Abstract

his is the second part of a study conducted to deter-

mine whether polymeric sampling tubing can affect

organic analyte concentrations during a sampling
event. In this part of the study, we looked for sorption and
desorption of trichloroethylene (TCE) and leaching of organic
constituents in water pumped through five types of polymeric
tubing. The materials tested were a rigid fluoropolymer, a
flexible fluoropolymer, low-density polyethylene (LDPE), and
two plasticized polypropylene tubings. The effects of tubing
length and flow rate were examined.

The least sorptive tubings, both initially and at equilibri-
um, were the fluoropolymers. However, in some instances the
LDPE tubing had little effect on TCE concentrations. This
was when a slow flow rate was used to sample relatively shal-
low wells (50 feet [15 m] or less) or when a faster flow rate (1
L/min) was used to sample wells that are less than 500 feet
(152 m). Further testing is recommended using more sorptive
analytes.

Using high performance liquid chromatography (HPLC),
we were unable to detect any constituents leaching from any
of the tubings used in these studies, even when a slow flow
rate was used. However, desorption of sorbed analytes is a
concern for all the tubings tested, including the rigid fluo-

ropolymer.
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Sampling Trace-Level Organic
Solutes with Polymeric Tubing
Part 2. Dynamic Studies

by Louise V. Parker and Thomas A. Ranney

Introduction

It is important that the reported
concentrations of contaminants in
samples taken from ground water
monitoring wells accurately reflect
in situ values. One concern with
sampling methods that involve
pumping water to the surface is that
the tubing could affect analyte con-
centrations by either sorbing or
leaching inorganic or organic con-
taminants. This problem would be
exacerbated when low-flow sam-
pling is used or in deep wells, where
the contact time would be longer.
In addition, if the tubing is not ded-
icated to a particular well, it is pos-
sible that tubing used previously to
sample a well with high contami-
nant concentrations could release
sorbed contaminants into the next
sample, leading to inaccurate high
values. In this paper, we focus on
the effects tubing materials can
have on ground water samples with
respect to sorption of organic con-
taminants, leaching of organic con-
stituents, and desorption of sorbed
organic contaminants.

Sorption and Leaching of
Organic Contaminants

In part one of this investigation
(Parker and Ranney 1997b). we
reviewed the existing literature on
sorption of organic contaminants
and leaching of organic con-
stituents; thus, that material will not
be presented here. Also in that
study, we compared sorption of
eight organic solutes (including six
volatile organic compounds [VOCs]
and two nitroaromatic compounds
at low mg/L concentrations) and



leaching of organic constituents by 20 sampling tubings.
The tubings included 13 rigid tubings and seven flexible
tubings, of which eight were fluoropolymers. We found
that the rigid fluoropolymers, especially the fluorinated
ethylene (FEP). FEP-lined polyethylene (PE). and
polyvinylidene fluoride (PVDF) tubings. were the least
sorptive materials. With respect to leaching, we did not
detect any organic consituents leached from the six rigid
fluoropolymers, four rigid polyethylene tubings. and
one of the flexible plasticized polypropylene tubings.

A logical conclusion to our previous study is that
only the rigid fluoropolymers. especially FEP and
PVDE. should be used to sample organic analytes.
However, we realize that the biases we observed previ-
ously might either increase or decrease under dynamic
conditions. With respect to sorption of organic solutes.
we expect that losses due to sorption would be
reduced, or possibly eliminated, with time as equilibri-
um is approached. There is some evidence in the exist-
ing literature to support this hypothesis. Devlin (1987)
reported that representative samples could be obtained
by flushing PE tubing with contaminated water for five
to 10 minutes, and that the equilibration time depend-
ed upon the length of the tubing and the pumping rate.
However, no data were provided to support this claim.
Thus. it may be possible to use a less sorptive material
without affecting analyte concentrations if time is
allowed for equilibration.

With respect to leaching of constituents, the existing
literature indicates that exposure may either increase
or decrease with time. Several leaching studies
(Packham 1971a and 1971b: Gross et al. 1974; Boettner
et al. 1981) have shown that much of the leaching that
occurs from rigid PVC pipe decreases with time and is
considered a surface phenomenon. This may be true
for other polymers. On the other hand. if leaching still
occurs with continued flushing, as Junk et al. (1974)
observed with flexible PVC, then leaching rather than
sorption may dictate which tubings are suitable for
sampling ground water.

