a 237 mL jar. The tube edges were not
considered to be a {actor in this study.

Exposure Jars: The exposure jars were “Quorpak
Clear with TFE-Lined™ screw caps 237 mL capacity
{actual 260 mL with no head space). These jars were




obtained from Fisher Scientific, catalog #03-230-7D. All
jar cap liners were covered with foil to eliminate possible
jar liner effects. '
Solvents: Allsolvents were purchased as chromatog-
raphy grade and were used without further purification.
A stock spiking solution containing methylenc chloride
(MeC12), 1.2-dichloroethane (1,2-DCE), trans-1,2-di-
chloroethylene (DCEE), toluene and chlorobenzeneatia
concentration of 10 ppm each was prepared in distilled/
deignized water. A second spiking solution was prepared
containing 0.5 ppm trichloroethylene (TCEE) in dis-
titled/deionized water. This separate spike was prepared

because of TCEE’s much lower solubility in water (1.1

ppm) than the other compounds.
Water: Distilled/deionized carbon filtered water was
used. .

I;rocedure

Preparation of Glass Jars: The glass jars and lids
were cach cleaned with soap and water followed by
distilled {deionized water rinse. Each jar and lid was then
dried at 100 C.

Solution Stability Studies: Prior to the material
exposure studies, the 10 ppm and 0.5 ppm spiking solu-
tions were evaluated for stability and the suitability of the
test protocol design. Six 260 mL jars with foil-lined caps
were filled (without head space) with aliquots of the
spiking solutions and pure water to yield approximately
100 ppb of each component. An additional six jars were
filled with pure water and represented water blanks for
the study. Aftera one-hour period, an aliquot from cach
jar was transferred to a Volatile Organic Analysis (VOA)
vial (polytetrafluoroethylene-lined cap) and stored in a
refrigerator at 5. C for a seven-day period. At the end of
the seven days, the original stock-spiking solution was
used to prepare a 100 ppb component solution mixture
which was then aliquoted to 2 VOA vials for analysis.
Additional VOA aliquots were taken from the original
260 mL jars and used for analysis. On day nine, all VOA
vial samples were again analyzed and compared to freshly
prepared spiked water. Originally, these exposures were
to be at two levels, 10 ppb and 100 ppb, but due to the
unacceptable variance of compound recoveries from the

spiked water at {0 ppb, only the 100 ppb level was used
for the exposures.

Well Material Coupon Exposure Studies: Well mate-
rial coupons were placed in foil<overed glass jars and
filled with spiked water solution so that no head space
remained. The water solutions were spiked at levels 10
yield component concentrations between 90 and 150
ppb. The jars were stored at 5 C in a refrigerator for
seven days and agitated daily. After the seven-day condi-
tioning period, an aliquot was pipetted into a 40 mL
VOA wvial with zero head space {or analysis. A second
aliquot was also pipeited into a 40 mL vial and stored at
5 C as a preserved sample. The remaining solution in the
jar was discarded. The jars, with the onginai coupons,
were then refilled with organic-spiked water of the same
concentration as in the seven-day conditioning period.
After a contact time of one hour, aliquots were again

taken for analysis and preservation. The jars were refilied
with organic-spiked water again {or a contact time of 24
hours, after which a third aliquot was taken {or analysis.
Control sampies, consisting of spiked water with no well .
material coupons were carried through the entire proce-
dure. Blank samples, consisting of pure, unspiked water
and no coupons were carried through as well.

Sample Analysis

The analytical procedure followed was EPA Method
602 (EPA 1984), which uses gas chromatography with
flame jonization detection. The procedure incorporates a
purge and trap technique to concentrate the volatile
organics from water samples. The instrument used was a
Varian 3700, and the data system was a Varian Vista 402.
The column was 1,3m x 2mm, stainless sieel, packed with
1 percent SP-1000 on Carbopack B 60/80 mesh. The
temperature of the oven was initially at 45 C for three
minutes, then programmed to 200 Cat 15 Cper minute.
The nitrogen carrier gas was set at 30 mL per minute
through the column and 40 mL per minute through the
Tekmar L.CS-1 Purge and Trap. Each sample analyzed
was transferred to a2 5 mL gas tight syringe equipped with
a sampie valve. Ten microliters of a three-component

" internal standard mix (15 ng/ul) was added to each

sample through the syringe to produce a concentration
of 30 ppb. The three internal standards were bromochio-
romethane, 1-chioro-2-bromopropane and 1,4-dichloro-
butane,

One exposure level for cach compound was studied.
These ranged between 87 and 150 ppb. The concentra-
tions varied because the same mass of each compound
was used to prepare the stock-spiking solution of each
compound. The density was then used to calculate exact
concentrations. :

The following is a list of each compound studied and
the concentration level prepared in the exposure medium:

methylene chloride 133 ppb
1,2-dichloroethane 126
trans-1,2-dichloroethylene 128
trichloroethylene 147
toluene &7

chlorobenze . no

Calibration and Quality Control _
The calibration procedure used for the volatile
organic analysis was the external standard techmque,
with internal standards added 10 cach stanc_iard jcmd sam-
ple for quality control of the analysis. A cahbrat.:on curve
was constructed by preparing three concentration levels
of each compound at approximately 10 ppb, 50 ppb and
100 ppb levels. A system blank of pure water was used as
azero point on the curve. A stock solution was prepared
from the pure materials in chromatography grfldc n?ctha-
nol by accurately measuring microliter portions into @
known volume. The concentration of each component
was then calculated based on its density (mg/#L). The
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working standards were prepared fresh cach day by dilu-
tion of the stock into pure watcr, The threc-point curve -
was prepared initially at the beginning of the stability
study and again at the beginning of the exposure study.
1inear regression cguations were calculated for each
curve, then plotted for visual agreement with linearity.
" Subsequently, only the 100 ppb standard was used to
ensure that the calibration curve was within the EPA
protocol of <10 percent CV (percent coefiicient of varia-
tion). The linear regression piots are shown in Figure 1.
In addition, three internal standards were used to verify
system control. Each 5 mL sample and standard received
10 uL of the three-<component mix ({5 pg/mL), which
was equivalent to 30 gg/L (ppb), immediately before
analysis. Figure 2 is a plot of the internal standards with
the calenlated percenmt CVs. This data shows that through-
out the study the percent CVs were 5 percent, which,
according to EPA Method 602 <10 percent is acceptable.
The mean concentration of all the blanks analyzed during
the exposure study shows that methylene chlonide was 13
ppb; 1,2-DCE was 3 ppb; DCEE and TCEE were 2 ppb;
and toluene and chiorobenzene were | ppb.

Results and Discussion
Resuits of Stability Study :

The objective of the stability study was to evaluate
each compound for recovery variability excluding well-
casing material sorption effects. Analyses of duplicate
samples determined precision; and analyses at day one,
day seven and day nine determined the potential storage
effects. Analysis of water blanks also determined back-
ground contamination due to the glass jars, liners and
storage. The stability study also established a reference
for evaluating analytical precision and guality conirol of
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the method.

The results of the stability study show that for the
compounds studied, there is some variability. This varia-
bility scems t0 be associated with the solubility of each
compound in water. Figure 3 graphically displays the
results for each compound at day one, day seven, and day
nine, and a blank water sampie.

Resuits of Materizl Exposure Study

The objectives of the material exposure study were to
determine if there were significant differences in com-
pound sorption between PVC, polytetra{luorocthylene,
and stainless steel well-casing materials when exposed to
volatile organic hydrocarbons in a simulated “well”
environment. The laboratory experiments were designed
to simulate actual conditions of sampling ground water
containing approximately 100 ppb of hydrocarbons
normally found in contaminated waters. In addition, the
experiments were designed 16 determine adsorption or
desorption effects of these materials when exposed to
these compounds over time. It is necessary to determine if
false positive or false negative resuits bias the actuai
concentrations of the samples. The study did not, how-
ever, determine if the materials released compounds into
non-contaminated water. .

The results of the material exposure study are shown
in Figures 4 and S, Nine contro! samples were analyzed
for each compound studied. These nine controls were
averaged and a standard deviation obtained. The three
replicate values for each compaund for each type of
material studied were also averaged. Figures 4 and §
represent the effect of sorption at one hour and 24 hours,
respectively, for the six compounds on the three casing
materials. All results are approximately one standard
deviation of the mean for ail compounds and all casing
materials, A more rigorous analysis of these daga will be
performed at a later date.

The resuits of these experiments show thar statisti-
cally, there is no significant difference between PVC,
polytetrafluorocthylene, and 316 stainjess steel well casing

materials when exposed to approximately 100 ppb con-
taminated water for seven days and S C, then exposed
for one hour, and then for 24 hours.
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juwest rankings are for some benzoic acid, aniline, and
1skenal derivatives, of course, if some other criteria were
i sed, the ranking might have been somehow different, but
lrobahly not too much. For example, the ranking obtained
thy using Freitag and co-worker's chiorohenzene date and
fihe ranking using Ribo and Kaiser's data are very similar.
«When a new chemicat is developed and its properties are
known, il can be easily ranked and compared with other
Inown chemicals or any srbitrary standards. The avail-
ahility of the program in microcompulter form make the
mutine applicabilily easy.

A final comment: the development of a suitable index
for environmental risk has been widely discussed in Lhe
lterature (3, 4, 12). Anindex is a suitabie scalar function
of the vector distance components with the best chemicals
having the fowest index. Since an index is a scalar quan-
itity, prahlems concerned with the noncomparability of
* chemicals cannot arise since the chemicals can always be

ranked and represented as a chain in 2 Hasse diagram.
Unfortdnately, the choice of a particular index affects the
resuits (7).

A simple example can clarify the previous arguments:
Let € and C” he the vector distance components of a
chemical C and let F = "+ 2C* be the chosen index. The
themical C2 previously congidered has the components C%
=2and C", = 3; thus, F, = 2+ 2 X 3 = 8. Analogously,
for the chemical €3, Cy =3, C" =2, and Fh =3+ 2 x
2=7. As Fy < F,, the chemical C3 would he considered
safer thun C2. Conversely, if the index were (7 = 2(" +
C", then {7, < Gy and C2 would have to be considered saler
than C.. ‘The conclusions are opposite to each other. They
depend only on the index chosen. As a consequence, every
time the definition of an index cannot be firmly graunded
on a theoretical basia, the results can be completely hinsed,
and the index hecomes biased toward a subjective meaning.
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Well Construction and Purging Effects on Ground-Water Samples

Michaet J. Barcelona® and John A. Helirich

Water Survey Division, Tllincis Department of Energy and Natural Resources, Champaign, lilinois 61820-7407

# Multiple well installations of selected casing materials
{i.e., polyltetrafluoroethylene) (PTFE), 304 stainless steel
€881, and paly(vinyl chleride) (PVC)| were constructed and
sampled to determine if well purging and construction
procedures would significantly bias chemical constituent
determinations in ground water. Water quality results
from six monthly sampling dates indicate that proper
purging of stagnant water from monitoring wells and jso-
lation of cement seais are essential for the collection of
representative chemicsl data. Significant differences jn
purged samples taken fram PTFE, 88, or PVC wells were
observed for total organic carbon and volatile haiocarhons,
which may be linked to the materials’ interaction with
ground weter. The welil casing interferences were not
predictahly high or low for any of the materials.

Introduction

The effects of well consiruction proceduces and sampling
protocols on the reliability of ground-water chemistry in-
vestigations have been the subject of a number of research
efforts in the past 10 years. The published literature has

0013-936X/86/0920-1179501.50/0 € 1986 American Chamical Society

dealt mainly with the potential error introduced by water
sampling or analysis (i-3) and by the selection of materials
that are appropriate for specific monitaring applications
(£, 5}. A recent publicution details procedures hy which
ground-waler sgmpling protacols may he developed Lo
control systemalic sources ol sumple collection (6). These
errars include artifacts of well siting or construetion, well
purging, and samplie retrieval from the well.- In general,
sample collection errors cannot be accounted for by tra-
ditional laboratory quslity control measures. Also, large
sampling errors coupled with analytical errors of similar
severity can result in the collection of grossiy.biased data.

Recent work hay shown thal polential sumgsting biss due
to bath sampling mechanisms and Nexible tubing materialy
is of the same order of magnitude ti.e,, 5-20%) ag unn-
lytical etrury for vadatile organic compotgds {7, 8). These
resuits support the need for very caretul consideration ol
volatilization, sorption, and desorption effects in the se-
lection of sampling pimps or tubing for ground-water
investigations.

The effects of drilling fuids, grouts, or well casing in-
teractions with the geologic farmation or ground water are
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more difficult to evaluate for a number of reasons.
Foremost among these reasons is that natural variability
n ground-water guality has not heen siudied in detail.
Also, there have been no systematic field studies reported
on the effects of well purging or casing materials on organic
compound levels in ground water where inert materials
have been used as controls. Houghlon and Berger (91 have
reporied significant differences in ground-waler dissolved
organic carbon and Lrace metal levels in samples from
stainless-steel and thermoplastic well casing materials, The
observed diflerences were of the order of analvtical bias
(i.e., 210-50%). Laboratory investigations may help in
evajuating sources of sampling imprecision or bias; how-
ever, systematic field studies are needed to evaluate the
actual severity of such errora. The unique delails of weil
construction, completion, development, and the in si{u
geochemical conditions for an acluai ground-water mon-
itoring installation may enhance ur limil the polentinl
cffecigol materinls or mechanisms that have heen ohserved
in controlled laboratory testing (10},

This study was undertaken to compare the effects of weil
purging and well construction materials on the reliability
of determinations of inorganic and organic chemical con-
stituents in ground water at two sanitary landfill sites in
east-central Illinois. Due to the fact that the materials’
related errors have been documented for ferrous metal well
casing materials other than stainless steel, these materials
were not considered in the study (5). Similarly, no solvent
cemenls, nonthreaded joints, or uncommon materials were
employed in well construction.

Procedures

Site Dencriptions and Well Construction. The twa
BS-~1(}>-acre sites had been operated ar municipat land-
fills/dumps for at least 15 years, Household trash, soume
light industrial wastes, and other refuse made up the 5-10
million tons of waste emplaced at each site prior o closure.
Sampling installations were conatructed in May 1983 wilh
hollow-stem auger {10-in 0.d., 6-in. i.d.) drilling techniques.
All drilling equipment, well casings or screens, split-spoon
samplers and steel tapes, etc. were steam-cleaned hefore
they were used Lo minimize the introduction of foreign
materials into the subsurface. Geologic conditions at both
sites were characterized as till deposits (i.e., clayey silt with
traces of fine Lo coarse aand) from below the surface topsoil
to depths of 6-8 m (20-25 ft). Sand or sand and gravel
lenses were observed in split-spoon samples of the till
deposits at depths between 8 and 14 m (2545 ft), All wella
were 2 in. in o.d. and were completed at the depth where
substantial (>0.5 ft) sand or sand/gravel lenses were oh-
served (see ‘Table 1). Wells were placed within 2 m of each
other at each location to minimize the potential effects of
horizontal inhomogeneities in the formations at the com-
pletion deptha. At site 1, upgradient and downgradient
wells of poly(tetrafluoroethylene) (PT'EER, Ueflon), siainless
steel (S8}, and polyivinel chloridel (PVC) were con-
structed. At sile 2, stainless steel and P'VC woells were
completed at upgradient and downgradient locations, and
a Teflon/Al oxide, gas-drive dedicated sampler ti':rcad)
was inatalled in place of a PTTE {Teflon} well, : il wells
were completed with 2-1t acreens and packed with i Miawa

silica sand fromn the battom of the screened indery ' g at
least 1 It above the top of the screen al site |. rtar
slurry seals of 2-5 It were placed in the bure holer  wve
the sand pack of the site 1 wella. The slurry mix ¢ 1ated
of L.H:1.0 mixwres by weight of the silica s with
Chem-Comp 1l shrinkage-compensating cement, 't wells
were finished by backfilling the bore holes to 4-6  from
the surface with silica sand, and a cement surface ' was
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Table 1. Field Installations Data

depth of screened
interval {below

location material? land surface), ft
nite 1 PVC J6.5-38.5
(upgradient) stainleas ateel 1304) 14.5-3h.5
I'Fe 35.5-31.56
site 4 pPYvC 26.5-27.5
(downgradient) atainless steel (304) 26.0-28.0
PTFE 26.6-28.0
site 2 PVC 32.5-04.5
(upgradient) stainleas steel (304) 32.0-34.0
© gas-drive sampler 30.75-32
(Teflon/ Al oxide)

nite 2 PVC 40.5-42.5
{downgradient) stainless stee! (304) 40.5-42.5

gas-drive sample 41,25-42.5

{Tellanf Al oxide)

* Materinla vaed -in the atudy were as [nllows: PV, rigid poly-
(vinyl chloride) schedule 40 NSF approved for potahle water usex:
88, 304 stainless sieel; PTFE, polyitetraflucroethylene (PTFE!
(Teflon, Du Pont).

then placed to seal the bore hole from surface water influx.
At site 2, the native sand or sand/gravel heaved up ahove
the screened interval from 6 to 15 ft. These installations
were completed by placing a cement seal from the top of

‘the heaving material to the land surface.

The wells at both locations were developed within a
week of the construction date by use of filtered, com-
pressed ajr (170 efm} and procedures described previously
(3). The wells at site 2 did not require further development
work. Although the wells at site 1 were redeveloped al
intervals for a period of 12-15 months, turbid water sam-
ples were encountered on all sampling dates due Lo the
presence of cement fines.

Well Purging and Sampling. Hydraulic conduclivity
testing was done on all of the wells al each location In
establish their hydraulic performance. The well purging
requirements necessary to isolate stagnant water in the well
bore were determined by a previously published methad
(6). Positive-displacement hladder pumps constructed of
stainless sieel and PTI'E with PI'FE delivery tuling were
utilized for well purging and sampling operations (QED
Well Wizard). The pumps were driven hy a single con-
troller through a gas manifold, which permitted a simul-
taneous supply of drive gas (air or Nj) to each pump.
Pump intakes were set at the top of the screened interval
for both purging and sampling operations.

The experimental design included the measurement of
the well purging parameters [pH, Eh, temperature, and
conductivity (27'}} by use of an in-line flow-through
electrode cell prior to well purging. Stagnant water wis
then collected for NO,~, S, Fe?*, totai organic carhon
{TOC), alkalinity, and selected volatile organic compottuls.
Alter collection of these samples, the outputs of the pumps
were reconnected to the manifold of a fluw—l_hrwgl‘ elec:
trode cell to monitor the progress of purging the well
simultaneously. Pumping rates during well purging we
controlled between 500 and 1000 mL-min"!, and rr¢
purging was continued until the levels of the well pargwic
parameter stabilized to within approximately & 1% oo
a minimum of 4-5 L, pumped (~25% of 1 well valumel.
All adjacent wells were purged of an equal volume vl
stagnont woter hefore sampling. The volume dependo
on site hydrologic conditions and measured hyel earulie
conductivities. Once well purging was completed. pumpie
rates were reduced to 100-500 mi.min~, and samples were
taken for the following parameters in order: alkalinity,

rd



lebte §1. Welk-Purging Effeets on Ground-Water Quality

dilference
putged (+,~}

change

stagnant {factor o)

Diysolved Ferrous Tron, mg-L°', Site 2 (8/6/85)
npgradieht

[V [IRLX) 418 015 +5
wHy u. e 0.25 443 +12
downgradient
PVC 0.04 4.57 4.53 +113
~ 88 1.23 147 114 T +286
Thasalved Sulfide, mg-L7*, Site 1 (7/9785)
upgradient
PVC 0.048 0.242 0.194 +4
55 0.0100 0.012 0.002 +1.2
PTFE 0.031 0.172 0.141 +4.5
downgradient
Ve 1).308 0.047 0.261 -0.85
88 0.024 0.384 0.360 +15
PTFE 0.166 0.230 4.064 +0.39

*Method detection limit = 0.02 mg-L™* [aecuracy 90% (-16%
bias). precision £15% rad]. ® Method detection limit = 0,010 mg-
* 1Y inceuracy B0% (-20% bias), precision £20% rad|.

TOC, volatile organic compounds, dissolved inorganic
wmstituents, and acid and hase/neutral organic com-
pttteln. Prossure filteation of samples for dissolved con-
slitnent determinations was performed in the field. "TOC
wnd volstile vrganic compound samples were collected in
#-mL glass vials, sealed without head space by PTFE-
lined septum caps.

Analytical Methodologies and Quality Control.
Organic and inorganic chemical constituents were deter-
mined by USEPA-recommended methods {1, 12). Total
organic carbon (TOC) determinations were performed hy
» methodology described previously (13). Field determi-
nations of alkalinity were performed by potentiometric
titration, and the resuits were analyzed by Gran end-point
analysis procedures. On each sampling date, a series of
field standards snd bLlanks were used to account for
transport and storage errors, which supplemented the daily
analytical pracedure control standarda for both laboratory
and field methods. Replicate samples were analyzed at
intervais during analytical seasions to establish the pre-
cision and accutncy of the water chemistry data.

Results and Discussion

Well Purging. Stagnant water samples analyzed for
gH, ulkatinity, reduced inorganic constituents [S*, Fe(Il}],
and organic constituents showed higher temporal (i.e.,
month to month) variability than did the samples cbtained
after proper well purging. In most cases, well purging
weaulted in the stahilizotion of the pross solution chemistry
parameters (e, pH, £, 127, olkalinity) althaugh the
concentrations shifted in varying degrees. For example,
at site 2, nlkalinity levels in stagnant water samples were
peneraffy ~26% lower than those measured in wuter
sumples after purging. ‘T'he averasge magnitude of the
slkalinity differences between samples from 88 or PVC
wells was not significantly different over the course of t.]m
study.

in genersi, the tevels of reduced chemical constituents
[i.e., Fe(ll}, 8% shown in Table 11 would be expected to
he lower in the stagnant water in monitoring wells than
in pround water obtained from the formation after purging,
I':e actual concentration differences ohaerved between
stagnant and purged samples retlected this trend. How-
ever, the magnitude of the differences was quite varighle
and may have been influenced by well casing materials and
small-scale heterogeneities in water quality, even in wellg

that v ¢ linighed in the same formation less than 5-1t
apurt. .u dowagradient wells st both sites, the stagnant
waler 1. oan the 88 well frequently (ie., four of six sampling
datest sowed higher levels of terrous iron and lower levels
of di~. ved sulfide than those from the adjacent PVC or’
I, ells. This would be consistent with leaching of
irot 1r.an the stuinless steel and precipitation of sulfide
Ly the cxcess iron during stagnant periods. Obviously,
PVC and PTFE would not be expected to leach iron in this
fashion. Example results for ferrous iron given in Table
1 show stagnuant water values from PVC and 38 wells that
were significantly different at leasi at the reducing
downgradient location. Upon purging, however, ferrous
iron values in samples from both upgradient and down-
gradient locations increased substantially, and the for-
mation waler values from both sets of PVC and 55 wells
were equal within experimental error, It would seem from
these vliservations that either PVC ar SS well casing would
be appropriate for ferrous iron determinations if purging
is complete. 'Typical results for dissolved sulfide, au ex-
ample uf which is shown in the lower portion of Table II,
reflect somewhal random changes on purging, These
changes do not consistently correspond Lo potential well
casing eftects or the introduction of more reducing for-
mution water, [lather, it seems that variability well above
vy eheteetion Bt and analyticl precision ean rosalt from

natursl heterogeneities in water chemisiry tor some

chemical constituents. These average chemical differences
in reduced species between stagnant water samples and
those obtained after purging were frequently a factor of
5 greater than the errors involved in eiftier the sampling
or analytical procedures. Also, purging-related variations
in TOC were vhserved to increase or decrease by 250%
in all wells uver the range of 1.20-30.0 mg of C-1,", No
consistent trends in TOC as a function of purging could
be associated with the different casing materials, Purging
a particular well at either site frequently resulted in greater
differences in water quality thun was observed between
upgradient and duwngradient ground locations. Improper
well purging can obviously cause gross bias in ground-water
monitoring results that far exceeds that due to materials's
effects or sampling mechanisms.

Cement Grout Contamination. Despite the fact that
all the drilling and well completion operations were held
constant, the wells at gite 1 exhibited significant water
quality differences in both stagnunt and formation water
samples that could vot he aitribmted Lo well pucging or
casing materials. For example, upgradient and downgra-
dient wells at site 1, with the exception af the downgra-
dient PVC well, exhibited pH values in excess of 12 pH
unita, and the alkalinity wns primarily ussociated with
hydroxyt ion, “Phe downgradient PVC well yielded for-
mation suinples with pH values between 7-andd 8 pH units
{mostly hicarbonate alkslinity), and the stagnant waler
values ranged from 8 to 12 pil nnits,

Ancedatal reflerences (o monitoring well contamination
by cement grouts have been reporied (14). The usual
symptom that has been observed is very high solution pH
{i.e., 10-12 pH units), even afier exhaustive well develop-
ment. In this study a total ol 12 sampling installations was
constructed, and the bore holes were sealed abuve the
screen and gravel pack, as well as at the surface with a
sand/shrinkage-compensating cetnent mixture. The grout
sesly were introduced a3 thick slurries inte stinding water
in the bure hole after the well had been constructed.

At site 1, either native geochemical conditions ot dif-
ferential settling of the cement mixture prevented the
grout seals from setting up properly. The wells at this site
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Tabies 111. Comparison of Ground-Water Quality and
Crout/Water Mixture Analytical Resuits

contaminated
ground water grout-contaminated

{fiaid site 1, water
upgradient)’ {iaboratory)*
major apecies
pH, pH units 127 >13
alkalinity (OH"), 316 167
milliequiv-L!
sulfate 35.9 1076
calcium 190 1069
potaasium 8.21 578
sodium 26.6 62
silicate 5.84 0.7
conductivity, 45 1975 11 500
other species .
magnesium 008 0.02
alumingm <0.10 0.17
chloride 1.0 1.04
iron {total) 0.09 0.10
manganese {total) .02 <D.02

*Unleas otherwise specified, units are mg-L™.

conaistently showed high pH, alkalinity (>90% hydroxyl
or caustic), 2!, and Ca®** with the exception of the
downgradient PVC well, which showed only slightly ele-
vated levels of caustic alkalinity. The apparent cement
contamination problem persisted more than 18 months
after constnuction, despite at least 10 redevelopment at-
tempts. The installations at site 2 did not show any evi-
dence of cement contamination, although several early pH
messurements of formation water exceeded the long-term
meen of ~7.4 pH units,

The cause of this persistent contamination was inves-
tigated by careful analysis of a number of cement/
sand/water mixtures prepared in the laboratory from the
same wmaterials used in well construction. The data in
Table III show the comparizon of average solution chem-
istry results from an upgradient well and the aqueous
phase of grout/water mixtures prepared in the laboratory.
Clearly, the major ionic species identified in the grout-
contaminated ground water are represented in the labo-
ratory grout/water mixture aqueous phase. The alkalinity,
conductance, and the calcium values in the ground-water
samples were all approximately one-fifth their respective
levels in the laboratory sample. Attempts to calculate an
ion balance on the basis of OH™ as the major anion resuited
in ion balances that seidom agreed to better than 40%.
There was always an apparent excess negative charge in
solution. The possibility of a polymeric or gel phase (e.g.,
polysilicates) that might interfere with the analytical data
or confute the dissolved ion charge balance was examined
by NaHCO, digestion of the agueous samples prior to
analysis (15). It was verified that no unusueal forma of silica
or common alkali or alkaline earth cations were present
that might cause gross errors in the alkalinity titrations
or wet-chemical analytical methods. Therefore, the

grout-contamination problem remains an enigma, although’

it should be obvious that grouting materials can drastically
effsct the religbilily of ground-water chemistry data for
long periods after well construction.

