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Analysisand hazard classification for the monomersin thermoplastic resins

Kwon SeabLee™ - JnheeChoi - Sungbong Choi - Jong HanLee - Jeong Sun Yang

Occupational Safety & Health Research Institute, Korea Occupational Safety & Health Agency

This sudy coversthe invedtigation of the actud condition in
theworkplace to produce plagtics products using synthetic resins
and the investigation on the trends amount of the domestic
production of thermoplagtic resins

To andyze the monomers included in thermopladtic resins
frequently used in the workplace, we analyzed thermal
characterigtics for test compounds using thermogravimetric
andysis and did the quditative andyss using Pyrolyzer GC-
MSD & TDS GC-MSD. And then we classfied the hedth
hazard of monomers based on GHS dassficaion criteriausing
information toxicity & carcinogenicity.

The number of the workplace to produce plagtics products
among al domestic manufacturers of 73,884 was 4,391
(5.94%). The number of workers to produce plagtics products
among al workers of 2522,750 in dl domestic manufacturers
was 104,971 (4.16%). The amount of production per year for
thermoplagtic resnsisin the order of PR HDPE, LDPE, PVC,

ABS, PS and such compounds was producing over 1 Million
ton per year each.

The dassfication result based on GHS classfication criteria
for 22 main compounds included thermoplatic resins says 2
compounds of acrylonitrile, naphthalene are in Acute ord
category 3 and benzene is in Acute dermd category 1. The
dassfication results of hedth hezard of carcinogenicity based
on IARC & ACGIH carcinogen classification says 2
compounds of benzene, vinyl chloride are in category 1A
(known to be human carcinogens).

Key Words : GHS, hazard assessment, New chemical
subgtance, Pyrolyzer GC-MSD, Thermoplagtic
Resin, TDS GC-MSD, Thermogravimetric
andyzer
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Table 1. The reported status of highly polymerized compounds among new chemicals by year
Sausof r
Chemicdls ot
Totd ‘97 ‘08 ‘09 ‘00 ‘01 ‘02 ‘03 ‘4 ‘05
Totd (New chemicals) 340 21 181 201 301 3B7 319 R0 44 747
Highly polymerized compound 1372 69 52 i 123 129 130 145 27 40
Ratio (%) 440 312 287 383 409 383 408 439 562 562
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Table 2. Systems and operating conditions of Pyrolyzer GC-MSD

Andyticd condition
GC-M3DSsygem
Gas chromatography Hewlett Packard 6890N series
Mass selective detector Agilent 5983N sries
Column Ultraaloy-5(0.25mm X< 0.25¢m < 30m)
GC-MSDS Operating condition
Injection mode St (20:1)
Injection temperature 250C
Detector temperature 20T
Oventemperature programming 40C (1min) to 320C (20C/min)
Carrier gas Hel2m{/min
Electricenergy 708V
EM abolute Fds
Resulting EM voltage 1420
Databasefor searching Wiley 138 Library
Pyrolyzer
Sysem Double-shat pyrolyzer, PY-2020iD
Carier gas He, 50kPa
Pyrolysistemperature 40C to700C & 20C/min
Interface Deectivated metd capillary column (2.5m, 0.15mm)

Sample

0.2mg




(changes in mass) & A e=F2] <=4 (weight loss) B] &%)}
2w o] g ZAalor) Zhzke] AP Y B 10 mgS- 281
A7 E AR N2 PUrge e W 100C 77}*] Eopingis

>

o] EAf A 7] AA Ao 23k A = Sl A
AE= = 34 fr1ghEA e A& S8 dus
w417 (Pyrolyzer GC-MSD) 9} d 2k -4 7](TDS GC-MID)

= A O]’x D]’-

Pyrolyzer GC-MSDo 9] 3} A| 83412 (F)3) T2 E] o] o]
g sko] AAsg o], B4 2742 Table 29} 7t}
Pyrolyzer+ double-shot system=- AH2-5193 ©.14, 40 C ¢l 4] 700
T7H] 20 Clming] 452 523k 02 mg2] 113 pelet 4]
BE 250190, Zo] 2me] interfacelines 53 GC-MSD}
K OM A== s e AEskiith TDS GG
MSD -4 742 Tale 33} 7t} 30C | 4] 300 C7F#] 60 C

