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Contamination and Risk Analysis of Heavy Metals in Korean Foods
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ABSTRACT - Foods constitute a large portion of heavy metal exposure toward general population and attract a

deep concern with respect to assuring human health. This study summarized published data in Korea on the content

and dietary intake of heavy metals and assessed their risk potential in comparison with foreign data. An analysis for

the yearly fluctuation of metal contents including arsenic, cadmium, mercury and lead by food group (marine fishes,

coastal shellfishes, freshwater fishes, cereal grains) exhibited a decreasing trend from the 1970s to the 1990s. When

compared with domestic standards of heavy metals, their mean contents were below the limit and their maximum

values seldom exceeded the limit. The data on the dietary intake of heavy metals by Koreans showed a decreasing

trend from the 1980s to the 1990s. The average intakes of As and Hg were 6~8% and those of Cd and Pb were 50~
80% of PTWI(provisional tolerable weekly intake), all of which were below the tolerance. As the extreme intakes

of these metals may exceed the PTWI, a careful assessment for them may be necessary. Dietary intakes of Cd, Hg

and Pb by Koreans lie in the mid-level among countries cited in the GEMS/Food monitoring data. As fishery foods

are suspecious of contamination with Hg, Cd and As, and foods in general are with Pb, it is necessary to establish

legal limits for these metals and monitor any progress of their contamination. Furthermore, overall assessment of
exposure to heavy metals from all sources including foods, air, drinking water and occupation should be made in

order to confirm the dietary risk factors and to assure the safety of food resources.
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Table 1. Summary of monitoring data on heavy metals in
Korean foods (5-years interval)

. No. of No. of analyzed samples
Period
reports  Cd Hg Pb As Total
1967~70 7 0 558 136 192 558
1971~75 23 681 1,074 737 738 1,250
1976~80 17 678 553 411 70 922
1981~85 30 1,222 1,975 1,898 391 3,058
1986~90 44 4,064 3,007 3955 2017 4430
1991~95 8 1,887 1,887 1,828 1,828 1,887
1996~00 14 3,866 3,866 3,866 2,936 4,028
Total 143 12,398 12,920 12,831 8,172 16,133
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Fig. 1. Yearly trends in heavy metal concentrations in
marine fishes
(O: mean, T: maximum)
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Fig. 4. Yearly trends in heavy metal concentrations in cereal
grains
(O: mean, T: maximum)

Table 2. Trend analysis of heavy metal concentrations by food
group (slope of curve as concentration difference(ppm)/decade*)

Food group As Cd Hg Pb
Marine fishes -0.33 -0.036 -0.062 -0.33
Coastal shellfishes -0.67 0 -0.065 -0.35
Freshwater fishes nodata -0014 -0.026 -0.25
Cereal grains -0.007 -0.031 -0015 -0.17

*Minus means a decreasing trend in mean values by the
progress of year
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Table 3. Summary of estimations on the dietary intake of toxic metals by Korean population during the 1980s

Year Type of study Dictary intake (ug/head/day) Reference
Cd Hg Pb
1980 Calculation - common foods 71 - 326 19
1986 Measurement - restaurant meals (105 samples) 84 - 434 20
1986 Calculation - common foods, near metal refineries 70 9 257 21
1988 Calculation - common foods 77 31 467 22
1988 Measurement - restaurant meals (60 samples) - 13 - / 23
1989 Measurement - restaurant meals (66 samples) - 8", 35" - 24
1990 Measurement - restaurant meals (66 samples) 55 - 395 25
1980s Mean 71 19 376

*Gold-amalgamation method by mercury analyzer.
**Cold vapor method by atomic absorption spectrophotometry.

Table 4. Dietary exposures of lead and cadmium by food groups for Korean adults in the 1990s

29,30)

Pb intake Cd intake Contribution of exposure (mean, %)
Food group
(ug/kg bw/day) (hg/kg bw/day) Pb Cd
Cereals 0.749 0.0840 58.1 40.2
Legumes 0.0297 0.0024 1.6 1.2
Potatoes 0.0427 0.0093 32 4.4
Fruits 0.0320 0.0167 2.6 8.0
Vegetables 0.0562 0.0413 4.2 19.8
Fishes 0.291 0.0174 23.1 83
Meats 0.118 0.0378 10.3 18.1
Oil crops 0.0013 0.0002 0.1 0.1
Total intake - Mean 1.28 0.209 36% PTWI 21% PTWI
- 95th percentile 1.87 0.426 52% PTWI 43% PTWI
PTWI (day-basis) 36 1.0
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Table 5. Exposure of lead by media by Korean adults
(Unit: pg/kg bw/day)™”

