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Experimental

The Atmospheric Boundary Layer Experiment-3B (ABLE-3B) was
conducted in July and August, 1990, in Central and Northeastern Canada. During
the six week intensive aircraft campaign of this project, some 1,400 discrete air
samples were collected on board the NASA Electra or in selected ground locations,
and assayed for selected CFCs, halocarbons, and NMHCs. A temporary field
laboratory was established at Canadore College, North Bay, Ontario, Canada for
the sole purpose of assaying the collected samples as rapidly as possible. In this
manner, each of the available 300 air sampling canisters was filled approximately
five times during the project. The canister fabrication, sampling strategy, and data

analysis are described elsewhere,1-3 but a brief synopsis is presented here.

CANISTER FABRICATION

Previous research in the UCI laboratory and in several others6,7 has
shown that successful storage of some specific halocarbons and NMHCs is
affected strongly by the nature of the inner surfaces of the containment vessel
and by the cleaning processes used on these surfaces. Therefore, it becomes
necessary to provide a detailed description of the preferred cleaning processes
used by the UCI laboratory during the fabrication of these stainless steel
canisters.

Stainless steel was the material of choice for several important reasons: A
material was needed that (1) coﬁld be fabricated easily into leak tight containers;
(2) would be sturdy and rugged enough to be shipped by commercial airline

carriers; (3) would resist surface corrosion and inner wall reactions; and (4)
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would maintain the integrity of specific NMHC and halocarbon trace gases
contained within the air canisters in the low part per trillion by volume
(pptv = 1 x 10712 vol/vol) concentration range for extended periods of time.

Because of concern about active spots ori stainless steel surfaces and
possible activation by temperature, and organic coatings on the metal surfaces of
commercially available parts from cleaning practices with halocarbon solvents in
the factory, the following procedure was implemented to remove any or all
contaminants which may have been present on the metals prior to arriving in the
UCI laboratory. This procedure, as will be seen, appears to remove most of the
problems associated with these surfaces (e.g. the ability of the canister to store
reactive alkene compounds for extended periods of time).

Each of the 300 air sampling canisters is constructed from a commercially
available two-liter stainless steel beaker purchased from the Baker Chemical
Company (See Figure II-1). The first step of construction involves the top "lip"
(i-e. non-cylindrical extension) of the beaker being trimmed away using electron-

“beam technology by the Ebtec Company, Huntington Beach, CA. Next the
beakers were washed and scrubbed briskly in mild soap detergent for several
minutes, and then rinsed with and allowed to sit full of distilled water for twenty
to sixty minutes. The beakers then were rinsed with acetone, and "sonicated" for
twenty minutes in another bath of acetone. The part to be cleaned was immersed
In a bath of acetone located within the sonicator. When in operation, the
sonicator cleanses the part by a gentle scrubbing action which is produced by'the
energy of sound waves. Itis important to note that all of the acetone used in the
cleaning process was of the highest purity available or "nanograde.” The last step
before the baking process was a final re-rinse of the beaker with acetone followed

by drying of the canisters in ambient air for twenty-four hours. The baking
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FigureII-1. The 2-Liter Stainless Steel Beakers Fabricated in The University of
California, Irvine Laboratory and Used to Analyze and Store
Remote Air Samples.



process also occurred under ambient air conditions and was performed in this
sequence: Six hours at 80°C, followed by three hours at 1309C, and concluded
by fifteen hours at 2250C. This process cleanses the surfaces effectively and does
not appear to activate any specific surface locations.

The air canister lids and 1/4" holes for the valve connectors were cut from
a sheet of 1/16" 304L stainless steel by electron-beam technology, and then a port
connector with a9/16" nut was electron-beam welded to the lid. All welds were
helium leak tested before chemical cleaning began. The exact canister
dimensions are illustrated in Figure II-1. The lids were washed in a similar
fashion to that described above, with the addition of a cotton swab pulled
through the port connector to remove any residue inside. After cleaning, the
canisters were stored in plastic bags and then transported to the welding site,
where the lids were electron-beam welded onto the canisters. After transport -
back to the home laboratory, a single Nupro S5-4BG-STHT metal bellows valve
(Orange Valve and Fitting, Anaheim, CA) was "swaged" onto the port connector
and nut making a complete canister. The term "swage" is a laboratory term
derived from the "Swagelock" parts we use in our laboratory and means nothing
more than to screw the nut to the corresponding thread or connection. The
canisters were vacuum baked (1 x 10- torr) using the same temperature
| sequence mentioned previously. After flushing the baked canisters three times
with ambient air, the canisters were used immediately in the NASA ABLE-3A
expedition during 1988 in Alaska.2 On first use, these canisters were quite
satisfactory for alkanes, ethyne, and several halocarbons. However, the olefinic
concentrations tended to increase with time during repetitive aliquots taken from
- samples stored for a week or longer. The alkene stability problems became less

and less severe w1th repetitive use during ABLE-3A, and probably were absent



from the last half of the ABLE-3A samples. At the conclusion of the ABLE-3A
expedition and prior to the commencement of ABLE-3B, the canisters were filled
with ambient air and baked under the same temperature sequence with the
valves in the open position. In any event, the alkene stability problems appear to
have been éolved by this ambient air baking. This will be dealt with in more

detail later in this chapter.

SAMPLING TECHNIQUE

It is important to distinguish between the two types of sampling
procedures used by the UCI laboratory in the collection of ambient air samples
with stainless steel canisters: "pressurized" and "unpressurized" air samples.
Ambient air samples or "unpressurized" samples (i.e. simply opening an
evacuated canister to the atmosphere) are collected all over the world by the
Rowland research group because appropriate pumping systems are judged to be
too heavy and not practical for transport on commercial aircraft. Furthermore,
the collection of "pressurized" samples in remote locations might require special
travel permits by commercial airline carriers. "Pressurized” samples are collected
during expeditions (e.g. ABLE-3A, ABLE-3B, etc.) on the aircraft because the
pump and aircraft manifold is fixed in place for the duration of the expeciition,
and more importantly because capture of enough sample at high altitudes for

analysis requires the pressurization of ambient air into the canisters.

Ambient Air Sampling Procedure:

Before canisters were taken on a sampling trip, they were evacuated and
put through a leak test procedure. Each canister was evacuated to 1 x 10-3 torr

utilizing a vacuum line containing a Model 601 thermocouple gauge and E2-M12



vacuum pump (Edwards High Vacuum, Inc.,, Grand Island, NY). After the
canister sat in an evacuated state for the designated test period (i.e. from several
days to a few weeks), the pressure inside the canister was measured again and
compared to the original reading. Assuming an extremely polluted 100 ppbv (1
ppbv =1 x 109 vol/vol) ethane environment, the sample inside a canister
exhibiting a leak test pressure of 1 x 10-2 torr would be enhanced by

(1 x 1072 torr)+(100 ppbv C2He) /(760 torr) or 1.3 pptv C2Hg because of leakage.
Under the same conditions a test pressure of 1 x 10-1 torr would yield an
enhancement of 13 pptv, which is approximately one to three percent of the
typical mixing ratios measured in actual samples. Because the concentrations of
the other NMHCs and halocarbons in the remote atmosphere are considerably
less than that for ethane, a maximum leak test pressure of 1 x 10-2 torr was used
for all samples in the field.

Once the canisters had been leak tested, they were sent to the field to begin
sampling. A plastic "cap"” was placed on top to the opening of the top of the valve
or port connector to prevent dust or particulates from entering the valve. When
the sample was to be collected, the cap was removed from the top of the valve on
the canister. This allowed adequate time (i.e. approximately two minutes) for
ambient air to equilibrate in the head space within the top of the valve. To sample,
the can was held extended at arms length and away from ones body into the
direction of the oncoming wind. The valve was opened, and the canister reached
atmospheric pressure in approximately five seconds. The valve was closed to seal
the air sample inside, and then the whole canister was returned to the laboratory

for subsequent analysis.



In Flightb"Pressurized" Sampling Procedure:

The collection of "pressurized” samples was made on the NASA Electra
aircraft with canisters identical to those described earlier. Outside ambient air
was brought into Electra through a 1/2" stainless.steel air intake mounted on the
port side of the fuselage, forward of the wing section, and extending out 12
inches, well beyond the atmospheric boundary layer which flows along the
fuselage of the Electra during flight (See Figure II-2). The inlet was attached to a
two-stage metal bellows pump (Metal Bellows Co., MB-602) connected in series
to allow for rapid pressurization of each canister to 40 psig. A piece of fire-
retardant ethafoam (FIP, Inc., Costa Mesa, CA) was custom designed to
accommodate twenty-four of the canisters. The canisters were configured in
three rows of eight each and connected together by means of 1/4" stainless steel
ultra torr tees and 1/4" stainless steel tubing. These twenty-four canister banks,
designated as "snakes" from the shape of the manifold, formed the basic unit for
handling operations on the Electra and for air shipments between the Canadore
laboratory in North Bay, Ontario and the actual location of the Electra aircraft
when it was not based in North Bay (i.e. Goose Bay, Labrador, and Wallops
Island, VA). A gas-handling manifold, which was mounted on top of a standard
C-130 rack,* directed the air flow to any one of the three twenty-four canister
snakes carried on-board (See Figure II-2). Thus, the number of samples taken on
a given flight was limited only by the space available on the aircraft, which in
this expedition was seventy-two. However, the total number of available
canisters, and the short time between successive flights, placed much more

severe limitations on the number of canisters which could be filled in several

*

A C-130 is a military cargo aircraft, and a C-130 rack is a standard housing
for electronic and other equipment which keeps the equipment in place during
aircraft operation.
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flights within 7-10 days.

The exhaust line was mounted above the top of the aircraft extending 10"
above the fuselage skin and facing aft. Once the Electra was airborne, the 200 mL
manifold line (which includes Valves #1-8 of Figure II-2) and snake were flushed
with ambient air for about ten minutes at a rate of approximately thirty liters per
minute. Using bank #3 in Figure II-2 as an example, the system was flushed as
follows: With valves 1,3, 4, 6, and 7 closed and valves 2, 5, and 8 open, the air
flowed through the pump, inlet manifold, and bank #3, then through valve #8 of
the exhaust manifold, and finally through the exhaust port exiting the aircraft. By
closing valve #8, the system was ailowed to pressurize to 40 psig through the
snake connected to bank #3. Excess pressure above 40 psig was expelled through
the variably-adjustable pressure relief valve. By closing valve #5 and opening
valve #8, bank #3 would equilibrate back to outside ambient pressure. By closing
valve #8 and opening valve #5, the pressure would build again in bank #3.
Repeating this procedure for several minutes for each bank adequately expelled
any cabin air which had been incorporated into the manifold lines during the
installation of snakes prior to the commencement of the mission. The time
required to pressurize a sample to 40 psig ranged from twelve to seventy-five
seconds depending on the ambient pressure associated with a particular altitude.
Therefore, depending on the speed and ascent/descent rate of the Electra, each
sample represents an air mass.collected over a linear distance of several
kilometers 6r a vertical distance of up to 150 meters.

' Samples were assayed for the C2-C10 NMHCs, C1-C2 halocarbons, and

N20 usually within four days and always within eight days of collection. Some
of the delay in analysis resulted from the necessity of transporting the snakes via

Commercial air cargo from the Electra operation area to the Canadore laboratory.



Once the samples were assayed, the canisters were evacuated to a pressure of

1x 1072 torr and shipped back to the Electra for subsequent use.

TRACE GAS ANALYTICAL SYSTEM

The analysis of each air sample must follow a specific procedure and must
be timed very carefully to enhance the analytical precision for such a large
number of samples. Air was transferred in the following sequence: (1) from each
canister to the vacuum line and excess volume can (see description on page 35);
(2) from the excess volume can to the preconcentration loop; and (3) from the
preconcentration loop to the splitter box, where the flow was diverted to the
chromatographic columns and detectors. Precise timing is essential for two
reasons. First, because a one minute deviation or mistake in procedure during a
single twenty-minute run time; though appearing to be small, when multiplied
by the 1400 samples collected during the entire project, could delay the
completion of the analysis by almost 24 hours. The second and most important
reason for precise iming is the reproducibility of chfomatographic retention
times, which are strongly affected by the total reproducibility of temperatures
controlled by the gas chromatographs.

© Air samples were analyzed for halocarbons and NMHCs utilizing a trace

gas analytical system (See Figure II-3) composed of three separate gas
chromatographic columns enclosed in two independently programmed
temperature-controlled Hewlett Packard 5890, Series II, Gas Chromatographs, or
GCs. Two of the columns were connected or "plumbed" to Flame Ionization
Detectors (FID) and the third to an Electron Capture Detector (ECD). The trace
gas analytical system was interfaced to three Spectra Physics Chrom-Jet

computing integrators (Model 4270) and an IBM, Model 70, PS/2 computer for
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data acquisition, stbrage, and reduction. While the data output direct from the
integrators was useful for preliminary scrutiny, the occasional variations in
baseline behavior and retention times required visual confirmation of compound
identification and baseline assignment for each peak in every chromatogram.

The vacuum line consists of a 2-Liter stainless steel storage vessel or
"excess volume can" fixed permanently to a 100 mL vacuum line (i.e. the volume
of the entire vacuum line is 2100 mL). While these volumes were known with
much greater precision than indicated, all of the concentration data were
collected on a relative basis versus accurately calibrated standards. An Edwards
Model 601 thermocouple gauge and analog readout are used in conjunction with
a Edwards Model 1501 capacitance manometer and digital readout to monitor
accurately both sub-ambient and positive pressure changes, respectively. Two
Edwards Model E2-M12 vacuum pumps and a preconcentration loop connected
to a UWP six-port switching valve (Valco Instruments, Houston, TX) complete
the vacuum line (See Figure II-3).

The UWP six-port switching valve is the one piece of equipment central to
the trapping and injecting of an ambient air sample onto the GC columns. This
valve is depicted in Figure II-3 and in greater detail in Figure II-4. In Figure I1-4,
the top illustration depicts the standard switching valve obtained from Valco and
the corresponding connections made to the UCI vacuum line and GC apparatus.
Connecting position A of the switching valve to the vacuum line is a piece of
1/8" stainless steel tubing. To position B is attached a stainless steel line which
runs to an Edwards E2-M12 pump. Prior to reaching the pump, the stainless
steel line is immersed in liquid nitrogen to prevent the backflow of any volatile
trace gases which may have originated from the pump. The preconcentration

loop is connected to positions C and F of the switching valve and is constructed
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Figure I-4. The Modified UWP Six-Port Switching Valve, the One Piece of
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Sample on The Gas Chromatographic Columns



of 24" x 1/8" O.D: stainless steel tubing and is filled with one millimeter glass
beads. To position D is attached a piece of 0.53 mumi fused silica which runs to a
splitter box, where the air flow is redirected to each of the three chromatographic
columns in the two GCs. Finally, to position E is attached the cylinder containing
the H2 carrier gas. _

A slight, but most important, modification was made to the commercially
available switching valve to allow for trapping, injecting, and bypassing
altogether the preconcentration loop. Finally, to position E, an extension was
made to the already routed rotor portion of the switching valve (See shaded(area
of Figure II-4). This modification minimized any dead volume and ensured that

carrier gas was flowing always through the columns to the detectors.

CHEMICAL ANALYSIS

To ready a sample for injection, approximately 650 torr of air was
transferred from each air canister to the 2100 mL vacuum line. The switching
vaive was placed in the "TRAP" position (See Figure II4). Carrier gas flows
directly to the chromatographic columns. The preconcentration loop is
immersed in liquid nitrogen and allowed to equilibrate at -1900C. The valve on
the vacuum line closest to the switching valve (See Figure II-3, valve # V1) was
opened and air was transferred from the vacuum line, through the
preconcentration loop, and out ﬂme system to the pump. Once the condensible
gases from 500 torr of the sample were trapped in the loop, the valve (V1) was
closed, and the pump was allowed to pull a vacuum on the loop for two minutes
to separate adequately the volatile trace gases from the bulk N2, O2, and Ar.
Methane, however, was nof trapped quantitatively using this procedure. The 500

torr of sample injected actually corresponds to Volume2 which equals 1278 mL of



air at STP or (500 torr)*(2100 mL)/ (298 K) = (760 torr) *(Volume?)/ (273 K). The
exact sample size is not critical to the analysis since all of the standards and
samples are measured in the same vacuum line and sample loop. The important
factors are that the sample size be precisely known, and that enough sample is
assayed to be able to detect the trace gases which are present in extremely low
concentrations. A sample size of "1278 mL STP" is adequate enough to measure
these peaks as will be seen shortly.

The switching valve then was placed in the "BYPASS" position. In this
position, the vacuum line, pump, and preconcentration loop were isolated from
each other. Carrier gas, however, still flowed to the GCs due to the valve
modification mentioned previously. The liquid nitrogen was removed from the
loop and replaced with a dewar of hot water (i.e. approximately 60°C). After
approximately one nﬁnﬁte, the temperature in the loop had equilibrated, and the
trace species contained within had revolatilized to the gas phase. As soon as the
GC ovens were at their respective starting temperatures, the switching valve was
~ moved to the "INJECT" position while simultaneously pushing the remote start
switch. This switch electronically activated the computer, integrators, and GC
ovens to begin the chromatographic run. In the "INJECT" position, the vacuum
line was connected to the pump and readied the line for the next injection. The
H? carrier gas was redirected to flush the previously trapped contents of the
preconcentration loop to a splitter box which partitioned the gas flow to the three
different columns. Forty-five percent of the flow was directed onto a 50-meter
0.32 mm Al2O3 porous layer open tubular, PLOT, column (Chrompak, Rariton,
NJ), 30% to a 60-meter 0.53 mm DB-1 column (J & W Scientific, Folsom, CA), and
the remaining 25% to a 75-meter 0.53 mm DB-624 column (J & W Scientific,

Folsom, CA). Again, these percentages are not accurately known, but the system



was maintained in fixed position throughout so that the allocation among the
three columns was precisely maintained. The PLOT column, used for the
determination of C2-C7 compounds, was attached to one of the FIDs; the DB-1
column, which was used for C4-Cj( separations, was plumbed into the second
FID of GC#1. The DB-624 column in GC#2 was attached to an ECD and was
used to characterize the C1-C2 CFCs and related halocarbons. The temperature
program sequence of GC#1 began at 35°C for 5 minutes, then ramped to 1300C
at 200C/minute , then to 1900C at 109/minute, and finally held for 6.5 minutes
at 1909C before being terminated. The temperature program sequence of GC#2
had an initial temperature of 35°C for 8 minutes, was ramped to 260°C at a rate
of 300C/minute, then held for 4.5 minutes at 260°0C before being terminated.
The complete list of experimental parameters and flow rates for each of the GCs
are included in Table II-1. The time required for one complete cycle of sample
trapping, injecting, oven ramping, and subsequent cool down was about 27
minutes. Six people were involved with the continuous operation of the gas
chromatographic apparatus (24 hours/day, 7 days/week, for the duration of the
6-week experiment), allowing for the analysis of approximately 53 injections of
ambient air samples and/or standards per 24-hour period.

