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- explosimeter detector (ED) insiruments used in tesiing

" Model NP-204, respeciively. The FID, PID, znd ED

Soil-Gas Surveying for Subsuxface Gasoline
Contamination Using Total Organic Vapor
Detection Instruments |
Part II. Kield Experimentation

by Gary A. Robbins, Brendan G. Deyo, Mark R. Temple, Jaines D. Stuart, and Michael J. Lacy

~ Abstract

orgcmc vepor delection instruments commonly employed in soil-gzs surveying were influenced by s:mplme procedue

and zir composition. A theoreticzl fremework wzs presenied thzt permitted quentifying response effecis z2nd thet

suggested 1hat serizl dilutions of sempling bzgs could circumvent zdverse effects, This wes confirmed by 3=bomory -
zre presented 1o ilustrete instrument -

experiments. In this pzper, field studies performed 2t a service stztion site
responses under zcivzl field conditions end 1o demonstrate the use of the serizl dilution technique. Field mezsurements

confirmed that insirument responses wese influenced by the relative humidiy, Jow oxygen content, high czrbon
dioxide Jevel znd relztive zbundznce of detecizble constituents of the soil gzs. The disiribution of orgznic vapors
zs determined by szmpling soil-ges probes directly or undiluted Tedler b.:gs ¢id not delinezte the zrea of known
contamination. Also. poor correlztions were obizined zmong field instrument rezdings z2nd lzborziory measurements.
Applicztion of the serjzl dilution technique resulted in improved correlziions emong field 2nd Iaboraiory soil‘ges
measurements zs well zs the delineztion of the zrea of known gasoline Jezkzge. Response fzctor czlculztions
performed using field dzta, end theoreticel and laboratory relztions derived in Part 1, closely zpproximzted observed
instrument responses. The field study demonsirzied that the czsuzl use of 101zl orgznic vapor detection insiruments

in soil-gas surveying czn result in mislezding information on the presence, locztiion, znd extent of subsurfzce ;
contzminztion. As demonstrated in this siudy, the zpplicetion of these instruments czn be significzntly improved

through performing serizl dilutions.

Infroduction

A soil-ges stvdy wes conducted zt a service stztion
that hzd a subsurfzce storzge 12nk Jezk of gzsoline. Soil-
gas mezsurements &t the site provided zn opportunity
10 evaluzie the response of 10t2] orgenic vapor detection
instruments under zcivel field conditions znd 1o field
test the serizl dilution technique for circumventing
acverse instrument responses, Fleme jonizztion
detector (F1D), photoionizaiion detecior (PID) zrnd

(20.9 percent oxvgen znd 0.05 percent czrbon dioxide).

Field Measurements
Site Conditions

Figure 1 shows the lzyout of the senvice siztion,
Joczted on 1the campus of the Universily of Connecticut
in Storrs, Connecticut, Approximalely five years zgo, a

super-unlezded gzsoline wes found 1o be Jezking. The

were a Foxboro Century Systems Orgznic Vepor Ana- 1znk wes repleced by another 1znk (SU on Figure 1)

lyzer 128 GC (in ihe totzl mode), en BNU Systems

Model ISPI 101, znd a GzsTech Nzturel Ges Indicztor replecement tznk wes surrounded with a bzckfill of

sznd. The other tznks on-site were surrounded with a

were calibrzied vsing 78 or 100 Vppm (parts per million bzckfill of reworked nztive soil, which consisted of gla-

dioxide deteciors were calibrzled 10 zmbient zir samples’

with minimel subsurfzce remediztion performed. The &

on a volume besic) methene in dry zir stendards, 100
Vppm isobutylene in dry zir stenderd, end 2 2.5 percent
methzne in dry zir stzndard, respectively. Relztive
humidity, carbon dioxide znd oxygen were mezsured
using a Fisher Scientific fzst response digitzl thermo-
hygrometer, a GzsTech portzble czrbon dioxide
detector model RI-411, znd a GC Industries oxygen
gezvge model GC 501, respectively. The relztive humidity
meler was fazclory czlibrzied. The oxvgen znd czrbon
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ciz] 13l composed of siltv. grevelly sznd. The til]l extends 38

