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ERL 72 ABS BIfE <L > Mg

MIREWHIZOWT, BRILT 57200 HERCESRE (Cd, Cr, Hg, Pb) HWEEMEL, —K
RS T H B AN AFRE RSB RO L LBEROST PEEZRE L. R LZEROST T3
PO/RONT-EEROERMIESTHFLEL S ABEDL ONLFHEISOBANTILL —K LIy, &
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2006 4 7 H 2 HERMIZIB VT RoHS 84 (EU Directive
on the restriction of the use of certain hazardous substances
in electrical and electronic equipment, B * BT HERH
DEEREWROMAEILS) FHAT S LY. Zoks
DFEATIC X o THNTH T IS S h b ER - BT
CEENRDE AP A FIvA, AMlirvas, HeRE
FEA QR oFFRI—EREUT (Cd 25100 mg
kg ' DAT, ZoMoWE L 1000 mg kg™ BAT) (2B
NBZLilhhofe. L7adoT, BRMNTHIENIICER %
MY 5 &EEITE-TIE, UHBHSRYREICHET 2%
AE - BUGEBRE D O DR RERASUEE ol T, 1
WEYTA 7 VOHEEDBEPLRTYH, BERIZERT
% IO OYEORBEDIEMRILE « HHIZLELRTRT
H5H. WEEEYWELIEHEICERT S20I1001E, EiEfhs
NIz FEE & HIT, FHIER & BIE Lo E oS
2R 5720 OERREESE R TIEENE S LETD
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—77, B - BFEFIETIAF v 7 HRPE b
NTHH, T, LYERFNEYEIECRER OB
TTI7AF v 7HICERRASRTE2OTY 4 -
VBBETRALTLAZ2LdHD. LT, KoES
BN G EMEEEHT 2 L TTITAF v 7RIS
HeWEIlah SELBROBEYENVLEL 5. Le

VRS AT OB S R R A T SE T AR HE A 50 2R P S AT R
AR EEEERIZEE  305-8563 RMIED IEHHER 1-1-1 o< E
e 3.9

L 200542 RECTlE, EIREELANVTIO=— AN
59 A IE R E 1Z ERM-EC680 & U EC681 (B4R 44 A
Y LF U UBIRR Ly MMESEYE, Lo
BT VDA 001 ~ 004 (Cd MR =F L VBIE<xL »

MEREYE, LFSH)C DR TH o7z 2005 4 3 AL
k, EEBMABREMEHERZERE LV ¥ — (AIST/
NMIJ) Tid, BEHHFEWEIIONTOTIAF v 7
FRGERE e A PR L T & /2.

AWFFETIE, ABS (77 u=pbIN-TFITr-2R
FLVEAE) By MEERHORRIZY Y,
BT 27200 B LEERVESE (Cd, Cr,
Hg, Pb) #MrELZMET L, —REEERNEETH 5 FMAE
HREREGH L2 FOE LB T2 L7z,
AL TIHEFICRE WL R AT D W T O FHl % #t
#5 5.

2 % B

i

2-1 # ¥
ABS MR~V v MEHIEEEYE OER ORI EE ABS
BRERLV Yy MR L& BER KL, cdo (99.5%,
~1um, Aldrich #), HgS (99%, FIGHEH), PbCro,
(>90%, FEMESR) RETEF VT EFF b Cr(97%,
Acros ) ThHo72. INLOELBEHFRIZ, &K ABS #HE
NLy MEEYENERWICZ O WE I ICTEOIE
Rans.

AR BRI, 70% W (BFL¥EM, ME
L8, 60% fEMe GRIERRL, RBMIER), 95% ik
RIS, FEMBEE), 60% BIEFER GRUERSRK M
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Table 1
resin pellet CRMs

KAGAKU Vol. 57 (2008)

Chemicals added and nominal concentrations for elements in ABS

Nominal concentration/

ABS resin pellet CRMs Elements -1 Chemicals
mg kg
NMIJ CRM 8102-a Cd 10
Cr 25
Pb 100 cdo
NMIJ CRM 8103-a cd 100 PbCrO;
Cr 250
Pb 1000
NMIJ CRM 8112-a Cd 10
Cr 100
i "
P 0 PhCrO,
NMIJ CRM 8113-a cd 100 HgS
Cr 1000 Cr-acetylacetonate
Hg 1000
Pb 1000

