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ZEkEXFEH T REE SRS RFER X TN

XIWEAR", R, e, sk, k', a5’
(1. PR RIS ABE, EIK  400715; 2. TR E BTG, PR 4011475 3. 5 PR JT MM DX A A5 R8st
JIN 404120)

FE. DR EX (FERED) 12 XA RO RIFERT S, 4087 T 148 Cd, Hg, Pb, As, Cr, Cu, Zn I Ni & &, SRR 7
VPRS- S 0TS YRR | TR A A XU R AR XU 45 SR I , =0k E IXARE 4 8 B E &Rk Cr A1, HE 7
FhEE 43 V- (i 2t =l P2 [X S35 i, EHLAM AT 12.32% . 4. 35% F1 2. 54% 1 LIERE S Cd, Cu FI Ni 2 &8 5 40 C AR
HERY I B (H. 8 Pl 48 A8 57 RECH 29. 08% ~ 56. 43% , J& T 45 K LA L AR 5ok oF 32 ORI S K. 8 FhiE 4 Jm #F +
RS e P4, HA 16.30% ., 6.52% F12.90% f 3 Cd, Hg A1 Pb 7776 5. [FIRY, £3 Cd A1 Hg AO¥EAE A4 XKL
s B TR EE AR 12 X E AR B AR L B s YRR B A N 2R B T5 TN S T A5 Yk BER A TR
25 AUt 38 2 Hp B AR 2 16 B KO R KU P 85 SR 2R T, T VAR MR E B0 KU RS0 KU 1 E R Bk ie. LEE
GBI N B AEEUE XS (HL< 1) {2 12. 68% K A% JL 2 HAT A0 RS (HI > 1) . T4 48 %)L 3 B Bui XU
(TCR =5.75 x10™*) | [GJ 45 19. 57% B s A7 %F At HAT BUs KU, As 1 Cr Eﬁﬁﬁtl:iuﬁmtﬁﬁ?ﬁﬁﬁsﬂ 4 E’JEE%H

T, AR BUE AEUE XU Y B SRR S B 75% 1 95% , T BEG EICTE. , =)
;%Tﬂzzm;éﬂél:; M3, HEEJE,; SRR, RS TEm ! f 5
HESES. X53 XWIRIRE: A XEHS . 0250-3301(2023)06-3520-11  DOI: 10. 13227./j.hjkx. 202207115 VY o=

; 8 ey,

Characteristics-and Risk Evaluatlon of Heavy Metal Contammatlon in Paddy Smls in

o FY s 7 ;

the/ Three Gorges Reservoir Area & I/ €y &
LIV ¥ un' , LI g xia' 4 MEI Nan® , ZHANG Mei%it” ZHANG Cheng'*, WANG Dingsfon jl - -
(L. College of Resofifces and Environment, Southwest Unlver@ltV“Chong ing 400715 China; 2. Chongqlng M icipal Solid Wiste Management Center, Chongqmg 401147
China; 3. Chongqmg dezhou District Ecological and Eml]onment Monitofing Station, Wanzhou 404120, Chmd)
Abstriét qull Cd, Hg, PB As, GrgCu, Zn, and Ni of 12.districts in the Three Corges Reservoir area (Chongqmg section) were afialyzed , and different evaluation methods
were used lo assess the*degree of Gontamination, potential edlogical rfT( and hum&n‘ Tealth risk of soi heavy metals in paddy soils. The results showed that the average values
of all heavy meldls except Gt in paddy soils in the Three Gorges Reservoir‘area exceeded the background values of soils in the Three Gorges Reservoir area, and the contents
of Cd, Cuj and Ni in 12.32%, 4.35%, and 2. 54% of the soil samples exceeded the screening values, respectively. The variation coefficients of the eight heavy metals were
29.08%-56.43%, which belonged to the medium and above-intensity variation levels and were influenced by anthropogenic activities. The eight heavy metals were
contaminated in the soil, and 16.30%, 6.52%), and 2. 90% of the soil Cd, Hg, and Pb were heavily contaminated. At the same time, the potential ecological risk of soil Hg
and Cd were in the medium risk level on the whole. Wuxi County and Wushan County had relatively high pollution levels among the 12 districts, the Nemerow pollution index
showed a moderate pollution level, and the comprehensive potential ecological risks were also at a moderate ecological hazard level. The results of the health risk evaluation
showed that hand-mouth intake was the main exposure path of non-carcinogenic risk and carcinogenic risk. Soil heavy metals presented no non-carcinogenic risk for adults ( HI
<1), but 12.68% of the sites had non-carcinogenic risk for children (HI >1). As and Cr were the main influencing factors for non-carcinogenic and carcinogenic risks in
the study area, and their total contributions to non-carcinogenic and carcinogenic risks were more than 75% and 95%), respectively, which was cause for concern.

