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The levels and potential ecological risk of heavy metals in farmland soils in Northern Hainan Province, China

LI Xue', LI Jia—tong', SUN Hong—fei"”, YU Hua—mei', GE Cheng—jun'?

(1.College of Resources and Environment, Institute of Tropical Agriculture and Forestry, Hainan University, Haikou 570228, China; 2.Col-
lege of Life Sciences, Zhejiang University, Hangzhou 310058, China )

Abstract: In this study, a total of 103 soil samples were collected from farmland located in Northern Hainan Province, where high concen—
trations of heavy metals occur naturally. The concentrations of 12 heavy metals(i.e.,As, Cu, Cr, Zn, Pb, Ni, Hg, V, Mn, Co, Cd, Se) in the
soil were measured. The accumulation and potential ecological risk of heavy metals in the soil were assessed using geo—accumulation and
potential ecological risk indexes. The results showed that the average Ni, Cr, Co, Cu, V, and Mn concentrations in four types of farmland
soils (latosolic red, lateritic, paddy, and volcano lime soils) were 1.11~11.06 times higher than the local background values, and 1.01~5.92
times higher than the national background values. Ni, Cr, Cu, Co, V, and Mn concentrations were higher than the environmental quality
standards. Moreover, the geo—accumulation index based on triangular fuzzy numbers showed that Ni, Co, Cr, and Mn accumulated in the
soil. Except for the higher background level in volcano lime soil, a slight potential ecological risk was detected in the other farmland soils,
where Ni, Hg and Co accumulation levels were higher than those of the other heavy metals.

Keywords: farmland soils in Northern Hainan Province; heavy metals; triangular fuzzy number; geo—accumulation index; potential ecological

risk
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Figure 1 Sketch map of sampling sites
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Table 1 Pollution level of heavy metals based on index of

geoaccumulation
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Table 2 The weight of heavy metal
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A V=Cr=2,As=10.,Cd=30.Pb=Ni=Cu=Co=5 Hg=40
Mn=Zn=1""; C B a8 § 75 RA488G CONE SR §
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AMIFgE R i R A e R A
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it XA H 38 4@ KNk 4 fow , Hp
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Table 3 Classification criteria of potential ecological risk index
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Cr(4.17 4% ).Zn (1.59 %) .V (2.46 f ) #1 Mn (3.01
1i5) s i 21HErh Ni g S i IR, HABAKR I Cu(2.51
£).Cr(3.75 £%) Zn (1.36 £%) .V (2.06 %) Mn(2.27
FE5)FT Co(3.22 £%) s /KRG L H 7 FhEE 4 )& 40 391 Jy %ok g
*%ﬁm 1.34.2.04.2.85 .1.13.1.30 . 1.11 £ F1 2.12
5 KK AR 7 R E 4 8 43 1 o0 X T S A
368 6.51.11.06 .3.14 .3.34 .6.29 £%F1 10.70 £, &5
SRR E AR . A A TS S E, U2k
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Table 4 Concentration of heavy metals in different types of farmland soils
SR IRETHE KR A Tl 21 4 KHE
TR e MU mEROER s R R MU R B M0 Bk RS
mg-kg! % B mg-kg! %  FE mgkg % R mg-kg! % R

As 1~16 3.37+1.90 0 0.57 1.6320.25 0 015  4.03%3.33 0 083  321£1.20 0 062
Cr  8.8~607 21046x12580 64  0.60 329.00£10338 100 029 189.35:157.97 50 077 102.95+11644 18 094
Cu  14~124  50.13%30.02 51 0.60  62.59+1843 71 031 42.65£32.66 47 083 22.80+2150 9 1.13
Ph  08~272  11.02+431 0 0.59 8.53+1.66 0 035 11.59£5.16 0 086  15.78+8.02 0 115
Ni  1.7~252  86.5651.27 73 039  159.20£56.10 100 0.19 74.03+64.03 60 045 41.02+4728 27 051
Zn  7.7~194  75.12+39.06 052  148.70£3420 0 023 6431%3894 0 061 5339+2757 0  0.52
Hg 0.05-022  0.07+0.03 0.38 0.0620.01 0 013  0.07£0.04 0 061  0.07+0.02 0 029
V. 11-270  160.36£75.92 047  218.29+35.25 0.16 134.39+72.99 0.54  84.63x78.71 0.93
Mn 27.9~3360 840.41+689.47 0.82 1 754.14+695.58 040 634.40+534.87 0.84 309.52+283.45 0.92
Co  0.6~150  33.88+30.60 090  74.87+28.70 0.38  22.54+21.35 095  14.83x14.22 0.96
Cd ND ND ND  ND ND ND ND ND ND  ND ND ND  ND
Se ND ND ND  ND ND ND ND ND ND  ND ND ND  ND
WiH YRR mg kg BRI T3 S E/mg - kg ERR: S A T HES LRGN B AR E /mg - kg™
As 40 8.9 112
Cr 150 505 61
Cu 50 17 22.6
Ph 250 36 26
Ni 40 14.4 26.9
Zn 200 473 742
Hg 0.3 0.078 0.065
v — 63.5 82.4 130 (ISR - HEPRER o Rk I M bR i)
Mn — 279 583 1500 (ERAFI AR+ PRI )
Co — 7 127 40CIEE R+ HER BT o R AR ()
Cd 0.3 0.056 0.097
Se — 0.288 0.29 TOINE A PR B IR AR bR ()

