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Fig. 1. A map of Taiwan showing locations () of ve-
getable samples collected for this study.
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Table 1. The comparison of concentration of Cd and Pb of certified reference materials (leaves of apple, spinach and
tomato) determined between this laboratory and reported data *

Apple leaves (NIST 1515)

Spinach leaves (NIST 1570a)

Tomato leaves (NIST 1573a)

Certified Measured  Rec. (%)  Certified Measured  Rec. (%) Certified Measured  Rec. (%)
Cd  0.013+0.002 <0.026 — 2.89+£0.07 2.53+0.04 88 1.52+0.04 1.26+0.02 83
Pb 0.470 +0.024 0.533 £0.067 113 020" <0.182 — — 0.54+0.12 —

“ug ¢ on dry weight basis.
¥ Information value (non-certified value).
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Table 2. The species, sample size, water content, Cd concentration (values of maximum, minimum, mean and standard
deviation), and rates of Cd concentration higher than the regulation levels in Taiwan

Moisture *  Min. Max. Mean SD”  Above the national
Vegetable group Vegetable name n (%) (mg kg fresh weight) standard (%)
Leaf vegetables Pai-tsai 121 95.7 ND 0.115 0.023 0.018 0
Spinach 18 93.0 0.048  0.133  0.079  0.022 0
Mustard 86 94.6 ND 0.053  0.019 0.012 0
Leafy lettuce 77 96.9 ND 0.073  0.019  0.016 0
Water spinach 124 92.8 0.005  0.132  0.022  0.022 0
Amaranth 25 93.9 0.008  0.050  0.021  0.009 0
Pak-choi 101 94.8 ND 0.096  0.022  0.015 0
Rape 24 95.4 0.010  0.044  0.023  0.009 0
Velvet plant 31 92.6 ND 0.146  0.033  0.035 0
Ceylon spinach 16 93.1 0.005 0.055 0.027 0.014 0
Garlandchry santhemum 20 95.0 ND 0.087  0.031 0.021 0
Celery 26 94.7 0.011 0.151  0.037  0.026 0
Green onion 228 92.2 ND 0.146  0.023  0.023 0
Head vegetables Cabbage 49 93.5 ND 0.061 0.016  0.016 6.1
Iceberg lettuce 41 96.0 0.002  0.080 0.024  0.020 9.8
Chinese cabbage 21 96.2 0.004 0.042 0.015 0.012 0
Root/stem vegetables Radish 293 94.0 ND 0.079  0.017 0.011 0
(excluding bulb vegetables)  cyprof 320 8.7  ND 0116 0021 0018 0.6
Kohlrabi 18 93.5 ND 0.016 ~ 0.007  0.005 0
Potato 100 79.5 ND 0.088  0.026  0.019 0
Ginger 12 94.3 ND 0.022  0.011  0.006 0
Gourd/fruit vegetables Sponge gourd 100 95.2 ND 0.023 0.007  0.005 0
Tomato 22 92.9 ND 0.044 0.008 0.014 0
Cucumber 18 95.6 ND 0.115  0.010 0.011 0

“ Moisture of iceberg lettuce and mustard adopt from recent data of TARI, while that of ceylon spinach source from USDA, http://
www.nal.usda.gov/fnic/foodcomp/search/, and the remaining are from ’database of nutrient composition of food in Taiwan’ pub-

lished by Department of Health, Executive Yuan, R.O.C.
¥ SD: standard deviation.

0294 mgkg" » () AEERMEND-0239 mgkg'
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FEYITE T SRR A SR IR R ATE | 2R
DI - RS (R EEE) WoE) SR E
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Table 3. The species, sample size, water content, Pb concentration (values of maximum, minimum, mean and standard
deviation), and rates of Pb concentration higher than the regulation levels in Taiwan

