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The double cryofocusing system for the determination of volatile halogenated hydro-
carbons (VHHs) in aqueous sample was modified for automatic determination of VIIHs
in ambient air. Gaseous sample was absorbed by air pump at a flow rate of 20 ml/min
for 3 min and VHHs in gas were trapped to a cooled (0°C) micro-trap, which was
composed of Tenax® GC (beads of polymeric 2,6-diphenylphenylene oxide). Then the
target compounds were analyzed by the double cryofocusing method with capillary GC
-ECD reported previously. This method showed good chromatographic reselution with
high sensitivity, and was successfully applied for consecutive analysis of VHHs in
ambient air in every 60 min. The system is expected to give the informations which is
essential for evaluating the human exposure to VHHs through respiration.

135

Key Words  chloroform, 1,1,1-trichlorcethane, carben tetrachloride, 1,1.2-
trichloroethylene, 1,1,22-tetrachioroethylene, purge trap/on-column
cryofocusing, capillary gas chromatography, ambient air

(Accepted for publication, June 24, 1991)
locally* *'and globaliy®®. Understanding the distri-
INTRODUCTION

Volatile halogenated hydrocarbons (VHHs) have
been widely used in various plants such as metallic
machinery, integrated circuit industry, laundry shop
and chlorofluorohydrocarbon maker. They are
thought to be discharged mostly in gasecus phase
because of their high volatilities, leading to contami-
nation of ambient atmosphere”. VHHs in atmo-

sphere have recently bheen widely determined
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bution and fate of the trace VHHs in atmosphere
has recently become a high priority in environmen-
tal sciences, because some of the VHHs have been
known to have carcinogenicity”. The data on the
VHHs levels in atmosphere are essential for
evaluating the human exposure to them through
respiration and for assessing the risk by the long-
term exposure to them. For the consecutive analy-
sis, it is necessary to analyze the VHHs in atmo-
sphere at regular intervals with automatic operat-
ing system®. We have previously reported the
automated purge trap/on-column cryofocusing sys-
tem to determine the levels of VHHs in
rainwater™®.

In this paper, in order to apply the system to
ambient air, some part of the system was improved
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136 Cryofocusing analysis of VHC in Air

and some basic analytical conditions were inves-
tigated. Further, the system was improved to ana-
lyze the VHHSs automatically and repeatedly. Detec-
tion limits and reproducibilities of this method were
also determined. This automated system ensured
good resolution of trace VHHs in ambient air and
made consecutive automated analysis possible in
every 60 min.

MATERIAL AND METHODS

1) Apparatus

Shimadzu GC-15A gas chromatograph with *
Ni-ECD and Shimadzu C-R4A integrator was used.
Gas concentrator used was a D.K.K. GAS-20 with D.
K.K. air sampling unit composed of air pump and
flow meter. The operation system was the same as
those of our previous report®. Quadrex Halomatic
0.32 mm id. X 30m L)
capillary column coated with a 3.0 um film of a

® 624 (semi-wide bore;

chemically bonded cyanomethyl phenyl silicone was
usged. The column oven was kept at 45C for 5 min
andd then raised to 130C with a rate of 5°C/min.
Sampling pipe (stainless steel 3 mm i.d., X 3m L)
was cleaned by heating and kept at 120°C until
usage.

2) Reagents

Analytical grade reagents (hexane, etc) were
purchased from Wako Pure Chemicals Industry
(Tokyo, Japan) and the VHHs standards {chloro-
form, 1,1,1-trichloroethane, carbon tetrachloride, 1,
1,1,2,2-tetrachioroethylene)}
from Tokyo Kagei CO. (Tokyo, Japan) were diluted

1,2-trichloroethylene,

in hexane to make standard solution. The standard
1,1,1-
trichloroethane 18 ng, carbon tetrachloride 3.92 ng,
1,1,2,2-
tetrachloroethylene 0.48 ng, respectively, in 2 gi.
3) Method
The ultra pure nitrogen gas was used as a blank

solution contains chioroform 3.36 ng,
1,1,2-trichloroethylene l.4ng and

gas and it was absorbed through a sampling pipe

into micro trap under various conditions of flow

rate, sampling time and temperature of micro trap.
Standard solution 2 xl was injected in the flow of
nitrogen gas and vaporized at 100°C. The VHHs
were concentrated on the micro trap and then the
compounds were thermally desorbed from the trap
in a same manner® and a operating program'® as
that described in our previous reports. The VHHs
were concentrated again on the trap capillary col-
umn ¢ min after the start of program and the col-
umn oven temperature program was commenced
after 4 min. The total analytical running time was
25 min. Ambient air was sampled on the roof of the
Ingtitute of Public Health (ILP.H.) during July-
August in 1990 and analyzed.

