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Availability of heavy metals in contaminated vegetable soils from the
vicinity of non-ferrous metals mining and smelting areas
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Abstract: The samples of soils and vegetables were collected from the vicinity of non-ferrous metals mining and
smelting areas in the districts of Changsha, Zhuzhou, Hengyang and Chenzhou of Hunan Province. The fractions of
heavy metals in soils were analyzed by three-stage BCR sequential extraction procedure, the characteristics of clay
mineral in soils and the contents of heavy metals in soils and vegetables were determined in order to elucidate the
availability and potential environmental risk of metal fractions in contaminated soils. The ratios of total extractable
fraction content to the total content for Cd, Cu and Pb are 61.71%, 43.14% and 48.84%, respectively. The active fractions
of Cd in soils mainly exist as acid-extractable forms, those of As, Cu and Pb mainly exist as reducible forms, and those of
Zn mainly exist as acid-extractable and reducible forms. The results show that the combined pollution for active fractions
of As, Cd, Cu, Pb and Zn in soils are significant, and the significant relationships between total extractable contents of Cd,
Cu and Zn in soils and total contents of those in vegetables are also found through clustering analysis and correlative
analysis.
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Fig.1 XRD patterns for representative soils in different areas in Hunan Province
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Table 1 Contents of total and active fractions for heavy metals in vegetable soils w/(mgkg ")
- B LS B o
JLER EEEORE ARNE R K%
El E2 E3

As 6.01~2 612.31 (87.72)
0.21~384.42 (11.13)
Cr 17.82~372.02 (103.33)

0.06~13.73 (1.22)
0.43~358.92 (6.12)

0.41~260.92 (11.34)
0.12~36.13 (2.21)

0.21~211.62 (9.52) 0.12~83.31 (12.83)
0.33~1.71 (0.81)  3.01~97.31 (61.71)
0.11~0.82 (0.21) 0.72~9.92 (4.11) 0.21~11.42 (1.62)  0.01~83.32 (3.63)
9.91~1273.93 (143.21) 1.72~425.43 (11.63)  7.82~434.91 (41.42)  0.22~59.93 (5.64) 2.82~99.13 (43.14)
Pb  35.63~7941.33 (742.24)  1.42~1590.92 (40.63) 26.13~5288.62 (329.31) 0.12~256.53 (12.41) 6.43~96.55 (48.84)
Zn  121.21~10947.01 (966.42) 2.71~2 504.82 (174.34) 11.64~1 998.21 (122.82) 4.91~352.33 (46.33) 3.93~96.31 (34.92)

T HIEREARCH 37; AREREON BIET RG> R AR IR S R LA, 55 AR LT {E .

T REMEMEAILL, 3 As, Cd, Cu, Pb fl Zn FE
HIERR BRI 64.91%, 100%, 54.12%, 83.82%F!
89.24%. t1E Cr v QR Eiis, @hRFEN 13.54%.
AL, RS G TR I As, Cd, Cu, Pb #il Zn

N EME AT YRR . XS5 o0 & 55X U
Pb/Zn HIRTEAIN T, B FEAEAE As AT Cd
GICEFEAR L, R TIEES SIS RSHIES) %
DIAH G
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M1 TLLEH, #3E P Cd, Cu Fl Pb nff2
ARG RS A LRSS WY ME SN &EIA
61.71%, 43.14%F/1 48.84%, Zn Fl As [FI3EMELL 3 BT v
EEBI 2 5 34.92%F1 12.83%. MRS AL 4>
K, THER Cd ETEA S AR RIS A, As,
Cu F1 Pb LA IBJR A A 3, Zn LARR vl HRICA R n] 34 i
AhF . JLHRRR RIS WG JRASRIT A A Cd
o Yo R I A B U A A o 0 1T bR HEEL(GB
15618—1995)"%. 7ifk gy ix, BRRARE, 1
1 pH TR, s 7 13T 48 LR Cd iR
AR W A SR R IR Zn AR R PE ST