Key words: Three Gorges Reservoir area; paddy soil; heavy metals; pollution characteristics; risk evaluation
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Table 1  Statistics of soil pH and heavy metal contents

i H pH cd Hg Pb As Cr Cu 7n Ni
KA/ mg-kg ™! 7.94 0.73 0.28 78.98 18. 44 161. 40 79. 16 165.25 78.09
f%/MH/mg-kg ™! 3.52 0.06 0.01 7.43 1.23 18.45 3.15 29.08 5.53
S/ mg-kg ™! — 0.25 0.08 44.03 8.05 63.98 26.08 84.25 34.89
bR/ mg-kg ™! — 0.14 0.05 16.10 3.40 23.69 14.51 24.50 14.57
AT RE % — 54.18 56. 43 36.55 42.27 37.03 55.65 29. 08 41.76
S X Y 5/ mg kg ! — 0.13 0.05 23.88 5.84 78.03 25.00 69. 88 29.47
K+ Y S/ mg kg ™! — 0.28 0.07 28.10 6.62 74. 40 24. 60 81.90 31. 60
1) “—" FoR B M E R
2.2 Kﬁt%%ﬁmiﬁéiéiﬁéﬂﬁ IR B o (Pb) FEHIE N (59.26 +16.91) mg-kg ™',

12 X EATH -1 4 HOAMWLE 2. £ BEEX LT R 2. 48 £, EIKT LR

¥ cd fzmﬁﬂlma%%’rm ?FJIII: F=HBEL AN A
A%, Hop, I EAY o (Cd) SFEH{H M (0.39 +
0.18)mg-kg ", =W X +HETT R /Y 3 £%,
FPCH IR W 139 1%, B ES THEKX
B Heg fEARBREL | 7N X AR X e, B
BORERERAL, Kb, MR EM o (He) FHITE K
(0.13 £0.07) mg-kg ™", Ji& =W g De—f e #7 5t (EL Y
2.60 1%,Efkfﬁj:i%%?z‘?%ﬁﬂﬁl 86 fix ﬁ%m?ﬁ%

SAEAY 2. 11 5. As fEFA B M ARR B A0 7E K
75 LB ELBAR ; o FAREAY 0 (As) SFHIME N

(10.77 £3.54) mg- kg~

1 1. 84 %, P T 4 3%

db =
H A%

R W X - MR

fi #1063 {50 744

EAERTT S M A 250w, TIUJ%%H@%K&E
Cu P H (B 7 AR 1 2L S B e ﬁ;u% K7
E%ﬂ%w%&ﬂi& Zn! T%ﬂjfél‘f%w% $%IS~E%H
Ié’%%ﬁm,f@%%ﬂﬁ&%?ﬁ lefzfjﬁf$

ﬁ‘)‘!‘.i'lXﬁ'l\EI‘J E% Pb 7= FHE: | %ﬁ %ﬂ”ﬁ;’% %IS%%H(*‘VE%TW Tﬁﬁl_ jm%ﬂ]@%-
< ety b B ARG AT T '
| i |
- F2 ,xn I:Ejaﬂﬂztiiiiﬁﬁﬁiﬁ?ﬁ”/mgkg“ '

a8 Fable 2 Distribution of hed{iy rﬁetal*contenls in paddy soils of different distriéts and counties/mg-kg ™'

