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A Study on Heavy Metal Contents in Processed Foods and
Their Safety Evaluations
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Abstract This research was carried out as a survey on the contents of lead, cadmium, and arsenic in processed foods
(milk, vegetable oil, and margarine) in Korea. The limits of quantification (LOQs) were Pb 0.3 pg/kg, Cd 0.15 pg/kg, and
As 0.45 pg/kg for milk and Pb 0.61 pg/kg, Cd 031 pg/kg, and As 0.91 pg/kg for vegetable oil and margarine. The
recoveries were 92.6-98.0% for Pb, 91.2-98.9% for Cd, and 97.9-104.7% for As. The average levels of Pb were 2.395
pg/kg for milk, and 7.656 pg/kg for vegetable oil. The average levels of Cd were 0.483 pg/kg for milk, and 0.380 pg/
kg for vegetable oil, and levels of As were 0.781 pg/kg for milk, and 1.241 pg/kg for vegetable oil. The results of this
study showed that Pb, Cd, and As contents in the whole samples were less than the maximum residual levels in the
processed foods that were specified by the Codex standard.
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Table 1. The collection of processed food products classified by regional places

Region S
um
Gangwon  Gyeonggi Gyungnam Gyungbuk Jeonnam Jeonbuk Jeju Chungcheong
Milk 12 19 20 13 4 3 5 38 114
Vegetable oil" 11 45 31 47 10 11 0 18 173
Sum 23 64 51 60 14 14 5 56 287

V57 samples among 173 samples: imported

Table 2. The collection of processed food products classified by
food items

Food group Food item No. of samples
Milk Milk 46 14
! Processed milk 68
Soya bean oil 15
Maize (corn) oil 15
Rapeseed (canola) oil 15
Sesameseed oil 20
Vegetable oil  Perilla oil 15 150
Grapeseed oil 16
Palm & Coconut oil 17
Others 15
Olive oil 22
Margarine 23 23
Total 287
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Table 3. The condition of microwave digestion

Temp. Time Max.

Sample Step (§O)] (min) power (W)
1 0-80 5
Milk, vegetable oil 2 80-50 3 1000
and margarine 3 50-230 12
4 230 20

Table 4. The operation condition for ICP-MS

Spray chamber Cyclonic type
RF power 1300 W
Ar flow rate (L/min) Plasma: 17, Auxiliary: 1.3, Nebulizer: 0.89

Nickel, i.d.: 1.1 mm
Interface skimmer cone  Nickel, i.d. : 0.9 mm

Interface sampler cone

Vacuum Interface: 4 torr, quadrupole: <3.00x107 torr
Lens voltage 755V

Sample uptake rate 0.20 mL/min.

Analytical masses 208pp, 14Cd, P As

Analytes and Standard mode (Pb, Cd), DRC mode (As)
measurement mode
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Table 5. Summary of results from the validation test for Pb, Cd
and As classified by food items

Elements
Food group Parameters
Pb Cd As
Milk LOD (ug/kg) 0.09 0.04 0.14
! LOQ (ugkg) 030 0.5 045
Vegetable oil and LOD (ng/kg) 0.18 0.09 0.29
margarine LOQ (ug/kg) 0.61 0.31 0.91

Correlation coefficient (R?) 0.9999  0.9999 0.9999

Table 6. Recovery test by standard addition method

Spiked conc.
Food grou Elements Recovery (%) RSD (%
group (ug/kg) ry ( 0) ( 0)
Pb 98.09 4.30
5 As 105.67 1.96
Cd 96.80 323
Milk
Pb 98.69 3.04
20 As 104.74 5.46
Cd 93.22 3.06
Pb 97.41 7.10
5 As 97.91 8.01
Vegetable oil cd 98.94 2.93
and
margarine Pb 92.60 9.06
20 As 99.18 9.72
Cd 91.23 8.76
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Table 7. Contents of Pb, Cd, and As in milks

