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Effects of Selected Sampling Equipment and
Procedures on the Concentrations of
Trichloroethylene and Related Compounds in
Ground Water Samples

by Kenneth A. Pearsall and David A.V. Eckhard:

Abstract -

Variations in concentrations of. trichloroethylene and related compounds in ground water obtained from seven
ground water samplers were used to compare the performance of three submersible pumps, a centrifugal pump, two
peristaltic pumps. and a bailer. Two- and 4-inch diameter submersible pumps and a centrifugal pump produced samples
whose trichloroethylene concentrations, on the average, did not differ significantly from each other. Ground water
samples collected by using a peristaltic pump and silicone tubing had significantly lower trichloroethylene concentrations
than samples from the submersible pumps. Concentrations of 1,2-dichloroethylene and trichloroethylene in ground
water samples collected by using a bailer were indistinguishable from those in samples taken by a submersible pump
when the concentrations were as much as 96 and 76 micrograms per liter, respectively but were 15 and 12 percent lower
when concentrations were as low as 29 and 23 micrograms per liter, respectively. Tests of different configurations of
sampler placement in observation wells indicate that pump placement, rate of pumping, duration of pumping, and the
uniformity of the vcnical and lateral distribution of trichloroethylene in ground water near the well screen have a

significantinfluence on trichloroethylene concentrations in ground water samples and that these factors can

ally
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have a greater éffect than the type of sampler used.

Introduction

Frequently, the same monitoring wells, sampling
equipment, and procedures that traditionally have been
used to sample inorganic constituents in ground water
are used to sample svnthetic volatile organic compounds
(VOCs), although more specialized sampling devices and
sampling proccdurcs are usually recommended for thxs
purpose. Pettyjohn et al. (1981) have asserted that
typical electrical submersible pump attached 1o plastic
pipe or garden hose . . . is entirely inadequate™ for sam-
pling for organic compounds and recommend glass and
Teflon® as preferable materials for pumps and tubing
systems. Scalf et al. (1981) recommend Teflon bailers in
preference to pumping systems “because of the possible
stripping of VOCs from the sample under the reduced or
elevated pressure occurring in systems using pumps.”

The purpose of this investigation was to compare the
use of conventional sampling methods with more rigor-
ous methods of sampling for VOCs in ground water.
This report describes field tests of sampling procedures
initiated in 1983 on Long Island, New York, to determine
the effects of selected aspects of sample collection on the
concentration of trichloroethylene and related VOCs 1n
ground water samples. Several tvpes of samplers, tubing
materials. and pump-intake placements in relation to the
screened zone of the well were tested under field condi-
tions. The experiments were designed 1o examine the
extent that field methods and sampling procedures
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directly affect the concentration of trichloroethylene in
ground water samples.

‘Method of Study

Two aspects of sampling were examined 10 evaluate
sampler and its method of use, and (2) the durauon of
pumpma The sampler comparisons were accomplxshed
by collecting samples simultaneously at frequent intervals
from different sampling devices installed in the same well
during one-hour pumping tests. Conditions were varied
among these tests to examine the influence of well depth,
pump placement in relation to the well screen, and VOC
concentrations. The types of sampling devices, pump
depths, pumping rates, and monitoring wells are summa-
rized in Table I. To monitor the effect of pumping dura-
tion, samples were collected at frequent intervals during
three-hour pumping tests to obtain an indication of VOC
concentration changes in water entering the well screen.

Trichloroethvlene and related compounds were
chosen as representative test constituents because of their
frequent detection in Long Island ground water (Myott
1980) and because their physical characteristics are typical
of voiatile chlorinated hvdrocarbons. Although the tests
were conducted at variable trichloroethvlene concentra-
tions, the goal of these experiments was to determine the
capability of a sumpler to provide reproducible samples
at approximately 50 pg 'L (micrograms per liter) — the
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IABLE L |
Test- ~sign Data for Sampler Comparisons i
Screened Interval Depth to Pump  Pumping ;
Test (ft below Static Depth to  Drawdown Intake (ft below Rate 1
Number Well land surface) Water (ft) (ft) Pumps Used land surface) (gal/min) !
1 A 65-75 472 275 EPDM!' submersible pump 50 1.5 }
Viton submersible pump 50 .64 i
4-inch submersible pump 48 18 :
Centrifugal pump 10 3.0 j
2 B 63-73 5.67 1.99 EPDM submersible pump 615 1.4 :
Viton submersible pump 61.5 67 ‘
4-inch submersible pump 60 18 !
Centrifugal pump 15. ) 3.6 ;,
3 A 65-75 4.89 2.17 EPDM submersible pump 50 1.4 x
4-inch submersible pump 48 18
Viton submersibie pump 46 77 f
Centrifugal pump 10 1.1 i
4 C 20.5-30.5 5.39 27 EPDM submersible pump 16 N 1.5
4-inch submersible pump 14.5 21
Viton submersible pump 13 .82
Centnifugal pump 8 39 ;
5 D 24-34 10.06 1.95 EPDM submersible pump 21 1.4
4-inch submersible pump 20 21
Viton submersibie pump 19 T
Centrifugal pump 15 33
6 C 20.5-30.5 5.84 1.06 EPDM submersible pump 17 1.4
Centrifugal pump and Teflon pipe 18 90
Penstaltic pump and Teflon tube 17 .19
Peristaitic pump and silicone tube 17 .18
Centrifugal pump 8 225 |
7 D 24-34 10.70 2.42 EPDM submersible pump 17 1.3 |
Centnfugal pump and Teflon pipe 17 23 ;
Peristaltic pump and Teflon tube 17 18
Peristaltic pump and silicone tube 17 25 {
Centrifugal pump 14 3.1
8 C 20.5-30.5 6.05 <0.01 EPDM submersible pump 17 14 :
Centrifugal pump and Teflon tube 17 25 3
Teflon bailer . 17 - 1
Centrifugal pump 9 37
S D 24-34 11.70 1.20 EPDM submersible pump 18 1.3 t
Viton submersible pump 18 .80 |
4-inch submersible pump and PVC 19 14 i
pipe |
Teflon bailer 18 — |
Centrifugal pump 14 3! i
10 D 24-34 12.01 1.37 EPDM submersible pump I8 1.3 |
4-inch submersible pump and 18 16 ! i
plastic garden hose |
Centrifugal pump 14 3.1
] E 43-53 2.72 1.81 EPDM submersible pump 29 1.2 I
Centrifugal pump and Teflon pipe 29 7.2 E‘
Centnifugal pump 27 1.65 i
12 C 20.5-30.5 5.05 53 EPDM submersible pump 25 1.40
4-inch submersible pump 23 26
Centrifugal pump 21 4
13 C 20.5-30.5 4.95 62 EPDM submersible pump 25 1.4 !
4-inch submersibie pump 23 30 i
Viton submersible pump 2! .78 :
Centrifugal pump 10 39
"EPDM 15 un ethylene propyiene rubber \LC
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| New York State drinking water guideline { » jostof the
volatile organic compounds on the U.S. Environmental
Protection Agency “priorty pollutant™ list.

Monitoring Wells

Monitoring wells used for the tests are screened in
sand and gravel in the upper glacial (water table) aquifer
of the Long Island aquifer system. The wells are compo-
nents in existing (in use) ground water monitoring net-
works and were selected because they offered specifically
desired features, including a known history, a small
volume of water in the well casing, a shallow screen, and
the desired concentration of the specified constituents.
All wells have steel casings and stainiess steel screens
installed less than 80 feet below land surface by either
cable tool or auger. Wells A, B, C, and D are 6-inch
diameter wells that were drilled in June 1972. WellEisa
4-inch well installed in October 1982. They were not
specially designed or installed for monitoring volatile
contaminants; thus, special construction techniques, such
as steam cleaning of steel pipe before installation, were
not used. The depth to water in wells used for sampler
comparisons was generally between 5 and 5 feet.

Sampling Equipment

The sampling devices compared included two 2-inch
diameter submersible pumps, a 4-inch diameter submers-
ible pump, a centrifugal pump, two peristaltic pumps,
“and a Teflon bailer. The 4-inch submersible pump and
‘the centrifugal pump are designed for general-purpose
pumping and are not intended specifically for sampling.

Both 2-inch submersible pumps were Model SP-81
Keck submersible sampling pumps. The positive-dis-
placement pumping mechanism of the Keck pump con-
sists of a screw or worm gear (rotor) and a flexible rubber
sleeve (stator). One pump contained an EPDM (ethylene
propylene elastomer) stator, and the other a Viton (fluo-
rocarbon elastomer) stator. These pumps are hereafter
referred to as the EPDM submersible pump and the
Viton submersible pump. The EPDM submersible pump
typically delivered between 1.2 and 1.5 gal/min (gallons
per minute) to the surface with 35 feet of pumping head.
Viton, aithough preferable in sampling for organic com-
pounds because it is less reactive than EPDM, is less
pliable. The Viton submersible pump typically delivered
between 0.5 and 0.7 gal/ min to the surface with 35 feet of
pumping head. The 2-inch submersible pumps were iden-
tical in all other respects. Teflon tubing was used to
transmit pumped water to the land surface. The EPDM
submersible pump was arbitrarily chosen as the standard
against which the other samplers were compared.

T'he 4-inch submersible pump was a 1-hp. three-stage
Goulds Mode! E-5125 pump that was connected to a
1.25-inch outside diameter (OD) flush-threaded Teflon
pipe. The outlet was fitted with a flowmeter and a valve to
control flow between 3 and 30 gal; min. The centrifugal
pump was a Homelite Model [11S2-1 pump made of cast
wron that delivered between 2 and 50 gal/ min, depending
on the length and diameter of the intake hosc. The
senistaltic pumps were Horizon Ecology Model 7570
Porable MasterFlex sampling pumps. These pumps were

)

equipped with J%-inch OD . _cone tubing and delivered
0.2 gal/ min with 15 feet of pumping head. The bailer was
a3-foot long, 1.75-inch OD Teflon cylinder with a check
valve (Teflon ball and seat) in the bottom.

-Test Procedures

Samplers were compared by placing several of them
in a well at the same time and obtaining samples from
them simultaneously. The intakes of all sampling pumps
were placed as close together as possible above the
screened zone in the well to ensure that the sample water
was withdrawn from the same area within the well casing
(Figure 1). A centrifugal pump was additionally used
with its intake near the drawdown level in the well to
facilitate evacuation of the casing. All pumps were started
at the same time, and samples were collected simuitane-
ously from each device six times during the tests. To
collect samples with the bailer, it was lowered to the
sampling depth and flushed five to 10 times by raising it
about 3 feet and allowing it to {all back through the water
column. The check ball would lift as the bailer descended,
allowing the bailer to fill with water from the correct
depth. After the bailer was withdrawn from the well, a
bottom-emptying device was fitted to raise the check ball
and drain the bailer while minirizing agitation and aera-
tion of the sample. VOC concentrations in samples from
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Figure 1. Pump positions in sampling Test 1
(Experimental data are given in Table 2)
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each sampling device were compared to rev- ~ fifferences

- among samplers. The experimental desigi. .s based on
the assumption that VOC concentrations in the test well
may change during the course of the experiment and that
comparisons between samples {rom different samplers
are valid only when the samples are collected at the same
time.

In separate tests to evaluate changes in VOC concen-
tration in monitoring wells during well casing evacuation
and pumping, six wells were sampled at various intervals
with the EPDM submersible pump during 15 three-hour
pumping tests. Trichloroethylene concentrations, pH,
specific conductance, and temperature of each sample
were compared. The pump intake was placed just above
the screened zone in the well for each of these tests, also.

Samples were collected in 40-mL glass vials that were
sealed with Teflon-lined septa. The containers were filled
in a manner that minimized aeration of the sample. This
involved routing a slow, steady stream of sample water
through a Teflon tube with the tube outlet below the
water surface in the sample container. The 2-inch sub-
mersible and MasterFlex pumps were flushed after each
sampling with 2 to 5 gallons of clean water. Samples of
flush water (flush blanks) were collected and scanned by
gas chromatography for VOCs 1o verify the cleanliness
of the sampling equipment after each sampling test. Other
equipment was rinsed with clean water and allowed to air
dry before reuse. Field data recorded during each sam-
pling experiment inciuded initial water level, drawdown,
pump intake depth, pumping time and flow rate. Field
pH, specificconductance, and temperature were recorded
ateach sampling and also at frequent intervals during the
initial stages of pumping.

Analytical Methods

Volatile compounds were stripped from water sam-
ples and preconcentrated by a Tekmar LSC-2 Liquid
Sample Concentrator (purge and trap apparatus). Com-
pounds were analyzed on a Varian Model 3700 Gas
Chromatograph with a flame ionization detector (F1D).
The detector output was quantified with a Hewlett-
Packard 3390A Digital Integrator. The use of an FID
was the only modification to the anaivtical procedure
described by the U.S. Environmental Protection Agency
(Federal Register 1979). Error associated with compari-
son of samples referenced to differing standards or ana-
lyzed on different instruments was avoided by analyzing
all samples from each experiment on the same instrument
during as short a time as possible (six to 10 hours) and
comparing peak areas directly. Samples were analyzed
within two days after collection. One-third of all samples
from each experiment were coliected in duplicate and
analyzed by the U.S. Geological Survey National Water-
Quality Laboratory in Atlanta, Georgia, according to
procedures outlined in Wershaw et al. (1982} as a quality-
control check on the identification and quantification of
volatile compounds.

Statistical Methods
Concentrations of VOCs in sampies collected from
each of the sampling devices were compared through a

paired-difference t-test on r~s of concentration values
obtained simultaneously .. .n different samplers at
selected times during the pumping tests (Iman and Con-
over 1983). The null hypothesis of this statistical test is
that no difference exists among concentration values
from different samplers. The alternative hypothesis is
that a set of concentration values from one sampling
device is either larger or smaller than the corresponding
set of paired values from asecond device. The confidence
level for detecting a significant difference in concentra-
tions was set to 95 percent by using two-tailed test statis-
tics from the Student’s t-distribution. The paired~oncen-
tration differences for each sampler comparison were
checked for normality by the Shapiro-Wilk W-statistic
(Conover 1980); on the basis of these tests, the paired-data
sets were assumed to be normally distributed (alpha =
0.05), which is necessary for the paired t-test.

Results and Discussion - -

Comparison of Sampling Devices
Submersible Pumps

In Table 2, gas chromatographic peak areas repres-
enting trichloroethylene concentrations in water samples
collected by using the Viton and 4-inch submersible
pumps can be compared to those in samples obtained by
the EPDM pump for a representative experiment at well
A (Test ). The paired-difference t-test is used to deter-
mine if differences between these peak areas are signifi-
cant. Figure | is a diagram of the arrangement of the
pump intakes within the well in Test 1. Samples were
obtained from each pump 5, 10. 20, 30, 45, and 60
minutes after the start of pumping. Concentrations of
trichloroethylene and {,2-dichloroethyiene in samples
from the EPDM submersible pump were 130 and 15
ug/ L, respectively. in the 60-minute sample.

TABLE 2
Gas Chromatographic Peak Areas Represent-
ing Concentrations of Trichloroethylene

Obtained from Three Sampling Systems in

Test 1
Keck SP-81
Elapsed Time Pump with Keck SP-81 Goulds 4-inch
from Start of EPDM Stator Pump with Viton Submersible
Pumping and Teflon Stator and Teflon Pump with
(minutes) Tubing Tubing Teflon Pipe
5 137590 138050 139960
{0 138600 . 145230 139620
20 135940 145320 139280
30 143150 125050 141880
45 138640 142810 139810
60 140010 142820 143250

Nossignificant difference in trichloroethylene concen-
trations was found among samples from the three pumps
in Test |, but [.2-dichloroethylene concentrations aver-
aged 2 percent higher in sumples from the 4-inch sub-
mersible pump than in samples from the EPDM pump,
and this difference was staustically significant (& = 0.05).
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The well also contained 13 ug/L of [,1-uichloroethane
and no significant differences were evident among sam-
ples from the three pumps for this compound during
Test 1. Results from all submersible pump comparison
tests are summarized in Table 3.

The three submersible pumps were re-examined in
well A during Test 3, with similar results. This time,
concentrations of 1, 2-dichloroethylene, trichloroethylene,
tetrachloroethylene, and 1,1-dichloroethane in samples
from the EPDM submersible pump were 41, 140, 14, and
10 ug/ L, respectively, at 60 minutes. No statistical differ-
ences in concentrations of trichloroethylene, tetrachlo-
roethylene, or 1,1-dichloroethane were evident among
samples, but 1,2-dichloroethylene concentrations in sam-
ples from the 4-inch submersible pump and the Viton
submersible pump averaged 3 and 4 percent higher,
respectively, than in samples fromthe EPDM submersi-
ble pump.

The volume of water in the well casing above the

samplers and the concen.. ation of trichloroethylene in
the ground water being sampled were varied by conduct-
ing sampler comparisons in different wells. In Test 2 (well
B), tnchloroethylene and tctrachlorocthy]cnc concentra-
tions after 60 minutes of pumping were 6 and 37 ug/L

© respectively, and no concentration differences were

observed among samples from the three pu pumps. “Tests 4
and 5 (wells C and D) were done in shallower wells with
lower casing volumes. Test 4, where the 60-minute sample
from the EPDM submersible pump contained 72 ug/L
1,2-dichloroethylene and 85 wug/L trichloroethylene,
showed no statistical difference among the samplers. In
Test 5, where the 60-minute EPDM submersible pump
sample contained 36 ug/L 1,2-dichloroethylene and 20
pg/L trichloroethylene, samples from the Viton sub-
mersible pump were 16 percent higher in trichloroethy-
lene and 14 percent higher in 1,2-dichloroethylene that
those from the EPDM submersible pump, and this dif-
ference was statistically significant. Concentrations of

TABLE 3
Comparison of EPDM Submersible Pump with the Viton and 4-inch Submersible Pumps

Deviation of Concentration from that in

Sample Concentration EPDM Submersible Pump®, in Percent
After Pumping EPDM 4-inch Submersible
Test Submersible Pump Viton Pump and 1.25-inch
Number Well Compound? 60 min (zg/L) Submersibie Pump Tefion Pipe
1 A DCE 15 0 2
TCE 130 0 0
DCA 13 0 0
2 B TCE 6 0 0
PCE 37 0 0
3 A DCE 41 4 3
TCE 140 0 0
PCE 14 0 0
DCA 10 0 0
4 C DCE 72 0 0
TCE 85 0 0
5 D DCE 36 14 0
TCE 20 16 0
9 D DCE 29 0 -15¢
TCE 23 0 -12¢
10 D DCE 17 — 0¢
TCE 09 — 0d

2DCE = 1.2-dichloroethylene; TCE = trichloroethylene;
PCE = tetrachloroethylene; DCA = 1,2-dichloroethane.

bZero indicates no statistically significant difference.

Minus sign indicates concentrations were less than those in samples from EPDM submersible pump.

—Indicates no data.

¢ 4-inch submersible pump outlet connected to 1.23-inch OD PVC pipe instead of Teflon pipe

d4-inch submersibie pump outlet connected 10 %-inch OD plastic garden hose
pump p 2
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volatiles in samples from the 4-inch submersible pump
were not statistically different from those from the
EPDM submersible pump, however. A second test at
well D (Test 9) showed no statistical difference among
samples from the Viton and EPDM submersible pumps.

In Test 9 (well D), the Teflon pipe that was usually
used with the d-inch submersible pump was replaced
with |.25-inch threaded PYC pipe. The resulting samples
were |2 percent lower in trichloroethylene and 15 percent
lower in |,2-dichloroethylene than in samples from the
EPDM submersible pump (the 60-minute samples from
the EPDM submersible pump at this well contained 23
ug/ L of trichloroethylene and 29 ug/ L of 1,2-dichloro-
ethylene). In Test 10 (well D), %-inch 1D plastic garden
hose was substituted for the Teflon pipe, and concentra-
tions in the resulting samples were not significantly dif-
ferent from those in samples from the EPDM submersi-
ble pump.