Therefore, while we know that concentrations of
some organic analytes can be affected when contami-
nated water is pumped through some polymeric tub-
ings, we do not know the full extent of this effect with
time. We anticipate that losses would decrease with
time. However, we do not know how long it would take
to reach equilibrium or what would be the extent of
losses at equilibrium. In addition, we do not know what
effect flow rate has on this process. With respect to
leaching, little is known about the effect of flow rate or
continued pumping.

Desorption of Sorbed Organic Contaminants

Although our previous literature review and study
examined sorption and leaching of organic compounds,
we did not consider desorption of sorbed organic con-
taminants. Because all types of polymeric tubing have
been shown to sorb some organic contaminants,
desorption of these compounds could bias samples if
the tubing is used for more than one sampling event,

and especially if it is moved from a well containing high
analyte concentrations to one with low concentrations.
However, only a few studies have addressed this issue.

Desorption of sorbed organic compounds by poly-
mers proceeds in the opposite order of sorption (i.e.,
diffusion through the polymer matrix to the surface fol-
lowed by partitioning/dissolution back into the aqueous
solution).

Barcclona et al. (1985) studied the release of organ-
ics from five flexible tubings: PP. PE. PTFE. [lexible
PVC, and silicone rubber. These tubings had been pre-
viously exposed to two test solutions, one containing
ppb levels of chloroform and one containing ppb levels
of four chlorinated organic solvents. Conditions for
these tests were static, and desorption was followed for
one hour. They reported that most (80 to 90%) of the
desorption occurred during the first five minutes but,
by the end of the hour, most (>50%) of the sorbed
organic solutes had not been recovered. They also
found that, while the rate and extent of sorption was
greatest for the PVC and silicone rubber tubings. the
percent desorbed relative to the amount sorbed was
greatest for PP and PE tubings. intermediate for PTFE.
and lowest for the PVC and silicone rubber tubings.

Devlin (1987) found that the PE tubing was more
sorptive of ppb levels of 15 VOCs than Teflon® tubing
and also desorbed the VOCs over a longer period.
However. no information was provided relative to
which tubing desorbed the analytes most relative to the
amount sorbed or what flow rate was used in the study.
Devlin concluded that carryover of organic contami-
nants may be a problem unless a fluoropolymer tubing
is used.

Thus, little is known about the kinetics of desorp-
tion, especially when water is pumped through the tub-
ings. Furthermore. the effect that flow rate has on this
process is unclear.

Objective

The purpose of these studies was to determine
whether, under dynamic conditions. polymeric tubings
sorbed TCE from contaminated well water, leached
organic constituents, or desorbed sorbed TCE. In our
sorption/leaching studies, we quantify losses when the
flow rates are moderately fast (1 L/min) and slow (100
mL/min), determine if equilibration occurs and when.
and investigate whether organic constituents are
leached. In our desorption study. we determine if TCE
is released from contaminated sampling tubings when
organic-free water is pumped through them at a slow
flow rate, and again look for leaching of organic con-
stituents.

Materials and Methods

The five tubing materials used in this study were
LDPE. one rigid fluoropolymer (PVDF). one flexible
fluoropolymer [P(VDF-HFP)], and two formulations
of plasticized polypropylene (PP1. PP2). We selected
these tubings because, in our previous study (Parker
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and Ranney 1997b), these tubings leached little or no
organic constituents and ranged from relatively highly
sorptive (PP1 and PP2) to least sorptive (PVDF).
P(VDE-HFP) was one of the least sorptive flexible tub-
ings. All the tubings had an inside diameter of 0.25
inches (6.4 mmk) and were not cleaned prior to the
study.

Water contaminated with trichloroethylene (TCE)
was obtained from an artesian well that is located at
our facility. This well can supply up to 380 gal/min
(1440 L/min).

Experimental Design for the Sorption Studies

The outflow pipe from the well was tapped and
water was drawn off at flow rates that varied from 100
mL/min to 3 L/min. The water was diverted from the
outflow pipe to a water distribution system consisting
of four components: (1) a master flow valve: (2) an
electronic flow meter connected to a linear 555 chart
recorder; (3) a three-port valve, which allowed samples
to be siphoned off and yet still allowed flow to continue
through the tubings; and (4) a bank of five multiturn
needle valves, where up to five tubings could be con-
nected (Figure 1). The materials used in the distribu-
tion system consisted primarily of copper, brass, and
glass. Small amounts of Teflon, Perfluoroalkoxy, and
Kel-F were used in the O-rings, three-port valve, and
needle valve body. To flush the system. the well water
was pumped through the system for several hours prior
to connecting the tubings. Strip chart recordings
showed that the flow rate into the distribution system
varied by approximately 10%.

