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Benzene Exposure Matrices Using Employees's Exposure Assessment Data

Kyunghee Baek - Donguk Park' - Kwonchul Ha’

Department of Biochemistry and Health Science, Changwon National University
'Department of Environmental Health, Korea National Open University

ABSTRACT

Objectives: The aims of this study were to set up benzene exposure matrices according to industry and process and to assess the
risk of those occupational exposure to benzene.

Methods: The benzene exposure matrices were assembled depending on industry and process, based on an exposure database
provided by KOSHA(the Korean Occupational Safety and Health Agency), which was gathered from a workplace hazards
evaluation program in Korea. These exposure matrices were assessed by Hallmark Risk Assessment tool.

Results: The benzene was treated 412 industries sector(36%), 2,747 business places, and 471 industrial processes according to
database. The arithmetic mean of past decade 8 hours time-weighted average of airborne benzene concentrations in the workplace
was 0.10722 ppm. 1.07% of the total sample were greater than OEL, and 59.8% were showed less than the limit of detection. The
highest risk values(Danger Value) were seen 36 industries including manufacture of general paints and similar product and 12
processes, such as other painting of manufacture of metal fabricated members. Exposure matrices based on employee exposure
data base may provide exposure histories and can be used in epidemiological studies.

Conclusions: It was found that more attentions should be paid to 36 among 412 industries and 12 of 471 processes, with a higher
risk value.

Key words: benzene, exposure matrix, hallmark risk assessment
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WEELENNE, P P55 W
W 52 GWdttK(Cha et al, 1994; An et al.,
2003; Rosenstock et al., 2005).

o] sl f-ejute} 2EeE ol A= AR
A Faa UM 77 ol B ARk 9o
H(MoEL, 2013), =+A|¢el-4~(International Agency of
Research on Cancer, TARC)]|A] Group 1(Carcinogenic
to humans)2 (IARC, 2013). n]=% HAF] A A E7}
F 2] 3](American Conference of Governmental Industrial
Hygienists, ACGIH)*{| 4] Al(Confirmed human carcinogen)
© 2 oS BFokal 2Ol(ACGIH, 2015), A3
AA kot & 4 ek

o)k A QA B A A (Occupational Safety and Health
Administration, OSHA)-& Ao 4] WAL =& 4=
Z(Time-Weighted Average, TWA)Z 3}5 8A|7L 3 40
AIZE Yok Fetell 371 5 2o 88 525 1 ppme
2 FAIEE JATHOSHA, 2015).

242y & WAl High =E7]e2 S2uhet 1L
Blesis vZel vla AP E P (0SHA), 4
=+ 2 7AHA A (Health & Safety Executive, HSE) 5|
A= 8AIZE ARV A = 1 ppme A|QFstar QL
t}. ACGIHO| A= 0.5 ppm, "= = HARIPIEA
oS- (National Institute for Occupational Safety and
Health, NOISH)oJ| A= 0.1 ppm ©]3}=2 {3}l
o} @A 7F e Z 5 T (Short-term exposure limit, STEL)
= 18559 OSHAY 7ZH$ 5 ppm, ACGIH 2.5
ppm, NOISH 1 ppmO. 2 A|ts}ar it

19999 2FASHF e AL Aifof] wh=w, HAS
Alzsts AAAES 15714, AREshe AR 102
i o8 AR, FAFEFS 3609 =, AHERF
2 1028 &, eEE= SEA o 934 o g uhof
H Ao, A Al Aqfi ARGA] iRt 2 5o
2O A A o glon, 53] Al F
AP AR ob e ARt Apo| 7} QUGIEk AL B sk
ItHKim, 2011).
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DB AR 4 % 18434710|ck 407} T4
H = (Korean Standard Industrial Classification, KSIC)]|
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conducting control banding analysis - Hallmark risk

assessment) WS -85 tHAIHA, 2007).

