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717 e w27 Aol SR AU S ARd ARER
H 3z (Basic—5, AP Buck, USA)E ©]-&staL, AsxF Hxo gt &
HALS AEXHE& P2 F3F BA7](PAS calibrator, MSA, U.S.A)=E
of AAsdth X A FEFS 0.08-0.15 ¢/mine® 38}
7He 308 e ® sk AE e AHEE FFHe 99
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U.S.A. &=+ Markes, UK)E A&t 4238 302 AR A
320—330 ColA 4| ztol 3 A3tste] AHEatlom, Al B4 § 20-30+
Bk A Aststdtt. dgAs AREsHA @ A

ARAE ) 9% FREA ABE G AFegs] el
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Z /AR 7] (6890N/5973 Agilent, U.S.A., |3} GC/MSD)E o] -&3}o]
A5tk Abgd ZES CP Sil 5CB (60m><0.25mm><1m, Varian,
Adelith deate] ofg VOCse] w4 &7 Table 1% 2o}, EsH

S
A 7bed Md=ddd dd 2=E&He FEFE2 Table 29 2o



Table 1. Analytical condition of volatile organic compounds by
GC/MSD/TD

Parameters Analytical conditions

Thermal Desorption

Thermal desorber UltrA TD/Unity, Markes, U.K.

Desorption temperature 280 C

Split ratio 1:10

GC/MSD

GC/MSD Agilent 6890N/5973 inert (U.S.A.)

Column CP Sil 5CB(60m>0.25mm><1m)(Varian, U.S.A.)

Column Temperature . . o . . oy . .
) 50C(15min) — 8C/min — 200C(18min) — 20C/min — 250°C(2.75min)
Aux temperature : 250 C
MS source : 230 C
MS Quad. : 150 C

Mass range @ 35 — 280 m/z
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Table 2. Limit of detection, coefficient of variation (C.V.(%)) and
concentration level for working standard on analytical
chemistry (Unit : pg/sample)

Standard Standard Standard

Substances LOD C.V.(%)
1 2 3
Hexane 0.00336 0.0316 0.0632 0.0948 5.99
111-TCE’ 0.01623 0.0624 0.1248 0.1873 13.40
Benzene 0.00217 0.0083 0.0165 0.0248 6.10
Cyclohexane 0.00495 0.0367 0.0734 0.1102 8.49
[sooctane 0.00663 0.0328 0.0657 0.0985 4.78
Heptane 0.00304 0.0322 0.0645 0.0967 6.31
Methylcyclohexane 0.00400 0.0363 0.0726 0.1088 4.39
Toluene 0.00393 0.0409 0.0818 0.1228 2.68
Octane 0.00231 0.0335 0.0669 0.1004 3.22
Ethylbenzene 0.00403 0.0409 0.0817 0.1226 6.27
m+p—Xylene 0.00783 0.0817 0.1633 0.2450 3.91
Styrene 0.00189 0.0428 0.0855 0.1283 5.17
o—Xylene 0.00285 0.0408 0.0816 0.1224 3.36
Nonane 0.00235 0.0326 0.0651 0.0977 2.69
135—=TMB" 0.00573 0.0404 0.0808 0.1211 3.37
124—TMB™ 0.00578 0.0409 0.0817 0.1226 3.09
Decane 0.00211 0.0345 0.0690 0.1035 1.70
123—-TMB™™ 0.00704 0.0417 0.0835 0.1252 3.09

111-TCE : 111-—trichloroethane,
' 135—TMB : 135—trimethylbenzene,
" 124—TMB : 124—trimethylbenzene,

"123—TMB : 123—trimethylbenzene.
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Table 3. Coefficient of variation (C.V.(%)) for validity test of sampling
by repetitive measurement

. W B B A A R R
Substances site Inside Inside Outside Inside Outside Inside Outside
N 2 3 3 2 2 2 2
Hexane ND 12.5 65.9 4.2 20.8 107.3 ND
111-TCE ND ND ND ND ND ND ND
Benzene ND 4.5 44.1 0.0 19.4 0.5 3.6
Cyclohexane ND 4.9 48.7 6.1 43.1 ND ND
Isooctane ND ND ND ND ND ND ND
Heptane ND 5.6 51.4 1.2 10.3 ND ND
Methylcyclohexane ND 10.2 56.6 2.2 13.9 ND ND
Toluene 129.3 62.2 47.1 10.7 88.2 124.5 19.1
Octane ND 6.0 20.2 0.6 0.6 ND ND
Ethylbenzene 82.0 93.9 82.9 3.2 4.0 104.4 ND
m+p—Xylene 71.4 22.2 27.2 1.9 10.0 33.6 21.0
Styrene ND 140.0 97.4 32.2 55.5 53.8 ND
o—Xylene ND 13.0 22.1 1.3 1.8 55.7 0.5
Nonane ND 2.3 12.3 1.7 11.7 ND ND
135—TMB ND 4.8 41.6 0.9 8.8 53.9 ND
124—-TMB ND 5.8 57.0 0.2 10.0 37.9 ND
Decane ND 5.1 8.1 1.3 10.8 63.0 ND
123—TMB 59.0 5.1 60.6 1.1 10.8 25.3 ND
THC 110.8  20.3 29.1 2.7 6.4 90.6 33.9

* CV(%)=(SD/MEAN)*100
* ND : Not Detected.
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Table 4. Coefficient of variation (C.V.(%)) for validity test of analysis
by repetitive measurement. unit : ppb

Repetiton No Repetiton No
Substances 1 2 3 Mean Substances 1 2 3 Mean
(N=3) (N=3) (N=3) (N=3) (N=3) (N=3)

Hexane 1.6 6.5 9.8 6.0 Ethylbenzene 8.7 5.7 4.4 6.3
111-TCE 226 7.5 10.1 13.4 m+p—Xylene 4.7 3.6 3.4 3.9
Benzene 8.4 5.6 4.4 6.1 Styrene 8.1 4.2 3.2 5.2
Cyclohexane 7.5 9.5 8.5 8.5 o—Xylene 4.4 3.7 2.0 3.4
Isooctane 54 5.1 3.8 4.8 Nonane 3.8 3.2 1.1 2.7
Heptane 8.8 53 48 6.3 135—-TMB 6.0 28 14 34
Methylcyclohexane 4.7 5.6 2.9 4.4 124—-TMB 5.3 2.8 1.1 3.1
Toluene 2.6 2.3 3.2 2.7 Decane 20 26 0.5 1.7
Octane 29 3.6 3.2 32 123-TMB 5.2 29 1.2 3.1