wht | g, 1 p L g L g Cr Cu Y Ni

KHEK . 0426 +0:13bc 0.07£0.03¢c  52.12#15.05ab 5 1251484 73.94 +27.64ab  18.26£9.67cd  90.49 +22.68ab 19.96 £6. 16e
WX 0.29£0.15h¢  0.07£0.0dc  31.95+12.77d 7.49£2.72bc  68.19 £27.15b  22.25 £11.60cd 81.74 +21.03b 47.38 £15. 12ab
REEX Y 0.20 £0.08cd 0.08+£0.04c  40.78 £14.44bc  7.95+2.51bc  54.68 £16.99cd  32.81 £11.67ab 88. 18 +24.42ab 33.95+11.82¢
E#FE  0.18 £0.08cd 0.06£0.02cd  48.34 £11.06b  10.77 £3.54a  67.80£21.79b  34.66 £16.09ab 93. 13 +29.39ab 53.25+12.55a
AR 0.29+0. 11he 0.05+0.03cd  36.73 £14.40cd  9.10£3.62ab  60.10 £9.17bed  30.29 £15.91b  76.74 +15. 18be 37.51 £5.65hc

BE 0.16£0.08cd 0.05+0.02d  34.27 £13.48cd  5.58 £1.83cd  52.61 £12.32¢d  15.48 £9.23d  67.57 +17.63¢c 25.91 £11.57de
T 0.22 £0. 14¢ 0.11 £0.06ab  45.19 £15.79bc  9.66 +£3.74ab  63.31 £25.12bc¢  20.57 £11.18cd 85.10 +22.22ab 31.44 £11.89¢d
FHMIX 0.14 £0.09d 0.10£0.05b  44.24 £13.54be  9.04 £2.80b  57.73 £10.08bed 26.88 +13.06bc  79.36 +19. 56bc 41.05 £10.41b
wfHE  0.300.12Db 0.09 £0.03bec  59.26 £16.91a 6.77+2.27c  78.90£29.05a  28.88 £13.06bc 87.16 +20.97ab 41.40 £13.75b
ZWH0.27£0. 11be 0.09 £0.03bc  54.45 £10.69a 6.04+2.31cd  83.44 £30.68a  19.73 £10.00cd 96.18 +28.61a 28.59 +£9.84cd
AZE 0.33 £0. 10ab 0.13£0.07a  38.61 £14.23cd  10.65£3.27ab  58.99 +12.41bed 38.66 £16.67a  92.78 +27.78ab 34.40 +7.68c
AIE 0.39+0.18a 0.08 £0.04bec  42.46 £13.81bec  8.44 +£3.30bc  48.12+16.10d  24.47 £12.17be  72.57 +21.25bc 23.84 £12.46de

1) [a} =3 shR e

2.3 MHLEESREIYIMN

INEFRRRZER BE(P <0.05)

8 FhEE & Jm BN F 15 Y48 B BME (B 2) .
Cd(1.94) >Ph(1.84) >Hg(1.60) > As(1.38) >
Zn(1.21) >Ni(1.18) >Cu(1.04) >Cr(0.82). Cd,
Cu, Zn Fl Ni ¥JFFAE 52 BET5 YL 30

Hg. Pb,

G, AL Bl 41.67%
17.39% . 35.51% ., 70. 65% #1 57. 25% . [
Cu F1 Zn 53 547 22.83%,
7.97% F 2. 54% 14 +

58.33%.
ff,Cd, Hg, Pb. As,
21.01% ., 42.75% . 13.41% .

As. Cr,

45.29% |

40. 58% .

HERE SR R B V5 Y K. Cd, Hg FI1 Pb iR f7 7 H

FEVS Y PG, AL 5 4 o 16.30% ., 6. 52% FI

2.90% .

S Eﬂiﬁ%ﬂ’]{%ﬁ{a L.