from a depih of a few centimelers below the zsphelt 10

2.710 3.3m below ground surfzce znd overlies crysizlline

" In Pert I of this study (Robbins et zl. 1990), lzborztory experiments demonstrzted that the responses of totzl : :

i
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5000-gzllon, steel underground storzge 1znk contzining 3

metzmorphic bedrock. The tillshzve hycrzulic conduce- -

1ivity vzJues between 1 x 10510 1 x 107 cm's, 2s deter-
mined by slug tests performed on monitoring wells.
Over 1he Jzst 1wo yezrs, the depih 10 ground wzter 2t
the site hzs rznged from zbout 1.8 10 2.7m and the
direction of ground weter flow hzs been 10 the west,




Soxl Gas Survey
The site wzs surveyed with the FID znd ED 2l the

"probe locztions shown on Figure 1. Probes consisting
0{0 635cm O.D. and 0.318cm 1.D. stzinless steel tubing
* were plzced 10 depths of 2bout 4510 60cm below ground
71evel by first drilling a pilot hole 1o a dcplh of zbout
f 20cm, then driving a solid rod the remazining depih. This
rod wzs extrzcted and 1he probes were then drivea into
ihe p1101 hole mzde by the solid rod. To prevent clogging.
2 awire w zsinsertedinihe probes prioriotheir plccemcm
i in the ground and the probes were driven 10 zpproxi-
“ mately Sem short of the bottom of the pilot holes.

After probe plzcement and removel of the wire. the
probes were sempled direcily with the ED ard FID.
The probes were then szmpled by eitzching the szmpling
f systern shown in Figure 2. The sysiem consisted of a
<1¢m]es ssteelin-line pamcu]dcfmer (Fisherbrand, Cat.

* No. 09-753-13A, Fisher Scientific, New York., New
- York). two flow gauges (010 3124 mL/min Teflon® Flow-
- meter, znd 010 333 mL/min. Teflon Flowmeter, respec-
" tively, Cole-Pzlmer Inc., Chiczgo. lllinois), a pressure
: gzuge (0 1o 15 inches of weter, vecuum/pressure mag-

" nehelic gzuge, Czt. No. 2330, Dwyer Inc.. Michigan City,

Indizna). a needle velve (Whitey. Model SS-1RM4,
_Beznford Vzlve znd Fitting Inc.. Hariferd. Connecticut),
" 2nd a dizphrzgm pump (Model TD- 4N, Brailsford and

" Co. Inc.. Rye, New York). Components were connected

usmg 0.635¢m 0.D., 0.318cm ].D. stzinless steel 1ubing
“znd Swezgelok fittings. Soil-zir semples were collecied

“in 3-liter Tedler bags (equipped with sepium znd hese/

vzlve fittings, SKC Inc., Eighty Four. Pennsylvaniz) at-

tzched 10 the pump ouiput znd then cnal)zcd with the

F]D znd ED.

Following the initial <amp1m2. Tedlar bzgs were ser-
Jzl-diluied vsing embient air. The ambient zir generzlly
.exhibited no detectzble background vzpors but on occa-
.sion concentrations up 10 2 Vppm were mezsuvred, The

‘seria] dilution wes zccomplished in the following mzn-
ner: After a sample wes collected in a Tedler bag, the
sampling sysiem wzs disconnecied {rom 1he probe znd
purged. The Tedler bag wes then zitzched 10 the system
inlet (1he periiculete filler shown on Figure 2) znd a
.volume of gzs was removed by pumping the system &t
.2 set flow rzie for a desired period of time. Pumping
limes znd flow rztes were generzlly adjusied io remove
‘beween 1/3 2nd 172 of the initiz] ges semple volume in
the bzg (zbout 2 liters). The system was then purged a
second iime. The bzg was then z1izched 10 the exhzus]
Port of the pump &nd a2 volume of ambient zir wes
Pvmped into 1the beg thzt zpproximziely equezled the
volume of gzs szmple removed. The bzg was then
‘eszmpled znd 1he procedure repezied. Following soil-
82s znzlyses, the semple bzg znd 1he system were
Purged. The system wzs purged by pumping embient
2ir throvgh i1 Purging wes checked by sampling the
Sysiern with 1he FID. The sysiem wes found 10 rezdily
PUrge 10 a non-detectzble Jevel with the cxception of
ihe Tvaon 1uhing. which hzd 10 be accesionzlly replzced.
The szemple heg wes purged by repeztedly filling the
-'ca with zmbicnt &ir and cvecuziing the smbicnt air
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Figure 1. Plan mzap of service station site.