BT g g rh 4R U & Cd, Cu, Pb fil Zn
£ wna v AU N S1 e Gl =T e e A S B= 1Y Bl
BT B IR AT ST
FEANFERFERLDC, AR B BHAIME N L3 As,
Cd, Pb Ml Zn SEEE @54 . Hrp, MM 1%
As FrE, BRUIAETRH 48 Cd A8, BRI B BH AT
PN A5 P £ LSRN AN AT P L8 b Zn S5
bR X - SAH WY (1) T 4 R i 2 R R (R 2).
TR GRS KR, KD BRYHL R
Bk T3 Pb A Zn (WA B s A LU A iy, M
M BEEBHATRR N B I TSRS As BRI

o TG Zn IASGEVERI SR M, AT

x2 FRAECLBHT ERAXIRET ELBALTRRESE

HTPH L5 As AR B B D

Table 2 Total and extractable fractions contents of heavy metals in vegetable soils from different non-ferrous metals

mining and smelting areas

JLE Hu X 4 E & R/ (mgkg ) AT B/ (mg kg ) AR R E %
Kb 20.81~638.82 (42.22°) 1.13~73.61 (3.71°) 4.74~27.41 (9.11°
PR 6.01~2 612.33 (75.91%) 3.41~111.21 (12.82%) 0.12~83.33 (10.89")
As 1l A 13.31~763.21 (55.31%) 5.32~176.91 (33.63" 22.31~83.32 (52.94%)
MBI 34.63~2 612.32 (355.52%) 2.11~485.62 (42.617) 5.12~24.72 (11.22°
Kb 1.71~17.62 (7.01°) 1.41~11.61 (3.02%) 8.41~83.51 (43.52%)
B 9.52~384.43 (25.12°) 7.71~384.32 (35.34%) 74.32~97.44 (83.72°)
« (L 5.22~42.62 (19.61%) 8.33~33.21 (19.12%) 78.01~83.34 (82.23%)
g 0.21~37.71 (2.12%) 1.12~6.12 (3.31%) 2.92~83.32 (51.71%
Kb 41.31~291.92 (150.33%) 2.71~13.92 (5.82% 1.61~83.31 (4.81%)
B 24.43~372.01 (85.21%) 3.11~11.32 (6.617) 0.14~33.91 (4.12,)
“ e 17.81~211.92 (46.91%) 2.21~11.52 (5.64%) 1.01~27.92 (11.91%)
B 34.73~269.91 (175.91%) 0.71~6.42 (3.51%) 0.41~4.82 (1.53 %)
Kb 24.92~1 067.21 (153.33%) 14.51~397.51 (38.71%) 2.71~93.92 (26.81")
B 9.92~1215.33 (167.14% 32.33~875.62 (104.917) 6.61~99.12 (60.81%)
c 1t FH 44.22~1273.91 (143.61% 21.72~289.52 (73.72%) 48.91~77.82 (60.42°%)
B 18.42~924.21 (102.92°%) 12.11~76.91 (33.93") 4.74~66.82 (40.41™)
Kb 35.62~2 309.11 (314.61°) 30.72~974.32 (86.72") 6.42~88.12 (22.92")
B 257.42~5 608.12 (941.117%) 248.32~4 012.11 (707.81%) 41.91~96.52 (73.11°%)
P 1 e 667.52~7 941.31 (1246.457) 481.11~6 890.21 (1147.24%) 52.22~87.14 (76.73%)
B 375.92~1 886.21 (923.11°%) 56.81~794.91 (353.32°) 30.51~83.32 (60.91°%)
K 121.21~1 583.01 (438.55%) 25.71~500.91 (118.32") 3.91~96.32 (24.34")
=l 491.21~10 947.11 (1959.44%) 175.72~4 572.21 (1023.21°%) 31.11~83.31 (58.62%)
“ 1t FH 339.31~5 312.21 (1265.87°) 304.91~1 754.52 (546.93%) 36.01~55.91 (45.64%)
MBI 132.12~2 609.81 (608.87") 41.31~381.72 (116.62°) 4.21~50.64 (20.73")

