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Fig. 1 Geological map of the study area
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Table 1 Pollution index classification of heavy metals in rice
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Table 2 Ecological hazard coefficient, index and hazard rating
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2.1 KBEHRTELSEREVEERH
SRAEIR) 43 (R /K REFF S il R & i S EUL 3R
3, Hirp Se 8K 0. 064~0. 372 mgekg ', FHMH K

0.152 mg+kg ', MKIE(GB/T 224992008 & ifi f§
BBREST JFFEIX P A3 K R iR i 423 o & G
IKAEHRUESE (0. 04 mgekg '), B AL 10020, 7KAH
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0.191 mgekg ' KFFTAN SRS EYE TSR,
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Table 3  Statistics of element contents in rice and related parameters

e FE A5 J%%/Mﬁ/ E'&j({ﬁj ?ﬁiﬁf . KEE‘@/ AR/ 1 fich 7z 9
(a5 (mgekg™ 1) (mgrkeg ") (mgekg™ ) (mgekg V) (FEEBE/ P %
Tl As 43 0. 036 0.177 0. 09 0. 030 0.2 0 0
cd 43 0. 038 0.513 0.191 0.136 0.2 14(6) 32.6
Cr 43 0.016 0.037 0. 022 0. 005 1 0 0
Hg 43 0. 001 0. 021 0. 003 0. 003 0. 02 10 2.3
Pb 43 0.011 0. 092 0.034 0.021 0.2 0 0
Se 43 0. 064 0. 372 0.152 0.070

AR AW s 5 R (BCE) Sk R AE K AFXF
TP TR IR E R E, FKR N BCF=
IKFER TR B B/ IR T R MR . E et
WFFEICIN 43 KA B A 2R A AR E 47 A 0
IEITTR G EN IR A E £ R
(3R 4), BCF F ¥ {H K B /NIy Cd>
Se>7n>Cu>Hg>As>Ni>Pb>Cr, HH,Cd

ALY B S R RO 0. 058~0. 920, F H{H fie K
(0.267) 3 i T HAM T G J& o0 & S WK A Xt £
3 Cd AR AT RE g AR X 52 o . B H Al DT K 5 7 A
HAR. Se ALY E LR N 0. 117~0. 465, F
PIER 0. 207 LK T Cd, JLBE T Se A H] K
T 5% iz BE ) B0 T BR Cd RSN B H: Al <5 )
JLE

*4 KEELERELENENEERY

Table 4 Bio-concentration factors of heavy metals and selenium in rice

JLE As Hg Cd Cr Pb Se Cu Zn Ni
Ei/]\ﬁ 0. 006 0. 008 0. 058 0. 000 2 0. 000 4 0.117 0. 054 0.133 0. 003
e RAH 0.032 0. 149 0. 920 0. 000 5 0.003 3 0. 465 0.103 0. 240 0.021
%Ziéjﬁ 0.015 0.037 0. 267 0. 000 3 0.001 2 0. 207 0.077 0.183 0. 009
AP R A KT 22 i 2 2 B, Horh 3

T R AT U 2t S T S B 200, AR AT 04 018660400142 R

BELERL R IS X 42 )2 -+ 76 £ ek 22 Hb R 7 75 P e

TS5 WU A i AEAE R L KRG AR 2R v i o i E

RIS s KA Se it SR L Se gt R B FIE g@ 02

FAE (B 2) MR ECH 0. 568, HIEA ML & R 7

B B A 7 5 Xk 1408 Se U, 1A - AT LT -

SRS R RO AR, A 0 S T S R—

P+ RE Y 2 3 DR 45 48, 3% K - LSk |
L DT 3 SO B Se B8 770 5i » A AL 5 8 s g )
WEBF Se BEJ R . I BB 40
AT ETE S Se o FE—E 2511 T W e b0 5 i/ E W)
WEACIY Ses BRI, AKAG H Se 1T REF 43 2k I Fix £ 4%
LR Se. MR AEF S5 AT AR - AFFEIX K
MR LI A YLR & RO 23~36 g-kg ', 73y
{60 29 gokg '\ P AE—BF K A AT
IR A3 Se.

