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A Survey on the Status of using Styrenein Korea
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The ojective of the survey is to define and judge exposure
profiles from semi-qualitative detain high risk processes usng
dyrene. The survey was conducted in 98 factories out of 229
factories based on data from periodic work environment
monitoring results for syrene. Styrene is widdly utilized as a
raw materid for PS and co-polymers such as ABS, SAN, SBR,
SBL, unsaturated polyester resins(UPR) and others. An
goproximate bregkdown of styrene’ s markets in Korea is PS
30%, expandable PS 17%, ABS 33%, SAN 5%, SBL 4%, SBR
3%, UPR 1% and other 7%. Although UPR accounts for 1% of
totd amount of styrene, workers deding with it are exposed to
very high concentrations up to 64 ppm. Especidly syrene is
widdy used in the laminating process of fiberglass reinforced
plagticyFRP) manufacturing industry. The Applications usng
Syrenearelargey dassfied into two sectionswhich are goplied
to syrene monomer(SM) and UPR. SM s utilized for a raw
materid of resins, surfactant and adhesive. UPR isemployed for
FRP and non-FRP, For SM control targets are mixing colorsand
packing in the gelcoat resins manufacturing industry(Ml), for
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UPR control targets out of works using UPR are 1) laminating
inthe MI of pladtics, automohile parts and boets, 2) mixing and
packing in the SMC/BMC MI, 3) malding and cutting in the
other specific plagtics MI, 4) mixing and coating in artificia
marble product MI, 5) dipping in the electric motors &
transformers M1, 6) molding in the button MI, 7) painting in the
musicd insrument MI. Findings from the study have given the
information for the high risk processes and working practices so
that occupationd hedlth professionals could focus on targeted
workplaces to prevent occupationd diseases It is dso ussful to
develop a contral Srategies and specific contrals for high risk
processesand fadilitiesusing syrene:

KeyWords:  styrene, laminating, FRP, risk process,
occupetiondl diseeses
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AEH A ALY Aol A F 2 PS(Polystyrene),
ABS(Acrylonitrile-Butadiene-Styrene), SAN (Styrene-
Aaylonitrile), SBR(Styrene- Butadiene Rubber), UPR (Unsaturated

Polyester Resin) 5-2] SR & A %5k 982 AREH T
olgfdt TYFA = 57T AEEE, T ﬂ% £F 5

A Z8=H) AF-HTHACGIH, 2(1)1).

Sg)uelo] 2006 AE])El AR 27100 Eo 7 TR
T 2Bl Z- A (polymen) S Al sk AFH-H 3
o} oF 243 E(1%)> & X3} o A H 24A] (Unsaturated
Polyester Resin; UPR) A 22 0f] AF-2-¥ITHCMA, 2007). UPRE 4
3tx, HE, 94, Asat 85 59 weldtdshEetaE
(Fiberglass Reinforoed Platics FRP) A% 2 &% 59] <12 o)

2B - - AR A Bl RAL 311

B+ A A 342 ul(diluent solvent) 2 7} 1 A (cross-
Iinking agent) ©] &35 shvl, A9 E2]A 540l el
=al7] flei A= UPRe] AE] /1] ghafo] 30~45% o]
E}(Fradet & Arlaud 1989). A E]#llo] 38 UPRE 24l
S 3 A AU S & o oF 10%9] AE|Rl0] 37] $OF
FWEo| IFEY AEd| 2EAEC] =2d 5l i
Ello] gAo] ol e Eetal ARl M AL
o mehH = Abgste g Brks FAY R e w7} =
3tk 53] 25 (lamination) 2112 T A CR o] F
o) A7) wel] aE o] =& F 11 9l
2EHE ol ofg AN AR A B ©
FNAE dFe vt FLFAOEE L H L A A
T, TR, 5 5 %7}) “’H ATZ}% 4

(2ekd, ), 21k T8, 32

24 (marble) A A1 2 5ol el AR O] SIEH(=57, 2006).

2R3} @447 AEPS ABS SAN, SBR 5) & 4415 < FeleelA = Ee 22 dATCE ) o X
L3 wg o A E W) Yol A A%} o] 2o B EmMEST T, UYL £50k] =(OMF)el &3t 54 3t
A7) Wzoll 247k A E kF 7Fs A o] WrkKey & %, =T Ak nHexang)oll o gt thiA A4 SOl Tt
s 190,719 4210 B B URE gl AR WO sk sl Al 0 3
FRP -2 A& AArkets 374 ol LAY stH SR, 1977). - A5 L stetE Aol teia s AP E A o &%
Zuet AE A A% 34 A wE S 16 pomo] A3 E5H S T AN, SFAFNGE T
T, FRPAIES Az ARG 71 E AE A s rs150 w2 A AR A 0 R of ool gtk Y &
ppm =50] 91T}, E3] E7}29L UPRE o] &-310] 822 w} A& AT SR AR A 97 288 5 A= A
Tl AR 7)% E R 10~80 pome] 42509 tHA 2 Eﬂﬂﬂ 71\ 9] At S SteiA= A A
it 5, 1909). 2ol e 2El §U3 el 3 2Ed DO 0T S T GEE B 5 s Srkl
= 5 ppm o o] Miller =, 1994) FRP A& | 7-3] o A thst 43k A5 7L gateofeR & g o] o] & Bl
20~ 300 ppm Z=320] ¢l tHTossvainen 5, 1978). UPRY] AF& 23 FTHARL A Ao A8 Al A B
Table 1. Selected factories from subjected factories by types of industry