The tubings were wound around a 55-gallon (208 L)
metal drum in an upward spiral fashion: this expelled
any air from the tubings as they filled with water. The
rate of flow through each tubing was routinely moni-

tored by collecting a volume of water from the outflow
of the tubing in a graduated cylinder and measuring the
time with a stopwatch. Flow through each tubing was
regulated by turning the appropriate multi-turn needle
valve at the end of the distribution system.

In our first study, all five tubings were tested:
PVDF, P(VDF-HFP), LDPE, PP1, and PP2. The con-
taminated well water was pumped through three
lengths—10, 50, 100 feet (3, 15, 30 m)—of tubing at a
slow flow rate (100 mL/min). In our second study, the
well water was pumped through 500 feet (152 m) of
LDPE at the same flow rate (100 mL/min). In our third
study, the water was pumped through 100-foot sections
of three tubings (PP1, LDPE, and PVDF) at a much
faster flow rate, 1 L/min.

In all three studies, samples were collected after 10
and 30 minutes; one, four, and eight hours: and one,
two, and three days. Additional samples were collected
as needed. For a complete listing of sampling times, see
Parker and Ranney 1997a. For each tubing material
and sampling time, three samples were collected by fill-
ing 1.8-mL HPLC autosampler vials directly from the
outflow of the tubing. To determine the initial concen-
tration of TCE in the well water for a given time, three
control samples were obtained by collecting water from
the three-port valve. The samples were analyzed imme-
diately after collection.

Experimental Design for the Desorption/Leaching
Study

The three tubings (PVDF, LDPE. and PP1) that
had been contaminated by pumping contaminated well
water through them at a tlow rate of 1 L/min for seven
days (168 hours) in the previous study were used in this
study. Flow was stopped from entering the tubings by
closing the needle valves at the distribution system, and
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Figure 1. Diagram of distribution system from water source to tubings.
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the open ends of the tubings were plugged with short
pieces of solid glass rod. The distribution system was
disconnected from the well’s pump and these ends were
plugged with short pieces of solid glass rod. The com-
plete system was then moved from the well house to
the laboratory. The distribution system was connected
to the laboratory’s deionized (DI) water source, and DI
water was pumped through each tubing at a flow rate
of 100 mL/min. Samples were collected after 10 min-
utes, 30 minutes, one hour, four hours, eight hours, 24
hours, 48 hours, 72 hours (three days). and 96 hours
(four days).

Analyses

Analytical determinations were performed using
reversed-phase HPLC (RP- HPLC). A modular system
was employed consisting of a Dynatech LC-241
autosampler with a 100-pL injection loop, a Spectra
Physics SP8810 isocratic pump, a Spectra Physics SP100
variable-wavelength UV detector set at 215 nm, and a
Hewlett-Packard 3396 series II digital integrator.
Separations were obtained on a 25-cm by 0.46-cm
(5-pm) LC-18 column (Supelco) and eluted with 1.5
mL/min of 65/35 (V/V) methanol/water. The detector
response was obtained from the digital integrator oper-
ating in the peak height mode. A primary TCE stan-
dard (3000 mg/L) was made by weighing neat TCE into
methanol in a glass volumetric flask. This standard was
kept in the freezer. Each day a series of aqueous stan-
dards were made from the primary standard by serial
dilution using glass pipets and volumetric flasks. These
standards ranged in concentration from 3.0 to 0.006
mg/L.

The method detection limit (MDL) for TCE (0.0026
mg/L) was determined by using the protocol described
in the Federal Register (1984).

Data Analysis

For each time, analysis of variance (ANOVA) tests
were conducted on the concentration data to deter-
mine if the tubing had any significant effect (at the
95% confidence level) on the TCE concentrations
when compared with control values. When significant
differences were found. Fisher’s protected least signifi-
cant difference test was performed to determine which
tubing materials were significantly different from the
controls and each other.

The mean normalized concentrations of TCE were
obtained by taking the mean concentration of a sample
exposed to a tubing for a given sampling time and
dividing it by the mean concentration for the control
samples for the same time. Thus, a mean normalized
value of 1.00 represents no loss of TCE for a given tub-
ing and time.