To represent each of the three separation columns (i.e. PLOT, DB-1, and
DB-624), three chromatograms were chosen to illustrate a typical background
sample unaffected by recent urban or biomass burning plumes. This particular
sample was collected at a median altitude of 1315 meters during Mission 4, and
the chromatographic results are shown in Figures II-5, II-6, and II-7. As can be
seen from these figures, approximately 80 peaks are visible in the three
chromatograms, revealing just how powerful this "one time" injection system

really is. The portions of the chromatograms between seven and fifteen minutes



TABLE II-la:

Temperature

Program and Operating Parameters
used for the PLOT and DB-1 Columns Contained in

GC#1
Initial Final Hold Time Temperature
Temperature Temperature (Minutes) Ramp Rate
(°C) °0) (°C/minute)
35 35 5.0 -
35 130 -- 20
130 190 e 10
190 190 6.5 -~
Detector Temperature 2000C
‘Flow Rates (mL/min. ):
PLOT DB-1
Hy Carrier Gas 6.2 4.5
H3 46.0 343
N2 plus carrier 275 26.0
Compressed Air 300 290
TABLE 1II-1b: Temperature Program and Operating Parameters

used for the DB-624 Column Contained in GC#2

Initial Final Hold Time Temperature
Temperature Temperature (Minutes) Ramp Rate
(OC) °C) (OC/minute)
35 35 8.0 --
35 260 --- 30
260 260 4.5 --
Detector Temperature: 200°C
Flow Rates, (mL/min.):
PLOT
Ho Carrier Gas 38
N2 make-up Gas 52.6
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from the PLOT column of this 1315 meter sample and from another sample
collected ‘only four minutes later inside a fire plume encountered at 1973 meters
are displayed in Figures II-8 and II-9. Although a substantial number of trace
species elute during this time period, peak separation is quite satisfactory.
Because no back-flushing was employed to clear the column of slow-méving,
higher-boiling components, carry-over and memory effects from consecutive
analyses were common in the 17-23 minute section of the PLOT column
measurements. When these late emerging peaks exist, they emerge as broad
Eackground and tend to mask the benzene or toluene peaks. Benzene and

toluene values in those instances were obtained from the DB-1 Column.

Calibration and Working Standards:
A secondary standard provided by Dr. Paul Steele, then with NOAA-

CMDL in Boulder, Colorado, was used throughout the ABLE-3B project as a
working standard to allow peak identification by matching elution or "retention"
times. This "NOAA" standard was a clean, partially-dried (3 ppmv H20), whole
air sample collected at Niwot Ridge, CO, and was contained in an Aculife-treated
Luxfur cylinder pressurized to 2000 psig. It was assayed between each set of
twelve canisters in the same manner and procedure used to analyze the samples
to avoid any possible drift in the response of the detector and to calibrate
‘quantitatiVely the mixing ratios by volume of each compound. Repetitive
comparisons with several gas mixtures employed as reference standards
demonstrated that the concentrations of gases in the working standard exhibited -
no statistically significant changes in their mixing ratios during 190
measurements Gver the course of the ABLE-3B project (See Table II-2). Non-

methane hydrocarbon reference standards with a stated accuracy of 2%
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TABLE II-2: NOAA Secondary Standard Used Throughout The ABLE-3B

Expedition
Compound Mean +G Percent
Area Units B Error
Ethane 69680 332 0.5
Ethene 7889 159 2.0
Ethvne 8729 182 2.1
Propane 23950 346 1.4
Propene 6508 160 2.5
Propyne 173 18 11.4
n-Butane 13754 209 1.5
Isobutane 7097 200 . 2.8
1-Butene 1441 45 3.1
Isobutene 74841 1772 2.4
Trans-2-Butene 1228 128 10.5
Cis-2-Butene 3504 161 - 5.0
Butyne 1090 28 2.6
1.3-Butadiene | = c--c-}  ee--e| 0 aaoa-
n-Pentane 4915 46 0.9
Isopentane 8130 107 1.3
1-Pentene 282 19 6.7
Isoprene |  ----- RIS
n-Hexane 2204 16 0.7
2-Methyli-Pentane 2756 83 3.0
3-Methyl-Pentane 1321 43 3.3
Neohexane 1649 41 2.5
1-Hexene 296 61 20.6
Benzene 7422 457 6.2
Toluene 389 85 22.0
N20 293304 2573 0.9
CFC-12 314293 3189 1.0
CFC-11 1817077 13169 0.7
CFC-113 103338 1931 1.9
CHCI3 6602 1815 27.5
CH3CCl3 243484 22493 9.2
CCl4 846988 24027 2.8
CoClu 49523 28571 5.8

Total number of separate measurements of the NOAA standard = 190.

(Area) XF
------- X e = Mixing Ratio (pptv)



(95% confidence limit) were obtained from Scott Specialty Gases, Inc.,
Plumsteadville, PA. The mixing ratio of propane in the Scott standard was
confirmed by comparison to a methane-propane mixture provided by the
National Bureau of Standards (SRM 1660A) which had a stated accuracy of 1%
(95% confidence limit). The accuracy of the NMHC calibration procedure after
dilution down to the low ppbv/high pptv range is estimated to be 5%. The
halocarbon calibration gases were prepared on the same analytical systems as
reported by Gilpin [1991]4 and Tyler [1983]8 with an absolute accuracy for the
various gases in the range 2-10%.

The identity of specific peaks detected by the FIDs were determined by
comparison with the various Scott calibration standards, which contain five to
nine gases, and to qualitative standards prepared at our home laboratory that |
each contain one gas diluted in helium. Because of the sensitivity in elution
times of the PLOT column to-variations in trace concentrations of H2O and CO2,
the column was subjected during thé peak identification procedure to the same
chemical conditions as those experienced during a regular analysis. Therefore,
500 torr of the whole air NOAA standard was collected on the preconcentration
loop in the normal fashion, and then a small amount of one or more of the
qualitative standards, which were generally at concentrations in the 1-100 ppmv
range, were added. Then, the trap was isolated and heated with water, and the
carrier flow diverted to the separation columns. In this manner, the retention
times were very reproducible, usually varying by no more than 0.02 minutes, and
except for the augmented or "doped" peak or peaks, the chromatogram was
identical to that of the working standard. In addition, because the PLOT and
DB-1 columns have such different separation characteristics, the elution order of

the hydrocarbons is so dissimilar that any coelution of gases on one column was



most likely resolved on the other. This "two-dimensional" chromatography
provided nearly unequivocal peak identification for the C2-Cg NMHCs.
Response factors for hydrocarbons with the same number of carbons were found
to be equal to better than 0.1% (e.g. the response factor for ethane = ethene =
‘ethyne = (7.35; isobutane = n-butane = trans-2-butene = cis-2-butene =
isobutene = 1-butene = 1-butyne = (13.1); etc). Therefore, gases not present in the
Scott standards were assigned the same response factors as corresponding
carbon number hydrocarbons (i.e. 1,3-butadiene (13.1); Isoprene (15.2); Benzene
(17.0); and Toluene [(19.8) = {17.0 x (7/6)} or {RF(Cg) x (#carbons C7 compounds
or 7) / (#carbons C 6‘co.mpounds or 6)]. Tables II-3, II-4, and II-5 represent the
method files used to calculate the mixing ratios of gases from the raw
chromatograms obtained from the integrators. Qualitatively, the retention times
reveal the identity of the specific trace species. Quantitatively, the response
factors allow the conversion of peak response to the exact concentration of the
trace species. |
Utilizing the formula in equation (2.1), where the Area is the actual

area under the peak in the chromatogram; RF is the response factor which is

(Area) XF
X = MR (pptv) (2.1)
(RF) SA

determined by injecting known concentrations of specific trace gases contained
within the primary standards; XF is the scaling factor wﬁich is the amount of the
primary standards injected to determine the specific RF values; SA is the actual
ambient air sample amount; and MR is the mixing ratio of the trace species,
which in this cése is in parts per trillion by volume. The XF values used for the

determination of the PLOT and DB-624 columns were 100 and 200, respectively.



Table II-3:  Method File Used to Detefmine Concentrations of Trace Species
From the PLOT Column

Compound Retention -|Response
Name Time (Min.){Factor
Ethane 1.90 7.3
Ethene 2.15 7.3
Propane 3.21 10.4
Propene 6.55 10.4
Isobutane 7.78 13.1
Ethvne 7.93 7.3
n-Butane 8.15 13.1
Methyl Chloride 9.31 . 1.0*
Trans-2-Butene 9.90 13.1
1-Butene 9.96 13.1
Isobutene 10.21 13.1
Cis-2-Butene 10.42 13.1
Isopentane 11.00 15.2
Propvne 11.16 10.4
n-Pentane 11.25 15.2
1.3-Butadiene@ 11.45 13.1
1-Pentene 12.46 15.2
]_-Bu[yne'@ 13.26 13.1
Neohexane 13.33 17.
2-Methyl-Pentane 13.57 17.0
3-Methvl-Pentane 13.60 17.0
ISODI‘CHC@ 13.81 15.2
n-Hexane 13.87 17.0
1-Hexene 14.99 17.0
Benzcnc@ . 17.20 17.0
To]uene@ 21.74 16.8
Time Trigger (Min.) Time Time Value
Function

0.01 Peak Marker 1 (ON)

0.10 Auto Zero 1 (ON)

23.50 End Run 1 (ON)

* This peak is identified, but not calibrated
The RF values for these compounds were assumed and not measured.

Area X SA = concentration (pptv)

RF XF

Area = Area Under the Peak of Specific Compound

XF = Scaling Factor or Amount of Standard Injected to get RF values
RF = Response Factor SA = Sample Amount Injected



Table [I-4:  Method File Used to Determine Concentrations of Trace Species
From the DB-1 Column.

Compound Retentidn Response
Name Timé (Min.)|Factor
Methane* 1.81 1.0
C2 Species 1.90 4.7
C3 Species 2.08 5.7
Propyne 2.20 6.0
Isobutane 2.38 7.6
1-Butene 2.56 7.6
n-Butane 2.63 7.6
Isopentane 3.54 10.0
1-Pentene 3.77 10.0
n-Pentane 4.01 9.5
Isoprene 4.12 9.5
Neohexane 5.84 12.0
2-Methvl-Pentane 6.07 12.0
3-Methyl-Pentane 6.22 12.0
1-Hexene 6.36 12.0
n-Hexane 6.66 12.0
Benzene 7.88 12.0
Toluene 9.88 14.0
Ethyl-Benzene 10.78 16.0
Meta-,Para-Xvlene . 10.90 16.0
Ortho-Xvlene 11.20 16.0
P-Cymene 11.59 16.0
Mesitylene 12.09 18.0
p-Cumene 12.70 20.0
a-Pinene 12.78 20.0
Camphene 13.05 20.0
B-pinene 13.45 20.0
3-Carene 13.90 20.0
d-Limonene 14.12 20.0
_g-Tcrpinenc 14.29 20.0
Time Trigger (Min.,)|Time Time Value
Function

0.01 Peak Marker 1 (ON)

0.02 Temperature. . 1 (ON)

0.02 Program 1 (ON)

Auto Zero
23.50 End Run 1 (ON)
* Incomplete trapping and not a quantitative measurement
Area x SA = concentration (pptv)
RF XF

Area = Area Under the Peak of Specific Compound
XF= Scaling Factor or Amount of Standard Injected to get RF values
SA= Sample Amount Injected RF = Response Factor



Table II-5:

Method File Used to Determine Concentrations of Trace Species

From the DB-624 Column.

Compound Retention Response
Name Time (Minutes)’ Factor*
N20 6.33 359
CFC-12 (CCl2Fp) 7.16 261
CFC-11 (CCI3F) 10.92 2790
CFC-113 (CCIpFCCIF?) 12.09 638
CHClI3 15.22 720
CH3CCl3 15.48 740
CCly 15.69 2850
CaCly . 18.70 999
Time Trigger (Min.) [Time Function Time Value
0.01 Peak Marker 1 (ON)
0.02 Temperature Program 1 (ON)
0.02 Auto Zero 1 (ON)
22.40 End Run 1 (ON)
Area y SA - (oncentration (pptv)
RF XF
Area = Area Under the Peak of Specific Compound
RF = Response Factor
SA = Sample Amount Injected
XF =

Scaling Factor or Amount of Standard Injected to get RF values

The the response factor value for the Electron Capture Detector (ECD)

is for an imjection sample size of 200 torr (based on a volume of 2100
mL). The implication here is that all responses from the ECD are
linear going through the origin. Based on the Ph.D. work by Charlie
Wang (see reference 9), this is not the case; but the values obtained
above were linear for the sample size of 500 torr (2100 mL volume),
the amount used to analyze all of the samples during the ABLE-3B

study.



As shown in Figures II-5, II-8, and II-9, the FIDs also respond with greatly
reduced efficiency to CH3Cl, N20O, and to CCl2F2 and some other halocarbons.
Each of the halogenated qualitative standards was in the low ppbv to high

pptv range depending on the gas. Although retention times on the DB-624
column were affected less by varying amounts of H20O and CO2, 500 torr working
standard samples again were trapped and augmented with a qualitative gas
standard. Although only one separation column was used in the halocarbon

| analysis, peak symmetry strongly implies that coelution did not affect the mixing
ratios of the seven halocarbons reported here. Based on the Ph.D. work of Charles
Jai-Lin Wang?, the responses of the ECD to chlorofluorocarbons and
chlorocarbons are not linear going through the origin. This is a problem, but
because all of the working standards and samples were assayed under the same
exact conditions, the absolute deviation was estimated at less than 1.0%, and the

precision was estimated at better than 0.1%.

INTEGRITY STUDIES

Canister Integrity:

Canister sample integrity studies included repetitive measurements of
mdividual samples from the aircraft. Because the time delay between sample
#ollection and analysis was always in the range of hours to days for aircraft
‘Rmples, a separate test of integrity was made on a ground-level sample. An air
l!ﬁnple' obtained from the pine-wooded forest immediately surrounding the
%ﬁore laboratory was introduced at ambient pressure into a canister, and -
‘M{IOO torr of the sample were withdrawn and trapped onto the analytical
lolumllWithin two minutes of collection and immediately assayed by gas



chromatography. This sample was assayed subsequently twenty-four hours and
then two weeks later. No significant deviations in any of the mixing ratios of the
measured NMHCs and halocarbons were observed (See Table 1I-6). These
studies confirm that the canisters maintain sample integrity for at least several
weeks. No direct information is available about possible alterations in trace gas
concentrations occurring in the canisters during the two minutes between
collection and analysis, but the consistency of the results suggests any such
concentration variations are negligible- The excellent stability in these canisters
of ethene, propene, and isoprene, all of which have significant reactivity with
ozone, suggests that ambient ozone is removed by the metal surfaces of the
canister almost immediately after collection without involving the olefins, which

are present in much small concentrations.

Pump Integrity:

Pump integrity and contamination studies were performed on the entire
manifold system prior to the beginning of the aircraft missions using pressurized
ambient air (Irvine, CA), humidified zero air, the NOAA secondary standard,
UHP helium and UHP nitrogen. Each test gas was passed through the inlet,
pump, and manifold system before collection in the canister, exactly as a ambient
sample would be collected from the Electra in flight. None of these test
Standards showed an increase in mixing ratios of any of the NMHC and
halocarbon trace géseé studied. Finally, pressure dependent studies were
Performed to simulate pump performance at different altitudes, and the results
2gain showed no significant deviations in mixing ratios of the trace gases tested.

The results of the humidified zero air studies are listed in Table II-7.



