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Introduction

Use of Polyvinyl Chloride (PVC) rigid pipe as a well casing
material in groundwater monitoring networks has been extensive
due to its low cost; low corrosion potential, light weight, and
high strength properties (Parker et al., 1988). In recent years,
however, regulators and owner/operators of groundwater monitoring
systems have been questioning the suitability of PVC for certain
groundwater monitoring applications, in particular sampling for
organic compounds. Specifically, it has been implied that PVC
desorbs organics (vinyl chloride, plastisizers, or solvents) into
solution or adsorbs organic contaminants from solution. This
paper addresses the desorption and adsorption of organic
compounds to PVC rigid pipe under appropriate groundwater
monitoring conditions.
Background

In 1985, the Environmental Protection Agency (EPA) issued a
draft RCRA guidance document titled "RCRA Groundwater Monitoring
Technical Enforcement Guidance Document® which was intended to
clarify to EPA/state enforcement agencies and owners/operators of
- groundwater monitoring systems if their monitoring systems met
RCRA requirements. This guidance document recommended Teflon or
stainless steel over PVC whep installing new wells to monitor for
volatile organics (EPA, 1986).

EPA cited three main reasons (Skyes et al., 1986; Sara et
al., 1987):

1) -PVC casing was susceptible to deterioration when exposed

to high concentrations of some organic compounds.
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2) Plastisizers and monomers in the PVC casing could desorb
into the surrounding aqueous compounds, thereby creating é false
positive reading or masking the presence of other pollutants.

3) Organic compounds present in the groundwater could adsorb
to the well casing. EPA considered this critical since removal
of contaminants from solution could result in a false negative
reading.

Teflon and stainless steel were not considered to present
the deterioration, desorption, or adsorption problems associated
with PVC exposed to organic compounds (Sara et al., 1987).
Desorption from PVC Casing

The belief that rigid PVC casing desorbs constituents into
the groundwater may stem from misinterpretation of earlier
research (Dressman et al., 1978) conducted with PVC formulations
containing high concentrations of leachable residual vinyl
chloride monometer or on flexible PVC tubing containing high
amounts of leachable plasticizers (Sara et al., 1987; Nielsen,
1988). In addition, desorption of solvents such as
tetrahydrofuran, methylethyleketone, and cyclohexanone from the
solvent-cemented PVC jéints into the surrounding groundwater also
implicated PVC (Sosebee et al., 1982; Barcelona et al., 1983;
Gibb et al., 1984; Sara et al., 1987).

The PVC material typically used in monitoring well casing is
tested and approved by the National Sanitation Foundation (NSF)
and is expected to be esséntially“clear of monomers and
plastisizers which could leach out and bias sample results

(Barcelona et'al., 1983; Parker et al. 1986; Nielsen, 1988).
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Research was conducted to compare the desorption effects of
rigid PVC as compared to Teflon. In the results, PVC was found
to be a less active desorber than Teflon (Curran et al., 1983
quoted in Sara ét al., 1987).

Adsorption of Organic Compounds to PVC Well Casing

The adsorption issue may stem from the EPA's
misinterpretation of Barcelona's (1983) work (Sara et al., 1987).
Based on the material's compatibility with typical ground water
contaminants, Barcelona concluded the Teflon and stainless steel
were the materials of choice, since PVC had the potential to
deteriqrate in a highly contaminated groundwater environment
(Barceiona et al., 1983). Sorption effects were not considered.
The EPA extended this conclusion to prefer use of Teflon or
stainless steel, regardless of the water quality being monitored
(Sara et al., 1987).

Adsorption Research

The research does not support the conclusion that PVC is an
ﬁnacqeptable groundwater monitoring well casing material where
appropriate sampling protocols are adhered to.

Sykes conducted a study to determine differences in the
effect of PVC, Teflon, and stainless steel on the adsorption of
six organic compounds. The experiment was designed to simulate
typical groundwater monitoring protocols in which the well casing
is exposed to contaminants for an indefinite length of time,
purged of stagnant water, then sampled within 2 to 24 hours of
purging. Results indicated that ﬁo statistical difference exists

between adsorption of the organic compounds tested to PVC,
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Teflon, or stainless steel when exposed to concentrations
approximating 100 ppb (Sykes et al., 1986).

Sara et al. conducted a similar experiment. PVC was exposed
to organic-contaminated groundwater allowing a sufficient period
of time for any adsorption equilibrium to occur. The stagnant
solution was then removed and replaced with a fresh organic-
contaminated solution. Results indicated a net sorption rate of
zero.

Research was conducted to compare the effect of casing
materials (PVC, Teflon tubing, and stainless steel) to the
adsorption of five organic compounds. Results are shown in
Table 1 (Reynolds et al., 1985 guoted in Sara et al., 1987). Note
that Teflon tubing and rigid PVC have, in general, comparable

adsorption affinities.

Table 1. Comparison of Well Material Adsorption

Adsorption (ug/L)

Chemical Teflon PVC (rigid)
Chloroform 10 16
Tetrachloroethylene 41 0
1,1,2,2~-Tetrachloroethane 0 8
Hexachloroethane 4 4
Bromoform 0 5
Average 11 6

Barcelona conducted research into the effect of well casing
materials (Teflon, stainless steel, and PVC) on the variability
of results obtained from groundwaﬁer sampling for organic
compounds. Although results indicated some variations in
analytical results as a function of well casing material, these

4
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variations were not consistently higher or lower for any one
material tested. Well purging techniques proved the most
sensitive process affecting variability of analysis results
(Barcelona et al., 1986).

Another study was conducted to determine the adsorption rate
of solvents to finely ground PVC particles. Grinding the PVC
increases the adsorption contact area was from what would be
expected in the surface area of an actual monitoring well.
Results showed that when the contact period was minimized,
accurate reading of solvents could be attained (Kresse, 1985
quoted in Sara et al., 1983).

Conclusion

Desorption of organic compounds from PVC rigid is not known
to occur with the use of NSF tested and approved rigid PVC pipe
joined by threaded flush joints versus solvent-cemented joints
(Sosebee et al., 1982; Gibb et al., 1984; Barcelona et al., 1986;
Nielson, 1988).

Adsorption of organic compounds to PVC well casing has not
been substantiated by the research data (Sara et al., 1987).
Studies, particularly Sykes et al., 1986 and Sara et al., 1987,
designed to simulate actual groundwater sampling protocol both
indicéte that adsorption of organic compounds to PVC does not
interfere with obtaining representative groundwater samples when

proper well purging procedures are used.
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Much Ado About Nothing: The Monitoring Well
Construction Materials Controversy

by David M. Nielsen

It’s about time we ended all of the senseless arzuments
over which casing material is “the best” for ground water
menitoring wells and focused our attention on some of
the more umportant issues confronting ground water
professionals involved in conducting monitoring pro-
grzms. Much has been said over the past few years, and
much effort and money has been spent in artempts to
substantiate one position or another regarding the use of
the various types of casing and screen materials in moni-
toring wells. Virtually all of the arguments relate to
monitoring wells installed for the purpose of complving
wnh RC RA ground water monitoring requirements. The

catalyst for most of the heared discussions was the initial
dreft (August 1985) of the US. EPA’s RCRA Ground
Weter Monitoring Technical Enforcement Guidance
Document (TEGD). which made the absurd staternent
-hat “in constructing wells, the owner;operator should
use Teflon. stainless steel 316, or other proven chemically
and physically stable materials.™ The subsaquent furor
resulted in a slight softening of the language in the final
(September 1986) version of the TEGD, but by then the
darnage had been done.

Both versions of the TEGD, as many people pre-
dicted. were grossiy misapplied by inexperienced federal
and state regulatory agency personnel grasping desper-
atety for guidance that would provide answers to ques-
tions that were never posed to them in college. Some
less-than-learned regulatory personnel were, in fact,
2usmpting to use the guidance offered by the TEGD in
lienw of informed professional judgment, and were at-
t2ripting 1o apply the TEGD guidance. much of whichis
unsubstantiated, as a regulation of regularory require-
raent. The TEGD itself states. “it is not a regulation 2nd
should not be used as such,” but a much stronger, more
prominent statement relating o the use of the document
wes needed. A similarly strong statement relating to the
need for the use of informed professional judgment ap-
plicd by trained and experienced agency personnel may
bave helped us to avoid the current situation.

Fortunately, in'a recent decision (NSWMA v. US.
EPA), the U.S. Court of Appeals for the District of
Columbia Circuit made a stronger statement in ruling
that “the TEGD is not a regulation or requirement, the
TEGD has no binding legal force on (owner/ operators)

4 Winter 1988 GWMR

and, in any furure enforcement proceeding regarding a
ground water monitoring system, the methods set forth
inthe TEGD are sub_;ect o chanenge ™ This may be the
first step in correcting a siruation that should kave been
anticipated and headed off by the EPA long ago.
Perhaps the most notorious misapplication of the
TEGD to date has been the blind insistence of many
federal and state regulatory agency personnel that every
well installed for the purpose of monitoring ground water,
whether for RCR A compliance or not, be installed vsing
{luoropolymer or 316 stainless steel casing and screes.
When asked for the basis of their deczswn., these folk.s
answer, “because the blue book {the TEGD) says so0.”

.Some states have already adopted or are considering

adopting this stance asregulation, even though the avasl-
able sc:cnufxc evidence suggests that this is not a defensi-
ble position. And, if you consider the practicability of
requiring the use, for example, of fluoropolymer well
casing and screen (to say nothing of the cost), it simply
dossn't make good sense. Fluoropolymers are by no
means the panacea many people would like to believe,
The plain fact is, fluoropolymers aren't well suited for
use as well casing materials; their physical properties
simply do not lcnd themselves well to applications in
vertical boreholes completed as wells. Why not? Consider
the following (I) the very low tensile strength and high
weight per unit length of flucropolymer materials (espe-
cially compared to other plastics) results in a significant
Emitation on instaliation depth and a high potential for
failure at casing joints; (2) the materials’s low compressive
strength, high weighr per unit length and ductile behavior
results in the partial closing of fluoropolymer well screen
openings and a consequent reduction of well efficiencys
(3) the extreme flexibility and lack of rigidity of fivorope-
Ivmer well casing causes casing strings to become bowed
and non-plumb in the borchole during installaton; (€)
because of the lack of compressive sirength and the
cold-flowable nature of ‘Iuoropo!ymers screens are only
available in slotted casing, which can clog easily and
titake well development d xfficult- (5) the non-stick nature
of fluoropolymers that makes them so desirable in other
applications results in the lack of formation of 2 compe-
tent annular seal with neat cement grout: and (6) recent
research at the University of Waterloo suggests thateven
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materials 1s suspeet — they @ ‘ndeed sorb certain
»rg-nic chemiculs at rates and aru. .ots faster and higher

‘than other plasties.

On the other hand, the ressarch that is commonly
ited as condemning PVC has its roots in work conducted
some vears ago on PVC tubing, which has high levels of
plasticizers added to it to enhance flexibility, or on rigid
PV that contained high levels of residual vinyl chloride
monomeéter (RVCM). In the first place. PVC casingis a

f
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{ ready know the answers, As in all other situations in

HER

pling protocol. ~ ' sciection of a laboratary that can
provide aralytic.. .2sults in which one can have confi-
dence. We must place the casing marerials issue in its
proper perspective.
Unfortunately, 2 great deal more effort and money

will probably be expended by the U.S. EPA and othersin

. an attempt 10 re-olve the casing materials issue, but
Unformed, experienced ground water professionais a)-

hardened, rigid material whose formulation does not 1)/ which decisions hinging on definition of the hydrogeo-
include plasticizers that could potemtially leach out, 2ud X logic system must be made, “1t depends.” it depends on 2

in the second place, today’s formularions of PVCused m
rigid pipe are controlled by NSF Standard 14. and donot
leach RVCM or vinyl chloride: More recent research
suggests that rigid, hardened Type | PVC performs better
in Iaboratory sorption/leaching studies than fluoropoly-
mer materials:

Those who have followed the casing marerials issue
~i10w that the great bulk of research done to date has
besn conducted under laboratory conditions, where cas-
ing materials were usually exposed to & solution over
prolonged periods of time (several days to several

months), allowing an extended period of time over which
the materials could exhibit sorption or leaching effects.

While this may be comparable 1o a field simation in
which ground wateris exposed to well casing as it may be
between sampling rounds, few studies have considered
the fact that prior to sampling, the well is usually evacu-
ared of stagnant water that would have besn in contact
with the casing between sampling rounds. Thus, the
water that would have been affected by sorption or
leaching effects (if they were present at ail), will ideally
have been removed and replaced with aguifer-quality
water, Because the sample is generaily taken immediately
aftar the casing has been purged of stagnant water and,
further, because the pump iatake or bailer is usually
pleced within or just above the screen to take 2 sample,
the water that is taken as a sample will have had 2
miniraum of time (seconds or fractions of a second) with
which to come in contact with casing materials. Is this
long enough to produce the oft-mentioned sorption or
lezching effects? Not very likely. Several researchers have
pointed out that potential sampie bias effects due to
sorptive interactions with well casing materials may be
discounted or elimminated for this reason. They further
suggest that these effects are far more critical in sample
trensfer and storage procedures employed priorto sample
analysis,

Assuming that vou accept this argumen:, ismt 1t
apparent that the focus of much of the effort in solving
probiems related to ground water monitoriag has been
on the wrong issue? Is casing matecials even an issue? I
would argue that it is close to last on the list of issues that
should be d2ght with In the establishment of monitoring
programs. Preceding it should be such important issues
as proper location of wells. estabiishment of site-specific
well design criteria (other than casing) that will ensure
acquisition of representative samples (avoiding such
ubiquitous problems as siltation and grout contamina-

tion), development of 2 thorough understanding of site

unigue set of site-specific and logistical factors, including
geologic environment, natural geochemical envircnment.
anticipated well depths, types and concentrations !
known or cxpected conraminants, well drillin - -cthod
and tvpe of well completion, among other factors. Thisis
a fact that is well-recognized by experienced practitioners
of hydrogeology. Despite what some would have us
believe, there is no “best” well casing material applicabie
over the wide range and variety of natural and man-
induced site-specific conditions, Rather. it is Lmportan:
that the site-specific conditions be properly characterize:
and evaluated so that casing material can be tailored t-
meer the unique set of conditions that exists at each sit:
Thus, where natural geochemical conditons ndice

a high corrosion potential and where synthetic orgar
contamination of water is present art levels high er. .
to chemically degrade other plastic casing materia! -
measured in percent), fluoropolymer casing/ sereen ma.
rials may, in fact, be the best choice: Where corrosic
potential is low-and synthetic organic contamination ¢’
water 1S at high levels, stainless steel may be the bes
choice. Fiberglass casing materials may have applications
-But in the vast majority of cases, where corrosion poter
tiatisfow and where synthetic organic chemical contars
inatiorw may be encountered at Jevels that are not hig'
enough to produce chemical degradation effects, PV(
casing will probably suffice, as ithas in tens of thousand
of wells already in use around the country. What it take
to make these determinarions, however, is a proper!’
treined, well-informed professional who can make soun-
professional judgments based on scientific evidence.

In ray view, the effort and money that will bespent o:
the casing marerials issue could be better spent in proper]
developing more critically needed guidance, in educatin
those people who are new to the profession, znd in hirin
more qualified. experienced, well-informed professional
to staff regularory agencies. I'm either optimistic or naiv
enough to believe that we ¢an purge the system of th
people who cannot exercise professional judgment an .
who must therefore rely on ill-conceived guidance writte
by burcaucrats and idealists rather than “practitions:
and realists. The time will come when people who unde:
stand the technical issues and who can gather the scientifi
evidence required to support professional judgment w
sit on both sides of the table. but it will be a frustratin
experience waiting for that time to arrive. Until then.
suggest we focus our atantion on more serious issus
than debating which easing material is best.
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o Casmg Materials Affect the Integnty of Ground Water Samples
(Obtained After the Well Is Purged?

This i the last of four “Point-Counterpoint™ articles planned to appear in this column. These articles are based on
discussion sessions held ar the Sixtk National Aquifer Restoration and Ground Water Moritoring Conference. A brief
article outlining each speaker’s opinion Is offered ﬁrst, followed by the transcript of the discussion session during which

atrendess have 2 chance to ask the speakers questions on the subject.

Cpinioy: |.
u, Martin N. Sara

I'm going to talk today first abo.u the regulations,
then about the jiterature of casing materials — instant
surface chemistry and recent tests performed to simuiate
xr und water sampling and finally, Il discuss problams
vith Teflon®.

Introduction

In mny opinion, ground water moniroring has become
the single most fmportant regulate: v issue concerning
waste storage, treatrnent and dispos.! facilifies. The fed-
=r7] government has enacted specific codes within the

Resourte Conservation and Recovery Act (RCRA) to

~diiress ground water monitoring at regulated facilides.

The purpose and goal of the ground water monitoring
_gramis to “determine a facility’s impact on the quahty
of yrovnd water in the uppermost aquifer underlying the
factlity.” To accomplish this goal, each facility must

“irstall a ground water monitoring system that is capable

of vielding ground water samples for analysis and must
consist oft (1) monitoring wells (at least one) installed
hydraulically upgradient . . . ,™*(2) monitoring wells (ar
1205t three) installed hydrauhmllv downgradienr Therr
number, locations, and depths must ensure that they
imnediately detect any statistically significant amounts
of hazardous waste ... ™ (40 CFR Part 265). RCRA
further states, “All monitoring wells must be cased in 2
menner that maintains the integrity of the monitoring
well borehole. This casing must be scresned or perforated
ane packed with gravel or sand, where necessary, to
enrble sample collection at depths where appropriate
aquifer flow zones exist.”
Since little or no guidance was provided on appro-
printe use of casing material at the rime of the RCRA

regrfations were pramulgated, most operators installed -

polyvinyl chloride (PYC) casing in both the original and
subsequent monitoring systems. This material weas readily
ava'lable, fairly inexpensive, and had a long history of
use in water supply. In the intervening years, 2 number of
qurstions were raised concerning exactly which casing,
marenial 1s appropriate for use in 2 monitoring well, and

some research was initiated t0 provide guidance in this
area.

~Initially; many wells were installed using ,._,lued joints.
Not unril the EPA started requiring extenswe organic
analyses was it discovered that glued joints - '~ -

..

-taminare a mouitoring well with such chcmxmns ar

‘hydrofuran, methylethylketone, and cyclohexanor:
Such chemicals would normally be washed out of a
traditional water well used for domestic purposes, but for
ronitoring wells used only once per quarter, the orgamics
would not likely be totally washed out for years. The
reputation of PVC was thus tainted as soms people,
unaware of the actual cause, believed the organics were
desorbing from the PVC.

Thesecond factor that raised some guestions was the
availability of alternate casing materials. Materials such
as Teflon and 316 stainless stee] were suggested because
of their apparent “inermess” primarily with respect to
organics, Teflon has long been thought to be a stable,
unreactive, inert material, This led to the suggestion that
Teflon or 316 stainless steel would be preferable to PVC.
Barcelona et al (1983) stated, “A preliminary ranking of
commonly used materials (for well construction) was
performed on the besis of chemical compatibility and
manufacturer’s recommendations. Comparibility was
judged from the point of view of potential deterioration
of each material. No second order effects such as adsorp-
ton, absorption or leaching were considered.”

The preliminary ranking presented was: Teflon,
Stainless Steel 316, Stainless Steel 306, PVC 1, Lo-
Carbon Steel, Galvanized Steel and Carbog Stesl.

The intent of Barcelona’s paper was, presumably, to
show that under certain ¢ircumstances, such as highly
contaminated ground water; PVC might not stand up
and that it would be prudent to consider Teflon or stain-
less steel. However; his conclusfon has been extended by
the U.S. EPA to include 2il monitoring wells without
'vonsideration of water qualiry. This misinterpretation of
the facts forms the background for the current con:
troversy.

The Controversy

The controversy surrounds the August 1985 draft
guidance document titled RCRA Groundwater Moni-

Fall 1987 GWMR 45
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toring Technical Enforcemer
(JEGD), which was intended . help EPA and state
enforcement officials decide whether specificelements of
an owner/operator’s ground water monitoring svstem
satisfy the RCRA requirements. The guidance document-
states that only Teflon or stainjess stee! are acceptable for
Use as screen or casing in new well installations: While the
agency has backed off on requiring the use of these
materials for the fully cased well to only that portion

il

Suidance Document

* located within the saturated zone, the guidance require-

ment Taises serious questions as to its technical validiry.

There are three primary reasons why the U.S, EPA

bas decided that PVC is unaceeptable as casing material

A m the saturared zone.

N

~ 1. The U.S. EPA believes that PVC will 16t be suffi

ciently resistant to attack by concentrated orgamics:
This belief stems from reports of PVC casing instailed
at CERCLA sites collapsing after being softened by
high concentrations of orgames.

2. The U.S. EPA believas that PVC desotbs or emits

contaminants to otberwise uncoutaminated ground
water, This misconception originates from confusion
regarding the previously described problem with glued
joints and also from published work that describes the
release by PVC of some compounds that are used as
lastdcizers.
The U.S. EPA believes that PVC adsorbs chemicals
from the water; thus delaying the detection of contam-
ination. This belief is based on the musinterpretation
~of the work of Barcelona.
The U.S. EPA believes that Teflon asd stainess stesl

do not exhibit any of the preceding probleras.
Discussion

The first issue regarding PVC raised by the guidelines

is related to its ability to stand up to high concentrations
of chemical solvents. This, we believe, is 2 moot point in
this discussion. The issue is whether PVCis adequate for
use in detection monitoring wells at RCRA facilides. Our
experience with almost 5000 monitoring wells suggests
that interim status facilities designed to RCR A specifica-
tions, Le., double liners, leachate collex
have vet to detect migration of organic constituents in
high concentratons that would threaten the integrity of
PVC casinig.‘Even in ceses where contaminants have
reached the parts per million level, no instance of PVC
casing faiturs has occurred to the best of our knowledge.

0. Systems, etc.,

Finally, if levels of organics from a product spill, there
are alternate marerials.

The second issue involves the reported desorption of
contaminants to otherwise clean ground water. The use
of only National Sanitarion Foundation (NSF) tested
and approved PVC formulations can be expected to

" reduce the possibility of desorption of either residual

monotmer, fillers, stabilizers or plasticizers Proper clean~
ing-of the well casing material and well installation
equipment will further reduce the possibility of later
desorption of contaminants.

The exclusive use of threaded flush jomts prevents-

#ny residual chemnicals from solvent-cemented joints from
‘contaminating the ground water sample. Curran and
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ror
Thomas (1983) * “estigated the Ieacdtnne characteristc:
of rigid PVC . . various other plastics used i wel
construcrion and sampling. Looking at their data. it i
clear that desorption from rigid PVCis at leest as low a-
from Teflott and may be slighty lower. They concluded.

