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olt}. 712U} DEHPL: 40~59,400 mg/kg 9] 2 NBR, PP, PBT, EPDM 2 PVCE 0] 0] HEZo A m%= AZ 5 o] %9
SHA AMEE AL QlS= & o UL 53] NBR 4 PVCE o] £0] %1 87 FZof A ol 4F 741 2] Q1 0.1 wt% (1,000 mg/ke)< 2
N 5713 0.45~5.94 whE AEE AL §lo] oo tigt thu] 7t B ashs: & 4= Iith =712 REACH SVHC(XL 1A &3)
of| £+3}+= Diarsenic pentaoxide, Diarsenic trioxide, Lead hydrogen arsenate, Triethyl arsenate 2] 4% 52 9] i o5& ICPo|
)&} ] A(Arsenic) 5410 2 A3 2] W3 2 A7} NBR, PBT 2274 9] 47 2-EZof| 4] 15~700 mgke 02 AZ5 T o] % PBT
A7) o] BE) Thermistoro] A= 4|51 ] 2 3kgHEo0] TAIZH0.1 wiv%, 1,000 me/kg)S % ket 7F5Afo] o9 et

FHO : A7 AR AE, FellEd A, FAAl, ZEEOIE, B, 7| AR utE el v AR A

Abstract : In addition to six substances regulated in EU RoHS including lead, mercury, cadmium, hexavalent chromium,
polybrominated biphenyls (PBB) and polybrominated diphenyl ethers (PBDE), priority substances are identified in new RoHS 11
as hexabromocyclododecane (HBCDD), dibutyl phthalate (DBP), butyl benzyl phthalate (BBP) and diethylhexyl phthalate (DEHP).
In this study, 20 plastic samples were collected from 12 domestic electrotechnical companies and levels of four restricted substances
were determined by gas chromatography-mass spectrometry. Among 20 parts that compose washer, refrigerator or microwave
oven, HBCDD was detected in three samples of NBR material with the amount of 42~381 mg/kg while DBP and BBP was not
detected in any samples collected respectively, implying that these substance may not be used widely in plastic materials for EEE.
However, DEHP was detected in all samples of NBR, PP, PBT, EPDM and PVC materials with the amount of 42 up to 59,400
mg/kg that exceeds the limit value of 0.1 wt% (1,000 mg/kg). Presence of a restricted substance in polymer material makes a great
negative influence on a number of final product. To cope with coming RoHS II as well as REACH, action not to use DEHP in
plastic material or the relevant notification in case of REACH seems to be needed. Screening test of Arsenic compounds such as
diarsenic pentaoxide, diarsenic trioxide, lead hydrogen arsenate, triethyl arsenate that are included in REACH SVHC was done by
ICP measurement. Arsenium was detected in four samples made of NBR and PBT materials in the level of 15~700 mg/kg. By
considering the screening method used in this study, the amount of arsenium compounds in the thermistor made of PBT material
has a high chance of exceeding the regulated limit value.
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.M 2 (Inventory)©] 24 =] $1T}H8,9]. 2008 EUX‘?‘Sg-CHOﬂ/H ATl
A B4 F71ete] o 73 RoHS I ZQHE(RoHS 7§73

RoHS (Restriction of the use of certain Hazardous Substances
o] Aor= o#[10], o]o) that 4=A 2ol 20094, 2010W F 2}

in electrical and electronic equipment)= 7] 9 ZHx} ZHH|
L]-] Ex oal2Ao] AL st Ast 2Pz Gols] U g A=A AEEE e AR 2T EE B ARE o

2 olatal ol a]of A A|oFsto] 20061 TUEE Ao 9 il Utk RoHS 714 ) 213 aHgof A AdEar = aid
G RoHSS] AIRO.2 VP, 2-0Hg), AEHC, o7 2 THFHCEA ML w0 A5, W B LSS
ROV BT b fF9 BRYA delnel Seme  HASH AEE, Dinickelioxide, s A, 857 A
Aol PBE el n 2 Ustols ol 2 PDEy AT 7] 2 Organcbromines), 14 el i
9] 6% EA(substance)o] 3]G = 0.01 wios(zh=E) w 0.1 /HEAIE AR 771 $4x(Organochlorines) o] 75-0lw, A=