T :ND FR iR AR T AR, Cd Se A5 FR 23510 0.2 mg-kg™ 1 0.5 mg-kg™s —FRAR TTITMARHE.
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Table 5 Heavy metal concentration data treated by a—cut set in different types of farmland soils(mg-kg™)

JLE TRETHES Py &y AR S8y KFEL =
As [3.13,3.75] [1.61,1.66] [3.73,4.69] [3.01,3.55]
Cu [45.26,56.14] [60.11,65.31] [38.73,48.48] [20.94,27.10]
Cr [190.30,235.62] [314.40,342.70] [171.33,220.94] [94.26,126.23]
Ni [78.13,95.41] [153.02, 168.48] [66.79,86.83] [37.22,50.47]
Pb [10.16,11.88] [8.32,8.71] [10.61,12.63] [14.98,16.92]
Zn [68.36,82.92] [143.72,152.93] [58.88,71.58] [49.46,58.15]
Hg [0.07,0.08] [0.05,0.06] [0.07,0.08] [0.068,0.072]
v [146.70,169.92] [212.76,223.46] [122.05,144.85] [78.18,100.37]
Mn [759.24,978.30] [1651.53,1 820.73] [574.29,741.37] [281.36,363.37]
Co [30.61,40.00] [70.72,77.22] [20.35,26.81] [13.45,17.19]




F W, UK RS R ACP S A S A 2253
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FE () FN=X(9) A5 3 () BAE B 2, 5
PR (R s Rt X Ee T, IR 8. Ferpah
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BAIEM LR (L, L=C /S, Kb I W E A& @ 1975 Y48
BCONESE WSS &, mg kg™ S NEEE
PPN ARUE(E , mg kg™, SR FH - BB Jo LA b 1)
TR o

MF 8 ATLIE i, As F1 Pb 7EPU A H 4358 2
FAUREREARALAE O 2, J& FI5 T AL, DERA AT 7T X + 3%

B4 As Fll Pb, Ni Cr HI Co fEJRLIIE RELTHER K

* 6 kUL EEZE (mg-kg™)
Table 6 Heavy metal concentration in the geochemistry

background(mg-kg™)

K L EIRF] 2~3 2, J& T Bl s 5% Cu,
Zn V Hl Mn 7EPUZEA H 3P Y A 22 B0k 10
P 43 )8 U RAE VUSSR H 3 b iy B AR R = 2
MEHER 9 JN K 2> HRASES TR 28>k A 1o iR
8 LA i, AWHFEIX 10 Fhvd 43 s FIS 4 8 T R AEH
TEPES RO P TS R BN AR S ORI T Y
P AR — B (B A E 22 57 . Mn KUK, 18
BOWITEH T o 12, ITEREPETFAN A 2 20 it AT
HAEPEN O L UG A I R RO b i g
JE R LA SR PEIG L SR, R i
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RS ARARARAXBRHALENESCRHTREESR
Table 8 Rankings of the heavy metal pollution

in different types of farmland soils

. T goill i1 YT

JLE HEE

As [8.19,10.44]
Cu [15.33,20.82]
Cr [45.79,61.17)
Ni [12.97,17.79]
Ph [32.47,40.68]
7Zn [42.91,55.20]
Hg [0.07,0.09]
v [58.88,58.99]
Mn [251.20,251.30]
Co [6.32,6.34]