PRECISION MEASUREMENTS

The precision of the air sample measurements, based on repeated analysis
of the NOAA working standard, was estimated to be better than 2% for the C2-
C5 NMHCs and 10% and 20% for benzene and toluene, respectively. The
halocarbon precision in the NOAA standard was better than + 1%_ for all gases
analyzed. In the field data of actual whole air samples, the standard deviation
for CClI2F2 in the 37 measurements of Mission 18 was + 2.9 pptv on a 491 pptv
average, or + 0.6%, which included any atmospheric variability among the
samples. The precision in CCI3F measurements in the same 37 air samples was +
1.7 pptv on a 242 pptv average, or + 0.7%. The precision in the measurement of
N20 was better than + 2%. The detection limit for all of the NMHCs was
épproximately 1 pptv (except for propene and propane which, because of their
broadened peaks from co-elution with CO2, were 10 pptv). All of the selected
halocarbons in the samples were present at concentrations well above their
detection limits of 1 pptv or less. The measurements with the PLOT column
(Figures I1-5, II-7, and II-8) of isopentane, propyne, n-pentane, and 1,3-butadiene
from several actuai afnbient air samples near their detection limits are shown in
Figure II-10, together with a fire plume enhanced sample. These traces represent
successively starting at the bottom air samples from Mission 4 (Table VII-1)
collected at 1973, 2370, 2436, and 3992 meters, plus a sample collected at 5442
meters just prior to the descent recorded in Table VII-1. The mixing ratios for the

hydrocarbons in pptv are superimposed in Figure II-10.
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TEAHTRAEED 7 LEEBEICED D HAITBWT, HFE &3 MM EICEEHT 2
THY, EEITZZDEDRE ORNEBBRECRETESIREMNLETHS, BHETCD
(BVRERRNER) P I D b1 F AbBHEE) HID (NUAL A AR MS (8
BOWE) REOKREBNVEHMICEOR THEAINTVS, MEPEMNRETEREREDRE
N5, EEBFTIAP | DEMORHEEMERE L TEFHAINTYS, 4, HIDEHE
WE—BIZ N FOLEORNEDE ZRRE L BRHBTHEREICERETH D, MR
DAPTITEL TOB W, BHTR OB, RFEEZ EENICODHEEDNE L WED, bOE T
HEOVEAESNTORY, ZOXDREEEMIT S HEEL THREGEEZHVWTICHe Y
O-MEBIZX > TETHERMRENRFE L TRETAHA 4 AbhE (He EHP ID)
MDD, £9, He WBMP 1 DR @A 2 O EARFY OHNH 2 BNAT S, 37
B ADERSHDH e THDHEITIIMEITR O, BT ANEESR, 28, KEAEREH AT
HBHe D1F MEART > v VX VEOERSDERD TH S HEAITE, RHEBNERETH S
O ERSDBICEHT O5WERSIERSOE - ICERDIFEAENEREIND Z &
B30, 0D, ERSE - DHEBEERETIRASHOMNENLELE-TL S, 2T
W, TV T LK BRI 2R L - SHE SRR A OMBERMB O St e —Fl & LT
N5, M— 3 IGCC-MSHFTDHZRT,
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m/z a n b ® -
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] CHa E ¢ ® i
A 80f
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B : Without BGA-205
Typical mass fragmentograms t ] ] ; ] [
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WEIN T2 EAREBEROERSNFHTES kR s ok, L LENSADIFED
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K7 RMVRRHE, 57 )V T2 OBMBERERDODIMEC DWW TR T 5,
KBREBEOBIKZX — 41TRT.

o G

M—4 ArPofE=sRHERERE

4. AP 1 —MSIZc&kAH A0
ERAFITRHERSE2ETA A ML, ZOBERLEZA A BEIML . ETHEY
BRETHRHETENNEFTH S, KEOEESWETIIHRBEDFO1F ALICEFHE L F 1L
¥ (Electron impactionization) IZ&2> TAF LU TWBA, E#iE /X F Dppb~ppt b
NN OFRMY EEERET 3 Z EdHskahofz, ZOOHETORELREMEIES HEELT
KEETTHEE (B RanFREZHVAF AR E &GO AENEF—HOEESD
FENCBRAICAWSNBE X DICARD, BT, BHEN X H ORI D55 AR RIRHE
EROTETWVWS, UFO2FHEBCXDKRKES A EEEDHE (Atmospheric
Ionization Mass Spectrometer) DB DWTHEAT 5,
5.%F DAl
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"BIREBRF KRBREEESEOAZXIACIEH "
HNAEE, 12, 1009-1013 (1992).
2)  Hiroshi Ogino and Yoko Aomura
"Enhancement of Sensitivity for Neon in Helium Discharge
Photoionization Detector”,
Journal of Chromatography, 659, 381-387 (1994).
3)  Hiroshi Ogino,
"Encyclopedia of Analytical Science"
Noble gases, 6, 3353-3358, Townshend, A. Ed.,
Academic Press, (1995).
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a. EEEH ; aHE, FTEHEE (HAEOMESCHEOBRE)
b BRER  AERFOBRNRECEE, REEOTEM
C.IREFR  FRYORAEFHRE (HE-BH, BR)
BERAREMAE (—MES, T8, EAN)
REXRIFALE (BEFLE, BHAK, LEAK, #HKRBEE)
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a. BEXE, T7I9A4FIVTF 4 —FHER
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b. BERMRE; BEEERIILEEIEDOLII{LEY.

c. BMIBERFE ; HFEREY7AE (RIUEAKFERLEBE2OLEY)
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F1§. 2. A constant volume sample pipette (Institute of Petroleum, Standards for

Volume of ‘U’ tube
depending on sample
size required

Ball and socket joint

Petroleum and its products). ( 3 ey tecy. 1992 )

Carrier

gas in

To
——
column

Sample

Pyrex wool

Glass beads

FiG. 16. Gas transfer cell (Bednas, personal communication).

N Sample
\ott —
gas out

l

.
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—

gas in

Sample loop
| S S ——

Sampling position

Carrier

——
column

Sample
uiubAdL

gas in

Sample loop

)

Injection position

FIG. 10. A rotating plate-type sample injector. (J effery.1972)

(a) By-pass position

b

(b) Injection position

Fic. 11. A piston-type sample injector (Varian Aerograph Ltd.).
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4. BEXKPOEBEFBEESYW O OESE

Wrb Q82008

a. XETOHA 7
: / It V¥ T3
1.5f%4%,;  F.T.Eggertsen and F.M.Nelson (1958) - (1), (2) O &1 W %ﬂ/?’ﬁaa ?ﬂ blé
59775 12" * 5/16"0.D. Cu tube, 40% Dimethyl sulfolane on crushed fire brick ((20-30mesh) G
wi L. 02 & U gpane et LR,

&,  5-10 L (See Figure 1).

SYHERTL; 25§t * 1/4" Cu tube, 40% Dimethyi sulfolane on crushed fire brick (20-30mesh), O*C,
He;60MI/min. '

BHig%; TCDat75C.

RIERSY ; C2-C5in air.

@7/9[/7 123
2R HE, P.S.Farrington, R.L.Pecsok, R.L.Meeker, and T.J.Olson (1959) — (3).(4) (¥ 22 13 .

##17y7" ; 5mm 0.D. glass tubing, Di-n-butyl phthalate on 20-mesh Sil-O-Cel C-22 (See Fig: Y i ( (Lv
X ) : 2
o, Lig. 02.
6l air sucked by the metal tank (volume;16.4 L). \/ fa( “‘ng 7\‘9‘ Fin
SYBENTA;  25% [Di-n-butyl phthalate or PEG-600 or Dimethyl sulfolane] on 20mesh Sil-O-Cel C- 22 ~ Leans

130cm 5mm O.D.glass tubing at room temp (25 C). : "1/
5%  lonization gage detector (Ryce and Bryce 1957). 4)/;*L¢g f ‘

BIERSy ; C2-C6 in air.

3.13??:;‘; R.E.Neligan (1962) —  (b), (1) 31%'7/'7 2 b
H#%17y7"; 20% PEG400 on Chromosorb o g g el
0, Logm”f\k@ ’8‘{@ hab! "f Addbb TS e

o Liq. O2.
$UEHR;  500-800mL/min * 1 hour —@0 L A ]2y, %J I (or WNE) HC
SyMgh7h;  Table G Farcay e
BEE TCD g o Ay,
BB ; C2-te‘lu?9e in air. = / Zor Al o~

AFF%E;  TBellar, J.ESigsby, CAClemons, AP Althsuller (1962  — (WX FLDEnh[Een??
4 5y7"; Loop (1.2 mL) ’Rf /5 (‘{ f
by 2L / ?/ %’7‘5«.\& 7/7/»{‘!/6 ﬁf,,-/] U
A& 1.2mL  (Scotchpack bag THIR) )
SyBERTA;  Oft * 1/8" SUS tubing at room temp, Medium activity silicagel (40-60mesh),

He; 60 mL/min
B3 FID [ H2:42mL/min, 02:150mL/min] fqp e in o
JUEELSY ;  C2-C4 in air (detection limit; 1ppb). 9 i, ,j{r/z;zflo‘zj
@) 2TH A c

5.BFRE; E.R.Stephens and F.R.Burleson (1967) = o)  (hlya? /L(/V’/d Lo it s
41597 ; "U" shape tube with 8'¥1/8"0.D.SUS 10% Dimethyl sulfolane on 42-60 mesh C-22. .~ ~ R
W Liq. O2. JZ/;[‘,; .;}"' k
e, 100-500 mL with a 100mL glass syringe. @ 2 Z/}/flﬁl \\\. /r .

SYBEATA, 36ft*1/8"0.D.SUS 10% Dimethyl sulfolane on 42-60 mesh C-22.0 C, 18ft:1/8"0. .D.SUS /5?5),7’
10% PEG-600 on 42-60 C-22 at room temp. N2;22mL/min, . o

B3, FID [ H2:24mL/min, 02:287TmL/min]

RIE4y ; C2-C6 HCs in air.



Peak Helght, Millivolts

"Aje"

Propane
+ N0 .
0.4 ( SEPARATING COLUMN (Dimethylsulfolane on Firebrick)
TRAPPING COLUMN
0.3k {Dimethylsulfolane
‘on Firebrick) | | Ethylene
0.2 N
. Ethane £ Propyl- n-
ene Butane Acetyl-
0.1} ene Propyne +
Iso-
ne I-Pentene
Iso- _pentane Pentane
L butane ’ /\
o.0L — /\ j\
. L I 1 ! )
Y] 30 70 16 26 30 15 —%o
1 Charging He- .
.lu.ch liters flush e Emergence Time, Minutes

Figure 2. -Gas chromatogram of high traffic city air ( Eggerisen. 1358 )
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and Rech’del‘ (2)
‘To Reference, -
- E xit
Cells Thermal
o . Conductivity
VFlgure 1. i Schematic Butter Detection |To Measuring Cells
diagram of gas chro- Tank To Flowmeter
matographic apparatus
for determination of hy- 2ot Flow
.S. 1.8
drocarbons in exhaust i P , £ Control
gas and air pslg Valve

('Egg,@ﬂ‘f@ﬁ 1933)

Ascarite
+
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D s
Helium €
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] Separating
= - Column
\_/ b—D— Vac.
Ascarfte Trapping
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=
4 He
Manometer
Sample
' (P77
R (oanun

STewm
Figure 2. Sample collection system ‘
(mwmersed v by, 0o (FEEIITON)
)

Table IV. Quantitative Estimation of
Components in Los Angeles Smog

Figure f5. Clhronflcfo- Elution - Concn.,
ram of sample of Los Time P.P.
;g\ngeles smog TIME - MINUTES Ratio  Probable Compounds H.)M.

0.16 n-Butane 30

0.36 Isopentane 20

0.48 n-Pentane 100

0.70  2,2-Dimethylbutane 1

1.00 2,3-Dimethylbutane 20

1.11  2-Methylpentane 10

1.32  3-Methylpentane 15

2.11 n-Hexane 20

2.98 2,3—D§31)ethyl rlxt.n.ne 3

. . cis-1 imethyl-

(Farcingfen 1959) 3.59 omentans 2

5.18 2 &imethylbutane 10

7.88 nknown 20

TIME - MINUTES g‘g g gghfl.f::m : 268

28.7 Unknown 30

30.9 Unknown 3

32.8 Unknown : 15

38.0 Unknown - 60

44.0 Unknown : 20



(6)

Tante 1.—Opcrating Conditions of Gas Chromatograph ( Defechr; TLD )

Variables

Column support
Mesh, no.

Column substrate
Substrate, wt. %
Column length, meters
1Iclium flow, ml/min
Inlet, press., psig
Detector voltage

Oven temp., C

First 8tage
Chromosorb (A.W.)
30-60
B,B! Oxydipropionitrile
20

18
45
12.0
62

Second Stage

Chromosorb (A.W.)

Third Btago

30-60

Polyglycol P-400 Polyglycol P-400
20 20
75 46
— 80
3 20
110 9.5
&0 40

Chromosorb(A.W,)
30-60

* Amblent temperature and pressure,

——  E———————————

“Air Inlet

“Trap:

20% PEGY6Y Oxygan

e Chromesor

T

(Meligan ,1962)

= 1/4" Tubing S,S.

/ -

Ascarite

i

(7)

1/4 in, ID Vacuum

Tubing

Hz(C104), /

Devar Flask glﬂ

¥et Test Heter

ump
Figure 1 (Neligawn.19462)

&NM ‘ﬂ
c
£ (/e) Al
_Cowunm — E '
‘f&ﬂﬂr 2
E I8
Fxrsr ID/ Elz.l (Ha’ﬂﬁ‘/ /qrg) (4) é lC{ 1.4 2
= 2.2-4i MeCy 0.6
o
T T T T T T T 8 o
t
v
Z a
o | .
1‘3 NC¢ 6.6
o
.-?E
g " aCs 2.0
- 8
S :
& "t
3MeC, [X]
_ (eCq-24)
PP il TN N N N B N TN N O I £ '
s 6 ' 3
. 2MeC
TIME (MINUTES,APPROX.) (€660 Q76
Figure 5. Chromatogram of a pol- . 22 ikt o
luted atmosphere (Bellar. /962) - T M
1. Ethane 4. Acetylene EE °- et *
- 2. Ethylene 5. Isobutane 3-3:66 - 0805-0825 8
3. Propane 6. n-Butane

Fig. ‘2. Chromatogram of ambient air hydrocarbons on dimethyl sulfolane ;alumn.

( Stephens. 1067



b. A & TOH R

1.

2.

3.

BRICBIAGCOHERLHAIL, 1950FRE1LLHEE->TWVD, BERDGCH
— BN 1 95 THRICEBRTHEIN, X£2H1958F9AKERLTVD, HUE,
ELOWMELB2120E, HFLEZLEOTOBRKETH, bod bERVWEEEZHFTS
£ELT, BBHLTEEDITTHD,

BREOZESHTCUD TERFORERBEARED VO)D 7 u b7 LARERISNTZD
i1, 196 2EDZ¢T, HRAOHERZZNIRILYERTCWIEDIT TR, k, L2L,
FTDH, BEOVOCHEFRTCCCEZAVWTHELLAWNINDI EWoToZ LX<, 1
Q7T O0EZADHILFERET Y 7EHORET, FULODTHRBIEOFNINGEDZ, LTI
W ohDEFETRT,

MR, oA, MERERK  (1962) — (), (12). (I3)
N7 W IABU TS (15cn*10mn0.D.) , 10g 7{)7L i Akvya ¥ XK (50-100mesh)
w Lig. 02

HEE; 100 L
SYBERTL;  5m? 20% MIVYTW 73A7:4} on C-22 (60-100mesh)
mHEs; TCD

R E R4y 5 C2-C6 HC

WomE; EBIL, ThFE, FEEEHE  (1970) = (ig)
WH#Eiy7"; 65cm*5.5mm0.D. SUS, #°7xt°-2° 20-40 mesh.
o Lig. N2

HEE; 20L (0.8 L/min)

S EENTL; 2% ZJUVY on FEAMETNIF(30-60mesh)

BeH3; FID

B EM ST ; C2-C6 HC

WEE;, EIER (1973) = iS). (/8
Hi#Ebiy7 ; 40cm*3mm0.D. SUS, #°FAt -2 30-60 mesh
o Lig. "02

HEE; 100-200 oL

STEERTA;

C2-C6 HC:36ft*1/870.D.SUS 10% Dimethyl sulfolane on 40-60mesh C-22,0 C, +
1.5ft:1/870.D.SUS 10% PEG-600 on 42-60 C-22 at Z=J&. N2;30mL/min
ArHC: 28ft*1/870.D.SUS [5%Bent0neS4+5%DIDP] on Neopack 1A (60-80mesh) +
_ 3ftx1/870.D. SUS PEG1500 on chromosorb G (30-60mesh)
B FID
B E R4y ; C2-C9 HC
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L RUERAT

T A
o B e o
’frI“ ,1( X x 1 1 1 1 1 L
» [] 1 2 3 4 5 6
{?E/%",)__t Time, min
AU A Fig. 19 Gas chromatogram of outdoor air ( ’;& A /952)
Sample 1007 '
1.3 (:‘{E aﬁ'g N ® Air @ Ethane @ Propane @ n-Butane ® n-Pentane ® iso-Pentane
(‘K‘#\, 19621 @ 2-Methyl pentane @® 3-Methyl hexane @ n-Hexane
" F—7n

B LTS i
3%ay 7

A > 7

A

[N
K27 (100W4P) KRt
L#ad>t

G CHHT

PRI 2T =N

start 5 10 15 20 25 30 35 40 ) 45

B 4:21 RERBOHFAZm<F 7500
1: 22V 2:=8Y 3:=9VY 4:7vty §5:7mEVY 6:74FVYV
Tiiso-7T 2V 8:in-7 %YV 9:1-7Fv 10:iso-7F vV +trans-2-77
W idso-_VEY 12in-_VEY/ 13:1,3-78o=xv 14:1-_vFv 15:2-4

FNRY R/ 16 a~FY Y (;@Z‘ﬁ L1990
(rv ,
), (/A)
" 4
va—g— > 2 8090 o ®
_____________ 4
| bt " 21l o TN BRAEREL KA 15ml
| . t b b4 B¥ 19724111 7 156305
| 1 1 # 3 °
! Ve vi3y B 7 @=FLry 25> 380 GLI-7Frxr 12
1 1 DDy H 5 4 7 @70ty 114 @eis-2-=>F> 2.6
6 V; 3 ; \ @7orry 8.4 @B3-SFArpr 250
5 41 L P»i 1 Q‘;& @ise-7%> 53 @ira~rFr 05
| _EZ: CIC|| | wikmx & Gn-77> - 8.0 Qn-~k¥ 5.6
| G4t 1 @TxFvy 07 @Nrer 6.9
P4 X1 1 ‘ b ¥ © o Q177> 17 @trzy 5.9
Eo || |#%xk X | g Sl b—) | 752¢-24547 @iso-77> 20 @rFa~rer 07
Go iz 0 7% | WABA LRI %lrans'Z-?’i"/ 0.9 gpv%-‘/w/ 1.0
| = #23 iso-»x2> 4.1 m-kxvy L9
’; N KT Ad Vol R i Qeis-2-77> 08 Bo-kivy 2.99

2. DMS#5.4 OBPN BNT#74 @Qn-~r2rn 3.0 @a-7oEa~rar 10
b N

Vi-Va: NEHRY 7V 77 C L RKRifEMEG

I -1 D REEAD P lENM
D:1-D2: F 1 DR F @ wEH
Ev-Erizvytofs—p—  —O-:#n7 o808 5 m m 3
K4-13 HA2e=b 5770 —-F4~} frrgushl (47) .
(o3 . 1973) R4-15 kGRHorzsa~v 754 (B, 1393)

) 1) ChoOHFRBE (ppb) ¥FT 2 3F2FATTV-1 2EU
3) 23UAFNTEVELIL 2-AFARYEVEEL 4 2-AFN
TFv-2 Bl 5) iso-TmENRVE/RED



5.

