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A Comparison on the Characteristics of Benzene Exposure between the Coal chemical
and Petrochemical refining method during Turnaround

Eun-Kyo Chung'™ « Jung-Ah Shin* + Jwoon Kwont + Hyun-Hee Park! - Kwang Jae Chung? + Jong-Han Leg* + In Seop Legt
Seong-Kyu Kangt - Hyang-Woo Ryut + Young Sun Kimt - Byung KyuLeg? - Jee-Kil Jang? - WonKim - dJung Man Kin®

Occupational Safety and Health Research Ingtitute, 2Busan regional hdars, 2industrial Safety Training Indtitute, KOSHA,
“Wonjin Indtitute for Occupational and Environmental Health, *Dong-A University

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
cdassified 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
stetigtically 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 a cod refining
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methods, about 15.7% exceeded the benzene OELS. The
benzene concentrationsin 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, Petrochemical refining
method, cod chemica refining method, 8hr-

TWA, STEL.
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Aty dek ade SR o529
(Turnaround, ©]3} TA)o| 3= A vk ZA] BH tf & A5-3}
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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).

L

Z (g
>

oY

Jo M b
N,
T
z
E e

=)
o o

2 IIA ZEAL AL gk A
F 1 E](Organic Vapor Monitor)el] 2] 3t 4
L3I0t 52 AP S A
CIRaliEEaRas Ll e A bl s A
Ulgl= 24l ol 21579 2-go] |
7go] 47 g 715+ (04mis o]/ e] Z50]
S 1k A R E T A
(Charcod Tube)ol] 2Jet 554 AW -&
o Ao tf et M-S AT Y 5
Aol 54 2 55 ARANFH 7 E A
IHFg 1], AT () 7F095E 7F 2 H
2l 8131 tH(p<0.001).

>,
Al
ﬂllo JH',

O:

%0, o ¥ (A, ol
froob o o 4
filo to
ogie
[ o

w2y
s R
i

o B
 d

n:§H‘
L om ot R oo o

it
ox,
e, 12

ﬂ}\]

]_

12
Al
rir

e
21te] 59
tol 37kt A

ol &%

S >
ok 1<t obo
ol

=

I

3. &4 L EIHE
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3 sEN PR v FHAGIARAA T4
(Nationdl Indtitute for Ocoupationd Safety and Health, NIOSH) 2]
7 A&l NMAM(NIOSH Manud of Andlyticl Methods)
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218 A E 714 2] (American Conference of Governmental
Industrial Hygienists ACGIH) 9] =% 7|3} Bl w &ttt $-¢
Uk 200978 dllAlel] tiel] 8187152 =Sl ekl 1ppm
& 2= A AU EE FHel s Holglth =27]%
- 8-TWA 1 ppm, STEL 5 ppm©. & TA|8FaL Q55
2008). $HH, 1]=r ACGIH| A& 8hr-TWA 05 ppm, STEL 25

A gl Aekskete] iR A9 E WAl g 54 vl 149

ppm. .= 7 3}k31 Q) THACGIH, 2009).
4. X122 SAHAE

A 5418 SPSS 17.0k for WindowE: 0] 8-310] S A] Z.0]
gt AT EEA T4 AL TIQIAE, GA R Y
A A 2ol tfar = Az FwAS Ao 4
A 2 A o] W wE25EE vwEy| Y B
A 57177 (e, ANOVA-tet) 3! B] 2.2 57177 (Mann-
Whitney test, Kruskal-Walis tes) "HH S =0 AAI5H5H. S
AH 235 249 LOD(Limit of detection)gt 1] ko] 7n} &
AE A5 LOD 8 12 ks A &-ato] FAA st
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A3 A0 YR Al of] Fofshs SWE L2}
£ AEE R 7)7) 2 (Mechanicd enginear), Bl 22 (Plumber),
774 2 (BElectricfitter), H] A 2] (Scaffold), -3 2] (Welder), #| ¢+2]
(Drainfitter), X.22] (Insulation fitter), B =1 2] (Tank fitter), =72]
(Painter), 2. =l (Board man) 2 2 = w(Fedd man) 5 ©. = -4
S 5 QATHE A, 2008). AT A2 A6 AEE e
32 <Table 1>} o], 71 A4 o] 712 WxaL 714 - v
2 @ Ao A 9] 685% 5 2ASFATE AR E 2= A
fr3}8to] 4597 (55.8 %) 9111 A ¥ks}Sto] 3648 (44.2 %)°|
At

oA-tfare] M A WAlEE EEE B, ND7}17.7 %, 001
~< 0.1 ppm ©] 37.7%, 0.1~< 05 ppm ©] 27.7 %, 05 ~ < 1.0 ppm
o] 44%, 1 ppm ©]A0] 125 %S 24| k= A 0.7 LEpyt
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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.

