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Abstract

A new mass spectrometry/gas chromatography–mass spectrometry (MS/GC–MS) approach has been developed for the screening and quantitative
determination of perchloroethylene (PERC) in workplace and outdoor air samples, which could be extended to the screening and analysis of other
analytes and samples. This approach may be rapidly modified in order to be used directly as an MS detector for screening purposes or alternatively
as a common GC–MS, for confirmation. The screening alternative by MS is approximately 20 times faster than the quantitative-confirmatory
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determination by GC–MS. Detection limits of both alternatives are sufficiently low to screen and determine PERC in the above-mentione
The advantage of this approach over others previously described is that, in the present case, the sample passes through the chromatog
only when the confirmatory GC–MS is used. For the MS screening method, the chromatographic column is bypassed by using an
selection valve. In this way, the column lifetime is extended and screening time is considerably shortened.
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1. Introduction

Perchloroethylene (PERC), also known as tetrachloroethy-
lene, is a solvent commonly used in dry-cleaning operations.
PERC enters the body when breathed in with contaminated air
or when consumed with contaminated food or water. Once in the
body, PERC can remain stored in fat tissue. This volatile com-
pound is regulated as a hazardous air pollutant due to its toxicity.
The OSHA method for determination of PERC in the workplace
involves the use of adsorbent tubes for sample collection and
GC-FID for sample analysis[1]. In the case of outdoor atmo-
spheric samples, PERC as well as other VOCs are determined
by the TO-14 United States Environmental Protection Agency
(US-EPA) method[2], which involves sampling in canisters and
GC–MS analysis.

The development of rapid screening methods is currently
becoming significantly important in analytical chemistry. Con-
ventional methods used in analytical laboratories are usually
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not compatible with the highly desirable routine and exten
monitoring. When timely decisions are made, the deliver
rapid analytical information, not necessarily possessing a
level of accuracy and precision, is highly appreciated. It m
be stressed that screening approaches are not a substitute
rather a complement to the reference conventional techn
[3,4].

In recent years, there has been an increasing demand fo
ysis of samples considering their volatile constituents. M
spectrometry coupled to gas chromatography (GC–MS)
been the most widely used technique to study this type of p
tion[5–8]but, as stated above, the development of nonsepa
methods for the resolution and determination of different
lytes is of great interest owing to their speed. Conseque
the direct coupling of mass spectrometry with methods su
solid-phase microextraction (SPME-MS)[9], or headspace (HS
MS) [10–15], has been developed for the analysis of raw ma
als and foods in the agrofood industry. These techniques pr
“fingerprints” of the products under analysis, and the infor
tion, suitably processed by applying chemometric data treat
(such as hierarchical cluster analysis (HCA), linear discrimi
analysis (LDA) and soft independent modeling class ana
E-mail address: prichter@ciq.uchile.cl (P. Richter). (SIMCA)), can be used to differentiate such products.
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In the same context, a mass spectrometer coupled to a gas
chromatograph can also be directly used as a screening sys-
tem by keeping the column temperature at a level high enough
to avoid chromatographic resolution of the target analytes[4].
Under these conditions, the MS provides a global signal, which
can be differentiated on the basis of chemometric data treatment.
This system provides the additional advantage that samples con-
taining the analyte near an imposed threshold, or samples in
which the presence of the analyte is doubtful, can be subjected
in the same system to conventional gas chromatographic mass
spectrometry detection for confirmatory purposes.

The aim of this study was to assess a new mass spectrom-
etry/gas chromatography–mass spectrometry (MS/GC–MS)
approach for the screening and quantitative determination of
PERC and eventually other VOCs in air samples. In the present
case, the sample passes through the chromatographic column
only when the confirmatory GC–MS is used. For the MS screen-
ing method, the chromatographic column is bypassed by using
an appropriate selection valve.

2. Experimental

2.1. Reagents

Perchloroethylene 99.9% (Supelco, Bellefonte, PA, USA,
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Liquid nitrogen (AGA, Chile) was used for cold-trap precon-
centration in outdoor sample analysis.

2.2. Instruments and apparatus

An autosampler (model 7016, Entech Instruments Inc., CA,
USA) and a gastight syringe (Hamilton, Reno, NV, USA, 80600)
were, respectively, used to inject the outdoor and workplace
samples.

An air preconcentrator (model 7000, Entech Instruments Inc.,
CA, USA) was used in the analysis of outdoor samples.

Three-liter stainless steel canisters (Entech Instruments Inc.,
CA, USA) were used for sample collection and preparation of
working standards starting form a TO-14 standard. The vacuum
or pressure inside the canister during sampling was measured
with a high-quality gauge on the canister (CS-1100, Entech
Instruments Inc., CA, USA).

