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Effects of Selected SamPling Equipment and
Procedures on the Concentrations of

Trichloroethylene and Related COmpounds in 2

GroundWaterSamples
by Kenneth A. Pearsall and David A. V. Eckhardt

3

Abstract

Variations in concentration__of_tfichloroethylene and related compounds in _ound water obtained from seven _
ground water samplers were used to compare the performance of three submersible pumps, a centrifugal pump, two 4

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 t.richloroethylene concentrations
than samples from the submersible pumps. Concentrations of 1,2dichloroethylene and trichloroethylene in ground 5

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, respeciively_but were 15 and 12 percent .lower
when concentrations were as low as 29 and 23 micrograms per flier, respectively. Tests of different configurations of
sampler placement in observation wells indicate that pump placement, rate of pumping, duration of pumping, and the 6
uniformity of the vertical and lateral distribution of trichloroethylene in ground water near the well screen have a
...... :_IT,,_;,..,;;';_.-,,,;,Fl...... ,-,,-,T,-i,'-kl,-,rr,_.thx,la.n_t'nnc'entr_tlnn_ in c,rnund water _amples and that these factors can
have a greater effect than the type of sampler used.

7

Introduction directly affect the concentration of trichloroethylene in

Frequently, the same monitoring wells, sampling ground water samples.
equipment, and procedures that traditionally have been

used to sample inorganic constituents in ground water '.Method of Study
are used to sample _ynthetic volatile organic compounds

Two aspects of sampling were examined to evaluate
(VOCs), although more specialized sampling devices and their effect on VOC concentrations: (I) the3ype of
sampling procedures are usually recommended for this samtfier and its method of use. and (2) the duration of
purpose.Pettyjohnet al. (1981)haveassertedthat% .... · .....

p_umpmg. The sampler comparisons were accomplish-ed
typical electrical submersible pump attached to plastic by collecting samples simultaneously at frequent intervals
pipe or garden hose.., is entirely inadequate" for sam- from different sampling devices installed in the same well
piing for organic compounds and recommend glass and during one-hour pumping tests. Conditions were varied
Teflon® as preferable materials for pumps and tubing among these tests to examine the influence of well depth,
systems. Scalf et al. (1981) recommend Teflon bailers in pump placement in relation to the well screen, and VOC
preference to pumping systems "because of the possible concentrations, The types of sampling devices, pump I
stripping of VOCs from the sample under the reduced or depths, pumping rates, and monitoring wells are summa-
elevated pressure occurring in systems using pumps." fized in Table 1.To monitor the effect of pumping dura-

The purpose of this investigation was to compare the lion, samples were collected at frequent intervals during
use of conventional sampling methods with more rigor- three-hour pumping tests to obtain an indication of VOC I
ous methods of sampling for VOCs in ground water, concentration changes in water entering the well screen.
This report describes field tests of sampling procedures Trichloroethvlene and related compounds were
initiated in 1983on LOng Island, New York, to determine chosen as representative test constituents because of their 1
the effects of selected aspects of sample collection on the frequent detection in Long Island ground water (Myott
concentration of tfiehloroethvlene and related VOCs in 1980)and because their physical characteristics aretypical
ground water samples. Several types of samplers, tubing of votatile chlorinated hydrocarbons. Although the tests 1
materials, and pump-intake placements in relation to the were conducted at variable trichloroethvlene concentra-

screened zone of the well were tested under field condi- tions, thegoai oftheseexperiments was to detcrminethe
tions. The experiments were desizned to examine the capabilit5 ora sam_ter to provide reproducible samples
extent that field methods and sampling procedures at approximatdy 50/sg'L (micrograms per liter) -- the -
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Test, "sign Data for Sampler Comparisons

Screened interval Depth to Pump Pumping
Test (fi below Static Depth to Drawdown Intake (fi below Rate
Number Well land surface) Water (fl) (It) Pumps Used land surface) (gal/mia)

I A 65-75 4.72 2.75 EPDM I submersible pump 50 1.5
Viton submersible pump 50 .64
,g-inch submersible pump 48 18
Centrifugal pump l0 3.0

2 B 63-73 5.67 1.99 EPDM submersible pump 61.5 1.4
Viton submersible pump 61.5 .67

&inch submersible pump 60 18
Centrifugal pump 15. ' 3.6

3 A 65-75 4.89 2.17 EPDM submersible pump 50 1.4
4-inch submersible pump 48 18

Viton submersible pump 46 .77
Centrifugal pump 10 I. I

4 C 20.5-30.5 5.39 .27 EPDM submersible pump 16 1.5
,Mnch submersible pump 14.5 21
Viton submersible pump 13 .82
Centrifugalpump 8 3.9

5 D 24--34 10.06 1.95 EPDM submersible pump 21 1.4
4-inch submersible pump 20 21

Vitonsubmersiblepump 19 .71
Centrifugal pump !5 3.3

6 C 20.5-30.5 5.84 1.06 EPDM submersible pump 17 1.4

CentrifugalpumpandTeflonpipe 18 90 .

Peristaltic pump and Teflon tube 17 .19 [i
Peristaltic pump ancl silicone tu_ i7 .18
Centrifugal pump 8 22.5

7 D 24-_ 10.70 2.42 EPDM submersible pump 17 1.3

Centrifugal pump and Teflon pipe 17 23 [
Peristalticpumpand Teflontube 17 .18 !Peristaltic pump and silicone tube 17 .25
Centrifugal pump 14 3.1 Il

i;8 C 20.5-30.5 6.05 <0.0l EPDM submersible pump 17 1.4
Centrifugal pump and Teflon tube 17 2.5 t!

Teflonbailer 17 -- }!
Centrifugalpump 9 3.7 {

_Z
9 l) 24-.'M 11.70 1.20 EPDM submersible pump 18 1.3 _

Viton submersible pump 18 .80 !
4-inch submersible pump and PVC 19 14 '

pipe :[
Teflonbailer 18 -- [
Centrifugal pump 14 3. I i[

lO D 24-34 12.01 1.37 EPDM submersible pump 18 1.3 ;'.
4-inch submersible pump and 18 16 _ , !

plastic garden hose

Centrifugal pump 14 3. I , !

Il E 48-53 22.72 1.81 EPDMsubmersiblepump 29 1.2 {!
Centrifugal pump and Teflon pipe 29 7.2 ,[i

Centrifugalpump 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 l:

Centrifugalpump 21 4 [!

i

[

13 C 20.5-30.5 4.95 .62 EPDMsubmersiblepump 25 1.4 I
d-inchsubmersiblepump 23 30 _,
Vitonsubmersiblepump 21 .78 ,
Centrifugalpump 10 3.9 '"

;EPDM t_ an eth_lcncprop)Jcnclubbcr ;_ (0)
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New York State drinking water guideline ,' host of the equipped with _-inch OD'_ .cone tubing and delivered each:
volatile organic compounds on the U.S. Environmental 0.2 gal/min with t5 feet of pumping head. The bailer was amor.
Protection Agency"priority pollutant" list. a 3-foot long, 1.75-inchOD Tefloncylinder with a check the as

MonitoringWells valve(Teflonballandseat)inthebottom, mayccomp
Monitoringwellsusedforthetestsarescreenedin areva

sandandgravelintheupperglacial(watertable)aquifer .TestProcedures time.
of the Long Island aquifer system. The wells are compo- Samplers were compared by placing several of them in
nents in existing (in use) ground water monitoring net- in a well at the same time and obtaining samples from tratio

works and wereselected because they offered specifically them simultaneously. The intakes of allsampling pumps and p
desired features, including a known history, a small were placed as close together as possible above the witht

volume of water in the well casing, a shallow screen, and screened zone in the well to ensure that the sample water pump
the desired concentration of the specified constituents, was withdrawn from the same area within the well casing specil5
All wells have steel casings and stainless steel screens (Figure I). A centrifugal pump was additionally used were c
installed less than 80 feet below land surface by either with its intake near the drawdown level in the well to the sc:
cable tool or auger. Wells A, B, C, and D are 6-inch facilitate evacuation of the casing. All pumps were started S:
diameter wells that were drilled in June 1972. Well E is a at the same time, and samples were collected simultane- _sealec
,l-inch well installed in October 1982. They were not ously from each device six times during the tests. To in arr
specially designed or installed for monitoring volatile collect samples with the bailer, it was lowered to the invol,
contaminants; thus, special construction techniques, such sampling depth and flushed five to I0 times by raising it thro u
as steam cleaning of steel pipe before installation, were about 3 feet and allowing it to fall back through the water water
not used. The depth to water in wells used for sampler column. The check ball would lift as the bailer descended, mersi?

comparisons was generally between 5 and !5 f_t. allowing the bailer to fill with water from the correct sampi
depth. After the bailer was withdrawn from the well, a flush '

SamplingEquipment bottom-emptyingdevicewasfittedto raisethecheckball gas ci-.
The sampling devices compared included two 2-inch and drain the bailer while minimizing agitation and aera- ofthe

diameter submersible pumps, a 4-inch diameter submers- lion of the sample. VOC concentrations in samples from
iblePump,a centrifugalpump,twoperistalticpumps, equip:
and a Teflon bailer. The 4-inch qllhrnerqlhl_ m,rnn _nA _'-' _'

-the centrifugal pump are designed for general-purpose o- - t.Ano SURFACE pling e
pumpingandarenotintendedspecificallyforsampling, pump

Both 2-inch submersible pumps were Model SP-81 4.7- __.v___ STATICWATERLEVEL pr, s?
Keel submersible sampling pumps. The positive-dis- ?.5-,v PUMPEDWATERLEVEL areaL?
placement pumping mechanism of the Keck pump con- _o- · CENTmFUGAt.PUMF'_NT_KE initial
sists of a screw or worm gear (rotor) and a flexible rubber i, 9o_/.,_,} Analy_
sleeve(stator).OnepumpcontainedanEPDM(ethylene I' Vc

propyleneelastomer)stator,andtheotheraViton(fluo- '3 plesa:
rocarbon elastomer) stator. These pumps are hereafter qoq,_ Sampi
referred to as the EPDM submersible r>umo and the _' pound
Viton submersible pump. TheEPDMsubmersibtepump m - 6-in STEAL.CASINO Chror:tl

typically delivered between 1.2 and 1.5gal/rain (gallons z The d_
- Packa_

per minute) to the surface with 35 feet of pumping head.
Viton,althoughpreferableinsamplingfororganiccorn- o wasth

la.poundsbecauseit is lessreactivethanEPDM,isless descri_tw

pliable.TheVitonsubmersiblepumptypicanydelivered _ (Feder:
between 0.5 and 0.7 gal/min to the surface with 35 feet of _, son of
pumping head. The 2-inch submersible pumps were iden- z ' lvzed o<r 48-- II - 4-IN SUBMERSIBLE PUMP INTAKE..J

tical in all other respects. Teflon tubing was used to 5o- · II - KECKPUMPINTAKES (18gal/mini allsam_
transmit pumped water to the land surface. The EPDM o '1' (I.5ondo.6_oJ/,.i.I during
submersible pump was arbitrarily chosen as the standard '_,,, compai
against which the other samplers were compared. -, 2.3,oq_ within '

Ihe4-inchsubmersiblepumpwasa l-hp.three-sta_,e_ =_ frome:
Goulds Model E-5125 pump that was connected to a ,a. anah'ze
1.25-inch outside diameter (OD) flush-threaded Teflon _ 65 -- _ - TOP OF SCREEN Quality

pipe. The outlet was fitted with a flowmeter and a valve to _ IO-FT STAINLESS STEEL SCREEN procedt
control flow between 3 and 30 gal.' min. The centrifugal _ controi

pump was a Homelite Model 111S2-Ipump made ofcast 75 _ - BOTTOM OF SCREEN volatitc
iron that delivered between 2 and 50 gal,,rain. depending
on the length and diameter of the intake hose. The 80 · - 8OTTOha OF WELL Statistic
_eristahic pumps _ere Horizon Ecology' Model 7570 Con
Portable MasterFIex sampling pumps. These pumps were Figure 1. Pump positions in sampling 'res! I e_ O:

'l x(Experimental dat_ are gi_en in lahie 2) t//'7_ [ )'



each sampling device werecompared to rev, - -lifferences paired-difference t-test on ..m_-sof concentration values
· among samplers. The experimental desig, .s based on obtained simultaneously ,, .n different samplers at

the assumption that VOC concentrations in the test well selected times during the pumping tests (Iman and Con-
may change during the course of the experiment and that over 1983). The null hypothesis of this statistical test is
comparisons between samples from different samplers that no difference exists among concentration values
are valid only when the samples are collected at the same from different samrfiers. The alternative hypothesis is
time. that a set ofconcentrationvaluesfromonesampling

In separate tests to evaluate changes in VOC concen- device is either larger or smaller than the corresponding
tration in monitoring wellsduring well casing evacuation set of paired values from a second device. The confidence
and pumping, six wells were sampled at various intervals level for detecting a significant difference in concentra-
with the EPDM submersible pump during 15three-hour tiGriSwas set to 95 percent by using two-tailed test staffs-
pumping tests. Trichloroethylene concentrations, pH, tics from the Student's t-distribution. The paired--concen-
specific conductance, and temperature of each sample tration differences for each sampler comparison were
were compared. The pump intake was placed just above checked for normality by the Shapiro-Wilk W-statistic
the screened zone in the well for each of these tests, also. (Conover 1980);on the basis of these tests, the paired-data

Samples were collected in40-mL glass vials that were sets were assugned to be normally distributed (alpha =
sealed with Teflon-lined septa. The containers were filled 0.05), which is necessary for the paired t-test.

in a manner that minimized aeration of the sample. This Results and Discussion ~
involved routing a slow, steady stream of sample water
through a Teflon tube with the tube outlet below the Comparison of Sampling Devices
water surface in the sample container. The 2-inch sub- Submersible Pumps
mersible and MasterFlex pumps were flushed after each In Table 2, gas chromatographic peak areas repres-
sampling with 2 to 5 gallons of clean water. Samples of enting trichloroethylene concentrations in water samples
flush water (flush blanks) were collected and scanned by collected by using the Viton and 4-inch submersible
g=¢_,'hmmam_ranhv6_· , for VOCs to verify_the cleanliness pumps can be compared to those in samples obtained by
of the sampling equipment after each sampling test. Other the EPD M pump for a representative experiment at well
equipment was rinsed with clean water and allowed to air A (Test 1). The paired-difference t-test is used to deter-
dry before reuse. Field data recorded during each sam- mine if differences between these peak areas are signifi-

ngexperiment mcmueu ,m,,., ,.,,_,........ _ .......... , .... Figure I ;c a diagram of the arrangement of the
pump intake depth, pumping time and flow rate. Field pump intakes within the well in Test 1. Samples were
pH, specificconductance, and temperature were recorded obtained from each pump 5, 10, 20, 30, 45, and 60
at each sampling and also at frequent intervals during the minutes after the start of pumping. Concentrations of
initial stagesof pumping, trichloroethylene and 1,2--dichloroethylenein samples

AnalyticalMethods from the EPDM submersiblepump were 130 and 15
Volatile compounds were stripped from water sam- /ag,./L,respectively, in the 60-minute sample.

pies and preconcentrated by a Tekmar LSC-2 Liquid
SampleConcentrator(purgeand trap apparatus). Corn- TABLE 2
pounds were analyzed on a Varian Model 3700 Gas Gas Chromatographic Peak Areas Represent-
Chromatograph with a flame ionization detector (FID). lng ,..o,Le,,,,.,,,,.,'-'.... '-_"'--_ or,Trich!oroethy!e_n_e

The detector output was quantified with a Hewlett- Obtained from Three Sampling Systems in
Packard 3390ADigitalIntegrator.The use of an FID Test 1
was the only modification to the analytical procedure
described by the U,S. Environmental Protection Agency Keckse-st
(Federal Re_ister 1979).Error associated with compari- ElapsedTime Pumpwith KeekSP-81 Goulds4-inch

from Starl of EPDM Stalor Pump with Viton Submersible

son of samples referenced to differing standards or ana- Pumping and Teflon Stator and Teflon Pump with '!
lyzed on different instruments was avoided by analyzing (minutes) Tubing Tubin_ Teflon Pipe . [

'-- allsamples from eachexperiment on the same instrument ,
' during as short a time as possible (six to 10 hours) and 5 137390 138090 139960

comparing peak areas directly. Samples were analyzed f0 _386oo . 145230 139620
_7 withintwodaysaftercollection.One-thirdofallsamples 20 13_,94o 145320 [.39280 i!

:: from each experimentwerecollectedin duplicate and 30 ;43;50 125950 1411_g0 i[li

analvzed by the U.S. Geological Surx,ey National Water- 45 138640 142810 139810 !!
Quality Laboratory, in Atlanta, Georgia, according to 60 laoolo 142820 143250 I:
procedures outlined inV.'ershawet al. (1982) as a quality- i

control check on the identification and quantification of No significant difference in trichloroethylene concen- [
volatile compounds, trations xtas found among samples from the three pumps I

in Test 1, but 1.2-dichloroethylene concentrations aver-
I:

Statistical Methods aged 2 percent higher in samples from the 4-inch sub-
Concentrations of VOCs in samples collected from mersiblc pump than in samples from thc EPDM pump,

each of thc sampiin,.,devices xtere compared through a and this difference u as statistically significant (_ = 0.05).

Spring 1987G,,'MR 67 /\_)



The well'also contained 13/ag/fL of l,l-ulchloroethanc samplers and the concen,,ation of trichloroethylene in -
and no significant differences were evident among sam- the ground water being sampled were varied by cond uct-
pies from the three pumps for this compound during ing sampler comparisons in different wells. In Test 2 (well
Test 1. Results from all submersible pump comparison B), trichloroethylene and tetrachloroethylene-_6h-c_..ntra-
tests are summarized in Table 3. tions after 60 minutes of pumping were 6 and 37/ag/L, _

The three submersible pumps were re-examined in respectively, and no concentration differences were
well A during Test 3, with similar results. This time, observed among samples from the three pumps:Tests 4 t
concentrations of 1,2<lichloroethylene, trichloroethytene, and 5 (wells C and D) were done in shallower wells with
tetrachloroethylene, and 1,14ichloroethane in samples lower casing volumes. Test 4, where the 60-minute sample ,
from the EPDM submersible pump were 41,140, 14,and from the EPDM submersible pump contained 72/ag/L i
10/ag/L, respectively, at 60 minutes. No statistical differ- 1,2-dichloroethylene and 85 /ag/L trichloroethylene, t
ences in concentrations of trichloroethylene, tetrachlo- showed no statistical difference among the samplers. In t

roethylene, or 1,14ichloroethane were evident among Test 5, where the 60-minute EPDM submersible pump /.
samples, but 1,24ichloroethylene concentrations in sam- sample contained 36/ag/L 1,2-clichloroethylene and 20 e
pies from the 4--inchsubmersible pump and the Viton /ag/L trichlctroethylene, samples from the Viton sub- k
submersible pump averaged 3 and 4 percent higher, mersible pump were 16 percent higher in trichloroethy- t
respectively, than in samples from-the'EPDM submersi- lene and 14percent higher in 1,24ichlor_thylene that f
blepump. thosefromtheEPDMsubmersiblepump,andthisdif- I:

The volume of water in the well casing above the ference was statistically significant. Concentrations of
E

TABLE3

Comparison of EPDM Submersible Pump with the Viton and 4-inch Submersible Pumps c
S'.