JeHEEER), 30% BERILKE (REAEH, FOLMIER) K
048% 7 v ALKFEEE (Ultrapur-100, BAFALZE) Tdh
> 72. Cd, Cr, Hg R U Pb RBRH#EHIE, NMIJ B O — KT
R (1000 mg kg ™', HRARERED? S 0.05%) = HW
7e. WIEHEHOTLCEBEE (Sc, Co, Rh, Pt, T, Bi)
FBIHALEHEO 1000 mg L' OFEHERE H w7z, FNRA
TR ESH OBILE L % 2 HRME (254 2) Of
WizowTiE, "'ad (B, Por (&EHE), 'Hg
(HgO ¥ %) KU ™Pb (PbCOs BK) MR MA (+—
7y VENAFE, USA) @Y EEHVCERL
THBEL L7z, PbICOWTIZBLHE R & SR O Pb DRI
FHESRLZLZEPBEINE. KR TIEAB T
Pb A FAEEORERFERHE T 7 XA~ NWEREY
BT (ICP-QMS) EBEICBWTEHB SN S Pb 0 EE%
AR OFIEL, Pb FAAREAEYH (NIST SRM 981 : &
BV A4 Y —, NIST, USA) » 5L - E#Emz Hw
72, Cd, Cr R Hg iZoWTid, FhilE Lizk 25,
SRHE R & BB TSR 0 I R [F) AL AR e A ST g K BE D #E P Y
TIL—H LTV T, NMI Bo—REMRER % 5B
B 7RI CH B AR RO IE £ 1T - 72,

2:2 ABS BIENL v MEBEENE O/ER

9 ABS IR L v MEMIEEWE 2 ER L7z, Table 1
WZEEO ABSBHEXL v b (A% 4 5 v & ABS220, JBAL
) I L-ERERRE ZoRBIBRELRT (A5 4
J v 7 ABS220 121X Cd, Cr, Hg, PbiFlZ LA EEE RN
TWhEWZ EZHREAR). ThOSBERREZ A A S
v 7 ABS220 XLy MERE (KA TV U EF) L2k
AR BT 200C TRAEL, XLy b (K %
PERL7:. Ly P afkr Bt - etk BRcHL
v Mb EZE) L7z, BiZHEXLy Mb (B=ZK) 75

2ET, BEEESESNHAABSBIESNL y FEERL
2. TNZAY ATy 7 ABS220 THML, L& RO
B - XLy MEE3EERYVEL, RIBEEESEITH
ABSHIBE RV v P 2ER L7, HENRHEED 5 Wid "
AR E AT, WEER [0 ] &I EEORE
WE RS, BATHREAT o TRMWRESM Bt L
72, FliEABRORBR, EBICIZE_BROERMR - XL v ML
FTIZABSEIERL Yy VO EEEOBBHLADHEL
BER SN T2, BELZHEMNZENE LTEZET
TORM - XLy MbaITo72. 72, KABSHBIRE~<L
v MERBEE, ERM-EC680 KOS EC6S1 I DEML T 57,

2:3 £ B

Table 2 KU ICARFFETH /2 ICP-QMS #1& (Agilent
7500cs, Agilent Technologies ) K OFERET 7 XA~
%6 43 6 4 AF %€ 8 (ICP-OES %% {8, Optima 4300DV,
PerkinElmer ) D#BAESLM4EZ/R$. ICP-QMS 2 &1 —
KREREER 1 T o 2 AR RE ROITEL 1T ) ETRL
& 72 5. ICP-OES HiE L ICP-QMS & & I RB O R %
ZIESMEEEL LTRALL. fB0cHw~ 12
O PRS2 8 13, Millestone 9 ETHOS PLUS
JIZETHOS 1 T 5. HAIRLDOBIZIZELRIF (FHAME
FREIRE 800C, MEEMERT) 2w

3 FEREEE

31 ABS BifENL v FDEBREEFIZOVT DR

ABSBHIERL v M OBBER OCIBICET 25 %21To
7. Fig. 1 CZORFEEEEZRT. ABSHIE<L Y b (&
REEERSNH) #05g% 80T TIRMEREL, >
UAFNT Y=y — T 1 R L AR B
TRANCHERTH 01% DBERIBE SN 2otk
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Table 2 Typical operating condition of ICP-QMS instrument (Agilent 7500cs) for the determination of Cd, Cr, Hg and Pb

