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Cd Pollution and Safe Planting Zomng in Paddy Soils: A Case Study in a. DlStl‘lct
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Abstract Rice has a sfrong ab]llly to accumulate Cd in 9011 and 1;15/:& grﬁgﬂlgmﬁcame to study Cd polluuon and sale plariting zonmcr in paddy soils. In this work | 30ﬂ  sets”
of paddy soil-rice samp],ea: Wergé-simultaneously col ected in 22.&'0Wn m.a-Distfict of Chongging, and soil pH “soil total and available|Cd contents, and hrgwn 1ieE Cd contents™
were determined. Soif Cd pollutlon was assessed usmg the geoaeaumuldtlon indléx, bioconcentration factors dm!ﬁhe smgle fdchr pollution index. Based onthe Cd pollution
indices of soil and brown rices-safe planting zoning for rice was délermln’gd The results showed that the'paddy“soils were generally acidic, and total Cd contents ranggd*from
0. 09 mg kg 10 1,60 mg: <kg ™", with 35.0% of sites dxteedmg the risk screening 'yalue. The Cd confénts offthe brown rice ranged from 0. 002 mg: ke ™" 10 0.808
mg kg“' dnd exceeded thefood safety limit in 13.7% of cases. Pearson correlatién d.ﬂdlyt:ls showed that the Cd content of brown rice was significantly positively correlated
with soil total and ayaifible Cd (P'<0.01). The pollution évaluation indicaed. that-‘ﬁlgmﬁcam Cd accumulation occurred in the paddy soils, with some areas showing light-to-
moderdte po]lutlon levels. The enrichment coefficients of rice to soil Cd ranged from 0. 004 to 1. 72. Overall , the paddy soils in the studied area were considered generally safe
with respect to Cd pollution, with low-risk areas distributed in the south, west, and east, whereas some medlum-high risk areas were detected in eight towns.