e KIPHIX FIEREAS n=12; BRYIHBIX n=13: HBHHLIX n=5: MEMIHLIX n=7: $55 W8 LR Bhs 7RI R
R RE 2, L P REAR RIS RO AR W 2257

A HH RIS M1
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TR . BRINRIETRH L3R Cd P Rk R AL
93N 83.72%F1 82.23%, V5 YA HL, X L RRY
M BHH X = FE LA & IR AR SR DI G . K
+4Ed As, Cd, Cu, PbFlZn, HRiHEHES As DI
MEIN L1 As, Cd R Zn (145 R0ME R E S i BH A g b
FHN T 4 1A v REGH L IR GER 2). BFE
B, LMoo A R R W,
AT AWK Bty A e vpey 1R T4 1 S L A, AT
WD E LRI TR eI, Ky BRIHFIAE N 145
HH A0 T 4 R W PR AT R o 1) B A IR ARG )
BHEAT . KBS SR (B 1), I 38 pH X LA
BH A ™), e ARG 0 4 s T A% v gy B
pH A3 i 11 38 oS 398 75 4 s S 1 1) rE R B A
I BAR T 38 L3 b B4 g I A G M S A 3l 1k

XPAIF DK 77 G 1 48 v 4 v Ik 2 A0 1 A T 2R
Ko R 85325y 98), i h g nT I Cd, Cr,
Cu, Pb Ml Znh—2K, BRrH2HGES As H—K(E 2).
X LI R RN i 4 pH 41K, Cd, Cu,
Pb F Zn (& PR A8A Frigom, IX S8 0 3 IR vl $R IGS
T B AE . H LA JRA Cd, Cr,
Cu Ml Zn J—3&, WIILJEE As 1 Pb h—2K(KE 2).
P p 5 2B R A A 2 DR AR A
X, i LIRS AN, Rk, e R
FERZ IR L R R A As R Pb )
RRFHIE S Y 5 Fe/Mn B 456 B E 48 G4
K. BRI AMA As, Cr, Cu, Pb fil Zn h—3K,
As, Cu Hl Pb (W AR Hoz g & WA A A
NG R K.

X b g E VR Sy B AT A O AT, IR T4
A& Cd, Cu Ml Zn Z [A1H% 2 35 AH 9K (Reg.c=0.92,
Rea.zn=0.89, Rz,.c,=0.82, P<<0.01; R X /Rl 5 %, P
<0.01 A1 P<<0.05 35l %77t 0.01 F10.05 /K1 F 22

A1), WIE R A Cd, Cu 1 Zn (Rzycq=0.85, Rea.cu=0.55,
Rznco=0.72, P<<0.01)5 Pb 1 As (Rpy.2s=0.86, P<<0.01)
Z AR R I A B A, WA AES Pb R Cu
(Rpp.cu=0.82, P<<0.01)5 As Fl1 Pb (Rs.py=0.74, P<<0.01)
Z AR A OG, R As, Cd, Cu, Pb Fl
Zn SFEEEICHEIE A S 2 WAAEE W RIS &5
PN, BB T RE TSR
23 TENESENHEFNEMERE

WIFTIX 32 As, Cd, Pb fil Zn & E 48 & BAK
W 0.01~4.21, 0.07~4.47, 0.11~36.91 Al 1.72~165.59
mg/kg(R 3). SEE SN T AEMRNEGB 2762—2005
SRS, §RSET As, Cd, Pb Al Zn &R HARE
WK 88.91%, 96.33%, 96.32%F1 35.23%. nJ Ui,
B As, Cd, Pb Fll Zn S5y5 YL, 3 Fgisg
As, Cd F Pb & &AM E FKFRE(GB 2762—
2005) e fl, b, ® M CdMIPb HESEE Cd &
AR . MWREE SR I 5 R RECKE (R 3),
Bkt 13 Cd R Zn B E SRR R, LIRS
XF Cd 1 Zn I)'E S 6 ) otk

358 R BRI A A A e 1 45
AR O SRR RO, AR Ak AR 2 B st
NIRES o e 4L 43 ] LATCSERAE, TR
o R e T G N S AR ) AR I B DUk
HPL R ESE SR SR RIS
B TESE S EUAT A HT, IEE SRR,
TS ECR T ESE S EZ MM RS,
b TS Cu i BRTIRIGS . nE R ASAA]
FAEA Cu R Cu SRS IEH
Ky HEEPRHRIGE Cd SR, WIEEAS Cd FE. R
AHHGES S A JRAS Zn F & nHRIGE Zn SRS
K Cd & Zn &2 AFAE B3 IEAHR(R 4), B9
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Fig.2 Clustering analysis for metal fractions, including acid-extractable (E1), reducible (E2), oxidizable (E3) in