ICP torch :

RF power :
Plasma gas :
Auxiliary gas :
Carrier gas :
Makeup gas :
Nebulizer :
Uptake rate :
Spray chamber :

Shielded

1600 W

15.0 L min "’

1.00 L min "

0.80 L min "~

0.50 L min "

PFA-100

180 uL min "

Scotto type (sustained at 2TC)

For isotope dilution analysis

For standard addition analysis

First extraction lens voltage : +6V

Second extraction lens voltage :  —200V

Acquisition mode : Isotope ration measurement
Dwell time : 1 ms

Number of sweeps : 1000 times

Points per mass : 3 points

Repetition : 10 times

Measured isotopes (m/z):
for analytes :

Measured isotopes (m/z) for
internal standard elements :
Collision gass flow rate :

He: 3.0 mL min "}, H,

52 and 53 for Cr, 111 and 112 for Cd,
201 and 202 for Hg, 206 and 208 for Pb

: 1.0 mL min

+6V
—200V
Spectrum (peak hopping)

1 ms

100 times

3 points

5 times

50, 52 and 53 for Cr, 110, 111, 112, 113, 114 and 116 for Cd,
199, 200, 201 and 202 for Hg, 206, 207 and 208 for Pb

45 for Sc, 59 for Co, 103 for Rh,

195 for Pt, and 209 for Bi
He: 8.0 mLmin !, H,:

(peak hopping)

o -1

1.0 mL min

Table 3 Typical operating condition of ICP-OES instrument (Optima 4300DV) for
the determination of Cd, Cr, Hg and Pb
RF power : 1300 W
Plasma gas : 15.0 L min ™"
Auxiliary gas : 0.20 L min~"'
Carrier gas : 0.60 L min '
Nebulizer : Glass concentric
Uptake rate : 1 mL min "~
Spray chamber : Cyclone type
Integration time : Automatic (1-10s)
Points per line : 3 points
Repetition : 5 times

Background correction :
Analytical wavelength (nm):

Measured wavelength (nm) for
Internal standard elements :

Side background correction

267.716, 205.560, 283.563, 284.325 and 206.158 for Cr
228.802, 214.440 and 226.502 for Cd

258.652, 194.168 and 184.886 for Hg

220.353, 216.999 and 261.418 for Pb

357.253 for Sc

190.801 for T1

223.061 for Bi

80C TI1HM DM - BRIV ELTHHERIT—EE
INEBEIFIT
WZH 2 HEREST 2 &, 0.
ZNh% 80C T 1KY
5 EH05% DWANHY, HIZ 80T TI1KMERT S
L 01% DBADD Y oo —EMEEF UKEIZR -7,

NDEFTHo7 (£002% OHFEN).
100% DEREE (% 25T)
0.6% DWIEA B S -

3.2 HEPSEEORE

B OMBITROBE L2 BEOI 21T BI2IE, b
EEESHRT HLEND L. BIER, SE» S D5 A
B HEOBENS, ~ 4 7 ailnaeEmomikiis
FRETHLDT, RIS AF v 7 R EEYE OB
ﬁmﬁwf%mtt.it,v%ﬁnﬁmﬁmﬂ@\%&

5~

B

FoBUK R, KRIZELSESHH ABS Bg<L v
TOHEPUTH o7, HEL TRRWERWD, H—BEIEIE
100% OBREE (#25T) ICHEENAELTH 80C T 18
MR B ORIERA KT IZH01% ICHELZVWI 2D
WCflhm%%(vvﬁfwry&~&¢ﬁlﬁ%ﬁ
W) LTesHwaZ Iz