1 Perticulcle Filter

2 Stoinless Steel Tubing

3 High Flow Role Gouge
4 low Flow Rote Gouge
5 Pressure Gouge

6 Velve

7 Pump

8 Tygon Tubing

) 9 Probe

ground surfoce

f

Figure 2 Soil-gas sampling sysfem for collecting Tedl‘r beg
<¢mplcc 2nd for performing serial dilutions.

with the pump. Based on FID rezdings, the bzg rezdily
purged 10 a non-detecizble Jevel.

Probe Nests _
Three nests of probes were instzlled =t 1he site
(Jebeled TGP-1.-2, 2nd -3 on Figure 1). The ncsis con-
sisted of 0.635cm O.D.. 0.318cm 1.D. stainlcss sicel
prohes. These were placed by avgering <hallow hole
and then driving them 10 he desired d;pl’)s Prior 10
placement. wires were inserted in the ju robes 10 prevent
clogaing. Afier placemunt ihe wires were removed,
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of the'tznks, the insirument rezdings exhibited zn initiz

Probes were completed just short of the surfece with
Swagelok fittings end secured in flush-io-grzde man-
holcs. Nests TGP-1 znd TGP-2 consisted of two probes
each z1 61 znd 109%m below ground surfzce. Nest
TGP-3 consisted of four probes zt 61, 122, 185, end
246cm below ground surfzce, Thermocouples were zlso
emplaced zlong side znd 2t the depths of ezch probe.

Probe nests were sampled by connecling a stzinless
steel sampling sysiem 10 2 probe using a Swzgelok fit-

* ting. The sampling system consisted of a series of valves

connected by stainless sieel tubing. A probe wzs purged
with a vacuum hzndpump and wes then connected to
an evecuzted 800mL stzinless steel cznister. Cznister
samples were znzlyzed by lzborztory gas chromeatogra-
phy. Following the collection of a cenister szmple, the
sampling system shown in Figure 2 wes connecied 10 2
probe znd a Tedler beg szmple wes collecied for field

- znalysis. The bzg was then serielly diluted using zmbient
" zir. To obtzin more zccurzte regulation of extracted gas

szmple volumes znd inserted embient zir volumes, the
procedure vsedin the survey wzs mocified in ihe follow-
ing manner. After colleciing a Tedler bzg szmple, a
desired volume of gzs wes trensferred 10 2nother evacu-
zted bzg. This was zccomplished by attzching the szmple
bzg 10 the system inlet znd the second bzg to the pump
output port. The second bzg was then sampled with the
ED, FID, PID, and czrbon dioxide detector. The ori-
ginzl bzg was then diluied by refilling it with a volume
of zmbient zir equal 10 thzt trensferred. This procedure
wzs then repezied. The seriz] dilutions were performed
until two 1o three suecessive insirument rezdings dimin-
jshed by consisient frzciionzl increments indiczting the
dilution curve wes in the log-lineer range.

After Tedlzr bzg semple collection, soil-zir oxygen
znd relztive humidity were measured. These measure-
ments were performed by connecting insirument sensors
in series 10 the exhzust port of the szmpling sysiem’s
pump. Soil zir was then pumped from a probe through
the system znd mezsurements were 1zken when instru-
ment rezdings sizbilized.

