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Distribution Characteristics of Heavy Metals in Environmental Samples Around

Electroplating Factories and the Health Risk Assessment

GUO Peng-ran', LEI Yong-gian', ZHOU Qiao-li', WANG Chang’, PAN Jia-chuan'

(1. Guangdong Provincial Key Laboratory of Emergency Test for Dangerous Chemicals, China National Analytical Center
( Guangzhou ) , Guangzhou 510070, China; 2. School of Public Health, Sun Yat-sen University, Guangzhou 510080, China)

Abstract: This study aimed to investigate the pollution degree and human health risk of heavy metals in soil and air samples around
electroplating factories. Soil, air and waste gas samples were collected to measure 8 heavy metals (As, Cd, Cr, Cu, Hg, Ni, Pb and
Zn) in two electroplating factories, located in Baiyun district of Guangzhou city. Geoaccumulation index and USEPA Risk Assessment
Guidance for Superfund (RAGS) were respectively carried out. Results showed that concentrations of Hg and Pb in waste gas and Cr in
air samples were higher than limits of the corresponding quality standards, and concentrations of Cd, Hg and Zn in soil samples reached
the moderate pollution level. The HQ and HI of exposure by heavy metals in air and soil samples were both lower than 1, indicating
that there was no non-carcinogen risk. CR, and CR, in soil samples were beyond the maximum acceptable level of carcinogen risk
(107*), and the contribution rate of CR,, to TCR was over 81%. CR,, CRy, and TCR in air samples were in range of 10 ®-107*,
indicating there was possibly carcinogen risk but was acceptable risk. CR values for children were higher than adults in soils, but were
higher for adults in air samples. Correlation analysis revealed that concentrations of heavy metals in soils were significantly correlated
with these in waste gas samples, and PCA data showed pollution sources of Cd, Hg and Zn in soils were different from other metals.

Key words:: electroplating factories; heavy metals; soil; air; human health risk
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Fig. 1 Schematic diagram of the distribution of sampling sites around electroplating factories

1.2 FESHT

SRR i BRSSO RS A 25 mL ¥
S, SR R AR 1 ~2 IR RO A S
H FRATEZE. RIS FRE. SRR 7200k
T (AFS) MEVAEW P As Fl Hg, R BT SOGTE
22 (AAS) MEIFW T Cd, Cr, Cu, Ni, Pb il Zn.

2SN K DR IR B R S B T 250 mL HEIR
Hh I VR S P A R A 2 AR A S VRN I i
PR 1R Y AN Se I B AR s 8 A R VA W (1
+99) YEUk. A IR 5 VR, IR b b i
T XFF AFS 5%E As F1 Hg B9, FHIN S mL $hR
(1 +1); XF AAS U Cd, Cr, Cu, Ni, Pb Al
Zn MV, TR 2 mL(1 + 1) BSFRVE W , Jn4A i 5%
W, TR 2 50 mL AR, K E R 24

B 55 )R R

- IERE S FRICTAEO. 500 0 o'& T REM R, ¥
MRJE A 8 mL oK. Al U0 28 o 5 P AR B
TR T A T . R ARG U8 L BT 50 mL
A M, AFS W 2E As Ml Hg. %5 FR B+ #F
0.100 0 g FUEFEM T RIS IMA S mL BSER A 2
mL SRR , B8 ST RE R B 0 45 o Je B S FE AR T
D TH FRASC I A R T R TS TR L RS B REAR D A
0.5 mL =R T W _E 150°C s m 2= A e
KX, 2 mL SRV A EA E 25 2 50 mL A5, AAS
M5 Cd, Cr, Cu. Ni, Pb #l Zn.

il B CEATIE AR 3 O, R O
T2 . SR IR B A e gat, KAk, 35
Brach 78 - 3 18 53 43 A Bk E ) BT GBWO07401 i



9 ] FRMEIRAE . PR i BRI P i 0 A R B N A i B XSS DA 3449

GBWO07403 A7 i, Hoor g R S iR 2=
ST 10%.
1.3 MR EER GRS

4 TS YRR SR T SR AR (1, ) P
W R A H AT TORR Y T A R A e
Tl AT 4 8 & &, I Al B AT Ui & 48
5 YR RIS L. 1, B 5 an R

I, =log,(C,/1.5B,)

ApC, R E 4RI E i B, BES
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Table 1  Miiller’s classification for geoaccumulation index
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mg- (kg-d) ' ¢ A LR KD E SR S A,
mg-kg ' (EHE), mgem T (AR); IngR AL
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Table 2 Parameter values in average daily dose calculation models of heavy metals

