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Bioconcentration of Heavy Metals in Soil-Capsicum annuum L. System in Karst Areas of Guizhou Province
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Abstract: Capsicum annuum L. and corresponding soil samples were collected from different karst areas of Guizhou
province (Xiazi town, Zunyi city and Huaxi county, Guiyang city). The concentrations of 13 heavy metals (As, Cd, Pb, Hg,
Cr, Cu, Zn, Ni, Tl, Co, Sb, Sn and Mn) in plants and soil samples were determined using inductively coupled plasma mass
spectrometry and inductively coupled plasma atomic emission spectrometry. The bioconcentration factors in Capsicum
annuum L. were calculated. The results showed that average Cd concentration in soil was 9.33% higher than the Farmland
Environmental Quality Evaluation Standard for Edible Agricultural Products (HJ/T 332-2006), and the percentage of
samples whose Cd concentration exceeded the standard was 57.89%. Cd concentration in Capsicum annuum L. from Zunyi
was higher than the Maximum Levels of Contaminants in Foods (GB 2762-2012), and the percentage of samples whose
Cd concentration exceeded the standard was 85.71%. Cr concentrations in only two samples from Huaxi were over the
standard limit, which were 15.36% and 12.18%, respectively. Besides, bioconcentration factors (BCF) for 13 heavy metals
in Capsicum annuum L. showed a decreasing order of Cd > Cu > Zn > Hg > Sn > Tl > Mn > Sb > Ni > Co > Cr > As > Pb.
The BCF of Cd in Capsicum annuum L. was 1.138, and the BCF of Pb was 0.001 9. Furthermore, the concentrations of Co,
Ni and Sn in Capsicum annuum L. were significantly positively correlated with their contents in soil (P < 0.05). However,

for the other elements, there were no significant correlations between their contents in Capsicum annuum L. and soil
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(P> 0.05). The provisional weekly intakes of Cr and Cd through the consumption of Capsicum annuum L. were much lower

than the provisional tolerable weekly intakes for sensitive populations recommended by the WHO, and had no harmful

effects on human health. Because of high Cd background values in karst areas of Guizhou province, attention should be paid

to Cd enrichment in Capsicum annuum L. during the process of cultivation.
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1 30200 0553 53000 0204 104000 49000 115000 36000 0267 19400 1005 1270 1240.000
2 18300 0424 42000 0.118 83000 53000 70000 24000 0236 14550 0875 0930 1075000
3 13650 0402 46000 0.102 80.000 28000 104.000 31000 0265 17300 0838 1060 770.000
4 13550 0163 35000 0072 72000 40000 88000 33000 0205 17350 0657 LI30 438000
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Table 2

PHEY S A T RBBOPHI R
Results of evaluation by Nemerow comprehensive pollution index
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Concentrations of heavy metals in Capsicum annuum L. from

various sampling point (on a fresh weight basis)
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Fig.1  Comparison of heavy metal concentrations in soil (A) and

Capsicum annuum L. (B) from two karst areas
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sampling points = 82
P B4 /EBCF gg J} m
YA P H G G Zn N T C S S M 00 ,Hj,m,rﬂ,ﬂ,m,ﬂ_\, JI
I 0000 0376 00005 0023 0003 0168 0120 001 0022 0005 0010 0063 0012 SR A MENAN] Jr&_ S
20005 0450 00008 0051 0002 0243 037 004 0072 0007 009 0301 0014 KOS eoéf Og:r QJ
300000 1393 00005 0076 0004 038 0157 0027 0208 0005 0014 0104 021 FLELE
4008 2607 00014 0278 0004 0278 0192 003 0215 0005 0026 0124 0040 E2 PiHRERELS TR EYBCF
5 0010 0547 00020 0.044 0004 0340 0.I84 0013 0050 0004 0.009 0117 0020 Fig.2  Average BCF of heavy metals in Capsicum annuum L. from
6 0003 2059 00014 0027 0002 0118 0141 0009 0.8 0006 0O 0080 0023 two karst areas
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10 00M 0355 00018 0035 0004 0364 0209 0077 0061 0008 0015 013 00H A, BT As. Hgy Cry Sby Snif) & S48 2R
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SELEFMUG R, N ZOE K B IR 42 T e 213 B
XU G R AR AR, HET I AR R RS .
FHHOGCd. Cu. Zn. HgMIBCFEIK, WA —MEHT
PNBEHUE B4 )8 7t Cdy Cu. Zn. Hgflii PR .

e AEOOTRZMEACT CUMD kB BHAHK,

Z Kolmogorov-Smirnovfa 56 B & 4 &8 o 3 &%
. LEESE RS E. LIEpHESRMNIES oA
(a=0.01) , WEHMESRS HIEEGRBICRTEN
b3 p HAE 4 e 1) — 7 70 A iR N IEZS 20 A, PRtk )
PearsonfH ¢ RECKFIA AR K ME. RSTTEW, BT
Co. Ni. SnbASh, HMhREZHOTR & E S LD AN
TCRLEFMKME (P>0.05) , BT BRI
HEBTRBRFERA T L%, H2 T B
Ji. BT RMERE . IEIEAERT . BN A
XM SBHMT ZHESB TR G ES LR AHR
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XEFE L