AN X E 8 Fh 4 @ i N 2R TS
0.81 ~4.26(E3) , " F¥EHM2. 11 ,%MSL?EPTE‘E‘
PRV X BT R MEE (2.57) > BRI A
(2.49) > =FHE(2.39) > HMIX (2.21) > ZEFHH
(2.12) >THEBEX(2.10) > KEFIX (2.07) > FHE
(2.05) > AHEE(2.02) > FFMIX(2.00) > zpEX
(1.82) > HBEH(1.43). BB MREEX A THES

Horp 38 Cd 15 e i Lt s, RS X

USR]



3524 I 4%
YK HE X B AL BE G YK, Hodr | AR R cd &
AR L35 %ﬂ“?l‘ﬁﬂiim T KT 0
i FE N 21, 74% F1 26. 09% , 1 BE 15 YL ok S s A Ni 60 He
SN 56.52% I 52. 17% . M BI5 Y B 1 R A% | A4 :
8. 70% B sS AL AL T i 35 7 /K-, 86. 96% 1 i 4b T I
B YOk A A SRR B TS G K 10
6L Zn -£ Pb
i T i
w4
b :
B .
i B X Cu As
= H | % AT o
L
%‘ H4 STHEESBEEY
oF AR Fig. 4 Ecological Tisk index of individdal éiérﬁ-e... ) I
“ gz ;tj;_;m:ﬁ;% " oy 1T 4y SRR P (E H 162. 74 AU?EPT“
Fig. 2 Rsulls of mdivl:malaeler:en: ;:Hulion inde;::f &fE $7qu FERPERE SR R % 47— 64 W
361. 47 u% %nflﬂf“i e E W E, %aﬂﬁj‘t
SE S i = 34 42%%1;60 14% , BA47'5. 44% Eﬁiﬁ%&iﬁ%ﬁﬁi
— P - *Fiﬂiﬂ% KT B BER T34 {8 9 2 I@%&I;
o TR (225.89) FAEIIEN(192.69) > E I (184.83) 8
2 .l T (180786) > T BEIX (172.96) > i B
@ Y I, (157.46) STFHHX (157.15) > KPEX (152, 41) >
% 2| §| SR E(148.97) > KA X (145.18) > £ 45
£ J u L (139.72) > 8H(97.19). B E EE%‘IS% KAFIX A
o i RS TR A B S E KR, e X BBk T
N U A 5 KT AL S Tu%tﬂ,mmﬂaﬂj
E % % % % B % % % % % g PAEARIZEL (361.47) Kb T B A 415 K, B

B3 FARERENEFESFTREH

Fig. 3 Nemerow pollution index in different districts

2.4 T - 4T 4 Jm v A AR AR AU

8 PRI E, SFIHE (K 4) 9 :Hg (69.42) >
Cd(56.32) >As(13.79) >Pb(9.22) >Ni(5.92) >Cu
(5.22) >Cr(1.64) >Zn(1.21). Hg Fl Cd 7LD
fi 5 AR vy, S AR T rp B A . Horp ) - 48 He 1R
5 ﬁir“%nri:r“ﬁi Eu/\”lJ;E 3.62%. 29.35% F
45. 65% , HoAp Wi ; 13 Cd SRR EE A
F{J_ﬁj\ﬁ'hﬁ 20. 65%%[140 2%, Hoa g e, H

SR ARG E. WP 5T Xk 1+ He, Cd, As
%u Ph St = X I (i i 2 5 A A
{HHA Heg A1 Cd A7 7E H BE A5 35 19 s A, 9 5 35 M
B ERE Y 40 F1307°) mm T HEEAE, KW
BT A 4R SR AN, B R 1 2R B
W2 He Al Cd WA fe FE R m i R A,

IME L IRTE BB (47. 64) . T 4B ICE X RI 1957
BkRKF, Heg 1 Cd 19 5THK % 43 5] 42.66% F
34. 61%, £ 77. 27% , R BIBFFE AR 1+ e 4
B A5 5 R He A1 Cd 5.

w0l 0 Rufit
—— RIHi{
= ] S
= L
Q?PUU
w h
5200- %
= a
4o
H B
100 |
0 T TR S TR T T N R R R SR
8 ¥ R 4B T EE £ ®R I
LERKER OREN®ES

B5 FARARBGEEEESREEY

Fig. 5 Comprehensive ecological risk index in districts



6 VLA 45— 2 DX P M o 5 Ja 95 YA e S XU DA 3525

2.5 AR KU PR
2.5.1  AREUEAR:

FeiH i E SR 3 PR ER IRAR HQ -3 I3k
3. 3 PR R ERIRAE T, BAMULE HQ P 3 {EHY
RIA HQpripen > HOQ s > HQupgg o FeH, T
F OB E S8 & b R 1 ~3 N5
9, RUITHIEAJE 8 P 48 X R L E RS
AR () R B R R R AR, 8 PP &R AE 3 Pl R R iR

