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This study was conducted to investigate the benzene
exposure levels in cod chemica and petrochemica refining
industries during BTX turnaround (TA) processes where
benzene was being produced.

Three compeanies producing benzene were sdlected, one cod
chemicd and two petrochemica indudtries TA processes were
dassified into three sages: shut down, maintenance, and sart
up. Datawas andyzed by dassifying the refining method into 2
groups (Petrochemistry, Cod chemistry) for 823 workers

Comparing the data from petrochemicd industries with data
from a coal chemical refining industry, while benzene
concentration levels of long-term samples during TA were not
statigtically different (p> 0.05), those levels of short-term
samples were sgnificantly different (p< 0.001). About 4.79 %
of data in petrochemica industries exceed the occupationa
expoaure limits (OELS) of benzene, 1 ppm. In acod refining
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methods, about 15.7% exceeded the benzene OELS. The
benzene concentrations in mantenance and sart up sage of TA
for petrochemicd refineries were higher than those in a cod
chemicd refinery (p<0.01).

These findings suggest that the cod chemicd refining Ste
requires more stringent work practice controls compare to
petrochemical refining sites during TA processes. Personal
protective equipments induding organic respirators should be
used by TA workers to protect them from benzene over-
exposure.

KeyWords:  Benzene, Turnaround, Petrochemicdl refining
method, cod chemica refining method, 8hr-
TWA, STEL.
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r=0.95, p<0.001, n=40
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Fig 1. The relationship between passive and active
sampling method(r=0.95, p<0.001, n=40).
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Fig 2. Cumulative probability distribution of
benzene by refining method.
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Table 1. Distribution of job categories of study subjects.

19 - 74w
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Job Sudy subjects, %
categories Totd Petro-chemidtry Cod chemistry
Electric fitter 3947 33(7.]) 6(1.6)
Helper 36(4.4) 15(33) 21(58)
Mechanicd engineer 343(41.7) 245(533) 9(27.1)
Painter 3037 30(6.6) 0(0.0)
Plumber 116 (14.) 48(104) 68(18.7)
Insulation fitter 41(50) 5(11) 36(100)
Scafold 58(7.1) 28(6.0) 30(84)
Wdder 2(27) 17(38) 513
Dranfitter 7(09) 2(05) 513
Tank fitter 8(0.9) 8(16) 0(0.0)
Board man 17(20) 5(11) 12(32
Fedman 105(12.7) 23(49 82(22.6)
Totd 823*(100.0) 459(100.0) 364(100.0)
* 823 persons = 459 persons(Petro-chemistry workers) + 364 persons(Coal chemistry workers).
Table 2. Comparison of long-and short-term samples by benzene level.
Petro-chemidry Cod chemidry
Bezenelevel iy Sub Longtem  Short-tem Sub Longtam  Short-tam
(pom) o ample e Areasample e e Areasample
ND* 146(17.7) 18259  35(17.3 53(37.1) 30(26.3) 28(7.7) 16(6.7) 11(15.3) 1(1.9)
001~<01 3103770 178(388)  56(27.7) 66(46.2) 56(49.1)  132(363)  107(45.0) 342 22(40.7)
01~<05 228(27.7) 120261)  85(421) 14(9.8) 21(184)  108(97) 69290 13(18.1) 26(48.1)
05~<10  36(44) 16(35) 12(59) 1(0.7) 3(26) 20(55) 14(59) 5(6.9) 1(19)
>10 103125  27(59) 14(69) %63 4(35) 76209)  32(134)  40(556) 474)
Totd  823(100)' 459(100) 202100)  143(100)  114(100)  364(100)  233(100)  72(100)  54(100)

* ND @ Non Detect.
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Table 3. Benzene concentration and frequency of exceeding OELs in personal air and area samples by

Process/refining method.

LTEC*, ppm STEC, ppm Ares, ppm Totd, ppm

Refining Process AM NPOELS'), % AM N(OELS, % AM N(OELS), % AM v
method N MmN s M e M e 2 O
D (GD) D (G D G D (GD)

ACGIH¥ KoreaACGIH KoreaACGIH

Al 115 0r 06 &~ 8 16 & 0%t 08 N~ 4 5 5 04t 007 N~ 4 6 064t 00

3% (68) 20 (19 (139 2% (07 158 (60 (79 13 (16) 60 (80 (120 32 8%

Petro- 8 g7 04 02 0~ 6 10 % 06t 004 N~ 0 0 8 0Bt 000 N~ 0 1 o 019+ 006
chemistry 07 (269 5% (69 (1Y 0m 25) 0% 00 2% 07 (0 (16 051 (4%
083x 010 N~ ¥4 % 0B 0B N~ 4 5 00: 0B N~ 4 7 00+ 0%k