# CV=(SD/MEAN)*100.
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Table 5. Distribution of THCs concentrations inside and outside of the
HVAC buildings(during normal operation), unit : ppb

Sampling Sampling Outdoor Indoor

date Site  Sampling Time THCs(A) Sampling Time THCs(B) B/A
1 11/02 R 14:50 ~ 15:31 21.3 14:51 ~ 15:21 731.3 34.3
2 11/02 S 14:57 ~ 15:30 23.7 14:54 ~ 15:25 293.5 12.4
3 10/26 B 11:23 ~ 11:56 11.9 11:20 ~ 11:56 127.0 10.6
4 10/26 D 15:25 ~ 15:56 34.1 15:25 ~ 15:56 312.3 9.2
5 10/27 E 15:10 ~ 15:40 3.7 15:09 ~ 15:38 31.4 8.4
6 10/29 L 09:36 ~ 10:08 6.3 09:26 ~ 09:57 42.8 6.7
7 10/29 L 14:23 ~ 14:55 3.4 14:20 ~ 14:50 18.6 5.5
8 10/26 C 11:34 ~ 12:04 6.8 11:32 ~ 12:04 32.7 4.8
9 10/28 I 15:36 ~ 16:06 8.4 15:34 ~ 16:04 37.6 4.5
10 11/04 w 09:30 ~ 10:01 97.1 09:35 ~ 10:06 411.7 4.2
11  11/02 S 10:04 ~ 10:38 84.2 09:59 ~ 10:31 314.4 3.7
12 11/02 T 12:08 ~ 12:39 59.0 12:04 ~ 12:35 200.9 3.4
13 11/02 Q 16:02 ~ 16:32 43.2 16:00 ~ 16:30 128.5 3.0




Table 5. Distribution of THCs concentrations inside and outside of the
HVAC buildings(during normal operation), unit : ppb,(continue)

Sampling Sampling Outdoor Indoor

© date Site  Sampling Time THCs(A) Sampling Time THCs(B) B/A
14  10/28 H 15:13 ~ 15:45 5.0 15:11 ~ 15:44 14.1 2.8
15 10/29 M 09:10 ~ 09:50 6.0 09:14 ~ 09:49 16.7 2.8
16 10/27 F 09:56 ~ 10:29 11.3 09:57 ~ 10:29 30.4 2.7
17  10/26 A 10:26 ~ 10:52 37.0 10:20 ~ 10:55 90.1 2.4
18  10/29 K 09:41 ~ 10:06 4.5 09:40 ~ 10:07 11.0 2.4
19  10/27 E 10:09 ~ 10:39 35.5 10:07 ~ 10:38 81.8 2.3
20 10/28 J 15:22 ~ 15:55 3.0 15:22 ~ 15:55 6.8 2.3
21 11/01 @) 10:10 ~ 10:45 100.0 10:10 ~ 10:44 219.8 2.2
22 10/26 B 15:07 ~ 15:41 19.4 15:09 ~ 15:41 41.5 2.1
23 11/03 \Y 09:59 ~ 10:30 149.0 10:03 ~ 10:35 286.8 1.9
24 10/28 H 10:37 ~ 11:07 12.4 10:27 ~ 10:59 22.6 1.8
25  10/26 C 15:16 ~ 15:48 9.0 15:15 ~ 15:48 14.2 1.6
26 11/03 R 08:53 ~ 09:24 43.1 08:54 ~ 09:26 66.9 1.6
27 11/04 W 15;00 ~ 15:30 70.8 15:03 ~ 15:36 98.5 1.4
28 10/28 J 10:03 ~ 10:46 17.6 10:03 ~ 10:46 24.5 1.4
29 10/28 I 09:48 ~ 10:18 45.6 09:48 ~ 10:17 63.1 1.4
30 11/01 P 10:30 ~ 11:02 186.6 10:26 ~ 11:05 236.5 1.3
31 10/26 A 15:01 ~ 15:33 36.2 14:55 ~ 15:32 45.0 1.2
32 11/04 X 15:16 ~ 15:47 104.1 14:54 ~ 15:25 126.7 1.2
33 11/03 \Y 15:00 ~ 15:31 95.6 15:03 ~ 15:34 106.2 1.1
34 11/03 U 15:03 ~ 15:35 54.0 15:02 ~ 15:33 55.2 1.0
35 10/26 D 11:08 ~ 11:46 94.5 11:09 ~ 11:45 96.1 1.0
36  110/2 T 16:07 ~ 16:39 57.7 16:05 ~ 16:37 58.1 1.0
37 11/01 @) 14:00 ~ 14:41 445.6 14:00 ~ 14:40 428.1 1.0
38 11/01 P 14:15 ~ 14:55 215.5 14:08 ~ 14:52 155.4 0.7
39 10/29 N 15:13 ~ 15:45 22.5 15:10 ~ 15:40 14.5 0.6
40 11/03 U 12:41 ~ 13:12 107.2 12:40 ~ 13:11 46.2 0.4
41 10/27 G 15:01 ~ 15:31 26.1 15:02 ~ 15:30 6.9 0.3
42 11/02 Q 12:10 ~ 12:41 535.0 12:09 ~ 12:39 102.1 0.2
43 10/29 N 10:38 ~ 11:08 219.4 10:38 ~ 11:09 14.6 0.1
44 10/27 F 14:54 ~ 15:25 454.9 14:55 ~ 15:25 21.2 0.0
45 10/27 G 09:49 ~ 10:22 478.3 09:47 ~ 10:22 13.9 0.0

M 91.2 117.7 3.4

SD 134.3 145.5 5.5

GM 36.8 60.7 1.7

GSD 4.2 3.3 4.0
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Figure 1. Lognomal distribution of THCs concentrations inside and

outside of the HVAC buildings(during normal operations).