The total amount desorbed (mg) from each tubing
was determined in three steps: (1) plotting the concen-
tration desorbed vs. time; (2) taking the sum of the
areas under lines drawn from time 1 to time 2. time 2 to
time 3, etc.; and (3) multiplying the total area by the
flow rate.

The total amount sorbed (mg) by the PP1 tubing
was determined in four steps: (1) subtracting the con-
centration (mg/L) after passing through the tubing
from the control concentration (mg/L); (2) plotting the
difference (mg/L) vs. time; (3) taking the sum of the
areas under the lines drawn from time 1 to time 2, time
2 to time 3, etc.; and then (4) multiplying the total area
by the flow rate.

The raw data and the results of the statistical analy-
ses for these studies can be found in Parker and
Ranney (1997a).

Results and Discussion
Sorption/Leaching Studies

Sorption Findings for the First Study

Figures 2, 3, and 4 show the mean normalized con-
centration of TCE in well water that was pumped
through 10-, 50-, and 100-foot lengths of PVDF,
P(VDF-HFP), PP1. PP2, and LDPE tubings at a flow
rate of 100 mL/min. The two fluoropolymers, PVDF
and P(VDF-HFP), were clearly the least sorptive tub-
ings tested. Sorption of TCE by these two fluoropoly-
mers was always 5% or less, even for the 100-foot sec-
tions. For the other polymers, sorption was minimal
(<10%) for the 10-foot sections of tubing but became
substantial when longer tubings (50 and 100 feet) were
used. Losses were greatest initially but then
approached some type of equilibrium value. The large
losses observed initially were most likely due to sorp-
tion on the polymer surface. The residual losses that
were found at equilibrium most likely resulted from
diffusion through the polymer matrix.

While initial losses of TCE were substantial (20 to
35%) for the 50-foot and 100-foot lengths of LDPE,
they were reduced to only 5% after four hours of
pumping for the 50-foot lengths or 24 hours for the
100-foot lengths. However, losses were much greater
for the two plasticized polypropylene tubings (PP1,
PP2), both initially and at equilibrium. We are not cer-
tain what accounts for the pronounced dip in the
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Figure 2. The normalized concentrations of TCE in water
pumped through 10 feet of tubing at 100 mL/min.
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Figure 3. Normalized concentrations of TCE in water pumped
through 50 feet of tubing at 100 mL/min.
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Figure 4. Normalized concentrations of TCE in water pumped
through 100 feet of tubing at 100 mL/min.

curves around 150 to 200 hours for the 50-feet length of
PP1 or 100-foot length of PP2. It may be due to break-
through of the TCE through the tubing walls to the
atmosphere.

These results agree well with the results from our
static study (Parker and Ranney 1997b). That is. among
the five tubings tested in this study. the plasticized PP
tubings sorbed the most TCE and the fluoropolymers
were the least sorptive.

Based on these initial findings, it appears that
LDPE could be used to sample TCE if there is an ade-
quate equilibration period. This does not appear to be
true for the plasticized polypropylene tubings. Because
there would be a substantial cost savings it LDPE tub-
ing could be used. the next experiment was designed to
determine how much TCE would be lost if a much
longer length of LDPE tubing (500 feet) was used and
when equilibration might be expected. A 500-foot well
would be one of the deeper wells one might sample.
but it is certainly not the deepest well ever sampled.

Sorption Findings for the Second Study

Figure 5 shows the mean normalized concentration
of TCE in water that was pumped through 300 feet of
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Figure 5. Normalized concentration of TCE in water pumped
through 500 feet of tubing at 100 mL/min.
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Figure 6. Normalized concentration of TCE in water pumped
through 100 feet of tubing at 1 L/Min.

LDPE tubing at a flow rate of 100 mL/min. For this
length of tubing, sorption was much more pronounced
initially, with 92% loss after 10 minutes. Equilibration
appears to occur after 48 hours of pumping with resid-
ual losses of 10 to 15%.

When we looked for a relationship between the
pumping time (t) and the relative concentration (C,)
for the various length tubings, we found that for the
longer tubings or contact times, sorptive losses can be
adequately described by a log function (Parker and
Ranney 1997a).