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
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Fig. 2 Correlation of Se in rice and root soil
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0.09 mg+kg '.0.022 mg+kg '.0.034 mgekg ',
WHR(GB 2762—2017 & % 2 H ZhnifE £
T5 e B ) KRR A 75 Y W B B (B bR o, T A
FER IR 6 B i Z 2 E KR e AEE IR BLAR .
Cd & HEM 0.038~0.513 mgekg ', EHEHEH N
0.191 mgekg ', 56 V5 YL ¥ BR & bn ffE XS B A
4 RS A 7E Cd @ Fr. Hg & &4 0.001 ~

0.021 mgekg ', & TE N 0.003 mgrkg ', H 1
R He MR . #1598 XN AR K R AR & 13
FKAF L KRG Ao BT BN R R A
KA BE 57 FER R T i b AR B B 5 R )
AR 3 4 TR B BT B A AT KU B 2 . A
AR T KU A A A, 3K O Cd
JTLH .
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Table 5 Statistics of content and exceeding degree of excessive elements in rice

Frigis  Cd/(mgekg™) Hg/(mgekg™h)  CdEj Hg-E; BFRTR AR
SDo2 0.403 0.003 4 2.014 0.168 Cd o E B AR
SDo6 0.185 0.020 8 0.925 1.038 Hg R BAR
SD07 0.238 0.005 4 1. 189 0.268 Cd R BAR
SDo8 0. 401 0.003 1 2.005 0.153 Cd B AR
SD11 0. 254 0.002 3 1. 271 0.113 Cd B AR
SD27 0. 504 0.001 0 2.518 0. 050 Cd W bR
SD28 0. 330 0.001 9 1.651 0. 095 Cd 1% B R
SD29 0. 260 0.001 3 1. 302 0. 065 Cd BB
SD30 0.513 0.001 1 2.563 0.053 Cd B AR
SD32 0. 391 0.002 3 1. 955 0.113 Cd R BAR
SD33 0. 336 0.001 8 1. 678 0.088 Cd R BAR
SD36 0. 427 0.001 7 2.136 0.083 Cd Gilig ik
SD39 0. 456 0. 002 2 2.280 0. 108 Cd HE R
SD41 0.315 0.002 9 1.574 0.145 Cd 2R bR
SD42 0.242 0.001 6 1. 209 0.078 Cd B ABAR

A3 PERE K AR 25 5 A R PR A 25 R R (T
3) A 15 PR G R AR B BR R 34900,
Cd. Hg HIARAREFE i 1 25 52 A0 8L [N 7 B AR 45 200
5, Hop 14 fRpe il Cd AR . 8 FRRE AL 2 B AR
6 PFRERDE S EbR ; 1 AFRE AL He HibR J8 T
bro BB KR SISO T e Cd KU X AR & 4
SO T 2 K R L DASS R E 0 L R B
Jot A R R e 28 AR W Tt G A T 3 nfr AR
Yy bkt . AR KRS MO DCHE MK R B3 28T
e HLGEE A4 K P RERGEMIE ARG R, X
PO A v e A T R BE Y R R 1) T
M o FEFE 2 A0 W W B A T A2 B ) 1
IRz E R, REPROUR G T
W UL A B8 R BT S AR 2 i e B B

ML T A L3R oc R A
] PR, I A B W T TR AR LR e
Pro 7KFE Cd SR 1 38 4 48 Fr AH G PE 43 A 45 21
(£ 6) /R AKREH Cd 5RA TP Cd.Se K+
Herh 5y ol K R A A 2 CdL A 30 Se 35 2 1 A
X%, S5 B PR i (CEC) B AH 54, 55 pH (&
ARG,

25 LI s WY X N K R AR A 42 A Pk XU 1) 5%
M G2 F %k Cd, Hak oy Hg o MR 48Pk i K 4
JE& TG YR KRS T i B B 25 As . Cr )2
Pb e R RS &M R EE. TR N
IKFEAFAE— B E S L N, B2 F IR
S JEANK R I T RS A 5 WA AR P e ik
215t FH A N AN RE I
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Fig. 3 Evaluation map of rice ecological security in the study area
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Table 6 Correlation coefficients between Cd in rice and some elements

and indexes in root soil
Ui S LR e WS e o
ARCd  Se A Se CEC  pHE
JKAE Cd 0.299  0.298 0.18 0.255 —0.259 —0.344"
s x FRIARAE 0. 05 7P COUD | i FAH G
KIBESBTEEEEN

TR B A s Y 8 0 256 15 G 1 O AN 45

REER D IR WG N R 73 /KRR i 244k T4

TR
Cd

2.3

R BERK br Cd LA, KA TR Z Y%
FIVEE AL 5 33k 97. 67 % LA B, Hirp Cr,
Pb.As 0] ik 100 % , {H 0 F — & £ &2 FF 5 ik 2
TG RE. He c ZREG Y5t 2.33%,
CdLZER B Y 5 1L 18.60% , H V5 4L (5 1k
13.95% . LHEG Y., KBESBLG AT RE
JEZE A 28 1, T 65, 12% s B 5 .
Bt 11. 63 %6 ;35 875 Y S A AE & 10 7F, &3
SRR EEVS Y, 5 23.26 % oL H IS Gy,
FEZWITE N Cd,