Moisture * Min.  Max. Mean SD”
Vegetable group Vegetable name n (%) (mg kg fresh weight) Above the national
Leaf vegetables Pai-tsai 121 95.7 ND 0.096 0.031 0.026 0
Spinach 18 93.0 0.051  0.170  0.111  0.038 0
Mustard 86 94.6 ND 0.179  0.028  0.035 0
Leafy lettuce 77 96.9 ND 0.196  0.045  0.048 0
Water spinach 124 92.8 ND 0.197  0.037  0.033 0
Amaranth 25 93.9 ND 0.044  0.014 0.012 0
Pak-choi 101 94.8 ND 0.174  0.046  0.035 0
Rape 24 95.4 ND 0.128  0.056  0.036 0
Velvet plant 31 92.6 ND 0.294  0.081  0.066 0
Ceylon spinach 16 93.1 ND 0.069  0.027  0.022 0
Garlandchry santhemum 20 95.0 ND 0.192  0.065 0.051 0
Celery 26 94.7 ND 0.161  0.051  0.044 0
Green onion 228 92.2 ND 0.174  0.029  0.025 0
Head vegetables Cabbage 49 93.5 ND 0.239  0.045 0.058 0
Iceberg lettuce 41 96.0 ND 0.041 0.012 0.011 0
Chinese cabbage 21 96.2 ND 0.091  0.028  0.020 0
Root/stem vegetables Radish 293 94.0 ND 0319 0.075 0.054 0.3
(excluding bulb vegetables)  carror 320 897  ND 0619 0114 0.089 40
Kohlrabi 18 93.5 ND 0.053  0.017  0.020 0
Potato 100 79.5 ND 0.150  0.038  0.023 0
Ginger 12 94.3 ND 0.197  0.132  0.043 0
Gourd/fruit vegetables Sponge gourd 100 95.2 ND 0.056  0.028 0.011 0
Tomato 22 92.9 ND 0.064 0.014 0.017 0
Cucumber 18 95.6 ND 0.055  0.020 0.015 0

“Moisture of iceberg lettuce and mustard adopt from recent data of TARI, while that of ceylon spinach source from USDA, http://
www.nal.usda.gov/fnic/foodcomp/search/, and the remaining are from ’database of nutrient composition of food in Taiwan’ pub-
lished by Department of Health, Executive Yuan, R.O.C.

¥ SD: standard deviation.
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Shih et al. (2008) FA 151 L0 AF e K (5
TR v R IR - HEREE R

0.010 mg kg" ~ Z/NEZEND-0.023 mg kg ~ HIL
%0.003-0.020 mg kg ~ #EIND-0.021 mg kg™
FE$5950.021-0.038 mg kg » ST R HEE 53 7
TR EREEND ~ 77520.001-0.009 mg kg’ ~ /NSE
ND-0.036 mg kg ~ H{LHEND-0.022 mg kg ~ i
EIND-0.012 mg kg + FESZEND-0.004 mg kg °
ARWFFEHAE g SRR R R 53 Ry =
FESEND-0.061 mg kg' ~ FF5ND-0.053 mg kg ~ 7]\
FIEND-0.115 mg kg~ HIIZEND-0.096 mg kg »



FHEIND-0.073 mg kg~ FE#57END-0.088 mg kg *
SR R B 43 1 Ry BB SEND-0.239 mg kg~ FF
HND-0.179 mg kg~ /NHZEND-0.096 mg kg ~
FHTIEEND-0.174 mg kg~ FHEIND-0.196 mg kg~
FEE2ND-0.150 mg kg » 4011 i B s
Shih ez al. (2008) BB T o 5 FHATERE A
B MRS - ARWTERTI A LRER e
AP EILS34MH - FRES A RE S L EFRE
& -+ [fiShih et al. (2008) ZBEARBL R HESS(H
PRSI ERR G I - AT A RE R
RN -