WO B A #3, e BEe) 4 5 ¢ ATEAREN VS BEA dAABrominated flame
e Loz A§ z7]ok= T o o)AF M| W AR retardants), G247 WA (Chlorinated flame retardants), PVC
oAl AZE ] o7 o slE o] 9l Asfo|n, T AJFHE (Polyvinylchloride), 4 2~#] 7}4~A|Chlorinated plasticizers), DEHP,
ZAEZ20 EC 62321 2 o]9] KS #2o] 7450 QltH2,3]. BBP, DBPo|™ 7% M= AgtE4d o] A% 0.1 wt% o]
I8y RoHS A|# A (Directive) 622 Gall&2 F71 A oH6,7].
o @ WA WA B2A FAA S HET Acer, EUClA 2007 ol Al EU syl
HP, Dell, Sony, Ericsson 5 23 229 7]9J53} Chemsec REACH (Registration, Evaluation, Authorization, and Restric-
(The International Chemical Secretariat)[4] 2 Greenpeace[5] % tion of CHemicals) & o] 4]== CMR (Carcinogenic, Mutagenic
o] 2)&A Q] =7} EAo 3t AFRAE QL Eog A B or Toxic for Reproduction), PBT (Persistent, Bioaccumulative
o] st W 75k ErlulskA s e o] YrH6,7]. 20084 and Toxic) 2 vPvB (very Persistent and very Bioaccumulative)
Oeko-Instituto]] 4] RoHS R A A oA FAIE I AR = A7 =242 19X EZ(SVHC, Substances of Very High Con-
HAAAE 3o SR o] Tt ATLS AAsk T M7 AR} cerns) 2 7 9|5t 11[11] ¢35 A (ECHA, European Che-
Ao A W FHAEC] AIFF A7) Ad(Declaration)  Micals Agency)efl ] 200811 104 52010 18 5 wlof LA

3 XRF B4 5o Hro] slxslo] 405 Fugd 55 REACH SVHC 817h $u55(F 309)& Wt v 9

Table 1. Summarized information of phthalates and HBCDD prohibited on use

Substance/ CAS No./ Chemical Hazard Related Usage [14-17]
Abbreviation EC No. structure information[12] regulations g
- as a plasticizer in resins and polymers such
) o as PVC
Dibutyl phthalate 84-74-2 o TN Toxic to REACH - printing inks, adhesives, sealants/grouting
DBP 201-557-4 o~~~  reproduction Cat.2 RoHS 1T agents, nitrocellulose paints, film coatings
o and glass fibres
- cosmetics
- widely used as a plasticizer in polymer
Di-(2-ethylhexyl) o“fﬂ products, mainly PVC : building material
phthalate 117-81-7 ) Toxic to REACH such as flooring, cables, profiles and roofs,
204-211-0 2 reproduction Cat.2 RoHS II as well as medical products like blood bags,
DEHP o\/i/\/ dialysis equipment etc.

- used in other non-polymer formulation

Benzyl butyl O/\O ->90%, goes to plasticising of PVC or other
phthalate 85-68.7 . Toxic to REACH polymers. flooring, sealants, and paints

. - food wrap or food package
- - 0
201-622-7 reproduction Cat.2 RoHS II - baby equipment, children toys (impurity

O~ level)

- as flame retardant in polystyrene (PS) : rigid
thermal insulation panels/boards for build-
Br ings and for road and railway constructions
Hexabromo Persistent. to prevent frost heaves and provide a light-

cyclododecane  25637-99-4 Br . ). REACH . . . .
2471484 Bloaccumulgtlve, RoHS 11 weight load-spreang F:onstructlon material.
and Toxic - as flame retardant in High Impact PS (HIPS)

Br Br : electronic and electrical equipment.

