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Summary

Recently, a microcomputercontrolled de-
vice for lowering oven temperature below
0C has become available for new types of
gas chromatography (GC) instruments.
This device was originally designed for
rapid cooling of an oven to reduce the time
for analysis. In our laboratories, we are
using it for trapping volatile organic
compounds (VOCs) inside a capillary
column at cryogenic oven temperatures; as
much as 5 ml of headspace vapor can be
injected into a medium-bore capillary
column without any loss, giving sensitivity
10—50 times higher than that by the

conventional headspace GC method. In
addition to the above high sensitivity,
much better resolution (separation) of
compounds can be also achieved, probably
because VOCs are trapped at a cryogenic
oven temperature in a quite narrow zone of
the front part of a capillary column. The
method is recommendable for wide use in
forensic and environmental toxicology,
because it is simple and requires no special
GC operations in addition to the above high
sensitivity and high resolution. In this
review, some successful data obtained by
the present capillary GC with cryogenic
oven trapping are presented for analyses of
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chloroform, methylene chloride, trichloro-
ethylene, ethyl ether, solvent thinner
components, Xylene isomers, cyanide and
ethanol in human Dbody fluids. The
difference between the cryogenic oven
trapping method and the cryofocusing
method is also explained.
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Fig. 1. Instrumental schema of cryogenic oven trapping (COT) capillary
GC. The whole GC oven is cooled by computercontrolled direct
jet of liquid carbon dixide sprayed from a solenoid valve. A-5 ml
HS sample introduced into the injector port is trapped in the
narrow area at the front part of the capillary column without any
loss.

Table 1. Summary of capillary columns selected for cryogenic oven trapping GC analyses
‘ in our laboratories

Chemical(s) to be Column Length D Film thickness Temp.range* Stationary phase material Ref.
analyzed (m) {mm) {(umy) (°C)

Chloroform Rtx-Volatile 30 0.32 15 0to 280 Diphenyldimethylpolysiloxane 6)
Methylene chloride Rtx-Volatile 30 0.32 15 0to 280 Diphenyldimethypolysiloxane 6)
Trichloroethylene Rtx-Volatile 30 0.32 1.5 0to 280 Diphenyldimethyipolysiloxane 7)
Ethyl ether Rix-Volatile 30 0.32 1.5 0 to 280 Diphenyldimethylpolysiloxane 8)
Thinner components  DB-624 30 0.32 1.8 -20 to 260 Cyanopropylphenylmethylpolysiloxane 9)
Xylene isomers AT-WAX 30 0.32 0.5 40 to 280 Polyethylene glycol 10)
Cyanide Supel-Q PLOT 30 0.32 —" 10250 Divinylbenzene polymer 11)
Ethano! Rtx-BAC2 30 0.53 2.0 -20 t0 240 Not open® 12)

"Temperature range recommended by the manufacturer.
°The lowest temperature not specified.
“The manufacturer gives no information on the material.
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Table 2. Summary of conditions for cryogenic oven trapping capillary GC for VOCs

established in our laboratories

Chemical(s) to be Matrix * Additive Extraction efficiency Oven Temp. Detector ® LOD® Ref.
analyzed in blood (%) °C) {ng/ml)

Chloroform wB Water .5 -30 to 280 FID 4 6)
Methylene chioride wB Water 20.0 -30 to 280 FID 4 6)
Trichloroethylene WB,\U None 75.0 0to 270 FID 3 7)
Ethyi Ether wB None 53.9 0 to 260 FID 10 8)
Thinner components® WB,U Water 3.58-55.1 5to0 110 FID 1-10 9)
Xylene isomers WB Water 41.0-46.3 5to 180 FID 20 10)
Cyanide wB Na,S0,+H,PO, 2.89-3.22 -30 to 160 NPD 2 1)
Ethanol wB Na,S,0, +Na,SO, 3.06 -60 to 240 FID 10 12)

*WB=whole blood; U=urine.

*FiD=flame ionization detection; NPD=nitrogen-phosphorus detection.

°LOD=limit of detection.

“‘Ethy! acetate, benzene, n-butanol, toluene, butyl acetate and isoamy! acetate.
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Fig. 3. Cryogenic oven trapping (COT) capillary GC for ethanol (1) and
isobutyl alcohol: IS (2) as a function of various initial oven
temperatures. Ethanol (5 #g) and IS (0.5 ug) were added to 1 ml
human whole blood for headspace extraction. The scales of the
Y-axes are the same for each panel.
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Fig. 4 . Instrumental schema of cryofocusing capillary GC. Only the
introduction part attached to the capillary column is cooled by a
gas passing through liquid nitrogen or liquid carbon dioxide. A
small heating/cooling chamber is located just below the bottom
of GC injection port just inside the GC oven. Around the
stainless steel tube, a heating coil is wound for rapid heating of

the tube.
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