EFEBORL DA MREOMTEHIFEL T, ZRIK
L-BADHEFRH L. Z0EPKy FTL—1 %
R 7 BRCR B EES Mi%&ﬁbﬂ# B & v 72

BT ABS B DS DMNBESHIERLTE 2. Ll
WHED 002K, SHEPSOBEERFBEINDNE, 05g
BREOFEFIIH LT 10~ 20 mL OWEE % H\v % DT Pb
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1.005 £
@ NMIJ CRM 8113-a
é 1.004 |
[}
o =
g g% 1.003 L Stored for 2 days
'% O under ca.100%
> A humid condition (25 °C
22 1002 | 9
<
S £
>
g § 1.001 Before drying
2 R
s 1
g
St
g
E 0999 | \ J o\ J
Y Y Yo
80 °C drying for 1 h* 80 °C drying for 1 h*
0.998
*Drying condition: 80 °C drying for 1 h followed by cooling for 1 h in a silicagel desiccator
Fig. 1 Relative mass variation of ABS resin pellet CRM (NMI] CRM 8113-a) under both the dry
(80C) condition and the humid (ca. 100%) one
Table 4 (a) Microwave heating program Avie< A 7 0o EEEE 0% a I IEBIERROBHRNM I
Temperature/ T Time/min Bhotz.
Step 2 80—50 2 A ABS HHHER L v M RLGERREWE (01g) E1HOYA
Step 3 50— 150 5 N . .- —~ 7 2 s b
SEZE 4 150 — 200 5 kg ro 7S A (Table 4 (2)] TREGWHHIER
Step b 200—220 5 ENT WEBERHVDLIEND Phb ORBAERSEES
Step 6 220 35 N . - .
Sten 7 Cooling 20 DT, B EER L LTOMEOE LI WA
. . MR RE RN L MAE DR, ERIIINHREOE
Table 4 (b) Mlcrowave dr.ymgvp‘rogram (ETOS PLUS T o T DI DA R I TER S N o 72, AR
with evaporation system) i o _ N i
) — . ) B EEOFM OB ORI LS L LT, ICP-QMS
Microwave incident power/W Time/min . o
I 00 . X pEM - WIREEREHAGDETHV.
te
Steg 9 0 (Cooling) 15 70% WEEE HWTH MM IER S ND, DRE

DILBEIBEIND HEOMEND > 7-DT, RHLED
o7z MEBSHEE, BES»2 58, <4 7 o
B IRECTOH LRSI CE L RS2 EEL TR
HLZzdo7-

3:2:1 VA VORMBERBIERE <~ A7 2B
BEABSMEIIBTILAIAA 70BN TS L%
Table 4 (a) 12, ¥4 7 Q#7125 L% Table 4 (b)
IRT. ABSEIRRLV Y MY 01 g BWT, BESHE
ERT B 720 OWBOME K R 2 RET L 72 H % Table 5
\Z7RF. Table 5 IR LEEOMARHLEIC X 55 HMERE
1, AT LA 2 B REE O, SHRERD
R LS TEVRRLIEDELONDLD, AT

BHE 10ADS 5 RSO TUELHo /. T2, A7
R % SRR O R INE IS AT A 5E1E, Blgon
TEEERZRINT 2 LEFDH D720, 70% kAR
ENTLEIVEEIIGMTERVWI LD o 7205, W=
% 0.05g IO Lok THARICEETHIER SN,
A ABS R FRGAZ MY A B R - BIEEM A VT
% RAZEIC, 1HOYA 7 N7 a s 5 A TIEE
ERIER SN G0 2DT, BREOAERETAED
TYA 7 0k Table 4 (b)) ZEBML7. Fig 212
<4 7 aEinE- < A 7 RO g0 7 o —X
R, ZOMEETE, <A 7 olERoRPIIEBCR
DR HOTHg IIEEATE 2w, 72, Cr OEIL
KL - 7288, BEZRBEHCTWEDOTYA 7 0z
BOBERTCPEALZOINE R THELLZEEZD

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

Hm X KA, B, HiE : RoHS WANWICESESHH ABS #lE~<L v IR E OB 421

Table 5 Examined acids and their performances on microwave acid digestion procedure (ETHOS PLUS and ETHOS
1, Milestone) with respect to 0.1 g ABS resin pellet CRMs

Acids (amount) Performance Comments

95% H,SO, (4 mL) X Black solution with high viscosity was obtained.

95% H,SO, (4 mL) + 70% HNO; (4 mL) " O } *These two combinations were adopted for analytical

95% H,SO, (4 mL) + 60% HNO, (4 ml)* O methods No. 1 and No. 6 indicated in section 3.3.2

60% HNO; (8 mL) x

60% HNO; (5 mL) + 30% HyO; (3 mL) X

60% HNO; (5 mL) + 60% HCIO, (3 mL)** VA Three times of microwave heating procedure and 2

60% HNOs (5 mL) + 60% HCIO, (2 mL) + 48% HF (1 mL) A times of microwave firying one were x}eeded to obtain
the complete digestion as shown in Fig. 2.
**The combination was adopted for analytical method
No. 4 indicated in section 3.3.2.