Br - flameretard textiles (for furniture, automo-

bile interiors etc)

BBP

HBCDD
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Table 2. Application areas of arsenic compounds in candidate list of REACH SVHC

CAS No./ Hazard
Substance EC No. information[12] Usage [9,18-20]
. . . 1303-28-2 . .
Diarsenic pentaoxide Carcinogenic . L . . . .
215-116-9 in the dying industry, in metallurgy, for manufacturing special glass in wood
Diarsenic trioxid 1327-53-3 Carci . preservatives
iarsenic trioxide 215-481-4 arcinogenic
insectides in fruit trees, pesticides, wood preservatives (in the process of
. . being phase-out) Plastic/PVC products (including garden articles,
Carcinogenic and . . . . .
7784-40-9 : travel/leisure time articles, construction materials and wallpapers), Lead
Lead hydrogen arsenate toxic for . . . .
232-064-2 reproduction accumulators electrical and electronic equipment (EEE) grouts, textiles.
P cosmetics,hip-bottom paint, mineral fertilizer, glass goods, glass beads for
road markings
. 15606-95-8 . . . .. . .
Triethyl arsenate 427-700-2 Carcinogenic as above, in the fabrication of integrated circuits

—
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—
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15 kedsted 20101 EUCI%]9] 874 $1913] ] 4] RoHS
I 1o E2 S50 REACH SVHC 3058 %712 A3
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P'L
)
=

A
Ao F7h= REACHO A =HE WHES o]&sto] HE
T5 o] §lo][7,10] &FFof= REACH SVHC $H &4}
A5 Aol U Aol

RoHS 119] 94 A& (priority substances)-> Hexabro-
mocyclododecane (HBCDD) Y Dibutyl phthalate (DBP), BBP
(Butyl benzyl phthalate), DEHP (Diethylhexyl phthalate) 3% 3
greo|EolH[13] o] ZA 52 FH3shE4 4 (ECHA, Euro-
pean Chemicals Agency)ol| 4] 2008 ¥F#3t 15% SVHC S 1
HEo|= £3E E4o|t12]. HBCDDY| +£8 &%+ &
sefolal SLBALE WdelA|olu, 35 meE|o]EL PVC 59
LAk ZhaAl = AR E ZF B0 Al AMRTE He R
3 (Hazard) ¥ 8=+ Table 13} Zt}9,14-17,18-20].

ROHS 119] 2% QJ¥i7kA % oba] 22 ore dxjet Alzhol
288 Aol 7|4 thul7t Bagt Aol o]
of 2 Aol =W A7 HAAE el RoHS IT 114 &
# o] HBCDD 2 3% kg o] E, DBP, BBP, DEHP] 3+&-
RS A HEME A= SHom Sy A7|dx FEF 7]
Qo) AAES YO AR ATE AWtk b v
4 3}HE(Arsenic Compounds, Table 2)9] 35 o] R %= w4
(Arsenic) &7 o] 2]3}o] A3 2J(Screeing) 3 LTk

2.4

A7), 9 D A X 5o HEH AUAFS 7
Qe BE FoA G @ AAAE FHT F5Aol 9
L Eelad AR FHE RES SYAES Atan
2% SAE YA YO £ Wop o5 FES AAstol
FEHE FAYAE Fotol 2k Yo7 APt
1274 B1Ake] 207 HETF)S 2RFHUA o5 REY §5

9 A WE 9 2ASEATHTable 3)

EFAH A GCuS ARESHRAL, FEY of= e &
= 99.999 vol%, 99.9999 vol%S AH&3}9ith HBCDD2} 3%
e o] EE ZF Sigma-AldrichAl 2 SupelcoAloll Al Al ok
(EEAh o= Felste] BAIgle] AHgaATh Hli(AY) EE
Ao MERCKAOf| A Q) 8to] ARE-8FAIL(S5 I 1,000 mg/L),
Z AK(nitric acid, HNO3), &4k hydrofluoric acid, HF) % 1}AF
St~ (hydrogen peroxide, HyO2)+= ZF 65 vol%, 40 vol% % 30
vol% E = 9] AlekFo|ith £F4= RO (Reverse Osmosis)
Filter2 *|2] & A7|AEx= =X Zko] 182 QI 22} 2R/ 45

