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Monitoring of Heavy Metals in Fruits in Korea

Jin-Ha Lee, Ji-Woo Seo*, Eun-Sook An, Ju-Hee Kuk, Ji-Won Park, Min-Seok Bae,
Sang-Wook Park, and Myung-Sang Yoo

Hazard Substances Analysis Division, Gwangju Regional Korea Food and Drug Administration

Abstract According to the Codex committee, the maximum allowable level for lead in fruits is 0.1 mg/kg. This survey
was conducted as a surveillance program following the establishment of safety guideline for fruits in Korea. Concentrations
of lead (Pb), cadmium (Cd), arsenic (As) and mercury (Hg) were measured in 927 samples using a ICP-MS and a
mercury analyzer. The recoveries of microwave digestion method were 86.0-110.4% for Pb, 81.0-104.0% for Cd and 82.0-
104.7% for As by standard addition method. The recovery of direct mercury analyzer was 106.5% for Hg. The average
levels of Pb in pg/kg were 10.0+£12.8 for apple, 8.8+10.9 for pear, 4.144.4 for persimmons, 14.9+12.3 for mandarin,
7.146.5 for orange, 3.1+3.3 for banana, 8.8+8.9 for kiwi, and 9.3+9.7 for mango. The average levels of Cd in pg/kg were
0.4+0.3 for apple, 2.0+1.6 for pear, 0.3+0.3 for persimmon, 0.10.1 for mandarin, 0.1+0.1 for orange, 1.3+1.8 for banana,
0.5£0.5 for kiwi, and 0.7£0.6 for mango. The average levels of As in pg/kg were 2.0+2.1 for apple, 1.2+1.3 for pear,
1.5£1.1 for persimmon, 0.8+0.3 for mandarin, 1.0+0.5 for orange, 1.8+1.2 for banana, 1.6+1.5 for kiwi, and 1.5£1.2 for
mango. The average levels of Hg in pg/kg were 0.5+0.4 for apple, 0.3+0.2 for pear, 0.2+0.1 for persimmon, 0.2+0.1 for
mandarin, 0.2+0.1 for orange, 0.2+0.0 for banana, 0.2+0.2 for kiwi, and 0.6+0.2 for mango. Based on the Korean public
nutrition report 2005, these levels (or amounts) are calculated only at 0.17% for Pb, 0.013% for Cd and 0.006% for Hg
of those presented in provisional tolerable weekly Intake (PTWI) which has been established by FAO/WHO. Therefore,
the levels presented here are presumed to be adequately safe.
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Table 1. The condition of microwave digestion

Step Temp. (°C) Time (min) Max. power (W)
1 0-150 15
2 150 5 1000
3 200 15
Table 2. The condition of ICP-MS
Parameter Value
RF power 1,500 W
Lens voltage 10.5V
Nebulizer gas flow (Ar) 1.0-1.06 L/min
Plasma gas flow (Ar) 19.0 L/mL
Auxiliary gas flow (Ar) 1.35 L/min
Dwelling time 50 ms
Scanning mode Peak hop
Number of replicate 3
Sampler and skimmer cone i.d.: 1.1 and 0.9mm (nickel)
Detector Dual
Nebulizer Cross flow type
Spray chamber Scott type
Analytical elements S As, MCd, %Pb

Table 3. The condition of mercury analyzer
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Table 4. Recovery of the heavy metals (standards addition method)

Spiked conc. Measured conc. (ug/kg) Recovery
Metals o
(ng/ke) Apple Mandarin Persimmon Banana Kiwi range (%)
Pb 10 9.9+0.2" 9.2+0.2 9.5+0.1 10.8+0.2 8.6+0.1 86.0-108.0
100 98.64+2.2 90.5+2.1 95.1£3.8 110.4+3.5 104.5+4.4 90.5-110.4
cd 10 9.4+0.4 8.1£0.3 8.6%0.1 10.4+0.4 9.7+0.1 81.0-104.0
100 101.4+£2.3 98.5+6.5 94.1+£3.5 99.1+2.6 102.5+4.0 94.1-102.5
A 10 8.4+0.4 8.8+0.3 10.0£0.2 8.2+0.2 9.5+0.1 82.0-100.0
s 100 101.4+1.4 98.0+8.4 96.2+3.8 95.6£3.7 104.743.1 95.6-104.7
DThe data are expressed as mean+SD (n=3).
Table 5. The measurement of certified reference material
CRM & ERM Elements Certified (mg/kg) Measured (mg/kg) Recovery (%)
CRM (KRISS 1) Pb (1.182)" 1.070+0.013" 90.4
(108-01-002)" Cd 1.320+0.240 1.190+0.039 90.3
As 2.020+0.130 2.230+0.080 110.6
ERM.BCO842? Pb 0.316+0.021 0.282+0.004 90.0
) a Cd 0.112+0.007 0.093+0.002 83.4
MESS-3¥ Hg 0.091+0.009 0.097+0.003 106.5

YKorea Research institute of Standard and Science: rice flour
PEuropean Reference Material: tomato past

“National Research Council Canada: marine sediment
“Reference value

“The data are expressed as the mean of N+SD (n=5).
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Table 6. The contents of Pb, Cd, As, and Hg in fruits

Contents k
Fruits NP (nghke)
Pb Cd As Hg
10.07 0.4 20 05
Apple 150 648067 (0.1-1.8) (0.594) (0.1-1.1)
83 2.0 12 03
Pear 150 4741y (03-98) (05-68) (0.1-0.7)
Persimmon 150 41 0.3 15 0.2
(03263) (0.023) (0.56.1) (0.1-0.5)
. 14.9 0.1 08 02
Mandarin 150 5 673) (0.0-04) (0.5-1.7) (0.1-0.5)
onme 6171 0.1 1.0 02
g (0.523.7) (00-03) (0.52.7) (0.1-04)
a6l 3.1 13 1.8 02
02-147) (00-79) (0.654) (0.1-0.2)
. 83 0.5 1.6 02
Kiwi 150 63457) (0027 (059.7) (0.1-14)
93 0.7 1.5 0.6
Mango 52 03497) (0.02.9) (0.54.6) (0.1-1.1)
Total 927 812 0.7 14 03

YN, Number of samples
Mean value
(minimum-maximum)
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Table 7. Comparison of average weekly intake of heavy metals from fruits with PTWI established by FAO/WHO

PTWI Daily intake of trace metals® Total weekly intake® %PTWI
(ug/kg b.w./week)" (ug/person/day) (ug/kg b.w./week) ’
Pb 25 0.040 0.170
Cd 0.003 0.013
Hg 5 0.001 0.006

Yb.w.: body weight

YDaily intake of trace metals=%(Concentration of heavy metals in each foodxmean food intake (g/person/day))

PWeekly intake of trace metals=daily intakex7 days/week

weekly intake per b.w. (kg)=weekly intake/reference body weight (60 kg for man)

0.8 ughkg oItk Kim 5(14)2 23 A} 19.0, 7 35.0, 7=
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