In all, six tests (Table 3) were conducted in which the
EPDM and Viton submersible pumps were compared.
Among 35 pairs of trichloroethylene concentrations, the
only significant differences in concentrations were ob-
served in Test 5, and these were not reproduced when the
well was retested (Test 9). Twenty-nine pairs of 1,2-
dichloroethylene concentrations were obtained in five
tests. In three of these tests (Test | at well A; Test 4 at well
C. and Test 9 at well D), concentrations did not differ
significantly, but in the other two tests (Test 3 at well A
and Test 5 at well D), concentrations in samples from the
Viton submersible pump were 4 and 14 percent higher,

4

respectively, than in those from the EPDM submersibi.
pump. For I,l-dichioroethane, similar to 1,2-dichloro
ethylene in physical properties, no differences betweer.
the two pumps were indicated by concentrations whicr:
ranged from 10 1o 13 pg/L. Analyses of nine pairs o!
tetrachloroethylene samples from two experiments indi-
cated no difference between the EPDM and Viton sub-
mersible pumps.

The EPDM and 4-inch submersible pumps were
compared in five tests in which Teflon tubing or pipe was
used. No significant differences between the samplers
were indicated by 29 pairs of trichloroethylene concen-
trations {from these tests. 1,2-dichloroethylene concentra-
tions in 22 pairs of samples from four tests showed no
significant differences between the two samplers in two
of the tests; the other two indicated significant differences
ofless than 4 percent. Tetrachloroethylene concentrations
in 12 pairs of samples from two tests showed no signifi-
cant difference in sampling performance between the two
samplers.

Centrifugal Pump

Results of four centrifugal-pump tests are summar-
1zed in Table 4. [n three tests (no. 6 at well C, no. 7 at well
D. and no. Il at well E), the pump was equipped with a
1.25-inch Teflon pipe intake line. Trichloroethylene con-
centrations in samples {iom the centrifugal pump were
4 percent greater than those from the EPDM submersible
pump in the first test, 8 percent lower in the second test,

and not significantly different in the third test. 1,2-

TABLE 4
Results of Comparison Between EPDM Submersible Pump, Centrifugal Pump and Bailer

Sample Concentration
After Pumping EPDM

Deviation of Concentration from that in
EPDM Submersible Pump®, in Percent
Centrifugal Pump

Test Submersible Pump and 1.25-inch
Number Well Compound? 60 min (ug/L) Teflon Pipe Teflon Bailer
6 C DCE 97 0 —
TCE 82 4 —
7 D DCE 60 -9 —
TCE 36 -8 —
8 C DCE 96 1 0
TCE 76 (e 0
9 D DCE 29 — -7
TCE 23 - -7
1 E DCE 36 0 —
TCE 58 0 —_

3 DCE = 1.2-dichloroethvlene: TCE = trichloroethylene.

bZero indicates no statistically significant difference.

-~ \\\.
Minus sign tndicates concentrations were less than concentrations obtained from EPDM submersible pump. /\L\{

—Indicates no data.

¢ -meh OD Tetlon tubing was substituted in place of 1.25-inch OD Tellon nipe.




_ dichloroethylene concentrations in sam, . from the
centrifugal pump were the same as those in samples from
the EPDM submersible pump in Tests 6 and 1 but were
9 percent less in Test 7. In Test 8 (well C), the centrifugal
pump was used with Y4-inch OD Teflon tubing, and
results indicated no performance differences between the
centrifugal and EPDM submersible pumps. Data from
the centrifugal-pump tests showed significantly greater
variability (larger standard deviations) than data from
the other tests.

In Tests 6 (well C), 7 (well D), 8 (well C), and 11 (well
E), the depths to water in the well during pumping were
6.9,13.1,6.0, and 24.5 feet, respectively. In Test 11, where
water was close to the maximum depth at which a cen-
trifugal pump can be effective, no significant differences
were discerned between 1,2-dichloroethylene or trichlo-
roethylene concentrations in duplicate samples from the
EPDM submersible pump and the centrifugal pump
with 1.25-inch Teflon pipe. In Test 8, which repeated the
conditions of Test 6 but with a much narrower intake
hose to restrict the flow rate and increase the head differ-
ence to which the pumped water was subjected, neither
compound indicated a significant difference between the
two pumps. Thus. a reduction of head to below atmos-
pheric pressure by the centrifugal pump had negligible
effect on 1,2-dichioroethylene and trichloroethylene con-
centrations in these tests.

Peristaltic Pumps

Two peristaltic pumps were tested simultaneously in
different configurations in Tests 6 (well C) and 7 (well D);
results are given in Table 5. One of the pumps was used
with conventional %-inch OD heavy-wall silicone tubing:
the other was used with !4-inch Teflon tubing except for
3 feet of silicone tubing at the pump head, where the
flexibility of the silicone tubing is required. All tubing
was flushed with clean water between tests.

Trichloroethyiene concentrations in samples from the
peristaitic pump with ali-silicone tubing were i6 and 14
percent lower in Tests 6 and 7, respectively, than in
duplicate samples from the EPDM submersible pump,

and |,2-dichloroethylene « .centrations were 12 and 8
percent lower. Trichloroethylene concentrations in sam-
ples from the penstaitic pump with Teflon tubing were
8 percent lower than in EPDM submersible-pump
samples in Test 6 but not different from the EPDM

‘submersible pump samplesin Test 7; 1,2-dichloroethylene

concentrations were the same as those in EPDM
submersible-pump samples in both tests. The lower con-
centrations in samples from the first pump probably can
be attributed to contact with the silicone tubing. Appar-
ently, the slow flow rates of the peristaltic pumps and the
narrow bore of the silicone tubing provide sufficient
contact time for VOC sorption by the tubing matenial.
Ho (1983) also observed significant sorption of organics
by silicone tubing.

Bailer

The sampling pcrformancc of a Teflon bailer was
compared to that of the EPDM submersible pump in
Tests 8 (well C) and 9 (well D); resuits of these tests are
given in Table 4. In Test &, 60-minute samples from the
EPDM submersible pump contained 96 ug/L of 1,2-
dichloroethylene and 76 ug/L of tnchloroethylene, and
no significant difference was evident between samples
from the EPDM submersible pump and sampies from
the bailer. In Test 9, in which water collected from the
EPDM submersible pump after 60 minutes of pumping
contained much lower VOC concentrations than Test 8
— 29 ug/L of 1,2-dichlorcethylene and 23 ug/L of
trichloroethylene—five samples from the Teflon bailer
had 7 percent lower average concentrations of both con-
stituents than the five corresponding duplicate samples
from the EPDM submersible pump. This is the only test
that indicated a decrease in the effectiveness of a sampling
device with decreasing constituent concentrations, pos-
sibly indicating a systematic concentration loss that is
more apparent at low concentrations.

Devenno Teaenl o Taromensmé

Durmg initial experiments to compare samplers
before the experimental design was finalized, the pump

TABLE 5
Results of Comparison Between EPDM Submersible Pump and Peristaltic Pumps

Sample Concentration

Deviation of Concentration from that in
EPDM Submersible Pump?®. in Percent

After Pumping EPDM Peristaltic
Test Submersible Pump Pump and Peristaltic Pump and
Number Well Compound® 60 min (ug/L) Silicone Tubing Teflon Tubing
6 C DCE 97 -12 0
TCE 82 ~16 -8
7 D DCE 60 -8 0
TCE 36 -14 0

3DCE = |.2-dichloroethylene; TCE = trichloroethylene.

bZero indicates no statisucally significant difference.

Minus sign indicates concentrations were less than concentrations obtained from EPDM submersible pump.

Test
Num




intakes were located within the 10-foot scresned zone of
well C with the intention of ensuring minir.  -ontact of
sample water with the well casing. The EPDM submers-
ible pump was placed toward the bottom of the well
screen, the 4-inch submersible pump next, and either a
centrifugal pump intake or the Viton submersible pump
was placed above the 4-inch submersible pump, toward
the top of the screened zone. In this first test (Test [2), no
additional pump was used near the drawdown level in the
well to flush the casing volume above the samplers,
whereas when the test was repeated (Test 13), a centrifugal
pump intake was used at the pumped water level to assist
casing evacuation. In both tests, trichloroethylene con-
centrations in water collected by the pump with an intake
at the top of the screen were about 30 percent lower than
those from the pump whose intake was at the bottom of
the screen. (See Table 6).

In a similar experiment at the same well (Test 4), the
pump intakes were set between 5 and 8 feet above the top
of the screen, and all samplers delivered identical samples.
Apparently, YVOC concentrations in the stratified deposits
differ along the 10-foot screened zone at this site. The
pumps in Tests 12 and |3 sampled different horizons
within the screened zone, whereas the pumps in Test 4
were sampling a homogeneous mixture from above the
screen. Thus, when a second pump is used above the
sampling device to ensure flushing of the casing, the
sampler intake must be placed in the casing above the
well screen to obtain fully integrated samples at this site.

Changes in Trichloroethylene Concentrations During
Pumping

Trichloroethylene concentrations changed consider-
ably as wells were pumped during 15 three-hour pumping
tests at three wells screened within a plume of trichloro-
ethylene~contaminated ground water. Representative
plots of the concentration changes during one test at each
of these wells are shown in Figure 2.

Trichloroethylene concentrations increased continu-
ously at well F, a 2-inch diameter well screened at 35t0 36
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PUMPING DURATION, IN MINUTES
Figure 2. Changes in trichloroethylene concentrations during
three-hour pumping tests at selected welis

feet below land surface. Trichloroethylene concentrations
increased most rapidly duning the first 15 minutes of
pumping, presumably because stagnant water in the cas-
ing was mixing with more highly contaminated aquifer
water, and increased to a maximum of about 180 wg/L
when pumping ceased after three hours. Field measure-
ments of ground water temperature, pH, and specific
conductance were stable after 20 minutes of pumping. At
the pumping rate of 0.32 gal/min with the Viton sub-
mersible pump, three hours of pumping corresponds to a
borehole evacuation of 20 casing volumes.
Trichloroethylene concentrations at well G — another
2-inch well screened 35 to 36 feet below land surface
—reached a maximum of 250 ug/ L after 30 minutes of
pumping and declined slightly thereafter. Field mea-
surements of ground water temperature, pH, and specific
conductance during this test stabilized after 10 minutes
of pumping. At a pumping rate of 1.40 gal/ min with the
EPDM submersible pump, three hours of pumping cor-
responds to evacuation of 126 casing volumes.
Trichloroethylene concentrations at well E, a 4-inch

TABLE 6
Comparison of Trichloroethylene Concentrations in Samples from Well C Taken by the EPDM
Submersible Pump with Those Taken by a Pump with Intake Placed Above the EPDM
Submersible Pump

Concentration in Samples
from EPDM Submersible Pump After

Average Concentration Normalized to Concentration
in Samples from EPDM Submersible Pump

Test 60 Minutes of Pumping EPDM
Number (ug/L) Submersible Pump Upper Pump
12 120 - 1.002 0.68*
13 83 1.00° .69°
4 85 1.00¢ 1.00¢

4Pump intake at bottom of well screen
®Pump intake at top of well screen
“Pump intakes above well screen
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well screened 48 to 53 feet below land sunace. declined
sharply in the first 20 minutes of pumping with the
EPDM submersible pump (1.35 gal/ min), and the decline
continued through the end of the test, when a minimum
concentration of 81 ug/L was recorded after 14 casing
volumes had been evacuated.

Results of several sampling tests at well E indicate
that the pattern of trichloroethylene concentrations dur-
ing pumping may not be duplicated each time the well is
sampled (Figure 3). The sampling procedures, equipment,
and flow rate in these tests were identical, and ground
water temperature, pH, and specific conductance were
generally stable within 20 minutes of the start of pumping.
One reason for the differing concentration trends (Figure
3) is that this well is influenced by periodic discharges of
trichloroethylene~contaminated water at a recharge basin

located hydraulically upgradient. In"all” I5 three-hour
tests, the trichloroethvlene concentration after 60 minutes
of pumping was within 15 percent of the concentration
reached aftcr lhree hours of pumping.

durmg pdmp-r‘o at these wells1s an 1mportam consxdera-
tion in designing a sampling protocol. A typical proce-
dure for collecting representative samples of ground water
is to evacuate a specified number of casing volumes, such
as three, {ive, or 10, and 1o establish that field measure-
ments of pH, specific conductance, and temperature have
stabilized. These procedures are intended to ensure the
sampling of {resh aquifer water. Yet. in each of the 15
tests above, field measurements were stable within 30
minutes of the start of pumping, after more than 10
casing volumes had been evacuated. and trichloroethy-
lene concentrations were still changing after three hours
of pumping. Thus. accepted practices of pumping a spe-
ciftc number of well casing volumes and obtaining stable
field measurements before sampling did not ensure stable
VOC concentrations in these monitoring wells. These
concentration changes are not due to continued mixing
with standing water from the casing. Casing water from
wells A and B contained significant amounts of visually
apparent oxidized iron particulate matter. When these
wells were pumped, the turbidity cleared within about 10
minutes. These changes more lil\ci_v were caused by local
spatial and vertical variations in the trichioroethylerie
distribution and variations in hydraulic characteristics
within the aquifer. Sampling protocols for wells that are
sampled frequently should be designed to detect this

variability.

Summary and Conclusions

Water samples collected by using the 2- and 4-inch
diameter submersible pumps with Teflon tubing or Teflon
pipe had similar concentrations of 1.2-dichloroethylene,
trichloroethylene, and tetrachloroethyvlene. Small differ-
ences in sample concentrations sometimes noted between
pumps were not reproducible but represent unexplained
random variability. Samples collected by using a 4-inch
submersible pump with PV'Ctubing averaged 12 percent
lower in trichloroethviene and 1S percent lower in [,2-
dichlorocthvlene than samples coliccted by using an

1
<
/ A T T M\‘
:. A o e - 3
e - T
v et s e T
z : e N — e
g - $
-4
g o o
a 0.8 I T~
. ;
4
: IJ \“
18 34 | |
2 lt
z TR
i /4
3 a
5 ‘g DATE
0.8 4
é ] ® 12-13-83
o T 2-ut-s
= a
x ® 4-n-84
0.5 O 6—d=84
o 8-2-84
0.e TJ
o v 7 e ] 20 w00 120 wa L 3 180

PUMPING DURATION, IN MINUTES

Figure 3. Changes in trichloroethylene concentrations during
pumping tests at bimonthly intervals at well E

EPDM submersible pump and Teflon tubing, which
indicates systematic bias. Thus, PVC tubing may be
unsuitable for this type of sampling.

Concentrations in samples taken by a centrifugal
pump and Teflon pipe or tubing were more variable
(larger standard dewviations) than in tests of other
samplers. Statistically, however, concentrations in sam-
ples from a centrifugal pump were not significantly dif-
ferent from concentrations in samples taken by the sub-
mersible pumps. The effect of suction pumping (reduction
of head to below atmospheric pressure) on VOC concen-
trations in samples was negligible in tests where depth 10
ground water was as much as 24.5 feet below land surface
— close to the maximum that a centrifugal pump can lift
— and when the flow to the centrifugal pump was
restricted by small-diameter Teflon tubing.

Samples collected by using a peristaltic pump and
silicone tubing contained significantly lower concentra-
tions of 1.2-dichloroethyvlene and trichloroethylene than
those taken by the EPDM submersible pump with Teflon
tubing. When the silicone tubing was replaced with Teflon
tubing (except for 3 feet of silicone tubing at the pump
head), these losses were reduced. In one test where Teflon
tubing was substituted for silicone tubing, trichloroethy-
lene concentrations were reduced 8 percent, but in a
second test, no differences in sample concentrations were
detected. In both tests, |,2-dichloroethvlene concentra-

tions in samples taken with the peristaltic pump were

indistinguishable from concentrations in samples col-
lected using the EPDM submersible pump.

Concentrations of 96 ug/L 1,2-dichloroethviene and
76 ug/ L trichloroethviene in samples collected by using a
Teflon bailer were the same as those in samples obtained
bv using the EPDM submersible pump. At lower levels
(29 and 23 pg/L). however, concentrations in samples
collected by bailer were [5 and [2 percent lower than
those in samples from the EPDM submersible pump.
This was the only clear indication of a concentrauon
effect (loss at low concentrations that is not reproduced
at higher concentrauons) observed in the study.

Some erratic or non-reproducible concentrations
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were observed in isolated samples from each sampling
device. The unexplained va ility emphasizes the im-
portance of repetitive sampling with careful control of al}
aspects of the sampling procedure to obtain reliable data.

In several tests of wells with short screens, field mea-
surements of drawdown, specific conductance, pH, and
temperature stabilized within five to 20 minutes of pump-
ing, vet trichloroethylene concentrations failed to stabilize
after one hour of pumping (the equivalent of five to 42
casing volumes). The changing concentrations were
caused, in part, by mixing of fresh aquifer water with
water standing in the well casing early in the test. How-
ever, local variations in the trichloroethylene distribution
in the aquifer and in hydraulic charactenstics of the
aquifer near the well screen probably account for the
changing concentrations later in the test.

Sample concentrations may be affected by pump-
intake placement, pumping rate, and pumping duration,
as well as VOC distribution in the aquifer system, which
indicates a need to standardize sampling procedures for
monitoring wells that are sampled repeatedly for trend
analyses. Careful duplication of pump depth, flow rate,
and pumping time are needed each time a well is sampled
if trend data are to be reliable. A standardized system of
sampling equipment and technique for each monitoring
well will reduce the variability in concentration that
results from pumping effects.
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Volatilization Losses of Organics
During Ground Water Sampling
from Low Permeability Materials

by TA. McAlary and J.F. Barker

Abstract

Volatilization biases that can affect a ground water samplc before its collection from a monitoring well were
evaluated in this study. Previous studies showed that volatilization losses during sampling of high permeability materials
do not introduce unacceptable bias, except for the most volatile compounds. In low permeability materials, however,
ground water must normally accumulate for hours to days after flushing before a volume sufficient for sampling is
available. During this period, the ground water sample is open to the atmosphere and volatilization can lower the

oncentration of volatile compounds in solution.

Laboratory simulations were conducted to evaluate this bias using four chlorinated, one- and two-carbon com-
pounds. Two distinct conditions of headspace exposure were investigated: (a) the water standing in the well casing, and
(b) formation water entering the screen of a well that has been dewatered during purging.

Water standing in the well was depleted in volatile organics by exponential decay with a half life of about four days.
Volatilization losses will be less than [0 percent if the standing time is less than about six hours. In wells that have been
purged dry, volatilization losses of 10 percent are likely in as little as five minutes as the recovering formation water
trickles through the headspace in the dewatered sand filter pack. Losses may reach 70 percent for recovery periods of one
hour. When the sand ﬁlter pack is drained by the purging procedure, the sample should not be analyzed for volatile
constituents since volatilization biases are likely to be substantial.

Conventional open system monitoring wells should be used to collect volatile organic samples only if fresh
formation water can be drawn into the well with minimal turbulence and exposure to the atmosphere. One should
therefore avoid drawing the water level down into the sand pack when the well is purged. Specialized sampling methods

should be developed and evaluated for volatile organics where sample integrity is critical.

Introduction

Contamination of ground water resources is an
increasingly important concern from the viewpoint of
water supply and public health. In geochemical investi-
Jations, care must be taken to ensure that sample collec-
tion methods do not excessively bias the chemical com-
position of the sample. This paper discusses volatilization
biases that may affect a ground water sample during its
residence in the monitoring well in low permeability
materials prior to sample collection.

Organic compounds are being analyzed more fre-
quently in geochemical investigations because of their
increasing occurrence in ground water and their threat to
public health. Volatile organics partition into the vapor
phase whenever they are exposed to the open atmosphere
or headspace. In a monitoring well, any exposure of the
sample 1o headspace or to the open atmosphere has the
potential to bias the sample chemistry. Volatilization
biases can have significance if the losses result in an
analysis that shows that an organic contaminant is not
present or is present below a specified concentration
criterion { Revnolds 1985).

