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Fig. 1 Map of sampling points distribution and the location of

the study area
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(GB/T 22105. 1—2008) , 4 i BR 43 51 &7 0. 01mg/ kg |
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B, A%, £S5 X3 2, 8E 3R 3, &
SRR BRI FH b A 39875 G2 XU P Al
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Table 1  Calculation formula of health risk assessment model
S8 AR
CiXIR 3 XCFXEFXED
ZHEA  CDLyyeionesoi =
8es BWxAT
C; XSAXAFXABS ; xCFXEFXED
BEIRHEME CDE e = 1
BWXAT
C,XIR,;, xEFXED
PFREEA  CDLptemsot = s o
e PEFXBWXAT
C;xIR, XCFXEFXED
TTHIEA CDIpy1-crop = -
! BWXxAT
3
g KU CR; = _ZICDI;J' XSk TCR:E’ICRi
=
3 _
TESRIA: HQ, = 3 CDI/RD, HI= 2 HO;

W 2022 4
T2 (EHERG T R S5
Table 2 Health risk assessment exposure parameters
ZH SHE X A JLE
BW  T¥IKHE (kg) 61.8 19.2
IRy ZAHAHER(mg/d) 100 200
Ry ZSBAFER(m’/d) 14.5 7.5
R,  EYRAEE(my/d) 328 198
CF A T (kg/mg) 1.00x107®  1.00x1076
EF AT (d/a) 350 350
ED R (a) 24 6
SA BEE W R FE R (em”) 5374 2484
AF SRR - SR R A (g - em®) 0.07 0.2
PEF  HIEWRDY AT (m/kg) 1.55x107 1.55x107
ABS,  RRWCH T As(0.03), Cd(0.001)
AT S5 BRI ) (d) 27740( B , 2190( IEBUE)

VIR, BHCRIET Mao %Y HASEIIRIET HY 25.3—2019,

2.3.3 BB

Bl A3 A7 2R FH Excel 2016 Fl Origin 2018
(OriginLab 23 7], SE ) 58 i, W58 DXCRAT: 1053 A1 &
SKH Arcgis 10. 2( ERSI 24 #], 92 [) #4421 52 1L

3 gR5hNHE
3.1 RHAEESIBTS B4FE

B JE JE 4 B 43 pH {EE Rl R 4. 97 ~
8.15, Hip pH<5.5 G4 1 4~,5. 5<pH<6.5 i
7 12 4~,6.5<pH<7.5 pifii 22 4>, pH>7. 5 sif7 15
A VEEERY, LIEESELS RN K 4,8 WEHSE
J& As.Cd.Cu.Pb . Zn Hg Ni Cr #{H4 510 12.3,
0.76.46.2 .68.1.182.0. 057 .33.9 .74. 8mg/kg, 5
WAL e 5 A L, Cd . Cu \Pb Zn PO E 4
JBICE T A 2T S (EH M 4. 41 ,1.50.,2. 55
2017 4%, W3S T 5 E, As Ni \Cr & i 55
B & BEHEA AR Y He & IR T35 S (8, R 73 0%

23 EERARREEBIRSE R (RD) MBOEFFEN T-(SF)
Table 3 Reference dose (RfD) and cancer slope factor (SF) of heavy metals by different exposed ways

B RIS BRI T

REER 28
Cu Ni Zn Pb Cd Cr Hg As

—_— RD[mg/ (kg + d) ] 4.00x1072  2.00x1072  3.00x107"  3.50x107°  1.00x107*  3.00x107*  3.00x10™*  3.00x107*
- SF[ kg + d/mg] / / / 8.50x10° 6.10 5.00x10™" / 1.50

RD[mg/ (kg + d)] / / / 2.50x107° / / 3.00x107
BORIERE ooy /g / / / $.50x107  2.44x10° 2.00 / 1.50
A RD [mg/ (kg - d)] 1.20x107%  2.11x107°  3.00x10™'  2.89x107°  2.35x10™%  2.35x107°  7.04x107°  3.52x107¢

SF [kg + d/mg] 111 / / 7.67 5.11x10" / 1.83x10"
A RD [mg/ (kg + d)] 4.00x107  2.00x1072  3.00x107"  3.50x107*  1.00x107*  3.00x107*  3.00x10™*  3.00x107*