T ILEFBLA R HI 43508 0.79 F1 0. 11, X JLE
)1 50 RS - Y (B 2 i S i AE, JF B 12. 68%
(RS HE > 1, oK ME A 1. 81, R IARG I 3 nT g4
XL i AR BUE K. 8 Fh i 4 B 7 3 Fh R R ik
2 HI SEBE RN 5 M . As > Cr > Pb > Ni > Cu
>7n >Hg > Cd(JL#) fil As > Cr>Pb >Ni > Cu >Cd
>7n >Hg (BN , LI 4 J@ HI Y/ TFE58fE 1,
Ut BH BT F 4 J AN 20k A AR A E B0 KUK

®3 ARESFTEEFEBEREITNER

Table 3 Results of non-carcinogenic risk assessment via different exposure paths
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TCR 5.50E -04 7.70E -05 9.49E -07 5. 14E - 07 2.50E -05 7. 64E - 06 5.75E -04 8. 46E - 05
1) “—" R BA B
IR AR X B LE A TCR WL 7. 4% 3 Wi
DX EHUm MBS RN R B E > mHE > FHE >
T > AR > B > KA > LB > TP 0 1 D 4 % 5 B4

TR EE R R B B K AR
17 16.30% , 22. 83% f141. 67%. ﬁﬁéﬂ%i'fﬁm R

X >R > AR E > BB pra X BfgH - E
@3 JLERY TCR FHE & F 10 4 @il #%

VIS BNV WNGHE:S €/ S ST B 6 e B L S
R TCR i, 4 JL & RS B9 TCR 4% 31 %
6.65x10*19.84 x 107", BB TCR *Hs‘i]‘mﬁ&

% L3 A BLTCR 43514 4. 50/x 10 A 6. 64 X
1ofrmc&mmi%iA@ﬁmAm%ﬁmh
TE L2 K P ﬂﬁﬂz&ﬁﬂlh 15 (. ,R&ﬁmmr
jﬂ‘ﬁ_ﬂf&m ‘@.T@b@ﬁ—f bﬁfﬂﬁﬁfﬂl@;

1L60E-3 |+  JLiit
1.40E-3 |

2 1203 P

|

S ooE-3 | ‘

il

= -4l

§ 8.00[",4/ \

m  6.00E-4 -|H D H. j | é .
4.00E-4 \ H
2.00E-4 | /

0 1 1
240E-4 A
2.10E-4 |

—  1.80E-4 |

5 |

[

2 150E-4 F W |

3 |

L coq - |

§ 1.201.4/ ]\ '. I /

T 9.00E-5 ¢ \ (1) H ¢\|
6.00E-5 H l |I
3.00E-5 |

0 1 1 1 1
b2 b omf omf mf ¢ om o om{ o
# & 8 B i 8% £ £ E £ B I
M o#E o # " =K M % 8 =

E7 AREXEILEMRHASBUEXE
Fig. 7 TCR for children and adults in different districts

TEAR I EL A7 B4.78% (k4 Cd 0 i, Tk
RAEE 48,70% -4 Cd f@ai)‘rﬁﬁt{éiﬁqf%ﬁ
#mﬁﬁ:%ﬁﬁigﬁmEﬁmE%Eﬁﬁﬁ
B Cd 54 R B bR 609, Kb h 4
TREETG Y, iﬂ;ﬁﬁfﬁ{a 7‘9?%7J<Eﬁﬁﬂﬁ7kﬁﬂ%n¢f&
AHSE A AT I 08 (45 K X B AR
@Hﬁﬁmﬂ%kaﬁﬁW#I?Aﬁi Gl