Sorption Findings for the Third Study

In this study, we wanted to determine what effect a
faster flow rate had on sorption. Because of physical
limitations we had with the delivery system. only three
tubings could be used in this study. We selected PPI,
LDPE, and PVDE. We eliminated PP2 because its per-
formance was similar to PP1 and P(VDF-HFP)
because its performance was very similar to PVDE

Figure 6 shows the mean normalized concentration
of TCE in water that was pumped through 100-foot
sections of these tubings at a flow rate of 1 L/min.
Statistical analyses indicated that the concentrations of
TCE in samples pumped through the PPl tubing were



significantly lower than the controls (Parker and
Ranney 1997a). However, these losses were always less
than 10%. In general, concentrations of TCE in water
pumped through the PVDF and LDPE tubings did not
differ significantly from the controls (Parker and
Ranney 1997a).

When we related sorption with contact time, we
found that there is good agreement between the
expression for the relative concentration of TCE in
water pumped through 100 feet of LDPE at 1 L/min
and water pumped through 10 feet of LDPE tubing at
100 mL/min (Parker and Ranney 1997a). In both cases,
the contact time was one minute. Thus. it appears that
contact time can be used to predict losses.

We used the relationships derived for the five- and
10-minute contact times at the 100 mL/min pumping
rate to predict what the losses might be for TCE-con-
taminated water pumped through 500 and 1000 feet of
LDPE at 1 L/min, after allowing the tubing to equili-
brate for various times (Table 1). For 500 feet of tub-
ing, the estimated losses would be 10% after allowing
four hours for equilibration. However, for the 1000-
foot lengths, a much longer equilibration time would
be required to see an equivalent loss, approximately 18
hours. Thus, we predict that long lengths (500 feet and
greater) of LDPE cannot be used to sample TCE at a
flow rate of 1 L/min.

Table 1
Predicted Normalized Concentrations
of TCE Following Pumping at 1 L/min
for Various Pumping Times

Tubing Sample Predicted
Length Contact Time Pumping Normalized
(feet) (min)* Time (hour) Conc. TCE
500 S 2 0.88
4 0.90
1000 10 2 0.81
4 0.84
8 0.87
12 0.89
18 0.90

this study, there was no significant difference between
the amount of TCE sorbed by the rigid PVDF tubing
vs. the flexible P(VDF-HFP) tubing (Parker and
Ranney 1997a). We suspect that we would have detect-
ed some differences between these two materials if a
longer length of tubing or a more sorptive analyte had
been tested. However, this also remains unproven.

Leaching Findings

We did not detect any spurious peaks, using
reversed-phase HPLC analysis and a UV detector, in
any of the samples that had been pumped through any
of the tubings used in these experiments, even the
longest lengths or the slower flow rate. However, we
should mention that, because the concentration of
TCE was in the low mg/L range, these analyses were
not highly sensitive. Also, UV detectors are not univer-
sal detectors and many organic constituents that might
be leached would not be found using this type of detec-
tor. UV detectors are most sensitive for conjugated
bonds and sulfur-, nitrogen-, bromine-, and iodine-con-
taining compounds (Johnson and Stevenson 1978).
Given the brief contact time between the sample and
the tubing, we feel that these results agree reasonably
well with earlier findings from of this study (Parker and
Ranney 1996), where no organic constituents were
detected leaching from the PVDF, LDPE, and PP2 tub-
ings and only one constituent was detected leaching
from the PP1 and P(VDF-HFP) tubings.

Desorption/Leaching Study

Desorption Findings

Another concern in the monitoring industry is
whether there will be any carryover of contaminants if
a tubing is used to sample more than one well. Figure 7
shows the mean concentration (mg/L) of TCE that was
released into the DI water pumped through three con-
taminated tubings (PVDF, PP1. LDPE) at a flow rate
of 100 mL/min. After 30 minutes, which corresponds to
rinsing the tubing with three tubing volumes of water.

*Time for water to pass through tubing.

General Discussion on Sorption

The question that remains is: what would happen to
other analytes that are more readily sorbed by the
LDPE tubing, such as we (Parker and Ranney 1996)
previously observed with tetrachloroethylene and
p-dichloroebenzene? Based upon those findings, we
expect that losses of those analytes would be substan-
tially greater at equilibrium than what we observed
with TCE. However, this is unproven at this time.