. thatrigid PVCisan acceptable alternative to Teflor
for monizoring wells . .

The final issue, that of adsorption or absorptior
{collectivelv referred to 2s sorption) of ground wates €

constiruents on PVC casing, is cited as the major probler

in the guidance documents. The guideline suggests the
sorption would tend to Jower the amount of contaminar

. in 2 monitoring well sample to the point where it migh
g6 undetected (false negative)- The possibility of a fals:

negative is of prime concern to the U.S. EPA and oth:

_ regulatory agenciest

Absorptibn is the process in which me's~ul¢s enu

the spaces between other molecules, mu ~ ater
absorbed as a sponge. T~ - ~rocessis not o3+ 1 ifhre-
grocess, but will contin* s long as there dnivi

force pushing the-molecules into the matrix ana cz2pacr’
exists in the substrate to absorb addir -~ ! molecuies
TH thé TaBe of organic moldculer «~ - eous solutic
in a monitoring well easing, the rate «° adsorption
proportonal to the concentratics and ~~. ¢an calcule
this rate! For concentratons of orga: s up to 25 percer
the steady~state rate of permeation even after 6000 yer
would be only 20 micrograms persquare meter of s
arez, Clearly, this rate of permeation is negligible.
Adsorpton is an equilib~ -+ process in -/ th me’
cules that contast a surface adhere "o it forenr +
of ime.

- All surfaces adsorb. The forees that hold a moiee
to asurface are electricin nature (Var der Waal's foree
and are dependent on the structure of the molecule a-
the temperature and nature of the adsorbing mediv
The rare of adsorprion is controlled by two factors, !
length of time each molecule adheres to rhe surface 2
the rate of diffusion of the molecule to.tre surface,

-Oniy one layer of molecules can be adsorbed o
surface at one time, which is commoniy referred to -
monolayer. Thus, for any given surface area, only
many molecules can be adsorbed ar equilibrium.

At least three notable experimental efforts to d¢
mine the magnitude of adsorption of organics
PVC, Teflon, and other materials have appeared in
Hterature.

Thefirstisa paper’ by Barcelona( 1983), which d
exclusively with sorption of organics on various p
meric tubing materials associated with sampling eq'
ment.

Barcelona’s experiments involved only fresh Va-
LD. tubing of various polymeric types. The experim
show that 10 to 20 minutes are required to reach equ
riuth: i.e., for the rate of sorption to drop to zero. V-
his experiments are valid for sample rubing material
concedes that these materials (except Teflon) contas
to 50 percent foreign ingredients (plasticizers) includ
the formulation to produce the necessary flexibility

The second experimental work performed by
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-oldz dealt with rigid PVC, but up® —unately inciud: i a
srparison with only Teflon wh
" Reynolds concludes, “Of particular interest in this
tudy were the results with PVC and Teflon. PVC only
wdserbed four of the five compounds, and the rate of
“bsorption was sufficiently slow that absorption bias
vould likely not be significant for these compounds
~hould well development and sampling take place in the
~ame day. Teflon showed similar resuits.”

The preceding two studies were performed for differ-
eat test periods. The Barcelona experiment was con-
ducted over 10 mintrtes to 60 minutes, and the Revuolds
experiments over 10 minutes to 50,000 minutes. Both
t=sts determined the sorption of each compound for the
different well materials.

The results of the two studies are presented in Table L.
The results clearly show a significant difference between
rigid PVC and flexible PVC. Although two of the chemyi-
cals tested by Barcelona and three of the chemicals tested
by Reynolds are not the same, chemicals used by Bars
r~zlona show an average sorption rate for flexible PVC of
75 times more than the sorption rate of chemicals used by
Peynolds for rigid PVC. The Barcslona study further
chows that flexible PVC sorbs roughly thres times as
much as the Teflon tubing, while the Reynolds study
rhows that, on the averags, the rigid PVC sorbs slightly
I~ss than the Teflon tubing.

TABLE 1
Comparison of Well Material Sorption
(in pg/mL)
Test Time
Barezione et 2l, Revnoids et 2l
60 min. 200 min,
PVC PVC
hemical TFE (flexible) TFE (figid)
1 hlorsform 40 150 10 16
“richlorocthane 0 145
Trichioroethylene 70 160
Tetrachloroethylene ‘105 160 41 0
1{22-Terrachloroethane (s} 3
Hexachloroethane 4. 4
“ramoform 0 5
Average 86 154 i1 §

Yott can calculate sorption for a hypothetical ease
using a well casing 4 inches in diameter, 10 feet long,
{lled with water contaminated with one’of the chemicals
used in the preceding tests at the 10 parts per billion
(PPB) level. If the well casing were Teflon and the chemi-
cal were tetrachioroethylene, the maximum that would
e sorbed would be 16 percent. None would be sorbed by
the rigid PVC. If the chemical were trichloroethane, the
reaximum sorbed by the rigid PVC would be 6 percent.
In neither case would the analytical uncertainty levels be
exceaded.

More recently, a paper by Kresse (1985) describes 4
tast performed on “. . . fnely ground PVC to increase
"he surface contact area between the sample containing

A \7.( oM )
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thesolventandthr  "C, so the vest shows a much higher
potential for adsory.«on than would be expected to occur
in 3 well The test shows that if the contacr time between
PVC casing and the ground water is minimized. repre-
senrative samples to test for the solvents can be obtained.
Therefore, the use of more expensive materiais for well
construction is wasteful,”

"Since none of the experiments reported to date
addressed what [ feel is a key issue wirh regard 10 the use
of these materials in well construction, a series of expe-
riments were conducted to address the absorption issue.
(Theexperimental protocol may be obtained by request.)
This series of experiments address the absorption of
organics on previously exposed casing surfaces. Theidea,
then, is the exposure of monitoring well casing material
to conmamninated formation water for a sufficient length
of ume to allow dynamic equilibrium to be established
between the material surface and various organic mole-
cules. We observed some adsorption (up to 20 percent)
when the material is fregh.

However, proper sampling techniques require that
the stagnant water be removed (purged) from a well prior
t0 sampling. This has the effect of removing water from
the well that may have lost up to 20 percenr of the
organics through sorption and replacing it with formation
waler representative of the ambient organic conce:
tion. Because this new wateris in contact with the alread+
saturated surface of the well casing for as shorra dme.
one hour, and probably no longerthan 26 hours. * ~
issueis how much sorption takes place underthes: - - . -
tions: In both cases; and for all materials exposed
sorption is nominally zero. While admittedly tv: - «:lf
be some experimental error associated with these
the result stli is obvious — rigid PVC well casing pe:-
forms as well as, if not better than, Teflon or stainless
steel. In general, there is little, if any, real justification for
the substitution of Teflon or stainless sieel for PYC asthe
material of choice for construction of monitoring wells
for RCRA facilities.

Let’s look at a more likely reason for contamination
of ground water samples.

P've defended PVC for long enough: let’s take a look
at problems with Teflon.

L What’s so good about Teflon?
i Problems with Teflon casing:

& Strength of materials
- High (medium-density) — low.strength
- 300 pounds hanging weight aliowable
- Safety problems with more than 80 fest of Schedule
80 casing hanging
& Threads too flexible and slick -
~ Caused ieakage at joints with one psi pressure
"~ & Cold creep
- Affects slot size required
— Makes design of slots difficuk
- Closing of slots with time?
& Difficulr to set and install
® Exuemely porous material
& Grour will not stick to Teflon.
To sum up. Teflon is not a very good casing material

net
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| Opinion I : . : |
. looking at selecting casing material for particular sit
' by Don Shosky tions. What are the waste materials that we're des’
2r The question posed to the speakers this evening is “do with? What is the ability of that particular casing mat:
casing materials really affect the integrity of ground water to work well'in the environment that it's going to
samples obtained after the well has been purged?” exposed to? If it doesn't have long lLife for its inten

There is a little bit of coptroversy on this subject; a lot purpose, why put it in? Why go out and put in ano:
of people feel strongly about casing materizls, There are well in five or six years, because the one you have
many types of casing available on the market today. To rotted away? Which gets usinto the question of how ¢
narne a few, we've got stainless stezl, carbon resins, PVC adequate purging of the well make a difference in

Bk A 3 122, b ’
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and fiberglass. sample that's obtained.
A fevr of those compounds have never been used very My experience in taking ground water samples
much in monitoring wells untl recently. comparing our datz with that that's being selectec
T'd like to discuss my opinions concerning the factors facilities Is more often than not we don™ have an adeq’
that influence the lezching or 2bsorbing of contaminants well purge.
on these different casing materials. Then I'll ease my way Right now 1 have several applications where afac
into the purging issues because they’re separate, vet thevre using PVC is starting to see some contaminant
the same. phrhalates. It so happens that the same facility has v

It’s known that there are certein factors thatinfluence strearns that contain phrhalates and we're seeing 10°
the leaching and/or absorbing of contaminants on well parts per billion in these wells. The company claim:

casing. PVC casing leaching this material out.

> Sometimesthose things can be a basic chernical affin- These are questions that are posed to me,
ity to a particular contaminant. For exampie, perhaps regulator. .
certain chemical classes such as hvdrocarbons, through The point that I'm making here is that in this stz

hydrogen bonding, could absorb mto PVC. The reverse the phthalates may be 6r may not be coming fror
is also true since after saturation occurs we can have PVC casing. I also know a Hrtle bit of history about
release of those same contaminamts back into the particular sites and I know that the purging that’s
environment done ar those sites have been highly variable over t

We also know that under certain conditions waste Sometimes 2s much as seven casing volumes
leaching ¢an be 2 problem with some casing material. been pumped out of a particular well, other time
You certainly cant purge three casing volumes out of casing volume. Phthalates show up at different co
your well if your well doesti’t exist. We've run into this trations, at different times, Is i 2 plume, orisitthec
problem aralot of facilities that treat wood produets, use material that’s leaching?

alot of creosote, PCP, things of that nature. One day the I'm not trying to put oze type of casing materia
2-inch piece of pipe is sticking out of the ground, the next the other, but I do have a strong opinion that we s'
day it’s gone. always be looking at the most compatible casing m:
We also know that geologic conditions affect the for a particular situation.
integrity of a partcular well casing material. We know There’s another thing that causes some intere:
that high and low pH environments somedmes raise confusion at these particular locations. We're only |
havoc with casing materials such as stainless steel, but ing out these wells onice every three months, ona o
then so does the chemistry in certain ground waters. With sampling basis. .
: high TDs, say 150,000 parts per million, we've had areal Is the well purge adequate with that kind of res?
issue of what types of wells to install. time? With higher yield wells, the residence time prc
“The point I'm trying to get at here is that we should be isn't going to bethatlong, even when we don’t g0 o
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surge tne well except a three- and four-month ictervais.

In lower vield situations, the . the residence tme
could be 2 lot longer. What we're seeing there is longer
sxposure of the water to the casing material so thereisa
greater opportuaity for whatever is in the ¢asing material
t0 come out.

Now the real question becomes, can [ go out and take
out my one casing volume before the well driesup and is
that going to be adequate to rotally flush the well of
contaminants that could be in there due to the casing
material, regardless of what kind it is?

Quite frankly, the answer in my mind at this pointis
dont know. Dara seems to suggest that there is 2 chance
that a lot of that roaterial will still be in the well.

Anorher interesting point that I'd Iike to make is to
take a iook at the wells that are out at your site. Do they
look dirty?

1look at a variety of different wells and how they're
constructed, A lot of times well casing appears dirty from
leached material that’s been slopped on the sides or
maybe absorbed into the casing material,

How is that casing material going to react? Over time,
is it going to start releasing those contaminants? You
could have cleaned up the aquifer and you’re monitoring

SEEER M i

what your casing is releasing over time, or you 've insti-
gated a correctr  don program for 20 years longer
than you need because you are mounitoring those same
contaminants over time.

The last thing I'll discuss is structural integrity. What
I'm trying to push here is finding appropriate casing
material for the conditions. What is the waste material
that we're dealing with? What are the constituents? What
are the constituents and life expectancy of the casing
material?

Nothing is more frustrating than to go out and take 2
water level measurement and have the well fall over

‘because everything has rotted underneath it. Nobody
believes me, bat it happens,

Bazsed on the data that’s come across my desk froma
variety of different types of facilities, these facilities believe
thar part of their contamination problems are from the
casing material that they use,

My advice is, let’s use some type of inett material and
let’s go for the highest quality ground water sample that
we can get, 5o that we don't have to argue about whether
or not the contaminant is coming from the casing material
or the site.

Discussion

From the Floor: I've gota question for both parties. I've
been hearing a Iot lately about the magic of fiberglass
and epoxies. Have vou run across anything, either for
or against them? ‘

Sara; When the systems are so sensitive, ] would hesitate
to use anything that doesn't have a long history of use.

Shosky: would say that any new type of casing material
or any casing material that hasn't gone through both
field testing and real 1ab evaluation should be looked
ar with specularion until adequate testing is provided.
This does not reflect the opinion of the agency, butisa
persopal opinion.

From the Floor: | have 2 quastion for both. The reason
for purging 2 well is to get fresh formation water in,
therefore taking a molecule some distance from the
casing and bringing it up to the surface, We're assum-
ing that we're not getting any comact. How do you
address the issue?

Shosky: Well, the real issue is what's an adequate purge?
One of the best documents that I've found on this
subject is ope produced by the American Petroleum
Insrirute, which discusses theories about well purging
and recommends that under certain conditions, if the
well is designed properly, purging should be kepttoa
minimum. They're considering the well as a dynamic
system where there is flow continually through the
well -

If you operate under the assurnption that certain
casing materials will absorb or adsorb contaminants
then release them over time, my concern would be that
the purging was done adequately.

How much purging is enough if there is contami~

nant that’s betng released in the well, and does that fit
in with the rest of the sampling scheme that you have
for a particular facility?

T'm not in the habit of OK'Ing excessive purge

‘volumes out of 2 well, like 70, 80 casing volumes.

If anvthing is being released into the well, it’s my
fesling that probably within two to thres casing
volumes, vou'd be removing most but possibly not all
of the contaminants from the well. '

Sara: Well, I'm probably not going to be able to add
much to that other than I personally believe thar all
monitoring wells or piezometers should be tested for
the zbility to vield water I think that’s very important.
It's one that people miss a lot. [tdoesn’t do much good
to say that vou have 10 pull three casing volumes of
water out of 2 hole that has an overall transmissivity of
.1 meter monitoring point in a situarion where you are
going to get at least enough yield to be able 10 getan
adequate sample. That means more than one casing
volume. .

From the Floor: I'd like to ask if in spite of al' the
evidence and the fact that there are few people whe are
credible scientists who side strongly for the use of
Teflon 100 percent of the time, what flexibiliry exists
on the part of EPA?

Shosky: There's a couple options we have as regulators.
One, throw the book on the table and say you'll follow
this or youll be in trouble. Normally what we do is sit
down and we look at the site conditions and the type
of casing material that best fits those conditions.

Now this is my personal style, but if somebody
comes in to me with an argument on cost only, [don’t
Tisten 1o it. I'm being honest with you, { dont. The
thing thar matters to me the most is that the best
casing material is installed that will yield the best
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Ifithappenstobe Teflc  ‘nenthats whatlaskto
be installed. If it happens . pe stinless steel, then
that's what I ask to be installed. On a few of the sites
thar ['ve looked at, because of certain conditions thaz
exist at that partcular facility, we've allowed PVC.
Educared regulator and educated facility person or
consultant should come in and negotiate which casing
marerial can be used based on site-specific data.
From the Floor: What kind of cost differential are we
talking? I imagine there is significant cost in the begin-
ning, but over the enrire course of 2 30-vear monitoring
program., is that significant?

Shosky: The cost differentials for the casing material -

alone arent that much when compared with theentire
cost of installing a well

Most of us know that the real cost in installing 2
well is the time that the guy spends out there putting
the well in. The cost of the casing is insignificant when
vou’re talking about paying somebody 50 or 70 bucks
an hour plus driller’s dme.

Sara: The whole context of mytalk was notthat PVCis
less expensive, which it might happen to be. The most
important thing is thar experience with PYC proves it
1s generally aceeptable for RCRA. No matterwhat the
cost, | happen to think PYCis OK, but this issue isn't
just EPA.

From the Floor: Martin, i vour presemiation you
showed data relating to up to 200 minutes, then later
vou talked about you should only put monitoring
wells where wells will vield water. What if there’s nota
place on the site where the well will yield water at 80
feet? This & continuous, very thin sand lenses overa
thin shale. Is there such a thing as an exempdon from
ground water monitoring?

Sarg: That’s pever really ever accepted but, yon know, ar
least vou make the offers, just to be 2 aice guy.

Moderator Graves: What material do you recommend
foruse for dedicated bailers that you're going to reuse
in sampling wells that have extensive volatile organics
in their concentrations, let’s say between 50 and 5000?

Sara: What { would normally probably do is not use
bailers but use dedicated bladder pumps. With 2 bailer
of any material, you still end up withrasitnatdon where
you are dealing with materiat properties, and material
properties are based on adsorption, desorption
properties,

If you have stagnant warer well that is geing to be
difficult to sample, no marter what kind of bailer you
use.

Shosky: I like to use those clear Teflon bailers over the
stainless steel because I still like to look at and smell
the water when it comes out of the well

Sara: Looking for TCE you might not want to use
“Teflon. You might want to use PVC.

From the Floor: [ have 2 question for Martin. On whar
do you base your statement thart Teflon will deteriorate
with time?

Sara: Just open up the Merck Manual and turn to the
page where it talks about Teflon, and read it for
yourself.
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aliuded to where Teflon wowa ot vcucs wisn « - -
especiallyi 1 have product spill

Shosky: It is one thing to deal with the problems «
extemely contaminated sites when you're talkin
about the lower Jevels and the company is telling yo
that it’s coming from their PVC well casing, but the:
is 2 real good possibility that could be coming fro
their site. Those are the kind of decisions that we far
as regulators every day.

Sara: Actually I agree with Don. If you have to take t/
approach that in order to defend your site that you’
got 1o blame your wells for organics results, T thi-
you deserve to put in Teflon wells.
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Samples taken for analyzing the quality of groundwater can be altered by certain materials
used in the construction of monitoring wells and even by the containers used to collect
samples. Similar problems can occur with samples taken from a distribution system. Further
research is needed to refine analytical procedures so that actual in situ data pertaining to
organic compounds in groundwater can be obtained. . .

The base {low of perennial streams
can be attributed to groundwater.
Groundwater is also the source of half of
US drinking water supplies.! Yet
groundwater has received only token
scientificattention in terms of its quality
and protection. Almost no attention has
been given to proper sampling procedures
to determine accurately the quality of
groundwater.

The passage of the Safe Drinking
Water Act (PL 93.523) in 1974 finally
recognized groundwater as a major
source of drinking water and established
standards of groundwater quality pro-
tection. Later, the Toxic Substances
Control Act (PL 94-469) and the Resource
Conservation and Recovery Act (PL 94-
480) further récognized the significance
of groundwater resources and the im-
portance of their protection against the
increasing threats posed by human
activities. :

Since the beginning of the industrial
age, a variety of new chemicals have

been introduced into the environment

by man’s indiscriminate use and waste

48 MANAGEMENT AND OPERATIONS

disposal practices. Since World War II,
the explosive development of the syn-
theticchemical industry has added thou-
sands of chemicals to the environment,
Chemicai Abstracts announced in March
1972 that it had registered two million
unique chemicals since January 1965.2
These chemicals enter both surface’
water and groundwater—not only
through waste disposal but. also as a
result of normal use. ) :

The presence of many trace organics
in groundwater, even at very low con-
centrations, may create short-term or
long-term health hazards.? Theinclusion
of approximately 113 organic compounds
on the US Environmental Protection
Agency (USEPA) priority pollutant list
indicates the significance accorded these
chemicals by US health officials.

The identification of organics, par-
ticularly indrinking water supplies, has
always been a difficult problem, although
in recent years significant progress has
been made in the development of analyt-
ical separation and identification tech-
niques. Considerable attention has also

- been given to proper procedures for

preserving samples to ensure that col

i

lected samples undergo minimal chem-
ical change between collection and analy- -

sis. However, almost no effort has been
made to determine what procedures
could ensure collection of groundwater
samples that are representative of the
quality of the resource in its natural
environment. This article addresses
some of the problems associated with
sampling public water supply wells and
constructing groundwater monitorinf
wells.

Principles affecting organic compounds

Scalf et al' correctly noted that 2
positive sample from a monitoring wel
may prove the presenceof a contamma_n*-_
in groundwater, provided the integrt!
of the well and the sampling procedvr
are intact. However, a negative samp"
does not necessarily prove the absenc
of contamination in the aquifer. Thit
dicussion points out some factors tha
_tend to bias analytical results and ma:
compromise the credibility of both po¥!
tive and negative sample results.

Therelatively unstable natureof mar

- chemical, physical, and microbial co”

stituents in groundwater contn'buteS‘l“
the complexity of securing represen‘ :
tive groundwater samples. Because t*
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~‘-,=,vsical. chemical, and biological as-
£ cts of the subsurface environment are

‘oo closely interrelated, it is difficult to

f 421 with one without the others being
. rfected. In devising groundwater sam-
# ing protocols, the effects of collection,
p,rf,-servatior\, and handling procedures

& each of these aspects must be consid-
« % .red to ensure sample integrity. (See
. B westrick, page 52.)
& Theact of sampling may causechanges
$in water temperature and pressure that
& nay, in turn, affect the water quality.
B Groundwater is usually well insulated
% .nd, therefore, normally experiences a
% ,arrow range of temperatures. When
Fwithdrawn from the subsurface, it may
¥.undergo temperature changes of 15-25°C
#and rapid changes in pressure. Degas-

¥iing, aeration, and temperature varia-
®nns can cause significant changes in

18 the solubility of volatile compounds and

alter the chemical speciation of many

£ Pdissolved chemical constituents. Pres-
¥ ¢ Zre and temperature effects on the
2 & &earbonate system may shift the pH or

. % pedox potentials and affect the chemistry

of iron, manganese, sulfur, oxygen, and

: ¥ other mineral equilibria. Gibb et al4-6

 indicated how the selection of sampling
apparatus alone may drastically affect

C§ the pH and chemical speciation of the
'510‘ 7 law |

pH- and redox-sensitive elements.

Temperature and pressure also affect
microbial growth. In order to assess the
in situ activity of subsurface microor-
genisms, sampling methods must be
selected that will not disturb the ground-
water or contaminate it with foreign
‘organisms.’