Background
1 - ~§

umm g et al. (1979 studied the c»aporauun raies ol

several chlorinated hydrocarbons in continuously stirred,
open contairers. The compounds studied evaporated to
the extent of 50 percent in less than 30 minutes. They
concluded that 1.0 mg/ L concentrations of low-molecu-
lar-weight, chlorinated hydrocarbons would not persist
in agitated natural water bodies due to evaporation.
Lyman et al. (1982) estimated environmental half lives
between three and five hours for chlorinated one-and
two- carbon compounds. They noted that the volatiliza-
tion process depends on turbulence and duration of
exposure to the gas phase. Many organics evaporate so
quickly that any exposure to headspace must be consi-
dered a threat to the sample integrity until proven
otherwise.

The standard monitoring well referred to in this paper
consists of a 2-inch (Scm) diameter casing installed in a
7-inch (17.5cm) diameter hollow-stem auger hole. The
bottom segment of the casing is slotted to allow water
influx, and the borehole annulus in the slotted interval is
filled with clean, coarse sand to keep fine-grained soil
particles out of the well. The interval above the screen s
sealed with swelling clay (bentonite) or similar material
to hvdraulically isolate the well screen from Lk?amainder
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of the borehole. The top of the well is open to the
atmosphere to allow the formation water to nise in the
casing to the piezometric surface (Figure I).

Many authors, including Scalf et al. (1981), recom-
mend that the standing water in a monitoring well be
purged or flushed before the well is sampled. This induces
the influx of fresh formation water into the well. Provided
that suitable flushing methods are used, removal of two
to three well volumes is sufficient to reach background
conditions (Gillham et al. 1985). In materials of low
hydraulic conductivity, the flow of ground water into a
well is slow. Either the well and sand pack will be drained
by purging or the well will only be drained to some level
above the sand pack. If the sand pack is drained, the
formation water will flow into the well by cascading
through the headspace in the dewatered sand filter pack
and some volatilization can be expected to affect the
ground water even before a sample can be collected. This
study was designed to determine the effects of such vola-
tilization on the integrity of ground water samples.

Experimental Methods and Results

Contaminated ground water was simulated by mixing
Trichloromethane (TCM), Trichloroethylene (TCE),
1,1,1-Trichloroethane (TCA) and Tetrachloroethylene
(PER)indistilled and charcoal-deactivated (organic-{ree)
water. These are among the most common ground water
contaminants according to Westrick et al. (1984). Except
where otherwise stated, the initial concentrations were
about 500 +g/L for each test, a level chosen for ease of
analysis. The typical ground water is not so chemically
sterile but the stock solution is nonetheless expected to
model real ground water {airly well. As Mackay (1983)
noted, no interactions occur when solutes volatilize
simultaneously.

All of the chemical analyses were performed by gas
chromatography on the HP 5840A GC with a 10-foot
long, 0.125-inch outside diameter column with a station-
ary phase of 3 percent SP1500 on a Carbopack B packing.
The samples were analyzed by direct aqueous injection of
3+L. An external standard was used and the relative
concentrations were determined by comparison of the
peak areas integrated by the HP 5840A GC terminal. A
flame ionization detector was used with a carrier gas of
5 percent methane and 95 percent argon. The column
temperature was 185 C with a carrier gas flow rate of 30
mL per minute. A series of four to six replicates of the
chromatographic analysis were performed on both the
standards and the samples 1n order to provide statistically
significant data. -

. The analytical variability was generally in the 5 per-
cent to 10 percent range, expressed by the coefficient of
variation (standard deviation divided by the mean). TCM
showed the greatest analytical variability, averaging
7 percent, while PER showed the least vanability. aver-
aging 3 percent. h

Volatilization from a Standing Column

An experiment was conducted to determine whether
the water sianding in a piezometeris likelv to lose signifi-

.~
P T R A

GROUND SURFACE

T

/«\//Q//Q// /| s PET TR £ AR FraN
~——— CONCRETE OR
2 CEMENT
% L
AV
g%
v T WELL PIPE {2"dig )
Rd
A V]
%
HOLLOW STEM 4 AUGER
AUGER HOLE (7"dia.) L] BACKF!LCLUERTING
V8% BENTONITE SLURRY
1 V1
. AN V]
STRATIGRAPHIC CONTACT ~——— BENTONITE SEAL
1-2’ SAND OR GRAVEL
l PACK {FILTER)

\wsu_ SCREEN (2" gia.}

Figure 1. A conventional ground water monitoring piezometer

water stagnant in the piczometer pipe was modeled by a
standing column made {rom a section of glass pipe, 4 feet
(1.22m) long and 2 inches (Scm) in diameter. Glass was
used to minimize adscrption. Sample ports were em-
placed at various depths by fusing small screw-cap vials
onto the side of the glass pipe. The sample ports were
fitted with Teflon®-lined septa and plastic screw caps to
enable sampling by microliter syringe with immediate
analysis. The only exposure of the simulated ground
water 1o the atmosphere during this test was at the
surface area at the top of the water column. There were
no bubbles in the system acting as a headspace sink.
Before the experiment, the glass pipe was cleaned
using Extran (BDH Chemicals). nitric acid and organic-
free water. The pipe was then filled using a Teflon tremie
tube with the contaminant spike solution at about 500
+g/L concentrations that were allowed to volatilize for
one month, The water in the column was tranguil with a
calm surface. The ambient temperature was about 20 C,
though Lyman et al. (1982) noted that volatilization is

relatively temperature insensitive.
Samples were collected daily for 10 days and again

after 32 days. All of the sampling ports were used inter—
mittently during the experiment in order to determine the
distribution of the volatile organics with depth. Calibra-
tion standards were prepared by volumetric dilution to
match the initial concentration in the standing column
and fresh standards were prepared every second day even
though they did not change concentration by more than
10 percent aver several days.

The standing column volaulization test showed first-
order exponential decay of aqueous concentrations with
approximately the same rate for all four of the com-
pounds studied. These observations can be explained by
reference to Lymanet al (1982) and the iwo-laver theory
of volaulizauon. Where the Henrv's law constant (H) is
greater than 0.001 atm*m’ mol and the aimospheric
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coefficient is independent of the value of  nd the
volatilization proceeds by first-order decay. Dutfusion in
the liquid phase was apparently fast enough so that no
significant concentration gradients developed in the
column, which is consistent with Lyman’s model. Fig-
ure 2 shows the depth-integrated average data graphically
in 2 semilog plot. The slope is constant and equal to the
first-order decay coefficient, k, as shown in Equation 1.

first-order decay:
N=XI*C )
where:

"N = flux (g/cm?*s)
¥l = liquid-phase exchange coefficient (cm/s)
C = concentration in solution

which, for the initial condition C=Co integrates to: -
() = Co*ek %)

where:

]

C(t) = concentration in solution as a function of time
Co = initial concentration in salution

¢ exponential log function

k = first-order decay cocfficient {inverse time)

t = Time (in consistent units)

1]

For the 2-inch (5¢cm) diameter standing column vola-
uilization test, the first-crder decay coefficient was:

k ~-1.27*10~ min!
k ~0.18 day~!

The results of the standing column volatilization test
show that losses will reach 10 percent within about
12 hours and 99 percent in about one month (a common
monitoring interval). The standing water in the well
should therefore be thoroughly purged prior to sampling
since it will not be representative of the in situ ground
water chemistry. In the context of a sampling event, it
may be acceptable for moderately low permeabiiity
materials to return for sampling of volatile organics sev-
eral hours after purging a well, providing the calm surface
of the water in the casing was the only exposure of the
sample to headspace.

Volatilization During Recovery of Wells
Drained by Evacuation

A second series of experiments, termed recovery tests,
was conducted to quantify the mass losses resuliing from
volatilization during ground water flow into a drained
- well. The laboratory apparatus shown in Figure 3 was
designed to model the screened interval of the well. All
matenals were selected to minimize adsorption. A 7-inchr
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Figure 2. Volatilization from a standing water column

intake manifold inside the glass cylinder. The intake
manifold was made of 316 inch Teflon tube, perforated
every %4 inchto allow uniform inflow around the perime-
ter of the model borehole.

All of the apparatus was cleaned before each test to
remove traces of the organics using Extran, nitric acid
and organic-free water. The filter sand was baked drv to
drive off traces of organics.

A contaminated solution was prepared by volumetric
dilution of the stock solution in organic-free water in the
Teflon bag reservoir. After one hour of equilibration, the
solution was allowed to flow into the well. Halfway
through the recovery period, the reservoir standard was
sampled by laminar flow into a vial with a Teflon septa
for analysis. After complete refilling or recovery, the well
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was sampled by siphoning through a Teflon tube. The
first 10 mL of the sample were discarded because it was
exposed to negative pressures during siphoning. The rest
of the sample was drawn into an evacuated Teflon bag in
aclosed system to minimize volatilization. A vial sample
was collected from the Teflon bag using the same method
as for the standard. The sampling losses were subse-
quently measured in a sampling contro test.

A total of seven recovery tests were performed to
determine the effect of the inital concentration and the
recovery duration on the rate of volatilization. Five tests
were performed at the 500 +g/L level. The recovery
durations were 4, 6, 30, 30, and 64 minutes. Two tests
were performed at the 50 +g/ L level, both for 70 minutes
duration.

Experimental Controls

Experimental control tests were conducted to isolate
each process contributing to the loss of volatiles in the
recovery tests. To model the in situ well accurately, the
raw recovery test data were corrected for biases that were
relicts of the laboratory procedure. The principal pro-
cesses examined were adsorption and volatilization: deg-
radation was not considered important because of the
short duration of the tests,

A batch test was conducted to estimate the degree of
adsorption of each compound onto the sand filter pack
adjacent to the well screen. The batch test was designed
to match the recovery test as closely as possible in terms
of the ratio of the volume of solution to the surface area
of the solids. The test was conducted by filling two
150 mL vials with the 500 +g/L solution, adding clean
sand to one of these vials and sealing both with Teflon-
lined septa. Subsequent analvsis of the solutions by
chromatography showed that adsorption was 4 percent
for TCM, 5 percent for TCA, 6 percent for TCE and 8
percent for PER. over 70 minutes. Similar relative losses
were assumed to occur during the recovery tests. A con-
servative estimate of the volatilization losses was then
calculated by subtracting the sorptive losses from the
gross mass loss data.

A second batch test was conducted to correct the
recovery test data for the losses resuliing from adsorption
onto the tubing (FEP Teflon) and the well casing (TFE
Teflon). Although Teflon is extremely non-reactive,
Reynolds (1985) found that some chemicals (particularly
PER) will adsorb significantly onto the surface. The
manufacturers reported no difference in the reactivities
of the two types of Teflon, so the batch test results were
assumed to provide similar adsorptive losses for both
cases. Adsorption onto the Teflon tubing ranged from
-3 percent to +9 percent over 70 minutes. The negative
value probably represents analytical variability since the
tubing was cleaned thoroughlv before testing and is not
expected to have leached anyv chemicals. The adsorptive
losses for TCM, TCE and TCA were smaller than their
respective analvtical variabilites so their adsorption onto
the Teflon tuhing was neglected. PER was more strongly
sorbed. so the recovery test data were corrected for its
adsorption onto the Teflon by subtracung 9 percent from

o

the gross recovery tes. losses.

A third test was performed to measure the loss of
volatiles during sampling of the laboratory well. This test
used all the same materials and procedures as the sam-
pling of a standard recovery test, with the exception that
the recovery process was omitted and the sampie was
taken directly from the Teflon bag reservoir. The results
showed negative biases in the range of 10 percent to 14
percent. The sampling procedure was the least repeatable
part of the recovery tests so the sampling control test
results cannot be applied uniformly to each recovery test.
The major source of variability was the amount of
headspace to which the sample was exposed. The sample
was collected in an evacuated Teflon bag but it was not
possible to completely prevent air from entering the bag.
Estimates of the volume of the air bubble were used to
calculate the sampling losses using the equilibrium
headspace equations of Pankow (1985) as shown below.

|
C/Co = |- )
/Co (H/RT * Vg/Vs) +1
where:
C/Co = Relative concentration (dimensionless)
H = Henry’s law constant (atm*m?/ mol)
R = ldeal gas constant (L*atm/ mol*K)
T = Temperature (K)

Vg
Vs

Volume of headspace (mL)
Volume of solution {mL)

1

Pankow’s headspace equation assumes equilibriur
conditions so the sample was mixed mechanically t.
expedite equilibrium before the aliquot was drawn. The
sampling losses ranged from 0 percent to 5 percent for
TCM, 0 percent to 1] percent for TCE, 4 percent to 30
percent for TCA, and 9 percent to 27 percent for PER.

Two recovery tests were performed with presoaked
conditions to determine whether the field conditions can
be accurately modeled by recovery into a dry-well. The
laboratory recovery tests were performed using a pie-
zometer that was initially completely dry, but this is no
strictly the case in wells in the field, because surfact
tension will always hold some residual water saturation
after drainage. The procedure for the presoaked recovery
tests was the same as for the dry recovery tests except that
the contaminated solution was first poured slowly into
the mode!] well, allowed to equilibrate for about one hour
and then withdrawn into the Teflon reservoir bag. The
solution was then allowed to refill as usual. After being
corrected for the dilution by the residual water, the losses
are consistent with the other recovery tests so the labora-
tory method 1s presumed to be vaiid,

After conducting the control tests, the net volatiliza-
tion losses during recovery were calculated by subtracting
both the best estimates of the adsorptive losses, based on
the sand and Teflon batch tests and the results of Revnolds
(1985). and the sampling losses, as previously described.
The estimates have been made conservatively so that the
corrected recovery test data show minimum values of the
expected volatilization Josses. The results of the recoven
tests are shown in Figure 4. e
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Significant volatilization | ~ s can occur during
zcovery if the piezometer tip is drained before sampling.
The net losses ranged from 2 percent to 68 percent for
recovery periods of five to 70 minutes. The corrections
from the control tests ranged from about 5 percent to
20 percent, depending on the compound, but were
generally less than half the magnitude of the net volatili-
zation losses. The spread in the net loss data is most likely
caused by both the analytical variability and vanations in
the amount of turbulence and exposed surface area dur-
ing recovery. This was uncontrollable in the laboratory
«nd will undoubtedly have a similarly variable effect on
tield monitoring data. The magnitudes of volatilization
losses were ordered in the same sequence as predicted by
Lyman et al. (1982), which supports the results of the
recovery tests.

Conclusions and Recommendations

Volatilization losses from the standing water in a
two-inch (Scm) diameter well casing can affect the con-
centration of dissolved organics in the monitoring well.

‘or compounds with Henry's law constants greater than
0.001 atm*m?3/ mol, the losses follow a first-order decay
where the decay constant is about 0.18 inverse days.
Diffusion of low molecular weight organics in the liquid
phase Is rapid enough that the effect of volatlization
losses will spread throughout the well.

If a monitoring well is drained completely during the
purging process, the formation water will encounter
exposure to the atmosphere as it cascades through the
~eadspace in the sand filter pack during recovery. This
aay cause 10 percent losses of highly volatile compounds
in as little as five minutes and losses of up to 70 percent in
about one hour. Accurate modeling of the volatilization
losses for different recovery duratiens is not practical
because of unpredictable hydrodvnamics of the recovery
event, but it is important to be aware that they are very
likely to occur.

Sampling methods, particularly well flushing or
purging, can affect the concentrations of volatile organic
«ontaminants in ground water samples. Protocols should
-void draining the well and any unnecessary exposure of
the sample to the atmosphere, especially when combined
with turbulence. A new sampling method should be
developed if this objective cannot be-met with current
methods, especially for sampling of low permeability
materials.
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The Use of a Standpipe to Evaluate Ground
Water Samplers

by Doreen Y. Tai, Kenneth S. Turner, and Lisa A. Garcia

Abstract

A standpipe system was developed for testing the reliability of ground water samplers. The unit consists of a
stainless steel pipe 5 inches (13 centimeters) in diameter and 100 feet (30.5 meters) in height. It has 14 sampling
ports from which control samples can be withdrawn at the same time and position as the samples are collected by
a sampler lowered to that position. Test solutions were made in two mixing tanks, totaling 260 gallons (980 liters),
by diluting the concentrate of five volatile chlorohydrocarbons in water at two levels of concentration: 10-to-30 and

100-t0-200 parts per billion (micrograms per liter).

A gas chromatograph interfaced with a purge-and-trap system was used to perform the analyses. Comparisons
of the control samples with the sampler-collected samples have indicated that the three non-pumping samplers had
recoveries in the range of 92.4 to 103.5 percent and the three pumping samplers had recoveries ranging from 97.7

to 101.5 percent.

Introduction

Many kinds of sampling devices are available for
collecting ground water samples for the determination
of volatile organic compounds (VOCs) (Pohlmann and
Hess 1988). A frequent concern has been the ability of
these devices to obtain samples representative of the
actual in situ ground water quality with good precision.
This concern is especially important when samples are
taken from ground water monitoring wells because no
means are available to obtain information on the actual
in situ concentration. Many investigations of the perfor-
mance of sampling devices have been based on the preci-
sion of sampling in existing wells (Imbrigiotta et al. 1988,
Nielsen and Yeates 1985, Pearsall and Eckhardt 1987).
Barker and Dickhout 1988, have reported on the evalua-
tion of several samplers for gas-charged ground water.
The use of a standpipe has been previously reported by
Barcelona et al. (1984) and Schalla et al. (1988).

This paper describes a standpipe system that was
developed for testing the ability of samplers to deliver
representative ground water samples. The standpipe has
sampiing ports trom which sampiles can be withdrawn
at the same ume and at the same position as those
collected by the sampler. Comparison of the results of
analyses for the control samples and the collected sam-
ples makes possible the evaluation of not only the preci-
sion through repetitive sampling, but also the accuracy
asindicated by the percent recovery values of the sample
collection.

Standpipe

The standpipe svstem (Figure 1) consists of three
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parts: the standpipe. the fill-drain line. and the mixing
tanks. All the materials in contact with the test solution
in this system are stainless steel. A description of these
parts follows:

The standpipe is a stainless steel pipe (316, Sched-
ule 10), 5 inches (13cm) in diameter and 100 feet
(30.5m) in height, installed verticaily inside a six-story
building. The standpipe consists of five 20-foot (6m)
sections with flange-bolt connections. Along the length
of the pipe are 14 sampling ports for collecting control
samples at various water depths. Each sampling port
consists of a 1/4-inch (6mm) needle valve with a piece
of right-angie tubing attached to the end for draining
the water sample into a vial. A stilling well is attached
to the standpipe at 30 inches (75cm) from the top. A
floating valve is installed inside the well and connected
by a tee to the fill-drain line for controlling the water
level in the standpipe.

The fill-drain line, a 1-inch (2.5cm) diameter stain-
less steel pipe, is installed alongside the standpipe. The
bottom end is connected by a tee to the drain valve on
the bottom of the standpipe. The top end is connected
by a tee to the mixing tanks and stilling-well floating
valve at the sixth-floor level.

The mixing tanks are two stainless steel tanks with
a total capacity of 260 gallons (980L). Each tank is
equipped with a variable speed mixer, a floating top.
and a cover. The tanks are connected to each other by
a l-inch (2.5cm) line. The floating top is made of a thin
sheet of stainless steel with a 2-inch (5.0cm) lip welded
around the outer rim of the sheet. This top, which floats
on the surface of the test solution, eliminates the head-
space and prevents the loss of volatile organics. The top
has a 4-inch (10cm) diameter opening for introducing
stock solution into or collecting water samples from the
tank. This opening is covered with a piece of aluminum
foil.

Samplers

Three non-pumping samplers and three pumping
samplers were evaluated in this study. These samplers
represented several major types of sampling devices.

Non-Pumping Samplers:

o Teflon® bailer — double check valve, point-source
sampler. length 14 inches (35cm), with controlled-
flow bottom-emptying device. manufactured by Nor-
ton Inc.. Waynce, New Jersey

® Manuai-driven piston sampler — U.S. Geological
Survey prototype sampler (Ficken 1988)

¢ Motor-driven piston sampler — U.S. Geological Su. -
vey prototype sampler (Ficken 1988).