Lin ef al. (1992) S&E AR H AW 5
A3 46MEREA » H BRI R R 53 e BE SR
ND-0.12 mg kg ~ FRSEHEND-0.91 mg kg ~
SFHEND-0.07 mg kg SRR HIE I R EEse
FEND-1.04 mg kg’ ~ fRZZEEND-1.00 mg kg™
REHIND-1.93 mg kg » ARWFFEIHE & HESHH
[B/INEESE I (CF) REERGEHH) ~ IR (BHEE
FAREED) ~ RESEREAIL 17708 A - SRR
FEIH H R TESEEEND-0.151 mg kg ~ HRSZHE
ND-0.116 mgkg" ~ FZZHEND-0.115 mgkg ' » #
TR R B R BESHEND-0.294 mg kg ~ HREE
FEND-0.619 mg kg ~ SESZHEND-0.064 mg kg °
PREESFE R RS R0 - IR S AR R
Lin et al. (1992) #E Fy/ |\ » FHLin et al. (1992) &
WHRIR IS - EARA R SRR R
BREER ~ SRE AR E G A  Shih er al.
(2008) ZE R HEREE KRS G E i e 2
5~ SRS RER} o
B/ AR EE LR

ARHFFCEL B ST B - SR LLRGE AR
4~ K5 - BEEIMNE - R HEER ~ $HRE
¥R Tahvonen & Kumpulainen (1995) sz Urieta
et al. (1996) ALK} - BiE ZMEH G2
FRALRE TS e B - B AP PR T o
EIREE A BRESUREA 5 A S
A Rs52 519 o BREFAE FE HWER AR

EEEREN S 43

FHER B P i A B SRS - HAR AR Ryl
5~ B IIERL - HEL R AR ~ B
S - BURHTZEER B RIS A NA - B
BRI D - LA R L -

Wolnik et al. (1985) %135 = E/FWIE
ARG ~ SHIREE A »+ Wiersma ef al. (1986)
EF BT F EE W E AR SRR SR
7 HIBEAKZE 2 K TR Wb P i A o S P
R R HH 98 B B AT R 6k SR i B BB B A
e el » 1598 3 W S o e B S R
FIRRAET » 25 Fol = 98 SR S R
e KME - RIRR T B & S SRR A AT 52 4]
B FE At B S SR e R (B 2/ N b ja it
e HUE - BURBIA B S SRR R B S B Ko AT Tl
fEAAREZZ L o S30h > ARWFFEER S e IR Ul
Bl bt R SEAHER » B 7RI () REER
LR ARIZES, » AR ZE HAt B e SR
B Lt oe s e - FRBE S A3 Bl
[ 5 17 R PR B AL ~ okl o BEL IO 65035 ~ S B R
B~ FE B b BRI Y B R IR B8O SR
{5 FRAE THEERTRIEER » BB 3t
FEGGR - SHATFERR ~ B 7k
WAE FHFEYIZE IR (Uzu et al. 2010) - i
AT » NIEEA R 1.565 ~ EEIH
2015 - HEMIFE RV EY 2 B FE HK SRk EE T L
TG GIRRIR S R - AR S M E
TR SR LB R AT

Kachenko & Singh (2006) 2R IMNET L
PR AT P o M S W 8~ SRS
FHHIER - bR T =B RSR R A ESS - H
BRGS0 ~ SRR I KB P BH B = R A BT
58 o FA FL YK ERAR W A A o {18 A L 5 5 <
J@a sk —EABTSEAE S W - Kt
8 SRR ERE o 59 0 TR ERER
HIBLZ B ~ PR AR - B S e
E#Z5E (300 km) FYCowrattlild » HBHEERIEHR
ASEEE) 2 1R R - SRR



44 GERENTE Bl HE1l

K > BEEESRIRESIT A IRIN R AR EATE - R A ZE R B
MERERIIE37. 5% BT RMREEE - B FRREEER - HRELR

TR B e B L SRR R N A B AERA FHER S ~ SR P E RN © AR
IRV RES FIRE AR, ~ BBEF A - 2 USSR PSRRI AR T Ry N IESEE > IREE
R 4. A[FIFERGESE ] R TR SRR L

Table 4. Comparison of cadmium concentrations in edible parts of vegetables reported in various studies

Concentrations (mg kg™ fresh weight)

