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Zhou M, Tang Z M, Zhang M, Liang X H, Zhan L. Characteristics and health risk assessment of heavy metals in soil —rice
system in the Ganzhou area, Jiangxi Province. Geological Bulletin of China, 2021, 40(12) : 2149-2158

Abstract: Total 954 pairs of rice grain and soil samples were collected to investigate the distribution of heavy metals in the soil —rice
system and their human health risk in Ganzhou City. The contents of Cd, Cr, Hg and Pb in rice seeds and root soil and the pH value of
root soil were analyzed, and the health risk assessment model derived by USEPA was used to evaluate health risk caused by heavy metals.
The results show that exceedance rate of heavy metals in rice decreases with the increase of soil pH; Cd is the most severely
contaminated metal; and migration ability of Cd and soil pH value are the main factors that determined whether heavy metals in rice
grains exceed the standard. The results of health risk assessment show that the total non—carcinogenic risk index( HI) of heavy metals is
less than 1, indicating that there is almost no risk of chronic diseases from ingesting rice. The carcinogenic health risk value is 7.10X107;

Cd is the most important carcinogenic risk factor; and Cr and Pb carcinogenic risk is within the acceptable range. According to the
human health risk zoning, there are risks in Shangyou, Xingguo and Nankang, which is worth paying more attention. Although heavy
metals do not exceed the standard significantly, the relevant authorities should take exceedance of Cd seriously, and should take Cd as the
priority in the prevention and control of heavy metal pollution in the soil of Ganzhou City.
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Fig. 1 Distribution of sampling location in the study area
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Table 1 The analysis method and detection limit of the index
By JLHE VAKIIWIR/S K H R A JLHE SaKiIWIRIN H B
cd ICP—MS 0.03 cd ICP-MS 0.03
Hg AFS 0.0005 Hg AFS 0.005
+3% Cr ICP-MS 5 IRAEAF S Cr ICP-MS 0.5
Pb XRE 2 Pb XRF 0.1
pH ISE 0.1% *
T w ox 7GR, HAIGE AR me/ kg AFS—EF 7665 L s ICP-MS—%5 B TR B ik ; XRF—X B4k
DN  ISE—BS T Ff 1k i i 1
fith, 45 A w N Hb XK R S AR R LA B s AnAR ¢ SRR A A (6) 115
ZH VA BIF ST X B b M — K Rk S R G b 4 RISK=CDIXSF (5)
JE X AR f Bl XU, 76 B2 4 J8 Ju R H 38 A &5 .
Bt FERt |, dE— B B X B0 XU B 3R 3 TRISK = Y, RISKi (6)
i=1

TR, BTN Y hb R DK RS Y, N
WEY R ERE R ESEOKENEA, YRR
Mg A KRB EMESEICENHEAR CDI
(mg/kg - d) AR (2) 5.
CXIRXEFXED
- BWXAT (2)
A, C IR I E S ERE (mg/kg) ;
IR JE/KFEAFIZ Y H AR (kg/d) 5 EF 2 BEEHR
(d/a) ; ED SEREFEIN ] (a) s BW S s > AN BIIATE
(kg) ; AT H-FHFEFIIE (d) o EARRMGEH, AT
=EDx365d, MAE N34 7545 ED Ry 72a, PR E
BW SR 61.75 kg, HEE AR IR 4 0.328 kg/d"™ |
HQ F/RF-Ah 4 J& so R AR BUm A, HI %
NGRS WA (3) F(4) T

CDI

_CDI
RfDo

HQ (3)

HI = iHQi (4)

K, RDo HFFE B ZSHE M, Cd N
0.001 mg/kg + d, Cr 4 0.003 mg/kg + d, Hg N
0.0003 mg/kg + d,Pb 4 0.004 mg/kg - d", 4
HI>1 A 7] BB 23X A A4 i Ak B 52 ), A7 7E 7512
PEZSR RS . AR HI<1, AT IA Ry 7= A il A A
RS 8/ N AT 28 AN T

g UK 5 8 0E BRI 7 (SF) OGBS
SIEITEMN BRI T AR (5) 115, 2R 63

K, Cr B IE AP F SF(kg + &/mg) N
0.5,Pb >4 0.0085,Cd & 15" | 4 TRISK B{ RISK
ANTF X107 B, B0 KR T 28§ AT, 24 TRISK Ay
T X107~ 1x10 ™ Z [ i, 2 B 00 IXURS: 4b T AT 4
Z K M2 TRISK>1x10 " i}, WA g XU 15 2 A
AT HESZ KT | IR HOHE Tl A AR AU =

