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The reduction in tensith·ity of the Photonc TIP, TIP·l, and the 
H-Nt.JlOI total organic vapor analyzers rquippnll"ith pbotoi· 
onlzatlon dekc:tors (PlD) to toluene and p11ollne In the presence 
of methane (0.!!-!i.O% v/v) was ennrlned, The results showed 
an exponential decrease in detector sensitivity, ,.ith a reduction 
of about 30% for 0.5% metbaoe and 90% for 5% methane. A 
Photovac TIP (PJD), a Century OVA equipPfd with a flame 
Ionization dttKtor (FID), and a Photo~c lOS!O portable JU 
chromatograph (PI D) were UHd In a soD ps survey to map the 
areal extent of gasoline contamination. The survey area wu 
paved, and com parDon or FID and PJD response showed tbat 
methane was widespread under the asphalt, includin& areas where 
ps chromalolfllphy showed no gasoline contamination. Two 
son ps •mplts analyzed In tbe laboratory showed c:onccntrafiom 
of 0.23% and 0.99% methane by volume. Rea use higb concen. 
trations of bioaenk metbBJJe are found In the environment, this 
loss of sensldvtty may be important when PJD or&anic vapor 
analyzers are used in the field. 

Small, portable, total organic vapor anal}7.er5 an: commercially 
available and have been used to scn::en for volatile organic com
pounds for purpo:ses of industrial hygiene,n1 ~oil gas sunreying.12 Sl 

and screening soil and water samples in the lield.141 Most of these 
instruments usc either a flame ionization detector (flD) or a 
photoioniZJltion detector (PI D). Flame ioni7ation inmumentl 
combine the air sample with hydrogen gas and ignite the mixture 
to produce ions. The response to a given compound for the FID 
is roughly propo11ional to the number of carbon atoms. l'ho
toioni7ation dctc::ctOTll usc an ultraviolet (UY) light source instead 
of a flame to ionize the sample. Early work at H-NU151 showed 
that PlDs are more sensitive than Fl Ds to aromatic compounds 
such as benzene, toluene, and x.ylene ( BTX), commonly found 
at sites with gasoline comamination.(8·7lThis increased ~cnsitivily 
and the freedom from a source of hydrogen has made PID 
instruments enormously popular. 

•This work was per1ormed at Oak Ridge National laboratory operated 
by Martin Marietta Energy Systems, Inc., for the U.S. Department of 
Energy under contract DE·AC05--840A21400. 

An Hdditional advantage is claimed by proponents of PlD 
instruments-insensitivity to biogenic mE"thane, which i5 frr
quently present in high concentrations under landfills, in sewer 
lines, and in the soil. Using an FID in~trument.. the large ~ignal 
produced by methane can obscure the signal produced by other 
vola tilt: organics unless a chromatographic column is first used 
to separate the compounds, making it difficult to di~tinguish 
contamination hot spots and decaying ve,etation (particularly 
where a diffusion barrier, such as clayey soil or asphalt pavE"ment, 
allows the biogenic methane lc:\>"CI!l in the soil to build). Although 
methane cannot be ionized by a PID, methane is a UY absorber. 
Senum'~~) observed a reduction of PID rc1.1ponse by methane in a 
study of potential carrier gases for PID gas chromatographs. In 
the present 5tudy, the reduction in PID re!ipon~ to volatile 
organic compounds for instruments that lack a chromatographic 
column to 10c:parate compounds was measured. The ability of the 
Photovac TIP, TIP·I, and the H-Nt; model 101 (l'hotovac, 
Toronto, Omada) to detet."t toluene and gasoline standards in 
mixtures of methane and air was tested. 

EXPERIMENTAL MATERIALS Al"D METHODS 

Gcneratin1 the Mixtures 

The gas mixtun::s tested consisted of hydrocarbon-free (HCF) 
air, methane and 102.5 ppm toluene, I 0.19 ppm toluene. and 10 
ppm gasoline, all in HCF air (Scott Specialty Gases, volumetric 
~tandards, Plumsteadillc, Pa.). The desired miAtures were gen· 
era ted by running copper tubing from the tank regulators through 
a mass flow controller and to a three-way solenoid switch 
(Matheson, Secaucus, N.J.). When the switch is otl, the gas is 
directed out to a fume hood. When the switch is on, the gas 
passes through the solenoid to a flow tube (calibrated using a 
primary flow talibrator [Gilian, Orlando, Fl-.t.]) until the flow 
has stabili1.cd in the ulibrated line. The solenoid is then swhcbed 
off and a Tedla~ gas-tight bag isattachcd to the flow tube with 
rubber tubing. The solenoid is then switched on for a timed 
interval. 