Key words:: paddy soil; brown rice; Cd pollution; risk assessment; safe planting zoning
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Table 1~ Soil pollution classification based Table 3 Classification and zoning of safe utilization
on the geological accumulation index for Cd-contaminated soils
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Table 4 The pH and total Cd contents of paddy soils in the studied area
o R R Cd &4 Hh %K FH(E bR RRE AR
R /A~ pH /mg-kg'l /mg-kg'l /mg-kg_I /mg-kg'l /% /A
A 14 4.95 ~7.40 0.27 ~0.47 0.34 0.36 0.07 19.6 9
B 17 4.96 ~7.46 0.20 ~0. 45 0.32 0.33 0.07 20.5 6
C 18 5.33~7.79 0.18 ~0.38 0.27 0.28 0. 06 22.2 4
D 10 5.08 ~7.09 0.19 ~0.43 0.30 0.30 0. 08 25.3 3
E 18 4.64 ~7.68 0.25 ~0.73 0.34 0.37 0.12 31.3 4
F 14 5.19 ~7.37 0.16 ~0. 48 0.28 0.29 0. 08 28.0 3
G 17 4.29 ~7.91 0.18 ~0.38 0.26 0.26 0. 06 22.8 1
H 13 4.73 ~7.77 0.10 ~0.42 0.26 0.25 0.10 39.8 1
1 15 5.34 ~6. 83 0.09 ~0.39 0.26 0.25 0.09 3.5 1
J 10 5.06~7.25 0.31 ~0.46 0.39 0.40 0.05 11.7 2
K 16 4.61 ~6.20 0.17 ~0. 61 0.37 0.38 0.13 34.2 8
L 12 5.66 ~8.09 0.28 ~0. 68 0.46 0.47 0.12 25.3 7
M 17 4.91~7.09 0.14 ~0.78 0.51 0.51 0.13 25.7 12
N 10 5.20 ~7.72 0.15 ~0.65 0.48 0.48 0.15 31.0 5
0 11 5.19 ~7.36 0.38 ~1.60 0.47 0. 62 0.36 58.2 9
p 12 5.24 ~7.40 0.19 ~0.53 0.42 0.41 0.09 21.6 8
0Q 20 4.67 ~7.69 0.11 ~0.56 0.38 0.37 0.12 32.5 %
R 14 5.40 ~7.52 0.20 ~0.76 0.36 0.40 0.16 41.1 3 i
S 17 5.07~7.27 0.17 ~0. 76 0.31 0.37 0.15 41.4 ' S
T 12 5.72~6.74 0. 19 ~0. 4947 0.31 0.32 ) 10y 31.1 P
U 7 5.27 ~6.86 0.18 ~0.49 0.32 0.33 | 0. 12 36.3 P .
v 6 5.90~6.47 [ 0.23-~0/33 0.29 0.28) . 0.03 1.9 Ay
5K 300, 4.29 ~8.09 0. 09~ 160, 034 0.36 “ oot L 41.3 T
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A | Table 5 A,vallab]e Cd &ntents of paddy soils in the, ﬁdied area \ ) l 4
T Fgc A o Al gy T i ERRM R
s |/ kN /mg-kg! /mg: kg" /mg-kg 14 /mg-kg ™! /% /%
ETL s : 0.03 ~0.32 A loos = 0.23 0.09 39.8 64.2
B 17 0.13 ~0.40 0 0.23 0.07 30.8 71.9
(v 18 0.02 ~0.34 0.19 0.19 0.08 43.4 69.2
D 10 0.10 ~0.34 0.23 0.23 0.07 31.7 77.7
E 18 0.13 ~0.60 0.24 0.26 0.12 44.6 7.7
F 14 0. 04 ~0.39 0.19 0.19 0.11 57.1 64.9
G 17 0.06 ~0.27 0.18 0.18 0.06 35.2 68.7
H 13 0.06 ~0.24 0.12 0. 14 0.07 48.7 55.3
1 15 0.04 ~0.28 0. 14 0. 14 0.07 51.3 59.8
J 10 0.02 ~0.33 0.20 0.17 0.11 61.2 45.1
K 16 0.12 ~0.47 0.26 0.27 0.12 43.3 70.0
L 12 0.02 ~0.50 0.24 0.24 0.12 51.4 55.7
M 17 0.01 ~0.38 0.17 0.18 0.10 56.0 36.7
N 10 0.06 ~0. 38 0.29 0.23 0.11 47.7 55.0
0 11 0.01 ~0.70 0.28 0.32 0.24 76. 1 51.2
P 12 0.02 ~0.30 0.23 0.22 0.07 33.4 59.5
0Q 20 0.06 ~0. 43 0.17 0.21 0.11 51.2 58.9
R 14 0.05 ~0.50 0.25 0.24 0.11 47.4 61.7
S 17 0.07 ~0.54 0.25 0.27 0.13 48.0 72.1
T 12 0.10 ~0. 40 0.19 0.21 0.08 39.0 65.0
U 7 0.10 ~0.27 0.13 0.15 0. 06 39.6 49.8
v 6 0.14 ~0.27 0.20 0.20 0.04 19.7 73.8
WX 300 0.01 ~0.70 0.21 0.21 0.11 50. 6 61.8

D AERES Cd F/RATH0. 1 mol-L~" CaCl, IKIZHEAY HHK T

A Cd AR/ et ds ¢d 20
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Table 6 Cd contents of brown rice in the studied area
SeRE R Cd F it P4k F-H{H brifE2 5 5 R FRBRAE AL
’ /A /mg-kg ™! /mg-kg ™! /mg-kg ! /mg-kg ! /% /A

