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The total production of phthalic acid esters is about ten
times larger than that of polychlorinated biphenyls
(PCBs), which are recognized as environmental pollutants.
In recent years, scientists have been concerned with the re-
lease of phthalate plasticizers into the environment (1), but
previously reported methods are often insufficiently sensi-
tive, elaborate, or multistep procedures which introduce
contaminants to the sample. Thomas (2), using ethylene
glycol as a trapping solvent, detected 300 ng/m? of di(2-
ethylhexyl)phthalate (DEHP), 750 ng/m® butylphthalyl
butyl glycolate, and 700 ng/m3 di-n-butyl phthalate (DBP)
in air samples taken at the water works of the Municipality
of Hamilton in Canada. Recently, gas chromatographic col-
umn packings or solid supports have been used to trap or-
ganics from air (3-10) and have proved to be more advan-
tageous than other methods. Mieure and Dietrich (7) used
5% Dexsil 300 on 80-100 mesh HP Chromosorb W to deter-
mine trace organics in air; the particular phthalate esters
present could not be identified because of GC interferen-
ces. It is well established that environmental analytical
chemistry needs simple, inexpensive, and sensitive analyti-
cal methods for routine monitoring.

This paper describes a simple, inexpensive, and sensitive
method for the determination at low levels (ng/m3) of not
only specific phthalate esters but also PCBs and DDT in
air; Florisil was used for both sampling and separation of
the mixture of pollutants.

EXPERIMENTAL

Apparatus. A Tracor Model MT-220 gas chromatograph (GC)
equipped with a Nickel-63 (10 mCi) electron capture (EC) detector
in a dc mode was used for analyses. It was fitted with a 6-ft X Y-in.
o0.d borosilicate glass column packed with 3% SE-30 on Gas Chrom
Q (100-120 mesh); nitrogen was used as the carrier gas at a flow
rate of 60 cm3/min. The injector, detector, and column tempera-
tures were 250, 275, and 200 °C, respectively.

A Hewlett-Packard Model 5700A GC equipped with a 63Ni (15
mCi) EC detector and a 6-ft X ¥-in. o.d. borosilicate glass column
packed with 3% SE-30 on Chromosorb WHP (100-120 mesh) was
also used for analyses. Methane 10%/argon 90% was used as the
carrier gas at a flow rate of 60 cm®/min. The injector, detector, and
oven temperatures were 200, 300, and 200 °C, respectively. The EC
detector responses were linear up to 100 ng DEHP per injection.

LAuthor to whom all correspondence should be addressed.

Second-column confirmation was performed on a Barber-Col-
man Model 5360 GC with a Tritium (300 mCi) EC detector in a
pulse mode, equipped with a 6-ft X Y-in. o.d. borosilicate glass col-
umn packed with 1.5% SP-2250 and 1.95% SP-2401 on Supelcon
AW-DMCS (100-120 mesh). The injector, detector, and column
temperatures were 210, 210, and 195 °C, respectively. The operat-
ing sensitivity for the detectors was about 5 ng DEHP giving 50%
full scale deflection (fsd).

Reagents. Petroleum ether (Mallinckrodt Nanograde) was used
as received. Anhydrous ether (Mallinckrodt) was freshly distilled
immediately before use.

Anhydrous sodium sulfate (granular, Mallinckrodt) and Florisil
(60/100 PR grade, Floridin Chemical Co.) were heated at 320 °C
for at least 24 hr prior to use. All solvents and reagents were
checked for contamination before use by GC analysis of a concen-
trate of the solvent or solvent rinse of solid reagents.

Procedure. A Pasteur disposable capillary pipet or a short sec-
tion of conventional GC column (¥%-in. 0.d.) was used as the collec-
tion column. Each column was packed with 0.3 g of deactivated
Florisil (3% water W/W), followed by 1 g of granular anhydrous so-
dium sulfate and a small plug of glass wool. The column was con-
nected to an oil-less vacuum pump with Teflon tubing. For exam-
ple, we used a flow rate of about 2—-4 l./min with the free air capaci-
ty of the pump being 90 L./min. Sampling times varied but as long
as 60 hr were used.

The Florisil was eluted with 4 ml of petroleum ether followed by
4 ml of diethyl ether. The two fractions were collected in gradu-
ated centrifuge tubes, concentrated or diluted as needed, and ana-
lyzed by gas chromatography. The petroleum ether fraction con-
tains the chlorinated hydrocarbons while the ether eluate contains
the phthalate esters. Excellent blanks were obtained with back-
ground levels of 1 ng for DEHP, 0.1 ng for PCBs, and 0.1 ng for
DDT.

RESULTS AND DISCUSSION

Since the electron capture detector is sensitive to the
presence of phthalates (11) as well as to the chlorinated hy-
drocarbons, we have been investigating electron-capture
gas chromatographic methods for the trace analysis of
these two groups of compounds in environmental samples.
In developing these procedures, we found that airborne
contamination in the laboratory would be a significant
problem. Since “clean-rooms” are expensive and often not
available in many laboratories, we sought a way to rapidly
analyze and monitor the air in various working areas in
order to select those areas that were optimal for our work.
The solid sampling systems, such as the gas chromato-
graphic packings or other adsorbents, appeared to offer the
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Figure 1. Gas chromatograms of petroleum ether eluates from flor-
isil

(A) Air sample; (B) procedure biank

best route to a simple, convenient, and rapid method for air
analyses. However, many of the previously utilized systems
involved elaborate, sometimes expensive and fragile appa-
ratuses or were very time consuming. We had observed that
Florisil adsorbed organic chemicals on exposure to contam-
inated air. Since Florisil could also provide a preliminary
chemisorption separation of the pollutants of interest, we
undertook a study of its use as an air-sampling adsorbant.

DEHP is one of our more persistent contaminants and
preliminary experiments were conducted using it as the
test compound. A series of five l-cm columns of Florisil
prepared in Pasteur pipets were connected in sequence. Air
was then drawn through 25 ml of DEHP into the columns
at 750 cm3/min for 6 days. After this period, only the first
column adjacent to the DEHP source contained detectable
DEHP. Thus, the Florisil was demonstrated to be very effi-
cient for trapping this compound from air. Similarly, col-
umns spiked with DDT and PCBs were shown to retain vir-
tually all of the added sample on the first column even
after 5 days of air flow at 2-3 1./min.

A series of test samples was then obtained in various
working areas of the building. The gas chromatograms ob-
tained from the petroleum ether eluates resembled those
from the PCBs, as shown in Figure 1. DEHP was a major
component of the ether eluate, along with a number of uni-
dentified compounds, as in Figure 2. The analysis of these
samples yielded 35-90 ng/m? of PCB and 30 to 70 ng/m? of
DEHP with the highest values found near the heating
vents and in the hoods.
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Figure 2. Gas chromatograms of ethy! ether eluates from Florisil

(A) Air sample; (B) procedure blank

The above method has been used successfully for assess-
ing our laboratory and office air, and is useful for the fre-
quently encountered chlorinated hydrocarbons (DDT,
PCBs) and phthalate esters. It is apparent that this system
can be used for monitoring air in industrial plants or other
working areas and that its scope can be expanded. For ex-
ample, other organic compounds can be adsorbed and sepa-
rated by different adsorbants or eluant combinations. Also,
larger columns can be used for shorter sampling times or
for detecting lower concentrations of contaminants. An im-
portant feature of this procedure is the very low blanks ob-
tained (1 ng or less).
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