60% HNO; (5 mL) + 30% HyO, (2 mL) + 48% HF (1 mL) X

70% HNO; (8 mL)*** O Number of vessels should be reduced from 10 to 5 for

complete digestion.
***The combination was adopted for analytical method
No. 5 indicated in section 3.2.2.

© : Complete digestion can be achieved by a single microwave heating procedure.
single microwave heating procedure with limitation of number of vessels.

wave heating procedure and microwave drying one. X :
procedure

ca. 0.1 g sample

<+——  Standard solution (1 g) for standard addition

+——  60% HNO, (5 mL) + 60% HCIO, (3 mL)

l First microwave heating—‘ )

t First microwave drying !

+——  60% HNO; (5 mL) + 60% HCIO, (3 mL)

LSecond microwave heating ‘

‘ Second microwave drying ‘

<+—— 60% HNO, (5mL)

LThird microwave heating ‘

Dilutionto 30 g

Further dilution*

Fig. 2 Flow chart for sample preparation procedure
with microwave heating and microwave drying

*: Addition of internal standards for
standard addition ICP-QMS method
during further dilution

O': Complete digestion can be achieved by a
At Complete digestion can be achieved by both micro-

Complete digestion could not be achieved by a single microwave heating

na.

Table b5 OFEHRIEA ABS BB L v P IBEESE D5
BBV TOFETH Y, < ) v 7 ANFKELELRD
TIAF v 2IEFOTEFTRHEMTELZVWEERD S
W, BELLEDHEITTHAH. A ABS R DAL Y H LI
A+ TiE, ERM-EC680 & EC681 % Table 5 D 60% #E M 4
BT, OASHALEEED TS 2 F v 7 EH#EYE JSAC
0601-1, 0602-1 B UF 0611-0615 % Table 5 DHREE - WhlES
BROTEEE - BEEMRSM CRESMT L ENTE L.
i, BEXWMI K6, RVZFLVEIPY v TR
&5 % ERM-EC680 & EC681 K UF VDAOOL ~ 004 DMk
IZDOWTDERD D 5.

3:2:2 FARE-EXBRIEE  Fig 3 IHAKIL-
BRABOFEO7-REZRT. BRROSETHLD
T, HAEEODH B Hg OHICIEE S v, RS0 H 5
LR ROTREYRH B L O RETHLY, SET S
AEEAYPT I ENTELLEWIFEDL DL (KRBT
1205g). AEE—H— (50 mL) AIZIRELS 7z ABS
RV R L, BRIFPICT 350T T6 i
B oOwRIKIL 21T - 721, 60% FEER -30% BELAKE %
HWTHRy b7V — b RTMET 52 LI E o TRESTHR
X (AN

3-3 faffIHER

3-3-1 HEMHBRER ABSHIEXL v MEALER
WEIZOWTOHEERRIE, 01 g0RBEICH LT,
95% HilE -70% (A WIE60%) W~ A 7 T IRINEE
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ca. 0.5 g sample
v
1 %

*: Dry ashing at 350 °C for 6 h by electric furnance

v (pre-ashing at 300 °C for 3 h was conducted for NMIJ CRM 8112-a and 8113-a)
Ash

| ——— 60% HNO, (5 mL)

| Heating at 140 °C for 3h-5h® } (1) Residues existed (solution with dark blown)

l +—— 60% HNO; (5 mL) + 30% H,0, (3 mL)

l Heating at 70 °C-80 ‘C@ l (2) Vigorous reaction by H,0, occurred. The colour changed from dark blown to light blown during
this reaction.