Deviation of Concentration from thai in ,,

Sample Concentration EPDM Submersible Pump b, in Percent d
AfterPumpingEPDM 4-inchSubmersible te

Te_rt Submersible Pump Viton Pump and 1.25-inch C
Number Well Compound' 60 min (,ug/L) Submersible Pump Teflon Pipe si

a;

I A DCE 15 0 2 V

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 :
z

5 D DCE 36 la 0 {:

TCE 20 16 0 --

9 D DCE 29 0 _15c _.-
i.

TCE 23 0 -12 ¢

I0 D DCE 17 Od-- ..tlm

TCE 19 -- 0u

aDCE= 1,2-dichloroethylene;TCE=trichloroethylene;

PCE=tetrachloroethylene;DCA= 1,2-dichloroethane. __ aI

bZeroindicatesnostatisticallysignificantdifference. _ b-
Minus sign indicates concentrations were less than those in samples from EPDM submersible pump.
--Indicates no data. ._

4-inch submersiblepump outlet connected to 1.25-inchOD PVC pipe instead of Teflon pipe z___ t.'

d a-inch submersibie pump outlet connected to _{t-inch OD pla-_tic °arden hose ('_; _'_-



ylene in _'. ¢'ohtiies in samples from the 4-inch submersible pump respective!y, than in those from the EPDIVl submersibh
'onduct- I,

'_ were not statistically different from those from the pump. For l,l-<lichloroethane, similar to 1,24ichioro
_t2(well EPDM submersible pump, however. A second test at ethylene in physical properties, no differences betweer
ncentra- _'-; well D (Test 9) showed no statistical difference among the two pumps were indicated by concentrations whic?.
,7/ag/L, _ samples from the Viton and EPDM submerSible pumps, ranged from I0 to 13/ag,/L. Analyses of nine pairs o',
es were In Test 9 (well D), the Teflon pipe that was usually tetrachloroethylene samples from two experiments indi-
· Tests 4 used with the 4-inch submersible pump was replaced coted no difference between the EPDM and Viton sub-
ellswith with 1.25-inch threaded PVC pipe. The resulting samples mersible pumps.
:sample were 12percent lower in trichloroethyiene and 15percent The EPDM and &inch submersible pumps were
72/ag/L _ lower in 1,2-dichloroethylene than in samples from the compared in five tests in which Teflon tubing or pipe was

thylene, t EPDM submersible pump (the 60-minute samples from used. No significant differences between the samplers
plers. In . the EPDM submersible pump at this well contained 23 were indicated by 29 pairs of trichloroethylene concen-
;e pump _ /ag/L of trichloroethylene and 29/ag/L of 1,2-dichloro- trations from these tests. 1,2-dichloroethylene concentra-
: and 20 !; ethylene). In Test I0 (well D), _-inch ID plastic garden -tions in 22 pairs of samples from four tests showed no
on sub- _ hose was substituted for the Teflon pipe, and concentra- significant differences betwe_ the two samplers i_ two
>roethy- tions in the resulting samples were not significantly dif- of the tests; the other two indicated significant differences
ene that ferent from those in samples from the EPDM submersi- of Icesthan 4 percent. Tetrachloroethylene concentrations
thisdif- blepump. in 12pairsofsamplesfromtwotestsshowednoslgnifi-
tions of : In ali, six tests (Table 3) were conducted in which the cant difference in sampling performance between the two

_ ' EPDM and Viton submersible pumps were compared, samplers.

i Among 35 pairs of trichloroethylene concentrations, the Centrifugal Pump
only significant differences in concentrations were ob- Results of four centrifugal-pump tests are summar-

lps : served in Test 5. and these were not reproduced when the ized in Table 4. In three tests (no. 6 at well C, no. 7 at well
hat in .,_" was retested (Test 9). Twenty-nine. pairs of 1,2- D. and no. I1 at well E), the pump was equipped with a
._rcent dichloroethylene concentrations were obtained in five 1.25-inch Teflon pipe intake line. Trichloroethylene con-
'sible ; tests. In three ofthese tests(Test I at well A;Test 4 at well centrnt;n,,_; ........_................ p_ f_umthe centrifugal pump were
_-inch C; and Test 9 at well D), concentrations did not umer 4 percent _reaterthan those from the EPDM submersible
2 significantly, but in the other two tests (Test 3 at well A

and Test 5 at well D), concentrations in samples from the pump in the first test, 8 percent lower in the second test,
and not significantly different in the third test. 1,2-Viton submersible pump were 4 and 14 percent higher.

TABLE 4

Results of Comparison Between EPDM Submersible Pump. Centrifugal Pump an d Bailer
Deviation of Concentration from that in

Sample Concentration EPDM Submersible PumptL in Percent
After Pumping EPDM Centrifugal Pump

Test SubmersiblePump and1.25-inch
Number Well Compound · 60 min (/ag/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 0': 0

TCE 76 0c 0

9 D DCE 29 -- -7

TCE 23 -- -7

11 E DCE 36 0 --
TCE 58 0 --

a DCE = 1.2-dich[oroethylene: TCE = trichloroethvlene.

bZero indicates no statistically significant difference. / ,/ ....',
Minus si_n indicates concentrations _ere less than concentrations obtained from EPDNI submersible pump. /\[_

--Indicates no data. ( \'_ _
c _--,nc'aOD Teflon tubin,, xv_ substituted in =iace of 1.25-inch OD Tee:on ti- _'



inta.
· dichloroethytene concentrations in sam> , from the and 1,2-dichloroethylene _ .centrations were 12 and 8 well

centrifugal pump were the same as those in samples from percent lower. Trichloroethylene concentrations in sam- sam
the EPDM submersible pump in Tests 6 and 11but were ples from the peristaltic pump with Teflon tubing were
9 percent less in Test 7. In Test 8 (well C), the centrifugal 8 percent lower than in EPDM submersible-pump ible
pump was used with ½-inch OD Teflon tubing, and samples in Test 6 but not different from the EPDM scret
results indicated no performance differences between the submersible pump samples in Test 7; 1,2-dichloroethylene cern
centrifugal and EPDM submersible pumps. Data from concentrations were the same as those in EPDM was
the centrifugal-pump tests showed significantly greater submersible-pump samples in both tests. The lower con- the t
variability (larger standard deviations) than data from centrations in samples from the first pump probably can - addiwell
the othertests, beattributedto contactwiththesiliconetubing.Appar- :

In Tests 6(well C), 7(well D), 8 (well C), and 11(well ently, the slow flow rates of the peristaltic pumps and the whe:
E), the depths to water in the well during pumping were narrow bore of the silicone tubing provide sufficient pure
6.9, 13.I, 6.0,and 24.5 feet, respectively. In Test 11,where contact time for VOC sorption by the tubing material, casir
water was close to the maximum depth at which a cen- Ho (1983)also observed significant sorption of organics cent;
trifugal pump can be effective, no significant differences by silicone tub.jng. at th
werediscernedbetween1,2-dichloroethyteneortrichlo- thos_
roethyleneconcentrationsinduplicatesamplesfromthe Bailer _ thes

The sampling performance of a Teflon bailer was 1EPDM submersible pump and the centrifugal pump
with 1._-inch Teflon pipe. In Test 8, which repeated the compared to that of the EPDM submersible pump in pun.
conditions of Test 6 but with a much narrower intake Tests 8 (well C) and 9 (well D); results of these tests are of th
hose to restrict the flow rate and increase the head differ- given in Table 4. In Test 8, 60-minute samples from the App

ence to which the pumped water was subjected, neither EPDM submersible pump contained 96/ag/L of 1,2- diffe
compound indicated a significant difference between the dichloroethylene and 76/ag/L of trichloroethylene, and purr,
two pumps. Thus. a reduction of head to below atmos- no significant difference was evident between samples with
pheric pressure by the centrifugal pump had negligible from the EPDM submersible pump and samples from were

the bailer. In Test 9, in which water collected from the screeeffect on 1,24ichloroethylene and trichloroethylene con-
eentrationsinthesetests. EPDM submersiblepump after60 minutesof pumping sam?

contained much lower VOC concentrations than Test 8 sam:

Peristaltic Pumps -- 29 /ag/L of 1,2-dichloroethylene and 23 /.tg/L of well
Two peristaltic pumps were tested simultaneously in trichloroethytene--five samples from the Teflon bailer Char

different configurations inTests 6(well C) and 7 (well D); had 7 percent lower average concentrations of both con- Pure
results are given in Table 5. One of the pumps was used stituents than the five corresponding duplicate samples -I
with conventional 3A-inchOD heavy-wall silicone tubing: from the EPDM submersible pump. This is the only test ably.
the other was used with V:-inchTeflon tubing except for that indicated a decrease in the effectiveness of a sampling tests
3 feet of silicone tubing at the pump head, where the device with decreasing constituent concentrations, pos- ethvi

flexibility of the silicone tubing is required. All tubing sibly indicating a systematic concentration loss that is plots
wasflushedwithcleanwaterbetweentests, moreapparent at lowconcentrations, of th

Trichloroethylene concentrations in samples from the
peristaltic pump with ail-silicone tubing were i6 and i4 r.,Aleutu, · u,ip-l._c _ ,a,-=.,_m
percent lower in Tests 6 and 7, respectively, than in During initial experiments to compare samplers ouslx
duplicate samples from the EPDM submersible pump, before the experimental design was finalized, the pump

TABLE 5

Results of Comparison Between EPDM Submersible Pump and Peristaltic Pumps Co
Deviation of Concentration from that in

Sample Concentration EPDM Submersible Pump b. in Percent
After Pumping EPDM Peristaltic

Test SubmersiblePump Pumpand PeristalticPumpand

Number Well Compound _ 60 min (/ag/L) Silicone Tubing Teflon Tubing Test
_ LI[II

6 C DCE 97 -12 0

TCE 82 -16 -8 12

7 D DCE 60 -8 0 13

TCE 36 -14 0 4

DCE =1.2-dichloroethylene: TCE: trichloroethvlene. "Pun
bPuiI

bZeroindicatesnostatisticallysignificantdifference. _'Pun
Minus sign indicates concentrations _ere less than concentrations obtained from EPDM submersible pump.



intakes were located within the lO-foot screened zone of 'Il;_-[_' '_/'-- :: ....

well C with the intention of ensuring minin ;ontact of f- _' - - :....o, . :!
sample water with the wellcasing. The EPDM submers- , ' :4

ible pump was placed toward the bottom of the well a ii / ,-. ' --._ oscreen, 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 § °''h/
the topofthescreened zone. In this first test (Test 12),no _g0,-I/
additional pump was used near the drawdown levelin the .,$

well to flush the casing volume above the samplers, a °"l .'

whereas when the test was repeated (Test 13),a centrifugal g o,-/I/
· wEkl. r

pump intake was used at the pumped water level to assist _ I/ r: _m

casingevacuation,tn both tests,trichloroethylenecon- _ . _,
centrations in water collected by the pump with an intake °'

at the top of the screenwere about 30 percent lower than o,_.
those from the pump whose intake was at the bottom of o , ........ _o _o ,,o ,_0

fgJld_NO DUR_tTIO_, tN I_hlUT'_S

the screen.(SeeTable6). Figure2. Ch:fngesin trichloroethyleneconcentrationsduring
In a similar experiment at the same well (Test 4), the three-hourpumping tests at _leciedwells

pump intakes weresetbetween 5 and 8 feetabovethe top ·
of the screen, and all samplers delivered identical samples, feet below land suff_/ce.Tfichloroethylene concentrations
Apparently, VOC concentrations in the stratified deposits increased most rapidly during the first 15 minutes of
differ along the 10-foot screened zone at this site. The pumping, presumably because stagnant water in the cas-
pumps in Tests 12 and 13 sampled different horizons lng was mixing with more highly contaminated aquifer
within the screened zone, whereas the pumps in Test 4 water, and increased to a maximum of about 180/ag/L
were sampling a homogeneous mixture from above the when pumping ceased after three hours. Field measure-
screen. Thus, when a second pump is used above the ments of ground water temperature, pH, and specific
sampling device to ensure flushing of the casing, the conductance were stable after 20 minutes of pumping. At
sampler intake must be placed in the casing above the the pumping rate of 0.32 gal/min with the Viton sub-
well _creen to obtain fully integrated samples at this site. mersible pump, three hours of pumping corresponds to a

boreho!e evacuation of 20 casing volumes.
Changes in Trichloroethylene Concentrations During Trichloroethylene concentrations at well G -- another
Pumping 2-inch well screened 35 to 36 feet below land surface

Trichloroethylene concentrations changed consider- --reached a maximum of _0 lag/L after 30 minutes of
ably as wells were pumped during l 5 three-hour pumping pumping and declined slightly thereafter. Field mca-
tests at three wells screened within a plume of trichloro-

surements of ground water temperature, pH, and specific
ethylene-contaminated ground water. Representative conductance during this test stabilized after I0 minutes
plots of the concentration changes during one test at each of pumping. At a pumping rate of 1.40gal/rain with the
of these wells are shown in Figure 2. EPDM submersible pump, three hours of pumping cor-

Trichloroethylene concentrations increased continu- responds to evacuation of 126 casing volumes.i 11t_

ously at we,,, a 2-inch diameter well screened at 35 to 36 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 Average Concentration Normalized to Concentration
from EPDM Submersible Pump After in Samples from EPDM Submersible Pump

Test 60MinutesofPumping EPDM
' Number gtg/L) Submersible Pump Upper Pump

12 120 - 1.00_ 0.68-_

13 83 1.00_ .69b

4 85 1.00_ 1.00c

apump intake at bottom of well screen
bPump intake at top of xkcl{screen
: Pump intakes above well screen

Spring 19S7(;_,V.MR 7J_"'%



wellscreened48to 53feetbelowlandsum,ce.declined "_ .. were
- / -_: -_--_---a_ ._ _ - devic

sharply in the first 20 minutes of pumping with the ;i '--,_ _./ _ --'*--"*-----___T-----_ :' porta
EPD Msubmersible pump (1.35gal./rain), and the decline . _., _i- _. __ _.__
continued through the end of the test, when a minimum _a .. aspec
concentration orS1/.tg/L was recorded after 14 casing _ " -4, lr

' = '" -"---"---& 5- surer
volumes had been evacuated. ' _ o., i

Results,ofseveralsamplingtestsatwellEindicate °o I · temF.j

that the pattern oftrichloroethylene concentrations dar- i o'- i '?' '7 lng,lngpumpingmaynotbeduplicatedeachtimethewellis _ _ :_- after
sampled (Figure 3).The sampling procedures, equipment, ._ o.,. oArr casir
and flow rate in these tests were identical, and ground _ · ':-"-,, ': caus
water temperature, pH, and specific conductance were _ = :-:'-"· ,-,,-_ f. wate
generally stable within 20 minutes of the start ofpumping °-" o _-_-_ . ever
One reason for the differing concentration trends (Figure _ _-'-_' in ti
3)isthatthiswellisinfluencedbyperiodicdischargesof o.,._ aqu:
tfichloroethylene-contaminated water at a recharge basin ,o '° Pu_o'°_u,*T,O,.'°_o,,,,,trrrs_.... ,,o chm

located hydraulically upgradient, ln:_fil'1'5'three'hour Figure3. Changes in trichloroethylene concert!rations during -- inta
tests,thetrichloroethyleneconcentrationafter60minutes pumping tests at bimonthly intervals at well E -.

of pumping was within 15 percent of the concentration as u
reached after three hours of pumping. EPDM submersible pump and Teflon tubing, which indi

The _r!ability of trichloroethylene concentrations indicates systematic bias. Thus, PVC tubing may be mo
duri'ngpumping at thesewellsisan important considera- unsuitable for this type of sampling, aha
tion in designing a sampling protocol. A typical proce- Concentrations in samples taken by a centrifugal anc
dare for collectingrepresentativesamplesofground water pump and Teflon pipe or tubing were more variable if tr
istoevacuateaspecifiednumberofcasingvolumes, such (larger standard deviations) than in tests of other san

we',
as three, five, or 10, and to establish that field measure- samplers. Statistically, however, concentrations in sam-
meats ofpH, specificconductance, and temperature have pies from a centrifugal pump were not significantly dif- res
stabilized. ....._nese p_u_.cu"........... _._.;.,_.d_d.......... tn ensure the ferent from concentrations in samples taken bt' the sub- A(
sampling of fresh aquifer water. Yet. in each of the 15 mersible pumps. The effectof suction pumping (reduction
tests above, field measurements were stable within 30 of head to below atmospheric pressure) on VOC concen- Cc
minutes of the start of pumping, after more than 10 trations in samples, was negligible in tests where depth to De
casing volumes had been e_cuated, and trichloroethy- ground water was as much as 24.5 feet below land surface W:
lene concentrations were still changing after three hours -- close to the maximum that a centrifugal pump can lift St
of pumping. Thus. accepted practices of pumping a spe- -- and when the flow to the centrifugal pump was Se
cific number ofwellcasing volumes and obtaining stable restricted by small-diameter Teflon tubing, sit
field measurements before sampling did not ensure stable Samples collected by using a peristaltic pump and
VOC concentrations in these monitoring wells. These silicone tubing contained significantly lower concentra- D
concentration _h.....are not due to continued mixing...... e-_ - tions of 1.2-dichloroethvlene and trichloroethvlene than

with standing water from the casinm.Casin_.water from those taken bythe EPDM submersible pump win,..... '--_,_,,_n- :pt
wells A and B contained significant amounts of visually tubing. When the siliconetubing was replaced with Teflon tb
apparent oxidized iron particulate matter. When these tubing (except for 3 feet of silicone tubing at the pump
wells were pumped, the turbidity cleared within about 10 head), these losseswere reduced. In one test where Teflon F
minutes. These changes more liken were caused by local tubing was substituted for silicone tubing, trichlor0ethy- C
spatial and'--STe_i'cii-q,i?iaiionsin-'the-t]qClq_roe---_._e lene concentrations were reduced 8 percent, but in a
distribution and variations in hydrauIic characterisi, i& second test, no differences in sample concentrations were
within the aquifer. Sampling protocols for wells that are detected. In both tests, 1,2-dichloroethylene concentra-
sampled frequently should be designed to detect this tions in samples taken with the peristaltic pump were ' (
mriability, indistinguishable from concentrations in samples col- _

lectedusingthe EPDMsubmersiblepump.
Summary and Conclusions Concentrations of96/Ig/L 1,2-dichloroethylene and

Water samples collected by using the 2- and 4-irtch 76/.tg/L trichioroethyiene in samples collected by using a
diameter submersible pumps with Teflon tubing or %flon Teflon bailer were the same as those in samples obtained (
pipe had similar concentrations of 1.2-dichloroethylene, by using the EPDM submersible pump. At lower levels
trichloroethylene, and tetrachloroethylene. Small differ- (29 and 23/2g/L). ho_'ever, concentrations in samples
ences in sample concentrations sometimes noted between collected by bailer were 15 and I2 percent lower than
pumps were not reproducible but represent unexplained those in samples from the EPDM submersible pump.
random _nriabilitv. SampIes collected by using a 4-inch This was the only clear indication of a concentration
submersible pump with P\'C tubing averaged 12percent effect (loss at Iow concentrations that is not reproduced
lower in trichloroethv]ene and 15 percent lower in 1.2- at higher concentrations) observed in the study.

dichlorocthviene than samples collected by usi,g an Some erratic or non-reproducible concentration.i.

LA)



' were observed in isolated samrfies from each sampling Iman, R.L. -_'qd W.J. Conover. 1983. A Modern
device. The unexplained va ility emphasizes the ira- Approach Statistics· New York, John Wiley and
portance of repetitive sampling with careful control of all Sons, 497 pp.
aspectsofthesamplingproceduretoobtainreliabledata. Myott, D.H. 1980. Groundwater Quality Assessment,

In several tests of wells with short screens, field mca- Nassau County. New York, 1978 Report Year. Nassau
surements of drawdown, specific conductance, pH, and County Department of Health, 39 pp.
temperature stabilized within five to 20 minutes of.pump- Pettyjohn, W.A., W.J. Dunlap, R. Cosby and J.W. Kee-
lng, yet trichloroethytene concentrations failed to stabilize ley. 198I. Sampling Ground Water for Organic Con-
after one hour of pumping (the equivalent of five to 42 taminants. Ground Water, v. 19, no. 2, p. 181.
casing volumes)· The changing concentrations were Scalf, M.R., J.F. McNabb, W.J. Dunlap, R.L. Cosby
caused, in part, by mixing of fresh aquifer water with and J. Fryberger. 1981. Manual of Ground-Water
water standing in the well casing early in the test. How- Sampling Procedures. National Water Well Associa-
ever, local variations in the trichloroethylene distribution tion, Worthington, Ohio, p. 56.

Tomson, M.B., S. Hutchins, J.A. King and C.H. Ward.
in the aquifer and in hydraulic characteristics of the 1980.A Nitrogen Powered Continuous Delivery, All-
aquifer near the well screen probably account for the Glass-Teflon Pumping System for Ground-Water

,,o changingconcentrations later in the test. .Sampling from Below 10 Meters. Ground Water, 'v.
Sample concentrations may be affected by pump- 18, no. 5, pp. 444 d46.

during intake placement, pumping rate, and pumping duration, Wershaw, R.L., M.J. Fishman,..R.R. Grabbe and L."E.
as well as VOC distribution in the aquifer system, which Lowe. 1982. Methods for Analysis of Organic Sub-

which indicates a need to standardize sampling procedures for stances in Water. U.S. Geological Survey Open-File
ay be monitoring wells that are sampled repeatedly for trend Report 82-1004, 180 pp.
' analyses. Careful duplication of pump depth, flow rate,

ifugal and pumping time are needed each time a wellis sampled Biographical Sketches
riable if trend data are to be reliable. A standardized system of Kenneth Pearsall is a hydrologist with the U.S. Geo-
other sampling equipment and technique for each monitoring logical Survey (5 Aerial Way, Syosset, NY H791) on

well *willreduce the variability in concentration that Longlsland,:¥ew York.He receivedhis Ph.D. inchemis-
sam- : resultsfrompumpingeffects, tryfrom the State Universityof New Yorkat Stony,vdif- :
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cos y During Ground Water Sampling
:ll Associ- from Low Permeability Materials
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:nt. Office by T.A. aldcAlary and J. F. Barker
: of Solid
R-9950. I,

208 pp. Abstract

Volatilization biases that can affect a ground water sample before its collection from a monitoring well were
;sociation evaluated in this study. Previous studies showed that volatilization losses during sampling ofhigh permeability maFerials

with the do not introduce unacceptable bias, except for the most volatile compounds. In Iow permeability materials, however,

(2700 E. ground water must normally accumulate for hours to days after flushing before a volume sufficient for sampling is
.bus, OH available. During this period, the ground water sample is open to the atmosphere and volatilization can lower the
d several oncentration of volatile compounds in solution.
2-87/035 Laboratory simulations were conducted to evaluate this bias using four chlorinated, one- and two-carbon corn-
valuating pounds. Two distinct conditions of headspace exposure were investigated: (a) the water standing in the well casing, and
_drogeo- (b) formation water entering the screen of a well that has been dewatered during purging.
Problems Water standing in the well was depleted in volatile organics by exponential decay with a half life of about four days.
_ed a B.S. Volatilization losses will be less than 10percent if the standing tirae is less than about six hours. In wells that have been
niversity, purged dry, volatilization losses of I0 percent are likely in as little as five minutes as the recovering formation water

Tr4r'kb-_ thrn,,gh th_. h_._rtcp_r-. ;n th_ ct,._t,_,,_,-_.rt ¢_,',A f';l_,.,- p.:.-.t_ ! .... rl'l,,av,,.,,,.,,, ,,percent....... , ILJI I_L, LJVCI.y _CI IU(.,[ 5, 1_1 L_IIC.

