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Abstract: The vegetable quality is important to human health, In order to assess heavy metals pollution in vegetables, the investigation on
heavy metals in vegetables was carried out in Shantou city. The results showed that 6 heavy metals were detected in 46 vegetable samples,
and the contents of the heavy metals in all of vegetable samples were higher than the national standard for Pb, Cd and Ni in GB 18406.1 of
PRC, respectively. The contents of heavy metals in vegetables were affected greatly by human activities, and varied greatly with different veg—
etable types in Shantou city. Factor analysis and cluster analysis indicated that 6 heavy metals could be reduced to 3 main factors, and they
were respectively air pollution, soil pollution and industrial waste water. Lead, cadmium, chromium and nickel were the most serious pollution
heavy metals in Shantou city.
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Table 1 Descriptive statistics and excess standard index of heavy metals content in vegetables of Shantou city

f I H As Pb Zn cd Cr Ni
S NE 0.07 44 2 12.7 128 34
e /ME 0.04 5 0.4 0.3 64.5 2.9
. ’EA YoM 0.06 19.8 1.26 3.94 78.4 3.18
Brassica juncea Cosson. o
n=5 Fife % 0.02 20.32 0.68 5.45 27.75 0.19
R Y 0.21 1.03 0.54 1.38 0.35 0.06
AR I% 0 100 0 100 100 100
S UNE 0.18 44 5.1 8.1 136 36
A e /ME 0.04 5 0.4 0.1 61 2.6
ENEES
Brassica chinensis L. Bl 0.09 15.83 1.83 2.08 98.03 2.93
n=6 Frife % 0.05 15.30 1.79 2.98 37.33 0.37
R Y 0.60 0.97 0.98 1.43 0.38 0.13
HEAREI% 0 100 0 100 100 100
S UNE 0.06 28 33 38 67.3 34
e /ME 0.04 20 18 25 66.5 3.2
G oyt 0.05 24 263 313 67 327
Brassica chinensis L. N
n=3 Frife % 0.04 12.22 1.43 2.30 35.24 0.91
R Y 0.89 0.54 0.58 0.78 0.50 0.10
HEAREI% 0 100 0 100 100 100
S UNE 0.09 69 33 12.2 135 34
e /ME 0.04 9 14 1.9 66.6 3
. ”V“ . YoM 0.06 40.67 2.03 7.63 108.2 3.13
Brassica chinensis L. N
n=3 b 22 0.04 18.48 1.28 357 37.20 0.93
AR RH 0.72 0.48 0.68 0.51 0.31 0.10
HEAREI% 0 100 0 100 100 100
IEYN: | 0.05 42 4.6 9.6 129 34
e /ME 0.04 39 25 7.6 120 3
tFA W 0.05 4033 33 8.33 124 3.17
crispa L. o
n=3 P2 0.04 17.61 1.30 3.64 38.07 0.95
R Y 0.80 0.46 0.42 0.47 0.26 0.09
HEAREI% 0 100 0 100 100 100
S UNE 0.07 40 41 7.2 70.2 34
e /ME 0.04 37 2 6.5 64.1 2.9
et It 0.05 38 27 6.73 66.13 323
botrylis L. e
n=3 Fife % 0.03 16.58 1.26 3.38 36.59 0.96
A5 RH 0.69 0.46 0.50 0.54 0.49 0.09
HEAREI% 0 100 0 100 100 100
S UNE 0.07 85 5.4 15.3 128 33
I/ Mi 0.04 5 0.6 0.3 63.8 1.8
o= , It 0.05 33.33 2.47 4.88 91.05 248
Brassica alboglabra Bailey. e s
n=6 Fife % 0.03 18.90 1.35 3.78 35.28 0.92
5 R 0.15 1.05 0.96 1.09 0.95 0.45
AR I% 0 100 0 100 100 100
S UNE 0.08 43 19 11 68.9 36
T/ M 0.04 5 0.4 0.3 63.5 26
HR B 0.06 23.4 1.32 0.62 65.84 3.04
Cucumis sativus L. NS
n=5 Fife % 0.02 15.73 0.57 0.40 2.05 0.44
R Y 0.31 0.67 0.43 0.64 0.03 0.14
HBAREI% 0 100 0 100 100 100
IEYN ;| 0.14 80 3 12 72.1 38
DI I /ME 0.04 37 1.8 4.6 64.3 3.2
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Table 1 Descriptive statistics and excess standard index of heavy metals content in vegetables of Shantou city
Cucurbita pepo L. ¥E 0.08 65 247 9.2 67.27 353
n=3 btk 2 0.04 27.14 0.85 4.76 21.60 1.02
AR 0.42 0.43 0.33 054 0.04 013
HFR A% 0 100 0 100 100 100
SEYN: | 0.07 38 24 54 62.4 39
M 0.04 27 13 33 59.1 3
h HfE 0.06 3267 1.87 42 60.7 337
Raphanus sativus L. e
n=3 b 2= 0.03 2245 0.77 3.94 20.57 1.04
AR 051 0.72 0.38 0.99 0.06 013
EFR % 0 100 0 100 100 100
SEYN: | 0.12 35 23 16 56.4 39
M 0.04 1 12 05 04 3.1
%m_ 3| 0.08 26.67 187 117 37.03 353
Cucumissativus L. o
n=3 b 22 0.03 20.45 0.74 356 2375 1.06
AR 0.37 0.82 0.36 3.30 047 0.12
EFR A% 0 100 0 100 66.67 100
SEYN: | 0.06 43 41 58 55.5 37
M 0.04 27 21 37 04 33
) AR BIMH 0.05 36 337 46 34.87 35
Cucurbita moschata Duch. R
n=3 b 22 0.03 18.72 1.01 3.24 24.58 1.06
AR 058 0.55 0.28 0.76 0.60 0.11
EFR % 0 100 0 100 100 100
PN 0.18 85 54 15.3 136 39
M 0.04 5 04 0.1 04 18
o 3| 0.06 30.89 216 434 77.20 313
BT n=48 v
b 2= 0.03 20.04 124 401 32.23 0.45
AR 217 1.54 175 1.08 2.40 6.99
HEFR % 0 100 0 100 95.65 100
T AR R ABR MRS A GBL8406.1 (7= b % i it W & BR A ERR L 22K,
®2 kM EEEERBRAESIT (ng-kg) RBIRE
Table 2 Descriptive statistics and excess standard index of heavy metals content in soil of Shantou city
X3 I H pH As Pb Zn Cd Cr Ni
SN e 7.82 9.2 110 161 0.712 113 195
e/ ME 3,615 1.07 121 15 0.065 6 10
o KM 558 463 41.23 67.27 0.17 12.82 34.65
i ;ﬁﬁlﬁﬁﬂ bt 2 091 1.99 20.40 27.35 0.07 14.77 36.12
B A RAL 0.01 0.02 0.17 023 0.12 0.30
BRE al% — 0 56.52 12.17 22.61 174 28.70
R bl% — 0.01 51.30 69.57 100 174 34.78
[ K —ZbRifEimg « kg* 15 35 100 0.2 90 40
JARAE S Sl Img - kg! 8.9 36 51 0.04 50.5 277
TE SBR[ 5 - HE PR T R — SRR S 50X 100% ; AR R b gt AR L SRR S B/nx 100%
XTRE )27 A B AR L, T Tk S in 4 Ja v Hom RSB, X 5 DI e 45 AR ),