Inaddition to altering water chemistry
and subsurface microbiology, sampling
can influence the integrity of ground-
water samples by contamination or loss
by means of contact with materials in
the sample delivery system. Certain
materials in contact with the sample
can cause organic chemicals to be sorbed
from the water samples or leached from
the materials into the samples. For
example, Miller® studied three types of
well casing exposed under static condi-
tions to two metal poliutants and six
volatile organic pollutants. He reported
that potyvinylchloride (PVC) pipe caused
less monitoring interference with volatile
organics than polyethylene or polypro-
pvlene under the conditions of the
experiment. Junk et &1¢ determined that

t05000 pg/L by weight were observed in
organic-free water that had flowed
through tubes of polyethylene, polypro-
pvlene, black latex, six different formu-
lations of PVC, and a plastic garden
hose. Among the contaminants leached
from PVC were o-cresol, naphthalene,
butyloctyifumarate, and butylchloroace-
tate. Curran and Tomson!'® measured
the leachate concentrations found in
organic-free water that had been cir-
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culated through five different types of
plastic tubing (polypropylene, polyeth-
vlene, PTFE, vinyl chloride and vinyl
acetate copolymer, and PVC, with and
without solvent-cemented joints). Their
results indicated low levels of leaching
from all of the tubing tested except
PTFE. Numerous contaminants were
leached from solvent.cemented PVC and
vinyl chloride and vinyl acetate co-
polymer.

Pettyjohn et al'! and Barcelona et al?
compared the merits of preferred well
construction materials in relation to the
cost of construction and the guality of
resulting data. The materials in order of
preference are: glass, PTFE, stainless
steel, polypropylene, other plastics and
metal, and rubber. Each monitoring
situation must be assessed to determine
appropriate materials for well construc-
tion in order to reduce bias in analytical
results. This consideration is particular-
ly significant for hydrologists and con-
sultants who must justify additional
costs involved in using more expensive,
inert materials.

The materials used in wells and pumps
can also affect water quality from public
water supply wells. Well casing and
pump materials are normally chosen on
the basis of strength and durability,
whereas little or no attention is given to
the possible impact the materials may
have on the quality of water delivered to
the surface. Similar problems exist with
regard to distribution systems for public
water supplies. Studies by Schreiber!3
showed that contrary to the expected
results of increasing trihalomethane
(THM) concentrations throughout dis- '
tribution systems, the highest concen-
trations of THMs often were found at
the treatment plants. Studies conducted
by the PVC pipe industry and the
USEPAY for five public water supply
systems using PVC pipe detected no
vinylchloride in water conveyed through
the pipe. Dressman and McFarren!'s
found vinyl chloride monomer in con-
centrations of 0.03-1.4 pg/L in distribu-
tion systems ranging in age from new to
nine years old.

Studies conducted by Boettner et al'é
demonstrated that low levels of akyl tin
species may be leached from both PVC

-and chlofinated PVC (CPVC)-pipes by

water. Volatile organic solvents (e.g.~.
methyl isobutyl ketone, tetrahydrofuran,

organic contaminations ranging from' & -and cyclohexanone) used in sealing
cementscontinued. to leach into water

from PVC and CPVC pipe joints for indre
than 14 days. The quantities leached
ranged from 10 ug/L to 10 mg/L during
the 15 days of sampling. Factors in-
fluencing the leaching process included
pH, temperature, ionié¢ composition of
the water, exposed surface area, and
surface porosity of thL pipe material.
Water-soluble polymer Additives or reac-
tion products may migﬂflte to the pipe’s
NG
N
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surface, and many factors can affect t|
degree and type of leaching from the:
pipes.
Sampling public water supplies for
organic contamination

Public water supply wells (raw wate'
and finished drinking water are routine’
sampled in response to regulatory r-
quirements. Sampling taps are locate
at the well heads and at various point
throughout distribution systems for o'
taining samples from which to analy:
theinorganic and bacterial constituent!
of the water. Water is allowed to flo-
through the taps into prepared samp’
containers, which encourages aeratio
degassing, and loss of volatile organ’
compounds.

The raw water samples collected »
the well head are not representative ¢
the finished water delivered to the cor
sumer through the distribution systen
Water delivered to the distribution sy:
tem is often maintained under positiv
pressure throughout the treatment pr¢
cedure and in the distribution main:
Not only are volatile organics retained i-
the water delivered to the consumer, bt
they also may be transformed throug’
reaction with oxidants or disinfectan!
such as ozone, chioride, and chlorir
dioxide.

Because of possible chemical tran:
formation within the distribution sy«
tem, there is no substitute for acarefull’
conceived and comprehensive prograr
for sampling raw water at the well hea:
and finished water at various point
throughout the distribution system. A-
attempt to develop a mass balance ¢
organic compounds delivered to and ot
tained from the distribution syster
would be desirable; however, the fr
quently used indicator of organic cor
tent, dissolved organic carbon (DOC), i
not recommended. Most methodologie
for determining DOC do not includ
volatile constituents and rarely indicat
more than 10 percent of the DOC actuall:
identified. Such inadequate sampling ¢
distribution systems may give a fals
sense of security. A carefully planne
sampling program to test all portions ¢
thedistribution system should be unde:
taken if any contaminants are suspecte:
in the raw or finished water within th-

system. To ensure that the expense o

tonducting such a program is warranted
sperial care must be taken to collec
samples that will not bias analytica
results through the loss of volatil
organics.

Water samples collected from publi-
water supply wells represent the inte
grated or average quality of water con
tained within the aquifer. Radial flow o
water toward the well integrates wate:
from different sources along the hori
zontal plane. Similarly, water from the
entire saturated thickness of the aquife:

j.P.GIBB & MJ. BARCELONA 4¢
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baing pumped is drawn into the well.
Therefore, the effect of a comparatively
small plume of contaminated water cap-
tured by the pumping well may go
undetected in the sampling of relatively
large water supply wells.

Toprovide more detailed water quality
information, monitoring wells, designed
to determine ‘‘point water quality data”
horizontally and vertically, aredesirable.
Data obtained from properly located,
constructed, and sampled monitoring

wells are essential to a realistic picture

of water quality within the aquifer.

The construction of groundwater
gu~lity monitoring wells

Scalf et al said:! ““The success of a
groundwater quality monitoring pro-
gram depends on numerous factors;
however, the location, design, and con-
struction of the monitoring wells is
usually the most costly and nonrepeat-
able factor.” It is extremely important
that the siting and construction of
monitoring wells be properly done.

The number and locations of monitor-
ing wells depend on the geologic and
hydrologic conditions at each site. The

horizontal location of monitoring wells .

in relation to a pollutant source deter-
mines whether contaminated water can
be intercepted. Further, the vertical
location of the well screen also affects
the quality of water coliected from the
well. The development of a successful
moenitoring well program depends on the
skills of the hydrogeologist and thedriller
who design and install the wells. Flex-

ibility must be maintained to change ——
well locations and depths as new 6.

circumstances should theentiredrilling
burlget be spent on a series of monitoring
wells based only on initial predictions of
the direction of movement of pollutants.

The diameter of monitoring wells
shnuld be no larger than necessary to
accommodate the sampling apparatus.
Thediameter of the bore hole into which
the casing is placed must accommodate
the casing and be at least 5 cm (2 in.)
larger to permit placement of a grout
seal around the outside of the casing.
Casings and bore holes that are larger
than necessary can have undesirable
cffects on the data obtained from the
well. For example, in formations with
very low permeability, excessive storage
in an unnecessarily large boring or well
casing can result in erroneously low
water levels for days or even months.
Also, because it is necessary to remove
the water standing within the well
casing before collecting a sample, un-
necessary pumping of water from within
the well casing can prolong the sampling
procedure.

The materials normally used for the
construction of monitoring wells are

e TAC TR TNT AT AT AT AN

either metal or plastic. Alteration of
groundwater samples may occur because
of chemical reactions with casing mate-
rials, pipe-cutting oils, threading com-
pounds, cleaning solvents, or cement.
Choosing casing material is more com-
plex than simply using metal casing if
organicconstituents are to be determined
and plastic casing if metals are to be
determined. Iron oxides from aged steel
casing may be a source of adsorption
losses of trace metals or organic com-
pounds. Adsorption on PVC is presumed
to be limited; however, absorption into
this material can contribute to the loss
of organic compounds. As a well is
purged, casing material in equilibrium
with stored water may exert other effects
on newly entered water from a geologic
formation with a different water quality.
Barcelona et al”? recommended using
PTFE, stainless steel, or rigid threaded
PVC pipe for well casing materials. A
nearly ideal construction material for
wells is PTFE. Inertness to attack, poor
sorptive properties, and low leaching
potential are clear advantages of rigid
PTFE.

Alteration of groundwater
samples may occur
because of chemical

reactions with casing
materials.

e — ——
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Theannular space between the casing

and the bore hole above the gravel pack

should be backfilled with a sealant to the
ground surface. Proper backfilling pro
hibits migration of water from the sur-
face or from other geologic formations
and provides support for the casing
Care in selecting the grouting materials
is also important to ensure that the
grouting does not interfere with the
chemicals of interest in the monitoring
program. Claylike bore-hole cuttings,
bentonite, and cement grout are com-
monly used sealants. Each of these has
limitations. Bore-hole cuttings are the
least satisfactory because they are diffi-
cult to compact during placement. The
swelling properties of bentonite are re-
duced when it is mixed or in contact
with highly mineralized waters. Addi-
tives are available that can be combined
with the bentonite to offset this reduc-
tion, but their effectiveness is not docu-
mented. Biodegradable additives may
encourage microbial growth. Subsequent
breakdown may cause seals to fail asa
result of gas formation or the geneération
of mobile microbial metabolites. Cement
grout has a tendency to shrink and crack
during in-place curing. Cements or
cement-bentonite mixtures that expand
are preferred by most researchers.
After a well is installed, it must be
developed by pumping or surging or
both until sediment-free water is pro-
duced. One technique of surging involves
the use of a surge block or plunger to

create a vacuum on the upstroke and a

positive pressure on the downstroke.

\?uring the positive pressure stroke.
Solvent cement should be avoided to ~fine-grained materials in the immediate
formation is obtained during program_ prevent the diffusion of organic solvents
development and weli drilling, Under no ~~inlosamples. Threaded couplings should  on the upstroke they are pulled into the

be uSed-for_joining segments of the
casing and screéfis-Monitoring wells in

e
alx%a\of the well screen are loosened, and

well./Similar actions may be accom-
plislied by alternately turning a pump

unconsolidated geologic formations—on and off or alternately increasing and

should have openings that permit free
entry of groundwater into the well with-
out the intrusion of earth materials. The
use of commercially manufactured well
screens is recommended, since hand-
sawed or torched slots may enhance the
diffusion of organic compounds from
some types of pipe and cause clogging or
other difficulties in developing the well.

"The length of the screen or slotted

section of the casing is important. The
use of long screens can result in dilution
of (and possible failure to detect) thin
lenses of contamination in groundwater.
Screens that are too short and do not
have an adequate open area restrict the
entrance of groundwater, resulting in
slow recovery rates of the water level
after the casing is evacuated. In most
cases,a 0.6-3-m (2-10-ft) length of screen
is adequate. An artificial gravel pack is
normally placed around the screen or
slotted section of a monitoring well to
allow water to move freely to the well
and to retain aquifer materials.

decreasing the rate of discharge. All
fine-grained materials brought into the
well during development should be re-
moved. Airlift mechanisms have proyed
successful in developing monitoring
wells in highly permeable formations. In
geologic materials of limited permeabil-
ity, circulation of clean water down
through the well casing and screen
through the gravel pack, and up the bore
hole prior to placement of the bore hole
sealant often removes the mud cake on
the bore hole and renders the well usable
for sampling with minimal turbidity.
Until adequate time has elapsed, newly
constructed and developed wells may¥
not yield representative water samples
because of the effects of drilling.

Types of sampling devices

There are five basic types of sampling
devices for collecting samples from'
groundwater monitoring wells. They
include grab samplers (e.g., bailers ?nd »
syringes), gas-driven devices, posttives

Aol TAY A\"‘"’
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disptacement submersible pumps, suc-
+jon pumps, and airlift devices. Studies
w Gibbet al*-6indicated that bailers and
nositive-displacement bladder pumps
vield samples for inorganic analysis that
.re most representative of the water
contained in an aquifer. The airlift
devices tested by Gibb stripped dissolved
-arbon dioxide from the water, thereby
.ncreasing the pH and altering the chem-
-calcomposition before the water reached
the surface, Barcelona et al'’ showed
that bladder (no-gas contact) pumps are
cuperior for most organic sampling ap-
plications. Significant bias and poor pre-
cision may be expected in sampling for
organics with gas-driven mechanical-
displacement systems and suction mech-
anisms. Ho!® recently reported on the
1nss of volatile compounds as a result of
enction sampling mechanisms.

fscommendations for organic
mpling of groundwater

Prior to the initiation of a sampling
program for organic compounds, the
gals of the sampling or monitoring
rroject must be clearly understood. The
raterials used for well construction, the
pumps, and the sampling devices should
b compatible with the goals of the
sompling program and consistent with
the desired limits of accuracy and preci-
sion for detecting the chemical constit-
uents of interest. In many cases, the
level of detail demanded by scientific or
research studies is greater than that
required for routine monitoring pur-
mses. A clear understanding of the
hvdrogeology and suspected chemical
contaminants is also essential to a
successful sampling program. The pos-
siblealteration of the chemistry of water
samples caused by an inappropriate
sampling mechanism or by contact with
thewell casing or sample delivery tubing
should be considered. Pumping rates
and times must be sufficient to purge
th~ well of stagnant water without in-
ducing excessive migration of water
toward the well. For the sampling of
public water supply distribution sys-
tems, it is essential to know which
materials are used in the system.

The success of asampling or monitor-
ingzprogram depends on careful planning
print to the initiation of actual sampling.
In many instances, the cost of analysis
incurred over a monitoring period of
310 years is Jarge compared with the
costs of construction of monitoring wells.
Aralysis of the costsinvolved in properly
constructing and developing monitoring
wells and purchasing pumps should be
undertaken to ensure that costs are not
ncreased unnecessarily by adherence to
false econormies in the initial phases of
the project.

Careful consideration must be given
tothe pumping mechanisms in the well,
the type of treatment that the water
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undergoes before it enters the distribu-
tion system, and the kinds of piping
contained in the distribution system. All
of these factors may alter the chemical
quality of the water prior to use by the
consumer. The selection of the points
within the distribution system where
samples are to be taken should be made
by 2 hydraulic engineer who is familiar
with the flow paths and by a chemist
who is familiar with the types of chem-
ical reactions that may be expected to
occur. Proper planning and judicious
selection of sampling points throughout
the system can result in considerable
cost savings in terms of eliminating
unneeded samples. An understanding of
the chemistry within the system will
alsoensure that the monitoring program
adequately protects the health of the
consumers.

Summary

Toolittleis known about the chemical
changes that occur in groundwater
samples during the collection process.
Because of the potentially dangerous or
toxic nature of many organic compounds
found in groundwater throughout the
United States and in Europe, this type of
research can no longer be avoided. The
analytical data collected to date on
organic compounds in groundwater are
not actually representative of in situ
conditions. Only in cases of gross con-
tamination, where the concentrations of
organic compounds are so large that bias
from the sampling procedure is un-
noticed, can it be determined with
certainty that contamination has oc-
curred. When organic compounds occur
only at trace levels, inappropriate sam-
pling procedures or mechanisms may
prevent their detection by subsequent
chemical analysis. The crucial task of
groundwater protection can be accom-
plished only by recognizing the impor-
tance of proper sampling and by accel-
erating research toaddress these critical
problems.

References

1. ScatF, MR T AL. Manual of Ground-
Water Sampling Procedures. USEPA
Rept. R.S. Kerr Envir. Res. Lab., Ada,
Okla. (1981).

2. MiopLeTON, F.M. Organics in Water
Supply—The Problem. Proc. 15th Water
Qual. Conf., Univ. of Ill., Champaign
(Feb. 1973).

3. SeaNoOR,A.M. & BRANNAKA, LK. Influence
of Sampling Techniques on Organic
Water Quality Analyses. Bull. Dames &
Moore Engrs., Syracuse, N.Y. (1981).

4. GiBB, J.P.; SCHULLER, R.M.; & GRIFFIN,
R.A. Procedures for the Collection of
Representative Water Quality Data From
Monitoring Wells. Cooperative Ground-
water Rept. 7. lll. State Water Survey,
Champaign (1981).

5. ScHULLER, R.M.; GisB, J.P.; & GRIFFIN,
R.A.Recommended Sampling Procedures
for Monitoring Wells. Ground Water

a ; dcéJ—oS'?é ~ /2.05 -

oz &34

Monitoring Rev., 1:1:42 (1981).

6. G, J.P. Collection of Representative
Water Quality Data From Monitoring
Wells. USEPA Rept. EPA-600/9-81-002a.
Munic, Envir. Res, Lab., Cincinnati, Ohio
(1981).

7. Duncar, WJ.ETAL. Sampling for Organic
Chemicals and Microorganisms in the
Subsurface. USEPA Rept. EPA-600/2-
77-176. R.S. Kerr Envir. Res. Lab., Ada,
Okla. (Aug. 1977).

8. MiLLER, G.D. Uptakeand Release of Lead,
Chromium and Trace Level Organics
Exposed to Synthetic Well-Casings. Draft
Rept., Univ. of Okla., Norman (1982),

. Junk,G.A.ET AL, Contamination of Water
by Synthetic Polymer Tubes. Envir. Sct,
& Technol., 8:13:1100 (1974).

10. CurraN, C.M. & ToMsoN, M.B. Leaching
of Trace Organics Into Water From Five
Common Plastics. Personal communica-
tion. Rice University, Houston, Texas
(1982).

11. PeTTYJOHN, W.A. ET AL. Sampling
Groundwater for Organic Contaminants.
Ground Water, 19:2:180 (1981).

12. Barcerona, MJ.: Gies, J.P.; & MiLLER,
R.A. A Guide to the Selection of Materials
for Monitoring Well Construction and
Ground-Water Sampling. Rept. 327. Ilii-
nois State Water Survey, Champaign
(1983).

13. ScHREIBER, J.S. The Occurrence of Tri-
halomethanes in Public Water Supply
Systems of New York State. Jour.
AWWA, 73:3:154 (Mar. 1981).

14. Uni-Bell Plastic Pipe Assn. Vinyl Chio-
ride; The Control of Residual Vinyl Chlo-
ride Monomer in PVC Water Pipe, Dallas,
Texas (1981).

15. DressMAN, R.C. & McFARReN, E.F. Deter-
mination of Vinyl Chloride Migration
From Polyvinyl Chloride Pipe Into Water.
Jour. AWWA, 70:1:29 (Jan. 1978).

16. BOETTNER, E.A.ET AL. Organics and Or-
ganotin Compounds Leached From PVC
and CPVC Pipe. USEPA Rept. EPA-600/
1-81-062. Health Res. Lab., Ofce. Res. &
Devel., Cincinnati, Ghio (1981).

17. BARCELONA, M J.; HELFRICH, J.A.; & GiBB,
J.P. Sampling Analytical Concerns in
Volatile Organic Contaminant Studies.
Proc. 2nd Intl. Conf. on Ground-Water
Quality Res., Tulsa, Okla. (1984).

18. Ho, 1.S.-Y. Effect of Sampling Variables
on Recovery of Volatile Organics in
Water. Jour. AWWA, 75:11:583 (Nov.
1983).

(13

gl About the authors:
1 4%3 James P, Gibb is head
S of the groundwater
% section and Michael
1 J. Barcelona is head
“! of the aquatic chemis-
. try section of the Iki-
"« nois State Water Sur-
it yey, PO, Box 5050,
Station A, Champaign, IL 61820, Gibb
serves on the ASCE commiltlee on organics
in groundwaler, is chairman of the lilinois
Groundwater Association, and is direcfor
of the technology division of the National
Weater Well Association. Both authors
have published articles in Ground Water
as well as other technical journals.

1.P. GIBB & MJ. BARCETONA 51

" /1/94



Sorption of Organics by
Monitoring Well Construction

Materials
by A.L. Sykes, RA. McAlister
ard J.B. Homolya

Doc Ao’ CLE) - 80536 - 12,05~ 1lulss

©

Irtrodoction

In August of 1985, the Environmental Protection
Arency released 2 draft guidanes document ttled
“F.CRA Groundwater Monitoring Technical Enforce-
o+t Guidance Manual,” which was intended to help

EPA and state enforcement officials decide whether spe- :

¢ific elements of an owner/ operator’s ground water mon-
itoring system satisfy the RCRA requirements. The guid-
arce document states that polytetrafiuoroetiiylene or

+ Tpe 316 stainless steel are the materials of choice as
screen or ¢asing in new well installadons where volaule

o-garics are the parameters of interest. Sincg no guidance
was provided on appropriate use of casing material ar the
ume the RCRA regula::ions werz promulgared, most
operztors installed PVC casing in both the original and
subsequent momroring systerns because this material had
been used for years in the water well industry, xs readily
~~ailnble, and is faitly inexpensive. -

The EPA has cited 2 number of reasons why PVC is
ot 2n acceptable materidl for we!l conszuction. These

. nclude‘

e Potenﬁalfoncesinganackandfaﬁguz by exposure
_ ™0 high concentrations of certain Organic compounds

¢ Desorption of plasticizers and additives from the
-vell casing to otherwise unconrammaxed ground water
/{alse positive)

n"Sorption of organic compounds into the well cas-
‘ng exposed to comaminatsd ground water (false nega-
“ve).

Sorption was ¢ited as the major problem in the gui-
4ance documserit, since the poss;biht'v of 2 false negative
is of prime concern to the EPA and other regulatory
agencies.

In August of 1985, Waste Management Inc. (Jarke
1986) conducred a prefiminary research program designed
as 2 practical and realistic ¢valuation of the potental for
sorption to oceur for PYC and other raaterials of con-
struction expeeted in monijtoring wells. This study was
designed to address the potental for sorpuon -of pre-
viously exposed casing sturfacss. Proper monitozing well
sarapling protocols require that the stagnant water ('n
equilibrium with the casing) be pumped from awell pri -
to sampling. The recharge of formation water wou

o F=zll 1986 GWMR

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 herween one and 24 hours
before sampiing. Therefore, a series of experiments were
conducted 10 investigate the porential of exposed casing
materials to further sorption by recharge of the well
Results of those experiments demonstrated thar for ail
mzzerials exposed for both the one and 24 hour cases, the
et sorption was sominally zero: These results, however,
were only preliminary because the study was iimited to 2
small number of exposure samples, making a statistical
interpretarion of the dara impossible.