Pumping Samplers:

® Submersible pump — stainless steel helical rotor sub-
mersible Keck pump Model SP-81 with stainless steel
rotor and Viton stator, manufactured by Keck Geo-
physical Instruments Inc.. Williamston, Michigan

® Peristaltic pump — Cole Parmer MasterFlex variable
speed pump, marketed by Cole-Parmer Instrument
Co.. Chicago, Illinois
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® Bladder pump — ISCO series 3600, manufactured by
ISCO Inc., Lincoln, Nebraska.

Test Solutions

The five volatile organic chemicals selected for this
study were methylene chloride (MCL), 1,1-dichloroe-
thene (1.1-DCE). 1,2-dichloroethane (1.2-DCA), trans-
1,2-dichloroethene (t-1.2-DCE) and 1.1,1-trichloroe-
thane (1.1.1-TCA). These are among the chemicals most
frequently detected in ground water (Plumb 1987). A
30-fold concentrate stock solution of these compounds
was prepared in the laboratory one day before an experi-
ment. Aliquots of each desired chemical solution were
injected into a 13L carboy containing natural-quality
ground water. The artesian well from which the ground
water was taken was 1500 feet deep; the ground water
was analyzed by gas chromatography and found to be
free of the five compounds.

The solution with the five compounds was poured
through the opening of the floating top into the mixing
tank containing dilution water. The solution was further
stirred for one hour by a2 mixer (300 rpm) before being
released to the standpipe. Concentrations of the stock
solutions were such that two concentration levels were
produced in the mixing tank, depending upon how the
stock solution was made. The low concentration level
was in the range of 10 to 30 micrograms per liter
(ng/L) and the high concentration level was in the range
of 100 to 200 pg/L of each compound.

Analytical Method
A gas chromatograph (GC), Hewlett Packard Model

5890 with a flame ionization detector interfaced with a.

Tekmar LSC-2 (liquid sample concentrator) purge-and-
trap system. was used for the analyses of water samples.
The GC column was a coiled stainless steel tubing,
6 feet (1.8m) long and '& inch (3mm) in diameter,
packed with SP-1000 on Supelcoport. Temperature pro-
gramming from 60 C to 100 C (140 F to 212 F) at a rate
of 5 C (9 F) per minute was used. Helium was used as
the carrier gas, at a flow rate of 30 mL/min (0.008 gal/
min). The analytical methodology was essentially based
upon Environmental Protection Agency Method #601
(U.S. Environmental Protection Agency 1984).

Water samples of 5 to 10mL were used for the anal-
yses. Samples were collected in 40mL vials sealed with
Teflon-faced septa and plastic screw caps. Samples were
stored in a refrigerator at a temperature of 5 C (41 F)
until analysis, which usually was completed within one
week.

Precision and recovery of the purge-and-trap system
were determined. The recoveries ranged from 83 to 89
percent for the five compounds. Precision was deter-
mined from a set of 20 samples collected from sampling
port No. 2 (depth 28m [92 feet]) and stored in a refrig-
erator. Duplicate analyses (two vials) were conducted
daily for 10 days. The percent relative standard devia-
tions of all 20 samples ranged from 0.38 to 1.06 percent
for the five compounds. These results also indicated that
the samples could be stored for 10 days with no apparent
changes in concentrations.
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Tests and Discussions

Standpipe System Test

The standpipe system was tested for two factors: (1)
the uniformity with depth of the chemical concentration
in the standpipe, tecause there was no mixing mecha-
nism in the standpipe, and (2) the stability with time of
the chemicals in the standpipe and the mixing tanks.

The standpipe was filled with well-mixed test solu-
tion by gravity flow from the mixing tanks through the
fill-drain line to the bottom of the standpipe. The float
valve automatically shut off when the test solution
reached the set level in the upper part of the standpipe.
Filling the standpipe took about 15 to 18 minutes. About
30 minutes was allowed for the solution to reach equilib-
rium in the standpipe. Samples were then collected at
12 water depths through the appropriate sampling ports.
The first 20mL of the solution was discarded: then the
samples were collected in 40mL glass vials with Teflon-

faced septa and plastic screw caps. Samples were col- .
lected with care so that no air bubbles were allowed in
the vials. Four sets of samples were collected at one,
three. five, and 24 hours after the 30-minute equilibrium
period. The samples were refrigerated until analysis.
Table 1 presents the detailed results at various depths
of one set and Table 2 gives a summary of all four sets.

The concentration of methylene chloride. trans-1.2-
dichloroethene and 1.2-dichloroethane were quite uni-
form. However, 1,1-dichloroethene and 1.1,1-trichloroe-
thane showed a slight decrease in concentration with
decreasing depth. This means that it is important to take
the control samples at the same position and time with
the sampler. As shown in Table 2, the percent relative
standard deviations ranged from 0.33 to 2.48 for the five
compounds. The results indicated that the standpipe
system was enclosed well with no obvious decrease in
chemical concentration in 24 hours.

Twelve of the 14 sample ports were used for sampling

TABLE 1
Vertical Distribution of the Compounds in the Standpipe 1 Hour After Equilibrium
MCL 1.1-DCE t-1,2-DCE 12-DCA L11-TCA
Water Depth (ft) (ug/L) (ng/L) (ug/L) (ng/L) (ng/L)
97 1327 172.9 165.5 135.0 2108
92 1325 174.8 165.8 135.7 2083
87 131.1 170.6 163.8 133.9 208.3
72 131.7 171.1 163.8 135.5 2053
68 129.1 164.7 160.5 132.7 202.5
59 131.2 165.4 161.8 135.3 202.4
54 1325 164.9 163.3 135.8 204.5
49 131.2 161.9 161.1 135.3 201.9
35 128.6 157.2 157.0 1334 193.8
31 130.9 158.5 160.2 134.8 198.8
17.5 129.1 149.7 155.6 133.9 189.4
13 129.1 147.6 154.4 134.0 187.0
Mean 130.8 163.3 161.1 134.6 201.01
S 1.48 8.74 3.75 1.00 7.54
% RSD 1.13 5.35 2.33 0.74 3.75
S = Standard deviation.
% RSD = Percent relative standard deviation.
TABLE 2
Stability of the Compounds in the Standpipe

Time MCL 1,1-DCE t-12-DCE 1,2-DCA 1,1,1.-TCA
(Hour) (ng/L) (ng/L) (ug/L) (ng/L) (ng/L)

i 130.8 163.3 161.1 134.6 2011

3 130.8 163.6 160.2 134.4 200.2

S 1317 154.1 158.4 136.2 190.8
24 130.9 163.4 161.1 134.7 200.5
Mean 131.1 161.1 160.2 135.0 1982
S 0.44 4.7 1.3 0.83 491
% RSD 0.33 29 0.8 0.61 248

* Values are means from 12 sampling ports.
S = Standard deviation.
% RSD = Percent relative standard deviation.
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and the other two ports (ports Nos. 4 and 7, respective
depths at 25 and 19.5m [82 and 64 feet]) were used to
monitor the pH and conductivity of the test solution in
the standpipe. The pH and conductivity were stable at
a pH of about 8.5 and a conductivity of about 400 micro-
siemens per centimeter (pS/cm).

The stability of the chemical concentrations in the
mixing tanks was also tested. Both tanks were filled
with water and then the concentrated chemical solutions
were added. The tanks were covered, and the solutions
were mixed at a mixer speed of 300 rpm for about one
hour. Samples were collected in 40mL glass vials by
siphoning with a stainless steel siphon tube from about
mid-depth of the tank through the opening of the float-
ing top. After mixing, samples were collected at zero,
one, three, and 22 hours. The analytical results of the
mixing tank samples are presented in Table 3. The per-
cent relative standard deviation ranged from 0.31 to 1.54
percent, indicating that the chemicals were stable over
a 22-hour period in the tanks. The floating cover and
the tank cover were apparently sufficient to prevent the
escape of these volatile organic compounds from the
water.

This well-enclosed system allowed enough time to
conduct the sampler test without having to consider the
possible loss of organic concentration during the test
period. The results established that a competent test for
the sampling devices could be performed with this sys-
tem.

Non-Pumping Sampler Test

Each of the non-pumping samplers was lowered with
a Teflon-coated cord into the standpipe to the desired

position. Samples were taken with the sampler. and at
the same time and same position. a control sample was
collected through the sampling port with a 40mL glass
vial. For each sampler. sa: 1ples were collected at depths
of 5.3, 16.5 and 28m (17.5. 54, and 92 feet). The sampler
was lowered five times to the same position to take five
replicate samples. Two concentration levels were used
for these tests.

Concentrations of the five compounds with five rep-
licate samplings showed percent relative standard devia-
tion ranging from 1.42 to 3.38 percent for the bailer,
0.43 to 2.07 percent for the manual-driven sampler, and
0.74 to 1.70 percent for the motor-driven sampler. The
precisions of the five replicate samplings were con-
sidered adequate: therefore, a mean value of each set
of five replicates was used as the value for the evaluation
of the samplers. Table 4 is an example of the detailed
results for the low concentration test at three depths
for the three non-pumping samplers.

The performance of each sampler was evaluated by
percent recovery values, which are calculated using the
following formula:

Concentration (pg/L) using Sampler
Percent Recovery = %1

Concentration (pg/L) of Control

The percent recovery values of the low concentration
are listed in Table 4. The overall averages (X) of percent
recovery values for five compounds are also listed in
Table 4. The average of percent recovery values for two
levels of concentrations and at three depths for the three
non-pumping samplers are listed in Table 5. A set of

samples was not collected with the manual-driven piston

TABLE 3
Stability of the Compounds in the Mixing Tanks
Tank A
Time MCL 1,1-DCE t-1.2-DCE 1.2-DCA i,1,i-TCA
Hour (ng/L) (ug/L) (ng/L) (ng/L) (ng/L)
0 132.8 185.8 1723 138.1 218.9
1 133.8 184.8 173.8 138.6 2233
3 1339 184.8 1737 139.8 2237
22 133.1 184.5 173.4 138.6 222.5
Mean 1334 185.0 173.3 138.8 222.1
S 0.54 0.57 0.69 0.72 0.99
% RSD 0.37 0.31 0.40 0.52 0.99
Tank B

Time MCL 1,1-DCE t-1,2-DCE 1.2-DCA L11-TCA
Hour (ng/l) (ng/l) (ug/l) (ng/l) (ng/L)
0 133.4 170.2 165.3 134.7 208.9
1 134.0 172.9 166.1 135.0 208.0
3 1345 172.5 166.6 136.4 208.5
22 131.7 167.1 162.8 133.8 205.8
Mean 133.4 170.7 165.2 135.2 207.8
S 1.22 2.64 1.69 1.20 1.38
% RSD 0.92 1.54 1.02 0.88 0.67

S = Standard deviation.
% RSD = Percent relative standard deviation.
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TABLE 4
Evaluation of Non-Pumping Samplers, Low Concentration Study, pg/L*

Recovery  Manual Recovery Motor Recovery

Compound Bailer Control % Driven Control % Driven Control %

Water Depth 17.5 Feet
MCL 10.6 11.9 89.1 10.9 10.9 100.0 10.5 11.5 91.3
1.1.DCE 183 19.3 94.8 19.8 19.4 102.1 17.8 19.2 927
t-12-DCE 19.0 19.6 96.9 203 19.8 102.5 18.7 19.7 94.9
1.2-DCA 12.3 133 92.5 13.6 12.9 105.4 14.6 13.2 110.6
1.1.1-TCA 239 24.8 96.4 251 24.9 100.8 23.9 24.6 97.2
X 93.9 1022 97.4

Water Depth 54 Feet
MCL 10.6 11.8 89.8 11.6 12.0 96.7 11.2 11.8 94.9
1,1-DCE 19.5 21.2 92.0 222 21.3 104.2 20.5 211 97.2
t-1.2-DCE 19.8 21.3 93.0 220 211 104.3 20.5 21.0 97.6
1.2-DCA 12.8 13.7 94.1 14.1 13.4 105.2 15.0 13.4 111.9
1.1.1.-TCA 25.1 27.0 93.0 27. 27. 102.2 259 26.6 97.4
X 924 102.5 99.8

Water Depth 92 Feet
MCL 10.6 11.2 94.6 11.7 11.2 104.5 11.4 11.3 100.9
1.1-DCE 203 224 90.6 22.6 224 100.9 220 22.4 98.2
t-12.-DCE 203 215 94.4 22.0 21.6 101.8 217 217 100.0
1.2-DCA 13.1 13.3 94.9 14.1 13.5 104.4 14.4 13.6 105.9
1.1,I.-TCA 258 27.6 - 935 279 279 100.0 27.6 27.8 99.3
X 92.7 102.3 100.9

* Each value is the average of the five replicate samples in terms of mg/L.

X = average percent recovery of five compounds.

TABLE 5
Percent Recoveries of Non-Pumping Samplers

Low Concentration (10 to 30 pg/L)

Water Depth 17.5 Ft

Water Depth 54 Ft Water Depth 92 Ft

Sample Recovery % Recovery % Recovery %
Control 100.0 100.0 100.0
Bailer 93.9 92.4 92.7
Manual-Driven Piston 102.2 102.5 102.3
Motor-Driven Piston 97.4 99.8 100.9
High Concentration (100 to 200 pg/L)
Control 100.0 100.0 100.0
Bailer 96.3 939 91.4
Manual-Diiven Piston — 101.1 103.5
Motor-Driven Piston 96.8 98.4 100.7

sampler at high concentrations due to the lack of supply
of sampler cylinders at the time of collection. This value
is, therefore, missing in Table 5.

As shown in Table 5. the bailer consistently gave
lower concentrations than the control for all five com-
pounds. with percent recoveries ranging from 92.4 to
93.9 percent. Samples collected by the bailer also
showed more variation for the five replicate sample

analvses. During the sample transfer from the bailer to
the sample vials. a flow-controlled bottom-emptying
device was used. However, air bubbles introduced into
the bailer during insertion of the bottom-emptying
device may have caused degassing of the volatiles. This
and the operator’s technique may have contributed to
the lower concentrations and poorer precision. These
present observations agree with the results reported by
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Pearsall and Eckhardt (1987) and Sonntag (1987).
The manual-driven piston sampler gave slightly
higher sample concentrations than the control (101.1 to
103.5 percent recovery). This sampler had an attached
stainless steel sample cylinder that could easily be sealed
and detached. A water sample was kept in the cylinder
and refrigerated until analysis. The water sample couid
be transferred into a syringe through a septum by a
screw press device. The sample could be injected into

the GC with a syringe without going through the glass
sample vial. This operation saves one step of sample
transferring; thus, there was less chance of losing the
volatiles. The water sample in the cylinder was also
under water-column pressure. This may have caused a
slightly higher concentration than the concentration
determined in the control samples.

When the motor-driven piston sampler was used,

the water sample was transferred by a pressure device

TABLE 6
Evaluation of Pumping Samplers, High Concentration Study, ug/L*
Submersible Recovery Peristaitic Recovery  Bladder Recovery
Compound Pump Control % Pump Control % Pump Control %
Water Depth 17.5 Feet
MCL 104.4 103.9 100.5 103.8 103.6 100.2 105.0 103.6 101.4
1.1.-DCE 109.6 1114 98.4 108.9 1135 96.0 113.3 111.7 101.3
t-1.2,-DCE 1237 124.2 99.6 123.1 124.7 98.7 125.7 124.8 100.7
1.2-DCA 107.6 107.1 100.5 106.8 106.6 100.2 108.0 106.6 101.3
1.11-TCA 141.6 142.0 99.7 140.3 142.8 98.3 145.6 - 141.8 102.7
X 99.7 98.7 1015
Water Depth 54 Feet
MCL 107.2 107.3 99.9 107.1 107.6 99.5 108.0 107.3 100.7
1,1-DCE 126.3 130.8 96.5 129.5 132.7 97.6 i33.0 132.7 100.2
t-1,2-DCE 133.0 135.4 98.2 133.6 136.2 98.1 136.4 136.4 100.0
12-DCA 108.5 108.5 100.0 109.0 109.0 100.0 108.8 108.4 100.4
1L.1,1-TCA 157.8 160.9 98.1 158.0 162.1 97.5 163.9 161.7 101.4
X 98.5 98.5 100.5
Water Depth 92 Feet
MCL 108.3 107.7 100.3 107.7 106.7 100.0 107.4 106.7 100.7
1,1-DCE 137.8 138.6 99.4 135.7 137.2 98.9 135.0 137.1 98.5
t-12-DCE 138.8 138.6 100.1 137.3 137.1 100.2 136.7 137.9 99.1
1.2.DCA 109.7 109.1 100.6 108. 108.3 100.6 108.6 108.3 100.3
1.LI-TCA 166.0 165.2 100.2 163.6 163.1 100.3 165.4 164.0
X 100.1 100.0 99.9

* Each value is the average of the five replicate samples.
X = average percent recovery for five compounds.

TABLE 7
Percent Recoveries of Pumping Samplers

Low Concentration (10 to 30 ug/L)

Water Depth 17.5 Ft

Water Depth 54 Ft Water Depth 92 Ft

Sampler Recovery % Recovery % Recovery %
Control 100.0 100.0 100.0
Submersible pump 97.8 99.5 100.1
Peristaltic pump 97.7 98.7 979
High Concentration (100 to 200 pg/L)
Control 100.0 100.0 100.0
Submersible pump 99.7 98.5 100.1
Peristaltic pump 98.7 98.5 100.0
Bladder pump 101.5 100.5 99.9
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into a gas-tight, minivalved syringe through a septum
on the sampler. The syringe, which contained the water
sample. was refrigerated until analysis. This sampling
method also saved one step of sample handling.
However, the dead volume in the needle could have
introduced air bubbles into the syringe, and the pressure
device could have failed to maintain a constant pressure
during sample transfer. These might have caused the
variations in the analytical results from the five replicate
samples; that is, they may have produced lower concen-
trations than the control and, consequently, lower
recoveries.

Pumping Sampler Test

Three pumping samplers were tested at depths of
5.3, 16.5, and 28m (17.5, 54, and 92 feet). Teflon tubing
was used for all pumping samplers to convey the water
samples to sample bottles. When the bladder and peri-
staltic pumps were used. a stainless steel sample head
(a weighted strainer), was attached to the end of the
Teflon tubing. The tubes with sample head or submers-
ible pump were lowered into the standpipe to the desired
position, and five replicate samples were taken at five-
minute intervals. The controlled samples were collected
at the corresponding times and positions. The concen-
trations in samples taken at three depths using three
pumping samplers are listed in Table 6. The percent

’ < nf twn caoncentratinn levele at three
recovery values of two concentration levels at three

depths for the three pumping samplers are listed in
Table 7.

The pumps gave good precision for the five repli-
cates. The average percent relative standard deviation
of the five compounds ranged from 0.43 to 0.82 for the
submersible pump, 0.07 to 0.74 for the peristaltic pump,
and 0.78 to 0.90 for the bladder pump. The pumping
sampler concentrations were very close to the control
sample concentrations. All pumping samplers gave good
recoveries. ranging from 97.7 to 101.5 percent.

The submersible pump produces a uniform continu-
ous flow without agitation. The pump used for this study
was at a fixed rate of about 3.79 liters per minute
(1 gallon per minute). This made it difficult to transfer
the sample into the sample vial. A variable flow control
would help in collecting samples with this pump.

The peristaltic pump cannot pump water samples
when the lift exceeds 24 feet (7.6m). In this study. the
standpipe was full of water, the lift was about 35 feet
(1.5m). and the peristaltic pump was able to pump water
from a depth of 28m (92 feet). It is interesting to note
that the peristaltic pump performed well under low-lift
conditions during this study. The percent recoveries
were close to those of the submersible pump.

