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Ecological risk assessment and source analysis on
heavy metals of vegetable fields of Enshi

HUANG lJin, LIAO Zhao-jiang, YANG Lei
(College of Chemistry and Life Sciences, China Three Gorges University, Y ichang 443002, China)

Abstract: In this research, we collected 108 soil samples from four different vegetable fields in Enshi City. The contents of fourteen
heavy metal elements including Cu, Zn, Ni, Cr, Pb, Cd, As, Mn, Co, Ba, V, Tl, Bi and Hg were detected by inductively coupled plasma
mass spectrometry (ICP-MS). The compositive pollution effects and ecological risk in the four vegetable fields of the heavy metals were
evaluated through the single factor index method, the Nemero synthesis index evaluation method and the Hakanson ecological risk index
method. The results showed that the pollution of the vegetable fields in the survey region were attributed to a multi-metals pollution by
the Cd, Mn and Cu. The vegetable fields in Enshi City have been polluted by heavy metals based on the results of the analysis of the
single factor index method and the Nemero synthesis index evaluation method. The Hakanson ecological risk index method pointed out
that Enshi City was in considerable level potential ecological risk. The pertinence and source of 14 mental elements have been researched
and analysed. There were different sources to 14 metal elements in soils, Mn, Co and As were predominantly derived from parent

materials, and others were affected by the exploitation of the minerals and the employment of resource product.
Key words: vegetable fields of Enshi; heavy metals pollution; ecological risk; source analysis
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%) R GRE%)  (RER) H b e &0
Vv 84.73-1053.13 12123  33322(187.00)  191.96(2.59)  110.2(41.87) 104.2(1.38)
cr 4628-432.71  87.32  144.81(79.13)  11110(2.34)  86.0(36.92) 79.0(L.52) 150 25.0
Mn 185.02~991.99 424.85 499.40(162.67) 435.37(2.42) 712(309.3) 642(1.3)
Co 9.57~19.69 1434 14.25(2.63) 14.00(1.94 15.4(5.24) 14.6(1.40)
Ni 29.17~115.57 57.47 63.76(15.90) 58.84(2.06 37.3(14.98) 34.7(1.47) 40 80.0
cu 25.49~98.10 3565  4461(19.72)  41.11(L81 30.7(14.05) 28.2(1.49) 50 30.0
Zn 43.12~180.76 99.73 99.57(21.71) 90.78(2.45 83.6(36.15) 77.5(1.47) 200 0
As 10.50~34.35 20.43 20.32(6.11) 19.43(2.17 12.3(7.31) 11.3(2.16) 40 0
cd 0.28~16.99 1.38 3.84(2.15) 175287)  0172(0.192)  0.113(2.50) 0.30 875
Ba  12491-427.86 28125  278.86(5257)  265.89(L74)  542(228.6) 503(L5)
TI 0.54-1.39 0.67 0.78(0.23) 0.75(239)  0.580(0.0993)  0571(L.20)
Pb 20.44~70.43 3356  37.49(5.27) 34.88(2.11) 26.7(7.86) 25.7(1.30) 250 0
Bi 0.41~0.74 0.53 0.54(0.089) 0.53(1.92) 0.34(0.110) 0.33(1.58)
Hg 0.01~0.57 0.18 0.21(0.13) 017(267)  0.080(0.0568)  0.0634(2.054) 03 225
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(bR ) (b ifE 22) (b 22) (bR 2) (bR ) (brifE2) (b 22) (bR )
v 91.94(4.06) 91.86(153)  113.42(19.33)  111.98(1.08) 993.94(26.33)  993.63(1.25)  133.60(15.13)  132.86(1.35)
cr 91.06(9.55) 90.62(1.28) 58.12(9.11) 5752(1.41)  344.68(37.81)  34294(157)  85.35(4.92) 85.22(1.22)
Mn  395.39(1259) 395.21(1.09) 912.32(44.31)  911.37(1.77)  208.21(22.38)  207.22(1.30)  481.66(17.80)  481.36(1.52)
Co 14.40(1.87) 14.29(1.21) 16.55(1.69) 16.48(1.34) 13.40(3.25) 13.04(1.70) 12.65(1.85) 12.53(1.16)
Ni 35.15(4.84) 34.86(1.42) 51.04(3.83) 50.90(1.36) 102.87(7.24)  102.65(1.59)  65.98(4.87) 65.81(1.28)
Cu 34.35(2.44) 34.27(1.01) 40.59(9.02) 39.64(1.51) 75.24(11.02) 74.51(1.44) 28.27(1.74) 28.22(1.19)
Zn 47.73(3.09) 47.64(1.40) 84.50(5.26) 84.36(1.25) 16052(8.90)  160.31(1.56)  10551(3.97)  105.45(1.07)
As 16.63(1.98) 16.52(1.02) 27.92(4.32) 27.62(1.37) 14.43(3.71) 14.03(1.26) 22.31(1.78) 22.24(1.39)
cd 0.96(0.10) 0.95(1.11) 0.45(0.11) 0.44(1.20) 11.97(3.99) 11.34(1.48) 1.99(0.21) 1.98(1.27)
Ba  387.91(2342) 389.27(1.55) 284.82(15.28)  284.44(149)  165.17(19.11)  164.12(161) 27553(16.72)  275.07(1.54)
TI 0.64(0.03) 0.64(1.38) 0.74(0.08) 0.73(1.68) 1.14(0.13) 1.13(1.73) 0.61(0.04) 0.60(1.06)
Pb 35.16(2.14) 35.10(1.46) 29.10(4.69) 28.74(1.58) 61.80(5.80) 61.56(1.43) 23.91(2.00) 23.84(1.63)
Bi 0.45(0.02) 0.44(1.03) 0.56(0.08) 0.55(1.23) 0.55(0.07) 0.54(1.31) 0.62(0.07) 0.62(1.47)
Hg  0021(0.011)  0.020(1.40)  0.038(0.021)  0.038(1.76) 0.55(0.027) 0.54(1.60) 0.24(0.022) 0.24(1.65)
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X3k Cr Cu Ni Zn As cd Pb Hg mn ABIEE KRR
X 1 212 550 188 057 1352 167.44 6.58 1067 056 208.94 A
B I 135 661 274 101 2270 78.48 5.45 1923 128 138.86 5
B 35 T 802 1225 552 192 1173 208779 1157 27731 029  2416.40 s
X 5 IV 1.98 460 354 126 1814 347.09 448 12161 068 503.38 e
MK Ls 337 727 342 119 1652 669.77 702 10562  0.70 814.87 e
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JCE \Y Cr Mn Cu Zn As Cd Co Ni Ba Hg Tl Pb
\% 1.000