The major technical question resulting from WMI’s
preliminary research program-was the use of methanol as

'a means of dissolving sorbates of intarest into water for
-material expostire studies. 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-laver bf methanol; prevemting any
sorption of other organics. Radian’s studies were designed
to address the criticisms of the WMI work. Consequentdy,
methanol was not nsed as a vehicle for introducing sor-
bates to the water marrix. Each component was spiked
directly into pure water. Also, each experiment was doge
in triplicate with full guality assurance and controf
procedures followed throughout.

1

Technical Approach

Well Material Coupons: All marerials were obtained
from Brammard-Kilman Drill Co. (Stone Mountain
Georga). The PVC was “Triloc Menitor Pipe,” 2-inch

. (51mm) LD. by 2%-inch (602} O.D. The stainless steei

was “Armco Welded 2-inch Type 316, 2%-inch (56mam}
LD. by 23%-inch (60mmy) O.D. The polytetrafluoroethy-
lene (virgin PTFE) was 2l4-inch (52mm) I.D. by 23-tnch
(60mm) O.D. All coupons were cut to 2 length of S3mm.
which produced 2 surface area of 100cm= per coupon
Each coupon was then cut once lengthwise to allow
placement into a 257 mlL jar. The tube edges were no’
considered to be a factor in this study.

Exposure Jars: The exposure Jars we - "Qucmﬂ
Clear with TFE-Lined™ screw caps 257 L capaex;
(actual 260 mL with no head space). These jars wer:
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bt ned from Fisher Scientific. cataloe =03-230-7D. All
jar = :p liners were covered with foli . ninate possibie
jar Fner offects. '

“olvents: All solvents were purchased as chromarog-
ranby grade and wers used without further purification.
A stack spiking solution containing methylene chloride
(MeT12), 12-dichloroethane (1,2-DCE), wrams-1,2-di-
chioroethylene (DCEE), toluene and chlorobenzeneata
concentration of 10 ppm each was prepared in distilled/
deionized water. A second spiking solution was prepared
contzining 0.5 ppm trichloroethyiene (TCEE) in dis-
tillec/deionized water. This separate spike was prepared
because of TCEE's much lower solubility in warer (1.1
ppm) than the other campounds.

Water: Distilled/deionized carbon fiitered water was
used.

Procedure

Preparation of Glass Jars: The gless jars and lids

were each cleaned with soap and water followed by

lintilled/ deionized water rinse, Each jar and lid was then
ared ar 100 C

Solution Stability Studies: Prior to the material

xposure studies, the [0 ppm and 0.5 ppm spiking solu-
tiors were evaluated for stability and the sujtability of the
test protocol design. Six 260 mL jars with foul-lined caps
wers filled (without head space) with aliquots of the
spir ing solutions and pure water to yield approximately
100 ppb of each component. An additional six jars wers
filled with pure water and represented water blanks for
the study. After 2 one-hour period, zn aliquot from each
jarwas transferred to 2 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 davs, the original stock-spiking solution was
userd to prepare a 100 ppb component soivtion mixture
which wwas then aliquoted to 2 VOA viels for analysis.
Addlitional 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
prenared spiked water. Originally, these ¢xposures were
1o be at two levels, 10 ppb and 100 ppb. but due to the
unrceeptable vatianee of compound recoveries from the
spiked water at 10 ppb, only the 100 ppb level was used
for the exposures.

‘Well Materizal Coupon Exposure Studies: Well mate-
rial coupons were placed in foil-covered glass jars and
filled with spiked water solution so that no head space
remained. The water solutions were spiked at ievels to
vield component concentrations betwesn 90 and 130
ppt. The jars were stored at 5 C in a refrigeraror for
seven days and agitated daily. After the seven-day condi-
“oning period. an aliquor was pipetted into a 40 mL
VO A vial with zero head space for analysis. A second
aliquor was also piperted into 2 40 mL vial and stored at
5 Casa preserved sample, The remaining solution in the

jar was discarded. The jars, with the original coupons.
were then refilled with organic-spiked water of the same
concentration as in the seven-day conditioning period.
Aftar a contact time of one hour. zliquots were agan

Al il e

taken for analysisan~” “~eservation. The jars were refilled
with organic-spiked  .er again for 2 contact time of 24
hours. after which a third aliquot was taken for analysis.
Control samples, consisting of spiked warer 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 fonization detaction. The procedureincorporates 2
purge and trap technique to concentrate the volatile
organics from water samples. The instrument used was 2
Vartan 3700, and thedata system was a Varian Vista 402.
The column was 1 3m x 2mm, stainless steel, packed with
1 percent SP-1000 on Carbopack B 60/80 mesh. The
temperarure of the oven was iitially at 45 C for three
minutes, then programmed 1o 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 LCS-1 Purge and Trap. Each sample analyzed
was transferred to 25 mL gas tight syringe equipped with
a sample valve. Ten microliters of a three-component
internal standard mix (15 ng/uLl) was added to each
sample through the syringe to produce 2 coneentration
of 30 ppb. The three internal standards were bromochlo-
romethane, l-chloro-2-bromopropane and 1,4-dichioro-
butane. .

One exposure level for each compound was studied.
These ranged betwesn 87 and 150 ppb. The concentra-
tions varied because the same mass of each compound
was used 10 prepare the stock-spiking soluton of each
compound. The density wes then used to caleulate exact
copeenrauons.

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

methylene chioride 133 ppb
1 2-dichloroethanpe 126
trans-1,2-dichlorosthylene 128
trichloroethyiene 147
toluene . 87
chlorobenze _ 110

Calibration and Quality Control

The calibradon procedure unsed for the volatile
organic analysis was the external standard technique,
with internal standards added to each standard and sam-
ple for quality conrrol of the 2analysis. A calibration 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
a zero point on the curve, A stock solution was prepared
from the pure materials in chromatography grade metha-
nol by accurately measuring microliter portions into a
known volume. The concentraton of each component
was then calculated based on its density (mg/uL). The
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#on of the stock into pure water. ™ e three-point curve
v'as prepared imjtialiy at the beg  ng of the stabiljty
s-udy and again at the beginning of the exposure study.
- 1inear regression equarions were calculated for each
c'rve, then plotted for visual agreement with finearity.
Subsequently, only the 100 ppb standard weas used to
r-sure that the calibration curve was within the EPA
protocol of <10 percent CV (pereent coefficient of varia-
tion). The linear regression plots are shown in Figure 1.
In addition, three internal standards were used to verify
svstem control Each 5 mL sample and standard received
19 gL of the threecomponent mix (15 pg/mL), which
vas equivalent to 30 pg/L (ppb), tumediately before
znalysis. Figure 2 is a plot of the internal standards with
the calenlated percent CVs. This data shows that through-
out the study the percent CVs were § percent, which,
azcording to EPA Methed 602 <10 percent is acceptzble.
The mean concentration of all the blanks analvzed during
the exposure study shows that methylene chioride was 13
rob; 1,2-DCE was 3 ppb; DCEE and TCEE were 2 ppb;
and toluene and chlorobenzene wers 1 ppb.

Flesults and Discussion

Pesults of Stability Stady

" The objective of the stability smdy was to evaluate
" each componnd for recovery variability exciuding well-
casing material sorption effects. Analyses of dupheare
samples determined precision; and analyses ar 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, Iiners and
sorage. The stability study also established 2 reference
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the method. - materials when exposed 1o approximately 100 ppb con- -
The results of the stabi[rty study show that for the - 'taminated water for seven days and 5 C, then cxposed .

compounds studied, thereis some variability. This varia-
bilite seems 1o be associated with the solubility of each -
compound in water. Figare 3 graphically Gisplays the
r*sul s for each compound atdayone, dav severn, and day
eanda blank waxer mgie. LT :

.,J..'“,.._, Y
SN

Rcsz ts of Material Exposure Stody .- g e L
e objectives ofthemaxenaletposuresrudvmto = g0

le""-m.me if there were significant differemces in com- B i Al
peund sorption between PVC, polytmaﬂuomcthﬁm, f%ﬁo%aﬁsm§9ﬁfm,§. 4048 =
and mﬂssstwlwcﬂ-casmgmmenals whenexposedto . -,;iIa:ke, F.H. 1986, A Review of Matefials Used ixl Moni- =
vole-le ofganic hydrocarbons in a simulated “well” w7 torimg and Monitoring “Well Construction. ¥Draft 7
spvironraent: The laboratory experiments were designed :_—-Rgpon. Waste Managm:nt Inc., Oak Brook, mmms, =
10 simulate actual copditions of :amphng ground water SRIE gt MRPIFERR. 5 s R S e
con*a:mng approximately 100 ppb of hydrocarbons --‘3-7723 ‘athors are employad by Radin Corp,P.0. 7%,
conaally found in contaminated waters. In addition, the -?Bo_x1300 Rseamﬁ Trmgleal’ark, NC‘{?ZQ?; Aol
\p ~riments were desiened to determine adsorption or ' 3 T S n
sscrption effacts of these materials when exposed to , =
th:"_- co'npounds over tinie. Itis necessarytodetermineff  Cogmdedsind
fels~ positive or false negative results bias the actual 7 : A
copcentrations of the samples. The study did not, how-
ever, determine if the materials released compounds into
por-contaminated water:

The results of the material exposure study are shown .
in Figures 4 and 5. Nine control szmples were analyzed
for each compound studied. These nine controls were
arecaged and a standard deviation obtained. The three
replicate valves for each compound for each type of
marerizl studied were also averaged. Figures 4 and 5
represent the effect of sorptmn at one hour and 24 bours,

respectively, for the six compounds on the three casing
marerizls, All fesults are approximarely one standérd ’
d=viation of the mean for all compounds and all €2sing
mererizls: A more ngorous analysis of these data will be
periormed at a later date. V4

The results of theseé expériments show that statisti® b
cally, thers Is no significant difference berween PVCt
polvtersafluoroethylene, and 316 stainless steel well casing

: :for one hour; and then for 24 »aurs, -2 SESSEEE R

; -\,,'; =5The authors wish to acknowledge c.- Blacldey, B .gj
2 52 ummis, N. Cole and T, Buedel for.the:.r amstam:e m .
o :e_v‘,?,?gf.%ondncnng these expeumﬁ RS B
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e DISCUSSION

The Use of PYC Casing and Screenin =~

the Presence of Gasolines on the
Ground Water Table
by G.W. Schrmid:

: - Docdo: cte- 9059 -
2.5 = nfult0

£ NN e e,y

The purpose of tius discussion 5 10 extend the
conclusions of the Field Report by A L. Sykes, R.A.
McAllister and J_B. Homolva dtled “Sorption of Organ-
ics hy Monitoring Well Construction Materals,” pub-

lished in Growtd Waier Monitoring Review. v. 6, no. 4,

1986.

The authors shouid be commendsd for statistically
Jewnonstrriing that thers are no significent differences in
argnnic compound sorption between poivvinyl chioride
"PVC), polyretrafluoroethylene and stainless stee]l well
~asing when exposed to dis~- vad volatile organic hvdro-
~arbons of approxiraarely ' ) npb concentrations (Sykes

1986). The U.S. Eavironroenzal Protection Agency
Cor'\) i imeorre cly concluded that PVC is not an
wee ptable marerial for monitoring well construction
ecouse it “deteriorates when in contact with . . . aromaric
“vdroo arkon:T JEPA 1786). It has also been implied over

T mast seerar o b porh federal and state regulatory
ey ~'Cav twillswelland deterioraizinthe
rerence o e arocade frecden of tiquid grsoline.
Tne sfore. .aany reguiators do not allow the use nf PVC
vast g, ar i espectally PVC screen. in moniinnicg wel':
s ey erronsously believe that the sweiiing of
PN in the rresence of gasolines will cause the seresn
ilors 1o ¢lese and the casing to deteriornze.

It has been my observation in using PVC ~creer 2nd
casing in monitoring licuid gasoline on the & ouad - @er
zablz in many thousands of wells, over I3 vear .. that .ncre
15 neither swelling nor detarioration of PV easing or
screen. T¢ demonstrate these field observniions. small
~ection: of rigid 2-inch diamarer, Type [ PVC scree
10.006 slot size) were placed in different saseiines o
~scord any changes in slot opening sizes or anv other

alerations. Tach PVC screen was cut to ! WO
073, as well us being cut 2t right angles to % - » he
..*‘ons were completely submerged in premi: -
:=d regular. and leaded regular grades of - ‘0

sasolings. A control semple was ratained that weo ot

4 Spring 1987 GWMR

piacad in contact with any gasoline. After the sections of
PVC scresn were in the gasolines for 6.5 months. they
were removed and., along with the control sample. were
photographed under a scanning electron microscops
(Amrzy Model 1000B) to observe any swel'ing or al:era-
tion. The results are shown in Figure !. - »inzraph |
(premium gasoline), photograph 2 (uni=a:i«d ~olis),
photograph 3 (ieaded regular), and phote; *.. 1.1, 2mtroi
sample not in any gasoline).

*The photographs (samples |, 2 and 3) clearly show no
changes in slot size of any of the PVC screensin oo “ac
with gasolines compared to the control (sarnple 4
the fragments on the “cut face™ of each of the =~ &=
show no alteration from lany-term exposure i .. ua
geasolines. From this study, the conclusion is ciear sa
Schedule 40, rigid. Type | PVC casing and screen can be
used with confidence when moniroring for the occu—~rmes
of gasolines on the ground water + ~ie . 77

Thoreauszic “Theguestionisno vhetvour - °
what vou see.” The EPA and stare ~ep. o« 2

should reco nize such confirmatdon d.  #n
unsubstantiated conclusions such s n-
the vee of FVC casing and scraen nothe L.
gasn.. . .
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Coviini, i lowaion. 1986, <0, 1179-11

Jowest rankings are for some . ..zoic acid, aniline, and

phenol derivatives; of course, if some other criteria were
used, the ranking might have been somehow different, but
probably not too much. For example, the ranking obtained
by using Freitag and co-worker’s chlorobenzene data and
the ranking using Ribo and Kaiser’s data are very similar.
When a new chemical is developed and its properties are
known, it can be easily ranked and compared with other
known chemicals or any arbitrary standards. The avail-
ability of the program in microcomputer form make the
routine applicability easy.

A final comment: the development of a suitable index
for environmental risk has been widely discussed in the
literature (3, 4, 12). An index is a suitable scalar function
of the vector distance components with the best chemicals
having the lowest index. Since an index is a'scalar quan-
tity, problems concerned with the noncomparability of
chemicals cannot arise since the chemicals can always be
ranked and represented as a chain in a Hasse diagram.
Unfortunately, the choice of a particular index affects the
results (7).

A simple example can clarify the previous arguments:
Let C’ and C” be the vector distance components of a
chemical C and let F = C’+ 2C* be the chosen index. The
chemical C2 previously considered has the components C’,
= 2and C”y = §; thus, F, = 2+ 2 X 3 = 8. Analogously,
for the chemical C3,C’; = 3,C”; = 2,and F; =3+ 2 X
2=7. As F3 < F,, the chemical C3 would be considered
safer than C2. Conversely, if the index were G = 2C' +
C”, then G; < G; and C2 would have to be considered safer
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 grounded
on a theoretical basis, the results can be completely biased,
and the index becomes biased toward a subjective meaning.
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m Multiple well installations of selected casing materials
[ie., poly(tetrafluoroethylene) (PTFE), 304 stainless steel
(SS), and poly(vinyl chloride) (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 iso-
lation of cement seals are essential for the collection of
representative chemical data. Significant differences in
purged samples taken from PTFE, SS, or PVC wells were
observed for total organic carbon and volatile halocarbons,

which may be linked to the materials’ interaction with _
ground water. The well casing interferences were not -

predictably high or low for any of the materials.

Introduction

The effects of well construction procedures 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/86/0920-1179$01.50/0C © 1986 American Chemical Society

dealt mainly with the potential error introduced by \ater
sampling or analysis (7-3) and by the selection of materials
that are appropriate for specific monitoring applications
(4, 5). A recent publication details procedures by which
ground-water sampling protocols may be developcd to
control systematic sources of sample collection (6). These
errors include artifacts of well siting or construction, wal!
purging, and sample retrieval from the well. In general,
sample collection errors cannot be accounted for by tra-
ditional laboratory quality control measures. Also, iarge
sampling errors coupled with analytical errors of sitilay
severity can result in the collection of grossly biased data.

Recent work has shown that potential sampling bia: due
to both sampling mechanisms and flexible tubing materiuls
is of the same order of magnitude (i.e., £5-20%) as ana-
Iytical errors for volatile organic compounds (7, 8). These
results support the need for very careful consideratiun of
volatilization, sorption, and desorption effects in the se-
lection of sampling pumps or tubing for ground-watc.:
investigations.

The effects of drilling fluids, grouts, or well casin ii:-
teractions with the geologic formation or ground water ure

Environ. Sci. Technol., Vol. 20, No. 11, 1986 1179



more difficult to evaluate for . .umber of reasons.
Foremost among these reasons is that natural variability
in ground-water quality has not been studied 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. Houghton and Berger (9) have
reported significant differences in ground-water dissolved
organic carbon and trace metal levels in samples from
stainless steel and thermoplastic well caging materials. The
observed differences were of the order of analytical bias
(i.e., £10-50%). Laboratory investigations may help in
evaluating sources of sampling imprecision or bias; how-
ever, systematic field studies are needed to evaluate the
actual severity of such errors. The unique details of well
construction, completion, development, and the in situ
geochemical conditions for an actual ground-water mon-
itoring installation may enhance or limit the potential
effects of materials or mechanisms that have been observed
in controlled laboratory testing (10).

This study was undertaken to compare the effects of well
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
cements, nonthreaded joints, or uncommon materials were
employed in well construction.

Procedures

Site Descriptions and Well Construction. The two
85-100-acre sites had been operated as municipal land-
fills/dumps for at least 15 years. Household trash, some
light industrial wastes, and other refuse made up the 5-10
million tons of waste emplaced at each site prior to closure.
Sampling installations were constructed in May 1983 with
hollow-stem auger (10-in o.d., 6-in. i.d.) drilling techniques.
All drilling equipment, well casings or screens, split-spoon
samplers and steel tapes, etc. were steam-cleaned before
they were used to 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 to coarse sand) 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 wells
were 2 in. in o.d. and were completed at the depth where
substantial (>0.5 ft) sand or sand /gravel lenses were ob-
served (see Table I). 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 depths. At site 1, upgradient and downgradient
wells of poly(tetrafluoroethylene) (PTFE, Teflon), stainless
steel (SS), and poly(vinyl chloride) (PVC) were con-
structed. At site 2, stainless steel and PVC wells were
completed at upgradient and downgradient locations, and
a Teflon/Al oxide, gas-drive dedicated sampler (Barcad)
was installed in place of a PTFE (Teflon) well. All wells
were completed with 2-ft screens and packed with Ottawa
silica sand from the bottom of the screened interval to at
least 1 it above the top of the screen at site 1. Mortar
slurry seals of 2-5 ft were placed in the bore holes above
the sand pack of the site 1 wells, The slurry mix consisted
of 1.5:1.0 mixtures by weight of the silica sand with
Chem-Comp II shrinkage-compensating cement. The wells
were finished by backfilling the bore holes to 4-6 ft from
the surface with silica sand, and a cement surface seal was
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Table 1. Field Installations Datu

depth of screen.d
interval (below

location material® land surface), 1t
site 1 PVC 36.5-38.5
(upgradient) stainless steel {(302) 34.5-36.5
FE 35.5-37.5
site 1 PVC 25.5~27.5
(downgradient) stainless steel (304) 26.0~-28.0
PTFE 26.0-28.0
site 2 PVC 32.5-34.5
(upgradient)  stainless steel (304) 32.0~-34.0
gas-drive sampler 30.75-32
(Teflon/Al oxide)

site 2 PVC 40.5-42.5
(downgradient) stainless steel (304) 40.5-42.5

gas-drive sample 41.25-42.5

(Teflon/Al oxide)

®Materials used in the study were as follows: PVC, rigid pol,-
(vinyl chloride) schedule 40 NSF approved for potable water uses;
S8, 304 stainless steel; PTFE, poly(tetrafluoroethylene) (PTF1)
{Teflon, Du Pont).

then placed to seal the bore hole from surface water inflw..
At site 2, the native sand or sand/gravel heaved up abov.
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 welis at both locations were developed within a
week of the construction date by use of filtered, con:-
pressed air (170 ¢fm) and procedures described previously
(3). The wells at site 2 did not require further development
work. Although the wells at site 1 were redeveloped at
intervals for a period of 12-15 months, turbid water sam-
ples were encountered on all sampling dates due to the
presence of cement fines.

Well Purging and Sampling. Hydraulic conductivity
testing was done on all of the wells at each location to
establish their hydraulic performance. The well purging
requirements necessary {o isolate stagnant water in the well
bore were determined by a previously published method
(6). Positive-displacement bladder pumps constructed of
stainless steel and PTFE with PTFE delivery tubing were
utilized for well purging and sampling operations (QED
Well Wizard). The pumps were driven by a single con-
troller through a gas manifold, which permitted a simul-
taneous supply of drive gas (air or N,) 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 (2*)] by use of an in-line flow-through
electrode cell prior to well purging. Stagnant water was
then collected for NO,~, 8%, Fe?*, total organic carbon
(TOC), alkalinity, and selected volatile organic compounds.
After collection of these samples, the outputs of the pumps
were reconnected to the manifold of a flow-through elec-
trode cell to monitor the progress of purging the wells
simultaneously. Pumping rates during well purging were
controlled between 500 and 1000 mL-min~?, and the
purging was continued until the levels of the well purging
parameter stabilized to within approximately +10% over
a minimum of 4-5 L pumped (~25% of 1 well volume).
All adjacent wells were purged of an equal volume of
stagnant water before sampling. The volume depended
on site hydrologic conditions and measured hydraulic
conductivities. Once well purging was completed, pumping

. rates were reduced to 100-500 mL-min™, and saraples were

taken for the following parameters in order: alkalinity,
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Table II. Well-Purging Effects iround-Water Quality

difference  change
stagnant pw zed +,-) (factor of)

Dissolved Ferrous Iron, rag-L-1, Site 2 (8/6/85)

upgradient
PVC 0.03 0.i% 0.15 +5
SS 0.02¢ 0.1 0.23 +12
downgradient
0.04 4.57 4.53 +113
SS 1.23 4.37 3.14 +2.6
Dissolved Sulfide, mg-L™, Site 1 (7/9/85)
upgradient
PVC 0.048 0.242 0.194 +4
Ss 0.010° 0.012 0.002 +1.2
PTFE 0.031 0.172 0.141 +4.5
downgradient
0.308 0.047 0.261 ~0.85
SS 0.024 0.384 0.360 +15
PTFE 0.166 0.230 0.064 +0.39

9Method detection limit = 0.02 mg-L™? {accuracy 90% (-10%
bias), precision £15% rsd]. ®Method detection limit = 0.010 mg-
L [accuracy 80% (~20% bias), precision £20% rsd).