The bladder pump can be operated at a high pump-
ing rate. which allows the user to quickly purge a well.
However, collecting a sample at a high flow rate with
a pulse delivery of water could cause volatilization of
organic compounds and introduce air bubbles in the
sample vial. One set of samples at the low concentration
level was lost due to this. For samples at the high concen-
tration level, it was necessary to use manual control and
low gas pressure to achieve an acceptable flow rate.

Summary and Conclusion

The design of the standpipe system described in this
paper has been indicated to be versatile and reliable for
testing and evaluating ground water samplers used to
collect sampies of volatile organic compounds. This sys-
tem can accommodate a variety of samplers and a vari-
ety of volatile organic compounds. Test results indicated
that the standpipe system was well enclosed with no
apparent decrease in control chemical concentration in
24 hours. The unique feature of this system is that a
control sample and a test sample can be obtained simui-
taneously. This arrangement enables a convenient and
direct comparison of sampling accuracy and reproduci-
bility, which produces reliable testing results.

Experiments were performed in testing non-pump-
ing and pumping samplers. For non-pumping samplers,
the bailer showed less precision and the lowest
recoveries, 91.4 t0 96.3 percent. The manual-driven pis-
ton sampler gave good precision and good recoveries
(101.1 to 103.5 percent). The higher recoveries may
result from the water-column pressure in the sample
cylinders. The motor-driven piston sampler showed
some variation in sampling due to sample storage in
syringes, but the recoveries, in the range of 96.8 to 100.9
percent, were satisfactory. This sampler is bulky and
requires some skill to operate. Comparison of the per-
cent recovery also indicated that the sample transfer
step could be the main cause of sample loss.

The three pumping samplers gave good recoveries,
ranging from 97.7 to 101.5 percent. The submersible
pump produced continuous flow, but a variable flow-
rate controller would improve the sampling precision.
The peristaltic pump gave results comparable to the
submersible pump. For the bladder pump. it was neces-
sary to use a manual control to obtain samples of volatile
organic compounds.

Both non-pumping samplers and pumping samplers.
with the bailer as the only exception, showed more
variations and less recoveries for samples taken at the
shallow depth of 17.5 feet (5.33m).
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Sampling for Purgeable

Organic Compounds Using Positive-
Displacement Piston and Centrifugal
Submersible Pumps: A Comparative Study

by LeRoy L. Knobel and Larry J. Mann

Abstract

ositive-displacement piston pumps that

minimize sample agitation have no

apparent advantage over centrifugal sub-
mersible pumps when used to collect ground water
samples for analysis of low concentrations of purge-
able organic compounds. Analytical uncertainties
inherent in laboratory environments appear to influ-
ence analytical results of low-concentration purgeable
organic compound samples more than either pump
type or sampling team. Centrifugal submersible
pumps are at least equally efficient as positive-dis-
placement piston pumps in the recovery of carbon
tetrachloride, 1,1,1-trichloroethane, trichloroethylene,
and chloroform after sampling and analytical influ-

ences are made constant.

introduction

The U.S. Environmental Protec-
tion Agency’s (U.S. EPA) Resource
Conservation and Recovery Act
ground water monitoring technical
enforcement guidance document
(1986) recommends that the tech-
nique used to withdraw a ground
water sample from a well should
(1) be selected on the basis of the
constituents to be analyzed in the
sample; (2) ensure the ground water
sample is representative of the for-
mation or aquifer; and (3) minimize
physically altering or chemically
contaminating the sample during the
withdrawal process. Equipment and
procedures that minimize sample
agitation and contact with the
atmosphere during sample transfer
are required. Acceptable sampling
devices for both inorganic and
organic constituents are constructed of
fluorocarbon resin or stainless steel
and include (1) gas-operated squeeze
or bladder pumps; (2) double-check
valve, bottom-emptying bailers;
(3) syringe bailers; and (4) single-
check valve bailers (U.S. EPA 1986).

Investigations have been
designed to evaluate sampling
devices such as bladder pumps.
helical-rotor and gear-driven sub-
mersible pumps. bailers. and peri-
staltic pumps. Gibs et al. (1990) and
Dumouchelle et al. (1990) provide a
comprehensive list of references on
sampling ground water for organic
compounds. Conclusions drawn by
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the investigators differ as to best sampling devices. but
most agree that the use of suction, air-lift, and peristaltic
pumps, and pumps that allow sample contact with air,
should be avoided. However, most investigations were
done in areas where the depths to water were relatively
shallow, less than 100 feet below land surface.

In places where the depth to ground water is several
hundreds of feet below land surface and purgeable
organic compounds are the constituents of interest, the
acceptable sampling devices (U.S. EPA 1986) often are
not practical because of the long time required to purge
the well and obtain water samples representative of the
aquifer. Centrifugal submersible pumps are not recom-
mended by the U.S. EPA, Region X, or Idaho Depart-
ment of Health and Welfare, Hazardous Materials
Bureau, for collecting samples for determinations of
purgeable organic compounds (Lane 1990). A field
experiment was done to determine whether comparabil-
ity of analytical results for low concentrations of purge-
able organic compounds in water is markedly affected
by the type of pump used to collect the samples. The
pumnp types selected for comparison were centrifugal
submersible pumps and positive-displacement piston
pumps. The evaluation was done utilizing deep wells at
the Idaho National Engineering Laboratory. No attempt
was made to evaluate the accuracy of analytical results;

J
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Oniy comparaouily of data was evalua

Approach

Three deep wells at the U.S. Department of Energy’s
Idaho National Engineering Laboratory were selected
for the experiment. Water from wells 88 and 120 (Fig-
ure 1) consistently contained detectable concentrations
of carbon tetrachloride, 1.1,1-trichloroethane. and tri-
chloroethylene (Mann and Knobel 1987: Mann 1990).
Carbon tetrachloride has been the most prevalent con-
1 and 3 pg/L.. Water from well 117 (Figure 1) has not
contained detectable concentrations of purgeable
organic compounds.

Each well was equipped with a dual pumping system.
The original electrically operated centrifugal submers-
ible pumps were removed and then replaced along with
commercially available, pneumatically operated stain-
less steel piston pumps. Although centrifugal submers-
ible pumps deliver water to the surface at pressures
higher than atmospheric, the impellers are not specific-
ally designed to minimize agitation of the water. Piston
pumps are positive-displacement pumps that minimize
agitation of the water. They meet material construction
standards recommended by the U.S. EPA and lift about
2 gal/min of water from a depth of about 600 feet. Con-
struction of the wells and descriptions of the pumps
used in the experiment are included in Table 1.

Both the piston and the submersible pumps were
used simultaneously to purge water from the wells prior
to collection of water samples. Wells 88, 117. and 120
were purged at total combined rates of 4.0. 10.5. and
26.0 gal/min, respectively. Subsequent to purging and
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Figure 1. Location of the Idaho National Engineering Labora-
tory, Radioactive Waste Management Complex, and wells with
dual-pump systems.

prior to sample collection, the total combined discharge
from well 88 remained the same, 2 gal/min from the
sample port of each pump. The sample port discharge
from well 117 was reduced to about 3 gal/min; 2.5 gal/
min from the submersible pump and 0.5 gal/min from
the piston pump (the piston pump would not produc
more than 0.5 gal/min). The sample port discharge from
well 120 was reduced to about 4 gal/min; 2 gal/min from
each pump. The excess discharge from wells 117 and
120 was diverted away from the sampling ports using
an apparatus described by Mann and Knobel (1987). To
determine whether the wells had been thoroughly
purged, they were pumped until at least three wellbore
volumes had been removed and water temperature, pH,
and specific conductance were stable (Wood 1981).

In August 1990, 15 pairs of water samples from wells
88 and 120 were collected for determinations of 36
purgeable organic compounds that were tabulated by
Pritt and Jones (1989). Five pairs of water samples were
also collected at well 117. Previous samples from well
117 collected using the submersible pump did not con-
tain detectable concentrations of purgeable organic
compounds. Each pair of samples was collected from
each pump in the well within two minutes of one
another. In each pair. the submersible pump sample was
collected first. One trip blank accompanied samples
from each well to the laboratory for analysis. Trip blanks
consisted of deionized water that was boiled for one
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Table 1
Description of Wells and Pumps’
Depth of Well Open Interval Casing
(feet) (feet) Type of Openings Type of Material
662 587-662 open hole —
653 550-653 perforations stainless steel
705 638-705 perforations stainless steel
Pump Setting Static Water Level Type of Steel in Pump Column
Piston Submersible Below Land Surface Piston Submersible
(feet) (feet) (feet)
627 634 587-589 stainless galvanized
625 635 585 stainless stainless
665 678 615 stainless stainless
Principle Type of Pump
i Pump Power Source Type of Pump Construction Material
‘Well Number Piston Submersible Piston Submersible Piston Submersible
r88 : generator generator Hydrostar 1.5 bp Pacific stainless steel steel
& compressor
generator generaior Hydrostar 5 np Grundios stainiess steel stainiess steel
& compressor
generator generator Hydrostar 5 hp Grundfos stainless steel stainless steel
& compressor
ual—pump ﬁstaﬂaﬁm preciuded measurement of pumping level. On the basis of specific capacity data presented by Ackerman (1991). pumping levels
b ¢ at least 15 feet above the pump intakes at the time water samples were collected. Any use of trade, product, or firm names in this report is for
kdésqg‘pﬁve purposes only and does not imply endorsement by the U.S. government.

hour and purged with ultra-high purity nitrogen gas. not contain reportable concentrations of the 36 com-
The water samples were analvzed by the U.S. Geo- pounds, and water from well 120 contained only carbon

logical Survey’s National Water Quality Laboratory tetrachloride (Table 2). Trip blanks did not contain

(NWQL) in Arvada. Colorado, by using a method that reportable concentrations of any compound.

conforms to U.S. EPA method 524.2 (Schroeder 1991). At well 88, water samples collected during Round 1

The reporting level — 0.2 pg/L in this instance — is the
lowest measured concentration of a constituent that may
be reliably reported using a given analytical method
(Pritt and Jones 1989). The NWQL routinely uses inter-
nal standards and surrogates to monitor recovery and
improve quantification (Wershaw et al. 1987). In gen-
eral, the analvtical precision of this method for most
compounds at the NWQL under routine conditions is
+ 30 percent. Better precision can be achieved by the
NWOL for individuai compounds. For exampie, single-
operator precision for carbon tetrachloride. chloroform.
1,1.1-trichloroethane. and trichloroethylene ranges
from = 10 to =20 percent (Schroeder 1992).
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The 15 pairs of water samples collected from the
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1990.



Table 2
Concentrations of Selected Purgeable Organic Compounds
(Concentrations in Micrograms per Liter)

Sample Pair Carbon Tetrachloride Chloroform 1,1,1-Trichloroethane Trichloroethylene
Number Submersible Piston Submersible Piston Submersible Piston Submersible Piston
Well 88: Round 1; August 1990

1 19 2.9 0.7 0.4 0.4 0.5 0.8 1.0
2 1.9 2.1 0.6 0.3 0.4 0.3 0.8 0.7
3 2.0 34 0.7 0.5 0.4 0.5 0.9 1.2
4 2.0 2.6 0.7 0.4 0.4 0.4 0.9 09
5 19 39 0.6 0.5 0.4 0.6 0.7 1.3
6 1.9 2.6 0.6 03 0.4 0.4 0.8 0.9
7 2.2 2.7 0.6 04 0.4 04 0.9 1.0
8 1.9 2.8 0.6 04 0.4 0.4 08 1.0
9 2.0 34 0.6 0.4 0.4 0.5 0.8 12
10 2.1 2.6 0.5 0.4 0.4 0.4 08 0.9
11 2.1 2.9 0.6 0.4 0.4 0.4 08 0.9
12 2.1 30 0.6 0.4 0.4 0.5 0.9 1.1
13 2.0 35 0.6 0.4 0.4 0.5 0.9 12
14 2.0 33 0.6 0.5 0.4 0.5 0.8 1.2
15 21 31 0.6 0.4 0.4 0.5 0.8 1.1
Round 2; March 1991
1 22 2.0 0.5 0.3 0.3 0.3 0.9 0.8
2 2.6 2.0 0.6 0.3 0.3 0.3 0.9 0.
3 2.1 2.0 0.5 0.3 0.3 0.3 09 0.8
4 2.0 2. 0.5 0.3 0.3 02 0.9 0.8
S 2.0 2.0 0.5 0.3 0.3 0.3 08 0.8
6 2.0 1.9 0.6 0.3 0.3 0.3 0.9 0.8
7 2.0 1.9 0.6 0.3 0.3 0.2 0.9 0.7
8 2.0 1.8 0.5 0.3 03 0.3 09 0.7
9 2.1 2.1 0.5 0.3 0.3 . 0.3 0.9 0.8
10 2.0 1.8 0.3 0.3 0.3 0.3 0.9 0.7
Well 117: Round 1; August 1990
1 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
3 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
4 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
S <0.2 <0.2 <0.2 <0.2 <0.2 T <02 <0.2 <0.2
Well 120:  Round 1; August 1990
1 0.5 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <02
0.5 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
3 05 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
4 0.5 0.5 <0.2 <0.2 <0.2 <0.2 <02 <0.2
5 0.5 0.5 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
6 0.5 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
7 0.5 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
8 0.5 0.7 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
9 05 0.5 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
10 0.4 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
11 0.5 0.6 <0.2 <0.2 <02 <0.2 <0.2 <0.2
12 0. 0.6 <0.2 <02 <0.2 0.2 <0.2 <02
13 0.5 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
14 0.6 0.7 <0.2 <02 <0.2 <0.2 <0.2 <0.2
15 0.5 0.7 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

from the piston pump counsistently contained greater con-
centrations of carbon tetrachloride (see Figure 2 and
Table 2) and trichloroethylene (Table 2) than water from
the submersible pump. The 95 percent confidence limits
of the mean concentrations of carbon tetrachloride were

> S

30+09 pg/L from the piston pump and 2.0+02 pg/L
from the submersible pump. The 95 percent confidence
limit of the mean concentration, C, is C +1.96 s, where
s is the standard deviation about the mean concentra-
tion. The confidence limits of the mean concentrations
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of trichloroethylene were 1.0 = 0.4 ug/L from the piston
pump and 0.8=02 pg/L from the submersible pump.
However, confidence limits of the mean concentration
of chloroform were 0.4 0.2 pg/L from the piston pump
and 0.6 =0.1 png/L from the submersible pump; the con-
fidence limits for 1,1,1-trichloroethane were 0.5 = 0.1 pg/
L from the piston pump and 0.4=0.0 pg/L from the
submersible pump. Confidence limits of the mean con-
centrations of carbon tetrachloride in water at well 120
were 0.6=0.2 pg/l. from the piston pump and 0.5+
0.05 pg/L from the submersible pump.

Round 1 samples independently collected by state
of Idaho personnel and analyzed by the Bureau of
Laboratories, Idaho Department of Health and Welfare.
Boise, are shown in Table 3. An analysis of those data
was provided by Barrash (1991). Carbon tetrachloride
concentrations in water samples from well 88 were
1.89 and 1.91 g/l from the piston pump. and 1.53 and
1.49 pg/L from the submersible pump. Concentrations
of trichloroethylene were 0.67 and 0.66 pg/L in water
from the piston pump and 0.71 and 0.68 pg/L in water
from the submersible pump. At well 117, neither carbon
tetrachloride nor trichloroethylene was detected. At
well 120, 0.53 and 0.51 pg/L of carbon tetrachloride
were detected in two water samples from the piston
pump, and 0.46 and 0.43 pg/L. were detected in two
water samples from the submersible pump.

Discussion

Round 1 determinations of carbon tetrachloride con-
centrations in water from the piston and submersible
pumps at well 88 were statistically compared using the
paired t-test as described by Iman and Conover (1983).
For fewer than 30 pairs of samples, the paired t-test
assumes the data are normally distributed. The Lilliefors
test (Iman and Conover 1983) indicated the data could
reasonably be assumed to have come from a normal
distribution. Because the paired-t value was 8.061. com-
pared with tg.qi.,14 = 2.624 (where 0.01 is the level of
significance and 14 represents the degrees of freedom).

the mean concentrations of carbon tetrachloride in the
samples from the piston and submersible pumps were
concluded to be statistically different.

An alternative statistical test that was applied by
state of Idaho personnel (Barrash 1991) assumed that
samples collected from each well — 88 and 120 — were
30 random samples from two populations. Calculated
F-statistic values indicated that population variances
were different. and sample population means were com-
pared with a modified t-test. The modified t-test used
pooled sample variance to calculate the t'-statistic
values. This statistical test indicated the sample popula-
tion mean concentrations for carbon tetrachloride. tri-
chloroethylene. and chloroform in water from well 88
were different. The sample population mean concentra-
tions for carbon tetrachloride in water from well 120
were also different. The sample population mean con-
centrations for 1.1,1-trichloroethane in water from
well 88 were the same (Barrash 1991).

On the basis of the greater mean concentration of
carbon tetrachloride in water from the piston pump at
well 88, it initially was concluded that the piston pump
might be more effective in recovering small concentra-
tions of purgeable organic compounds in water from
deep wells. However, at least four variables could cause
the mean concentrations of carbon tetrachloride to dif-
fer by 1.0 pg/L: (1) two teams were involved in collecting
the 15 pairs of samples; (2) one person from the NWQL
analvzed the 15 samples from the submersible pump as
a group, whereas three people from the NWQL ana-
lyzed the 15 samples from the piston pump: (3) each
analyst used a different gas chromatograph-mass spec-
trometer: and (4) a systematic error (bias) in the perfor-
mance of either pumping mechanism may have existed.
If bias existed in the pumping mechanisms, the current
study could not account for it because field spikes were
not done. However, the magnitude of potential bias is
likely to have been small because in no case did the
piston pump detect carbon tetrachloride when the cen-
trifugal pump did not.

Table 3
by the State of Idaho, Augnst 19901 !
(Concentratlons in Mlu'ognms per Liter) L .
" Carbon Tetmchlonde ‘ . Trichloroethylene
Piston - Piston ) Submersible
1.89 067 0.7
191 0.66 0.68
<0.2 <02 <0.2
0.53 - 0. <02 <0.2
TUOSITT el 2 <2
; the repon by Barrash 1991 TableVS) Addmonal data are avallablc in tbal report. '




An analysis of samples collected by each team (odd-
numbered pairs were collected by Team 1| and even-
numbered pairs were collected by Team 2) indicated
the mean concentrations for carbon tetrachloride in
water from the piston pump in well 88 were different.
For example, the 95 percent confidence limit of the
mean concentration in samples collected from the piston
pump by Team 1 was 3.2+.08 pg/L and, by Team 2.
was 2.7+0.7 wg/L: mean concentrations from the sub-
mersible pump were 2.0=0.2 pg/L for both teams.
Given differences in mean concentrations in water
samples collected from the piston pumps by the two
teams and the differences in concentrations between
the NWQL and the state of Idaho’s laboratory, 10 pairs
of samples were collected from well 88 during a second
round of sampling in March 1991,

The March 1991 samples were collected by one sam-
pling team and the laboratory agreed to dedicate one
analyst and one gas chromatograph-mass spectrometer
to analysis of the samples. Single-operator precision of
=10 to =20 percent was obtained for compounds
detected during this round of analyses. Pump discharge
rates were about 2 gal/min from each pump. Concentra-
tions of the four purgeable organic compounds in water
from well 88 are shown in Table 2; a comparison of the
carbon tetrachloride concentrations i1s presented in

Toosira 2 AAana 1 1
Figure 5. Mecan concentrations of carbon tetrachloride,

trichloroethylene, and 1.1,1-trichloroethane in water
from the piston and submersible pumps were virtually
identical. The 95 percent confidence limits of mean con-
centrations of carbon tetrachloride in water from the
piston and submersible pumps were 2.0=0.2 and
2.0x0.1 pg/L, respectively, and the mean concentrations
of 1,1,1-trichloroethane were both 0.3 g/L. Confidence
limits of mean concentrations of trichloroethylene in
water from the piston and submersible pumps were
0.8+0.1 and 0.9=0.1 ng/L, respectively. Mean concen-
trations of chloroform, however, were relatively consis-
tent with those for the August 1990 samples, although
the mean concentration differed in water for the piston
pump; the mean concentration in water from the sub-
mersible pump was 0.6 pg/L, but that for the piston
pump was 0.3 pg/L, compared with 0.4 png/L in August
1990. A paired t-test was not conducted on carbon tetra-
chloride concentrations in Round 2 samples at well 88
because the 95 percent confidence limits of the mean
concentrations were virtually identical and the reliability
of the test decreases with a decreasing number of
samples.