6.

7.
BB EH AT EICEHEL EEDAFKE
1. L.M.Dennis; Gas Analysis, The Macmillan Co.(New York), (1925)
2. A.McCulloch; Gas Analysis, H,F.&G.Witherby,Ltd.(LOndon), (1938)
3. P.W.Mullen; Modern Gas Analysis, Interscience Publishers (New York),(1955)
A RFHK,; EFHoWE, AE (KE) , (1946)
EETSIFLAEXH, EF

HRENERILAMONFEORBICUSE, KX HFELEFE - B
HREA R Yy (F7ovBT T ) - KERE O SN EE AL
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EEEHH (VA7) - BERREEAFR, 17AL0F EHF
LEFEEN — (LEMIEEAANE — RBORE
LHHERY v —E—X — ﬁﬁ%%ﬁﬁ&,ﬁﬁ&@%ﬁmﬁwﬁﬁﬁm
INHEBRERE — HBRK - SHE »

(154 V]
BTAEH — HBHEK- SHFE
avea—gEK > M IMBOBEL, BBEOEEMEOLE,

EEHBBMG - HTRE

fFR~DRE
S OER, GCOMEL (THEL), HEIWKSXTF L,
RAEERILEY~OXIE, IVEBRE, REERNOML,

& %E X

P.G.Jeffery and P.J.Kipping; Gas Analysis by Gas Chromatopraphy (2nd ed.), Pergamon Press,
(1972) ‘

F.T.Eggertsen and F.M.Nelson; Gas chronatographic analysis of engine exhaust and atmosphere
(Determination of C2 to C5 hydrocarbons), Anal. Chem.,30, 1040-1043 (1958).

P.S.Farrington, R.L.Pecsok, R.L.Meeker, and T.J.Olsc;n; Detedtion of trace constituents by Gas
Chromatography, Anal. Chem., 31, 1512-1516 (1959) ‘

R.E.Neligan; Hydrocarbons in the Los Angeles Atmosphere, Archives of Environ Health, 5,
581-580 (1962)

T.Bellar, J.E.Sigsby, C.A.Clemons, A.P.Althsuller; Direct application of gas chromatography to
atmospheric pollutants, Anal.Chem., 34, 763-765 (1962)

E.R.Stephens and F.R.Burleson; Analysis of the atmospheric for light hydrocarbons, J. Air Pall.
Control. Assoc., 17,147-153 (1967)

J.Harley, W.Nel and V.Pretorius; Flame lonization detector for Gas Chromatography, Nature, 181,
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HAESEEDONICBIRERBVIRY D LAEDKDREBZBNTEEREZRET D.

IREFTOSMEDNKBEXANRHICOEEL . RREEDEBESICIENRICKD,
RESNEMEZRBLUDHNSLADRDBRBENEET D, BEDRBEZRK DR
EFTIRERNORBEICRVBEAZELZY. 8BRRDOERRETIEED.



REICTSITPA LNA—RYTSv I R7. 8[CH—RVYELFa2S53—-Y—-TTD
HROOVREICE>TRATRLUEDESBEMICEMBBEERT. K6 [CIEILLEDSB
[C—EZRDILEYIC DUV T D Carboxen 569 TOWHBBEHE L.

K657 73— NV TS5 w2 (Carbotrap. Carbopack) TODIKEE
(Specific Retention Volumes Vﬂt\ 20°C)

Carbtrap Carbtrap C | Carboxen 569

» L/mL L/g L/mL L/g UmL | g |
Ethane - - — - 0.06 0.10
Propane - — — — 2.87| 4.94
n-Butane 0.08 0.22 0.03 0.04 17.52| 30.20
n-Pentane 0.30 0.83 0.06 0.08 2818.8| 4860.
n-Hexane 1.08 3.01 0.23 0.32 — —
n-Octane 20.30 56.40 0.99 1.37 — —
n-Decane 10440.00 29000.00 9.36 13.00 — —
n-Dodecane 1774800000 4930000000] 23760 3300 — —
Benzene 0.93 2.59 0.14 0.20 - —
Toluene 12.06 33.50 0.56 0.78 — —
Ethylbenezene 26.96 74.90 1.18 1.64 - —
Dipheny| 42840000/ 119000000| 81.36 113.00 — —
Ethanol 0.05 0.13 0.09 0.12 1.75 3.01
n-Butanol 0.47 1.30 0.39 0.54 — —
n-Hexanol 5.04 14.00 1.54 2.14 — -
n-Octanol 90.72 252.00 2.77 3.85 — —
Acetone 0.02 0.07 0.39 0.54 — —
2-Butanone 0.47 1.30 0.45 0.63 — —
Dichloromethane - - - — 100.34| 173.00
Carbon tetrachloride 0.34 0.94 0.01 0.01 — —
Chlorobenzene 457 12.70 0.39 0.54 — —
Benzylamine 72.00 200.00f 11.52 16.00f] — —

W.R.Betz and W.R. Supina "Use of thermally modified carbon black and carbon molecular sieve
adsorbents in sampling air contaminations" Pure & Appl. chem., Vol.61, No.11 2047-2050p, 1989

RTND-RYELFa15Y—T, FEUROBERBLLIC K DEKMEEDEN
(Specific Retention Volumes Vt, 20°C)

IREFILFR HE | B4 Ethane |Vinyl Chloride| Dichloromethane| Water
Carboxen 569 L/mL 0.30 9.57 100.34 0.13
0.58 |L/g 0.52 16.50 173.00 0.22
Carbosieve S-2 L/mL 0.55 7.87 76.86 2.49
0.61 |L/g 0.91 12.90 126.00 4.08
Carbosieve S-3 L/mL 0.60 42.58 161.65 0.78
0.61 |L/g 0.98 69.80 265.00 1.28
&R L/mL 0.36 594 69.08 4.29
0.44 |L/g 0.81 13.50 157.00 9.76
W.R.Betz,ftt "Characterzation of Carbon Morecular Sieves and Activared Charcoal for Use in

Airborne Contaminant Sampling" Am.Ind. Hug. Assoc. J. 50(4)181-187,(1989)



£8 NH—RYELFa2S5Y—T (Carbosieve. Carboxene) IC&KBIUZ VEEDHKER
(Specific Retention Volumes V!, 25°C)

JUL 7| Carbosieve S-2 | Carbosieve S-3 | Carboxen 1000 Carboxene 1001
L=E=4 hr: ==} L/ml L/g L/ml L/g L/ml L/g L/ml L/g
Freon 134a |-26.2 C 9.20[ 13.53 1.80| 2.57 - — - —
Freon 22 -40.8 ‘C| 16.00[ 23.53 420 6.00 3.20 6.53 1.10 1.90
Freon 12 -29.8 ‘C| 16.00f 23.53 13.00| 18.57] 39.00f 79.59 2.80 4.83
Freon 11 23.7 C| - - - — 520.00] 1061.22) 110.00 189.66
Freon 123 279 C| -— - — - — - 52.00 89.66

W.T.Sturges and J.W.Elkins "Use of absorbents to collect selected halocarbons and hydrohalocarbons of
environmental insteret from lage air volumes”, J. of Chromatography 642,123-134,(1993)
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5-1 BIRREERIREE

BEANZBRICE O TREIDIFEATE. REFNERKENSHROEUBEENZ
THHNOKRBZT. ZO—EZGCICEBATD. MNDOREREEIOV T SAIC
FREBHFEESZAE. >T. BEMEICIUTRKDORERRBEEFS., DI
DIFEERSBNBERETORBENBIZREFZE —THILD, FELERE. BBD
BENERTEDIRICTSRID—ITRD>ENY D Py TBERITZ 2 BICLTIT
8D, Diw. REFNCIIEABERRDZNBDLEHLL. TORT Tenax KilfEIEXHE
IRRRBERADWMER C LU THER L RERHRD D D.

5-2 MR BERIHEE

MRICKDIEBHRHEEZTROBDOREHICIE. BEMBEEOMBENBINRECZE
MO DBMEMELRNBIMET, CORTE/BUNEBTRIESNIZHEENT
HO. BURRLEEF OIS I 7 FA—RY TSy ION—-RYELFa2S5Y—
TIIBITHD. LKL, BNWRABESVRBDESON—RYELF253—-Y—
TR, REBENOAREDBRODEARKAPICSENDINYEYETERESITDTHE
MN'BO. BVERICSRSNZREBRIERONRIY T 1 Y3 ZVYIDRARED
THDEBWNYDITISOY RERTENHD. CNEDREBIITRIET DHEDS
HEIAZDSRICADIBITDIBLE, RIERICERESERBZNF v U PITRBTLD
BNRBETOIVTA Y3 VIEARDBNINETHD.
RIRHAMESORSEBECE, BNCHLUTRKERRBEBEF DEHC, REHD
BRICREBICTBRZBLLTREBERBNENSEFET DMENEREIND, 2. BB
INY ROBBERILTDAIC. RIERBEITEILCHTINIBENEIND.
ZRODHE/ PR TEE-DRSHERIELCHEET. CNODEXRER/LCISE
DHRETHD. o T, BREBHEECIIHABOACRIDSIRR, REABDIRED
DINSRIRERE2~4EEFRIBELUCEBDV I TFARY FRBEEZERIND,



4 VIVFNRy FEEEERE

kR e— B S0y 0] s [ 35

L W EHE - C2~C3
BEH : h—AKELF25>—T7
Caebosieve $-3. Carboxen-1000

b EhE - C3~C8
w5#l : Carbtrap

h~ bR - C8 Ut
B5H - Carbtrap C

4 [CVNVFARY FREEDBEEERKRER OB ZETRT., AARNMER. S8
DFEFZNZNOREREDBEFADRBSICL > T, MIBRORSERICEE 120,

MERDFIERDSEBL. REDFTEBNBH T D, RERRKSHZAVZHESICIE
HABRRBODANZILDE-THDIH. ENZNOREBICHESN/THBHINARIC
KO TERODC—EBICKRET D, VILFARY FREBEETOREET. ZNEZNOR
EBIDEICL>TRESNDID. WBLOTNNSBDFOREDHEEZX T, IR
DHEEDHRIERIEZBEICVESTDE. RKEBRDFHNNEROKREBZHBL. &
WRBDERDRSEIBICEDS. REISICHUBULONREZLZ O BRZEED
ARZABVRRERD, K>T. FRRDICENDCTCSREFADEBREELZERLR
pEgIE vANSYANAN

5-3 IRERIDNECHEEANERE

IREF DO E(mesh)ld. HABOFDEREEE. RBERICKED. RFSZELERD
AICIE. *ﬁ?@tﬂ&%"’é‘lﬂﬁé@th(dp/dc)b‘ 0.10~0.250E &R DBENEF LN,
FOBIEMIE. NFERETTRSNFRIRICBERL
ERIRICEENFERIR B D UM TR DRI F T —ARBHIC
BVRBERZRD. REPAICKDIARHEDRIC
(. RBIERETEDRDENEHOEIN. ZED
HMHERIRTDICE. BREDIENIUETH DA,
REFIFIEED'BVREORERBEENABSN
B, —TF3. FvESU—GCIMSHBHFTIEINSLAD
AEDINSL, E=INY RIBERLS T DIRICIKE
BNy RBEEZV RS ITINEDNHD. Ro>T. SMBNDEERFRROBSICIEAERDOK
SEHEEERL. ERBHO-RBEENSDBRBICIE. AR 1~2mm BEDH
EEVAHINOND., BRERICHEEZEBSEIMNERIVRNG. RERTTIES
DRDIEEFEERSTR0N,

% 9.d/d, Lt
mesh BAE
-+ X{4mm|2mm | 1mm
20/40(0.16 | 0.32 | 0.63
40/60{0.08 | 0.17 | 0.34
60/80/0.05]0.10 | 0.21
80/100(0.04| 0.08 | 0.16




K 10 [CAFE 4mm DIWEEIC Carbotrap(F84iR:20/40mesh, FE:0.36g/mL)&
Carbosieve S-II(BR4K:60/80mesh, BE:0.61g/mML)EFRIBLUIEHBESDRSIFREE.
BEBLHOTORIEE OKERE:cm) ZR7,

& 10 REAMMBAEE TORSEITUESE [C X DIFE RS IER

RIBE FR:mL/min.| 25 50 75 100 { 125 | 150 | 175 | 200
50 |Carbotrap 26| 5.1 7.6/ 10.2| 12.7 14.0] 16.5| 19.1
mg|Carbosieve S-1I 26| 5.1] 16.2] 10.2[ 12.7] 15.2] 16.5[ 19.1
100 |Carbotrap 26| 5.1 7.6 10.2| 12.7] 14.0] 16.5| 19.1
mg|Carbosieve S-1I 3.3| 7.1f 10.2] 14.0] 17.8] 21.6] 24.1] 27.9
150 [Carbotrap 26 5.1 7.6 10.2] 12.7] 14.0f 16.5] 20.3
mg|Carbosieve S-TI 5.1 10.2] 14.0/ 20.3] 24.1} 30.5] 34.3/ 394
200 |Carbotrap 26| 6.4 8.9 12.7[ 16.5| 17.8] 20.3| 24.1
mg|Carbosieve S-1I 5.1] 11.4} 16.5| 22.9] 27.9] 34.3| 38.1] 445
250 |Carbotrap 26| 6.4/ 8.9 12.7[ 16.5| 17.8] 20.3| 24.1
mg|Carbosieve S-1I 6.4 12.7| 17.8] 25.4| 31.8| 38.1| 44.5[ 495
300 |[Carbotrap 3.00 6.4 8.9 12.7| 16.5 17.8] 20.3| 254
mg|Carbosieve S-T1 | 12.8| 17.8| 22.9] 34.3| 41.9] 50.8| 57.2| 66.1

SISt A V& —Rw kiR— AR —I(http://www.sisweb.com/index/referenc/carbohyd.htm)T — & — KD cmiRE

6. SRURER, BB

6-1 B DE R

—BAREEREE\BEENRTDIHREICE. —BBICEYT 1 PISARDRSIRY
TERAND. RIIRERFUEBRMECHKIBFRICK > THESNDD, RRICIIHE
BEORBBNEEBI DY Y TUY IR TORSIEEED (Hl:Back IH RV TRAK
EE 127cm)[CK > THIBRESND.
REPDOBRMERTEICHNTEIIERDDIBIC2UBHERUCHARBEETRED
BEHN DN, BEEHATIRBECLVERBEENHRIND. COXDR1E
B. BERRTORNBEZTROIBIRAETHDIA. —BRNICERELCREN'E
SNBDEEDODRETHRBEDELUSVREICTE DL D —ERBDHBEEZELDE
EEICIEREGNTV. ZNENORREZBEEIDIFENESND, COFETE
BRFICKEPDSEMBEDOREEILT —YDBONDIMNRNH DN ERODDH
NNBERD. BARBRSZERNTRADDERMERENREBOBICKELES
FRIERFBRCNA, BERFFEELVTEY AV —#EZ DRIV Y T TRIRE
BREEFBRN1AOHES THEEEBBLENENEEU4ERREL. DHITD
IECIRETHD.

6-2 BEEICKLDBIRE
AKBHEBSHRICENULEEICE, MROGCEACKUTRBI/RIRTH D, X.