TLENEELEEMEN (P>0.05) . HhZHES
JE& iR oS L IEpHAE 2 UG, UL E S R 1 I R 1t
(1) L SRR BT b oA R T R

2.6 BANE Lm0 48 R

TSR I X BAREECARBAR LR, SRHAEIR H X
BRBAFEA AR S CritBAr B 5. Rk, XS EREH
P 3 X AR CA A Cr 2 5 1) 4 FR AR R AT 1A, tHE 5 2
A AN S CrB N & A A 200~500 pg/d™,
AR H 2, DL/ IME 200 pg/d SR, AR & A
60 kgit, MICrE ['1EF XU N I B 4 45 J) N A4 mT i

AT (provisional tolerable weekly intake, PTWI)
N23.3 ng/kg my, CARIPTWING.7 pg/kg m,>,

THE R R, ST E RO A SOHR X
AET BH A2 IR Hb X B CA I PWIFE0.10~0.56 pg/kg m,
20, FHN0.26 pgl/kg m,, N ECAHPTWIN
1.49%~8.36%, ¥ ~N3.88%. CrifiPWI{E0.16~
3.03 pug/kg m, 2 8], “F¥JN0.67 pg/kg my, X 5CritPTWI
f£0.69% ~13.00%, ~“T-1442.88%.

3 o #

BN RCA BRI R X, HULE NHIC. BT
AR KA 7= IR IT R 516 5 5 B0 H X T 4@ 75 e
H, BN ECd S BAE0.6~1.0 mg/kg 18], Uk
Gb, AFEFES S ESECRSRAKERES ARG
SR 7 mﬁ%%%ﬁMWM%mo%ﬁﬁw~w%
() M 2 255 15 G BTN 5 R N B TS e, X ]
BE SR A THAEX, il T) . KERS. e
BHE N KIF SR EA 5. 1~ 145 R S AL T8 LI T
=, A4 RSN TS e, A SR X
FE A 128.57%, X REE UM LG R EHEX . A
KIESNE N, AR T E xR, Mo, mReSH
SUERFHL X =8 R R TR A E A 2%

HEJECA. Pb. HgRIUN LI h S EEIHIX, 1
BN GRS ENA R, HRAESEEI LH TR
FRE, BT TRSERENE LS. AW REE, M
YIRS S He, BATIR I+ e, 4AE 4 E EIR ok
SHgltt, i FEHe & & TARM: Ay 2l
T HEH R, MR EHe & & i E# o Hg &&=, 1T
K S PRI R IR SR A R 3 S Hh B 4R Cu.
Pb. Cd. ZnfEBMUE AR L ZEH & m, Mt
FER RECkUL, WIRIAESE, WNREG S Y
MRS Y Ko VR RSO PO G A R AE T
(R A IR S AE I Y I AT AS2 AR, B S Ml A B
PEES I, SR HR 2 B SEPh & E R AIG: KA
YIE%Zn. Cd. Pb. Mn, KSFCAdFEESHETHC

SEADENIEHAM, BREMRRPESE T ES
JEAFAERARIR, SR RS ORL 2 3 R ik, S
Mgt wE LB, b, YT ESENROE S
TP ES RS, LpHE . YN ILER E ERFE
ARAEP, Hf RO S R TR SRR
X, BHHHERICR SRR .

THE SRR, i BT PH AR RS SCIE 77 4
X BAHUE AR AT R A CrACd I PWLIZE 3zt /N Tt F B A= 2 21
P B T RHBUR A BRI PTWI, RUET & &6
FRCd Crif B 268 N e s o AR 2 BB
CAl) & B I FA S B, TEBEM X 45 8 4 1 B
ren T SCHB X, 3R DX L PR T B R IS Y iR AR N
| A ST T E A

4 & ®

S55INEAZE LY SEME, BB X 113
Cu. Zn. Ni. Co. Mn P& w8t He6% . 1.5%.

10% 5% 1%; 58 AR bt = M PR 5807 5974 b AR
th, T3EFss A%acwﬁﬁﬁﬁ,q% T Ei#BFRr9.33%,
RALEBAREEH57.89%

W SCER T CAd S EE AR, AL HE AR RN

85.71% . SBHAEIRHAMUL2 MNFESICC KBRS, 2 7
bR 1 15.36%F112.18%, i £ FH 5% BH AL A SCHF 7
B A2 T B CrACA I PWIEZ /N Tt L P A= 4 432
5 T 15 AHEUR AN BEIPTWI, it & & EBirE 48
Cd. CrifyBBA 2 68 N g Fei siose i, ARAE 52 M 8 1
FRECd 1 5B 10 DM BRARUS, S8 AR BARCN CA ) & £

BB E 43 J8 I BCF X/ i A Cd>Cu>Zn>Hg >
Sn>TI>Mn>Sb>Ni>Co>Cr>As>Pb, B CdIK
BAERE iR, BCFN1.138, Pba #ft f1i/)N, BCFN
0.001 9. M Co. Niv Sn&E4H5 LHECo. Niv Sn&
BEEEF MR (P<0.05) , HklHAs. Cd. Pb. Hg.
Cr. Cu. Zn. Tl. Sb. Mn& &5 LHHPXR GRS EL
SBEMEE (P>005) .
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