RESULT AND DISCUSSION

1) Effect of sampling flow rate on recovery

To investigate the optimal sampling flow rate of
gaseous sample, standard solution was spiked into
the flow of ultra pure nitrogen gas and the VHHs
were analyzed at flow rates of 20, 30 and 40 ml/min,
respectively. As seen in Figure 1, the recoveries of
chloroform. trichloroethane and carbon tetrachlor-
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Figure 1, Effect of sampling flow rate on recovery

Injected sample ; standard solution 2 gl
{containing VHHs as follows)

where ; @~ chloroform {.28ng
-&— 1,1,1-trichloroethane 0.60ng
-3+ carbon tetrachloride {.09ng
—#- 1,1 2-trichloroethylene 0.23ng

—— 1,1,2,2-tetrachloroethylene {.08ng
Sampling time; 2 min
The data are given as mean=*standard deviation (n=3}
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ide decreased with the rise of the flow rate. Three
compounds with relative low boiling points were
thought to be less trapped to the micro-trap with the
increase of the flow rate. On the contrary, the recov-
eries of trichloroethylene and tetrachloroethylene
slightly increased with the rise of flow rate. We
concluded that 20 ml/min was the optimal flow rate
of sampling to get good recoveries from all the
compounds.

2} Effect of total sampling volume recovery

In order to investigate the optimal volume of
sampling, sampling time was changed from 1 to 4
min at a constant flow rate of 20 ml/min, and the
result was shown in Figure 2. Recoveries of chloro-
form, trichloroethane and carbon tetrachloride de-
creased with the increase of total velume. It is
presumably due te¢ being broken through when sam-
pling volume is too large. Trichloroethylene and
tetrachloroethylene showed gradual increase up te
60 ml (20 ml/min X 3 min.)} and then decreased. So
60 ml of total sampling volume was selected as the
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Figure 2. Effect of sampling volume on recovery
Injected sample ; standard solution 2 ul

Sampling flow rate ; 20 ml/min
(See legend of Figure 1.}
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optimal sampling volume, therefore sampling time
was thought to be optimal for 3 min.

3) Effect of micro-trap cooling on recovery

The influence of micro-trap temperature was
investigated. As shown in Figure 3, the responses
obtained by cooling micro-trap at 0°C were standar-
dized as 100%. The recoveries obtained without
cooling (room temperature) were compared with
them as percent. All the VHHs, especially with low
boiling peoint such as chloroform showed better

recoveries by cooling the micro-trap at 0C. From
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Figure 3. Effect of cooling micro-trap on recovery

Injected sample ; standard sclution 2 gl
Sampling flow rate; 20 ml/min X 3 min
The data are given as mean+standard deviation (n=3)
where; [ | Responses standardized as “100%”
obtained from cooling micro-trap at
0%

Responses as compared % obtained
from maintaining micro-trap at room
temperatrure

this result, we concluded that 0°C cooling was more
effective to get better recoveries.
4) Adsorption of the VHHs onto sampling pipe
To investigate the adsorption of the VHHs in
gaseous sample onto the inner wall of the sampling
pipe, the recoveries were compared between the
data obtained from 60 ml of indoor air sampled
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138 Cryofocusing analysis of VHC in Air

through sampling pipe and those without pipe.
Chloroform with the lowest boiling point and tetra-
chloroethylene with the highest boiling point among
the VHHs tested were selected for this experiment.
As can be seen in the Figure 4, almost no differences
were observed between the data with pipe and
without it. So we concluded that the VHHs were
negligibly adsorbed to the inner wall of the stainless
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Figure 4. Adsorption of the VHHs at sampling pipe