3. 20t3 /I8 got

(1) §-31 4 53 (Hazard Rating, HR)

QA SHe BEAHARE AR AAE I
Aol A, =7 E, Q g}x% EAARE =8 1A
21,2,3,4, 6 532% FEIICHAIHA, 2007). H
A AGH =52 Sl Tl el vw
o 714 £ 65do BiH

(2) & A 7+ 5F(Duration of Use Rating, DUR)
FHe mEAREE Aol AREE Bk st
oo Z stk 1 o]ge 2RSS SRS
A 2E2E ¢ Ue A ZEA N 1R 02
7] Wolct. Zuta el M eket Brke 918

B, AF, W, A FOR 15FNA 557

o2 paskn qtk A AT FRE <A 18 o
g3tol SFE AU
DUR=1+ (4% —— =27 ) e <A 1>

Ho =& 7 ARt

(3) 9198 7I'5 4 53 (Risk Probability Rating, RPR)
Fuba el s 1WA B A 24 At
£ A9 ARt Gl F 7K Ee AXsE

Ak B A= 24 ArI} e LS H45to]
& EAJH|(Risk Characterization Ratio, RCR)E <4

o] &2AZS w=U|E0 72 o] toith

o}2 =X 917 7be4 53 6o BEo® U

=), =& WEYA AET T oo r HE

A&7} EHE(Not-detected)d 1] “S55 0’22 AH

s, A 27F =&7]29 10%0]9d g <55 17,

50%u|9rd W= B 27, AR F o ShuEiE =

Z27]129] 50%S 23} & ni= “SF 37, AR AR

4 30% o]4to] w=&7])E0] 50% 21} Alofls “BF

[\]
V
xs :
T o

, Bte] AREE wE /ES z2TeW 5@
10”94 S A-L3ITHAIHA, 2007).
_ ,Exposure Concentration
RCR =( ) %100 ---<A] 2>
OEL
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(4) )8 Fk(Danger Value, DV)

Juzte 2= el AF A AU4ES
T3 ¢ Ao=m v?SH*éET}(HR), e
(DUR), $18754 SHRPR) 5& ETZ 319 9]
LGS DVIES <4 3>of ofsfiA 74]*&??}3}-

HR XDUR XRPR

DV =( 300

) X 100

<Al 3>

(5) 32 4~ Z(Control Banding, CB)

A&kl et BeleEe fEdte] 0~24= 1
A, 25~49= 29A, 50~74= 3¢A|, 75~100- 4%k
AR FESCE AIHAOA #ej=E Sl wet 4
gt FEehs AAEaL ITHAIHA, 2007).

4. Xtz 2| AKX 2|

SAEHL 2002958 2011974 248 37 F
WAl Tt 2l =4 AT} =S Microsoft Excel
2010, Sigma Plot 10.0 for Window, SPSS 18.0K for
WindowE o] §5to] Hlojelulo] A8 253 F 7|4
A ARE ANRRL AR BT, W BA
ANOVA 59 EAEAL 3 HKOSHA, 2008).

M. 2ot % D&
| AUSIASE ATE S5 HE & HF Wl
AN ZHE 37 F WA F AR 5
184347 % Al=lAo] Wolxi A% 5 AR a=el
A7k 24 9570 Ag AT 24 o) =
A

AR 4 18,0397tk 0% 647F oA} =A3t
ARE AA AR 99.56%0] dPEl= 17,96071F)
o} HlAS FHEshke AFYR = 1087F 3,7097H =
Uelol} BE dHlyjEa ZXo] o]Fojxuz of
FER A AYY SE olFoR AP grolet
308 4= Uk 2011 9] A9 4487 AFAAOIA 2
2o 5t w2Hsl7} LaE Ao alobw ot
(Table 1).

-g‘%?—x]‘— 010722 ppm01 om, eF7 15—% Z3
st v)go] AAHOR 1.07%HoH, HAA RO
59.8%7} AETHA o5kl 2 o2 el THTable 1).
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Table 1. Summary of 10 years(2002~2011) benzene exposure assesment data base by year