SF [kg - d/mg] / / / 8.50x1073 6.10 5.00x107" / 1.50

T /73R HI 25.3—2019 IS4 MR Y,
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Table 4  Statistics of heavy metals content and pH of farmland soil from the study area
ZH pH( TCEH) As Cd Cu Pb Zn Hg Ni Cr
TFH1H (mg/kg) 6.98 12.3 0.76 46.2 68. 1 182 0. 057 33.9 74.8
A% (mg/kg) 7.02 10.6 0.21 28.2 35.2 80.2 0.057 33.6 74.2
KA (mg/kg) 8.15 54.1 10.8 409 763 2151 0.109 44.5 90.3
e/ IME (mg/kg) 4.97 6.41 0.10 19.3 26.3 54.7 0. 020 22.5 59.6
WAL T 5P (me/kg) / 12.3 0.172 30.7 26.7 83.6 0.08 37.3 86.0
R 7 2 AL At (S 5K / 2 10 4 4 5 0 0 0
AR E % / 4 20 8 8 10 0 0 0
e /7 R TChR IR E SR R 5
£ 3 As Hg Ni #l Cr R TR &2 R R 5 B8 T(EMEZLEZE g his YR )

SRR . 4 50 A RAE SO pH A FI XS B 1 £
B )R S 5B R M 35 G X
S ARE (IR1T) ) (GB 15618—2018) H i vE{E [t
#,Ni Cr Al Hg PJAHPR, As .Cd .Cu Pb Zn »S{7 kR
FINNH 4% 20% 8% 8% 10% ,Cd #EHRF I

XFFFE X A 8 6 4 b a1 25 8] A A 1 L 43
B B, BB bR IX 32 B4 vh 43 A 76 B 7 5 R 1 300m
JEEI AR, HREE A 5 R B B B, 458
HE R R, R - E S m s AR
FEBBAE . M RAR L KT A% 3% R RR K b 08 2 =
B RO, B 2 o ) Z T AR R K, &
Z At Z 222 g A, T bR X AR T fE B0 R F
(LIR30 N1 ==Y e T 7 i e = 3 g e
EXANMR X TE— R LU R 4R s
Pl RS B B IR MR A O B EB IR
oA K ESE, 7E A SRR AR T i 5 8 i
HbFAR I 0] T ED 1L, DT 18 ) i1 - 4 i 4 I
BT BRI A3 Cd .Cu Pb Zn As
AR K, Cd TR R, 78 Ak
VEAC TS Y Cd 758 KU
3.2 RHBUKARE SRS 4 E

WF5E X R4 e S5 4k T /K RS E 4 I o B 4 R L

265 WFFEDORRTE R & AFAE

(GB 2762—2017) K25 i Cu.Zn FI Ni JCE bR
Kﬁi,zf-(ﬁﬁ%{lﬁ‘ﬂ(*éqj As . Cd.Pb Hg.Cr TLEW
1S YOR A TIEMN, 50 DK FE S A 7 N ESE
P I AR E R, AR R 14%, H AR T RN
Cd, KBRS 9. 39 15, HoAtb T KA AR,
XAl BB KX Cd BA Km0y & ERE A G, b
FIXFMERKFE Cd Ty bR, FAAEAR B e 2 U, 7
R 5 HoAth b X A0 % BK RS Cd 8 br 5 5 1 B1
G P0G RS AL A AT e, KRS R
AR Cd R ERET, MEN FEREBIEDNZ —
K R R 2 A Cd 1Y E B SR IE, NI K A
Cd FEARIT AR LA de i (1 f e XU 7

TEZE 504G 1,5 A/KFE Cd b S S o A
TERAFE TN Ui 300m U FIN, 5+ 3 4 8 & & &
XA FE AR — 3 B 2 5 R R 2 14, KA Cd
PR, ANEFSE X N Fe b s, ARSI IR 2% o
Bz B i A = M EARE X1 G A A AR 43 A ] ]
I8 A b A A PR R, O T % I R b AR I X
AT R AR R 2 2 BT iR B R R A R S
YLy EZEFEA

WFFEIX 305 Y PR 245 R S AR5 YL PPN 45
BRI —2, el T L b i 4w B AT B

Table 5  Characteristics of heavy metal contents in rice from the study area

S As Cd Cu Pb 7n Hg Ni Cr
(mg/kg) (peg/ke) (mg/kg) (mg/kg) (mg/kg) (peg/ke) (mg/kg) (mg/kg)

B FR AR 0.5 200 / 0.2 / 20 / 1.0

FEHIE 0.29 197 3.85 0.075 22.2 3.48 0.26 0.18

Tz (e 0.31 60.7 3.59 0.077 21.8 3.60 0.22 0.15

IGON 0.46 2078 8.95 0.196 34.3 6.27 0.78 0.58

/M 0.13 10.3 2.18 0. 050 15. 1 0.50 0.11 0.11
HEAREL 0 7 0 / 0
MR (%) 0 14.0 0 / 0

TE: /7 FRTOARE R S AR BT
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PRI 5 R SRR A, a0 SR L 138 v FE 4 R 1 AU
LGN 4315 Y AR XS Y 15 X, T RE TC L 5 AR
YED 175 G IR DX X 7, 14 B ASOAR 5 1 3805 2 XU
EPHRE(GB 15618—2018) JT A HI 14 — R AEW)
RGN TS YV T BEAEAE IR 22, N S 25 A R IVEW AR
YR T R AT
3.3 el 3 -KISE S BASEE S