Results and Discussion

Figure 3 illustraies the direct-probe F1D soil-gzs sur-
veyresults. Dzta were contoured by linezr exirzpolziion
znd interpolation uvsing only those dzla representing
quzniifizble concenirztion rezdings. As illusirzied on
Figure 3, the queznifizble concentrztion rezdings éid
not coincide with the zrea of ithe known source of gzso-

line lezkzge (1he zrea of 1znk Jebeled SU). In the vicinity

rise then a flame-out. Ahhough this indiczted the pres-
ence of detecizble vapors, it ¢id not permit concentira-
lion rezdings over a significant poriion of the site. The
ED on the high scele exhibited no ¢iscernible response.
This indiczied thet vzpor Jevels were 100 Jow for 1he
instrument 1o resolve. The ED on the high scele rezds
from 010 100 percent combustible gas znd has 2 practicel
meler resolution of 2 percent (20,000 Vppm). On 1he
low sczle, in 1he zrezs where the FID flame was extin-
guished, the ED meter rezcings initizlly rose 1then fell
off. In considerztion of 1the Jzborztory results in Pzt I,
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Figure 3. F1D soil-gas survey resulfs using direct-line sampling. 4
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Figure 4. FID serizl dilution curves. Curve 2 illustrates circum-

venting low oxygen conditions when the iniiial concentration is

within the instrument$ defection range; curve b illustrates cir
cumventing low oxygen conditions and extrzpolating above the

instrument’s defection range.

these readings, zlong with the FID response, implied
that either soil-zir oxvgen Jevels were 100 Jow to support
combustion or that the soil had low zir permeability. If
a soil hes a Jow zir permeability due 1o jis lithology or
a high moisture content, zn zpprecizble vacuum czn be
generzied in a soil-gas probe during direct-probe szm-
pling. The vzcuum can diminish instrument response or
extinguish the FID flame. Quiside of the flame-out
zrezs, the ED exhibited no discernible response, imply-
ing 1hzt concentrztion Jevels were 100 Jow 10 resolve.
On 1he low sczle the ED rezds from 0-10 5 percent
combustible gzs zand hzs a meter resolution of zbout
0.1 percent (1000 Vppm).

Initiz] Tedler bzg concentrzlion mezsurements using
the FID znd ED on the Jow sczle from probes in the
flame-out zrea exhibited similizr sesponses 1o those
noted previously. This would indirectly indicz1e 1hat low
soil-zir oxygen levels were responsible for the observed
FID znd ED responses in direct-probe szmpling raiher
thzn conditions of Jow soil-zir permezbility. Agzin, the
ED on the high sczle provided linle guzntifizble infor-
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‘maztion. Figure 4 lustrztes typicel serizl dilution curves
for the FID. The log-linezr response of the curves indi-
cates relztively constant response conditions znd well-
regulated volume control during the dilutions. The
curves were extrapolzted 1o the concentrztion intercept
10 obtzin a pre-dilution concenirztion rezding of totzl
organic vepors in the sample bzgs. Curve a on Figure 4
ilustrztes circumvention of Jow oxygen conditions 10
obtzin zn initiz] bag concentrztion. Curve b illustrzles
not only circumvention of low oxygen condiiions but
z]so conditions where initizl vzpor concentrations mzy
exceed the meter rznge of zn instruoment.

Figure S5 is a mep of FID soil-gzs concentrztions
determined by serizl dilution extrzpolziions and Tedler
bag measurements. The data were contoured by linezr
extrzpolation and interpolztion. The high soil-gas con-
centrziion zone lies just downgredient from the former

- lezking tznk. A ground water greb sample zt the probe

" Jocztion of the highest soil-gzs concentrztion confirmed

the presence of contamination. The wzter szample

exhibited a sheen znd had a totz] BTEX level of 6100
p.g/'L.

‘ Tzble 1 summezrizes probe nest field data from one

.. round of sempling. Soil-2ir oxygen was significanily
- Gepressed below thzt of ambient zir (21 percent), while
soil-2ir carbon dioxide levels were greatly elevzied
zbove that of embient &ir (0.05 pescent). These obsenva-

tions confirm the czuse of the FID {lame outs znd the

ED response fzll-offs observed in conducting the soil-

- gessurvey zndintzking initizl Tedlar bag mezsurements
- of probe nest samples. In the lzborztory experiments,

the FID wzs found 10 flame out below oxygen levels of
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Figure 5. FID soil-gas survey results based on serial dilution
measurements. ’

zbout 10 10 13 percent. The high carbon dicxide levels
in z2ssociztion with subsurface gzsoline Jezkzge observed
in this study would zlso correborate similier observa-
tions made by Marrin (1987). In that study, involving a
soil-gas survey ebove a benzene/chlorobenzene ground
wzter plume, Mzrrin observed 1hat soil-zir carbon diox-
ide levels zbove the plume were up 10 nine times thzt
of ambient zir. Here, carbon dioxide levels were found
10 be even higher and were up to 275 times thzt of
ambient air.

