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3.1.1 Charcoal tube %3
ANags 71433 Z(GilAir sampler, Gilian Instrument corp.,
US.Ael ZA4ET(226-01GWS, SKC Corp. US.ANE dZstH
0.14~0.20 lpm¢ #FF22 HFHAsA.
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Table 1. Analytical Condition of GC for benzene

Variable Conditions
GC Agilent 6890N, U.S.A
Detector Flame Ionization Detector
Injector Capillary Split Mode
Column DB-VRX(60m * 0.25mm X 1.4/m)
Carrier Gas INES
Flow Rate 1.2 m¢/min and 2.0 m{/min
Split Ratio 2511
Injector Volume 1
Detecter Temp. 220 C
Injector Temp. 250 C
55C held for 18min, increse to 85T at 5T
Oven Temp. /min, 85C held for 4min, increase to 1507C at

10°C/min, 150C held for 15min

4.2 3M badge Al &

3M badge AE % charcoal®t FTYsA HBHYeH, FHHAE
Aol 2UsE FAd EHstgct b3t 3M badgedl AHE 7718
Aol ofo] AuHos Houz HFMo] of BHAMAN & 5 3
T2 9o e FFLALE AZFAGD. AZAHES] A
He Az Mo AAF AsHHEE HEsHey, 5
AAE Mol A A g oz AbstATHEM, 2000)
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5. F7HEH

51 =37}

RN WA EZ, charcoal tube's =9} passive samplerg =& 11422
wmstgon F WA, charcoal tubed FTEE 7IE2E3
passive sampler®] %7} charcoal tube® ¥ =9 HupitF o] o]
b dexr gelnyE WMoz g A& o &

(P_C).l()() .................. 2141

D(%) =

D : difference between charcoal tube
concentration and passive sampler
concentration, (%)

P : concentration of passive sampler, ppm

C : concentration of charcoal tube, ppm

52 STD CurveZ o] &3 H7}

A wroAe gxateld dig WrHE 7] A FEALA ©]

4949 Z7ke] STD Curved °l&3tdch ol & =AM

A2RE STD Curve T2 ulFe] Fewte EHste STD

Curve #Z+g vlmatd 1 ol & thg A& ol g3t A ALER
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d STD Curveel Mol WA F&3Fd viFe s=Us XTUSHE

STD Curve?Ztoll A el WAl i &S vlast

52
£

100 —eeerrriiieaaenss /_\14_2

D, (%) = ____(Aa; 4,)

7]

D. : Amount Difference between actual and original by STD
Curve.

A, : Benzene amount when concentration of passive sampler was
calculated by the actual STD Curve ( a simple equation).

Ao : Benzene amount when concentration of passive sampler was
calculated by the original STD Curve ( a quadratic

equation) with only low concentration.
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passive samplerg® H&& A5 Aol 7%
s HA =wo] iy AT 18] passive samplerd] A& Al LA
= oxte] A7) 2 1 Yol A A7 HAEF A= AGH
At

B AP 2A4% AR $E <Table 2>9 2] ALH, 8 R
=3 7tz A9 w=Zd sl 62, 64 R 1033, ALANBE 2], 12
%) 18702 ¥ % charcoal tube$} passive samplerg& §2° HE
ol2o] ZAaAth A FHL oA o|FAHY] WEo AL
Heo] WF FEE 28CTAIR A& Hole 56T2 HWol7t ws 3k

M D FAZAL <Table 2>9 2tk o7d A 712 B3
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g AAsA Wt
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Table 2. Number of sampling and Environmental conditions at

the sampling site by season

" Temperature .o Wind
Season Position Number () RH'(%) Velocity(m/s)
P 1 62
Winter — 22 28 489 0.9
Area 21
Personal 64
Spri 199 52.8 09
pring Area 12
Personal 103
summer 256 65.1 1.0
Area 18
Personal 229
Total
Area 51