Cr 0.981**  1.000

Mn -0.643** -0.715** 1.000

Cu 0.908**  0.897** -0.461** 1.000

Zn 0.875**  0.833** -0.436** 0.737** 1.000

As -0.551** -0.607** 0.838** -0.439** -0.273 1.000

Cd 0.929**  0.951** -0.643** 0.887** 0.835** -0.541** 1.000

Co -0.188 -0.168 0.451**  0.054 -0.228 0.377* -0.157 1.000

Ni 0.901** 0.873** -0.515** 0.785** 0.975** -0.332* 0.884** -0.238 1.000

Ba -0.824** -0.754** 0.284 -0.723** -0.949** 0.149 -0.748** 0159 -0.921 1.000

Hg 0.917**  0.900** -0.656** 0.753** 0.957** -0.475** 0.887** -0.348* 0.970** -0.883** 1.000

Tl 0.918** 0.876** -0.449** 0.876** 0.786** -0.405** 0.846** -0.095 0.803** -0.760** 0.781** 1.000

Pb 0.922**  0.905** -0.651** 0.867** 0.659** -0.618** 0.836** -0.138 0.696** -0.604** 0.736** 0.888**  1.000
Bi 0.051 -0.003 0.136 -0.016 0.392* 0.254 0.047 -0.098 0.274  -0.392** 0.270 0.071 -0.094
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