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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. +1997, GB 5086. 21997 from China and 1311 (TCLP), 1312 (SPIP) 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 ( Cu, 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 metas 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 wase PCBs have great effect on the
leachability of heavy metals from waste PCBs.
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Table 1  Chemical composition of waste PCBY %
Sioz CaO A1203 Br P205 CuO PO Zn0O NiO MnO F€203 NaO SHOZ Cl SO3 KZO Tioz
1 442 142 732 5% 004 L% 012 0015 0.008 0012 0.70 012 024 915 0.17 938 0.27
2 434 151 826 81 005 18 010 004 0.007 0013 065 015 018 7.6 013 745 03]
1) 1 < 2mm 2 < 5mm
1.3 (sprp)'™ ,GB 5086. +1997  GB 5086. 21997
4 , TCLP
.4 RCRA , SPLP
GB5086. 11997  GB 5086.2-1997"" 4
(USEPA) 1311 (TCLP)"" 1312 2 ,
2 4
Table 2 Key parameers of the four leaching tests
/ / /
Lekg! /h /min /remin- ! /g mm Hm
GB 5086 F197 10 18 30 30£2 0 5 0.45
GB 5086 2197 10 8 960 110£10 100 5 0.45
. opH o 288
TCLP 0 1 mof L ! 20 1812 30%2 100 95 0.6~ 0.8
pH 4.93
0. 1 mol/L. 2
SPLP A2 HNO/HS0: o 1842 30%2 100 95 0.6-0.8
1) 5. 7mL 00mL  ; 2) 1 mol/ L NaOH 64 3 mL; 3) m( HNO,): m(H,S0,) = 60 40
. Ni Fe 2 ,
2
Cu Zn Pb Cd
2.1 >
2.1. 1 [13]
1 Si Ca Al K . :
, Cu (Pb Cd Cu 7Zn) Liw Y Cu
, 1  Cu Pb Zn Mn  Ni Pb 4.5~ 1.0 mm
1549%.0 11140 120.0 93.0 63.0 mg*kg ',
( )
- (S-3400N 1I)
Cu Cu ( 1. SEM 1(a) ,
100 " Cu 3
Pb 2 : 1(a) “p 1(b),
Cu 0 ' 1 . CuPb Zn 1(b) XRD
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Fig. 2 Powder size digribution of waste PCBs powder (< 2 mm)
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Fig. 1 SEM photograph and EDS of waste PCBs powder (< 2 mm)
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0. 1%. , SPLP Pb
(1.1 ;TCLP
' S , , 6 (Cu Pb Zn Ni Mn  Fe)
5 110, 10 min, 20 min pH 3
’ 855 7.65. 1200 360 200 3 14 30
pH [17,18]'
(< 2 mm) ( (3) 2 2
,Malvern 2000 ) 2 , Cu Fe |, 4 ;SPLP
, Pb  Mn \ 4
el 19~ 222 Um 2 : TCIP
, 80% ; < 19Hm > , Cu Fe
222 Hn 16% 1%, 3 1 100
66. 89 M. 7 .
2.2 (4 4 ) TCLP
3 .

(1)2 4 : ,
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[24, 25]
TCLP
(5 4) ,
TCLP
’ Pb
[9.26,27]
2 (6)
TCLP ,
[25]
3 U/ mge L7
Heavy metals content after different leaching methody/'mgr L.~ !
Cu Pb Zn Ni Mn Fe
CB 5086. 11997 ! 0.37 0.25 003 0.13 0.07 0.41
2 0.29 0.11
GB 5086. 2- 1997 1 0-44 0.11 0 07 0.27 0.08 0.41
2 0.35 0.11
TP 1 370 7 72 14 7 41 0.43 0.97 13 1
2 3306 3L 67 568 0.41 0.62 0.78
— 1 0.34 008 0.16 0.06 0.18
2 0.20 006 0.13 0.13
1) 2
4 /meeL7! ,TCLP  SPLP
Table 4 Limit values some meals of GB 5085. 3-199% and pH
2
40CFR261. 24/ mge* L™ !
= , SPLP ,
Cu Pb Ni Mn Fe
pH  TCLP , 3
GB 5085. 31996 50 3 10 —
A0CFR261. 24 5 - - pH , Ca
Mg Al , ,
2.3 pH Eh [ 10, 22, 23] ,Al  Ca ( CaCO; CaO
ALO,) ,
9 N CaO N
? ’ pI_I ’ 9 CE()
D) ’ A]203 N
(Eh) , Eh SPLP ,
’ R , SPLP
; , Eh , , pH 4.2 HNO; H,S0,
,TCLP pH 2. 88
, pH Eh TCLP ’ )
( 5). 6
pH 4 ’ [10, 13, 20 28,29] )
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Table 5  Change of pH, Eh and condud ivity before and after the different leach test
pH Eh /MSem~!
GB 50%. I 1997 1 8.51 9.51 50 12 1271 12269
2 8.00 9.11 117 9 904 1038
w1 mwamww m o
TDLP 1 3.66 3.87 635 .5 809 83
2 3.73 3.99 108 5 36 542. 1 5895
SELP 1 6.56 8.84 715 14 204 825
2 6.83 8.69 104 37.5 221.7 731
): 1722
3 [ 5] GB 3086 +1997, [S].
[ 6] GB 3086 21997, [S].
( 1) ’ [ 7] Method 1311, Toxicity charad eristic leaching procedure[S].
’ 1 ( <2 mIn) [ 8] Method 1312, Synthetic precipitation leaching procedure| S] .
Cu Pb 15 498.0 mg* kg ' [9] , , ., .TCLP
1114.0 mg* kg_ l; [JI. ,2005,26(3) : 152-156.
[ 10] , , , . pH
(2) TCLP - [J]. , 2003, 23(1) : 48-51.
3 ’ Pb [J]. ,2005,25(10) : 1355 1360.
6 , [12] . .
) RUB ;
4 2005, 27(5) = 330-332.
[13] ) ,
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