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Speciation, distribution and sources of heavy metals in agricultural soils from the mining area of Longjiao
Mountain in Daye City

JIA Zhao—heng, LUO Yao, SHEN You-gang, LIU Fan, CAT Chong—fa, TAN Wen—feng, QTU Guo-hong”

(Key Laboratory of Arable Land Conservation(Middle and Lower Reaches of Yangtze River ), Ministry of Agriculture, College of Resources
and Environment, Huazhong Agricultural University, Wuhan 430070, China )

Abstract: In this work, the physical and chemical properties of soil and distribution of heavy metals were determined along the river in the
mining area of Longjiao Mountain in Daye City. Tessier five—step sequential extraction procedure was used to determine different speciation
of heavy metals including Mn, Cu, Zn, Pb, Cr, Ni and Cd. The correlation between the contents of heavy metals and Fe, S in soils was ana—
lyzed. The results indicated that the contents of all heavy metals in almost selected soils exceeded the soil background values of Hubei
Province. The total contents of Cu and Cd were higher than the soil environmental quality standard (Grade Il ) (GB 15618—1995) limits,
and the total contents of Zn, Ph, Cr, and Ni were lower than the level of the soil environmental quality standard(Grade II ). Mn, Cu, Zn, Pb,
Ni and Cd mainly existed as residual fraction and the Fe—Mn oxide fraction®, and some Pb, Cr, and Cd existed as ion—exchangeable fraction.
Pyrite and chalcopyrite were found to be the main components in mine ores. The contents of Mn, Cu, Pb, Zn, and Cd existing as residual
fraction, Fe—Mn oxide fraction, and their total contents exhibited significantly positive correlation with total contents of Fe and S in soils.
These results further suggested that the accumulation of Mn, Cu, Pb, Zn and Cd was resulted from the exploitation of sulfide minerals.
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Figure 1 Sampling sites of soils in Daye City, Hubei Province
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Cr.Ni 1 Cd 975 5 {8 4 B~ 712.30.7.83.6.26.7.
86.0.37.3.0.17 mg-kg™ ™, 0] ILiZ X Jaf, + 3 sl IS U
BREUFE S F (9 Mn F1 D F () Ni &b, HAbE 48 &5
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Table 1 pH and organic contents of the soils in sampling sites

LGRS A B D E F
pH 5.17 7.21 6.71 6.55 5.41
HHUR /g kg™ 12.00+0.86 9.88+1.25 18.26+1.71 6.48+0.65 17.57+1.25 13.34+0.69
K2 TEESRLESE(ng-kg)
Table 2 Total contents of heavy metals in soils(mg-kg™)

HE)E Mn Cu Zn Pb Cr Ni Cd
A 922.53+10.60  948.64+72.06 146.12+5.66 66.14+2.31 193.91+3.26 42.90+3.99 4.60+0.34
B 855.38+30.27 452.96+5.63 161.90+5.75 72.33+3.84 152.93+6.53 38.26+0.07 4.87+0.01
C 908.65+28.61 469.23+4.41 194.42+7.51 73.76+1.64 156.20+3.88 41.19+1.48 4.91+0.05
D 1926.99£9.90  581.36+10.70 437.02+9.28 134.04+5.70 119.14+5.93 27.08+0.64 5.11+0.20
E 728.83+3.33 124.68+1.19 147.23+6.29 68.34+0.08 159.83+0.54 49.36+2.20 4.75+0.18
F 539.61+22.73 185.61+2.93 142.32+6.05 87.14+4.44 143.97+4.37 36.67+0.50 4.23+0.06

A O U bR — 100 250 300 300 50 0.3

Wb 13T 5 712 30.7 83.6 26.7 86.0 373 0.17
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Figure 2 Distribution of heavy metal (Mn, Cu, Zn, Pb, Cr, Ni and Cd ) fractions in soils
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Figure 3 The photo( A) and XRD patterns(B) of ores from

Longjiao Mountain in Daye City

RITATEEERE

Table 3 Total contents of heavy metals in three ores

Fe Cu Mn Zn Pb Cr Ni Cd

g kg mg-kg™!

1 33277 452 1.8
2 237.8 1313 3.0
3 2729 1594 25

364 1930 9.0 954 —
13773 1666 9.0 221 159
13105 1589 6.0 6.8 13

T — 7 FORARRH .

T Fe S ARSI T 0 2% B AT
BfaH T Fe A ibifif(38.27£1.50 g-kg) ; i LI
A SRS R SR RS IO E 200, 55.64+
3.42 gk M HHE S Tt 5 Fe o fE LA
—E BRI IRIEYR D fS S K (3 165.39+61.49
mg-kg™), I A 5 S iR Z (1 034.20+38.51 mg-
ke™)o Fe 5 S YTERRER I IR ICTE D A i 2] e K AH
AT RE RS A A A YAl LR AR T R IS [
BF, LA A A Fe FIS B A2, FEEM T A

TGSy VAR a) oy RN R U)o 75 T vt 0 P VAT WO 1 R O I
LSRRI PIE I X S — TR B
A FRRRTLAY Fe S LA b R AT L] A 55
(Tl = e

3 Fe 55 S EIEFAOMISENE , 55 RPN Fe
S Fr i A AR SEME RBON 0.815, 5 i IR AH G
FIEPELBITE S Fe S AR MR % 5 T 45
JBR AR — 22 R 1 FER K BRI P A5 BURE 15
WESE G BEAIESYS Fe S S TA X, 45
Sy 5.3 6,