The cement grouts should have been placed either after
water had been removed {rom the well bore or by tremie
pipe. Also, the sand pack could have been isolated from
the cement grout by 8 bentonite seal.

Well Casing Material Effects. Apart from the dif-
ferences noted above (Tables II and III} in the stagnant
water samples, no consistent effecis on the inorennic
C.hefmcal constituent data from the two Slt&s were ohsr - nd
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Figure 1. Total organic carpon (mg of C-L™') In ground water at site

1 and 2. The error bars Indicate two standard deviations from the

mean of triplicate delerminations.

that might be attributed to weil casing material exposure
alone. Total Fe and Mn concentrations were not signifi-
cantly different in samples from the SS wells as compared
to those from the PVC or PTFE wells. These observations
contrast with the elevated metal levels reported by
Houghton and Berger on results from a single sampling
event (9). The divergent results from this study reflect
the influence of actual site conditions, temporal variability,
and well purging practices on the type and relative severity
of sampling and well construction related errors.

At the downgradient locations, ali of the installations
showed the effects of apparent landfill leachate contam-
ination (i.e., elevated Cl-, Na*, K*, specific conductance,
and TOC). The observed levels of TQC or specific organic
compounds, however, did not provide evidence of major
organic (i.e., volatiles, base-neutrals, and phenols) con-
tamination of these locations.

The observed levels of the nonvolatile fraction of TOC
(i.6., NVOC) in ground water from the upgradient and
downgradient wells at site 1 after purging are plotted in
Figure 1a as a function of time during the surnmer and fall
of 1984. The upgradient samples from each type of well
showed negligible differences from the mean TOC of ~1
mg of C:-L~. The downgradient jocation, howevet, gen-
erally showed higher levels of TOC in samples from the
stainless steel and Teflon wells than did samples from the
PVC well. .On four of the six sampling dates, the positive
differences were significant at the 0.05 confidence level.
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The TOC resuits at site 2 showed a similar pattern; how-
ever, the differences in samples from the individual well
casing materigls were not statisticaily significant when
compared to the analytical and sampling errors.

At site !, levels of 1,1-dichloroethane (11DCE) and
cis-1,2-dichloroethytene (c12DCY) after purging elso were
higher generally in the samples from the downgradient
Tefion and stainless steel wells than in those from the PVC
well {Figure Za,c]. The error bars on the figure represent
iwo standard deviations from the mean determined by
analysis of replicate samples and standards. In these cases,
the "stainless sieel” results were significantly higher (at
the 0.05 level} than either the Teflon or the PVC data.
These concentration levels ate ail quite Jow hut in the
range of quantitation of the purge and trap analytical

_methadalogy. Therefore, systematic differences in ob-

served trace organic campound distributions may arise
from the sorptive effects of polymeric well casings as
compared to stainless steel. The samples from the dif-
lerently cased wells at site 1 showed more net difference
in purgeable organic compounds than any single well
showed over the study period.

Overal}, the levels of 1,1-dichloroethane at site 2 (Figure
Ih,d) were 10 times above the levels measured at site 1.
In contrast with the other results, levels of purgeable or-
ganics in samples from the PVC well were consistently
higher than those in samples from either the stainless stee}
well or the gas-drive sampler. It is unlikely that the paired
wells actually intercepted ground water of different mj.

croconstituent quality, as they were finished only ~1 m
(4 ft) apart. Yet, the PVC and stainless steel results for
11DCE differ by a factor of 2. ‘This is more than 10 times
greater than the precision established for analytical de-
terminations of these compounds, This order of materi-
als-related effect could result in systematic undec- ac av-
erestimates of the extent ol ground-water contamination,
under some conditions. This type of error cannot be ac-
counted for in statistical comparisons of data_from up-
gradient and dewngradient locations unless an “inert"
artifact-free well casing material can be identified.

The ohservations nuied for site 2 above are also sup-
ported by the levels of total volatile halocarhond in the

PVC and stainless steel wells before and after purging.

With the exception of the Septembier 25 sampling date,
the stagnant levels of volatile htalocarbons from the PVC
well are nearly a factor of 2 or more greater than those
from the stainless steel instaliation (see Table IV). On
the average, the PVC well yielded samples with higher total
levels of volatife hatocarbons than did the stainless sieel
well. It may be that under these canditions the sorptive
and leaching properties of PVC tend to maintain a higher
hackground level of organic compounds in ground waler
exposed to this material relative Lo stainless steel,

Conclusiuns

The purging of stagnant water itom monitoring wells
is essential to the collection of reliable ground-water‘qua!uy
data. in this study, the variztions in water chermistry obt
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Tablc 1V, Total Volatile linloctrbon® Levels in Site 2
Wells, ug« L

Pve 88
date stagnant purged arngnant purged
hi16 e G.2 ’ v 1.1
5719 8.7 1.8 1.4 75
717 . 8.8 8.1 a0 48
8/21 ~ .0 6.8 1.9 4.2
9/25 12.9 6.1 12.2 4.6
10/23 . 1.2 65 6.2 19
aversge 8.3 7.0 4.7 4.4

*included total methylene chloride, dichloraelhyiene, dichinrn-
ethane, trichloroethane, trichloroethyiene, tetrachloroethane, and
tetrachloroethylene after individval separation and quantitation
by gas chromatography with HECD detection,

well purl?ing were penerally greater than errors associated
with either sampling mechanism, tubing, or apparent well
casing material effects.

Cement grout seals, which {or one reason or another do
not properly set up in the hore hole, can cause severe,
persistent contaminatian of both stagnaat and formation
water from monitoring wells. Delerminations of dissalved
inorganic chemical constituents are afiected by cement
contamination, which significantly changes the hackground
solution composition,

Well casing materials exerted significant. though un-
predictable, effects on the resul(s of total orgauic carbon
and specific volatile organic compound determinations.
Systematic differences ranging from a factor of 2 to 6 in
concenlration were obiserved betweent asnmples taken afler
purging from wells cased with ditferent mnterials. ‘hough
the differences were not congistently higher or lower from
site Lo site, materials’ performance may limit the conclu-
sions that may be drawn from ground-water quality results
in the low ppb (ug-L") range.
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Leaching of Metal Pollutants From Four Well Casings
Used for Ground-water Monitoring

ALAN D, HEWNT

INTRODUCTION

Ground-water monitoring requires the installa-
tion of conduits to transfer water to the surface for
collection. Four commonly used well casings are
made from 2-in. {(5-can) diameter polyvinylchlo-
ride (PVC), stainless steel 304 (SS 304), stainless
steel 316 (SS 316) and polytetrafluoroethylene
(PTFE) pipes. Representative sampling of ground
water requires that materials employed in the sata-
rated zone do not influence the concentration of
analytes of interest.

Only a few studies have reported the influence
of well-casing materials on the concentrations of
inorganic substances in ground water during wa-
ter quality analyses. Several studies have demon-
strated that these materials (stainless steel, PVC
and PTFE) sorb apprediable quantities of certain
ionic species (Eichholr et al 1965, Miller 1982,
Hewitt 1989). Evidence also exists showing that
metals are released into ground water from stain-
less steel and PVC pipes (Houghton and Berger
1984, Barcelona and Helfrich 1986, Hewitt 1989).
The release of metal analytes by stainless steel has
been assodiated with its corrosion, which in some
instances has been observed to produce a hydrous

iron precipitate (Barcelona and Helfrich 1986,
Hewitt 1989).

Recently, alaboratory experiment was conducted
testing the effects of ground-water compositionon
the well casings cited above (Hewitt 1989). In this
experiment two concentrations of metals {As, Cd,
Cr and Pb), pH and total organic carbon were

introduced as ground-water solution variables. Re-

sults of this experiment indicated that PTFE was
inert to the variables, whereas both PYC and stain-
less steel well casings were affected. These two
materials leached and sorbed some of the metals

introduced into the ground water. In addition,
several stainless steel casing sections aeveloped
surface oxidation, which introduced a random
source of variation by providing release mecha-
nisms and active sites for sorption. PVC wasalow-

level source for Cd and provided sorption sites for

Pb. Stainless steel 316 was alow-level source for Cd
and provided sorption sites for As, Cr and Pb.
Stainless steel 304 was aiso a low-level source for
Cd and provided sorption sites for As and Pb. The
extent of the sorption or release of metals were
often influenced by the solution variables. This
study concluded that the stainless steel casings
were the least suitable for monitoring the metals
studied (As, Cd, Cr and Pb) in the ground water
solutions.

A concurrent study done at CRREL (Parker et
al, in press) looked. at ground-water solutions
spiked with organic compounds exposed to the
same four well casings. In contrast to the results for
metals, eight (cis and trans-1,2-dichloroe “viriie;
m-nitrotoluene, trichioroethylene, chlorobenzene,
o-,p- and m-dichlorobenzene) of the ten organic
compounds studied sorbed more quickly and to a
greater extent onto PTFE than PVC and did not
sorb onto the stainless steels. The same results were
obtained when the ground water was treated with
2.0 g NaCl/L to test for effects of ionic strength.
These findings support the earlier work of Rey-
nolds and Gillham (1985) who observed rapid
sorption of tetrachloroethylene by PTFE well cas-
ing. They suggested that PTFE is the least desirable
material for a well casing when organiccompounds
are monitored in ground water.

The sesults of these two recent CRREL studies
(Hewitt 1989, Parker etal, in press) and supporting
evidence in the literature led to the suggestion that
PVC may be the best compromise among these four



well casings for monitoring ground water for both
inorganic and organic analytes (Parker et al. 1988).

The objective of this study is to examine metal
leaching characteristics of these four well-casing
materials in ground water. Leaching studies that
compare these four well casings have not been
reported in the literature. The results of this experi-
ment will determine which casings are the most or
the least susceptible to leaching the metals. The
analytes analyzed included all of the metals on the
Environmental Protection Agency’s priority pol-
lutant list, along with copper.

MATERIALS AND METHODS

Materials :

The PVC and stainless steel well casings were
obtained from johnson Well Screen, and the PTFE
was obtained from MIP, Inc. All well casings were
spedifically manufactured for ground-water moni-
toring. The casings all had approximately a 5-cm
inner-wall diameter and were cut in lengths of
approximately 2 o The exact fength of the rings
depended on the wall thickness and diameter of
the pipe because we wanted to maintain a constant
surface area of B) an®. Cut surfaces composed 17%
of the area for the PTFE and PVC well casings and
9% for the stainless steels.

Precautions were taken during pipe milling to
prevent exposure to grease, dirt, oil and solvents,
and to avoid excessive handling. After milling, the
individual well-casing rings were rinsed with deion-
ized water (Millipore, Type 1) and air dried before
being placed into the ground-water-filled sample
containers. During rinsing we made no attempt to
remove surface discoloration or ink on the pipes;
we used them as we had received them from the
manufacturer. This limited cleaning was consistent
with commonly employed field protocols.* The
wellcasing sections were handled with plastic
gloves and nylon forceps after milling. Two sec-
tions of the S5 316 pipe were not used because
excessive surface rust had formed. In general the
stainless steel well casings appeared to have devel-
oped more rust during the 9-month storage period
ihan they had when first obtained. All experimen-
tal work was performed in class 100 deanrooms.

Polypropylene jars (69 mm od x 62 mm height,
125 mL, Model 6185-E37, ThomasSdentific) served
as the sample containers. The jars were scaked ina
10% v/v concentrated, redistilled HNO, (G. Fred-

* Personal mummrﬁcaﬁanwithlauise\',?#k:r,@.kﬂ.
1989.

ri_ck Smith [GF5]) deionized water solution, then
rinsed with and soaked for several days in deion-
ized water prior to use. Other materials, such as the
75-mL sample aliquot botties (polyethylene, Nagle),
pipette tips (Eppendorf), and the 2-L glass bottles
{reagent grade HNO, bottles, Baker), werecleaned
similarly,

Test design

Tests for the release of metals from PVC, PTFE,
55 304 and SS 316 well casings were done in tripli-
cate by exposing sections of each to ground water
for periods of 1, 5, 20 and 40 days. Three sample
containers with no well casings served as controls
for each of the exposure periods. The containers
with and without well casings were filled with 98
mL of ground water collected from a 76-m-deep
domesticwell system in Weatherfield, Vermont; 60
rontainers, 12 with a single section of each of the
fourwell-casing candidates(12% 4) and 12 controls,
made up the experimental sample setup. The well-
casing rings were submmerged in the ground-water- -
filled sample containers creating a pipe-surface-

"area-to-aqueous-volume ratio of 0.82 an®/am®. This

experimental design provides a surface-area-to-
solution ratio similar to that of well casings in
ground-water monitoring wells below the satu-
rated zone; however, the ratio is much lower than
that which exists for well screens.
Samples were prepared by transferring weighed
amounts of ground waterintoeachjar fromasingle
2-L glass boitle. The jars were selected randomly
for the experiment because the ground water was
transported in three separate 2-L glass bottles. The
pH and conductivity of the ground water from all
of the bottles was 7.8 and 2.40 x 1072 mho/cm, re-
spectively. Ground water collected from this source
previously showed similar pH and conductivity
levots (Hewitt 1989). While the well casings were
exposed to the ground water, the jars were sealed
with a cap and stored in the dark at 24°C. After the
well-casing sections had been removed from the

. jarsattheend of each time interval, 2 mL of concen-

trated HNO, (GFS) was added tothe ground water
to bring the pH below 1.0. Studies have shown that
addification below pH 1.5is effective in preventing
the loss of trace metals from natural waters (Sub-
ramanian et al. 1978). The acidified, ground-water-
filled jars were recapped, hand-swirled for 10 sec-
onds, then left at sest for at Jeast 72 housrs before we
transferred a 5-ml aliquot to a 7.5-mL sample vial
{polyethylene, Nagle) for the subsequent determi-
nation of Ag, As, Ba, Cd, Cu, Cr, Pband Se._

The entire experimental setup was duphcgted
for the analysis of Hg, except that we determined



Hg immediately after the ground-water-filled jar
was addified. i

In a preliminary experiment, ground water
stored in the polypropylene jars was spiked with
Cd, Crand Pbto seeif sorption of metals ions on the
jar walls would interfere with the test results. These
metal ions, added to the ground water and stored
for 6 days in the samnple jars, were recovered upon
acidification (Table 1). The desorption of metalions
from container walls has been reparted by Choa et
al. (1968). For this preliminary test, 5.00 ug /L of Cd,
Crand Pbwas allowed tositin ground-water-filled
jars (100 mL) for 6 days. Then we added 2 mL of
concentrated HNO, (GFS), hand swirled the solu-
tion for 10 seconds, and removed a 5-mL aliquot. A
second 5-ml aliquot was removed 72 hours later,
following the same procedure. The results in Table
1show thatan average of 95% of the aqueous metal
was recovered immediately after acidification, and
aliquots removed 3 days later showed only 2% (not
significant at the 95% confidence level) additional
analyte recovery. Thus the metals either remained
in the laboratory ground-water solution or were
desorbed from the jar walls quickly upon acidifica-
tion. '

Table 1. Recovery of Cd, Cr and Pb (4.90 ug/L)
from ground water stored in the sample jars and
allowed to equilibrate for 6 days before being
acidified with 2 mL of concentrated HNO,.

Acidification period
Less thar 10 minutes 72 hours
Amount Amount
added Percent added Percent
g/} recovered {ngil:  recovered
Cd 4.65 94.9 £72 953
4.72 93 485 99.0
Cr 448 91.4 458 935
448 914 4.69 95.7
e 4.93 100.2 4.72 963
4.72 96.3 5.0 2
Average
recovery 95.1% 97.2%
Analysis

Silver, arsenic, barium, cadmium, copper, chro-
mium and lead were determined by Graphite Fur-
nace Atomic Absorption (GFAA) using a Perkin-
Elmer (PE) model 403 Atomic Absorption Spectro-
photometer (AAS) coupled with a PE model 2200
heated graphite atomizer. Instramental procedures

followed the general guidelines provided in the
manufacturer's instrument manual (Perkin-Elmer
1981). Hand injections of either 20, 50 or 100 uL
were employed for the analytes mentioned above.
For the determination of Se, a matrix modifier—
0.015 mg Pd and 0.01 mg Mg(NO,),—was added
so that the charring temperature cou7]d be raised to
1200°C. Of this group, only-As and Se determina-
tions required deuterium background correction.

Mercury was determined by Cold Vapor Atomic
Absorption (CVAAL We employed a 48-mL ali-
quot for the Hg determinations, following a modi-
fied Hatch and Ott (1968) procedure. Aliquots of 48
ml of ground water were reduced with 2 mL of
10% v/ v stannous chloride and then sparged with
Hg-free air. The reduced Hg vapor passed through
a Mg(ClQ,), water vapor trap into an optical cell
designed to enhance detection (Tuncel and Ato-
man 1980). The optical cell was positioned in the
light path of the PE model 403 AAS.

Mercury was determined the sameday that well
casings were removed from ground-water-filled
jars tolimit volatilization of Hg from solution (Coyne
and Collins 1972, Lo and Wai 1975) and to avoid
vapor contamination assodated with storage in
poly containers (Cragin 1979). All of the other
metals were determined within 2 weeks after the
last exposure period. f

Analysis procedures were designed to achieve
detection limits of 1% or less of the present domes-
tic water quality levels set by the EPA (Table 2).
Selenium, determined by graphite furnace, was the
only metal with a detection limit slightly above this
level (Table 2). Method Detection Limits (MDLs}
were established following the procedure outlined
in the Federal Register (1984) for the analysis of a

Table 2. EPA interim primary
drinking water quality levels
(1983} and the method detec-

tien limits (MDL).

EPA primary

drinking water

levels MDL

Metal tug/l) (pgfl}
Ar 50 0.43
Ba 1000 24
ca 10 0.059
Cu 1000 43
Cr 0 0.16
Pb S0 0.11
Hg - 20 0.010
Se 10 a2
Ag 50 012




Table 3. Summary of ANOVA and LSD determinations for average analyte concentrations (ug/L),
Materials with common underiining are not different at the 95% confidencd level as determined by the LSD.

Days Well casing

a. Bariuwm

1 Contral PTFE PVC SS34 55316
= 45 60 66 71 77
(LSD = 1.4)

H] PTFE Conmol PYC SS34 S5N4
53 58 6.6 78 9.9

nsh=21)

20 PTFE Contral PVC SS304 S5316
55 59 &1 74 113

4 (SD=22)

4« PTFE FVC Control 55304 SS316
52 86 59 70 101

ASD w 20)
b, Clhiromiumm
.1 Control PIFE PVC S5304 S5316
020 0- 123 140 606
{LSD »9.26)
S Control PTFE PVC 55316 S5304
020 02 L12 1P a1
(LSD = 631

20 PIFE Control PVC 55316 55304
019 02 120 330 441

(lSDe 11N

40 Control FTFE PVC 55316 SS304
£21i o i1 sy s

(LSD = 1.04)

Days Well casing

¢. Lead

1 Control PTFE S5316 S5304 PVC
016 035 090 114 245

(LSD = 145}
5 Contrel FIFE $SS5316 SS304 PVC
. o 027 127 156 2
(LD = 15%)
20 Conmol PTFE 58316 PVC SS304
014 03S 1.00 1.04 284
(LSD = 250}
40  PTFE Conwmol PVC  S5316 SS5304
on 033 07F 124 206
(LSD = 1.5
d, Copper
1 PYC SS304 Control PTFE SS316
9.4 W7 119 121 58
(SD=120)
%
5 FTFE FVC Control S5304 85316
’ 73 99 101 1.0 426
S0 = 124
20 FYC PTFE Control S5304 SS316
63 a3 101 261 81.2
(LSD = 385)
40 PVC PIFE 55304 Control 55316
44 52 115 140 g§23
(LSD=172)

sample in a given solution The MDL estimate
requires that 2 minimum of seven replicate deter-
minations be made of an analyte concentration that
is one to five times the estimated detection level.
The MDL is obtained by multiplying the standard
‘deviation of the replicate measurements by the
appropriate one-sided {-statistic corresponding to
n~1degrees of freedom at the 99% confidencelevel.
Each sample aliquot with a determined analyte
concentration above theMDL was analyzed at least
twice. Analyte concentrations were based on the
average peak heights from a strip chart recording.
Aqueous calibration standards for Ag, As, Cd,
Cr, Cu, Pb, Hg and Se were prepared by diluting
1000-mg /L certified atomic absorption stock solu-
tions (Fisher Scientific Corp.). A Ba stock standard
was made by dissolving a weighed amount of

Ba(NO,), (Baker, Reagent Grade) in deionized
water. 'aforldngstandards were prepared indeion-
ized water adidified to 2% v/v with HNO, (GF5).

Calibrations were established by determining
three different concentration standards in tripli-
cate. Standards were randomly introduced through-
out the course of sample analysis, and all of the
calibration curves were linear over the concentra-
tion range examined. To see if the intercepts were
significantly different from zero, we compared the
residuals for the models with an intercept and for
the models with zero intercept using the F-ratio at
the 95% confidence level. Analyte concengations
in the samples and controls were determined based
on the slope and intercept only if the intercept was
deemed significant. Otherwise, a zero-intercept
linear model was employed.




To assess leaching of metals from the surfaces of
the four well-casing materials, an analysis of vari-
ance (ANOVA} was performed on those metals
(Ba, Cr, Cu and Pb) that had been consistently
found above the established MDL for the four well-
casing materials and the control. If a significant
difference was detected by the ANOVA among the
average analyte concentrations in the ground wa-
ter for a given material, then a Least-Significant-

. Difference (LSD) analysis was performed. Both

analyses (ANOVA and LSD) used the 95% confi-
- dence level. The results of these analyses estab-
lished which well casings contributed particular
analytes to the ground water over and above those
contributed by other well casings or the control for
the different exposure periods (Table 3). In addi-
tion the aqueous metal concentrations that exceed

* 1% of the EPA drinking water quality level were

identified. This low-level warning criterion was
chosen since this study did not always establish the
native levels presentin the ground water. Thus, the
contribution of metals from the well casings could
range fromone or more orders of magnitude above
the background concentrations.

RESULTS

Barium

The analysis of the 1-day exposure samples
showed that all of the ground-water-filled vessels
containing pipe sections had aqueous Ba concen-
trations that were significantly greater than that of
the control; however, all of the values were low
(Table 3a). The subsequent exposure periods do
not follow this pattern but instead established that
SS 316 was the only material that consistently
contributed significant levels of Ba to the solution
relative to the other samples and the controls (Fig.
1a). The average increase in aqueous concentration
for the ground water exposed to SS 316 was about
70% compared to the control. After 5 days of expo-
sure, ground water in contact with S5 316 devel-
oped aqueous Ba concentrations that exceeded 1%
of the drinking water quality level established by
the EPA. None of the other well casings tested
produced aqueous Ba concentrationsthat exceeded

. 1% of the EPA drinking water quality criterion or

were significantly different from the control after
the initial exposure period.

Cadmium

We did not use ANOVA with Cd since the
majority of concentrations determined were below
the MDL (Appendix A). After 1 day of exposure,

both ground-water solutions containing S5 316 and
PVC had aqueous Cd that exceeded 1% of the EPA
drinking water guality level.

Figure 1b shows the average Cd concentrations
determined for the control and well casings. 1t
appears that Cd isinitially released from $§316 and
PVC but becomes resorbed onto the well casing
with time. Stainless steel 316 contributes approxi-
mately an order of magnitude (more than 10% of
the EPA drinking water quality level in some cases)
more Cd than PVC for equivalent exposure peri-

Chromium

Beyond the 1-day exposure, the analysis consis-
tently demonstrated that both stainless steel well
cas.ngs contributed significantly greater quantities
of Cr to the ground water than the control or the
other matérials tested (Table 3b). These metal well
casings, along with PVC, increased Cr concentra-
Hions in the ground water above 1% of the EPA
drinking water quality level (Fig. 1c). The extent of
the Cr contamination coming from the PVC was
three to five times less than that coming from the S$
304, which usually showed the highest average
contamination for a given exposure period, the ex-
ception being the initial exposure period.,

The ANOVA and LSD tests failed to distinguish
any difference between the materials for the 1-day
exposure because of the large variation among the
the three SS 316 samples. 1f S5 316 is removed, the
analysis shows both PVC and SS 304 to contribute
significantly greater quantities of Cr to the ground
water than do the control and PTFE. The only
material that showed a consistent trend was 55304
{(Fig. 1c), which created increasing concentrations
of Cr with time. Throughiout the experiment there

~a~ A0 significant difference for Cr between the
control and the PTFE well casing.

Lead

The first two exposure periods showed PVC to
leach the greatest amount of Fb and to be signifi-
cantly different from the controland PTFE. The two
longest exposure periods showed that S5 304
leached the greatest amount of Pb to ground water;
however, the levels observed in solution for S5 304
were only statistically different from the rest for the
40-day exposure period {Table 3¢). The average
levels obtained for both of the stainless steels and
for PVC consistently exceeded 1% of the EPA drink-
ing water quality standard (Fig. 1d). )

The most distinctive trend was the decrease in
Pb with increasing time of exposure for PYC (Fig.
1d). Both stainless stee] well casings showed slight
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Figure 1 (cont'd).

decreases in Pb levels after aqueous concentration

.maxima were obtained. The Pb that was initially

released was resorbed by the PVC and stainless
steel well casings. Throughout the experiment. there
was no significant difference among the control, S5
316 and PTFE.

Copper

The statistical analysis distinguished S5 316 as
the only material that contributed significantly more
Cu when exposed to ground water than the other
materjals tested (Table 3d). Aqueous concentra-
tions exceeded 80 g /L for S5 316 versus about 10
ug/L for the other materials and the control

Both PTFE and PVC well casing showed a gen-
eral trend of decreasing Cu with increasing time of
exposure and often showed concentrations below
the control (Fig 1e). This trend, along with the lack
of any trend with respect to the control, demon-
strates that these two plastic pipes provided the
substrate for sorption.

Arsenic, mercury, selenium and silver

The determinations for As, Hg, Se and Ag were
not statistically analyzed because the majority of
the concentrations were at or below the established
MDLs. Based on the analysis methods employed,
none of the well casings consistently contributed



As, Hg or Ag above 1% or Se above 2% of the EPA
drinking water quality level.

DISCUSSION

Ground water was collected from a domestic
well system and stored in sealed 2-L glass bottles
for approximately 24 hours prior to being trans-
ferred into test jars. Ground water collected in this
fashion is aerated at the faucet and exposed to an
oxygen-rich environment every time the lid of the
container wasremoved. Handling the ground water
in this manner most likely changed the oxidation
potential, fadlitating oxidation reactions (Stumm
and Morgan 1970). We made no attempt to simu-

“¥late the natural ground-water redox state or to

-

quantitatively assess the chemical equilibria that
existed during the course of this experiment.

There was visible rust on 11 of 24 sections of the

stainless steel pipes (Table 4). Each pipe section
was carefully examined prior to submersion and
after removal from the ground water. In this ex-
periment and in a previous one (Hewitt 1989),
oxidation on the stainless steel was predominantly
found onthe wall. If oxidation is providing sites for
sorption of release mechanisms, then the freshly

cut surfaces were most likely not a major factor in
the behavior of these two materials. Fresh surfaces
on the PVC pipe is not an experimental artifact
since PVC well screen is made by siotting the pipe.
It was apparent from the values determined for
the control samples that the three 2-L glass bottles
used to transport the ground water had different
concentrations of aqueous Cu (Appendix A). The
range of aqueous Cu concentrations most likely
reflect the residence time of the ground water in the
household and well plumbing. Three distinct pop-
_ ulations of Cu concentration were determined for
the controls at the 99% confidence level (X, =
9.810.0, 1 =4; X, = 1033022, n = 5; X, = 16.040.0, n
= 3). Differences between adjacent mean concen-
trations were established by testing against the
maximum variance determined for all of popula-
tions (Le., X, X, and X}‘X3
The groups established by the three Cu popula-
tions were then tested to determine if any of the
other metals found above its MDL were also sig-
nificantly different. Table 5 presents the averages
and standard deviations for the metal groups based
on the Cu populations for the controls. Only Fb
shows the same increasing mean concentration
trend as the Cu groupings: however, the averages
for the adjacent Pb groups were not significantly

Table 4. Physical state of stainless steel pipes after exposure to

ground water.