NEOAZZHESICRBRELCARENRDNSEF v ES U —NSAICTHN
FIREICHE. HHOBRBNITNHND, CNHODBRETE. REEREFEAVC
BEHBHENBVSNIENSB., LHL, BICBHEENETE > EHBCERIPD
KDOREHIEDBICBRCHNLLEKDIDEEN. BRBBORICKBLIZD., B
BEINGCICEASNTHFSTIVORRERDENH D,
RNEODNSBHESEMBCEBRE BRECCEATIHE. RSIAJRICL>TKDZ
BRET DENTRET. KILAXEDHEETR, L. BEBORICELDBEEN
DEREFEDET, HESCRBIRMULZASED-ANEZEHMODH I SEETHEE
(C78D,

6-3 VILFANy FEBEETORBE

R 11 [T, BREDSSIALE 4 BEDVILFANY REBEEICHSTPAUREE

ERY. BREDZNTATENRE DR, BEDEORAMECENDSRESNDIN

IREFBEROBUDSEELERBIZNBELTREREBEIRSNZN. REOH

ECORANBHBESIREC/NSBRREEOARMEZRELL, 2BUTICTD.
R 1 VIVFANy RRAGEIBEE TOTAUBREE (L

MEZ BEEA HEEB WEE C HEE D
Water 0.4 0.5 0.12 0.02
Methanol — - 18 6
Chlorometane - - 15 0.9
Vinylchloride 15 14 180 4.5
Freon 12 — 4 160 27
Dichloromethane - 40 >200 60
Acetone - — >200 30
Chloroform - — >200 >200
Acrylonitrile - — >200 50
1,2-Dichloroethane >20 — — —
Trichloroethylene >200 >200 >200 —
Teterachloroethylene >200 >200 >200 —
Benzene - — >200 70
SIFsZER @ @ @ ©)

A: Carbotrap 150 mg + Carbosieve S-3 300mg »
B : Carbotrap 200 Tube ( Glass Beads 80mg + Carbotrap 170 mg <+ Carbosieve S-3 350 mg)

C : Carbopack B 400 mg + Carboxene 1000 280 mg

D : Air Toxicis

SIAZE

Tube

DS (EEEASMEN (REFBE - T—VILT 1 V—TY 3 VICRDERIBEICEDE
E1 19965 BRRUFE - EERISEMEDNTEZIT—

Q@ BRRRNEIOBE, T8
@ tBdh, i @ 58 57 OOHEEE

e (1996.5/25~26) . £ 5 OIRIEILFVRS (1996.6/27~28)



%b\GW/ 7 ‘,‘/ 5 s k!lf‘ g ne
9T 7 ’f\'/ (ST Waeh v 7,

r

7. WESBOREE E OURR
7-1 Bk 5L
BERREBERELUCESOONRIE. ERBERICL>TERD. BEKRENR
DRIFEIEISTRL, GCORICHRNWTBEEREZDEDODBIECTDORAMDDITOHE L
BEBRNEDEZEIRTD, TRITIFREDZERECEERBERT. ZH{bxRIEFID
THEUDENA. A<BNBNTND, BIC, BERCYUTGEREDOSIVEEHSET
EP eI FUIVIEERTEE,

BERMEEEAITIRSEIC. EERIEEMIHIBIFICHETSEAY RAR—-IAD
MO AREL., BEFEBRUENSEONENEDNH D, T, MEDANNT2CBERIC
KO TMETEZELTE, EBICHSAICHENTEIEE. ZD1/1000f2EICTE
B, TNSDBENSBEREEIBEOMBICH L CRIRNZIEEES TATETR
RGO, LENSEEDORBNODHICANSNDIBHBU),

7-2 ERfREt
BURREFEEETEVEDENREREZTE O LEHEESOBERRE., FFE100%IC
FU), EONDIEEMICDONTIREHFORDBNRESNTNDIN, BEENHREIC
BESHNOREESE/N—IYTEBYRTATIEDBROE U DIHEM FBHTEN,
BESNRAD/N—YERBOIROBEREREIDLEITTEL. BREROBRILEEZ
5L RBICEEETHD, X 12 [CHEBICHRNUESELESMOORKFZTRT.

& 12 VIFARy FERREBEED SDGINE

EEMmaE BINER %|#S |[{tEME OIRE| HBE
Ethane 111+£2.2 @ [Chlorobenzene 100£0.7] ©
Propane 110+2.4] @ [Chloroform 94+52| @
n-Butane 112+2.4] @ |1,2-Dichloroetane 102+4.2| @
n-Hexane 109+2.4] @ [1,1-Dichloroethylene 101£0.6| @
Ethylene 114+16| @ [1,1-Dichloroethylene 99+1.7] @
Propylene 113+12| @ [Dichloromethane 98+1.0] ©
n-Butene 112+11| @ |Dichloromethane 101£1.5 ©)
n-Hexene 11024 @ |Toluene 99+42f @
iso-Butane 100+£2.4| @D |1,1,1-Trichloroetane 100+3.0] @
2-Butene 99+4.11 @ [Trichloroethylene 101+£2.6| @
iso-Butylene 98+3.8)] M [3-chloropropene 100+3.2| @
1,3-Butadiene 101+4.4] @ |[3-chloropropene 101+2.1] @
trans-2-Butene 99+32| @ [BiLEZL 101+£25| @
Benzene . 10055 @ [IBIEEZ)L 99+1.5| @
mig{tiR R 100+2.1| @ |0,P-Xylene 99+36| @
Bromoform 99+36| @ |[POUDZRUN 10006 @

@ Carbotrap 200 @ Carbotrap 300 @ Carbotrap 300—~RZE2mmENDERHE
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Preconcentrator

Module 1 : Trap -155°C, Purge 20°C

Module 2 : Trap -15°C, Desorb 180°C

Module 3 : Trap -160°C, Inject 100°C
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Temp.
Interface 260°C

MS

Column : HP-1 (60m length, 0.32mm i.d., 1.0 ¢ m thickness)
: Oven 40°C(4min)~5°C/min~ 140°C~15°C/min 220(2min)

Mode : Scan (mass range m/z 35~300, scan speed 1.7scan/sec)
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1 .Vinyl chloride(m/z 62) : 0.008 ppbv 2 .1, 3-Butadiene(m/z 54) : 0.073 ppbv
3 .Acrylonitrile(m/z 52) : 0.40 ppbv 4 Dichloromethane(m/z 84) : 0.28 ppbv

5 .Chloroform(m/z 83) : 0.18 ppbv 6 .1,2-Dichloroethane(m/z 62) : 0.031 ppbv
7 . Benzene(m/z 78) :22ppbv - 8 .Trichloroethene(m/z 130) : 0.061 ppbv

8. Tetrachloroethene(m/z 166) : 0.032 ppbv
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Z—GC/MSo#roF#EsBTFLRhTWE T, Fr= R
F—wAWERETEATE, BREARIVEND—FD
HAHATETT . I A Fr 2 A7 —13FFIZBRIN T
PRERRBILELAREFTETHN, BIZT AV DDK
[BEFRAEIBWT, 22 a7 /LI AERITh
TWETo X v A —IIRBRIZENL RIRL M
THTH % 9 2, 24BH O BREHRR(TERIE) TR 3
O RKARBRPOBREYEOREIRABATT, 3 RT

— U FRD KRB E EEntech7000i- & N, oG E
R BRS ERE CEBLRESEDERI(KRELTE T,
FLC 794 F 71— Dy 7 3Inrik BRpii
I hEBgesr 7ot 79 7HP68IY ) — XGC~
FALIT, FrETU—HTLILINOBINARS
3. BEERKRHBHPSI73MSDIZ X » THEBE TR
Xnit.3 A AR R EEntech70001- 3 A X 1 C
W3 3RT—UHRIL, BEEZETIEREAELEY
ADBEWBALSTERTH 572, BIERROBIL
BECHRBTEI T, RAFVOCRIEV AT LIL, &%
B - BRE - SEARLRTEEREREL T,
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Preconcentrator
Temperature
Module 1 (Glass beads)
trap : —150°C purge: 20°C
Module 2 (Tenax)
trap : —10°C desorb : 180°C
Module 3 (Capillary)
trap : —160°C desorb (injection): 100°C

Gas chromatograph

Column

HP-1(60m length, 0.32mm i.d., 1.0 gm thickness)

o Temperature

Oven 40°C (4min)~5C /min~140°C ~15C /min

~220°C

Injector 220°C

Interface 260°C
Column head pressure

15psi(1min) ~99psi/min~4.5psi(constant flow

mode : 1ml/min)

Mass spectrometer
Ionization mode EI
Acquisition mode
scan mode mass range:m/z 30~300

SR VAL BARAA AR LAAL N AALY LALAY RN SRR AR (AR AR KA A AL AN SAAX XA R i) s
550 600 650 700 750 800 B850 900 950 10.00 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 17.00 1750

scan speed 1.7scan/sec

EBRM 9 YEN—FIH7(0.224ppbv, 400ml, Scan Mode)



a-pinene
33

A L | MMW

A
5b0 6.bo” 7.bo” 8.bo  9.b0 1000 11.00 12/00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25:00 26.00 27.00 28.00 29.00

C5

25
33

38

c6 37

Mu”ﬂ J | / “\J\MLJ WLMMJUGWMMJMMMJM

500 600 7.b0 860  9.bo 10,00 11.00 12,00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 26.00 26.00 27.00 28.00 29.00

BEAAOLE L WM ERSE). T HhisE (KR

Reproducibilities of VOCs in ambient an{ sampling site : side of traffic road
concentration : pptv (pressure with N2 to 20psig)

# compound name m/z inj 1 inj 2 inj 3 inj4 inj 5 Ave. SD RSD(%)
1|Freon 12 85 1030 1040 1042 1052 1050 1043] 79 0.75
2|Chloromethane 50 707 713 722 695 678 703 153 217
7|Ethanol* 45 7080 7000 6793 6215 6910 6800 307.5 452
8|Acetonitrile* 41 811 850 804 841 920 845 412 4.88
9|Acetone* 58| 15300]  14900]  14900|  14700| _ 15100/ 14980| 204.0 1.36

10|Freon 11 101 365 367 376 366 377 370 52 1.40

12|Acrylonitrile* 53 366 370 356 339 346 355 117 3.29

14| Dichloromethane 84 1930 2000 1950 1970 1960 1962| 232 1.18

18|MTBE* 73 406 418 415 413 420 414] 48 147

19|MEK* 72 2730 2920 2630 2700 2730 2742 96.2 3.51

21|Ethyl acetate* 88 1770 1740 1760 1770 1850 1778|376 2.12

24[1,1,1-trichloroethane 97 523 528 525 530 534 528 38 0.73

25/Benzene 78 5930 5970 5930 5930 5084 5949| 234 0.39

| 28|Trichloroethene 130 442 456 455 462 462 455 73 1.61

30[MIBK* 58 329 354 346 337 373 348|151 435

33[Toluene 91 15200 15300]  15100|  15300| _ 15300 _ 15240| 80.0 0.52

35| Tetrachloroethene 166 520 547 540 555 554 543 12.8 2.36

37|Ethyl benzene 91 2570 2590 2565 2580 2613 2584 17.0 0.66

38|m,p-Xylene 91 4530 4650 4610 4620 4690 4632 349 0.75

41[o-Xylene 91 1920 1950 1940 1950 1960 1944|136 0.70

43|1,2,4-Trimethyl benzene | 105 1590 1618 1610 1590 1630 1608|157 0.98

45}1,4-Dichlorobenzene 146 704 697 704 710 714 706 5.8 0.82

B GENBEAKEL (LR 07 M5 ATER) COBRYE
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BABREWEIISINTWETILTE FE2YPEIL, 2
FEERBIFEFTFE L L, LFERE (DNPH) —B#idhh —
HPLC%#, GC(FTD) %4 % 7= 13GC/MSH# D % iE:4°
Z¥oh T3 T, HPIIWMHPLC) 2 BW/2RIE T *

Tl EANBIZDNPHSHRMHLIN AT ILT & FEEH
I IARERRERIZL B E—T7E T

BINIRA, T/, WHIERATATRI= M) ILE
ﬁ@%zﬁéﬁz‘i’?%%—f—il, Wi, BIELSHE T, (K
CotrTld, BRBEFZITHLL VW RRKDNPHR E

zb»GC;;.)\nmwu,i.sfaisnmimct_L DI BBE
FRIITT IO H N ET)EANINAZRSIIODSH 7

LTHEIn, UVRBELL(AFSAA-FTLAR
BEICL > TRBINET,

BRREB 7= b 77 7HPI00Y ) — XL, BL W
EEEVERINIERRQF CORAIIMR 5N D5

HAaAINTBN., BBESFOREETRILHERTEXS
BNAEETT, 2OHPI00Y ) —XI2 XY, &ERE
BHEIIEINTVWBRIVLTILFEN, TEFT7ILTE

D, T7uLd4rexgsal{ sy Eonit
RIIBEOSVRIERR %

F7ET
HAEETY, HPII00Y ) —
BHLET,

BEREI OY &5 7HP1100S 1) —X

mAU
101

: Acrolein

Peak#f Compound %*ﬁ 1*
Formaldehyde HP1100
hcetone Column  Excelpak SIL-C18/5C,

Propionaldehyde 4.6 X 250nm
&E?fg&zg&%ne Mobile phase A : H,0O
: n-Buthylaldehyde B  MeOH
52&121322’532 Gradient time/min: 0 22 35
- Hovaidanyae B/% 40 50 90
Flow rate 1 1.0 ml/min
13 Injection Vol. D 5ul
Column temp. 1 40C

. Variable wavelength
detector ; 360nm

Detector

10 15 20 25

30 min

DNPHFEE&KCGRIL LT AT F - 7 F 7T FE) OHPLCH R



3.3 ICPEERHTEEHP 4500ic & 2 BARMEMBETERBRRU X OLEM 2 WEOSHF

BABEYEISIN TV 2LBRUZD(LEY 29HE
X, BB LPETFLL T, 74V —HE-RTFR
. ICPEE M, ERNBRTRAZ 72 12ICP-MS, %
U\ RFRA(RE(LRE)  ICPRK (REfbdpsE) £
7IIICP-MSHM DT #E»FIT b T T §,

HP 4500(ICP-MS) £ B\ 2 H 3 Tld, 2T HE—FR
PPELTREA I R, BRETH D720, METLREY
FIHWATRETT, 3720 REEDORIVEFIION

Th, BEREBHSBVED | BETRAETEEY, VER
Pz DILEH oM TIE, KREWIZTE 220 AT
HITZ B0, BIFLHET, SREIISMTEET,
BEGLAETZ(ERI)IEIERIN T T A, #
ABREWELLT)AIT Yy 7INTVWEN) Y TLE
V2D C< AV RPN 2DLE8H L EESSHT 5
22ATEE T, HP4S00IA BB o4 CHRBE AL D HH
BELPIERRERBLET,

ICPE 251 EHP 4500
DWEG
HP 4500
V CrMn CuZn 75 X2 AFE . |.6L/min,
W8 H 2% |.0L/min
el e . Nl % | ¥ UT#RFAE1.2L/min (HP 4500)
' B ' HEEmS | 1.35Kw
W7 THE 7 —=734)0L0 6mm
> Mo | #/mass
00 2 2] BNBRLEH: 30
255 44 NIST SRMI648(Urban Particulate Matter)
, B&% m/z_Be:@ 9, Mn:55 Ni:60, As:@75
nz->
™
2.5E4 4 Th u
[ |
niz-> 210 220 230 20 250 260

KEFF R E (SRM1648) DICP-MSIZ & % 347
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1, Lo
REPUIUMEFAETLIAENLFEFVEIAGCAREITRBEEZEE L RACHLET 2F %
BBMELT1I99 65 ALKABFTEBILEENAES N, SHLAENLEDEON .,
TI74F) 74— JALOER., BxdoWEOZRENITbObA, TLREFER KO R
. BRBERECERIEBLERE LAEROZOKMBEMAFFM SR T W5, EEE
PEAPAERRNGEDHEORBEPTCOXRBEEBOLICEHRK L THNETL2FNFEE
ToHY, COWELLEHOFHREL . UK OBFEH OB ITHANI Y A7 OEKEIC
MUPTOEREFHFLONI I ELTVE, COBDEHRDFFEEL LTI
1) 70y iy 7))y 7 LTS KTHHETD
2) A H A MEZS ) YT BB THEL TEEER N LT
V) 200 FENSHN, BEWIIHTEL Do CHEHEINDE L E R B,

MV IV FrHA L EZSF) T
BRHICAFEF D5 E5E L 7=l 58 H i
58 & fi REl5E L7-isETE B
yr7)y RE5E L 7= i i
HE EBOKE, 752 7DF2v )
TR e T BERLEN D 2 WElE
HISE RS OYEER i N CO BB

FRMOTFPHREALVEITZICEHEADIZVOMNEAHRDLD TS ICHERL TV HELE
EL2RETDHHHD, COBCHF 7Y Y 7AROEZHFETHABIRN T 2ICAFED
P, REPBEZEREL T 322 2rBEETHL, 7)) V7 EB®HEIEL
Tw e, PFHREOEERPEM THEL 22BN DH 2, 20k ZME* RBiky
B3, Wy T Y IRETRABOFHRENROONDZ LI YT ) T
5HET, HFHRPECERE ., FRIBFHELLEEDVTHRBECHAEIF BRI I A TV 3
— AT, EEHEARBILEDHEICOVWT I, 1EML@%%@%y7U>7$&umi
LT v, ERABKEDO L) LXK PORELELFTKEV EHFAL AT

LPMEH T, — AT HKELTAEEIT, BLCOEHEOY > Ty v 72k 3
MELDDEL I ETHBOERELL ) EHICILETLIENTELILELRDL, 20
HBLRERLTSZHOAHBZRMII2BHRMABCHBONFAOMHA 2D F 5N 5,
BRLEFGFETR, HEITIC, IEBBLOBN*BLTCHMEEBMICIEL TI KA
RaGZEHBEL., ARLZT7T-YOFERICFESF L TCEAL, TO0LI)LMEBHTHO T K
HomESOoBHLOoBREY 7)) Yy 70 B R ERD FRMEIC DWW THEIC
BAT 5,
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2. BB O DEZH
HE o WoRiER, YT 2HAEWELBHUOEN I KREL 220 ETE 2,
HICEFREEOHBEYWE L LTORILAZ, TVFe FHEORNE L BHBOREE T
DREEBCHTIAERABTANEONETH S, TR OBMIIH W TH BN
HEEBELLE=Y ) YITR, RVBBEOXHE S o0l tbDT, $5RED
MRCHALS +RELAYVBLL2MBCOY > 7)Y 7 EOHANLETSH S, %
L SHOMETORMB LS YT ¥y /TR, BCEEIID 2SS AIERTE S
LHTHEOL ) CERUABRLEDFORESERMONIZELL LY. BERHR
FEHEH, RAZ VA EET LI LI ZRBECOWNECR T soREURELEELTH
WRBOREBERY > 7)) Y 7B LTE2LENDH L,
1) BMEHOBRN (RItFxFREBREOFKA)
EFVCOEROLIC—BOATREPEFT LT ABRBLEZHEHML., KA®
TOFRMEOFREECBEBRESE+BU T 2561013, BENIWESEHOMHAET
DITNVNIALDODHUEPLETHD, REOKELELTRIHHEAHOILIETH 547, I
MESH2BMNT 52 ETRT— 0ol BRELED, LAl BEICAH VP ERL
TWCBEBZ2EBORKRFTFORS THEALTWLLLLHDILE, F7) Y7L bERX
E@&?‘;‘fi'ﬂiiﬂ"ﬁl%&iﬂﬂ’if‘%%o
2) FHREOBRN (BRZEHERSH)
7Ny FETER, FHOFEYREL KD 2D ICHBRIEIZFHL
LCEEA (X XA 1B 1IBOFHREL I 2OUESLEFHELHEET 2%5)
Fr7yr L, EROFHREL*ROIFEFEZILNRTVE, Z0H YT YV Yy
FEFPEHLLTCA-—HBATOHKL - ERAESHEIPLEROFEHREL KDL
ErAVwLI L, RHEARNBAEACEYREI P RIZABNEEHHET -V RERO T2 L
R EL b, COBCHEHDRNEBLEAGRENOAKEH SN ONAMS 2
WEFENROFEIELOWTL, ERHIER L TREATLIHE - REOBEHMNEES L
ZidhiE ok, BEEEABLELED OGS TR, BICF Y ETY —F T 2RV
FA7a=w b 57 (GC) #FBITHILTEEDTORBIMMPURELRSE LN
FTENTWVWD, UTRUERKNZAM Y AT LOMBELHBEICHRHRT 5.