TCE S AR SCHE 31 T LLHE AN [F TR A
o FAH RS Yl , A I 22 B ok F A )5 e 6 1Y)
4B Z IR AR R Y L SR IX 50 A R
MES S EACHE AR R (- 2), HES
As.Cd .Cu.Pb.Zn I Ni /NFhOCE & & 2 (8] ¥ 47 78
W ZIEA LKL R (p<0.01), UL ) As |
Cd,Cu,Pb Zn F1 Ni 7N oo % H A3 8 & # [F I8
P T IZRE N R R E, As AT Cd H
PEA TR, BN L3 As (Cd  Cu ,Pb . Zn F1 Ni 75
FESRITRYPRIE TRV ., BT 2 X m 2=y
PEASABE K, & B 2 mdb K, 52 2 g XL, T B 4
JE MR AL 2 o A 7 AT T i, B

IR P R IR W, TRy He A1 Cr ot
R 5 HAD LR E 4 BT R Z RA OGRS, B S
WAL T R A AR I b os 2ok
V5T - R,

XPKAE S - e i R S A TR O E A
SRR (K 2) , KRS R 5P X i A9 As Cd . Cu,
Pb . Zn Ni F1 Cr LR TR S EBHA —E M IEA
KE, HAKFEHE Cd,Cu Zn =FPo R BAT 8% 1E
FHRRR, VDK E RN ES B TR FZRET
+3, I H 5 HA TR A He, K AE X 13 Cd . Cu Zn
AR EAREE ERE T, FEOKRE X =R
JUE M & AR
3.4 AR I3 E SR A SRS Y

FI VAR A 25 KU 5 RO PP AIFFE DA T -3
A A S KU, A PEAN 5 2R (32 6) TR, 8 T B 4 Js -F-
e A B0 KRB/ MK : Cd (4. 41) >Pb(2.55)
>Zn (2. 17)>Cu(1.50) >As=1.00>Ni(0.91)
>Cr(0.87)>Hg(0.72),% M Cd.Pb.Zn Cu PU4JC
RWEEE, X 5EVE TS YO, i—4

%?Z?miﬁéﬁéﬁ/“gﬂﬂxiﬁﬁ,ﬂ%ﬂ%?&?ﬂ!ﬂ%ﬁf ULRH A P e I+ o 4 Jm EEORIE T R
P AR R YRS R R 8 PR RPN R DA KA A
IKFG-As %’g"l,q *
s
3 *
KEG-Cd | 0.07 @odﬂ ' ,”,, ok
KFG-Cu | -024 o058 ’0 ' ﬂh#/ %% Ok % * %
JKFE-Pb | 030 015 058 %’5?,,6 By ¢
IKFG-Zn | 009 061 054 0.5 %’5“’?0 * * * * * *
KFG-Hg | -0.12 -027 -024 -0.16 -0.13 %ﬁ%
JKAG-Ni | -025 016 076 049 | 023  -0.23 %fﬁ}{,vi
JKFG-Cr | 009 -0.10 032 035 008 004 023 %%D *p<0.05
= ** p<0.01
T3E-As | 016 078 | 045 019 | 032 012 0.5 4@%//// ko
£y
+3%-Cd | 021 080 | 038 013 032 -0.10 005  -0.10 098 %, *ok
/ i 7 i
F3E-Cu| 021 079 037 014 030 -013 006 -011 097 099 /*/}9/ *k
+3E-Pb | 021 079 | 036 013 030  -0.11 005  -0.11 097 | 099 100 “Z% X -
Lty
43-7Zn | 022 078 | 036 013 030  -0.10 005 -0.10 098 100 100 | 1.00 ‘3{2\8’] *% " %
+3%-Hg | -0.09 004  -0.08 004 018  -0.10 -0.07 002 010 011 012 | 0.11 ‘[48’\‘, &
© i

NG | 034 051 028 007 036 | 003 001 | 004 051 052 052 050 051  -0.06 % ,
4-Cr| 026 017 | 018 013 | 026  -0.10  0.07 022 005 004 004 002 003 007 080 -{%’Cr 10

2335 2§ £z 9233 ¢85 2 39
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Fig.2 Correlation of heavy metals content between soil and rice from the study area
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Table 6 Assessment of enrichment factor (C!) and potential ecological risk (E,) of different heavy metals in farmland soil