\ Heating at 140 “C-170 °C ® for 1 h-2 h

| (3) Residues existed

1 <+— 60% HNO; (5 mL) + 30% H,0, (3 mL)

l Heating at 70 °C-80 °C @) ‘ (4) Vigorous reaction by H,O, occurred. The colour changed from light blown to yellow during
this reaction.

l Heating at 140 °C-170 °C ® for 1 h-2 h

l “————— 60% HNO, (5 mL) + 30% H,0, (3 mL)

‘ Heating at 70 °C-80 ‘C ® | (5) Vigorous reaction by H,0, occurred. The colour changed from yellow to light yellow during
* this reaction.

| Heating at 140 °C-170 °C ©® for 1 h-2 h | (6) The dissolution is completed when the residues can not be observed.

| Dilutiont0 100 |
|

R **: Addition of calibration standards and internal standards for
Further dilution** standard addition ICP-QMS method or ICP-OES one during further
dilution

Fig. 3 Flow chart for sample preparation procedure with dry-ashing followed by acid digestion

Table 6 Analytical results of Cr for homogeneity test (NMI] CRM 8103-a, 0.1 g ABS resin pellet)

First round Second round
Bottle ®Cr/mg kg™ *Cr/mg kg ' Bottle *Cr/mg kg™ ®Cr/mg kg™
A-1 273.18 272.06 A2 274.95 274.67
B-1 272.65 272.22 B-2 273.59 273.34
C1 272.89 271.62 G2 274.89 273.91
D-1 273.33 272.87 D-2 274.69 274.34
E-1 273.07 271.53 E-2 273.42 272.92
F-1 271.91 271.5 F-2 273.13 272.93
G-1 272.29 271.96 G2 274.41 272.67
H-1 274.62 273.12 H-2 275.09 273.05
I-1 273.29 273.82 12 273.76 273.26
J1 272.54 273.26 J2 274.08 272.11
K-1 272.42 273.37 K-2 273.92 272.82
L1 273.91 273.04 L2 274.54 273.28
Average/mg kg™’ 273.01 272.53 Average/mg kg ' 274.21 273.28
SD/mg kg™ 0.74 0.81 SD/mg kg’ 0.65 0.72
RSD, % 0.27 0.30 RSD, % 0.24 0.26

Analytical method : Calibration curve with internal standard element ICP-QMS method with HNOs-H,SO, microwave digestion ;
Final results on homogeneity test as listed in Table 7 were evaluated by averaging of 4 RSDs (%) in Table 6. Since achieving accu-
racy was not primarily intended for the purpose of the homogeneity evaluation, the analytical results are different from the certified
value to some extent.
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Table 7 Results of homogeneity test for heavy metals
in ABS resin pellet CRMs (0.1 g ABS pellet)

NMIJ CRM  NMIJCRM  NMIJ CRM  NMIJ] CRM

8102-a 8103-a 81124 8113-a
cd - 0.63% 0.27% 0.93% 0.53%
Cr 0.51% 0.27% 0.53% 0.92%
Hg — — 1.27% 1.05%
Pb 0.28% 0.32% 0.35% 0.46%

NMIJ CRM 8102-a and 8103-a: RSD (%) obtained for analyti-
cal results of 24 samples from 12 bottles (2 samples from each
bottle) were evaluated as homogeneity of elements in ABS
pellets. NMIJ CRM 8112-a and 8118-a: RSD (%) obtained
for analytical results of 28 samples from 14 bottles (2 samples
from each bottle) were evaluated as homogeneity of elements
in ABS pellets.  Analytical method : Calibration curve with
internal standard element ICP-QMS method with HNO;-
H,SO, microwave digestion

o0 /0 & R - YA HE ICP-QMS ¥ % W TAT o 72,
Table 6 (2RO —fF1& LT, NMIJ CRM 8103-a H ® Cr
DOHEWFMOBICHE SRz e OREE, % OFE
RERAE, ROHENEERZEY, Table 712 ABS B~ L
v MOBECEOMWEROMEERT. 24 B % 12 Ak
FTO2EIIATTHREL, B5h7z 4 o0MAIERFAED
FPIEEEMEE LTRAL Z (Table 6 O] T
027%). TNSHIEFTWMPHEIEETLIELDOEER (R
B OB R SR EHE) 28800,
TN EHEME UTHA L Table 712583 L 912,
Cd, Cr R O°Pb DB, ZNZENHMNMETH 0.3~
1.0%, #0.3~1.0%. #03~05% TH-72. HgllD
WK 11~1.3% Thol. Hg DEIMOTHEICHA
RPRREVEHBE, HMoxEOESL DS DERIZ ICP-
QMS EEDOREHEAR TR 5 A E ) —5) RO BB
bolelpbThbEEZONS, INHOHEMIZ, ik
L7z & 9 BRI LB O FF B K O i O MR EE 2K
SPELRTLOT, RBERROHEHEL LTEd- &
NSRS D B