A7k 549 Al 4] L Gl B 25

Imine] £ 8 225= %7 0 2 TD tubed] Y-& 20mge] 3L
H pdlet A 55 858151 1, GCMSD| 7| A|A] 55 -4k
&F= transfer line®] =%+ 310 C = 3}9it}. CIS(Cooled
Injection System)=- A}-2-5}07 -30 C ¢l 4] 310 T7}#] 12 C/min
o] £5 R S2sle] TDSOA] @2kl A 55 HAHAR
7= ko= H|A (balling point)o| WAL 3] o]
spelEA o] £A 5 3 43) skSiTh

)I

3. F2 A& EFS—.
g molld =

do| S¢ut eetdol mg A

o 7}44 4-7] & Pyrolyzer GC-MSD 2 TDSGC-MSDE 4
A sted 5% ke ol tfel] 4 543 (acutetoxicity)
e o wel g e sk ST AR e vlEw
2] o] 8- % 4| ¥H(Nationd Library Medicineg, ©]3F NLM o] 2} §H)<]
Spedidized Information Sarvice - Chemidplus databeses- ©]-8-5}

Table 3. Systems and operating conditions of thermal desorption system(TDS) GC-MSD

Andyticd condition
GC-M3DSsygem
Gas chromatography Hewlett Packard 6890N saries
Mass selective detector Agilent 5983N sries
Column DB-624(0.32mm X 0.25¢m X 30m)
GC-MSD Operating condition
Injection mode Slit (20:1)
Injection temperature 200C
Detector temperature Split (20:1) 250TC
Oventemperature programming 50C 10220 C ramp
Carier gas He 1.2 m¢/min
Electric energy 70eV
EM absolute Fdse
Resulting EM voltage 1670
Databasefor searching Wiley 138 Library
Thermd desorption sysem(TDS)
Sysem Gearsd, TDS3
Temperature programming 30T t0300 C &60C/min
How mode Solitiess
Trandfer temperature 310C
Cooled Injection sygem(CIS)
Sysem Gergd, CISAwith LN2 option
Temperature programming -30C t0310 T & 12C/min
Cryo cooling On
Trandfer temperature 310C
Sample 20mg
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Table 4. The status of workplaces and workers for the business manufacturing plastic products(surveyed in

2004)
Manufecturer classfication Workplace number(%) Worker number(%0)
Totd menufacturer 73,834(100) 2,522,750(100)
Plastic products 4391(5.94) 104971(4.16)
Primary plagtic products 886(1.20) 20,360(0.81)
Rladtic productsfor building 826(112) 15452(0.61)
Packaging plagtic products 533(0.72 11,891(0.47)
Rladtic productsfor fabricating of machine 817(111) 26,954(1.07)
Other pladtic products 1,29(1.80) 30414(1.22)

Table 5. The status of production amount for thermoplastic resins in Korea during year 1999~2004

(unit : 1,000MT)
Kindsaf themoplastic resin Siausof productionamourt

1999 2000 2001 2002 2003 2004

PP 238 2370 2360 25%5 2707 2850

HDPE 1663 1704 1709 185 1921 1889

LDPE 1637 1556 1543 1668 1649 1,660

VC 1157 1208 1240 1284 1267 1231

ABS 757 862 o8 1,000 1147 1197

PS 682 73 710 78 787 791

EP 26 312 316 an 387 35
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Figure 1. Analysis of melting point for thermoplastic resins by TGA.
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Table 6. The detection results of volatile organic compounds by Pyrolyzer GC-MSD and TDS GC-MSD
gualitative analyser

Chemicd substance CASNo. Detection Kind of thermopiastic resin
frequency PP PC LDPE PS PVC ABS Newchem
Number of detected chemicd
- - 9 1 9 4 5 1 8