S8 As cd Cu Ph Zn Hg Ni Cr
e 1.00 4.41 1.50 2.55 2.17 0.72 0.91 0.87
HERE LREDA 0.86 1.22 0.92 1.32 0.96 0.71 0.90 0.86
(ch RME 4.40 62.8 13.3 28.6 25.7 1.36 1.19 1.05
/M 0.52 0.58 0.63 0.99 0.65 0.25 0. 60 0. 69
SEHAH 10.0 132 7.52 12.8 2.17 28.7 4.54 1.74
WIEAERRE P 8.58 36.6 4.59 6.58 0.96 28.3 4.50 1.73
(E,) R A 44.0 1884 66. 6 143 25.7 54.5 5.97 2.10
/MY 5.21 17.4 3.14 4.93 0.65 10.0 3.02 1.39
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Table 7 Carcinogenic risk and non—carcinogenic risk of heavy metals via different pathways in farmland soil and rice
M2 REREE Cu Ni In cd Cr Hg As &3
ZIHBA / / / 7.40x1077  5.92x107° / / 2.36x107°  3.02x107°
BUENE KA / / / 7.57%x1077 / / 2.26x107°  3.02x107°
(CR) I W A / 2.45x1077 / 3.79x1078 / / 1.47x107%  1.75%x107°
i / 2.45x1077 / 7.40x1077  6.71x107° / / 2.73x107°  3.50x107°
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80
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Fig. 4 Human health risk of heavy metals in farmland soil from

the study area
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Heavy Metal Pollution Characteristics and Risk Assessment of Soil and
Rice in Farmland around the Copper-Lead-Zinc Tailing, Western Hubei
Province

YANG Jie', DONG Jing', SONG Zhou'*, YANG Chengmei' , LIU Tian', ZHOU Shunchao",
HU He’ , HUANG Cong’
(1. Hubei Province Geological Experimental Testing Center, Wuhan 430034, China;
2. Huben Key Laboratory of Resources and Eco—Environment Geology ( Hubei Geological Bureau) ,
Wuhan 430034, China;
3. Hubei Huaxiang Geological Environment Testing Technology Co. , Lid. , Wuhan 430000, China)

HIGHLIGHTS

(1) The range of eight heavy metals in the farmland and rice in the study area was determined and the
contamination of Cd was found to be the most serious.

(2) The evaluation results of the index method showed that the potential ecological risk of soil heavy metals in the
study area was moderate, and Cd was the main risk element.

(3) The assessment results of the health risk model indicated that both non—carcinogenic and carcinogenic risks of
heavy metals were unacceptable, and the carcinogenic risk of rice was unacceptable while the non -

carcinogenic risk was acceptable.
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ABSTRACT

BACKGROUND: The food security problem caused by heavy metal pollution in farmland soil has attracted
widespread attention. Objective pollution investigation and evaluation work is of great significance for the later
pollution prevention and safe utilization of soil.

OBJECTIVES; To fully understand the heavy metal contamination condition, ecological risk and human health
risk of soil and rice in the farmland around the copper—lead—zinc tailing pond in Western Hubei Province.
METHODS : 50 sites of topsoil and rice were investigated systematically. ICP-MS, ICP-OES and AFS were used
to determine the contents of eight heavy metals (As, Cd, Cu, Pb, Zn, Hg, Ni, Cr), as well as the pH value of
the soil. The potential ecological risk index method and human health risk assessment model were used to evaluate
the potential ecological risk and health risk of soil and rice.

RESULTS: The results indicate that; (1) The contents of As, Cd, Cu, Pb and Zn in the soil exceed the
standard, with the maximum exceedance rate of Cd being 20%. Only Cd in rice exceeds the standard with the
exceedance rate of 14%. (2) Correlation analysis shows that soil heavy metals have the same pollution source, and
leachate leakage is a possible source of pollution. There is a positive correlation between the heavy metals in rice
and the surface soil, with the strongest correlation for Cd, which may be related to the strong absorption capacity of
rice for soil Cd. (3) The evaluation results of potential ecological risk index show that Cd, Pb, Zn and Cu are
significantly enriched in the soil, with the Cd enrichment coefficient of 4. 41. The overall ecological risk is
moderate, with 6% of the sites having very strong potential ecological risk. (4) The results of the health risk
assessment indicate that the total and non—total carcinogenic risks are greater than the acceptable level at almost all
sites. There is an overall risk of heavy metal carcinogenicity in the soil, with As and Cd being the major
contributors. The total non — carcinogenic risk for rice at almost all sites in the study area is greater than the
acceptable level, with Cd being the largest contributor. The total non—carcinogenic risk for rice at all sites is within
the acceptable level.

CONCLUSIONS; The soil and rice in the vicinity of the tailings pond have been contaminated by heavy metals,

posing a certain ecological risk, and the risks to the health of the local population should be taken into account.

KEY WORDS:; tailing; heavy metals in soil ; heavy metals in rice; inductively coupled plasma mass spectrometry/

optical emission spectrometry; pollution assessment; health risk assessment
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