Jb Sudy subjects, %
categories Total Petro-chemistry Cod chemigtry
Electric fitter 3947 33(7]) 6(16)
Helper 3%6(44) 15(33) 21(58)
Mechanical engineer A3(41.7) 245 (533) 99(27.1)
Painter 30(37) 30(66) 000)
Plumber 116 (14.1) 48(104) 68(187)
Insulation fitter 41(50) 5(L1) 36(100)
Scefold 58(7.1) 28(6.0) 3084
Welder 2(27) 17(39) 5(13)
Drainfitter 7(09) 2(05) 5(13)
Tank fitter 809) 8(16) 0(00)
Board man 17(20) 5(L1) 12(32
Hedman 105(127) 23(49 82(22.6)
Totd 823*(100.0) 45%(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
Barzeelerd 14 Sub Longtem  Short-term Sub Longtem  Short-term
(ppm) o amle  smple Arasmple amle sl Areasample
ND*  146(177) 18259 35173 53370 3063 2877 1667 1153 119
001~<01 310377) 178388) 56(277)  66(d62)  56(491) 132363 107(450) 342  22(407)
01~-<05 280277 120(261) 85421) 1498  21(184) 108297) 69(00) 13(181)  26(481)
05~<10 3644 1635 1259 1(07) 3(26) 2065 1459 569) 1(L9)
>10 103125  2759) 1469 963 435 76209 3134  40(56) 474
Tod  823(100) 459(100) 202(100)  143(100)  114(100)  364100)  238(100)  72(100)  54(100)
*(f\)lD * Non Detect.
"= %.
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A8182 ND gho] B wE758 233
< Hhd MESFSR2 ND gto] 41 kg7 |Es 23
FRET W 710 7 ZALE 9 tTahle 2>,

HlolE o] A2 vl 2 AUPAIE Ueh L
LH(r=0.96), Shapiro-Wilk Test 2 Kolmogorov-Smirnov Test
A A3t FAAC 7 Gt Rt Tt 2k
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ppm o] §low, A ekslete] o8k BTX &4 <] wlAls = (8hr-
TWA)= 012(694) o| it Mgkt etel| o3| wlAlS Az
= Aol wE7]F(6h-TWA) S 23}38H= A7} 3274
o7 @xau 73 %fﬂ 202 VERE O Al gl etel A = &
HAF7H 14 02 A 9 32 %= A etglete] - Ht vt
YTk WA 5 S (STEC) = A1 181 8ol A 0.03(5.89) ppm
0191 o1, A ek3}sto] A 1.39(3143) ppm o] 3Lt} A Ek3}sto)
X 9] ShA| 7 7] F5(STEL) 23 2471(112 %91/
A faato| M= 2357} 47(19 %) O & A Ehs}ate]
7Rk A4 Aoleh 28 aL, A9 eE s S (Area TWA)=



A3} 8kel A 0.03( 5.77) ppm ©] 1 oW, A &5} 8tof A
0.16(3.26) ppm ©] 3l Tk, A ets}stof| A o] AN T F L =
=715 23057 4424 %)01 AL A3k etl M = 23t
A7 4124 %) © 2 21o] 7} 913l ti<Table 3>, A -3}8F 4
Aets}ste]] o] ot WAl s = v ol M A7 EdE e
AM= TAA SR o5t AFo] 7} ol o Kp>005) ©HAI 7
EEFEG AN R T E FAH O E o st 2o 7}
AN THP<0.05). A|77t5H Lot DA eE s gt A
AN BELE A galste] Alakel 9ol wlAl A
Ho| & FEfTe FAHOR Fo8 2o 7t 919l
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w4 ¢ 7]3} % % £ (LTEC):= Shut Down(S/D) &7
0.13(5.90) ppm, Maintenance(M/T) A 0.09( 5.42) ppm, Start
Up(SV) £+7] 0.07(5.90) ppm ©] %1 2 2] E+3} 8o A 3= SID 0.0
6.52) ppom, M/T 0.17(9.16) ppm, SU 0.09(3.90) ppm ©] 31 Tt ¥l
o A7} B 712 (B-TWA) 23k e A3} 8ol A
SD ©HA] 673, MIT &7 77, SURHA] 1791 b, A g3} 8o
A= 9D 14, MIT 1971, SU 2710] 238}t
o A 3 A EEsl st A o] ©hAlzE Ve s
(STEC):= SDHA ol A Z}2} 0.12 (39.82) ppm, 8.14(41.14) ppm,
M/TEH7] ol 4 ZF2F 0.03(4.72) ppm, 0.84(25.20) ppm ©] 91 3. SU
A M= SN R 50 F 7T 5 Gk @At
wE7E(STEL) S 26k AlRdTE Argetel D
371, MIT 124, SU §19l a7 Al ksl alol A= §D 117, MIT 1371
ollth. 12| A H v E s T Afatet A 7k o