Ubgtance
Pheno 108-95-2 3 O O O
Syrene 100-42-5 3 O C
Toluene 108-88-3 3 O O O
1,3-Diphenylpropane 1081-75-0 2 O O
Benzene 71-43-2 2 ( @)
Decane 124-185 2 O O
Eicosane 112-95-8 2 O O
Nonadecane 629-92-5 2 D O
Octadecane 593-45-3 2 O O
1,1-(1,2-Ethenediiyl)bishenzene 103-30-0 1
1,2-Dichlorobenzene 95-50-1 1 ( O
1,1-(1,2-Ethenediyl)bisbenzene 447530 1
1,3 5-trimethyl-cyclohexane 1795-26-2 1 o)
1,3-sobenzofurandione 85449 1
1-Chlorooctadecane 3385-33-2 1 O
1-Dodecene 112-41-4 1 O
1-Ethenyl-4-methylbenzene 622-97-9 1 O
1-Ethyldibenzothiophene 89843-97-7 1 ®
1-Heptene 592-76-7 1 O
1-methoxy-4-benzene 7380-78-1 1 O
1-Methyl-1H-indene 767-59-9 1 O
1-Methylethenylbenzine 98-839 1 O
1-Nonene 124-11-8 1 O
1-Octadecene 112-889 1 @)
1-Octene 111-66-0 1 O
1-Phenylcyclohexene 771-98-2 1
1-Propene 11507-1 1 O
24-Dimethyl-heptene 2213-232 1 o)
25-dihydro-Furan 1708-29-8 1 O
2,6-Dimethylnonane 17301-25-6 1 O
2,8-Dimethyl-undecane 17301-25-6 1 o)
2-Phenyl-2-propanol 617-94-7 1 O
3-(1,1-dimethylethyl)-Phenal, 595-34-2 1 O
3,5-Di-tert-butyl phenol 1138-52-9 1 0
4-Cresol 106-44-5 1 o)
4-Ethylphendl 123-07-9 1 o)
4-Methyl-2-Decene 74630-30-1 1 o)
4-tert-Butylphenal 98-54-4 1 O
9-Octadecenamide 301-02-0 1 O
Acrylonitrile 107-13-1 1 O
Benzenamine 62-53-3 1 0
Benzenebutanenitril 2046-18-6 1
Bisphenal A (080-05-07 1 o)
Cumene 98-82-8 1 O
Dipheny 92-52-4 1 O
Docosne 629970 1 O §)
Ethylbenzene 100-41-4 1
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Table 6. Continued

Chamical it CASNo. Detection Kind of thermopladtic resin
frequency PP PC LDPE PS PVC ABS Newchem
Huorene 86-73-7 1 O
Heneicosane 629-%-7 1 O
Indan 496-11-7 1 O
Indene 95136 1 @)
Isopropylcydobutane 872-56-0 1 o)
Methylene Chloride 075-09-2 1 O C
Naphthdene 91-20-3 1
n-Dodecane 112-40-3 1 O
n-Hexadecanoic acid 57-10-0 1 O
n-Hexatriacontane 630-06-8 1 O
n-Tetradecane 629-59-4 1 9)
Octacosane 630-02-4 1 O
Octadecanamide 124-26-5 1 o)
O-Xylene 95-47-6 1 O
Pentacosane 629-99-2 1 O
Phenanthrene 085-01-08 1 O
sc-Butylbenzene 135988 1 O
Undecane 1120-21-4 1

Table 7. Comparison of chemicals detected by Pyrolyzer GC-MSD and TDS GC-MSD qualitative analyser

, Pyrolyzer TDS
Chemicd substance CASNo. : .
Area Qudity Area Quaity
ABS Acrylonitrile 107-13-1 1112 0 142 86
Benzenebutanenitrile 2046-18-6 229 Q0
sC-Butylbenzene 135-98-8 121 912
Cumene 98-82-8 0.66 A5
Ethylbenzene 100-41-4 0.16 £0]
Syrene 100-42-5 1750 %5 257 %
Toluene 108-88-3 201 87 007
1,3-Diphenylpropane 1081-75-0 031 A £3)
1-Ethenyl-4-methylbenzene 622-97-9 327 0]
1-Methylethenylbenzine 98-839 5559 A 001 A
2-Phenyl-2-propanal6 617-94-7 0.96 91
PS Syrene 100-42-5 68.1 97 1454 89
Toluene 108-88-3 161 91 043 A
1,3-Diphenylpropane 1081-75-0 017 93 055 97
1-methoxy-4-benzene 7380-78-1 712 86
New Benzenamine 62-53-3 895 A
chemicd Benzene 71-43-2 71 A
Phenal 108-95-2 37.89 %5 767 A
O-Xylene 95-47-6 178 %b
1-Chlorooctadecane 3386-33-2 119 A
1,2-Dichlorobenzene 95-50-1 4334 93
1-Ethyldibenzothiophene 89816-97-7 195 83 15.73 88
1,3-1sobenzofurandione 85449 3.16 23]
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Table 8. Summary of acute toxicity and carcinogenicity data of chemicals in thermoplastic resins

