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SUMMARY REPORT

Evaluation of the Fourier Transform Infrared (FTIR)
Spectrophotometer for Analysis of Trichloroethylene
(TCE) in the Presence of Freon®-113 in Carbon
Disulfide Eluates of Charcoal Air Sampling Tubes*

H.K. X1a0®®, S.P. LEVINE*T, G. KINNES®, AND D. ALMAGUER®

*The University of Michigan, School of Public Health, Industrial Hygiene Program,
Ann Arbor, M1 48109-2029; bBeijing Medical University, School of Public Health,
Beijing 100083, People’s Republic of China; and °U.S. DHHS, PHS, CDC, NIOSH,
DSHEFS, HETAB, IHS, 4676 Columbia Parkway, Cincinnati, OH 45226

Results obtained using Fourier transform infrared spectropho-
tometry (FTIR) for the analysis of samples of carbon disulfide
(CS2) eluates containing trichloroethylene (TCE) and Freon®
from charcoal air sampling tubes were evaluated by comparison
with results obtained when using gas chromatography (GC).
The FTIR yielded accurate results without regard to the presence
of Freon.

Recent publications™® have described the use of Fourier trans-
form infrared spectrophotometry (FTIR) for the direct analysis
of gasand vapor contaminants of workplace air. Many methods
have been established for the collection and determination of
trichloroethylene (TCE).”®’ The National Institute for Occupa-
tional Safety and Health (NIOSH) recommends the collection
of TCE using a charcoal tube—with subsequent elution of the
TCE using carbon disulfide (CSz)—and analysis of the CS;
using gas chromatography (GC). The use of GC provides a
convenient, tested, quantitative method for the analysis of TCE
solutions and many other solvents.”’ In 1982, an experiment was
reported wherein an infrared (IR) spectrometer was used to
analyze CS; eluates of passive dosimeters.”

Theoretically, the 1982 experiment was a success, but no data
were reported that substantiated the method. Other methods
have been reported where IR spectrometers were used to analyze
workplace air samples,®® such as thermally desorbed sampling
tubes.” Theoretically, IR methods should allow the same type
of qualitative and quantitative analysis of CS; eluates as do GC
methods.

MATERIALS AND METHODS

Samples were collected using 100 mg/ 50 mg SKC charcoal tubes
at the same times and places as were the 20-L Tedlar® bags
reported in the previous paper.”’ SKC model 222-3,4 sampling

*This work was supported in part by the Centers for Disease Control
(CDC-NIOSH}) (research grant 1-R01-02404).

tAuthor to whom inquiries should be addressed.

pumps were attached via flexible tubing to the charcoal tubes
and bags used according to NIOSH Method 1022.* Charcoal
tube samples were taken by the NIOSH Health Hazard Evalua-
tion Team and were shipped directly, under refrigeration, to the
NIOSH laboratory in Cincinnati where they were analyzed.
Analysis of the samples for Freon® was performed incidentally
to the analysis for TCE by NIOSH Method 1022. After GC
analysis at NIOSH-Cincinnati, CS; sample vials were capped
with new septa and sent to the University of Michigan for GC
and IR analysis.

Prior to injection of each sample, the gas inlet/ dilution mani-
fold® was evacuated to <1 Torr. For each analysis, 0.1-0.3 mL
of CSg solution was injected into a 500-mL Pyrex® glass chamber
equipped with a septum inlet and attached to the manifold lead-
ing to the FTIR gas cell. The total volume of the inlet and gas cell
system was 8.61 L. High purity nitrogen gas was used to purge
the glass inlet and carry the vapor into the gas cells.

Samples taken for GC analysis were removed from the inlet
manifold witha 1.0-mL gas-tight syringe. All analysis procedures
were conducted in a manner identical to that reported in the
previous paper.(z’

RESULTS AND DISCUSSION

The IR spectrum of CS; vapor has several strong peaks. In the
fingerprint region of the spectrum (between 1400-650 cm ),
peaks are present for most organic compounds. CS; has one
sharp peak in this region. However, the concentration of analytes
is trivial compared to that of CS,. Therefore, it is important to
select appropriate regions or peaks for the analysis of the target
analyte(s) in order to avoid overlap with the very strong solvent
peak and attain acceptable accuracy for quantitative analysis
(Figure 1).

TCE has one peak that overlaps with the CS; peak at 849.5
cm ™ and a second peak at 944 8 cm’™, that is free from the inter-
ference from the CSg peak. Thus, this latter peak was chosen for
use in quantitative analysis of CSa.