A+t

2.2.2. ZHd| 2 AFZ 77|

A& Hafjoll&= Centrifugal mill (Pulverisette 14, Germany),
aeja zEEo]E 9 HBCDD #4& 9% Alm &0+
250 mL 8] &2 AX7F ARRE U v (As) £
gt A& £3fof+= microwave digestion system (Milestone,
Ethos Touch Control, Italy)o] AF8-%]¢itt. HBCDD 4 &)
o|E 9] HFE o= GC-Mass (Gas Chromatography-Mass
Spectometry) (Agilent, HP 6890, HBCDD A& MS (5975i)/
ZEHYo|E AELE MS (5973N))S AFE51 L H] 2 (As)9]
A eFR o= ICP-AES (Inductively Coupled Plasma-Atomic
Emission Spectrometer) (Jovin-Yvon, Ultima II, Horiba)& A}
gotith = Al B KS EERA oA dAsk=d =[2,3] ¥t
2 A (Repeatability)2 9|5to] A5Al& A F]7 ] (autosampler)
5 A3} A THGC-Mass 7683 series injector, Agilent).

23. A2 MEZ

FHE AE7], $d 9 ARl
Dol Betoy AU W 2pe 29
Centrifugal mill& AFE3le]
= Baie 4 ES Baja. o
471 EFEH2,3].
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Table 3. Information of electrical and electronic parts collected from 12 companies for the case study

Usage in end products : washer, refrigerator and

Sample/Company Name of part Picture .
microwave oven

No.1/Comp. A Bellow Assembly as valve drain assy. of washer
No.2 / Comp. B Bobbin as drain motor assy. of washer
No.3 /Comp. C Thermistor as temperature control assy. of refrigerator
No.4 / Comp. D Gasket as door assy. of refrigerator
No.5/Comp. E Absorber Pipe as cooling assy. of refrigerator
No.6 / Comp. F Absorber Compression Rubber as cabinet assy. of refrigerator
No.7 / Comp. G Absorber Compression Rubber as cabinet assy. of refrigerator
No.8 / Comp. H Power Cord as power cord assy. of washer
No.9/ Comp. I Power Cord

No.10/ Comp. I Power Cord as power cord assy. of refrigerator

No.11/ Comp. I Power Cord

No.12 / Comp. I Power Cord

No.13 / Comp. I Power Cord

No.14 / Comp. I Power Cord

No.15/ Comp. I Power Cord

No.16 / Comp. I Power Cord

No.17/ Comp. I Power Cord

No.18 / Comp. J Power Cord

No.19 / Comp. K Power Cord

No.20 / Comp. L Power Cord

2.4. CHA
241. N2 ==

2300 et 2ASH LAE ARe AAALE o1&t
AMEZ oA A YEF == A E(thim-

2 g—- ._:'-X‘] ?ﬂ-

BZoA ZEH0|E 2! HBCDD &4

ble)oll wrof, Tekeo= 2L IS At o

HBCDD 49| 49 EFl o 90 mL-& o]&3to] 1A &

Sl £3ET} 4857} HES LEES BT

8A]7F o|AF

222 519tk 59 AA 225 §L 045 im A

90 mL,

A dHR ougt &
AR Y g EAR
A& P 2 mL vialo] &AFCH

100 mL %3] Zapazio] gop 32 A
RE7K] BE 9 ¥ GC A%
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lo