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

· only. 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.

:eDn ' "

Introduction several chlorinated hydrocarbons incontinuously stirred,
'.13 Contamination of ground water resources is an open contaiffers.The compounds studied evaporated to

increasingly important concern from the viewpoint of the extent of 50 percent in less than 30 minutes. They
water supply and public health. In geochemical investi- concluded that 1.0 rog/L concentrations of low-motecu-
gallons, care must be taken to ensure that sample collec- far-weight, chlorinated hydrocarbons would not persist
lion methods do not excessively bias the chemical corn- in agitated natural water bodies due to evaporation.
position of the sample. This paper discusses volatilization Lyman et al. (1982) estimated environmental half lives
biases that may affect a ground water sample during its between three and five hours for chlorinated one-and
residence in the monitoring well in low permeability two-carbon compounds, They noted that the votatiliza-
materials prior to sample collection, tion process depends on turbulence and duration of

Organic compounds are being analyzed more fre- exposure to the gas phase. Many organics evaporate so
quently in geochemical investigations because of their quickly that any exposure to headspace must be consi-
increasing occurrence in ground water and their threat to dered a threat to the sample integrity until proven
public health. Volatile organics partition into the vapor otherwise.
phase whenever they are exposed to the open atmosphere The stanciard momtormg well referred to in th_ paper
or headspace. In a monitoring well, any exposure of the consists of a 2-inch (5cra) diameter casing installed in a
sample to headspace or to the open atmosphere has the 7-inch (17.5cm) diameter hollow-stem auger hole. The
potential to bias the sample chemistry. Volatilization bottom sem-nentof the casing is slotted to allow water
biases can have significance if the losses result in an influx, and the borehote annulus in the slotted inter_[ is
analysis that shows that an organic contaminant is not filled with clean, coarse sand to keep fine-grained soil
present or is present below a specified concentration particles out of the well. The interval above the screen is
criterion (Reynolds 1985). sealed with swelling clas' (bentonite) or similar material

Background to hydraulically isolate the wellscreen from the_mainder/_

Diiiing et al. (19,'5) studied the evaporation rates of ; i (_
Fall 1987G%V.MR_.,\'-' _ 63



of the borehole. The top of the well is open to the OaOUUOSURF;CE coeffici,,

casingtothepiezometricsurface(FigureI). theliqt

Manyauthors,includingScalfet al. (198I),recom- __,_ CEMENT signific
mend that the standing water in a monitoring well be columr

purged or flushed before the wellis sampled. This induces _ WELLPIPE(2"clio.) UI'_2 Si
the influx of fresh formation water into the well. Provided _ F/_ in a seI

thatsuitableflushingmethodsareused,removaloftwo [_ [_ first-orto three well volumes is sufficient to reach background
conditions (Gillham et al. 1985), In materials of low HOLLO STEM_ "----_ } }'_---._ AUGERCUTTING first'O:HOLEAUGE_ t?'d_.> M Vl SACK_IU_O_....

hydraulic conductivity, the flow of ground water into a _ aENTONITE$[.URR¥ N"K

wellis slow. Either the well and sand pack will be drained
bypurgingorthewellwillonlybedrainedtosomelevel where
abovethesandpack.If thesandpackisdrained,the N :

$TRATIGRAPHIC

formationwaterwillflowintothewellbycascading __ CONTACT_J}['J'?l_!?ii_BENTONITE..SEAL ?d :throughtheheadspaceinthedewateredsandfilterpack '-!i_l -C :
and some volatilization can be expected to affect the

I 2' SAND OR GRAVEL

ground water even before a sample can be collected. This I [:ii_J::i:l PACK(FILTER, whic)
study was designed to determine the effects of such vola- .t. E:,_,_ C(t):

ti!ization on the int%m'ityof ground water samples. _'"'"'-WELL SCREEN(2"_1io.} wher
Experimentai' Methods and Results

Figure I. A conventional ground water monitoring piezometer C(t)
Contaminated ground water was -:-,,l_,_a by mixin_

Trichtoromethane ('rCM), Trichloroethylene (TCE), water staenant m tn_ p........... pipe was modeled bye
l,l,l-Trichloroethane (TCA) and Tetrachloroethylene standing column made from a section ofglass pipe, 4 feet ek
(PER) in distilled and charcoal-deactivated (organic-free) (1.22m) long and 2 inches (5cra) in diameter. Glass was
water. These are among the most common ground water used to minimize adsorption. Sample ports were em- t
contaminants according to Westrick et al. (t984). Except placed at various depths by fusing small screw-cap vials

onto the side of the glass pipe. The sample ports were tiliz;where otherwise stated, the initial concentrations were
about 500 +g/L for each test, a level chosen for ease of fitted with Tefion_'-lined septa and plastic screw caps to
analysis. The typical ground water is not so chemically enable sampling by microliter syringe with immediate k
sterile but the stock solution is nonetheless expected to analysis. The only exposure of the simulated ground k
model real ground water fairly well. As Mackay (1983) water to the atmosphere during this test was at the
noted, no interactions occur when solutes volatilize surface area at the top of the water column. There were sro
simultaneously, no bubbles in the system acting as a headspace sink. 12

Before the ext)eriment, the alass pipe was cleaned moAl!ofthechemicalanalyseswereperformedbygas · -
chromatography on the HP 5840A GC with a i0-foot using Extran (BDH Chemicals), nitric acid and organic- she

""' - -_ ---:_ T_._i,-,n treLT! e.
long, 0.125-inch outside diameter column with a station- free water. The pipe was then mcca u_,,,5 a .......... sin
ar5,phase of 3 percent SPtE00 on a Carbopack B packing, tube with the contaminant spike solution at about 500 wa
The samples were analyzed by direct aqueous injection of +g/L concentrations that were allowed to volatilize for mz
3+I, An external standard was used and the relative one month. The water in the column was tranquil with a m_

concentrations were determined by comparison of the calm surface. The ambient temperature was about 20 C, er;
peak areas integrated by the HP 5840A GC terminal. A though Lyman et al. (1982) noted that volatilization is of
flame ionization detector was used with a carrier gas of relatively temperature insensitive, sa

Samples were collected daily for 10 days and again
5 percent methane and 95 percent argon. The column after 32 days. All of the sampling ports were used inter-- ¥'
temperature was 185 C with a carrier gas flow rate of 30 mittently during the experiment in order to determine the I]1
mit.per minute. A series of four to six replicates of the distribution of the volatile organics with depth. Calibra-
chromatographic analysis were performed on both the tion standards were prepared by volumetric dilution to w
standards and the samples inorder to provide statistica!ty match the initial concentration in the standing column w
significantdata. and fresh standards were prepared ever3,second day even w

The analvtical variability was generally in the 5 per- though they did not change concentration by' more than d
ce'atto 10percentrange,expressedby thecoefficientof 10percent overseveraldays. rr

variation (standard deviation divided bv the mean). TCM The standing column volatilization test showed lirst- ('
showed the greatest anakxica] _riability, averaging order exponential decay of aqueous concentrations with s
7 percent, while PER showed the least variability, aver- approximately the same rate for all four of the corn-
aging 3 percent, pounds studied. These obserxmions can be explained by (
Volatilization from a Standing Column reference to Lvman et al. (1982)and the t_o-laver theory

.Anexperiment was conducted to determine _vhcthcr of volatilization Where the Henry's law constant (H) is
the'._aler5!: ndinzinapiezomcterislikelvtolosesignilE- greater than 0001 atm*m_ mol and the atmospheric

....... ;.... Th,- ct_ncentration is nczligible, the liquid-phase cxchang3;-;__



coei'ficient is independent of the value of ad the VOLATILIZATION FROM ....$TArqDING COLUMN
volatilization proceeds by first-order decay. Dtlfusion in _.2 _" °....... :'°° ........ o,_.....

the liquid phase was apparently fast enough so that no =, j '

sigrfificant concentration gradients developed in the _ ,_ ,
column, Which is consistent with Lyman's model. Fig- b _4 t

UTe2 shows the depth-integrated average data graphically _ : _ !
in a semilog plot. The slope is constant and equal to the _ ,._ ._

first-order decay coeffident, lc, as shown in Equation I. _ ,., _ _-_
fn'st-order decay:.

N_-KI*C (I) _ ,, -_--_

whelP.: "'
x , ., , i

tgi )N = flUX cm2as o z , _ , ,o ,2
Crhouso_os)

'hue (,._,n)Id = liquid-phase exchange coefficient (em/s) . , ........... , ........ , ...........
C = concentrationin solution = ,,,.......... . . ,........... ,....

which, for the initial condition C=Co lmegrates to: Figure 2. Volatilization from a st,malinEwater column

CRt)=Co*e_ (2) .....

where: intake manifold insidethe glass cylinder.The intake
manifold was made of 3/16-inch Teflon tube, perforated

C(t) = concentration in solution as a function of time ever3' 'A inch to allow uniform inflow around the perime-
Co = initial concentration in solution ter of the model borehole.

e = exponential log function All of the apparatus was cleaned before each test to
k = first-order decay coefficient (inverse time) remove traces of the organics using Extran, nitric acid
t = Time (in consistent units) and organic-free water. The filter sand was baked dry to

drive off traces of organics.For the 2-inch (Scm) diameter standing column vola-
A contaminated solution was prepared by volumetricfiiization test, the fi_t_order a_eav coefficient was:

dilution of the stock solution in organic-free water in the

k = -1.27' 10'a mia 'T Teflon bag reservoir. After one hour of equiiibration, the
k =-0.18 day-_ solution was allowedto flow into the well. Halfway

through the recovery, period, the reservoir standard wasThe results of the standing column volatilization test
show that losses will reach 10 percent within about sampled by laminar flow into a vial with a Teflon septa

for analysis. After complete refilling or recovery, the well12 hours and 99 percent in about one month (a common

monitoring interval). The standing water in the well

should thereforebe thoroughly purged prior to sampling t 1
sinceit will not be representativeof the in situ ground
water chemistry. In the context of a sampling event, it timay be acceptable for moderately low permeability aL TEFLON8As

materials to return for sampling of volatile organics sew __'x_/'""_/4,, /

eralhours afterpurginga well,providingthe calmsurface
of the water in the casing was the only exposure of the

sample to headspace.

Volatilization During Recovery of Wells E_::_:_:_._x_ % --GLASS CYLINDER

DrainedbyEvacuation
A second series ofexper/ments, termed recovery tests,

was conducted to quantify the mass lossesresulting from VALV . .
volatilization during ground water flow into a drained .g. _INTAKE MANIFOLD

well. The laboratory, apparatus shown in Figure 3 was
designed to model the szreened interval of the well. Ail

materials were selected to minimize adsorption. A 7-incl-r _-_-_

(17.Scm) diameterglass cylinder was used to simulate the TEFLON WELL i_ SAND FILTER

standard hollow-stemauger borehole.A 2-inch(5cra) SCREEN ' PACK

Teflon casing, with 2-feet (61cra) slotted and 1-foot

(30.5cm) solid casing, was used as the well. Medium-

grained quartz sand was used as the filter pack material.
A 4-IiterTeflonbag was used as a reservoirfor the _

:_7"

simulated ground water. It was connected via 3/16-inch

Tel]on tubin<_ throush_ a =.--_°l_<_and Teflon valve to an 50-+=/kFigure3.dissolvedl.aboratOr_or=anicsmodelof thepiezometer tip. 2-1nebdiameter./ --_/
FaII19STG'¢,'MR 6( [9[ //



was sampled by siphoning through a Teflon tube. The the gross recovery t_, losses.
first l0 mL of the sample were discarded because it was A third test was performed to measure the loss of rec
exposed to negative pressures during siphoning. The rest volatiles during sampling of the laboratory well. This test Th
of the sample was drawn into an evacuated Teflon bag in used all the same materials and procedures as the sam- rec
a closed system to minimize volatilization. A vial sample piing of a standard recovery test, with the exception that ftc
was collected from theTeflon bag using the same method the recovery process was omitted and the sample was _ 20
as for the standard. The sampling losses were subse- taken directly from the Teflon bag reservoir. The results ge
quently measured in a sampling control test. showed negative biases in the range of I0 percent to 14 za

A total of seven recovery tests were performed to percent. The sampling procedure was the least repeatable ca
determine the effect of the inital concentration and the part of the recovery tests so the sampling control test th
recovery,duration on the rate of volatilization. Five tests results cannot be applied uniformly to each recovery test. _ in
were performed at the 500 +g/L level. The recovery The major source of variability was the amount of ar
durations were 4, 6, 30, 30, and 64 minutes. Two tests headspace to which the sample was exposed. The sample _ fit
were performed at the 50 +g/L level, both for 70 minutes was collected in an evacuated Teflon bag but it was not lc
duration, possibletocompletelypreventairfromenteringthebag. L

Estimates of the volume of the air bubble were used to re

Experimental Controls calculate the sampliffg losses using the equilibrium C
Experimental control tests were conducted to isolate headspace equations of Pankow (1985) as shown below.

eachprocesscontributingto thelossofvolatilesin the I (3) t_
recover3, tests. To model the in situ well accurately, the C/Co = I - (H/RT * Vg/Vs) + 1 c_
rawrecoverytestdatawerecorrectedforbiasesthatwere F
relictsof the laboratoryprocedure.Theprincipalpro- where: 0
cesses examined were adsorption and volatilization: deg- C/Co = Relative concentration (dimensionless)
radation was not considered important because of the H = HenD"s !aw constant (atm*m3/mol) [

short duration of the tests. R = Ideal gas constant (L'atto/mol*K) p
A batch test was conducted to estimate the degree of T = Temperature (K) 1_

adsorption of each compound onto the sand filter pack Vg = Volume of headspace (mL)
adjacent to the well screen. The batch test was designed Vs =Voiume of solution (mL) [
to matchtherecover3,testascloselyaspossibleinterms e
of the ratio of the volume of solution to the surface area Pankow's headspace equation assumes equilibriur' i-
of the solids. The test was conducted by filling two conditions so the sample was mixed mechanically t_ r
150 mL vials with the 500 +g/L solution, adding clean expedite equilibrium before the aliquot was drawn. The i
sand to one of these vials and sealing both with Teflon- sampling losses ranged from 0 percent to 5 percent for
lined septa. Subsequent analysis of the solutions by TCM, 0 percent to I! percent for TCE, 4 percent to 30
chromatography showed that adsorption was 4 percent percent for TCA, and 9 percent to 27 percent for PER.
for TCM, 5 percent for TCA, 6 percent for TCE and 8 Two recovery, tests were performed with presoaked
percent for PER. over 70 minutes. Similar relative losses conditions to determine whether the field conditions can

be accurately modeled by recovery into a dry-well. Thewere assumed to occur during the recovery tests. A con-
servative estimate of the volatilization losses was then laboratory recovery, tests were performed using a pie-

calculated by subtracting the sorptive losses from the zometer that was initially completely dry, but this is no
grossmasslossdata. strictly the case in wells in the field, becausesurface

A second batch test was conducted to correct the tension will always hold some residual water saturation

recover3' test data for the losses resulting from adsorption after drainage. The procedure for the presoaked recovery
onto the tubing (FEP Teflon) and the well casing (T'FE tests was thesame as for the dry recovery tests except that
Teflon). Although Teflon is extremely non-reactive, the contaminated solution was first poured slowly into
Reynolds (1985)found that some chemicals (particularly the model well, allowed to equilibrate for about one hour
PER) will adsorb significantly onto the surface. The and then withdrawn into the Teflon reservoir bag. The
manufacturers reported no difference in the reactivities solution was then allowed to refill as usual. After being

corrected for the dilution by the residual water, the lossesof the two types of Teflon, so the batch test results were
assumed to pt o_id,: similar adsorptive losses for both are consistent with the other recovery tests so the labora-
cases. Adsorption onto the Teflon tubing ranged from toD' method is presumed to be _iid.
-3 percent to *9 percent over 70 minutes. The negative After conducting the control tests, the net volatiliza-
x=lue probably represents analytical '_=riabilitv since the tion losses during recovery were calculated by subtracting
tubing was cleaned thoroughly before testing and is not both the best estimates of the adsorptive losses, based on
expected to have leached any chemicals. The adsorptive the sand and Teflon batch tests and the results of Reynolds
losses for TCM, TCE and TCA were smaller than their (1985). and the sampling losses, as previously described.
respective analxtical variabilities so their adsorption onto The estimates have been made conservatively so that the
the TeNon tubing _'as neglected. PER was more strongly corrected recovery test data show minimum values of the
sorbcd, so the recovery test data were corrected for its expected volatilization losses. The results of the recoverx
adsorption onto thc Teflon bysubtracting 9 percent from tests are shown in Figure 4.



Significant volatilization 1 s can occur during VOLA'r?L TION DURING RECOVERY
ecovery if the piezometer tip is arained before sampling. , ........ ""' _'' _"_"_'*'_

The net losses ranged from 2 percent to 68 Percent for °'1_...._:'- i''__]

recovery periods of five to 70 minutes. The corrections _ o.,
from the control tests ranged from about 5 percent to '_ o.7

20 percent, depending on the compound, but were _ o,
generallylessthan halfthemagnitudeofthenetvolatili- -_ o., . =
zation losses. The spread in the net loss data is most likely
caused bv both the analytical variability and variatio ns in o o.,

theamountofturbulenceandexposedsurfaceareadur- _ o.=
ina recovery. This was uncontrollable in the laboratory o.,
and will undoubtedly have a similarly variable effect on
fieldmonitoringdata.The magnitudesof volatilization o 2° ;= _, ,o
losses were ordered in the same sequence as predicted by ° ,.- o** _%(_'"_._._ _.
Lyman et al. (1982), which supports the results of the Figure4a. Trichloro_thylene

recovery tests. VC, LAT:LI'ZATION DURING R'_COVERY

Conclusions and Recommendations , ' ...... '" °'" ....._'"' -

on ntwo-inch (Scm) diameter well casing can affect the con- X o-.
centration of dissolved organics in the monitoring well. 2 0,
:or compounds with Henry's law constants greater than _ o.,

0.001 atm*m3/mol, the losses follow a first-order decay _ o.,_ °
/

where the decay constant is about 0.18 inverse days. § °"1 :

Diffusion of low molecular weieht oreanics in the liquid _ o.__ ....,,,,,_o_c,._
phase is rapid enough that the effect of volatilization _ o,,
losses will spread throughout the well. o.

Ifa monitoring well isdrained completely during the oL
purging process, the formation water will encounter o =o ,,, 6o °o
exposure to the atmosphere as it cascades through the o ,.. 0,,. , .... o_,,

brium headspace in the sand filter pack during recovery. This Figure 4b. l,l,l-Trichloroelhane
illy :O .mYcause 10percent losses of highly volatile compounds
n. The inaslittleasfiveminutesandlossesofupto70percentin VOi_AT!L!ZATION DURING RECOVE_ v:nt for ' ""' '_'_'°>' ' .... _ .....

about one hour. Accurate mo&Iing of the volatilization ' _'"_-'--'"_ '5 __.__. _

: to30 lossesfordifferentrecoverydurationsis not practical o, ;
PER. because of unpredictable hydrodynamics ofthe recovery '_ °"oaked ' ' 0.7

event, but it is important to be aware that they are very o* o., °
ascan likelytooccur. _ i o '
',I.The,_ Sampling metho/:ts, particularly, well flushing or _ 0.,. ,,,_._o,o,_,.,,,_

pumin_, can affect the concentrations of volatile organic _'*,o., ]
t antaminants in ground watersamples. Protocols should _ o.,

¢oid draining the welland any unnecessary exposure of _, °.=1'1
the sample to the atmosphere, especially when combined o.,
with turbulence. A new sampling method should be o/

0 20 40 6.0 80

developedif this objective cannot be-metwith current
° Ita_ O_to . C,_k,r_ct_ OQto

methods, especially for sampling of Iow permeability Figure 4c. T_chloromethane
materials.

VOLATILIZATION DURING RECOVERY
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i The Use of a Standpipe to Evaluate Ground
WaterSamplers

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

ii

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
10040-200 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.

: i

Introduction

Many kinds of sampling devices are available for
collecting ground water samples for the determination _smu,_°_Tv,t_L /_'*'°'_ T,,,-s
of volatile organic compounds (VOCs) (Pohlmann and

... Hess 1988). A frequent concern has been the ability of __/ ,,o_,_:_ :_74_,__

these devices to obtain samples representative of the _=7_==_ _4_- T ;Emactualin situgroundwaterqualitywithgood precision, s x,.=,,. 6
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 s,,, ta[th*4/5-

in situ concentration. Many investigations of the perfor- s,,_ ,a _. _ s
mance of sampling devices have been based on the preci-

" sion of sampling in existing wells (Imbrigiotta et al. 1988, ' a"'m. _ta.,_z, u,_
t Nielsen and Yeates 1985, Pearsall and Eckhardt 1987). sm

Barkerand Dickhout 1988,havereportedon the evalua- _cm.
lion of several samplers for gas-charged ground water.

