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Abstract: Heavy metals such as As Cd Cu and Pb are an important class of hazardous chemicals that can be released from electronic waste ( e-waste)
recycling. Rice is the main crop and staple food in the e-waste recycling sites and heavy metal contents in rice is closely related to the food safety and
human health risks for the local residents. In this study the concentrations of As Cd Cu and Pb and its potential ecological and health risks were
investigated in the paddy soil and rice grain samples collected from 4 sites of an e-waste recycling area located in Qingyuan City Guangdong Province

China. Mean levels of As Cd Cu and Pb ranged 8.9~9.4 0.73~1.94 75~195 and 54~87 mg=kg™' respectively in the paddy soils from the e-waste
sites and 0.11~0.17 0.11~0.66 7.54~21.6 and 0.27~0.42 ng*g™" dry weight in rice grains respectively. The concentrations of Cd Cu and Pb in
the paddy soils and rice grains from the e-waste recycling sites were 2~ 15 folds higher than those examined in the reference site; while the levels of As
were not significantly different between the e-waste recycling sites and the reference site. Ecological risks assessment for heavy metals in the paddy soils
from e-waste sites suggested a very high risk of Cd. Risk assessment for local resident of e-waste recycling sites indicated that the elevated levels of Cd and
Cu in local rice might cause serious health effects through the ingestion of contaminated rice and Cd might cause a relative high risk of cancer.
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( No.41373105) ; ( No.2017X]J39)
Supported by the National Natural Science Foundation of China ( No.41373105) and the Scientific Research Foundation for Ph.D. of Anhui Normal
University ( No. 2017X]J39)
(1976—) E-mail: jpwu@ ahnu.edu.cn; * E-mail: nancymai@ gig.ac.cn

Biography: WU Jiangping( 1976—) male E-mail: jpwu@ ahnu.edu.cn; * Corresponding author E-mail: nancymai@ gig.ac.cn



1629

2.1

4
1 ( Introduction)
20
90
( )
( Ogunseitan et al. 2009) . .
20 80 (Wu et al. 2008) .
4
( AB.C D 1)
1.
( 2009; Zeng et al. 2016) . 20 km ( R
As.Cd.Cu.Pb )
( Fu et al.
2013) . (
N N ) ( Song
et al. 2014; Awasthi et al. 2016; Akortia et al.
2017) .
( Huo
et al. 2007, 2007) .
( Fu et al. 2008 L 4 (AB.C D) (R)
2013; Zeng et al. 2013) .
( 201 1) Fig.1 Map of sampling sites( Sites A B C and D are located at the
e-waste recycling area. Site R serves as a reference site)
1
4 N .
Table 1 The e-waste recycled at each sampling site investigated in the
As.Cd.Cu Pb present study
A
B
C
D
2 ( Materials and methods)
2.2