No. of TWA(ppm)' STEL(ppm) % "
Year B;‘f;ﬂ? ) SNa;pf; Range AM  SD GM  GSD Sﬁfﬁpi’; Range  AM  SD angeLOf LOD
2002 82 299 LOD ~ 529 0.08940 0.407 0.000039 274.9 - - - - 0 49.5
2003 120 594 LOD ~ 2.27 0.04846 0.203 0.000081 145.1 - - - - 0.99 64.5
2004 304 1,040 LOD ~ 1.12  0.05176 0.148 0.000032 184.8 - - - - 0.19 0
2005 769 2,027 LOD ~ 34.62 0.15047 1.120 0.000062 407.9 - - - - 242 60.0
2006 169 962 LOD ~ 127.53 0.68673 5.324 0.000111 594.6 - - - - 4.68 56.7
2007 574 2,155 LOD ~ 91.78 0.22959 2.450 0.000163 380.9 - - - - 2.60 494
2008 530 2,464 LOD ~ 6.99 0.05359 0.275 0.000007 159.3 33 LOD-3.00 0.389 0.885 0.49 77.9
2009 357 2,078 LOD ~ 3.25 0.04088 0.235 0.000005 113.0 25 LOD-0.58 0.023 0.116 0.48 81.1
2010 356 2,293 LOD ~ 0.95 0.03224 0.092 0.000017 205.7 5 LOD-1.04 0.210 0.466 0 69.2
2011 448 4,048 LOD ~ 0.97 0.01604 0.070 0.000003 61.4 16 LOD-1.95 0.221 0.516 0 84.7
Total 3,709 17,960 LOD ~ 127.53 0.10722 1.558 0.000015 218.1 79 LOD-3.00 0.228 0.065 1.07 59.8

" It can be marked by year overlap, because employee exposure assessment for benzene is usually conducted semiannually.
TWA: Time-Weighted Average, STEL: Short Term Exposure Limits, AM: Arithmetic Mean, GM: Geometric Mean, GSD: Geometric
Standard Deviation, OEL: Occupational Exposure Limits, LOD: Limit of Detection

Azl BuE 95t AEBEAAE 2ARE ARt
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Figure 1. Comparison of arithmetic mean of airborne benzene
concentrations by year
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Table 2. Risk assesment of benzene exposure matrices by industry
RPR(Risk Probability Rati
No. of  Working o of i (Risk Probability Rating)
Industry Business  hours Sampl HR DUR RCR  Category, No. of Sample(%) ~+ DV CB
Place  (min/day) pie Rating
0 1 2 3

Commercial printing by stencil
paper plate and similar plates 50 475 145 6 72(49.65) 49(33.8)  19(13.1) 4(2.76) 1(0.69) 10 9 4
All Other Supporting Transport
Services n.e.c. 5 475 11 6 10(90.9) 0(0) 0(0) 0(0) 1(9.1) 10 9 4
Other Manufacturing n.e.c. 33 475 165 6 24(14.5) 118(71.5) 18(10.9) 3(1.8) 2(1.3) 10 99 4
Manufacture of All Other Chemical
Products n.o.c. 81 479 912 6 50(5.5) 712(78.1) 122(13.4) 17(1.8) 11(1.2) 10 100 4
Manufacture of Other General-
Purpose Machinery n.c.c. 21 469 43 6 2(4.6)  33(76.7)  6(13.9) 1(24) 12.4) 10 98 4
Manufacture of Other Parts and
Accessories for Motor Vehicles n. 30 479 235 6 87(37) 102(43.4) 41(17.4) 4(1.7) 1(0.5) 10 100 4

€. C.

Manufacture of Other Electronic
Valves, Tubes and Electronic 54 478 371 6
Components n.e.c.

Manufacture of other fabricated

metal products nec 19 430 82 6
Manufacture of Other Plastic 17 164 2 .
Products n.e.c.

Heat Treatment of Metals 11 471 69 6
Manufacture of Metal Structural 15 476 30 6
Components

Manufacture of Metal Fasteners and 5 404 10 6
Screw Products

Manufacture of Locomotives and 5 461 ’ 6

Railway Rolling Stock

205 334(90)  23(6.2) 6(1.65) 6(1.65) 10 100 4

449)  58(70.7)  8(9.8)  3(3.6) 9(11) 10 100 4

1(13)  46(62.1) 15203) 5(6.8) 7095 10 97 4
53(76.8) 14(20.3)  1(145)  00) 1(145 10 99 4
7(233)  7(233)  15(50)  0(0) 134) 10 99 4