Section

1 2 3 4 5

SN WR WR ~ —
G536 = = - .

WR
ER

— WR WR ER

é 7 ] g 10 11 12

KEY: WR = rust on wall: ER = rust on (x3v, Jesh means no rust.

Table 5. Average metal concentrations for the controls
based on the groups established by the Cu populations

(ug/L).
Populations Cu Cr - P As Ba
1 Avg. 9.8" 0. on 0.55 52
Sid. Dev. 0.0 0.021 0.00 0.114 .92
2 Avg. 103 020 025 048 58
Sd. Dev. 019 0.032 0.154 0.00 09
3 Ave.  160* 0x 028 048 56
Sid. Dev, 0.0 0.021 0.048 0.00 0.75

* Statistically different at the 99% confidence level.




Table 6. Summary of results.

Cd Cr , Ph Cu

Materials that keached 1% of
the EPA drinking water quality

fovel) in ground-water solutions. S5316 S5316 SS304  SS34  NA*

Material that showed the
highest average overall amount
af analyte leached

PVC  S531e PVC
rvC 55316

$5316 S5316 55304 SS5304  S5316

* Does not apply.

different at the 95% or even the 80% confidence
level when analyzed in the same manner as the Cu
populations. This analysis establishes that ordy Cu
was significantly influenced by the sample prepa-
ration procedure. Mixing the ground water from
the three collection botties would have eliminated
this artifact. The level of Culeached from the S5 316
far exceeded the difference between the established
populations. :

The results of this study support our previous
work (Hewitt 1989) showing that PTFE is the jeast
reactive material, whereas both PVC and stainless
steel well casings influence aqueous concentra-
tions of metals in laboratory ground-water solu-
tions. As in the first study, the variance among the
stainless steel replicates was often the greatest,
indicating that this material is susceptible to pro-
ducing random error. Both studies found that £5
316 and PVC leach and sorb Cd; in addition, these
two materials, along with S5 304, sorb Pb. Studies
in the future should be conducted under anoxic
conditions to see if oxidation of the stainless steel is
simply anartifact of these experiments. If corrosion
of stainless stee] is absent under reducing condi-
tions, then we mig "¢ aect less random variation
and less of an influence on the metal anaiytes in
ground-water solutions.

Asummary of the results (Table 6) clearly shows
that the stainless steels were the greatest sources of
contamination under these experimental condi-
tions. When PVC leached metais (Pb, Cr and Cd)
that exceeded 1% of the EPA drinking water qual-
ity specifications into solution, there was always a
trend showing a decrease in concentration with
time of exposure. This would suggest that the
leaching of Pb, Cr and Cd from PVC is a surface
process and is small. Most likely the initial release
could be decreased by more extensive cleaning
before the pipes are used. The same statement does
not apply to the stainless steel well casings. In the
cases of leached Cu from SS 316 and leached Cr

from 55304, the concentrations of these metals con-

tinually increased with time over 40 days. It is pos-
sible that stainless steels could supply these ana-
lytes to ground water over an extended period of
time, perhaps the entire life of the casing.

CONCLUSION

Among the four types of well casings tested,
PTFE was the only material that did not leach any

-of the nine metals examined. The other materials

tested in this experiment (PVC, $S 304 and S5 316)
compromised laboratory ground-watgr samples

by contributing analytes of interest (Ba, Cd, Cr, Pb

and Cu). Investigations where only trace metals are
of interest should use FTFE below the saturated
zone. PVC would be the appropriate second choice
since its influence on metal analytes appears pre-
dictable and small. In contrast, the two stainless
steel materials should be avoided.
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APPENDIX A: LEVELS OF CD, PB, CR, BA, AND CU DETERMINED
IN GROUND-WATER SOLUTIONS (MG/L),

Tune

Pipe Replicate  (days) Number (4 Fb Cr Ba Cu
Cntrl i ] 1 <D o 021 42 98
Crerl 2 1 2 <D 0.1 019 4.6 9.8
Cntrl 3 1 3 <D 026 oz 4B 16.0
Cntrd 1 5 4 <D 0.40 0.15 5.5 105
Cntrj 2 5 5 <D 0.1 02 58 9.8
Cnitrd 3 5 6 <D on 020 6.1 10.1
Cnin 1 20 7 <D on 024 8.1 10.1
Cntrd 2 20 8 <D 0.11 T 6.1 95
Cntr k) pii] 9 <D 019 . 420 (1] 105
Cntrl 1 40 10 <D 012 (1B} 58 101
Cnerd 2 40 1 <D 04 020 5.7 16.0
Cntrd 3 40 12 <D o 024 6.3 16.0
PTFE 1 1 1 <D 0.40 0.19 59 108
PTFE 2 1 2 <D 0.26 0.28 6.1 9.8
FTFE 3 1 3 <D Qe Q.19 €9 157
FTTE 1 5 £ 0.117 040 024 49 9.1
TTFE 2 5 5 <D 030 021 55 8.4
PTFE 3 5 & «D on ol 55 5.9
PTFE 1 20 7 o7 040 o 58 153
PTFE 2 20 8 <D o0 0.16 52 49
PTFE 3 20 9 <D 036 0.19 5% 4.6
PTFE 1 40 10 <D 011 o1 49 43
PTFE 2 40 i1 <D at .16 55 74
PTFE k| 40 12 <D 0.40 026 52 43
Ve 1 1 1 £.109 %9 1.13 67 9.4
Pve 2 1 2 0125 19 1.40 7.0 9.8
PVC 3 1 3 0.175 wm 115 6.1 9.1
PVC 1 5 4 onrs rk ;| 115 73 20
PVC 2 5 5 0.142 48 130 6.4 132
PVC a 5 6 01098 157 o a1 B4
PVvC 1 20 7 <D. PR} 130 6.4 11.9
PVC 2 2 8 <D 0.66 1.40 58 43
PVC 3 0 9 <D L) o9 &1 43
PVC 1 40 10 <D 0.9 18 - 6l 443
™e 2 40 n <D o5 1.m 52 43
PVC 3 - 40 12 <D 0.66 12 55 46
S5304 1 1 1 <D 0.48 2 67 98
SS 304 1 1 2 <D 088 113 79 132
S5 304 3 1 3 <D 205 45 76 9.1
S5 304 1 5 4 <D 1.5 133 73 9.8
52304 2 5 s <L 0.96 kI3 | 82 80
S5 304 3 5 6 <D 14 348 79 153
S5 304 ] 0 7 0052 0.30 436 73 9.1
S5 304 2 20 8 <D 281 387 76 9.7
S5 304 3 20 9 <D 498 559 73 196
S5 34 1 40 10 <D 297 530 67 9.1
S5 304 2 40 1 <D 147 45 64 9.4
S5 304 3 40 12 <D .3 57 79 15.9
55 36 1 1 1 2629 0.41 1.48 70 275
S5 316 2 1 2 0209 0.60 129 73 55
S5 316 k) 1 1 0926 170 15.36 8.7 “us
S5 316 ] 5 4 o7 0.96 1.81 85 72
S5 316 2 5 5 2930 2.0 1.69 115 376
S5 316 3 5 T8 0.451 055 186 96 529
55316 1 20 7 0326 150 345 123 1022
S5 316 2 20 s 0.3% 0.76 196 %3 567
55216 3 20 9 0326 0.75 aso 123 84.8
S5 316 1 40 10 0267 057 318 15 973
S5 316 2 40 1 0384 ors KT 9.0 772
S5 316 3 40 12 0209 236 245 94 723
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APPENDIX F

INFLUERCE OF WELL CASING COMPOSITION ON
TRACE METALS IN GROUND WATER



. Influence of Well Casing Composition on
Trace Metals in Ground Water

ALAN D. HEWITT

INTRODUCTION

Representative ground water sampling requires
apparatus made from materials that are chemically
inert with respect to the analytes of interest undera
variety of environmental conditions. Several mate-
rials are being considered by the Environmental
Protection Agency (EPA) foruse as well casings for
ground water monitoring. Four well casing materi-
als now employed were examined in this study:
polyvinylchloride (PVC), polytetrafluoroethylene
(PTFE), stainless stee] 304 (S5304) and stainless steel
316 (85316).

A review of the literature showed that all of the
well casing materials being tested sorb appreciable
quantities of certain jon species (Eichholz etal. 1965,
Miller1982). Both natural and contaminated ground
water vary widely in composition, so testing asingle
ground water solution is insufficient (Barcelona et
al. 1983). In this study, well casings were exposed to
varying concentrations.of metals, pH and total or-
ganic carbon (TOC) in ground water. The metals
selected (arsenic, cadmium, chromium and lead)
have been cited by the EPA as priority pollutants.

In previous studies of the effects of well casing
composition on inorganic constituents in ground
water, it was observed that, in general, steel and
stainless steel release metals (Houghton and Berger
1984, Barcelona and Helfrich 1986). The corrosion of
stainless steel was also cited as causing a hydrous
iron precipitate that could remove spedes from
solution by sorption and coprecipitation (Barcelona
and Helfrich 1986). The only laboratory study cited
intheliterature used deionized water as an aqueous
solution, and samples were taken weekly (Miller
1982). Determinations of Cr and Pb showed that the
latter was more susceptible to sorption and that
PVCwasamore active exchange surface than either
polyethylene or polypropylene (Miller 1982).

MATERIALS AND METHODS

This study monitored metal concentrations ina
variety of ground water solutions exposed to the
four well casing materials. The results were ana-
lyzed for trends in sorption and leaching, the effects
caused by the variables introduced into the solu-
tion, and the randomness of sample pair variability
for the anafytes tested. The degree to which the
analytes were affected was used to rank the casing
materiais. The test procedure was to submerge sam-
ples of well casings in ground water solutions with
different metal concentrations, TOC and pH. After
0.5, 4, 8, 24 and 72 hours, aliquots of the solutions
were collected for analysis. Anincrease in the metal
concentration would indicate that the well casing
material was releasing metals into the solution,
while a decrease in concentration would indicate
that metals were being sorbed by the casing. Both
situations are undesirable,

Test design .

A full 2* factorial screening experiment was used
to test each of the four well casing materials. The
variables selected were aqueous metal concentra-
tion, pH and TOC. The ground water was obtained
from a domestic well system in Weathersfield, Vt.
The two added concentrations of metals were the
maximun level dited by the EPA for primary drink-
ing water quality and one fifth that concentration
(Table 1). Experiments were run both at the natural
pH (7.8} and TOC (not determined) of the ground
water and at modified levels (pH 5.8, natural TOC
plus 5 mg/L humic acid, Aldrich). Acidity was
raised by theaddition of HCl (reagent grade, Baker),
creating an initial pH of 5.8. The natural buffering
capacity of the ground water allowed the pH to drift
t0 6.2 by the end of the 72-hour experiment.

Duplicate samples of each pipe material, along




Table 1. Aqueous metal concentra-
tions added to ground water fortest-
ing well casing materials.

High spike*  Low spike
Metal (mgil) {mgiL)
Arsenic 50 10
Cadmium 10 2
Chromium 50 10
Lead 50 10

* EPA interim primary drinking water
standard (1983} :

with two controls, were exposed to each set of
conditions in the factorial matrix {Fig. 1). Controls
consisted of a container and the sample solution
witholit a pipe sample. Replication allows for the
measurementof random error(consisting of sample
pair variability and analytical precision) and thus
confidence levels can be assigned to observed ef-
fects. A three-variable factorial haseightsets of vari-
able combinations, creating an experiment with 80
samples (4 materials plus 1 control x 2 replicates x 8
conditions). To collect aliquots within 30 minutes,
the factorial was blocked, that is, the solutions with
high metal concentrations were sampled 2 hours
before the samples with low concentrations.
~ TheB80aqueous solutions were prepared by first
adding 97 mL of ground water to each sample con-
tainer. The condition of high TOC was created by
adding1 mL of 500 mg/L humicadd; no humicacid
was added for the low condition. The condition of
high acidity (low pH) was created by adding 1 mL
of 0.183 M HCl; no acid was added for the low
condition. The condition of high metal concentra-
tion was created by adding 1 mL of 5 mg/L As, Cr

1, = Metals
1y s hcidily
L aset0C
L I
I
“Aigh |
|
—t
LLK 1 HLK
I
o A
qui}},
X S e S
L« LHL HHL
/
7 s
Lo-/* /
/s
Lowls LLk ' HLL o
L o
Low ! High

Figure 1. Diagram of factorial matrix.

and Pb and 1 mg/L Cd of mixed metal spike; the
condition of low metal concentration was created
by adding 1 mL of 1 mg/L As, Cr and Pb and 0.2
mg/L of Cd mixed metal spike. The volume in each
sample container was increased to.100 mL with the
addition of 1 or 2 mL of reagent-grade water (Milli
Q Millipore Corp.).. Pipe sections were the last
constituent added to the vessels containing the
ground water solutions. All vessels weresealed ina
room with no natural light at approximately 24°C.
Five aliquots of 2.5 mL each were removed at <0.5,

4, 8, 24 and 72 hours to produce 400 samples for
analysis.

Materials

Polypropylene 125-mL jars (Model 6185-E37,
Thomas Scientific) served as the sampie containers.
The fars were rinsed and soaked for 24 hours in re-
agent-grade water prior to use. The PVC and stain-
less steel well casings were manufactured by Johnson
Well Screen, and the PTFE pipe by MIP inc. All of
these pipes werespecifically made for ground water
monitoring. Approximately 2-cm lengths of S-<m
inner-diameter well casings were cut for the experi-
ment The exact length of the rings varied with the
wall thickness and diameter of the pipe lot tested,
maintaming a constant surface area of 80 cm? Cut
surfaces made up approximately 17% of the area for
thePTFE and PVC well casings but less than10% for
the steels. Care was taken during the milling of the
pipe sections to prevent contact with any foreign
materials (i.e. grease, dirt, oil, solvents and exces-
sive handling). Individual 2-an lengths of pipe
were rinsed with reagent-grade water and dried be-
fore use. No attempt was made to remove surface
discoloration or ink present on the pipes due to the
manufacturing process. Cleaning of ground moni-
toring pipes for field applications often consists
only of rinsing with the cleanest water available be-
fore installation. The pipe sections were completely
submersed in the 100 mL of ground water in each
container, creating a pipe-surface-area/aqueous-
volume ratio of 0.8 cm. This experimental design
has the expected surface/aqueous-solution ratio
for well casing at the bottom of the well; however,
the ratio is lower than would be encountered at the
well screen.

Sample viais (7.5mL CPE, Nalgene) were cleaned
by rinsing with reagent-grade water, soaked for 24
hours in 10% v/v G. Fredrick Smith (GFS) dlstllled
nitricacid, rinsed with reagent-grade water, and air
dried. Aliquots (2.5 mL) were transferred to these
small vials with an Eppendorf syringe and then
immediately acidified to below pH 1 with 50 uL of
concentrated GFS distilled nitric acid. Studies have




shown that acidification below pH 1.5is an effective
" method for preventing the Joss of trace metal spe-

cies from natural waters {Subramanian et al, 1978).

The experiment and all cleaning operations for
the pipe materials and sample containers were per-
formed in class 100 cleanrooms. Ground water, and
ground water treated with the spiking solutions of
humicacid and HCl, showed nodetectable amounts
of As, Cd, Cr and Pb at the sensitivity level used for
the analysis.

Instrumentation

Metal concentrations were determined using a
Perkin-Elmer (PE) model 703 atomic absorption
spectrophotometer coupled with a PE model 2200
heated graphite atomizer. Sample injections of 10
and 20 mL were made with a PE AS-] autosampler.
Eath sample aliquot was analyzed at least twice.
Analyte concentrations were based onaverage peak
height fromstrip-chart recordings. Calibration used
standards of the same acid composition. Furnace
programsand otherinstrument parameters followed
recommended settings for aqueous metal analysis
(Perkin-Elmer 1981). Arsenic determinations re-
quired deuteriumarcbackground correction to elim-
inate interferences from the acid in the sampies and
standards. Alimetal determinations werecompleted
within three weeks after collecting the sample ali-
quots. In addition to running aqueous standards
with acid concentrations matched to the sample ali-
quots, EPA trace metal reference standards were
analyzed independentiy to check day-to-day stan-
dard preparation. '

Conductivity and pH measurements were made
on all of the ground water solutions. Acidity was
checked at the beginning and end of the 72-hour
exposure period {Table 2). All pH measurements

Table 2. Canductivity of ground wa-
ter solutions and pH measurements
at the beginning and end of the 72-

hour exposure.
Matrix Initie!  Final Conductance
no. Key* pH pH (ko)
! HHH 56 6.1 246x10
1 HHL 56 6.2 24A6x10?
3 LHH 56 6.3 24m10°
4 LHL 57 62 244x107?
5 HLH 77 77 1.54x)02
¢ HLL 78 78 1.92x10°
7 U1K 79 79 1.98x10°
8 LLL 77 79 1.96x107¢
Order: Metal, acidity, TOC
H = High
L= Low

were obtained with a semi-micro glass combination
Ross model 81-03 electrode (Orion). The electrode
was calibrated with both highand low ionicstrength
buffers priot to analysis of the ground water solu-
tions. A Leeds and Northrup electrolyticconductiv-

. ity bridge was used to measure conductivity.

Aquequs metal spikes

' Aqueous metal solutions (As, Cd, Crand Pb) for
standards and sample spikes were made by dilut-
ing 1000-mg/L certified atomic absorption refer-
ence solutions (Fisher Scientific Corp.). Lead and
cadmium were introduced into soiution as metals,
chromium as potassium dichromate, and arsenic as
the trioxide for these reference standards. Mixed
metal sample and control spiking solutions without
addification were prepared just prior to doping the
ground water, Standards were prepared daily from
a separate mixed metal stock. The standard stock
solution and working standards were prepared in
reagent-grade water (Milli Q) adidified with 2%
v/v GFS HNO,, -

RESULTS AND DISCUSSION

Ground water was collected and stored insealed
glass bottles for 24 hours prior to making the facto-
rial matrix solutions. From the time of collection to
the end of the experiment, shifts in chemical equili-
bria undoubtedly occurred due to the new environ-
ment and added constituents. Once removed from
its anoxi¢cenvironment, ground water may undergo
redoxand precipitation reactions, such as oxidation
of organics, conversion of sulfide to suifate, and
conversion of ferrous iron to ferric with subsequent
precipitation of hydrous iron oxides (Stumm and
Morgan 1970). Lowering the pH would shift the
carbonate equilibrium from predominantly bicar-
bonate species toward carbon dioxide (Manahan
1572}, Clearly these changes could alter the trace
metal spedies distribution. None of these possible
changes to the ground water composition were
monitored quantitatively.

Qualitatively it was apparent iron was oxidizing
on the metal pipes since surface rust developed on
the stainless steel in 14 of 32 vessels containing this
material (Table 3). In four of the vessels, sufficient
oxidation occurred to form a hydrous iron oxide
precipitate, Stainless steel 316- was more susceptible
to surface oxidation (11 of 16) than S5304 (3 of 16}.
The hydrous iron oxide precipitate only developed
with 55316 in low pH (high acidity) soiutions. Rust
formed on or near the cut surface of the S5304 pipe,
but in the S5316 sections it was predominantly
located near the weld on the exterior wall.




“Table 3. Physical state of stainiess steel pipes after -

72 hours of exposure to ground water solutions.

HHH® HHL LIMH "LHL HIH HILL LLH LLL

83304 O/E O/E — —_ em = e e
‘66304 — — O/E — — — —_ -
55316 F/JE — — F/W Q/W O/W O/W O/E
55316 F/W F/E — — O/W O/W  — O/W
*See Table2

KEY: O - oxidation on surface

F - hydrous iron oxide precipitate in solution
E - oxidation near edge

W - oxidation on wall

Table 4. Design matrix for 2* factorial run in dupli-
cate (-1 represents the low level and +1 the high
level 6f each variable).

XXX XX XX XX, XXX Y

LLL -1 - =1 +1 +I +1 -1 243
LLL -1 -1 -1 +1 +1 +1 -1 209
HLL + -1 -1 - -1 . +1 +1 278
HLL +«1 =1 -1 =1 -1 +1 +1 278
LHL -1 «+1 -1 = +1 -1 +1 561
LHL -1 +1 -1 -1 +1 -1 +1 541
HHL +1 +1 =1 +1 -1 -1 -1 616
HHL +1 +1 =1 +1 -1 -1 -1 4956
SUUH -1 -1 +1 41 | I S | 549
LLH -1 -1 41 41 -1 -1 +1 531
HH +1 4 +1 - +1 -1 =1 502
HLH «1 - +#1 =1 +1 -1 -1 s02
LHH -1 +1 +1 -1 ~1 +1 -1 %43
ItHH -1 + +1 -1 -1 +1 =1 852
HHH +1 41 <+1 1 +1 | 41 +1 a7
HHH +1 4«1 +1 41 +) +1 +1 73.7
* Example of normalized respanses, Pb = 55304 « 24 hours.
KEY: X, = Metal concentration
X, = Adidity
X =TOC

Table 5. ANOVA for Pb at 24 hours with S5304
well casing. The average nommalized response
" was 53.8 and the standard deviation was 4.2

Factor - . Effects af MS F Sig.*
X, (Metal cone) 4.4 1 370 NS
X, (Acidity) 304 1 209 Vs
X aoo 266 1 161 Vs
X X, <74 1 509 NS
X,X, -39 1 926 s
XX ~026 1 o NS
XXX, ~1.89 1 081 NS
ERROR 39.7 8 . 176

*S = significant effect at a significance level of 5%
VS = very significant, order of magnitude greater than F
vahae [F, (df 1.8) = 5.32] at a significance leve) of 5%

NS = not a significant effect at 5% level

Aqueous metal concentrations for the vessels
containing well casing pipe sections were com-
pared to the average amount determined in the two
controls within each matrix set and multiplied by
100. Handling the data in this fashion normalized
the metal concentrations observed for the twolevels
tested, allowing an analysis of variance (ANOVA)
on the entire data set. Consequently the expected
value in every case would be 100 if the pipe casing
exerted no influence.

An ANOVA was performed on a matrix of eight

duplicates for each time interval (Table 4), A repre-
sentative ANOVA table containing all computed
effects, mean squares and F-ratios appears in Table
5. The complete array of ANOVA tables is given in
Appendix A. Typically interaction effects are small
compared to main effects. Consequently the data
summaries that follow will be based exclusively on
main effects and trends in those effects as a function
of ime. The average response is based on all 16
measurements in a set, Each effect is the average of
the eight responses when a variable is at the high
setting minus the average of the eight responses at
the low settings. The MS error is simply the sum of
squares for error between the replicates divided by
eight degrees of freedom (df) (one df from each pair
of values). The standard deviation is the square root
of the MS and represents the random error associ-
ated with an individual experiment.

Table 6 summarizes the effects noted in ANOVA
for the aqueous metal concentrations in contact
with the four pipe materials. Since sample aliquots
were taken at five separate time intervals, effects
that followed a pattern provided support for the
analysis of variance conclusions. Effects were estab-
lished atthe95% confidencelevel The effectsshown
in Table 6 represent the influence that the matrix
variables have on the analyte concentration when a
single constituent changes from the Jow to the high
level. The last two columns in this table show the
random error variance assocated with the dupli-
cate determinations. The standard deviation was
obtained by taking the square rootof the mean sums
of squares for the error. The larger this term be-
comes, the less likely that the analysis will be able to
distinguish real effects from random variations.
Standard deviations greater than 10% depict large
random discrepancies between sample pairs.

Arsenic

No consistent pattern of effects was observed by
the ANOVA on the aqueous arsenic concentrations.
In general PTFE and PVC showed no change in
concentration throughout the 72-hour exposure
period. The lack of influence may be due to the




Table 6, Summary of significant (o= 0.05) main effects and the ran-
dom error of measurement for the four metals, The standard devia-
tion given here is the square root of the MS error and represents the
random erxor associated with an individual measurement.

Time Average Moetal Acidity TOC MS Standard
the) Pipe respottse X, X, X, error deviation
Arsenic
05 rve 9.1 -26 148 38
. I"fFE 9.9 249 5.0
SS34 9.7 334 57
55316 99.4 160 4.0
4.0 rvC 102 +2.8 204 45
FTFE 993 274 52
55304 974 W04 63
55316 S 356 6.0
8.0 PG 100 451 45
PTFE 101 ~43 963 98
SS34 962 ' ki 5.7
58316 945 45 460 68
24.0 PVC 99.4 403 6.4
FTFE 992 -3.5 289 5.4
S5304 89.4 ] 263 5.3
55315 853 6.7 8.0
720 PVC 103 214 4.6
PTFE 102 202 45
- S5304 891 -5.5 705 8.4
88316 87.4 684 83
Cadmigm

1A PVC 101 -26 6.06 25
FTFE 101 -12 -12 128 1.1
55304 106 -33 25 129 36
58316 104 -28 =27 447 21
4.0 e 113 ~7.1 +*92 139 37
PTFE 103 %3 5.4

SS304 17 +{4.5 27 15

B3I 124 2428 49
80 PVC 115 -85 +142 24 140 37
FITE 103 +1.6 +13 24 1.6

S5304 116 H4 +21.6 207 14

85316 130 -29.4 +34.3 07 47
40 PVC 116 -125 +145 4.4 314 56
FTFE 103 -1.6 2% 1.7

S534 112 -123 +24.6 147 12

85316 136 414 68
710 PvC 114 ~145 +149 145 49
PTFE 1m =19 485 22

S5304 103 -14.7 +12.4 188 14

©5316 1254 =384 442 4419 66

Chromiam

123 FVC 10t 3 18
PTFE 101 051 07
S5304 101 261 1.6
25316 102 212 15




Table 6 (cont'd). Summary of significant (o= 0.05) main effects and
the random errorof measurement for the fourmetals. The standard
deviation given here is the square root of the MS error and repre-
sents the random error associated with an individual measure-

“ment.
Time Avernge  Metal  Acidity TOC MS Standard
(hr) Pipe ropense X, X X, error  depiation
4.0 FVC 9.9 1.1 13
PTFE n +075 +0.75 1.16 RE)
SS304 K7 =355 128 37
Ss316 921 -2 ~5.1 +50 6 52
8.0 PVC 100 1.96 14
PTFE 9.9 -1.4 364 1.9
SS34 97.2 . 251 16
o 55316 872 -70 -7.8 +58 m 10
24.0 PVC 100 1.4 157 14
PIFE 10 +19 567 24
55304 103 1381 7 -
55316 855 -112 +8.7 18 n
720 PVC 101 +13 335 18
PTFE 100 +18 1.62 1.3
SS304 103 1795 42
S5316 836 ~113 +94 98.6 9.9 .
: Lead
05 PC 99.9 ~0.55 0.82 09
FIFE 100 6.53 pa
SS304 v 0.64 08
s86 101 649 28
4.0 PVC 889 -22 +29 9.19 a0
FIFE 974 +1.6 3.6 1.9
SS5304 784 22 +65.8 +6.4 121 as
55316 803 =55 +72 +7.4 5.7 7.7
8.0 PVC 893 +3.7 124 35
FTFE 985 +19 9.98 a2
55304 5.9 =34 +12.1 +9.0 9.61 k|
55316 804 -7.7 +10.8 +9.7 100 10
240 FvC 808 5.4 +6.9 257 5.1
PTFE 95.1 +24 162 4.0
S5304 538 . +152 +133 176 4.2
55316 "3 =107 +14.8 as51 19
720  PVC 43 -59 496 414 6.4
PTFE 89.9 +30 22 +4.1 115 34
SS304 452 +15.7 +12.4 373 6.1
58316 7.0 +163 +180 293 17

preferred state of this metal in aqueous solution.
Arsenic exists as arsenates {(FLAsO, H AsO_and
HAs0 ) under oxidizing conditions and as arsen-
ites (H,AsO,, H AsQ, and HAsO,) under moder-
ate reducing conditions in natural waters (Fowleret
al. 1979). These partly dissociated species are nega-
tively charged and are not likely to interact with

surfaces suchas plastics, whichare better known for
their cation exchange capabilities (Massee and
Maessen 1981). The vessels containing both types of
stainless steel showed, on the average, about 2 10%
decrease in aqueous arsenic relative to the controls
for the two longest exposures.