8

THCs &% (ppb)
8
e

T T

Outdoor Indoor
Figure 2. THCs concentrations by sampling site inside and outside of

the HVAC buildings(during normal operations).
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Figure 3. Comparison of THCs concentrations inside and outside of the

HAVC buildings(during normal operations).
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Table 6. Distribution of benzene concentrations inside and outside of
the HVAC buildings(during normal operation), unit : ppb

Sampling Sampling Outdoor Indoor B/A
date Site Sampling Time Benzene(A) Sampling Time Benzene(B)

1 11/02 S 10:04 ~ 10:38 0.7 09:59 ~ 10:31 22.9 30.8
2 10/28 I 15:36 ~ 16:06 0.3 15:34 ~ 16:04 1.8 7.3
3 10/27 F 09:56 ~ 10:29 0.2 09:57 ~ 10:29 1.0 5.2
4 10/27 E 15:10 ~ 15:40 0.3 15:09 ~ 15:38 1.2 4.8
5 110/2 S 14:57 ~ 15:30 0.3 14:54 ~ 15:25 1.6 4.7
6 10/26 D 15:25 ~ 15:56 1.9 15:25 ~ 15:56 6.4 3.4
7 10/26 B 11:23 ~ 11:56 0.2 11:20 ~ 11:56 0.8 3.4
8 11/01 0 10:10 ~ 10:45 1.0 10:10 ~ 10:44 3.3 3.2
9 10/26 C 15:16 ~ 15:48 0.2 15:15 ~ 15:48 0.5 3.2
10 11/03 \Y 15:00 ~ 15:31 0.7 15:03 ~ 15:34 1.9 2.7
11 11/02 R 14:50 ~ 15:31 0.4 14:51 ~ 15:21 1.0 2.3
12 10/27 E 10:09 ~ 10:39 1.0 10:07 ~ 10:38 1.9 1.8
13 11/04 w 15;00 ~ 15:30 0.5 15:03 ~ 15:36 0.9 1.7
14 10/26 C 11:34 ~ 12:04 0.4 11:32 ~ 12:04 0.6 1.6
15 10/28 J 10:03 ~ 10:46 0.3 10:03 ~ 10:46 0.4 1.6
16 11/04 X 15:16 ~ 15:47 1.3 14:54 ~ 15:25 1.7 1.3




Table 6. Distribution of benzene concentrations inside and outside of
the HVAC buildings(during normal operation), unit : ppb,

(continue)
Sampling Sampling Outdoor Indoor B/A
0 date Site Sampling Time Benzene(A) Sampling Time Benzene(B)

17 11/02 T 12:08 ~ 12:39 0.8 12:04 ~ 12:35 1.0 1.3
18 10/29 M 14:10 ~ 14:42 0.1 14:07 ~ 14:38 0.2 1.3
19 11/03 R 08:53 ~ 09:24 0.6 08:54 ~ 09:26 0.8 1.2
20 10/29 K 15:02 ~ 15:34 0.2 15:00 ~ 15:30 0.3 1.2
21 11/03 \Y 09:59 ~ 10:30 2.4 10:03 ~ 10:35 3.0 1.2
22 11/01 P 14:15 ~ 14:55 0.7 14:08 ~ 14:52 0.9 1.2
23 10/29 L 14:23 ~ 14:55 0.2 14:20 ~ 14:50 0.3 1.2
24 10/29 L 09:36 ~ 10:08 0.3 09:26 ~ 09:57 0.3 1.2
25 10/29 M 09:10 ~ 09:50 0.7 09:14 ~ 09:49 0.8 1.2
26 11/01 P 10:30 ~ 11:02 3.4 10:26 ~ 11:05 4.0 1.2
27 10/28 H 10:37 ~ 11:07 0.2 10:27 ~ 10:59 0.2 1.1
28 10/28 I 09:48 ~ 10:18 8.3 09:48 ~ 10:17 9.1 1.1
29 11/02 Q 16:02 ~ 16:32 0.4 16:00 ~ 16:30 0.4 1.1
30 11/04 w 09:30 ~ 10:01 13.3 09:35 ~ 10:06 13.9 1.0
31 11/01 0O 14:00 ~ 14:41 2.6 14:00 ~ 14:40 2.4 0.9
32 11/03 U 15:03 ~ 15:35 0.9 15:02 ~ 15:33 0.8 0.9
33 10/26 B 15:07 ~ 15:41 0.7 15:09 ~ 15:41 0.6 0.9
34 10/29 K 09:41 ~ 10:06 0.3 09:40 ~ 10:07 0.2 0.9
35 10/29 N 15:13 ~ 15:45 0.3 15:10 ~ 15:40 0.2 0.9
36 10/28 H 15:13 ~ 15:45 0.2 15:11 ~ 15:44 0.2 0.7
37 11/03 U 12:41 ~ 13:12 0.9 12:40 ~ 13:11 0.6 0.7
38 10/26 D 11:08 ~ 11:46 4.9 11:09 ~ 11:45 3.1 0.6
39 11/02 Q 12:10 ~ 12:41 0.7 12:09 ~ 12:39 0.4 0.6
40 10/28 J 15:22 ~ 15:55 0.2 15:22 ~ 15:55 0.1 0.6
41 10/29 N 10:38 ~ 11:08 0.2 10:38 ~ 11:09 0.1 0.6
42 10/27 G 09:49 ~ 10:22 0.4 09:47 ~ 10:22 0.2 0.5
43 10/27 G 15:01 ~ 15:31 0.9 15:02 ~ 15:30 0.4 0.5
44 11/02 T 16:07 ~ 16:39 0.5 16:05 ~ 16:37 0.2 0.4
45 10/27 F 14:54 - 15:25 0.7 14:55 ~ 15:25 0.3 0.4
46 10/26 A 10:26 ~ 10:52 5.2 10:20 ~ 10:55 1.8 0.3
47 10/26 A 15:01 ~ 15:33 1.7 14:55 ~ 15:32 0.4 0.2
M 1.3 2.0 2.3
SD 2.4 4.0 4.5
GM 0.6 0.8 1.3

GSD 3.0 3.4
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Figure 4. Lognomal distribution of benzene concentrations inside and

outside of the HVAC buildings(during normal operation).
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Figure 5. Benzene concentrations by sampling site inside and outside

of the HVAC buildings(during normal operation).
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Figure 6. Comparison of benzene concentrations in inside and outside

of the HVAC buildings(during normal operation).
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Table 7. Distribution of toluene concentrations inside and outside of the
HVAC buildings(during normal operation), unit : ppb

Sampling Sampling Outdoor Indoor B/A
date Site Sampling Time Toluene(A) Sampling Time Toluene(B)

