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Abstract: In order © assess the human health risk posed by elevated concentrations of cadmium in vegetables, and t© identify pollution - tlerant
vegetable varieties a large scale aurvey of cadmium levels in il and vegetables planted or ld in Beijingwas conducted  Fifty - four ©il sampleswere
collected fran gardens and fields used © grow vegetable plants In addition, 97 varieties of 363 fresh vegetable sampleswere obtained from vegetable
stalls, supemarkets and wholesale outlets Cadmium concentrationswere measured using graphite fumace atomic abomption gpectrametry (GF - AAS).

Cadmium concentrations in ils ranged from O 091 o O 971 mg kg, with aritmetic, geometric and Box-Cox means of 0. 229, 0 201 and Q. 187
mg kg *, repectively Compared with the background cadmium concentrations of il fram Beijing, there appeared o be a significant accumulation of
cadmium in il collected from fields that produce vegetables Cadmium concentrations in the edible plant portions ranged from less than the analytical
detection limit (Q 1Y g kg * fresh weight) 0 101 4[4 g kg ' fresh weight, with arittmetic, geametric and Box-Cox meansof 12 8, 8 4 and 10. 0
P g kg ! fresh weight, repectively In98 3% of the smples, cadmium was less than the Tolerancel imit of Cadmium in Foods ( TLCF) of 50u g kg™ !
freshweight The TLCF is the maximum pemissible concentration of cadmium in vegetables that will be conamed by people The highest level of
cadmium detected in a vegetable plant was 101 44 g kg !, which was measured in a water shield (B rasenia schreberi) sample obtained fram the
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Changping district of Beijing Cadmium was detected at 61 6 and 50 84 g- kg™ * in o eggplant (Solanum $. ) samples 58 0 g kg ! in Youmaicai
(Chinese lettuce) and 51 OM g kg ! in a sugarbeet smple Only the eggplant samples exceeded the WHO /FAO and European Cammunity ( EC)
cadmium standard of 504 g kg ! for vegetables other than leaves and rhizmes The cadmium concentration in field-grown vegetableswas significantly
higher than the concentration of those planted in a greenhouse

Reaults of hierarchical cluster analysis on the cadmium bioconcentration factor (BCF) in vegetables indicated that the plants sampled could be
sparated into tvo groups based on BCE Pakchoi (B rassica chinensis) , Chinese cabbage (B rassica pekinensis), radish (Raphanus), chili (Capsicum
annuum) and eggplant (Solanum . ) had higher cadmium BCFswhile cucumber (Cucumis sativus) , wax gourd (Beninacasa hispida) , inach
(Spinacia oleracea) , beans round trellis (Vigna unguiculata) , welsh onion (Allium fistulosum) , tomato (Lycopersicon esculentum) and cabbage
(Brassica caulorapa) had lowver cadnium BCFs The average ingestion rate of cadmium fran vegetables was 12 2 U g/individual/day for people of
Beijing Conaming vegetableswith elevated cadmium concentrationsmay pose a health risk  local residents, particularly the young, elderly, or ill
Keywords cadmium; Beijing, vegetables wil; bioaccumulation; human health risk; pollutant - resistant plants
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Table1l Concentrations and distribution characteristics of 20il Cd fram fam fields in Beijing

Cd ooncentration in ils / (mg kg™ ')

Box-Cox
. ( ) ( ) ( )
Renee M edien Mean (S D.) Pow Mean (S D.) Pow Mean (S D.) P
Origin data 0091 0971 0193 0 229(Q 158) 0 0 201(1 57) 0 0 187(0 001) 0 81
Datamod:ied 0091 0460 0190 0 202(Q 077) 0 0 190(1 41) 0 41 0 181(Q 001) 0 51
1)~ ” 2 (0971 0 886 mg kg ?)
32 ( 200U g kg *, 100M g kg *
97 363 504 g kg ') (EC, 2001) , 2
, 197 , (3)
, 101 , 65 ., WHO/FAO (EC) ,
. 2 , 0 58%.
(10L 4p g kg *) 4 ( ,61 6 , Cd
50 64 g kg ' ,51 OM g kg *; ,58 0 , , Box-Cox
Mgkg') ( 3N 0342
(1994) (oM g kg’ ); Box-Cox
, , 2 , ,
(1994). ; )
(3) , : : :
0 90%. ,
(FAO) (WHO)
( 2004 g kg', 50 ( , 2003).
Hgkg') (FAOMHO, 2001)
2
Table2 Concentrations of Cadmium in vegetables collected fran fam fields and markets of Beijing
Cd concentration in vegetables / (4 g kg™ 1)
(N) Box-Cox
Soecies of Na of
vegetables smples Range
M ean SD. M ean Geom. S D. Box-CoxMean Box-Cox S D.
41 15 486 18 5 88 16 2 18 17.0 31
20 01 383 10 4 86 66 38 82 45
() A 15 81 580 20 7 13 2 181 17 18 9 33
B 13 16 201 80 54 65 20 7.0 30
¢ 12 117 339 222 75 209 14 21 4 24
() ° 9 03 230 42 71 19 36 24 44
7 42 209 149 68 132 18 13 8 30
6 19 28 24 04 24 12 11 0 24
6 56 17.0 11 6 48 10 7 16 24 12
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Cd concentration in vegetables / (4 g kg™ 1)