A 14 0.021 ~0. 460 0. 092 0. 130 0.125 95.8 3

B 17 0.030 ~0. 575 0. 131 0.203 0.162 79.9 6

C 18 0.006 ~0.471 0. 062 0. 109 0.117 106. 7 3

D 10 0.034 ~0.204 0. 094 0.111 0. 055 50.0 1

E 18 0.012 ~0. 808 0. 045 0.122 0. 187 153.2 3

F 14 0.005 ~0. 475 0.031 0. 101 0. 157 155.3 2

G 17 0.012 ~0. 125 0. 036 0. 044 0.031 70.8 0

H 13 0.003 ~0. 282 0. 025 0.051 0.074 144.7 1

I 15 0.006 ~0. 111 0. 030 0. 037 0. 030 82.6 0

J 10 0.012 ~0. 063 0.022 0. 026 0.015 58.4 0

K 16 0. 005 ~0. 096 0. 027 0. 034 0. 024 70.3 0

L 12 0. 003 ~0. 663 0.015 0.074 0. 186 251.8 1

M 17 0.002 ~0. 116 0. 038 0. 044 0. 036 81.5 0

N 10 0.026 ~0.427 0. 069 0. 106 0. 127 119.5 2

(0] 11 0.013 ~0.505 0. 046 0. 095 0. 144 150. 6 1

P 12 0.005 ~0. 221 0. 066 0. 081 0. 058 71.5 1

Q 20 0.012 ~0. 382 0.135 0.135 0. 082 61.2 3

R 14 0.065 ~0.702 0. 162 0. 261 0.228 87.3 6

S 17 0.061 ~0.753 0. 130 0. 194 0.175 | 90.2 A

T 12 0.011 ~0.519 0,143 0.207 0.141 68. 1 " 5 b

8] 7 0.008 ~0. 133 0. 027 0.043 | 07046 105.5 ' Oy

\4 6 0.038 ~0. 145 0"'077 0. 083 JO. 039 | J" 47.1 ,(5‘

WFFE X 300 0. 002 ~0.,808 ""0 063 0. 108 0. 135~ 125 -C"r41 i
1)%%%&@&&1‘%@%@&&&4% %Bﬁgg( GB 2762 2017)% 21 Cd BRAE 02 mg-k,g“'-‘ \ U
w1, T 510. 103 me- kg ) ﬁZKWﬁ‘ﬁGQ* B Cd ﬁxﬁlu ol 'ﬁ*ﬁﬁk HESa rﬁeﬁa;ammw
WAL, KR4 GB27622017 BUEM Cd R LA m—m>) ] . ‘
2.2 T L5 Cd V5T i

BEAEHRE K Cd & REB AR f N 41-/“ ﬂfﬁﬁija
13. 7% | HABRREA EZIAE R T B/
2.1.3  HICHESHT ¢ p N
SR Pearsor 1AM , RGBS mue Cd %
B A 0 pH Cd & RFA KD Cd SRR
R FREL, SR 3R 7 Pk, TUE#H , A RGS
Cd 514 pH ER B F A, X5+ pH
BEF T 4 JE A R — Y, R pH BRI,
TIEREREE Cd FEle; IEASE Cd FEE
4 Cd &R R T EAHX,0 Hi+HE Cd 173
TR, A G FERBE K Cd S EYS
+3E Cd £ ARE Cd YRR E EMHX,
AR B HR 0. 176 10, 442, 0] +3E cd 45
FARGE S &R K Cd @%E‘JIEI%”J

M5 HEAYE Cd FENMHCRBCER, x5+
%7 Pearson HHEFTER

Table 7 Pearson correlation analysis results

T pH 4 cd HIEABAE G REK Cd
+ 4 pH 1
T34 Cd 0.083 1
HHEERES Cd -0.343*  0.501 ™ 1
Rk Cd -0.037 0.176 ** 0.442* 1

1) ** FRAE 0. 01 ZKF-(OUM) b 53 2405

o

2.2.1 HBREHSEOEGN

F5E XA 38 Cd 4 6 L SR A8 2500 25 ()
S AN 2 . ATRUE A S 3 Cd 4
HE0.3 ~0.6 mg-kg™', 5N 58.3% ; KT 0.6
mg-kg AL 17 A, FEEHAE OM N &
W[ 2(a)]. #RBRIEE(L,,) PO B[ & 2
(b)1, 51.3% sifi +3E Cd 19 1,29 0 ~ 1, Kz
FEv5 gy, R W] 4 Cd fg%ﬁ}\jwﬁﬂﬁﬁﬁﬂ%zﬁi
A BR, R RSB B Cd R, 1~