Asnoted on Tzble 1, soil-gzs relative humidity vzlues
were found 1o be high, even zt relztively shzllow depths.
On 1he dzle of sampling the zir, relative humidity wzs

TABLE 1
Probe Nest Field Measurements

. Date: 5/9/89

Probe
Pzrzameter TGP-1 TGP-1 TGP-2 TGP-2 TGP-3 TGP-3
- Depth (cm) 61 109 61 109 61 122
% O3 8.4 6.2 0.6 0.5 1.3 0.4
% CO, 11.1 12.7 12.7 13.4 13.8 12.4
™C 16.0 15.0 16.3 15.3 16.2 151
. % Rel. Humid. 78 ) 68 83 88 87
ED In. (%) —_ — RF RF 0.2 RF
ED Ex. (%) — — 1.6 2.6 0.2 1.7
FID Ia. (Vppm) F/O F:O F/O F/O F/O F/O
FID Ex. (Vppm) — — 4470 6992 450 3704
PID In. (Vppm) — — 4 21 24 32
PID Ex, (Vppm) — — 1075 1925 84 610

[ . * .
o 1cl. humid, velues zre correcied for difference beiween sensor lemperziure @nd prabe 1emperaivre.

— = not dereaicd.

ED In.. FID In. 2nd PID In. = initis] heg concenirziion.

ED Ex. FID Ex.. 2nd PID Ex. = enizzpolated concenitzrian.
RF = meier reacing initizlly yose then foll off.

F1O = neme aun,
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TABLE 2

Probe Nest Laboratory Canisfer Dafa

Date: 5/9/89

Probe ,
Parameter TGP-1 TGP-1 TGP-2 TGP-2 TGP3  TGP.3
Depth (cm) 61 109 61 109 61 122 -+ 7%
Tot. Conc. — — 812 3261 12 2939 1 =
(Vppm)
Constitutent % by volume
n-butane —_— —_ 96.7 40.9 — 39.5
2-m-butzne — — — 326 100 57.8
2-m-2-butene —_— — — 6.8 — —
2.3-d-m-butzne — — — 24 — 2
n-hexzne — — — 2.2 —_ _—
2-m-2-pentene — — — — —_ —
benzene — — —_— —_ — -
isooctzne — — 0.5 — 1.5 E
foluene L — —_ 33 ~ — —
o-xylene — — — — — —

— = not delecied,

at 37 percent and the water table wzs z1 2 depth of 1.8m.
Given the zccuracy of the thermo-hygrometer (zbout
1.5 percent of reading), errors in correcting the relztive
humidity data 1o account for temperature differences
between the position of the sensor and depth of 2 probe,
and errors in thermocouple czlibrations, it is likely that
these values underestimzte the soil zir relztive humidity.

Tzble 2 summarizes probe nest constitvent (percent
by volume) znd totzl concentrziion dzta from the
lzboratory znzlyses of the cznisters. The constituents
listed zre only those 1hzt were quzntified. In zddiion
10 these constituents, zpprecizble zmounts of isobuizne
were present, zs well es methzne in some cznisters,
Although the soil gas wzs dominzied by zlkzne compo-
nenis as might be expected, Jevels of zromaztic com-
pounds were either Jess than thzt reporied for fresh
geasoline vapors (Wzdden et zl. 1986), or zbsent. This
mzy be due 10 biodegrzdzlion of zromatic constituents
and differences in soil-2ir diffusionzl charzcteristics of
zromalic znd zlkane consiituents (Thompson znd Mzr-
rin 1987, Robbins 1987, znd Silka 1988).