¢J= - FL_C,E ¢O_q[CTl_

The use of a standpipe has been previously reported by _,,0 ra _ - _u_,tj,G_T
, Barcelona et al. (1984) and Schalla et al. (1988). _ O]ST,*r2_ mo,*T_t_m_

This paper describes a standpipe system, that was _=_/_. _L _ _sP'as_?'_,t.._'
developed for testin_ the ability of samplers to deliver _,e ra _.? 6,_,. _ _n_. SP4 82 Pt. (_TIVlTY TESTING)

representative ground water samples. The standpipe has _,, ,a _ _: ..
sampling ports from winch samples can be withdrawn _ '_
at the same time and at the same position as those _ ,a u[_
collected by the sampler. Comparison of the results of ,r_. --
analyses for the control samples and the collected sam- _, _a

pies makes possible the evaluation of not only the preci- _ fa'-_
sion through repetitive sampling, but also the accuracy s,_ _ _- /_×,T _,_
as indicated bv the percent recovery values of the sample s_, a7.}._.._ _/
collection.

Standpipe

The standpipe system (Figure 1) consists of three Figure 1. The standpipe system.



'tt
parts: the standpipe, the fill-drain line. and the mixing · Bladder pump- ISCO series 3600, manufactured by
tanks. All the materials in contact with the test solution ISCO Inc., Lincoln, Nebraska.

in this system are stainless steel. A description of these
partsfollows: TestSolutions

The standpipe is a stainless steel pipe (3t6, Sched- The five volatile organic chemicals selected for this
ule 10), 5 inches (13cm) in diameter and i00 feet study were methylene chloride (MCL), 1,1-dichloroe-
(30.5m) in height, installed vertically inside a six-story thene (1,1-DCE), 1,2-dichloroethane (1,2-DCA), trans-
building. The standpipe consists of five 20-foot (6m) 1,2-dichloroethene (t-I,2-DCE) and 1.1,1-trichloroe-
sections with flange-bolt connections. Along the length thane (1,1.1-TCA). These are among the chemicals most
of the pipe are 14 sampling ports for collecting control frequently detected in ground water (Plumb 1987). A
samples at various water depths. Each sampling port 30-fold concentrate stock solution of these compounds
consists of a 1/4-inch (6 mm) needle valve with a piece was prepared in the laboratory one day before an experi-
of right-angle tubing attached to the end for draining mont. Aliquots of each desired chemical solution were
the water sample into a vial. A stilling well is attached injected into a 13L carboy containing natural-quality
to the standpipe at 30 inches (75cm) from the top. A ground water. The artesian well from which the ground
floating valve is installed inside the well and connected water was taken was 1500 feet deep: the ground water
by a tee to the fill-drain line for controlling the water was analyzed by gas chromatography and found to be
levelin thestandpipe, free of the fivecompounds.

The fill-drain line, a 1-inch (2.5cm) diameter stain- The solution with the five compounds was poured
less steel pipe, is installed alongside the standpipe. The through the opening of the floating top into the mixing
bottom end is connected by a tee to the drain valve on tank containing dilution water. The solution was further
the bottom of the standpipe. The top end is connected stirred for one hour bv a mixer (300 rpm) before being
by a tee to the mixing tanks and stilling-well floating released to the standpipe. Concentrations of the stock
valveat the sixth-floorlevel, solutions were such that two concentration levelswere

The mixing tanks are two stainless steel tanks with produced in the mixing tank, depending upon how the
a total capacity of 260 gallons (980L). Each tank is stock solution was made. The low concentration level
equipped with a variable speed mixer, a floating top, was in the range of 10 to 30 micrograms per liter
and a cover. The tanks are connected to each other bv (_v,/L) and the high concentration level was in the range

a 1-inch (2.5cm) line. The floating top is made of a thin of I00 to 200 _,g/L of each compound.

sheet of stainless steel with a 2-inch (5.0cm) lip welded Analytical Methodaround the outer rim of the sheet. This top, which floats
on the surface of the test solution, eliminates the head- A gas chromatograph (GC), Hewlett Packard Model

space and prevents the loss of volatile organics. The top 5890 with a flame ionization detector interfaced with a
has a 4-inch (!0cra) diameter opening for introducing Tekmar LSC-2 (liquid sample concentrator) purge-and-
stock solution into or collecting water samples from the trap system, was used for the analyses of water samples.
tank. This opening is covered with a piece of aluminum The GC column was a coiled stainless steel tubing,
foil. 6 feet (1.Sm) long and '/a inch (3mm) in diameter,

packed with SP-1000 on Supelcoport. Temperature pro-
gramming from 60 C to i00 C (i40 F to 2i2 F) at a rate

Samplers of5 C (9F) perminutewasused.Heliumwasusedas
Three non-pumping samplers and three pumping the carrier gas, at a flow rate of 30 mL/min (0.008 gal/

samplers were evaluated in this study. These samplers min). The analytical methodology was essentially based
represented several major types of sampling devices, upon Environmental Protection Agency Method #601

Non-PumpingSamplers: (U.S.EnvironmentalProtection Agency 1984).
· Teflon ® bailer -- double check valve, point-source Water samples of 5 to 10mL were used for the anal-

sampler, length 14 inches (35cm), with controlled- yses. Samples were collected in 40mL vials sealed with
Teflon-faced septa and plastic screw caps. Samples wereflow bottom-emptying device, manufactured by Nor-

ton Inc.. Wayne,NewJersey stored in a refrigerator at a temperature of 5 C (41 F)
· Manual-driven piston sampler -- U.S. Geological until analysis, which usually was completed within one

Surveyprototype sampler (Ficken 1988) week.
Precision and recove U' of the purge-and-trap system· Motor-driven piston sampler -- U.S. Geoiog_cal 3u.-

vey prototype sampler (Ficken 1988). were determined. The recoveries ranged from 83 to 89
percent for the five compounds. Precision was deter-

Pumping Samplers: mined from a set of 20 samples collected from sampling
· Submersible pump -- stainless steel helical rotor sub- port No. 2 (depth 28m [92 feet]) and stored in a refrig-

mersible Keck pump Model SP-81 with stainless steel erator. Duplicate analyses (two vials) were conducted
rotor and Viton stator, manufactured by Keck Geo- daily for 10 days. The percent relative standard devia-
physical Instruments Inc.. Williamston, Michigan tions of all 20 samples ranged from 0.38 to 1.06 percent

· Peristaltic pump -- Cole Parmer MasterFlex variable for the five compounds. These results also indicated that
speed pump, marketed by Cole-Parmer Instrument the samples could be stored for 10 days with no apparent
Co.,Chicago,Illinois changesin concentrations.
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Tests and Discussions faced septa and plastic screw caps, Samples were col- .
lected with care so that no air bubbles were allowed in

Standpipe System Test the vials. Four sets of samples were collected at one,

The standpipe system was tested for two factors: (1) three, five, and 24 hours after the 30-minute equilibrium

the uniformity with depth of the chemical concentration period. The samples were refrigerated until analysis.
in the standpipe, _ecause there was no mixing mecha- Table 1 presents the detailed results at various depths

nism in the standpipe, and (2) the stability with time of of one set and Table 2 gives a summary of all four sets.

the chemicals in the standpipe and the mixing tanks. The concentration of methylene chloride, trans-l,2-

The standpipe was filled with well-mixed test solu- dichloroethene and 12-dichloroethane were quite uni-
tion by gravity flow from the mixing tanks through the form. However, 1,1-dichloroethene and 1,1,1-trichloroe-

fill-drain line to the bottom of the standpipe. The float thane showed a slight decrease in concentration with

valve automatically shut off when the test solution decreasing depth. This means that it is important to take

reached the set level in the upper part of the standpipe, the control samples at the same position and time with

Filling the standpipe took about 15 to 18 minutes. About the sampler. As shown in Table 2, the percent relative

30 minutes was allowed for the solution to reach equilib- standard deviations ranged from 0.33 to 2.48 for the five

rium in the standpipe. Samples were then collected at compounds. The results indicated that the standpipe
12 water depths through the appropriate sampling ports, system was enclosed well with no obvious decrease in
The first 20mL of the solution was discarded: then the chemical concentration in 24 hours.

samples were collected in 40 mL glass vials with Teflon- 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-12-DCE 12-DCA 1.1,1-TCA

Water Depth (it) (p,g/L) (p.g/L) (p.g/L) (p,g/L) (p,g/L)

97 132.7 172.9 165.5 135.0 210.8
92 132.5 174.8 165.8 135.7 6083

87 131.1 170.6 163.8 133.9 208.3
72 131.7 171.1 163.8 135.5 205.3

68 129.1 164.7 160.5 132.7 202.5
59 131.2 165.4 161.8 135.3 202.4
54 132.5 164.9 163.3 135.8 2134.5
49 131.2 161.9 161.1 135.3 201.9

35 128.6 157.2 157.0 133.4 193.8

31 130.9 158.5 160.2 134.8 198.8
17.5 129.1 149.7 155.6 133.9 189.4
t3 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 l.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,I-DCE t-I,2. DCE 12-DCA 1,1,1-ICA

(Hour) (p.g/L) (p.g/L) (_.g/L) (p.g/L) (p.g/L)

i i30.b 103.3 161.1 134.6 201.1
3 130.8 163.6 160.2 134.4 200.2
5 131.7 154.1 158.4 136.2 190.8

24 130.9 163.4 161.1 134.7 200.5

Mean 131.1 161.1 160.2 135.0 198.2

S 0.44 4.7 1.3 0.83 4.91
% RSD 0.33 2.9 - 0.8 0.61 248

· Values are means from 12 sampling ports.

l S = Standard deviation.% RSD = Percent relative standard dexiauon.
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and the other two ports (ports Nos. 4 and 7, respective position. Samples were taken with the sampler, and at

depths at 25 and 19.5m [82 and 64 feet]) were used to the same time and same position, a control sample was
monitor the pH and conductivity of the test solution in collected through the sampling port with a 40mL glass
the standpipe. The pH and conductivity were stable at vial. For each sampler, sat _ples were collected at depths
a pH of about 8.5 and a conductivity of about 400 micro- of 5.3, 16.5 and 28 m (17.5, 54, and 92 feet). The sampler
siemens per centimeter (_S/cm). was lowered five times to the same position to take five

The stability of the chemical concentrations in the replicate samples. Two concentration levels were used

mixing tanks was also tested. Both tanks were filled for these tests.
with water and then the concentrated chemical solutions Concentrations of the five compounds with five rep-

were added. The tanks were covered, and the solutions licate samplings showed percent relative standard devia-
were mixed at a mixer speed of 300 rpm for about one tion ranging from 1.42 to 3.38 percent for the bailer,
hour. Samples were collected in 40mL glass vials by 0.43 to 2.07 percent for the manual-driven sampler, and

siphoning with a stainless steel siphon tube from about 0.74 to 1.70 percent for the motor-driven sampler. The
mid-depth of the tank through the opening of the float- precisions of the five replicate samplings were con-
ing top. After mixing, samples were collected at zero, sidered adequate: therefore, a mean value of each set
one, three, and 22 hours. The analytical results of the of five replicates was used as the value for the evaluation

mixing tank samples are presented in Table 3. The per- of the samplers. Table 4 is an example of the detailed
cent relative standard deviation ranged from 0.31 to 1.54 results for the low concentration test at three depths
percent, indicating that the chemicals were stable over for the three non-pumping samplers.
a 22-hour period in the tanks. The floating cover and The performance of each sampler was evaluated by
the tank cover were apparently sufficient to prevent the percent recovery values, which are calculated using the
escape of these volatile organic compounds from the following formula:

water. Concentration(p.g/L)usingSampler
This u_ll.pv_tqr_c_rt cs,ct_.rn _llnua_ct _.nnlloh time m ....... . ..................... 7 ................... _ .... rczccm r,,cuuvciy = X I00

conduct the sampler test without having to consider the Concentration (la.g/L) of Control

possible loss of organic concentration during the test
period. The results established that a competent test for The percent recover),, values of the low concentration
the sampling devices could be performed with this sys- _,_ llct_ct in T_hl_ A Th_ overall averages rrx_nCn_rr'e,nt

recovery values for five compounds are also listed in
tern. Table4.The averageofpercent recoveryvaluesfor two
Non-Pumping Sampler Test levels of concentrations and at three depths for the three

Each of the non-pumping samplers was lowered with non-pumping samplers are listed in Table 5. A set of
a Teflon-coated cord into the standpipe to the desired samples was not collected with the manual-driven piston

TABLE 3

Stability of the Compounds in the Mixing Tanks
Tank A

lime MCL i,i-D_L t-i.z'-uL r_ i2-DCA i,i.i-TCA

Hour (p.g/L) (p.g/[,) (p.g/L) (p.g/L) (txg/L)

0 132.8 185.8 172.3 138.1 218.9
1 133.8 184.8 173.8 138.6 223.3
3 133.9 184.8 t73.7 139.8 223.7

22 133.1 184.5 t 73.4 138.6 222.5

Mean 133.4 185.0 173.3 138.8 222.1
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-12-DCE 12-DCA 1,1,1-TCA

Hour (_g/_) (_g/] _ (_g_ (H.g/L) t [Lg/L}

0 133.4 170.2 165.3 134.7 208.9
I 134.0 172.9 166.1 135.0 208.0
3 134.5 172.5 166.6 136.4 208.5

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 de_iat_on.
% RSD = Percent relative standard deviation

l_ _-t,';n*',p- lOq3*t ,r.._¥%,/l_



TABLE 4

Evaluation of Non-Pumping Samplers, Low Concentration Study, p.g/L*
Recovery. Manual Recovery Motor Recovery

Compound Bailer Control % Driven Control % Driven Control %

I 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,I-DCE 18.3 19.3 94.8 19.8 19.4 102.1 17.8 19.2 92.7
t-I.2-DCE 19.0 19.6 96.9 20.3 19.8 102.5 18.7 19.7 94.9w

_: 1,2-DCA 12.3 13.3 92.5 13.6 12.9 105.4 14.6 13.2 110.6
; 1A.1-TCA 23.9 24.8 96.4 25.1 24.9 100.8 23.9 24.6 97.2

_ 93.9 102.2 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,I-DCE 19.5 21.2 92.0 22.2 21.3 104.2 20.5 21.1 97.2
t- 12.-DCE 19.8 21.3 93.0 22.0 21.1 104.3 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 27.6 27.0 102.2 25.9 26.6 97.4

92.4 102.5 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 20.3 22.4 90.6 22.6 22.4 100,9 22.0 22.4 98.2
t-I,2,-DCE 20.3 21.5 94.4 22.0 21.6 101.8 21.7 21.7 100.0
12-DCA 13.1 13.8 94.9 i4.i i3.5 i04.4 i4.4 i3.6 105.9
1,1,1-TCA 25.8 27.6 93.5 27.9 27.9 100.0 27.6 27.8 99.3
,_ 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 Iz_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-DrivenPiston 102.2 102.5 102.3
Motor-DrivenPiston 97.4 99.8 100.9

High Concentration (100 to 200 _g/I.,)

Control 100.0 100.0 100.0
Bailer 96.3 93.9 91.4
Manuat-DiivcuPiston -- i01.1 103.5
Motor-DrivenPiston 96.8 98.4 100.7

sampler at high concentrations due to the lack of supply analyses. During the sample transfer from the bailer to
of sampler cylinders at the time of collection, This value the sample vials, a flow-controlled bonom-emptying
is, therefore, missing in Table 5. device was used. However, air bubbles introduced into

As shown in Table 5, the bailer consistently gave the bailer during insertion of the bottom-emptying
lower concentrations than the control for all five corn- device may have ca'used degassing of the volatiles. This

pounds, with percent recoveries ranging from 92.4 to and the operator's technique may have contributed to
93.9 percent. Samples collected by the bailer also the lower concentrations and poorer precision. These
showed more variation for the five replicate sample present observations agree with the results reported bv
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Pearsall and Eckhardt (1987) and Sonntag (1987). the GC with a syringe without going through the glass '

The manual-driven piston sampler gave slightly sample vial. This operation saves one step of sample
higher sample concentrations than the control (101.1 to transferring; thus, there was less chance of losing the ,,
103.5 percent recovery). This sampler had an attached volatiles. The water sample in the cylinder was also _,
stainless steel sample cylinder that could easily be sealed under water-column pressure. This may have caused a
and detached. A water sample was kept in the cylinder slightly higher concentration than the concentration
and refrigerated until analysis. The water sample could determined in the control samples.
be transferred into a syringe through a septum by a When the motor-driven piston sampler was used,
screw press device. The sample could be injected into the water sample was transferred by a pressure device

TABLE 6

Evaluation of Pumping Samplers, High Concentration Study, t_g/L*

Submersible Recovery Peristaltic 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,I-DCE 109.6 111.4 98.4 108.9 113.5 96.0 I13.3 111.7 101.3
t-I,2,-DCE 123.7 124.2 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
1,1,1-TCA 141.6 142.0 99.7 140.3 142.8 98.3 145.6 · 141.8 102.7
,K 99.7 98.7 101.5

Water Depth 54 Feet

MCL 107.2 107.3 99.9 107.1 107,6 99.5 108.0 107.3 100.7
1,i -DCE 126.3 130.8 96.5 i29.5 i32.7 97.6 i 33.0 132.7 100.2
t-i,2-DCE 133.0 135.4 98.2 133.6 136.2 98.1 136.4 136.4 100.0
1,2-DCA 108.5 108.5 1130.0 109.0 109.0 1130.0 108.8 108.4 100.4
13,1-TCA 157.8 160.9 98.1 158.0 162.1 97.5 163.9 161.7 101.4
,K 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.l 137.3 137.1 100.2 136.7 137.9 99.I

1/hOI t'1 ,_Dr'_ ,_ '7 ,no _ ,00.... o.9 ,_o _ ,,_, _ ........ i00.3,,, _c_ x .t l, ,,.,v. _t tuo..J IV'O.t0 IUO.D IUO.D

1.1,1-TCA 166.0 165.2 100.2 163.6 163.1 100.3 165.4 164.0
I00.1 100.0 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 _.g/L)

Water Depth 17.5 Ft Water Depth 54 Ft Water Depth 92 Ft
Sampler Recovery % Recover3.' % Recoven' og

Control 100.0 100.0 i00.0

Submersiblepump 97.8 99.5 100.1
Peristalticpump 97.7 98.7 97.9

High Concentration (100 to 200 _.g/L)

Control I00.0 100.0 I00.0

Submersiblepump 99.7 98.5 100.1
Peristalticpump 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 Sumanary and Conclusion
on the sampler. The syringe, which contained the water The design of the standpipe system described in this
sample, was refrigerated until analysis. This sampling paper has been indicated to be versatile and reliable for

method also saved one step of sample handling, testing and evaluating ground water samplers used to
However, the dead volume in the needle could have collect samples of volatile organic compounds. This sys-
introduced air bubbles into the syringe, and the pressure tem can accommodate a variety of samplers and a vari-
device could have failed to maintain a constant pressure ety of volatile organic compounds. Test results indicated
during sample transfer. These might have caused the that the standpipe system was well enclosed with no
variations in the analytical results from the five replicate apparent decrease in control chemical concentration in

samples; that is, they may have produced lower concert- 24 hours. The unique feature of this system is that a
trations than the control and, consequently, lower control sample and a test sample can be obtained simul-
recoveries, taneously.This arrangement enables a convenient and

Pumping Sampler Test direct comparison of sampling accuracy and reproduci-

Three pumping samplers were tested at depths of bility, which produces reliable testing results.
5.3, 16.5, and 28m (17.5, 54, and 92 feet). Teflon tubing Experiments were performed in testing non-pump-

was used for all pumping samplers to convey the water lng and pumping samplers. For non-pumping samplers,
samples to sample bottles. When the bladder and peri- the bailer showed less precision and the lowest
staltic pumps were used. a stainless steel sample head recoveries, 91.4 to 96.3 percent. The manual-driven pis-

ton sampler gave good precision and good recoveries(a weighted strainer), was attached to the end of the
Teflon tubing. The tubes with sample head or submers- (101.1 to 103.5 percent). The higher recoveries may
ible pump were lowered into the standpipe to the desired result from the water-column pressure in the sample
position, and five replicate samples were taken at five- cylinders. The motor-driven piston sampler showed
minute intervals. The controlled samples were collected some variation in sampling due to sample storage in

at the corresponding times and positions. The concen- syringes, but the recoveries, in the range of 96.8 to 100.9
trations in samples taken at three depths using three percent, were satisfactory. This sampler is bulky and
pumping samplers are listed in Table 6. The percent requires some skill to operate. Comparison of the per-
recove:2,' '-al-es of two concentration !e,-e!s at three cent recovery also indicated that the sample transfer
depths for the three pumping samplers are listed in step could be the main cause of sample loss.
Table7. The three pumpingsamplersgave goodrecoveries,

The pumps gave good precision for the five repli- ranging from 97.7 to 101.5 percent. The submersible
cares. The average percent relative standard deviation pump produced continuous flow, but a variable flow-

rate controller would improve the sampling precision.of the five compounds ranged from 0.43 to 0.82 for the
The peristaltic pump gave results comparable to thesubmersible pump, 0.07 to 0.74 for the peristaltic pump,

and 0.78 to 0.90 for the bladder pump. The pumping submersible pump. For the bladder pump, it was neces-
sampler concentrations were very, close to the control sary to use a manual control to obtain samples of volatile
sample concentrations. All pumping samplers gave good organic compounds.

