26,128 i o 5 % i 4 W Vol. 26,No. 12,pp2350-2353
2006 12 A8 Spectroscopy and Spectral Analysis December, 2006
L=~ ~IRN VRN VARY | e =l = Ny = ==
X &R IEEZRHNEREFRS~ R
I = N
RATL , AEE', § w', AWAE, xFxa*, 1 W’
LRI ABREAER, & )M 510623
2. WY ASE R IAEE R . )R WY1 518045
B OE R T XSSO0k R e e B R AR A T BRI B L R B SRR — R
WA 7. WSS T & @A R R AA . R A B AR RUAR TR B 7 it S B AR XS RR DU T R 52 ) BIFSE T JC K [H) 1S 46
S MEIE T, B8 TR /NS TR FIRE Sl JEE B [ % A 0 o R A5 SR 52 e, Ik A Rh 260
J5R 5 T 8 A PR AR R TE X BB R T TR R R e . 3 A 225 W B A TR 4R, 45 RO R A vk
JEE Y BB DA SR AR s R 100 #1] 1 500 mg » kg ', BIRMRAEE P LM R . A IEAR Y i BCR-681, 3F
WE 100 s WL RETFEEY . SR . 85 MRANTR A e IR B, Ayt BR 43 530 Pb L, 0. 64 mg - kg ', Hg
L,0.51mg-kg '.CrK,0.78mg+*kg ', CdK,1.10 mg * kg ' M Br K, 0. 27 mg * kg ', I BCR-681 1}
SEEREE S AT, AR SR EEAEE WA .
FEE XFPLIOLHE: AFAFETE: B TR
FESHES: 0657.3 T FRIRAD: A XEHE: 1000-0593(2006)12-2350-04
T 1 SEE sy

R P& waste electrical and electronic equipment (WEEE)
/40, [ 200548 8 H 13 HE, BRI mi Y b ng i
AR I A 7 T 0 A A S PRI S AT B R
| 2% 19 ¢ 4F 5 AR 4§ restriction of the use of certain haz-
ardous substances(RoHS) 54, [ 2006 4£ 7 A 1 HilL. fr
A AERR B T 37 1t B 0 F T E SR A R T A L R
B S SRR, R R (PBDE) F13 BUEK R
(PBB) A BHLA R o 33X T T4 2 19 52 i #4520 & 10 iR, F L S
P O R E R, G A E K, BT A — R
BRI T A BRI B R R
BRANR A J7 1 . 3% 26 I8 R AL G2 i I3 07 R A IR oL 1k
HEU B A R TR R GG RN R X 2R 5Ok
FEREILT AR 2 BT Ik A T R B A A 2 ) xR
PEATRTAL R, SC ToRalEw B, i HLA T AR R R
B A F T AR 52 4 A . IR 2R 0 o 1 A AR MR A
IR . A J7 B4R ] X Ee o 0l ik A I I AL T R
P R T B L R B FRAIR . 2R AR
AR B T %

Wi B 2005-08-26, EITHHEI: 2005-12-06

1.1 UBRMNEEG

fif Z AR A 7] MAGIX PRO £ 31 PW2440 T ¥ =X
PR X GHR 2O, w558, e RII2 4.0 kW,
HPE (75 pm) , EEAR B B X GO s PW2450VRC
H A U2

Wi 5 R TFAKMEN TR 2B, N THE
BT 305 DL A i I A B & e E i X OB ey
SR 3.0 kW, 38 24 3 0 d: 1 [R) o T S50 o 15 ) L5 2 U
T A R . 0 AR LR
1.2 HEMEsME &

BFRAMMEEL, B0 XA 1 2 KB M
BCPFVE S CAE i, IR B, &R AR 28 B RS &
R BT ES . REWIE. &8 RS R e 4 A
RS [ B A AT LB R R O AT E AR A I . 4
SERE S LU R R M, BT R ik U0 B AR 2 30 mm i
TRE  ANSRFE B LB /N B, VR T AT LI 3R B A 4
REAR BLPE o DR, 3 B R T LLGE S BIF B BILATE S 1 200 B
DL E OB R BE . B BL B R 338 1R . X% T ke