Initial sample bzg concentrztion mezsurements by
1he ED on the Jow sczle znd the FID were not quzntifia-
ble due to Jow oxygen levels. Although initiz] PID rezd-
ings were obtzined, they correlated poorly with the totz]
cznister concentrztions. Figure 6 illusirztes ivpiczl ED,
FID, znd PID seriz] dilution curves. The ED znd FID
curves indicale consiznt response fzclor conditions znd,
zs would be expected, 1he curves are parzllel.

The PID curve in Figure 6 i)lusirzies vzrizble
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Figure 6. Probe nest TGP-3 (122¢m) serial dilution curves il
lustrating constant response facior conditions for the FID and
ED, z2nd vzrizble response factor conditions for the P1D.

response fzctor conditions with dilution. Here, the P1D
concentrztion initially rose with dilution then declined.
Thisisa consequence of the P1D response fzctor initizlly
increzsing in en zmount grezter then the concentrztion

in the bzg was decreasing during dilution. As constant =

response fzcior conditions were zpprozched with dilu-
lion, the slope of the PID curve approzched thzt of the
others. A subsequent serizl dilution fest 2t 1he site weas
performed with znother P1D instrument (OVM S80A,

oED (Low Sccle) | .;
oFID b
PID
4 [ -
10" - . . . ,
0 1 2 3 4 5 5

Thermo Environmenizl Insiruments Inc.) 2nd exhibited

a similar 1vpe of response suggesting thet this 1vpe of 3

response mezy be generic 10 PID instruments.

e

RIRAERE0 Ny of 2y thgad




TABLE 3 :
Experimentally Derived PID Response Factor Relations :
i
Carbon Dioxide: log (R;) = =5.7 X 107°%CO,; — 0.049 :

Relative Humidity: log (R;) = =63 X 10"*%RH ~ 0.017
Alkane Quenching: log (R;) = ~1.6 X 107°Cy, + 0.055
Non-linearity: log (Rj) = —2.6 X 107 “Cy +0.013

LR

VAl

¥ R; = response fzcior = raijo of mezsured concentrziion influenced by response conditions 10 thal not influenced,
% COz = % czrbon dioxide; %RH = % selative humidity: Gy, = brizne concentrztion (Vppm): Che = benzene concentration (Vppm).
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‘ TABLE 4
Comparison of Calculated and Observed PID Composite Response Factors

2
A
P
b
-
-
i
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&
%
®
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&
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Probe TGP-2 TGP-2 TGP3  TGP3
Depih (cm) . 61 109 61 122
Response Condition _ Response Factor! ‘
Carbon dioxide 0.76 075 0.75 0.76.
Relztive humidity ' 0.36 0.29 0.27 0.27
Alkzne quenching 0.84 0.33 133 0.37
Non-linearity ‘ 0.54 0.33 0.98 0.72

Czle. Compesite Response Factor 2 0.12 ‘ 0.02 0.22 0.06
Observed Composite Response Fzcior® 0.04 0.01 0.29 0.05

Cazrbon dicxide 2nd relztive humichy sesponse faciors were compuied using regression seletions in Teble 3 2nd czrhon dioxide end relative
humidity values from Tzble ). The response facior for zlkene quenching is bzsed on the butane respanse regression in Table 3 znd 1he 1015l
cznisier concenirziion lisied in Tzhle 2. Response faciors for non-linczrity 21¢ hased on the henzene response regression in Tzble 3 znd
ex1rzpolzied PID conceniration velues in Teble 1.

i The czlevlzied composite sesponse facior is 12ken 25 the product of the individuzl response faciors (see theory section in Pant b).