Both non-pumping samplers and pumping samplers.recoveries, ranging from 97.7 to 101.5 percent.
The submersible pump produces a uniform continu- with the bailer as the only exception, showed more

ous flow without agitation. The pump used for this study variations and less recoveries for samples taken at the
was at a fixed rate of about 3.79 liters per minute shallow depth of 17.5 feet (5.33m).
(1 gallon per minute). This made it difficult to transfer
the sample into the sample vial. A variable flow control References
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Sampling for Purgeable
Organic Compounds Using Positive-
Displacement Piston and Centrifugal
Submersible Pumps: A Comparative Study

by LeRoy L. Knobel at:d Larry J. Mann

Introduction
The U.S. Environmental Protec-

tion Agency's (U.S. EPA) Resource
.: Abstract Conservation and Recover), Act

groundwatermonitoringtechnical

ositive-displacement piston pumps that enforcement guidance document

[J (1986) recommends that the tech-

_ minimize sample agitation have no nique used to withdraw a ground
water sample from a well should

apparent advantage over centrifugal sub- (1) be selected on the basis of the
constituentsto be analyzedin the

mersib!e pumps when used to collect ground water sample: (2) ensure the ground water
sampleis representativeof thefor-

'- samples for analysis of low concentrations of purge- mation or aquifer: and (3) minimize
"-_ physicallyalteringor chemically

:; able organic compounds. Analytical uncertainties contaminating the sample during the
;: withdrawal process. Equipment and

iii inherent in laboratory environments appear to influ- procedures that minimize sample
agitation and contact with the

ence analytical results of low-concentration purgeable atmosphere during sample transfer
_,: are required.Acceptablesampling

.12'.; organic compound samples more than either pump devices for both inorganic and
· organic constituents are constructed of

;_:_7'_ type or sampling team. Centrifugal submersible fluorocarbon resin or stainless steel
:'__. andinclude(1)gas-operatedsqueeze

_i_'¥'. pumps are at least equally efficient as positive-dis- or bladder pumps; (2) double-check
:_i:_ valve, bottom-emptying bailers;

e::: ' placement piston pumps in the recovery of carbon (3) syringe bailers; and (4) single-
-;v,' check valve bailers (U.S. EPA 1986).

;':J( ) tetrachloride, 1,1,1-trichloroethane, trichloroethylene, Investigations have been

.Yi_ii_:i designed to evaluate sampling

and chloroform after sampling and analytical infiu- devices such as bladder pumps.
helical-rotor and gear-driven sub-

_ ences are made constant, mersible pumps, bailers, and peri-
staltic pumps. Gibs et al. (1990) and

:;:.%.,,_,_ ,, Dumouchelle et al. (1990) provide a
?_,_. comprehensivelistofreferenceson

{3_¢ samplinggroundwaterfororganiccompounds. Conclusions drawn bv



the investigators differ as to best sampling devices, but _ "_ "_"* I
mostagreethat the useofsuction,air-lift,andperistaltic ,,..... !

_qlmG.e

pumps,and pumpsthat allowsample contactwith air, _....o*** %-_5 ]

should be avoided. However, most investigations were ,_ah?___, -- '-- _._, - .......... _ :"
done in areas where the depths to water were relativeh' ,_ .... · _, -- _._.
shallow, less than 100 feet below land surface. _ .......

F_,t_ _ocar_t,_ Rrvef ;, Je [-"

In places where the depth to ground water is several _._' _ 7=: _ - - .-, ......
hundreds of feet below land surface and purgeable '_"_:-.--_,, -:LOSt · _ J-. .--

Whn* me,ob _tver _e

organic compounds are the constituents of interest, the ......... --- ,oa,o
NallOt_ai

acceptable sampling devices (U.S. EPA 1986) often are
.... /' Engineering

not practical because of the long time required to purge _.... ..... Laoora,ory
P,oneet /the well and obtain water samples representative of the _' fl- ---_ £_o

aquifer. Centrifugal submersible pumps are not recom- --- _.._--Z,,_,,._.. _.,,_. -1_-::
mended by the U.S. EPA, Region X, or Idaho Depart- _, _,o_,,_
ment of Health and Welfare, Hazardous Materials ...... _ ......
Bureau, for collecting samples for determinations of L__ _ c..,Soft,em

,o _0 _L o_fn:Rs B_i _Oackfoc:

purgeable organic compounds (Lane 1990). A field ,._.0,_ ,,_0_
experiment was done to determine whether comparabil- , ,
ity of analytical results for low concentrations of purge-

able organic compounds in water is markedly affected __ _.......Z_;..... /;-------' _ _"'_
by the type of pump used to collect the samples. The Rad,oaot,ve '7_ /? T'a....... d

pump types selected for comparison were centrifugal wa*teManagement _,,_,_/ St°_&geArea'

submersible pumps and positive-displacement piston Comp*,_RWMC/
pumps. The evaluation was done utilizing deep wells at ' *_ ,0qo _.®0_E_= -_,,-_._o.

the Idaho NationalEngineeringLaboratory.No attempt ,00 _®_s [
was made to evaluate the accuracy of analvtical results: EXP_U_T_O. j

_ *;'17 WELL EQUIPPED WIT_ ]
_--! ......... 1..,: I,' *.. _I_+_ DUAL-PLIMPSYSTEM--

*,..l(..tLO, _ _o _., * _z _ t_. 120 , Number is Io-,.-al ',aa[l }

amy . {
J I _ identifier

Approach Figure1. Locationof the IdahoNationalEngineeringLabora-
tory, RadioactiveWasteManagementComplex,andwells wire

Three deep wells at the U.S. Department of Energy's dual-pumpsystems.
Idaho National Engineering Laboratory were selected

for the experiment. Water from wells 88 and 120 (Fig- prior to sample collection, the total combined discharge
are 1)consistentlv contained detectable concentrations from well 88 remained the same, 2 gal/rain from the

of carbon tetrachloride, 1.1,1-trichloroethane. and tri- sample port of each pump. The sample port discharge
chloroethylene (Mann and Knobel 1987: Mann 1990). from well 117 was reduced to about 3 gal/rain; 2.5 gal/
Carbon tetrachloride has been the most prevalent con- min from the submersible pump and 0.5 gal/rain from

stituent, generaiiv, detected at concentrations .........uutw_c,, the piston pump ttnu"L_piston pump ......,,vu,,_'4 ,,,,-_+v"'_"'q'"_"-'-....
1 and 3 _g/L. Water from well 117 (Figure 1) has not more than 0,5 gal/rain). The sample port discharge from
contained detectable concentrations of purgeable well 120 was reduced to about 4 gal/min; 2 gal/rain from

organiccompounds, each pump. The excess discharge from wells 117 and
Each well was equipped with a dual pumping system. 120 was diverted awav from the sampling ports using

The original electrically operated centrifugal submers- an apparatus described by Mann and Knobel (1987). To
ible pumps were removed and then replaced along with determine whether the wells had been thoroughly
commercially available, pneumatically operated stain- purged, they were pumped until at least three wellbore
less steel piston pumps. Although centrifugal submers- volumes had been removed and water temperature, pH,

ible pumps deliver water to the surface at pressures and specific conductance were stable (Wood 1981).

higher than atmospheric, the impellers are not specific- In August 1990.15 pairs of water samples from wells
ally designed to minimize agitation of the water. Piston 88 and 120 were collected for determinations of 36

pumps are pnqhive-displacement pumps that minimize purgeable organic compounds that were tabulated bv
agitation of the water. They meet material construction Pritt and Jones (1989). Five pairs of water samples were
standards recommended by the U.S. EPA and lift about also collected at well 117. Previous samples from well
2 galJmin of water from a depth of about 600 feet. Con- 117 collected using the submersible pump did not con-
struction of the wells and descriptions of the pumps tain detectable concentrations of purgeable organic
used in the experiment are included in Table 1. compounds. Each pair of samples was collected from

Both the piston and the submersible pumps were each pump in the well within two minutes of one
used simultaneously to purge water from the wells prior another. In each pair. the submersible pump sample was
to collection of water samples. Wells 88, 117, and 120 collected first. One trip blank accompanied samples

were purged at total combined rates of 4.0, 10.5. and from each well to the laboratory for analysis. Trip blanks

26.0 gal/rain, respectively. Subsequent to purging and consisted of deionized water that was boiled for one



:.??/ Table 1
_7_ Description of Wells and Pumps 1

._?,._?': Casing_._: Depth of Well Open Interval
:_Well Number (feet) (feet) Type of Openings Type of Material

'_,_;._ 88 662 587-662 open hole --
i_' 117 653 550-653 perforations stainlesssteel
}£'"j_ _-120 705 638-705 perforations stainless steel

_i[ !-_;';' ' Pump Setting Static Water Level Type of Steel in Pump Column
._V_.... Piston Submersible Below Land Surface Piston Submersible
'i___ell number (feet) (feet) (feet)

*:_*_/'_'_88 627 634 587-589 stainless galvanized
_? 117 625 635 585 stainless stainless
:}_,_ 120 665 678 615 stainless stainless

PrincipleTypeofPump

5 :".: * Pump Power Source Type of Pump Construction Material

' _" '" Number Piston Submersible Piston Submersible Piston Submersible

_:'00 generator generator Hydrostar 1.5 hp Pacific stainless steel steel

:_'%_:;-_: & compressor
"_'"' generator generator Hydrostar 5 hp Grundfos stainless steel stainless steel

& compressor
generator generator Hydrostar 5 hp Grundfos stainlesssteel stainless steel
& compressor

_?Diml-pumpinstallationprecludedmeasurementof pumpinglevel.OnthebasisofspecificcapacitydatapresentedbyAckerman(1991),pumpinglevels
:¢_e at least15feetabovethepumpintakesat the timewatersampleswerecollected.Anyuseoftrade,product,or f'nmnamesin thisreportis for
_'*-.<kiefipfivep_ onlyanddoesnot implyendorsementbytheU.S.government.

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

logical Survev'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 dur/ng Round 1

The reporting level -- 0.2 p._L in this instance is the
lowest measured concentration of a constituent that mav cz

be reliabh,, reported using a _iven analvtical method _LU_ _' SUBMERSIBLE
(Pritt and Jones 1989). The NWQL routinely uses inter- __ : PISTON
hal standards and surrogates to monitor recoverv, and a_w
improve quantification (Wershaw et al. 1987)· In aen- co15 3-
eral, the analytical precision of this method for most <cr
compounds at the NWQL under routine conditions is c0o
_ 30 percent. Better precision can be achieved by the rr(...) ....

NWQL roi indbidual compound_. For example, _ing]¢- 15 _ _ _
operator precision for carbon tetrachloride, chloroform, _z
1,1,1-trichloroethane, and trichloroethvlene ranges Z

from m 10 to: 20 percent (Schroeder 1992). _o ,,<
ct-

Results zP.IJ
©

The 15 pairs of water samples collected from the zo o '
piston and submersible pumps in wel188 contained four <0 1 2 3 4 5 6 7 8 9 10 11 12 13 ,4 15

purgeable compounds: carbon tetrachloride, chloro- SAMPLEPAIRNUMBER
form, 1,1,1-trichtoroethane. and trichloroethvlene (see

Figure 2. Comparisonof carbon tetrachloride concentrations
Round 1 results on Table 2). Water from well 117 did in water from pistonand submersiblepumpsat well 88, August

! 990.



Table 2
Concentrations of Selected Purgeable Organic Compounds

(Concentrations in Micrograms per Liter)

Sample Pair Carbon Tetrachloride Chloroform l,l,l-Trichioroethane Trichloroethylene

Number Submersible Piston Submersible Piston Submersible Piston Submersible Piston

Well 88: Round 1; August 1990
1 1.9 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 3.4 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 0.9

5 1.9 3.9 0.6 0.5 0.4 0.6 0.7 1.3

6 1.9 2.6 0.6 0.3 0.4 0.4 0.8 0.9
7 2.2 2.7 0.6 0.4 0.4 0.4 0.9 1.0
8 1.9 2.8 0.6 0.4 0.4 0.4 0.8 1.0
9 2.0 3.4 0.6 0.4 0.4 0.5 0.8 1.2

10 2.1 2.6 0.5 0.4 0.4 0.4 0.8 0.9

11 2.1 2.9 0.6 0.4 0.4 0.4 0.8 0.9
12 2.i 3.0 0.6 0.4 0.4 0.5 0.9 1.1
13 2.0 3.5 0.6 0.4 0.4 0.5 0.9 1.2
14 2.0 3.3 0.6 0.5 0.4 0.5 0.8 1.2

15 2.1 3.1 0.6 0.4 0.4 0.5 0.8 1.1

Round 2: March 1991
1 2.2 2.0 0.5 0.3 0.3 0.3 0.9 0.8
2 .............. 08_..Ij £.U U.U LL ...n tJ.O U,,._ U.2_ .

3 2.1 2.0 0.5 0.3 0.3 0.3 0.9 0.8
4 2.0 2.0 0.5 0.3 0.3 0.2 0.9 0.8
5 2.0 2.0 0.5 0.3 0.3 0.3 0.8 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 0.3 0.3 0.9 0.7
9 2.1 2.1 0.5 0.3 0.3 0.3 0.9 0.8

10 2.0 1.8 0.5 0.3 0.3 0.3 0.9 0.7

Well 117: Round 1; August 1990
i <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
5 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <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 <0.2
2 0.5 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
3 0.5 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 <0.2 <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 0.5 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 <0.2 <0.2 <0.2 <0.2
12 0.5 0.6 <0.2 <0,2 <0.2 -:0.2 <0.2 <0.2

13 0.5 0.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

14 0.6 0.7 <0.2 <0.2 <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

i from the piston pump consistently contained greater con- 3.0+_0.9 [tg/L from the piston pump and 2.0_+0.2 p.g/L
centrations of carbon tetrachloride (see Figure 2 and from the submersible pump. The 95 percent confidence
Table 2) and trichloroethylene (Table 2) than water from limit of the mean concentration, C, is C _+1.96 s, where
the submersible pump. The 95 percent confidence limits s is the standard deviation about the mean concentra-
of the mean concentrations of carbon tetrachloride were tion. The confidence limits of the mean concentrations
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of trichloroethylene were 1.0 ---0.4 p.g/L from the piston the mean concentrations of carbon tetrachloride in the
pump and 0.8=0.2 p.g/L from the submersible pump. samples from the piston and submersible pumps were
However, confidence limits of the mean concentration concluded to be statistically different.
of chloroform were 0.4_+0.2 p,g/L from the piston pump An alternative statistical test that was applied by
and 0.6_+0.1 _.g/L from the submersible pump; the con- state of Idaho personnel (Barrash 1991) assumed that
fidence limits for 1,1,1-trichloroethane were 0.5 _+0.1 _g/ samples collected from each well -- 88 and 120 -- were
L from the piston pump and 0.4 20.0 p.g/L from the 30 random samples from two populations. Calculated
submersible pump. Confidence limits of the mean con- F-statistic values indicated that population variances
centrations of carbon tetraehloride in water at well 120 were different, and sample population means were corn-
were 0.6±0.2 p.g/L from the piston pump and 0.5_+ pared with a modified t-test. The modified t-test used
0.05 _g/L from the submersible pump. pooled sample variance to calculate the t'-statistic

Round 1 samples independently collected by state values· This statistical test indicated the sample popula-
of Idaho personnel and analyzed by the Bureau of tion mean concentrations for carbon tetrachloride, tri-
Laboratories, Idaho Department of Health and Welfare, chloroethvlene, and chloroform in water from well 88
Boise, are shown in Table 3. An analysis of those data were different· The sample population mean concentra-
was provided by Barrash (1991). Carbon tetrachloride tions for carbon tetrachloride in water from well 120
concentrations in water samples from well 88 were were also different. The sample population mean con-
1.89 and 1.91 __./L from the piston pump, and 1.53 and eentrations for 1,1,1-trichloroethane in water from
1.49 _.g/L from the submersible pump. Concentrations well 88 were the same (Barrash 1991).

of trichloroethylene were 0.67 and 0.66 p,g/L in water On the basis of the greater mean concentration of
from'the piston pump and 0.71 and 0.68 }zo____in water carbon tetrachloride in water from the piston pump at
from the submersible pump. At well 117, neither carbon well 88, it initially was concluded that the piston pump
tetrachloride nor trichloroethvlene, was detected. At mlght_........he more _-';"_,,_ in recovering _mau_"concentra-
well 120, 0.53 and 0.5i p.g/L of carbon tetrachloride tions of purgeable organic compounds in water from
were detected in two water samples from the piston deep wells. However, at least four variables could cause
pump, and 0.46 and 0.43 p.g/L were detected in two the mean concentrations of carbon tetrachloride to dif-

water samples from the submersible pump. fer by i.0 _g/L: (i) two teams were involved in collecting
the 15 pairs of samples: (2) one person from the NWQL

Discussion analyzed the 15 samples from the submersible pump as
Round 1 determinations of carbon tetrachloride con- a group, whereas three people from the NWQL ana-

centrations in water from the piston and submersible lyzed the 15 samples from the piston pump: (3) each

pumps at well 88 were statistically compared using the analyst used a different gas chromatograph-mass spec-
paired t-test as described by Iman and Conover (1983). trometer: and (4) a systematic error (bias) in the perfor-
For fewer than 30 pairs of samples, the paired t-test mance of either pumping mechanism may have existed.
assumes the data are normally distributed. The Lilliefors If bias existed in the pumping mechanisms, the current
test (Iman and Conover 1983) indicated the data could study could not account for it because field spikes were

reasonably be assumed to hive come from a normal not done. However, the magnitude of potential bias is
distribution. Because the paired-t value was 8.061. corn- likely to have been small because in no case did the
pared with to.0_,14= 2.624 (where 0.01 is the level of piston pump detect carbon tetrachloride when the cen-
significance and 14 represents the degrees of freedom), trifugal pump did not.

.5.:: ._2.,:_............ Table 3" '
Concentrations of Carbon Tetrachloride and Trichloroethylene in Water Samples Collected and Analyzed

.,-£_,_/?_2;,'_'_ =_.. (Concentrations in *MI_ per Liter)
' ' ._._ _Z;,'-_·. ' · , 2 . . , * L.t:-JP :.v,'*_ _-

-.':_g''SamPle Pmar . . . CarbonTetradflo *ride lYichloroethylene

:-_5_N la.er.. :_ - Piston :::'i_:}_Submersible Piston Snbmers_le

._:.-.-'1 - 1.89 :.; . 1.53 0.67 0.71

· ,.;., . ·1 -- <0.2 : 3x : <0.2 <0.2 <0.2

· '-: ;'_5;_q:'7_i_i::-'*'' 0.53 ' ':':_'"0.46 <0.2 <0.2
"7 :'_:TJ'{¢"i_72'.;:'.-'' 7:. 7 ...... 0.51.... ;.... -'*-0.43 *- - <0.2 - <0.2

·.:,C. ,;

_.t 't· ·

Barrash(1991Table5). Additionaldataare availablein thalr_port.
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An analysis of samples collected by each team (odd-
rr'

numbered pairs were collected by Team 1 and even- ,,, 25

numbered pairs were collected by Team 2) indicated -_ I ? SUBMERSIBLE i

the mean concentrations for carbon tetrachloride in _ ! _ _ _P__ISTON i

water from the piston pump in well 88 were different. _ !ii il 2_ i _. _ } I'
For example, the 95 percent confidence limit of the < _ _I ; , ; I _ !ii I. t _ _!_!ii! 1:
mean concentration in samples collected from the piston o© 15 i i _ ' ' _ ' i _I
pump by Team 1 was 3.2_.08 p,g/L and, by Team 2, _ i I t : t-i

was 2.7 ± 0.7 _g/L: mean concentrations from the sub- '_ I
mersible pump were 2.0=0.2 p.g/L for both teams. _z _ l'

Given differencesin mean concentrationsin water _ ! i ( j !
samples collected from the piston pumps by the two _< : _i ....
teams and the differences in concentrations between _ os i_ I} i'! II! II z ti It 1: !