0(0) 5(50) 20200 1(10)  2(20) 10 87 4

2087.1)  0(0) 143) 143) 1@43) 10 97 4

http://iwww.kiha.kr
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R RPR(Risk Probability Rating)
No. of  Working No. of -
Industry Business hours L % HR DUR RCR" Category, No. of Sample(%) DV CB
. Sample Rating’
Place  (min/day) ating
0 1 2 3
Other Building and Repairing of
Ships and Bosts 7 480 265 6 5 256(96.6) 4(1.5) 2007 1(05) 207 10 100 4
Other Printing 222 468 612 6 5 100.1) 459(75) 124(20.3) 17(2.8) 11(1.8) 10 98 4
Other Manufacture of parts and
accessories for motor vehicles and 90 466 332 6 5 16(4.8) 190(57.2) 94(28.3) 27(8.1) 5(1.6) 10 98 4
its engines
Other basic non-ferrous metals
indlotrios 2 480 4 6 5 1125 32(727) 0(0) 000) 123) 10 100 4
Other Retail sale of hardware and
heating equipment 1 424 20 6 5 0(0) 4(20) 8(40) 5(25)  3(15) 10 91 4
fﬁ;‘l‘;g and Similar Treatment of ), 473 48 6 5 23479 12025 1020.8) 12.1) 2@42) 10 99 4
Industrial Laundry Services 2 480 4 6 5 1230) 12(30) 1537.5) 00) 125 10 100 4
Manufacture of Basic Organic
Petroehermicale 75 476 2893 6 5 96(3.3) 2,586(89.4) 172(5.9) 22(0.8) 17(0.6) 10 99 4
Manufacture of Sections for Ships 14 480 259 6 5 201(77.6) 45(17.3) 10(3.9) 1(04) 2(0.8) 10 100 4
Petroleum Refineries 54 475 2,042 6 5 16(0.8) 1,962(96.1) 46(2.3) 14(0.7) 4(0.1) 10 9 4
Manufacture of General Paints and
Similar Products 26 478 89 6 5 4(4.5) 48(53.9)  20(22.5) 15(16.9) 2(2.2) 10 100 4
Repair Services of Motor Vehicles
Specializing in Parts 49 330 81 6 4 34(42)  7(8.6) 17Q1)  12(14.8) 11(13.6) 10 75 4
General Repair Services of Motor 178 444 377 65 237(629) 78(20.7) 42(11.1) 12(32) 8@21) 10 94 4
Vehicles
Manufacture of Parts and
Accessories for Motor Vehicle 23 475 274 6 5 221(80.7) 26(9.5)  20(7.3) 5(1.8) 2(0.7) 10 99 4
Body
Manufacture of Other Basic Iron 3 480 sS4 6 5 30555 2037)  3(56)  00) 1(19) 10 100 4
and Steel
General Hospitals 52 475 194 6 5 12(62) 162835 12(62) 5(2.6) 3(1.5) 10 99 4
Automotive Oil Stations 424 471 661 6 5 3(0.5) 633(95.8) 16(2.4) 6(0.9) 3(0.4) 10 9% 4
Manufacture of Motor Vehicle
Bodies and Motor Vehicles 6 436 27 6 5 137 7(259) 1037) 5(18.5) 4(148) 10 93 4
Assembled on Purchased Chassis
Supporting, Railway Transport 16 475 86 6 5 4@47) 7486  6(7)  00) 223) 10 99 4
Activitics ' '
Plastic Adhesive tape and Coating
and Other Surface Processing 23 445 231 6 5 53(22.9) 76(32.9) 64(27.7) 20(8.7) 18(7.8) 10 9 4
Products
Manufacture of Synthetic Resin and
Othor Plastic Masarials 35 463 337 6 5 4(12) 282(837) 46(13.6) 3(0.9) 2(0.6) 10 97 4
Building of Synthetic resin Ships 5 480 100 6 5 5050 0(0) 110)  1(10)  3(30) 10 100 4
Manufacture of Synthetic Colouring
Matter, Tanning Materials and 5 480 100 6 5 9090) 0(0) 0(0) 000)  1(10) 10 100 4
Other Coloring Agents
4,583 10,612 1,494 313 152
Total 2,512 718 65 967y 619 @7 (18 (09

