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1. Scope nents are detected by a flame ionization detecter, and the peak

1.1 This test method covers the determination by capillanréas are integrated electronically. The concentration of ben-

at levels from 1.0 to 2400 vppm. determined by external standard technique.

Note 1—Lower levels of benzene may be determined by this test4, Significance and Use

method. However the gas chromatography (GC) will have to be modified . C .
from those specified in this test method. The precision of the method ma%,h:gx;reh;)?i(;istthrgte(t:g%ﬂI:ifr;l(zr(])llll?rrntr?s-raerset &Z?giflﬁi?‘zxf?or
not apply to these lower benzene levels. :
12 For hazard information and quidance. see the s I.er,trace level of benzene in hydrocarbon solvents. The need for

: zarg | ! gui ' UPPIIET Race benzene analysis in hydrocarbon solvents arose because

Material Safety Data She_et. . of the increase of more stringent regulation of benzene level in
1.3 The values stated in Sl units are to be regarded as ﬂ}ﬁese materials

statement. The values in parenthesis are given for information
only and are not necessarily the exact equivalent of the SI uni Apparatus

values. . 5.1 Chromatograph-Any gas chromatographic instrument
1.4 This standard does not purport to address all of the , =’ oo
. : o . that has a backflush system operated by a switching valve
safety concerns, if any, associated with its use. It is the ically. fl ionization d d b d
responsibility of the user of this standard to establish appro-aummat'(.:fd y, flame lonization detector, and can be operated at
the conditions given in Table 1.

Eirlliz;\teo??geta/l;r;? r}iema:;tgti%f:t'iﬁ)sr zti(;]isdeetermme the applica- 5.2 Detector—The flame ionization detector shall have
Y 9 y P ' sufficient sensitivity to detect 0.1 vppm of benzene at a peak
2. Referenced Documents height of 3 times the noise level.
) 5.3 Columns—one 2—-m (6.5-ft), 0.53 mm inside diameter
2.1 ASTM Standards: fused silica capillary with 5-um thick bounded methyl silicone

D 4367 Test Method for Benzene in Hydrocarbon Solvents, ||\ 204 one 30-m (98.5-ft), 0.53-mm inside diameter
by Gas ChromatograpRy

. d . . fused silica capillary with 0.5-um thick bounded polyethylene
E 300 Practice for Sampling Industrial Chemicals glycol column.
5.4 Switching Valve-A 6—port switching valve 175°C (347

3. Summary of Test Method ' ;
31 A gi | f th le is introduced int °F) maximum temperature, housed in a separate, temperature-
' given volume of the Sample IS INtroduced INto a 9aSy,hyg)jed oven, that can be activated automatically by the gas
chromatograph equipped with two capillary columns con-

ted i o5 b chi ve. Th . f cpromatograph.
?hec e hm se;]lest y SYI\I” ¢ mglva Ve. 'the s%emm(;andpassesl IStg 5 Sample Inlet SystemThe sample inlet system shall be
rough a short capifiary column with a bounded nonpo "’}rcapable of split injection typically at a 1:10 split ratio.
phase where the components are separated by boiling point.
After octane has eluted from the first column, the components Note 2—An auto injector was used in the generation of the repeatabil-
heavier than octane are back-flushed to vent. The octane afiy value of this test method, and is recommended. Manual injection with
lighter components then pass through a second capillar@ syringe is accepta'ibl'e.; however, the observed precision may not apply.
column with bounded polar phase where the aromatic and 5.6 Data Acquisition System _
nonaromatic components are separated. The eluted compo-5.6.1 Recorder—A 0 to 1 mv range recorder or equivalent,
with a full-scale response timd @ s shall be used.
- 5.6.2 Integrato—Means shall be provided for determining
1 This test method is under the jurisdiction of ASTM Committee D-1 on Paint the area of the benzene peak. This can be done by means of an
and Related Coatings, Materials, and Applications, and is the direct responsibility oglectronic integrator or a computer based Chromatography data
Subcommittee 01.35 on Solvents, Plasticizers, and Chemical Intermediates. P
Current edition approved Feb. 10, 1998. Published April 1998. system. The m_tegrator/computer sys_tgm shall have. sta_ndard
2 Annual Book of ASTM Standardéol. 06.04. chromatographic software for determining the retention times