T B R R SRR AR T S B R
B Cd & EEH el AR YRASE B SRR S Cd AR
U, 5 M SR T TS SIAAAE VIR R T A1,

Bk Cd i fAfE— s, BIe2REisk Cd & &
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ZPREEA T EIRERGEE ASR % S EW I X
AR Cr St TR, RSB KA
Mg Cr iy B m . AR R 2 1~
JIHES Cr iR AR, AR 44 ABESERES Cr & it
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Sl R 5T Ak A TR B S T 4 SR U5 e
Pb.Cd Hy ik FEH 3FILE, X 5ARMITING
FAMMZAL

4 EHFZH

FERLE I AR 2B M EME R Had
Z B B2 A3 BTl e — 2 I R , 3 sl 75 X4
PRI AL (F4E ), BRF-20#T (Factor analysis ) 5 A LA

AR B DR LA SR AT A AR i ol S ke
JFR ) 2 A8 F AR A AR B

X} 46 ANEEAE L 6 P4 @ e K TR 4
BT, b R 3k 3,

SETBUN P B s VI KPS B i L A (T

Z,=-0.101X,+0.886X,+0.596X,+0.898X,+0.358X s+
0.173X

2,=0.478X,+0.027X,+0.194X ;-0.132X,-0.581X ;+
0.801X,

Z,=0.527X,-0.315X,+0.447X;-0.273X,+0.589X -
0.030X,

FHA R 6 AR B M5 BT e 3 S 4y
J e 3K 73.001%, B BHERI 3 A stnT DL T, &
P 1 44E Pb F1 Cd, A7 A6 Ni, EHEF T
& Cr, M4 3.2 B94rHrities, vl %0 Pb 1 Cd BiJC R AR
HRARGEGRAEMARTEN LS AEEE
HRRAR, Ni tRIWEE FES ARG CR™, T
b AR A ) 3 B I K HE TR S Ak A SRR e T 3 A
BWHEEEGRAEL,CriREEFEANLRA T L
e, 50 Cr KR A ¢, ik Bk =AW+
ATLAASE Ry RS | ARSI e Tk & Cr &
K=KHEK,
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Table 3 Total explained variance obtained by principal component analysis

Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 2116 35.269 35.269 2116 35.269 35.269
2 1.264 21.071 56.340 1.264 21.071 56.340
3 1.000 16.661 73.001 1.000 16.661 73.001
4 .905 15.087 88.089
5 0.561 9.343 97.432
6 .0154 2.568 100.000
Component
1 2 3

AS 0.101 0478 0.527

Pb 0.886 0.027 -0.315

Zn 0.596 0.194 0.447

Cd 0.898 -0.132 -0.273

Cr 0.358 -0.581 0.589

Ni 0.173 0.801 -0.030

TE PR O ER TR, #RIRT 3N ERT,
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Table 4 Correlation coefficients among heavy metals in vegetables
of Shantou city

As Pb Zn Cd Cr Ni
As 1
Pb 0.067 1
Zn 0.086 0.296 1
Cd -0.009 0.833 0.304 1
Cr -0.028 0.108 0.233 0.224 1
Ni 0.113 0.113 0.221 0.023 -0.198 1
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Figure 1 Clustering tree of soil heavy metals concentration in vegetables of Shantou city

PDF SCH# 4] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

%27 5 10 & W H s

E I 77

[12] Muchuweti M, Birkett J W, Chinyanga E, et al. Heavy metal content in
vegetables irrigated with mixtures of wastewater and sewage sludge in
Zimbabwe: Implications for human health[J]. Agriculture, Ecosystem
and Environment, 2006,112:41-48.

[13] iR, 3-8 RGP 4 R TS5 Y M. b B i,
1996.

[14] ZEICAR XGHE, B B, A5 R PR SEAT STs e i o 3. P i
HEZS AR 4H,2004,12(4) : 149-152.

[15] Foy C D, Chaney R L, White M C. The physiology of metal toxicity in
plants[J]. Annual Review of Plant Physiology, 1978, 29:511-566.

[16] Lindstrom M. Urban land use influences on heavy metal fluxes and sur—
face sediment concentrations of small lakes[J]. Water, Air and Soil Pol-
lution, 2001,126: 363-383.

[17] Lin Y P, Teng T P, Chang T K. Multivariate analysis of soil heavy metal
pollution and landscape pattern in Changhua county in Taiwan [J].
Landscape and Urban Planning, 2002,62: 19-35.

[18] Nicholson F A, Smith S R, Alloway B J, et al. An inventory of heavy
metals inputs to agricultural soils in England and Wales[J]. The Sci-
ence of Total Environmental, 2003,311: 205-219.

[19] Bt L, ShAAR 2 K17 FhBER T A SRR R & s T AR [J).
TR X P 5 2445,1999,13(4) - 74-80.

[20] Kasprzak K S, Sunderman J F W, Salnikow K. Nickel carcinogenesis,
mutation research fundamental and molecular mechanisms of mutage—
nesis[J]. Mutat Res, 2003,533(1-2):67-97.

[21] B A 3 A8 Pt 4 R DT 2 1T e fa S iR R Ak M) L B
Blag kL, 1989. 140-162.

[22] Denkhaus E, Salnikow K. Nickel essentiality, toxicity and carcinogenic—
ity[J]. Critical Reviews in Oncology/Hemaology, 2002,42(1):35-56.

[23] Yusuf A A ,Arowolo T A, Bamgbose O. Cadmium, copper and nickel
levels in vegetables from industrial and residential areas of Lagos city,
Nigeria[J]. Food and Chemical Toxicology, 2003, 41(3):375-378.

[24] Bz, AT, 5K T3 AR BE AR A B i Fr) R [9]. 52 19
[ % 22,2006,13(4) : 969-910.

[25] Voutsa D, Crimanis A, Samara C, et al. Trace elements in vegetables
grown in an industrial area in relation to soil and air particular matter
[J]. Environmental Pollution, 1996,94(3):325-335.

[26] JE B, B [r) k. e 0 = bt - S9N % 3 1 4 i Vs e i ST R 5
JEER )b AR 2 e 2441, 2002,22(5):476-480.

[27] Facchinelli A, Sacchi E, Mallen L. Multivariate statistical and GIS-
based approach to identify heavy metal sources in soils[J]. Environmen—
tal Pollution,2001,114:313-324.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