Typeof industry Sbjectad factories Sd(gjgfﬁ%'&‘

M* of besic chemicals 18 g444)
M of other chemical produdts 21 16(762)
M of plastic products 64 3B(A7)
M of generd purposemechingry 7 3429
M of dedricmotors& trandormers 18 9500
M of partsfor motor venides 6 3(500)
Building of ships&: bodts 17 847.)
Other manufacturing 6 4(66.7)
Others 7 12(167)
To 29 %B(428)

* M Manufacture
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AR AL VAR A e AERIO A A
AHE tmA] o5 ghedsto] A A sk 2lEl, g
AR Bk ARI P B A Aol A HLA-8Ea 1= 2005
U 2345443 DBAIR & TR AHAS S48
AR 207702 B S A el 3R] Eo oLt AE
HAu& F7HE gt A 204 E ti o' 234
el A%t 4, TEAR ol g R W A s
34529 (Sratified Sampling Method) S AF-g-aFo] A4 98
AE W ARSI O W, A1 2007 3¢9 1Y
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Table 2. Process & application used by type of industry

20071 99 30U 714 77] d 7kl Sl ek(Teble ).

AP S =AM 3 A B A9, AlE 9
AR A A e50) dlF AFd e AR Uske] A7
S AR Bgato] AR R H AR HE ST
2 AAGH, AL A AT, mETRAL RETE

& ZARSI 2AHE A6 ] Aol 2AF g3 1

= A8 fisted 1972l i AASHIT
E] 99| -5 2AH= Chemicd Market Assodiates, Inc.]
55 d&siglon, Bxst ZejoAHE FA9 fE%E
Ul AZAL F AR GARIAE FEEolc 37144
9] s q7 e ZARE QAAFEA & B85t 43
7kl oM, wE TR AR ZAF @A AE RS FHehs &
AR o™, wmE - 2 AR ellA A8 2006
AN 8PS At ahe GEakT 4 AR Ak A
58 WAL SR S F A ARl &
S AT AT oI5 A 9F - 3 WA ST
RARIEE, AHE, e E 2EAF Y R E2FE 55 B
sholth =&, A 85 wF A9
pomold) AF % TS 1P oz AYssich

. EAr Za % 24

1. 5 AEl (The status of circulation)

, - No. of
Typeaf indusry ProcesyNo) Application factory
M of basc chemicds Mixing(9), Tekeout(2), Raw maerid of redn, aurfadtat & 8
Molding(1), Packing(2) SMCBMC
M of other chemicd products Mixing colorg3), Mixing(4), Raw maeid of resin, 16
Pecking(4), Dilution(10), ufactant & adhesive,
Lamination(2), Coating(1) FRPmaerid
M of plagtic products Mixing(14), Molding(11), FRPmaterid, mable& others K3)
Lamination(18), Coating(7), Cutting(3),
Asmhling(1)
M of generd purposemechingry Dipping(2), Lamingtion(1), Insulaing varnish, 3
Painting(1) FRPmaterid, Panting
M of dedtricmotors& trandformers Dipping(8), Mdlding(1) Insulating vamish 9
M of partsfor motor venides Lamination(2), Molding(2), Coeting(2) FRPmaterid & others 3
Building of ships& boets Lamination(8), Coating(5) FRPmaerid 8
Other manufacturing Painting(2), Malding(3), Mixing(1) Panting of musicd 4
Others Dipping, Mixing, indrument, Button meterid 12
Laminaionetc.(14) FRPmaerid, Inulaing etc.
Totd 139 ]




Syt AH 5 NEHEA FEEe AEE
200611 7<% 314831 =olm =) A2 A Q] YAk 27104
B 7Y 4387 E o|th, AHAL FfolA ZeAE
6417 E(30%), T Z2| AE gl 3551 E(17%), ABS 4]
7173 E(3B3%) 5 T4 2 BRELH =(3%) & LT
Az AR Z AREHET

