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The PDB sampler slightly underestimated the 
2-butanone concentration in ground water at well 
1-NEC-MW17-S, but this does not seem to be an 
inability of the PDB sampler to quantify that com-
pound because a close match between PDB-sample 
and pumped-sample 2-butanone concentrations was 
obtained at well 1-NE-MW23-S (table 4). The data 
suggest that the use of PDB samplers provide a viable 
alternative to collecting pumped samples in these 
wells. 

The PDB-sampler data from well 1-NW-MW24-S 
(table 4) seem to be more representative of formation 
water than the pumped-sample data, despite the rela-
tively large concentration differences between meth-
ods. The PDB-sampler data strongly suggest that 
contaminant stratification is present in the screened 
interval of the well (fig. 2). Although the VOC concen-
trations from the pumped sample and the adjacent 
PDB sample differ substantially in ground water from 
well 1-NW-MW24-S, the pumped-sample results for 

Figure 2. Comparison of benzene, toluene, ethyl benzene, and total 
xylenes concentrations in passive diffusion bag (PDB) samplers and in 
pumped samples, well 1-NW-MW24-S, Naval Surface Warfare Center, 
Louisville, Kentucky, January 2000.
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most compounds are within the range found by using 
the PDB samplers. The data suggest that the PDB 
samplers in well 1-NW-MW24-S reveal the contami-
nant stratification, and the pumped sample produces a 
mixed sample that incorporates water from both the 
lightly contaminated and heavily contaminated hori-
zons (fig. 2). Moreover, although methyl-tert-butyl 
ether (MTBE) is not a compound recommended for use 
with PDB samplers because of the potential to underes-
timate actual concentrations (Vroblesky, 2001), the 
PDB samples from well 1-NW-MW24-S contained 
higher MTBE concentrations than the pumped sample. 
These data suggest that the PDB samplers provided a 
more accurate MTBE sample than the pumped sample. 
Thus, PDB samplers seem to be a viable alternative to 
collecting pumped samples in this well. 

At well 1-NE-MW23-S, the two sampling 
methods did not agree; the PDB sampler produced 
higher VOC concentrations, suggesting that the PDB 
sampler more accurately revealed the higher concentra-
tions than the pumped sample. In well 1-NE-MW23-S, 
the January 2000 pumped-sample data show no detect-
able contaminant concentrations. The PDB-sample 
data, however, show stratified contamination (table 4), 
with the lowest concentrations in the upper vuggy 
limestone and the highest concentrations near the 
bottom of the screened interval. Because well 1-NE-
MW23-S contained a 20-ft saturated screened interval 
(table 2), it is highly probable that the screen transects 
zones of differing contaminant concentration. Thus, the 
PDB data from this well seem to more precisely define 
the contaminant concentrations than the pumped 
samples, which probably represent uncontaminated 
water or a mixture of contaminated and uncontami-
nated water with resulting low or undetectable VOC 
concentrations. 

Well 1-NW-MW24-P also is a well in which the 
two methods did not agree; the PDB sampler produced 
higher VOC concentrations than the pumped sample. 
Unlike well 1-NE-MW23-S, well 1-NW-MW24-P 
contained only about 1 ft of saturated screened interval. 
The small saturated interval suggests the possibility 
that the PDB samplers may have been partly out of the 
water column. Further concern regarding the PDB 
sampler is that the aquifer at the well is low yielding. 
Pumping the well to collect samples essentially dried 
up the well, and only 2 in. of water were in the well by 
the next day, indicating poor recovery. Despite this, the 
fact that the PDB sampler produced higher VOC 
concentrations than the pumped sample implies that the 

PDB sampler produced more representative concentra-
tions. The low aquifer permeability and the potential 
for partial exposure of the PDB samplers to unsatur-
ated conditions suggests the possibility that both 
sampling methods underestimated actual local VOC 
concentrations, but that the PDB sampler produced 
more realistic concentrations than the pumped sample 
in this well. 