' [' I Ii ' i/ ithe NWQL and the state of Idaho's laboratory. 10 pairs ,z [ [ ' 1
of samples were collected from well 88 during a second 7© ': ii [ :i i I I i i
round of sampling in March 1991. o o i,I ,t !J i L_i !,_ l,l. },3! .'_.L__;

O 1 2 3 4 5 6 7 8 9 10

The March 1991 samples were collected by one sam- SAMPLEPAIRNUMBER
piing team and the laboratory, agreed to dedicate one

Figure3. Comparisonof carbon tetraehlorideconcentrations
analyst and one gas chromatograph-mass spectrometer in water from pistonandsubmersiblepumpsat well 88, March
to analysis of the samples. Single-operator precision of 1991.
zl0 to _+20 percent was obtained for compounds

detected during this round of analyses. Pump discharge higher average concentrations of chloroform than posi-
rates were about 2 gal/rain from each pump. Concentra- live-displacement piston pumps.
lions of the four purgeable organic compounds in water When sampling and analytical differences are

from well 88 are shown in Table 2: a comparison of the removed and the associated biases are neglected, mean
carbon tetrachloride concentrations is presented in concentrations at the 95 percent confidence limits indi-
rlgmc 3 x,_ ......... *_-,*_,-,,-,c ,-,f r-_','¼nn tr, trnc'hlnride.. .tvican W_.LJ_',_x._,,._[*_o ........... ._ +h_* *la_ r'_nt_-ifucrM cn!mr'nprclhl_, hilton it at least

trichloroethylene, and 1,1,1-trichloroethane in water equallv efficient for recovery of carbon tetrachloride,
from the piston and submersible pumps were virtually 1,1,1-trichloroethane, and trichloroethylene as the posi-
identical. The 95 percent confidence limits of mean con- live-displacement piston pump.
centrations of carbon tetrachloride in water from the In this study, positive-displacement piston pumps
piston and submersible pumps were 2.0 ± 0.2 and had no apparent advantages over centrifugal submers-
2.0 ± 0.1 I_g/%,respectively, and the mean concentrations ible pumps.
of 1,1,1-trichloroethane were both 0.3 _g/L. Confidence

Round 2 data for well 88 suggested that under thelimits of mean concentrations of trichloroethylene in
conditions tested, stainless and galvanized steel sample-water from the piston and submersible pumps were
delivery, systems have no discernible effect on concen-

0.8 _+0.1 and 0.9_ 0.1 big/L, respectively. Mean concen-
trations of carbon tetrach!oride and 1_1 1-trichloro-trations of chloroform, however, were relatively consis- ethane.

tent with those for the August 1990 samples, although
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A Field Stud_ of Var!ous Sampling)_vlces and Their

Effects on Volatile Orl)anic Contaminants

.Dout Yeskis, Ken Chiu, Suzanne He),ers, Joe Weiss and Tom Bloom

U.S. Environmental ProtectionAgenc_,-RegionV
Chica_o, Illinois

ABSTRJ_T

A common concern in any ground-watersampling 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 thdt had different
levels of volatile organic contaminants (VOC's). The samples were
collected and sent to the U.S. Environmental ProtectionAgency'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
statisticallylower in several samples obtained with the bailer. The lack
of consistencybetween sm_ples taken with a bailer and those taken with the
pumps may be attributed to different sampling personnel. Any variations of
VOC concentrationsbetweendifferent sampling p_nps were within the margin
of error indicatedby duplicate samples. Clean decontamination blanks
indicated that cross contaminationof VOC's was not present. Bailing for
samples appears to be dependenton sampling techniqueand is prone to
variability in the levels of VCC's.

I#TRO!)UCTIOII

A primaryconcern in the investigationof any hazardous waste site is
the collection of data that best represents the ground-water quality. An
integral part of any sa::)plingprogram is the device used to collect the
ground-water samples, t_hen collecting ground-water samples, care is taken
to minimize the possible changes in ground-water chemistry by the
colle:tion device. This is especially importantwhen sampling for
compounds that are prone to alteration or destructionbecause of sahlpling
methods, such as volatile organic compounds (VOC's).
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This study will be one of many that will investigate possible sampling
bias that can be introduced during ground-water investigations. Future
studies will generate a 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.

t BACKGROUND

', The objectiveof this sampling programwas 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 V (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
frownthe top and sampledusing a bottom emptyingdevice. Also used were an
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
inrl,_H_4 in th_ lief nF fha mn_t Fr'_n,pn_ ground water rnnf_minants
detected on Superfundsites nationwide (Plumb,1987).

Barcelonaand others (1984) showed the possibleeffects sampling
mechanisms may have on various Trihaiomethanes (T_'s) under stringent
laboratoryconditions. They concludedthat the bladder pump yielded the
most consistent levels of T_'s. Unwin (1984)completed a laboratorystudy
of several devices using several different VOC's with different Henry's Law
Constants. These tests using the bailer, the squeeze type submersiblepump
(bladderpump) and the Johnson-Kecksubmersibleelectric pump (helical,
submersibleelectric pump) showed little, if any, statisticalvariation
between the devices. Pearsall and Eckhardt (1987) studied several pumps
and their effects of some VOC's in the field. Their study cc_npareda ,
Keck submersible electric pump, a bailer, a peristaltic pump, a centrifugal
pump and a 4-inch submersiblepump. Very little statisticaldifferencewas
noted between the devices, except for the peristaltic pump.

The sampling devices were used on two sites that had different
geologicenvironments. The first site was in NorthwesternIndiana(MSWF)
where the wells were set within a sandy aquifer. The depth to water ranged
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 composedof
stainless steel risers and screens. The exception was an open borehole
within fractured rock at the BSY site, which had a very low hydraulic
conductivityand was pu_npeddry twice during sampling.

PROCEDURES

The teflon bailer was used and sampledby either pouring from the top
of the bailer (BTE), or by using a bottom enptying device (BBE). Nylon
chord that aas wound on a reel, was dsed so that raising and loweringof
the bailer was done at an even rate, which would reduce the rate of
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volltllizatton during the sampling process. The nylon chord was changed
between smpltng locations.

The two submersibleelectric pumps were of two differentdesigns. The
first was an impeller,sub_aersibleelectric pump {[SEP)end the second was
a helical, submersibleelectric pump (HSEP). The ISEPwas composed of
stainless steel and teflon, and had a teflon discharge line. The HSEP was
composed of stainless steel with an ethylene-propylenestator, and had
nylon reinforced vinyl tubing for the discharge line. The bladder pump
(81ad) wes composed entirely of teflon, including the dischargeline. The
air-activatedpiston pump (AAPP) was composed of stainlesssteel, but the
discharge line was composed of polypropylene.

Three well volumeswere purged using one of the samplingpumps prior
to sampling. The exception to this was the open boreholewith low
hydraulic conductivitywhich was pumped dry prior to samplingand allowed
to recoverovernight. While the pumps were purging, a flow-throughcell
described by Garske and Schock (1985) was used, which allowed simultaneous
measurementsof pH, tenperatureand conductivity of the groundwater. These
parameters were allowed to stabilize prior to sampling for each of the
sampling devices, except for the bailer. These parameterswere allowed to
stabilize prio_ to sar,_plingso that _ 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 minimizecross
contaminationbetween devices. At many of the wells, the first and last
samples were taken with the same sa,_plingdevice, in order to determine if
any change in concentrations were time dependent.

The samplingdevices were decontaminated using soapy water, followed
by a clean water rinse, and concluded by a distilled water rise. The soapy
water and clean water rinses were completed in PVC tubes,while the
distilled water rinses were completed in a teflon tube. Field blanks were
taken followingthe decontaminationof the devices after sampling,during
the distilled water rinse.

The samples were sent to the U.S. Enviro_nental ProtectionAgency's
Contract Laboratory Program (CLP)for the chemical analyses. For the set
of samplesobtained on the MSWF site, several differentlaboratorieswere
used for the analyses. Therefore, several samples from the same sampling
device and well locationwere sent to each of the laboratoriesinvolved, in

order to qualitativelydetermine the variability betweenthe laboratories.

For most of the wells, the same people would generallyobtain the
samples fr_n the same samplingdevice. This was done to try and minimize
variations between samplers.

DISCUSSIOIt

The sampling effort took place at two different Limes of the year.
The first samplingeffort acquired the MSlJFseries of sa_/Jlesin 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 _,-3inches
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 sampling 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 _m

especiallyevident in the results for the wells MSWF-WI1, MSWF-W#4 and BSV- :2
Wtl. The contrast between the sampling results for these three wells can l

be seen by comparing 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 d
salnpltng effort because of the low recharge rates, indicating other factors

)may be more important than the sampling device used.

w,_htheInterestingly.the same field person was ,JSedfor sampling '_'
bailer at )ISWF-W#3,and -WIa, but with different results. The results for
I1SWF-WI3show very little difference between sampling devices. However, t
the results for F,S6fF-W_4show much lower concentrations for Trans-l,2- 4
_,n_,,,_,_,,c,,_'_-_when sampled 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 variabilityin the handling of the bailers. No notable differences t
were seen with the bailer samples when they were sa_,_pledwith the bottom i
enptying 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.

Also, very little difference was noted between samples taken first and
last with the same sampling device (see results for MSWF-U#I and -W#4).
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
san_pled immediately prior to obtaining the blank were approximately 240
ppb. Ue noted that the bladder pump is one of the more difficult samplinO
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 is illustrated by the essentially
clean field blanks. The methylene chloride, acetone and toluene found in
the blanks are all attributed to lab contamination, because noneof these
compounds were present during the sampling process.

!
The samples from the NSWF series that were sent to differentCLP j

laboratories showed very little variability, which eliminated one possible
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Table 1

Summary of Sampling Results

_gell Identification Tran$ 1,2- 1,1- 1,1-
/Sample Code TCE PCE VC lt2-.DCEEOCEA OCEE DCEA
MSWF-WI1/ ISEP L/2 21/22 11/12

" BTE LI1 2J 5
· " LJ2 2J 6
" " LI3 5U 6
· BBE L#2 5U 6
· HSEP" 21 9
" Blad " 24 11
· AAPP " 22 11
" ISEP/L ' 23 11

MSWF-Wt2/ I_EP"LI_[ 8J _ ...... 3_-
· ISEP LI2 12 75 5U
· BTE LI1 4J/7J 52/70 3J/4J
· BTE LI3 iOU/IOU 56/59 5U/SU
· BBE J.tl 6J/6J 63/61 4J/4J
' HSEP ' 10/9J 65/62 4J/4J
· B1ad " 7J 69 4J
· /LAPP" 9J 61 4J

MSWF-W#3/ ISEP L/I .,,:,'" 14
· BTE Lil 43 12
· BTE LI2 38 13
· BTE L#3 36 11
· BBE L#I 39 11
· HSEP" 37 5
· Blad" 41 9
· AJkPP" 45 14

_SW-'I_-_#4/[SEP LI2 4J 99
· BTE " 2J 26

"'" Li3 ............D ir. 3Ul:)U _qlLI

· BBE LI2 2J 26
· HSEP · 3J 99
· 81ad· 3J 100
· A.APP " 3J 110

· ISEP_L_ 4J/4j --- 100/110
BSY-W#I/ BT[ 6 2J

· BBE 6 2J
· Blad 16 4J

· AAPP 17._16 4J/3j
BSY-W#2/ ISEP 4J 2J 4J 12

· BTE 20 2J 4J 85 14 5
" GBE 19/i,_2J/2J 36/40 77/73 15/15 5/5 5U/__J
" Blad 7 1J 11 24 5 2J

Sample Codes: ISEP/L= ISEP sampled after all other devices were
completed. LJl = CLP Lab #1, L#2 : Lab )2, etc.
TCE = Trichloroethylene; PCE : Perchloroethylene; VC = Vinyl Chloride;
Trans-I,2-DCEE: Trans-l,2-Dichloroethene;1,2-DCEA = 1,2 DichlorOethane;
1,1-DCEE = 1,1-Dichloroethene; 1,1-DCEA = 1,1-Dichloroethane.
ALL CONCENTRATIONSARE Ir(PARTS PER BILLIOU
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Table 2

Ranges and Means of Wells Showing Large
VariationsDue to Sampling Devices

MSWF HSWF BSY
Well I1 Well 14 Well I1

Rangeof SamplingPtmnps 21-24 3-4

_an 22.2 3.7
TCE

Range of Jailers 2-_5 2

t-lean "- 3.5 2

_ange of Sampling Pumps 9-12 99-110 16-17

r4ean !0.2 !03 16.3
Trans-
1,2-DCEE Rangeof Bailers 5-6 24-27 6

tlean 5.8 25.8 6

Note: All concentrations ere in parts per billion. TCE:
Trichloroethylene; Trans-I,2-DCEE : Trans-l,2-Dichloroethylene.
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problem. This ilso Increased the confidence in the data obtained durtng
· thts study.

L_p1 tctttons

Certain implicationsneed to be considered based on the evaluation of

our data. Becausemany decisions are made on data obtained during
!lydrogeologicinvestigationson CERCLA and RCRA sites, the quality of

, this data is extremely cructal. In many cases, the water quality sample_
are obtained onlywtth batlers. Many health risk based criteria, such as
NCL's, are set near ltmlts of analytical reproducibility. Therefore, the
margins of error produced in both the field and laboratory must be
minimized, whenever possible. However, when the water qualtty saaples are
obtained with a techni, que that can induce large degrees of variability,

? health risk based decisions become more untenable.

' For example,in Region V, the Field InvestigationTeam (FIT) QAPP
requires the FIT field crews to only use bailers. In the case of data
obtained at _WF-Wfl, 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 progra_.l,the conclusion would be
made that the HSWF-WI1 location would not be of concern because the levels

found were below MCLs, which in _any cases, drives the need to remedy or
respond to a site. However, when _e compare the resultsof the other
sampling devicesto the results from the bailers, we note that a different
interpretationcould be drawn based on the other samplingdevices.

Considerations

One considerationin any sampling programis the ease of operation of
the samplingdevice used. Conceptually,the bailer is perhaps one of the
easiestsamplingdevices to use. However, the variabilityin the results
shown in thisstudy 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 while sampling BSY-Wi2.

Anothercriteria in any sampling program, is the ability to repair
samplingdevicesin the field. The ISEP and HSEP devices broke down while
samplingat the BSY site and could not be repaired because of the
complexityof the systems. However,duplication of systems could prevent
the loss of field time, although it is an expensive option.

Future Work

Additionalwork is planned to use some of these same sampling devices
on additionalsites to develop a greater d_ta base. Differentcontaminants
with differentdegreesof volatility are planned to be studied. Additional
samplingdevices,such as an in-situdevice, will be used in order to
_etter quantifythe variability of sal,lplingdevices on VOC concentrations.
Also, the effects of different sampli_§ devices on a larger range of
concentrations of contaminants will be studied.

Also plannedis additional work on fracturedrock systems. The well
at BSY-'_2 was an open borehole and had high levels of the VOC's when
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sampled with the batler. Perhaps, since the _tler is open on the top and
cascading within open boreholes in fractured rock systems is common,
bailers may be more appropriateunder these circumstances. Additional
sampling in open boreholeswith low hydraulic conductivities is planned.

COIICLUS]OIS

The sampling showed that there was very little variation of VOC
concentrationsbetween sampling devices, except for the bailer samples.
Sampling by the use of a bailer, is intrinsicallydependent 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. .Mostof the
previous studies (Barcelona,et al., 1984, Unwin, 1984) were limited to
laboratory studies. The limitationsof 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 .... "_'vo,,_,,ity when sampling with bailers, will need to be
studied further. With additionalaata, variations between sa_nplingpumps
can also be determined. Other controlling factorson the sampling of
ground water also need to be qualified. However, the data collected thus
far, does show a need for field personnel involved in ground-watersampling
programs to question the use of bailers when sampling for volatile organic
contaminants.
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Kish, t and Joseph J. ttochreiter s

Field Evaluation of Seven Sampling Devices
for Purgeable Organic Compoundls in
Ground Water

RF_.IrlK1RF__CE:Imbfigioo·, T E, Gibe. {, Fusillo, T V., Kish, G. R, lind Hochrcitcr, J. l.,
"Fkid Igvainatlea ot Seven SMnpfing !_vl(:_ for Purseala4e Organic Cmnp(mmis tn Ground
Wsder," Ground-Water Contamination.' Field MethodJ, ASTM STP 965, A. O. Collins ·nd A. J.
JOi:Ltl_O_, EdJ,., _Call Socicly for Testing and Materials, Philadelphia, 1988, pp 258-273.

ABSTRACT: Seven diffcncnt sampling cleric=s--(1) · btaddtr pump, (2) a hcl_cal-rot_x submersible
pump. (3) · Scar subm_rsib{c pump. (4) an olin bailer. (5) a puint aouoc¢ bailer. (6) · syringe
lUtmpk:a',and (7) · [:ntristalli¢pump--we_ evaluated to d¢ttmtin¢ II. it ability to recover putgcablc
organic compounds (POCs) fi-om ground water under field conditiofts Signific:ant difl¢:_nccs am_ong

mcan cooccnttalioas obom_d with each saxnpl_ wcrc found for selected POCs at c_Jchof dtrcc
slits Thc ovcrall cn_cr of the sampling ckvice,a from higherd to lowest iccovcry usin 8 data imm all

aJtc:ayicklcd thc following: ti) goat sulnnc_iblc pump. (2) poiai-sourcc bailer. (3) open bailer.
(4) h,clical-ro4orsulnncrsibb: pump, (5) bladder pump, (6) syringe sampler, a_,d (7) I_dStaltic pump

Thc overall somdardiztd mcan cooccntrationa of Samplers I Ihn:m_ 5 wcnc clo_ly gmul:n:d,
indicating theat dcviccs wcrc very similar in th,cb ability to recover _J_us. A simihu overall ,rider
of the coclficientmof vlurianon indicated no cleat ddfcrcnce between the s_mpling devices iq thc
Ix'cc'u'-_mwith wt_ch thcy rccovc_t'dPOCs. However. tl',c tha'tn:uimp}crmwith the Iowt$t cocJt_cicnt$
of vanaUoa (highes4prc_isiou) wcrc all po_i,ivc-displaccmcnt pumping devices whereas thc dtrcc
sampk--_ with the tugbcs4 c_ffictcnts of vsuiation (Iowcs[ p_cisiou) wcrc all iFab-_tmpling dcviccs

KEY WORDS: ground-wa[er sampling, purgcablc mganic compounds, volMilc c_rganiccomtx_tnds.

sampling tcclmiques, water qualily, ware/ ch,crmstry

Incrua..s,ed emphasis on the need to sample wells {'or analysis of organic compounds has uiggcred

the development and production of a wide variety of ground-water samplin{: devices. Environn_c ntal

investigatos's have questioned ,he ability of all these devices Io obtairs equally represent_,tive

samples for the analysis of purgeable organic compounds (POCs). Such compounds presen! SlX:cial

sampling and analytical difficulties because of their Iow molecular weights, low solubilities in

water. Iow boiling points, and natural tendency to degas in open syslems.
Most of the previous evaluations of sampler tecovc_-y efficiency fi)r P<}Cs hay,: l_en conducted

under controlled laboratory conditions, tto [1] te_ted a peristaltic pump in the laboratory and found

significant losses, particulaxly for highly volatile POCs (Henry's law constant:, >001 atm-m_;
mol), with sample lifts n_rc ,ilan 4.8 m (16 fl) and pumping rates greater than 2.6 L/mtn (0.7

gpm). Unwin [2] found that a peristaltic pump had significanlly higher losses of five P(X_s from

a spiked solution than those of a bailer, a bladder pump, and a helical-rotor submersible pump.

' Hydrologitd, cnvU'oun_ntal engineer, hydrologist, hydrologist, and hyd,x_logist, [cspcclJvely, IJS. Oco-
logical Survey. 810 Beat Tavern Road. Suite 206. West Trenton. NJ 08{528
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IMBPdGIO'FTA ET AL ON PURGEABLE OF_GAINICCOMPOUNDS 259 260 Gt_OIJND-WATEFt CONTAMINATION

Barcelona and others [3] carried out a compfehen_ive latmratory cotnparison of 14 commercially stainless steel pump body and tide '[¢llon gears and disch_uge tubing. A pump fate L}I

available sampling devices file Ihcif Performance in collecting dissolved gases and POCs. '.[tEcy I 9 IJmin (0.5 gpm) is attained at 16 m (50 fi) of static lift head.
found stgmhcant bta_, and p.}orcr precision in samphng with gas-displacemedst, mechanical pt)strive- The open bailer used in this study is constructed cut"ely of '['etlon. This dcvitt

displacement, and suction lilt js'_lndplng mechanisms Bladder putnps were rated it)est fi)r most cylinder with a one way valve ode thc [_-)ltOdldthat allou, s water to pass through .

applicali{}ns, wbcicds badcr pCIIIJdlEEancc W/tS rated satisfactory bat heavily dcl_CZMenl on thc downward JOt. After the bailer _s lowered to the desired ,stapling depth, thc direct.

expertise of the sampling personnel, reversed and a slug of watcr is retained by thc one way v,tlve. The bailer volume I'. ,

Ihm_!hlon aEl{IBcrgcr 14l conducled a lield comparison of several lyF,cs uf sampling devices but 0 ? L (0.2 gal). The retrieved sample is transferred from the hailer to the _anspl_
th,] not evaluale P(X? recoxery Ihey did observe increased losses of volatile inorganic species, means c,f a Teflon b_)ltt)in emptying device which opens he one-way valve

such as d]ss.lvcd carbon thor,lc, ammoma, mercury, nmlybdcnum, and selenium, using air-lift. Thc point-source bade[ tidier) trom thc open badcr ,rely in that a secor_d .nc
submersible centfifug.JI, and i×'fisialtlc pumps 'lhcy rated the bladdcr Immp Il,est in avoiding these I_Sitioned at the top of the bailer banel [6]. The lop one-v.,ay valve effectively scab, ,

problems in the bailer as it is retrieved This prevents exch_mge wlh water higher in Ihe well

Recently, Pear)all and '_khardt 15] completed a field comparison of seven sampling devices potential for F__)C degassing during upward travel, and pE:vents contamination ot th,

for recovery of tnchloroeihylenc and 1,2-dichloroelhylene. They found no significant diffen:ncc parliculates scraped from tile well casing. The volmne of the point-source bailer i_.,

m paired cojnparlsons I_tween the concentrations of these two compounds recovered by two types 0.'7 1. (02 gal). The top one way valve is dislodged wi_h a small rod to allow d,.
the Sample with air during sample transfer using a bottou -emptying deviceof helical rotor submersible pump, ads impeller submersible pump, and a centrilrugal pump.

tt.wevcr, reduced trichloroclhylcne concenlrations were obtained with a pcristhltic pump. ltailer Thc syringe sampler Ir)led in this study consists of a ,hding Teflon piston in a

rrcc, vencs t)l mcldorocthylene and 1.2Michhm_thylcne concemralmns in the 76 to 96 i.xg/l. range bancl 191. The piston is inachined to very close tolerances thai create a seal with ii,

thd not thfler sigmhcantly from those o! a helical-rotor submersible pinup, ttowcver, significantly syringe sampler is lowered lo the ttcsm:d sampling depth *'ith the pdston positioned
reduced bailer recoveries were observed filr these compounds in the 21 _o 29 p-g/L conccntralion of the stainless;-steel barrel. The space above thc piston is evacuated thro414ghd'_ alta,

range, tubing. As the piston ds drawn toward thc top of file barre , the sample is drawn thn,,
Die objective of this study was in conduct a comprehensive statistical comparison of commercially past a one-wa), valve, and hllo the I_)ttom of the barrel. After retrieving the syrEiq

available ground-water sampling devices for thc recovery of purgeable organic compounds in a pressure is appIsed to drive the piston downward and fore the sample out ;, dith
field environment Seven ddferent sansple_s were compared at each of three h_:ld site'., ftlr a wider valve into a sample comainer. '[lsc volta)se of the sampl,: rcuicved is apl)tO_limalcl

diversity of purgcablc organic coEnl'_)ullds than in any of the previously mentioned investigations, gal).
The Penstahtic pump creates a vacuum to draw water up lrom a well to thc.. colic,

thc surface Iai. Thc system evaluated in this study co.sists of Teflon intake iai

Methods I_Jlcnmeyer receiving flask, and a Peristaltic pump with iilicone tubing in the pu.