3 Annual Book of ASTM Standardgol. 15.05. and areas of eluting peaks.
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TABLE 1 Instrument Conditions Found Satisfactory for 6.1.2 n-Hexane benzene-free.
Measuring Trace Concentrations of Benzene in Hydrocarbon 6.1.3 n-Octane benzene-free
Solvent: T s
olvents 6.1.4 n-Nonane benzene-free.
GC Parameter Values
Detector Flame ionization detector (FID) 7 Sampling
Columns: ' )
Length, m (A) 2; (B) 30 7.1 Take samples of solvents to be analyzed by this test
Inside diameter, mm (A) 0.53; (B) 0.53 H i i i
Llquid phass, bonded (A) methyl silicone: (B) polyethylene glycol method using the procedures described in Practice E 300.
Liquid phase thick A) 5 um; (B) 0.5 . T .
Sitehing valne tommenatre 1500 ooy 1 8. Preparation and Conditioning of Capillary Columns

Temperature programme: 8.1 Both columns prescribed by this procedure shall be

Initial temperature 40°C (104°F . . .
Initial timephold 8 min( ) obtained ready to use from reputable chromatographic suppli-
Ramp rate 20°C (68°F)/min ers.

E:gz: mperaire gon‘::nc (392°F) 8.2 Columns shall be conditioned following column sup-
Sample size 1L plier recommended procedures before use.
Split ratio 1:10 .
Column flow (He carrier gas) 5.0 mL/min 9. Preparation of Gas Chromatograph

Backflush to vent activation time 3.0 min

9.1 Connect columns A and B to the 6—port switching valve
by referring to Fig. 1.

5.7 Microsyringe—5 pL capacity. 9.1.1 Adjust the operating conditions to those listed in Table
5.8 Pipets—measuring 1 and 2 mL, graduated in 0.01 mL: 1, but do not turn on the detector. Check the system for leaks.
5, 10, and 20 mL capacity. 9.2 Adjust the column flow rate as follows:
5.9 Pipets—delivery 0.5, 1, 2, 5, 10, 25 mL capacity. 9.2.1 Set the switching valve in tlierward flowmode (Fig.
5.10 Flasks—volumetric, 25, 50, 100, and 500 mL capacity. 2 (a)) and adjust the flow controller to give the required column
flow rate.
6. Reagents 9.2.2 Set the switching valve in theackflushmode (Fig. 2
6.1 Purity of Reagents-All reagents shall be reagent grade (b)) and check that the column flow is as required.
chemicals with a minimum purity of 99 + mol %. 9.2.3 Turn on the detector. Change the switching from the
6.1.1 Benzene forward flowto the backflushmode several times and observe
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the baseline. There shall be no baseline shift resulting from th&0. Calibration and Standardization
pressure surge when the switching valves are changed. (A
persistent drift indicates leaks somewhere in the system).

9.3 Determine the backflush activation time. The backflus
activation time varies for each column system and shall b
determined experimentally as follows:

9.3.1 Prepare a solution of 0.1 v #-octane and 0.1 v %
rn-nonane in benzene-free-hexane. With the system in the ; ) ; ; ; .
forward flowmode, introduce 1L of the-octaned—nonane in required volume of this solution with—hexane in a volumetric
n-hexane mixture. Allow the chromatogram to run until theask-
n-nonane has eluted from the second column and the chro- 10.2 Calibration Standard Solutiof-Prepare a 10.0 vppm
matographic trace has returned to baseline. Measure the time i¢nzene inn-hexane calibration standard solution by accu-
minutes from the injection until the signal goes back torately delivering 1.0 mL of the 5000 vppm stock solution into
baseline after theroctane peak. At this point all of the a500-mL volumetric flask. Dilute to the mark witi-hexane.
n-octane but essentially none of tlme-nonane shall have This calibration standard can be used in calibrate the procedure
eluted. One half of the measured time approximates the time toy external standard technique.