A total volume of 5 l was alway5 gencl"3.tcd. f"or example, a 
mi:~~tureof 102 ppm in HCFairand 1% methane by volume was 
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generated by adding methane for 1.5.4 sec at 0.0032.5 Li sec and 
102.5 ppm loluene in HCF air for !!!!! sec at 0.0421 L/ sec. This 
dilutell the concentration of toluene in this S-L sample to 102 
ppm. To compare the instrument's response lo the two organic 
mixtures with and without methane, a 5-L control sample was 
generated substitutin@ HCF air for methane to achieve the same 
dilution. i\ sample of each mixture was alRo analy1.ed on a 
Pbutovac. Model IOAIO to verify that the diluted toluene or 
gasoline cont"entrations in the control and sample bags were as 
calculated. The Photovac GC wasopcntted witha0.61-mSJ::30 
column, at ambient temperature. using hydrocarbon-free air as 
the carrier gas. This column separates the compounds sufficiently 
before they are detected that methane has negligible effect 
on the other peaks. 

A~ a direct test of the accuracy of the methane concentrations 
generated, samples from a complete set-().5%, 1.0%, 2.0%, 
3.0%, 4.0% and 5.0% methane-wen: IIIUtlyzed una Perkin
Elmer (Norwalk, Conn.) model3910 laboratory GC equipped 
with a Supelco (Bellefonte, Pa.) 5A molecular b-icvc and a thcrnu!.l 
conductivity detector. 

lmtruments Tested 

The instrument~ tested were 11 Photova.c TIP, the newer Photovac 
TIP-I. and the H-NU model 101. The TIP's lamp energy is 10.6 
cVand the H-NU's i:o; 10.2 eV.although thcemisllionis probably 
not monochromatic.1' 1 Each day the instruments were checked 
with HCF air and toluene or gasoline standards to determine a 
two-point calibration. According to instrument specifications, 
the response of all three instruments is linear over the range of 
concentrations used in this study. 
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RESULTS AND DISCUSSION 

Fi@ures I and 2 show the response of the TlP, TlP-l, and H-NU 
101 to 102 ppm toluene as a function of the percentase of methane 
present. The: solid line ~how:; the bat exponential fit, which in 
both cases had an ? of better than 0.99. ~ote that 5% methane 
was sufficient to m:lucc the signal 90%. The results for 10.19 
ppm toluene and 10 ppm gasoline were more difficult to 
quantify, but all cases showed a signal reduction by methane. 
The H-NU 101 was less sensitivetotoluc:nethanc:itherTIP, and 
hence, the results are subject to greater uncertainty, but the 
red uctinn of ~ignal strength with increasing methane is app~trcnt. 
Figure 3 is typical; a concentration of5% methane was sufficient 
to drop the signal below baseline(which is always present because 
of photoioniable compounds outgassing in the detector cell 
and background impurities in the carrier gas). This reduction 
below ba5eline produces a negz~tive peak on a PID chroma
tograph. 

The probability of photon absorption is given by the Beer
Lambert law,110) 

where I is the absorption intensity, 1° is the initial photon flux. a 
is the ab5orption coefficient, Cis the concentration of the com
pound ofintc:rc:st, and Lis the path length. Table I sives absorp· 
tion coefficients for some selected gases. Methane's absorption 
coefficient for the incident energy is very high even though the 
UV energy is below the methane ionization potential. 
The Beer-Lambert law predicts an exponential increa5e in UV 
absorption by methane as the concentration increases and, con-

Peu:""l Melh1ne 
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Figure1-Percent reduction In the Photovac TIP response to 102 ppm toluene diluted by increasing 
amounts of methene compared with the TIP response to 102 ppm toluene diluted by the same 
amount of hydrocarbon-free air. The error bars represent one-standard-deviation uncertainties In 
the methane concentrations and the TIP readings. The solid line is the beat fit exponential: the rills 
better than 0.99. 
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Figure 2-J:Iercent reduction In the Photovac TIP-1 response to 102 ppm toluene diluted by 
increasing amounts of methene compared with the TIP-1 response to 102 ppm toluene diluted by 
the same amount of hydrocarbon-free air. The error bars represent one-standard-deviation uncer· 
tainties In the methane concentrations and the TIP readings. The solid line I! the best fit exponential: 
the ~ Is better than Q,ge, 

100" ~ 
IIOS 

80S 

70S -j 
80" 

50" 

-40S 

'S 30~ -

20" 

lOX 

·-·----- ---·-~·-···· ·····-·--·-·-·-·---

+ 
1----+1--··--' 

~~----------------~===+==~----------~ 
-lOX -

-20lll 

·lOS 

·-40lll -.---.------. -.-----,-·- --·-------r---r----+1 ~ o.ox o.s" lO" 1.5" 2.0lll Us 3.0" :1.5" 4.0" -4,5% 

Petccnl Malllane 

Figure 3-Percent reduction in the H-NU 101 response to 102 ppm toluene diluted by increasing 
amounts of methane compared with the H-NU 101 response to 102 ppm toluene diluted by the 
sameamount of hydrocarbon·fl'9e air. The error bars represent one-standard-deviation uncertainties 
in the methane concentrations and H-NU 101 readings. 
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TABLE I 
Selec:tiHf Ga Ab10rptlon CoeHiclenta" 

011ygen 
Nitrous oxide 
Carbon dioxide 
Methane 
Carbon tetr!lfl uoride 
Carbon monoxide 
Argo11 
Helium 

"From Rele111r.ce 8. 