TRELIE KUK+ Tk 21 RN
As 0/0/0.08 0/0/0.04 0/0/0.10 0/0/0.08
Cu 1/1/1.00 2/2/1.25 1/1/0.85 0/0/0.46
Cr 2/2/1.40 3/3/2.19 2/2/1.26 1/1/0.69
Ni 2/2/2.16 3/3/3.98 2/2/1.85 1/1/1.03
Pb 0/0/0.04 0/0/0.03 0/0/0.05 0/0/0.06
Zn 1/1/0.38 2/2/0.74 0/0/0.32 0/0/0.27
Hg 0/0/0.24 0/0/0.18 0/0/0.24 0/0/0.23
\ 1/1/1.23 2/2/1.68 0/1/1.03 0/0/0.65
Mn 1/2/0.56 2/2/1.17 1/1/0.42 0/0/0.21
Co 2/2/0.85 3/3/1.87 2/2/0.56 1/1/0.37

R ARRARALBRELRESES R RRIEHXE L
Table 7 Geoaccumulation indexs of the heavy metals in different

types of farmland soil

e AR KUK L fiE L1 PN
As  [-2.32,-1.71] [-3.28,-2.89] [-2.07,-139] [-2.38,-1.79]

Cu [0.54,1.29] [0.94,1.51] [0.31,1.08] [-0.58,0.24]
Cr [1.05,1.78] [1.78,2.32] [0.90,1.69] [0.04,0.88]
Ni [1.55,2.29] [2.52,3.11] [1.32,2.16] [0.48,1.38]

Pb  [-2.59,-2.04] [-2.88,-2.48] [-2.52,-1.95] [-2.03,-1.53]
Zn [-0.28,0.37] [0.80,1.25] [-0.49,0.15] [-0.74,-0.15]
Hg [-1.01,-0.44] [-1.39,-0.94] [-1.01,-0.38] [-1.07,-0.57]

V. [031,094]  [0.85,1.34]  [0.05,0.71]  [-0.59,0.18]
Mn  [0.52,138]  [1.64,227]  [0.12,0.98] [-0.91,-0.05]
Co  [1.30,2.08]  [2.51,3.03]  [0.71,1.50]  [0.11,0.86]

W R R T YR8 L BORBRAE — e FE b
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FEVEEMAFER R ZE S, N Cr, HA R 5 e d8 85 1
R LT 4 e 1 s (R B 1) 26 SR T B2 SR I 1K

A= (10)FIER 2 B 45 Fh i 4@ 115 YA, 15
FIWFFR X A3 4 Jm s e gi AP EME, LK 9.

PO 3 Jol K - 8 4 JR 25 75 Ye il
i, HES R RS EHEY N Cr>Ni>
Mn>Co>Cu>V>Zn>Hg>Pb>As, 2563 8 3 9 /b
AJHL, WFEIX A3 Ni Cr.Co 1 Mn 5942517
{EAER, 76 43 o A i 1) s R 1 U mT e X S
NBE R SEE

Hh BFFE B IE IR S AGE S L, R
N A A3 BRI . EARES b, BRIFTosdt
X LA SRk, BOR AR 7R e X A 45 v e
TEN BRI 035 5l S BT A5 RS Pr O
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Table 9 Integrated assessment results of soil heavy metal in

different types of farmland soils

L5 XURLH R

TR T Kikk R KE L
As  [-6.97,-5.14] [-9.84,-8.66] [-6.21,-4.16] [-7.14,-538]
Cu [1.07,2.58] [1.89,3.01] [0.62,2.15] [-1.15,0.47]
Cr  [3.16,534] [5.33,696] [2.70,5.06]  [0.12,2.63]
Ni  [3.10,459]  [5.04,623]  [2.65,432]  [0.96,2.75]
Pb  [-7.76,-6.11] [-8.63,-7.45] [-7.57,-5.84] [-6.08,—4.58]
Zn  [-055,073] [1.59,2.50] [-0.98,0.31] [-1.49,-0.29]
Hg [-3.02,-131] [-4.16,-2.83] [-3.02,-1.15] [-3.20,-1.71]
vV [0.63,1.89] [1.70,2.68]  [0.10,1.43] [-1.19,0.37]
Mn [1.04,2.75] [3.28,4.55] [0.23,1.95] [-1.82,-0.10]
Co [1.30,2.08] [2.51,3.03] [0.71,1.50] [0.11,0.86]