242 BFEEHO| HZ

GC-Mass Hg=rA A< 91sto] 3% 20| =} HBCDD
of gt =8NS A X3}t EPA phthalate esters =38
oN(Z+ 2,000 ug/mL, hexane)2 ©]-&3}4] 0.3125, 0.625, 1.25,
2.50, 5.00, 10.00 ug/mL =2 ZEHo|E 3%(DBP, BBP,
DEHP) &89 A 25t 1l, EFASZ 1,000 ug/mL 5
9] HBCDD &g A| %3t &, 0.625, 1.25, 2.50, 5.00 ug/mL
1w o] HBCDD ¥% 84S A|=3l%c)

%)

¢

2.4.3. GC- Iv\oss —E—

&&9 A
U}EZFJMQ Ao
o] Aol thste] 23] HhE,
Tol2AF ARy
Aol 2 2 UE Y (SIM
A" 2 77184 =21 52 Table 40 st 352
Phthalates®] 7% 0.3125~10 ug/mL Ho A A Z=H 67 &
=8NS 33 WS4t A4S A4dsk3lal, HBCDD
T3 0.625~5 ug/mL R} QoA AlxH 47 EF-EHS o]§3t
33] W SAsto] HEFgAS AAdskth A=l
Zetgo]E 9 HBCDD?| HEi= 9% EZE(ESTD, Ex-

o |m
o
T o
los]
@]
=}
o
i
=

1 e
° o
o
:<l)|=
o
o
)
32
L
o
2
>
op
it

@

ternal Standard)=2 2% 7 =F2-4l(Calibration Curve)o] 2]}
of AitstAaL T M=ol tistq Alm FEFH 23] vhE
z4stel BRAUS ForAh

2.5. e 220l H|A(As) 24

2.5.1. N2 MXz2

230 w2t - AsHA £ EH AlRE ARAEO] 05 g& =
A 5lo] microwave-§- teflon vesselo]] Eol ZAK65 vol%) 10
mL, E4H40 vol%) 1 mL & 3}Ak3k=242(30 vol%) 1| mLE
A7 & A 7S A=A 7] & 210 T, 1,000 WollA] 90571

L3815tk A|27F 97 teflon vesselS E2]3to] -25 T Y
g aLof A 60-5—?& Yzhet & 50 mL o] Eefof ol &

a2 ubx=
=

bR 1& e 3 volts AHE AZE 3 7o)
=

%ﬂ St ) Eep i AHgSte] Bl A(As) EE G
(1,000 ug/mL, MERCK)2.& ¥} 0.10, 0.50, 1.00 ug/mL 5=

2 AP AL AT BEGAS Az

Table 4. Details on (a) pretreatment, (b) GC-Mass analysis, and (¢) ICP analysis

(a) Pretreatment

Grinding homogenized using a centrifugal mill with particle size less than 500 pm
E;(rtlzai;tslic;noffiorr)h?}g _11;/:::5 Soxhlet extraction using hexane for 8 hrs with 4~8 cycle/hr
E):;Zgls(i? (f(f)rH%CC_g[SSS Soxhlet extraction using toluene for 8 hrs with 4~8 cycle/hr
Decomposition for decomposed in microwave digestion system using HNO; (65 vol%),
ICP analysis of Arsenic HF (40 vol%) and H,0, (30 vol%), for 90 min at 210 C
(b) GC-Mass analysis
phthalates HBCDD
Column HP-5MS (30 mx0.25 mmx0.25 um) HP-5MS (10 m*0.25 mmx0.25 um)
Carrier gas Helium Helium
Oven 90 C (3 min) =200 C (0 min) with 20 C/min 110 C (5 min) =200 C (5 min) with 40 C/min —