H# 5 A% :Mn . Cu.Zn .Pb fl Cd AY8K4E 1L
EER FRESLI L BEY Y Fe 2IEAMHE, b Cu
FIFRIED , Zn AR B A 638 RIS R, Cd
(5 Fe SRR 3 IEAH 2G5 R (=0.05) , #H5¢
ZECGEH 0.817~0.885; Mn [FR# A | S &F1 Ph Y4k
AN AR Fe BRI B EEME LR (a=
0.01), #1262 ¥4 B4 0.919.0.928 .0.953; i Cr il
Ni 570K Fe (M RMEA K, X KB Mn Cu.Zn . Pb
M Cd TES MG 50 % Fe MfEAEA EE, IFH.
2 3 A1, 48 Mn Pb I Zn ZERRALYIT B 5
PRI AR LR LR Mn Pb Zn
SRR ST YIRS R G0 & b
P A 1 E 4 i B A B AT R R A
3, 25— RAVEAL R TR LA E S ST
1E, AP — 804y B & B AFAE T fh s v, BT 7K
TR S . T LRy AR TR AR AT TR H 3,
W A AR INEED T A5, Mgk B L3 Zn 1
Ph (RS o A A . AR S R OCE Cr
NI B KRR (36 2), F 82T 5
M

F 6 NELETEE S SRS, H
Mn . Zn fil Cd BYBREE AL 25 A3 IS FRIES
IR RS S RBIEM KR, MERETEH
0.194~0.967, 2 Mn AYEREE ALY 25 A5 FRIES
58S B EE EMKLRKR(a=0.05);Mn ] 5 & Zn
MEREE B IS A8 RS KBRS S B
e 58 25 IE A 56 26 &R («=0.01) , HH 2 R E5 311 40.967
0.939.0.946 .0.948 ,Cu FI Pb (445 EALMEE B4 .

R4 TERFe SEAEE
Table 4 Total contents of Fe and S in soils

o A B C D E F
Felg-kg 55.64+3.42 51.98+3.38 65.55+0.41 83.07+2.63 43.64+0.39 38.27+1.50
S/mg-kg™ 1 034.20+38.51 615.50+42.94 411.84+22.34 3 165.39+61.49 617.48+42.35 362.14+£21.97
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x5 TEEEERTESES Fe FERHEXEME(n=06)
Table 5 Correlation between the contents of

heavy metals and Fe in soil

BRARER BRERAEL AL

TR s R
S gtk waes sas 08 R

il

Mn -0.163  -0.247  0.686 0.227  0.919*%* (0.928**
Cu -0.024 -0.027 0.161 0.013  0.880*  0.509

Zn -0.545 -0.459 0.885*  0.514  0.863* 0.879*
Pb -0.564 -0.671 0.953** -0.754  0.658 0.696

Cr -0.297 -0.267 -0.565 -0.019 -0.191 -0.422
Ni 0309 -0488 -0.623 -0.591 -0.525 -0.646
Cd -0.459  0.189 0411 0.763 0.537  0.817*

2 * FIRTE 0.05 K- A WA AHSEM: ; #+ FRRTE 0.01 K 1
HA BEMEXE, TR,
ko TEEEETESES S SEMEXED T (n=6)
Table 6 Correlation between the contents of

heavy metals and S in soil

BRiRE: BRERSAIE AL

HEJm ASmS LEAK WLEAK A BEs Ba
Mn -0.18  -0.146  0.847*  0.261  0.891* 0.967**
Cu -0.005 -0.176  0.016  -0.447 0.892*  0.362
Zn -0.365 -0.33  0.939%*  0.194  0.946** 0.948**
Pb -0.268 -0.567 0912* -0.696 0.905*  0.887*
Cr -0.142  -0.107 -0.331 -0.076 -0.564 -0.549
Ni 0.061 -0.646 -0.159 -0.923** -0.624 -0.739
Cd -0.256  0.621 0.247 0.694 0.239 0.589

PRI VS B RS S RIIEM KRR, Hp
Cu [FRIER P BB EALDIES A4 . FRIEAS R
A AMYS S BHLE EFIEMAK KR (a=0.05),

Mn Cu.Zn .Pb I Cd MEREE AL 25 538 Fkifk
BB R Fe S I H A [R] 2 B Y 16 4 6 ¢
R EEEA-WIESE MBI R SR, TRES L
WERD™ . BE S5 TE s A 26, TR Rird A R
W, HA B RTE R R R R 2 MK il S
o E B IR AR T T 4 R DU R A IR A EA
TN H R 28 AN R AL B ) B R AR S
S, 7 Ty R AR A R SO BT -, B TE
THEREE AR , T80 AR H R AL itk s
A BTG YRR, SR, 4 8 ALt 9 i e B AL Tk
P85 ] Bl A FH - 958 pH 85, T4 JB B B ik
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BAEAL HE B EE RS, EAJE Ni A Cr
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FEARB & T 5 so i, D Ni Fi Cr A2 4N
HEE , M2 E T RN R,

3 it

XFRAG IS X+ 3 H 4 )8 Mn Cu . Zn,
Pb.Cr.Ni Fl Cd #47 7€ . 4 )& Mn.Zn.Pb
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