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Different Leaching Procedures for Heavy Metal Toxicity of Waste PCBs
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Abstract: The purpose of this paper is to evaluate the hazardous of heavy metals of waste printed circuit boards (PCBs) by using four kinds of
methods (GB 5086.1-1997, GB 5086.2-1997 from China and 1311 (TCLP), 1312 (SPLP) from USA); and the four kinds of methods are
compared to choose a better way to identify toxicity characteristics of waste PCBs. The results show that the leaching concentrations of heavy
metals ( Cus Pb, Ni> Mn, Zn and Fe) in the leachate after TCLP are much higher than that after the other three kinds of methods, the
concentration of Pb is over the standards; so the waste PCBs may be the hazardous solid waste, the TCLP could be the appropriate way to assess
the heavy metals hazardous characteristics of waste PCBs. The leaching concentrations by the leaching methods used in China are relatively

lower> which could be disadvantageous to control the hazardous wastes. The initial pH and particle size of waste PCBs have great effect on the

leachability of heavy metals from waste PCBs.
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Table 1

Chemical composition of waste PCBs/ %

FE Si0, Ca0  ALO; Br P,Os  CuO PbO  ZnO NiO MnO Fe,O3 NaO  SnO, Cl SO, K0  TiO,
1 42 142 7.32 554 0.04 194 0.12 0.015 0.008 0.012 0.70 0.12 0.24 9.15 0.17 9.383 0.27
2 434 15.1 826 8.11 0.05 1.8 0.10 0.014 0.007 0.013 0.65 0.15 0.18 7.6 0.13 7.45 0.3]

DFE 1 FH04% <2 mm B FELBRAOR A B ah 2 R0RiAR < 5 mm IR FELBRAROR AR

1.3 RHSER T

KH 4 Fh 712060 1% 7 2 B AR 1092 B b AT 25
R VEN, X 4 PR WO a2 R E
GB5086.1-1997°" H1 GB 5086.2-1997¢", 36 [ Ff 1 {4
P& (USEPA) J5 ik 1311 (TCLPOY R 5 % 1312

(spLP)™! . M, GB 5086.1-1997 Fl GB 5086.2-1997
T RN 6 [ PR i th EE R S AR T, TCLP 2
FIE RCRA V2L 1 45 58 1896 B 18 ) % 0l 77 3%, SPLP
ARSI W 1) L B2 W T vk AR U AT ) 4
AN SER e 2 AR E S5, DI OS2I % 45 11 1)

R2 AMRUFENIESH

Table 2 Key parameters of the four leaching tests
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GB 5086.1-1997 2 & T 7K 10 18 30 ks 302 70 5 0.45
GB 5086.2-1997 2 &1 /K 10 8 960 7K 110+ 10 100 5 0.45
A 4, ) pH 2 2.88
(0.1 mol/L B R "
TCLP - 20 182 — e 30+2 100 9.5 0.6~0.8
TETRTEE DI, T pH N 4.93 * *
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KR

D &= 5.7 mL UKESER, N 500 mL 7K; 2) FIR%BF M 1 mol/L NaOH % 64.3 mL; 3)m(HNO;): m(H,S0,) = 60:40

BT, J80 2 e 2 0 5 7K~ 75 5K
2 HR5WE

2.1 JRFEEEEAU
2.1.1 SRR BRI AL 24 A1k

HHEE 1 W] G 57 42 B AR I 20 A% LA Si Cas ALVK
HICHEN X LT E BRI E S E L, cu I E 2 &
B, FE b 1 0 Cus Pbs Zns Mn A1 Ni & & 20 5l b
15498.0+ 1114.0+ 120.0~ 93.0 1 63.0 mg*kg ™', iX
55 S0 A — 26 P 340 Clun iy B 3 A8 8 (1) I AR A 6K
2R EL AR -1 R B 3 2k B A I 4R
TEMEE.H cu TEEVXGE L cu HEM
100 Z 4500 M A B K cu & B 3 15 20, i
HLAEVS Y8 Ph A A0 2 AT, Oy R nl i A= 35 3 4
R Cu F R 10 572 FES 1 1) CusPbe Zns