1 11/02 R 14:50 ~ 15:31 0.3 14:51 ~ 15:21 71.6 213.9
2 11/02 S 14:57 ~ 15:30 0.3 14:54 ~ 15:25 12.2 39.0
3 11/02 Q 16:02 ~ 16:32 0.3 16:00 ~ 16:30 8.6 28.6
4 10/29 L 09:36 ~ 10:08 0.4 09:26 ~ 09:57 5.4 13.5
5 10/27 E 15:10 ~ 15:40 0.4 15:09 ~ 15:38 4.6 11.8
6 10/28 H 15:13 ~ 15:45 0.4 15:11 ~ 15:44 4.2 11.7
7 11/02 T 12:08 ~ 12:39 2.6 12:04 ~ 12:35 30.7 11.7
8 10/26 B 11:23 ~ 11:56 0.9 11:20 ~ 11:56 10.0 10.7
9 11/04 W 09:30 ~ 10:01 2.1 09:35 ~ 10:06 19.8 9.6
10 10/26 D 15:25 ~ 15:56 7.4 15:25 ~ 15:56 68.5 9.2
11 10/29 L 14:23 ~ 14:55 0.3 14:20 ~ 14:50 2.4 7.0
12 10/29 M 14:10 ~ 14:42 0.2 14:07 ~ 14:38 1.3 6.4
13 10/28 I 15:36 ~ 16:06 0.9 15:34 ~ 16:04 5.5 6.3
14 10/26 B 15:07 ~ 15:41 0.8 15:09 ~ 15:41 4.4 5.5
15 10/29 K 09:41 ~ 10:06 0.5 09:40 ~ 10:07 2.7 5.3
16  10/26 C 11:34 ~ 12:04 1.0 11:32 ~ 12:04 4.6 4.4
17 11/02 S 10:04 ~ 10:38 2.5 09:59 ~ 10:31 10.8 4.4
18 10/29 M 09:10 ~ 09:50 0.6 09:14 ~ 09:49 2.8 4.4
19 10/28 H 10:37 ~ 11:07 0.9 10:27 ~ 10:59 3.7 4.0
20 11/03 \Y 15:00 ~ 15:31 2.4 15:03 ~ 15:34 7.6 3.2
21 11/04 W 15;00 ~ 15:30 0.9 15:03 ~ 15:36 2.8 3.1
22 10/26 A 10:26 ~ 10:52 4.1 10:20 ~ 10:55 12.5 3.1




Table 7. Distribution of toluene concentrations inside and outside of the

HVAC buildings(during normal operation),unit : ppb(continue)

0 Sampling Sampling Outdoor Indoor /A
date Site Sampling Time Toluene(A) Sampling Time Toluene(B)
23 10/27 E 10:09 ~ 10:39 5.3 10:07 ~ 10:38 13.7 2.6
24 10/26 C 15:16 ~ 15:48 0.6 15:15 ~ 15:48 1.4 2.5
25 10/28 J 10:03 ~ 10:46 0.7 10:03 ~ 10:46 1.5 2.2
26 11/01 ] 10:10 ~ 10:45 3.3 10:10 ~ 10:44 6.3 2.0
27 11/03 R 08:53 ~ 09:24 0.8 08:54 ~ 09:26 1.6 1.9
28 10/26 A 15:01 ~ 15:33 2.3 14:55 ~ 15:32 4.1 1.8
29 11/03 \% 09:59 ~ 10:30 3.8 10:03 ~ 10:35 6.2 1.7
30 10/28 J 15:22 ~ 15:55 0.4 15:22 ~ 15:55 0.6 1.6
31 10/29 N 15:13 ~ 15:45 2.1 15:10 ~ 15:40 3.3 1.5
32 11/02 T 16:07 ~ 16:39 1.4 16:05 ~ 16:37 2.0 1.4
33 11/01 P 10:30 ~ 11:02 2.3 10:26 ~ 11:05 3.3 1.4
34 10/27 F 09:56 ~ 10:29 3.0 09:57 ~ 10:29 4.1 1.4
35 10/28 I 09:48 ~ 10:18 10.0 09:48 ~ 10:17 12.9 1.3
36 10/29 K 15:02 ~ 15:34 0.3 15:00 ~ 15:30 0.4 1.2
37 11/04 X 15:16 ~ 15:47 2.4 14:54 ~ 15:25 2.6 1.1
38 10/26 D 11:08 ~ 11:46 20.3 11:09 ~ 11:45 20.3 1.0
39 11/03 U 12:41 ~ 13:12 1.5 12:40 ~ 13:11 0.9 0.6
40 11/03 U 15:03 ~ 15:35 1.3 15:02 ~ 15:33 0.8 0.6
41 10/27 G 15:01 ~ 15:31 1.6 15:02 ~ 15:30 0.6 0.4
42  11/01 0 14:00 ~ 14:41 42.2 14:00 ~ 14:40 10.2 0.2
43 11/01 P 14:15 ~ 14:55 38.3 14:08 ~ 14:52 7.6 0.2
44 10/29 N 10:38 ~ 11:08 40.5 10:38 ~ 11:09 2.8 0.1
45 11/02 Q 12:10 ~ 12:41 82.9 12:09 ~ 12:39 2.8 0.0
46  10/27 F 14:54 ~ 15:25 178.3 14:55 ~ 15:25 2.9 0.0
47 10/27 G 09:49 ~ 10:22 205.6 09:47 ~ 10:22 1.7 0.0
M 14.5 8.8 9.5
SD 40.8 14.4 31.3
GM 2.1 4.4 2.1
GSD 5.7 3.1
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Figure 7. Lognomal distribution of toluene concentrations inside and

outside of the HVAC buildings(during normal operations).
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Figure 8. Toluene concentrations by sampling site inside and outside of

the HVAC buildings(during normal operations).
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Figure 9. Comparison of toluene concentrations inside and outside of

the HAVC buildings(during normal operations).
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Table 8. Distribution of xylene concentrations inside and outside of the
HVAC buildings(during normal operation), unit : ppb

Sampling Sampling Outdoor Indoor
No . : : . ) B/A
date Site Sampling Time Xylene(A) Sampling Time Xylene(B)
1 11/02 S 14:57 ~ 15:30 0.1 14:54 ~ 15:25 4.8 92.1
2 11/04 W 09:30 ~ 10:01 1.1 09:35 ~ 10:06 38.9 33.9
3 10/26 C 11:34 ~ 12:04 0.2 11:32 ~ 12:04 3.7 24.2
4 10/26 B 11:23 ~ 11:56 0.3 11:20 ~ 11:56 6.6 24.0
5 10/29 L 09:36 ~ 10:08 0.3 09:26 ~ 09:57 5.1 16.3
6 11/02 Q 16:02 ~ 16:32 0.2 16:00 ~ 16:30 2.9 14.3
7 10/27 E 15:10 ~ 15:40 0.3 15:09 ~ 15:38 4.4 14.1
8 10/26 D 15:25 ~ 15:56 4.2 15:25 ~ 15:56 43.2 10.4
9 11/02 R 14:50 ~ 15:31 0.4 14:51 ~ 15:21 4.5 10.1
10 10/29 M 14:10 ~ 14:42 0.2 14:07 ~ 14:38 1.3 7.9
11 10/27 F 09:56 ~ 10:29 0.2 09:57 ~ 10:29 1.7 6.9
12 10/29 L 14:23 ~ 14:55 0.3 14:20 ~ 14:50 1.6 6.0
13 11/03 \% 09:59 ~ 10:30 7.9 10:03 ~ 10:35 46.3 5.8
14 11/02 S 10:04 ~ 10:38 1.0 09:59 ~ 10:31 5.0 5.0
15 10/26 A 10:26 ~ 10:52 3.0 10:20 ~ 10:55 13.5 4.5
16 11/04 W 15;00 ~ 15:30 0.7 15:03 ~ 15:36 2.7 3.9
17 10/28 J 10:03 ~ 10:46 0.9 10:03 ~ 10:46 3.3 3.5
18 11/01 O 10:10 ~ 10:45 1.1 10:10 ~ 10:44 3.5 3.2
19 10/28 H 15:13 ~ 15:45 0.3 15:11 ~ 15:44 0.9 3.2