10.1 5000 vppm Stock SolutierPrepare a 5000-vppm
benzene im-hexane stock solution by accurately delivering
.50 mL of 99+ % purity benzene into a 100—mL volumetric
Flask by means of a delivery pipet. Dilute to the mark with
n—hexane. This stock solution can be used to prepare various
levels of benzene im-hexane by accurately diluting the

backflush (see 9.3.3). 10.3 Calibration—If the system has not been used for at
Note 3—Some minor adjustment of the backflush activation time mayl€ast 12 h, anFiltIQn the system by running the GC methOd
be necessary for some samples. once without injecting any sample. After conditioning, intro-

9.3.2 Repeat the run, including the injection of theduce 1 WL of the 10 vppm benzene mrhexane calibration
n-octanaf-nonane in a—hexane mixture, but switching the standard by the recommended !njectlon technique and allow
system to thebackflushmode at the determined backflush the run to be completed. Determlng the response factor for the
activation time. This should result in a chromatogram showing?@nzene peak by means of the integrator/data system. The
only n-hexane andn-octane, with litle or non-nonane esponse factor can also be calculated manually by using the
evident. following equation:

9.3.3 If necessary, make additional runs, adjusting the R =CJ/A, ()}
backflush activation time until a chromatogram of all the
n—octane (evidenced by a repeatable and constant area cou
and little or none of thé—nonane is obtained. The established c
backflush activation time for a particular type of sample shall =
be used in all subsequent calibration and analysis.

ere:
= the response factor for benzene in vppm per unit area,
= the concentration of benzene in the calibration
standard in vppm, and
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A, = the area of the benzene peak in the calibration where:

standard. Cy = the benzene concentration in the sample in vppm,
10.4 Adjust the detector sensitivity in such a way that 3 D = the relative density of the sample at 15.6/15.6°C
times the noise level is equivalent to a benzene concentration (60/60°F), and
of at least 0.1 vppm. 0.8844 = the relative density of benzene at 15.6/15.6°C
60/60°F).
Note 4—The repeatability reported for this test method was ( )
determined from data generated by a single point, external standarfgl Report

calibration with a 10 vppm benzene irhexane standard solution. If so

desired, multipoint calibration can be done by preparing various levels of 13,1 Report the concentration of benzene in the sample to
benzene im-hexane and the data can be used to generate a calibratiqple nearest 0.1 vppm. or 0.1 wppm.

curve.

Note 5—Linearity of the benzene response has been confirmed from 1 . .
vppm to 2400 vppm. 14. Precision and Bias

14.1 Repeatability—The repeatability of this test method is
based on the data from one laboratory on 4 different

11.1 If the system has not been used for at least 12 hyqgrocarbon solvents containing 4. 18. 21. and 642 vppm
condition the system by running the GC method once withouhenzene. Each sample was run 12 times by a single operator
injecting any sample. After conditioning, introduce 1 uL of the oyer a period of several days, using automatic injection
0.1 v %n-octane and 0.1 v %-nonane im-hexane mixture  technique, and calibrated with a 10 vppm benzene-imexane
(9.3.1) or any sample that requires analysis of trace levedjngle calibration point external standard. The repeatability

benzene. Identify the retention time for benzene in thgyas found to be dependent on the benzene level and can be
chromatogram, and determine the area of the benzene pegdyresented by the following equation:

using an electronic integrator/data system. A typical
chromatogram of a sample containing non-aromatics, benzene,

11. Procedure

r = 0.0445X + 0.76 @)

and toluene is shown in Fig. 3. where:
12. Calculati X = the benzene level,
- aledaton 0.0445 = the slope of the line, and

12.1 Using the software of the data system and the response.76 the y—intercept.
factor obtained in 10.3 calculate the benzene concentration (in 14.2 Table 2 gives examples of calculated repeatability for
vppm) in the sample corresponding to the peak area determinggrious level of benzene using Eq 4.

in 11.1. Manual calculation can be done by using the following 14.3 Repeatability and reproducibility data at a 95 %

equation: confidence level will be established at a future interlaboratory
G =R XA (2)  study when the method is in use by other laboratories.
where: 14.4 Bias—Bias can be determined for this test method

C, = the benzene concentration in the sample in vppm because there is no available material having an accepted
X il
R, = the response factor determined in 10.3, and reference value.
A, = the area of the benzene peak in the sample.
12.2 If the results are desired on a weight basis, convetd. Keywords
vppm to wppm as follows: 15.1 benzene content; capillary GC; gas chromatography;
Benzene, wppns (C,/ D) X 0.8844 (8 hydrocarbon solvents
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TABLE 2 Calculated Repeatability at Various Benzene Level

Benzene Level (vppm) Calculated repeatability (vppm)
1 0.8
5 1.0
10 1.2
50 3.0
100 5.2
500 23.0

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