Vegetable name n Min. Max. Mean Median Country Literature
Chinese mustard 121 ND 0.115 0.023 0.018 Taiwan Present study
15 ND 0.023 — 0.007 Taiwan Shih et al. 2008
Spinach 18 0.024 0.133 0.074 0.079 Taiwan Present study
44 0.005 0.743 — — Australia Kachenko & Singh 2006
82 0.010 0.150 0.060 0.060 Netherland Wiersma et al.1986
104 0.012 0.195 0.065 0.0605 USA Wolnik et al. 1985
Leafy lettuce 77 ND 0.073 0.019 0.014 Taiwan Present study
5 ND 0.021 — 0.008 Taiwan Shih et al. 2008
Pak-choi 101 ND 0.096 0.022 0.018 Taiwan Present study
10 0.003 0.020 — 0.014 Taiwan Shih et al. 2008
Cabbage 49 ND 0.061 0.016 0.009 Taiwan Present study
10 ND 0.003 — ND Taiwan Shi et al. 2008
8 0.003 0.062 — — Australia Kachenko & Singh 2006
8 0.001 0.007 0.003 — Finland Tahvonen & Kumpulainen 1995
86 0.001 0.017 0.005 0.004 Netherland Wiersma et al.1986
Iceberg lettuce 41 0.002 0.080 0.024 0.023 Taiwan Present study
56 0.005 0.424 — — Australia Kachenko & Singh 2006
13 0.006 0.029 0.012 — Finland Tahvonen & Kumpulainen 1995
75 0.01 0.19 0.05 0.04 Netherland Wiersma et al.1986
Chinese cabbage 21 0.004 0.042 0.015 0.011 Taiwan Present study
8 0.003 0.021 0.011 — Finland Tahvonen & Kumpulainen 1995
Carrot 329 ND 0.116 0.021 0.017 Taiwan Present study
12 0.002 0.074 0.024 — Finland Tahvonen & Kumpulainen 1995
100 0.005 0.160 0.040 0.030 Netherland Wiersma et al.1986
207 0.002 0.130 0.028 0.017 USA Wolnik et al. 1985
Potato 100 ND 0.088 0.026 0.025 Taiwan Present study
5 0.021 0.038 — 0.026 Taiwan Shi et al. 2008
19 0.005 0.061 — — Spain Urieta et al. 1996
11 0.001 0.016 0.006 — Finland Tahvonen & Kumpulainen 1995
94 0.002 0.090 0.030 0.030 Netherland Wiersma et al.1986
Tomato 22 ND 0.044 0.008 0.001 Taiwan Present study
9 ND 0.004 0.001 — Finland Tahvonen & Kumpulainen 1995
Cucumber 18 ND 0.115 0.010 0.004 Taiwan Present study
10 ND ND ND — Finland Tahvonen & Kumpulainen 1995

“¢—denotes ‘no data.’
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Table 5. Comparison of lead concentrations in edible parts of vegetables reported in various studies

Concentrations (mg kg™ fresh weight)

Vegetable name n Min. Max. Mean Median Country Literature
Chinese mustard 121 ND 0.096 0.031 0.024 Taiwan Present study
15 ND 0.036 — 0.004 Taiwan Shih et al. 2008
Spinach 18 0.051 0.325 0.120 0.120 Taiwan Present study
44 ND 11.6 — — Australia Kachenko & Singh 2006
82 0.010 0.029 0.090 0.080 Netherland Wiersma et al.1986
104 0.016 0.170 0.045 0.039 USA Wolnik et al. 1985
Leafy lettuce 77 ND 0.357 0.045 0.039 Taiwan Present study
5 ND 0.012 — 0.002 Taiwan Shih et al. 2008
Pak-choi 101 ND 0.174 0.046 0.039 Taiwan Present study
10 ND 0.022 — 0.002 Taiwan Shih et al. 2008
Cabbage 49 0.003 0.239 0.045 0.023 Taiwan Present study
10 ND ND — ND Taiwan Shih et al. 2008
8 ND 0.222 — — Australia Kachenko & Singh 2006
8 ND 0.002 0.001 — Finland Tahvonen & Kumpulainen 1995
86 0.002 0.230 0.015 0.006 Netherland Wiersma et al.1986
Iceberg lettuce 41 ND 0.041 0.012 0.011 Taiwan Present study
56 ND 4.87 — — Australia Kachenko & Singh 2006
13 0.002 0.007 0.004 — Finland Tahvonen & Kumpulainen 1995
75 0.03 2.25 0.140 0.090 Netherland Wiersma et al.1986
Chinese cabbage 21 0.006 0.091 0.028 0.023 Taiwan Present study
8 ND 0.004 0.001 — Finland Tahvonen & Kumpulainen 1995
Carrot 329 ND 0.619 0.114 0.100 Taiwan Present study
12 0.001 0.012 0.006 — Finland Tahvonen & Kumpulainen 1995
100 0.011 0.210 0.050 0.040 Netherland Wiersma et al.1986
207 0.001 0.125 0.009 0.0065 USA Wolnik et al. 1985
Potato 100 ND 0.150 0.038 0.035 Taiwan Present study
5 ND 0.004 — ND Taiwan Shih et al. 2008
19 0.0025 0.035 — — Spain Urieta et al. 1996
11 0.004 0.007 0.005 — Finland Tahvonen & Kumpulainen 1995
94 0.01 0.08 0.030 0.030 Netherland Wiersma et al.1986
Tomato 22 ND 0.064 0.014 0.010 Taiwan Present study
9 0.001 0.002 0.0015 — Finland Tahvonen & Kumpulainen 1995
Cucumber 18 ND 0.055 0.020 0.017 Taiwan Present study
10 ND 0.001 ND — Finland Tahvonen & Kumpulainen 1995