(N)

Box-Cox
Fecies of Na of
vegetables samples Range
M ean SD. M ean Geom. S D. Box-CoxMean Box-Cox S D.
5 11 234 18 1 52 17. 4 14 17. 6 21
E 4 96 385 210 12 4 18 5 18 19 3 36
4 67 214 157 6 4 14 4 17 14. 9 28
3 07 510 227 257 84 92 13 6 14. 3
3 36 371 21 3 16. 8 14 6 34 17. 1 73
3 28 52 40 12 38 14 39 16
3 36 145 81 57 68 20 72 32
3 86 262 17. 3 88 15 6 17 16 2 32
1 27.9 27.9 — 27. 9 — 27.9 —
158 01 580 14 9 10. 5 10 5 28 12 2 45
F 24 26 366 15 2 94 12 8 19 13 6 33
3 64 329 17. 7 137 14 2 23 15 3 48
3 42 10 81 33 75 16 77 23
2 81 366 22 3 20 2 17. 2 29 190 73
1 28 28 — 28 — 28 —
1 10 10 0 — 100 — 100 —
34 26 366 14 7 10. 0 11 9 20 12 8 36
23 01 154 46 35 26 43 35 36
G 22 09 16 75 49 57 23 64 32
H 21 01 149 79 41 60 30 69 32
: 18 46 46 4 17. 9 11 3 14. 8 19 15 8 37
17 52 616 19 2 15 9 150 20 16 2 4 4
11 12 13 46 32 38 19 41 25
13 141 72 6 6 45 34 54 48
37 62 45 15 4 4 14 4.4 16
309 30 9 — 30 9 — 30 9 —
1 15 15 — 15 — 15 —
121 01 616 10 0 10. 0 6 3 32 76 4 4
J 6 25 225 13 2 71 10 8 22 11 8 36
K 5 23 171 95 69 73 24 80 38
4 04 14 45 6 4 20 4 4 27 51
3 65 114 97 238 94 14 95 18
2 49 131 90 58 80 20 83 32
2 96 314 20 5 15 4 17. 3 23 18 4 53
2 21 9 55 49 43 28 4.7 39
1 4.4 44 — 4.4 — 4.4 —
1 101 4 101 4 — 101 4 — 101 4 —
1 10 10 — 10 — 10 —
t 23 06 372 10 1 90 6 2 32 7.6 48
50 04 101 4 11 7 15 3 66 32 82 53
363 01 1014 12 8 11 3 84 30 10 0 47
A ;B. ;G ;D
, E F e T H
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Table3 Kuribsis skewvness and pgy for Cd in vegetables collected fran fam fields and markets of B eijing

(N) Origin data Logaritrmic trandomation Box-Cox Box-Cox trandomation
vegetables Na of
typess sanples Kurtosis  Skewness Kuribsis  Skewness Kuribsis  Skewness
158 21 11 0 34 -155 0 00 Q0 01 -0 40 Q0 05
leaf vegetables
34 a5 12 0 0 04 -0 16 0 22 -0 20 Q 44 0 06
rootstalk vegetables
gourd
. 121 85 26 0 38 -144 0 Q 89 Q 33 Q0 20
and fruit vegetables
. 50 24. 6 4.4 0 -0 03 -0 43 0 24 211 Q0 81 0 06
ecial vegetables
363 12 0 25 0 29 -131 0 00 Q 29 Q 06 Q74
all vegetables
33 , Box-Cox
331 . . Box-Cox
2000 65% ( , 2002) , ,
4 L
4

Table4 Comparion of Cd concentrations in vegetables produced in Beijingwith those ld in Beijing markets produced from other Provinces of China