J%OH o=, %Mmmﬂoa o e
$5)7 ok =3 A AAG0R v 200000%2)

Chericd CASN Acutetoxicity data Carcinogenicity

cal sbstance o OdLD»  InddionLC»- DemdlDo  IARC ACGIH
Acrylonitrile 107-13-1 T8nglkgra  333ppm/dHiad  G3ng/kglrabhit 2B A3
Berzene 71432 Ryglofet 10000pHIL  dgnglsgmouee 1 Al
Bigohend A 80-05-7 320mg/kgfrat- 3ml/kglrabbit - -
1,3-Butadiene 106990 3210mg/kg/mouse 2859/m 14HIret 1230040/ kglrabhit 2A A2
Cumene 08-82-8 1400mg/kglrat  8000ppmVAH/rat 12 3ml/kglrabhit - -
Decane 124-185 - >1369ppm/8H/rat -

1,3-Diphenylpropane 1081-750 -

Eicosane 112958 - - - - -
Ethyl benzene 100-41-4 3500mg/kg/rat  4000ppmVAH/rat 178000/ kgfrabhit 2B A3
Huorene 86-73-7 - - - 3 -
Indene 95-13-6 >5000ng/kgmammd -
1-Methylethenylbenzine 98-83-9 4900ng/kglrat - - - -
Naphthalene 91-203 A0ng/kelrat >H0ng/m/IHrd  2500mglkgrat 2B A4
Nonadecane 629-92-5 - - - -
Octedecane 593-45-3 - .

2-Phenyl-2-propanol6 617-94-7 1300ng/kglrat 4300mgkg/rabbit - -
Phenal 106952 317nglkgfrat - 630mg/kgfrabbit 3 A4
Syrene 100-42-5 6ngkgmouse  12g/m'/AHNa 2B Ad
Toluene 108-83-3 66mglkgra  49/m/AHIE  14.1m0/kgfrabbit 3 A4
4Vinylcydohexene 100-40-3 308ng/kglra 20m{/kgrabbit 28 A3
Vinyl chloride 71-01-4 500mg/kgfrat 1 Al
Xyleng(m, p, o-isomers) 1330-20-7 A300ng/kglrat 500QJpW4H/rat >1700mg/kglrd)b|t 3 Ad