Injected sample; indoor air

Sampling flow rate; 20 ml/min X 3 min

Temperature of micro-trap; 0°C

The data are given mean * standard deviation (n=5}

Where; [ ] Responses standardized as “100%”
obtained with attaching sampling pipe

Responses as compared % obtained
without sampling pipe

5) Detection litnits and reproducibilities of this
method
Detection limits of this method were cbtained by
spiking 2 ul of standard solution into 60 ml of
nitrogen gas through the sampling pipe. Detection
limits were calculated by JEMCA method!" and
shown in Table I. Those of 5 compounds were
averaged 0.091 ug/m?®. The detection limits of chlo-
roform, trichloroethane and carbon tetrachloride

with this method were much the same as those with
solvent extraction method by GC/NCIMS'™, and
this method was 10 times as sensitive as the solvent
extraction method in cases of trichloroethylene and

tetrachloroethylene'®.

Detection Limits of the VHHs with a
Modified Double Cryofocusing Method for
Gaseous Samples

Table L.

Detection Limit

Compounds
ng/1 ppb
chloroform 0.071 0.014
trichloroethane 0.252 0.045
carbon tetrachloride 0.091 0.014
trichloroethylene 0.029 {.005
tetrachloroethylene 0.013 0.001

The repreducibilities of this method expressed as
coefficient variation (C.V.) % were averaged 3.28%
as shown in Table II.

TableII. Reproducibilities of the VHHs with a
Modified Double Cryofocusing Method for
Gaseous Samples
Compounds i?n":)ll)]tti Aﬁglyosis (Mef::sifg%#mw GV
chloroforms 0.28ng 5 460’4;27!197 1.5
trichloroethane 0.60ng 5 358.3(-)30,638 5.7
carbon tetrachloride  0.090g 5 0, 0 5.6
trichloroethylene 0.23ng 5 372'1181'153 0.3
tetrachloroethylene ¢.08ng & 491’2;2?5!409 3.1

Average | 3.28%

6} Application of this method for the determina-
tion of the VHHs in ambient air

We applied the method to determining the level of

5 compounds in the ambient air at L.P.H.. The typi-

cal chromatograms of standard gas and ambient air

distributed around L.P.H. were shown in Figure 5.
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As can be seen in the chromatograms, the peaks of
the VHHs with very closed boiling points were very
clearly separated from each other. The levels of the
VHHs were averaged as 10 gg/m?® for chloroform,
120 pg/m? for trichloroethylene, 8 ug/m? for carben
tetrachloride, 9 wg/m?® for trichloroethylene and 4
ug/m? for trichloroethylene. The averaged levels of
trichloroethylene and tetrachloroethylene were 4
times higher than those determined in Oregon, U.S.
At

unidentified

BE E2F 139

CONCLUSION

The optimal conditions of automated double
cryofocusing system with capillary GC-ECD were
established for air monitoring. This system has
good sensitivities and reproducibilities with high
chromatographic resolution on the VHHs with very
closed boiling points. And the system established
was successfully applied to determination of the
VHHs at a trace level in ambient air and was able

to analyze automatically and repeatedly every 60

air

unidentified

Standard gas

0 4 8 12 16 20 24

Analytical running
time {min)
Ambient air 60 m/

Figure 5. Chromatograms of standard gas and ambient air from Tokyo area
Standard gas; Two ul of standard solution was evaporated to ultra pure nitrogen gas with
flow rate of 20 ml/min * 3 min
{See legend of Figure 1. for the concentrations of VHHs}
Ambient air ; sampled with flow rate of 20 ml/min X 3 min in Tokyo,
1: Chloroform, 2: 1,1,1-trichloroethane, 3: carbon tetrachloride, 4: 1,1,2-trichloroethylene,

5: 1,1,2,2-tetrachloro-ehylene.
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140 Cryofocusing analysis of VHC in Air

min. So, the system was proved to be used also for
air samples, enabling the monitoring the diurnal
variation of the VHHs levels and thereby, the deter-
mination of the behavior and fate of the compounds

in the atmospheric environment was made possible.
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