T H B8 HUE Hodle e 5
oL AR ADD,,./mg- (kg-d) ~! A (1) [9~11]
IngR/mg-d ! 200 ( JLEE) ,100 (BLA) [9~11]
ADD,,/mg- (kg-d) ~' A (2) 5 [9~11]
P 2 ik 3 A2 InhR/m? -d ! 7.63(JL#E) ,14. T(JHN) [9,10,14]
PET/m* kg ™! 1.36 x10° [9,11,14]
B kB g A% ADD,,,,./mg- (kg+d) ~! #(3) &
SA/cm? 2800( JL#) ,16 000 ( KL A) [12,13]
SL/mg- (cm?-d) ! 0.2 [14, 15]
s 0.001 8(As) . 0.001(Cd) , 0.002(Cr) . 0.0006(Cu) .
PC/em<h 0.001 (Hg) . 0.000 1(Ni) . 0. 000 004(Pb) . 0.0006(Zn) . (16, 17]
ABS 0. 001 [9,11,14]
RBITNSE ED/a 6(JLE) 24(JEN) [9, 14]
ET/h-d"! 4 [13]
EF/d-a~! 180 (14, 18]
BW/kg 15.9(JL#E) ,62. 0 N) [13,14,19,20]
AT/ ED x 365 ( E30#) [9,11,14]
70 x 365 ( Bk ) [9,11,14]
CF/kg'mg™"; m’-cm ™3 1x10°¢ (11,14, 15]

®3 ESETRRZJERENSEFTE (RMD) MPERETF (SF)

Table 3 References dose for non-carcinogen metals and slope factors for carcinogen metals

WH As cd Cr Cu Hg Ni Pb Zn
R, /mg- (kg-d) ~! 0. 000 3 0. 001 0. 003 0. 04 0.000 3 0.02 0.003 5 0.3
RID,,,/mg- (kg-d) 7! 0. 000 3 0. 001 0. 000 029 0. 04 0.000 3 0.02 0.003 5 0.3
RID,,,,/mg- (kg-d) 7! 0.0012 0. 000 01 0. 000 06 0.012 0. 000 021 0. 005 4 0.000 52 0. 06
SF/(kg-d) -mg ™" 15.1 6. 30 42.0 0. 840

2 HBRESH
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(B) ™ Ni Al Zn &b F TG 5 44 1) v 4505 4L A8 4R
A T Hg FZEAL T i 4835 R A R ki +
BE(C)h Hg I &5 e o is Je AL R B2, S)
BB R s e As B0 Cr B AL T G5 YLk
s P (B) MZRA (D) 3P Hg F1 Ni i,
b F TC TG Y ) o A S e AR AR A R 3ER Cd D
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*4 BEMBABLERFESERE/mg-kg!
Table 4 Concentrations of heavy metals in soils around electroplating factories/mg-kg =
SRAE S, pH 1§ As cd Cr Cu Hg Ni Pb Zn
A 5.80 11.3 0.11 35.7 10. 4 0.49 12.6 47.7 73.6
RH i)~ B 6.22 16.7 0.13 57.3 20.9 0.27 27.5 46.3 118
C 5.59 10.7 0. 08 33.5 9.68 1.16 12.8 63.9 57.9
D 5.54 11. 1 0.23 43.0 22.1 0. 66 21.9 48.9 102
A 7.96 12.4 0.28 43.5 37.2 0.17 25.7 48.3 87.1
S oS B 8.03 20.4 0. 46 56.9 73.5 0.28 31.1 75.1 152
C 7.95 13.9 0.50 38.9 37.0 0. 14 19.0 92.2 231
D 7.92 19.1 0.57 93.1 81.6 0.27 46.9 84.4 280
IS ey 18.4 0.14 60.3 21.8 0.16 18. 1 47.1 62.0
i <6.5 30 0.30 150 50 0.30 40 250 200
>6.5 25 0. 60 200 100 0.50 50 300 250
1) T ARAE R W Ak 1990 AE AR YT Ml 5 5L E
®5 RBREMBAEBLETFESEMRRIEN
Table 5 Geoaccumulation index (Iaeu) values of heavy metals in soils around electroplating factories
RHEL L
As cd Cr Cu Hg Ni Pb Zn
A -1.29 -0.93 -1.34 -1.65 1.03 -1.11 -0.57 -0.34
B -0.72 -0.69 -0.66 -0.65 0.17 0.02 -0.61 0.34
RH HL8% C -1.37 -1.39 -1.43 -1.76 2.27 -1.08 -0.14 -0.68
D -1.31 0.13 -1.07 -0.57 1.46 -0.31 -0.53 0.13
Mean -1.15 -0.61 -1.09 -1.05 1.43 -0.54 -0.45 -0.08
A -1.15 0.42 -1.06 0.19 -0.48 -0.08 -0.55 -0.09
B -0.44 1.13 -0.67 1.17 0.25 0.20 0.09 0.71
Sl ELBE C -0.99 1.25 -1.22 0.18 -0.78 -0.51 0.38 1.31
D -0.53 1.44 0.04 1.32 0.15 0.79 0.26 1.59
Mean -0.75 1.11 -0.64 0.81 -0.15 0.18 0.09 1.01
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Table 6 ~ Concentrations of heavy metals in workshop waste gas and ambient air of electroplating factories in 2013/ pg+m ~3