At.orptton Coefficient 
et 10.2 !Y (m"') 

27 
10000 

200 
40000 

negligible 
300 

negligible 
negligible 

sequently, a ctecline in the number of photons available to ionize 
other compounds simultaneously present in the mixture. pro
ducing an eAponential reduction in PJD response for the non
methane compounds. 

Cue History 

At an industrial construction site near Oak Ridge, Tennessee. an 
underground gasoline: tank failed a recent pressure test. An area 
where gil~nlinc and water seeped through the: asphalt after heavy 
11iins was observed by workers. To determine the extent of the 
leak, soil gali ~amplcs were collected through tubes driven to .11 

depth ufO.S m throughout the suspected wnc or contamination, 
and the samples were analyzed ubinga Photovac IOS50 portable 
gas chromatograph and two total organic vapor detectors: the 
Photovac TIP and the Fol'.borough OVA (Norwalk, Conn.) 
(figure 4). The OVA (FID) data were divided. somewhat arbi
trarily. into high (>100 ppm), medium (100-10 ppm), and low 
(<1 0 ppm). The re~ults showed elevated readings for all soil gas 
samples tak.c:n where the ground was paved, whereas the TIP 
analyses cat.,gorized the same way showed an elevated region 
only near th1· tilling station. 

A mixture 102.5 ppm toluene in air was used to ec1librate the 
TIP and the OVA, thus the response ofthese total organic vapor 
detectors to 1:1 miAturc of volatile organic~ is eApressed in units of 
equivalent ppm toluene. To ell. press the GC results in the same 
units. the GC chromatogram peak areas were summed and the 
total area renormalized using the GC response to toluene. A 0.1 
m SE30 screening column was used for all the field GC analyses. 
With this short column, all volatile organic compounds elute in 
less than about S min so that the contribution from the heavier 
volatiles is included. The GC and TIP results agree reasonably 
well (Figure 4), In two cases the TIP reading was high and the 
GC was medium. Thi~ was probably because the TIP reading 
was always taken first at !l sample point and the vapors in the 
hole had not reached equilibrium when the GC sample was 
drawn. 

The presence of metbBne almO!It everywhere under the asphalt 
was inferred from the high FID readings in areas where there 
was little P!D respunsc and from the charactcri5tic negative 
peaks on most of the chromatograms. Two soil gas samples 
were Hnalyzed in the laboratory and had methane concentrations 
of 0.28% and 0.99%. 

Relying solely on the OVA to tnilp rue! contamination would 
have been 1:1 mistake at this site, ll!l biogenic methane produced 
false positives. Relying on the TIP data would have produL'Cd 
roughly the ~arne map of the lateral utent of soil and ground
water contamination in this case as using data from a gas chro
matograph. When the contaminant is known, and present in 
relatively high conccntl1itions, the selectivity and additional sen
sitivity of the gas chromatograph may not be required. In an 
area where the contamination has spread out funher. however, 
high levels of methane associated with fuel degradation will 
reduce all the readings. shifting the soil gas contours, pos~ibly 
causing the extent of the plume to be underestimated when TIP 
dal!s an: used. 
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Figure 4-Comparison of results of soli gas analyses made with a Photovac TIP, OVA, and 
Photovac 10S50 GC equtpped withe 0.1-m SE30 screening column. The readings have been 
divided into high (>100 ppm), medium (10Q-10 ppm), and low {<10 ppm). 
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CONCLUSIONS 

In KUmmary, the objective of this study wu to determine the 
reduction in PliJ response to volatile organic compounds fur 
instruments that lack a chromatographic column to separate 
compounds. Tlu: ability of the Photovac TIP, TlP-1, and the 
H-NU model 101 to detect toluene and ga~oline standards in 
mixtures of methane and air was tested. The labunttury results 
showed an exponential dccrnl!!C in detector mponse, with about 
a 90% reduction in the response to 102 ppm toluene in the 
presence of 5% methane, The results for lo~r concentratium 
were Jess easily quantified but consistently showed decreasing 
detector !!en~itivity as the amount of methane in the mi}!.tun: was 
increased. The instruments wen: used in a soil gas survey in 
which methane in excess ofO.S% at multiple lOcations under an 
asphalt parking lot, including sites far from the gasoline con
tamination, was being mapped. 

The decrease of PID response by methane was reported 
previously by Sen umc&1 in a study of potential PID canier gases. 

Scnum suggests that methane would be a poor choia: for a PlD 
GC carrier gas. The ~ults of this study confirm this, and show 

that when larJ!e concentrations of methane are pre~ent in the 
sample, ~nd no chromatographic column is used. methane be· 
comes part of the carrier gas. High concentrations of methane 
may be found in landfl.lls, sewer lines. during well drilling, and 
under pavement. 

Users of PID total organic vapornn.~~lyzcrs ~hould be aware 
of the danger of false negatives when using these instruments in 
an environment where methane m11y be present. It is SU@gested 

that an FlD total organic \'apor analyzer should be u~cd to 

l>Creen for methane ora chromatographic column be used to &ep~ 
arate the compounds bdorc USCTS should rely on PID data. 
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