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Pollutlon Propertles and Ecologlcallesk Assessment of Heavy Metals in Farmland Sorls

and Crops Around a Typlcal Manganese Mining Area ‘A -4\ : .

HUANG Zhong-ting' , Y1 Sheng-wel CHEN Bei- b ‘PENGJRm SHI Xue-fang* , LI Feng i
(L. State Enwronmental PlOle(’tIOIl Key, Laboratory of Momtonng for Heau Meta qulutants Hunan Environmental Monitoring Center #Changsha 410027, China; 2. College of
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Environment dnd Resotrces, Xiangtan University, Xiangtan#11199, Chmd "3 Ch&ﬁgshd Environmental Monitoring Center, Changsha 410001, China; 4. Huayuan Branch of
Xiangxi Ecolggmal Environment Bureau, Xiangxi 416400, China)

Abstract; In order to assess the ecological risks of heavy metals and explore the pattern of heavy metal migration between farmland and corresponding crops in a typical and
closed manganese mining area in Hunan province, farmland soils and crops surrounding the mining area ( pollution area) and away from the mining area ( control area) were
collected, and then the contents of Cr, Mn, Ni, Cu, Zn, As, Cd, and Pb were analyzed. The sources and distribution of heavy metals in farmland soils were analyzed using
Kriging spatial interpolation and principal component analysis, and the ecological risk was evaluated using the single factor index, comprehensive pollution index, and potential
ecological risk index. The results showed that the surrounding farmland soils in the closed Manganese mining area presented serious pollution of Cd, Zn, As, and Mn, in
which the average contents of the above heavy metals in the dry land soil in the polluted area were 6.22, 612.28, 37.72, and 1 506.2 mg-kg ™", respectively. Compared
with the soil risk screening value of agricultural land, the over-standard rates of Cd, Zn, and As were 88.41%, 94.20% , and 84.06% , respectively, and the average
content of Mn in the farmland soil was three times that of the background value in the Hunan soil; however, the heavy metal pollution in the paddy field was relatively light.
The principal component analysis showed that the sources of Cd, Mn, and Zn in the farmland soil were related to the manganese ore mining, whereas the source of As in the
farmland soil might originate from agricultural activities. The pollution area was at a heavy pollution level, and the main pollution factors were Cd, Mn, and Zn. The Cd in the
farmland soil could pose a strong potential ecological risk, but the rest of the heavy metals presented only a slight potential ecological risk. The content of Cr, Pb, and Cd in
the crops in the study area exceeded the standard, and the exceeding standard rate was between 1. 1% and 37.3% , where the average content of over-standard heavy metals
in corn was higher than that in rice, and the average content of heavy metals in leafy vegetables was higher than that in root vegetables. The soil pollution degree of heavy
metals could affect the accumulation ability of crops, and different crops had different accumulation abilities. For instance, leafy vegetables and root vegetables easily
accumulated Cd and Zn; however, rice and corn separately enriched Cd and Cr, as well as Zn and Cu. The contents of heavy metals in dryland soils had a positive correlation
with the content of heavy metals in corresponding crops. The contents of Cd and As in the paddy field and rice presented a positive correlation, but the remaining six heavy
metal contents in rice (i.e., Cr, Mn, Ni, Cu, Zn, and Pb) did not correlate with the content of the paddy fields.

Key words: farmland soil; heavy metals; pollution degree; ecological risk; evaluation
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Fig. 2 Heavy metal contents of different types of soil in contaminated area and control area
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2.2 B hESE S

FH% 2 AT, 15 G X ROKR AT B oK H Y Cr, Pb,
Cd 1 Cu FA7E bR HBARFRAE 3. 3% ~37. 3% Z 1],
Cd BRI, TR rh 25 bR 8 4 @ 1Y & s 4 (E
12 e o T e =3 oy P o W 2R T - 3 Ol 5 o e
JEA T R AL U, AR WA AT BTRRAR YO
R RZBORE AT Pb, Cr, Cu F1 Ni hy 557228
S(CV>35%),Cd, Mn, As Fl Zn HFIAEF(CV <
15% ). A] U -3 v is Y b o 19 5 4 ), % R B4
Yyrp S T T 4R VS Y AR R ) g
B AW A RS2 23 [ 434 . pH FVA BLT & &
G ALK S EOR BEY T E 4R S S
P2 5 2 XN IR IX KR K Cr A
Ph A YA{E & TG e X A m] fE B A, BRI ok - g v
4 B TS YRR T RS IR VR X T 4R i Wl