300 C / Splitless

Injection Volume 1uL

Inlet Temp. and mode

Acquisition mode SIM

Reference masses
for the quantification

—310 C (5 min) with 10 C/min

DBP: 149, 205, 223
BBP: 149, 91, 206
DEHP : 149, 167, 251

325 C (5 min) with 10 C/min
320 C/ Splitless
2ulL
SIM

319, 401. 561

(c) ICP-AES analysis

Detector / Pump
Torch / Temp.
Carrier gas
Gas flow rate

Injection Volume

PMT / Peristaltic Pump
Vertical Type / 10,000 K
Argon

12 L/ min/ 0.1 L/ min (Cooling gas / Sheath gas)

10 mL/min
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2519 AATE &3 AL E AES 1FG T Y
Oﬂ oJsto] FA4H EEPZUMI z9l5}ed, 10,000 Ko A o 7]
B LA 2 ofuA] E= "o HA HEshs W 9
AR E o]&3dle] +xAHo 2 HAKDispersion)A]#H H]A
(As)9]] alg3l= 193.696 nm Ao TL =& =As9c)
vz shelstar, Al2E 0.10~1.00 ug/mL HE #9o] 7
1__ss‘.oH ] §] l:l]—_‘?‘_ _i.xi—s}o:] 1 rx:l;,LgkoE 761%):_11_@; ;5'1_/;4

LH A2 3 HFE =A351o] 7 Hgroe 2 o)

*1]5*71 3L, AR A o] Al 7HAAE] &
A E 2R o] HEZ S ZARSE A}, thermostat, bearing inner,
bellow assembly, bobbin, power cord, gasket, absorber pipe,
absorber compression rubber, switch bimtl assembly, switch def
timer, switch timer 59 HZo] ¢lom, A &L PVC,

PBT, PP, NBR, EPDM, POM (Polyoxymethylene), Nylon 66,

S A7 A Al Eel o
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PPS(Polyphenylene Sulfide)o] it AEH7], WAL, AR}
A9 #sE BE fRE2 PVCE FAHIL, 4 R
PBTZ%= AT, WAF119] thermostat+= Nylon 661+ PBTZ
—TL’“HO] ZAE QT PVCE 4 O 8 REors YA
o] & el F9ol(gasket)7F 1AL, W12 bellow
assembly, absorber compression rubber7} NBRZ 14 & Q]
Aol AR S 3F BE O 2= Table

%0 & = valve drain assem-

o

a5 5 A &
39] 7% HE 207/42H, A 2
bly ¢to] 59¢]%l+= bellow assembly, tub assembly Ujol] Eo1)
+ bearing inner, Hj<=8 2 ¥ U9 A 7]|&E Z7H(bobbin), 7|
T2 FATA YA BEoRE 22 AR Y
thermistor, A7]|Z =, To] E& U o] Edlo|(gasket), WZ7|
HZ 1] 9] absorber pipe, 7|H[Yl L-#gk 2= 2] absorber
compression rubber, A7|ZE 52 £35FF o, A} el
A REomi A/RES 2Astel #A S T o
B8 EASUT 05 TASE 2 AL Table 59 2}
0] % PVC 24+ Greenpeace?] Z-5[5]°]4 RoHS 119] A=
& AE2 qmo] Soi7} glo] hAEel ok izt B

a3t & 4 grk

A

Table 5. Amounts of phthalates, HBCDD and Arsenic detected in electrical and electronic components collected from 12 companies and their

constituent materials

Amounts measured (mg/kg)
Samples Company Name of part Material* Phthalates .
DBEP DEHP BEP HBCDD Arsenic
No.1-W A Bellow Assembly NBR ND 20,200 ND 381 150
No.2-W B Bobbin PP ND 300 ND ND ND
No.3-R C Thermistor PBT ND 50 ND ND 700
No.4-R D Gasket PVC ND 59,385 ND ND ND
No.5-R E Absorber Pipe EPDM ND 117 ND ND ND
No.6-R F Absorber Comp. Rubber NBR ND 55,641 ND 360 25
No.7-R G Absorber Comp. Rubber NBR ND 158 ND 42 15
No.8-W H Power Cord PVC ND 117 ND ND ND
No.9-R I Power Cord PVC ND 105 ND ND ND
No.10-R I Power Cord PVC ND 52,818 ND ND ND
No.11-R 1 Power Cord PVC ND 43,704 ND ND ND
No.12-R I Power Cord PVC ND 510 ND ND ND
No.13-R I Power Cord PVC ND 4,506 ND ND ND
No.14-R I Power Cord PVC ND 115 ND ND ND
No.15-R I Power Cord PVC ND 40,777 ND ND ND
No.16-R I Power Cord PVC ND 233 ND ND ND
No.17-R I Power Cord PVC ND 82 ND ND ND
No.18-M J Power Cord PVC ND 44,463 ND ND ND
No.19-M K Power Cord PVC ND 748 ND ND ND
N0.20-M L Power Cord PVC ND 42 ND ND ND