3:3:2 ERFOAEDICHVESMITEEE ZOEEDH
R ARAEEYE RO 20 2% LEMTICE Y
2T FEE, 1 95% BEER - 70% (D A\ ik 60%)
B~ A 7 v BB 5 %/ ALAR A R ICP-QMS i (—
KRIFHEREDE), 2 #RIK-60% A5EE - 30% BERILK
FBABCR U 25 R/ 52 B O BRI - PIELHE ICP-QMSS
&, 3 RAIKAL - 60% AiSHE - 30% MERALKEBRCRER
1% /M E G OREEEGSIN - PIFEHE ICP-OES %, 4: 60% fl
B - 60% BIRFBE~ 1 7 aPmE - <~ 4 7 aikizg
53 I/ IR OBEHETRN - PIAEHE ICP-QMS 35, 5: 70% Al
B A 7 1 Ba R  f%/ o IR R O BEIE RN - AR HE
ICP-OES #, 6: 95% HilE - 70% (H 5\ id 60%) Mk
<A 7 WIRIMNBGE R 3R/ 55 R O REHETRIN - P #E 1CP-

KM, 2%, HE : RoHS B4 MICESIE SV ABS B~V v b R E OB % 423

QMSETH 5. HAEEYH N LT RKIEEANEETH
BN AATRERSIE 2 P MTBBOSHFERREL
7=

EESHRERZ Fig. 4 RO Fig. 5I1IRT. Ko/ —
DEIOYGE, TNENOGHTPEZFOLDIZOVTD
BREELRENr SR L TA, Fig. 4 RO 50505
IAie, —REENRERZ SRR ZEHOSTETH
b NI E BEDEBUEERED & UIIRAE, S (K
BRI Z O 285) OHANTHLTWE, 20X
2, HEOSHFE»LEONAEEEBEPRED SR
P SOHBENT—H LI 00, AETHEINS
BHOGTFEEE I L2 BEEOB VA FET
HDHIEDFEREINT. Table 8 \ZFHIEEYE 0 BIE
ZRY. RILBEIESTHFLEOERMBEOFHMEE L7z

BAMPEIP ORI S, VWHW5 GUM (Guide
to the expression of uncertainty in measurement) Z5€ o
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W& BHE) CHRTAAHEPS" & R ATIEEICH
KT HRENLE” OD2DIZHKLTWS., 20 “FALT
TEEIZHET 2 RH» S 1, IUPAC O ERIMAETE
FEOFR 2L RBEL SN, Cr ® X AR REIERE O T
NEPREVEHEICEEZEEREOEBRIEEANED 3
0.3% BETH 572205 Cd R Hg DX ) WZRMNEEALEED
RHEPSPRECTERICELTIZ15% BEOKREETH
272, PhZDW T FAAAERE (NIST SRM 981) % Fjw
52 ETHBHO P MMAFEEL 01% FEEOREER
NS TRODLIENTELDT, EBHEOERIEER
FEA X Cr EFBRD 0.3% BETH - 72,

BMERINE B 5 R0 Y O R ERIE, RS
OFay hOERETH Y, ZIUZEELER K OV SRS
ZHEAFET 555, BEMEROGHEENHE?S1E 0.5~1.5%
BETH-7-.

Fig. 4 RO 5 O/N—"Ti) L7z &5 F k0 G RUEERRE
P HERTER SN, HISHEY, EERREOTE
S, BEFEOTHENISEERT LI LICL > TREN L
BRRENHE, S E L, WIRAHE,IS (k=2) ZHBL
72 (Table 8).
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Fig. 4 Analytical results of Cd, Cr and Pb by different analytical methods

Analytical method number 1 : isotope dilution ICP-QMS method after HNO3-H,SO, microwave digestion
procedure (a primary method of measurement), 2 : standard addition ICP-QMS method after dry-ashing
followed by HNO3H,0O, digestion procedure, 4 : standard addition ICP-QMS method after HNO3-HCIO,

microwave heating and microwave drying procedure.

tainty estimated from each analytical method.
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Fig. 5 Analytical results of Cd, Cr, Hg and Pb by different analytical methods