* Reference : National library of medicine, specialized information service -chemidplus database
(http://chem.sis.nlm.nih.gov/chemidplus)
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Sl A & ulld 400015 9] Al stk do] 74) B v v’Fle% QHAsHA #ejstr] HlaiM = frell - fEAdel ?31
B 31 9l om(3H N, 2006), L5 H-oF E4 -] Alt3shE AF5.o] gR.9} ol gk 3ekA]Ql 71} A E ofof gt
A el - 13 AR (3P, 2004, =, 2006)°f] (AE3 5, 2000). e AA7RA] A S A FA =4
2} st} 5o} 1 gl FolM 7P W AR AL Qe A7 A of] ti gk ]
ATFSSE AR ATE B Sl mRA STATY o) AL Ak, 91 549 w7 94 - gl B,
B ] A1 aH]E-2 OF 44%0] 1, 2004 o] $-of| = F 56%C] T8 A7 Aed AR 2 e BrF 5o Ae
o2 78 go] Z7kela YTHAFAAAATTE A RESgT)
AR A9, 2006). 18] 11 =451 8ha A @ 3 ol A A7FAY Ao gk A2 EAJ ) FA % A - =]
F3 A7 A 9] A AR ) skl o) BAS 28 199 uEA pdlet A 8 W DA $(%)9)
9o} o go] BE SIS0 o FAS HAN@RARS B0 Agga B2 AR 97k i ke
513919 8], 2007, 53] PRHDPE LDPE,PVC, ABS 52 & 2 TGAZ o] §8 S7had) 7 1240 44 4554
Table 9. The classification criteria of acute toxicity and carcinogenicity by GHS
Acutetoxicity etamatesATE) vaues
Inhdation : .
cacay o - Dermd - Gases Vapours Dugt and migt Caanogeniaty
(mg/kcg bodyweight) (mg/kg bodyweight) (oomv™) (/1) (gl )
1 5 50 100 05 0.05 1AY,1B?
2 50 200 500 20 05 pal
3 300 1000 2500 10 10 -
4 2000 2000 5000 20 5 -
5 5,000 5000 - - - -
* (Gas concentration expressed in parts per million per volume(ppmV)
1) Known to have carcinogenic potential for humans
2) Presumed to have carcinogenic potential for humans
3) Suspected human carcinogens
Table 10. The classification results of acute toxicity and carcinogenicity by GHS criteria
Caegay Acutetoxicity Carsinoggicity
Ord Inhalation Dermd
1 - - 1 A-2B-12
2 - 1 1 5
3 2 1 1 -
4 7 3 1 -
5 7 - 3 -

1) Known to have carcinogenic potential for humans
2) Presumed to have carcinogenic potential for humans
3) Suspected human carcinogens



3R o] P - ZAF - HRF] - AAE - olFF - A
Hste] o5t &4 Soto] A=Al g oA
o] 8§ EAS u}cl}s}cﬂ o} stt}, Pyrolyzer GC-MSD H+=
TDSGOMSD R4S Ag-3fo] 199 7k 57
el A5 A702] 1 bt 15 £ AAE 4
Z0]5 gaL)\loi AT Z 3 97) 3R o] o Hg
(thermal decomposition) 2! & 2F2H(thermd desorption) 7 AJ 4]
T 78 A% stel=Ae] et 54 9 wed e A% el
A= ZARICE 28] 2 A7 el o ARA 3t e Ad o] 9l
thal Ak shekEe] thstoli= A4 f718HE A
stof g o] A7k A pdlet A B 5 A A Esto] e 3}
S AFe AFAoE BA sk dAE A st
o ghtt.

S - 9]l 4] A1 TE TGAS o] &3 8182 x o) U4 =
Aol et A7 82 o] 7 5(2000)0] A A S PPS(poly
phenylene sUifide)/ABS 4= 0] & ejsla/2 2 E4) ol to]
2] ABSS] TGA 473} 400 TollA a7 Al&E = 4
O % T Y& TGAE o] &3 A 958 PvCe] &7
AN HT 5, 2004) AT, 7o)l AHaHa Sl
o8t A3} A2k slo] ¥ TGAR-A (John e ., 1996) 7
SOl AT, AwkA 07 TGAE A &7 (inert
amosphere)ol| 4] 31841 9] ol o} el ikg- 2 of] o
St AR E Ay sk 23 EA Rtk TGA] Mass
Spectrometero |} Fourier Transform Infrared Spectrometer(FTIR)
= Z3Hcoupling)sto] S 7] 8keha 4, 712+ 2 (carbon
black), 3]+2(ach) 52 4/dEAel| o] &7 = 3hr, A
= =99 o] A -3l 4 &= (decomposition kinetics)7} TFHE 11
E—X}% 1 0] A Ao o] ¥t
SEAAY A da dg

718 Eds Xé*é—”% 6}71 ?13l Pyrolyzer GC-MSD | TDS
GC-MSD AR o] o] o] -5t}

Pyrolyzer GC-MSDE &H8-8F #4 714 o] A= kA &
eh2g) B4 A EMC ] o ) (14 5 1999), -8
A H|Q1 E o] -4 (Nakamura et d., 2001), <2 (pine nesdles)
#1144 (Lee et al, 2005) 53} o] A4 2713} GG
MSD #2714 H 2 5slo] 2201~ 02mg)e] =84 3}
T2, A, WABAL TR Gk Frjo) 18R
A5 AAE 44 g i dslel ABELC] A8
gkt ARE & 7 wiite] 1 2Eo] jE
o},