Conclusions

For aquifers containing low concentrations of carbon
tetrachloride, as demonstrated by data from Rounds 1
and 2 for well 88, laboratory analytical uncertainties
from different analysts and equipment appear to influ-
ence analytical results more than pump type or sampling
team.

Based on sampling and analytical conditions tested
in this study, centrifugal submersible pumps recovered
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Figure 3. Comparison of carbon tetrachloride concentrations
in water from piston and submersibie pumps at well 88, March
1991.

higher average concentrations of chloroform than posi-
tive-displacement piston pumps.

When sampling and analytical differences are
removed and the associated biases are neglected, mean
concentrations at the 95 percent confidence limits indi-
cate that the centrifugal submersible pump is at least
equally efficient for recovery of carbon tetrachloride,
1,1,1-trichloroethane, and trichloroethylene as the posi-
tive-displacement piston pump.

In this study, positive-displacement piston pumps
had no apparent advantages over centrifugal submers-
ible pumps.

Round 2 data for well 88 suggested that under the
conditions tested, stainless and galvanized steel sample-
delivery systems have no discernible effect on concen-
trations of carbon tetrachloride and 1,1.1-trichloro-
ethane.
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ABSTRACT

A common concern in any ground-watar sampling program is the type of
sampling device used to collect the sample. Different sampling devices,
commonly used in Region V, were tested on several wells that had different
levels of volatile organic cuntaminants (VOC's). The samples were
collected and sent to the IJ.S. Environmental Protection Agency's Contract
Laboratory Program for analysis. The devices were: a teflon bailer, with
and without a bottom emptying device; a bladder pump; an air-activated
piston pump; and two different types of electric submersible pumps.

In most cases, the levels of VOC's found did not vary significantly
between the sampling devices. However, the levels of VOC's were
statistically lower in several samples obtained with the bailer. The lack
of consistency between sanples taken with a bailer and those taken with the
pumps may be attributed to different sampling personnel. Any variations of
YOC concentrations between different sampling punps were within the margin
of error indicated by duplicate samples, Clean decontamination blanks
indicated that cross contamination of VO('s was not present, Bailing for
samples appears to be dependent on sampling technigue and is prone to
variability in the levels of VCC's,

INTRODUCTION

A primary concern in the investigation of any hazardous waste site is
the collection of data that best represents the ground-water quality. An
integral part of any saupling program is the device used to collect the
ground-water samples. When collecting ground-water samples, care is taken
to minimize the possible changes in ground-water chemistry by the
collection device. This is especially important when sampling for
compounds that are prone to alteration or destruction because of sampling
methods, such as volatile organic compounds (VOC's).
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This study will be one of many that will investigate possible sampling
bidas that can be intrnduced during ground-wdater investigations. Future
studies will generate 1 larger data base in order to complete a statistical
analysis of the techniques, as well as, to develop a quantification on the
relative importance of the sampling techniques in obtaining a
“representative"” ground-water sample.

BACKGROUND

The objective of this sampling program was to obtain water samples for
VOC analysis using sampling devices that are commonly used within the six
state area of the U.S. EPA, Region Vv (Illinois, Indiana, Ohio, Michigan,
Minnesota and Wisconsin). The program was to determine the variability
between the levels of VOC's obtained by the different sampling devices.
The sampling devices included a teflon bailer which was sampled by pouring
from the top and sampled using a bottom emptying device. Also used were 4n
air-activated piston pump, two different electric submersible pumps and a
bladder pump. A detailed description of each of these devices is given by
Nelson and Yeates (1985). Many of the VOC's found during this study are

included in the list of the most frequent ground water contaminants
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detected on Superfund sites nationwide (Plumb, 1987).

Barcelona and others (1984) showed the possible effects sampling
laboratory conditions. They concluded that the bladder pump yielded the
most consistent levels of THM's. Unwin (1984) completed a laboratory study
of several devices using several different VOC's with different Henry's Law
Constants, These tests using the bailer, the squeeze type submersible pump
(bladder pump) and the Johason-Keck submersible electric pump (helical,
submersible electric pump) showed little, if any, statistical variation
between the devices. Pearsall and Eckhardt (1987) studied several pumps
and their effects of some VCC's in the field, Their study compared a
Keck submersible electric pump, a bailer, a peristaltic pump, a centrifugal
pump and a 4-inch submersidble pump, Very little statistical difference wd §
noted between the devices, except for the peristaltic pump.

A

i
{,
1
3

The sampling devices were used on two sites that had different
qeologic environments. The first site was in Northwestern Indiana (MSWF)
where the wells were set within a sandy aquifer. The depth to water rang
from 15 to 25 feet. The second site was in Northern Illinois (BSY) and had
wells set in fractured dolomite. The depth to water ranged from 30 to 85
feet on this site. All of the wells tested, except one, were composed of
stainless steel risers and screens., The exception was an open borepole
within fractured rock at the BSY site, which had a very low hydraulic
conductivity and was punped dry twice during sampling.

PROCEDURES
The teflon bailer was used and sampled by either pouring from the toP
of the bailer (BTE), or by using a bottom emptying device (BBE). Nylom

chord that was wound on a reel, was Jsed so that raising and lowering ©
the bailer was done at an even rate, which would reduce the rate of
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volatilization during the sampling process. The nylon chord was changed
between sampling locations,

The two submersible electric pumps were of two different designs. The
first was an impeller, subwersible electric pump (I[SEP) and the second was
a helical, submersidble electric pump (HSEP). The ISEP was composed of
stainless steel and teflon, and had a teflon discharge 1ine. The HSEP was
composed of stainless steel with an ethylene-propylene stator, and had
nylon reinforced vinyl tubing for the discharge line. The bladder pump
(8lad) was composed entirely of teflon, including the discharge 1ine., The

air-activated piston pump (AAPP) was composed of stainless steel, but the
discharge line was composed of polypropylene,

Three well volumes were purged using one of the sampling pumps prior
to sampling, The exception to this was the open borehole with low
hydraulic conductivity which was pumped dry prior to sampling and allowed
to recover overnight. While the pumps were purging, a flow-through cell
described by Garske and Schock (1985) was used, which allowed stinul taneous
measurements of pH, temperature and conductivity of the groundwater. These
parameters were allowed to stabilize prior to sampling for each of the
sampling devices, except for the bailer, These parameters were allowed to
stabilize prior to sampiing so that we were assured that aquifer water was
being sampled,

The bailer was lowered down the well five to ten times prior to
sampling, which acclimated the bailer to the groundwater. The devices were
lowered down the wells, one at a time, in order to minimize cross
contamination between devices. At many of the wells, the first and last
samples were taken with the same sampling device, in order to determine if
any change in concentrations were time dependent,

The sampling devices were decontaminated using soapy water, followed
by a clean water rinse, and concluded by a distilled water rise, The soapy
watar and clean water rinses were completed in PY(C tubes, while the
distilled water rinses were completed in a teflon tube. Field blanks were
taken following the decontamination of the devices after sampling, during
the distilled water rinse,

The samples were sent to the U.S. Environmental Protection Agency's
Contract Laboratory Program (CLP) for the chemical analyses. For the set
of samples obtained on the MSWF site, several different laboratories were
used for the analyses. Therefore, several samples from the same sampling
device and well location were sent to each of the laboratories involved, in
order to qualitatively determine the variability between the laboratories.

For most of the wells, the same people would generally obtain the
sanples from the same sampling device. This was done to try and minimize
variations between samplers.

DISCUSSION

The sampling effort took place at two different times of the year,
The first sampling effort acquired the MSUF series of samples in late June,
The second effort (the BSY series) obtained the balance of the samples in
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mid August. Unfortunately, the second effort was to have been more

extensive, but mechanical (3 pumps malfunctioned) and physical (~3 inches
of rain) problems prevented the collection of the balance of the samples,

The results of the sampling effort are given in Table 1. Generally
the results show very little difference in the levels of VOC's found ’
between the sanpling devices. Two exceptions to this conclusion are
evident. The most notable exception is that the results for the samples
that were bailed have lower values for VOC's at some wells. This is
especially evident in the results for the wells MSWF-N#1, MSWF-WA4 and BSY. i
Wfl. The contrast between the sampling results for these three wells can '
be seen by camparing the range of values and means of the sampling pumps
versus the range and means of the bailed samples (Table 2).

The second exception to this general conclusion is shown -by the
results of BSY-M#2. However, this well was pumped dry twice during the
sampling effort because of the low recharge rates, indicating other factors
may be more important than the sampling device used.

Interestingly, the same field person was used for sampling with the
bailer at NSWF-N#3, and -W¥#4, but with different results., The results for
HSWF-W#3 show very little difference between sampling devices., However,
the resuylts for MSHF-W#4 show much lower concentrations for Trans-1,2-
Dichlgroethene when sampied with the bailer, as opposed to the other
sampling devices., This would tend to indicate variability not only exists
between different field personnel, but also each person would tend to have
some variability in the handling of the bailers. No notable differences §.
were seen with the bailer samples when they were saapled with the bottom !
emptying device as opposed to pouring from the top. This may indicate the
controlling factor may not be due to the actual emptying to the device, but
perhaps to the way the bailer is brought to the surface.

salt, e il

Also, very little difference was noted between samples taken first and °
last with the same sampiing device (see results for MSWF-Uf1 and -W§d).
This indicates that the concentrations of the ground-water contaminants
remained constant during the sampling.

The blanks generally showed that adequate decontamination procedures
were being followed. The only exception to this is shown in the BSY-
Bladder blank which showed trace levels of TCE. The TCE levels in the well
sampled immediataly prior to obtafning the blank were approximately 240
ppb. e noted that the bladder pump is one of the more difficult sampl ing
mechanisms to decontaminate between wells because the pump needs pressure
on the bladder in order for the bladder to collapse during the recharge
cycle on the pump. This pressure is hard to generate on the surface
without having a long tube filled with water, The other sampling devices
were much easier to decontaminate, which fs illustrated by the essentially
clean field blanks. The methylene chloride, acetone and toluene found in
the blanks are all attributed to lab contamination, because none_of these
compounds were present during the sampling process.

The samples from the MSWF series that were sent to different“CLP
laboratories showed very 1ittle variability, which eliminated one possible
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Table |
Surmary of Sampling Resuylts
Well Identificationf Trans 1,2- 1,1- 1,1-
éSamg]e Code TCE PCE  VC 1,2-DCEE DCEA DOCEE DCEA
-Wi P L2 |21/22 11712
. BTE L#l}| 2 5
. " wm|w 6
" * L3 | su 6
. BBE L#2 | SU 6
. HSEP " 21 9
. glad * 24 11
. AAPP " 22 11
R £-11.7 S - S 11
MSWF-d#27 ISEP LI 8J - ---- 3T
. [SEP L#2 12 75 54
. BTE Li#t 4J/73 52/70 3J/4J
. BTE L#3 10U/10U 56/59 5U/5U
. BBE L{#! 6J/€J  63/61 4J/4)
. HSEP " 10/94J 65/62 4J/74J
. Blad * 7 69 4J
_ ot _ AP " | 9 _6L _ _ _ 4
MSWF-W§3/ ISEP LF#l | 45 14 - - =
. BTE LIl 43 12
" BTE L#2 | 38 13
" BTE L#3 | 36 11
" BBE L#1 39 11
. HSEP * 37 S
. Blad " 41 9
ST I S U S
MSHE-A#a/ 1SEP a2 | 49U 39 - -
. BTE " 2J 26
. BTE L#3 |5U/5U 24/27
. BBE L#2 | 2J 26
. HSEP * 3J 29
. 8lad * 3 100
. AAPP " 3J 110
_ o ISEP/L " |49/ _ oo _
BSY-W#1/ BTL ] 2d - -
" BBE 6 2J
. Blad 16 4J
ot _mee |16 AW
BSY-W#2/ ISEP 4J 2J 4.) 12
. BTE 20 2J 4J 35 14 5
" EBE 18/18 24/2J 38/40 77/73 15/15 5/5 5U/72J
“ Blad 7 1J 11 24 5 2J

Sample Codes:

[SEP/L = ISEP sampled after all other devices were

completed. L#1 = CLP Lab #1, L#2 = Lab #2, etc.
TCE = Trichloroethylene; PCL = Perchlorocethylene;
Trans-1,2-DCEE = Trans-1,2-Dichloroethene; 1,2-DCEA = 1,2 Dichloroethane;
1,1-0CEE = 1,1-Dichloroethene; 1,1-CCEA = 1,1-Dichloroethane,

ALL CONCENTRATIONS ARE IN PARTS PER DILLIOM

YC = Yinyl Chloride;
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Table 2
Ranges and Means of Wells Showing large
Variations Due to Sampling Devices

MSKF MSHF BSY
Well #1 Well ¥4 Hell 1
Range of Sampling Punps 21-24 3-4
| Mean 22.2 3.7
TCE .
Range of 3ailers 2-¢5 2
iean < 3,5 2
Range of Sampling Pumps 9-12 99-110 16-17
Mean 10.8 103 16.3
Trans-
1,2-DCEE | Range of Bailers 5-6 24-27 6
Mean 5.8 25.¢8 6

Note: All concentrations are in parts per billion. TCE=
Trichloroethylene; Trans-1,2-0CEE = Trans-1,2-Dichloroethylene.
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problem. This also fncreased the confidence in the data obtained during
this study.

Implications

Certain implications need to be considered based on the evaluation of
our data, Because many decisions are made on data obtained during
hydrogeologic fnvestigations on CERCLA and RCRA sites, the quality of
this data fs extremely crucial. In many cases, the water quality samples
are obtained only with bailers. Many health risk based criteria, such as
MCL's, are set near limits of analytical reproducibility. Therefore, the
margins of error produced in both the field and laboratory must be
pinimized, whenever possible. However, when the water quality samples are
obtained with a technique that can induce large degrees of variability,
health risk based decisions become more untenable.

For example, in Region V, the Field Investigation Team (FIT) QAPP
requires the FIT field crews to only use bailers. In the case of data
obtained at MSWF-Wf§l, if bailers were the only sampling device used, FIT
crews would conclude that no release of contaminants has occurred at that
location. In the case of the remedial prograi, the conclusion would be
made that the MSWF-W§l location would not be of concern because the levels
found were below MCLS, which in many cases, drives the need to remedy or
respond to a site. However, when we compare the results of the other
sampling devices to the results from the bailers, we note that a different
interpretation could be drawn based on the other sampling devices.

Considerations

One consideration in any sampling program is the case of operation of
the sampling device used. Conceptually, the bailer is perhaps one of the
easiest sampling devices to use. However, the variability in the results
shown in this study do show a major drawback to this device, The bailer is
also prone to one type of physical breakdown, and that is being lost down a
well, as this is what happened whila sampling BSY-W§2.

Another criteria in any sampling program, is the ability to repair
sampling devices in the field. The ISEP and HSEP devices broke down while
sampling at the BSY site and could not be repaired because of the
complexity of the systans. However, duplication of systems could prevent
the loss of field time, although it is an expensive option. -

Future Work

Additional work is planned to use some of these same sampling devices
on additional sites to develop a greater dita base. Different contaminants
with different degrees of volatility are planned to be studied. Additional
sampling devices, such as an in-situ device, will be used in order to
better quantify the variability of sampling devices on VOC concentrations,
Also, the effects of different sampli~g devices on a larger range of
concentrations of contaminants will be studied.

Also planned is additional work on fractured rock systems. The well
at BSY-W42 was an open borehole and had high levels of the VOC's when
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sampled with the bailer. Perhaps, since the bailer is open on the top and
cascading within open boreholes in fractured rock systems is common,
bailers may be more appropriate under these circumstances. Additional
sampling in open boreholes with low hydraulic conductivities is planned.

concLusIOnNs

The sampling showed that there was very little variation of VOC
concentrations between sampling devices, except for the bailer sauples,
Sampling by the use of a bailer, is intrinsically dependent on the
operator. Most of the other sampling devices are fairly simple to operate,
and are somewhat independent of operator error.

This study tends to support what the general literature states, in
that sampling by bailers could produce variable results. Most of the
previous studies (Barcelona, et al., 1984, Unwin, 1984) were limited to
laboratory studies. The limitations of bailers under laboratory conditions
would be expected to be minimized because of the short travel times up the
laboratory "casing” (Barcelona, et al., 1984).

The degree of variability when sampling with bailers, will need to be
studied further, With additional adata, variations between sanpling pumps
can also be determined. Other controlling factors on the sampling of
ground water also need to be qualified. However, the dati collected thus
far, does show a need for field personnel involved in ground-water sampling

programs to question the use of bailers when sampling for volatile organic
contaminants.
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for Purgeable Organic Compounds in
Ground Water
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“Fiedd Evaluation of Seven Sampling Devices for Purgeable Organic Compounds in Ground
Water,” Ground-Waser Consamination: Field Methods, ASTM STP 963, A. G. Collins and A. J.
Johnson, Eds., American Socicty for Testing and Materials, Philadelphia, 1988, pp. 258-273.

ABSTRACT: Seven different sampling devices—{(1) a bladder pump, (2) a helical-rotor submersible
pump, (3) & gear submersible pump, (4) an open bailer, (5) a point-source bailer, (6) a syringe
sampler, and (7) a peristaltic pump—were evaluated to determine their ability to recover purgeable
organic compounds (POCs) from ground water under field conditions. Significant differences among
the mean concentrations oblained with each sampler were found for selected POCs at each of three
sites. The ovenll order of the sampling devices from highest to lowest recovery using data from all
three sites yiclded the following: (1) gear submersible pump, (2) point-source bailer, (3) open bailer,
(4) belical-rotor submersible pump, (5) bladder pump, (6) synnge sampler, and (7) peristaltic pump.
The overall standardized mean concentrations of Samplers | throufl 5 were closely grouped,
indicating these devices were very similar in their ability to recover s. A similar overall order
of the cocfficients of vanation indicated no clear difference between the sampling devices in the
peecision with which they recovered POCs. However, the three samplers with the lowest cocfficients
of vanation (highest precision) were all positive-displacement pumping devices whereas the three
samplers with the highest coelticicnts of variation (lowest precision) were all grab-sampling devices.

KEY WORDS: ground-water sampling, purgeable organic compounds, volatile organic compounds,
sampling techniques, water qualily, waler chemistry

Increased emphasis on the need to sample wells for analysis of organic compounds has triggered
the development and production of a wide variety of ground-water sampling devices. Environmental
investigators have questioned the ability of all these devices (o obtain equally representative
samples for the analysis of purgeable organic compounds (POCs). Such compounds present special
sampling and analytical difficulties because of their low molecular weights, low solubilities in
water, low boiling points, and natural tendency to degas in open systems.

Most of the previous evaluations of sampler recovery efficiency for POCs have been conducted
under controlled laboratory conditions. Ho [/] tested a peristaltic pump in the laboratory and found
significant losses, particularly for highly volanile POCs (Henry's law constants >0.01 atm-m>/
mol), with sample lifts more than 4.8 m (16 f1) and pumping rates greater than 2.6 L/min (0.7
gpm). Unwin [2] found that a peristaltic pump had significantly higher losses of five POCs from
a spiked solution than those of a bailer, a bladder pump, and a helical-rotor submersible pump.

* Hydrologist, environmental engineer, hydrologist, hydrologist, and hydrologist, respectively, U.S. Geo-

logical Survey, 810 Bear Tavern Road, Suite 206, West Trenton. NJ 08628
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Barcelona and others [J] carnied out a comprehensive laboratory comparison of 14 cominercially
available sampling devices for their performance in collecting dissolved gases and POCs. They
found significant bras and poorer precision tn samphiag with gas-displacement, mechanical positive-
displacemient. and suction-hft pumping mechanisms. Bladder pumps were rated best for most
applications, whereas bailer performance was rited satisfactory but heavily dependent on the
cxpertise of the sampling personnel.