- Cadmijum :
On the average, aqueous cadmjum concentra-

tion increased relative to the controls for all pipe
sections except PTFE, which showed no consistent
effects and no change in aqueous cadmium concen-
tration. PVC in general showed a constant 15%
average enrichment in cadmium after 4 hours of ex-
posure. This enrichment was affected negatively by
the toncentration of the initial metal spike (the
percentage of cadmium enrichment was less at 10
mg/Lthanat2mg/L; however, theabsoluteamount
of Cd contributed by the pipe was approximately
0.5mg/Linbothsolutions) and positively by hydro-
genion (cadmium concentrationincreased as hydro-
gen ion concentration increased). Increasing TOC
shgwed a very small and inconsistent negative ef-
fect. Stainless steel 304 showed an average 15%
increase in cadmium for the 4-, 8- and 2¢-hour
aliquots; however, it returned to the same level as
the contro} for the last collection. This material was
also affected by the concentration of the metal spike
(negative) and hydrogen ion (positive).

A similar pattern was observed for SS316 except
that it did not return all the way to the control level
after 72 hours and the effects were less consistent
due to large random errors, For all the pipe materi-
als that showed enrichment of cadmium, a maxi-
mum was reached before 72 hours of exposure, and
the effect was most pm:mnent atiow metal concen-
tration and high hydrogen ion concentration (low
pH). This suggests that the release of cadmium to
solution from PVC, 55304 and S5316 was small and
that some sorption occurred with time. Cadmium
may have been employed as a UV stabilizer during
the manufacturing of PVC (Wilson et al. 1982), and
it may exist as an impurity in stainless steel

The standard deviation for 5304 was greater

than 10%, showing large random discrepandies
between sample duplicates. Random variation was
a dominant feature with 55316, where after 4 hours
of exposurethestandard deviation was greater than
47%. In sample duplicates the presence of a single
55316 pipe section with surface oxidation was the
major source of variance, In contrast the standard

deviation for both PVC and PTFE were consistently
below 6%.

Chromium

PTFE, PVC and $5304 showed no consistent
effects and on the average no change in aqueous
chromjum relative to the controls. The lack of inter-
action with plasticmay be due to thesalt of the metal
employed to make the aqueous solutions. Potas-
sium dichromate in solution predominantly exists
as dichromate and chromate (Cr,0,, CrO ). Nega-

tsls}
[- PTFE
sof- 3 Fve -
° } 85316
<
S sol— -
g L $5304 i
v .
3 o~ -
® .
& L
& 20t~ et
E_L | 1
a5 24 72
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tively charged species are not as likely to exchange
with plastic surfaces;
Stainless steel 316 showed a 16% average reduc-

tion in chromium after 72 hours of exposure. This -

response was affected by the concentration of hydro~
gen ion (negative) and TOC (positive). The stan-
dard deviation reached 10% after 8 hours for 85316.
Atthe lower pH there was increased surface oxida-
tion with regard to $5316, which may have created
sorption sites and consequently increased random
variation. Hurni¢ species increased the stability of
aqueous chromium, perhaps by acting as a com-
plexing agent. The standard deviation for 55304
steadily increased from 3.7% at 4 hours to 42% by 72
hours. Again the pairs with the greatest discrepan-
cies had one member with surface oxidation. In
general, surface oxidation appeared to be a chro-
mitm source with S5304 and a sink with 58316.

Lead

All four pipe materials shawed acontinuous loss
of aqueous lead relative to the controls with time
(Fig. 2). This metal was by far themostactivespedies
in terms of sorbing onto the well casing surfaces.
PTFE had the least-active surface, followed by PVC,
S5316 and S5304. The average losses rangéd from

10% for PTFE to 55% for 55304 after 72 hours of
exposure. No effects were either large or consistent
with respect to solutions in contact with PTFE. For
$5316, there were large effects that were significant
when they were consistent but that were sometimes
not statistically significant due to large random

error. The trend was toward negative effects for

metal cancentration and positive effects for hydro-

gen ion and TOC concentration. Aqueous concen-
trations of lead in contact with both PYC and SS304
were consistently affected by matrix variables. TOC

Time {nr)

Figure 2. Relative loss of lead in solutions exposed to el
casings.



cancentrationshowed a positive influence on aque-
ous lead concentrations in the presence of PVC and
S5304 pipe sections. Stainless steel 304 was also
affected positively by the concentration of hydro-
gen ion. Humic material apparently again acted as
a complexing agent, making lead more stable in so-
‘lution. Lower pH also increased the ability of lead to
remain in solution for the vessels containing SS304.
Adidity was increased in the ground water solu-
tions by the addition of HCL; with this species inso-
lution, hydrogen ions may compete for sorption
sites.

CONCLUSION

Inlaboratory testing, 55316 and 55304 were found
susceptible to oxidation at locations near cuts and
welds in ground water solutions. Surface oxidation,
presumably by galvanicaction, providesactivesites
for sorption and also releases impurities and major
constituents. This randomsource of error most likely
depends on the specific production batch and sup-
plier of the well casing pipe. Installation is also an
important variable since any abrasions would read-
ily act as oxidation sites. Stainless steel sorbed both
anions and cations faster than PVC or PTFE. Theye-
fore, stainless steels are prone to imposing specific
signatures on ground water and are not suitable
where trace metal determinations are planned.

PVC was asource for low levels of cadmium and
itacts asa moderately active surface for the sorption
of lead. Both of these processes were affected by the
ground water composition. Lead was affected posi-
tively by increasing the TOC concentration, and the
effect on cadmium depended on the analyte con-
centration. Regardless, PVC should be considered
as a well casing candidate based on economics (PVC
is one sixth the price of PTFE) and the strong possi-
bility that the effects cited previously are of less
concern at well recharge rates of less than 24 hours.
PTFE showed no marked interactions with any of
the metals tested. This material is superior to the
others because it did not influence trace inorganics
in ground water of various compositions.
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APPENDIX A: ANOVA TABLES FOR ALL RESULTS
The significance levels are the same as in Table 5 '

Table Al. AROVA for As at 0.5 hours with PVC
well gasing. The average normalized response
was 9.1 and the standard deviation was 3.8.

Table AS. ANOVA for As at 42 hours with PVC
well casing. The average normalized response
was 103 and the sctandard deviation was 4.6.

Factor Effects df M5 F Siq

Effects df MS 13 Sig

Factor

¥%, {Metal cencl -1.28 1 2.87 Ms %, (Hetal conc) -4.84 1 4.37 NS
x,'(Acidity} -5.14 1 7.11 5 X, (hcidity) -3.96 1 2.93 NS
X, (TOC) 1.49 1 3.27 NS X, (T0C) -2.94 1 1.61 NS
XX, -3.01 1 2.4% WS XX, «1.09 1 0.22 NS
¥, 1.26 1 0.43 NS ® X, 2.74 1 1.40 NS
&xr ~3.21 1 2.78 HS XX, 0.46 1 Q.04 NS
XXX, ~-1.74 1 0.81 NS %5 0.54 1 0.05% NS
EITOT 8 _14.%8 Errer g 21.4

Table AZ. ANOVA for As at 4 hours with PVC
well casing. The averaqge normalized response
was 102 and the standard deviation was 4.5,

Taple A6, ANOVA for As at 0.5 hours with PTFE
well casing. The average normxlized response
was 99.9 and the standard deviation was 5.0.

Factor Effects df WS F 3ig FactoT fffects df M5 13 Sig
X1 (Megal conc) 5.70 1 €.3% s X, (Metal conc) -2.30 1 0.85 NS
X2 (Acidity) -3.8% 1 2.90 NS X, (hcidity!} 0.70 1 0.08 NS
X, (TOCh -0.82 1 0.13 WS %, (TOC) -0.65% 1 0.07¢ NS
XX 0.90 1 0.16 HS X%, -2.32 1 0.87 NS
XX, 5.78 1 6.52 5 XX, 2.28 i 0.83 NS
%X, -7.22 1 10.2 3 %% 2.22 1 0.80 NS
XXX, -2.87 1 1.62 NS X%% ~1.40 1 1,32 NS
Error g __20.5 Errer B 24.9

Table A3. ANOVA for As at & hours with PVC
wall casing. The average normalized response
was 100 and the standard deviatiocn was 6.7.

Table A7. ANOVA for As at 4 hours with PTFE
well cazing. The average normalized response
was 99.3 and the standard deviation was 5.2.

Facror Effects df MS 3 Sig factor Effects df MS F Sig
X, "(Metal conc) 2.18 1 0.42 NS %, (Metal conc) 5.20 1 3.90 NS
X, (Acidity) -1.32 1 0.16 NS X, (Acidity) 4.50 1 2.92 NS
X, (TOC) ~4.02 1 1.44 NS X, (10C) -2.40 1 0.83 NS
X1%, ~0.22 % 0.00 NS XX a.2e 1 1.64 NS
*X -1,02 1 0.09 NS XX, 1.8 1 0.51 NS
XX, -0.08 b 0.06 NS X% -0.67 1 0.07 NS
%% -5.22 1 2.42 NS XXX 0.45 1 0.03 NS
Error 8 45.1 EIroI g 27.7

Table A4. ANQVA for A% at 24 hours with PVC
well casing. The average normalized response
was 99.4 and the standard deviation was 6.4.

Table AB. ANOVA tor As at § hours with PIFE
well casing. The average normalized response
was 101 and the standard deviation was 9.8.

Fagctor

Effects df M5 F Sig Factor

gffects df s 13 $ig

X (Metal conc) -1.75 2.45

i 1 .0.30 NS X, (Metal conc)
%, (hcidity) 0.00 1 0.00 NS X, (hcidityl)
X, (T0C) £.55 1 0.03 NS X, (10C)

XX, 1.88 1 0.34 NS XX,
XX, -4.42 1 1.2 WS XX
XX, 1.68 1 0.34 NS %%,
XX % -0.85 1 0.07 NS XXX,
Errer B 40.8 Error

0.4%
-2.682
0.08
-7.70
-5.2¢
-5.32

@ e R e e

1.99 NS
0.07 NS
2.2% NS
0.00 NS
19.7 5
3.16 S
9.42 S

12.0




* Table A9. ANOVA for As atc 24 hours with PTFE
well casing. The average normalized response
was 99.2 and the scandard deviation was 5.4.

Factor .Effects df s £ Sig
X, (Meta) cenc) 2.26 1 0.71 NS
X, (Acidity) -1.2% 1 0.23 NS
X, {TCC) -7.71 1 B.21 s
XX, o~ 2.73 1 1.04 NS
%%, -3.79 1 1.98 Hs
XX, Q.81 1 0.0% NS
XXX, -1.3¢ 1 0.26 NS
Error 8 29.0

Table A10. ANOVA for As at 72 hours with PTFE
well casing. The average normalized response
was 102 ana the standard deviation was 4.5.

Facror

Effects df MS F Sig
X, (Metal conc) =-4.56 1 4.13 NS
X, (Acigity} -1.5¢6 1 0.48 NS
X, (TOO) -1,56 1 0.48 NS
XX 6.26 1 7.7% s
XX PSS 1 1.92 WS
XX, 5,71 1 6.45 s
XAX -2.11 1 0.88 NS
Error 8 20.2

Table All. AROVA for As at 0.5 hours with S$5304
well casing. The average normalized response
was 99,7 and the standatrd deviation was 5.7.

Factor Effects df M3 F Sig
X, (Hetal cenc) - 2.62 1 0.82 Wus
X, (hcidity) -2.40 1 0.69 HS
X, (ToC) 1.98 1 0.47 NS
XX -2.05 1 0.50 NS
XX, 1.62 1 0.32 Ns
%%, -1.85 1 0.41 ks
XXX, 0.70 1 ©.06 NS
Erzor 8 33.4

Table Al2.  ANOVA for As at 4 hours with 585304
well casing. The average normalized response
was 87.8 and the standard deviation was 6.3,

Factor Effects df MS F dig
X, (Metal cong) =-2.12 1 G.44 NS
X, (Acidity) -1.95% 1 0.38 NS
X, {TOC) -2.70 1 0.72 NS
XX, -1.25 i 0.15 N§
XX, 2.65 1 0.70 NS
XX, -4.72 1 2.21 WS
X XX, -0.68 1 0.08 NS
Error 8 40.4

10

Table Al3. ANOVA €or As at 8 hours with 55304
well cazing. The average normalized response
was 96.2 and the standard deviation was 5.7,

Factor Effects df MS F Sig
X, (Metal conc) -5.0¢ 1 3.2¢0 135)
X, (Acidity) -8.59 1 9.12 S
X, (TOC) -3.74 1 1,73 ns
X%, -4.46. 1 2.26 N3
X,X, 2.79 1 0.96 NS
X, X, i 2.54 1 0.80 NS
XXX, ~10.% 1 13.7 s
Errer g 232.3
Table Ald4, ANOVA for As at 24 hours with S5304

well casing. The average normalized response

‘'was 89.4 and the standard deviation was 5.1.

Factor Effects df M5 13 Sig
X, (Metal conc) =0.56 1 - 0.05 NS
¥, {hcidity) ~1.96 1 0.5% NS
X, (T0C) -2.89 1 1.27 NS
XX, -3.09 3 1.45 N5
X% 4.04 1 2.48 Ws
%X, 7.29 1 g.0% S
XX -1.39 1 0.29 NS
Error B 26.3

Table AlS. ANOVA for As at 72 hours with S5304
wall casing. The average normalized responae
was 6§9.1 and the standard deviation was 8.4.

Factor Effects df MS F Sig
X, {Metal conc) -8.80 1 4.37 RS
X, (Acidity) -11.7 1 7.715 8§
X, (TOC) -4.15 1 0.97 NS
X% -13.6 1 10.5 5
XX 23.9 1 30.0 5
XX, §.02 1 3.63 Ns
XXX 1.62 1 0.14 NS
£xzer g§__70.3

Table Al6. ANOVA for As at 0.5 hours with 55316
wall casing. The average normalized response
was 99.4 and the standard deviation was 4.0.

Factor Effects df HS F Sig
X, {(Metal conc) -4.12 1 4.25 NS
X, (Acidity} -2,75% 1 1.89 NS
X, {TOC) 2.20 1 1.21 NS
XX 2.30 1 1.32 NS
XX, 1.45 1 0.52 NS
XX, -2.18 1 1.18 NS
LXK -0.68 1 0.1} WS
Error g 16.0




Table Al7. ANOVA for As at & hours with 55316

well casing. The average normaliied response
was 94.5 and the standard deviation was 6€.0.

X

Factor Effects df MS F sig
X, {Matal conc) . 3.52 1 1.34 HS
, {hcidicy) 3.890 1 1.58 NS
X, (TOC) -2.35 1 0.62 NS
X, X -0.7% 1 0.06 RS
x1% 1.60Q 1 6€.32 S
XX, - -2.62 1 0.7 NS
XK -2.62 1 0.7% NS
Error & 136.6

Table AlB. ANQOVA for As at 6 hours with 55316

well casing. The average normalized response
was 94.5 and the standard deviation was 6.8.

Flcvor Effects df HMS F  Sig
X, (Meatal conc) 2.55 1 0.57 NS
X, (Acidity) -1.15 1 0.16 NS
X, (100) -9.10 1 7.20 $
X% -0.82 1 0.06 NS
XX €.28 1 .95 5
% -7.02 1 4.29 NS
XXX -7.55 1 4.95 NS
Error 8 46.0

Table Al19. AHOVA for As at 24 hours with $35316

well casing, The average hotmalited response
was 85.3 and the standard deviation was 8.0,

Factor Effecrs df HS F S5iq

{Metal conc) .08 1 0.00 NS
X, (Acidity) 1.58 1 £.16 NS
%, (I00) 2.5%% 1 0D.41 NS
XX -0.60 1 0.02 us
XX $.32 1 1.78 N§
XX, 1.39 1 0.11 s
p% & & 1.52 1 0.1% NS
Error 8- 631.7

Table A0. ANOVA for As at 72 hours with 55316

wall casing. The average normalized response
was 67.4 and the scandard deviation was 8.3.

factor Effects df M8 F Sig
X, (Metal conc) 3.69 1 0.79 us
X, (Acidity) 7.74 1 3.50 uS
X (T0Q) -7.43 1 3.4 NS
X1X, -8.51 1 4.23 NS
XX, 14.6 1 12.4 s
XX, -0.5%4 1 0.05 NS
XXX 5.66 1 1.87 WS
Error 8 6B.4 )

Table A21. ANMOVA for Cd at 0.5 hours with PVC
well casing. The average nermalized response
wvas 101 and the standard deviation was 2.5,

Factor Effects df HS F S5ig
X (Metal con¢) -2.49 1 4.08 NS
¥, {Acidity) -2.71 1 4.85% NS
X, (ToC) -5.13 1 17.4 5
XX, -1.19 i 0.93 RS
60X, -0.31 1 0.54 NS
XX, 0.41 1 0.11 NS
XXX - =111 1 0.82 NS
Error 8_ 6.06

Table A22., AMNOVA for Cd at 4 hours with PVC
well casing. The average normalized response
was 11) and the standard deviation was 3.17.

Factor Effects df HS F Sig
X, (Hetal conc)-1d.2 1 58.1 vs
%, (Aeidity) 18.4 1 §7.1 VS
X, {10C} -1.50 1 1.04 NS
XX, -8.710 1 127.1 s
% 1.9% 1 4.% MWS
XX, -0.35 1 0.04 MS
X 5% -0.10 1 0.00 NS
Erzor 8 _13.¢

¢

Table A23. ANOVA for Cd at 8 hours with PVC
well casing. The average normilized rssponse
was 115 and the standard deviatlon was 3.7.

Factor Effects df MS F 5ig
X, {Metal conc)=-19.0 1 103 Vs
X (Acidicy) 28.4 1 230 vs
X (TOC) ~4 .85 1 £.70 s
b & & -12.% 1 45.4 s
XX €.70 1 12.8 s
XX, -4.48 1 5.70 s
XXX 42 3 5.57 ° 8
Erzor B 34,1

Table A24. AROVA for Cd av 24 hours with FVC
well casing. The average normalized response
wag 116 and the standard deviation was 5.6.

Factor Effects df MS F Sig
X, (Metal conc}-25.0 1 79.8 Vs
X, (Acidity) 29.0 1 107 Vs
%, {TOC) -5.82 1 9.93 8
XX, -17.0 1 16.9 3
XX, 9.52 1 11.6 5
XX, -10.6 1 14.4 5
X B.02 1 8.21 s
Errar 8 11.4




Table A2ZS. ANOVA for Cd at 72 hours with PVC
wall casing. The average normalized response
was 114 and the standard deviation was 4.9,

Factor Effectsdf MS F Sig
X, {Metal conc} -29.1 1 iy? vs
X, (Acidity) 29.8 1 144 Vs
X, (ToC) 0.39 1 0.02 NS
XX o -20.0 1- 65.2 Vs
XX - 12.3 by 24.7 s
X5 -7.86 1 10.1 5
X, XX 7.21 1 8.47 s
SIrox 8 24.6

Table A26. ANOVA for Cd at 0.5 hourz with PTFE
well casing, The average normalized response
waz 101 and the standard deviation was 1.1.

. _Factor Effects df S F Sig
X, {Metal conc) 0.46 1 0.6 NS
X, {(hcidivy) -2.43 1 18.5 s
X, (TOC} ~2.44 1 18.% £
XX =l1.0¢ 1 3.36 Nus
XX, 1.66 1 ‘8.62 s
XX, 0.31 1 0.30 us
XX% 1.51 1 7.14 s
Error 8 1.28

Table A27. ANOVA
well casing. The

Factor

for Cd at 4 hours with PTFE
avarage normdlized response
was 103 and the standard deviation was S.1¢.

Effecta df MsS F Sig
X, (Metal conc) =-1.74 1 0.41 NS
X (Acidity) 0.91 1 0.11 NS
X, {T0C) -0.04 1 0.00 NS
XX 6.9 1 0.12 MS
XX, 2.66 1 0.97 NS
XX, 1.8¢ 1. 0.33 N5
ng,xl -4.09 1 2.28 NS
Error 8 29.3

Table A28, ANOVA for €4 at § hours with PIFE
well casing. The average normalired response
was 103 and the standard deviation was 1.6.

Factor Effectsdf MS F Sig
X, (Metal conc) 3.15 1 16.4 s
X, {heidity) 3.65 1 22.1 s
X, (ToC) -0.75 1 0.93 NS
%X, 3.70 1 22.17 s
XX, -0.70 1 0.81 NS
#,X, 0.30 1 G.15 ws
XXX 2,45 1 9.94 s
Error 8 2.42
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Table MA23. AROVA for Cd at 24 hours with pPIFE
vell casing. The average normalized response
wvasz 103 and the standard deviation was 1.7,

Factor

Effects df

MS T Sig
X, (Metal cancl ~0.34 1 0.15 NS
¥, fAcidity) 1.86 ) 4.79 NS
% (TOC) -3.16 1 13.8 5
X% 4.56 1 28.8 s
x,x, 1,74 1 4.17 NS
XX, -5.86 1 47.5% s
XXX, 2.14 1 6.31 s
Ercar 8 2.50

Table A30. ANOVA for €4 at 72 hours with PTFE
well casing. The average normalized response
was 102 and the standard deviation was 2.2.

Fagror _ Effects df MS F__- Sig
X, (Metal cong) -~3.92 1 ©o12.7 s
X {Acldicy) 0,90 1 0.67 NS
X, (TOC) 0.78 1 0.49 HS
XX, -1.65% 1 2.24 NS
XX, «2.18 1 3.89 NS
% 1.7% 1 2.82 NS
XX, -0.90 1 0.67 NS
Error 8 4.86 !

Table A3), MHOVA for Cd at 0.5 hours with S5304
wall casing. The average normalized response
was 106 and the scendard deviation was 3.6.

Factor Effects df MS F Sig
X, (Metal conc) ~6.68 1 13.8 8
X, (Acidity) ~0.02 1 0.00 Ns
¥, (ToQ) -5.02 1 7.82 8
XX ~0.82 1 0.21 NS
XX 2.08 1 1.33 NS
XX 0.0z 1 0.00 NS
XXX 3.28 1 0.50 NS
Efror g 12.9

Table A32. ANOVA for Cd at 4 houra with 55304
well casing, The average normalized response
was 117 and the standard deviation was 13.

Factor Effects df MS F Sig
X, {¥etal conc) ~-15.2 1 4.26 nS
X, (Acidity) 28.9 1 15.4 s
%, tT0C) -7.16 1 0.35 WS
XX ~16.7 1 5.11 NS
XX S.14 1 0.49 NS
XX, -6.41 1 9.76 WS
KX, 3.09 1 0.18 NS
ErrTor B 217




cable A33. ANOVA for Cd at 8 hours with $5304
well casing. The average normalired response
was 116 and the standard deviation waa 14.

Factor Effects df MS F Sig
X, {Metal conc) ~-18.9 1 6.86 s
%, f{Acidicy} 13.2 1 Jé6.1 s
X, (T0C) -5.35 1 0.5% NS
XX -21.5 1 8.95 5
XX, 2.42 1 0.11 NS
XX, ~ -5.22 1 0.53 NS
X,%,% 5.00 1 0.48 WS
Error g 207

Table A34. ANOVA for €d at 24 hours with 55304
well casing. The average normalized response
was 112 and the standard deviation was 12.

a Factor Effects df WS E Sig
X, (Metal conc) -24.6 1 16.4 $
X, (hcidity) 49.2 1 65.4 vs
X, (T0C) -10.0¢ 1 2.73 -8
XX -24.3 1 16.0 S
XX, €.68 1 1.21 NS
XX, =-30.7 1 3,07 Ks
XXX, 8.18 1 . 1.81 Ws
Error 8 147

Table A35. ANOVA for Cd at 72 houra with S5304
wall casing. The average normalized rezponsas
was 103 and the standard deviation was 14.

Factor Effects df HS ¥ Sig
X, (Metal conc) -29.4 1 18.6 s
% (Acidity) 44.8 1 43.3 5
X, (TS -6.65% 1 0.95 N8
XX, -31.0 1 20.7 s
XX -0.6Q 1 0.00 NS
X, -2.98 1 0.19%9 us
XX 4.22 1 0.38 NS
Errer 8 186

Table Mﬁ. ANOVA for Cd at 0.5 hours with $5316
well casing. The average normalized response
.was 104 and the standard deviation was 2.1.

Factor Effects df s F Sig
X, (Metal conc) -5.69 1 29.0 s
X, {(hcidity) C.46 1 0.1% NS
X, (TOC) -5.46 1 26.7 &
XX, ~1.86 1 3.12  Ms
XX, 5.71 1 29.2 S
XX, 0.%1 1 a.24 NS
XXX 0.24 ) 0.05 NS$
Error 8 4.47
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Table A37., ANOVA for Cd at 4 hours with 55316
well casing. The average normalired response
wat 124 and the standard deviation was 49.

Facror Effects df MS F Sig
X, (Mecal conct -52-4 1 4.53 WS
X, {Acidity! 53.4 1 4.70 NS
%, (TCCy -35.1 1 Z.03 wus
XX, ~47.5 1 3.72 WS
XX, 38.0 1 2,38 RS
%X, ~32.6 1 1.76 NS
XXX, 34.7 1 1.99 NS
Error 8 2430

Table A38. ANOVA for Cd at 8 hours with 55316
well casing. The average normalized response
was 130 and the standard deviation was 47,

Factor Effects df MS 3 Sig
X, {Metal conc) ~58.7 1 €.25 5
X, (Acidity) 69.7 1 8.80 S
X, (Tod) -32.8 1 1.94 N5
XX -%7.5 1 5.98 5
XK, 0.25 1+ 2.94 NS
XX, -33.7 1 2.06 uS
XXX, 41.9 1 3.18 NS
Erzror & 22310

Table A39. ANOVA for Cd at 24 hours‘with SS316
well casing. The average normalized response
was 136 and the standard deviastion was 68.

Factor Effects df ™S 13 sig
X,. (Metal canc) =73.6 1 4.70 NS
X, (hoidity) 18.2 1 5.31 NS
X, {100} ~45.¢9 1 1.83 HS
XX ~66.4 1 3.82 NS
XX, 57.8 1 2.8% WS
XX, ~57.8 1 2.88 NS
XXX, £1.8 1 2.33 NS
Error 8 4610

Table A40. ANOVA for Cd at 7Z hours with S£216
well casing. The average normalized response
was 125 and the standard deviation was é.