Freon-113, which overlaps with the TCE peak at 849.5cm ’,
was found in some samples. However, using the least squares fit

Copyright 1990, American Industrial Hygiene Association

402

Am. Ind. Hyg. Assoc. J. (51) July 1990



a7,
[ | A
Pl |
34 i
w :}
2 |
z M
g 214 \
o
o]
(7]
2 o8 i
‘ \»\_._J
o — L_, 'J ; L—_v L.
73300 2860 2420 1980 1540 1100 660
0069 6
w -AOOOJW
o
2
g
€ o075
Q- ’]
2 | .“-“
-0147 ‘ ‘J \v :"l
AU
- 0219 o/
01731
cs, ¢
3 01374
2 | S (-
3 b m‘?
Z 01014 TCE\“ \i
A ) !
oo
< 0065 ,‘. l l
: Iy ’Y\ l A
v~ A N .
PRSI\ e asdehanand s
0074 .
032\;.' | Tce ©
-.01464
§ /j a—CS
< TCE
& - o218 \L f
0
(7]
2
..om-;jz*aenzene\ “V
A N rmer \w
-03624 M
.082W r—‘{ £
FREON |~<—FREON
w059 —_————
o t
b4 | ;
?fa ! .
I B TP A5
| ; 2
: r\l\ | A / 4
0131 il ' L \ Vi
\:\“_" ‘/_/' ‘k/"\
_oto4xdfnr? . . .
1410 1290 1170 1050 930 810 690

WAVENUMBERS

Figure 1—Infrared spectra of CSz, and samples containing TCE
and Freon®-113. In each case, note the scale of the Y-axis.
Tracing (A) Fuil spectrum of CS; (300 ul injection); (B) CS;
fingerprint region (300 nL injection); (C) Sample 11 (5.0 ulLinjec-
tion, 173 ppm TCE); (D) Sample 23 (300 uL injection, 2.5 ppm
TCE); (E) Sample 6 (300 uL injection, 1.95 ppm TCE and 6.5 ppm
Freon-113).
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(LSF) program,‘z’ this kind of interference does not affect the
accuracy of results. Results are summarized in Table 1. The
results obtained when using the FTIR method are not signifi-
cantly different from those obtained with the GC methods.”
According to the GC analysis, Samples 6 and 7 are the only two
samples that contain Freon-113 at concentrations higher than
! ppm. No significant difference between these two methods was
shown for these two samples.

When considering the use of FTIR rather than GC for the
analysis of CS; eluates of charcoal tubes, two additional factors
should be discussed. First, an IR spectrum of all the airborne
contaminants eluted from the charcoal is obtained as a natural
result of this procedure. From the spectrum, qualitative analysis
of the eluate may be accomplished. Thus, if contaminants are
present in the air that were not previously suspected, they may,
in many circumstances, be identified and quantitated. The qual-
itative analysis capability was not explored in this study. Sec-
ondly, this procedure is very rapid. The entire time per sample
when using a spectral resolution of 2 cm’’, regardless of the
number of target analytes present, is <4 min, including injec-
tion, pump down, and data analysis.

TABLE |
Results of Analysis of Trichloroethylene and Freon®-113
in the CS; Eluate from Charcoal Air Sampling Tubes

(ppm v/v)
Sample Trichloroethylene Freon-113
Number GC FTIR GC

1 0.59 0.69 (0.09)*

2 0.62 0.89 (0.11)

3 0.89 0.81 (0.10)

4 0.84 0.86 ND*®

5 0.41 0.62 ND

6 2.03 1.95 6.5

7 1.30 1.33 13

8 3.31 2.83 ND

] 355 3.24 ND
10 3.04 224 ND
1 165.3 1470 ND
12 168.5 151.0 0.40
13 0.80 0.67 0.45
14 1.02 0.62 ND
15 0.62 0.71 ND
16 1.18 1.59 0.46
17 263 225 0.85
18 2.80 3.35 0.68
19 1.49 1.46 {0.24)
20 0.55 0.80 0.11)
21 216 0.87 ND
22 279 261 ND
23 451 466 (0.11)
24 1.10 113 ND

Avalues in parentheses are between the laboratory limit of detection
(LOD) and limit of quantitation (LOQ) and should be considered semi-
quantitative data. The LOD and LOQ for the analysis of Freon-113 were
0.02 and 0.06 mg/sample, respectively.

BND = not detected, less than the LOD for Freon-113.
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With some additional method development effort and the
addition of an autoinjector, the time required for this procedure
could be significantly reduced. For CS, with many target analytes,
this may be significantly faster than can be accomplished by GC.
For simple chromatographic analyses, GC will be as fast, if not
faster than, FTIR.

CONCLUSIONS

The FTIR has been shown to be capable of determining TCE in
the CS2 eluates of charcoal tubes, with results that are comparable
to those results obtained using gas chromatography.

Additional work will be needed to investigate the questions
of the speed and cost of this method, and the utility of this
technique for the identification of unknown constituents in the
air samples.
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