R7T KBRERSREUREEFTREHITNEGR

Table 7 Evaluation results of single-index pollution index and comprehensive pollution index of rice

e As Hg Cd Cr Pb Peya
b Bo Bl 06 B /% Bow o W/ B sl Bow o e/ Bow i/ %
1 41 95. 35 42 97.67 20 46. 51 43 100 43 100 28 41. 86
2 2 4. 65 0 0 9 20.93 0 0 0 0 ) 30. 23
3 0 0 1 2. 33 8 18. 60 0 0 0 0 10 23. 26
4 0 0 0 0 6 13.95 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0
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(B ANIREERRE KU IE A& 2R DL 8.

®8 AEERKMEITMER

Table 8 Assessment results of human health risk

HQUKN) As Hg Cd Cr Pb THQUFE )
SEHE 0.181 0.035 0. 638 0.025 0.019 0. 897
=>1FER D 0 0 10 0 0 13
<TCRER %0 43 43 33 43 43 30
HQUL) As Hg Cd Cr Pb THQULE)
FHIE 0.217 0. 042 0. 766 0. 029 0.023 1.076
>1 RSO 0 0 12 0 0 19
<TCRERAEO 43 43 31 43 43 24

H % 8 AT, B KL HQ 3 (E M K F] /N
¥k Cd>As>Hg>Cr>Pb, H& H 4@t Z HQ
SERE <1, H i A Cd.As,Hg.Cr.Pb 1 HQ
SERSE 43 ]k 0. 638.,0. 181, 0. 035, 0. 025,0. 019,
i JL# Cd, As,Hg,Cr.Pb & HQ (& 4 5K
0.766.0.217.0.042,0.029.0. 023, A& b 5w
T2 IR AN A7 AR AR B (g AR . A A T At
&JEItER . Cd 1) HQ F-¥{EAE RN R LE ¥ h e
Ko AR Cd JuE HQ FHME N 0. 638, HQ {EH
i 1 BIRERECE 10 14, e 23. 26 %05 JLEERY Cd oC
£ HQ F¥ME A 0. 766, HQ {E#A 1T 1 AL M EA
12 4, i E 27,912, 3X 2% B J5 5 b X K F v
Cd "] fig 2 X N B L FE 7= A — 2 i fd B XU . L
# 1) Cd, As. Hg.Cr.Pb i) HQ “E¥J{H ¥ & F il
N R E FA 7 K R A 0 4 @ ok L i
B e B XRS5 N L X AT B SR T L B IR
E R N N Al o s Bl P N = AW
BEE HEM T BEAE 55 . As.Hg.Cr.Pb &0 &
HHEARYKT US EPA (93 % R &, %
MR

K HQ Al THQ s A FI LEE 7647 i XU
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Table 9 Evaluation results of potential ecological risk of root soil

JLE B i R R5R LT
cd 1 27 15 0 0
Hg 43 0 0 0 0
As 43 0 0 0 0
Cr 43 0 0 0 0
Cu 43 0 0 0 0
Pb 43 0 0 0 0
Zn 43 0 0 0 0
Ni 43 0 0 0 0
RI 42 1 0 0 —
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TS FENEF WA, SR 43. 1850 H ok
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Ecological risk assessment of heavy metals in soil-rice in a typical

selenium-rich area of southern Anhui Province

TAO Chunjun', LI Minghui', MA Minghai*, ZHANG Xiaorong', DU Guogiang' , LIANG Hongxia'
(1.Geological Survey of Anhui Province, Hefer 230001, Anhui, China ;
2. School of Life and Environmental Sciences, Huangshan University , Huangshan 245041, Anhui, China)

Abstract; In order to understand the ecological risk caused by heavy metals in soil-rice system in a typi-

cal selenium-rich area in southern Anhui Province. 43 rice grain samples and root soil samples were collect-

ed in the area. The ecological risk of heavy metal in soil-rice system was evaluated by single-factor pollu-

tion index and comprehensive pollution index method, hazard quotient method and potential ecological haz-

ard index method. The results showed that all the rice samples reached the selenium enrichment standard.

The ecological risk of Cd in rice grains and soil was high, with some rice samples exceeding the limit. The

average THQ values inside the adults and children ingesting heavy metals through rice consumption were

0.897 and 1. 076, respectively, indicating that children have higher health risks than adults, and Cd is the

main influencing element. The study area is generally at slight ecological risk, while some Cd elements

have reached moderate and strong ecological risk.

Key words: selenium-rich soil; heavy metal; rice; ecological risk assessment; southern Anhui Province