Ni~Fe & I LLAE S 2 (05 &, X B R RO E 4
J& 5 & SRAERLAR LA /N IR URE A i Ak B i
R Cus Zns Ph Cd 75 H2: BfUORL A2 6k /N 5 AN () R
(RGN, A0RLAR 2K P 1K 4 s o0 36 0 o TR R AR
TR, 6 4R AR IR R AT B R R A 2R
N VNS E SR/ ik AN 97 4 NP N B S S
42 & (Pb. Cd~ Cus Zn) ¥R JE B0 . Liu 2504 Cu
A Ph EELETLERARN 4.5~ 1.0 mm T B0 3%
(IR L 33X AT A DR R /I RS 80 Tt 2 T AR K
B 5 A AR T ) T A R A A T 1 4 PR B
(S-3400N 1 DHIFFT 1 37 £k B AR K IR T A5 F0 3= 2™
WA RCE 1) BB K SEM BB 1Ca) i,
FE I 1 48 8 UM R 32 B E AP IR AN SR (1 SR S 4.
B B 1Ca) HRAR R+ 7 IR RE B 2 A B A I 1 (),
K 1) #E—PHET XRD MM 3. 25 Eirid



5 REPS  EFABREEREHBETENLEHR 1535

JEF R B AR 5 T BUR IR BE B R K . RK B B R
BE-HMNREEEBER, BUTENRFRBERY
B EHFEEZHRR.

~~~~~~~~~~~

fER/keV

B1 EFEHEMFK(<2 mm)SEM X G il E
Fig.1 SEM photograph and EDS of waste PCBs powder ( <2 mm)
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Fig.2 Powder size distribution of waste PCBs powder {( <2 mm)
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Table 3 Heavy metals content after different leaching methods/mg*L~"

WARZA FE b Cu Pb 7n Ni Mn Fe
, 1 0.37 0.25 0.03 0.13 0.07 0.41
GB 5086.1-1997 ¥
w7 > 0.29 Rk Rkt et et 0.11
. 1 0.44 0.11 0.07 0.27 0.08 0.41
2- %
B 3086.2-1997 > 0.35 o o o et 0.11
TCLP 1 370.7 72.14 7.41 0.43 0.97 13.1
2 330.6 31.67 5.68 0.41 0.62 0.78
. 1 0.34 RA 0.08 0.16 0.06 0.18
SPLP i 2 0.20 A H 0.06 0.13 RA 0.13
DECH A 2 ANFAT SR 16 45 SR T B i 19
T4 RESEENTTEOIREE/ mg L P v B R S R, TCLP AT SPLP ¥4 1 4% B
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Table 5 Change of pH> Eh and conductivity before and after the different leach test

o v pH Eh 3% /uSem™!
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1 .51 . )
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2 6.83 8.69 104 37.5 221.7 731
FD: 17-22.
3 it b s s \
=R [ 5] GB35086.1-1997, [l 44 K4 Btk 5 ikl il s .
[ 6] GB5086.2-1997, [l 44 & W) H B4 5 kK SFAIR VAL S ],

(1) PRS2 B AR B G Jm o S %, T TG
JE S R L IR 1 CRLAR < 2 mm) IR TRk it
B AR CuPh B8 203K 2] 15 498.0 mgekg ™'
1 1114.0 mgekg™ s IRFT LB RN E SR T =
W 42 37 4 5 AR AR A /N T 38K

(2) KH] TCLP J7 V%5 H i 1 42 8 Wk B2 B R
e 3 MO VL B B e, b Ph B I AH S ) AR AE
{8 6 LA L, IR SR 2 B AR T 06 6 R 4 . DR e A PR
F 2 B AR L B R VR A A T, A6 2500 H
() 42 SR EAT AL B LA 70 R B AR 3K 4 M Ty
VIR VR AR B < R U R, TR ARURE I ) A B AL, R
TCLP J7 V5] UL SE 4 M DO P 57 2 it Al b =04 Jes 1)

(3D S I 57 3 ARy AR v < e ¥ b A B 114
DA 3% B AT R BB 4 SORT pH B LA R 5 4 8 AR
TR RLAR A I o 3 4 Ja8 11098 HH A R B R DLV 114
WI4h pH A TH &R, B B 53 2 6 ARUR) 2R 1R RE
ARl N T ISR

S k-

[ 1] LaDou J. Printed circuit board industry[ J]. International Journal of
Hygiene and Environmental Health, 2006, 209: 211-219.

L2 ] Veit HM;Diehl T R, Salami A P, et al. Utilization of magnetic and