Well 1-NEC-MW34-S is another well in which 
the results of the two methods did not agree for most 
detected compounds, and the PDB sampler produced 
the higher concentrations (table 4). In this case, how-
ever, there is some uncertainty in the results because 
the sample was lowered through a layer of LNAPL. 
The effect of such a layer has not been thoroughly 
tested, and carryover from product sorbed to the poly-
ethylene may have artificially produced higher than 
local concentrations in the PDB sampler. Future PDB 
tests in this well could be performed more confidently 
by using a method described in Vroblesky and Peters 
(2000) in which a capped pipe is lowered through the 
product, the cap is then removed with a rod and recov-
ered by means of a line attached to the cap outside of 
the pipe; the PDB samplers then are lowered through 
the pipe past the product and into the well.

Despite the poor yield of the aquifer at well 
1-NEC-MW15-S, the analytical data showed a good 
match at one or more depths between sampling meth-
odologies for all detected contaminants (benzene, 
2-butanone, toluene, and ethyl benzene) except total 
xylenes (table 4). Total xylenes concentrations differed 
by up to 76 percent, with the PDB samplers under-
estimating the concentrations. The reason for this 
difference, even though all of the other compounds 
closely match, is not clear. One concern is that well 
1-NEC-MW15-S is screened in a poorly permeable 
zone. In September 1999, after pumping the well 
slowly (78 mL/min) for 1 hour and 42 minutes, the 
water level in the well continued to draw down, indi-
cating that the pumped water probably was derived 
from storage in the well rather than from the aquifer. 
The poor exchange of water between the aquifer and 
the well screen may account for the difference in total 
xylenes concentrations between the two methods. 
However, even the pumped sample may not be repre-
sentative of the aquifer concentrations because of poor 
yield. Alternatively, because the diffusion samplers 
were spread out over only 5 ft of the 10-ft saturated 
well screen (table 2), the PDB samplers may not have 
fully characterized the stratification. Higher total 
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xylenes concentrations may be present at depths within 
the screened interval other than the PDB-sampler-
tested depths. Thus, although the data imply that the 
use of PDB samplers in well 1-NEC-MW15-S can 
provide benzene, 2-butanone, toluene, and ethyl benzene 
concentrations similar to those obtained by pumping, 
questions remain regarding confident quantification of 
total xylenes and whether even the pumped sample is 
representative of formation concentrations.

A second well, 1-NE-MW23-P, showed mixed 
or ambiguous test results when PDB-sampler results 
were compared to pumped-sample results. The results 
from the September 1999 and January 2000 sampling 
events showed a close trans-1,2 dichloroethene con-
centration match between the methods (the differences 
between the methods ranged from 2 to 4 µg/L); how-
ever, the concentration difference between the remain-
ing detected compounds ranged from 13 to 80 percent. 
The PDB sampler provided higher concentrations than 
the pumped sample for some of the detected com-
pounds (benzene, cis-1,2-dichloroethene, and trans-
1,2-dichloroethene) during the first sampling and for 
all of the detected compounds except vinyl chloride 
during the second sampling. The uncertainty in decid-
ing whether the PDB sampler provided a viable alter-
native sampling method in this well lies in the fact 
that the pumped sample collected higher concentra-
tions of tetrachloroethene (67 percent), trichloroethene 
(38 percent), and vinyl chloride (80 percent) than the 
PDB sampler during the September 1999 sampling. 

A possible explanation for the differences 
between the methods at well 1-NE-MW23-P lies in the 
probability of chemical stratification in the screened 
interval. Although there was only about 4.89 to 5 ft of 
saturated interval in this well during sampling (table 2), 
sampling observations indicate the presence of a sharp 
chemical gradient. During the September 1999 sam-
pling, after purging only 2 gal of water from the bottom 
of the well, the discharging water contained only a low 
amount of dissolved oxygen [0.7 millgrams per liter 
(mg/L)]; however, after purging 4 gal, the discharging 
water contained substantially more dissolved oxygen 
(2.5 mg/L). These results suggest that there is a thin 
zone of anaerobic water near the base of the screened 
interval and an oxygenated zone near the top of the 
screened interval that became increasingly mixed dur-
ing pumping. Support for this hypothesis is the obser-
vation that the bottom part of the rope connected to the 
PDB sampler was stained black, suggesting deposition 
of reduced sulfur or iron species in an anaerobic 