* Relative Humidity

13 f7184A =& T=5F

B A7 24 3es AFY FATAHAAN F2A AR
B384 =SFE $£FL <Table 3>3 2ok F{EH AA#
oA WAEE F71LAE gi&F 57dA 12A7HAZ 2 FFH=
mj o theksith B A7l dEgE ¥ £&& ey Hsk
<Table 3>3 o] 10708 #7144 FEE EA%oq =27
He A3 WAoo ¥ E FEL ul$¢ BE Aeg YEHEH.
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Table 3. Personal exposure to other organic solvent during

loading process for 15~20 min, ppm

n- Cyclo- Methyl Tol Ethyl o~
Pentane MTBE Heptane Octane
hexane hexane c-hexane uene benzene Xylene
Mean 2467 1440 364 1.46 0.77 0.36 207 0.24 031 028

SD 2149 1260 299 1.48 0.66 0.24 252 013 0.20 0.18

GM 1697 895 274 1.02 053 0.30 140 021 0.26 0.23

9 WA =355 E charcoal tube WHOZ FAY A& 8
o}3l® <Table 4> Zoh HEH HAARYE dte T BT =2
=g 7)sgFoes AgAol 068 ppm, B3] 1.00 ppm I3l

d&3 2 0.88 ppmel At

Table 4. Personal exposure to benzene during loading process for

15~20 min, ppm

Season
Winter Spring Summer
AM=SD 1.10+1.02 1.24+0.96 1.23+0.84
GM 0.68 1.00 0.84
GSD 3.09 1.98 0.88

- 16 -



2. Passive sampler 9 charcoal tube %ol & 23
21 FFF AA FAHANN =& F7} 2

Addz o|Foj@ FE F£F g vix AFAE FEIN ¥S
22 charcoal tube®l ¥ %7} passive sampler® F% Rl 3o 3B
5= AL <Figure 1>8 ¥3d & & A3, FHAA =&F
©24:2& <Table 5>% £3t9 & § Yk @A} AgAHE A

=3 oz =A% Aow, AR AFE T Atged A& #
z3 2o 3 %4(zZ7} charcoal tube 1709} passive sampler 1
A & goz 3, F 199 28] ANEE HHFE )™, <Table
5>o EAIE N& #(couple)d) HFE o3t

2
i

Table 5. Comparison between charcoal tube concentration and

passive sampler concentration taken by season, ppm

winter (N=62) spring (N=64) summer (N=103)
CT’ ps™ CT PS CT PS
AM 1.10 0.98 1.24 1.34 1.23 1.39
SD 1.02 0.92 0.96 1.02 0.84 0.89
GM 0.68 0.62 1.00 111 0.88 1.08
GSD 3.09 3.05 1.98 1.83 2.62 2.26
LCL-95% 0.07 0.07 0.26 0.34 0.13 0.22
UCL-95% 6.26 5.57 3.79 3.64 5.82 5.31

* Charcoal Tube, ~Passive Sampler

_17_



Winter, ppm
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Figure 1. Comparison between charcoal tube concentration and

passive sampler concentration taken by season.
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22 LA AA FhdA §7] T W &

AAddz H7Ag QA RAA 9 charcoal tube®t passive sampler
o Eexeo AuTAE AdE EF ABAFLEIE 09 oo F
w9 zlol7t Y3 e Aoz eyt A A F9 charcoal tube
WMo o] 8% 2554 FH passive sample B E 0 &F = F
T 438 <Table 6> 23 AABAE <Figure 2> ot A9
ANzel AEAFNE Ze Y99 charcoal tube 17H¢+ passive
sampler 1718 U@3] st & #o2 & A& N=12 Aisd

]

Table 6. Benzene concentration level of Area samples taken by

season ( > 4hours sampling), ppm

Winter (N=21) Spring (N=12) Summer (N=18)