TOC, volatile organic compounds, dissolved inorganic
constituents, and acid and base/neutral organic com-
pounds. Pressure filtration of samples for dissolved con-
stituent determinations was performed in the field. TOC
and volatile organic compound samples were collected in

40-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 (11, 12). Total
organic carbon (TOC) determinations were performed by
a methodology described previously (18). Field determi-
nations of alkalinity were performed by potentiometric
titration, and the results were analyzed by Gran end-point
analysis procedures. On each sampling date, a series of
field standards and blanks were used to account for
transport and storage errors, which supplemented the daily
analytical procedure control standards for both laboratory
and field methods. Replicate samples were analyzed at
intervals during analytical sessions to establish the pre-
cision and accuracy of the water chemistry data.

Results and Discussion

Well Purging. Stagnant water samples analyzed for
pH, alkalinity, reduced inorgeanic constituents [S?, Fe(II)],
and organic constituents showed higher temporal (i.e.,
month to month) variability than did the samples obtained
after proper well purging. In most cases, well purging
resulted in the stabilization of the grass solution chemistry
parameters (i.e., pH, Eh, @, alkalinity) although the
concentrations shlfted in varymg degrees. For example,
at site 2, alkalinity levels in stagnant water samples were
general]y ~25% lower than those measured in water
samples after purging. The average magnitude of the
alkalinity differences between samples from SS or PVC
wel‘lis was not significantly different over the course of the
study.

In general, the levels of reduced chemical constituents
[ie., Fe'(II), S?] shown in Table IT would be expected to
be lower in the-stagnant water in monitoring wells than
in ground water obtgined from the formation after purging.
The actual concentration differences observed between
stagnant and purged samples reflected this trend. How-
ever, the magnitude of the differences was quite variable
and may have been influenced by well casing materials and
small-scale heterogeneities in water quality, even in wells

S
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that were finished in the same formation less than 5-ft
apart. In downgradient wells at both sites, the stagcnt
water from the SS well frequently (i.e., four of six sam, ling
dates) showed higher levels of ferrous iron and lower lovels
of dissolved sulfide than those from the adjacent PVC or
PTFE wells. This would be consistent with leaching of
iron from the stainless steel and precipitation of suffide
by the excess iron during stagnant periods. Obvicusly,
PVC and PTFE would not be expected to leach iron i inis
fashion. Example results for ferrous iron given in Table
II show stagnant water values from PVC and SS wells that
were significantly different at least 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 water values from both sets of PVC and SS wells
were equal within experimental error. It would scem from
these observations that either PVC or SS well casing would
be appropriate for ferrous iron determinations if purging
is complete. Typical results for dissolved sulfide, an u
ample of which is shown in the lower portion of Tabie i!,
reflect somewhat random changes on purging. These
changes do not consistently correspond to potential well
casing effects or the introduction of more reducing for-
mation water. Rather, it seems that variability well above
the detection limit and analytical precision can result irum
natural heterogeneities in water chemistry for worne
chemical constituents. These average chemical differcnces
in reduced sp:cies between stagnant water samples and
those obtaine: after purging were frequently a factor of
5 greater tha: the errors involved in either the sam).ling
or analytical } rocedures. Also, purging-related variations
in TOC were observed to increase or decrease by £50%
in all wells over the range of 1.20-30.0 mg of C-Ll. No
consistent trends in TOC as a function of purging could
be associated with the different casing materials. Purying
a particular well at either site frequently resulted in greater
differences in water quality than was observed beti.ecn
upgradient and downgradient ground locations. Improper
well purging can obviously cause gross bias in ground-water
monijtoring results that far exceeds that due to materiuls’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 site 1 exhibited significant water
quality differences in both stagnant and formation water
samples that could not be attributed to well purging or
casing materials. For example, upgradient and downgra-
dient wells at site 1, with the exception of the downgzra-
dient PVC well, exhibited pH values in excess of 12 pH
units, and the alkalinity was primarily associated with
hydroxyl ion. The downgradient PVC well yielded ior-
mation samples with pH values between 7 and 8 pH units
(mostly bicarbonate alkalinity), and the stagnant vmter
values ranged from 8 to 12 pH units.

Anecdotal references to monitoring well contamination
by cement grouts have been reported (I4). The usuul
symptom that has been observed is very high solution p}
(i.e., 10~12 pH units), even after exhaustive well develop-
ment. In this study a total of 12 sampling installations was
constructed, and the bore holes were sealed above the
screen and gravel pack, as well as at the surface with a
sand/shrinkage-compensating cement mixture. The grout
seals were introduced as thick slurries into standing water
in the bore hole after the well had been constructed.

At site 1, either native geochemical conditions or dif-
ferential settling of the cement mixture prevented ihe
grout seals from setting up properly. The wells at this site

Environ. Sci. Technol., Vol. 20, No. 11, 1886 1161



Table III. Comparison of Ground-Wa... Quality and
Grout/Water Mixture Analytical Results

contaminated

ground water grout-contaminated

(field site 1, water

upgradient)® (laboratory)®

msjor species .
pH, pH units . 12.7 >13
alkalinity (OH), 31.6 167
milliequiv-L™!
sulfate 35.9 1078
calcium 190 1069
potassium 8.21 578
sodium 26.6 / 62
silicate 5.84 0.7
conductivity, uS 1975 11500
other species

magnesium 0.0 0.02
aluminum <0.10 0.17
chloride 110 1.04
iron (total) 0.09 0.10
manganese (total) 0.02 <0.02

®Unless otherwise specified, units are mg-L™%.

consistently showed high pH, alkalinity (>90% hydroxyl
or caustic), @, 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 construction, 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
measurements of formation water exceeded the long-term
mean 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 materials used in well construction. The data in
Table ITI show the comparison 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 resulted
in ion balances that seldom 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 aqueous samples prior to
analysis (15). It was verified that no unusual forms 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
effect the reliability of ground-water chemistry data for
long periods after well construction.

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

Well Casing Material Effects. Apart from the dif-
ferences noted above (Tables II and III) in the stagnant
water samples, no consistent effects on the inorganic
chemical constituent data from the two sites were observed
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Figure 1. Total organic carbon (mg of C-L™%) in ground water at site
1 and 2. The error bars indicate two standard deviations from the
mean of triplicate determinations.

that might be attributed to well 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, all 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
(ie., NVOC) in ground water from the upgradient and
downgradient wells at site 1 after purging are plotted in
Figure la as a function of time during the summer and fall
of 1984. The upgradient samples from each type of well
showed negligible differences from the mean TOC of ~3
mg of C-L™!. The downgradient location, however, 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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Figure 2. Levels of 1,1-dichloroethane (11DCE) and cis-1,2-dichiorosthyiene (C12DCY) (ug-L™) in ground water at sites 1 and 2. The errcs bars
Indicate two standard deviations from the mean of triplicate determinations. Detection fimit = 0.08 and 0.10 gl respectively.

The TOC results at site 2 showed a similar pattern; how-
ever, the differences in samples from the individual well
casing materials were not statistically significant when
compared to the analytical and sampling errors.

At site 1, levels of 1,1-dichloroethane (11DCE) and
cis-1,2-dichloroethylene (c12DCY) after purging also were
higher generally in the samples from the downgradient
Teflon and stainless steel wells than in those from the PVC
well (Figure 2a,c). The error bars on the figure represent
two standard deviations from the mean determined by
analysis of replicate samples and standards. In these cases,
the “stainless steel” results were significantly higher (at
the 0.05 level) than either the Teflon or the PVC data.
These concentration levels are all quite low but in the
range of quantitation of the purge and trap analytical
methodology. Therefore, systematic differences in ob-
served trace organic compound distributions may arise
from the sorptive effects of polymeric well casings as
compared to stainless steel. The samples from the dif-
ferently cased wells at site 1 showed more net difference

in purgeable organic compounds than any single well

showed over the study period.

Overall, the levels of 1,1-dichloroethane at site 2 (Flg'ure '

2b,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 steel
well or the gas-drive sampler. It is unlikely that the paired
wells actually intercepted ground water of different mi-

croconstituent quality, as they were finished only ~1 rc
(4 ft) apart. Yet, the PVC and stainless steel resules fo-
11DCE differ by a factor of 2. This is more than 10 time.
greater than the precision established for analyticul de-
terminations of these compounds. This order of muteri-
als-related effect could result in systematic under- or ov-
erestimates of the extent of ground-water contamination,
under some conditions. This type of error cannot be ac-
counted for in statistical comparisons of data fron: up-
gradient and downgradient locations unless an “inert”
artifact-free well casing material can be identified.

The observations noted for site 2 above are also sup-
ported by the levels of total volatile halocarbons ir the
PVC and stainless steel wells before and after purying.
With the exception of the September 25 sampling date,
the stagnant levels of volatile halocarbons from the PVC
well are nearly a factor of 2 or more greater than those
from the stainless steel installation (see Table IV). On
the average, the PVC well yielded samples with higher toial
levels of volatile halocarbons than did the stainless steel
well. It may be that under these conditions the sorptive
and leaching properties of PVC tend to maintain a higher
background level of organic compounds in ground water
exposed to this material relative to stainless steel.

Conclusions

The purging of stagnant water from monitoring wells
is essential to the collection of reliable ground-water qualicy
data. In this study, the variations in water chemistry on

Environ. Sci. Technol., Vol. 20, No. 11, 1966 1u%
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Table.IV. Total Volatile Halocarbon® Levuis in Site 2
Wells, ugoL?

PVC sS
date stagnant purged stagnant purged
5/15 74 6.2 3.1 11
6/19 8.7 7.8 14 75
717 8.8 8.3 3.0 48
8/21 7.0 6.8 1.9 4.2
9/25 12.9 6.1 12.2 4.6
10/23 11.2 6.5 6.2 3.9
average 9.3 7.0 4.7 4.4

*Included total methylene chloride, dichloroethylene, dichloro-
ethane, trichloroethane, trichloroethylene, tetrachioroethane, and
tetrachloroethylene after individual separation and quantitation
by gas chromatography with HECD detection.

well purging were generally greater than errors associated
with either sampling mechanism, tubing, or apparent well
casing material effects.

Cement grout seals, which for one reason or another do
not properly set up in the bore hole, can cause severe,
persistent contamination of both stagnant and formation
water from monitoring wells. Determinations of dissolved

inorganic chemical constituents are affected by cement

contamination, which significantly changes the background
solution compeosition.

Well casing materials exerted significant, though un-
predictable, effects on the results of total organic carbon
and specific volatile organic compound determinations.
Systematic differences ranging from a factor of 2 to 5 in
concentration were observed between samples taken after
purging from wells cased with different materials. Though
the differences were not consistently higher or lower from
- site to site, materials’ performance may limit the conclu-
sions that may be drawn from ground-water quality results
in the low ppb (ug: -L1) range.
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Sampling Tubing Effects on Groundwater Samples

Michael J. Barcelona,* John A. Helfrich, and Edward E. Garske
Agquatic Chemistry Section, Illinois State Water Survey, Box 5050, Station A, Champaign, Illinois 61820

Volat'e organic compounds pose a challenge fo groundwater
s~mpling protocols, since they can be lost as a water sample
d~gasses of lost due to sorption on tubing or pump materials.
Laboratery-soipiion experiments have been conducted with
firg_ common flexible tubing materlals to determine the impact
o* sorphive-bias for_chloroform, trichloroethylene, trichloro-
c‘hane, ant tetrachlorodthylene. Tubes made of Tefion,
polyethylone, polypropylene, poly(vinyl chioride), and silicone
rmbber were all found to sorb the test compounds In short
eposure periotds. Virgin tubing materiale introduce substantial
2mounts of leachable organic matter in similar exposures,
Tubing made of Teflon showed the least absorption and
I~aching problems and shouid be the tubing materlal of choice
for detalled organic sampling purposes. Absorption Into the
raolymer matrix is the likely mechanlism for the errors.

The results of analysis of environmental water samples have
soen far more attention in the literature than sampling pro-
tocol considerations. For many types of samples,-e.g., at-
mospheric precipitation, effluents, and groundwater, the
sampling steps which precede separation and analytical pro-
c~dures are critical to the overall determination of the analytes
of interest. Field standards and blanks can account for storage
and analytical errors in the determination of organic com-
rounds in groundwater. However, the effects of sampling
mechanisms (1), well casing, and sampling materials (2, 3) on
the integrity of the samples must be evaluated independently.

- Evaluations of sampling materials' related sources of bias
and imprecision are complicated by the wide range of hy-
drogeologic conditions encountered in groundwater monitoring
situations. The chemistry of the subsurface environment may
I:e dominated by considerable overpressures of CO, or Ny due
to microbial or geochemical processes. Investigations at waste
disposal sites frequently require the collection of aqueous
snlutions of organic solvents or highly mineralized acidic so-
Iitions which may vary considerably in time or between
sampling locations. It is difficult to adequately assess the
magnitude and impact of aggressive groundwater/waste ad-
mixtures on the integrity of well casing, sampling pumps, or
transfer tubing. In cases where severe deterioration may be
cxpected, the use of appropriate materials is required.

The secondary effects of sample handling and material
exposures are more difficult to evaluate. Matrix interferences
{4), volatilization losses (5, 6), leaching (7-9), and sorptive (5,
J0) sources or error have been addressed by a number of
research groups concerned with effective water sampling for
organic compound determinations. Sampling methods which
do not involve exposure to flexible materials have a clear
advantage in this regard (6). Interpretation of the results from
these studies have been hampered by the diversity of ex-
rerimental procedures utilized and the lack of data available
under controlled conditions of material exposure which ap-
proximate actual sampling conditions. It is clear from previous
results that sampling operations can bias subsequent analytical
determinations of organic compounds at trace (ppb) levels.
Tany plastic materials in wide use in well casing and sample
transfer tubing have considerable affinity for low molecular

" halocarbons (chloroform, trichloroethylene, trichloroethane,
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weight organic contaminants of interest in groundwater
monitoring applications. Flexible, polymeric materials, in
particular, have been shown to sorb or leach a number of
priority pollutant organic compounds. Indeed, several of these
materials have been evaluated as prospective “adsorbents” for
the preconcentration and separation of organic compounds
from aqueous solution (10, 11).

Groundwater sampling for volatile organic compounds, on
a routine basis, generally requires that the choice of an un-
biased sampling mechanism (e.g., positive displacement
bladder pump) and optimum tubing material selection should
be made part of the sampling protocol. The tubing material
is more critical than that used for well casing under most
conditions. Well purging and normal sample flow rates (~100
mL-min™) entail approximately ten times the nominal surface
area contact per unit time for sampling tubing as compared
to the well casing material. The present study was initiated
to investigate five common flexible tubing materials under
simulated sampling conditions for the recovery of volatile

and tetrachloroethylene) frequently identified in contaminated
groundwater samples (12). The analytical procedures for these
compounds are very well documented and are in routine use.
In this way, analytical errors were kept under control while
the effect of sampling tubing could be identified.

EXPERIMENTAL SECTION

Apparatus. Sorption studies were performed in 75-100 cm
lengths of the tubing materials (*/, in. i.d.). Tubing loops were
joined by 4 mm i.d. glass T"s, which had been modified to accept
the tubing diameter at each end. The third opening of each T
was closed by & screw cap which served to hold a silicone rubber
septum with a face made of Teflon for subsampling at specified
intervals of exposures. This arrangement allowed for the handling
of sampies and replicates without exposure to the atmosphere
and v;olume to nominal surface area ratios of approximately 1.7
Lem=2,

The analytical method used for specific compound determi-
nations was conventional purge and trap concentration (I3)
followed by gas chromatographic separation using a fused silics
capillary column and a Hall electrolytic conductivity detector.
The analytical work was done on a Varian 3740 GC, equipped
with a Vista 402 data system. Dissolved organic carbon deter-
minations for the poly(ethylene glycol) PEG studies were per-
formed by the method described previously (14).

Materials and Reagents. Laboratory grade Silicone rubber,
linear polyethylene, polypropylene, and poly(viny! chloride}-
Tygon tubing lengths were purchased from a local supplier.
Tubing made of Teflon (TFE) was obtained directly from the
manufacturer. The tubing segments were cut and rinsed with

" hot, soapy water, followed by exhaustive rinsing with double
" distilled water. The tubing was allowed to air-dry prior to con-

struction of the loops. :

The organic solvents used were ACS reagent grade or Distilled
in Glass (Burdick and Jackson) and were used without further
purification. Standards were made up in doubly distilled water
or in 10 M NaHCO, solution, depending on the needs of the
experiment. Dichlorobutane internal standards were spiked int0
the samples prior to analysis and all samples, standards, and
blanks were analyzed in triplicate.

Poly(ethylene glycol) (400 MW, Aldrich, Milwaukee, WI) was
used to provide an organic background in two series of experiments
to evaluate the effects of extraneous organic matter. PEG waé ..
chosen because it i« water soluble and its use does nat interfere "
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with the purge and trap analysis procedure (15).

Procedures. Three series of experiments were run in the
course of the study. Initial screening runs were made with
chloroform as the test compound at 100 ppb (ug-L!) in both
distilled water and bicarbonate solutions of ionic strength varying
from 0.001 Mto 0.1 M. Fresh tubing loops were constructed of
each material, cleaned, and rinsed with the appropriate test so-
lution. The loops were then filled to exclude any headspace, closed
with the septum cap, and placed on a holding rack. At each
exposure interval (5, 10, 20, 40, and 60 min), a single tubing loop
was emptied into a 15 mL glass vial with a Teflon-lined septum.
Replicate samples were then taken by syringe for analysis. The
sampled loops were rinsed and refilled with distilled water and
then replaced on the holding rack for the same time interval to
observe desorption effects. The temperature of the experiments
was that maintained in the laboratory, 25 £ 1 °C. Due to the
short experimental exposure periods and the use of closed systems,
the potential effects of other loss mechanisms (e.g., volatilization,
reaction, etc.) were minimized. A mass balance was not attempted,
since handling blanks amounted to less than a 1% loss of sorbate
in transfers and desorption was found to be incomplete for all
the test compounds. _

The second set of volatile halocarbon experiments was per-
formed by using the four test compounds, each at 100 ppb in a
mixture in both distilled water and distilled water spiked with
PEG to provide a 5 ppm-C background. PEG sorption and
desorption ‘ere evaluated in separate experiments under the same
conditions as the work described above. Freshly cleaned tubing
loops were used for all experimental runs.

RESULTS AND DISCUSSION

Chloroform Sorption Studics. The five tubing materials
were screened, employing timed sorption runs with ~100 ppb
CHCI, distilled water solutions followed by desorption against
distilled water alone. Average results of three sorption runs
are shown in Figure 1. Initial solution concentrations were
established for each of the exposure replicates at zero time.
They have been blank corrected and initial concentrations
were normalized to 100 ppb for purposes of comparison. Error
bars have been included for the TFE data, which were typical
of the £9% relative standard deviation at £5% accuracy
achieved in the course of all of these experiments. The results
demonstrate the rapid sorptive removal of CHC]; by both PVC
and silicone tubing to the extent that 80% depletion of the
disrolved concentration occurred within 1 h. PE, PP, and TFE
showed somewhat lower initial rates of sorption and the net
amount removed from solution was less than half that of PVC
or silicone rubber. Thus, the sorptive affinity of the materials
for CHC], followed the order TFE < PP < PE < PVC < SIL.

Just as the bulk of the net sorptive removal occurred in the
initial period (20 min) of exposure, 80-90% of the desorption
of CHC, into distilled water took place almost immediately.
The amount desorbed constituted less than 10% of the total
CHCI; sorbed. PVC and silicone tubing desorbed no more
than 3% and 15% of the maximum amount sorbed (60 min),
respectively. With these materials the bulk of the desorption
(80-90% of maximum) occurred during the first 5 min of
exposure to distilled water. PP and PE tubing desorbed
somewhat more of the total CHCI; sorbed (20-48% of max-
imum) in 5 min than did PVC and silicone. TFE, which
sorbed the least amount of CHC, of all the materials, desorbed
9-12% of the total within 10 min. It seems very likely that
sorption of chloroform takes place by absorption into the
polvmer matrix, rather than by a specific adsorptive surface
mechanism. This hypothesis is supported by the results of
previous CHCI, sorption experiments reported by Cook and
Hartz (10), which were conducted in batch exposures over
much longer time periods. They observed apparent
“adsorption” of chloroform on PE and PVC tubing at surface
coverages which far exceeded monolayer coverage. Indeed,
the sorptive capacity of these tubing materials approached
that of granular activated carbon, which had a nominal ex-
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Figure 1. Concentration of chioroform sorbed. The sorbed concen-
tration (ug-m~2) of chloroform from distiled water solutions is shown
as a function of ime in exposure to the tubing materials: Tefion, TFE

(®); polypropylene, PP (Q); polyethylene, PE (3); poly{vinyl chioride),
PVC (A), and sflicone rubber, SIL (A).

posed surface area exceeding that of the polymeric materials
by at least a factor of 1000.

Background Solution Composition. The CHCl, sorption
experiments in this study were repeated over a range of ionic
strengths (107 to 10 M NaHCO,) and no significant dif-
ferences from the previous absorption or desorption results
were observed. Dissolved organic matter in natural waters
has a marked effect on the sorptive behavior of trace organic
compounds on metal oxides and sediments (16, 17). The
direction and magnitude of the effects of background organic
matter are difficult to predict. Since the preceding sorption
runs were performed under “clean” laboratory conditions, an
attempt was made to investigate the effect of sorbing organic
matter on the net absorptive and desorptive properties of the
tubing materials. This portion of the work included the study
of the effect of adding PEG to the background solution, as
well as the effect of the levels of organic carbon contributed
to the solution by the leaching of the tubing materials.

Substantial amounts of organic matter leached from the
cleaned virgin tubing materials and contributed to the
background organic concentrations. The data in Table I show
that, with the exception of TFE, all the tubing materials
leached more organic carbon into the background solution
within 30 min than was present as PEG. If was, therefore,
not possible to determine the extent to which PEG was sorbed
by PVC, silicone, polyethylene, and polypropylene in these
experiments. Although the conditions of leaching were not
identical with those of Junk et al., 1974 (2), PVC tubing was
found to leach the most organic matter as it had in their work
Assuming that Teflon sorbed the least amount of PEG (~400
pgm™?), it is reasonable to infer that at least 2 to 3 times the
nominal surface coverage of the tubing available for CHCl,
sorption (~150 ig-m?) could be affected by background or-
ganic matter. ,

The leaching of organic matter from the tubing materials
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Teb'~ 1. Leachable Organic Matter and PEG Sorption®
leached organic carbon .

total carbon, volatile carbon % PEG sorbed
me'erial  mg-Com2 (% of total)  of 10 ppm-C spike
StL 30.6 7.2 N.D.}
PVvC 33.2 20.0 N.D.
FE 206 5.7 N.D.
re 235 8.6 N.D.
TFE 0.66 <25 20

*Data pregenmd for 30-min exposure period. °N.D. denotes
*het organic carbon leached far exceeded the PEG added and net
sorption could not be calculated.