TA Y AT AFshE
oA BES-ell oJ st A g 0= Bl
Aele =3] Ao, wat, g
FZepAE ThEEolv AFAFC R
2l JEHE AP EE AEH 7
T el A AE S 196244 E)74
& AE gheko] oF 30~50%60 ], ARSI el 4] A
ARGE T Q1AL ARS S 3] 7] witel] AEjR 7] Ay
o] =t} 1Y EE ARG eIA AE e 3 wEE T
EAZEEE 2 UPRS 8k ool Al o ®, &
S 53 AAtets Id5A FollA UPRE A3t
&k AEgteto] d g sttt o4 UPRE AJAksh=
A ZJA= AAL BA, CAL 5 o] A 37ALE: EE5tato] o 20
7N GA7F Q1T 20044 UPRE] AJAFEFo] 104,.800% ] 4] 2006
13 89300% © & A} 7H43kar gl Tk 2006\ 7]5 89,300% 2
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2. AR AE} (The status of use)

B9 £ - AHEAE AL ARl U Q15 AL
2 SRR 2AARIR W Fo) 2EUNS A
A2 13970 #7902, A5 @M 2eaE 7}
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o |
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& ol Fwekar QLo wig 2871, /3 % 1871, 2% 1771, ¢
A1) 5 o8 AFHIL ArkTale2). AHE RS
AEAS F ek 34 1397 34 Foll A FRPYE (47N
FA)9) EEE 7P Bl AbgH 1 gloH, s W A
AL 1370, 71 E & 107], mHE8 ) & o2 AMEE 1L
011:},

AEHE F e TEARE S 5RYOE AT SEA T
7}V B S EAEAE AR el 1969 0lm,
7% 3heHE Al Z1d 1367, 71 e sHekAl Al 28] 1227 T <
© 2 H7F3ta gl eH(Table 3). 2~E] @l(Syrene monomer; SM)
S Feete o vl Y e 89,752E 0|1, UPRE FHahs

X

= Q7 x e Al 29 (47,676 E1E) o™, UPRS 71
Wo| HFsh= YEe ZHAEAE A2 (553BEY) 0.
=

3. .= AlE} (The status of exposure)

AEAY AME S EHE AE | T (SM)E T A,
HAA, ARG YA Qa2 AHEEY, FA F UPRS
FRPE-3} HIFRPE- 0 & T-H-¥ T} FRPES FRP 95, SMC
(Shegt Moldiing Compound) / BMC(Bulk Malding Compound)
2, 71 71 717 )88 98 502 WA v, H] FRPE
SrEde Adg Heds, w4, 788 Vg 508
TE-ET

7k 2B -(SM) 9] = E A |

~EFEV)S A4 A5 2 ARsto] 4R, H2A], A
HEYA| 55 AlZsh= AP T B A 7 18711 45(18%)
olt], 71 Tl FAFA Y8 E 1374, A &A L5 2 I

Table 3. Exposure worker & amount used by type of industry

Typedf indudry Exposureworker Vsingamounttenimorthly)

M UPR

M of basc chemicds 136 47,676 13755
M of other chemicd products 12 42076 52

M of plastic products 1% 0 55393
M of gengrd purposemachingry 5 0 328
M of dedricmotors& trandormers 15 0 918
M of partsfor motor venides 19 0 12
Building of ships& boats 4 0 24.2
Other manufacturing 18 0 485

Others 37 0 1293

Tod 592 89,752 92682
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Table 4. Exposure status by application of styrene monomer
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vk .

10

&3t

. Process Expoaure Con.range Usng N
Application Indudry Factory (No) way of work worker (o) anort(TM) Control* target
Totd 18 (23)] 201 89,752
Badcdhemicas 3 Mixing(3) Auto 105 029~084 47586 X
Mixingodlorg3)|  Semi-auto 20 1957-48.77 47586 O
Resns | Other chemicd o Auto A 041 47586 X
10 Dilution(10
products oo Semi-aLto 4 1644 47586 X
Pecking(4) Semi-auto 19 1644~24.1 47586 O
. Other chemicd .
Adhesve orodLcis 3 Mixing(3) Auto 15 0.08~041 58 X
Badcdhemicas 1 Mixing(1) Auto 1 0 D X
Sufadtat | Other chemicd y
products 1 Mixing(1) Auto 3 0 51 X
*Criteria of control target : work above 20 ppm(TWA-8hr)
Table 5. Exposure status by application of FRP for UPR
- Process Expoaure Con.range Usng
Application Indudry Fectory (No) way of work worker (o) anourt(TM) Contral target
Totd 48 (7D 29 55348
Mixing(3) Semi-auto 5 2.39-378 4150 X
) Moalding(2) Manud 8 0~16.18 800 X
Plagtic products 20 —
Lamingion(18)] Manud 63 0234251 1252 O
Otherg4) Manud 14 0~300 085 A
., | Patsfor motor Laminaion(2),
FRPmaeid vehide 2 (1) Manud 18 44394822 7.00 O
Building of Lamination(8),
is& bodts 8 odl(5) Manud 4 100~24.39 2420 O
Lamination(4),
Others 4 od(?) Manud 33 0~2400 886 A
WCBMC Mixing(5) Sami-auto 15 548-28.17 13755 O
BM Badc .
— chamicas 4 Packing(2) Manud 9 2031~3248 0 O
Others Manud 6 548-2022 0 X
Mixing(4) Semi-auto 13 179~1034 15500 X
. |Pladicproducts 7 Moalding(6) Sami-auto 24 9.27~30.73 700 O
Other materid .
Cutting(2) Manud 18 13332391 4000 O
Others 3 Othed?) | Semi-ato 17 547~11.17 11.00 X