environment (dissolved oxygen data and physical 
observations are not available for the January 2000 
sampling). The presence of redox stratification, as sug-
gested here, may also indicate chlorinated solvent strati-
fication. If such stratification is present and is of a finer 
scale then the length of the PDB sampler, then the VOC 
concentrations in the PDB sampler also may be strati-
fied, resulting in a mixed concentration within the sam-
pler and possibly producing results that underestimate 
concentrations in the small stratified zone. In addition, 
the concentrations in the pumped sample may vary 
depending on the position of the pump inlet relative to 
the stratification and the length of pumping time prior to 
sample collection. If a pumped sample is used to obtain 
these data, then care should be taken to pump a consis-
tent volume of water prior to sampling to increase the 
comparability of data among sampling events.

In one well (1-NEC-MW34-P), the PDB sampler 
provided a poor comparison to the pumped sample. 
Although benzene concentrations showed a close match 
between sampling methods, the concentrations of most 
of the remaining detected compounds were substan-
tially lower in the PDB sampler (by 36-96 percent) 
than in the pumped sample. 

Three possible explanations can be postulated 
for the difference. (1) The PDB sampler may have 
been partially exposed above the water table prior to 
the sampling events because there was only 2.65 to 
2.83 ft of saturated screened interval during the sam-
pling events (table 2). (2) Because of the small satu-
rated interval, the rate of volatilization loss in the 
wellbore may have exceeded the rate of VOC exchange 
with the aquifer, resulting in concentrations in the 
wellbore not representative of the aquifer. (3) It is 
possible that the contributing zone of contaminant was 
small relative to the size of the diffusion sampler, in 
which case the PDB sampler may have averaged con-
centrations, whereas much of the water sampled by the 
pump may have been derived directly from the con-
tributing zone. For well 1-NEC-MW34-P, the simplest 
resolution is to continue sampling the well by purging. 
Alternatively, if the use of a PDB sampler is desired, 
then further testing at the well should be done with a 
shorter PDB sampler. 

In the wells where multiple PDB samplers were 
used to evaluate the vuggy limestone (wells 1-NEC-
MW15-S and 1-NW-MW24-S), the PDB-sampler data 
supported the findings from colloidal borescope data, 
indicating that the vuggy limestone was not a zone that 
supplied water to the wells (Aqua VISION, 1999). 
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The PDB-sampler data showed lower VOC concentra-
tions adjacent to the vuggy limestone and higher VOC 
concentrations deeper in the limestone.

Analysis of the ground-water sampling data 
show that both the PDB samplers and the pumped 
samples from 2 of the 11 tested wells (wells 1-NW-
MW6-I and 1-SE-MW13-I) contained no detectable 
contaminant concentrations except for estimated 
concentrations (J values) (table 4) below the detection 
limit of methylene chloride and 2-butanone in the PDB 
sample from well 1-NW-MW6-I. 

SUMMARY 

PDB samplers were tested in 11 wells at NSWC 
Louisville, Ky., by comparing the VOC concentrations 
obtained from PDB samplers to VOC concentrations 
obtained by pumping the wells. Despite the poorly 
permeable nature of the fractured-rock aquifer at the 
site, several of the tested wells showed a good compar-
ison between VOC concentrations obtained from the 
PDB samplers and VOC concentrations obtained by 
using a pump. The comparison between the PDB 
sampler and the pumped sample was considered 
acceptable if the concentrations for particular contami-
nants agreed within 10 µg/L, or within 10 percent, or 
the concentration in the PDB sample was higher than in 
the pumped sample. Five of the tested wells (wells 
1-NEC-MW15-P, 1-NEC-MW17-S, 1-NE-MW23-S, 
1-NW-MW24-S, and 1-NW-MW24-P) contained 
detectable contamination and showed a relation between 
the PDB-sampler results and the pumped-sample 
results suggesting that the PDB-samplers accurately 
reflected ambient contaminant concentrations. 