* Risk Characterization Ratio (RCR, Concentration/OEL) category : 0. Not-detected, 1. < 10% OEL, 2. < 50% OEL, 3. < 100% OEL, 4. exceeded OEL
Risk Probability Rating(RPR) : 0. All seven or more samples are not-detect, 1. All samples indicate < 10% of exposure limit, 2. All samples indicate
< 50% OEL, 3. One sample was > 50% OEL, 6. More than 50 % of samples were > 50% OEL, 10. One or more samples exceeded exposure limit.
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A7) wzoll Y1 2l & 7MY 2 dFe v A Heow Hriste WHor o Wiy gy AY
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Table 3. Risk assesment of benzene exposure matrices by process

No. of Working o of i RPR (Risk Probability Rating)
Industry Process Business  hours Sarr'll HR DUR RCR' Category, No. of Sample(%) . . DV CB
Place (min/day) pie Rating
0 1 2 3 4
Manufacture of meta]  Other Painting 9 473 16 6 5 20125 20125 11(688) 00) 162) 10 100 4
fabricated members Blast painting 2 480 5 6 5 000)  3(60)  0(0)  2(40)  0(0) 6 60 3
Manufacture of Metal
Fasteners and Screw Other scrubbing 2 408 8 6 4 0(0) 5(62.5) 1(12.5)  0(0) 2(25) 10 80 4
Products
Retail Sale of Hardware,
Heating Equipment and Other 1 424 20 6 5 0(0) 4(20) 8(40)  5(25) 3(15) 10 100 4
Construction Materials
PVC sheath 1 480 85 6 5 61(71.8) 19(223) 5(59) 0(0)  0(0) 2 20 1
Pressurization 1 480 5 6 5 360) 120)  00)  00) 120 10 100 4
Relay 4 470 50 6 5 3876) 1020)  0(0)  0(0)  2(4) 10 100 4
Official affairs 10 479 246 6 5 169(68.7) 60(24.4) 16(6.5) 00) 1(04) 10 100 4
Machine room 2 480 30 6 5 30(100)  0(0) 000)  00)  00) 0 0 1
Manufacture of basic 43 474 900 6 5 2427) 783(87) 65(72) 17(1.9) 11(12) 10 100 4
organic chemicals in
petroleum chemical line Repair work 3 467 9 6 5 4444) 1(11.1) 1(11.1) 3(33.4) 0(0) 6 60 3
Analysis 16 478 112 6 5  87.1) 9988.4) 5(4.5) 00)  0(0) 2 20 1
Tankage 2 463 52 6 5 21(404) 18(34.6) 12(23.1) 1(1.9)  0(0) 3 30 2
Shipment 21 479 105 6 5 (1) 97(923) 65.7)  00) (1) 10 100 4
Waste water
rentont 10 466 48 6 5 12.1) 41(854) 5(104) 00) 12.1) 10 100 4
Other 24 478 381 6 S 7(2)  359(94.2) 102.6) 3(0.7) 2(0.5 10 100 4
Petroleum Refineries i
Chemical 1 450 9 6 5 3(333) 4445  00) 00) 2222) 10 100 4
equipment
Other 8 415 526 4 509.6) 1529 16(30.7) 59.6) 1121.1) 10 80 4
Manufacture of
household articles of Other coating 8 433 46 6 5 8(17.4) 18(39.1) 12(26) 4(8.75) 4(8.75) 10 100 4
plastic material Other meld 2 399 28 6 4 00) 11(39.3) 1035.7) 4(143) 3(10.7) 10 80 4
Building of Synthetic ~ Laminated
resin Ships molding 4 480 8 6 5 3375  00) 1(12.5) 1(125) 3375 10 100 4
1,977 2,723 289 64 48
Total 409 5,101 (38.8)  (534) (5.6) (13) (0.9

:*Risk Characterization Ratio (RCR, Concentration/OEL) category : 0. Not-detected, 1. < 10% OEL, 2. < 50% OEL, 3. < 100% OEL, 4. exceeded OEL
Risk Probability Rating(RPR) : 0. All seven or more samples are not-detect, 1. All samples indicate < 10% of exposure limit, 2. All samples indicate
< 50% OEL, 3. One sample was > 50% OEL, 6. More than 50 % of samples were > 50% OEL, 10. One or more samples exceeded exposure limit.
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