* The observed compesite response fzcior equzls the rztio of PID In. 10 PID Ex. vzlucs listed in Tzble I,

G

*Two Foinls

ED (%)

Fib (Vppm)

~ 200D 4 °
£
£
; 1000 + 4 -
= o
-
4500 Z000 059 <000

Cerister Concerdtction (Vppm)

Figure 7, Correlation of ED, FID, 2nd PID) extrupalated serisl dilution concentrotions with conivter concentrations,
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In the laborstory experiments in Part Loihe PID
response 10 a detectable vapor constituent was shown
10 be diminished in the presence of carboa dioxide,
elkancs, and relztive humidity, Also.the PID was found
10 exhibit non-linesr response when detectzble vapor
constituents exceeded zbout 125 Vppm. To evalvzie
whether the initizl PID rezdings could be explzined by
these conditions. individuvel and composite response fac-
lors were calculzted using the response factor relations
derived in Part I znd the dz1a in Tzbles | and 2.
Teble 3 lists the lzborziory-derived response relztions.
Tzble 4 summerizes the resuits of the czlculztions. The
czlculzted PID composite response fzctors were found
10 closely mzich 1he observed response fzciors. This
would confirm thzt the initiz]l PID response is being
influenced by 1he observed soil-2ir conditions. It would
zlso explzin the non-linezr form of the P1D serizl dilu-
tion curves,

Soil-gas measurements, 110
~matter how quantitative, do
not permit quantifying soil or
ground water contamination.

FID, ED. znd P1D intercept concentralions extrapo-
Jzied {rom the serizl dilution curves zre ploited zgzinst
cznister concentrztions in Figure 7. Linezr regression
curves zre z]so shown. The intercept concentrztions for
zll three instruments had similizr Jevels of correlation
with the canister dzta (rgp = 0.907. reip = 0.837. rpip
= 0.783). Scztier in 1he dzta mzy be airibuied 10 mea-
surement errors, veriziion in the relztive zbundance of

~ constituents in 1he soil gas zs revezled by the cznister
- dzta, znd the fzct that 1he 1012l cznister concentration

does not represent zll the constituents thzt may be
present and deteciable by the 1012] orgznic vzpor insiru-
menis. As further evidence of comparzble correlztion,
the FID znd PID dzta were regressed. As indiczted in
Figure 8, extrzpolzied intercept concentrztions of both
insiruments wese highly correlzizble. This would imply
thzt both insiruments would provide the same Jevel of
informaztion for delineziing reletive variztions in subsur-
fzce vzpor Jevels. providing thet seriz] dilutions zre per-
formed.

Conclusions

The lzborziory znd field tests conducied in thisstudy
would indiczie 1hzt commonly employed 101zl orgznic
vepor deleciors vsed in soil-gzs surveying for subsurfzce
gesoline contzminziion give results thzt depend on sem-
pling 1echnique, soil-zir permeability, znd soil-zir com-
position. Thus, czsvz) vse of these insiruments for indi-
cziions of relztive subsurfzce contzminztion levels can
be mislezding znd non-definitive (e.g., when 1he FID
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flame is extinguished or when PID readings zre 3

.. quenched). Both lzborztory znd field tesis would indi- 3

czte thzt the serizl dilution technique can overcome

.~ deleterious response- conditions 2nd provide more 3

_meaningful informztion. Even then, it shovld be kept 8
in mind that the instruments are non-constituent speci-
fic. and that their response depends on relative constitu-
ent zbundances. As exemplified by the probe nest dzta |
in this studw. reletive constituent zbundznces can vary §

. substzntizlly over short distznces znd depths. Hence,

the instruments zre inherently limited zs 1o the informa-
tion they czn provide. Importznily, it should be rezlized
thz1 soil-gas measurements, no meziler how quantitztive,
do not permit quantifying soil or ground water contzmi-
nztion. Instead. they provide general znd relative indica-
1ions of subsurface conlamination that require confirma-
tion. In this regard, with proper use, consideration for
factors affecting response, znd cautious interpretation, 3
101a] organic vapor detectors czn be vzluzble explora- ¥
lory 100Is.. '
Notice
.- This research is funded through 2 cooperaiive zgree- 3
ment grant No. CR-814542-01 with the Environmentel
Monitoring Sysiems Lzboratory, Lzs Vegas, Nevada, 3
U.S. Environmenizl Protection Agency. This paper hes 3
notl been subject 10 officizl Agency review znd no &
endorsement should be inferred. Mention of trzde
nzmes in the zriicle does not infer endorsement of zny

kind.
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