Table 8. Distribution of xylene concentrations inside and outside of the

HVAC buildings(during normal operation),unit :ppb,(continue)

Sampling Sampling Outdoor Indoor
No . . . . . B/A
date Site Sampling Time Xylene(A) Sampling Time Xylene(B)
20 10/27 E 10:09 ~ 10:39 2.8 10:07 ~ 10:38 8.6 3.0
21 10/26 D 11:08 ~ 11:46 5.7 11:09 ~ 11:45 14.1 2.5
22 11/01 0O 14:00 ~ 14:41 7.5 14:00 ~ 14:40 18.3 2.4
23 11/03 R 08:53 ~ 09:24 0.8 08:54 ~ 09:26 1.9 2.3
24 10/29 M 09:10 ~ 09:50 1.3 09:14 ~ 09:49 2.7 2.1
25 10/28 I 15:36 ~ 16:06 3.0 15:34 ~ 16:04 5.2 1.8
26 11/02 T 12:08 ~ 12:39 1.4 12:04 ~ 12:35 2.3 1.7
27 10/26 B 15:07 ~ 15:41 3.2 15:09 ~ 15:41 5.1 1.6
28 10/28 H 10:37 ~ 11:07 1.0 10:27 ~ 10:59 1.6 1.6
29 10/26 C 15:16 ~ 15:48 1.0 15:15 ~ 15:48 1.2 1.2
30 10/29 K 15:02 ~ 15:34 0.3 15:00 ~ 15:30 0.3 1.2
31 10/28 I 09:48 ~ 10:18 2.1 09:48 ~ 10:17 2.5 1.2
32 11/01 P 10:30 ~ 11:02 5.3 10:26 ~ 11:05 5.9 1.1
33 10/26 A 15:01 ~ 15:33 4.3 14:55 ~ 15:32 4.6 1.1
34 11/02 Q 12:10 ~ 12:41 1.9 12:09 ~ 12:39 1.8 1.0
35 11/03 6] 15:03 ~ 15:35 0.5 15:02 ~ 15:33 0.4 0.9
36 10/29 K 09:41 ~ 10:06 0.3 09:40 ~ 10:07 0.3 0.9
37 10/29 N 15:13 ~ 15:45 2.1 15:10 ~ 15:40 1.6 0.8
38 11/01 P 14:15 ~ 14:55 1.2 14:08 ~ 14:52 0.9 0.7
39 10/28 J 15:22 ~ 15:55 0.3 15:22 ~ 15:55 0.2 0.6
40 11/04 X 15:16 ~ 15:47 6.9 14:54 ~ 15:25 3.4 0.5
41 11/03 6] 12:41 ~ 13:12 0.5 12:40 ~ 13:11 0.2 0.5
42 11/03 \% 15:00 ~ 15:31 16.2 15:03 ~ 15:34 5.6 0.3
43 11/02 T 16:07 ~ 16:39 1.5 16:05 ~ 16:37 0.5 0.3
44 10/27 G 15:01 ~ 15:31 3.7 15:02 ~ 15:30 1.1 0.3
45 10/29 N 10:38 ~ 11:08 5.5 10:38 ~ 11:09 1.2 0.2
46 10/27 F 14:54 ~ 15:25 11.7 14:55 ~ 15:25 0.4 0.0
47 10/27 G 09:49 ~ 10:22 10.1 09:47 ~ 10:22 0.3 0.0
M 2.7 6.1 6.8
SD 3.4 10.4 14.6
GM 1.2 2.5 2.1
GSD 3.9 3.8
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Figure 10. Lognomal distribution of xylene concentrations inside and

outside of the HVAC buildings(during normal operations).
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Figure 11. Xylene concentrations by sampling site inside and outside of

the HVAC buildings(during normal operations).
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Figure 12. Comparison of xylene concentrations inside and outside of

the HAVC buildings(during normal operations).
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Table 9. Distribution of THCs concentrations inside and outside of the
HVAC buildings(during turnaround troubleshooting), unit:ppb

Sampling Sampling Outdoor Indoor B/A
date Site Sampling Time THCs(A) Sampling Time THCs(B)
1 10/08 1 19:54 ~ 20:19 671.3 19:50 ~ 20:21 3136.9 4.7
2 11/16 B 20:35 ~ 21:05 212.8 20:30 ~ 21:00 911.3 4.3
3 10/15 A 15:25 ~ 15:41 3383.8 15:20 ~ 15:48 7251.6 2.1
4 11/17 B 21:00 ~ 21:37 1336.6 21:05 ~ 21:35 1563.4 1.2
5 10/07 I 19:25 ~ 19:50 7030.9 19:20 ~ 19:51 524.2 0.1
M 2527.1 2677.5 2.5
SD 2794.4 2744.6 2.0
GM 1353.4 1762.1 1.3
GSD 3.9 2.8
- 99% - 9%
™ 98% T 98%
T 95% T 9%
K 0% = 90%
nfr 84% . T 84%
= 75% = 5%
" I
u = 50% [ F 50%
o ik C i
== 250/ = 2500
o + 16% " * 16%
= 10% = 10%
= 5% H 5%
+ 2% = 2%
1 10 Al2|(pp) 100 1000 10000 1 10 AlLY(ppp) 100 1000 10000