Factor Effects df MS F Sig
X, (Metal cont) -76.8 1 5.34 3
K, (Acidity) 8.5 1 7.09 5
X, {(T0C) -47.0 1 2.00 NS
XX, ~65.3 1 3.86 NS
x X, 23.2 2.10 NS
XX, -51.3 1 2.38 NS
XX, 47.8 1 2.07 NS
Error 8 4420

Y



- Table A41, ANOVA for Cr at 0.5 hours with PVC

well casing. The average normalized responae
was 101 and the standard deviation was 1.8,

Factor . Lffects &f MS F Sig
X, (Metal conc) ~1.68 1 3.36 NS
X, (hcidity! -1.45 1 2.52 NS
X, {TOC) -1.72 1 3.36 NS
b 5 S 1.88 1 1.21 NS
XX, 0.80 1 0.97 NS
%X, 1.08 3 1.39 NS
X %% -1.50 1 2.70 WS
Erxror 8 3.34

Table A42. ANOVA for Cr at 4 hours with PVC
well casing. The average normalized response
was¥99.9 and the standard deviation was 1.3.

Factor Effects <of MS F Sig
X, (Metal conc) 0.96 1 2.15 NS
X, (Acidity) 0.62 1 0.90 NS
X, {TOC) -1,06 1. 2.62 NS
XX, -1.03 1 2.81 NS
XX, ¢.68 1 1.0% M5
XX, ¢.09 1 ¢.02 us
5% -0.97 1 2.20 N3
Errar B 1.71

Table A43. ANOVA for Cr at 8 hours with PVC
well casing. The average normalized response
was 100 and the standard deviation was 1.4.

Factor Effects df Ms F Siqg
X, (Metal conc) -1.44 b 4.21 NS
X, (Acigity) 0.71 1 1.04 NS
X, (T00) =1.313 1 3.65 NS
XX, -0.71 1 1.04 NS
XX, S o-1.41 1 4.07 NS
XX, 1.99 1 8.05 s
XAX -0.09 1 0.02 NS
Error 8 1.96

Table A44. ANOVA for Cr at 24 hours with PVC
well casing. The average normalized response
was 100 and the standard deviation was 1.6.

Factor Effects df Ms 13 Siq
X, (Metal conc) 1.75 1 4.77 NS
X, {(Acidity) 0.15 1 0.04 NS
X, (IQC) -2.78 1 12.0 us
xix, -0.10 1 0.02 NS
XX, -1,12 1 1.57 NS
XX, -0.48 1 0.35 Ns
XXX -0.08 1 0.01 Ms
Error 2] 2,57
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Table A45. ANOVA for Cr at 72 hours with pve
well casing. The average normalized response
was 101 and the standard cdeviation was 1.8.

Factor Effects df MS F Sig
X, (Metal cone) 2.71 1 8.80 s
%, (Acidivy) -1.39 1 2.30 NS
X, (Tacl 0.69 1 0.57 NS
XX -1.11 1 1.48 NS
XX, 1.01 1 1.23 Mg
XX, - 1.21 1 1.76 NS
XXX 0.8% 1 0.94 NS
Error B 3.35

Table Ad46. ANOVA for Cr at 0.5 hours with PTFE

wall casing. The averige normalized response
was 101 and the scandard deviation was 0.7.

cto Effects df MS Sig
¥, (Metal conc) 0.30 1 - Q.70 NS
X, (Acidity) -G¢.78 1 4.68 NS
X, (T0C) -0.12 1 0.12 NS
b & & Q.72 1 4.10 NS
XX 0.62 1 1.05 NS
XX -0.45% 1 1.58 NS
LXK ~0.4% 1 x.sg NS
Error 8 0.5 )

Table A4?7. ANOVA for Ctr at 4 hours with PTFE
wall casing. The average normalized response
was 101 and the stancdard deviation was 1.1.

Factor Effects df M2 F Sig
X, (Metal conc) 1.49 1 7.72 s
X, (Acidity} 0.98 1 3,33 NS
X, 1TOoC) 1.47 1 7.47 s
XX -0.13 1 0.06 NS
XX, ~0.97 1 3.25 N3
XX 1,09 1 4.14 ©S
L& &8 ~1.49 1 7.73 S
Error & 16

Table A48. ANOVA for Cr at 8 hours with PIFE
well casing. The average normalized response
was 98.9 and the standard deviation was 1.9!

Facrer Effects df MS 3 Sig
X, (Metal conc) =3.16 1 11.0 s
X, (Acidity) -0.79 1 0.68 NS
X, (TOC) ~1.46 1 2.35 N5
XX, -3.21 1 11.3 5
XX 2.26 1 5.62 5
XX 4.49 1 22.1 s
XXX 1.41 1 2.19 NS
Error 8 .64




Table A49. ANOVA for Cr at 24 hours with PTFE
well ca3sing. The average normalized response
was 101 and the standard deviation was 2.4.

Factor Etfects df MS F Sig
¥, (Metal cenc) -3.16 1 11.0 s
X, (Acidity) -~ 0.28 1 0.05 NS
X, {(T0C) -1.22 1 1.06 NS
X X, 0.00 1 0.00 NS
XX, -0.95 1 0.63 NS
%, - -1.00 1 0.71 NS
XXX, -1.98 1 2,77 Hs
Error ] 5.64

Table ASO. ANOVA for Cr at '-12 hours with PTFE
vell casing. The average normalized response
was 100 and the standard deviation was 1.3.

.. Factor Effects df MS F Sig
X, {(Metal conc) 3,59 1 il.s s
X, (Acidity) -1.1% 1 3.4% NS
X, . (TOCT Q.74 1 1.35 NS
XX =0.21 1 0.11 uS
XX, -2.14 1 11.3 s
%%, 0.84 ! 1.7¢  Ns
XXX, -0.79 1 1.3 N§
Error 8 1.62

Table AS1l. ANOVA for Cr at 0.5 hours with 55304

well casing. The average normalized response
waz 101 and the standard deviation was 1.6.

Factor Effects df MS F Sig
X, {(Metal conc) -0.9% 1 1.50 NS
X, {hcidity) -1.19 1 2.16 NS
X, (TOC) -0.08 1 0.01 NS
XX, 0.71 1 0.78 NS
X%, 1.00 1 1.57 WS
XX, -0.64 1 0.62 NS
X, X, X, -0.28 1 Q.33 HS
Error 8 2.61

Table AS2, ANOVA for Cr at 4 hours with SS304
well casing. The aversge normalized response
was 95.7 and the standard deviation was 3.7.

Factor Effecrts df MS F Sig
X, {(Metal conc} =-1.39 1 0.56¢ NS
¥, {(hcidity) -7.14 1 14.7 s
X, (T0C) 1.96 1 1.11  ®S
XX, -2.11 1 1.29 NS
X%, ~0.81 i 0.19 NS
XX, -0.86 1 0.22 NS
X.X.X, -2.94 1 2.50 NS
Error 8 13.8
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Table A53. ANOVA for Cr at 8 nours with 55304
well casing. The average nermalized response
was 57.2 and the standard c¢eviation was 16.

Factor Effects df M5 3 Sig
X, (Metal conc)-30.7 1 1.83 NS5
X, (Acidivy) ~5.16 1 0.42 ns
X, (TOC) 8.26 1 1.09 NS
X, x2 -9.66 1 1.48 NS
XX, -10.6 1 1.80 NS
szl 9,76 1 1.52 NS
XXX, $.79 1 . 1.52 NS
Error B 251

Table 54. ANOVA for Cr at 24 hours with 55304
well casing. The average normalized response
was 103 and the standard deviation was 37.

factor Effects af Ms F Sig

X {Metal cone) =-7.74 1 0.17 NS
X, {Acidityl .46 1 0.03 H5
X, (T0C) 20.3 1 1.20 NS
XX, -11.,0 1 T 0.3%5 NS
XX -18.¢ 1 1.00  HS
XX, 19.2 -1 1.07 HS
XXX, -20.9 1 1.26 NS
Error 8 138O

&
Table ASS. ANOVA for €r at 72 hours with S5304
well casing. The average normaljized response
was 103 and the standard deviation was 42.

Fagtor Effects df MS 3 Sig

X, {(Hetal conc)y 5.50 1 0.07 NS
X, (Acidity) 5.88 1 0.08 NS
X, {TOC) 3z.8 1 2.39 NS
XX 1.2% 1 0.00 NS
XX, -18.9 1 0.79 NS
XX, 238.6 i 1.94 NS’
LX X -15.8 1 0.56 NS
Error 8 1BOQ

Table ASE. ANOVA for Cr at 0.5 hours with. 55316

wall casing. The average normalized response
was 102 and the standard deviation was l.5.

Facror Effects df HMS F Sig
%, {Metal conc) -1.31 1 4.43 RS
X, (Acidity} -1.49 1 4.17 NS
X, (TOC) 0.59 1 0.65 NS
%X -0.34 1 0.21 NS
XX, 1.69 1 5.37 %
X.X, ~0.49 1 0.45% N3
XXX, -0.89 1 1.48 WS
Error g8 2.12




Table AST. ANOVA for Cr at 4 hours with 55316
well casing. The average norma_lized response
was 92.1 and the standard deviation was 3.2,

Factor Effects df MS F Sig
X, {Metal conc) -6.54 1 £.20 s
X, {(Acidity) -10.3 1 15.4 s
€ OLTOD) 10.0 1 14.6 s
X%, ~5.99 1 5.20 NS
xx, 0.11 1 0.00 NS
XX, 6.54 1 6.20 s
XXX, 0.11 1 0.00 NS
Error 8 27.6

Table AS8. ANOVA for Cr at 8 hours with S8S53le
well casing. The average normalized rasponse

was 87.2 and the standard deviation waa 10.
'l

" Factor Effects dof HS T Sig
X, (Metal conci-}d.l 1 7.77 s
X, {Acidicy) -15.6 1 9.56 5
X, (T0C} 11.8 1 5.46 S
XX, -3.19 1 3.32 Ns
XX, -1.58 1 0.10 N8
X X, 10.6 1 4.42 WS
X, XX, 1.99 1 0.15 Ns
Erzor ] 102

Table AS9. ANOVA for Cr at 24 hours with SS316

well casing. The average normalized reaponase
was BS.5 and the standard deviation was 11,

Factor

Effects df MS F Sig
X, (Metal cenc) =9.91 1 3.32 NS
x, {Acidity) ~22.4 1 17.0 s
X, (TOC) 17.4 1 10.2 S
%X -11.9 1 4.77 Ns
X%, -1.71 1 0.10 NS
XX, 11.4 1 4,42 ¥s
XXX, 2.26 1 0.17 Rs
Error 8 118

Table AS80. AMOVA for Cr at 72 hours with 535316
wall casing. The average normalized response
was 83.6 and the standard deviation was 9.9.

Factor Effects df MS F Sig
X, (Metal conc) -5.86 1 1.39 =us
X, (Acidiry)  -22.6 1 20.7 s
X, {TCC) 18.8 1 14.3 s
XX -7.66 1 2.38 NS
XX, -2.36 1 0.23 NS
XX, 12.9 1 6€.77 s
XXX, 3.64 1 0.54 N§
Error 8 98.6
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Table A6l. ANOVA for Pb at 0.5 hours with PVC

well casing. The average normalized raspense
vas 9%.9 and the atandard deviation was 0.9.

Factor Effects df M5 § 5ig
X, (Meral conc) -0.09 1 0.04 NS
X, (Acidicy) ~1.06 1 5.52 5
X, (TOC) -0.61 1 1.81 HS
XX, 0.74 1 2.66 NS
XX, 2.0% 1 21.2 s
LA, -0.04 1 0.01 NS
XXX, -0.84 1 3.42 NS
Error g8 0.82
Table A6Z. ANOVA for Pb at 4 hours with PVC

wall casing. The average normalized responzs
was 88.9 and the standard deviation was 23.0.

Factor Effects df MS F _Sig
X, {Metal conc) -0.71 1 0.22 NS
X, (Acidity -4.16 1 7.%4 S
X, (T00) 5.89 1 - 18.1 s
XX 2.34 1 2.37 NS
XX ~3.21 1 4.49 NS
XX, £.84 1 10.2 5
LK% 1.1 1.28 WS
Erzor 8 9.319

Table AG3. AROVA for Pb at 8 hours with FVC
vall casing. The average normalized respense
was 89.3 and the standard deviaction was 3.5.

Factor Effects df HS T Sig

(Metal conc) -2.96 1 2.84 NS
X, {Acidity) ~3.06 b 0.00 NS
X, Ty 7.46 1 18.0 s
XX -0.79% b 0.20 NS
XX, -0.41 1 0.06 NS
XX, 3.64 1 4.27 Hs
X AKX -2.5%4 1 2.08 NS
Error 8 12.4

Table A64. ANOVA for Ph ar 24 hours with PVC
well casing., The average ncrmalized response
was 80.8 and the srandard deviacion was 35.1.

Factor Effects af M5 13 S5ig
X, (Mecal conec) -2.78 1 1.20 NS
X, tacidity) -10.7 1 17.9 s
X, {T0C) 13.9 1 0.1 s
XX, 0.20 1 0,01 NS
XX, -3.55 1 1.96 NS
X% 7.95 1 .81 §
X5X, ~2.68 1 1.11 NS
Error 8 25.7




Table AES. ANOVA for Ph at 72 hours with PBVC
wall caszing. The average normalized respande:
was 74.3 and the standard deviation was 6.4.

Factor Effacts df MS 3 Sig
P X, {(Meral conc) Q.20 1 Q.00 NS
X, (Acidity) =-11.7 i 13.3 5
X, (To) 19.2 1 35.1 5
X%, . 1.67 1 0.27 NS
%X, - -2.75 1 0.73 NS
XX, .02 3 €.23 s
XXX, -2.98 1 0.86 WS
Error B 41.4

Table A6E. AMOVA for Pb at 0.5 hourns with PTFE
well casing. The average normalized response
was -19‘0 and the standard deviation was 2.6,

Factor Effects af M5 F Sig
X, (Metal cong) 0.12 1 0.01 NS
X, (Acidity} 1.25 1 0.96 NS
X, (1T0C) 0.92 1 0.52 NS
XX, -0.08 1 0.00 WS
XX 1.40 1 1.20 NS
- & & Q.28 1 G.05 ®S
XXX ~1.95 1 2.12 w®s
Error B €.53

Table A§7. ANOVA for Pb at 4 hours with PIFE

well casing. The average normalized response
was 97.4 and the standard deviation waas 1.9.

Factor Effects df MS F

Sig

{Metal conc) 3.30 1 11.8 ]

X, (Acidity) 0.88 1 0.83 NS

X, {ToC) -0.42 1 0.20 NS

XX 3.28 1 11.6 s

XX, -4.52 1 22.3 s

XX, -2.65% 1 7.61 s

3% -2.36 1 5,713 s
Error 8 3.6%

Table A6B, ANOVA for Pb at 8 hours with PTFE

well casing. The average normalized response
was 98.%5 and the standard deviation was 3.2.

Factor Effeces adf MS F Sig
X, {Mecal conc) 1.24 1 g.61 HsS
X, (Acidity) i.84 1 5.90 s
X, (TOoC) 0.66 i 0.18 NS
XX, -3.21 1 4.13 Ns
XX -0, 09 1 0.00 NS
XX, -1.49 1 0.8% WS
X, X, %, 2.11 3 1.79 NS
Errer 8 9.98

Table A69. ANOVA for Fb at 24 houra with PTFE
well casing. The average normalized responae
was 95.1 and the standard deviation was 4,0,

Factor Effectz df MS F Sig
%, {(Metal conc) 0.08 1 0.00 HS
X, {Aciaity) ~2.7% 3 1.86 NS
X, (TOC} 4.75% 1 $.5%6 s
X, X, ~3.38 1 2.81 NS
XX, -0.68 1 0.11 KS
XX, -0.25 1 0.02 NS
LS5 -0.48 1 0.06 NS
Error 8 16.2

Table A0, ANOVA for Pb at 72 hours with PTFE
well cesing. The average normalized response
way 89.9 and the standard deviation was 3.4.

Factor

Erfacts df M3 F Sig

{Matal conc) 5.96 1 12.3 N§

X, tAcidity) -4.49% 1 €.99 S

X, (TOC) 8.16 1 t23.1 b

XX -1.21 i 0.51 NS

XX, -1.5 1 0.79 NS

b & 3 0.54 1 0.31 NS§

S & 4 -2.8% 1 2.%0 NS
Error g _11.5

Table A71. ANOVA for Pb at .5 hours with 55304
well czsing. The average normalized response
was 102 and the standard deviation wasz 0.8.

Factor Effects df MS F Sig
(Metal concy 0.05 1 0.02 NS
X, {(heidity) Q.50 1 1.57 WS
X, (TOC) o0.08 1 0.04 NS
X% -0.82 1 4.26 N$
XX, -0.35 1 0.7¥7 NS
X% -0.80 1 4.01 NS
LXK 0.52 1 1.73 NS
Error 8 Q.64

Table A72. ANOVA for Fb at 4 hours with 55304
well casing. The average normalized response
was 78.4 and the scandard deviacion was 3.5.

Factor Effects df MS F s5ig
X, (Metal conc) -4.48 1 €.61 s
%, (heidicy) 13.% 1 60.6 Vs
X, {10C) 12,9 1 55.1 Vs
XX 1.90 1 1.19 KNS
XX -2.58 1 2.1% NS
XX, -5.15 1 g.75 S
LAY -0.85% 1 0.24 NS
Error 8 12.1
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Table A73, ANOVA for Pp at 6 hours with S5304
well casing., The average normalized response
was 6€59.9 and the standard deviation was 3.1,

__ﬁmx___:mm__ns__a__m

X, (Hetal conc) -6.76 1 19.0 8
X, (heidity? 24.2 1 243 vs
X, (TOC) 118.0 1 134 vs
XX, -5.01 1 10.5 s
X% _~ -2.09 1 1.81 Ns
XX, -6.61 1 1.2 s
XXX, 0.26 1 0.03 NS
Error 8 9.61

Table A74, ANOVA for Pb at 24 hours with S5304
wall casing. The zverage normalized response
was S3.8 and the standard deviation was 4.2.

'S

Factor Effecrs df MS _F " S4g
X, {Metal conc) -4.04 1 3.67 NS
X tAcidity) 30.4 1 209 vs
X, (T0C) 26.6 1 161 vs
XX ~4.74 1 5.0% KNS
XX, ~6.39 1 4,26 s
%%, -0.26 1 0.02 NS
XXX -1.89 1 0.81 NS
Erreor 8 17.€

Table A75. ANOVA for Pb at 72 hours with $5304
well casing. The average normalized response
was 45.2 and the standard deviation waa €.1.

Factor Effects df MS F Sig
X, (Meral conc) =-0.78 1 0.06 NS
X, {Acidity) 1.4 i 106 Vs
X, (TOC) 24.8 1 65.8 VS
XX, -0.18 1 0.00 NS
XX, ~3.65 1 1,43 NS
XX 1.72 1 1.49 us
XXX -2.30 1 Q.57 NS
Error g 37.3

Table A76. ANOVA for Pb at 0.5 hours with 55316
well casing..The average normalired response
was 101 and the standard deviation was 2.5.

factor Effects dr MS E Sig
X, iMetal conc) -2.351 1 3,89 NS
X, {(Acidityl 0.31 1 0.06 HS
X, (TOC) 1.06 1 0.69 NS
XX, -0.64 1 0.25 NS
X%, 1.01 1 0.63 NS
XX, -0.91 1 0.00 WS
XXX 0.86 1 0.46 NS
LrIor. 8 £.49
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Table A77. ANOVA for Pb at 4 hours with 55316
well casing. The average normalized response
wazs §0.31 and the srandard deviation was 7.7.

Factor Effecrs df MS F Sig
X, (Metal conc) =11.0 1 8.14 5
X, (Acidity) 14.4 1 13.8 s
X, (TCC) 14.8 1 14.7 s
x % ~2.23 1 0.34 NS
X 0.80 1 0.04 NS
X% : ~5.058 1 1.71 NS
45X 6.12 1 2.51 NS
Error B %9.9

Table A78. ANOVA for Pb at 8 houra with SS316
well casing. The average normalized response
was 80,4 and the standard deviation was 10.

Factor Effects df MS F Sig

{Metal conc) -15.4 1 9.47 5
X, (Acidicy) 21,5 1 18.4 5
X, {10 19.4¢ 1 " 15.0 [
XX -1.7% 1 2.3% WS
XX, 1.02 1 0.54 MS
XX, -€.38 1 0.76 NS
XXX 2.00 1 0.16 NS
Error ] 101

Table ATS., ANGVA for Pb at 24 hours with SS5316
well casing. The average normalized response
was 79.3 and the standard deviation was 19.

Factor Effects df MS F S5ig
X, (Matal concy} ~21.4 1 £.23 NS
X, (Acidity) 17.7 1 3.58 NS
X, (T 2%.6 1 10.0 ]
XX =5.02 1 0.2%8 RS
XX, 2.60 1 0.08 NS
XX 3.20 1 0.211 - NS
LXK -0.40 1 0.0¢ NS
Error & 151

Table ‘A80. ANOVA for Pb at 72 hours with $531¢
well caaing. The average normalized response
was 72.0 and the standard deviation was 17.

Factor Effects Jf HSs F Sig
X, {Metal conc) =-2.65 1 0.10 NS
X, (Acidity) 32.5 1 14.4 s
X, (TO0C) 15.0 1 16.1 g
XX, 0.80 1 0.01 NS
X% §.40 1 0.56 NS
XX, -6.82 1 0.64 NS
XXX -1.70 1 0.04 NS
Errer B 293
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Evaluation of Four Well Casing Materials for
Monitoring Selected Trace Level Organics in Ground Water

LOUISE V. PARKER. THOMAS F. JENKINS AND PATRICK 8. BLACK

INTRODUCTION

Background

Several different materials have been used in
the manufacture of well casings and screens for
monitoring ground water. These materialsinclude
virgin fluorocarbon resins (ie., fluorinated ethyl-
ene propylene (FEF), polytetrafiuoroethylene
(PTFEand Teflon(R]), and stainless steel (304,316,
or 2205), cast iron, galvanized steel. polvvinyl
chloride (PVC), polyethylene (PE), epoxy bisphe-
notanad polypropyiene (PP) (US. EPA 1986). Until
relatively recently (1985) PVC was the preferred
casing material. However, in 1985 the initial draft

ofthe US.EPA’s “Resource Conservationand Re- -

covery Act (RCRA) Ground-Water Monitoring
Technical EnforcementGuidance Document™ was
published. Thisdocumentstated, “in constructing
welis, theowner/operatorshould use Teflon, Sin-
less Steel 316, or other proven chemically and
physically stable materials.”

The EPA's concern was that many of the mate-
rials commondy used in ground water monitoring
affected the quality of the samples or did not have
the long-term structurai characteristics required
of RCRA monitoring wells. The EPA document
stated that “steel casings deteriorated in cofrosive
environments; PVC detetiorated in contact with
ketones, esters and aromatic hydrocarbens: poly-
ethylene deteriorated in contact with aromatic
and halogenated hydracarbons; and polvpropyl-

ene deteriorated in contact with oxidizing adds,

aliphatic hydrocarbons and aromatic hydrocar-
bons.” The EPA was also concemned that steel,
PVC, polyethylene and polypropylene might ad-
sorb or leach constituents, thereby aifecting the
composition of the ground water samples.
Because of the furor that followed publication
of the initial draft of this document, the require-
ment was reduced slightly in the final version.

This version stated that “fluorocarbon resins or
stainless steel should be specified for use in the
saturated zone when volatile organics are to be
determined, or may be tested, during a 30-vear
period” (US. EPA 1986). The RCRA docurmnent
further stated that “Nationa) Sanitation Founda-
tion (NSF) or ASTM-approved polyvinyi chioride
(PVC) well casing and screens may be appropriate
if only trace metals or nonvoiatile organics are the
contaminants anticipated.”

It is generally recognized that metal pipes can
corrode, that polymeric materials suchas PVC, PE
and FP can soften and swell in the presence of
either pure or highly concentrated solutions of
some organic solvents, and that flusropolvmers
are resistant to attack by almost all chemical spe-
des. However, in ground water monitoring situa-
tions very high concentrations orneatsolventsare
usually not encountered. Therefore, PVC casings
may be suitable for monitoring organics in the
concentration range most commonly found. This
report focuses on the interactions between well
casings (PVC, PTFE and stainless steel) and mrace- -
level organic constituents.

Literature review

Ideally the long-term interaction betweena well
casing and the ground water being monitored
should not resultin gain or loss of analyte orinter-
ference with the anaivtical method used for detes-
mination. Analyte loss can resuit from sorption of
analyte by the casing material, from chemical or
microbiological destruction of the anaiyte as a re-
sult of interaction with the surface, or leaching of
a substance from the casing matenal.

Masse etal. (1981} outlined the factors involved
in sorptive josses of metals on containers: )

1. The chemical nature of the analyte and its
concentration.

2. The characteristics of the solution—the pres-




ence of adds, dissolved material, complexing
agents, dissolved gases (espedially oxygen), sus-
pended matter, and microorganisms.

3. The properties of the container—chemical
composition, surface roughness, surface cleanli-
ness, relative surface area, history (i.e., age, prior
cleaning, and previous exposurel,

4. External factors—-temperature, contact time,
access of light, and agitation.

These factors are generally applicable to well
casing materials, and many of them are also ap-
plicable when considering the sorption of organics
from soluton.

There have been several studies examining the
sorption of organics by rigid PVC. Lawrence and
Taosine (1976) found that PVC chips were quite
efficent in adsorbing PCBs from water and waste
water. However, PVC a to be effective
only at sorbing PCBs when their concentrations
were close to their solubility limits.*

Pettyjohn et al. (1981) dlaimed that metal sur- -

faces canalsostrongly adsorborganiccompounds.
Although they did not present any supporting
data, they claimed that, for example, DDT is
strongly adsorbed by stainless steel.

Miller (1982) conducted a six-week laboratory
study that tested three types of well casing materi-
als, induding schedule 40 PVC, for sorption of
trace levels (2-14 pg/L) of six volatile organics.
The substances tested were bromoform, trichloro-
fluoromethane, tri ene, 1,1,1-trichloro-
ethane, 1,1 2-trichloroethane, and tetrachloroeth-
ylene. While the data he presented were only
semiquantitative, tetrachloroethylene appeared to
be sorbed by the PVC casing material (25 to 50%
loss after six weeks). It is not clear why this com-
pound was preferentially sorbed. However, it couid
be that its planar geometry allowed it to more
easily penetrate the pores of the polymer (Berens
and Hopfenberg 1982, Parker and Jenkins 1986).

Curran and Tomson (1983) tested five plastics
for adsorption of trace levels (0.5 ug/L} of naph-
thalene and p-dichlorobenzene. The plastics tested
included Teflon, and glued ornonglued rigid PVC.
This study was performed by pumping a set vol-
ume (20 L) of the aqueous organicsolution through
the tubings. The data they reported were only
semiquantitative, but they estimated that 80-100%
of both of these organics were recovered.

Houghton and Berger {(1984) compared adja-
cent wells, made of PVC and steel, to assess the
effect that composition of the well casing material

*D.C. Leggett, CRREL, persomal communication 1986

had on the composition of sampled water. These
wells had been in the ground for two years. Each
well was only sampled twice. Although they found
that concentrations of dissolved organic carbon
and total organic carbon were 10% higher in the
PVCwell thanin the steel well the PVC casing was
joined using organic solvents, which may explain
the elevated organiccarbon content. Perhaps their
most significant finding was that sampling meth-
ods had a greater effect on the ground water com-
position than the of casing.