s

L B TEER G VRN G R b g 1 Bl 1 KUk
A AT RO TE Bl A s AR e o0 RN
SHA R R, A G A A VUL AT a4k
HH - 387 R K ) Hg Pb  Cu F Zn™ ™, Wgmg & AL
JEH Cu.Pb.Zn A FHEBICR & B AF1E @RI
G0 PO A R IR A B 25 I L AEE KRR,
HAH AR FINE O 42655 AL (BRIE . &2
G PRESE) AN 5t , HEE K LK 2
KA ECRS R T K)o (B 8 AT, Hg Pb . As
i RBIREOF AR T 1, e R Em A F2RkA
F Ni.Co.Cr.Cu, Hp Cu.Cr Ni ZHJEFHRRI,
5D — 80, Tt AL AR 2555 40 T Sh 25 0F
FEX IR T Cu BYSMNEHIA o
2.3 ETEEESEEREN T IESERISTEITM
XPBFFEIX B 103 M FEAS s AT E 4 R e A

R 10 RFEIZEE

SREEEN, SMEREX L5 10 Fh 4 g
AEBREERB(E) B EASEELEAIRE(RD AN
210 s

MELTCE RIS TG EOR T , AR LT it LT3R K A
% A BT AR RS RECE/ N T 40, %R
PR S fEE, LK A Ni fil Co RBU A H
LA fEE . Ni fl Co 7EPUZRAR H 30 & 42K F-
KK > TR HES L 273> KRG £ o FERFEM 55 4>
IRELIERE S, Ni L Co Fl Hg J& T Hr &5 LR G FH I A5
BE B4 8.20 NF1 5 A4, Ni A3 2 A o ik B R AR
AS6H ;30 Mk L1 L, NiCo 1 Hg J& T H &%
AESSEF WS A 4.9 F LA 11 ASKAE ©
FedhH, Co il He b Frp A S FE R S 3A 1
AN T A KR A 3EAE G R, Co b T S RN AR 28
fEEM S ANE 4 1A NZITCRAELER
BT, IRETHE L LT R AE LI & B e A S ek
CEAHEBONME A 129.70 113.22 F1 82.41, #5390
MRS EE KK TS SEE,
& F ORI Hp S5 A A 8 A3 ) o R S
29%F1 71%.

HRAE LA_E 4381 B FiF = ABORI 5k 1) b SR ARFE 5K
PATELE LN, ESEMEN HEESE NiCo,
Cr.Cu.V Mn H1,Ni Co Cr fA7E BRI G: . WHFEIX I
TEAE 5 RS B A | R B2 A 518 35 58 9, Hg \Ni . Co
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TEMAESfEFAR SR, T2 HA A RS &
e MRS G F R MU R ISR .

CEATIRPIEM LT LA H iz IX U2k H

KATHEESREEESRERYREGEY

Table 10 E; and RI of heavy metal in different types of farmland soils

H IRELIRE pPRily/ &R TELII% KFE L

B/ME BoRfE MM BME O ROkl W SRAME Bk Bl RME ROk M

Ei(As) 1.12 11.80 3.78 1.57 2.13 1.84 1.12 17.98 4.53 1.35 7.42 3.61
Ei(Cu) 0.41 36.47 14.75 11.12 26.41 18.41 1.03 29.71 12.54 1.24 22.00 6.71
Ei(Cr) 0.35 20.00 8.34 7.25 18.46 13.03 0.36 24.04 7.50 0.64 15.21 4.08
Ei(Ni) 0.76 60.76 30.06 33.82 87.50 55.28 0.59 79.51 25.70 1.04 48.96 14.24
Ei(Pb) 0.11 3.28 1.53 0.89 1.43 1.18 0.25 3.18 1.61 1.08 3.78 2.19
Ei(Zn) 0.16 4.10 1.59 2.09 4.04 3.14 0.21 2.90 1.36 0.30 2.14 1.13
Ei(Hg) 2564 71.79 37.54 25.64 30.77 28.21 25.64 112.82 3749 25.64 46.15 35.90
E(V) 0.73 7.84 491 4.99 8.27 6.69 0.34 7.32 4.12 0.62 7.84 2.59
Ei(Mn) 0.10 12.04 3.01 2.61 8.67 6.29 0.12 8.75 2.27 0.10 3.04 111
Ei(Co) 0.86 107.14 2420 23.86 70.29 53.48 0.43 53.57 16.10 0.79 27.50 10.59
RI 3030 26134 12970 9346 22338  187.54 3270 22257 11322 21.30 163.77 82.41
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