Table 3. Benzene concentration and frequency of exceeding OELs in personal air and area samples by

Process/refining method.

LTEC*, ppm STEC, ppm Areg, ppm Totd, ppm
Refini NPORLS'), % NPOELS, % N(OELS), %

LR AM (>OELS) AM AM AM

method NY  + Range N¥  + Rage——— N*  + Range——— N*  +
o () o () o () o ()

ACGIHT KoreaACGIH KorerACGIH

Al 15 0: 06 &~ 8 16 - 0%t 08 N~ 4 5 D 04 007 N~ 4 6 0p4= 006
3% (68) 20 (10 (139 2% (107 5% (60 (79 13 (16) 60 (80 (120 3 8%
Petro- g7 041t 02 0~ 6 10 06t 0¥ N~ 0 O 8 0B+ 001 N~ 0 1 019 006
chemistry 07 (26 5% (69 (19 00 (25) 0% 00 (0 01 (00 (16 05l (%)
Bt 00 ND- ¥ % Bt 0B ND~ 4 5 0t 0B N~ 4 7 Py (03

Subtotd 202 3 143 s 114 w2 02
3w 66 2L 69 19 19 (%) LY (28 (39 07 67 60 (395 (61 22 (63)
18t 02 ND- 2 4 0+ 19 N~ A 7 %t 06 ND~ 4 5 168= 018

Cod chemigry 233 & % 0% B8
916 (6% 1378 (134 (193 3L (3143 2293 (B3 (379 00 3% 54 (b6 (689 33 (12
Toid 20 0%t 0L N>~ 46 7 Bt 01 N~ 88 2 0»t 0 N~ 8 D2 83+ 009
0 (62 1B (105 (164 17807 (089 22893 (130) (149 B (% 6D 1 63 R 09
Fvdue - B 15 UB A4 195 653 240 78
pvaue - 06 021 0001 <0001 0020 <0001 0018 <0001

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

Exposure Concentration of area samples).

% 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 pvaue
TA dtege* SO MT SU Suibtold SD MT  SU Suptotd - s MT SU
N** 47 123 R A 8 % 5 288 a0
AM-g 046 0% 142 05 0% 2% 021 128 0% 06 013 023
+088 073 +743 +302 13 1438 +032 916 +704
o) 013 00 007 010 009 07 009 012 01 02 008 082
LTEC, G30) (42 (N () (65 (18 (N (¥ (6
o Reree ND§ ND ND ND ND ND ND ND- ND - . .
~370 ~555 ~4212 ~4212 ~730 ~1370 ~157 1370 ~1370
N K 6 7 1 14 n 19 2 2 4 - . .
OELs 128 7)) () (69 (125 (0) (36 (134 (105
e A W2 ® 157 4 B T . :
: (149) (138 (62 (29 17 (284 (73 (193 (164
N 9 18 1 143 1 % 0 1@ 25
M- 406 019 015 043 183 74% 84S0+ 2862+ 0064 000 -
+651 +086 +015 +199 +2189 +3220 0131 17807
oMGs) 02 0@ 015 008 814 08 - 1% 01 002 <000 -
STEC (208) (472 (589 (4114 (252 (3701) (2088)
S ND ND - ND ND ND - ND-22 ND - . .
ppm ~1584 ~899 ~1584 ~ 8728 ~22803 893 ~22893
Ne K 3 1 o0 4 1 1B - 24 3 - : :
OELs 23 (@) 20 (87 (232 (383 (130
e A 3 20 5 1 1 - 2 2 - : :
: 23 (22 (25 (687) (286) (375 (149
N » B M M4 2% 1 18 5 1,8
i 048 06 01 02 04 03 029 0% 0% 073 0064 00
+123 +010 +017 +077 *113 +037 +030 +079 +078
ovGsp) 006 001 008 008 012 02 00 016 0065 03 <000l <000
A (708) (4039 (481) (7)) (433 (13 (249 (326) (5%)
: ND ND ND ND ND 008 006 ND ND - : :
pom A 630 049 071 630 ~541 ~143 ~127 ~541 630
N K 4 0 0 4 2 1 1 4 8 i : :
g (95) 35 (63 (63 (@42 (8 @2
o A 80 1 7 2 1 2 5 1 - : .
% (143) 349 (6) 63 63 63 69 63
N %8 29 & 40 158 163 73 34 83
i 077 02 08 04 143 2%63- 02 168 808 006 007 0%
= +236 074 +557 +23 +834 18884 +031 +143 +o18
009 004 006 006 015 028 010 018 009 009 <0001 0007
Tod,  GMGD)  g16 (566) (568 (630) (125 (13%9) (74 (1120) (929)
Ne K 13 8 1 2 24 % 3 & & - . .
g (133 (27 (1§ @48 (189 9 @41 @157 (100)
fon Al B W 3 B B M6 B U - . .
)% (163 (66 @8 (B3 @9 @0 (62 @4 (14