A lamination process out of others
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45 o] AEJE F 58tk LSl tHTaled).

2HAE A4 4B E AHshE 3 T =E7]H(TWA-8
AlZF: 20 pom) 23 A AEAS A ABE AN

71 ShAlE Alsl e 243 2 oR 99
7 (Highrik) ©. = 541 ¥+ (Control target) 7} 2 2.5F 574 0.
2 Uehdth AFE 28 342 F2 a7 (&8 E A
St =Aan 7137 A X o] e et wRtel] &gt 5]
A Sxo vlal] Alo]F&o] wop A Aol Al 1F = (H AL
877 ppm) = =F5 3 QISIth G 3HE FE el
ot A 02 A7 AR 7} n| A x| A4} Wot =F
o] v 27)ES 2 e 2 07 ekt

L} UPR(FRPE-5)2] :=Z A ]

UPRS FRPE-© 2 FRP Y&, SUICBMC 9 &, 7|E} 54
g A5 Foll AH-ETh FRPE-C.2 ARE-ah= A g 987
2 Z 4870 22460 T, 1 Fol N FRP 989 £5 2 3
2~ SMCBMC 927 47) A, 71eF E5AE 9 927 107)
2o X UPRE #Awsta Qv A =ae & 2993 0]H,
FRP 952 AR-H = 3ol FHushe 222k 185,
SMCBMC 92= 301, 7|8} E4AEL sao] 2 F3t1
ATk UPRS] AL-g-#-2- vl 4 55348 o=, FRP ¢ &

2B - - AR A EIEAL 315

2293 &, SMC/BMC 9 & 13755 &, 7|e} E5AE 0 A&
213E0) AHE-E 21 QlT

UPRE FRPE- 0 2 ARl 340l tidt 2AHE 3 w3
7NEE 28k 1YY o FHAE HEQs ¥
S FRP YR AE3A, MC/BMC Y82 wigtd £
A5 AR A HE A U gy o R
LFEFsttH(TebleS).

FRP Al #(d 3tz HE, Agat -4, A9 5)2 4%
Ao = Add FYA T ME] UPRS Eeju o %
A 3L, UPRY| A4l fe) A A FE(Gd Cod)d ==
sefEol Y& AFotal oA 1Al A4l FE i E
SHEE Aok AApE HHEETh AE|o] WAehE &
Axdo] Hlorm B A7} vl A2 H ALY F-4
A A9 357 o, UPRAS HolFa1 9l 4719
G r AR E o] Qlo] 24 el AEjE T 7F A
Ho] iF o] F 37(4308~49.22 ppm) .2 ZAFE QL
ch.

BMC gt @ ¥4 34 UPR Y H-9 5 (shb24r,
A ) E FYUEA S EH R weS okar wk
BMC Al55-& Al A oA Eol| 24t &S 343t
o] =471 9 A gol rl &t A AHE =
%5 =2031~3248ppm O & =& 71 0 7 ZALE gl T

A&58 e Al st 8 MCE AE2] 7]l 2

Table 6. Exposure status by application of non-FRP for UPR

- Process Exposure Con.range Udng
Application Industry Fectory (No) way of work worker (o) arouni(TIM) Cortrol target
Mabie Mixing@ | Semi-ato 19 055-4245 | 25298 O
Rladic products 9 Molding(4) Manud 6 198~1532 300 X
meterid Coding®) | Mad 10 119213 17 O
Auto 7 01834 500 X
. | Betricmators Dipping(1l) | Semi-ato 9 0~2567 38 O
Insuldion 13
& trandformers Manual 3 3300~4342 230 0O
Others2) Manud 3 314-8% 014 X
Button Other Semi-auto 5 1823 1500 X
: . 2 Malding(4
maeid | manufacturing ) Sami-auto 6 427~012 1600 O
Painting g 4 Painting(4) Manud 12 041~6382 1772 O
Savmilling &
Codting plenrclgof 2 Coding(?) | Semi-ato 3 590~655 1020 X
W
Others Others 2 Others(?) Manud 9 008~368 012 X
Total %) %) ® 3334
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