* NBR: Nitrile Butadien Rubber, PP: Polypropylene, PBT: Polybutylene Terephthalate,

EPDM : Ethylene Propylene Rubber, PVC; Polyvinyl Chloride
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Figure 1. GC-Mass SIM chromatograms of (a) phthalates and (b) hexabromocyclododecane.
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Figure 2. Figure 2. Mass spectral patterns of (a) DBP, (b) BBP, (¢) DEHP and (d) hexabromocyclododecane.
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32. 2= e 0|E &R &4 A /d(Linearity)& o} Fict.
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Figure 3. Calibration curves for phthalates and hexabromocyclododecane.
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I GC-Mass 2498 o] @3h9rH22,23]. BAs 1A ot
HBCDDY9] 7|42 u}E 1 retention time2 16.11F-0]¢1 11
(Figure 1(d)), Mass Spectrometry 73 <] .401—01 HBCDD Y&
gl s} ¢ th(Figure 2(d)). HBCDDE Q}Cﬂ F8 m/z
319, 401. 5610]1 m/z 319& E}Alo] 207 7@&01] 0|83}
1, o]9] M7|& 7|&o2 3 T (A E]) o] =7 (Single Ton
Mode)ell 2J3fj 2+ HBCDDO| A=Al +2 AA4(Li-
nearity) 2 Ho] Fth(Figure 3(d)).

olel W oE AE), Wm W ARAAE Pk B

=~
v 2§ R 207) 41 Ze|AHBCDDS %% A7}, HBCDD
L PP, PBT, EPDM U PVC 4|2 H BEZoA= A&EXR

orobr}. 1L NBR 4749 37] AZo]A] 42, 360, 381 mgkg
o2 SA o] FAIEH0.1 wt%, 1,000 mg/kg)H th= A ATt
zolg astm 9ok

HBCDD7} GAA R H7tE = F LAl EgLEoldle
2 F9 47 A& Expanded Polystylene ((EPS), Extruded
Polystylene (XPS), 1137 Z&|2Aelo]dI(HIPS, High Impact
Polystylene), 4-+8& Zejn EAMAIZFC R A4 SIEH17].
HBCDD”} A =& &4+ PBT (Persistent, Bioaccumulative,
and Toxic) B2 2 BERE|7] gZEo|H[12], A7 AA A&
go] ofye} HGAlE olZebdofA = A 7FEAl(flame retar-
dant finishes)Z A Q] Al-go] QAR E FX|E o] LTH25].
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3.4. H|A 3tet=(Arsenic compounds) &%
32| (Screening) &1}

FAE 207 MES ICP 2402 H|A(As) TS 574
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E ATk ICP A A9 AbS o] 83t A 2] WS vl
e Waestar glo] AA| SRR A2 gho]l 4
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hydrogen arsenate, Diarsenic trioxide, Diarsenic pentaoxide. ©]
5 =49 A4 2= CMR 242 E757] gizol=[12],
Y 7hH) vl SRRl BT §E H2 vl Eé B occu-
rrence as impurities) 2 3H-3-F o] QS 7154
VERE DR REEREEEE TR
A, B4 HEA, A7 AR} AE, A2 So|y Table 2
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RoHS . Restrictions of Hazardous Substances in electrical

and electronic equipment

REACH : Registration, Evaluation, Authorization, and Restric-
tion of CHemicals

EEE : Electronic and Electrical Equipments

SVHC : Substances of Very High Concerns A =2

CMR  : Carcinogenic("4H4d), Mutagenic(E A H oA
or Toxic for Reproduction(A§ 2] =A)