Figure 13. Lognomal distribution of THCs concentrations inside and
outside of the HVAC buildings(during turnaround

troubleshooting).
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Figure 14. Comparison of THCs concentrations inside and outside of

the HAVC buildings(during turnaround troubleshooting).
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Table 10. Distribution of benzene concentrations inside and outside of
the HVAC buildings(during turnaround troubleshooting),

unit:ppb
Sampling Sampling Outdoor Indoor B/A
date Site  Sampling Time Benzene(A) Sampling Time Benzene(B)
1 11/17 B 21:00 ~ 21:37 4.7 21:05 ~ 21:35 9.1 1.9
2 10/15 A 15:25 ~ 15:41 7.3 15:20 ~ 15:48 9.5 1.3
3 10/07 I 19:25 ~ 19:50 35.6 19:20 ~ 19:51 35.7 1.0
4 11/16 B 20:30 ~ 21:00 5.3 20:35 ~ 21:05 5.1 1.0
5 10/08 I 19:54 ~ 20:19 72.0 19:50~ 20:21 40.5 0.6
M 25.0 20.0 1.1
SD 29.3 16.7 0.5
GM 13.7 14.5 1.1
GSD 3.4 2.5
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y =0.5326x + 6.6572
= R?=0.8721
850 1
H
#
240 | .
5 .
o
g 30
<
20
10
'S
0
0 10 20 30 40 50 60 70 80

Ale|o| Benzene &= (ppb)

Figure 15. Comparison of benzene concentrations inside and outside of

the HAVC buildings(during turnaround troubleshooting).
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Table 11. Distribution of toluene concentrations inside and outside of
the HVAC buildings(during turnaround troubleshooting),

unit:ppb
Sampling Sampling Outdoor Indoor /A
date Site  Sampling Time Toluene(A) Sampling Time Toluene(B)

1 11/16 B 20:35 ~ 21:05 4.0 20:30 ~ 21:00 60.6 15.3
2 10/15 A 15:25 ~ 15:41 77.2 15:20 ~ 15:48 440.5 5.7
3 10/08 I 19:54 ~ 20:19 102.3 19:50 ~ 20:21 396.3 3.9
4 11/17 B 21:00 ~ 21:37 29.5 21:05 ~ 21:35 30.9 1.0
5 10/07 I 19:25 ~ 19:50 184.8 19:20 ~ 19:51 31.9 0.2
M 79.6 192.0 5.2
SD 70.4 207.6 6.0
GM 44.3 100.8 2.3

GSD 4.5 3.8
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Figure 16. Comparison of toluene concentrations inside and outside of
the HAVC buildings(during turnaround troubleshooting).
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Table 12. Distribution of xylene concentrations inside and outside of
the HVAC buildings(during turnaround troubleshooting),

unit:ppb
Sampling Sampling Outdoor Indoor B/A
0
date Site  Sampling Time Xylene(A) Sampling Time Xylene(B)
1 11/16 B 20:35 ~ 21:05 1.5 20:30 ~ 21:00 14.2 9.6
2 10/15 A 15:25 ~ 15:41 28.9 15:20 ~ 15:48 30.8 1.1
3 11/17 B 21:00 ~ 21:37 17.1 21:05 ~ 21:35 15.6 0.9
4 10/08 I 19:54 ~ 20:19 55.4 19:50 ~ 20:21 35.7 0.6
5 10/07 I 19:25 ~ 19:50 17.2 19:20 ~ 19:51 7.3 0.4
M 24.0 20.7 2.5
SD 20.1 12.0 4.0
GM 14.7 17.8 1.2
GSD 4.0 1.9
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Figure 17. Comparison of xylene concentrations inside and outside of

the HAVC buildings(during turnaround troubleshooting).
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Table 13. Distribution of THCs concentrations inside and outside of the
HVAC buildings(during normal operation and during
turnaround troubleshooting), unit:ppb

Outdoor Indoor
No Site Normal stage Turnaround stage Normal stage Turnaround stage
THCs(A) THCs(B) THCs(A) THCs(B)
11.9 212.8 127.0 1043.1
1 B 194 1378.7 41.5 1563.4
15.7 1777.7 - 991.4
- 853.2 - 699.5
9 I 45.6 671.3 63.1 3136.9
8.4 7030.9 37.6 524.2
3 A 37.0 3383.8 90.1 7251.6
36.2 - 45.0 -
M 24.9 2186.9 67.4 2172.9
SD 14.5 2369.6 35.1 2403.3
GM 21.1 1323.3 60.8 1450.1
GSD 1.9 3.1 1.6 2.5
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Figure 18. Comparison of THCs concentrations inside and outside of
the HVAC buildings(during normal operation and during

turnaround troubleshooting).
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Table 14. Distribution of THCs concentrations inside and outside of the
HVAC buildings(Installed carbon filters in air supplying
inlet),unit :ppb

sampling sampling Outdoor Indoor B/A
date site Sampling Time THCs(A) Sampling Time THCs(B)

1 10/26 D 15:25 ~ 15:56 34.1 15:25 ~ 15:56 312.3 9.2
2 10/27 E 15:10 ~ 15:40 3.7 15:09 ~ 15:38 31.4 8.4
3 10/26 C 11:34 ~ 12:04 6.8 11:32 ~ 12:04 32.7 4.8
4 10/27 E 10:09 ~ 10:39 35.5 10:07 ~ 10:38 81.8 2.3
5 10/28 J 15:22 ~ 15:55 3.0 15:22 ~ 15:55 6.8 2.3
6 10/26 C 15:16 ~ 15:48 9.0 15:15 ~ 15:48 14.2 1.6
7 10/28 J 10:03 ~ 10:46 17.6 10:03 ~ 10:46 24.5 1.4
8 10/26 D 11:08 ~ 11:46 94.5 11:09 ~ 11:45 96.1 1.0
9 10/27 G 15:01 ~ 15:31 26.1 15:02 ~ 15:30 6.9 0.3
10 10/27 G 09:49 ~ 10:22 478.3 09:47 ~ 10:22 13.9 0.0
M 70.9 62.1 3.1
SD 145.7 93.1 3.3
GM 21.1 29.9 1.4