Seoul area Industrial area
Exposure media 95th 95th
Me percentile percentile
Air 0.0134 0.0404 0.0576 0.193
Drinking water 0.0034 0.0130 0.0174 0.0586
Foods 0.167 1.08 0.167 1.08
Total 0.184 1.133 0.242 1.332
% of PTWI' 51%  31.5% 6.7% 37.0%

*PTWI: 25 ug/kg bw/wk = 3.6 ug/kg bw/day

Lead level in air and drinking water was measured in 4 seasons of
1997 and that in foods(cereals, fruits, vegetables and fishes) was
adopted from the data of NIH in 1985, 86 and 96.

Table 6. Excess cancer risk of Korean adults by lead expo-
31)
sure
(Unit; Excess cancer risk, 10%)

& AdsiEE FEAEY A9 7] 20%, 8T 5%, Seoul area Industrial area
AE 15%E IFIAE F Aow gz Exposure media 95th 95th

FH ol 23 zAAAAHEE BHH o= Aol Mean percentile Mean percentile
risk standardd]l 10°& 23} glom 53] IRAGAME Air 0.840 2.57 3.53 118
718} &850 &% YT} EAA D] 4-58)0]] o)=L Drinking water 0.214 0.814 1.08 3.49
k. AE) ASE A Holert Yl gy Foods 106 672 106 672
glou} ol o8 98l cancer endpointell <3+ H77} Total 11.7 68.3 152 71.8
non-cancer endpoint®] 7-$¢-HT} wi- F& A0F VN Risk standard: 10
Table 7. Estimation of risk index from the total diet study of toxic metals by Korean population®'?

Parameter As Cd Hg Pb

Mean intake (adjusted) 20.9 3.20 041 212
Maximum intake”' 106.9 7.42 378 32.0
o ol oy
Risk index (mean, adjusted)™* 6.0% 462% 8% 84T%
Risk index (max)” 30.5% 106.0% 75.6% 128.0%

!Dietary intake: from TDS data (ug/kg bw/week).
2PTWI: provisional tolerable weekly intake (jLg/kg bw/week).

3Risk index in % = (dietary intake/PTWT)x 100, for total in As and Hg.

4 Adjusted on the assumption that typical diet samples consist of 68% of actual food intake by Korean population.
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Table 8. Summarized data on the risk assessment of toxic metals in Korea

Assessment items Cd Hg Pb References

Dietary mean intake (Lg/kg bw/wk)

Existing reports (1980~90) 9.0 24 47.9 Table 3

RDA data (1980~2000) 220 - 220 27

KFDA data (1985~99) 3.25 0.95 14.9 28

Monte Carlo simulation (1990~98) 1.46 (2.987) - 9.0 (13.19 29, 30

KFDA contract - TDS (2000) 3.20 0.41 212 32,33
PTWI (ug/kg bw/wk) 7 5 25 (50"
Risk index (% of PTWI)

Existing reports 129 49 192 (87

RDA data 31 88 88 (44%

KFDA data 46 20 60

Monte Carlo simulation 21 (437 36 (527)

KFDA contract - TDS 46 8 85

*95th percentile(others are mean values), “Based on the standard before 1992
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Table 9. Dietary intake of mercury by year in Japan and

Table 10. Dietary intake of mercury by food group and year

USA®3® by Japanese (Unit: total Hg, pg/head/day)*
Intake of total mercury Food group 1960 1970 1975
Country Year
(ng/head/day) (1g/kg bw/wk) Cereals 59.4 334 34
Japan 1960 923 12.9 Vegetables 18.7 14.3 6.4
1969 46.6 6.5 Fish & shellfish 8.6 9.5 9.7
1970 597 83 Milks & meats 5.7 2.1 2.1
1972 44.5 6.2 Total 923 59.3 21.7
1973 35.0 49
1975 21.6 3.0
1983 8.2 11 7h FEE IR 290] ZolE 197590 oHFr}
USA 1941 20.0 2.3 FES olFUT. AN o) gHeo] 12 uglkg
o e o bwiwk $50] 023 QleHs Bsla ofsfe] A4S
1982~84 3.1 0.36 7P ke f7lel st
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