Houghton and Berger [4] conducted a field comparison of several types of sampling devices but
did not evaluate POC recovery  They did observe increased losses of volatle inorganic specics,
such as dissolved carbon dioxide, ammoma, mercury, molybdenum, aand selenium, using air-lift,
submenrsible centrifugal, and peristaluc pumps. They rated the bladder pump best in avoiding these
problems.

Recently, Pearsall and Eckhardt |5] completed a ficld comparison of sevea sampling devices
for recovery of trichloroethylene and 1,2-dichloroethylene. They found no significant difference
n paired compansons between the concentrations of these two compounds recovered by two types
of helical-rotor submersible pump, an impeller submersible pump, and a centrifugal pump.
However, reduced trichlorocthylene concentrations were vbtained with a peristaluc pump. Bailer
recovenes of tnichloroethylene and 1. 2-dichloroethylene concenmrations in the 76 1o 96 pg/t. range
did not differ sipniticanily from those of a helical-rotor submersible pump. However, significantly
reduced bailer recovenes were observed for these compounds in the 23 10 29 pg/l. concentration
range.

The objective of this study was to conduct a comprehensive statistical companson of commercially
available ground-water sampling devices for the recovery of purgeable organic compounds in a
ficld environment. Seven different samplers were compared at each of three held sites for a wider
diversity of purgeable organic compounds than in any of the previously mentioned investigations.

Methods
Sampling Devices Evaluated

The sampling devices evaluated in this study included (1) a bladder pump, (2) a helical-rotor
submersible pump, (3) a gear submersible pump, (4) an open bailer, (5) a point-source bailer, (6)
a synnge sampler, and (7) a penstaliic pump. These samplers represent three gencial classes of
commercially available and commonty used sampling devices in ground-water monitonng: positive-
displacement pumps (1-3), grab samplers (4-6), and suction-lift pumps (7).

The bladder pump tested 1s a noncontact gas-driven pump constructed completely of polytetra
fluorocthylene (Teflon’) and Teflon-coated materials. 1t uses compressed gas 1o alternately expand
and contract g flexible bladder to force successive pump volumes past a chieck valve and up
through a discharge hine (61 This pump produces a noacontinuous flow at a maxinwm rate of
approximately 3.8 Lrnun (1.0 gpm)

The helical rotor submersible pump employs an electric motor to turm a helical stainless-steel
rotor against a semi-flexible Viton stator 1o create a progressing-cavity pumping head {7). This
pump is capable of delivering a continuous stream of water yielding 2.3 Lanin (0.6 gpm) at 16
m (52 f1) of static hft head. The samples contact only stainless-steel, Viton, and Teflon surfaces
in this pump

The gear submersible pump has a set of meshing Teflon gears that form the basis of the pumping
system |8). The gears, driven by an electric motor, act as paddie wheels which push the water
alung the internal pump walls from the intake pomnt to the pump discharge. The close tolerance
of the Teflon gears prevents water from passing back between them. The sample contacts only the

1 Use of commercial or brand naines 1s {or identification purposes only and docs not constitute endorsement
by the U §. Geological Survey.
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stainless steel pump body and the Teflon gears and discharge tubing. A pump rate of
1 9 L/tin (0.5 gpm) is antained at 16 m (50 fu) of static lift head.

The open bailer used in this study is constructed entucely of Teflon. This device
cylinder with a one-way valve on the bottoin that allows water to pass through w
downward [6]. After the bailer 1s lowered 1o the desired sampling depth, the directi
reversed and a slug of water is retained by the one-way valve. The bailer volume 15 .
0.7 L (0.2 gal). The retrieved sample 1s transferred from the bailer to the sample
means of a Teflon bottom emptying device which opens he one-way valve

The point-source bailer difters from the open bailer only in that a second one
positioned at the top of the bailer barrel [6]. The top one-way valve effectively scals «
in the bailer as it 1s retricved. This prevents exchange w-lh water higher in the wll
potential for POC degassing during upward travel, and pr:veats contamination of i
particulates scraped from the well casing. The volume of the point-source bailer is o
0.7 L (0.2 gal). The top one-way valve is dislodged with a small rod 10 allow di:
the sample with air during sample transfer using a botton -empiying device

The syringe sampler tested in this study consists of a sliding Teflon piston in a
barre! {9}, The piston is machined to very close tolerances that create a seal with .
synnge sampler is lowered (o the desired sampling depth with the piston positioned
of the stainless-steel barrel. The space above the piston is evacuated through the attu.
tubing. As the piston is drawn toward the top of the barre , the sample is drawn thiu
past a one-way valve, and into the bottom of the barrel. After retrieving the synny
pressure is apphlied to dnive the piston downward and fo:ce the sample out a diftc
valve 1nto a samplke contuiner. The volume of the sample retrieved 13 approximated
gal).

The penstaltic pump creates a vacuum to draw water up from a well 1o the cotle
the sutface |8}, The system evaluated in this study consists of Teflon intake 1l
Erlenmeyer receiving flask, and a peristaltic pump with silicone tubing in the pun
penistaltic pump evacuates the system and draws water up the intake line into the re
When filled, the flask is opened and the sample is transfe:red to a sample containes
was used so that the samples would contact only Teflon and glass surfaces and no
tubing in the pump head, which has been found by Ho [/ and Barcelona and otheis
POCs from solution. The peristaltic pump has a relatively low pumping rate of aba.
(0.2 gpm) and is limited by atmospheric pressure and pun p losses to a hft of about

A final pump used 1n this study, though not evaluated for purgcable organic conipou
was an impcller submersible pump. This pump was uscd a one of the test sites to thu
prior to the sampler evaluation because of an interest in Jdetermining the effect of |
on the recovery of POCs. The impeller pump used was o 10-cm diameter (4 1) .
submersible pump of the type commonly found tn domesiic wells. It pumped at an
rate of 38 L/min (10 gpm) at a static head hift of 2 m (6 [t). Water-contact surfaces in
system included staintess steet, vanous ngid plastics, and lexible polyviny! chlond

Experimental Design

Three wells with water known 1o contain POCs were chasen for intensive field samy
one in Cape Cod, Massachusetts, one in northern New Je:sey, and one in southern
Al three wells are screened in shallow, unconfined aquifers consisting mainty of un.
sands and gravels, and had hydrostatic pumping heads of approximately 2 m (6 1)
recovery depths were 1S m (50 1) wn the Cape Cod well, -+ m (12 ft) in the northein
well, and 6 m (19 fO) in the southerm New Jersey well.

At each site, 15 to 28 replicate sumples were collected vath each sampler. The rep
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prevent bias. For example, m the tiest round at Cape Cod. four rephcates were tahen with the
open bailer, four replicates with the helical-rotor submersible pump., four replicates with the gear
submensible pump, and so on untl all seven samplers were used. The second round was conducted
similarly | this time with seven replicates obtained successively with the seven samplers in a
Jdifferent randomly picked order. Table 1 summanzes the expenmental design and also lists the
POCs detected at cach of the three test sites.

Field and Laboratory Methods

At all sites a submersible pump was used to flush standing water from the well casing. I
accordance with the procedures outlined in Wood [ /1) and Claassen | /2], temperature. pH ., specific
conductance, and dissolved oxygen concentrations were monitored at 5 or 10-min intervals to
determine the inorganic chemical stability of the water being pumped from the well. Chloride
concentration was measured, vsing a specific ion clectrode, as an additional indicator of the
worganic waler quality. Ultraviolet absorbance at 254 nin (nanometres) was also measured in the
field using a Hitachi Model 100-20 single-beam UV-VIS (ultraviolet-visible) spectrophotometer.
Absaibance at this wavelength s characteristic of unsaturated ahphatic and aromatic organic
compounds. Therefore, this measurement was uscd as an indicator of organic water quality.

Chemical stabibity was deemed to have been achieved when all measurements varied within 5%
for three successive readings. The time needed 1o attan chemical stability always far exceeded
the time necessary (o Hush the recommended minimum of three casing volumes (D. A. Rickent,
U.S. Geological Survey. written communication, 1985).

TABLE | — Experimeniul design and purgeable organic compounds deiected

Flushing Purgeable Organic
Site Round Day Rephcates Pump~ Sampling Order* Compounds Ixiected
Cape Cod, 1 1 4 B EBGAFDC 1.1 -dichloroethylenc
Massachusens 2 2 7 B CBDGEFA trans-1, 2-dichloroethylene
3 2 4 . DABCEGE i hlusoethylene
tetrachlonocthiylene

I
I8

>

Northemn 1 t 8 B

TDEG 1. 1-dichloroethane
New Jersey 2 CBC

.1 dichloroethylene
teans-1. 2-dichlorocthylene
1.1 anchloroethane
trichloroethylene
tetcachlaroethylene

-
o
oc
T
>

Southerm 1 | 14 B
New Jersey 14 B

viny) chloride

1.1 dichloroethane
trans- 1 .2-dichloreethylene
chloroform
trichlotoethylene
benzene

10luene

ethylbenzene

chlorobe nzene
o-1.2-dwhlorobenzene
m-1.3-dichlorubenzene

il 4
lolpl
mT
o=
-m

==
>

o
[

< A = penstaltl -H = helical-rotor submersible; C = bladder, D = syringe, E = open bailer; F = point-
source bailer, G = gear submersible, H = impeller submersible
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Samplers were cleaned prior to sampling and between roun Is with distilled deionized
was sparged in the field with high-punty helium to remove any remaining purgeable cos
Samples of the wash water were collected before each sarapler use to check for P(
contamination.

All samples were concentrated by purge and trap and analyzed for purgeable prionty
concentrations by gas chromatography with the following dete tors: a Hall electrolytic cos
detector (GC/HALL) in series with a photoionization detector (GC/PID), and a mass spe
(GC/MS). This comresponds to U.S. Environmental Protectisn Agency Methods 601,
624, respectively [13).

Statistical Method's

For each purgeable organic compound detected at a site, a :nean concentration for cac!
was determined. Unforscen nonrandom cffects other than these due to sampler were ob
these results. The effect of round was particularly notable. This effect, which presumably
to the use of differing well flushing rates prior to each rourd, will be discussed 1n nu
later. Inasmuch as round was not one of the effects being testec in the experiment, it was ¢
from the statistical analyses by standardizing the concentration data using the following

X{std) = X — X(round)/s(roud)

where
X(std) = standardized concentration,
B X = observed concentration,
X(round) = mean concentration for a compound in a round, ind
stround) = standard deviation of the concentration for a con pound in a round [ 14)

1

Using this formula, the standardized data for each round tas a mecan of zero and a
deviation of one.

The standardized data werse compared using a simple one-way analysis of vanance (o «
if the sampling devices exhibited significantly different standardized mean concentratic
95% confidence level. If so, this was attributed to differenzes in their ability to rec
purgeable organic compound. If the analysis of variance showced there was & signihcant d
between samplers for a compound, the Tukey's multiple compaison test was employed to «
which standardized means differed. The Tukey's test was used because it is one ol
effective multiple comparison tests at preserving the choser significance level and nu
Type 1 errous {14]. The Tukey's test resulted in groupings of samplers whose standard..
concentrations did not differ at the 95% confidence level for a particular compound. All
tests were conducted using a software package called SAS |15, 16).

The use of standardized data facilitated the combination of 1esults from compounds wii
different concentrations. To sunumarize the results for a samp ing site, the standardized «
all compounds that exhibited a significant difference between sampling devices were i
a one-way analysis of variance. For example, at Cape Cod, 10 to 13 replicates for each
samplers for each of the 4 compounds were included. The associated Tukey's test 1.
comparison of overall standardized means for each sampler and groupings of samplc
overall performances were similar at the site. The standardized mean concentrations were «
10 a | to 7 scale for ease of understanding and presentation i the tables.

Experimental Results and Discussion

Because this was a field study, the true concentrations of pu geable organic compound-
at cach well were not known and percent recoveries could 1ot be calculated as in a |
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study. It was therefore assumed the highest mean POC concentration obtained with a sampler was
the most accurate. This assumption was not unreasonable because (1) fosses of POCs would be
more likely than increases ssimply because of their physical and chenncal properties, and (2) alt
samplers lested were construcied of generally nert materials (Teflon, stainless steel, Viton and
glass), so contamination from the pumps was minimized ‘

Averages of held water-quality measurements and POC concentrations fur all samplers by round
al the three test sites are given in Table 2. Several geaeral characteristics of the ground-water
quality at cach of the sites should be noted.

First, water from the well in Cape Cod, which was situated in 4 plume of contamination caused
by sewage elfluent [17], represents the simplest POC matrix sampled; only four chlorinated solvent
purgeables were identified by GC/MS.

Water from the northem New Jersey well, which was contaminated by wastewaters from a
metal plating/degreasing operation (E. F. Vowinkel, U S. Geological Survey, written communi-
cation, 1986), is a slightly more complex POC matrix; six purgeable organic compounds were

TABLE 2—Sready-state field properiies or consiituents and mean POC concenirations by round at the test
sues [Cuncenirations are expressed in micrograms per liire unless vtherwise noted ]

.. Dawc.RoundNo, and Site
7-17-84 7-19-84 7-19-84 B8-14-84 8-15-84 12-5-8 12-6-84

1 2 3 1 2 1 2
Cape Cod, MA Northern NJ Southern NJ
Steady-state
beld properties
of constituents
pH (units) 70 70 70 65 6.4 6.1 6.1
waler temperature (°C) 125 12.0 120 18 4 18.9 155 16 0
specific conductance
(pSem @ 25 °C) 227 228 223 BOS 865 1780 1780
Dissolved oxygen (mgrl) 02 0.6 03 (U 03 0.2 a2
chiuride (ing‘l.) NM* NM NM 140 145 S60 640
ultraviolet absorbance
(units) NM NM NM 0.014 0038 0 404 0.559
Purgeable organic compaounds
vinyl chlonde <]* <l <1 <l < 64 10
1. 1-dichlorocthane <l <1 < 51 9 I i
trans- !, 2-dichloroethylene 180 170 170 (O] 94 16 160
1. 1-dichloruethylene 58 58 54 37 53 <l ~1
chloroform <\ <} << <l <1 10 15
1.1, 1-inchlorocthane <1 <1 <1 700 940 <1 <1
benzene <1 <\ <1 <1 <1 [ 66
tnchloroethylene 89 84 82 41 60 27 28
tetrachlorethylene 79 75 72 180 270 <i <
tolucne <l <l <l <1 <1 20 2
ethylbenzene <1 <1 <1 <1 <1 25 27
chiorubenzene 1 <1 <1 <1 <1 220 200
1.2 dichlorubenzenc <1 <1 <l <1 <1 15 14
1.3-dichlorobenzene <l <1 <<t <1 <1 1 21

Number of imcasuremenis 25 3 28 55 40 50 82

*NM = pot measured.
b2l o= fower lumit of quantitation,
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identified by GC/MS. This watec had the highest total concentration of purgeable ui
levels exceeding | mg/L. The data presented show significant differences between the
concentrations obtained for cach of the rounds at this site. These differences wer
caused by the different pumping rates used during well Qushing The overall effect ot 1
pumping rates will be discussed n more detatl later,

Water from the southem New Jersey well, which was contaminated by a chen
recycling facility (J. J. Hochreiter, U.S. Geological Survey written communication,
by far the most complex POC matnix of the three sampled. Eleven POCs were denni
MS at this site. This water contained a diverse mixture of purgeable organic compow
from the very volatile viny! chloride (Henry's law constant = 0.08 atm-m*mol) to the |
dichlorobenzenes (Henry's law constants = 0.002-0.004 atm-mmol). Ground w
southern New Jersey site was the only one of the three sampled which containcd
concentrations of aromatic POCs (benzene, toluene, ethylbenzene, chlorobenzene, |
benzene, and 1,3-dichlorubenzene). The presence of aromatic compounds is reflectedd
higher ultraviolet absorbance measurements given in Table ©.

Cape Cod, Massachusetts Site

Statistical analysis of the Cape Cod results was done on 10 to 13 replicate sample cor.
for cach of the 7 samplers for each of 4 POCs. The differenc : in numbers of replicates
by the loss of a few data values due 1o analytical difficulnes

Analysis of variance of the Cape Cod data indicated that ‘he standardized mean con
of the samplers differed significantly (at p < 0.05) for all four compounds identified
The Tukey's test results are given in Table 3. The sampler. are shown in order from.
lowest standardized mean concentrations for each purgeable organic compound. Samj
the same grouping bracket are not significantly different at the: 95% confidence level in
to recover the particular POC from the samples. The range of the actual mean concen
given for each compound to indicate the levels at which the:c groupings occurred.

The bladder pump, the open bailer, and the helical-rotor submersible pump consisten,
the highest concentrations of all four purgeable organic compounds at the Cape Cod 1

TABLE 3——Tukey's test resulis: individual purgeable organic comsound and overall orders an.
of samplers for the Cape Cod iite.

_ hdividual Compounds** o _ Ovenll
1.1- Trans-1,2- Tn- Tetra-
dichloro- dichloro- chioro- chloo-
Ordes cthylene cthylenc cthylene cthy ene Order Samy
I BLAD BLAD HR HR 1.52 Bl A
2 0B OB OB BLAD 1.87 HK
3 HR HR  _ BLAD 0B 202 OB
4 PSB GEAR GEAR GEAR n Gl
5 GEAR SYR PS8 PSB 5.08 pPsSt
6 SYR pSB ; SYR SYF 5.81 SYR
7 PER PER _ PER - PER 700 PER
Range
(pg1) 64-4.7 190- 160 95-68 91 8

* BLAD = bladder pump; OB = open bailer; HR = helical-roto- submernsible pump, PSB -
bailer; GEAR » gear submersible pump; SYR = syringe sampler, PER = peristaliic putop

+ Sampling devices within a bracket do not differ significantly at the 95% confidence level in thet
mean POC concentration
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penistaltic suction-lift pump recovers the lowest concentrations of all compounds and is the only
pump not grouped with the (wo top samplers in any of the comparisons. However, for all four
compounds there 1s considerable overlap in the groupings within each sampler comparison. For
example, for 1,1-dichloroethylene and trichloroethylene, all samplers cxcept the peristaltic pump
are grouped together. The groupings are useful in comparing the relative performance of pairs of
samplers.

To summanze the data for the Cape Cod site, a onc-way analysis of vanance was done on the
standardized data as described carlier in the **Statistical Methods'' subsection. The overall site
order and grouping of the samplers given by the Tukey's test are given in the last two columns
of Table 3. There is more differentiation between samplers when all four POCs are considered
together rather than scparately. This overall site order and grouping corroborates the previous
gencral observations that the bladder pump, the helical-rotor submersible pump, and the open
bailer are the most cffective samplers and that the peristaltic pump is the least effective sampler
at recovering POCs.

The point-source bailer ranking is probably low because of an operational problem encountered
In emptying this sampling device at this first test site. Initially, the bailer was not equipped with
a deficcting rod to displace the top bail check valve and allow the sample to drain out. Consequently,
this bailer could not be cmptied from the bottom so samples were poured from the top into the
40-mL sample vials. Acration of the samples with associated degassing of the purgeable organics
probably took- place during this sample transfer. Prior to any further ficld testing, the bailer was
retumed to the manufacturer and the deflecting rod was installed. At the final two test sites, the
point-source bailer was properly drained using the bottom-emptying device, and the standardized
means were cqual to or higher than those of the open bualer.

Northern New Jersey Site

Statistical analysis of the northern New Jersey results was done on 7 (0 16 replicate concentrations
for each of the 7 samplers for each of 6 POCs. ‘The difference in numbers of replicates was caused
by analyucal difticulties and the effects of sampler order and pumping rate which resulted in the
climination of the data from one round for each of two samplers. As mentioned previously, the
well Rushing rate affected the results at thas site. A detailed discussion of these results will be
deferred 1o the Efect of Pumping Rate™ subsection.