TDS GC-MSDE &H-g-st #4971 9] A= Urekami
(2000)0] AA et 7 oJokE Ul 27 solvent &l #st
19} Itoh g(zms)o] AN 8 Eof E0]9)= thehHlek=E s}
=2 (polycydic aromatic hydrocarbong) @] &3t B s &

0

42719) A7 3}o] et A7 5o YL} TDSE o) 43t o
ez} 541 2- Pyrolyzer GC-MSD S} rEH A 2 4-7]4-wl] <] A
goll o8 AAY7} glo] Mgl 244 QRS WA B
a3} 9loH, pyrolyzero Al B} HE 10~20mg?] A 55
thermdl desorption(TD) tubecl] =91 2k <= Q1o Eef A8l 9} i
< LAAM 9 vl S F713k e AT V1A, o
Al, g H A 5 0] 1A Aol To] o] &3 L gl

Pyrolyzer GC-MSD 2! TDS GC-MSDE AL-4-31 pellet 3 Bl 2]
ABS PS A1it8tstEd AnE AL A0 3 kA A
2 3 718k B P A0 ulna Aok
2V RGN 2 S SR ES vl ne A
7 ABS 364%, PS 75%, 21t 3kehad Al =4 25% 4 =9l
702 S1E| Sl o] 9 & Aol 24717 71 71H 5
A3} AR 591, A B9 7, £ pogamming
_%Zi, ez =! OH =1} oﬂEl-;d—E] /\]EJ 1@7_}- /\]/\Eﬂ:rux-]g j}o]
A -84k sample transfer) 22719] 2po] 2 ks 9o}, whahA]
27ke) LA 208 A 53lo] o]} 2 27150| 7}
% N 29 240 v)AE o] H 23} H 5 ST ol
AEHE BB FRES wol /14 A7t D
Qs Az,

o

Mo

V. 48

1920] 1) 2|2 A T34 Zoll A EehiEl ALE
S Alzshs ARSI 59U 4, B4 2A41E gle,
A Z2A 25227507 SOl Bkl AlEE ek
AT A}l R A= 416%¢] 1049717 o) STt gkt
/H o ]’ZL%‘O\S]%IE] ],q HLE%]_ 0:]7]_/\}4 ]0] o:] 1:}:111 /(H

x}ak PP HDPE, LDPE, PVC, ABS, PS¢] 5= & ko] xﬂx}
53919l om, 7H B2 o1 7k 19 ghE o] Afo] AJAkE] 1
ek

2. 7% Alg=Aol thet 54 Wzt o3t 8§49
TGA 47 3} PVC(254 C, 427 C), ABS(367 C), PS(389 ),
PP(426 C), LDPE(440 C), PC(4% TC)2] <=0 2 =] Liebyt
° H% 53] 4 Frﬂ"“%’” o] g-g4lo] 525 TR W} 71
=2 Aol 4] S5 L 9l gl e

3 Pyrolyzer GC- MSD 2] TDSGC-MSD2] 2717 A 43441 &
Eo| A7k 2] ol 4] 71 E5 (library matching B -5 80% ©]
) B LT 66T 0|3l 28 o] o] vk el
%l =41 phendl, styrene, benzene 5- 950191t @ 7F
X] °J ?%Hﬂ ?’*r"ﬂ o HE =4 4= PP 19T,

<, LDPEST, ﬂi‘ﬂf—%‘*ﬁ?—i 85014l



4. A7k A o] e 270 F-8 shekEA o dfaked
GHSH = 7]j—0ﬂ ok} el A & gt A 54 7 ord)
category 3¢1 3l =] = 42 acrylonitrile, nephthdene 2501 1
v, 3 7 ] (dermd) category 1] "“HDPE] = 27> benzene

o]9ick. IARC % ACGIH 924 2q7|& T4oz i
ok o] 77} S A BEgl At x}%ﬂ akokAdo] gl
ezl =4 category 1A 3l ] = hsHEA -2 benzene,
vinyl chloride 25 ©] $itt.
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