Tabl~ II. Sorption® of CHCI, with Increased Organic
Baclaround

CHCl; CHCI, sorption
sorption, with PEG % of

no PEG, (5 ppm-C) max %
sorbent pgm~? (ug-m) sorption®  diff
Teflon 40 42 26 +5
- polvpropylene 61 52 44 =15
polyethylene 71 52 50 -27
PVC 126 183 86 +45
SI1, 139 163 97 +17

“60-min exposure runs, PCalculated on the basis of complete
sorption of CHCI; from the solution.

may account for the mixed effect of the PEG addition on
CHCl; sorption. Table II contains a summary of CHCl,
sorption data in the presence of 5 ppm-C as PEG. The ad-
dition of PEG had a negligible effect on the sorptive properties
of TFE, while significant decreases were observed for PP and
PL. Increased sorption of CHCI; was measured for PVC and
Sil umder the same conditions. The experiments did not result
in the total depletion of CHCl; from the background solution.
Tubing made of Teflon showed consistently the least amount
of lenching or sorption of organic matter (including CHCl,)
as compared to the other tubing materials.

Chlorinated Hydrocarbon Sorption. The sorptive
proparties of the five tubing materials for the four chlorinated
hydrocarbons in equel concentration mixtures were very
similar to those poted for chloroform. The results of this series
of eyperiments are shown in Figure 2. With the exception
of the tetrachloroethylene, each compound showed the same
relative order of sorption on the five tubing materials: TFE
< PP < PE <PVC ~ SIL. The least sorptive tubing ma-
te-ia’s (i.c., TFE, PP, and PE), as s group, sorbed significantly
lers than PVC and SIL, probably as a result of their higher
density and greater crystallinity. The more flexible PVC and
STL likely present more active surfaces for sorption. Tetra-
chloroethylene did show enhanced sorption on polyethylene
which may be related to the similarity of the molecule to the
sthylene monomer unit of polyethylene. Otherwise, the
saturated halocarbons (i.e., chloroform and tetrachloroethane)
were less actively sorbed than the unsaturated compounds.
The total amount of the halogenated mixture sorbed by the
other materials was substantially greater than that observed
for Teflon. Polypropylene and polyethylene showed about
twice the amount sorbed and PVC and silicone sorbed nearly
thre~ times that sorbed by Teflon.

Thoble III contains the maximum sorption values and per-
cent. desorbed within an hour for the five tubing materials.
The values for chloroform in the halocarbon mixture were not
statistically different (¢ test) from those when it was the sole
sorbte. As one can see from these data, the presence of
leachable and sorbing background organic matter had mixed
efferta ~n the eorption/desrrption ~f tha halacarbene A
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Flgure 2. Concentration of sorbed chiorinated organics. The sorbed
concentration (g-m™2) of the four test compounds from distiled water
solutions Is shown as a function of ime in exposure to tubing materials:
(a) chloroform, (b) trichloroethane, (c) trichloroethylene, {(d) tetra-
chioroethylene. Dissolved concentrations were initially between 90 and
120 ppb of each compound.
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Table III. Comparison of Maximum Sorption and
Desorption of Halocarbon Mixtures

low carbon high carbon
background® background?
max sorption, max % max sorption, max %
material pgm2 desorbed ng-m? desorbed

TFE 237 13 170 28
PP 384 17 330 16
PE 483 18 372 13
PVC 622 8 700 6
SIL 624 2 624 <1

¢Sorption of 400 ppb halocarbon mixtures from bicarbonate
buffered distilled water background. ®Sorption of 400 ppb halo-
carbon mixtures with 5 ppm organic-C background added to buff-
ered distilled water.
20~25% reduction in the maximum sorption was observed f?’
Teflon, PP, and PE. PVC increased by 12%, while silicone
desorptive behavior was barely affected by the PEG. Tubing
made of Teflon sorbed significantly less and desorb
somewhat more of the halocarbon mixture in the presence of
PEG. The amounts of sorbed materials expressed on a mas$
per nominal tubing surface area basis are very similar to thos®
reported by Cook and Hartz (10) for chloroform and other
halomethanes in much longer exposures. In both tubing
studies, sorption was at least 2 orders of magnitude greater
than that observed by Miller, 1982 (18), for rigid PVC, PE.
and PP well casing materials. .

The rates of the sorption/desorption processes were 1

significantly affected by the presence of the PEG. The curV s x

~f corntinn ve time = th~ halor~vhon mixtures are <howd

e - 00556 — | 2,05 = 11/11/94
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Figure 3. Concentrations of total sorbed chlorifated organics. The
sarbed concentration (ug-m?) of total chiorinated organics from 400
£ob mixed solutions on each of the five tubing materials: (a) no addition
of organic matter; (b) with 5 ppm-C, as poly(ethylene glycol).
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in Figure 3. The presence of background organic matter
+emed to accentuate the differences between the low sorption
offinity materisls (TFE, PP, and PE) relative to the more
rorbent materials (PVC and SIL).

As noted for chioroform, the initial rate of sorption was 2-5
times more rapid in the first 5-10 min of exposure than that
cbserved from 15 to 60 min. In the desorption runs, the bulk
of the previously sorbed material remained in the tubing
material over comparable time periods (Table III). About
5-15% of the sorbed material could be leached with either
digtilled water or bicarbonate solution. Desorption was ob-
rorved only in the initial 5~10 min of repeat exposures.

These data support the hypothesis that the sorption of
~hlorinated solvents by flexible tubing materials occurs by
sbsorption into the polymer matrix. The flexible materials
therefore represent a virtual sink for the chlorinated solvent
~orbates which should be very carefully considered in planning
eroundwater sarapling protocols. Under equivalent conditions,
‘he sorptive capacities of the corresponding rigid well casing
materials are much below those of the tubing materials. The
flexible tubing materials more rapidly sorb greater amounts
of the halogenated hydrocarbons. Desorption data for the rigid
materials are not available to complete the comparison.

The recent work of Rice and Gold (1984) with poly-
vropylene supports the general conclusions of this study. They
observed impressive recoveries of polynuclear aromatic hy-
drocarbons, aryl phthalate esters, and dodecanol from 1 to
400 ppb solutions on packed beds of polypropylene sorbent.
It is not obvious whether these functional classes of com-
pounds would be either adsorbed or absorbed by the flexible
tubing materials. However, in at least one case (pyrene) lower
recoveries may be attributed to diffusion into the polymer.
Sorption behavior-is controlled by both the chemical properties
of the sorbate and the polymer matrix of the sorbent. The
compounds used as sorbates in the present study are per-
sistent, mobile, and only moderately hydrophobic. They are
similar to many dissolved organic contaminants in ground-
water. Thus, the results strongly suggest that flexible tubing
choices must be very carefully made to ensure good sampling
recovery and precision.

The magnitude of the impact of sorptive processes on
groundwater sampling results is difficult to predict a priori.

gt ik
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Table IV. Predicted Percent Sorptive Loss of Chlormated
Hydrocarbons due to Tubing Exposures®

tubing % loss
diameter, in. TFE PP PE - PVC SIL
1/4 4 6 10 14 15
. 4) (6) )] 1) (15)
3/8 1 2 3 4 4
(1) 2 (2) 5) ®).
1/2 1 1 1 2 2

w08 @ (D 2) (2)

240 ppb mixture of chloroform, trichloromethylene, tetrachloro-
ethane, and tetrachloroethylene calculated on the basis of initial
sorption rates on passage through 15 m of tubing at 100 mL-min™.
Percent loss values are tabulated for the original solution (with)
and without organic carbon background.

From the static, short exposure laboratory results of this study,
we have made some preliminary estimates. Take, for example,
a monitoring situation in which a ~15 m length of flexible
tubing is used to transport samples at ~100 mL-min™ from
a well bore to the land surface. Using conservative initial
sorption rates from this study, of approximately 10 pg-m2
min, the percent sorptive loss of halocarbon mixtures in
transport may be calculated. The calculated initial sorption
rates ranged from 3 to 50 pg-m~%mint, Table IV contains the
results of such & calculation for a 40 ppb solution of the
compounds for three commonly tised tubing diametérs. The
calculated sorptive losses for !/, in. i.d. tubing are in the range
of controlled analytical bias for trace organic analysis meth-
odologies. The effective losses are clearly more dependent
on the materials than on the tubing diameter. Larger internal
diameters minimize the effect of sorptive bias. The impact
of sorptive losses is concentration dependent. At the 4 ppb
trace organic range, the percent losses range from 6 to 150%
for 1/, in. i.d. tubing. Therefore, it appears that gross errors
in trace organic determinations can occur in the parts-per-
billion concentration range due to tubing effects alone. The
rates and extent of sorptive removal of the volatile halocarbon
suggest that well purging and preexposure of the tubing
material may not alleviate the overall impact of sorptive bias.
Although the conditions used in this study are not directly
comparable to those which may be encountered in field sam-
pling, the potential for such problems clearly exists. A com-
prehensive evaluation of sampling mechanisms, sample
transport tubing, and storage precautions should be made a
part of the planning of all groundwater sampling protocols.
Sampling performance may well exert control over the levels
of various contaminants which may be regulated practlcally
in these systems.
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“Phase Distortions” in Absorption-Mode Fourier Transform Ion

Cyclotron Resonance Spectra

HMelvin B. Comisarow* and Judy Lee

Nepartment of Chemistry, University of British Columbia, Vancouver, British Columbia, Canada V6T 1Y6

“ourl~r transform jon cyclotron resonance (FT-ICR) mass
. specira are almost always presented in the magniiude mode,
aithovgh it has long been known that absorplion-mode FT-ICR
spectra would glve superior resolution. It is shown in this
+ork *hat typical, perfectly phased, discrete absorption-mode
TT-1CR spectra will show a distortion, simlilar {o the distortion
~ zn in absorption spectra contaminated by some dispersion
<smp-nent. The importance of this distortion in discrete ab-
sorptimn-mode spectra can be predicted from a knowledge of
/7, the ratio of the acquisition time to the refaxation time of
the F7-ICR signal. This distortion in absorption-mode FT-ICR
+pect-a can be obvisted by extended zero-filling, exponential
spedization, or apodization with resolution-enhancement
wirdow functions. For the situation where the maximum
porsihle resolution Is degired, apodization with a resolution-
enhancement function and extended zero-filling will obviate
the d'stortion and Is the data treatment method of cholce.

Fourier transform ion cyclotron resonance mass spectros-
copy (FT-ICR or FTMS) (J-9) is a type of mass spectroscopy
in which the cyclotron motion of an ensemble of gaseous ions
is excited in a short period of time. The excited cyclotron
motion at each cyclotron frequency, w,,

wo = qB/m (1)

or each jon mass, m, in the ensemble induces a signal (10)
in the detection circuitry of the spectrometer. This signal is
sampled and stored in the memory of a computer. Equation
2 is the continuous form of the signal for a particular fre-
" quency, wq (11).

F(t) = 2rK exp(-t/7) cos (wet), 0 <t < T (2)

In rq 2, K is called (12) the scaling factor and is proportional
to the number of ions, wg is the cyclotron frequency, 7 is the
relaxation time, and T is the acquisition time of the signal.
Since frequency measurement is tantamount to mass mea-
surorent via eq 1, numerical Fourier transformation of the

sampled time domain signal gives the ion cyclotron resonance
(ICR) mass spectrum. Depending upon how the numerical
frequency data is handled, the spectra can be presented in
the magnitude mode or in the absorption mode (3, 13-16).
Although the absorption mode has higher resolution (11) and
is therefore preferred, it is almost never used in FT-ICR. This
is unfortunate as the higher resolution of the absorption mode
does not require the sacrifice of any other desirable instru-
mental feature, such as sensitivity. Absorption spectra do
require more data processing but procedures are known (3.
13, 14) which should give pure absorption spectra. In this work
we show that procedures which should give pure absorption
spectra free of any dispersion component typically give spectra
appearing to contain a dispersion component. Moreover, as
described below, the distortion is more pronounced in exactly
those cases where the higher resolution of the absorption mode
is most needed. ‘The origin of the distortion is discussed, and
several methods of obviating the distortion are described. It
is concluded that for the typical case of broad-band FT-ICR
spectra where the acquisition time of the signal is limited by
the available computer memory, apodization of the time do-
main signal (eq 1) with a “resolution-enhancement” window
function combined with extended zero-filling (17) is the data
treatment method of choice.

THEORY

Continuous FT-ICR Spectra. Consider a truncated,
continuous time domain function of the form in eq 2. The
analytical Fourier cosine transform of eq 2 is given by a3

(11, 12).
Kr (—T)
— T l1+espl = }x
1+ (- wo)er[ “P\7

((w = wo) 7 sin [(w - wp)T] = cos [(w - wp)TD | @

Alw) =

Equation 3 is called the continuous absorption §Pe°th’“m
of eq 2. The width at half height of the absorption line s_.ﬂze
ranges from 3.791/T (when T/ = 0) to 2/7 (when T/7 =
(n.
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® Organic contamination ranging from 1-5000 parts per
billion (ppb) by weight was detected in the water which
had flowed through tubes of polyethylene, polypropylene,
black latex, six different formulations of polyvinylchlo-
_ride, and a plastic garden hose. The contaminants in the
effluent-water were isolated by sorption on macroreticular
resin beads contained in a small glass column. The sorbed
organic compounds were then eluted with diethylether,
the eluate was concentrated by evaporation, and the or-
‘ganic contaminants were separated and measured quanti-
tatively by gas chromatography. Identifications of plasti-
cizers and other polymer additives were made by combi-
nation gas chromatography-mass spectrometry. The de-
scribed method is accurate and convenient for testing
polymer tubes intended for use in situations which require
flowing water or water solutions.

Data have recently appeared concerning the production
{1, 2) and use (2) of certain plasticizers and other addi-
tives used to formulate polymers with properties desirable
for their use in medicine, transportation, home furnish-
ings, construction, apparel manufacture, food packaging,
beverage production, end milk processing. The total pro-
duction of phthalic acid esters, which represent only one
of several classes of additives, has been over 1 billion 1b
per year during the period 1967 to 1973 (I, 2). This
‘amount of synthetic material repetitively distributed
throughout the environment naturally causes some con-
cern, especially in view of the many recent toxicity studies

- of additives (3-16).

Phthalates have been found in plants (17), fungus (18),
.air (1, 19), food (20, 21), milk (22, 23), soil (24-27), blood
(3, 5, 28-32), lipoid solutions (3, 5, 29), oil (33), body tis-
sue (34), and water (5, 9, 35~40). Thus, the ubiquity of
phthalates as well as other additives is clearly established.
Although some of these may be present in the environ-
ment because of natural processes, there is little doubt
that the major share of the current distribution is due to
contamination from various polymers.

This report describes an accurate method for the deter-

" mination of the organic contamination of water by various

polymer tubes. The method accommodates test conditions
"similar to those encountered in the eventual use of the
polymer tubes to transport water or aqueous solutions.

Experimental

XAD-2 Resin. This macroreticular resin was obtained
as 20~-60 mesh beads from Rohm and Haas, 5000 Rich-
mond St., Philadelphia, Pa. 19137. The resin was purified
by sequential Soxhlet extractions with methanol, acetoni-
trile and diethyl ether (4I) prior to its use in the extraction

‘columns described later. : '

Solvents. All solvents were either spectrograde or ana-
Iytical grade. Whenever blank determinations suggested
impurities detectable by flame ionization gas chromatog-
raphy, these solvents were further purified by fractional
distillation.

Test Water. The distilled water used in the contamina-
-tion tests was purified by passage through a column filter
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containing 20 grams each of XAD-2 resin and activaied Was o
charcoal. Water treated in this manner contained less b
than one part per billion (ppb) by weight of detectable or- T
ganic material. This purified test water is referred to as Ap
“‘pure” water in this report. ot the
Synthetic Polymer Tubes. All polymer tubes used in sesttic
this study were purchased from commercial suppliers in tae
1973. These suppliers are not identified because.polymer vabved
formulations are frequently changed and the results of our tig
tests suggest that all commercial polymer tubes contami. v AN
nate the water passed through them. The tubes were &i- The
ther /2 in. or 3/g in. i.d. and cut to 25-ft lengths for test - sdled
purposes. Pretreatment consisted of flushing ~25 liters of j-aria
“‘pure” water through each tube immediately before each £:u88 ¢
contamination test. taiVE
Instrumental. A single column, Varian 1200 gas chro §  «-intis
matograph equipped with a linear temperature progrum- Tou
mer and a flame ionization detector (FID) was used to Toeved
separate, detect, and quantify the contaminants isolaied with 1i
from the water samples. All extracts of the contaminants ciosed
were chromatographed using 6 ft X 1/g in. o0.d. stainless the up
steel columns packed with 80-100 mesh AW-DMCS treat- prete d

ed chromosorb W coated with 5% w/w OV-1 liquid phuse. wolthy
Carrier gas flow was 20 ml/min for all separations and k. resie
each chromatogram was obtained by injecting 3.0 gl of the Voiie g
ether concentrate into an off-column injector at 250°C. edt
After an initial hold at 50°C for 1 min, the column was
programmed to 250°C at 15°C/min. The detector temper-
ature was 250°C. The detector response was calibrated for
quantification using an aliquot of a standard solution of 4
indan, naphthalene, and acenaphthylene in ethyl ether.

A Du Pont model 21-490-1 combination gas chromato-
graph-mass spectrometer (gc-ms) was used to obtsin
mass spectral data from which many of the chromato-
graphically separated components were identified. The
same chromatographic+conditions used with the Varian
1200 gas chromatograph were employed with the Vanad
1400 gas chromatograph interfaced to the Du Pont 21-%
mass spectrometer via an all-metal jet separator. The p-
arator and connecting lines were held at 225°C and the io2
source at 275°C. , .

A Digital Equipment Corp. (DEC) PDP-12/40 ma-
computer was interfaced to the ge-ms to assist in d:s
logging, reduction, and manipulations for interpretativa
purposes. Updated MASH (mass spectrometer data ban-
dling) software' as-suppliéd by DEC was employed. Ths
software allowed for calibration of the computer for m-‘f‘
marking and acquisition.of approximately 250 mass sp** ¢
tra acquired at six second intervals for each gc-ms nao
The mass range covered was from 26-600. Data manipuls
tions, such as generation of total ion mass chromai®
grams, selected ion mass chromatograms, backgrov
subtraction, spectra averaging, and ion series_tab*‘"
were used at the discretion of the operator on an mter-": _
tive basis after data accumulation and transfer onto B¢

netic tape by the minicomputer. These programs %\ . fig. 1. s
used to aid in the interpretation of each mass spectru®- o % a3 ichre
visual display on a cathode ray tube was used for insp>" . & iy e
ing line diagrams of each mass spectrum to deteml}"“f 0 v':’ Hlow;

tabulation of the displayed spectrum via a Model 33 Te.‘,; _ uac"z‘r" pel

typewriter was desired. In most cases, component ldfxﬁff;i - esip. E‘;““:
cations were suggested by a manual search of the E&~ Svic_ ;op f,’h



peak Index of Mass Spectra obt 1 from the British In-

Limation Sources, 845 Third ave. New York, N.Y.
W j0022. When necessary, the DCRT/CIS Mass Spectral

Search System, developed at the National Institutes of
Health (42) and now available through the General Elec-
tric Mark Il computer services (write to G.E. Information
gervices, 777 14th St., N.W., Washington, D.C., 20005),
was also employed for identification purposes.

Tube Contamination Test Procedure

Apparatus and Quantification. A schematic diagram
of the sampling apparatus is shown in Figure 1. All con-
pections, adaptors, and valves are standard fittings except
the upstream connection of the polymer tube to the
valved intake manifold and the downstream connection to
the glass extraction column which are both friction fit

- connections.

The extraction columns are easily prepared by inserting
s small silanized glass wool plug near the stopcock and
pouring & methanol slurry of clean XAD-2 resin into the
glass column. Then a second glass wool plug is inserted
above the resin bed, and the column is capped to main-
tain the resin in a methanol-wetted condition.

To test a polymer tube for contamination, the cap is re-
moved from the column and the methanol is displaced
with five' 20-m} portions of “pure” water. The stopcock is

the upper glass wool plug. This procedure ensures com-
plete displacement of the methanol and adequate water
wetting of the resin. A 25-ft length of the polymer tube to
be tested is then attached to one of the intake valves. The
valve is opened and ~25 liters of “pure” water are al-
lowed to flow freely through the tube. This action flushes

A—

D K e

o5+

8 .
F Lé—,_'—,
Figure 1. Sampiin§ apparatus for contamination tests: (A} point
of aitachment of the combination XAD-2 and charcoal filter for

purlfying the distilled water. The arrow indicates the direction of
water flow; (B) vaived inlet maniiold for simultaneous testing of

e . weveral polymer tubes; (C) polymer under test; (D) glass ex-
i 1§
ht %

raction column containing 2 grams of clean 40-60 mesh XAD-2

B sin; (E) glass wool plugs; (F) effluent stopcock and metering
dwice for l'l_\gasurlng total water flow through the polymer tube

closed when the last water wash level reaches the top of |

SIS

DacNO: CLe) - 005%C- /2, 05— 1//:i1/90

the tube prior to test and removes air bubble. wlichs
can cause undesirable turbulence during the test run.
When the tube is free of air bubbles, the water flow is Je-
creased and the downstream end of the tube is attaci.ed
to the extraction column and the stopcock is opened im-
mediately. The intake valve is adjusted to achieve a fiow
of 60 ml/min through the tube and extraction coluiin.
The simple expediency of checking the effluent water fiow

. periodically with & graduated cylinder and a stopwatcl: is

sufficiently accurate for calculating the total volume fiow
during a given tést period. When the desired amount of
water has passed through the tube, the intake valve und
effluent stopcock are closed, and the extraction columu: is
removed from the polymer tube. ,

The procedure for eluting and quantifying the orgeaic
compounds sorbed on the resin has been described in de-
tail by Junk et al. (4I). Briefly this procedure is as fol-
lows: open the stopcock to drain most of the remaiving
water from the extraction column; add 25 ml of ethyl
ether and allow 5-10 min for equilibration; open the stop-
cock and collect the ether eluate in a 20 X 150-mm iest
tube; plunge the test tube into liquid N2 for ~20 sec to
freeze out the 0.5-1.0 ml of residual water; decant the
cold ether eluate into a modified Kuderna-Danish evupo-
rator vessel; concentrate the ether solution to 0.5 ml; und
use a 3.0-ul aliquot of this concentrate for gas chromuto-
graphic analysis employing the conditions described in
the instrumental section of this report.

