55 30 &2 9 ) 7 iy #l 2%
ENVIRONMENTAL SCIENCE

Vol.30;No.9
Sep. » 2009

BFEEmPESTBRREEST HIFIE

A AR, BICE G s AR O IE m ke, s L AR A5

(1. P R A B 22 B, v Y i) 5 R IR 7T B K A S 30 5, i 2100935 2. g K2 A BERL 2% 5 T RE 24 B, /K il
SRER I S RIETT R BB E AL =, M Al 210098)

FHE: Wi BCR3 IELLARIIT LR Tessier 5 A0 LRI T 12, ) IR 7 48 1 B b 246 J8 (W R A7 T S EAT I 9T . &5 S8 M, BCR
TSR A R AR 4 (AR L Tessier 1 SEER U7V i R AP SR AT Cus PbZn F1 Ni & TR 745 20 A 22 AR K.
BCR Fll Tessier % 2 5& I 7 103 45 I3 1 B 57 2 B A b Ni 32 B2 DURIE A7 A0, X PRIRE IR 75 B8 XU /N5 1T Ph F Zn FEZEDARR ]
PRI AT DR TR B A A AT A8 e A AFAE 75 B AT TR W ISR th 5 25 %5 s BCR A Tessier SR I 7 2360 Cu G PPN A — 20, H
A T SRR Cu S R EREE I AN o] 2R

KEEIR): KL A8 (LA B BCR 15 Tessier 15

PESES XI3: X502 XEARIREE: A XEHS:0250-3301(2009)09-2798-06

Speciation Distribution Characters of Heavy Metals in Waste Printed Circuit Boards
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Abstract: The environmental availability of heavy metals from the waste printed circuit boards (PCBs) were studied through BCR’s three-stage
extraction procedures from EU and Tessier’s five sequential extraction procedures. The results show that the heavy metal extraction rates with
BCR’s procedures are higher than that with Tessier’ s from waste PCBs. There are significant differences in fraction distributions of heavy metals
in PCBs. The speciation of Ni in the PCBs exists mainly in residual forms and has little effect on the environment. The percentage of acidic
extractable forms with BCR’s method and the total amount of exchangeable and carbonate which bound for Tessier’s procedure of Pb and Zn are
high, in the South China, the two metals are more easily released by acid rain. Acidic extractable forms of Cu is the main speciation in PCBs
with BCR’s extraction procedures; while the percentage of Fe-Mn oxides- bound of Cu is the highest with Tessier’s procedures, though the
result is not agree consistent, due to the high content of Cu in PCBs, the harm of Cu from PCBs could not be neglected.
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Table 1 ~ Chemical composition of waste PCBs/ %
ﬁé‘ l-ll‘ll-l SiOz CaO Alz 03 Br P2 05 CuO P hO Ti(h Kz 0 503 ZHO NiO MnO Fez 03 NaO SHOZ Cl
1CRAR <2 mm) 442 142 7.32 5.54 0.04 1.94 0.12 0.27 9.38 0.17 0.015 0.008 0.012 0.70 0.12 0.24 9.15

20042 <5mm) 43.4 15.1 8.26 8.11 0.05 1.8 0.10

0.31 7.45

0.13 0.014 0.007 0.013 0.65 0.15 0.18 7.6

K2 Tessier EEIRIEH

Table 2 Experiment conditions for sequentially extraction procedure of Tessier

2 PRI A
LHAS TN 16 mL S48 mol*L~1), il F¥&% 1 h
IR 4G BN 16 mL BERRAC1 mol= L=, FHESFR 1Y pH = 5. 0%, %I F¥R% 1 h

JHN 16 mL #5FR F2 I8 PR VA W CER R ¥R % 0.04 mol= L=, BE R 25% ), B FE I A (96 + 3)°C, fRFF 5 h

BN 3 mL 0.02 mol/L AR A 5 mL 309% ik Ak &0, 285 AR VA pH 2 2, MR AW E (85 + 2)°C, R 2 h, 7F

AL GE TEMFA PR LU AN 5 mlL A T pH 28 2, FEA5 IR A P IRIE (85 + 2D C N4 3h, IFRIWT R /2 515
I 5 L A PR B2 A PR C R RRAE AR JEE 3.2 mol L= AR IEE 209 ) F®E B 20 mlLs #2% 30 min
RS R A R - v SR - S TR R VY 4 0t A
®3 BCRESREREMN
Table 3 Experiment conditions for sequentially extraction procedure of BCR
A FEMAAT

AR IR
Fe-Mn %MW 45 & & (AIIE IR 25D

BH EAA 4 &SRS

AR

FESLE T 50 mL RS LIEEH, I 32 mL IIESERC0.1 mol*L~"), %% 16 h

BN 32 mL EhRFENZ(0.1 mol* L~ 1, FIAHAZ MY pH=2), 4% 16 h

A 8 mL i A EL(8.8 mol, FAEER AT pH =20, 25°C/KH# 1 hy CEIRE 15 min 435 ), 1 & Tl
1 h(85°C), B LL FHAE, N 40 mL BEEREZ (1 mol* L~ 1, AR A 1Y pH=2), #R% 16 h
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Table 4 Extraction efficiencies of heavy metals with two analysis methods

TR 772k AR ) B Tessier & Z:H2 BT 1%

BCR ELLFRINTT %

o .
L /mgkg™! T2 AU /mge kg ! RI% K T2 AU /mge kg ! RI%
@ 1 15 497.56 155 421.88 9.5 155 411.42 99.4
2 145 858.49 145 266.5 99.6 155 109.87 100.2

. 1 15 113.98 15129.52 101.3 15200.23 107.8

2 928.32 15 009.84 108.8 15 030.93 111.5

” 1 131.29 126.00 96.0 141.11 107.6
2 122.54 84.47 68.9 132.75 108.3

. 1 62.86 59.60 94.8 56.86 9.5
2 58.05 50.18 86.4 47.99 82.7
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Fig.1 Speciation distribution of Cu with different extraction methods
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Fig.2  Speciation distribution of Pb with different extraction methods
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Fig.3  Speciation distribution of Zn with different extraction methods
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