Qubtotd 202 m s

1
W G 20 69 (129

19 6% 5% 9 (9 7 BT 6D (9 6 22 (63)

B 02 N>~ 2 &
Cod chemigry 238
916 (6% 137® (134 (193

s 19 N- %7
3 (14 22893 (B3 (37 ® (% 4 6§ 69 1343 (12

0% 016 ND- 4 5 168+ 018

o 0L N> 6 » B 00 N> B 2 05 05 N- 8 2 8Bt 0
Totd 440 168 3

M 62 @0 (09 (69 7R07 (08 283 (30 (M9 0B 6B 60 @2 6) 9w (X
Fvale YT B 46 0% 68 - - - - 20 T8
pvalue - 0B 0 000L <0001 00 <00t 0018 <000t

* L TEC(Long Term Exposure Concentration of personal samples), STEC(Short Term Exposure Concentration of personal samples), Area(Long Term

Exposure Concentration of area samples).

#x N(Number of samples), AM(Arithmetic Mean), SD(Standard Deviation), GM(Geometric Mean), GSD(Geometric Standard Deviation).

T OELs : Occupational Exposure Limits.

F ACGIH : American Conference of Governmental Industrial Hygienists in USA.

§ ND : Non Detect.
I AB,C : Name of BTX process.
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Table 4. Benzene concentration and frequency of exceeding OELs in personal air samples by TA stages.

Refining method Petrochemigtry Cod chemigry Totd p-vaue
TA dager SD MT SU Sitod SD MT SU Subtotd s MT SU
N** 7 13 R aw 8 % 28 440
A 046 0% 12 05 0% 2% 094 067 013 023
+088 073 +743 +302 132 +1438 +704
o) 08 009 007 01 009 017 011 02 003 082
TEC 590) (42 (GXN) (6 (65 (916 63)
o Renge NDS§ ND ND ND ND ND ND
~370 ~555 ~4212 ~4212 ~730 ~1370 ~1370
N K 6 7 1 14 n 19 46
OELs 28 67 (B) (69 @25 () (105)
e A 1 T2 ® B 7 7
! (149 (139 (62 (29 1) (@84 (164)
N 9 18 1 143 16 % 215
AM+ 406 019 015 048 183 7494 BASOE 2862+ 0064 009
+651 +086 +015 +199 +2189 +320 0L3L 17807
GvuGs) 02 0B 015 00 84 08 011 0012 <0001
STEC (08) (472 (589 (4114 (52 (3701) (2089)
S— ND ND - ND ND ND ND~22 ND
ppm ~1584 ~8% ~1584 ~8728 ~22893 22893
Ne K 3 1 0 4 U 13 28
OELs 23 (@l 20 (87 (232 (130)
o A3 2 0 5 1 16 2
! 23 (22 25 (87 (286) (149)
N » B N N4 24 D 168
i 048 06 01 02 04 03 025 073 0054 002
+128 +010 +017 +077 *113 +037 +0.78
ovcsp) 006 001 0B 00 0L 02 006 038 <0001 <0001
- (708 (403 (48) (7)) (438 (1) (599)
5 ND ND ND ND ND 008 ND
ppm M 630 049 071 630 ~541 ~143 ~6.30
N 4 0 0 4 2 1 8
ags K" (@5 @5 (63 (63 42
oo A0 0 1 7 2 1 ©
! (143) B4 (6) 63 (63 (63
N %8 20 6 49 18 18 823
iy 077 02 08 042 143 2663 803 006 007 039
= +236 074 +557 123 +834 18884 +031 +143 +o18
009 004 005 005 015 028 009 009 <000l 0007
Tod,  CMGD) 915 (565 (568 (63) (1256) (13%9) (120) (929
Ne K 13 8 1 2 24 % 0 &
g (133 @7 (16 48 (188 (09 (100)
oo A BB 3B B A 116
% (163 (66 (48 (83 (9 (279 (14.)

* TA stage © S/D(Shut Down), M/T(Maintenance), S/U(Start Up).

% N(Number of samples), AM(Arithmetic Mean), SD(Standard Deviation), GM(Geometric Mean), GSD(Geometric Standard Deviation).

T OELs : Occupational Exposure Limits.

§ ND : Non Detect.

II' K : Korea.

F A ACGIH(American Conference of Governmental Industrial Hygienists).
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Fig 3. Distribution of benzene concentration in
OELs by refining methods.
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