The chromatogram peak areas are then measured .nd
the amount of contamination due to each separated cum-
ponent is calculated using the equation,

(P) X () x (V) _ ug
(V) x (v,) liter

= ppb;

where

P, = peak area of the ith chromatographic peak in cm?, S
= detector response factor in pg/em?, Vi = volume of
ether concentrate in g, V; = injected aliquot of ether cou.-
centrate in ul, V,, = volume of water passed through the
polymer tube in liters, and ppb; = parts per billion by
weight of the ith component in the water.

The total contamination equals .51 ppb; wher¢c n
I=

equals the number of components detected. The repro-
ducibility is generally *10%. Blank determinations are
made using the same volume of water and procedure, but
deleting the polymer tube and connecting the extraciion
column directly to the intake valve.

Identifications. Since the gc-ms results are used sclely
for identification purposes, the normal procedure is o
concentrate the ether eluate further from 0.5 ml to ~0.05
ml using a stream of Nz gas or free evaporation. This ad-
ditional concentration facilitates the ge-ms operation and
although some losses of the more volatile components
occur, no difficulty is encountered in relating the pcaks
observed on the conventional FID chromatogram to those
observed on the gc~ms total ion monitor (TIM) chromuto-
gram. Aliquots of 1.5 gl are injected for the gc-ms identi-
fication experiments using the chromatographic-niass
spectrometric conditions described in the .instrumeatal
section.

Preliminary identifications were made from the com-
puter manipulated mass spectral data. These were usually
confirmed by matching both the gas chromatographic re-
tention times and the mass spectral fraginentation pat-
terns of the unknowns with those obtained for authecatic
samples. When necessary, additional confirmatory evi-
dence for the identificationg was obtained using other iun-
strumental analyses of fraction-collected components.
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o Sepmtwn pnd Quantlﬁcatlon. Tracmgs of the FID

chromatograms, accumulated ‘on the Varian 1200 gc (see
" Instruments sectmn) for the various polymer tubes tested,
- ‘are shown in' Figures 2~4. The response is scaled for each
, chromatogram to make possible a rapid visual comparison
_ of the number and the intensity distribution of contami-
. nants, The total contamination, listed in the figure leg-

Hon i SRR

Doe Mot CLE) -06556— 12,0511/ (10

sf 1 ppb for polycthyleae tubcs to
* ahigh of 5000 ppb for Food-Beverage Grade PVC tubes.

ends, varies from a L

To aid in the comparison of chromatcgrams, the chro-
matogmphxc conditions and the time scales are identical

- in each figure. These comparisons reveal that a number of

the contaminants have similar gc retention volumes. Also,
from 50-90% of the total contamination normally involves
four to six contaminants.

The complexity of the chromatograms and the relatively
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' pigh level of contamination from al  ymers except poly-
¥ ,opylene and polyethylene are due primarily to the use of
jarge amounts of plasticizers and other additives in these

ymers. Also, impurities in the starting materials which
pecome trapped in the polymerization process contribute
1 the observed contamination. For polyethylene and

ypropylene, the contaminants present in the water are

bably due solely to impurities in the starting materials
sod nonplasticizer additives such as stabilizers.

The changing mass spectral fragmentation patterns ob-
served across many of the apparent monocomponent gc

in Figures 2-4 suggested that the contamination
mixtures were much more complex than indicated by the
packed column chromatography employed for these sepa-
rations. Preliminary work using support-coated open tu-
pular (SCOT) columns reveals that as many as 100 compo-
pents may be present in the water passed through some of
thetubes.

Identifications. Although identifications of several con-
isminants present in minor amounis have been made, the
primary purpose of this report is to focus on the major
conteminants, To this end, detailed identification and
quantification data compilations as illustrated by Table I
jor General Chemical Grade PVC were used to prepare a

RESPONSE

T T 4 0

-—MINUTES =
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Figure 3. Chromatograms from tests of plastic garden hose and
Yack jatex tubes—25 ft X % in. i.d.: garden hose (170 ppb),
3 liack latex (26 ppb)
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summary of the five st intense gc peaks observed for
each polymer tube. ‘I'nis summary is given in Table li
where the gc peak numbers refer to those given in Figure:
2-4. .

From Table II, the phthalate esters appear most fre-
quently among the five most dominant contaminunts.
Relatively large amounts of 2-ethylhexanol are present in
the water from several of the polymer tubes and this may
be due to hydrolysis of the phthalate ester and/or impuri-
ties present in the DEHP plasticizer employed in the pro-
duction of the tubes. This observation, along with that ol
contaminants such as phthalic anhydride, lauric acid, and
stearic acid used as additives only in the chemically com-
bined state, indicates that the identification of contami-
nants from plastics is complicated by chemical transfor-
mation in addition to these problems associated with the
use of proprietary additives.

The total contamination profile for the varivus polymer
tubes is summarized in Table Il where both the major
and minor contaminants in the water passed through the
tubes are listed. An X designates that positive evidencc
for the contaminant exists. The absence of an X shoula
not be construed as conclusive negative evidence. For ex-
ample, the level may be below our detection liniit, or «
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Figure 4, Chromatograms Iro_m tests of polyethylene and poly-
propylene tubes—25 ft X 3% in. i.d.: polyethylene (1 ppb), poly-
propylene (4 ppb) . R
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-particular component cannot be id. .ied positively be-
;cause; of unresolved gc peaks, or a major contaminant
masks a minor component.

. ‘The identification. results for the polyethylene and poly-
propylene tubes are not included here since these results
are not yet definitive enough to be discussed.

% Static vs. Flowing Water. Interpretation of several ex-
perimental observations suggested that the amount of
contamination from various polymer tubes may be related
to the linear velocity of the water flow through the tube.
An increase.in the amount of contamination occurred
‘when: the water flow rate was increased from 20 to 60
ml/min to reduce the sampling time, sharp bends existed
in the polymer tube, and air bubbles were present in the
tube during part or all of the sampling time. These obser-
vations, coupled with the implication that agitation of
aqueous solutions may increase the contamination from
PVC containers (22, 29, 34), suggested that linear velocity
and contamination were indeed related. To test the valid-
ity of this proposal, “pure” water was passed through a

d

el

Dee No: Led - 00556 - 12, 06—

"(lfl,.

6-ft length of /z-in. i.u. Food-Beverage Grade PVC for 48
hr at 60 ml/min. The total measured contamination af the
effluent water, at a calculated linear velocity of 46 cm/
min, was 0.6 ppm. Then a 3-ft length of 3/4-in. glass rod
was inserted into the center of the 6-ft PVC tube. The
head pressure was increased to achieve the same flow of
60 ml/min and this flow was continued for 48 hr. Under
these conditions, the linear velocity across the restricted
3-ft section was 105 cm/min, and the contamination in
the effluent water increased to 1.6 ppm. This represents g
dramatic enhancement of the contamination and suggests
that it is directly related to linear velocity when the
amount of water sampled, the sampling time, and the ex-
posed polymer surface area are held constant.

Previous investigations by others (22, 43, 44) have relat-
ed the contamination mechanism to the migration of
water into the polymer, to the diffusion of plasticizers and
other additives through the polymer network, and to the
dissolution rate of the additives. Our results suggest that
an erosion mechanism occurring at the polymer-water in-

Table l. Identification and Quantification Data for Contaminants in Water Passed Through a /;-In. L.D. Tube of

General Chemical Grade PVC

Mass spectral Sc data Concentration,
Peak §° datab R (unkn)s Re(hk)d ppb* % of tota) concn identification
1 | 3.80 3.60 0.66 6.14 Butylchloroacetate
2 cL 4.00 3.95 2-Ethylhexanol
3 cL 4.50 4.25 4.62 43.01 o-Cresol
4 CcL 5.45 5.40 1.72 16.02 Naphthalene
5 CL 5.75 N 0.24 2.23 p-Ethyiphenol
6 HM 6.00 N 0.30 2.79 Isopropyl subs. phenol
7 HM 6.40 N 0.54 5.02 Methyl-ethyl subs. phenoi
8 HM 6.90 N 0.35 3.25 Methyi-ethyl subs. phenol
9 7.30 0.16 1.48 Unidentified
10 7.80 0.18 1.67 Unidentified
i1 8.40 0.11 1.02 Unidentified
12 cM 9.70 9.60 0.08 0.74 Diethyiphthalate
13 1 10.00 N 1.45 13.49 Butyloctylfumarate
u CL 11.50 11.80 0.08 0.74 Diisobutylphthalate
15 cL 12.50 12.40 0.05 0.46 Dibutyiphthalate

¢ See Figure 2. 3 CM
four fargest peaks;

= a complete match of ms data with an authentic sample of the ICi-Aldermaston index; CL = close match; HM = "‘!‘C"j
i = no match and fragmentation pattern interpretation required. ¢ Retention time of unknown g¢ peak. d Retention time

authentic sample. N indicates that an authentic sample check was not made. * Concentration of the contaminant in the water in parts per billion Y

weight,

Table 1l. Total Contamination and Identifications of Major Contaminants in Water Passed Through Various 25-Ft
Lengths of 3/s~2/, In. 1.D. Polymer Tubes at 60 Mi/Min

Total con- identifications®
tamina- -
Polymeric tube tiom, ppb Major contaminants/gc peak nos

Gg{%’al chemical 11  o-Cresal/3 Naphthalene/4
Lalg\?éatory grade 4 2-Ethyl hexanol/l Stearic acid/12
Prgggssed milk 6 2-Ethyl hexanol/2 DIBP/9
Fog\cllébeverage 5000 BGBP/13 bDiBP/9
FDA-USDA PVC 9 2-Ethyl hexanol/2 3,4-Dimethoxy
: acetophenone/S
H%%;gtal-surgical 6 2-Ethyl hexanol/4 Lauric acid/9
Garden hose 170  Alcohol¢/2 Alcohol¢/3
Black latex * 26 Decylamine/2 Unkn./8
Polyethylene¢ 1 . Unkh./l Unkn./2
Polypropylenes 2  Unkn.f2 Unkn./4

BOF/13 2-Ethyl hexanol/2 2-Ethyl-l-
/ Y / me¥hyl1:menoll8
DiBP/9 BOF/6 3,4-Dimethoxy
/ ! acetophenone/d
p-Nonyl phenol/10  DEHP/11 DEP/8
DEP/6 DEHP/15 EGEP/1L
Unkn. /4 DIBP/8 DBP/9
DEHP/17 DI8P/11 Pl;thalic anhyunde
Alcoholc/4 DBM/7 DIBP/10
lonol/4 DAP/S Diisopropy!
p-xylene
Unkn./7 Unkn./5 Unkn./8

Unkn./6 Unkn./10 Unkn./14

DBM = dibut

te; O
@ Abbreviations used for common contaminants: BOF = butyloctylfumarate; DIBP = diisobutylghthalate: DEHP = di-2-ethylnexylphtnala! m:’tl. .
Ly 00

= diethylphthalate; BGBP = butyiglycolylbutyiphthalate; EGEP = eth
DAP = diamylphthalate. b Refer tg ag;?grogriatey chromatograms in Figures
0

unresolved gc peak asa mixture of alc

ols. 4 insufficientwater sampled to makeany positiveidentifications.

ylgé!ﬁfy‘lﬁnthylphthalate;

BP = dibutylphthalate;

: n
ass spectra and retention times used to tentatively 14€
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4 ipthe contamination mechanism.
* “Tnis relationship between contamination and the linear
_ yelocity of the water flowing through the polymer tube is

ri szl it

serface should be included as a p ble significant factor

ntly being more fully investigated. Preliminary re-

‘ “qults show that the contamination of the water will in-

as the flow rate is increased for & given diameter
wbe. Other factors being constant, larger diameter tubes

. ,nd lower head pressures are recommended to minimize
3 (e contamination. An additional conclusion is that con-

umination levels, based on static water tests, cannot be
etrapolated to flowing water conditions.
Contamination vs. Usage. The possible decrease in the

ievel of contamination after a polymer tube has been used

for transporting large quantities of water was investigated.
When 1000-liter volumes of “pure” water were used to
fiush Laboratory and Hospital-Surgical Grade PVC tubes,
the amount of contamination measured immediately after

‘3 (e flushing action was reduced by a significant factor of
@ ~3 over that measured when only 25-liter volumes of
§ pure” water were employed for flushing. Subsequent

3 fushings of the same tubes with as high as 3000 liters of

sef

DEP
-atee
" this

3 water failed to decrease significantly the contamination.

These results show that although initial flushing of PVC

wbes with a large quantity of water has a salutary effect

i lowering contamination, extensive washing serves no

% weful purpose. The amount of plasticizers in the highly

fesible PVC tubes is approximately 40% by weight and

8 1bis represents an almost inexhaustible supply of contam-

DeeNo: CLEI —00ST6 ~ 12,65 ~

h/ nlee
ination. Should tt 1pply eventually become apprecia-
bly depleted, the contamination will decrease, but tue
tubing will also have lost its flexibility and strength a.d
will undoubtedly need to be replaced, thus causiny a re-
turn to the original high level of contamination.

For the relatively rigid polyethylene and polypropyleue
tubes the source of the contamination may not be inex-
haustible, and these tubes may eventually become non-
contaminating. Long-range tests of these tubes and vari-
ous cleaning procedures are currently in progress.

Conclusions

The method described here for testing the contamina-
tion of water by various polymer tubes is sensitive to
amounts corresponding to < 1 ppb for most organic mate-
rials. Contamination tests are made, conveniently usiag
flow conditions which duplicate or closely approximute
the use of the polymer tube to transport water or other
aqueous solutions, These tests can be made in most ana-
lytical laboratories and the results used to aid in the se-
lection of polymer tubes. Since the critical apparatus in
the method is a very simple and portable extraction col-
umn, accurate on-site sampling of a production solution is
possible by connecting an extraction column parallel t. a
production stream until the desired volume is samplcd.
The extraction column may then be transported readily to
the laboratory where the remainder of the scheme is cou-
pleted at the convenience of the analyst.

The contamination tests reported here were made using

4 T1able 1l. List of Contaminants in Water and Polymer Tubes Which Caused This Contamination
g Tube abbreviationss

Contaminant GC LB PM FB

2-Ethythexanoi X X X X
Cy satd. alcohot X
Unkn. alcohols

o-Cresol

o-Ethylphenol
p-Ethyiphenol
2-Ethyl-4-methyiphenol
2,4-Di-t-butyl-6-methylphenol X
2,6-Di-t-butyl-8-methyiphenol X
p-Nonyiphenot X
p-Doedecyiphenol

p-t-Butylphenol

Ethyl acetate

Butyichloroacetate X X X
Naphthaiene X

2-Ethylhexanal

34-Dimethoxyacetophenone X

Decylamine '

Stearic acid X

lauric acid
Myristic acid
Phthalic anhydride X
Butylbenzoate

Butyloctylfumarate - : X X
Dibutylmaleate  °
Ethylglycolylethylphthalate
Butylglycolylbutyiphthalate
Dimethylphthalate
Diethyiphthalate
Dibutytphthalate
Diisobutylphthalate
Diamylphthalate
Di-2-ethylhexylphthalate X X X

Hx x X

X X

HX XX XX

) XK X

X X

3

e,

—

FU HS GH BL
X X X

Comment

Impurity or transformation®
Probably octanol
X Not present in PVC
Suspected stabilizer
Same
Same
Same
Same
Same
Same
Same
X Same
x -—
X Highly toxic
X Common impurity
x —
X Suspected stabilizer
X —
Transformation of Zn salt
Same
Same
Impurity or transformation
X Known plasticizer
Suspected plasticizer
X Same
Same
Known plasticizer’
Same
X Same
X Same
Same
X . Same
Same

X X x

> X X

M XX
XXX XX X

X .

*Abbreviations are: GC = general chemicat PVC; LB = laboratory PVC: PM = processed milk PVC; FB = {food-beverage PVC; FU = FDA-USDA
1 HS = hospital-surgical PVC; GH = garden hose plastic; BL = black latex tube, X indicates that the contaminant was found in the designaled
tHere Impurity refers tomaterials found in solvents, starting chemicals, and additives used in the polymerization process. o
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distilled water because these cont:. .ation results are
considered to représent minimum values. The presence of
minerals, inorganic acids or bases, and lipoid materials in
the water would all result in either the same or an in-
creased level of contamination. In the presence of large
amounts of minerals and inorganic acids and bases, the
method has been shown (41) to be accurate for all neutral
organics and therefore is not limited to distilled water
tests. Whether the procedure is useful for beverage testing
where lipoid materials are present has not yet been ascer-
tained.

The complexity of the chromatograms for all the tests of
polymer tubes reported here suggests that conclusions
concerning toxicity based on the tests of single pure com-
ponents must be tempered with the knowledge that plas-
ticizers and other additives almost always occur as a com-
plex mixture.

Several conclusions, based on the results reported here,
suggest that risk/benefit ratios associated with the wide-
spread use of many polymers may not be nearly so favor-
able as suggested by sole consideration' of the reported low
level of contamination. First, the contamination profiles
represent a very complex mixture of components, many of
which are not identified and may be taxic. Second, some
of the identified components are obviously toxic, for ex-
ample butyichloroacetate. Third, the presence of myristic,
stearic, and palmitic acids in some polymer tests suggests
that some toxic metals may also be present. Fourth, con-
tamination level predictions based on static water tests of
polymers are usually not valid.

When these conclusions are coupled with the observa-
tions of other investigators, the case for reassessment of
the risk/benefit ratio becomes even more convincing. Au-
tian (3) discusses the documented increase in contamina-
tion of PVC containérs when the contacting solution be-
comes more lipid; several investigators have established
the rapid biomagnification of many plasticizers and other
additives (9, 15, 37, 39); while little is known about cumu-
lative toxicity and the synergistic effect of mixtures (3),
some investigators (3, 12, 35) have shown these to be ap-
preciable; and finally, recent studies (26, 27) suggest that
plasticizers may be readily transported as water-soluble
complexes with natural humic materials.

Our results and the summary outlined above suggest
that the expressed concern of some scientists (3, 8, 32, 37,
39) is certainly valid. Unfortunately, definition of the true
problem and the development of an adequate solution are
severely complicated by the continuously changing and
expanding list of allowable additives in the manufacture
of polymer tubes and containers.
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Suitability of Polyvinyl
Chloride Well Casings for
Monitoring Munitions imn

Ground Weiter

by Louise V. Parker and Thomas F. Jenkins

Abstract .

A number of samples of polyvinyl chloride {(PVC)
well casings used for ground water monitoring that
varied in schedule, diameter or manufacturer were
placed in contact with low concentrations of aqueous
solutions of TNT, RDX, HMX and 2.4-DNT for 80 days.
Analysis indicated that there was more loss of TNT
and HMX with the PVC casing than with the glass
controls. but that the amount lost was, for the most
part. equivalent among different types. A second
experiment was performed to determine if these losses
were due to sorption or if blodegradation was involved.
Several different ground water conditions were simu-
lated by varying salinity, inftial pH and dissolved oxy-
gen content. The only case where there was an in-
creased loss of any substance due to the presence of
PVC casing was with the TNT solution under non-
sterile conditions. The extent of loss was small, how-
ever, considering thelength of theequilibration period.
This increased loss is thought to be associated with
increased microbial degradation rather than sorption.
Several samples of PVC casing were also leached with
ground water for 80 days. No detectable interferences
were found by reversed-phase high performanceliquid
chromatography (HPLC) analysis. Therefore. it is cons
cluded that PVC well casings are'suitable for monitor-
ing ground water for the presence of these munitions.

Introduction

Polyvinyi chloride (PVC) is commonly used to fabri-
cate casings for ground water monitoring wells be-
cause of its strength. corrosion resistance, weathera-
bility, weight* and cost. However, it has not been
determined whether this material is acceptable for
many ground water monitoring applications. Several
researchers have found evidence that some contami-
nants may sorb to PVC, thereby lowering their concen-
trations {Lawrence and Tosine 1976. Miller 1982, Bar-
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celona et al. 1985). Other substances have been shown
to leach from various types of PVC and these substan-
ces could interfere with some methods of chemical
analysis (Jaeger and Ruben 1970, 1972: Junk et al.
1974:Christensen et al, 1976: Banzer 1977; Fayzet al.
1977: Dressman and McFarren 1978). Specifically. the ™
purpose of this study was to determine if PVC weli (
casing was acceptable for use in monitoring lowlevels {
of the explosives 2.4.6-trinitrotoluene (TNT). he:a-
hydro-1.3.5-trinitro-1.3.5-triazine (RDX} and octaiy-
dro-1,3.5,7-tetranitro 1.3.5.7-tetrazocine (HMX], and |
2.4-dinitratoluene (DNT), which is found asa contam-*
inant in TNT manufacture.
. Anumber of substances have been found to leuch |
from various types of PVC. These include: vinyl chioridzs :
monomer (VCM), plasticizers (phthalate esters), st
bilizers. impuritiesand transformation products (Jue-
ger and Ruben 1970: Junk et al. 1974. Christensen et
al, 1976. Banzer 1977, Fayz et al. 1977, Dressman and
McFarren 1978). However, for the rigid PVC that i~
used for well casing, National Sanitation Founda:ic:
{NSF)standards are setata maximum limit of resic ..
vinyl chloride monomer concentration of 10 ppm i XS
1980). Also. the plasticizer content in rigid PVC prov
ucts, such as pipe. is very low when compared wii
more flexible products such as tubing (Roff et al. 157
ASTM 1980, Barcelona et al. 1984).

The literature contains evidence that some organ:c
substances are strongly adsorbed by PVC. Lawrence
and Tosine (1976} found that PVC chips were quitt
efficient at removing polychlorinated b’ »henyls (PCL»
from water and waste water. PCBs are hydrophubr
organic chemicals with large octanol-water partiio:.
coefficients (K, ) in the 10° range (Veithetal. 1 7%

- K, values have been fourid to correla. 2 with part. ..

ing of organic chemicals between aqueous solu:i.».
and the organic matter in soil and sediments {Rar..-
hoff et al. 1979). These coefficients might be usef:.:! *

predicting the partitioning that can occur betwet: ™ k

aqueous solutions and a PVC surface as well. Value~ .-
high as those for PCB indicate a very strong tendcis-~
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artition nto an organic phav” authough surtuce
. ~rttes also play an important 2 in determining
..y distribution. it is not surprising. given the K for
+ t3s. that significant sorption on PVC was found.
“fore recently. Miller (1982) tested three types of
«~i| casing materjals—inciuding schedule 40 PVC.
+ wethylene, and polypropylene—for the sorption of
. .atile organic pollutants. The organics tested in-
-:ded bromoform, trichlorofluoromethane. trichioro-
---wene, 1.1,1-trichloroethane, 1.1.2-trichloroethane
«. 1 i=trachloroethylene. Concentrations were in the

: < ppb range except for trichloroethane where the -

ancentration was 14 ppb. After six weeks they found
nat PVC well casing material was superior to the
her two materials and did not sorb or leach five of
v~ e six organics tested. Tetrachloroethylene. on the
Aner hand. was substantially lost from solution in
-«;ntact with PVC. Miller (1982) attributes this loss to
s:sorption. but does not explain itsanomalous behav-
.ar compared to the other organic volatiles of similar
sructure. such as trichloroethylene and trichloro-
~thane. In a desorption study well casings were exposed
: . the contaminants for four weeks and then to fresh
witer for four weeks. Only a small amount of tetra-
‘nloroethvlene was desorbed. The bulk of the original
material lost was not recovered. Whether specific
sdsorption accounts for the observed loss or some
sther mechanism does, such as enhanced biodegra-
Jdation in the presence of PVC or penetration into the
solymer due to the planar geometry of tetrachloroethy-
‘ene. is not clear. .