HEWMB: HEARB¥IELSTH 20205003 F S R4 E AL S WCH 4T H (2004B10301033) % Bl

EER A RITC. 1965 4R J7 AR A BEAS 46460 2 Jay BF 5 67



%121 i 2 5k 4 B 2351

BEICARFIERE AL . AED R 2 A . BC AR OREAE LSBT UL RL
R A S YD /INRE T T BRI ¥ 20RE . 2 BT I AL T I

% 200 A BRYAREE . BJE RS 40 mm B R . 1 X5
IO AL

Table 1 Measurement condition for analytical elements

Element Line Crystal Voltage/Current(kV/mA) Collimater/pm Detector Filter 20/°
Cd K, LiF220 60/50 300 SC Cu300 21.671 8
Pb Lg LiF200 60/50 700 SC None 33.953 6
Hg L, LiF200 50/60 300 SC None 35.918 6
Br K, LiF200 50/60 300 SC None 29.955 2
Cr K, LiF220 60/50 300 FL None 62.346 4
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Table 2 Element concentration of in-house reference materials

Number Cr/(mg « kg™ 1) Cd/(mg * kg™ 1) Hg/(mg + kg™ 1) Pb/(mg * kg™ 1) Br/(mg -+ kg™ 1)
Blank 0 0 0 0 0
STD-1 50 50 50 50 50
STD-2 100 100 100 100 100
STD-3 1 000 1 000 1 000 1 000 1 000
STD-4 1500 1 500 1 500 1500 1500
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Fig. 1 Calibration curves for Cd and Br in polyester or Li, B, O; matrix
1. Polyester; 2: Li;B,O7 matrix
Table 3 Screening limits in mg + kg™' for different elements in various matrices
Element  Polymer materials/(mg « kg~ 1) Metallic materials/(mg * kg— 1) Electronics/(mg « kg=!')  RoHS limits/(mg * kg™ 1)
Cd 50<CX<C150 50<CX<C150 DL«<ZX<250 100
Pb 700<<X<C1 300 700<<X<C1 300 500<CX<C1 500 1 000
Hg 700<<X<C1 300 700<CX<C1 300 500<<X<C1 500 1 000
Br 300<<X 250<<X 1 000
Cr 700<<X<C1 300 700<<X<1 300 500<<X<C1 500 1 000

* DL is the element detection limit
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Table 4 Interfering elements for analytical line

Element Analytical line Interfering elements
Cd K, Br, Pb, Sn, Sb
Pb L Br
Hg L, Br, Pb, Ca,Fe
Br K, Fe, Pb
Cr K, cl
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Table 5 Detection limits calculated from the BCR-681

(measurement time 100 and 600 s respectively)

Element  Analytical line DL100 Sj DL(600 i)
/(mg + kg™ 1) /(mg *» kg™ 1)
Cd K, 1. 10 0. 45
Pb Ly 0. 64 0. 26
Hg L, 0.51 0.21
Br K, 0. 27 0.11
Cr K, 0.78 0.32

Table 6 Comparison of the measured values and
the certified values for BCR-681

Measured value Certified value

Element /(mg * kg~ 1) /(mg * kg~ ) RSD/ %
Cd 21.8 21.7£0.6 4.3
Pb 13.7 13.8+0.7 2.9
Hg 4.61 4.50+0. 15 2.7
Br 4.01 3.93+0.15 1.8
Cr 17.5 17.7%+0.6 1.9
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Simultaneous Determination of Cr, Cd, Br, Pb, and Hg of Regulated
Substances in Electrotechnical Products by XRF Spectrometry

SONG Wu-yuan', ZHENG Jian-guo', XIAO Qian', ZHOU Ming-hui', LIU Zhi-hong®, LIU Li*
1. Guangdong Exit-Entry Inspection and Quarantine Bureau, Guangzhou 510623, China

2. Shenzhen Exit-Entry Inspection and Quarantine Bureau, Shenzhen 518045, China

Abstract The objective of the present research was to develop a nondestructive technique for the analysis of heavy elements of
regulated substances in electrotechnical products using an XRF spectrometer. Reference samples were prepared with in-house
reference materials containing the elements Cr, Cd, Br, Pb, and Hg, and calibration curves of all elements exhibited a good line-

1

arity from 100 to 1 500 mg « kg '. Thus, the calibration curve method was effective in the determination of heavy elements in
electrotechnical products. The minimum detection limits ( MDLs) calculated with reference material (BCR-681) ranged from
0.27 (Br) to 1.10 mg * kg ' (Cd). The interference from background and spectra overlap was discussed. The matrix effect was
corrected by experience coefficients, using scattered radiation as an internal standard. The accuracy of the method was evaluated
by the analysis of certified reference material of BCR-681. The results are in agreement with certified values with a precision of

less than 5.0%.
Keywords X-ray fluorescence analysis; Toxic heavy element; Electrotechnical products
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