3. HBSMEtoME (BERHARILEWEHR)

BERFERTVLESHIVAFLOAFYEST) - HSLGCCREBNMAELN
EMEARAREIOL IS HEINL, WTFROFECB VW TLEERKABTLEDE
OHMEBTERTHE2D, REBELTHEFHI (MS) tHOALBELLEZELOKD
O—BHWDBTEELLIENFRENRTWVE, TOMIZEHESHECH BT R ZMRE
BELTI, RIWRLALL)WAEZERAF Vit ds (FID) . KA+ ribfeir
W (PID) . BRBEEERMBE (ELCD) 2B LA, ETFHEILRD
22 (ECD) BHEEIP2UTOYPE LDV TIRBEE BB KL, 4. EE®R
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®1. AFOWE (WEARE) OHKRAES

oe

G000 C0000000 0 O 00000000 000000000000 C0C0OC0C00000O0S®

PAMsELS MEA/RLE TO143 kB A/ RE
B &/PAMs GC/FID GC/FID/FID B9 8/HAPs GC/MS | GC/PID| GC/PID/ELCD | GC/ELCD | GC/ECD| GC/FID
Acetylene O Q Fron12 [e] O o] o Q
Ethylene [e) @) [} Fron114 o) @) @) @] O
Ethane [e) [e) Chloromethane [e) @) o @]
Propylene O O Vinylchloride e} O o (6] @)
Propane O [¢) Bromomethane O [e) o
Isobutane [¢) ¢} Chioroethane o] [¢] [e) @)
1-Butene Q o Trichlorofluoromethane @] [¢] O o O
n-Butane 6] Q Freon113 [e) @) o o O
1,3-Butadiene [e) O © 1,1-Dichloroethene 6] O o] O o
P [trans-2-Butene [e) [e) Methylenechloride O [e) ] O o
A |cis-2-Butene [¢) o 1,1-Dichloroethane [¢] o o o
M {3-Methyl-1-Butene [¢) [e] cis-1,2-Dichloroethene Q [e) @] (@) o
s |lsopentane O O H |Chloroform O [e] [e] O @] ]
1-Pentene [e] [¢) A |1,1,1-Trichloroethane [¢) [e] o o o o
Isoprene [¢) [e) P |Carbontetrachloride [e) Q (6] 6} [e) o
n-Pentane o [¢) s |1,2-Dichloroethane o o] o o
trans-2-Pentene o @) Benzene o (@] o o
cis-2-Pentene [e) [¢) Trichloroethene [6) [¢] o Qo O @)
2-Methyl-2-Butene 70| 1,2-Dichloropropane [e] @] ] ]
2,2-Dimethylbutane [e] O 14 | cis-1,3-Dichloropropene (0] ] o
Cyclopentene Toluene O O O O
4-Methyl-1-Pentene trans-1,3-Dichloropropene O [e] (6]
Cyclopentane [¢) [ 1,1,2-Trichloroethane [e) O [e] o (o]
2,3-Dimethylbutane Q Q Tetrachloroethene [e] [e] [e] 0] (@] o]
2-Methylpentane O o] 1,2-Dibromoethane o] ] [e) o]
3-Methylpentane [¢) [e) Chlorobenzene O [e) ] [e] ]
2-Methyl-1-Pentene 1,1,2,2-Tetrachloroethane O 6] [¢) Qo o
n-Hexane [e) [ [ ] Ethylbenzene [e) O [e) o
trans-2-Hexene - m-,p-Xylene [e] O (6] [e]
cis-2-Hexene o-Xylene ] o] o] o
Methylcyclopentane [e] o] Stylene @] 0] 0] o
Benzene [} (¢} e} 4-Ethyltoluene [e) [e] [e) o]
G o] [e] 1,3,5-Trimethylbenze o] ] o] ]
2-Met [®) @ 1,2,4-Trimethylbenzer [¢) [¢) @) (0]
2,3-Dimethylpentane ] [¢] 1,3-Dichl O [e] O o o
3-Methylhexane O [e] 1,4-Dichlorobenzene [e] [e] o] 0] o]
2,2,4-Trimethylpentane [e) [e) Benzyichloride [e) 6] Qo o]
n-Heptane [¢) o 1,2-Dichlorobenzene [¢) o) 0] O O
hyl [¢) [e) 1,2,4-Trichlorobenzene [¢] o @) @) o
2,3,4-Trimethylpentane O o Hexacl T o] 6] (o] o o
Toluene o] Q [ ] TO1 SRR BENHD)
2-Methylheptane ] [e] Methanol o] Q
3-Methylheptane 0] ] Ethanol [e] O
n-Octane 6] o Acetonytrile [¢) o
Ethylbenzene O ] [ ) Acetone Q 0]
p-Xylene [e] @] o Acrylonytrile [e) o)
m-Xylene o o] [ Acrolein ] o
Stylene (6] ] [ ) Propyl O o]
o-Xylene O [e] o 2-Propanol @] [0]
n-Nonane [e] o] Methyl-tert-butylether [e) Q
iso-Propylbenzene [e] [e] [ ] Vinylacetate o] o
n-Propylbenzene [e] [e] Methylethylketone [e] o
( @-Pinene) [e] Ethylacetate [e] o]
1,3,5-Trimethylbenzene [e) [ ] Ethyl-ter-buthylether o) O
1,2,4-Trimethylbenzene [e] [ ] 1-Butanol [e) ]
( 8-Pinene) O ethylacrylate [e] o]
Formaldehyde [¢] 1,4-Dioxane 0] ]
Acetaldehyde o] Epichlorohydrin [e) O
Acetone 4-Methyl-2-pentanone (@] Qo
2-Butanone [¢) o
Dimethylether [e] o
Dimethylholmamide O (e]
: BEHSHR 2-Methoxiethanol [e) [e)
Methylmetaacrylate o] o
3-Chloro-1-propane o] [®)
Hexane 6] o
1,3-Butandiene o] (0]
Acetaldehyde [}
Ethylenoxide
Chloromethylmethylether O
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BLrOME XS VI NERNTEL2 VY, MSTUEHEHMOERICHE > TORME
EAT AR INTBELOT S BT BAPLELRESBETH L, EHEH N FE
AT I A0ERE B BOREIbbELF Y YT ) A T 2~DHEDOK
BEATHY, COHETEHERNICHEERE - MBEDRzAHMLL ZHFAEXNH»FAH
Ehd, RUBOEBERXBEORBELERZ LT LD S,

£2. mih#BOHH

n\\n

i BETR (RBE) | TEl/H FEEL
RFEIL IS, TEE., e
KT 4 F Aemdi: (F1D) 0.1ng(100ml) +2% f&fﬂ{tgu & FFWIZRIE, FERTE
e e s 1pg/SIM(100ml) SCANETILREHLTE V. BRIV AYE
BT (MS) 0.1ng/SCAN(100ml) +20% BFEORKFIIIEFICEL W
ERfEEmLSE (ELCD) 1ng(100ml) +5% |ISEIXETE. BEOBUIHE., ESESEV
*E S A A GG, 3
FA A iR R (PID) | 0.1ng(100mI 74~ +5% g;ﬁ%ﬁﬁﬂumtﬁwt EROIIDE.

FETF % 3EULECSFISH LTI
?%"E*ZFF eI AT

BEBEHEROBIHAGLETCOERIBRF IR TVIE, IVFATL - T LT
BMHE, SV A HT A - TANTFREBEVZHEAEDLELEZLRTWY B A, fF
BEBELABZz7EHT B0 LERERIELZTNE R LR v,

BT HAE R 27 (ECD) 1pg(1ml)CCL4 +3%

o ) EEYAT R BOM S SBHRA - ENER, S
H (GC) #EMRHER, 7— 5 RBEHP L% |
| F— NEERBOFTREAT, 2—F71J74—-T
W3IEL  BERE-BAB 0 GC  BwE FosuEm SOV ATFARERT L. HRETHEE.
} B - ORI L CREORE A 5o B
(sriem - mas B )
AT BOBBROBIEE K 1 1IRT . SEOE

AR —TYT 1
(FS48=) ETREBEIZVTFRO AR TL0.1ppphRETH

2 — "} - >
D CHUCLELBORBEORNZIT) L HE
MEHER gk

I-‘—(:l———’“’”"’“ﬁ2 ShTWwa,
i 2 )
J

E1. BBSMETORKRNEER EXROZAORE

-

1) ¥y ¥59y—-—4254GC/F1ID

DHARBEAY Y RIEKZFOHRSHEEBHELTHESIRLbDOT, ¥ 7N
ASGAICENC2HALCITFTORDPD—FIHEITIIENTEL, WEHBHEL
SAFATHNY, FIDEAVIZOTRIAKZORZFR CEALLEENRONSE Z
MAEEEETRH VWL REDPERTH L, BRELRIEKXKFZFORBLITERTH 2
B, —BWATLATHRLAYDSENFTHTELP oL ) TE2OTHUENRILEEINT
W, MlEIR, OCKAHHNLA-REECABZIRE - HELABRMAEL, Fx )Y
ATEHRNLY SLICHEAN - PHLTHRET 2, 78EAT 22 7VIFPLOT
LERVWEE., RBERPF Y IY—F 22 +HICKRELE EARRAMRILKFDR
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FHEI S IEEIEBELE 2,

S SE(B1)

(HHtigim]

£ # H:VOCARB3000MHELSE (144 > F15cm)
HoH & R 100mL

W% B EIo0C

GBI IT

xR BRIESE

RERRE 4 05, FHFEMIELHNTH 2,

F—5

PIRRE

L

YA RE

GAS-30%) GC FID

3 L2F L2 A—F5—
BE R 5] F & 20mL/min j T PAL-1G
hn # B 1R B 280°C AL 4 bemoeceeoeaood |
[€23:73)| AR B
Fri)¥—HZER : 4.0mL/min ( {He]
FTEBAT LITAIF SOy b ASLT & W) PR R —{N;]
0.53mm LD.x 30m FREE
AFN ) 3255 A(Quadrex Co.Ltd) BEE3 2= ——Air |
0.32mm LD.X5m X 0.25m df. GAS-2PH -[To)
A B £ #:35C(4.5min)—19°C/min—90°C~10°C/min e
—170°C—7°C/min—240°C
70—
H
£
2
0 &
0 ¥
m ¥
oo 2
A
0 & 2
5 3
) . x = <
s I
3 a g
0 2 ]
0 B 2
n T 2
G
0 H g iz .
. § & g & 3
o > T Tl b4 =
0 % 8 g H
2 e
" S .
] 0 0 0 o]
ey N— 00— -

Retention Time (min)

B2, RICGKFEMESHS ZA54 (GAS—3051A8)

HIERTIER 1 1o

2) ¥Y¥99)-454GC/FID/FID

COFAXBREEPATHMEBTLEBED G LV COREH M O 720 12 54 iR

DHESCHHCT 220 CEASHEFRT
TANRCHZEABICNET S I LEHNTE S,
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BHA T2V BERLEINC2LLCSBPETHTIIITILLECERTUEZ DEEY
52HhNTLTEADPHMLANA2OBBETHELIT ). 77 2EREOREFHITHEL
ODT1Io>OEBRMBTLIVDY, RUBF2ELETHS, EHICLELRTAHOHEE D
2ERDPLEE LD, VI NVFIDOYAFLAEREBETEEFTLRED—
FEMERDSELLTHMNL TWBEETTH b,

DY ATLTHC2A26LCO5MTDBEEICETVIFTPLOTA T LR VLD
THREBOBRBEARTRTHE, REFWE4 00, 2HAPNIIEBRTDH 5,

3 1
RERBAO R WAEARE S AFLIAO—F—

AR (B) GAS-30% GCFID 1 FID2  F—5piERE

(ER ) oy 2B ]

% 1  # :VOCARB3000#H% (%44 > % 15cm) —
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HAPs | TO-14 Components MW Quantity lon Qualify lon
1 Dichlorodifluoromethane(F-12) 120.91 85 87,
2 | Dichlorotetrafluoroethane (F-114)| 170.92 85 87
3 | Chloromethane 50.49 50 52
4 | Vynil Chloride 62.5 62 64
1,3-Butadiene 54.09 39 54
Acetaldehyde 44.05 44 43
5 | Bromomethane 94.94 94 96
6 | Chloroethane 64.51 64 66)
7 | Trichlorofluoromethane (F-11) 137.36 101 1038
8 | Trichlorotrifluoroethane(F-113) 187.38 151 153
9 | 1,1-Dichloroethene 96.94 96 61,63
10 | Dichloromethane 83.93 84 86, 49
11 | 1,1-Dichloroethane 98.96 63 65, 83
Acrylonitrile 53.06 53 52
1ty 12 [cis-1,2-Dichloroethene 96.94 96 61,98
©:H6:] 13 |Chloroform 119.38 83 85
B 14 |1,1,1-Trichloroethane 133.4 97 99, 61
15 | Carbon Tetrachloride 153.82 117 119
IS | Fluorobenzene 96.1 70 96
17 | Benzene 78.11 78 77
16 | 1,2-Dichloroethane 98.96 62 98
18 | Trichloroethene 131.39 95 130, 132
19 |1,2-Dichloropropane 112.99 63 112
20 |cis-1,3-Dichloropropene 110.97 75 110
21 | Toluene 92.14 92 91
22 |trans-1,3-Dichloropropene 110.97 75 110
23 |1,1,2-Trichloroethane 1334 83 97,85
ity 256 [1,2-Dibromoethane 187.86 ' 107 109, 188
:H10:] 24 |Tetrachloroethene 165.83 166 168,129
iiiiiily 26 | Chlorobenzene 112.56 112 77,114
27 | Ethylbenzene 106.17 91 106
28 |1,3-Xylene 106.17 106 91
29 |1,4-Xylene 106.17 106 91
30 |1,2-Xylene 106.17 106 91
31 |[Stylene 104.15 104 78
32 |1,1,2,2-Tetrachloroethane 167.85 83 131,85
33 |1,3,5-Trimethylbenzene 120.19 105 120
34 |1,2,4-Trimethylbenzene 120.19 105 120
35 |1,3-Dichlorobenzene 147, 146 111,148
36 |1,4-Dichiorobenzene 147| 146 111, 148
37 | 1,2-Dichlorobenzene 147 146 111,148
38 [1,24-Trichlorobenzene 181.44 180 182
39 |Hexachloro-1,3-Butadiene 260.76 225 260
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o— M/p-Xylene
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Ry VTR RE =Y T T — (MR xTe-avie-3) o5& H#E

3. —EREOFHEK T, N yv7 ¥4=224-4v7" 7-OFH & % 2.7mL/min IZFHE L .
RE%& 6L D=2 -IZHBM LB EOHRELI=A-NOEHOREL{E R T7T
T.2mL/min DR ETT & 24 R EIZIE—EHRETH 7 V) TEET,

B3 Ry TFv=RE—HT5—0REHFHEOFH

800 5.00
——£ H(mmHg)
—&— ;% B (ml/min) 1 450
700
400
600
1 350
6LT4L
% 1 300 S
£ cressrasserrareen ; i
Sa00 | T {250 Z
R ' B
H ' 4 5
200 | : 200 2
. 1 150
200 .
. 1 1.00
100 | ' 1 050
0 . . . . ! . . 0,00

0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0
EFEI(h)

. — — 1) —=" " Eu
A R B4 Fv=R4—HU—=v ORI

B4k, ImEHR (% lppm) % %v=x

Dl COMPOUNDNAME |1 mg 2mE 3@EA| Blank

? FreonTZ 0.019
JRIZEEE L, —BRBKEBELEE., 1)y 2| Freon114 |o.018
. 3| Chloromethane 0.045 0.028 0.0300.039
7" YA7h (GL CCS-1) #FHWTEZE % L 4| Chloroethene 0.032
, . . 5 | Bromomethane 0.029
THZEKMEZ Y IRTEIZ, AUTOCan § [ CHoroemans 0.023
. . B . 7| Freont1 0.018
VATATHRIE L, BEFTROBZEE R 8| Freon113 0.033 0.014 0.008|0.014
: g | 1.1-dichloroethene 0.037
%) D ‘C‘j—o 19| Dichloromethane 0.044 0.031 0.020]|0.028
. . Til T T-oichloroetiane
2~3EMNEZE] = . R R MIE D 12| ¢-1,2-dichloroethene | g 063
. N - - s = . 13| Chloroform 0.017
EZ BRI - Licky, iR TS5 14 1.1,1-Trichloroethane
3 - N Carbon tetrachloride
JEETHEEREINTHD Z BB £, }Z TZDCHIGToetaNe |5 534
B
¥=Af-O MBI, ERwEe-s-% A :; Benzene 0.092 0.069 0.057]0.107
B i h
TS0 CICMBLE L7, 19} Trichloroethene 0.044

90| 1.2-Dichloropropane | g. 022

71| ¢-T.3-Dichisiopropene
22| Toluene 0.049 0.010 0.007 | 0.009
23| t-1.3-Dichloropropene
94} 1,1,2-Trichloroethane | o 058
95| Tetrachloroethene 0.021
76| T.2-Dibromioethane 0.075

97| Chiorobenzene 0. 050
- |28| Ethylbenzene 0.144
29| m/p-Xylene 0.158
30| o-Xylene 0.152
37| Styrene 0.267 0.004

32| 1.1,2,2-Tetrachloroeth | o 240
33| p-bromofluorobenzene
34] 1.3,5-Trimethylbenzen | g 542

35| 1.2,4-Trimethylbenzen | { 031 0.007
361 M-Dichiorobenzene 0.240 0.003
37) p-Dichlorobenzene | 0 380 0. 008 0.01
3g| o-Dichlorobenzene 0.338

39| 1.2,4-Trichlorobenzenel 2 027 0.045

40| Hexachlorobutadiene | { 962 0.028 0.006

Bfi:pphb
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BEARAFEREE GL SGD—1%@-1

BREHERBRY Y TILOER
@1 ppmDIBFXEHFRAEFE > T 0.5~500pm DY > TILEZFAET S,

STDHR

MERXIZ

HZER

(0. 1~5. OL/min)

$-3W3A70-140~5
(0. 2~10mL/min)

¥-vhvAI0-3v40-3

MEA M

....................................................