MBI 2. 7% RIS e 1,, 02 ~3 EI’J'E
AL ITE O $b, Sy rp-sm B2 TS5 . R 58 XS 4 3

Cd /Y 1., FHIME A 0. 02, Ik F & P i 4 H 13 Cd
1, P48 (0.93) MK E K H L3 cd 9 1,

(0.50) .
2.2.2 AWEEREOHN
WEFE XRE K Cd & A=W & 45 R By 25 18] 43

ANk 3 Fros. TLVE H I IX R ER 4 XA K Cd
FEET 0.2 mg-kg ' AR A B E A5 DABRE; BR
7 AEAKE AR EE S AR, 15 AN R PR K Cd
s AR BB AE T R A1 B Hi[ &4 3
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Fig. 3 Spatial distribution of Cd contents and the concentration factors in brown rice
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2.2.3  HHETFIG YR EOHN

THE ARG X R 435 Cd 7593850 (P) 1Y
FEMER 0.90,P<1 5075 65.3% ,1 <P<2
()R 33. 0% . 12 DR A 3 B AR Kb 108 3 B
WV T KO CE L) |, B ik X e 32 3 A AE P
ERAAES , R VS Yo A A A 7E O R.M A K M

(a) FIECdiT B g ¥
- il

(Bl 4(a)]. BFFEXHER Cd I5 Y98 50 (E) 1y
fHR0.54  E<1 05107015 86.3% , KR4 X Ik Ak
TFIE AT, Bk £ X IR Hh 78 PO AN AR 50, 5
GO mifih 4.3% , FLE3ATE R.B.F.O Fl N &
Mo, RS Y S LA A AE RVELS ML 5[ & 4
(b)].

(b) HE A Cdim R il
- i
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i - e F F ol . ) = a o
Fan i i E 4 Iﬁmiiﬁﬂuﬁ* Cd 7?%mﬁﬁm§'lﬁj5?*ﬁ il ;
f | | & S Fi § il i | A
) e Fig. 4 Spalidllld]%ﬁbuliog of Cd pollution risk in paddy soils |and brown rice ‘|.--"I

. i i 1 f "J
2. 3% IKHE L 2 FE X

5 Gy MERROK Ca 15 046 41, RS i

T AP X AR N 5 B R 9450, T LA
57 3% B SR 24X, 33, 3% A AU g FEAC %
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3 iTfig
3.1 3 Cd I5 YL S R

A Hb B RN 2 D 75 SR BT 4
BFSE X ARG 1 Cd V53 3 B P e IX L FL O
M B BRE BT A SR TS Y. O M B4R
PEEBRIX , A i ShIE, T R 13 Cd ;0
1M LA B A Tl Bl X, = HER AT i
SEE S B B Cd 5. A AR R ORI B
FIYARBOT M R B Cd 5 B AE P R
(PBE) BORREE) M1 TR ). R MMHE AT IFR
AT AR B %+ 1 Cd 15 YL SR A A S %
B LSRR T3 3 1 1 O 5 52 8 6 4R s

SO e T A KR 2 A R

L

AP IR A AT 3h 45 I & p s
Jita SN AC R g A 2 A LR 45 25 38 3 cd &
B P LI, YA R LB AR AN F 2SI A A
FHRCHE , 25 AR H -4 Cd 15 5L/ JE A

FCASAR SRR K Cd S R, 14 Cd &
AR RILF] 35.0% , MikE Kk Cd & BB ARRN
13.7% , 13 Cd Fa @ i s fr, Bk Cd & Rkab
. ARPEA I PTES R K Cd Fri S i cd &
AR S E RN EAA HS EAREES
Cd FaMHSCHE TSR, AR R, Y 2B d
RKFE FHT Cd 78 R W AFAEIRA, AR
VIO < A 1 o R el o N [ M S A o /RS IR 2 254
7 L HERIRE K Cd AR A AS DL L A B 4 38
AIRE 5K R i FP oA 50 84 & BT SR IX 2019 4F
FhHE 20 Z24~7KA8 SRl AS ] & AR AG K R 32428 1)
WS AN ] 0 A RS Cd i - pH
SR I ARG, IO RO X B R R
8 Cd WAEDIARE S, Ao POKRE e LB ER, ]
fifi £358 Cd Fr A HEFR, o] RE XS iR K Cd & =4
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