G, A IUJE»%HI@%%?FE?K,ﬁﬁ*ﬁUB’Jiﬁ%i
ﬁﬁkl,mﬂﬁﬁﬁ’éafé—fubm Cd #HREZEA
SRUR . [l R AR P A v Cd il ad K
SULMESEATIERS , th ] fE R4 X 3k H1E Cd & 5%
TR AL BLAh A BT R0, 1 pH (R LIEE
il 4 AR, ST S e o 4 R AR RS . b
MRk A ] b 45 3R] AR 3R AN IRER T
P | AR EASHFRAE FAIE ARG ik - 4 m T K R
/‘%ﬁ&éﬁ%ﬂ-ﬁ%wjﬂsﬂfﬁi%mzﬁiﬁ%iﬂxzﬁ
Bk R AL R PR, e B HEERZ IR pH 45 11
PRI, MR Cd 76 L3P IR A A
WFFE W, R I 1308 pH AR 21958 Cd E’JJZ‘@
FAE Y] A A, AT Cd #F 58 2R X
60 ARHF ST v, 3 Cd R e O S (L A A
pH {EHY/NF 5, F M 5T X 3k 1+ 38 Cd &4 X 3
BEAE T Bk + v, 5 22 0 4510 B 5% 10 45
AHALL.

fEH + 58 o (Hg) P15 (0.08 +£0.05)
mg-kg ' JETIRFEX HIEE R B 16 5,
TRk R A5 R A A = ek FE X Y5 R D He %
B OEHAGEE T 1A X E 4 A AT AR
AT 12 AXE A X ERH 1 He 278K
A S U PR 45 5% S 7, R 9 DX O RS 3 He 7



6 VLA 45— 2 DX P M o 5 Ja 95 YA e S XU DA 3527

P A A A o ey, B 0 R R XU K 7 L
SN 3. 62% . 29. 35% Fl 45. 65% , Fl 3k il 442 %t
TSP X[ AR VR A RIS 4 ARG (H R T
W, T RFEIE S R A ol i b AT B8 e 1 A7 7E
R 25 Y R A 22 5, LB R IEA TR
B DA B 235 SR ] R 2 D v VR A A A XU DA &5 21
KM .Hg>Cd >As >Pb>Ni>Cu>Cr>Zn, 5H
715 Y P 45 5 (Cd > Pb > Hg > As > Zn > Ni >
Cu>Cr)H—EZR, g5 U, s
T Y B EE I R 4R A TS YRR B i
WS EERBUAGEF IR T B RS
(AR5, FLREPE IR N 3 H00E i 4 Jm e R A
DRI sk g SR B A T A IE, A — R E i &
W

FHX BAEH IR E S BTG A =T, WY
AT PR B RN ZR B AR e F R EY iR AR
VR ELRIAR L B RS 432 5 YL B R A IE%Q
B RIARE B B R AR =B R T B R
()2 2 7 0 A, + e R R b E 4 TR o A A

B X 2 AN KB PR Bl R A

VT8 e A B e e

/ Cd(0.41%
Cr(34.64%) }lg:04l":;
Cu(1.00%)
Zn(0.43%)
T
As(40.96%) .
Ni(2.77%)

\ Xh: 19.34%)
\-\"""—u._._

JLE

AL B 4 He A1 Cd &8, i, X 2
ANX L 77 YR AR 5 . A9 e B A L 7 o
PRI, T 28 30 211 R ok B A s e e
TR A TGN = W PE I S B L, LSRR
[ AESRELE 1, 32 BB Tl 3 306 A B, 4
T B . WA 1 91 %t 5 A0 8 T 0,
BT 6 ol B563E , 32 TV % shpniise /I, T4 & it
AR X B AR

ek FIE XU, P 245 52 0 L3 BB L AR A2
AR F0R AU, (5L 19 1 B0 KU 2 Y 6. 94
5, RS TR, S5 B SR ) ]
T 12, 68% 119 245 £ 6k )L T g A1k B0 KUK , 3ok i
AR JLHEAE BE I 2 T4, 9 L e,
ST T R i R T 4 A 03 A 5 i L
LRI A5 2 VR 1 1 Rk A58 4, AR ple e
55140 R T S 8 P O KU A P8, As
1 Cr %L B B F Tk S0 U ik 3 e g,
1, As Ty 40.96% Fil 89, 91%, Cr /344649 A
35. 96% , 3] As FCr O k4 B AR Y
FIE T, 5 WA ) 76 TR L
BRI R |y & &

s

P

B8 JILEMMAEEEIFHERRTEHE

Fig. 8 Contribution rates of non-carcinogenic risk for heavy metals in children and adults
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