Sampling lies'ices Ev_fiuated Peristaltic pump evacuates the system and draws water up the intake linc into the rc_
When filled, the flask is opened and the sample is transfe_rexl to a sample contained

The sampling devices evaluated in Ihis study included (I) a bladder pump, (2) a hclicabrotor
was used so that the samples would contact only Teflon ina glass surfaces and m,

submersible pump, (3) a gear submersible pump. (4) an open hailer, (5) a point-source bailer, (6) tutmlg m the pump head, which has I:_cen found by Ilo [/ aJ_l Barcelona and other.

a syringe sampler, and (7) a pcnslallic pump. These samplers represent three gene:al classe:s of I_)Cs flOln solution. 'lhe peristaltic pump has a relati,.el5 Iow Pumping rate of al;_

commercially avafiaMe and commonly used sampling devices in ground-water monitoring: positive- (0.2 gpm) and is limited t)y aim. spheric pnessure and pun p losses to a Iifl of abcml '

displacemcnl pump_ (I--3). grab samplers (4-6). and suction-lift pumps (7). A final pundp used lei this study, though not evaluated rod purgcabl¢ _ganic coml_,.

The bladder pump tested is a noncontact gas-driven pump constructed completely of polytetra was an iml_ller submelsible Pump. 'lhis pump was used a one ,__fthe test sites m tin

fiumt_thylcnc ('l'cfion _) and '[el/m'_ coated inatcdials, h uses compressed gas t. alternately expand prior in the sampler evaluation because or' an interest m ,leternuning the effect _1 I

and confider a IIcxiblc bladder to fi)icc success,ye pump volumes past a check valve and up _ on the rccovedy of }_.X's 'thc impcllcE pump used was a lit)cm diangtcf (4 in .l ii,
th.rough a dlsthargc line Inl Thl_ pump plod.ce) a EIOnCOEdIiddUOUS flOYV at a dlEaXilIlUEO rate tit

subnmrsible pump of thc type commonly found in dOdrdeS_icwells, h pumped at an

approximately 3.g [Juan (t 0 gpm) rate of 31'1IJmin (10 gpm) at a static head lift of 2 m (6 ItL Water contact suliaccs ill i

The helical rotor submersible pump employs an electric motor to turn a h¢:lical stainless*steel system included stainless _leel, vafmus rigid plastics, ami lexibl¢ I_llyvinyl chit)Hit
rotor against a semi-Ilex_ble Vllon slator to create a progressing-cavity pumpin[_ head 171 'l_ds

Pump ss capablc of dclivenng a cmmnuous stream of wate_ yielding 2.3 [Jmin ((} 6 gpm) at 16
m (52 fl) of _latic lilt head 'l he samples contact only stainless-steel, Viton, and Tefhm surfaces Ez]_trinlental De*ign

in this pump Three: wells with water known It}contain POCs were ch{ seq fi}r intensive fieltd saint

'lhe gear submersible pump has a set of meshing Teflon gears that form thc basis (if the pumping one in Cape Cod, Massachusetts one in northern New Je st:y, and one in souihcr.
system 18J. l'he gears, driven by an electric motor, act as paddle wheels which push the water All thret wells are softened in shallow, unconfined aquifers consisting mainly of un,
ahmg Ibc mtcrnaJ pump walls [dc)m the intake I_.mdt In the pump discharge 'file close tolerance sands and grav,:ls, and had hydrostatic pumping heads of approximately 2 m (6 !ti
of the Teflon gears prevents water from passing back between them. The sample contacts only thc recovery depths; were 15 m (5(} fl) in the Cape Cod well, I m (12 fi) in the northern

Use of commercial or brand names _s for idcmificatmn purlx)ses only and does nol ctmsmule cndor'_n-.enl 1 well. and 6 m (19 fi) in thc southern New Jcl"s,cy well.

by thc 11S (;c_dogl'_di Survey, At each site. 15 to 28 replicate samples were collected ,with each sampler The rc I,

I
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prevent bias For example, m thc hrs[ r.und at ("aim Cod. four rephcatcs we[c taken with thc: Samplers were cleaned prior to sampling and b<twecn roun.ls with distiUed deioni;ted ,

open bailcl, four replicates wdh thc llclicdl-rolor submersible pump. he,ur replicates with tile gear was sparged in the field witll high-purity helium lO remove a_y remaining purgeable c,.

suhmer_lblc pump, and so on until all seven samplers were used. 'Ibc second rounJ was conducted Sasnples of the wash water were collected before each salapler use to check fi.)r t't

sin:ilarly, this Hie with seven replicates obtained succc::,sivcly wltll Iht fi,C¥Cl)samplers in :-i contamina.on.

different randomly i)icked order. 'l'ahlc I '-,UnlmaH/cs tile experimental &sign and also lists the: All samples were concentrated by purge and trap and analt/..ed for purge,able pein.t3
t_(X?s detected at cdch of the Itltee test sites, concentrations by gas chronlatography wilh the following dele :tors: a }Ifil electnHytic c:-_

detector (GC/i!AI.L) in _ries with a photoionizafion delectol (GC/PID), and a mass slx
IGC/MS). This corresponds It) U S. Environm. cntal Protecti )n Agency Methods 601,

b leld ut.l I..tn/r,,t,,rT Afeth_MI 624, respectively [13].

At all sites a submersible pump was used to Itush standing water from the well casing. In

accordance wilh Ihe piocedures oulhncd in Wt)tv,.l [I I ] and Claassen 112 I. temperature. Ifil. specific Statistical Method's

conductance, and dissolved oxygen concentrahons were monitored at 5 or lO-mtn intervals lo For each purgeable organic compound detected at a site, a :heart concentration for eacl

determine the imlrgamc chemical stability of the water being pumped hum th(: well. Chh)ride was determined. Unforseen nonr·ndom effects other than Iht.se due lo s_unpler were ob

Loncenlratlon ,,,vas measured, using a specific ion electrode, as an additional indicator of the these results. The effect of round was particularly no4table. Th,s effect, which presumabl_,
morganic water quality. Ultraviolet ahsod)ance at 254 mn (nanometres) was also measured itl iht: to the use of differing well flushing rates prior to _h rourd, will be discussed in m,

field using a Itltachi Model 100-20 single beam UV-VIS (ultraviolet-visible) spcctrophotometer, later. Inasmuch as n)und was no! one of thc. effects being lc)lC( in the experiment, it was c

Absolbance at this wavelength is characteristic of unsaturated aliphatic and ar.matic organic from the statistical analyses by standardizing the concentralio) data using the following

compoumls Therefore. this measurement was used as an indicator of orgamc water quality.
Chemical slability was deemed In have been achieved when all measurements varied v, iihin 5% X(std) = X-X(round)/s(rou _d)

for three ,,uccesslve readings The Inne needed to attain chemical stability always far exceeded

Iht_ Iin'_: necessary to flush the reconrsnended minimum of three casing wllumes ti). A. Ricken, where

tiS. Geoh)gical Survey. wrdlen communication. 1985). X(std) = standardized concentration,
X = observed concentration,

_;(round) = me_m concentration for a compound in a round, and
s(n)und) = standard deviation of the concentration for a con pound in · round [ 14]

FAB[ E I - b_pt'rtrnenlul design and purgeuble organic compounds dett'r'tt'd
Using this formula, the standardized data for each round las a mcan of zero and a

Flushing Purgeable Organic deviation of one.
SIIc Round Day Rcphcalc$ }_nq_' Sampling Older' Com[n)unds I:_tctlcd

_. The standardized data were compared using a simple one-,a, ay analysis of vataance to,

('iipe ('<,,.1. I t 4 B E B G A F D C I.I-dichlor,t_thylen¢ if the smnpling devices exhibited significantly different stan,v_'diz.cd mcan concentrai.,
Milssachu_lis 2 2 7 I_ C B I) (] E F A narls-I, 2 thchlol_._lhylene 95% confidence level. If so, this was attributed to differen:es in their ability to J-ct,

_, 2 4 1) .& ti C E (i F hi, hlosue_hyTcnc purgeable organic compound. If the analysis of variance sho_cd there was a significant d

Iclratldu,,_<dsylc.¢ tx:twecn samplers fora COmlXlund, the Tukey's nmltiplc compaq)on test was emnployed h_,
N_mhern I I B It It A F C I) E G I.I d_chlon_ethal_e which staJldardized means differed 'Dsc Tukey's lest w-q,s _lscd b_.cause il is one ol

New Jcrs.e¥ 2 2 ti II F. D F A (' B (i I.I dichh.u_lhylcne elfectlve muhiple compalisun tests at preserving file chose_ significance level and n.
Itans-I. 2 dichlonM:lhylc_e
I. I,i Irielfiolt<ll'lanc 'Fypc I em)is 114]. The Tukey's tes_l resulted in groupings ut samplers whose stands/the
mchlor.ethylene concentrations did not differ at the 95% confidence level fia,r a parlicular com_und All
tctt;_chG_soethylene tesls were. ,conducted using a software package called SAS II ;,/61.

Soulhern I I 14 tt Il G A C D F E vmyl chhn-ide The use of standardized data facilitalcd the combination of _esults from coml_lunds _ ii
New Jersey 2 2 14 B B A I) C E G F I.I dn:hh)n_ctha_c ' dilterent concentr:ttions To summarize the results for a samp ins site, the standardized ,

[rans-l.2d c oroc hylene all compounds thai exhibited a significant difference bclwccn sampling devices were i._
cji h)roforIii

a one-way analysis of variance. For example, al Cape Clot. lO to 13 replicates for eat. t,
Iri+;hhHo¢ihylcnc
l_:nzem: sanlplers for each of the 4 c(nnlxtunds were included. Thc associated Tukey's test l,
Ioluene comparison of overall standardized means for each sampler and groupings of :,ampl_
elhylbcn/cne overall I_rformances were similar al tile site. The standardized inean concentralio[is were ,

Lhh)rot_cnzenc to a I to 7 scale for ease ol undcrslandmg and presentalio_l_ ir' the Iai)les.
,, 1.2 ds,.hhwobcnzcne
m- I, 3-dlt hlort_bcrrtc ne

Experi_nlal R_mllts and I)iscusslon

' A = pelt)latH[ _ti = tlclical rolor submersible; C = blat|del, [) = synnge; E = open bailer; F ; poinl-
_.aicc bailer, (; : gear subn_crs_blc, II _ mq_-'llel $ubnlcr_4blc Because this was a field study, the fmc concentrations nf pu geable organic comDound-

al each well were not known and percent recoveries could tot be calculated as in a I
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study Il was Ihcreforc assumed thc highest mean PO(' concentration obtained with a sampler was

thc most accurate 'D_is assumptLon was not unreasonable because (I) losses of l_)Cs would bc identified by GC/MS, This wale[ had the highest total comentration of purgeable ,n
levels exceeding I mg/L Thc data presented show sigmfica.t differences between thc

more likely than increases ssmply because of their physical and chenUcal propemes, and (2) all
concenlratlons Obtained fin each of the rounds at this site 'lllese differences we[_

samplers lesled were constt_Jcled ot gcnelally lllCFl mate.als (Teflon, stainless steel, Vi/on and

glass). _s contamination f_on; the pumps was minimized caused by the different pumping rates used during well flushing The overall ¢{lect o1 I_

Averages of licld walcr-quahly nlcasmemenls and I_OC concentrations for all samplers by round pumping rates will lac discussed m more dc/ail later.
Water from the souflsern New Jersey ,,,.ell. which was contaminated by a chcl_

at thc three lest sites are given ill Table 2. Several general characteristics of the gJ-c,und water recycling facility (I. J. tlochreitcr, {iS. Geological Survey written coom_,unic_._ttosl.
quahty at each of thc st/cs should bc no{ed.

I-'st. waler feom tile well in Cape C(KI. which was situated in a plume of con:lamina/renu caused by far the most complex l_)C' maIFix of Iht thre..¢ sampled Eleven P(K's were :tdent.

by _cwagc effluent (I 7], represents the simplest Poe matrix sampled; only four chlorinated solvent MS at Ihis site. This water contained a diverse mixture of i urgeable _ganic comp*..

purgeables were identified by Ge/MS. from the very volatile vinyl chloride (llemT's law constanu = 008 aim m_/mol) Io thc
dichlorobenzenes (ttenry's law constants = 0.(_2-0 0_M aim mVmol). Glound .._

Water from the northern New Jersey well, which was contaminated t,y wastewatcrs from a soudlern New Jersey _itc was the only one of the three _ampled which containc,I
metal plating/degreasing operation (E. F. Vowinkel, US. Geological Survey, written communi-

concentrations of aromatic POCs (benzene. toluene, ethylb t/zone, chlorobenzene, I

cation. 19861. is a slighdy more complex Poe matrix; six. purgeable organic compounds were benzene, and 1,3-dichlorubenzene). The presence of aromal_c compounds is relllectcd

higher ulllaviolct absolbance measluemel_ts given in 'rable:.

Cape Cod, Massachusetts Site
TABI_ 2 _tea_y-$tate tiffed properties or constituenls and mean POC concentration_i by rout_ at the lc.st

.st/e_ [Ct, ncentranonJ are expreJsed in mtcrogratn_ per h/re unleJs othet_/ise noted ] Statistical analysis of the Cape Cod results was done on 10 to 13 replicate sample cot,
for each of the 7 samplers for each of 4 I_s. The different: iii numbers of replitcatc_

.... Dale. Round No:: a_ Silt ..... by the loss of a fi:w data values due to analytical difiicuhies

7-17 84 7-19-84 7-1984 8 14-84 8-15 84 12-5-84 12-6 84 Analysis of variance of thc Cape: (7od data indicated that he standardized mean cot,

I 2 3 I 2 I 2 of the samplers differed significantly (at p '< 0.05) for all four compounds identified

Cape C_xl, MA Nonbern NJ Souflscrn NJ 'llre Tukey's test results aft given in 'Fable 3. The sampler:, arc shown in ofdelr fro.,
.............. lowest standardized mean concentrations roi' each purgeable organic compound Sanq

Steidy4,tale tile same grouping bracket are not signilicantly different at th,: 95% confidence level in i

held po._gerltes In recover Iht particular POC from the samples. The range of thc actual me..ira conceh

o{ con.stiluenls given for each compound to indicate the levels at which the!e groupings occurred.
pit {unils) 70 70 70 65 64 6 I 6.1
waler temperature ('C) 12 5 12 0 12 0 18 4 18 9 15 5 16 0 The bladder pump, the open bail,er,, and the helical-rotur s_tbmersible pump consistch

specific conductance tile highest concentrations of all four putgeablc o[g_ic compounds at the Cape ("t_.l l,
(pS/cai (_ 25 _C) 227 228 223 805 865 1781) 1780

I)i_.s.olved oxygen {n_g/L) 0 2 0 6 0 3 (} 5 0 3 0 2 0 2 TABLE 3- .Tu_ey's te_t resuhs individual purgeable organic comwund and overall or&ers a_.
chloride (mg,l.) NM' NNt NM 140 145 560 640 tJ sampler.s for tile C_e Cod ;tie.
ultraviolet ab so_bamce

(aml_t NM NM NM 0 014 0 OI5 0 4(14 0 559 ..... Individual ComF, oumls ,' _ . _ O'ventll

Putgeable orsImc compounds I, I- Tran._- 1,2- Tn- Ten ,-
vinyl chlon&: < I _ < 1 < I < I ": I 64 70 thchl{_'o- dichlon_- chlon_- chin n-

J. l-dlchloso< th:use < I < I < I 51 79 I I I I ()rdc'_ ethylc_e elhylcne ethylene eth_-cue Osxlea' S_t:h
tr_s-l.2-dichloru<thylccse 180 170 170 6 5 9 8 7h IiX) ..............

l,I dschlc_rthylene 5 8 5 8 5.4 37 53 <1 '--I I BI.AD_ BI.AI)_ }IR "] !la '] 1.52 BI \

chloroform <1 <l <l <l <l l0 i5 , : ol_ {/ on II o. / uI,D / Is7 H_I,l,l-mchl_thsae <1 <1 <1 700 940 <1 <1 3 ItR ttR -]/_ BI.AD{ OB [ 202 OB

_,u_ne <l <1 <1 <1 <l 66 66 4 esu Il (;E^R Il GEARI (]E._,R_]_]. 377 (;t:.x

mch_o_thylene 89 84 82 4_ 6O 27 28 S (asARII SVa l[ _'SU 17 t'Sn J/ 505 s'st_
tetr_hlorcthylene 79 75 72 180 270 <1 <1 6 SYR _][ PSB .J] SYR J1 sYI, [ 581 s_k
Ioluct_: < I < I < I < I < I 211 21 7 Pt:R - J PER _3 PER _l !'i{l_ 3 3' 00 Iq-
ethylben_ene < I < I <I < I < I 25 27
c hlc_eltzene < I < I < I < I < I 220 2(X) Ra_lge
1,2dichton_=,enzene <1 '-I <l <l '7-1 15 14 (018/I.) 64-,I,7 190 ]rio 95 68 91 _8

1,3 d_chloct:,benzene ':- I < I < I < I < 1 16 21
· BLAI) _ bl_:ler pump; t)B = open bailer; }iR = helical.r_o_ submersible pump, PSB

Number of n_casuren',Cnls 25 31 28 55 40 50 82 babes; GEAR _ 8,e_u sub,nets/hie Immp; SYR - syringe sampler, t_dR -- Pe:rlatal4ic pu_np

* Sampling devices within a brackel do nol ddfer significantly al the 95% conhdet_ce Icvcl in thc.
· NM = not measoled t_,Cir, _ ct)n, celltfaliol_,

' < I = lo'we[ hnlll of quanman_m.
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peristaltic suclion-Jifi pumt) recovers tile lowest concentrations of all com[x)ur_ds and is the only TABI E 4-- Tukr','s t..'srre_,ults indt_.l.td im'ri_eab/rorgunic c,:.nlo,.,ml.dr_ o_erull or,le:s ,.u.I
pump not grouped with the two lop samplers in any of the comparisons. IIo'wever, for all four ,,/:,t. imtu'crs J_l' Iht nordleln Ness Jr sci stir

compounds there ts considerable overlap in the groupings within each sampler comparison. For Individual ('(.,q_und_ "' (_'
example, for l,l-dichlore, ethylene and trichlo_octhylene, all samplers except the perislaltic pump

_e grouped IOgelhcr. The g.)upings are useful iii comparing the relalive performance tlr pairs of I.I- I.I- I I.I- Tel- 'l'elra-dJLhJolO- dichloro- It lcIlk)Jo- chloru,- ¢hJol[o-
_lLnlpJers. Order clh)'lenc ¢lhyJcnc ClJlall_ clhylclle clhylerse [)ld¢l

To sunmiani'_e the data for the Cap< Cod site, a one-way analysis of variance was {!one on the

order and grouping of the samplers givcn by the Tukey's lest arc given in thc last tvs'{}columns 2 rte:Al,ti tlr:AR (il..Al_ J-] (;EAR 1 PSB I '_S
()il /-I jtR 14.JF1 ou / t_u _.

of Table 3. 'l'herc is mom differentlalion I_lween samplers when all four PC)Cs arc conside,red j 4 S's'R / J SYR S_K _JJ-J SYR / 1 tlr _s42
together father than separately. This overall site order and grouping corroborates the pn:vious _ Ilk .J OB ots JJ_IIR _J - SYR _,51
gencr_d observalions Ihal thc bladder pump, the helical-rntor submersiblc pump, and thc open 6 BI AD I'-1 BI.AD BI.AD _JJ BI.Al) BLAD 5 7S

bailer arc the most cffective samplers and thai the p.eristal[ic pump ss thc: leas_t tire{tire sampler J 7 PI_R - _J PER PIeR _1 PER _ PER 7 (_J
at recovering I-K)Cs. Range

The pc,mt-sourcc bailer ra_'xking is probably Iow because of an opcratior, al pr. blem encounten:d (_g/l.) 70-48 49 _2 920 6lo 56-4.. 26_-171')

m emptying this sampling device al this first test site. Initially. the bailer was not equipped with
· tit.AD = btadd.;:r pump; OB = ot_n badcl. IIR = ti{ti{al vt_ submcrsibtc pump; PSU, : I"

a defieclmg rt_.J lo displace the top ball check valve and allow the sample It) drain out. C'onse_Juenlly, bailer; GE^R = 8c_ subln¢_siblc pump; SYR - syringe sa]llplcf; PER = t;,crislahic pump
flits bailer could not be emptied frorn the bottom so samples wen: poured from tile top into I:he · Sampling devices wilhin a t)ra_kcl do nol ddla s,gnifiC_llly al thc 'JS_ confidence level ,n ih{if .