Curran and Tomson (1983) tested five types of
plastic for adsorption of trace levels (0.5 ppb} of
naphthalene and p-dichlorobenzene. The plastics
tested were: Teflon®, polvethylene, polypropylene,
Tvgon tubing, and glued and non-glued PVC pipe.
Twenty liters of solution were pumped through the
:ubing at a rate of 30 mL/min-} {for a contact time of
approximately 11 hours). They estimate that they
recovered 80 to 100 percent of these organics from ali
of the plastics, with the exception of Tygon. They also
tested the plastics forcontaminant leachingand found
that Teflon showed the least amount of leaching, with
rigid non-glued PVC a very close second. Tygon again
had the poorest performance. They believed the reason
that non-glued. rigid PVC exhibited verylittle leaching
was because of the low level of plasticizers used in its
formulation.

\ Barcelona et al. (1985) found a substantial increase
\‘}k {2x) in sorption of low molecular weight., halogenated
;7 hydrocarbons (chloroform, trichloroethylene. tri-
. chioroethane, tetrachloroethylene) by flexible tubings
5, made of PVC, palyethylene and polypropylene when

-.;J}‘ compared with the sorption found by Miller (1982} for

rigid well casings made of the same materials. They

'\ hypothesized that sorption of these chlorinated sol-

! vents is by absorption into the polymer matrix and
that the flexible materials would present avirtual sink
for the chlorinated solvent sorbates. Although they
found 80 to 90 percent of the desorption of chloroform
occurred almost immediately (within the first five
minutes), the amount desorbed represented 3 percent
orless of the total chloroform sorbed. These results are

.  consistent with surface sorption followed by diffusion

into the polymer matrix Once diffusion into the matrix

oceurs the substance would not be easily desorbed.
Recently, data were obtained at this laboratory on

the filtration of waters containing low levels of explo-
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The K,, values for the substances used in this
study are lower than any of the organics tesied oy /L . 0
Miller (1982), Curran and Tomson {1883), and Law-
rence and Tosine {1976)and ranged from 75.2 for DT
to 1.38 for HMX. Based on previous work by this lubor-
atory using PVC filter membranes and the K__, values
of these analyvtes. significant sorptive losses are not
expected. However. absorption or specific binding,
such as that which may have occurred with tetra- 4
chloroethylene, is possible. It is also possible that sub-
stances such as the metallic components of stabilizers
that leach at low levels from PVC may catalyze the
decomposition of these munitions.

Materials and Methods

Threaded PVC well casing and screen, which was
NSF-approved and met ASTM standards, was used In

IR NN

this study. Two manufacturers were selected. Thread:d ‘

pipe was selected to circumvent leaching probleins o
associated with solvent bonded joints. Boettner et al.
(1981) have documented that leaching of the solvernits
used to join PVC pipe can be significant. However,
tests performed with aqueous standards of four com-
mon bonding solvents (tetrahydrofuran, cyclohe:a-
none. methylethyiketone and methylisobutylketone)
indicated these substances did not interfere with the
method of analysis used in this study (Jenkins et al.
1984}, After the pieces of casings and screen were cut
they were rinsed with well water and dried using a
clean paper towel to remove any shavings that may
have been left after cutting.

Solutions used in these experiments were prepared
by dissolving a combination of known amounts of
TNT. RDX. HMX and DNT in fresh. local unfiltered
ground water taken from a deep aquifer. This ground
water was found to be very low in total organic carbon
{0.7 mg/L) and showed no detectable interferences
with the analyvtical procedure used in this report. All
sample solutions were kept in glass beakers that were
covered with glass to prevent evaporative loss, and
were maintained in the dark at 10 C—an “average”
ground water ternperature in the United States.

The first experiment was performed todeterminc if .
there was any difference in the adsorptivity of differcnt
kinds of PVC casing or screen. Casings were selecied
that differed in diameter, schedule (or thickness}, and
manufacturer. Duplicate samples of 2-inch inside
diameter schedule 40 and 80 casing, 2-inch diameter
schedule 40 slotted well screen (with a filter areaof 2.1
in?/lin. ft), 4-inch diameter schedule 80 casing, manu-
factured by one company (Company A) and 2-inch

- diameter schedule 40 casing from a second manufac-

turer (Company B) were tested, Four-inch long sample
sections of the 2-inch diameter casing were placed in
1.000mL glass beakers containing 750mL of sample
solution and 4-inch long sample sections of the 4-inch
diameter casing were placed in 2,000mL beakers con-
taining 1.500mL of sample solution. This gave an
equivalent surface-area-to-sampie volume ratio for all

Summer 1986 ¢3
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beakers that conwained test sc’ ‘ion but no chsmg
served as controls. The initial centrations of the
analytes in the test solution were 624 ug/L TNT. 1877
¢/LRDX.305ug/LHVMXand 611 4g/L DNT. Samples
were analyzed in duphcate on davs 0. 14 and 80.

In the second experiment. 4- inch long sections of
both brands of 2-inch diameter schedule 40 casing
were compared with glass controls, which contained
no well casing, to determine if any substances were
leached into fresh ground water that could interfere
with HPLC analyses for the four munitions. Duplicate
samples of each type of casing were tested in 1.000mL
beakers containing 750 mL of ground water. No muni-
tions were added to the ground water. and the pH,
dissolved oxygen content. and salinity of the water
were not changed. The solutions were analyzed on
days 0, 14 and 80.

The final experiment was designed to test whether
biodegradation or the presence of PVC pipe. or both.
affected the stability of low concentrations of the four
munitions under a variety of conditions that simu-
lated natural ground water. The variables used to
sirmnulate different ground water conditions included
pH. dissolved oxygen content. and salinity. Therefore,
the effect of sterility, presence of PVC, pH. dissolved
oxygen content. and salinity were tested using a com-
plete 25 factorial design. Once again. 4-inch long sec-
tions of 2-inch diameter schedule 40 pipe (Company
A} were placed in 1.000mL glass beakers containing
750 mL of the sample solution. The concentrations of
analytes used in this sample solution were very similar
to the concentrations used in the first experiment.
The initial concentrations were 637 ug/L of TNT. 2081
#g/L of RDX, 252 ug/L of HMX and 544 pg/L of DNT.
Glass control samples contained the same amount of
solution without any casing. Since autoclaving was
found to destroy HMX and RDX in solution. HgC12 (40
mg/L) was added to those portions of the solutions
used to studv the'effect of sterility (USGS 1977). The
pH of the sample solution was adjusted to an initial
value of either six or eight with dilute solutions of HCI
or NaOH. In those samples where the salinity was
modified. 175 mg/L MgCl, and 175 mg/L CaCl, were
added. Tolower the dissolved oxygen content. samples
were purged with N, gas for several minutes and were
then placed in a glove box that was flushed several
times with N, gas and purged with N, at a low rate for
the durauon of the experiment. The other (high dis-
solved oxygen) samples were incubated in the presence
of air. Samples were analyzed on days O and 25.Onlya
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For au theexp. .nents.aqueousconcenlratics ol
TNT.RDX.HMXand DNT were determined by reversed:
phase HPLC using a Perkin Eimer Series 3 High Per-
formance Liquid Chromatodraph {HPLC) equipped
withaLC-65T variable wavelength detector.setat 234
nm.and an LC-8 column (Jenkinset al. 19861 Analyi-
cal stock standards were prepared for TNT. RDX. HMX
and DNT by dissolving weighed quantities of Standard
Analytical Reference Materials (obtained from the U.S.
Army Toxic and Hazardous Materials Agency. Abcr-
deen Proving Ground. MD 21010} for each substance
inseparate 100mL volumetric flasks with HPLC grade
methanol. Working standards were prepared by dilu-
tion of these stocks with 50:50 methanol/water (HPLC
grade methanol and water).

Theanalytical precision of this HPLC method is =2
percent for HMX and RDX and *4 percent for TNT and
DNT in the concentration range studied here {Jenkins
et al. 1986). Quantitative recovery of DNT and RDX
and a5 percentloss of TNT and HMX were found when
this method was tested in nine different laboratones
{Bauer et al. 1986).

Dissolved oxygen was determined using the mein-
brane electrode method (APHA-AWWA-WPCF 1980) un
a Markson Selectro Mark Analyzer with an Orion O,
electrode. The pH and conductivity were detenmmd
on an Orion 811 pH meter and a resistivity bridge,
respectively. according to standard methods.

Results and Discussion

In the first experiment there was very litue loss of
RDX HMXand DNT after 80 days for all casings tested,
whereas there was a relatively large loss of TNT (Tatle
1). For TNT the mean concentration of the control
sampleswas 511 ug/L (18 percentloss) while the meun
concentration for the samples with PVC ranged from
464 ug/L (26 percent loss) for the 2-inch diameter
schedule 40 pipe manufactured by B. 10 398 ug 'L (36
percent) for the same type of casing manufactured by
A. Analysis of variance indicated that there were s1g-
nificant differences among treatments at the 93 per-

cent confidence level. A least significant difference test

indicated that all PVC casmgs. with the exception of
those with the schedule 40 casing manufactured by B,

had significantly lower concentrations than the glass
control. None of the casing samples that were signili-

cantly lower than the glass control were sxdmflc_an Uy
different from each other. Therefore. variation 1in
amount of TNT lost between different types of casing

Table 1
Losses of Analytes Due to Exposure to Different Types of Casing and Well Screen
(Concentration in ug/L)
TNT Mean RDX Mean HMX Mean DNT Mean
Sample Initial Final® Initicl Final® Initial Final® Initial Final’
Glass control 624=25 511=13 197722 2011+15 305%28 346%31 611=29 612=13
Company B 2-in. sch 40 264t 4 2062= 5 335 %15 618 =12
Company A 2-in. sch 40 398 £ 27 2004 = 20 309+ 9 612 =12
Company A 2-in. sch 40 412+ 44 2005 * 20 288 £13 613 =37
well screen
Company A 2-in. sch 80 431 %10 2003 =10 348 + 26 606 = 12
Company A 4-in. sch 80 427 = 20 2026 = 17 257 + 29 600 = 7

*After 80 days incubation
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was minimal. However.itisnot¢  whatmechanism

accounts for the increased loss o1 « NT in the presence

of PVC. Losses may be due to sorption, chemical reac-

tion, biodegradation or some combination of these
. factors. ' :

Atter 80 days there was no statistically signiticant
difference in the concentration of RDX in any of the
samples with the exception of the sample containing
the schedule 40 casing, manufactured by B. which
was found to be signilicanty higher in concentration
than the other samples, including the glass control.
This may be due to the leaching of a substance from
the casing that interfered with analyses.

Analysis of variance of the HMX indicated that
there were some statistically significant differences
between the samples. According to least significant
difference caiculations. iwo of the casing samples were
not significantly different from the glass control
{schedule 80 casing manufactured by A and schedule

anmive il AR
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40 casing many  ured by B). The remaining th.te
samples were si2naacandy lower in concentration than
the glass control and were similar in concentration
only to their neighbors.

The DNT data after 80 days showed verylittle varia-
tion between sampies or loss with time. Mean concen-
trations for the dilferent samples ranged from 606 10
618 wg/L. These differences were not statisticully
significant.

Some of the casing samples did differ from the
glass controls in the amount of HMX and TNT lost
White it is not known what the mechanism for this
loss was. it is interesting that there was not a statisti-
cally significant loss for any of the analytes in the
samples containing well screen. If sorption was respon-
sible for the loss. one would expect to find more sorp-
tion with the well screen since the surface arca was
aimost exacdy twice that of the regular casing, The
final experiment attempts to provide more information

Table 2
Results of Factorial Experiment Which Tested the Effect of Sterility
and the Presence of PVC Casing

Sample concentration

i
!
i

[
¢

B

.

Jdayot PVCor Sample Atmo- Initial (g/L) DO Final Conducuwiy
analysis glass sterility sphere pH Salis TNT RDX HMX DNT {(mg/L) pH (umhos.cm)
I} €37=9 2081x15 252x22 S54ixll
z3 Glass non-sterile  AMB O, 6 - 541 1969 259 510 10.2 8.1 +3
+ 551 1975 244 536 9.8 6.9 1287
8 - 557 1976 262 514 103 8.2 330
+ 516 2000 274 515 10.2 8.1 1266
LOW O, 6 - 832 1959 270 488 1.6 86 435
+ 519 1932 253 470 16 84 122]
8 - 576 1972 238 534 1.5 84 326
+ 488 1872 280 471 14 8.0 1139
sterile AMB O, 6 - 575 1975 243 529 103 79 468
+ 589 1972 232 520 97 6.8 1238
8 - 530 1985 238 578 104 82 +1
+ 546 1995 234 523 102 82 1286
LOW Q, 6 - 527 1905 243 515 16 82 454
+ 551 1938 242 519 19 82 1221
8 - 419 1919 270 523 1.6 8.7 118
+ 495 1904 247 507 15 85 1208
PVC non-sterile  AMB O, 6 - 436 1934 261 482 104 8.0 39.
+ 515 1992 258 472 9.6 6.9 1286
8 - 508 2005 260 486 10.4 8.1 348
+ 502 - 1988 265 592 95 79 1250
LOW 0, 6 - 462 1844 274 481 18 84 443
L+ 494 2016 264 479 16 80 1264
8 - 499 1935 260 492 114 82 306
+ 492 1949 216 502 12 8.1 1198
sterile AMB O, 6 - 502 1891 221 505 109 7.8 479
) + 570 1921 253 487 10,0 6.7 127G
8 - 518 1935 281 506 10.6 82 432
+ 552 1998 245 527 10.1 7.8 1230
Low o, 6 - 526 1881 243 556 16 83 467
+ 544 1879 252 494 16 82 755
8 - 462 | 1884 284 526 15 8.6 412
+ 451 1833 246 502 1.3 84 1187
Sterile = samples were incubated with bactericidal agent
Non-sterile = samples had no bactericidal agent added
AMB O, = samples were incubated in ambient atmosphere, in presence of O,
LOwW O, = samples were incubated in glove box flushed with N, gas
Saits - = no salts added
Salts + = MgCL, + CaCL, salt solution added
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There was an average twss v 18w percent ior N1
the mean initial concentration 1637 ug/L and the
“mean final concentration was . J ug/L. Analysis of
variance of the TNT data showed that the loss of TNT
was significantly less for the glass controis than for
the samples exposed to PVC (Table 3, the term G).
Analysis of variance also indicated that the interaction
of PVC and sterility (the term DG) was significant. The
significance of this interaction is explained by the fact
that the losses were equivalent for all the samples
except for the non-sterile sample with PVC casing
where loss was the greatest. The mean concentrations
were: 529 ug/L in the sterile control samples. 527 ug/L
in the sterile PVC samples, 535 ug/L in the non-sterile
control samples and 489 pg/L in the non-sterile PVC
samples. Since the losses were equivalent for the sterile
control samples and the sterile PVC sampiles. loss is
not attributed to sorption by the PVC or chemical
reaction with either the casing or some leachate from
the casing. The increased loss is apparently attributa-
ble to microbial activity and may be due to either the
activityof microorganisms initially present on the PVC
casing, the increased surface area for colonization due
to the presence of PVC pipe. a stronger affinity of
microorganisms foradhesion to a plastic surface, or it
may be that the casing leaches some nutrient or
growth factor {such as the metals present in stabiliz-

In the second experiment, 2-inch diameter sched-
ule 40 casings manufactured by both companies were
tested to determine if any substances were leached
from the pipe that would interfere with reversed-phase

B

Ose No . CLE) -005F¢ ~ 12,45 — 11{n (po

sives, Tue unusuily aen Rk values [ur the cas..iy
manufacturedd  hatwereobserved in the previcus
experiment coule .ave been caused by the leaching of
some substance that co-eluted with RDX and absorLed
at the wavelength used for analysis. However. arter 80
days no spurious peaks were detected in any of the
samples using the HPLC method described earlier.
Some substances could have been leached that were
not detectable using this analytical technique.such as
stabilizers, However, Boettner et al. {1981} found that
most of the commercial stabilizers used in the manu-
facture of PVC pipe showed only minor absorption at
the wavelength used in these experiments (254 nin)
and their elution characteristics are unknowmn.

The final experiment was designed to determine
whether biodegradation or sorption by PVC (presernice
of PVC) caused losses of munitions from solution. This
test was performed under a variety of conditions that
sirnulated different ground water conditions by vary-
ing the pH. dissolved oxygen content and salinitgy.
Therefore, this experiment utilized a full factorial
design to test the effect of sterility. salinity. pH. dis-
solved oxygen. and presence of PVC pipe on the loss of
TNT. DNT. HMX and RDX from solution. The analyses
of the samples initially (Day 0) and after 25 davs incu-
bation are given in Table 2. Because results presenied
in Table 2 are complex, an analysis of variance was
performed on the data set for each analyte. The TNT
and RDX data had significant effects. which are pre-
sented in Table 3. For the HMX and DNT data there
were no significant effects.

%

Table 3
Analysis of Variance of TNT and RDX Data from Table 2
TNT RDX
Level of ) Level of
Term DF Mean square F significance Mean square F signiticance
S 1 406.1 <1 NS 12005 1.02 NS
P 1 5304.5 7.50 0.025 882.0 <1 NS
SP 1 203.1 1.28 NS 3570.1 3.04 NS
D . 1 2080.1 294 NS 7938.0 6.76 0.025
SD 1 1058.0 1.50 NS 136.1 <1 NS
PD 1 10878.1 15.37 0.001* . 8.1 <1 NS
o) 1 9870.1 13.97 0.001* 24753.1 21.06 0.005"
SO 1 84.5 <1 NS 684.5 <l NS
PO 1 561.1 <1 NS 36125 3.07 NS
oD 1 58320 824 0.025 8820 <1 NS
G 1 i 4704.5 6.65 0.025 4095.1 3.48 NS
SG 1 435.1 <1 : NS 36125 3.07 NS
PG 1 3380 <1 NS 924.5 <1 NS
DG 1 3916.1 5.53 0.050 45125 3.84 NS
oG 1 36.1 <1 NS 0.1 <1 NS
Error 16 707.6 1175.1
S = presence or absence of MgCl, and CaCl, salts
P = pH.pH=6o0r8 :
D = microbial degradation — presence or absence of bactericidal agent
O = dissolved oxygen. high or low
G = glassvs.PVC
* = highly significant
NS = not significant
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.ersy thatincreases the growth orrate of biodegra-
Jaton. ot .

The analysis of variance (Table 3) also indicated
several other significant terms for TNT including pH
{the term P}, oxvgen content {the term O). the interac-
tions of pH and sterility (the term PD). and of the
interaction of dissolved oxygen and sterility {the term
OD). However. while these effects are important in
considering the long-term stability of an aqueous
solution of TNT. they are not important to the discus-
sion of the suitability of PVC pipe for monitoring TNT.
A more complete discussion of these effects is given by
Parker et al. (1985).

There was a mean loss of 6.7 percent RDX over the
25-day study. The mean initial concentration was
2081 pg/Land the mean final concentration was 1942
ug/L. Although the loss appears to be slightly less for
the glass controls (X =.1953 ug/L or 6.1 percent less)
than for the samples with PVC casing (X = 1930 ug/L or
7.3 percent loss). this difference is not significant at
the 95 percent confidence level {according to a paired
t-test and analysis of variance). The analysis of var-
iance did indicate that the interaction of sterility and
dissolved oxygen content significantly affects the con-
centration of RDX. Again, however, this effect is not
relevant to the discussion of the suitability of PVC

pipe.

There was no loss of HMX over the 25-day incuba- .

tion. even under non-sterile conditions. and thus there.
were no statistically significant differences using
either the paired t-test or analysis of variance. The
mean initial concentration was 252 yg/L and the mean
{inal concentration was 253 pg/L. According to McCor-
mick et al. {1981) the rate of biotransformation of
HMX is slower than that for RDX and TNT, which may
explain. in part. why there were not any losses observed.,
There were some differences between PVC samples
and the control in the first experiment, but the expo-
sure period was more than three times longer for that
experiment.

Theloss of DNT from day O (X = 544 ug/L) today 25 *
(X=511ug/L)isrelativelylow—6.1 percent. Thelossin
the PVC samples was not significantly different from
the glass controls at the 85 percent confidence level
using either a paired t-test or analysis of variance,

Summary and Conclusions

A long-term study (80 days) was conducted under
non-sterile conditions to determine if the presence of
different types of PVC well casing and screen affected
the concentration of low levels of TNT, RDX, HMX and
DNT inaqueous solution. Resuits indicated that there
is a statistically significant loss of TNT and. toalesser
extent. HMX in the presence of PVC casing. For the
most part, the losses of these munitions were equiva-
lent regardless of manufacturer, schedule or diameter
of pipe. Well screens showed similar trends. Ina short-
term follow-up study (25 days) to determine whether
these losses were due to biodegradatior; or sorption.or
both. there was a statistically significant loss of TNT
but no loss of HMX. This loss was not attributed to
adsorption but seems to be associated with increased
microbial degradation in the presence of PVC, While
this loss was statistically significant. the increased
loss relative to glass was only 6 percent after 25 days.
Since the purging of stagnant water from the well
prior to sampling should ensure a relatively short con-
tact time between the sample and the well casing, the

e Caah il s A

Dec NO: cLg) - 00596~ (2,05~ 0/vfsa

degree oflosse.  sited in these experinients shoud
not {imit the use of PVC for this application.
Long-term leaching studies using local ground
water with two different brands of PVC casing ind:-
cated that nothing was leached art sufficient concen-
trations to interfere with reversed-phase HPLC anualy-

“ sis for low levels of TNT. RDX. HMX or DNT in ground

water.

Therefore, the authors conclude that the use of
PVC well casings Is acceptable for ground water moni-
toring for low levels of these munitions.
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