Because losses were always much greater for test
solutions exposed to the flexible fluoropolymers than
the rigid fluoropolymers in Part 1 of this study (Parker
and Ranney 1996), we were surprised to find that. in
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Figure 7. Mean desorbed concentrations of TCE in organic-free
water pumped through 100 feet of contaminated tubing at 100
mL/min.
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DI water pumped through the PP1 and LDPE tubings
contained high pg/L concentrations of TCE (776 and
396 pg/L. respectively), while water that was pumped
through the PVDF tubing contained only low pg/L
concentrations (14 pg/L). After eight hours, the TCE
concentration in water that was pumped through the
PVDF tubing was below the detection level (2.6 pg/L).
In contrast, both the LDPE and PP1 tubings continued
to release high pg/L concentrations of TCE into the DI
water for eight to 24 hours and low pg/L concentra-
tions for the remainder of the experiment (four days).

These results show that while contaminants are
removed from fluoropolymer tubings much more read-
ily than from other types of tubing. pumping rinse
water through the fluoropolymer tubing is not an effi-
cient method for removing the sorbed organic contami-
nants. Clearly, desorption is a problem for all three
materials tested.

For the more sorptive polymers (LDPE, PP1). the
relationship between the pumping time and the con-
centration desorbed for each of the three tubings can
be adequately described by a negative log function
(Parker and Ranney 1997a).

For the PP1 tubing, we were able to estimate the
total amount sorbed after seven days of pumping and
the total amount desorbed after four days of pumping.
We found that 23% of the total TCE sorbed had been
desorbed. While we were able to estimate the total
amount desorbed for the PVDF tubing (0.91 mg) and
the LDPE tubing (29 mg), we could not estimate the
amount sorbed by these two tubings because these loss-
es were not statistically significant.

Leaching Findings

We did not observe any spurious peaks in the DI
water that was pumped through either the PVDF,
LDPE, or PP1 tubings at 100 mL/min. In this case, the
sensitivity of the analyses was much greater because we
were looking for low pg/L concentrations. However,
our analysis time was not as long in this experiment as
in our previous study (Parker and Ranney 1997b)
where leaching was observed. Again, given the rela-
tively brief contact time between the sample and tub-
ing, the results from this study are consistent with the
results from our static study (Parker and Ranney
1997b), where only one constituent was detected leach-
ing from any of these tubings. PP1.

Conclusions

The results from part one of this study (Parker and
Ranney 1997b) showed that, with respect to sorption.
the rigid fluoropolymers were the least sorptive of the
organic contaminants tested; and among the flexible
tubings that were tested. the flexible fluoropolymers
[P(VDF-HFP) and a fluoroelastomer] were the least
sorptive. The results from these studies show that
under dynamic conditions the fluoropolymer tubings
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were the least sorptive of TCE. both initially and at
equilibrium.

There were instances when a less expensive tubing
such as LDPE did not bias the TCE test results. These
conditions were when a slow pumping rate (100
mL/min) was used to sample a shallow well (50 feet and
less); or when a faster flow rate was used (1 L/min) to
sample all but the deepest wells (500 feet and greater).
Because earlier findings indicate that some other ana-
lytes are more readily sorbed by LDPE. we recommend
that there be additional testing with those analytes.

In this study, we did not detect that any organic con-
stituents leached from any of the five tubings tested
when either a slow rate (100 mL/min) or a moderately
fast rate (1 L/min) was used to pump water through the
tubings. Given the relatively brief contact time between
the sample and tubing, we feel that these results agree
with our previous static study (Parker and Ranney
1997b), where only one constituent was detected leach-
ing from two of these tubings [PP1, P(VDF-HFP)].

The data from this study clearly show that desorp-
tion of sorbed organic solutes, such as TCE, can be a
problem if slow-flow pumping is used. This is true
whether the tubing is relatively nonsorptive (e.g..
PVDF) or highly sorptive (e.g., PP1). Furthermore,
pumping organic-free water through these tubings at
this flow rate is not an effective way to remove TCE
contamination.

Recommendations

If sampling an unknown organic contaminant at a
slow flow rate (100 mL/min), we would recommend
using a fluoropolymer tubing, preferably a rigid fluo-
ropolymer. It may be feasible to use a less expensive
tubing, such as LDPE, to sample an unknown organic
contaminant if the well is relatively shallow (<50 feet)
or if a faster flow rate is used (e.g.. 1 L/min). However,
further testing with more hydrophobic contaminants is
needed to verify this.