AR g — AR BAT R B T R v
B2 A BR U E A e A B P AR e A P I 1 %
B E S R A R 25 5 | AR ROE RO
TERAT

73 Fron, PR X3 Pb, Cd, Cr Fl As 7F
TEREFR , BBFRRTE 1. 1% ~ 10.9% Z [a], Hit ¢d Al
Pb AR R R, MRS S 45 B 4B & I
FARZEREE . I X BT Cd F Zn I TR
i X IR X AEAS AR, IR X 38 Zn F1I
Cu S a8 &, HEEA T Zn Fl Cu R4V & 4E6E
FRART Cd M THARE S, HiESFE0R X6
K w(Zn) i E A 15.6 mg-kg ™, w(Cu) ik
5.71 mg-kg™'. o(Cu) ZEZ DR HE ., o(Zn) ELL
SRR S EEA 0 (Zn) Ml o(Cu) i 5163

AT B PR e U 75 ™)
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Table 2 Heavy metal contents in rice and maize produced in the pollution area and the control area/mg-kg ™!
GiRend Y AR X J ¥l bRz BE/ % EFRE % Py FrifERR(H
Jesk 15X 0.04 0.05 4.2 135 0.081
Xof FR X 0.07 0.13 5.2 186 ’
Ph - 0.2
ok 15X 0.41 0.59 21.7 145 <0.05
Xif FR X 0.59 1.00 35.3 169 ’
N V5L IX 12.04 2.32 0 19
KoK 0.05
Xof FR I 13.03 4.03 0 31 '
Zn B 50
ok V5L IX. 22.83 7.98 0 35 20,05
Xof FR I 18.15 4.66 0 26 '
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Cu 10
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Cr . o
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Y5 Yu o ] o S
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Table 3 Heavy metal contents in leaf and root vegetable produced in the pollution area and the control area/mg-kg ™"
Gkl R X J5§ ¥E bR IR/ % ERRE % P FRfERRAE
N 15 YL X . . . .
Wk 5L IX 0.10 0.16 8.4 1.61 0.086 0.3
Xf X 0.05 0.04 0.00 0.78
Pb
VYUK
B2 54X 0.06 0.18 12.70 3.03 <0.05 o1
Xf X 0.04 0.04 8.30 1.05
N 153 X . . . .
Wk zﬂ&l; 3.90 3.01 0.00 0.77 £0.05
XF X 2.35 1.18 0.00 0.50
Zn N 20
, T5 % X . . . .
Hzk /GA; 2.59 2.86 0.00 1.10 20,05
X HRIX 1.91 1.09 0.00 0.57 -
. VE YL ] ] ] ] 7B
W2k 54X 0.49 : 0.57 0.00 1.116 oy =/ {
XA 0.57 0.50 0.00 1 0.86
Cu " | J / }_0_,
, 151X .40 ' . 00 [ 5 4
HR2E 54X 0.40 0.85 0.00 { ¢ 2.15 | <0.05 4 |
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: 51X 13 " . 30" ey 4
I e mAl; . 0.13 L - 0.25 5 39 |/ 1.95 £0.05 - .
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sk 15 YeIX 0.08 0.11 9.50 1.45 £0.05 0.2
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Mn - /
; 15X . .03 .
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M3 EE S 0.01 0.01 1.10 1.40 0.742
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Hzk /H&l; 0.01 0.10 1.80 5.91 £0.05
Xf X 0.01 0.05 0.00 2.14
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M, HR-A S ANAAE 4y i B i % e O I SE 4 R, X

LEPS A Gk R E TP E SR &S DIEPE SR SRt

AR X RV E AR REUNEE Pearson AH GRS I 20 BT , Ho4h R 5 TR, 2553

F4 SREEMBRXLTESREVHEESESEZEH Pearson HXES
Table 4  Relation analysis of Pearson regarding the heavy metal contents in soil and crops from the contaminated area and control area
Pearson *Hﬁ"é/ﬁzi@l( R? )
Pb Zn Cr Cu Ni Cd Mn As

B 43 ok 0.6517 0.7167 0.8776 0.7121 0.6307 0.6183 0.5912 0.6209
£ - - SRS 3R 0.799 4 0. 6659 0.8008 0.7727 0.664 3 0.5306 0.6596 0.729 1
b ORI 3R 0.762 1 0.766 8 0.6628 0.7476 0.6957 0.7390 0.784 1 0.7123
oK IOk — — — — — 0.7214 — 0.5172
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