........................

)

I EBEE (ppb)

HTE B EE (ppb)

s = - N
GL SGD—1THELEYYTILY
Chloromethane Benzene
10.0 12.0
_ | b
8.0 Jé: 10.0
6.0 w 20
a0 | Ty 6.0 [
. y = 0.9933x + 0.0463 M40y ¥y = 1.0031x - 0.0343
20 F R? = 0.9996 oo} R2 = 0.9999
0.0 0.0 ’
0 2 4 6 8 10 0 2 4 6 8 10
SHERE (ppb) THERE (ppb)
Toluene Hexachlorobutadiene
12.0 12.0
| b - L
10.0 a 10.0
8.0 [ ~‘3 8.0 [
6.0 | E—g 6.0 [
4071 y = 1.0076x - 0.0989 E;f 4a0r y = 1.0145x - 0.1102
20 I R? = 0.9998 "t2.0 7T R? = 0.9993
0.0 0.0 ! ' '
0 2 4 6 8 10 0 2 4 6 8 10
FHEIRE (ppb) THERE (ppb)
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r o \ > - . O = - N 0 - e
N9y IRV TT G- - FyIRE-INEHYTT F- O EIR )
= N Nyy7 | BOER VT
&S P& EIXE% | EARE%

1 Freoni2 93. 44 100. 61
2 Freonil4 96. 11 104. 89
3 Chloromethane 98. 90 103. 51
4 Chloroethene 94. 54 104. 70
5 Bromomethane 113. 23 119. 43
6 Chloroethane 102. 69 110. 07
7 Freonti 111.85 116.57
8 Freoni13 133. 14 139. 40
9 1, 1-dichloroethene 106. 63 113.49
10 | Dichloromethane 108. 51 114. 51
30 | oXylene 100. 06 112. 39
31 | Styrene 107. 27 111.96
32 | 1,1,2, 2-Tetrachlioroethane 94.98 103. 88
34 | 1,3,5 Trimethylbenzene 100. 73 112. 24
35 | 1,2, 4-Trimethylbenzene 101.78 112.55
36 | mDichlorobenzene 106. 30 117.59
37 | p-Dichlorobenzene 104.59 116. 80
38 | o-Dichlorobenzene 105. 64 117.80
39 | 1,2, 4-Trichlorobenzene 110. 52 125. 21
\_ 40 | Hexachlorobutadiene 107. 11 117. 48 ‘)
a A
AUTOCanTOIH
QLI TEY_RA—DIDmME. hTLITA>DT
Of— o> ToT—ERBEBD KL
OE£T16ENF v R4 —(6L)EHER
©32°2MOsTD HARDS a3 Y
@WindowsmﬁV7Ff%$U$i
ORNWRE  -FEHhF vyt
@+ HSLISAFIT+—hy P TREME
@EHMENIICHL AT
. i,
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AUTOCanBEBHETERKK

g% . —e
or —_— > *f e :7}b L/ T {
Nk MFC

20m!/min

NERES > T

MFC F=%
65ml/min
N L )
yoIn1 8 KRS TN
P) I ’ .
500m| MFC = 8
65mi/min
5.7
X MC s b2 . = o se
or % h 5 ,{ JIN— <
1) q =
AlYa-h MFC
3mt/min
<—— FrYF—H=R TaV—7
rSu S
ZE mMcs .~ PR E R/ AN
FryF—HZ ar
AlJa-4
954171-h1 R—%xo 4y
o 300°C
200°C 350°C

.i.ie-. %ﬁ

SO NEBEY L L * K
. VOCs o REBAHR
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#V;Z?—ﬁﬁ&Z%A@ﬁﬁ

<ERME>

O@F5iE: TOoO—14ELEAREERLFY-RA4—IZKBLTAUTOCan
ko EEATET o o

OiER . ASTEXHERLAVOBYELANCREILEDRRER,.
FY_RA—EF LA IRTLIZ, BEMBEICSATWSEE
fL2ME (VOCs) DAFICEATE 3,

1D # B % CONC. 1 CONC.2 CONC.3 CONC.4 CONC.5| #%FE= | ZTHESR
1 Freon12 4.706 4.920 5.066 5.099 5.209 0.194 3.73
2 Freon114 4.667 4.941 5.053 5.092 5.248 0.216 4.12
3 Chloromethane 4.540 4.909 5.099 5. 218 5.234 0. 288 5.50
4 Chloroethene 4.709 5.006 5.137 5.072 5.075 0.169 3.33
) Bromomethane 4.470 4,903 5.099 5. 200 5.327 0.334 6.28
6 Chloroethane 4.736 4.980 5.087 5.067 5.129 0. 157 3.06
7 Freonli 4.727 4.891 5.074 5.127 5.181 0.187 3.62
8 Freon113 4.651 4,913 5.069 5.132 5.236 0.228 4,35
9 1, 1-dichloroethene 4.541 4.886 5.108 5 167 5.298 0. 297 5.60
10 | Dichloromethane 4.559 4.824 5.053 5. 208 5. 356 0.3158 5.89
11 1, 1-dichloroethane 4.559 4.882 5.027 5.199 5.333 0. 300 5.62
12 c-1,2-dichloroethene 4.966 4.983 5.008 4.9%94 5.049 0.032 0.63
13 | Chloroform 4.744 4.929 5.068 5.075 5.184 0.169 3.217
14 1,1, 1=-Trichloroethane 4.924 4.970 5.004 5.014 5.088 0. 061 1.19
15 Carbon tetrachloride 4.775 4.911 5.047 5.089 5.177 0.158 3.06
16 1,2=-Dichloroethane 4,918 4.962 5.001 5.006 5.113 0.072 1.41
17 | Benzene 4,809 4.975 5.033 5.054 5.128 0.120 2.34
18 Fulorobenzene i.s.
19 | Trichloroethene 4.853 4.989 5.047 5.020 5.090 0.090 1.77
20 1, 2-Dichloropropane 4,960 4.984 5.001 4.999 5.056 0.035 0.70
21 c—1,3-Dichloropropene 4,932 4.965 5.008 5.036 5.059 0.052 1.02
22 Toluene 4.979 5.024 5.010 4.976 5.01t 0.021 0.42
23 | t-1,3-Dichloropropene 4.868 4.983 5.030 5.014 5.105 0. 086 1.69
24 1,1,2-Trichloroethane 4,995 4.993 5.010 4.980 5.022 0.016 0.32
25 | Tetrachloroethene 4.875 4.967 5.042 5.054 5.061 0.079 1.57
26 1, 2-Dibromoethane 4.782 4.949 5.089 5.074 5.105 0.137 2.68
27 | Chlorobenzene 4.808 4.971 5.062 5.074 5.084 0.116 2.28
28 | Ethylbenzene 4.889 5.005 5.041 5.027 5.038 0.064 1.26
29 | m/p—Xylene 4.858 4.986 5.055 5.048 5.054 0.085 1.68
30 o-Xylene 4.938 4.999 5 057 5.018 4 988 0.044 0.87
31 Styrene 4.817 5.012 5.014 5.037 5.021 0. 048 0.95
32 1,1,2, 2-Tetrachloroethane | 4.810 4.974 5,056 5.070 5.090 0. 115 2.26
33 p—bromofluorobenzene i.s.
34 1,3, 5-Trimethylbenzene 4.880 4.997 5.035 5.048 5.040 0.070 1.38
35 1,2, 4-Trimethylbenzene 4.897 4.998 5. 032 5 036 5.036 0. 060 1.18
36 | m=Dichlorobenzene 4.957 - 5.028 5.037 5.005 4.974 0.034 0.69
37 p-Dichlorobenzene 4.977 5.002 4.991 5.027 5.003 0.018 0.37
38 o-Dichlorobenzene 4.959 5.019 5.028 5.042 4.952 0.042 0.84
39 1,2,4-Trichlorobenzene 4,939 5.016 5.028 5014 5.003 0.035 0.71
40 | Hexachlorobutadiene 4.818 4.983 5,063 5.086 5.051 0.109 2.16

CONC. :ppb TEFEE : %
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bl Sciences Inc.

—_ — . > =
XY _RA—DY ) —=2 T
0L 1 ppmDTO-4EEHREF YR E— KRB L—BREK
BLE&., 9V—=ZVUTVRAFLGL CCS—15#FEVWEESE
LTHZEEMEE2BYERTEICAUTOCanTHaMLE.Fv=
A4 —[FEROT Y MLE—42—%ERAL 150°CITmMEL =,
'"| COMPOUNDNAME | 1EI8 2[E8 3EH|Blank
1| Freon12 0.019
.n‘ﬁ%% SUMMA®X 12]|Freon114 0.018
3 | Chloromethane 0.045 0.028 0.030(0.039
¥ —RZXRA—T1 ppm ¥ |4] Chloroethene 0. 032
5 | Bromomethane 0. 029
— A0 = o 6 | Chloroethane 0.023
EO—fEXKEFERL 7| Freont1 0.018
8| Freon113 0.033 0.014 0.008]0.014
& 2~3EDEE 9 | 1,1-dichloroethene 0. 037
10| Dichloromethane 0.044 0.031 0.020]0.028
BGlEMMARAMENDEY |11]1,1dichloroethane
12| ¢c-1,2-dichloroethene | 0. 063
R LT ﬁ BAagei 13| Chloroform 0.017
f Ag % 14§ 1,1,1-Trichloroethane
. 15| Carbon tetrachloride
oo & ~ <
ERITSVIEETY  [5§]15Dichiorosthane | 0. 034
. . 17| Benzene 0.092 0.069 0.057]0.107
Wy —=—2 4534 B5FHMN T |8 Fulorobenzene
19| Trichloroethene 0. 044
x5, 20| 1,2-Dichloropropane | 0. 022
21| c-1,3-Dichloropropene
22| Toluene 0.049 0.010 0.007]0.009
23| t-1,3-Dichloropropene
24} 1,1,2-Trichloroethane | 0.058
25| Tetrachloroethene 0. 021
26| 1,2-Dibromoethane 0.075
27| Chlorobenzene 0. 050
28| Ethylbenzene 0. 144
29| m/p-Xylene 0. 158
30| o-Xylene 0. 152 )
31| Styrene 0.267 0.004
321 1,1,2,2-Tetrachloroeth ] 0. 240
33| p-bromofluorobenzene
34{ 1,3,5-Trimethylbenzen | 0. 542
35{ 1,2 4-Trimethylbenzen ] 1. 031 0. 007
36| m-Dichlorobenzene 0.240 0.003
37| p-Dichlorobenzene 0. 380 0.008 0. 011
38| o-Dichlorobenzene 0. 338
39| 1,2,4-Trichlorobenzene} 2. 027 0. 045
40| Hexachlorobutadiene | 1.962 0.028 0.006
B4 : ppb J
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bL Sciences Inc.

Ho7IL

TO-14 R # # X Sppb 200m! ISTD Sng

AUTOCan &4 MR# +5 v 7 : Tenax-TA/GR

BREEE . -100°C
R AT D
BEBRE . 220°C

20°C 10ml/min 2min

P34 T+—HhRX:-185°C

4229 b :200°C

Hh S5 L : AQUATIC 0.25mm 60 m 1 um

K HH 3% : GC/MS SIMADZU QP5000 SCAN

TiC 10000000
18 29
33
34
32 35
30
37
, 28 36
17
25 27 38
8 31
1
9 19 2
3 10 14
4 i
7 1 1213 20 N 26
5 40
21 %9
6
L L L L
] UUUL . JUVUAL i :
5 ) 5 20 25 30
1).Freon12 11)1,1-dichloroethane 21) c-1,3-Dichloropropene 31) Styrene

2) Freon114

3) Chloromethane

4) Chloroethene

5) Bromomethane

6) Chloroethane

7) Freont1

8) Freon113

9) 1,1-dichloroethene
10) Dichloromethane

12) c-1,2-dichloroethene
13) Chloroform

14) 1,1,1-Trichloroethane
15) Carbon tetrachloride
16) 1,2-Dichloroethane
17) Benzene

18) Fulorobenzene

19) Trichloroethene

20) 1,2-Dichloropropane

22) Toluene

23) t-1,3-Dichloropropene
24) 1,1,2-Trichloroethane
25) Tetrachloroethene
26) 1,2-Dibromoethane
27) Chlorobenzene

28) Ethylbenzene

29) m/p-Xylene

30) o-Xylene

— 133 —

32) 1,1,2,2-
Tetrachloroethane
33) p-bromofluorobenzene

34) 1,3,5-Trimethylbenzene
35) 1,2,4-Trimethylbenzene

36) m-Dichlorobenzene
37) p-Dichlorobenzene

38) o-Dichlorobenzene

39) 1,2,4-Trichlorobenzene
40) Hexachlorobutadiene




o bl Sciences Inc.
AUTOCanlzkda#l (BEAR)

Yo EBEH1O0KS 10ppb 200ml ISTD 5ng

AUTOCan & HWEBFS v 7 v-#" 0" 5774t %
BEEE . -100C
KSA4/83—2 :20°C 3ml/min 2min
BRAERE : 260°C
MCSRE :50°C
D954 T+ —HARX:~-185C
42z bk 150°C

H S L : AQUATIC 0.25mm 60m 1 um

£ 458 - GC/MS SIMADZU GP5000 SCAN

TIC 2 2500000
8
11
4
9 10
" 12
7
6
3
5
._;.w_i'-.uh WJLLMULWJ U..,JL_.,.L i At L — frein
5 10 15 20 25 ) 35
NIvOoNIFYy M2-HoQxTiay
2) 13-4y IR+
N FELFZLTER 9)F B (IS)
4) oo AAay 1Mk onooxzF Ly
5 72yn=krYIJL MMtk oopnxTFLY
6) /7 oaOkRIILL 12)PB F B(S)
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bl Sciences Inc.

AUTOCanIZ&dnHmHl (—FXK)

$oTL: EET16FHBLKRK 200m 1STD Sng
AUTOCan & MWH +5 v 7 : Tenax-TA/GR
RREEE . -100C

KSA4/1—=2

20°C 10Om!/min 2min

i B - 220°C
HSA4*+T+—hR:-185C
429 b 200°C
$H S5 L : AQUATIC 0.25mm 60 m 1 um
K42 . GC/MS SIMADZU QP5000 SCAN

TIiC

15000000

5) Acetaldehyde
6) 2-methylbutane

11) Toluene
12) Tetrachloroethylene

—135—

75 10 5 20 25 30
1) Propane 7) Ethanol 13) Ethylbenzene
2) Isobutane 8) Acetone 14) m/p—Xylene
3) Butane 9) Ethyleacetate 15) o—Xylene
4) Methanol 10) Benzene 16) 1,3,5-Trimethylbenzene

17) 1,2,4-Trimethylbenzene



bL Sciences Inc.