3 AR SIHE

3.1 TEPESESENSITHER

FFE X KRB AR Z8 4 i v 5 42 B o0 R &
pH {HUNZE 2 i, 4 pH (/R R, SE I N
5.32, AL B T 4.30~7.95 6], +3E Cd Hg.,
Pb Y- 35 & i (B /ME ~ e K MH) 2051k 0.194
(0.004~4.040) mg/kg.0.12(0.01 ~1.19) mg/kg.
44.36(8.10~335.50) mg/kg, ¥ T [® 35 &
., +3E Cr BFEH &N 53.02(7.91~269.00)
mg/ kg, 8T E I B, SR, BN M X
IKFEAR R b o 43 5 R IR T ( R
JoT H A FH M A M S e KU A R AR E (IK1T) )
(GB15618—2018) ¥ H KL A 1 L PR AR, {H 4l
et HIEHE SR BEARM ISR, KFERAR L
A 61 F Cd M 53 {F Pb ML 1 3 PRI 5 dt A o AL
FRAE, #EAR R 533 6.39% F1 5.56% , 14 Cr Fl Hg
KL SRR AL 5 1 Cr F1 1F Hg i + R
[ A AR
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Table 2 Descriptive basic statistics of metal concentrations in paddy soil
~ wA L N , PRI
TR B/ME  BOKME ERZE Cw% hE SR
FHME pH<5 55<pH<65 6.5<pH<7.5  pH>7.5
Cd 0.194 0.004 4.040 0.21 106.47 0.097 0.3 0.4 0.6 0.5
Cr 53.20 7.92 269.00 25.10 47.18 61 250 250 300 350
Hg 0.12 0.01 1.19 0.08 66.94 0.065 0.5 0.5 0.6 1
Pb 44.36 8.10 335.50 25.22 56.86 26 80 100 140 240
pH 5.32 4.30 7.95 0.49 9.13 6.7

MR AR (F 2) B X+ 1 cd & & &
BAETRAE 0.004 ~0.408 mg/kg Z [0, Cd & &N
0.004~0.189 mg/kg AYRIE X 3= 25015 78 T #F HL |
Tt i E A5 F R T AR R AR X, R
HIXHRZR + Cd & EEHE F 2 0.190~0.408 mg/
kg, Cd FE N 1.571~4.040 me/kg W) E{H 5 F 5
ST EN T R e e B L, 3 Py
M 8.100~53.901 mg/kg /M5 I Cd & &
RAE XA AR —%, T Pb & &8 KT 82.081 mg/
ke MBS FESMAETHE, 22X Heg &
KEZMT 0.167 mg/kg, T3 Cr SR EHEX LM
TR A [FFErEERALE RIS, BT X
+ 8¢ pH (AR E—IR YN =, e E FEE
W 2B B AR X 48 pH (B AR 4 X B
32 KBHIHELESENSITHHIE

WFoE XK R FF 52 b Cd 2 & 1 0,079
mg/ kg, 2L B R 0.002~1.660 mg/kg; Pb -1
TR 0.058 mg/kg, ZAIE R 0.005~0.860 mg/kg;
Cr BB &R 0.297 mg/kg, 284k 7 FEl 20.080 ~
3.470 mg/kg; Hg BV 54 0.006 mg/kg, 221k
TG} 0.0002~0.316 mg/kg( £ 3) . WRIBCE %
SEEMEEH P REYRE) (GB 2762—
2017) Y AR A KRG RE S P A 87 #F Cd. 30
Cr.23 14 Hg 15 7 Pb @B B i & e KRR AE , i
FRBEMIK K 9.12% . 3.14% . 2.41% FI1 1.57% , 3%
pH EX KRS 4B TR & A —
M, Bl 135 pH (HASWTREAR, K Febr S5 b 8 4 )
JCER M F g Wt e, 3 IR M I PR X K A K
TEEESBOREA —EMWESEH, M1
pH {EAKTF5.50F , KFFAFSE Cd . Cr . Hg  Pb AR
BRI R 61,25 17 13, 4350 /5 4% 5 4 )& o0 F B AR
BBY70.11% 83.33% \73.91% H1 86.67% , Fi# 1
5 pH HTH i, AR 80 A B N s DK R fF

SRR AR AR, Horh Cd iR AR R
FIHATE 4R ICE, 78 1 R 7 HAth b X A % BEK
FEFFSE Cd MBFR R R A BLS Y ) Uil Cd e
SN 3 X KRS 28 A M die = BRI TS YOt

KR Cd 9 R RE(BAF—Cd) 5 11
pH (EAHCHER ST (K 3) AT LLE 2 L3 Ccd A
PREKFE Cd AR, BAF {5, Uil +38 Cd 1)
JKHE Cd WIERLRE Sy fe ok, S /KRR AT 3% Cd [A] i
AR, BAF {H)E T 45, XKF cd A dsim +
B Cd S EEARIT, BR BAF HER, X —45 1%
B, 3 Cd /& DR S EARXT /KRS Cd 2 Al bn
IEAR— LN/, Cd M 3 ) K RS AT RS BE 1 2
RFEEHHE,

