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Abstract: The characteristics and sources of Cd, Pb, Cr, As, and Hg in paddy soil samples from a county in Hunan Province were analyzed.
The pollution characteristics and ecological risk of paddy soils were evaluated using the single factor, comprehensive pollution, geoaccumu-
lation, and potential ecological risk indices. The sources of heavy metals in paddy soils were analyzed using geostatistical information map-
ping techniques, conditional reasoning tree models, and principal component analysis. The average contents of Cd, Pb, Cr, As, and Hg in
the paddy soils were 0.729, 49.9, 79.2, 19.8 mg- kg™, and 0.244 mg- kg™, respectively. A comprehensive pollution index exceeding 3 ac-
counted for 14.2% of sites, while 74.9% of sites were mildly polluted and above sites, indicating that paddy soils in the studied county were

contaminated. The average comprehensive potential ecological risk index was 84.9, indicating that the county is experiencing a mild pollu-
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tion level. The contribution rate of Cd to the comprehensive potential ecological risk index was 65.97%, and it was the main source of eco-

logical risk in the paddy soils. The Craig space difference found that high concentrations of Cd were mainly located in the industrial base of

the county. The conditional reasoning tree model indicated that the Cd in the paddy soils was mainly related to the distance to the enterpris-

es. In addition, the carrying capacity of livestock and poultry manure, distance to industrial and mining enterprises, and the amount of add-

ed grain were also related to the source of Cd. Combining with principal component analysis, it was found that Cd and Pb were mainly relat-

ed to industrial pollution sources and transportation activities. Hg and As were mainly related to residential activities, residential and indus-

trial waste stacking, and sewage irrigation, while Cr was mainly related to natural activities. The pollution level of heavy metals found in the

paddy soil of this county in Hunan Province was mild, and Cd was the main source of ecological risk in the paddy soil. Cd pollution was

mainly related to industrial pollution sources.

Keywords : Hunan Province county; paddy soils; heavy metal; pollution characteristics; sources
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Figure 1 Paddy soil sampling distribution map in a county , Hunan
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Table 2 Index of single factor and comprehensive ecological risk

o IR SEERNE A AR ERI
Index of single factor Index of comprehensive
Grade . . . .
ecological risk ecological risk
19 E/<40 LR RI<150 LT
2% 40<E/<80 4 150<RI<300 2
3% 80<E,<160 5 300<RI<600 5
44 160<E,<320 5k 600<RI<1200 A58
5% E/>320 s RI>1200 L

Xf AR A R EA T TR M i AR R
43 e O AR FRAE AR T 1A s U] 37 7 e Rt 22
IR 3 M, %o A AL 1Y) 463 i M2 2 4 Jm kA 7 03
A, H % E T E & w7 T JoR I, Ads A
SRIG B ARG B0, Fe T HfE B4R (Geo-
graphical information science , GIS) {22 & J5 3% & —Fh
A T 4 R 9 G AT ST R S TSR A Are-
GIS 10.2 #h) - 39 T 4 Ja& 75 Y 5[] 7041 [ 43 B A 56
23 (RO o SR AR ASE B A DAy 3ok U1 ) 23 20 BR AR 1
b KA RS o R R AT 03 B, TR 1 17 28
SO E 5B R RE R AE R VA B = AR
SRS AR L, Z5 A HE R B 1 HAT 3 A O
frr At BEAULE RO BEA D RE AN, TR S i 1% 70 2L K
P R AL R AR T2 0 Y RS T BT
fi RS W D RESE D7 T X B AL A Rt A b
FEEFEAR AT HESIA A | XoF 52 1ie) H 45 Jag 5 % 23 [R] 53 A
P SHGIA TR DI 0 2, DT T8 5 572 T R 3114 52 1) g
FIE, A PR AR A 1) N7 R ] R e
¥ rattle B2 1742, A F H H (1) Conditonal Tree HIHE , 4
KR Cd 5 H AR & (4l SR A H & & 28
AR AF ) A OCIR , 18 1 B B e/ N R R 2
TR S B 118 D36 3

2 #EREWR

2.1 TEpHINEEESE

W 3 Fron , 5 44 5 ELARS 448 pH P34 (8
5.95, U [Fl 7F 4.28~8.38, Hth pH /N T 6.5 (19 s AL 5
82.3%(3434/4172) , i, B 1% EL A% H 1= 338 pH LIFR Py
F. tHEFESJE Cd Pb.Cr As Hg 255 &4
5124 0.729.49.9.79.2.19.8.,0.244 mg - kg, 43 Fll &%
b X A3 S A 7.29 .1.85.1.16 . 1.41 . 2.44 1% , H4)#4
aof P S, A AR T S (RS BT L)
2358 99.7% . 97.70% . 66.4% . 69.5% .95.3% , i% 5 Fh

R3 REATEpHMESESESHEIT
Table 3 Descriptive statistics of pH and heavy metal

concentrations in farmland soil

Cd/ Pb/ Cr/ As/ Hg/

KB C: H
ﬁﬁJCategm”y P mg-kg' mg-kg' mg-kg”! mg-kg' mg-kg!