“¢—denotes ‘no data.’
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Fig. 2. Cadmium (left column, A-D) and lead (right column, A-D) concentrations in different groups of vegetable. (A)
leaf vegetables; (B) head vegetables; (C) root/stem vegetables; (D) gourd/fruit vegetables. In each Figure, the con-
centration range of each crop is indicated by an error bar; the horizontal solid line denotes the food regulation levels
for cadmium and lead in vegetable crops in Taiwan.
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Contents of Cadmium and Lead in Vegetable Crops Produced in

. 1
Taiwan

Yu-Wen Lin’, Tsang-Shen Liu*'’, Chi-Tsun Chen’, Hsueh-Jung Tang’, Hong-Tang Chen’,
Jia-Rong Job’, Jeng-Hsien Tsai’, Yong-Hong Lin®, Chi-Chung Chang’, Shwu-Jene Tsai’,
and Wei-Tin Huang’

Abstract

Lin, Y. W,, T. S. Liu, C. T. Chen, H. J. Tang, H. T. Chen, J. R. Job, J. H. Tsai, Y. H. Lin, C. C. Chang, S. J. Tsai, and W. T.
Huang. 2012. Contents of cadmium and lead in vegetable crops produced in Taiwan. J. Taiwan Agric. Res. 61:38-51.

In order to understand contents of cadmium and lead in vegetable crops produced in Taiwan, a to-
tal of 1900 samples of vegetable crops were collected from major vegetable growing areas in Taiwan
and used in this study. These samples were digested by concentrated nitric acid and perchloric acid
and then analyzed for contents of cadmium and lead, using inductively coupled plasma atomic emis-
sion spectrometer. Results showed that mean concentrations of cadmium (fresh weight basis) were
ND-0.151 mg kg in leaf vegetables, ND—0.080 mg kg™ in head vegetables, ND-0.116 mg kg in
root/stem vegetables, and ND—0.115 mg kg in gourd/fruit vegetables, whereas mean concentrations
of lead were ND—0.294 mg kg™ in leaf vegetables, ND-0.239 mg kg™ in head vegetables, ND-0.619 mg kg in
root/stem vegetables, and ND-0.064 mg kg™ in gourd/fruit vegetables. Results also showed that 0.6%
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and 0.7% of vegetable samples exceeded the food regulation levels for cadmium and lead in Taiwan,
respectively. We particularly emphasized that 6.1%, 9.8%, and 0.6% of cabbage, iceberg lettuce, and
carrot samples exceeded the regulation levels for cadmium, respectively, while 0.3% and 4.0% of rad-
ish and carrot samples exceeded those for lead, respectively.

Key words: Cadmium, Lead, Vegetable crops, Food safety.
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