CT pPS™ CT PS CT PS
AM 0.05 0.05 0.12 0.12 0.21 0.19
SD 0.04 0.04 0.18 0.17 0.19 0.18
GM 0.05 0.04 0.04 0.05 0.11 0.09

GSD 2.36 3.13 4.52 4.06 3.98 545

LCL-9%% 0.01 0.00 0.00 0.00 0.01 0.00

UCL-95%  0.24 0.33 0.86 0.74 1.70 2.956

* Charcoal Tube, =~ Passive Sampler

_19_



Winter, ppm
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Figure 2. Comparison between charcoal tube concentration and
passive sampler concentration taken by season. (Area

sample)
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3. 2ate] @ 9

e

¥4

31 87 ¥ =570 O& 249 54

M
e

<Table 7> A9 o] ARFE ZFHNY Aole yehhA, A
A =% 7o AZ AFd v F = FFE NEY AT

Hj 8t A YEd

Table 7. Number of Personal Samples (15min sampling)

ppm Winter Spring Summer total
0.10)3} 2 0 4 6
0.1 3 3 7 13
0.2 8 1 7 16
03 3 1 4 8
04 3 2 2 7
05 6 4 2 12
0.6 3 7 3 13
0.7 2 3 4 9
0.8 6 2 5 13
09 2 2 7 11
1.0 3 9 4 16
11 2 8 2 12
1.2 1 6 6 13
1.3 1 2 4 7
14 1 1 6 8
15 2 1 6 9
16 2 1 5 8
17 1 1 2 4
18 0 1 4 5
19 1 1 5 7
20~21 3 2 4 9
22~23 0 1 1 2
24~25 0 0 1 1
26~27 0 2 1 3
28~29 1 2 2 5
3ol 6 1 5 12
total 62 64 103 229

-2 -



Charcoal tubedl 28 7]1F %% 8 31 passive sampler®] ¥
27} 7)Zol A GuinrFel eAE AR vu dF} AeEHY
2aole 7|2%%E 04 ppmolddlr BF AYAE £25%<tel
=t Ao UYegn, dEHde 7IF5E 0.8 ppm ol FolA B
QA7 £25%%tdl =E Ao vEhgt. 2aE Attsts ¥
Aol glojAM <A 4-1>F o] 83T

<Figure 3>& AgH9 28 #7184 T dA WA =EF5=T
Zo| )3t 7125 %o )3 passive samplerd Fx9 A& HlX

3 Aoln], <Figure 4>& 23, <Figure 5> A §H] dig 3
2 yl@§ Ao|tl. <Table 82 charcoal tubed] FEE 7IE2E
&to] passive sampler®] X9 ze](Difference, %)& FETT

2 BFd EFAA2 el Rolnh

Table 8. Difference Comparison of passive sampler concentration

value taken by the base concentration, D(%)=(P-C)/Cx100

winter spring summer
tevel T Mean+ SD' Mean = SD Mean +SD
0~0.2 63.8°£39.5 146.8+77.6 201.0+2005
02~04 34.8+39.0 205.1£250.1 942%+121.3
04~08 -184x39.7 16.5+37.8 5431788
08~16 -12.0%+20.1 24%+324.3 10.7+39.8
16~ -11.8+145 -46+*18.2 04£350

‘Standard Deviation, "Difference(%5)
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D(%)

0108 0.1 0.2 03 0.4 05 06 0.7 (1] 0.9 1 1.5 2 30ly
charcoal tube concentration, ppm

0~0.2 0.2~0.4 0.4~08 0B8~1.6 1.6~5
charcoal tube concentration, ppm

Figure 3. Difference comparison between charcoal tube con-
centration and passive sampler concentration. (winter)

D(%)=(P-C)/C x100.
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150
100

S0

-50

B R

0.2 0.4 0.6 0.8 1 12 14 1.6 18 2 2014
charcoal tube concentration, ppm

300
250

200

® 150
100

50

0~0.2 0.2~04 0.4 ~08 08~186 1.6~ 4
charcoal lube concentration, ppm

Figure 4. Difference comparison between charcoal tube con-

centration and passive sampler concentration. (Spring)
D(%)=(P-C)/C X100

- 24 -



281

01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 18 19 2 25 3 4
charcoal tube concentration, ppm

200

50

0~02 0.2~04 0.4~08 08~16 1.6~ 4
charcoal tube concentration, ppm

Figure 5. Difference comparison between charcoal tube con-
centration and passive sampler concentration.
(summer), D(%6)=(P-C)/C x100
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JeEl = <Figure 6> WA <Figure 10>¢] ozl @9 FHEejrt
charcoal tubed ¥%& 7|Eoz2 ¥ 7|F X #FH passive