/M 428 00257 0290 189 0560 0.0030
Y NE] 838  17.0 644 353 678 5.98
FHIE 595 0729 499 79.2 19.8  0.244
X 0577 0.869 219 245 244 0235
W

e 0.1 27 68 14 0.1
LIRS

04 8 R SRR HE)Y O Cd>Pb>He>As>Cr, 5
(- HE PRI o A FH - 39875 U IXUR: A8 45 bR o) (GB
15618—2018) H I AE 114 4% T by 1 438 75 G UG B 12 {1
HIH, Cd . Pb Cr.As Hg #B AR5 514 80.4% .2.49% .
0.12%.6.59% . 17.4% , 15 Y« 7 B HE )7}y Cd>Hg>As>
Pb>Cr,
22 TEEEETERAEN

R - IR S e AR P b A 395 e XU A 4
#E)(GB 15618—2018) HAIL i 14 4 FH b - 4385 e XU
i AR, ) FH BRI T Yl i B0 N Mg B £ s YA
Bk, XA 5T AR A 3 R 4 R S YR B R TR
#r, 4¢ B 4358 Cd . Pb . Cr. As . Hg it BT 5 YL 45 5030 Rl
4% %l h 0.075~53.3. 0.003~53.8., 0.075~13.2. 0.019~
22.6.0.006~11.9, B - 135 52 B[] #4251 1 43
YL YRR RN 4R . CAE RIS b
PR F) 9.33% , 52 B T5 YL M LA b S 0CH 81.2%, As
K25 Y AT HURF) 93.0% , Hg R 3275 Ye s A A 5
96.4% ,Pb ,Cr A 52 15 4% s A 0GR 2] 80% LA L, i B i%
AREH L rp REAAAEAFRERN CAIs Y. 25675
P B e T -4 rh 5 B 4 R L5 A Ts YR, 257
GG RRECR T 3 M E TS Y S B 14.2% , 5205 4
K UL b S E 5 74.9% , 15632 X IR - A7 31—
TR E ARG

M BFRAE SR R RIE T A L rh R AR
BRI R R PR, AUAT DL e 48 1) [ 2R
AABHEAE 38 0] LUHA A R 16 sh X RS2 (R e i . AR
R A b X3S S AR, AR R 5
AR M BRI BN 5 R, 5 E 4R L. R
/NI R €d(2.01)>Hg(0.46)>Ph(0.22)>As(-0.29)>
Cr(-0.42), Cd5ay5 4 & Lh bS8 d 7.62%, Cd 2
05 Y K LA b S A KN 99.4% , He 385 e S LA b 5
S ELH 76.5% , Pb B 4i5 Gy S UL b S A 5 70.1%,
As BRI g K UL b s S 8t 24.7% , 0015 B AL BN



B IR S LR M 15 A R 571

75.3%, Cr 52 1375 Y M DA b S A 80 12.1%, H 4y
87.9% ;S AL JE T ICT5 Y% o M b o] LAHEWT , 1224k FH 14
H1Cd. Hg . Pb.As 1 & AR W B2 2 T A ZRE sl (1)5%
M, H 52 MR B R/ NIT A Cd>Hg>Pb>As>Cr
23 TEEEEESKEIEN
Cd.Pb.Cr.As Hg T4 B8 F R ECT- ¥ 5
54 56.0.2.53.0.616.6.82,18.9, +HEH 4 Jm Y BTN
MEE A E R ER B MR 6 iR, Cr.Pb 1Y
W R S F R EIY/NT 40, R\ LEIZ X B B+
P E 42| Cr Ph AR S KU BG4 F R SRR K
Vo As b TRRMOKF 1 LB 99.4% , THAELL K
V- S AALEUL L 0.6% . Hg A TR UKV SALELE
96.4% , hEELL_F A RS2 80Y 3.6% . Cd AR AL
(58 T S N e S R L O o) & B O R VA

=4 Elﬁﬁﬁni

12.5% ,Ab FHp 2535 4 K DL K 19 5407 1 87.5% , Ak
FERAT5 YooK B9 557 42.1% . ZERIBTEESTE
FEIEBAIIE R 84.9 T M 10.9~1648) , KA LN F
TR0 Yo KO, Fop A 2 XU A S i B A 1
B 5 94.3% , 145 5 AR SR R B RS h 4.39%
0.96%.0.26% .0.12%. £ FhHE &8 XL G EES
foFE M DTk SE TH A E AR FER B S SE
R AR fE FEHREOW A, b Cd X2 A EA S
155 (1) BTRK R 65.97% , 1% A4 H A= 25 AU 1 2 22
i (E2)
24 HEAREBHIEESENTERIERNT
SR FH 1 I 46 124 4 (8 75 1T DL B 5 e 114 23 (]
Ay ARHE AT DURR TS Gl 5 oA 1 2 8] iy =X
Hify 5 5 0 BT AR, TR I, F 5 R 28 T4 1 72 6 45

BISHEHSI (%)

Table 4 The distribution of single pollution index and comprehensive pollution index(% )
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Table 6 Index of single factor and comprehensive ecological risk (%)
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Figure 2 The contribution rate of heavy metals to potential

ecological risk
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