M85 A (TR 4) , BFSE IX KRB RS ©d &
T FEAENLE 0.002~0.069 mg/kg Z[H], KT 0.388
mg/ kg 1 E A EEZ O T T E T E R %
X, THE 5B A B KRR S Pb
S FEMRTE 0.005~0.043 mg/kg Z 8], Hi4x i
X LL0.044~0.094 mg/kg FF, KRR Cr i
9 0.533~1.020 mg/kg A FF{E X 24315 T 24 FE & |
GEE EMBSEMIX, KT Hg S EESX D
0.0002~0.0056 mg/kg K E .

K3 KEHXHEEEETESE

Table 3 Statistics of metal concentrations in rice grains

mg/kg
JLHE cd Cr Hg Pb
FEEIE 0.079 0.297 0.006 0.058
/M 0.002 0.080 0.0002 0.005
TN 1.660 3.470 0.316 0.860
P v s 22 0.12 0.33 0.01 0.06
CV/% 155.33 112.43 228.25 98.20
BEEAFARMEY 02 1.0 0.02 0.2
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Cd/(mg-kg™) Cr/(mg-kg™)

e 0.004~0.189 * 7.92~33.60

e 0.190~0.408 ° 33.61~53.90
° 0.409~0.914 ° 53.91~74.97
° 0.915~1.570 ° 74.98~112.87
o 1.571~4.040 e 112.88~269.00

Hg/(mg-kg™) Pb/(mg-kg™)

° 0.014~0.097 e 8.100~34.950

° 0.098~0.167 ° 34.951~53.901
© 0.168~0.291 © 53.902~82.080
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Fig. 2 Metal concentrations in paddy soil and soil pH grading of different study area
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° 0.070~0.182
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* 0.005~0.043
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Fig. 4 Heavy metal concentration grading of rice grains in different study area
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Fig. 5 Enrichment coefficient of heavy metals in different areas of Ganzhou City
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Fig. 6 Relationship of heavy metal enrichment coefficient in paddy soil-tice system with pH
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107°,3 FhveE 42 & 7o R 19 B0 WS 48 B0F- 216 i K
F/N A Cd(6.31X10 ) >Cr(7.89%10 ") >Pb (2.60 X
107°) . G5RFRM WFFE X AFAE — 5 1Y 308 KU, =
t Cd SR FE RS -, T 15 X,
HoE AR ( TRISK) frefmi 1 3 AN X BB 2%
SRR FE L 0 T30 2 30 XU A v 14 b DX > 5
AR EN(E 7).,

TEX T T, BRI 4 8 AR & 55 TG
e WG TN 25 SR A Jm A AR N A
FIHEE, T RE T BOT- U KU 5 T 52 B A9 it e XU
DR, 5 S — 20 BfF 59 O A S RN A 1 7 3 AR A
KA, teoh, FEAR KMo B 1T
Y R A I WS 2 A Sk kI S AR
AMATE SR, DL A M PE AL 2 s 0 fat R
AU

4 %5 ®

(1) BN T K AEAR R 1 pH (SR LB | K A8
MR 4 rp 4 8 A i R I T b [ IR b
JEEFRAE(GB 15618—2018) HVHL S 47 1 FLBR (A,
{HRAAF /DR T 4R Cd M Pb MEBIRILE
IKFERF AL B 2 4 RV AT AN Cd B bR R4
N 9.12%

(2) 4 Cd & RSB BART TR R Cd
SER AR A RN HE, Cd E KRR 4

x4 TESEEMNAFHBRENE EBEXE
B R XU
Table 4 Daily intake ,non—carcinogenic risk and

carcinogenic health risk of soil heavy metals

eSO KR F5 5L U AR FE 5L
TR J EYE E Y EHIME
0.010623~ 0.16X107° ~
HQ—Cd 0.420475 RISK—Cd 6.31%1073
8.817490 1.32%107"
0.000283~ 2.12x107*~
HQ-Cr 0.00105 RISK—Cr 7.89%107*
0.012289 9.22x1073
0.003541~
HQ-Hg 0.109075 RISK-Hg - -
5.595034
0.006082~ 2.07x1077 ~
HQ-Pb 0.076431 RISK—Pb 2.60X107°
1.142024 3.88X107°
0.056648~ 4.75%10 4 ~
HI 0.060703 TRISK 7.10%1073
8.938562 1.34%107!
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Fig. 7 Non—carcinogenic risks and carcinogenic health

risks in different areas of Ganzhou City
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