- 26 -



samplerd =% 9 Zolol tigt #AE Jebd <Figure 3>l A
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Figure 6. Difference comparison between actual amount and on-
ginal amount by STD Curve. (Batch 1)
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Figure 7. Difference comparison between actual amount and ori-
ginal amount by STD Curve. (Batch 2)
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Figure 8. Difference comparison between actual amount and ori-
ginal amount by STD Curve. (Batch 3)
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Figure 9. Difference comparison between actual amount and ori-
ginal amount by STD Curve. (Batch 4)
(4,-4,)
A

14

D, (%) = * 100, D, = Difference of Amount

-31-



Batch §

Batch 5
Py SRR P U —— 5 e
y = 00803x2 + 00163 + 01683 (s0-s4} y = 0.6323 + 16444 (SO~S11}

0195 A2 = 09913 0 R =1

019 ®

0185 0

Al o
© o
5 R
P Q18 x
g g%

0175

15t
017 10
y = 00643 + 01633 (51-56)
0165 R2 = 09998 5
016 0
0 01 02 03 04 05 0 AV ko) 2 0 & 70

amount, u
amount, ug g

0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 0.5
amount, ug

Figure 10. Difference comparison between actual amount and orn-
ginal amount by STD Curve. (Batch 5)
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ABSTRACT

Study on Application of Passive Samplers for
Monitoring STEL Exposure to Benzene for

Organic Solvents Mixtures

Lim, Dae Sung
Division of Industrial Hygiene Engineering
Graduate School of Occupational Safety and Health
Hansung University

Director
Park, Doo Yong, Dr.P.H., CIH

Some of the petroleum products contain benzene which is well known
as a confirmed human carcinogen. For example, gasoline products
contain benzene ranging up to several percents by weight. High
exposures to the benzene and other organic solvents would be likely to
occur during intermittent tasks and or processes rather than continuous
jobs such as sampling, repair, inspection, and loading/unloading jobs.
The work time for these jobs is various. However, most of work time
is very short and the representative time interval is 15 minutes. Thus, it
is preferable to do exposure assessment for 15 minute time weighted
average which is known as a short time exposure level(STEL) by
ACGIH rather than for 8-hours TWA. It is particularly significant to

the exposure monitoring for benzene since it has been known that the
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exposure rate plays an important role to provoke the leukemia. Due to
the large variations, a number of processes/tasks, the traditional
sampling technique for organic solvents with the use of the charcoal
and sampling pumps is not appropriate. Limited number of samples can
be obtained due to the shortage of sampling pumps. Passive samplers
can eliminate these limitations. However, low sampling rates resulted in
collection of small amount of the target analysts in the passive

samplers. This is originated the nature of passive samplers.

Field applications were made with use of passive samplers to compare
with the charcoal tube methods for 15 minutes. Gasoline loading
processes to the tank lorry trucks at the loading stations in the

petroleum products storage area.

The results of this study were as follows.

1. For the personal sample, good agreements were shown between
results of the passive samplers and charcoal tubes. At the airborne
benzene concentration levels higher than 0.4 ppm, differences
between the results of passive samplers and charcoal were less than
25%. In general, overestimation was made by passive samplers at

the concentration levels lower than 0.4 ppm.

2. Thus, it is concluded that 0.4 ppm is the airborne benzene
concentration which is considered as an over-all LOQ(iimit of
Quantification) for STEL monitoring with the use of passive

samplers.
3. Over-estimation was made with the use of passive samplers for

benzene exposure at the concentration level under the 0.4 ppm.

Magnitude of error was greater as the concentration level decreases.
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4. It was found that main cause of over-estimation was due to the
wrong standard curve during analysis process. In general, GC
response shows linearity to the amount of analyte. However, at the
region of extremely small amount of benzene, GC response showed
non-linearity. The 2nd order regression model for standard curve
was well fit when the amount of benzene was extremely small.

Over-estimation was made since linear regression model was used.

S. For area samples, it was showed a good agreement between the

results of passive samplers and charcoal tubes. The correlation

coefficient( R°) between the results of two methods was 0.9.
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