To prevent problems with carryover of contami-
nants when slow-rate sampling is used, the tubing
should either be dedicated to the well or else decon-
taminated prior to using it in another well (assuming a
suitable decontamination method is available). Also, if
concentrations in a well decrease dramatically, it may
be prudent to remove the pump from the well and
decontaminate it prior to sampling.

References

Barcelona, M.J., J.A. Helfrich, and E.E. Garske. 1985.
Sampling tubing effects on groundwater samples.
Analytical Chemistry 57, 460-464.

Boettner, E.A., G.L. Ball, Z. Hollingsworth, and R. Aquino.
1981. Organic and organotin compounds leached for PVC
and CPVC pipe. U.S. Environmental Protection Agency
report number EPA-600/1-81-062. Cincinnati. Ohio:
Office of Research and Development.




Devlin, J.F. 1987. Recommendations concerning materials
and pumping systems used in the sampling of groundwa-
ter contaminated with volatile organics. Warer Pollution
Research Journal of Canada 22 no. 1: 65-72.

Federal Register. 1984. Definition and procedure for the
determination of the method detection limit. Code of
Federal Regulations, Part 136, Appendix B, October 26.
Federal Register 49, no. 209: 43430-43431.

Gross, R.C.. B. Engelbart. and S. Walter. 1974. Aqueous
extraction of lead stabilizers from PVC compounds.
Society of Plastic Engineering technical paper 20.
Brookfield, Connecticut: Society of Plastic Engineers.

Johnson, E.L., and R. Stevenson. 1978. Basic liquid chro-
matography. Palo Alto, California: Varian Associates Inc.

Junk, G.A., H.J. Svec. R.D. Vick. and M.J. Avery. 1974.
Contamination of water by synthetic polymer tubes.
Environmental Science and Technology 8. no. 13: 1100-
1106.

Packham, R.F. 1971a. The leaching of toxic substances from
unplasticized PVC pipe. Part [. A critical study of labora-
tory test procedures. Water Treatment and Examination
20. no. 2: 144-151.

Packham. R.F. 1971b. The leaching of toxic substances from
unplasticized PVC pipe. Part 11. A survey of lead levels in
PVC distribution systems. Warer Treatment and
Examination 20, no. 2: 152-164.

Parker, L.V., and T.A. Ranney. 1996. Sampling trace-level
organics with polymeric tubings. Revised CRREL special
report 96-3. Hanover. New Hampshire: US Army Cold
Regions Research and Engineering Laboratory.

Parker, L.V., and T.A. Ranney. 1997a. Sampling trace-level
organics with polymeric tubings: Dynamic studies.
CRREL special report 97-2. Hanover, New Hampshire:
US Army Cold Regions Research and Engineering
Laboratory.

Parker. L.V.. and T.A. Ranney. 1997b. Sampling trace-level
organics with polymer tubings: Part 1. Static studies.
Ground Water Monitoring and Remediation 17, no. 4: 115-
124.

Acknowledgments

We thank the U.S. Army Environmental Center,
Aberdeen Proving Ground, Maryland, and Martin H.
Stutz. project monitor. for their support of this work
and Jane G. Mason, CRREL, for her assistance with
the data analyses and in preparing this paper.

This publication reflects the personal views of the
authors and does not suggest or reflect the policy, prac-
tices, programs, or doctrine of the U.S. Army or
Government of the United States. The contents of this
report are not to be used for advertising or promotion-
al purposes. Citation of brand names does not consti-
tute an official endorsement or approval of the use of
such commercial products.

Biographical Sketches

Louise V. Parker is a research physical scientist at
the U.S. Army Cold Regions Research and Engineering
Laboratory (72 Lyme Road, Hanover, NH 03755-1290).
She received a B.A. in microbiology from the University
of New Hampshire and an M.S. in food science and
nutrition (food microbiology) at the University of
Massachusetts. Her research interests are ground water
sampling and material interactions. She is a member of
the of Ground Water Scientists & Engineers Division of
the National Ground Water Association and has been
active in ASTM subcommittee D18.21 on ground water
and vadose zone investigations.

Thomas A. Ranney is a staff scientist with the
Science and Technology Corp. (PO. Box 127, Hanover,
NH 03755). He received a B.S. in education from
Castleton State College and an M.S. in plant and soil sci-
ence from the University of Vermont. His research inter-
ests are evaluating environmental sampling procedures
and development of analytical methods.

WINTER 1998 GWMR = 155