Cd concentration in vegetables / {4 g kg™ 1) Box-Cox
N) Origin data )
Box-Cox Box-Cox trandomation
. Na of
urces - -
smples Renge Box Box - -
Mean SD. Cox mean Cox SD. Skavness SKavness
Beijing City 298 Q1 1014 130 113 10 2 46 2 67 0 Q07 Q79
Ofther cities 65 01 486 121 109 91 51 1 40 0 Q07 Q64
332 2004). 5
: , 2003 , ,
2 35 x10' hm*, Box-Cox :
68% , 154 3 x 10" t ( , (ANOVA, p<0Q 013).
5
Table5 Camparison of Cd concentrations in vegetables grown in open fieldswith those grown in greenhouse
Cd concentration in vegetables / {4 g kg™ %) Box-Cox
(n) Origin data )
Box-Cox Box-Cox trandomation
. Na of
urces - -
smples Renge Box Box P o Pos
Mean SD. Cox mean Cox S D. Skavness Skavness
field-
215 01-616 138 10 4 112 45 144 Q 00 -030 013
grown vegetables
Green-
148 03-1014 114 123 85 48 350 Q00 0 56 Q09

house vegetables
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34 e 0 5 10 15 20 25
4:‘
, }—
( | 2002). W%
z:éi%ﬂ
) ) HE
LRES
) [ipani
,  Box-Cox %‘ig*
( 6). zm?
, Box-Cox chli —
¢ 3. X 3 Box-Cox
, ; Fig 3 Hierarchical cluster analysis based on Box-Cox means of
bioconcentration factor (BCF) of cadmium in vegetables
fram Beijing
6
Table 6 Bioconcentration factors (BCF) of Cd in major kinds of vegetables collected fram fam fields of Beijing
(N) Box-Cox
Soecies of Na of V Range Median - -
vegetables sanples Mean SD. Box-Coxmean Box-Cox S D.
22 0. 023 0O 246 0 098 Q 107 0 060 011 0 098 Q0 015 o 79
20 0 000 0O 132 0 044 Q0 054 0 034 0 40 Q 047 Q0 013 0 28
3 0 025 0 058 0 033 0 038 0 017 0 44 Q 037 Q 005 0 53
17 0011 0252 0082 0 095 0 072 0 07 0 082 0 021 0 69
2 0. 003 0O 073 0 038 0 038 0 049 —_ 0 026 Q0 033 —
64 0. 000 QO 252 0 068 Q0 082 Q0 060 0 00 Q 074 Q0 018 0 59
( ) 14 0011 0134 0 069 Q0 072 0 037 079 Q 067 Q0 011 0 55
20 0 009 0 201 0 080 0 090 0 057 0 17 0 081 0 016 0 80
18 0001 0113 0 056 Q0 053 0 033 0 62 Q0 046 Q0 014 024
8 0 004 0 086 0 044 0 044 0 028 0 85 0 039 0 011 075
4 0. 010 0O 037 0 019 0 021 0 011 0 50 0 020 Q0 005 71
13 0 001 0O 053 0 021 Q0 025 0 019 0 22 Q 020 Q0 011 0 10
16 0 027 QO 285 0 083 Q0 094 0 068 001 Q0 084 Q 017 0 33
79 0 001 0O 285 0 053 0 064 0 053 0 Q0 055 Q0 018 0 76
1) 12 0. 004 0 202 0 026 0 048 0 058 0 0 035 0 021 024
169 0 000 QO 285 0 060 Q0 070 0 056 0 Q0 059 Q0 018 0 28
1):
; 6 :
: 4 >
, > ; Box-Cox
, , (ANOVA) ,
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( , 2005).
35
2002 , 1366
( , 2002) , 522 8
x10't, 65% ( ,
2002). ,
16kgd’
Box-Cox ( 2 ; (2)

12 2pu g dt, (10p g d'') (Alam et
al , 2003), (20p g d') (Cui et al,
2005) (0pg d?) (18ug d*)
(Alam et al , 2003), (4 gd?h)

(13U g d'') (Alam etal , 2003)
(WHO) (FAOMWHO, 2003)

(USERA) (EPRA, 1994) Cd
(AD1 )eopgd’) ( ,  60kg
), WHO AD | 20 3%.
16kg 37. 5
Mgkg?, WHO  USER
AD | . (3) :
37. 50 g kg* 2
6%,
(Zhang et al
1998; Shimbo et al , 2001; Munoz et al , 2005).
50%,
18 7 g kg *,
ADI . , (3)
, 18 74 g kg'*
26 7%,
() ,
14 0%.
(GB 15201 - 94) ,
4 (Conclusions)

1)

2)
(B 15201-94) ,
, WHO /FAO (EC)
3)
4)
|
. * 863"
“ 973" 40 ,
200 , 18
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