GSD 4.7 3.5
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Figure 19. Comparison of THCs concentrations inside and outside of

the HAVC buildings(Installed carbon filters in air supplying

inlet).
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Table 15. Distribution of THCs concentrations inside and outside of the
HVAC buildings(Not installed carbon filters in air supplying
inlet). unit : ppb

sampling sampling Outdoor Indoor

No date Site  Sampling Time THCs(A) Sampling Time THCs(B) B/A
1 11/02 R 14:50 ~ 15:31 21.3 14:51 ~ 15:21 731.3 34.3
2 11/02 S 14:57 ~ 15:30 23.7 14:54 ~ 15:25 293.5 12.4
3 10/26 B 11:23 ~ 11:56 11.9 11:20 ~ 11:56 127.0 10.6
4 10/29 L 09:36 ~ 10:08 6.3 09:26 ~ 09:57 42.8 6.7
5 10/29 L 14:23 ~ 14:55 3.4 14:20 ~ 14:50 18.6 5.5
6 10/28 I 15:36 ~ 16:06 8.4 15:34 ~ 16:04 37.6 4.5
7 11/04 w 09:30 ~ 10:01 97.1 09:35 ~ 10:06 411.7 4.2
8 11/02 S 10:04 ~ 10:38 84.2 09:59 ~ 10:31 314.4 3.7
9 11/02 T 12:08 ~ 12:39 59.0 12:04 ~ 12:35 200.9 3.4
10 11/02 Q 16:02 ~ 16:32 43.2 16:00 ~ 16:30 128.5 3.0
11 10/28 H 15:13 ~ 15:45 5.0 15:11 ~ 15:44 14.1 2.8
12 10/29 M 09:10 ~ 09:50 6.0 09:14 ~ 09:49 16.7 2.8
13 10/27 F 09:56 ~ 10:29 11.3 09:57 ~ 10:29 30.4 2.7
14 10/26 A 10:26 ~ 10:52 37.0 10:20 ~ 10:55 90.1 2.4
15 10/29 K 09:41 ~ 10:06 4.5 09:40 ~ 10:07 11.0 2.4
16 11/01 @) 10:10 ~ 10:45 100.0 10:10 ~ 10:44 219.8 2.2
17 10/26 B 15:07 ~ 15:41 19.4 15:09 ~ 15:41 41.5 2.1
18 110/3 \Y 09:59 ~ 10:30 149.0 10:03 ~ 10:35 286.8 1.9
19 10/28 H 10:37 ~ 11:07 12.4 10:27 ~ 10:59 22.6 1.8
20 11/03 R 08:53 ~ 09:24 43.1 08:54 ~ 09:26 66.9 1.6
21 11/04 w 15;00 ~ 15:30 70.8 15:03 ~ 15:36 98.5 1.4
22 10/28 I 09:48 ~ 10:18 45.6 09:48 ~ 10:17 63.1 1.4
23 11/01 P 10:30 ~ 11:02 186.6 10:26 ~ 11:05 236.5 1.3
24 10/26 A 15:01 ~ 15:33 36.2 14:55 ~ 15:32 45.0 1.2
25 110/4 X 15:16 ~ 15:47 104.1 14:54 ~ 15:25 126.7 1.2
26 11/3 \Y 15:00 ~ 15:31 95.6 15:03 ~ 15:34 106.2 1.1
27 11/03 U 15:03 ~ 15:35 54.0 15:02 ~ 15:33 55.2 1.0
28 11/02 T 16:07 ~ 16:39 57.7 16:05 ~ 16:37 58.1 1.0
29 11/01 @) 14:00 ~ 14:41 445.6 14:00 ~ 14:40 428.1 1.0
30 11/01 P 14:15 ~ 14:55 215.5 14:08 ~ 14:52 155.4 0.7
31 10/29 N 15:13 ~ 15:45 22.5 15:10 ~ 15:40 14.5 0.6
32 1103 U 12:41 ~ 13:12 107.2 12:40 ~ 13:11 46.2 0.4




Table 15. Distribution of THCs concentrations in inside and outside of
the HVAC buildings(Not installed carbon filters in air
supplying inlet). unit : ppb, (continue)

sampling sampling Outdoor Indoor B/A
date Site  Sampling Time THCs(A) Sampling Time THCs(B)
33 11/02 Q 12:10 ~ 12:41 535.0 12:09 ~ 12:39 102.1 0.2
34 10/29 N 10:38 ~ 11:08 219.4 10:38 ~ 11:09 14.6 0.1
35 10/27 F 14:54 ~ 15:25 454.9 14:55 ~ 15:25 21.2 0.0
M 97.1 133.7 3.5
SD 132.6 154.7 6.0
GM 43.2 74.3 1.7
GSD 4.1 3.3
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Figure 20. Comparison of THCs concentrations inside and outside of

the HAVC buildings(Not installed carbon filters in air
supplying inlet).
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Table 16. Distribution of THCs concentrations in inside and outside of
the HVAC buildings(Building in production area). unit:ppb

Sampling Sampling Outdoor Indoor

date Site Sampling Time THCs(A) Sampling Time THCs(B) B/A
1 11/02 R 14:50 ~ 15:31 21.3 14:51 ~ 15:21 731.3 34.3
2 11/02 S 14:57 ~ 15:30 23.7 14:54 ~ 15:25 293.5 12.4
3 10/26 B 11:23 ~ 11:56 11.9 11:20 ~ 11:56 127.0 10.6
4 10/26 D 15:25 ~ 15:56 34.1 15:25 ~ 15:56 312.3 9.2
5 10/27 E 15:10 ~ 15:40 3.7 15:09 ~ 15:38 31.4 8.4
6 10/29 L 09:36 ~ 10:08 6.3 09:26 ~ 09:57 42.8 6.7
7 10/29 L 14:23 ~ 14:55 3.4 14:20 ~ 14:50 18.6 5.5
8 10/26 C 11:34 ~ 12:04 6.8 11:32 ~ 12:04 32.7 4.8
9 10/28 I 15:36 ~ 16:06 8.4 15:34 ~ 16:04 37.6 4.5
10 11/02 S 10:04 ~ 10:38 84.2 09:59 ~ 10:31 314.4 3.7
11 10/28 H 15:13 ~ 15:45 5.0 15:11 ~ 15:44 14.1 2.8
12 10/29 M 09:10 ~ 09:50 6.0 09:14 ~ 09:49 16.7 2.8
13 10/26 A 10:26 ~ 10:52 37.0 10:20 ~ 10:55 90.1 2.4
14 10/29 K 09:41 ~ 10:06 4.5 09:40 ~ 10:07 11.0 2.4
15 10/27 E 10:09 ~ 10:39 35.5 10:07 ~ 10:38 81.8 2.3
16 10/28 J 15:22 ~ 15:55 3.0 15:22 ~ 15:55 6.8 2.3
17 11/01 0O 10:10 ~ 10:45 100.0 10:10 ~ 10:44 219.8 2.2
18 10/26 B 15:07 ~ 15:41 19.4 15:09 ~ 15:41 41.5 2.1
19 11/03 \Y 09:59 ~ 10:30 149.0 10:03 ~ 10:35 286.8 1.9
20 10/28 H 10:37 ~ 11:07 12.4 10:27 ~ 10:59 22.6 1.8
21 10/26 C 15:16 ~ 15:48 9.0 15:15 ~ 15:48 14.2 1.6
22 11/03 R 08:53 ~ 09:24 43.1 08:54 ~ 09:26 66.9 1.6
23 10/28 J 10:03 ~ 10:46 17.6 10:03 ~ 10:46 24.5 1.4
24 10/28 I 09:48 ~ 10:18 45.6 09:48 ~ 10:17 63.1 1.4
25 11/01 P 10:30 ~ 11:02 186.6 10:26 ~ 11:05 236.5 1.3
26 10/26 A 15:01 ~ 15:33 36.2 14:55 ~ 15:32 45.0 1.2
27 11/03 % 15:00 ~ 15:31 95.6 15:03 ~ 15:34 106.2 1.1