NEA SRRt
T H . S . A 5 _ GB 3095-2012
RH B8 S] HLHET RH B8 Sl ELgE
KEERSEI(H-H) 05-08 10-22 05-08 10-22 05-08 10-22 05-08 10-23
As 1.90 2.90 1.20 3. 40 NDV ND ND ND 0. 006
Cd 0.21 0.05 0.01 0.01 0.001 2 0. 0007 ND 0. 003 0. 005
Cr 4.80 0.21 4.30 0.63 ND ND ND 0.47 0. 000 025
Cu 5.20 0.10 0. 80 0.10 ND ND 0.34 ND
Hg 4.00 2.90 1.20 6.20 ND ND ND ND 0.05
Ni 6.70 0. 02 2.30 1. 40 ND 0.087 ND 0. 079
Pb 6.40 6.50 6.50 6.50 ND 0.032 0. 053 0. 062 0.5
Zn 53 3.50 12 6.20 2.4 2.8 1.2 3.4
> 82.21 16.18 28.31 24. 44 2.4012 2.9197 1.553 3.543
L)ND: kil
(a) JLiiE - O, (b) HEA
03 1 HQu 0.04 -
=3 HQdcml
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Fig. 2 Hazard quotients (HQs) of heavy metals in soils around the RH electroplating factory

04 - (a) JLiik B HO;, 006 - () WA
:'IIOiuh

03 =3 HQqerm X

02 | 5] :

HI

0
ABCD ABCD ABCDABCD ABCDABCDABCD ABCD ABCD ABCD ABCDABCD ABCDABCDABCD ABCD
As Cd Cr Cu Hg Ni Pb Zn As Cd Cr  Cu Hg Ni Pb Zn

B3 s ARTEFEERIFHERNEIEL

Fig. 3 Hazard Quotients (HQs) of heavy metals in soils around the SJ electroplating factory
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Fig. 4 Cancer Risk (CR) of heavy metals in soils around electroplating factories
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Table 7 Total hazard index (HI) and total cancer risk (TCR) of heavy metals in soils around electroplating factories

T B WA A(Fg) B( i) Cc(dti) D(ZRil1) X

L HI 4.23x10"! 5.86 x10°! 4.48 10! 4.49 x10"! 4.77 x10!

RH TCR 8.94 x10~* 1.43 x10 73 8.40 x10~* 1.06 x 10 73 1.05 x10 73

B HI 7.14 x10 72 1.01 x10 ! 7.52 x1072 7.81 x10 72 8.13 x10 2

TCR 3.64 x10~* 5.82x10°* 3.43x10°* 4.33x10°* 4.30 x10°*

L HI 4.69 x10 ! 7.26 x107! 5.69 x107! 8.11x107! 6.43 x107!

s1 TCR 1.08 x10 73 1.45 %1073 9.91 x10~* 2.26 x10 73 1.45 x10 73

A HI 8.03 x10 2 1.21 x107! 9.41 x1072 1.46 x10 7! 1.10x10 7!

TCR 4.42 %1074 5.91 x10°4 4.04 x10°* 9.20 x10~* 5.89 x10 4
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Fig. 5 Hazard Quotients (HQs) of heavy metals in air around electroplating factories
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Fig. 6 Cancer Risk (CR) of heavy metals in air around electroplating factories
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Table 8 Total hazard index (HI) and total cancer risk (TCR) of heavy metals in air around electroplating factories
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TCR 1.50 x1077 3.02x1077 — —
10 HI 5.57x10 73 2.75x107? 3.30 x10 2 1.63 x10 2
TCR 1.57x10°6 3.11x10°° 4.55x10°° 1.01 x10 73
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Table 9 Correlation coefficients (?) between value of ambient soils and workshop waste gas
TiH HERA 1y RIS
A B C D
RH H 8% [ B 5 5 0.808 4 0.8896 0.603 5 0.8885
10 0.5188 0.309 7 0.669 1 0.3888
ST LY PR 5 0.9155 0.8889 0.962 5 0.924 6
10 0.3174 0.3304 0.5196 0.3451
1)P <0.05

P )] L A < R Al B AU
AU, 32 PR - 1 He A G843 Rz JE 2 i i 2 BTk 1
LB L 2 AR i S ) AR g B A XU 2
FH PP R A DTk, X o HL B R R A B v R N
A B XU PP 1) 2 B i AR 4R AL T 0k

i Pearson #HOC/MAT (P <0.05) B M HE 4R
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Fig. 7 Principal component analysis of heavy metals in soils around electroplating factories
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