electrostatic separation in the recycling of printed circuit boards scrap
[J]. Waste Management 2005, 25: 67-74.

[31 Elate, B0 AR 70 ) 5 2 M 1 A S T EPA IR SE 50
FEWE RrED ()] TR, 2001, 4: 224-233.

4] MEdesk, £3, R, 55 AR 23 PR S ) 7 v o) B S 5 e
KAR¥R HH 25 4 0 R E R g . SRS RE A 5T, 2005, 18 (3

[ 71 Method 1311, Toxicity characteristic leaching procedure[ S].

[ 81 Method 1312, Synthetic precipitation leaching procedurel S].

Lol #hmEI5, SEvy, 4R, 5 TCLP VA VPN A X L 48 5 45 Js 1)
A AIREE MBL ] BRBE R, 2005, 26(3): 152-156.

C10] Bk 55, i, f= 2 AR, 45 W0 Uh pH fE 00 1] LE F 35 4 e o A
G BB UEM L] IR A 24 4), 2003, 23(1): 48-51.

Lol SR, o B ', Tt v, 55 e 16 132 40 B0 ¥ U A A 8 oy Tk A
LI]. ARBERL 2 244, 2005, 25(10): 1355-1360.

C12] skwess, FEdbsb, B8 8 WA R R Rl F b 35 4 s 1
AL LA % s o 352 1 R P (0 B 7 7). R B35 4 S5 B A,
2005,27(5): 330-332.

[13] E2RB, F) AL, #hER A R AR AR BT E S )
AR IR )] AR BB R % A R CH R B 150, 2007,
26(3): 37-40.

C14] 2=, ™ il i, & B AR K & d 5 i 5 18 DR
PESS AL ] IR 244, 2004, 24C1): 168-170.

[15] Liu Y,Li Y, Li X et al . Leaching behavior of heavy metals and PAHs
from MSWI bottom ash in a long-term static immersing experiment
[JJ. Waste Management 2008, 28: 1126-1136.

L16] A&, XIHRIS NaAc (pH = 3) iR AR K kP H 4
JE s B0 )], B F R, 2004, 23(4): 2729,

(171 o550, MR, st IR, 26 | PR 3R K e /K V8 R 46 i 1k 1 4
Ja P FE ) L] BRI R 2 2441, 2005, 27(3):23-26.

(18] TRhZE, &I+, & WK T 4 niv [ 4 SR W 45 be b 6 ik vh 4
JRFRE L) ] 76 I 0 K 2 2 40 CH AR B2 1D 5 2006, 31
(6): 90-94.

L19] W22 A Sy, B RERL, 55 ANFRLAR SR AE K8 €K T 42 ) oy
A AR L T ] FRBERL 2T 9, 2005, 18(40): 63-66.

[20] E#, XUER, w80 25 3y by 3 A e 6K b 4 i 1 T A
Rl R BT oEL 1] SR AL 2%, 2007, 26(5): 658-661 .

(211 FF3CUR, 5538, BRAaT . SRR R ARt B o 1] 4k R 495 Hh 7 3R
s mILy]. EWEERER, 1995, 14(5): 9-14.



1538 wooos B 30 %
[22] Van Herck P, Van der Bruggen Bs Vogels G, et al. Application of [25] B, PVEAE, EEWT, A5 0 B S S R LR R
computer modeling to predict the leaching behavior of heavy metals /2 HZX]LEN FLI] IRERFERIS, 2005, 18(1):23-26.
from MSWI fly ash and comparison with a sequential extraction [26] SK¥EZE, T, AR50, 55 R F SR O A 2 A Ak 2 by 35 4%
method[ J]. Waste Management, 2000, 20: 203-210. PRI ESBLI]. AR, 2007, 28(8): 1899-1904 .
[23] Van der Bruggen B, Vogels G, Van Herck P. Simulation of acid (271 ZEKifg, ALSE, 22554, 55 IR0 bz S 58 be R A sl 1
washing of municipal solid waste incineration fly ashes in order to Msemal g1 FREERFY, 2006, 27(1): 2288-2292.
remove heavy metals [ J1. Journal of Hazardous Materials, 1998, 57: (28] 2EsKifg, BEAb s}, 22754, 55 AR I b R A K E
127-144. FEPERMRTFELT]. R BEREY 5 2007, 28(10): 2400-2403.
(241 AP LA A v T R R e 5 S T e L ] B 05 [29] FU, £, I8 . € pH A FREAERe KR P A 50

WA RS A, 1994, 6(4): 17-19.

AT AL T] . PR EERF2, 2008, 29(2): 529-534.

P