PBT : Persistent(¥HF4)), Bioaccumulative(R E534)),
and Toxic(Z4)

vPvB : Very Persistent and very Bioaccumulative substances

IEC : International Electotechnical Commission

GC-MS : Gas Chromatography-Mass Spectometry
e [ Al B R B b e

ICP-AES : Inductively Coupled Plasma-Atomic Emission

Spectrometer 3% 2 3+Z 2} 2 uprl& 30



SIM : Single Ton Mode T (AE])o]2=4]
m/z : mass-to-charge ratio 2 /A 3}
LOD : Limit of Detection &34
LOQ : Limit of Quantification %] %37
MDL : Method Detection Limit B A &34
PBB : Polybrominated biphenyls &2|E 2913} vlo|Hd
PBDE : Polybrominated diphenyl ethers

Ze| B2V} tolHdofH =
DBP : Dibutyl phthalate
BBP : Butylbenzyl phthalate
DEHP : Diethylhexyl phthalate, Bis(2-ethylhexyl)phthalate
HBCDD : Hexabromocyclododecane
NBR : Nitrile Butadien Rubber
PVC : Polyvinyl Chloride, Z2|H|dZZg}o|=
PP : Polypropylene, Z2|= 29
PBT : Polybutylene Terephthalate
EPDM : Ethylene Propylene Rubber

L]

Directive 2002/95/EC, “Restriction of the use of certain
hazardous substances in electrical and electronic equipment,”
Official Journal of the European Union, L.37, the European
Parliament and the Council of the European Union, 2003.
IEC 62321, “Electrotechnical products-Determination of levels
of six regulated substances (lead, mercury, cadmium, hexava-
lent chromium, polybrominated biphenyls, polybrominated
diphenyl ethers),” International Electrotechnical Commission,
Geneva, 2008.
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Standards, Gwacheon, 2009.
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Ju, H. -S., and Hong, S. Y., “Comparison between RoHS and
RoHS II,” COMPASS Analyst Report No. 312-09-020, Korea
National Cleaner Production Center, 2009.

Ju, H. -S., and Yun, H. R., “Revision Trends of EU RoHS (2),”
COMPASS Analyst Report No. 312-10-030, Korea National
Cleaner Production Center, 2010.

http://hse-rohs.oeko.info

S A7) H; Al Foll T AlF RoHS 1T &3 3% AH A+ 133

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

http://echa.europa.eu/doc/consultations/svhc/svhe_axvrep
norway_cmr_leadas 20083006.pdf
COM(2008)0809-C6-0471/2008-2008/0240(COD), “Proposal
for EU Directive on the restriction of the use of certain
hazardous substances in electrical and electronic equipment,”
the European Parliament, 2009.

Regulation (EC) No 1907/2006, “Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH),” Offi-
cial Journal of the European Union, 1396, the European Parlia-
ment and the Council of the European Union, 2006.
http://echa.europa.cu/chem_data/authorisation_process/can-
didate list table en.asp
http://www.sgs.com/sgs-rohs-coming-soon-first-reading-on-
draft-completed?viewld=641
http://echa.europa.eu/doc/consultations/recommendations/
tech_reports/tech_rep_dbp.pdf
http://echa.europa.eu/doc/consultations/recommendations/
tech_reports/tech_rep bbp.pdf
http://echa.europa.eu/doc/consultations/recommendations/
tech_reports/tech_rep _dehp.pdf
http://echa_2008 2 SR04 HBCDD report 12 01 2009
http://echa.europa.eu/doc/candidate list/svhc_axrep nor-
way_cmr_triethylas.pdf
http://echa.europa.eu/doc/candidate_list/svhc_supdoc_diar-
senic%20pentaoxide publication.pdf
http://echa.europa.eu/doc/candidate_list/svhc_supdoc_diar-
senic%?20trioxide publication.pdf
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research, Korea Institute of Industrial Technology, Ansan,
2009.
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