Analytical method number 1 : isotope dilution ICP-QMS method after HNOyH,SO, microwave digestion
procedure (a primary method of measurement), 3 : standard addition ICP-OES method after dry-ashing fol-
lowed by HNO3-H,O, digestion procedure, 5 : standard addition ICP-QMS method after 70% HNO; micro-
wave digetion procedure, 6 : standard addition ICP-QMS method after HNOs-H,SO, microwave digestion
procedure.  The bar indicated is the combined standard uncertainty estimated from each analytical
method.
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Table 8 Certified values for ABS resin pellet CRMs

X ik
NMIJCRM NMIJCRM NMI]JCRM  NMIJ CRM
8102-a 8103-a 8112-a 8113-a 1) Directive 2002/95/EC of the european parliament
cd 10.77+0.90 106.9+1.37 9.383+0.223 93.93%1.45 and of the council of 27 January 2003, on the restric-
Cr 9787035 969.5+45 9447+1.11 943.6=*18.0 tion of the use of certain hazardous substances in
Hg — — 94.10+2.87 941.5+24.4 electrical and electronic equipment, Official Journal
Pb 108.9+0.89 108494 9498+0.87 945.0+9.8 of European Union, 13. 2. (2003).

2) W.V. Borm, A. Lamberty, P. Quevauviller : Fresenius J.

The numeric value after the symbol + of each certified value .
indicates an expanded uncertainty determined with the cover- Anal. Chem., _365’ 361 (1999). .
age factor k = 2 ; it defines an interval estimated to have a 3) J. Vogl, D. Liesegang, M. Ostermann, J. Diemer, M.

level of confidence of approximately 95%. Berglund, C. R. QUCtCL P. D. P. Taylor, K. G.
Heumann : Accred. Qual. Assur., 5, 314 (2000).

4) A.Lamberty, W. V. Borm, P. Quevauviller : Fresenius J.
Anal. Chem., 370, 811 (2001).

HHEELD. 5) P. Quevauviller : Trend Anal. Chem., 20, 446 (2001).
Ny . 6) K. Eilola, P. Peramaki : Analyst, 128, 194 (2003).
SBIEEEONAT I ATy 7 EEWEOE L 5 FRE 7; BIFEE= . BRI B U'éyziﬁﬁx§ 0)(2%5/%0)) 74
ZR %7012, RUEAE=VEE (PVC) RUFRY 71 K7, (2003), (AAHIHER %) ; BIPM, IEC, IFCC, 1SO,
1Za W /*ﬂ‘jHH (PP) 0)§$}§ \*ﬁﬁq*qubjgo) F;ﬁy\i%'ﬁ") IUPAC, OIML, “Guide EO the CXpl"CSSiOIl .Of uncer-
tainty in measurement , Internal Organization for
TV FETH S, Standardization, Geneva, Switzerland (1993).
AT L7z NMIJ CRM O — 8 IZ ) H = f v ¥ — - B 8) J. R. Delaeter, J. K. Bohlke, P. De Bievre, H. Hidaka,
WA (NEDO) DOREFEE [HRERERFHELEICIRS H. S. Peiser, K. J. R. Rosman, P. D. P. Taylor : Pure
EBEHOZOOMENE] P17 (2005) FE, FHi18 Appli. Chem., 75, 683 (2003).
(2006) EEEM IKBWTIToLHFROBREEZHVTHEELL 9) HEMIE : SAEE (Bunseki), 2001, 114.
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Heavy Metal Analysis with Respect to RoHS Directive
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ABS resin pellet certified reference materials (CRMs, NMI] CRM 8102-a, 8103-a, 8112-a and
8113-a) were developed in this study. Both the sample pretreatment procedure and the mea-
surement one for the determinations of Cd, Cr, Hg and Pb in candidate ABS resin pellet RMs
were examined, and several analytical methods, including isotope dilution mass spectrometry (a
primary method of measurement), were developed. The analytical results obtained by several
analytical methods showed good agreement within the uncertainty estimated for each analytical
method. Consequently, it is concluded that these analytical methods established for the deter-
minations of Cd, Cr, Hg and Pb in this study are reliable with high accuracy. From these results,
the ABS resin CRMs developed in this study are SI traceable and have international consistency.

Keywords : ABS resin pellet CRMs ; RoHS ; ICP-MS ; ICP-OES ; isotope dilution mass spectrome-
try.
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