Analyses were conducted using a gas chromatograph
Hewlett-Packard model 6890 HRGC coupled to a 5973 MSD,
equipped with a 60 m DB-1 column (1�m film thickness,
250�m I.D., J&W Scientific Inc., CA, USA).

A 6-port selecting valve (Valco, Houston, TX, USA) was
assembled in the upper part of the chromatograph (Fig. 1) in
order to select subjecting the sample directly to MS (position
1) or to GC–MS (position 2). The transfer line connected to the
6-position valve was a 5 m fused silica capillary (250�m I.D.).
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8571) was used for calibration purposes in the determin
f PERC in workplace samples. Working standards in the i
al 1–100 ppmv were prepared by dilution of this standard w
elium in Tedlar bags (Supelco, Bellefonte, PA, USA, 2463

A TO-14 standard (Supelco Bellefonte, PA, USA, 4-19
as used directly as a quality control standard of workp
eterminations. The same standard was used for calibrat

he determination of VOCs in outdoor samples. Working s
ards in the interval 0.1–320 ppbv were prepared by dilution o

he TO-14 standard with helium in canisters.
Helium 5.0 UHP (AGA, Chile) was used as a diluting gas

carrier gas and also for the canister cleaning process.

ig. 1. Manifold for implementation of the method. PU, preconcentratio
apillary; MSD, mass selective detector.
n

.3. Sampling

Workplace samples were taken inside 19 dry-cleaning s
ocated in the following sectors in eastern Santiago
o Barnechea, Las Condes, Vitacura, Providencia, La R
ẽnaloĺen, Ñuñoa, Macul, La Florida and Puente Alto. T
inds of integrated samples were taken inside the 19
leaning shops:

(a) full period single sample measurement (one 8-h sam
and

; I, injector; CC, chromatographic column; Heaux, auxiliary helium gas; SC, silic
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(b) fifteen-minutes sampling period considering the maximum
exposure concentration in a working day.

Both kinds of samples were taken in three-liter canisters by
using a mass flow controller, which allowed to fill the canister
with the air sample in 8 h or 15 min, respectively.

One grab air samples were collected immediately outside
(outdoor samples) some of the monitored dry-cleaning shops.
In all cases, the vacuum or pressure inside the canister during
sampling was measured with a high-quality gauge on the canis-
ter.

2.4. Analytical procedure

2.4.1. Determination of PERC in workplace samples
Workplace samples were diluted in the canister with helium

to reach a pressure of 1 atm. By using a gastight syringe, a vol-
ume of 40�l of the diluted sample was injected directly to a
GC–MS instrument. The selecting valve allows to carry the
sample directly to the MS detector through a silica capillary
(Fig. 1). This mode prevents the sample from passing through the

chromatographic column. Injector, valve and chromatographic
oven were kept at 150◦C. Flow rate of the carrier gas (He) was
2 ml/min. The MS transfer line was held at 280◦C. Determina-
tion of PERC was carried out by using the single ion monitoring
(SIM) mode (target ion 166m/z; qualifier ion 164m/z); thus, it
was possible to screen PERC quickly in the presence of other
VOCs.

2.4.2. Determination of PERC and other VOCs in outdoor
samples

Outdoor atmospheric samples were collected in the canisters
by air aspiration to reach atmospheric pressure. A volume
of 250 ml of sample was cryogenically preconcentrated in a
Tenax trap at−50◦C, in a cryogenic preconcentration system.
After the preconcentration, the retained compounds were
thermally desorbed and carried online to the mass spectrom-
eter through position 1 of the valve (Fig. 1). Then PERC
was determined following the same procedure as described
for workplace PERC determination. The same approach
was also valid to screen benzene by using a target ion of
m/z 78.

Table 1
Analytical features of the GC–MS method

a
: Determination was not carried out.
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If accurate and confirmatory determination of PERC and
other VOCs present in the sample is required, the selecting valve
is switched to position 2 (Fig. 1) in order to allow the sample
volume to be fed into the chromatographic column before mass
spectrometry detection. VOCs determination by GC–MS was
carried out according to the following parameters:

Carrier gas: Helium (1 ml/min, constant flow)
Temperature programme: 40◦C (0 min), 40–80◦C
(3.5◦C/min), 80◦C (4 min), 80–120◦C (6◦C/min), 120◦C
(0 min), 120–200◦C (15◦C/min), 200◦C (20 min).

By using this temperature programme, it is possible to resolve
the 39 VOCs mixture present in the TO-14 standard.

The quadrupole and MS transfer line were held at 150 and
280◦C, respectively. Determination and confirmation of the 39
VOCs present in the TO-14 standard was carried out by using
the SIM mode. The identification of target VOCs was carried out
by searching in the appropriate retention time windows (RTWs)
(Table 1).