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

s 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.

7 9D 0.06(7.08) ppm, M/T 0.01(4.03) ppm, SU 0.03(4.81) ppm
]9l 11 A ek3}8o A+ D 0.12(4.38) ppm, M/T 0.22(2.13)
ppm, SU 020(249) ppm ©] 31T AGAI 55 &7 |H(TLV-
TWA)2 23}k Al 275 A 1318l 4] SDEHA ol A ik
4710191 31 MIT @ SUof|A = §191 0™ A ks)sto A= SD
27, MIT 171, SU 17 5 2 A Aol A skl th
<Tabled>.

AT A f-3)sr 9 Aeks)ete] ot wilAls - vl
N AR s ol M= MIT Ao AR F A1 A 07
el gk 2ke] 7k QLo 31(p<0.08), L A DAl oA = gl
(p>0.05). dAIZeE =0l A = SD 2 MIT ©HAl el A &4
A 07 fogtk 2kl 7} 3 A1(p<0.08), A A TE ol A =
M/T 2 SIU ©A| ol 4] A A 0.2 28t 2ol 7} Q) lth
(p<0.05).

V. 1%

£ AT YAR R E AAlS GAIshs ARatel 27
FEFE WS FE58h etgiehitg] o iRl
Fojehs ZUNE 2EAE WAl sEFF Aol L 15
A& Solr 7] gl A raktAake] o) -9 1A 45970
NEFAIN wE7158 2938 A5E 200F 29&E
479 % Q1 WA A ekt QoA = 2 A 3871 Al 5F el A
3B710] 275t0] 157 %] 234 KT ;2]
ARA| 2 783 % Qi SD WA= 30 AdEel 7
5 SIS 3 AFEA w|E(Dran), A AFE0 4
Z%7) %) &KNitrogen purge and steam purge) 55 21 A] 3}
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AN SRz ARl BE, F AulekAl = MIT WAl 1) 3]
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N
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Al Ajptalale] tlu 42l WAl 54 H)aL 153
Zo| A& Ao FAF e E A= D Y U
AR T MIT @Al ol 427(510 %) © 2 w27]% 23431
7 g okt A 0 B 7o w2 E 07 o=
9 P29, 5 WE2E (Manholeopen) 2-¢1of 4] A ehs)
e oM wE T A UERR AL A8l ehakg] ol A
T A 0 skt o]gjgl o)z A TR & 5
A=, A= AR Sl MAlg-go] duilA|
et Aol 7t AS R B 4 Q3 WAl FRE 7)iks

OF F7] = A0 2 W X|(ar or seam purge) = A A 8 =
U sh= Aotk A &5 299908 B, A
Froletol| A= & w37 (Exchange) AU SD $ &7] B4
AEHAF HAAY W EERIT Ao iy gl Wy 7}
A nBZY NN wETES 235 dhof|, A€k} sto]
ME 2524 ¢ SD @S Drain, Nitrogen Purge, Steam
Purge 502 A28 uf, Dran T ) 221 A A2
7} Steam Purge ©A1 9] 7hA A EE 2 FollA] HAYERl 1
MIT A M = gheldn) o] Wigo|u AW E st 2
HollM w2715S 233k dARE S A 504 A7
WEES Hkgho] EAE = ), o= AR} 93]
HAH T S & 7H Ul g-Fo] o] EA = Q)
7] o] Ak Zlo] e},

T WS 2 A7 BTX 3 9] tj R 2k}]of) o3}
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