Qur laboratory studied the suitability of PVC
well casings for monitoring low levels of military
munitions and their breakdown products (Parker
and Jenkins 1986). Specifically, the substances stud-
ied were2.4,6-trinitrotoluene (TNT), hexa-hydro-
1.3,5-trinitro-1,3,5-triazine (RDX), octahydro-1.3,
5,7-tetranitro-1,3,5 7-tetrazocine (HMX) and 2.4-
dinitrotoluene (DNT). OQurinitial study, conducted
far 80 days under non-sterile conditions, indicated
significant loss of TNT and to a lesser extent HMX
in the presence of PVC well casing. However, 2 21-
day follow-up study, conducted using bothsterile
and nonsteriie conditions, indicated that TNT loss
seemed to be assodiated with increased microbial
degradation in the presence of PVC rather than
sorption by PVC. In the nonsterile samples, loss
was only 4% greater after 21 days than when com-

with the controls.

Reynolds and Gillham (1986) have conducted
perhaps the most definitive study on PVC and
PTFE materials to date. In a laboratory study they
determined the sorption of low levels of five halo-
genated compounds by six polymeric matenais
including rigid PVC rod and PTFE tubing. Theor-
ganic compounds tested, in concentrations rang-
ing from 2045 pg/L. were 1,1,1-trichioroethane,
1,1.2.2-tetrachloroethane, bromoform, tetrachlor-
octhylene and hexachloroethane.

For each poiymer, several pieces were placed
into sixty 160-mL hypovials, which were then
filled with the aqueous organic solution without
headspaceand sealed. Thirty controisamples were
prepared identically except that they did not con-
tain any added polymer. The resuits were ex-
pressed by taking the final concentration Cand di-
viding it by the initial concentration C - Arelatve
concentration of 1.0 tepresented no sorption.

Both PVC and PTFE sorbed four of the five com-
pounds tested. Sorption was generally slow; de-
creases in solution concentrations were generally
less than 50% after 5 weeks.excepta«g’; ff?ﬂ?‘:gi‘;i‘
ethylene, which was reduced by 30% 1n ap; -
mately 8 hours by PTFE. Reynalds and Gillham




{1986) determined the time at which the relative
concentration (C/C ) was reduced to 0.9 for each
polvmerand thenranked theminorder. The order
the compounds weresarbed varied between poly-
mers. Reynolds and Gilham (1986) compared this
order of loss with the compounds’ octanol/water
partition coefficient (log K_ ), undecane/water
partition coefficient, and solubility in water, but
they did not find any relationship (Table Al).

They attributed the loss by the polymer materi-
als to absorption. They developed a model where
uptake of an organic compound first proceeds by
sorption/dissolution into the polymer surface,
followed by diffusion into the polymer matrix.
Their analytical model is givenineqg 1:

S -ep[kRY aﬁ[&@l‘?ﬁ} W

Ce A?
where C = concentrationinsolution(ug/L}attime
t (sec)

C, = initial solution concentration (ug/L)
C/C, = relativeconcentration{(dimensioniess)
K = partition coefficient between the or-
ganic compound in solution and the
polymer (dimensionless)
D = diffusion coefficient in the polymer
(am?®/sec).

The product of K and D is defined as the permea-
bility coefficient (P}.

Using this model, Reynolds and Gillham (1986)
fitted the curves through the data and found rea-
sonable agreement between eq1 and most of their
experimental results. They were unable to fit a
curve through the data for absorption of bromo-
formby PTFE orl,1,1-trichloroethane by PVC, be-
cause they did not measure any absorption of
thesecompounds after five weeks. Theyalso found
that after three weeks hexachloroethane and bro-
moform were more rapidly absorbed by PVC than
eq 1 predicted. However, enhanced biodegrada-
tionin the presence of PVC (similar to what Parker
and Jenkins (1986] observed with nitroaromatics)
could aiso expiain this additionalloss. They noted
additional peaks in the chromatograms of these
samples; these peaks wese similarto ones they had
observed indegraded stock solutions of bromoform
and hexachloroethane. No precautions were taken
in their study to preventbiodegradation of the an-
alytes,

Reynolds and Gillham (1986) felt that their re-
sults for PVC compared well with those from Mil-

ler (1982, except for the results for bromoform

with PVC. Miller noted no loss after six weeks,
whereas thev found 43% loss after five weeks.

Revnolds and Gillham (1986) concluded that
PVC absorption was sutfidentlv siow so that any
resulting bias would most likely not be significant
for these compounds, provided the well is devel-
oped and sampled onthesameday. Theyalsocon-
cluded that the same was true for PTFE except for
tetrachloroethylene. However, they did not feel
they had sufficient data to recommend the use of
PVC over PTFE, and they also could not predict
which organic chemicals were most susceptible to
absorption. Moreover, we feel that some caution
should beused whenextrapolating their datasince
they did not use actual well casings.

Sykes et al. (1986) evaluated sorptive losses of
organics by well casing materials in a laboratory
study that may more closely parallel a real ground
water monitoring situation. Control samples,
which contained only the aqueous organic solu-
tion, were compared with samples that also con-
tained either pieces of PVC, stainless steel or FTFE
well casing. The organics tested were methylene
chloride, 1,2-dichloroethane, trans-1.2-dichioroeth-
ylene, richioroethylene, toluene, and chicroben-
zene. Concentrations ranged from 87 to 150 pg/L.
After seven days at 5°C, solutions were decanted
and replaced with fresh solution (at the initiaf con-
centrations). Samples were then taken after 1 hour,
the sample solutions were again refreshed, and
final samples were taken after 24 hours. They re-
ported that for both exposure times and all organ-
ics tested, the mean values for the solutions ex-
posed to casing materials (threereplicatesamples)
were usually within 1 standard deviation of the
mean contro values (nine replicate samples). They
concluded that there were no statistically signifi-
cant differences between the control samples and
those containing well casings.

Barcelona and Helfrich (1986) conducted anin-
situstudy to determine the effect of well construc-
tion material on the reliability of determinations of
organic chemical constituents in ground water.
They constructed adjacent wiells at upgradient
and downgradientlocations at twosanitary land fill
sites. Casing materials were PTFE, 304 stainless
steel, and PVC. No solvent cements, threadgd
joints, or uncommon materials were employed in
well construction. Their findings are based on
samples taken once 2 month for 6 months.

At site 1 Barcelona and Heifrich (1986) gener-
ally found, at the downgradient location. hlgh?f
levels of total organic carbon content (TOC) in
samples from the stainless steel and Teflon wells




than from the PVYC well. Thelevels of 1,1-dichloro-
ethane (DCE) were generally higher in samples
taken from thedowngradient Teflon and stainless
steel wells than those taken from the PVC well.
The values for cis-1.2-dichloroethylene (CDCE)
were considerably higher in the samples taken
from the stainless steel well than in those from
either plastic-lined well.

Atsite 2, the levels of DCE were 10 times higher
thart at site 1. In contrast to site 1, the levels of
purgeable organics were consistently higher for
the PYC well samples than for the stainless steel or
Teflon samples. The concentration of DCE was
two times greater for the samples from the PVC
well than for those from the stainless steel well Be-
cause these wells wereonly aboutl mapart, Barce-
lona and Helfrich feit it unlikely that they had in-
tercepted ground water of different microconsti-
tuentquality. However, while they conduded that
well casing materials exerted significant, though
unpredictable, effects on the determination of to-
tal organic carbon and specific volatile organic
compounds, we feel a much larger statistical base
than two data sets is needed before any conclu-
sions of this type can be drawn. Also, other differ-
ences in the construction of the wells may be re-
sponsible for these differences.

Gossett and Hegg (1987) compared three sam-
pling devices, inciudinga handmade Teflon bailer
and a PVCbailer, to determine their effects on the
recovery of three volatile organic compounds in
ground water. The three organicsused were chioro-
form, benzene and 12-dichloroethane; the initial
concentrations were 749, 439 and 628 mg/L, re-
spectively. They used twoexperimental wells:one
constructed with PVC casing and the other with
stainless steel. Based on analysis of variance, they
claimed that neither sampler type nor well casing
material had a significant effect. However, with
only one sampler of each type of material and no
report of the number of replicate samples, we cau-
tion against extrapolating these results to a larger

population of samplers or casings. .

In a laboratory study, Jones and Miller (1988)
examined several different well casing materials
forsorption of several tracelevel {parts per billion)
orgaric constituents. Thematerialsincluded PVC,
ABS, Teflon, stainless steel 304, and Kynar (poly-
vinylidene fluoride or PVDV). Although they
found losses for most of the compounds tested,
there were no controf sampies that could be used
for comparnison. Therefore, josses could result from
sorption by the glass containers or Teflon caps, or
from chemicaldegradation orbiodegradation since

no precautions were takento preventbiodegrada-
tion.

Aside from possible losses due to sorption, cas-
ings may leach substances that could interfere
with analyses or could cause, oraid in, alteration
of the analyte in question.

Several companernuts of rigid PVC may possibly
teach. These components include vinvi chloride
monomer (VCM), thermal stabilizers, pigments,
lubricants, fillers, irnpurities, and transformation
products. While older studies (Banzer 1977 and
Dressman and McFarren 1978) found that signifi-
cant concentrations of VCM leached from PVC
pipe into water, this problem has been greatly
moderated by reducing theresidual VCM levelsin
the resin and finished products (Barcejona et al. -
1984). While we were not able to find much spe-
dfic information on the substances used as ther-
ma] stabilizers in PVC well casings, in the United
States organo-tin compounds have been widely

.used in PVC potable water pipes (Boettner et al.

1981). Lead compounds are more widely used in
other parts of the worid such as Great Britain. Spe-
cific organo-tin compounds used ih the US. in-
cludemethyl-, butyl-, and octyl-tin esters of lauric,
maleic, and thioglycolicacids (Boettneretal. 1981).
Other stabilizers that have received approval for
use in potable water pipes include compounds
containing antimony, antimony-tin, calduum-zinc,
and zine (Mc Clelland 1981). While the inorganic
components of stabilizershave been found toleach
from PVC pipe at measurable levels (Packham
1971ab,cGrossetal. 1974; Dietzetal. 1977; Boettner
et al, 1981 and McClelland 1981), there is little in-

formationregarding jeaching of the organuc compo-

nents. Presumably organic species are less soluble
and therefore would not leach as readily. Metal
leachingis greatestinitially {(mostly occurring with-
in the first few days) and can be reduced by either
precleaning the pipe with detergent, prerinsing it,
or by treatingit with dilute mineral acid (Packham
1971 aand c). This may also be true with respect to
leaching organic constituents. Plasticizers (phtha-
late esters) are also components of flexible PVC
products; but we wauld not expect to see them
leaching from well casings since rigid PVC prod- -
ucts do not contain them (plasticizers are added to
give flexibility).

in addition to the actual components of well
casing materials that may leach substances into
ground water, well casings that have been joined
by solvent bonds can significantly leach the sol-
vents used to join the pipe (Boettner et al. 19‘81.
Sosebee et al. 1982). Commonly used bonding




solvents are tetrahydrofuran, cylelohexanone,
methvlethviketone, and methylisobutylketone. Be-
cause these solvents have been detected leaching
into ground water several months after installa-
tion of monitoring wells {Sosebee et al. 1982 and
Miller 1982), it is generally recommended that
onlv casings and bailers with threaded joints be
used for ground water monitoring. These soivents
may also dissolve some of the PVC polvmer, there-
by releasing chloroform and carbon terachloride
{Desrosiers and Dunnigan 1983).

Miller {1982) Jooked for leaching of soivent ex-
tractable substances, such as plasticizers and other
additives, from PVC well casings that had been
exposed for 3 to 6 weeks to solutons containing
wace levels of severai metaland organiesubstances.
The samples were extracted with solvent, concen-
trated by a factor of 1000, and analyzed using
flame ionization gas chromatographv (GC-FID).
Although Miller did not find any identifiable sub-

stances in these leachates, he cautions that jeach- .

ing may be greater in an actual monitoring situa-
tion where ground water is flowing and may
contain other more aggressive pollutants.

Curran and Tomson (1983) also tested PVCand

Teflon for leaching of contaminants; in their test,
water was actually pumped through the tubings.
The samples were and anaiyzed using
methods very similar to those used by Miller(1982).
Curran and Tomson (1983) did not find any ana-
lytical interferences in the samples that had been
exposed to either Teflonor PVC that had been pre-
viously washed with detergent. They conciuded
that rigid PVC was acceptable for ground water
monitoring if the casing is thoroughly washed and
rinsed prior to installation.

Wealsa tested several samples of PVC well cas-
ing for the leaching of substances that could inter-
fere with analytical determination of these muni-
tions (Parker and Jenkins 1985). We did not find
any detectable interferences using reversed-phase
HPLC analysis (Jenkins et al. 1986).

Organic lubricants such as inks or lubricants

used during manufacture could possibly leach
from stainiess steel casings.
_ Inaddition to possible analytical problems aris-
:ng_fmm substances that can be leached from well
casing materials, desorption of substances that
have been previously sorbed by casing materials
could raise the concentration of analytesif the con-
centrations in the well were to decrease substan-
Hally.

Only two studies have addressed desorption of
organuc constituents (Miller 1982, Jones and Miller

1988). Because the study of jones and Miller (1988)
did not include any control samples, we wil] not
discuss those results. However, Miller (1982) found
slight (25%) desorption of tetrachloroethvlene from
PVC during the first two weeks.

Digest of the literature
and propased study

Generally, we feel that the literature on the
interactions of trace level organics with S5, PVC,
and PTFE casings is incomplete. Many of the stud-
ies we dted only examined one or two of these
casing materials; this makes itdifficult to compare
all four casings. Also, there were problems in the
experimental design of a number of these studies;
often there was no replication or controls, the data
were not quantitative, or effects such as biodegra-
dation could not beruled out. Inaddition, manvof
theauthors failed to reportthe actualdata, thereby
preciudingan independentassessmentof theauth-

‘ors’ conclusions.

In spite of these problems, some conctusions
can be drawn from the literature. First, at least
some of the smaller halogenated aikanes and alk-
enes were slowly sorbed by both PVC and PTFE.
and in one instance tetrachloroethviene was rap-
idly sorbed by PTTE (50% loss within 8 hours).
However, based on thedata sa far, we cannot pre-
dict which compounds are most susceptible to loss
or the rate of loss, While few studies have exam-
ined whether this loss is reversible, there is evi-
dence in at least one study that tetrachloroeth-
yiene that has been sorbed by PVC is also siowly
desorbed. There does not appear to be any prob-
lem with organic substances leaching from PTFE.
While there are a number of compounds that pos-
sibly could leach from PVC casings and several
metal species have been found to leach, theredoes
not appear to be a serious problem with organic
substances leaching, espedially if the casing is
washed with detergent and water prior to use.
Also, while one would not expect to find organic
substances leaching from stainless steel casings,
again the.casings should be washed to eliminate
any surface contaminants,

The purpose of this study was to compare the
performance of these four casing matenals when
subjected to trace levels of a variety of organic spe-
cies including several volatile species. This study
included control samples and sufficient replica-
tion to allow objective statistical analysis of the re-
sults. Biodde (mercuric chloride) was added toall
the samples to eliminate losses due to biodegrada-
ton.
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MATERIALS AND METHODS

Five-centimeter (2-in.}-diameter threaded well
casings designed specifically for ground water
monitoring were used in this study. The casings
tested were schedule 40 PVC, Teflon, and 304 and
316 stainless steel. Sections 11 mm in length were
cut from the PVC and Teflon casings and those 14
mum in length from the two stainless steel casings.
Because the thickness of the walls of the well cas-
ings varied, the length was varied so that the final
surface area would be the same for all the casings.
These ring-shaped sections were then cut into
quarters. Special care was taken to eliminate con-
tamination from grease or oil in the cutting proc-
ess. For each casing material, the pieces were then
placed inalarge beaker containing deionized water
plus detergent and sonicated for 10 minutes. The
pieces wete then rinsed with deionized wateruntil
no suds remained, placed in fresh deionized wa-
ter, and sonicated for 20 minutes. The water was
then poured off, and the pieces were left to air dry
onlint-free paper towel. Two piecesof casing were
placed in each 40-mL vial. The vials were filled
with theaqueous test solution so that there was no
headspaceand thencapped with Teflon-lined plas-
tic caps. Similar vials with no well casing material
served as controls, The ratio of the surface area of
the casing to solution volume was 0.79 em¥ml;
this ratio was determined by dividing the surface
arez inside a 5-cm- diameter pipe by the voiume

that the pipe would hold, or SA/V = 2f wherer=.

254 om. The ratio of solution volume to volume of
casing material was approximately 10.

In the first experiment, the test solution was
prepared by adding each of the organics directiy to
22 L of well water (taken from a deep water well
in Weathersfield, Vermont) in a stoppered glass
bottle. The organics used were RDX, trinitroben-
zene (INB), dis-12-dichioroethviene (CDCE),
trans-1,2-dichloroethylene (TDCE), m-nitrotolu-
ene (MNT), trichloroethylene (TCE}, chloroben-
zene(CLB), o-dichlorobenzene (ODCB), p-dichlo-
robenzene (PDCB), and m-dichlorobenzene
(MDCEB). The criteria used for selecting these sub-
stances included whether they werean EPA prior-
ity peliutant, molecular strucrure, solubility in
water, K value, and retention time (using re-

versed-phase HPLC analysis). The finai concen-

tration was approximately 2 mg/L for each or-
ganic constituent. The solution also contained 40
mg/L HgCl, to prevent biodegradation of the
organics. The bottde was filled to capacity to elimi-
nate any headspace, capped with a ground glass

stopper, and then stirred with a2 magnetic stirrer
for 24 hours. The solution was then poured into
scdntillation vials and capped: separate vials were
prepared for each sampling period so that the test
solution could be discarded after sampling. For
each material and time there were three replicate
samples. Sample times were 0 hours, 1 hour, 8
haurs, 2¢ hours (1 day), 72 hours (3 dayvs), 168
hours (1 week) and approximately 1000 hours (6
weeks).

After removing an aliquot for analysis from
eachofthe 1000-hour samples, the vials wereemp-
tied, and the pieces of well casing were rinsed with
fresh, uncontaminated well water to remove any
residual solution adhering to the surfaces. The cas-
ing pieces were then placed in clean vials with
freshunspiked well water, capped, and allowed to
sit for 3 days. Aliquots taken from these samples
were analyzed to determine if desorption had oc-
curred.

Inthe second experiment 2.0 g of NaCl was also
added per liter of solution to test the effect high
chloride concentrations had on sorption/desotp-
tion.Sampling times were the same except that the
last sample was taken after approximately 1200
hours (7 weeks).

All analytical determinations were performed
using reversed-phase high performance liquid
chromatography (RP-HPLC). A modular system
was employed consisting of a Spectra Physic SP
8810isocratic pump, a Dynatech LC-241 autosam-
pler with a 100-uL loop injector, a Spectra-Physics
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Figure 1. Chromatogrom for 10 analutes.
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SP8490 variable wavelength UV detector setar 210
nm, a Hewlett-Packard 3393A digital integrator
and a Linear model 555 strip chart recorder. Sepa-
rations were obtained on a 25<m x 4.6-mm (5 um)
L.C-18 column (Supelco) eluted with 1.5 mL/min
of 62/38 (V/V) methanol-water. Retention times
varied from3.0to 18.8 minutes (Table A2). Baseline
separation was achieved for all analytes (Fig. 1).
Detector response was obtained from the digital
integrator operating in the peak height mode. An-
alytical precision (% RSD) ranged from04 t0 3.9%
(mean = 1.6%) as determined by the pooled stan-
dard deviation of triplicate initial measurements
from both studies (Table A2).

'Prior to conducting the two experiments de-
scribed above, a preliminary leaching study was
conducted. This study was conducted to deter-
mineif any substancesleached from the (four) cas-
ing materials that could interfere with our analyti-
cal method. For this study, two pieces of each type
of well casing were placed ineach of two vials. The
vials were then filled with fresh well water so that
there was no headspace, capped and allowed tosit
for one week. Analiquot was taken from each vial

and anaiyzed. No detectable peaks were observed
in any of the sampies.

RESULTS AND DISCUSSION

In the first experiment we compared the four
well casing materials with control samples to de-
termine whether there were any losses of the 10
analytes from solution. The complete data from
this study are presented in Appendix Tables A3~
Al2.Thesedata aresummarized in Table I, where
the normalized concentrations forthe well casings

are given with time. For each analyte and time, 2
one-way analysis of variance test (ANQVA) was
peffOrB‘\ed'to determine if the well casing material
had any significant effect {at the 95% confidence
jevel). When significant differences were found. a
muitiple range test was also petformed to deter-
mine which materials were significantly different
from each other. Those values that were signifi-
cantly different from the control samples were
marked with an asterisk in Table 1.

Examining these data reveals that 1) the stain-
less steel well casings did not affect the concentra-
tion of any of the analytes in solution. while PVC
and Teflon casings did affect the concentration of
some of the analytes, 2) the effect of PVYC was con-
siderably lessthan thatof Teflon,and 3) the amount
of analyte lost varied with the substance. Asan ex-
ampile, Figure2 shows the concentration of MDCB
as 2 function of time for the four well casing ma-
terials, There was no loss of analytein the samples
that contained either stainless steel casing. Loss of

'MDCB was siow in those samples that contained

PVC casing; after 1000 hours the loss was 20%.
However, for the samples containing Teflon cas-
ing, loss was much more rapid; 20% of the MDCB
was lost within the first 24 hours and over 70% was
lost after 1000 hours.

There were no statistically significant losses of
RDX or TNB in sojutions containing any of the
well casing materials, even aster 1000 hours (Table
1). Loss of MNT was only statistically significant
after 1000 hours, when 10% was iostin thesamples
containing Teflon casings. However, there was
significant loss of the remainder of the substances
insamples containing Tefloncasingsand formany
of those containing FVC casings.

Loss of COCE in samples containing Teflon
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Figure 2. Sorption of MDCB by the four well casing matenals.
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Table 1. Normalized® concentrations of analytes for the four well cas-

tngs with time.
- Analvte  Trestment  Thour  Bhours 2dhours 72hours 168 hours 1000 hours
RDX  PTFE 10 100 ¢ 182 oM 0%
PVC 1 100 098 100 ;o 10
S5304 29 0% . 1w 10 098
55316 0 (A 101 1.02 LN .0
TNB  PIFE 101 100 100 098 095 101
Ve tm 10 0% 1 101 102
S04 C 099 10 100 155 w10
- SS316 1m0 0 1w 106 102
CI2IXE  PTFE 101 096' 096 0% 05" O
PVC 100 095 095 09 Q%5 030
SS304 057 120 L0 0% 104 098
53316 095 0 100 101 098 099
TI2DCE PTFE 10 0%r 088 083 086 056
PvC W 098 08F 106 0% 08
S5304 095 100 100 0% LI 1.00
_ 55316 10 09 10 L2 10 100
MNT  PTFE 103 100 . 0% 0% 0% 0%
PVC 12 10 088 105 0% 0S4
5304 100 0 101 100 108 107
ss316 1m0 @ 18 130 099 ¢
TCE  PIEE 100 00 085 07F 064 040
PVC 101 098 OS¢ 099 094 088
S5304 0.96 100 101 096 1.04 0.99
5316 100 09 10 14 0%8 190
CLB  PIFE 101 093 050" 088  07¢  OSY
PVC 101 098 095 088 0% 088
| S5304 098 10 10 07 105 09
S5316 099 0% 101 106 098 099
ODCB  PTEE 101 091" 085" O0SI' 068" 043
PVC 2 Q97 o 0s8 053 086
55304 08 0% 100 0% 54 100
5316 101 098 101 10 088 10
PDCB  PTFE 057 08¢ Q77 Qs 04T 026
Ve 085 055 09F 0%7 088 O
SS304 09" 098 100 098 1z
ss316 0 057 10 14 087 102
MDCB  PTFE 100 0B O7B 066" 048" 036
PVC 2 09 0Sr 097 088" 080
SS304 0 0% 100 0% 1m 102
55316 103 096' 100 104 09 101

* The vaiues given here are determined by dividing the mesn conceneracdion of a given
snalyteata given timeand fora particular well casing by the mean concentmation dfor iy
same analyte} of the control samples ken at the same time. ’
! Values significanty different from conerol values.

well casings was relatively slow; losses did not ex-
ceed 10% untl after 72 hours (Fig. 3). Loss of this
compound never exceeded &% for the samples
containing PVC casings.

The trans-isomer of 1.2DCE (TDXCE) was lost
more rapidly than the ds-isomer from solutions
containing Teflon casings (Fig. 4). Generally, loss
was significantly greater in the samples with the
Teflon casings than in the sampies with the PVC

casings (Fig. 4). Because significant loss occurred

. after only 8 hours in samples containing Teflon

casings (8% loss), this could impact the water qual-
ity of samples taken from wells with longer re-
charge times {8 to 24 hours). However, this sees
less likely for PVC cased wells since loss was only
7% after 24 hours. After 1000 hours, loss was 4%
in samples containing Teflon casings and 17% for
those containing FVC casings.
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Figure 3. Sorption of CDCE and TDCE by Teflon well casings.
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Figure 4. Sorption of TDCE by plastic casings.

The results for TCE were very similarto thoseof
TDCE, except that the final loss was more in sam-
ples containing Teflon casings; loss was 15% after
24 hours and 60% after 1000 hours (Fig. 5). For the
samples that contained PVC casings, loss was 5%
after 24 hours and only 12% after 1000 hours.

A similar pattern of loss was seen with CLB,
QDCB, MDCB, and PDCB. Figure 6 shows therate
of loss of these compounds for samples that con-
tained Tefloncasings. Theorderofloss was MCDB
and PDCB > ODCB > CLB. After eight hours, loss-
s were significant in the samples containing Tef-
lon casings; loss was 7% for CLB, 9% for ODCB,
and 16% for PDCBand MDCB. For PDCE loss was
significant after only 1 hour (8% loss). Although
loss of CLB isomers was significant in the samples
that contained PVC well casings after only 8 hours,
loss was less than 5%. Even after 24 hours losses
were less than 10% for CLB and the three DCB
compounds.

We also tested the 1000-hour samples to detect
if there was any desorption of the sorbed organics

from the well casings. After 3 days no analytes
were detected in the samples containing either
type of stainless steel casing. These results wereas
expected since noorganic had ameasurablelossin
the samples containing the stainjess steei casings.
However, for samples containing plastic casings.
we did recover measurable quantities of all the
organics where significant losses had been ob-
served in the sorption experiment. The results are
given in Table 2. While this experiment did not
give us any of the kinetics of desorption, generally
the amount of anajyte desorbed closely paralleled
the amount sorbed. No RDX or TNB was recov-
ered from either casing. For those substances that
were sorbed, the amount of MNT recovered was
the lowest for both casings, and the amount of
CDCE recovered was next lowest. However, it is
interesting that, for the samples containing Tefion
casings, the compounds that were sarbed to the
greatestextent (PDCE and MDCB) were not neces-
sarily the substances that were desorbed to the
greatest extent (TCE and TDCE were). Diffusion
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Table 2, Results of desorption study.

Caginig Concentration én me/l after 3 dows equilibration .
materis!l  RDX TNB CDCE TDCE MNT TCE CLB QODXB PDCE MDCB
Teflon ND ND 020 043 0075 047 028 038 030 035

ND ND 021 Q45 0076 048 028 035 O34 036
ND ND om* o006 0074 010° 006° Q09 0100 O
e ND  ND 0079 015 004 014 010 015 017 018
ND ND 0080 014 004 €12 010 015 016 021
ND__ND o080 015 0043 013 011 016 016 020
. *Sampie had a loose ca
apmbwzy P
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Figure 8, Sorption of MDCB by Teflori well casings in the presence and absence of
sait.

out of the polymer may be more rapid for the
smailer, more planar molecules.