Analysis of vanance of the remaining northerm New Jersey data showed that the standardized
mean concentrations of the samplers differed significantly (at p < 0.05) for five of the six purgeable
orgamic compounds identified at this site. The sixth POC was not significanily affected by sampling
device primarily because its concentrations were near the detection limit of the gas chromatographic
analysis proccdure. At low concentrations, analytical vanation makes up a much greater portion
of the total variation in the results, causing greater overlap in the mean concentrations of all the
samplers. At this site, the average coefficient of variation for the five sigmficantly affected
compounds was 20%, compared to 51% for the low concentration compound.

The Tukey's test results for the five POCs significantly affected by sampling device are given
in Table 4. The point-source bailer and the gear submersible pump are the two most cffective
samplers for all compounds at the northem New Jersey site. The bladder and the peristaltic pumps
consistently recovered the lowest standardized mean concentrations for all five compounds. As
with the first test site, there is considerable overlap in all the groupings for all five compounds.

The overall site order and grouping of the samplers are shown in the final two colunins of Table
4. These groupings do not overlap. They confirm the vbservations made on the individual compound
compansons, that the pownt-source bailer and the gear submersible pump are the most cffective
samplers and the bladder and peristaltic pumps are the least effective samplers for POCs at this
site.
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TABLE 4- Tukev's test results individual purgeable organic comyp owd and overall orders unl
of samplers for the northern New e sev site

Individual Compounds=* 7 O
1.1 fl- Lot Tn- Tetra-
dichloro- dichtoro- tachioro- chloro- chloro-
Order cthytene cthylene cthane cthylene cthylene Order
1 psg psB Psp b PSH GEAR 1 63
2 GEAR GEAR GEAR GEAR PSB 155
k) OB 7] HR HR OB 0B 334
4 SYR SYR SYK SYR _ HR 342
5 Hk [¢]1) Of HR SYR 151
6 BLAD BLAD BLAD BLAD BLAD 578
7 PER - PER PER _|PER | PER 700
Range
(pg/l) 70 - 48 49-32 Y20 63 S6-4. 260-170

“ BLAD = bladder pump, OB = open baiders HR = helical-rotor submersible pump, PS8 = -
bailer, GEAR = gear submersible pump, SYR = syringe sampler; PER = penistaltic pump

* Sampling devices within a bracket do not differ significantly atthe 5% confidence level i their -
mean POC concentrations

The poor performance of the bladder pump was surprising because this pump was
most effective samplers at Cape Cod and it was highly rated in previous studies |
northern New Jersey well had a static water level of approxinately 2 m (6 ft) below L
and was sampled at a depth of 4 m (12 ft) The bladder pump was 2 m (6 ft) long su 1k
of the sampler was at or ncar the jop of the water column in the well. Any drawdos
sample collection would have caused the pumping Jevel (o cecline below the top of th
pump. A loase connection between the bladder pump and the discharge hine may ha,
air to leak into the system, or the pump body may have been anable to fill completely w
resultiag in a gas head space for POCs to partition into. Either possibility could lead to
of a mixture of air and water, thercby promoting aeration an 4 stripping of the volanlc
sampled water. 11 is believed that the poor bladder pump performance at this site w
simply by the operational problem that the height of the wate  column in the well was 1o
10 keep a pump of this size submerged

Southern New Jersev Site

Statistical analysis of the southern New Jersey resulis was dor e on 1210 23 replicate con.
for cach of the 7 samplers for cach of 11 compounds. The dit ‘erence in numbers of reph
caused by analytical difhculnies and by an cliect of samplin: order/pumping rute sl
expenienced at the northem New Jersey site that resulted the loss of a round of d.
samplers. This problem will be discussed n the *Effect of P imping Rate™ subsecion

Analysis of variance of the southern New Jersey data awdicated that the standards
concentrations of the samplers differ significamtly (at p = 0 05) for only & of the 1
organic compounds identificd at this site. The Tukey's test 1eulis for the six aftevied o
are given in Table 5. The groupings show much overlap betwren samplers at thes site N
or group of samplers was consistently more or less effective than the others. Indeed. the
pump. which had previously been the leust clfective sampler at the first two sies, wa
effective pump for three of the six compounds at this sie

The overall order and grouping of samplers at this site (Lost 2 columns an Table 5
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TABLE 5—Tukey's test results. individual purgeable organic compounds und overall orders and groupings
of sumplers for the southern New Jersey sue.

o ~ dwvidual Compounds** Overall
11- Tn-
Vinyl dichloro- Chloro- chloro- Ethyl-
Order chlonde cthane form cthylene Benzene benzene Onder Sampler
] PSB PSB PER PSB PER PER 295 PEK
2 GEAR OB HR OB BLAD HR 3 BLAD
3 BLAD GEAR BLAD BLAD HR BLAD 349 PSE.
4 08 BLAD 0B GEAR GEAR PSB 398 OB
5 PER SYR GEAR PER PSB GEAR 4.05 GEAR
6 HR PER SYR SYR OB OB 514 HR
7 SYR HR  _ pPSB HR SYR SYR 6.45 SYR
Range B3-69 17-11 17-12 39-28 69-58 29-22
(ngl)

* BLLAD = bladder pump, OB = open bailer; HR = helical-rotor submersible pump; PSB = point-scurce
bailer, GEAR = gear submersible pump, SYR = syringe sampler; PER = peristaltic pump.

* Samphing devices within a bracket do not differ sigmficantly at the 95% confidence level in their standarcized
mean POC concentrations

all samplers except the syringe are included in the top group. Even the syringe overlaps with rmiost
other samplers.

The performance of the penstaltic pump at this site s very different from its previous
performances at the other sites. The effect of temperature on the operation of the peristaltic pump
may offer one possible explanation. Both the northern and southern New Jersey wells are shallow
and unconfined and sampled at simitar depths. The only difference is that the northem New Jersey
well was sampled in August, when the ambicat air temperature was 29°C (85°F), whereas the
southern New Jersey well was sampled in December when the ambient air temperature was close
to 0°C (32°F). Solar heating of the discharge hine and the receiving flask at the surface probably
combined with the high air temperatare to produce favorable conditioas for degassing of purgeables
from the water samples duning the northern New Jersey samphing. At the southan New Jersey
sampling site the weather was cloudy and the air temperature was lower than that of the sampled
ground water. Therefore, conditions were optimal for the POCs to stay i solution and be recovered
in the samples. This may parhally explain why all the samplers overlap so much in the Tukey's
lest results at the southern New Jersey site. .

Overull Order and Grouping

To summarize the results for all three sites, an overall order was calculated using the standardized
mean cencentrations for each of the 7 samplers for each of the 15 compounds that exhibited
significant difterences between sampling devices (4 compounds at the Cape Cod site, 5 compounds
at the northern New Jersey site, and 6 compounds at the southern New Jersey site). The standardized
means of each sampler were averaged over all 15 compounds and converted (o a 1 to 7 scale for
case of understanding and presentation. An analysis of vaniance and Tukey's test were not ased
in this overall comparison because the known differences in results between sites would result in
a significant sampler by site interaction term in any analysis of variance model. The results are
given in the left half of Table 6.

The gear submersible pump, point-source bailer, open bailer, helical-rotor submersible pump,
and bladder pump are all closely grouped; their scores differing by only 0.64 on a scale from 1
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TABLE 6--Overall orders of sampling devices based on s.andardized mean concentration
coefficient-of variation data from al three well sites.

B 7Sluiuianll.ui:fl Mecan V(:,qlc;:nmu?n Dava . Coefficient-of-Varation Du

Ovenll Ovenil
Scores Sampler Percents ges Sampler
ol gear submersible pump 176 gear submersible pump
3o pownt-source bailer 177 bladder purnp
jis open bailer 20 4 helical-rotor submersibl
351 helical-rotor submersible pump 206 peristaliic pump
36s bladder pump 0.8 syringe sampher
512 synnge sampler 223 open bailer
515 penistaliic pump 223 point-source bailer

o 7. This implies that overall there are only minor diffe ences in the ability of the |
devices 1o recover the purgeable organic compounds saripled at the three test sites
because of previously discussed operational problems, the overall scores of the point
and the bladder pump are lower than they could have been. Thus, the actual difter.
the highest and lowest scores for these five samplers ma: be even less.

The peristaltic pump and the syringe sampler are the orly two samplers that consis
lower POC concentrations than the others. Previous studic: [/ -3} have also found redu.
of purgeable organic compounds with the peristaltic pump in laboratory tests. Pr.
losses are due to the POCs degassing into the vacuum created by the suctioa-hft i
which the pump operates. The reduced recoveries of the syringe sampler were app.u
by failurc of the seal between the Tefion piston and the syringe barrel. Suspend.
matter in the well may have caused this seal to wear and t1en leak, exposing the samp
pressurcs when the sampler was being filled or to increas-d pressures when the sampi
cemptied. Degassing or stripping of the purgeables fron the water samples apparc
during these sampling operations.

The coelficicnts of vanation of the nan concentration data are a measure of the §
which the sampling devices are able to recover purgeabl: organic compounds. To
coefficient of variation data from all three sites, an overa | order was calculated den:
of the mean concentration data using the actual cocfticient of vanation pescentage:
cach sampler for each compound. These sesults are presented in the right half ot
clear groupings arc obvious based on thesc values, witn less than 5% scparating |
lcast precisc samplers. There is no indication that a sign.ficant difference exists in P
precision between the sampling devices. However, the three samplers with the lowe-
of vaniation (highest precision) in Table 6 are all positive -displacement pumps, whei
with the highest coeflicients of vanation (lowest precisicn) are all grab samphing d.
depending on the general class of sampler used, there nay be a slight effect on ih.
POC sampling. Barcelona and others (] noted that grab s.mplers were subject to grea
in POC recovenes due to their heavy dependence on the « xperience of the sarapling
the care with which they are used.

Effect of Pumping Rate

Two different effects caused by pumping rate were observed in this study. First
different well flushing rates prior to sampling was purposely tested at the northern
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la.-Low pumping rate (1 gpm) 1b.~High pumping rate (10 gpm) -

PLUME PLUME
SOURCE SOUHRCE

So 5
oo
e/ OBSERVATION OBSERVATION
WELL - WELL
PUMPED PUMPED
'DJ_/

EXPLANATION
——— 5§ —— LINE OF EQUAL PURGEABLE ORGAN!IC
COMPOUND CONCENTRATIONS -~
interval vaniable In micrograms per liver

FIG. 1 —Effect of pumping rate on lines of equal purgeable orgamic compound concemirations in a
hvpothetical plume

site. Sccondly. the cffect of a greatly reduced flushing rate was observed unintentionally in
sampling for POCs at the southern New Jersey site.

At the northern New Jersey site, the well was flushed at pumping rates of 3 8 1/min (1 gpm)
the first day and 38 L/nun (10 gpin) on the sccond day. When field water-quality measurements
stabilized each day, the samphing was carried out using the seven sampling devices in a random.y
determined order The mean concentrations of the five POCs determined 1o be significantly affected
by samphing device were 21 1o 41% tgher on the second day than on the hrst day tor the sampler
with the highest averall recoveries. The difference between the mean concentrations for the most
cffective and least effective samplers ranged from 28 w 40% for these hive POCs. Thus, the
pumping rale at which a well s flushed prior to sampling for POCs can be of the same tmportance
as the type of sumpling device used.

The probable explanation of the difference in mean POC concentrations at the two pumping
rates 15 illustrated by the hypothetical plumes shown in Fig. 1. In Fig. la, a low pump rate |3.8
L/min (1 gpm)}} 15 used to flush a well and has a centain minimal effect on the shape of the
contaminan! concentration contours. In Fig. 15, a higher pump cate {38 12nin (10 gpm)] is used
to Rush the same well and, due 1o 1ts larger cone of depression and incicased hydrauhic stress on
the system, distorts the contaminant concentration contours and draws i a different thigher)
concentration than the lower pump rate. 1t is probable that such a scenanio occurred at the northem
New Jersey well However, depending on the well tocation with respect to the plume and the site
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hydrogeology. it is also possible for POC concentrations to decrease with increased pur
such a case, the higher pumping rate would increase the rad us of the cone of dcprcssmu
in less-contaminated ground water from a larger area of the aquifer.

At the southemn New Jersey site, the well was flushed the first day at a uniforiu
{approximately 3.8 L/min (1 gpm)| uatil stable ficld measurements indicated water of i
water quality was being produced. Sampling then took place with the seven sampling
a randomly determined order. As an example, the mean conceatrations of trichlorocthylead
for cach of the samplers is plotted in Fig. 2 in the order in which they were used. In th
order, the first four samplers (B, G, A, and C) were pumjing devices and the last thi
and E) were grab samplers. The mean concentration of trichlorocthylene remained
stabilized level for all four pumping devices and for the fi-st grab sampler. However,
concentrations for the final two grab samplers decreased by an average of 39%. This «
water quality was confirmed by cormesponding decreases in the ficld waterquality meas
{specific conductance, chloride, and UV absorbance). Thu:, within one hour of the cu:
pumping, the trichlorocthylene concentration contours apparently changed from a situaiu
to that illustrated in Fig. 1b to that in Fig. 1a. The rapid decrease in POC conceatrit
have been aided by the fact that the plume is not arcally ex ensive.

Summary and Coenclusions

Significant differences among the mean concentrations recovered with seven sampl
found for sclected POCs at each of the three test sites. The -elative order of sampler cff.
varied between sites and among compounds detected at any *ingle site.

The gear submersible pump, point-source bailer, open biiler, helical-rotor submersit
and bladder pump were all closely grouped, suggesting a lack of any real differences an
in their ability to recover the POCs sampled under the conditions present at the three -
peristaltic pump and the syringe sampler were the only samplers that consistently recoves
POC concentrations than the others. Presumably the persialtic pump losses were ¢
degassing of the POCs into the vacuum created by the suctin-lift mechanism by which
operates. Reduced POC concentrations obtained with the syringe sampler were apparen!
by leakage of the gastight seal between the Teflon piston and the syninge barrel, whidt
the samples to both very low and very high pressures durin g the sampling process.

The overall order of the samplers based on their cocffi ients of variation indicated
difference between the sampling devices n the precisior with which they recover
However, the three samplers with the lowest cocflicients ot variation (highest precision
positive-displacement pumping devices, whereas the three .amplers with the highest co
of vanation (lowest precision) were all grab-sampling devic s.

Operating conditions, such as mechanical problems, amnient air temperature, and
the sampler in the water column of the well, can have sipaiticant impacts on the abul:
sampling device to recover purgesble organic compounds. tn addition, scale effects, su
size of the plume being sampled, the distance from the source to the sampling well
pumping rate with which the well is flushed, can significan:ly influence the recovery o
a well site. In this study, these factors were as important a. the type of sampling devi
take the samples.

The results of these field experiments should have a gr=t deal of transfer value to
where sampling for purgeable organic compounds is of intcre .. Each of the sites was hydn
simfar in that all were unconfined sand and gravel aquifers of relatively shallow depth
m (12 to 50 fu)}. It is not uncommon to find ground-watzr contanination problem-
purgeable organic compounds in aquifers such as these due to their high permeability |
detected in this study had a wide range of volatilities and included the compounds most «



EXPLANATION

Point source baller

oF

oA Perlstaltic pump

®3 Gear submersible pump

wB Helical rotor submersibie pump
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found in contaminated ground water such as dichloroethyk ne, trichlorvethylene, and 1
cthylene.

The ideal sampler for purgeable organic compounds would: (1) subject the sample to .
of turbulence, (2) not expose the sample 10 negative pressure or vacuum, {3) not heat 1
and (4) be constructed of nonreactive malterials such as s-ainless stcel, Teflon, Vito
The top five sampling devices—the gear submersible pump, point-source bailer, Oy
helical -rotor submersible pump, and bladder pump—all me et these criteria and may b
proper care to collect POC samples i suitable siuations. If a well is S cm (2 in )
with a limited amount of water to flush from the casing, then one of the positive-d
pumps can be used to both Aush and sample the well for POCs. However, if the well |
diameter and a larger volume of water to flush, a nonidea pump that has a higher pu
may be used to flush the casing, after which a bailer or a positive-displacement pump «
1o collect the sample for POCs

Acknowledgments

This rescarch was funded by the Toxic Waste—Grounc -Water Contamination Proy
U.S. Geological Survey. The authors would like to thank james A. Kammer for his he
laboratory analyses and the data reduction.

References

{/) Ho, J. §.-Y., “Effect of Sampling Vanables on Recovery »f Volatle Organics 1y Water
the American Water Works Association. Nov. 1983, pp. 58 -586.

[2] Unwin, J., "'A Laboratory Study of Four Methods of Sarapling Ground Water for Vol
Compounds,” NCAS] Technical Bulletin No. 441, Nationa! Council of the Paper Indusiry
Stream lmprovement, New Yok, Aug. 1984,

|31 Barcelona, M. 1., Helfrich, J. A, Garske, E. E., and Gibb, J. P., ‘A Laboratory Evaluan.
Water Sampling Mechanisms,”” Ground Water Monituring keview, Vol 4, No. 2, Spnng 1°
41

(4] Houghton, R. L. and Berger, M. E | “Effects of Well Caing Composition and Samplin,
Apparent Quality of Ground Water™ in Proceedings, Fourth National Symposium and t
Aquifer Restoration and Ground Water Moaitoning, Nation.) Water Well Association, (ol
23-25 May 1984

{5} Pearsall, K. A. and Eckhardt, D A, “Effects of Selected Sampling Equipment and 4

Trichlorocthylene Concentrations 1 Ground Water Saimple: " Ground Water Monisoring
7. Nu. 2, Spring 1987, pp 64 73

{6} Momison, R. D)., Ground Warer Monitoring Technology, Procedures, Equipment, and
Timco Manufacturing, Inc., Praine du Sac, WI, 1983

{71 Insiruction Manual for the SP-Series Submersible Sampling Pump, Keck Geophysical nstn
Okemos, Ml 1985,

(8] Pump Applications Guide 1984 1985, Cole-Panmer Instrum:nt Company, Chicago, 1984

{9] *'Procedures and Equipment for Ground Water Monitoning i Small {iameter Wells, " |
Environmental Analysts, Inc., Rescaich Trnangle Park, NC 1984, pp. 9-11.

{10} Barcelona, M. J., Helinch, J. A, and Garske, E. E.. " 5ampling Tubing Effects on (
Samples,”’ Analytical Chemistry, Yol. 57, Feb 1985, pp. - 60-464.

[11] Wood, W. W., "“Guidehnes for Coliection and Field Analysis of Ground-Water Samplc -
Unstable Constituents,”” U S Geological Survey Techmiqu s of Water Resources Inveshy
b, Chapter D2, 1976. .

[12] Claassen, H. C., ""Guidelines and Techniques for Obainir g Water Samples that Accurat
the Water Chemistry of an Aquifer,” U S Geological Su vey Open-Fike Repost 82-1021
CO. 1982

(13} Methods for Organic Chemical Analysis of Municipal anc Industrial Wastewater, EPA «
J. E. Loagbottom and J. 1 Lichtenberg, Eds , U §. Envuoimental Protection Agency. Cin
July 1982.

{14 Zar, ). H |, Biostatistical Analysis, Prentice-Hall, Englewo d Cliffs, NJ, 1974



IMBRIGIOTTA ET AL. ON PURGEABLE ORGANIC COMPOUNDS

[15]) SAS User's Guide: Basics 1982 Edition, SAS Institute Inc., Cary, NC, 1982.

[16) SAS User's Guide: Statistics 1982 Edution, SAS Instiwute Inc., Cary, NC, 1982,

{17} Movemens and Fate of Solutes in a Plume of Sewage-Contaminated Ground Water, Cape
Massachusents: U.S. Geological Survey Toxic Waste—Ground-Waier Contamination Program
Geological Survey Open-File Report 84-475, D. R. LeBlanc, Ed. Boston, MA, 1984,