40-mE sample vials. Aeration of the samples with associated degassing of the i_rgcable organics rne;m fiX' con,.:cniranons

probably ttx)k' place {luring this sample transfer. PTior to any further ficld testing, thc bailer was

returned to the manufacturer and Ihe deflecting r(_l was installed. At thc final two test sties, the The p_r Perfomlance of the bladder pump ',,,as surpr_m:, t_cause this pump v,.a_, ,

poinl-sc_rce bailer was properly drait_:d using the bottom-emptying device, and the staodardizcd most cfr{clive samplers al ('al_ ('_._t and il was t, ghly ralcd in p_evitlus sit,hca, I

n_ans wen: equal to or higher than those of the open bader, noidlcrn New Jersey wcll had a sl,llic WalCr level of apptoxn lalely 2 [ri (6 fi] bclo_,' I,.
and was sampled at a depth of 4 m (12 fi) The bladder pnnH) was 2 m (6 fl) on_ s. ti.

Of thc sampler w.is al or near the lop of the walcr coJtmm in thc well Any d]av, d,,,

Northern New Jersey Sire sample colic{lion wouht havc caused Iht puml)lng level ti) t ecline t:,cl(}w the IojD i)J [ti

Statistical analysis of the northern New Jersey n:sults was doneon 7 lo 16 n:plicate concentrations Pump A Jt_)se conneclion I_lween the bladder i)ump and Ihe d_scharge line may b_,.

for each of the 7 samplers for each of 6 POCs. Thc difference in numb{rs of replicates was caused air to leak i[m_ thc syslem, tlr Ihe I)unlp body may have bccn mable lo fill complclcly _

by analytical difficuhies and the effects of sampler order and pumping rate which n:sLtlted hi Ihe n:sulling in a gas head space for Pt){%, lo parllllOn inlo. J_illi, f ix)ssibilily couhl Ica0 h,

elimination of the data from one round for each of Iwo samplers. As menlion.:d pn:viously, the of a lilixtule of air and walcr. Ihercby pronllltmg acramm an i slrlppmg of Ihe ¥olal]l_

well flushing rate aflcc_l the rcsulls al this site. A detailed discussion .al these resu,lls will 1_ sampled water h is bcliev,'d that thc p_lr bladder pu[up I,csfl_rmance at Ihls stlcv.

L_fe_lc.d to the ''tLC.fl{ct of t_nnping Rate" subsection, simply by the op,eralional pr(iblem Ihal Ibc bci_zht of thc v....de column in Ihe well ',.,.a_ _[

Analysis ol variance of the remaining nor_hem New Jersey data show¢:d thai the standardized It) kccp a pump o[ this size sue)merged

mcan concenlralions of the samplers dilfen:d signilicantly (at p _, 0.05) for five of the si_ purgeable

orgimsc comt_unds idcntifi_d at this site. Thc sixth POC was not significanlly aJlecled by sampling Southern New Jersey Site
Ck:vic¢ primarily because its concenlrations wen: ne_ tile detection limil of the gas chmmalogtaphic
analysis procedure. Al low concentrations, analytical variation makes up a much greater J_)Fli,L)n J Slatistical analysis of the soulhern New Jersey resuhs wa., dm c on 12 to 23 replicme c.._

of lhe total variation m the results, causing greater overlap in the mcan concenlration,, t)f all the I for cach ot the '/ _,ampJcrs toe each of II ,:r._mp4)unds The dil erence in numb_r_, oi rcphsamplers. At this rile, the average cocflicienl of variation for the five: significantly aftected , caused by analylical diJlicuhlcs and b) ,m cllc,.:l of saml)lin .' order/pumping r_ll,: ..,ill,ti
compounds was 20%, compared to 51% for lhe Iow concentration compound experlenc'ed at the norlhem New fcrse_, s_lc thai resuhcd ill Ihe It)ss of a round tlr tJ.,i

The Tukey's test _esults for the five POCs significantly affected by sampling device are given samplers. 'II, is p[oblem will b_ discussed _n the "Effect of P nnping Rate" sob_.t_CllOn

in ]'able 4. The p<)int-sou_ce bailer and the gear submersible pump are the two most effective Analysis of variance of the southern New Jersey dala il dicaled thai the slandar,h

samplers for all comjx)unds at the northern New Jersey site. The bladder and the: Peristallic pumps concentrations of tile samplers differ s_gmlicanlly (at p _ 0 05) for only 6 ot thc t I

{{resist{ney rect_ven:d the iow{st standlt4Olzcd mcan c_)nccnlralions for :dj live compounds. As organic comp_mnds identilied al thi_. site 'lhe Tukey's test re,tilts lov tile six alledcd ,.

with the firsl [csl slle, IbcFc is considerable overlap in alt the groupings for all I!ivc comlmlunds are given ilt 'lable 5. The groupmlzs show mu,:b oveilap belw,-er, Salnplcrs al Ihss _llc tx
The overall sile o[dcr and grouping of the santplers arc shown in the lin. I two colunms of Table or Un)up of samplers was otJnslsleniJy illOlc or Jess efJ'eclive Il an thc others. Indeed. Iht

4. lhcs. e gr_]upmgs do mst overlap. 'l'hcy confim_ the obscrvalions made on the ind,i_idual COlrlp_)u_id Pump. which had previously hcen Ibc lea. I clio{live saliiptc_ at Ibc lirsl two ii,cs. _ ._
comparisons, thai the Ix)mt s._Jrce bailer and the gear submersible pump a_e t:he m4)_.teffective effective pump fi_r three of the six cllnlJ_nnds al this site
s&mplers and die bladder and pcristahic pumps an: the least effeclive sampler_, for [_)(_s al Ihis The overall order and gruuping ',_f sa,Ill)Ices al Ihis rile (J, st 2 columns in 'l able 5_
site.
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TABI.E 6.--Overall orders o/sampling devices based on s,andurdJ:ed mean ¢on¢¢nrrtatl,,TABLE 5---I'ukey'_ teJt rtJuh] mdtvulu_l purgeable organic compoumJJadd overall orders and groulnngl
of Jamplers for the southern New Jerlcy site. cae/fi(lent of.variation d_ta from a,I three well sites.

........ I.,_ivi0._l_Con?_ndF ' ........... Ovc?,...... __. s_a_,,_ Meanq0__3._,o,i_.ta ..... C_a.?! of-V_i_ionl_
I, I - Tn- ()retail (h,'cfaIl

Vinyl dictfioro- Chloro.- chloro- Ethyl- Sc_c$ Sampler Percent_ gc$ Sampler

O_der chloride .....ethane form ...........ethylene Benzene benzene (haler San',pler 301 gear' subn_:r, iblc pump 17 6 gear subnm_iblc pump

i PSB-1 PSB-] PI'R _ PSB _ PER '__.1 PER- I 29, PEI_: -1 302 p,amt-sourcebader 177 bla,d_r_n_2 OB [-I BLAD 3Il

JJ
// 3 49t../,D I/ Ge^aI .t.aDI/ BEAD tlr aLaQj/] Psa/ 3sI I.li,.',aco,or,ub,,_.,bl,r_,r,p zOe _a,._: _.,p

4 t}L_ // BI.ADI OB J1 Oear// cent Ps. // 39s ou / z65 budder_,,,p 208 ,ym_ _,-
, .E. l/ GEARI ,'e_ /l _sB clEAR Il ,os oe,,,u sI::, ,y,,,,,,_,,..P,e, 223 o_._k.
6 tlr J/ PER ._! SYR I SYR /J OB oB l[ 5 14 IIR - 515 pcsis_ahicpump 223 poinl-soan._baikr
7 SYR _1 }JR _J PSB _ iIR _J SYR SYR J 645 SYR

Range 83-69 17-11 17-12 39-28 69_58 29-22
(pg.'l.)

lo 7. This implies thai overall there ail: only minor diffe eh(eS in the ability of thc I

· BI.AIl = bladder pump; OB = open bailer; IIR = helical-rotor submelsible pomp; PSB = pomt-scurce devices to recover the purgcablc organic compounds sas spied at the tlu-_ lest silcn

bailer; GEAR = gear subn_rsible pump; SYR = syringe sampler; PER = p,clriSl_,hic pmnp. be:cause of previously discussed operational problem_, ttrt overall scores of th_: poll
b Samphng drys(cs wilhin a brackcl do m_ differ ssgmticandy al the 95% corlfidem:c level i,ntheir slzmJarc.izcd

mean [_X; ccm,centxallons and the bladder pump arc lower than they could have b_en. Thus. thc actual difle,
the highest arid lowest scores G,r these five samplers ma, be even less.

all samplers except thc synnge afc included in Ih( lop group. Even the syringe ovcrlaps with etost The peristaltic pump and the syringe samplcr are the o[.ly two samplers that conslsl

other samplers, lower POC concentrations than thc others. Previous studio: [1-31 have also found rcdu_

'lhe performance of thc i',cristaltic pump at this site is very diffcrcnt from its previous of purgcablc organic compounds with the peristaltic p_.ntp in laboratory ti:sis t:'h
loSSeS are due lo thc POCs dcgassing into the vacuum c reared by Lhe suctian lift.,pcdortnanccs al thc other sites,. The effect of temperature on thc operation of the peristaltic pump
which thc pump operates. The reduced recoveries of thc syringe sampler were app,.

may olfc_ one possible explanation. Both the noslhem and southern New Jersey wells are sballow

and uncvnfined and sampled al similar depths. Thc only differ(ncc is that thc nonhero New Jersey by failure of the seal between the Teflon piston and ti e syringe barrel. Suspend.

welt was samplcd in August, when the ambient air temperature was 29°C (85_!:), whereas the matter in the ,,veil may have caused this seal to wear and t_en leak, exposing _1_:samt_

soufilcm Nc'.,.' Jersey well was sampled m I)cccmt_cr when the asnb_ent air lcmperalure was close pressures when thc sampler was Ix:lng tilled or lo incrc:._.d pressures when dsc sampI

to 0"C (_?t:). Solar bcatmg of thc discharge Ime and the receiving llask at tile surface probably emptied. Degassing or stripping of the purgeables l'ron the water samples appa.,

combined wilh ih( high air teml_raturc tn produce favorable conditions tot degassmg of purgeablcs during th¢_:_ :,mnpling ot_:tatsons,

fit)in lbE Vvalcf samplcs during risc notthesn New Jersey samphng, Al risc soulhcHs New Jclscy Thc c*_flicienls of vafialion ¢}f the mcan conccnUa"on data mc a measure of' thc l
which risc sarupling devices are able lo recover lmrgeabl, ' orgas.c conlpotM'l_g, '¥o -_,

samplmg site the weather wis cloudy and Ih( a_r temperature was lower than that of Ibc sam?lcd

glound wdict. 'l bole[ore, condlhons wele optimal tor the t_(X's to stay in sohilion and Ix: recovt_ed coefficient of VlLtialion data fionl all ttlrce sites, an ovelu I onk:r was calculated itl(si:
of tlr: mcan couccnt[alion data using tile actual coefficient of variation percentage.

ill the samples Ibis may pat.ally explain why all the sampIcis ow:rlap s. much iii Ih( 'l'uk:y's
each sampler for each co,nl'ound. Th(se results are prcsenled in thc right half ot

Iesl resulls al the southern New Jersey site.
clear groupings arc obvions based on these values, witq leSS than 5% seFaurating c

Icast l_ccise samplers. Th(re is no indication that it sign fi(ant difference exists itl t'

Overall Order un,t Groulnng precision between the sampling devices. Ilowcver, the: three samplers with thc ]owc-

1'o sumnlarile the results for all Ihrcc sites, an overall order was calculated using the standardized of variation (Inighcst precision) in Table 6 arc all IX)Sil:ivt-displacenr:nl pumps, whc_
with the highest coefficients of variation (lowest pre(ssi.n) are all grab sampling d,

mean cc':_centrallons for each of the 7 samplcrs for each of the 15 colnt_)unds thai exhit,iled

signdicant dill(fences between sampling devices (4 compounds al the (?ape (?_ site, 5 coml_nmds ck:pendin 8 on the general class of sampler used, there n ay be a slight effecl on It.

at the not, hefts New Jctscy site, and 6 com[x)unds at the southern New Jersey site). The standardized POC sampling. Barcelona and others 13] nolcd that grab s; rapiers were subject to grcdL
itt PO(?. _..covenes due to th(ir beavy ck:pendcnce on the, xperience of tl_ saraphng I

means of each sampler were ave,aged over all 15 compounds and cony(ned to a I to 7 scah: for
the cate with which they arc used.

case of understandmg and plcsentalion. An analysis of variance and Tukcy's Icst wcre not ased

in this overall comparison tx:cause the known differences in results between sites would I_stllt in

a signilican! sasnpler by site inleracrion lerm in any analysis of variance: nu)dcl. The resuh.,, are Effect of Pum_oing Rate

g_,.'cn m the left half of 'Fable 6. Two diffeoent effects caused by pumping rate were observed ils this stud)'. FLrsl
The gear submersible pump, point-source bailer, open bailer, helical rotor submersible pump,

and bladder pump ate all closely grouped; their scores differing by only 064 on a scale from I different well flushing rates prior lo sanspling was purposely tested al Iht: la_*rthe.,
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ta.-Low pumping tale ( t Opm) lb.-High pumping rate ( 10 {}lam) ' hydm.,gcology, ill is also [x)ssible for PUC cc, ncentrations to decrease with increased pud,

such a case, the higher pumping rate would increase the rad us of the cone of dcprc_,sion

PLUME PLUME in less-contaminated ground water flora a larger area of the aquifer

SOURCE SOURCE At the southern New Jersey site, thc well was flushed tide first day at a uniform

· [] [approximately 3.8 Lfmin (I gpm)l until stable field measurements indicated water of m,

a randomly deternfined order, As an example, the ip,ean cono-ntrations of trichlor, ucthylel_,

for each of thc samplers is plotted its Fig. 2 in the order in which they wen:: u_d In II.
order, the jjirst Igor samplers lB, G, A, and C) were pumping devices lind the last d.,

OBSERVATION 3BSERVATION and E) were grab samplers The n_:an concentration of trichlorocthylene ri:rosined

WELL _.. WELL stabilized level for all four pumping devices and for the fist grab sampler. However,
PUMPED PUMPED concentrations for the final two grab samplers decreased be an average of 39%. lllis L

(specific conductance, chloride, and UV absorbance). Th.u: , within one hour of the cc.
pumping, Ihe trichloroelhylene concentration conlours appmenlly changed from a ritual.

to that illustrated in Fig. lb to that m Fig, la. ]'he rapid decrease m Puc concentrat

have been aided by the fact that the plume is not areally ex ensive.

Suoumu-y and Conclusions

Significant differences among the mean concentrations recovered with seven sampI

found fo{ selected P(')Cs at each of the three test sites. The 'elative order of sampler eltt

EXPLANATION var'ied between sites and among compounds detected at any ,,ngle site.

5 - LINE OF EQUAL PURGEABLE ORGANIC T'hc gear submersible pump, point-source bailer, open bdler, helical-m_.otr Sl.ibmersit5

COMPOUND CONCENTRATIONS--. and blaaKicr pump were all closely grouped, suggesting a ]a_k of any real differs:rices am

InlerYal vef_lblo irs rnletoorem_l per lile_' iii their ability to recover the PO(_s sampled under the coilditions present at the three -

FIG. I--.tL_ect _J pumping rate on lines (J equal purgeable organic corapoa,ad corlcentrulton3 In a peristaltic pump and the syringe sampler were the only slunplers that consistently recovcL
hypothetical plume J)(X; concentrations than the othel3. Presumably the per stallic pump losses were c

degassing of the POCs inlo the vacuum created by the sucli m-lift mechanism b), which

operates. Reduced [_)C concenlrations obtained with the s_,ange sampler were apparel.

site. Secondly. the el,leer of a greatly reduced flushing rule was observed unintentionally n by leakage of Ibc gaslight seal between Ihe Teflon pislon and the syringe barrel, wh._l

sampling [tar I'_R_'s at the southern New Jersey site. the saunplcs to b_.)th very low and very high pressures dm-in,l the sampling ptx)cess.
Al Ihe nmlhellt New Jersey site, life well was flushed al pumpiug rates ,pi 3 8 IJmin (I gpm) The overall order of the sampler_, based un their c<x:Jli :lents of variation indicatc,l

the first day and 38 lffmin (lO gpm) on the secoud day. When lield wales quality measurements difference between the sanlpling devices in the precision, with which they recovel,
stabiliLed ea_.h day, thc samphng was carried out using tide seven san'qtling devices ils a random,y Ilowevel'. the three samplers with the lowest coefficients pi variation (highest Hecisi(m

t_clernuned older Thc mcan conccntratious of Ihc five Pt)Cs tlctelmmed to tx.' significanlly afl'cctcd i_tsitive-displacemenl puluping devices, whereas the three ,staplers with the tughesl ct,

by samphng device were 21 to 41% bighcr on Ibc second day Iban on Ihe hist day for the sampl,:r o[ variation (lowest precision) were alt grab sanq}hng dcvic :s.
with the highest _avetal{ recoveries 'lhe difference between the mean cc,ncenttatitms l,or ihe most Operating conditions, such as mechanical problems, alu qcnt air temperatu_re, and 1"

effective and least cffctlivc samplets ranged {it)u} 28 lo 4OC_7_ofor tllese live J_'()('s 'ihus. the die sampler m tile water cohnlln ,.if Ibc well. cars have si c lilicanl impacts on the abd;

pumping ralc at _.hich a well is Hushed prior Itt samphng for |N.X's can be pi Ihe same imln.tance sampling device to Jecovcr purgcable ocganic compounds, ill addition, scale el,feets, _t,

as Ihe lype (d sampling device used. size of the phime being sampled, the distance from the _ource lo the s:umplaag well

The probable cxplanalion oi, the dd{erence in mean P()C concentrations at the two pumpir]g pumping rate with which the well is flushed, can significantly influence the recovery pi

rates la illusttalcd by thc hypothetical plumes shown in Fig. I. hi Fig. la. a Iow pump rate 13.8 a well site. lis this study, I|lese factors were as inq_)nant a, the type of sampbng de'.'l_

LJmin it gpnOI is u_,ed to flush a well and has a certain minimal effect on the shape of Q,e take the samples.

contaminanl concentration contours. Ill Fig lb, a higher pump rate 138 IJmin (IO gpln)] is used '!lle results of these lield experiments should Itave a gf,"t deal of transfer wdue ltd _,

lo f_u%h Ihe same well and. duc lo _ls larger cone of depression and incleas_ed hydraulic stress un where sampling fi)r purgeable organic compounds is of micro ,I tach of the sites was hy(h,

the systcn/, distoils lee contaminant concentration col/tours and draws m a different thigheO simd_r in II,at alt were unconfined sand anti gravel aqudcrs of relatively shallow depth

concentration Ihan the lower pump tale. It is probable thai such a scenario t<'curred at the norlhem m (12 to 50 ft)]. it is not uncollunon to find grouucLwal-.r contatnination problem',

New Jersey well Ilowever, delx:ndlng on the well It)cation with respect Itt Ihe plume and lite si_e p_rgeable organic cpm[trends ill aquifers such as these due to their high permeability i
detected in this ..,tudy had a wide range o{ volatililies and in,_laded the compo_nc_s n,,o_t ·
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found in coniaininaled ground waler such as dichlorocthyh ne. trichloroethylene, and t
ethylene.

Thc ideal sampler for purgcablc orgamc compounds woulJ: (I) subjccl thc sample to

of tudoulence, (2) not CXl:X)sc the sample Io negative pressure or vacuum, (3) not heal I

I [ O[ [ I I [ - la_ T and (4) be consIrucled of nomeactJve malerials such as s ainless sleel, Teflon. ViloJ

_ The top five sampling devices-the gear submersible pump, _)irlt-source bailer, '>1/ '" helical4{dor submersible punlp, and bladder pump--all im et these crileria and may tx

F-----_ I O _ proper ca/e to collect Poe samples in suitable situations I1 a well is 5 cm 12 m ) ,

I '_q with a limited amount of water Io flush flora the casing, then one of the ixlsilive &

.. _ t - m ,_ _ pumpscan be used to both flush and sample the well for I_)Cs. However. if the well I
o: _ dianztet and a larger volume of waler to flush, a nonidea pump that has a higher p.

Ecu _ I / _' _ may be used to flush the casing, after which a bailer or a p)silive displacement pump Lo .,all u_ _,
= - _ : -n ; - O to collecl the sample for I'(XTs

e e ·
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