In two wells where the data suggest that the 
PDB samplers produced the more representative 
results (wells 1-NE-MW23-S and 1-NW-MW24-P), 
VOC concentrations from the two methods did not 
agree; the PDB sampler produced the higher concen-
trations. The concentration differences in well 1-NW-
MW23-S probably are attributable to low values result-
ing from mixing of stratified waters during pumping. 
In well 1-NW-MW24-P, the PDB sampler produced 
higher concentrations than the pumped sample despite 
a short saturated interval (about 1 ft) and a low-yield-
ing aquifer. The PDB sampler and the pumped sample 
both may have underestimated actual concentrations, 
but the data suggest that the PDB sampler produced 
more realistic concentrations than the pumped sample 
in this well. In a third well where the PDB sampler 

produced higher concentrations than the pumped 
sample (well 1-NEC-MW34-S), it is unclear whether 
the PDB sampler produced the more representative 
results or whether the higher concentrations in the 
PDB sampler were the result of carryover after having 
passed through a layer of light non-aqueous-phase 
liquid during deployment. 

The data from well 1-NEC-MW15-S showed a 
good match between sampling methodologies for all 
detected contaminants (benzene, 2-butanone, toluene, 
and ethyl benzene), but a poor match for total xylenes. 
It is unclear why the xylene concentrations differed 
substantially whereas concentrations of all the other 
compounds closely matched. Explanations include the 
possibility that neither method adequately represents 
ambient conditions in this well because of poor 
exchange of water between the aquifer and the well 
screen in this low-yielding well. Alternatively, the 
PDB samplers may not have fully characterized the 
stratification because the diffusion samplers were 
spread out over only 5 ft of the 10-ft saturated well 
screen. Higher total xylenes concentrations may be 
present at depths within the screened interval other 
than the PDB-sampler-tested depths or in an area not 
adjacent to the screened interval and transported to the 
well by pumping during well purging and sampling. 
Thus, although the data imply that the use of PDB 
samplers in well 1-NEC-MW15-S can provide ben-
zene, 2-butanone, toluene, and ethyl benzene concen-
trations similar to those obtained by pumping, questions 
remain regarding confident quantification of total 
xylenes and whether even the pumped sample is 
representative of formation concentrations.

Similarly, well 1-NE-MW23-P showed a close 
match between the two methods for trans-1,2 dichloro-
ethene concentrations in September 1999 and January 
2000; however, there were differences between the 
methods for other detected compounds. Geochemical 
evidence indicates the presence of redox stratification 
in the saturated interval of this well, which may also 
indicate chlorinated solvent stratification. If so, then 
the VOC concentrations in the PDB sampler represent 
an average over the length of the sampler, and the con-
centrations in the pumped sample may vary depending 
on the depth of the pump and the length of pumping 
time prior to sample collection. Under these condi-
tions, the use of a PDB sampler at a specific target 
horizon may provide concentrations representative of 
local conditions. If a pumped sample is used to obtain 
these data, then care should be taken to pump a consis-
tent volume of water prior to sampling to increase the 
comparability of data among sampling events.
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In one well (1-NEC-MW34-P), the PDB 
sampler provided a poor comparison to the pumped 
sample. Possible explanations include partial exposure 
of the sampler above the water table, volatilization loss 
from the wellbore at a rate faster than the exchange with 
the aquifer, or contaminant inflow to the well through 
a smaller zone than the length of the sampler, resulting 
in an underestimate of actual concentrations. For well 
1-NEC-MW34-P, the simplest resolution is to con-
tinue sampling the well by purging. Alternatively, if 
use of a PDB sampler is desired, then further testing at 
the well should be done with a shorter PDB sampler. 

In the wells where multiple PDB samplers were 
used to evaluate the vuggy limestone (wells 1-NEC-
MW15-S and 1-NW-MW24-S), the PDB-sampler data 
supported the findings from colloidal borescope data 
indicating that the vuggy limestone was not a zone that 
supplied water to the wells. The PDB-sampler data 
showed the lowest VOC concentrations adjacent to the 
vuggy limestone and higher VOC concentrations 
deeper in the limestone.

Analysis of the ground-water sampling data 
show that both the PDB samplers and the pumped 
samples from 2 of the 11 tested wells (wells 1-NW-
MW6-I and 1-SE-MW13-I) contained no detectable 
contaminant concentrations except for low concentra-
tions of methylene chloride and 2-butanone in the 
PDB sample from well 1-NW-MW6-I. 
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