Experiment with
NaCl-amended ground water ‘

In the second experiment we added NaQl to
raise the chloride concentrationabove 1000mg /L.
High chloride concentrations are known to be
corrosive to 34 stainless steel Spedifically, we
wondered if over the long term, rustng would
have any effect on the performance of the stainless
casings. it is also possible that sorption on plastic
materials would incresse with increasing ionic
strength.

Rusting of the stainless casings was visibleafter
only 8 hours for S5 304 and, after 24 hours for SS
316.However, theaddition of sodium chloride did
not seem to affect the rate of loss of any of the
analytes studied for either the stainless steel or

n

plastic casings. Tables A13-A22 give the data for
the 10 analytes. The data were analyzed using
standard analysis of variance to determine any
significant effects, and multiple range tests were
performed to determine which materials were
significantly different from each other. Table A23
summarizes the data by giving the normalized
values for the well casings; values that were sig-
nificantly different from the control values are
marked with an asterisk.

Figures 7 and 8 are plots of the concentrations
of TDCE and MDCB, respectively, as a function of
time for sample solutions, withand withoutadded
chloride, containing Teflon casings. Clearly the
addition of salt did not marked!ly affect the rate or
amount of sorption of these analytes. This wasalso
found to be true when similar plots were drawn
for the TCE, CLB, and ODCB.
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Figure 10. Regression analysis for concentration vs log K
for samples containing PVC casings.
Relationship of sorption to
anaiyte properties sion was rmed to test for the addition of the
pop

We performed regression analyses on the con-
centration of analyte in the 1000- hour samples
containing either the PVC or Teflon casings vs the
corresponding aqueous solubilities, molecular
weights, orlog octanol/wa ition coeffidents
(K, ) of the analytes (see Table 3 for constants).
We found a statistically significant (95% confi-
dencelevel) inverserelationship between the con-
centration of analyterelative to the control samples
and thelog K__ values for both the FVCand Teflon
casings. Tables A24and A25 summarize the regres-
sion analyses for the Teflon and PVC data respec-
tively,and Figures 9 and 10show the nding
plots of (normalized) concentration of each ana-
Iyte vs its log K__ . The relationship with K_ was
the most highly significant and the only one that
was significant when a stepwise mulfiple regres-
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other variables (using “Statgraphics” software by
STSC Inc., Rockville, Md.).

Modeling the sorption process

Whilethese iments clearly demonstrated
that the loss of organic chemicals from solutions
expased to plastic casing materials is a sorption
process, itis not clear whether this is a surface phe-
nomenon or whether penetration into the polymer
matrix occurred. During the desorption studies
the sorbed analytes were released back into solu-
tion, thereby demonstrating that the process is at
least partially reversible. While surface adsorp-
tion cannot be ruled out, the evidence suggests
that diffusion into the polymer matrix
Zhang etal (1988) showed that organic molecules
penetrate plastidzed PVC membranes. In our ex-




peritnents sorption appears to be stow (taking
hundreds of hours to attain equilibrium), which
suggests that partitioning into the bulk of the ma-
terial occurs. Desorption of some analytes from
Teflon also appeared to be slow. If we assume this
to be the case, the process can be modeled using
classical partitioning by treating the plastic casing
as an immiscible liquid phase in contact with
water and relating partitioning of individual ana-
lytesto their K values. While immiscible liquids
other than octanol may be better sructural models
of Teflon or PVC, the most extensive collection of
partition coefficients is available for octanol. This
isbecause K values have been used successfully
to predictthe behavior of drugsinthe humanbody
and the sorption of environmental pollutants on
sediments and soils. ’

Because it appears that we can predict the be-
havior of the various analytes exposed to plastic
casings on the basis of their K__ values, we mod-
eled the partitioning process as follows. First, if we
assume that the sorption process is a simple, re-
versible first order process (eq 2), we can write the
rate equation as shown in eq 3 (Gould 1959

kz
d(X, ;
L= kq{Xag) +k 4 Xeort) 3
where [X . q] = the concentration of the analyte X
in aqueous sojution
(X,,,) = the concentraton of analyte X
' sorbed in the plastic material
k, = therate constant for sorption
k, = therate constant for desorption
t = time in hours.

Since in our experiments the volume of the so-
lution was 10 times the volume of the plastic
casing, OrF .

v-'“i =10.V_., )
then
' X
{Xaq! = {XU} —[—3590"—{’-} (5)

where [Xol is the initial concentration of Xin solu-
Hon. Solving for [Xw ml we have

(X, = 100X T - (X D, 6)

Substituting back into ¢q 2 we have

'—ﬁ%’—“lhk PXag s 5:(10Xe - Xag) D
Regrouping terms we have

dl Xag)

--—dt—‘i’-.=-(k‘+k 2) [Xagl + 10k 2{ Xl (8

Sincek,, k,and (X} are constants, we can rewrite
this as

fi_i%.(:&l. = - A!:Xa,,; + B (9)
where

A= kz + k2 (am
and -

B= IOLE[XDJ. an

If we then integrate the rate equation we have a
nonlinear relation for [X‘ q] asa funcn‘oP of t and

In[A{Xg) +B] _,
A

two constants A and B.

Weé obtained the optimal values for Aand 8 for
each analyte, where sorption loss was observed,
by application of the Gauss-Newton method of
nonlinear curve fitting using the measured aque-
ous concentrations at 1, 8, 24, 72, 128 and 1000
hours. Then using these values for A and B, we si-
multaneously solved eq 10and 11 for each analyte
to obtain values for k, and k {the rate constants for
the forward and reverse processes). The values for
Teflon are shown in Table 4. Since the process we
describe is assumed to be reversible and of first
order, the ratio of the rate constants, k, /k,, is the
equilibrium constant, K_. The K qand thelog &,
values for each analyte are also given in Table 4.

When we plotted the eight values of K _given
in Table 4 vs log K, six of the eight points ap-
peared to fall on a straight line, while the points
for MNT and ODCB did not (Fig.11). The poor fit
for MNT and the lack of significant sorption for
TVBand RDX can be explained by the tendency of
nitro-containing organic molecules to formstrong
hvdrogen bonds, which keeps them in solution.
While octanoi can be a donor in hvdrogen bond-
ing, Teflon cannot. Thus, if we predict partition-

(12)

‘in g into Teflon for these molecules based on their

octanol/water coeffidents, we will overestimate
the amount of sorption. For example, based onowr




Table 4. Sorption (k) and desorp- 4
tion (k,) rate constants and equi-

librium constant (K_} for expo-

sure to Teflon. =

k10 kx10 N
Ansiyte  {emt)  (on) K, logK, o
RDX . . = 0s8 log. | wwnt®
TNB o . - 1.18! X .

ow

MNT 0699 3100 223 20
CI2DCE 1590 6253 254 153}

TI2DCE 1935 6116 316 193 : »TocE B
ODCB 1100 3064 359  3a8t l1oq Koo *-0.17%+0.069 K
CLB 0827 2300 380 248 :‘q. (;-9 19 ‘ "

) .
L%CB :ﬁ 4.057 Z; gi:] “Not used in correfanion
PDCE__ 1558 3005 519 339 t ! ' —L

20 40 &0

1. Hansch and Lea (1979), X
2 Jenkins (1989), ta
3. Estimated for RP-HPLC capacity facor Figure 11. Correlation between log octanol=ivater partition coeffi-
using method of McDuffie (1981).

* Loss notseatisticaily significant 30 no est-
mate possible.

regression equation we predict a K oq Of 38 for
MNT; however, the observed K_was only 22.3.

The poor prediction for ODCB tan be explained
by the well known “ortho effect.” This effectisa
complex combination of electronic and steric in-
fluences, which often results in ortho-di-substi-
tuted aromatic molecules behaving much differ-
ently than the meta- and para-isomers.

We did not create a similar model predicting

the loss of analyte for PVC because the percent
sorbed was small when compared with the experi-
mental error and this would create an unaccept-
able degree of uncertainty in the calculated rate
constants. .

Therefore, we condlude that,"for hydrophaebic
organicmolecules thatare notsubjectto hydrogen
‘bonding, the relationship presented in Figure 11
can be used to estimate the equilibrium partition-
ing of an analyte between the aqueous phase and
Teflon. Obviously, in a well, the ground water is
refreshed and one would not observe the levels of
depletion we observed in our study. However,
eventually the plastic casing should reach equilib-
rium with the aqueous phase if the concentration
of the analyte in ground water is relatively con-
stant with ime.

While Kﬂq will determine the equilibrium con-
centrations of each analyte in the water and plastic
phases, it is the magnitude of k, that will determine
how quickly various analytes are depleted. For
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cient (K} and equilibrium constant (K o for solutes exposed to
Teflon well casing.
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small, planar moleculeslike TCE, the k; values are
quite high compared to those of the otheranalytes.
This may expiain the rapid loss of tetrachioroeth-
ylene fromsolutions containing Teflon casings ob-
served by Miller (1982)and Reynoldsand Gillham
(1986).

CONCLUSIONS AND
RECOMMENDATIONS

These studies indicate that Teflon was clearly
the poorestchoice of the four well casing materials
tested when samples are to be analyzed for trace
leve} organics. Significant losses of all the chlori-
nated compounds occurred within 1-8 hours. and
one nitroaromatic compound was also lost after
prolonged exposure (1000 hours). While losses
were also seen far several compounds exposed to
PVC, the rate of loss was always muchslowerthan
for the Teflon casings; usually 24 hours lapsed be-
fore significant losses occwred. There was no loss
of any organic tested in the presence ot‘extf-:er S5
casing. However, rusting of both types ot stainless
casings occwrred relatively quickly, in some -
stances overnight.

The desorption study showed that lass of or-
ganics from aqueous solution is dueto a sorpuon
process, and that the sorption process 13 Pamal_l‘i
reversible. Desorption from well casing material



could result in falsely high concentrations of ana-
lytes if their concentrations were todecrease in the
well water.

We were able to correlate theloss of hvdrophe-
bicorganic constiruents in the well water contain-
ing Teflon casings with the substance’s K _values.

However, for hydrophilic organic substances this
corTelation overestimates losses,

Our results indicate that in a monitoring situ-
ation, where the well is purged and then sampled
within 8-24 hours, PVC cased wells are probably
suited for sampling most organics while Teflon
cased wells are probably not. However, there are
two conflicting effects that must be considered
when extrapolating our test data to a real monitor-
ing situation: 1) wetested casings, not well screens;
the greater surface area of well screens could

substantially increase the rate of sorptive lossesin

the screened portion of the well, and 2) this experi-
ment was conducted under static conditons. If
there is a long time between purging the well and
sampling, itis possible that thewaterbeing sampled
would be at least partially replenished, and tlus
would tend to mitigate losses due to sorption by
the casing material.

Thelargerquestionis whatis the best casing for
ground water monitoring? Qur study attempts to
answer only part of the question—how suitable
are these four well casing materials for monitoring
organic constituents? Inorganic constituents must
also beconsidered and for that we refer the reader
to Hewitt (1989). Hewitt's results for inorganics
show nearly opposite behavior. He found that
Teflon casings were the best for monitoring four
species of metals (Cd, Cr, As and Pb) while stain-
less steel casings were the worst; rusting by the
stainless steel casings presented setious problems
with several of the analytes. Clearly , selecting a
single casing material, from those tested, for mon-
itoring both inorganic and organic constituents in
ground water will necessasily have to involve
compromise. .
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APPENDIX A: TEST DATA

Table Al. Time at which absorption reduced the relative concentra-
tion (C/C.) in solucion to 0.9.%

Polymer Laast Abgorption ----- R -~ Most Absorpcior
PVC TRI TET BRO KEX TEY
> 5 weeks - 2 weeks ~ 3 days ~ 1 day ~ 1 dav
PTFE BRO TET TR HEX TEY
> 5 weeks - 2 weeks ~ 1 day - 1 day < 5 min.
Log (undecane/wacer TET BRO TRI HEX . TEY
parcition coefficient) 2.04 2.10 2.62 Not Reparted 1.4
Vacer Solubility BRO TET TRI TEY HEX
(mg/L} 3100 2962 1498 150 50
Log (Octanol/Vater BRO TRI TET TEY HEX
partition coefficient) 2.30 2.49 2.56 2.60 Y33
TRI =~ 1.1,l-trichloercechane
TET - 1,1,2,2,-tecrachlorcechane
BRQ =~ bromefornm
HEX <« hexachlaroechane
TEX = cactTachlorosthylene

! Reynolds and Gillham, 1986.

Table AZ. Retention times and analytical precision.

. Precision
Substance Abbreviacion RSD (V)
1,3,5-trinitro-1,3,5-triazine RDX 1.0
1,3,5-crinitrobenzene TNB Q.9
cis-1,2-dichloroethylene CDCE 3.9
trans-1,2-dichloreechylene TDCE 1.9
m-nicrocoluene MNT G.4
trichloroethylene TCE 2.2
chlorobenzene cils 1.6
o-dichlorobenzene oDCe 1.4
p-dichlorobenzane _ FDCB 1.6
a@-dichlorobenzene HDhCB 1.5

17



CTeatmenc

55304
§5204
5330&

55316
$§316
$5316

Ve
Ve
FYC

TETLON
TEFLON
TEFLON

CONTROL
CONTROL
CONTROL

Creatment

58304
55304
$5304

$8316
55316
55316

|34™
PVC
Ve

TEFLON
TEFLON
TEFLON

CONTROL
CONTROL
CONTROL

Table

Ohr

-

.79

.79
.79
.78

-

.19
.78
.19
.78
.79

.79
.78

e

A3. Concenrration of RDX with time.

o - o el el

—

Concentracion zg/L

1hr 8hr
A 1.72
.75 1.70
.69 1.71
.78 1.70
.76 1.71
.78 1.79
.76 1.70
.78 1.72
.13 1.72
.77 1.72
.90 1.72
.73 1.72
.74 1.74
.15 1.70
.74 1.72

1.
1.
L.

el [l ol ol

e

iahe

82
77
72

1.77
1.
1.73

77

.74
1
.70

.77
.76
.70

.76
.74
i

72hr

1.75

1.7¢6

Table A4. Concentration of TNB with

Ohr

2.37
2.27
2.36

2.37
2.37
2.36

2.7
2.37

.37
.37
.36

Lot IR

.37
.36

(S NS S [V IR L ]

LSS BN )

lhr

Concentracion zmg/L

ghr

2.28
2.26
2.27

KR RS
[ d
o

K R
~
[,

18

24br

2.33
2.35
2.2%8

2.34
2.32
2.34

LSS

72hr

168hr

2.19
1.2Q
1.50

2.20

2.19
1.97

time,

1000hr

1.63
.70
1.69

-

n
.12
1.70

-

.70
)
.71

- o

1.67
.69
1.71

-~

67
-1
JT7

[l el

1000hz

2.19
2.30
.32

2.33
2.31
2:30



treatment

55304
55304
§5304

55316
55316
§silé

Ve
BPVC
PYC

TEFLON
TEFLON
TEFLON

CONTROL
CONTROL
CONTROL

Creatment

$81304
§5304
$§5304

§5316
$5316
$531¢

PvC
FVC
BVC

TEFLON
TEFLON
TEFLON

CONTROL
CONTROL
CONTROL

Table AS. Cancentration of MNT with time.

Concentracion z=g/L

Ohr lhr 8hr 24hr j2hr
.12 .20 2.21 2.30 2.20
2.32 2.23 2.23 2.3 2.23
2.30 2.25 2.23 2.33 2.23
2.32 2.1 2.23 2.33 2.57
2.32 2.23¢ 2.22 2.32 2.25
2.30 2.24 2.23 2.32 2.24
2.32 2.30 2.21 2.1 2.21
2.32 2.32 2.22 2.1 2.2%
2.2 2.20 2.23 2.25 2.83
2.32 2.31 2.22 2.28 2.17
.3 2.32 2.22 2.0 2.20
2.19 2.20 .22 2.19 2.17
2,32 2.21 2.22 2.26 2.22
2.32 2.21 2.22 2.30 2.28
2.30 2.22 2.24 2.28 2.13
Table A6. Concentration of CDCE with
Concentration mg/L

Qhr 1hr 8hr 24hr T2hy
2.79 2.55 2.78 2.57 2.51
2.84 2.66 2.76 2.63 2.35
2.73 2.60 2.75% 2.62 2.10
2.79 2.59 2.76 2.64 .52
2.84 2.68 2.72 2.59 2.64
2.73 2.39 2.73 2.58 2.37
.79 2.71 2.7% 2,44 .3
2.84 2.73 2.76 2.47 2.5
2.7 2.681 . 2.68 .48 2.3
2.79 2.74 2.648 2.48 2.28
2.84 2.74 2.64 2.45 2.33
2.13 2.64 2.66 2.52 2.21
2.79 2.66 2.79 2.57 2.43
2.84 2.71 2.79 2.63 2.56
2.73 2.68 2.72 2.60 2.28

19

168hr

.73
.61
.6l

LSRN S

.60
.24
.15

[ IS

.13
.11
.09

LS S )

.65
.28
.12

N R

time.

168hr

1000hy

1000hr

2.

B [ SN

[

21

.09
.30
.26
.94
.15
.77
.78

.13
.36




creatment

58304
55304
5$5304

58316
5316
$5316

Ve
Ve
4t

TETLON
TEFLON
TEFLON

CONTROL

CONTROL
CONTROL

Creatxent

s$830s
§5304
$8304

53316
ssile
ss3le

PVC
PvC
FVC

TEFLON
TETLON
TEFLON

CONTROL
CONTROL
CONTROL

Table A?7. Concentration of TDCE with time.

Ohr lhr
.71 2.43
.77 2.53
2.63 2.18
2.71 2.66
2.77 2.47
2.63 2.58
2.7 2.62
.77 2.61
2.3 2.48
2.1 2.82
2.77 1.62
2.683 2.5¢C
2. 2.55
2.77 2.61
2.83 2.58

Table AB.

Ohr lhr
2.80 2.48
2.85% 2.59
2.7 2.52
.80 2.76
2.8% 2.5
2.71 2.6a
2.80 2.7Q
2.85% 2.72
2.71 2.55%
2.80 2.69
2.85 2.68
2.71 2.53
2.80 2.61
2.8% .87
2.7 1.64

Concentration mg/L

24hr

2.43
2.40b
2.39

2.66
2.4l
2.35

72hr

.29
2.22

- 1,87

168hr

2.8¢6
2.93
2.21

Concentration ¢f TCE with time.

Concentracion mg/L

LA L N (] A RS

R R B

Ehr

.77
.75
.14

.74
.72
.76

.67
.74
.72

.50
A7
.68

.78
.80
.70

24hr

2.55
2.60
2.352

7iht

2.38
2.29
1.96

2.40
2,47
2.34

2.13
2.25

1.72
1.856
1.80

2.1
2.46
2.16

1000hr

2.

03

1000hr

2.

[ SIS RN ]

e g

21

.08
.30
.29

.07

.92
.89

.89
.90
A

L1




-

-

Treataentc

55304
55304
£530&

55316
S3318
§3316

PVC
puC
Ve

TEFLON
TEFLON
TEFLON

CONTROL
CONTROL
CONTEOL

Creatment

55104
$8304
§3304

§53le
$331¢6
58316

Ve
e
e

TEFLON
TEFLON
TEFLON

CONTROL
CONTROL
CONTROL

Table AS, Concentration of CLB with time,

Concencration mg/L

lhr

1.95
2.03
2,05

Bhr

-2

2

z
2.
2

.13
.13
1.

14

24hr

2.04
2.08
2.12

2.05
2.09
2,12

12hr

1.95
l1.91
1.73

Table Al0. Concentration of ODUB with time.

Ohr
2.11

lhr

.12
2.20

Cencencracion mg/L

ghr.

2.28
2.29
1.29

2.26
2.28
2.29

2.22

2Lhr

2.22
2.28
.32

2.25
2.30
2.3

2.09

2.11
2.16

21

lé8hr

[N S

- o

— N

16
Y

.13
.94

.95
.97
.87

.48
.3
.39

.16
.13
.96

162hs

Pl

-

o

o

-

.96
.97
.98

.91
.80

.78
.78
74

)
.33
.37

.93
.52
.82

1000hy

1Q00hs

-

Lol ol

o0

(Y}
~1

.87
.87
.04

.64
.65
.78

1.5%

a7
.59
.62

o

-

.32

0.81
0.81



Table All. Ccncentration of MDCB with Time.
Concentrazicon mg/L

Treacment Qhr lhr ghr 24hr 72hr 168hr

$5304 2.27 1.99 .14 2.21 2.09 1.9
55306 . 2,29 2.01 2.12 2.25 2.03 - 2.06
55306 2.23 2.15 2.20 2.16 1.86 2.06
$5316 2.27 2.1 1.10 2.15 2.09 2.01
$5316 2.29 2.05 2.14 2.26 2.15

55316 2.23 2.28 2.20 2.25 2.06 1.82
PIC 1.27 2.23 .14 2.06 1.95 1.76
PVC 2.29 1.96 2.18 2.02 1.96 1.80
PYC 2.23 2.21 2.08 2.00 1.96 1.71
TEFLON 2.27 2.21 1.86 1.75 1.26 1.02
TEFLON 2.29 2.13 1.87 1.67 1.38 Q.89
TEFLON 2.23 1.92 1.89 1.72 1.35 0.96
CONTROL 2.27 2.06 2.19 2.19 2.06 2.06
CONTROL 2.29 2 .06 2.22 2.20°  2.15 2.04
CONTROL 2.23 2.11 2.31 2.23 1.84 1.86

Table R12. Concentration of PDCHB with time.

Concencration mg/l

treztpent Ohr lhr ghr 26hr 72hr 16Bhr
$5304 1.97 1.79 1.94 1.87 1.79 . 1.68
§5304 2.02 1.86 1.94 1.580 1.76 1.78
55304 2.0% 1.85 1.94 1.85 1.60 1.78
$5316 1.97 2.00 1.92 1.86 1.80 1.75
55116 2.02 1.81 1.92 1.93 1.84

35316 2.05 1.88 1.93 1.9 1.81 1.58
(o 1.97 1.81 1.87 1.73 1.66 1.52
| 3 2.02 1.97 1.88 1.74 1.68 1.535
FVC 2.05 1.97 1.90 1.77 1.72 1.47
TEFLON 1,97 1.76 1.64 1.42 1.06 0.85%
TEFLON 2.02 1.90 1.65 1.47 1.186 0.74
TEFLON 2.05 1.91 1.67 1.49 1.15 0.82
CONTROL 1.97 1.02 1.93 1.89% 1.77 1.78
CONTROL 2.02 2.05 1.97 1.990 l.84 1.74
CONTROL 2.05 1.97 2.03 1.93 1.63 1.61

1000k

i

-

(11}
[

.B1
.89

.39
.39
.51

.67
.48

.73
.81

1000hr

1.

por

33

.30
.96
.60

.21
.22
.24

.40
.38

.69
.55




Table Al3. Concentration of RDX with time-~salt study.

Concentrazticn mg/L

treatmenc Ohr 1hr Bhr 24hr 72hr l68hr 120Chr
55304 1.87 2.06 - 2.03 2.09 2,02 2.18 2.01
$31304 1.92 2.0% .04 2.1¢ 2.00 2.18 2.02
551304 1.99 2.08 2.05 2.07 1.98 2.17 1.97
55316 1.87 2.78 2.05 2.59 1.96 2,17 2.06
$S316 1.92 2.07 2.07 .13 -2.01 2.18 2.04
§5316 1.99 2.07 2.04 2.14 2.01 2.19 1.92
FVC 1.87 1.07 2.06 2.07 1.91 2,18 1.98
PVC 1.92 2.07 2.05 2.12 2.40 2.18 2.03
PVC 1.99 <.04 2.06 2.07 1.93 2.18 2.06
TEFLON 1.87 2.00 1.99 2.06 1.96 2.18 2.00
TEFLON 1.92 2.07 2.02 2.1] 2.02 2.19 2.01
TEFLON 1.99 2.07 1.89 2.60 1,90 2.19 2.04
CONTROL 1.87 2.01 2.04 2.09 1.97 2.18 1.99
CONTROL - 1.92 2.02 2.04 2.12 1.96 2,18 2.05
CONTROL 1.99 2.07 2.08 2.61 1.9¢ 2.17 2.06
Table Al4. Concentration of TNE with time--salt study.
Concancracion mg/L
treatment Ohr lhr Bhr 24hr 7Zbr 168hr 1200he
§5304 2.21 2.25% 2.18 2.25 2.22 2.27 2.310
$38304 2.26 2.23 2.20 2.26 2.20 2.26 2.19
55304 2.28 2.26 2.17 2.22 2,15 2.2% 2.21
S5316 2.21 2.24 2.13 2.65 2.26 2.27 2.17
$5316 2.26 2.25 2.21 2.30 2.21 2.27 2.19
S3316 2.28 2.76 2.19 2.31 2.08 2.2% 2.14
PVC 2.21 2.22 2.22 2.27 2.23 2.29 2.21
e 2.2¢ 2.2 2.2 2.30 2.20 2.28 2.21
Ve 2.28 2.25 2.21 2.24 2.19 2.27 2.23
TEFLON 2.21 2.18 2.15 2.66 2,26 2.29 2.1
TEFLON 2.26 2.25 2.18 2.32 2.22 2.29 2,29
TEFLON 2.28 2.27 2.1% 2.23 2.17 2.28 2.16
CONTROL 2.21 2.19 2.21 2.68 2.26 2.28 2.30
CONTROL 2.26 2.21 2.20 2.30 2.26 2.27 2.26
CONTROL 2.28 2.26 2.19 2.25 2.27 2.28 2.26




Table AlS. Concearration of MNT with time-~salt study.

treatment dhr
§5304 2.16
55304 2.19
55304 2.16
$5316 2.16
$53l6 2.19 .
§5316 2.16
PVC 2.16
PvC 2.19
A" 2.16
TEFLON .18
TEFLON 2.19
TEFLON 2.16
CONTRCOL 2.1&
CONTROL 2.19
CONTROL 2.16
Tabhle Al6.
treatment Ohy
55304 2.58
S5304 2.58
5520 2.81
58316 2.58
S$5316 2.58
S$5316 2.61
PvC 2.58
PVC 2.%8
EvG <.61
TEFLON 2.58
TEFLON 1.58
TETION 2.61
CONTROL 2.58
CONTRQL 2.58
CONTROL 2.61

LS
-
[+

ST S I ]
PR

-

o

~ R R
-
~2

~
[amd
(=,

LA S )
-
AT ]

Concentration mg/l

ghr

1.10
2.1
-2.09

[N
=
[=]

24hr

72hr

2.19
2.17
2.12

168hr

2,12
2.13
2.10

2.12
2.10
z2.0%

2.10

- 2.08

2.0¢

2.05
2.04
.05

-~

[ S
(=]
Y]

2.1l

1200hr

Concentration of CDCE with time-=salt study.

Cancentration mg/L

Shr

2.46
2.47
2.38

26ht
2.45

2.47
2.49

24

l68&hr

2.28
2.38
2.21

2.29
2.23
2.24

1200hr

.22
1.86
2.0%

1.83
z2.21
2,05

1.39
1.72
1.88

1.53
1.65
1.74

2.17
1.88
1.88



Table Al7. Concentraticn of TDCE with time--salt study.