3. Results and discussion

3.1. Determination of PERC in workplace by MS

It was observed that the transient signal obtained directly
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Fig. 2. (a) Total ion SIM integrated signal for PERC in presence of other VOCs
obtained by direct MS method. (b) Single ion monitoring signals (atm/z 166
and 164) obtained for PERC by direct MS method.

and LOQ are sufficiently low to determine PERC directly in
the workplace by MS, considering that the most rigorous expo-
sure limits are 40 ppmv [1]. The selectivity of this direct method
was assessed by analyzing a certified TO-14 standard (Supelco),
which contains PERC together with other 38 volatile organic
compounds, all at a concentration of 1 ppmv. Recovery for PERC
was 102± 3% and it was observed that none of the standard com-
ponents interferes in the direct determination of PERC by MS.
Fig. 2shows the signal obtained for PERC in presence of other
38 VOCs under the selected conditions. As can be seen, a sharp
transient signal is obtained at about 1.4 min after injection of
the sample. In this context, one of the main advantages of the
present method is its rapidity. The sample throughput was 30
samples per hour.

3.3. Dry-cleaning shop monitoring

Workplace samples were taken from inside 19 dry-cleaning
shops located in different sectors in eastern Santiago city. In
all dry-cleaning shops, 8-h samples were taken and in some of
them 15-min samples were also taken considering the maxi-
mum exposure concentration in a working day.Table 2shows
the results obtained in the determination of PERC. According to
the determined concentrations, it can be stated that all the mon-
itored dry-cleaning shops fulfill the present Chilean regulation
(Decreto 594), which establishes maximum values of 40 ppmv
( ple),
a xi-
m ilean
s aver-
a limit
( y.
y MS depends on the variables temperature of the chrom
raphic oven, injection volume and flow rate of the carrier
lthough in this mode, the sample does not pass throug
hromatographic column, oven temperature is an importan
or to maintain the analyte in the gas phase thus preventin
ondensation whatsoever while it is carried from the inje
o the MS interface. The sensitivity of the signal increase
he 75–175◦C range, remaining constant from 150◦C up. This
ffect is consequent with the boiling point of PERC (121◦C).
temperature value of 150◦C was selected for further studi

he sensitivity of the signal also increases with injection
me in the interval 10–80�l. Even though sensitivity increas
ith increasing injection volumes, repeatability of the sig
ecreased concomitantly. Consequently, a volume of 40�l was
elected as a compromise between both analytical feature

On the other hand, flow rate was studied between 1
.5 ml/min. Increasing flow rate favored the sample throu
ut. However, a selected flow rate of 2 ml/min was con
red because above this value, the repeatability of the s
ecreased reaching relative standard deviation values h

han 10%.

.2. Analytical features of the direct MS method

The method precision was assessed by injecting (n = 10) stan
ard samples of PERC at two different concentration le
recision, expressed as relative standard deviation, was of
t 1 ppmv level and 2.7% at 100 ppmv. Detection (LOD) an
uantitation (LOQ) limits were determined considering a 3
0 signal-to-noise ratio, respectively. LOD and LOQ were fo

o be 0.11 and 0.37 ppmv, respectively. These values of LO
.
%
for full period single sample measurement one 8-h sam
nd 200 ppmv (15-min sampling period considering the ma
um exposure concentration in a working day). These Ch

tandards are, respectively, equivalent to the time weighed
ge (TWA-8h) exposure limit and the short term exposure
STEL) used in the standard industrial hygiene terminolog



P. Richter et al.

Table 2
Determination of PERC in workplace samples

Dry-cleaning shop (Sectors) PERC concentration (ppmv)

8-h Monitoring 15-min Monitoring

Fast Clean (Lo Barnechea) 23.0 a
Donde Siḿon (Ñuñoa) 4.5 31
5a Sec. (La Florida) 3.4 a
Sandrico (Lo Barnechea) 3.2 18
Lavamatic (Pẽnaloĺen) 3.0 a
5a Sec Apumanque (Las Condes) 2.9 a
Los Leones Ltda. (Vitacura) 2.4 a
Salerno (Las Condes) 1.6 a
La Florida (La Florida) 1.6 a
Lavaseco Manquehue (Vitacura) 1.2 a
Plaza (PuenteAlto) 1.1 a
Grecia Ltda. (̃Nuñoa) 1.2 4.6
Quilı́n (Macul) 1.1 12
El Rey (La Reina) 0.9 13
San Cristobal (Providencia) 0.75 a
Sandrico Lider (La Reina) 0.75 4.0
Maestrelli (Puente Alto) 0.75 a
Lavatutti (Providencia) 0.60 a
Nina (Macul) 0.45 a

a: Determination was not carried out.