2012 10
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B.C D 15.12,10 9 ) Ci=C,/C! (1
: E = T,x C, (2)
12 ( RI = EM+ E“+ B+ E™ (3)
8 4 50 g) ; c ¢ C,
( 200 ¢) .
12 T E. RI
150 ¢ 600 ¢
Ctct et e
10.5.0.034. 14.38
2.3 34.38 mgkg'( 1996) TM. 1. T
T 10.30.5 5 ( Hakanson 1980) .
20.60 100 Hakanson
8 ( “Hg.
(-20C Cd.As.Pb.Cu.Cr  Zn)
48 h) ( 2. E,
As.Cd.Cu Pb (Cc=1)
(Fu et al. 2008) . 0.2 ¢
2 mL 2 ( Hakanson 1980) .
4 h. 1 mL 30% E. RI
Milestone Ethosl ( Milestone . 4
) © 5 min 120 RI :
C 1 min; 3 min 150 C 5 Hékanson (150) 8
min; 4 min 180 °C 10 min; 6 min (133)
210 C 30 min. 120 C RI (1.13); RI
4 h 4 (50)
50 mlL. RI (60);
( ICP-MS Agilent 7900) 2 ( 2).
(Fu et al. 2008) . ) E m Hakanson
2.4 (QA/QC) Table 2 The £, and RI standards for soil ecological risk assessment in
QA/QC N the present study comparison with the Hakanson method
( GBWO07408; E, RI
GBW08502) Hakanson Hakanson
<40 <30 <150 <60
1%. ( n:3) 40~80 30~60 150~300 60~120
80~160 60~ 120 300~ 600 120~240
( RSD) 10%. 160~320 120~240 >600 >240
As.Cd.Cu Pb 86% ~96%. 5320 5240 - -
2.5 pH
pH 1:22.5 (W:V) 2.7
2.6 371.7 god™'( 2005) .
Hékanson
( RI) ( Hakanson ( EDI) (4) :
1980) . RI (1) (2) (3) EDI = C,x 371.7/bw (4)
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C, (ngeg') 371.7 Cd.Cu Pb 40.
(ged™) bw 10.5 2
60 kg Cd Cu
2.8 . ( GB15618-1995)
( hazard Cd-Cu Pb I (pH<6.5)
quotient HQ) ( hazard index HI) 0.30.50 250 mg-kg .
pH 4.1~5.6. I
As.Cd  Pb Pb
As-Cd Cd Cu
Pb 97%  85%.
HQ (5) 3 4 (A\B.C D) (R)
HQ = EDI/TDI (3) ) , _
Table 3 Concentrations of heavy metals in the paddy soils from 4
EDI - TDI sampling sites (A B C and D) of an e-waste recycling area
. EDI . As.Cd- and from a reference site ( R)
Cu  Pb  TDI 50.1.40 3.6 pged *kg™ S P
( UNEP/FAO/WHO 1992; ATSDR 2004) . R 5 126210 109 ;1.4 04
HI (6) B 12 165~20.1° 102 112 9.0
HI = HQ,.+ HQ+ HQ.,+ HQq, (6) As C 10 1.88~26.4 113 12.4 9.8
HQ, -HQ.-HQ, HQ,, As-.Cd.Cu D 9 0.98~24.6" 10.6 10.9 8.9
Pb HQ R 15 1.89~28.2° 11.2 11.6 9.4
HQ HI >l ; A 15 0.5~4.2° 1.51 1.75 1.18
HQ HI  >10 B 12 09~82°" 242 2.66 1.94
e C 10 0.4~41°"¢ 092 098 0.89
D 9 0.1-~21°0d 0.81 0.92 0.73
As\Cd  Pb (7) R 15 0.06-025"¢c 019 026 0.16
( Olawoyin et al. 2012) : A 15 46~460" 180 198 155
Risk = EDI x CSF (7 B 12 42~400° 160 188 149
EDI CSF Cu C 10 80~380" ° 250 280 195
(mged*kg™) ) D 9 30~190*" ¢ 90 102 75
AsiCd Pb  CSF 1.5.0.38  0.0085 L . N =
A 15 50~110° 72 78 71
(US EPA  1989;2000) . B 12 69~140"" 89 96 87
3 ( Results and discussion) P C 10 56~100°° 6 7 66
D 9 50~89"1 58 65 54
3.1 R 15 3859 cde 48 51 45
4 :
As.Cd\Cu  Pb 3. (stest p <0.05).
As 4
Cd Cu Pb ( 3). As (t-test p >
Cd( P 12mgekg) (Cu 0.5) (0 3). B cd
( 0 152 mgekg')  Pb( .70 C Cu 3
mg-kg™") D Cd~ Cu Pb (
7.5.72 1.6 3).
( Cd+ Cu Pb 0.03.14.4 34.4 B
mg-kg™) ( 1996) ( N