vegetables soils, respectively
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Table 3 Concentration of heavy metals in vegetables from non-ferrous mining and smelting areas w/(mg-kg ™)
N As Cd Cr Cu Pb Zn
» n=20 0.01~4.21(0.18) 0.07~4.47(0.35) 0.01~1.62(0.03) 0.08~3.51(0.49) 0.11~36.91(1.41) 2.11~155.15(22.28)
o Br/%  0.01~5.03(0.17) 0.32~44.33(2.45) 0.02~2.29(0.19) 0.04~3.03(0.39) 0.01~3.31(0.17)  0.11~19.91(3.01)
n n=13 0.04~1.14(0.21) 0.13~3.55(0.38) 0.01~0.73(0.11) 0.08~6.36(0.61) 0.18~29.55(2.53) 1.72~165.59(17.74)
v Br/%  0.02~1.31(0.21) 0.75~27.11(4.71) 0.04~1.84(0.21) 0.05~4.58(0.64) 0.03~12.7(0.57)  0.09~23.32(3.01)
n=21 0.02~1.34(0.16) 0.16~2.39(0.40) 0.01~2.35(0.06) 0.09~1.92(0.57) 0.01~12.48(1.01) 3.19~35.85(13.17)
SN
o Br/%  0.02~8.66(0.36) 1.02~52.9(8.71) 0.01~2.44(0.16) 0.07~6.06(0.88) 0.01~7.07(0.64)  0.17~29.54(4.98)
e n=54 0.01~4.21(0.17) 0.07~4.47(0.37) 0.01~2.35(0.06) 0.08~6.36(0.55) 0.11~36.91(1.42) 1.72~165.59(17.19)
o Br/%  0.06~8.66(0.23) 0.32~52.94(4.69) 0.01~1.62(0.03) 0.04~6.06(0.61) 0.01~12.71(0.39)  0.01~29.54(3.66)

T n NERSRFEAE Be Adish B m N A R M (MG s 5 5 IR e 5 ) s 85 I LT3 {E .

R4 ARHLETT2BEEIM NI
Table 4 Correlative analysis between concentration of metals

in vegetables and contents of metals in soils

HRARE
Ha)m

Wr-Wy - Weg-Wy  Wg-Wy  Wg-Wy - Wg3-Wy
As 0.05 0.07 0.12 0.06 0.05
Cd 0.26 0.35* 0.32 0.42%* 0.17
Cr 0.07 0.08 0.26 0.12 0.02
Cu 0.06 0.69**  0.53**  0.71**  0.65%*
Pb 0.06 0.06 0.06 0.11 0.06
Zn 0.32 0.35* 0.35% 0.37* 0.08

e we A EHESE SR, wy VESRESE SR, wg bt
e & @ nT RS B wy b TR S R IR AT SIS i
Wey A TR SR TR SO & wes b TIEE S R AL
AEE: *P<0.05; **P<0.01.

TIEd Cd, Cu fl Zn iEHA DS EXNEEF Cd, Cu
M Zn 1 B EA W R . Vg sk 1t Cd, Cu
I Zn S5 H G BN N AR FEFN A 1 A S IR B A A
KB fEH

3 & 8

a. EHBEIIRX G RER LT, ESE Cd,
Cu M Pb G dE4L S, HILWRNAS SRS
ATIAE L3 e 2 LIS 23 ) imnils 61.71%, 43.14%F1
48.84%. T 4Erh Cd iEEA 4y AR WS N F, As,
Cu M1 Pb LLnJif JR A4 X, Zn 3G P4 23 AR ) $2 1S

FARJRAN T A EFRX R TIEh ESEA R
PEAL4r L HE As, Cd, Cu, Pb # Zn Z [AIf7AE W] &
IECREREE

b. V54 LIRS EERTG Y E, 3 MER
H As, Cd Ml Pb F ¥ K R & i TAE bRt
(GB 2762—2005) 1 I E (. Horr, 2 |~ Cd H1Pb &
HEE Cd SEbiEhs. AT ¢d, Cu f
Zn SR HEEP Cd, Cu fl Zn &8 8 EE IEAK,
T3 Cd, Cu F Zn 3GHE4 7> E X5+ Cd, Cu
F Zn (¥ RFUE AT I R
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