Cd As
Food group Number of sample - — -
Mean£SD (unit: pg/kg) (minimum-maximum)
Milk 114 2.395+2.735 0.483+1.101 0.781+0.720
(1.607-9.434) (N.D.-6.529) (0.571-4.220)
Milk 46 2.242+2.652 0.085+0.159 0.533+0.257
(N.D.-9.194) (N.D.-0.770) (N.D.-1.126)
Processed milk 68 2.499+2 804 0.752+1.358 0.949+0.872
(N.D.-9.434) (N.D.-6.529) (N.D.-4.220)
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Fig. 1. Distribution of Pb, Cd, and As contents in milks.
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Table 8. Contents of Pb, Cd, and As in vegetable oils and margarines
Pb Cd As
Food group Number of sample - — -
Mean+SD (unit: pg/kg) (minimum-maximum)
Vegetable oil and 173 7.656+11.655 0.380+0.853 1.241+2.305
margarine (N.D.-69.013) (N.D.-6.742) (N.D.-13.281)
Sova bean oil 15 5.548+9.807 0.953+1.742 1.657+£2.055
Y (N.D.-26.216) (N.D.-6.742) (N.D.-5.372)
Maize (corn) oil 15 7.737+18.292 0.322+0.437 1.018+1.460
(N.D.-69.013) (N.D.-1.240) (N.D.-4.336)
Rapeseed (canola) oil 15 3.421+5.864 0.660+0.779 0.852+1.712
P (N.D--15.142) (N.D.-2.750) (N.D.-6.752)
Sesameseed oil 20 8.363+8.757 0.575+0.816 2.454+2.262
(N.D.-26.645) (N.D.-2.771) (N.D.-8.970)
Perilla oil 15 11.479+£12.394 0.074+0.286 2.540+3.203
(N.D.-32.459) (N.D.-1.108) (N.D.-12.794)
Grapeseed oil 16 3.623+8.743 0.393+0.626 2.859+4.173
P (N.D.-28.108) (N.D.-1.610) (N.D.-13.281)
Palm and coconut oil 17 2.693+8.359 0.064+0.265 0.238+0.727
(N.D.-34.447) (N.D.-1.094) (N.D.-2.965)
Others 15 11.060+15.568 0.713£1.392 1.453+2.522
(N.D.-39.697) (N.D.-4.310) (N.D.-5.007)
Olive oil 2 13.654+11.669 0.218+0.589 0.016+0.077
(N.D.-39.226) (N.D.-2.268) (N.D.-0.359)
Margarine 23 7.146+10.689 0.059+0.281 0.113+0.298
& (N.D-33.577) (N.D.-1.348) (N.D.-0.931)
0.12 0.10
® Soya bean oil ® Soya bean oil
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Fig. 2. Distribution of Pb, Cd and As contents in vegetable oils and margarines.
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Table 9. Human exposure assessment of processed foods

=2 E 88| X] A 44 WA 1 & (2012)

Food intake Exposure of lead Exposure of cadmium Exposure of arsenic
Sample (g/day) (ng/kg b.w./ day) (ng/kg b.w./ day) (ng/kg b.w./ day)
e Mean Mean 95™ percentile Mean 95" percentile Mean 95™ percentile
Milk 66.5 3.0x107° 9.9x107° 3.9x10 1.1x107 9.6x10™* 2.5x1073
Soya bean oil 4.6 1.5x10™ 3.9x107* 1.2x107 44x107 1.5x107 4.6x107
Maize (corn) oil 0.2 6.0x107° 1.0x107 2.0x107° 4.0x10°° 5.0x10°¢ 2.0x107°
Sesameseed oil 2.8 42x10™* 1.3x107 3.0x107° 1.2x107 1.4x107 42x107*
Perilla oil 0.2 4.0x10°° 1.1x107 8.0x1077 2.0x10°° 1.0x10°° 4.0x10°°
Olive oil 0.2 5.0x107 1.5x107* 1.0x10°° 4.0x10°° 1.7x10°° 2.0x10°°
Margarine 0.1 1.2x10* 1.6x107 2.0x1077 3.0x1077 8.0x1077 1.1x10°¢
Others 0.1 7.0x10°¢ 1.5x107° 7.0x1077 2.7x10°° 2.4x10°° 7.7x10°°
Total (oil) 8.2 1.5x1072 2.8x1072 1.1x10™ 3.8x10™* 2.3x107* 7.1x107*
Table 10. Human exposure assessment as compared with PTWIY
Sample Risk index of lead Risk index of cadmium Risk index of arsenic
type Mean 95™ percentile Mean 95" percentile Mean 95™ percentile

Milk 9.0x107* 2.8x107° 3.9x10* 1.1x107° 1.9x107 5.0x107°

Soya bean oil 4.0x107 1.1x107* 1.2x107 44x107 3.0x107° 9.0x107°

Maize (corn) oil 1.7x107 3.0x107° 2.0x107 4.0x107 1.0x1077 4.0x1077

Sesameseed oil 1.2x107* 4.0x107™ 3.0x107° 1.2x107* 3.0x107¢ 8.0x107°

Perilla oil 1.1x107 3.0x107° 8.0x1077 2.0x107° 2.0x1077 8.0x1077

Olive oil 1.4x107 4.0x107° 1.0x10°° 4.0x107 3.0x107 4.0x1078

Margarine 3.0x107* 5.0x107° 2.0x107 3.0x1077 1.6x1078 2.0x1078

Others 2.0x107° 4.0x107° 7.0x1077 2.7x107 5.0x10°® 1.5x1077

Total (oil) 4.0x107 8.0x107° 1.1x107* 3.8x107* 5.0x10°° 1.4x107°

UPb: 25 ng/kg b.w./week, Cd: 7 pg/kg b.w./week, As: 350 pg/kg b.w./week (Inorganic arsenic: 15 pg/kg b.w./week)

o 1Y A =E58-FH vl Frlete] AT E =S
o} 22 A3 Table 102+ 72} 20059 =71 74732A} DBo
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