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) Cd Cd ( 1998; Shimbo et al. 2001) .
) ( 2011) .
C ( ) 4 As
Cu . D (t4est p > 0.5) B Cd
N 3 2 A C
Cd.Cu Pb Cu 2 ( 4.
N ( Fu
3.2 et al. 2012) . B Cd
4 4 A.C Cu
As.CdCu Pb .
As (4 4 4 (A\B.C D) (R)
(ttest p > 0.3).
Cd.Cu Pb Table 4  Concentrations of heavy metals in rice from 4 sampling sites
( ttest p < ().()()5) (A B C and D) of an e-waste recycling area and from a
reference site ( R)
( CB20T6- ] Merke™)
2017) Cd Pb 0.2 A 15 0.09~0.28° 012 0.14 0.11
mgrkg ™. 46 B 12 0.10~0.40° 021 025 0.17
Cd Pb 71.7%  95.6% As C 10 0.08~0.27° 012 0.12 0.13
A.B C Ph 100%. D 9 0.07~021° 0.10  0.11 0.11
As R 15 0.07~021° 0.00  0.10 0.09
As ( Fu A 15 0.10~0.79° 036 038 0.37
B 12 0.19~1.19*" 0.65 072 0.66
et al. 2008;2013; 2008) e C 10 0.09~0.77" ¢ 032 035 0.37
As (0.08~0.2 D 9 007~0.29""¢ 010 012 0.11
mgekg™') (Zavala et al. 2008) . A ( R 15 003~0.00°P¢dc 005 005 005
0.37 mgekg™") . B( : 0.66 mg*kg ™) A 15 8.98~28.6" 189  19.8 16.8
C( © 0.37 mg*kg™) Cd B 12 4.68~14.6"" 108 136 123
cd ( Cu C 10 8.64~39.8""¢ 08 242 216
L 0.22 mgekg)  1.5~3  (Fueral. 2013). oY a7 e T
R 15 1.00~3.61*"c9c 249 269 2.38
A-B.C Cd A 15 0.26~0.50° 032 037 0.31
“ 7 Cd ( B 12 0.30~0.76" " 049 0.1 0.42
: 0.20 mg+kg™') ( Nogawa et al. 2004) PhC 10 0.21-0.70" ¢ 032 033 029
Cd ( Williams D 9 016~032°"c1 027 030 0.27
et al. 2009) . 4 Cu R 15 0.09~0.20""c4c 012 0.3 0.11
( ©4.94
mgkg™') (3.09 mgekg™") Cu (et p <003
1~2  (Fuet al. 2008;2013). 33
Pb Hakanson
Pb ( :0.25 E, 5
mgekg™") (Fu et al. 2008) As Pb E, <30
Pb ( Williams et al. 2009) E. ( 2
Pb ( E,
0.003~0.023 mg-kg™') 1~3 ( Zhang et al. ( 2 A\B C Cu
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. 4
cd E >240( 5) . Fu  (2008)
(As~Cd.Cu Pb)
4 RI HI 2.54. D HI
1110.1780.872 686 RI (2.33) Fu 3
(240) 2.9~7.4 HI Fu 2~3
5 E,
Table 5 The E, value of the paddy soils from e-waste recycling sites
estimated using the H&kanson ecological risk assessment
method
As cd Cu Ph
A 8.95 1040 53.9 10.3
B 8.57 1710 51.8 12.7
C 9.33 785 67.8 9.6
D 8.48 644 26.1 7.9
34
HO 3 4 (AB.C D) (R)
HI
2. 4 As Fig.3 The HI of heavy metals through rice consumption for local
Pb  HQ residents from 4 sampling sites (A B C and D) of an e
. A (HQ = 2.28) . B waste recycling area and from a reference site ( R)
(HQ = 4.09) C (HQ = 2.28) cd
HOQ | cd As.Cd Pb
4 Ca HQ 1.43%x107°.9.22x10™*  4.11x107°. As
1(HQ 1.17~3.34) Pb (1.0x107 ~
Cu 1.0x10™") (US EPA 1989) Cd
Cd
3.5
4 (As<Cd.Cu Pb)
2 (A.B.C D) (R)
HQ
Fig.2 The HQ of individual heavy metals through rice consumption
for local residents from 4 sampling sites (A B C and D) of
an e-waste recycling area and from a reference site ( R) 4 ( Conclusions)
HI ( 3) 4 1)
HI 1( HI 2.33~6.74) Cd.Cu Pb
HI (0.87) 3-8
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