AUTOCaniIc&bdnHhl (EARAKE)

oL —BEEERZESR 200ml 1STD Sng

AUTOCan & HR# +5 v 7 : Tenax-TA/GR
REEE : -100C
KS A4 /83— :20°C 10ml/min 2min
R& B & : 220°C
D5A4FT+—HRX:-185C
49 bk :200°C

# 5 L : AQUATIC 0.25mm 60m 1 um

58 . GC/MS SIMADZU QP5000 SCAN

TIC

80000000

5 13
3 7
9
8
2 /j 1011
\Jdu “ UUAJU
5 ' 10 15 20 25 30
1) Propane 8) FEthyleacetate
2) Formaldehyde 9) Toluene
3) Butane 10) Ethylbenzene
4) Methanol/Acetaldehyde 11) m/p—Xylene
5) 2-methylbutane 12) alpha.-pinene
6) Ethanol 13) Limonene
7) Acetone
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RRLFENDIHESEEZRICTDED, BRHIEETEDSNTWS RS, FERE
TEDLNTVEIHAIFBECGC, GCMSTHEETNhTVWS, TZTTRHEERK
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77 (TekLink) THI#EL. BEbtEh T3,

2—2 HEHRE#RS/MALREE (F2—-78%)

ATD400 (S—F>z)yo—48) +GCMS—-QP5050
OREXAERE LEF2—TICAKEHET 3,
QBBEICEER, Fo—T2mMalEL. GCMS T T %,
CODYRTFALTH, BOALAWZEATARICISAZT 74— hRA2T5H, ATD4
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3 WeEH

3—-1 Fyr=oXI¥—EicLsHE
Rl1H2%2%2, I1IICTO—-148%#HZX0. 2ppbv200mlcofllE
BERT,

®1 HS%
No. R % No. B4 No. B4

1|Freoni12 14{1,1,1-Trichloroethane 27|Ethylbenzene

2|Freonl114 15}Carbon tetrachloride 28|m,p-Xylene

3|Chloromethane 16{1,2-Dichloroethane 29]o-Xylene

4|Chloroethene 17|Benzene 30{Stylene

5|Bromomethane 18]Trichloroethene 31)1,1,2,2-Tetrachloroethene
6|Chloroethane 1911,2-Dichloropropane 32{1,3,5-Trimethylbenbzene
T|Freonll 20fcis-1,3-Dichloropropene 33|1,2,4-Trimethylbenbzene
8{Freonl13 21|Toluene 34|m-Dichlorobenzene
9{1,1-Dichloroethene 22|trans-1,3-Dichloropropene | 35|p-Dichlorobenzene
10{Dichloromethane 2311,1,2-Trichloroethane 36{o-Dichlorobenzene
11{1,1-Dichloroethane 24|Tetrachloroethene 3711,2,4-Trichlorobenzene
12|cis~1,2-Dichloroethene 25|1,2-Dibromoethane 38{Hexachloro-1,3-butadiene
13|Chloroform 26|Chlorobenzene

TiC 120000

2

1

9
1
4 7849
5 1
1
37 38
T I e o S B s T O —r v
5 10 15 20 25 30 35 40

K1 SIMZp~wbrZ5L(TO—-1448#HZX:0.2ppbv 200ml)
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TIC 220000
2
g
o
3 7 10 17
4 S)
11 14'16
i B s
12
13
\j {S]
(.
5 10 15 20 25 30 49
EPA TOI4 AZHEH X 0. Ippbv 200ml J84E (F v =X ¥ —iHEE)
SIMBZED TIC
Fr R —HEEICLSHIFY
BE5|tEM% ov/% | |BEtEDE cv/%
1 [Freoni2 1.7 20 lc-1,3~Dichloropropene 3.4
2 |Freonild 2.5 21 |Toluene 5.0
3 |Chloromethane 2.1 22 t-1,3-Dichloropropene 3.4
4 |{Chloroethene. ' = 2.0 || 23 |1,1,2-Trichloroethane 1.4
5 [Bromomethane 2.1 | | 24 |Tetrachiorosther BT
6 |Chloroethane 2.4 25 |1,2-Dibromoethane
7 |Freonii 1.6 26 |Chlorobenzene
8 |Freonii3 1.3 27 |Ethylbenzene
9 |1,1-dichloroethene 1.8 28 m/p-Xylene
10 |Dichloromethane. . 3.0 | 29 [o-Xylene
11 |1,1-dichloroethane 1.5 30 |Styrene .
12 |c-1,2-dichloroethene 0.7 31 |1,1,2,2-Tetrachloroethane 4.1
13 |Chloroform ~ . .oi i 2130 4| 32 |1,3,5-Trimethylbenzene 4.2
14 |1,1,1-Trichloroethane 1.9 33 {1,2,4-Trimethylbenzene 3.0
15 |Carbon tetrachloride 34 Im-Dichlorobenzene 3.1
16 |1,2-Dichloroethane @ =i 35 |p-Dichlorobenzene 3.3
17 |Benzene T 36 |o-Dichlorobenzene 3.1
18 |Trichloroethene 37 {1,2,4-Trichlorobenzene 3.9
19 |1,2-Dichloropropane 38 [Hexachlorobutadiene 5.5

EPA TOVAMAZZEEH X 39A% (0. 2ppbv X 200ml)
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® F 1 — THEEDDMEY (ATD400)

Desorb Time = 5min Desorb Temp = 280°C In Sprit OFF

Desorb Flow = 50ml/min Cryo Cool Temp = 15°C

Cryo Inject Temp = 280°C . Cryo Inject Time = 5min

Out Sprit Flow = 8ml/min

e GCMS-QP5000 D 4Tt

F v U7 HRE : 200kPa

ATH S A : AQUATIC 60m X 0.25mm I.D. 1.0 i« m df

Column Temp. : 35°C(6min)-4°C/min-75°C-6°C/min-165°C-8°C/min-221°C

SIM s BT U S L — K 0.2sec

T o — TSR L S HIN
&5 =R /E2 V% | |1BS t&h CV/%

1 |Freoni2 3.7 20 i{c-1,3-Dichloropropene 3.3
2 |Freonil4 1.4 21 |Toluene 2.9
3 |Chloromethane 4.5 22 1t-1,3-Dichloropropene 1.2
4 |Chloroethene - 6.4 23 |1,1,2-TrichToroethane 2.4
5 |Bromomethane 9.7 | |24 |Tetrachloroethene 2.2
6 |Chloroethane 3.0 25 |1,2-Dibromoethane 4.0
7 |Freonlt 1.1 26 |Chtorobenzene 2.4
8 |Freonii3 2.1 27 |Ethylbenzene 1.9
9 |1,1-dichloroethene 2.2 28 |m/p-Xylene 1.8
10 |Dichloromethane ~:b.b 29 lo-Xylene 1.9
11 |1,1-dichloroethane 1.1 30 |Styrene 4.4
12 |c-1,2-dichloroethene 1.2 31 |1,1,2,2-Tetrachloroethane 5.0
13 |Chloroform 4.6 32 |1,3,5-Trimethylbenzene 1.7
14 {1,1,1-Trichloroethane 3.2 33 [1,2,4-Trimethylbenzene 2.2
15 |Carbon tetrachloride 3.1 34 |m-Dichlorobenzene 3.0
16 |1,2-Dichloroethane 1.4 35 |p-Dichlorobenzene 2.9
17 |Benzene 7.4 36 jo-Dichlorobenzene 3.5
18 |Trichloroethene 5.4 37 [1,2,4-Trichlorobenzene 4.6
19 |1,2-Dichloropropane 1.6 38 |Hexachlorobutadiene 2.9

EPA TO14FEAEF X 39Bk45> (2ppbvx200ml)
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FH5E&=0.99891 FE5x=0.999207

Area1 05 Area 106
8.0 - S ] 2.0 7 SRS T
4.0 f------- P - 1.0 p------- SRt

0 2.5 5.0 0 2.5 5.0
Conc Conc
Chloroethene MR E 43
FEH5=R=0.999975 FE5xR=0.999831
Area1 05 Area1 06
6.0 +------- r ------- 1.0 p------- r ~~~~~~~~
3.0 bommme T (TR P
0 2.5 5.0 0 2.5 5.0
Conc Conc

Trichloroethene D& E#3

HE53=0.999509 HFE5%=0.999938

Ar‘ealo4 Arealos
5.0 f------- Fo-o--- : 3.0 F------- Fome e
2.5 t-----z; CEEEEE 1.5 F------- oo -

0 2.5 5.0 0 2.5 5.0

Conc Conc
Hexachlorobutadiene DR E1%
Fr R —HEE Fa-—THEE L
(200m! JE248) (500m! f@i£E)

EPATO14 128 H XD 33 DR ELE
RERAERE 0.1, 2. 5ppbv
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50000 15000
62.00
] . 62.00
L A | |
5.0 5.5 4.0 4.5
Chloroethene D SIM 7~ b7 > A
20000 14000
130.00
- * 130.00
L | I
15.5 16.0 16.0
Trichloroethene ® SIM 7o~ b7 5 A
12000 10000
,J//A\\\-J 225.00
225.00

39.0 36.5

Hexacholorobutadiene ® SIM 7 0~ c 75 A

Xy =2y —HEE Fa— TRk
200m] ¥E#E 500ml FH L
BRE : EPA TO141&¥ 4 2(39 5i4) 0.1ppbv
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MIC 22000000
3
2
i
456) 110 | 12
.....n,L.*-Mf.L.T,A....‘,‘...‘“‘.-A.Mr'*f‘-#‘“#.aﬂ.K‘.‘]
5 10 15 20 25 30 35 40
AA/ES 1 690 NI 978 . 541 :
b - 1 30 REFRERG ¢ 9.742
NRE-D G 41.05 (. 840646) D10
41 43 57
| ‘ | | | 711 8|6
30 4 s 60 7w s
ID| A%
1| Freonl2
2| Isobutane
3| n-Butane
4 | Isopentane
5| n-Pentane
6| 1,2-Pentadiene
7| Acetone
8 | Acetonitrile
9| Dichloromethane
10{ n-Hexane
11| Chloroform
12| Toluene

HEREANZESK 200ml (F+ =Ry —HHEEE)
SCAN RIZEZ & 5 MIC(m/z29-280 0.5sec) & X% k)l
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TIC

1400000
1
21
10

3
L5 B 2728
!l l 17 N\ /2930

L] JJ\.._ALA_ _;\_&L_ U \IU\{__‘ ~
5 10 15 20 25 30 35 40

k% EBRIHE xxx

ID B33 RIFRHE BEN HH HE
1 Freonl?2 4.629 85.00 1825667 7.543ppbv
2 TFreonlld 4.909 85.00 11691 0.048ppbv
3 Chloromethane 5.062 50.00 242106 1.470ppbv
4 Chloroethene 5.298 62.00 2357 0.019ppbv
5 Bromomethane 6.152 94.00 3054 0.034ppbv
6 Chloroethane 6.267 64.00 6172 0.114ppbv
7 Freonll 6.801 101.00 393098 1.872ppbv
8 Freonli3 7.686 151.00 43033 0.417ppbv
9 1,1-dichloroethene 7.964 96.00 11949 0.130ppbv
10 Dichloromethane 8.930 84.00 1428320 15.267ppbv
11 1,1-dichloroethane ? 63.00 0 0(N.D.)
12 c¢-1,2-dichloroethene ? 96.00 0 0(N.D.)
13 Chloroform 11.970 83.00 650056 4,548ppbv
14 1,1,1-Trichloroethane 12.807 97.00 55061 0.484pphv
15 Carbon tetrachloride 13.559 117.00 31416 0.472ppbv
16 1,2-Dichloroethane 14.015 62.00 17282 0.121ppbv
17 Benzene 14,113 78.00 319666 1.647ppbv
18 Trichloroethene 15.741 130.00 23683 0.237ppbv
19 1,2-Dichloropropane 16.190 63.00 4043 0.048ppbv
20 c-1,3-Dichloropropene ? 75.00 0 O(N.D.)
21 Toluene 19.938 91.00 2268576 16.243ppbv
22 t-1,3-Dichloropropene ? 75.00 0 : 0(N.D.)
23 1,1,2-Trichloroethane ? 97.00 0 0(N.D.)
24 Tetrachloroethene 22.113 166.00 10609 0.171ppbv
25 1,2-Dibromoethane ? 107.00 0 0(N.D
26 Chlorobenzene 25.367 112.00 2414 0.027ppbv
27 Ethylbenzene 25.475 91.00 347628 2.461ppbv
28 m/p-Xylene 25.868 91.00 306155 3.208ppbv
29 o-Xylene 27.772 91.00 133203 1.472ppbv
30 Styrene 28.100 104.00 109281 7.217ppbv
31 1,1,2,2-Tetrachloroethane ? 83.00 0 0(N.D.)
32 1,3,5-Trimethylbenzene 31.201 120.00 5679 0.196ppbv
33 1,2,4-Trimethylbenzene 32.361 120.00 21102 0.859ppbv
34 m-Dichlorobenzene 33.479 146.00 502 0.013ppbv
35 p-Dichlorobenzene 33.807 146.00 45899 1.265ppbv
36 o-Dichlorobenzene 34.716 146.00 2800 0.087ppbv
37 1,2,4-Trichlorobenzene ? 180.00 0 0(N.D.)
38 Hexachlorcbutadiene ? 225.00 0 0(N.D.)

EERERNZES 200ml (F v =X 7 —fHEE)
SIMBAIFEIC LB TIC L ERHER
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TIC 600000
21
: 20 5
N/
10 17
29
30
J /
— e e
5 10 15 20 25 30 35
*kx FEEE xxx
D B34 {REFR BER HE BE

1 Freonl2 3.724 85.00 264788 0.208ppbv

2 Freonlld ? 85.00 0 0(N.D.)

3 Chloromethane 4.075 50.00 307586 0.450ppbv

4 ©Chloroethene ? 62.00 0 0(N.D.

5 Bromomethane : ? 94.00 0 0(N.D.)

6 Chloroethane ? 64.00 0 0(N.D.)

7 Freonll 5.653 101.00 74253 0.156ppbv

8 Freonli3 6.582 101.00 15998 0.053ppbv

9 1,1-dichloroethene ? 96.00 0 0(N.D.)
10 ©bDichloromethane--------=-==—== 7.969 84.00 541255 1.497ppbv
11 1,1-dichloroethane ? 63.00 0 0(N.D.)
12 c¢-1,2-dichloroethene ? 96.00 0 0(N.D.)
13 ©Chloroform 11.705 83.00 22507 0.087ppbv
14 1,1,1-Trichloroethane ? 97.00 0 0(N.D.)
15 Carbon tetrachloride ? 117.00 0 0(N.D.)
16 ©1,2-Dichloroethane-—---------- ? 62.00 0 - 0(N.D.)
17 ©Benzene 14.139 78.00 401793 0.164ppbv
18 ©Trichloroethene-—------------- 15.903 130.00 13231 0.074ppbv
19 1,2-Dichloropropane ? 63.00 0 0(N.D.)
20 c-1,3-Dichloropropene : ? 75.00 0 0(N.D.)
21 Toluene 19.848 91.00 1007593 2.206ppbv
22 t-1,3-Dichloropropene ? 75.00 0 0(N.D.)
23 1,1,2-Trichloroethane ? 97.00 0 0(N.D.)
24 OTetrachloroethene-------~~---- 21.640 166.00 9200 0.048ppbv
25 1,2-Dibromoethane ? 107.00 0 0(N.D.)
26 Chlorobenzene ? 112.00 0 0(N.D.)
27 Ethylbenzene 24.262 91.00 509237 0.461ppbv
28 m/p-Xylene 24.541 91.00 495751 0.422ppbv
29 o-Xylene 25.764 91.00 206350 0.018ppbv
30 Styrene 25.962 104.00 56918 0.809ppbv
31 1,1,2,2-Tetrachloroethane ? 83.00 0 0(N.D.)
32 1,3,5-Trimethylbenzene 28.403 120.00 21886 0.126ppbv
33 1,2,4-Trimethylbenzene 29.476 120.00 97604 0.219pphv
34 m-Dichlorobenzene ? 146.00 0 0(N.D.)
35 p-Dichlorobenzene 30.907 146.00 72490 0.303ppbv
36 o-Dichlorobenzene ? 146.00 0 0(N.D.)
37 1,2,4-Trichlorobenzene ? 180.00 0 0(N.D.)
38 Hexachlorobutadiene ? 225.00 0 0(N.D.)

T A 2 28 500ml (F 2 — TSR )
SIMAIEIZ L % TIC L EBHER
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Name I.D. Film 30 Meter 60 Meter
(mm) (pm) Code Price(¥) Code Price(¥)
NAavFyI =R 0.25 2.0 S$2549 70,000. 82087 120,000.
624 0.32 3.0 §2509 77,000. 52986 127,000.
0.53 3.0 $2508 93,000, | eereer | eseees
ﬁ — F jj —
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2 FHATEF(2,4-DNPHEEG) Do
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Column : 52586 2,4-DNPHA T L
25m X 0.53mml.D. X1.0uzm
Temperature : 190°C(2°C/min.)~200°C
3 Carrier Gas : He 50cm/sec.
! 4 Detector :FTD
; Injection : 0.5uI, Direct
2 5 R4 D P77 i v (STUG, PUESEENE)
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Name 1.D. Film Length Code Price
(mm) (nm) (m) ()
2,4-DNPH 0.25 0.25 25 §2584 63,000.
0.53 1.0 25 §2586 87,000.
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TOWN GAS BUTANE ISOMERS
9
hE: B B
3 1. Methane 1. Propane 6. iso-Butene
2. Ethane 2. iso-Butane 7. 2-Butene
3. Propane 3. n-Butane 8. 1,2-Butadiene s
4. iso-Butane 4. 1-Butene 9. 1-Butyne
5. n-Butane 5. 1,3-Butadiens
7
4 8
45
Iy L
0 5 10 15 Time(min) 0 5 10 15 20 25 Time (min.)
_ Column 82597 #X7ANS L Column 1 82597 ARTABT L
15m X 0.32mm|.D. 15m X 0.32mm|i.D.
Temperature : 407C Temperature : 40°C (2°C/min.)~80°C(10°C/min.)~130°C
Carrier Gas He CarrierGas : He
PENTANE ISOMERS HYDROCARBONS (Cg~Cj0)
- 1
! s 7 HH B
& 1. Methane 6. iso-Pentane 24 1. n-Hexane
2. Ethane 7. n-Pentane 4. 2. n-Heptane
3. Propane 8. 1-Pentene 3. n-Octane
4. iso-Butane 9. trans-2-Pentene 4. n-Nonane
. 5. n-Butane 10. cis-2-Pentene 5. n-Decane
3 8
2
[
10
0 5 10 5 Time (min.} 0 5 15 Time (min.)
Column S2597 HA7AHNT L Column 1 82597 ARXTOHT L
15m X 0.32mm|.D. 15m X 0.32mmi.D.
Temperature 40°C (2min. hold) (7°C/min.)~120C Temperature  : 150°C (10°C/min.)~250C
Carrier Gas He Carrier Gas : He
) e
1l Name iD. 5 Meter. 15 Meth 30M tc?r
Code | Price(¥)| Code | Price(¥) | Code | Price(¥)
AZXTAHS L PLOT) | 032mm | S2596 | 43,000.|S2597 | 84,000. | S2598 101,000.
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