Concentratien mg/L

Creatment Ohr lhr Bhr 24nr
$5304 1.93 1.91 1.82 1.79
53304 1.91 1.88 1.81 1.81
§5304 1.95 1.91 1.74 1.84
58316 1.93 1.85 1.78 1.84
5511¢ 1.9 1.83 1.85 1.87
535316 1.95 1.85 1.77 1.79
Pve 1.93 1.92 1.80 1.1
FVC 1.91 1.90 1.85 1.74
Ve L.935 1.86 1.77 1.74
TEFLON 1.9 1.78 1.70 1.65
TEFLON 1.91 1.82 1.71 1.67
TEFLON 1.95 1.88 1.66 1.60
CONTROL 1.93 1.91 1.80 1.87
CONTROL 1.91 1.87 1.77 1.88
CONTROL 1.95 1.87 1.8% 1.83

. 1Z2hr

1.70
1.75
1.47

lé8hr

1.58
1.65
1.52

1200hr

Table Al8. Concentration of TCE with time--salt study.

Concentracion mg/L

treatment Ohr 1hr Bhr 24hr
53304 2.82 2.80 2.66 2.60
55304 2.79 2.75% 2.64 2.81
§35304 2.86 2,80 2.5 2.65
$3531¢ 2.82 2.73 2.61 2.69
$5316 2.79 2.7¢ 1.79 2.72
$531¢6 2.86 2.71 2.5% 2.681
e 2.82 2.81 2.71 2.55
Ve 2.79 2.80 2.60 2.55
PYC 2.88 2.712 2.653 2.54
TEFLON 2.82 2.59 2.44 .. 30
TEFLON 2.79 2.64 2.44 2.13
TEFLON 2.88 2.73 2.38 2.24
CONTROL 2.82 2.79 2.63 2.72
CONTROL 2.79 2.74 2.59 2.70
CONTROL 2.86 2.74 2.70 2.65

72hr

2.51
2.58
2.17

2.35
2.44
2.44

49
.39
.32

LS RS

.90
.84
.50

Lol ol o

)
.60
.51

+3 002

168hr

[ S N ]
W
o]

1200hr

(=1 2w - L S W ]

=

.10
.48
.82

.bé
.02
.86

.21
.18
.63

.80
.68
.68

.04
.54
.50




Table AlY9. Concentrition of CLB with time--salt study.

Concentration mg/l

treatment Ohr lhr ghr 24ht 12hr 168hr
$5304 1.78 1.75 1.63 1.66 1.49 1.55
S5304 1.78 1.77 1.63 1.67 1.67 1.49%9
$5304 1.81 1.78 1.69 1,68 1.69 1.44Q
§5316& 1.78 1.72 1.83 1.44 1.62 1.50
55318 1.78 1.73 1.67 1.73 1.64 1.51
55316 1.81 1.73 1.7 1.74 1.67 1.55
e 1.78, 1.74 1.85 1.41 1.56 1.45
PC 1.78 1.77 1.69 1.64 1.58 1.47
e 1.81 1.7%8 1.71 1.61 1.62 1.49
TEFLOR 1.78 1.67 1.56 1.50 1.19 1.14
TEFLON 1.78 1.70 1.58 1.56 1.35 1.18
TEFLOR 1.81 1.75 1.59 1.56 1.39 1.22
CONTROL 1.78 1.74 1.6% 1.69 1.64 1.52
CONTROL 1.78 1.75 1.672 L. 1.67 1.53
CONTROL 1.81 1.78 1.70 .34 1.71 1.57

1200hr

1.31
1.40
1.59

Table A20. Concentration of ODCE wirh time--~salt study.

Concentration mg/L

traaczment Ohr lhr 8hr 2thr 72hr 168hr
$5304 2.48 2.42 2.32 2.32 2.34 2.2%
$5304 2.46 7.43 2.32 2.33 2.37 2.28
$5304 2.49 2.46 2.25 2.34 2.15 2.15
$5316 2.48 2.36 2.28 2.11 2.26 2.16
$8318 2.46 2.38 2.32 2.40 2.3 2.16
55316 2.49 2.40 2.3 2.42 2.38 2.23
AL 2.48 2.6k 2.28 2.05 2.21 2.04
PVC 2.46 2.463 2.32 2.31 2.28 2.09
PV 2.49 2.39 2.3% 2.29 2.15 2.10
TEFLON 2.48 2.2%9 2.14 2.03 1.78 I.Sﬁ_
TEFLON 2.46 2.27 2.14 2.12 1.69 1.57
TEFLON 2.49 2.13 1.1L 2.13 1.88 1.62
CONTROL 2.48 2.40 2.32 2.35 2.1 2.2
CONTROL 2.46 2.42 2.28 7.39 2.37 2.20
CONTROL 2.4% 2.4% 2.1 2.45 2.42 2,21

1200hr

1.86
1.99
2.20

1.92
2.03
1.88

1.64
1.57
1.461

.73
Q.87
0.90

2.18
1.94
1.94



Table A21. Concentracion of MDCE with time--salt study.

treatment

55304
55304
55304

551216
$5116
s$5316

Ve
Ve
Ve

TEFLON
TEFLON
TETLON

CONTROL
CONIROL
CONTROL

Table

Lreaatmant

55304
55304
55304

55316
55316
§531¢

Ve
vC
Ve

TEFLON
TEFLON
TEFLON

CONTROL
CONTROL
CONTROL

Concencration mg/L

Ohr 1hr &hr 24hr 1Zhr 1&8hr
2.49 2.40 2.29 2.28 2.28 2.18
2.48 2.42 2.20 2.28 2.31 2.21
2.69 2.46 2.32 2.31 -2.04 2.06
2.49 2.38 2.29 2.30 2,23 2.15
2.48 2.33 2.32 2.37 2.16 2.07
2.49 2.36 2.23 1.98 2.33 2.06
2,49 2.40 2,25 1.90 2.20 1.88
2.48 2.18 2.31 2.18 2.10 1.96
2.49 2.44 2.29 2.21 2.05% 1.97
2.49 2.21 1,95 1.79 1.48 1.09
2.48 2.23 2.00 1.85 1.38 1.12
2.49 2.131 1.98 1.88 1.310 1.17
'2.49 2.37 2.2% 2211 2.1 2.12
2.48 2.40 2.32 2.38 2.36 .12
2.49 2.44 2.28 2.43 2.29 2.16

1200hy

2.05
1.70
1.64

1.77
1.88
L.67

1.28
1.35
1.39

Q.39
Q.55
0.50

2.¢01
1.73
1.73

A22. Concentration of PDCE with time--salt study.

Concencracion mg/L

Ohe lhr Ehr 2uhe TZ2hr 168hs
2.09 2.07 2.00 1.96 1.95 1.86
2.09 .09 1.92 1.96 1.97 1.75
2.11 2.09 1.98 1.97 1.74 1.87
2.09 2.05 2.00 1.98 2.01 1.82
2.09 2.04 1.94 2.03 1.92 1.77
2.11 2.02 2.01 2.08 1.85 1.76
2.09 2.05 1.4 1.86 1.88 1.60
2.09 2.07 1.99 1.61 1.79 1.66
2.11 2.06 2.00 2.02 1.73 1.66
2.09 -1.91 1.72 1.51 1.09 0.91
2.09 1.95 1.70 1.58 1.16 0.97
2.11 1.99 1.68 1.58 1.25 0.89
2.09 2.03 2.01 2.08 1.9¢ 1.80
2.09 2.08 1.96 1.86 1.97 1.80
2.11 2.09 1.98 1.96 2.0 1.86

1200hs

1.79
1.48
1.45

1l.14
1.18
1.19

Q.34
Q.43
Q9.47

1.7¢
1.53
1.52



Table A23. Normalized' concentrarions of analytes taken frop

samples containing salg.

a - reataent

Rox Teflon
e
55304
535318

™e Teflen
PYvC
$5304
5316

(= v 4 Taflem
e
5304
$5318

wee Teflon
FvC
58304
53116

MNT Taflon

33304
58318

=9 Taflow

S5304
S5

apce Teflmm
PYC
58304
53318

FOCS Teflen
b4
55304
53316

rcs Taflon
Pec
55304
85218

1.01
1.9
1.02
.13

1.0l
1.0
1.01
1.08

.89
1.83
1.01
.90

0.47=
1.00
1.01
0.9

0.498
1.00
.01
1.09

0.68»
1.01
1.02
o.98

0.0
1.00
1.0
0.98

0.93«
1.00
1.01
0.98

0.94
1.00
1.61
.88

0.94"
i.00
i.01
c.s8

0.98
1.09
1.00
1.00

a.99
1.01

‘0.69¢9

.98

0.98
0l
1.4
1.00

0,94
1.0
9.9%
1.00

a.9ar
1.0
1.00
i.0¢

0.82e
1.00
0.9%
1.00

0,94
1.01
1.00
1.0

0.82+
.00
e.8q
1.00

a9.88
1.00
o.8¢
1.00

¢.87e
1.00
0.99
1.00

(.| 72 Bour 168 Sour 1800 Reur
1.00 1.00 1.00 0.89
Q.93 Q.64 l.00 1.44
0.92 1.02 1,00 0.94
1.01 1.02 L.6q e.a9
1.00 1.04 1.00 D.9%
Q.84 1.01 1.499 Q.98
0.83 .03 0.9% 0.98
1.00 1.02 0.58% 0,538
0.96* 0.8 0.92* 0.8
0,98 o896 .97 0.88
a.48 Q.87 1.90 1.43
.98 0.88 0.99 1.0
Q.88 Q.74 0.715% .80
0.p4r 0.%4 0.84 0.78
.98 4.88 l.03 1.4¢
0.98 0.88 0.9¢ 1.08
¢

Q.98 G.96% ¢.97 0.8~
0.84 q.87% .90 0.82v
0.58 0.98 .00 ¢.58
1.01 o.88 1.00 0.9¢
0.83ee g.89* 0.87¢ 0,42
0,93 0.95 Q.96 0.8}
0.87 .86 1.01 .08
Q.88 o.84 449 1.01
.81 0.72 o.77 .3
0.0 G.94 .83 Q.83
0.88 0.897 1.00 1.02
¢.9¢8 .98 Q.99 1.02
0.87+ 0.78= g. 11~ 0.4l
0.82 0.9a Q.4 0.2
0.89 a.497 1.8¢ 0.98
9.98 G.a8 0.9 0.96
2,79 Q.59 0.31 0.36°
0.98 o.91* 0.91¢ o.73"
l.00 o.¥3 1.01 Q.82
1.03 Q.97 .88 0.9?
0.77« 0.se* 0.53* 0.26
0. 84 Q.91 0.91* 0,74
0,04 0.95 i.01 0.94
0.97 Q.87 c.88 g.87

1 The vaives tiver bare gre detarmined by dividing the mesan comcentration of a4 gaven analyta
At a4 given time and foar « particular well casing by tha mesan copcentrfetion (£ar the wsase

aaslyze} af the concrol sasples taken st the sems Tims.
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Table A24. Regression analysis for samples containing Teflon
casings (vs K_)).

Regression Analysis -- Linear model: Y = a+bX

Dependent variable: Normalized Independent variable: Kow
cenc. wich cef .

Standard T Prob.

Paraneter Estimata Error Value Level
Incercept 1.1789 . 0.148297 7.94958 .0000s
Slope -0.252084 0.061157 +4,12191 20334

Analysis of Variance

Sum of Mean Prob.
Source S5quares Df Square F-Ratio Lavel
Hodel .502285 1 .S02285 16.99017 00334
Error .2365063 8 .0295633
Tocal (Corr.) .7387916 9 t
Correlacion Coefficient » -0,6824545 R-squared = 67.99 percantc

Send, Errar of Bag, = 0.1719%%

Table A25. Regression analysis for samples conraining PVC casings
(vs K ),
o

Regresgion Analysis -- Linear modal: Y = a+bX

Dependent variable: Normalized Independent variable: Kow
conc, with pve
Scandxrd T Prob.
Paramecer Estimace Error Value Lavel
Intarcept 1.01749 0.04640471 23.1001 00000
Slope -0.0581521 0.0181648 - 3.2013¢ .01259

Analysis of Variance

Surx of Hean Prob.
Source Squares Df Square F-Ratio Lavel
Hodel .028729 1 .02672% 10.24874 .01239
Error .0208648 3 .0026081
Total (Carr.) .0475%941 9

Corralation Coefficient = -0.749409%

R-squared - 56.16 percenc
Stnd. Error of Esc. - (.0510693




APPENDIX H

CHEMICAL RESISTANCE GUIDE
PVC TYPE 1




CHEMICAL RESISTANCE GUIDE

PVC TYPE 1

‘This guide to the proper application of PVC Type 1 pipe and fittings is offered as a service to customers of Siiver-Line.
Much of the data was collected Irom outside sources; therefore, we cannot warrant its accuracy, although every
offort has.baen made to verily the information shown. Compounds designated for “Limited” uss (L) and substances
not listed should be tested prior to installation, as they may not be suitable under some conditions.

n ASTICS CORPORATION .

— A = Accspiabie L = Limited U = Unguitable
PVC | PYC 1t PVC I
73°F. |140°F. 73°r. |140%k] 73°F. [140°F.
Acetaldehyde v H Amyl chioride u U Bromine water A ry
Acetatdghyde, 40% L U Aniline U u Butadiene A A
Acetamide U | U || Aniline chiorohydrats U | U | Butane A | U
Acetate solvents - cruds v U [} Aniline dyes u U Butanediol A A
Acetate soivents - purs U U Aniline hydrochloride u U 4 Butanterrol {erythritot) | A U
Acetic ecid 0 - 20% I A | A || Anthraguinone At u I guttermilk A i A
1 Acetic acid 20 - 30% LA A | Antraquiconesulforicacid | A | A | Buty) acetare L v
: Acatic acid 30 - 60% | A i A | Adtimony trichioride i A | A 1« Butyl phenot T T
| Acstic acid 80% CA L Aquargis "L U ' Butyine CA L
' Acetic acid - glaciat L iy i[ Atomatic hydrocarbons U | U | Butyric acid 20% « L u
Acetic ecid - vapors LLo 4§ Anenic acid - B0% A L L Butyricacid ba | U
Acetic anhydrids by v l Arytsuifonic acid bAoA, |
Acetone iV T Asphalt CA A ;' Cadmium cysnide iy T u
| Acetylene L L | j : i Calciym hydroxide A LA
" Adipic acid A A Barium carbonate A A . Cateium hypochlorite LA A
+ Alcohol, allyl - 86% Sk U~ Barium chiotide A A Calcium saits A A
' Alcohot, amyi L, U | Berium hydroxide 10% A A Canesugar liquors P A | A
Alcghol, benzyl U . 8 Barium suifate A A Carbolic acid r A A
Alcohol, butyl {a-butanolh A . A Barium sulfide CA A Carbon bisuifide U + U
© Alcohol, butyl (Zbutanoly A - U Besr A A Cabondioxids (squesust A | A
1 Alcohol, ethyl CA L Y Beat sugar fiquor A A Cerbon dioxide gas(dry) @ A [ A
" Alcoho, hexyi . A A . Benzaldehyde 10% U . U . Carbondioxidegssiwet) ' A . A
Alcohol, isopropyi i i| Benzene U U . Carbonmonoxide CA LA
: (2propenol) A, A ‘ Banzenesuifonicacid-10% . A | A " Carbon tetrachioride L ! v
i Alcohol, methyl i AU .' Banzenssulfonic scid U U L Carbonated water A A
i Alcahiol, propyi (1-gropanalli A U | Bemzoic scid . A A Carbonic acid A | A !
! Allyl chiaride Il 4 U | Benzol Cuu Casain A | A
" Alum | A A ; Bismuthcarbonate A | A Castorail A LA
i Alum, chrome . A ¥ .i Black liquor {paparindusiry} © A © A Caustic potash tA | Al
! Aluminym hydroxide A - A !i Bleach - 12,5% active Cl, A 'L Causic soda A A
| Aluminum oxychloride A A “ Borax A . A Cellosohve fLo| v
Aluminum salts r A A I Borax liquors A LA Caliosoive acetste l A u
Ammoniz - gas {dry) A A || Borig acid A A Chlaral hydrate DA A
| Ammonia - gas (wet} : 1] fi u Baron trifluoride A LA Chloramine FA l u
' Ammoania - liquid u : u Bresder peliets- (fishderiy ' A | A Chlaric acid 20% ; A ', A
* Ammonum fluorideQ-25% . L i U | Brine A l A | Chloride water A AL
Ammoniam hydroxide0-28% | A | A || Bromic acid | A | A | Chiorinsted sotvents u v
. Ammanium sits A t A} Bromine - liquid U | U il Chlorine (dry) u-ju
:__Amyl acetate | U ) Braming gas - 25% - I A | A [ Chlorine gat (moist) oty u

|

THE DATA SHOWN HAS BEEN COMPILED FROM VARIOUS SOURCES. (T IS NOT ALL-INCLUSIVE AND IS INTENDED
FOR USE ONLY AS A GENERAL GUIDE. SILVER-LINE CANNOT ASSUME RESPONSIBILITY FOR ANY PARTICULAR

APPLICATION ANNIAGER LHIQEDQ TA ACOYRTINT AILILAL 1T A T1ImA TESTING




Chiorine, liquid
Chlorine water
Chiaroscetic scid
Chiorabenzane
Chiorobenzyl chioride
Chioroform
Chlorogdfonic acit {100%)
Chrome elum
Chromic acld 10% - 40%
Chromie acid §0%
Citric gcid
Coconut oil
'l Coks oven gas
Copper salts ™
Cars oils
' Gom oil
I Corn syrup
Cottonseed ail
! Cresal
" Crasylic acid 50%
1 Crotanatdehyde
" Crude oil - sour
i Crude oil - sweet
; Cupric tluoride
! Cupric suffare
. Cuprous chloride
| Cyclohexane
! Gyclohsxanol
;  Gyclohexanans

Oemineratized water

. Datergents
Dextrin

' Dextrose

H .

¢ Diazo salts

. Dibutyl phthalate

j' Dlbutyl sehacsts
Dichiorobenzens
Dichlorogthyiene
Diesel fuels
Diethylaming

- Disthy!l ether
Diglycolic acid
Oimathylamine
Oimathyi formamida
Oioctyl phthatate
Dioxane- 1, 4
Disodiym phosphate

12%¢,

et

13
>

CCC>» P PP PrCPrcrPrP P Prrar PebdPPoCCd B

cCcCCPrPrPrrPrrorc>PPrPPr»IPFOoPpPPardacCcaaccacrCc

roCCcCCrr»»cCcocr»ccracdl»>> >

!)-CCCVr-:cbc«:c:C>>>>>

Cthers

Ethyl stters
Ethyt halides
Ethylene giyeal
Ethylens halides
Ethylens oxide

Fatty acids

Ferric saits

Ferrous salts

Fish salubles

Fluofing gas- ory & wet
Fiuobaric acid - 25%
Fluosilicic acid

Food products such as milk,
buttermilk, moiasses, saisd
ails, fruit

Formaldehyde

Formic acid

Freon. F1Y, F12 F113, F114
Freon-F21,F22

Fructose

Fruit pulps and juices

Fusl oil {containing H3 S04}
Furfursi

Galiic acid

Gas - coke oven
Gas - manufactured
Gas - natural (dry & wet)
Gasoiines

Gelatine

Glucoss

Glue

Glycerine (glycernil
Glycol

Glycolic acid 30%
irape sugar

Gresn liquor (paper
industry)

Heptane
Hexans
Hexanol tertiary
Hydrazine

Hydorbromit acid - 20%

Hydrachloric acid - 0 - 40%
Hydrocyanic acid or
" hiydrogen cyanide

PVC 1

73%r. [140°F.
u (U
U u
u {u
A | A
U U
U ju
A A
A A
LA | A
A A
L )
A | A
S A LA
o
AL LA
'AfA;i
YA U
A oA
u 'u
A A
A All
N TR
U
o
A A
;Uiuft
U
A Al
P A A"
LA Al
FA LA
2 tad
LA | A |
]A AJ
A | A
fA A
‘A A
|l .
ALA
A U
A iA
U
A A
A | A

Hydrofiuoric acid 4% - 100R4
Hydrogen
Hydrogen peroxids -

0% - 9%
Hydrogen phosphide
Hydrogen suifide - dry or

solu.

Hydroguinone
Hydroxylamina sulfste
Hypachlorous acid
Hypo-{sodivm thiosutiate)

lodins
lodine (in alcohol)
lodine solution (10%)

Jat fuels, JP-4 & JR.5

Kerosene
Ketones
Kratt liquar (paper industry)

Lacquer thinners
Lactic acid 25%
Lard oil

Lauric acid

- Lauryl chigride
" Lauryl sulfate

Lead saits

Lime suifyr

Linoleic acid

Linseed eil

Liqueurs & liquars
Lithium ssits

Lubricating oil - ASTM 1.23

Machine oil
Magnesium hydroxide
Magnegivm salts
Malsic ecid

Malic agid

Manganese sulfate
Mercuric salts
Mercurous nitrate
Marcury

Mesity({ oxide
Metallic soaps
Methane

Mathyi acetate

rvCu
73°F. hao®e.
A L
A A
A A
A A
A A
A A
A A
A | A
A A:

; |
{'U gU’
}U iU
Puo v
L
P A LA
b
‘A A
v . u
A A

- A

PCPrPr2r>r2r2rprp>» PrbED>rrrPrrTrPrrrc

———

CrPrPCPPPPErPERPRPPEPE PPRPBBPPEPPB_CDDLRC

|
|

.
—

N

THE DATA SHOWN HAS BEEN COMPILED FROM VARIOUS SOURCég. ITIS NOT ALL-INCLUS.I‘VE AND IS INTENDED

FOR USE ONLY AS A GENERAL GUIDE. SILVER-LINE CANNOT ASSUME RESPONSIBILITY FOR ANY PARTICULAR
APPLICATION ANO URGES USERS TO CONDUCT QUALIFICATION TESTING. i
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——— ——— T
; PVC 1 Pvel pvCl
73°F. 1140°F. 73°F. [140°F, | 73%F. [140°F
Methy! bromide u U Paimitic acid 10% A A || Silicic acid A A
Methyl cellosaive u U Palmitic acid 70% A u Silicane ail A U
Methyl chioride u v Paraffin A A |l Silvar salts A A
Mathyi chioraform ] (1] Pentane L L Soags A A
. Methyt cyclohexenona v u Peracstic acid 40% L U i Seep salution A A
| Methyl ethyl ketone (MEK) | U u Perchioric acid 10% A L {| Sodium hydroxids A A
Methyl iso-butyl ketons | Perchloric acid 15%-70% | L U | Sedium hypochiorite A A
(MIBK) oy u Perchlotodathylens L L || Sodium sahs A A
thethd methacrylate (MMA) * A U Petrolatum A A | Sourcrude oif ]A A
Methyil talicylste CA A | Petrofeum liguifier A A Stannic chioride YA A
Methyl sulfate - A u !‘ Phenol i U - U ! Stannouschioride PA LA
Methyl sufonic acid A A : Phenylcarbinoi U Stennous chiaride (50%) A A |
Mathyiene :;;mm u ‘ ] Phenyihydrazine N | . Starch A ‘ A |
Mitk ' A LA " Phenyiydrazire frydrochiocide < U u “ Stearic acid A A
Mineral oils A i L 1+ Phosgene (gas) A v " Stoddard soivent uou :
| Mixed scids (H2504 & 3  Phosgene (fiquid) u U . Sulfiteiiquor A A
| HND3) L : u ° Phosphoric acid 0 - 25% A A ' Suftur - A Ia :
| Motasses A A~ Phosphoric ecid 256 - 86% A A Sutfur gioxide gas - dry A . A ,
Monochiorobenzene u U Phosphorus (red) A A Sultur dioxide gas - wet A v o
Monsthanolamine U u Phosphorus (yeliow) A L -~ Sulfur dioxide - liquid L U i
Muriatic acid A A Phosphorus pentaxide A L . Sulfur trioxide - dry A A
Naphta A A Pho:phnrus.ttichlor.ide y U Sutiurltriu?tide.wet * A L
Naghihalens ? Y thngraph!cchem‘icals A A ; Suifurfc acid 0. 70% A LA
Natural gas, dry & wet A A me‘mgra_phm sofutions A A Sulfurfc gcid 70 - 90% A L ;
Nickel safts A A P!cqcactd . U U I‘Suifuru: &cid, 90 - 100% L u
Nicotine P Plating solutions: metals A L Sulfurous acid u U
Nicotinic acid A LA omsumacdaiiate ~ L Tan A
Nitric acid anhydrous u u . Putasspm alkyl xa'mhates A v BT ; id A i
Nitric acid 10% A A Potasx{um hydroxide A A annfc ac‘: A f A ;
itric acid 20% - 70% A L o Pomsumbypochlote ALy Tennfiavos ATA
Nitric acid 80% L ? L “ Putasl:mnpermanganate 10% A A :]r‘ma'm o u ] 5 I
Nitric acid 90% (y § foastmpmengnmey Lo U R Ll
Riteic oeid 1004 _ - Potassium saits A A strachioroethane (. ﬁ
” ric “f b Y ; U | Propans A A o Tetraethyi lead L .U
Ni::icb:c:.;:d fuming E llj I Propiylene dichiaride U U Te?mhydra fu'ran Y : U ’
‘ i | Propylene glycot A A . Thionyl chlaride U oouy
Nitrogiycering u :u i Propylena oxide Y U Tin chloride A A
N!troqivcnl -V ! v Pyridine U y i Titanium tetrachloride u ’ U ‘
Nitrepropane L it l Pyrogattic acid L Lt Toluot (toivene) gy
Nitrous acid (10%) Al f o i Tributyl citrate A by
Nitrous oxide A . L | Rayoncoagulatingbath A A ! Tributyl phosphate u v
. I 1 Rochetle salts CA A Trichloroacetic acid A A l
0it and fats ALA . y-Trichloroethylene u o
Qleic acid A | A Salicylaidehyde CL L . Tricresyiphosphate u U
Oleum U I. u : Saticylic acid : A A ! Tristhanolamine L U ]
Ofive oil L } u ? Salt water A A ii- Teiethylamine A Lo
Vxalic acid A A ' Sea water | A A Il Trimethyl propane L U
Oxygen v A A Selenig acid A A Trisodium phosphate DA A \
Ozpne | A l L Sewage, residential l A 1 A 11 Turpentine J_Aq l A

" THE DATA SHOWN HAS BEEN COMPILED FROM VARIOUS SOURCES. 1T 1S NOT ALL-INCLUSIVE ANG 1S INTENDEG
FOR USE ONLY AS A GENERAL GUIDE, SILVER-LINE CANNOT ASSUME RESPONSIBILITY FO(I-:R AN?’ PARTICULAR
_APPLICATION AND URGES USERS TO CONDUCT QUALIFICATION TESTING. .
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Urea
Urins’

Vassling

Vegetable oil

Vinegar

Vinyl acetats-~

"

(AR

73°F.

140°F.

> >
™

L= i N gy
c>»>a

LA R

73%8. [140°%F.
Water - acid mins A A
Water - distilled A A
Water - freth A A
Water - nalt A A
Watar - seweage A A
Whiskey A A
White gasoiine A A
White bquor (papsr industry) | A A
Wines A A
!

73%F. [140°F.
Xylene (xylol} u U
A A

Ve
N&

PLASTICS CORPORATION
MANUFAGTURERS OF PLASTIC PIPE

800 RIVERSIDE DRIVE
P.O. BOX 1450

ASHEVILLE, NORTH CAROLINA 28802

PHONE (704) 252-8755

PPFA

_EMMban
pLASHIC el

AND FITTINGS
ASSOCIATION

P -

THE DATA SHOWN HAS BEEN COMPILED FROM VARIOUS SOURCES. 11 15 NOT ALL-INCLUSIVE AND 1S INTENDED
FOR USE ONLY AS A GENERAL GUIDE. SILVER-LINE CANNDOT ASSUME RESPONSIBILITY FOR ANY PARTICULAR

APPLICATION AND URGES USERS TO CONDUCT QUALIFICATION TESTING.
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