Table 16. Distribution of THCs concentrations in inside and outside of
the HVAC buildings(Building in production area). unit:ppb,

(continue)
Sampling Sampling Outdoor Indoor B/A
0 date Site Sampling Time THCs(A) Sampling Time THCs(B)
28 11/03 U 15:03 ~ 15:35 54.0 15:02 ~ 15:33 55.2 1.0
29 10/26 D 11:08 ~ 11:46 94.5 11:09 ~ 11:45 96.1 1.0
30 11/01 0O 14:00 ~ 14:41 445.6 14:00 ~ 14:40 428.1 1.0
31 11/01 P 14:15 ~ 14:55 215.5 14:08 ~ 14:52 155.4 0.7
32 11/03 U 12:41 ~ 13:12 107.2 12:40 ~ 13:11 46.2 0.4
33 10/27 G 15:01 ~ 15:31 26.1 15:02 ~ 15:30 6.9 0.3
34 10/27 G 09:49 ~ 10:22 478.3 09:47 ~ 10:22 13.9 0.0
M 71.5 120.3 4.0
SD 112.6 155.3 6.1
GM 28.2 59.1 2.1
GSD 4.1 3.5
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Figure 21. Comparison of THCs concentrations inside and outside of
the HAVC buildings(Building in production area).



5.2AHF A =] Aule] THCsE= Hl i

APEEA A E THCs 11739 S 23+ Table 173 2t} Table
ol sk v At 2 SAE Udeit. Ha sk 11
49 Wz EolA 411.7 ppb= vebtt} 718k A7} 66.2 ppb=

A9l 7]18H <l 83.8 pphE.UF WA LERE

A9 =7} 108] o)A xolE RolE= 249 AEE A3 9%
AT 7TAAAA AQrp AQHrt 2o Ao Yeyton vz

27 Ao AL7b = Ao R yekgth olwe] rlaH e AUt

88.88 pphZ A eF% 7|3t 62.38 ppbH. U} 7t & Aoz e

Stk Figure 227 olwjo] Aule] sess 9 X5 Y Aol

O

b

Table 17. Distribution of THCs concentration in outdoor and indoor
HVAC building(Office building), unit : ppb

Sampling Sampling Outdoor Indoor

date Site Sampling Time THCs(A) Sampling Time THCs(B) B/A
1 11/04 w 09:30 ~ 10:01 97.1 09:35 ~ 10:06 411.7 4.2
2 11/02 T 12:08 ~ 12:39 59.0 12:04 ~ 12:35 200.9 3.4
3 11/02 Q 16:02 ~ 16:32 43.2 16:00 ~ 16:30 128.5 3.0
4 10/27 F 09:56 ~ 10:29 11.3 09:57 ~ 10:29 30.4 2.7
5 11/04 w 15;00 ~ 15:30 70.8 15:03 ~ 15:36 98.5 1.4
6 11/04 X 15:16 ~ 15:47 104.1 14:54 ~ 15:25 126.7 1.2
7 11/02 T 16:07 ~ 16:39 57.7 16:05 ~ 16:37 58.1 1.0
8 10/29 N 15:13 ~ 15:45 22.5 15:10 ~ 15:40 14.5 0.6
9 11/02 Q 12:10 ~ 12:41 535.0 12:09 ~ 12:39 102.1 0.2
10 10/29 N 10:38 ~ 11:08 219.4 10:38 ~ 11:09 14.6 0.1
11 10/27 F 14:54 ~ 15:25 454.9 14:55 ~ 15:25 21.2 0.0
M 152.3 109.7 1.6
SD 179.1 116.3 1.5
GM 83.8 66.2 0.8

GSD 3.2 3.0
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Figure 22. Comparison of THCs concentrations inside and outside of
the HAVC buildings(Office building).
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ABSTRACT

Study on VOCs Concentrations both Inside and Outside Bgkli
in a Petroleum Refinery Industry

Kim, Jae Jong
Division of Industrial Hygiene Engineering
Graduate School of Occupational Safety and Health
Hansung University

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

This study was conducted to evaluate the workers' exposuneolatile
organic compounds(VOCs) from inside and outside of thedingls in a
petroleum refinery industry. VOCs concentrations were snead with the use
of Tenax tubes and GC/MSD both in inside and outside of thédimgjs
during normal operations and a turn-around-shut-down (T&M®) periods.
Hexane based Total hydrocarbons (THCs), benzene, toluedexgene were
quantitatively analyzed.

The results were as follows.

1. THCs concentrations showed log normal distributions. sGiM THCs
concentrations were 36.8 ppb outside and 60.7 ppb insideectsgely during
normal operations. GSDs were 4.2 and 3.3 for outside andldnséspectively.

2. GMs of benzene concentrations were 0.6 ppb outside angb8inside
respectively during normal operations, which were far ekhan current
occupational exposure limit of 1 ppm(=1,000ppb). GSDs we and 3.4 for
outside and inside respectively.



3. During normal operations, THCs concentration levelsnaide of buildings
were 1.7 times higher those at outside of buildings. It wasnfbto be
higher inside concentrations of 1.3 times for benzene, kg for toluene,
and xylene respectively compared to the outside ones.

4. During T&A S/D periods, THCs concentration levels at desiof buildings
were 1.3 times higher those at outside of buildings. It wasnibto be
higher inside concentrations of 1.1 times for benzene, @igg for toluene,
and 1.2 times for xylene respectively compared to the oatsides.

5. Geometric mean(GM) of the THCs concentrations during T&® periods
was 23.8 times higher than that during normal operationsngide of the
buildings. GM of the THCs in outside of the buildings duringA S/D
periods was 697 times higher than that during normal operati