On the other hand, the sample taken in the dry-cleaning
shop“Donde Siḿon” in Ñuñoa (8-h sample) was also evalu-
ated by GC–MS for confirmation giving a concentration value
of 4.6± 0.2 ppmv. Consequently, it is possible to establish that
PERC can be determined directly by MS in workplace air sam-
ples, without interference of other VOCs. The sample throughput
of the GC–MS confirmation method is 1.2 samples per hour.

3.4. Determination of PERC in outdoor samples by direct
MS and GC–MS methods

Taking into account the considerably lower concentration
level observed in atmospheric samples, the determination of
PERC, in this case, requires the use of a preconcentration system.
Consequently, a volume of 250 ml of sampled air was cryogeni-
cally preconcentrated in a Tenax trap at different temperatures
of the first cryogenic trap, ranging from−20 to−150◦C.Fig. 3
shows the calibration graphs obtained at different preconcentra

F n the
s

Table 3
Determination of PERC in outdoor samples

Dry-cleaning shop (Sector) Concentration (ppbv)

Perchloroethylene Benzene

MS GC–MS MS GC–MS

Quilı́n (Macul) 0.5 0.4 1.8 1.7
Donde Siḿon (Ñuñoa) 35 35.3 4.3 5.4
Grecia Ltda. (̃Nuñoa) 17 19 0.9 0.73
El Rey (La Reina) 73 a 1.1 a
Nina (Macul) 0.3 a 1.8 a

a: Determination was not carried out.

tion temperatures in the interval from 40 to 320 ppbv. As can be
seen, the preconcentration factor increased considerably as the
temperature decreased. However, this increment was associated
with considerable increments in the time required to reach the
programmed temperature in the Tenax trap (10 min at−50◦C
to 30 min at−150◦C) and with increased spending on liquid
nitrogen. Consequently, a temperature of−50◦C was selected
for further studies, for both direct MS and GC–MS.

In these conditions, the precision and detection limits were
determined for PERC. The precision of the method, expressed
as relative standard deviation (n = 11), was 3.8 and 2.9%, at con-
centration levels of 0.1 and 10 ppbv. Detection and quantitation
limits were 0.011 and 0.038 ppbv, respectively. Considering that
in this case, analyte preconcentration is mandatory, the sample
throughput of the direct MS approach decreased to five samples
per hour.

In the case of GC–MS,Table 1shows the analytical features
of the chromatographic method. In the case of ethylbenzene
and xylenes, the analytical features could not be determined
because the analytical manifold presents some undetermined
contamination with these compounds.

By analyzing the mass spectra of the different VOCs present
in the TO-14 standard, it can be observed that not only PERC
but also benzene (m/z 78) provide selective ions to be monitored
directly by MS.Table 3shows the results of the environmental
monitoring for PERC and benzene outside some dry-cleaning
s
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lope of the calibration graph for PERC.
-hops located in eastern Santiago.
Some of these samples were processed by GC–MS

ode) by switching the selecting valve of the manifold so
new volume of sample could be fed into the chromatogra

olumn previous to MS detection. The results are also sh
n Table 3. As can be observed, the MS direct method prov
n excellent estimation of PERC and benzene concentr
ther VOCs could be determined directly by mass spectr

ry but using a chemometric data treatment[4,10–15]. However
he sum of toluene and ethylbenzene and the sum of trime
enzenes also correlate when the values determined by M
ompared with those obtained by GC–MS.

. Conclusions

A new mass spectrometry/gas chromatography–mass
rometry (MS/GC–MS) approach has been developed fo
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screening and quantitative determination of PERC and other
VOCs in air samples.

The analytical system proposed may be rapidly modified in
order to be used directly as an MS detector or alternatively as a
common GC–MS. In this way, it is possible to screen different
VOCs rapidly by MS in air samples which can be confirmed by
GC–MS if required.

The advantage of this approach over others previously
described[4] is that in the present case, the sample passes
through the chromatographic column only when the confir-
matory GC–MS is used. The MS screening method prevents
the sample from passing through the chromatographic column.
Thus, the lifetime of the column could be extended and screening
time is considerably shortened.

The precision (RSD) of the direct MS method for PERC in
workplace samples was less than 3.5%. The detection limit was
found to be 0.11 ppmv. This value is sufficiently low to determine
PERC directly in the workplace by MS, considering that the most
rigorous exposure standards are 40 ppmv [1]. The accuracy of
this direct method was assessed by analyzing a certified TO-14
standard (Supelco). Recovery for PERC was 102± 3% and it
was observed that none of the components of the TO-14 standard
interferes in PERC direct determination by MS. One of the main
advantages of the present method is its rapidity. The sample
throughput was 30 samples per hour.

The determination of PERC in outdoor air samples required
t e pr
c ation
w
s ator
t ed t
fi xcel
l tdoo
s but

in this case, a chemometric data treatment would be required
[4,10–15].
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des Prod. Carńes 19 (1998) 78.
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