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Abstract
This study was conducted to investigate the contamination level of some heavy metals for common restaurant
meals in Seoul area and further to estimate the total dietary intake of heavy metals from the meals. The samples

included seolong-tang (beef and rice soup) or galbi-tang (beef-rib soup), yeukkye-jang (spicy beef soup), doenjang-
chigye-bab (boiled rice with soy paste stew), bibim-bab (boiled rice with assorted mixtures), and bibim-naengmyon

(buckwheat vermicelli with assorted mixtures), which were separated into drained residues and fluids and

determined for their heavy metal contents by atomic absorption spectrophotometry.

The average concentrations of heavy metals in drained residues and fluids of 105 meal samples were 0.034
ppm, 0.017 ppm in Cd, 0.179 ppm, 0.073 ppm in Pb, 0.491 ppm, 0.308 ppm in Cu and 4.624 ppm, 1.403 ppm
in Zn, respectively. The total amount of heavy metals per meal was 28 ug Cd, 145 ug Pb, 416 ug Cu and 3654
ug Zn. The total dietary intake per day was estimated to give 84 ug Cd, 434 ug Pb, 1247 ug Cu and 10960
ug Zn. Intake levels of Cd and Pb were higher than the daily intake limit established by FAO/WHO.
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Fig. 1. Location of sampling sites for the heavy metal
analysis of meals in Seoul area
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Table 1. Operating conditions of atomic absorption spectrophotometer
Element Wavelength Lamp current Slit width Flame conditon
(mm) (mA) (mm)
Cd 228.8 25 0.7 Air-acetylene
oxidizing
Pb 283.3 10 0.7 fuel (lean, blue)
Cu 324.8 30 0.7
Zn 2139 30 0.7
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Table 2. Heavy metal contents of restaurant meals from Seoul area

(unit: ppm on an as-is basis)

Heavy Drained residue (105 samples) Fluid (63 samples)

metal Range Mean i+ S.D. Range Mean + S.D.
Cd ND-0.202 0.034 + 0.038 ND-0.117 0.017 + 0.024
Pb ND-1.24 0179 + 0.178 ND-0.86 0.073 + 0.116
Cu ND-4.33 0.491 ¢ 0.610 ND-2.62 0.308 + 0471
Zn 1.53-14.10 4.624 + 2.219 0.04-3.88 1403 + 0915

ND: not detected
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Table 3. Comparison of heavy metal contents between northern and southern areas of Seoul as divided by

Han River (unit: ppm on an as-is basis)
Heavy Northern area Southern area
metal Drained residue Fluid Drained residue Fluid
Cd 0.034+0.038* 0.020 +0.029 0.033+0.037 0.012+0.014
Pb 0.168+0.193 0.059 +0.057 0.197 +0.152 0.096+0.173
Cu 0.377+£0.494 0.351+0.514 0.677+0.731 0.239+0.393
Zn 4.593+2.334 1.560+1.052 4.673+2.046 1.150 + 0.565
Number of
65 39 40 24
samples

*Mean + S.D.
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Table 4. Weight and volume of different meal samples

. Drained weight Fluid volume
Korean name English name
V4] (ml)

Seolong-tang/ beef & rice soup 732+158* 446+ 143
Galbi-tang /beef-rib soup
Yeukkye-jang spicy beef soup 768 +109 345+ 93
Doenjang-chigye-bab boiled rice with soy 749+ 116 252+ 92

paste stew
Bibim-bab boiled rice with 684+ 96 —

assorted mixtures
Bibim-naengmyon buckwheat vermicelli 714 4+ 142 -

with assorted mixtures

* Mean + S.D.
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Table 5. Cd contents in different meals collected from Seoul area

(unit: ppm on an as-is basis)

Name of Number Content
; Partition of
meals samples Range Mean + S.D.
Drained 21 ND-0.125 0.050 + 0.044
Seolong-tang/ residue
Galbi-tang .
Fluid 21 ND-0.054 0.012 +0.017
Drained 21 ND-0.104 0.032 +0.029
Yeukkye-jang residue
Fluid 21 ND-0.117 0.018+0.029
. Drained 21 ND-0.202 0.033+0.047
Doenjang residue
-chigye-bab i
Fluid 21 ND-0.116 0.019+0.027
Bibim-bab Drz}ined 21 ND-0.134 0.027 +0.036
residue
Bibim- Drained 21 *ND-0.091 0.027 +0.027
naengmyon residue
Drained 105 ND-0.202 0.034 +£0.038
Total residue
Fluid 63 ND-0.117 0.017+0.024
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Table 6. Pb contents in different meals collected from Seoul area (unit: ppm on an as-is basis)
Name of o Number Content
s Partition of -
meal
samples Range Mean 3 S.D.
Drained 21 ND-1.24 0.211+0.253
Seolong-tang/ residue
1bi-t
Galbi-tang Fluid 21 ND-0.22 0.069+0.059
Drained 21 ND-0.54 0.186+0.132
Yeukkye-jang residue
Fluid 21 ND-0.14 0.044 +0.042
i Drained 21 ND-0.99 0.167 +0.205
Doenjang residue
-chigye-bab
chgyena Fluid 21 ND-0.86 0.10110.185
Bibim-bab Drgmed 21 ND-0.73 0.186+0.188
residue
Bibim- Drained 21 0.05-0.29 0.144 1 0.064
naengmyon residue
Drained 105 ND-1.24 0.179+0.178
Total residue
Fluid 63 ND-0.86 0.07340.116

Ayl Fge] 0,019ppm 2.2 k7t gk, 22 o 2)(Pb)
Al Zb AR Cd g3 Ao feAH ol W A 1Y Fo A FFXE 0, 179ppm, HF
AR A ot} gol (.21lppm 22 1 Egta wlygdidel 0,144

Table 7. Cu contents in different meals collected from Seoul area (unit: ppm on an as-is basis)

Name of Number Content
| Partition of
meails samples Range Mean + S.D.
Drained 21 ND -4.33 0.556 4+ 0.908
Seolong-tang/ residue
Galbi-tang )
Fluid 21 ND -0.64 0.120+0.136
Drained 21 ND -3.72 0.502+0.776
Yeukkye-jang residue
Fluid 21 0.01-1.74 0.294 + 0.424
X Drained 21 ND -1.66 0.512+0.452
Doenjang residue
-chigye-bab )
Fluid 21 0.01-2.62 0.510 4+0.640
Bibim-bab Dra}ined 21 0.05-1.00 0.459+0.273
residue
Bibim- Drained 21 " 0.04-1.93 0.428 +0.470
naengmyon residue
Drained 105 ND -4.33 0.491+0.610
Total residue

Fluid 63 ND -2.62 0.308+0.471
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Table 8. Zn contents in different meals collected from Seoul area

KEM - FHK

LERE S

(unit: ppm on an as-is basis)

Name of Number Content
I Partition of
meais samples Range Mean + S.D.
Drained 21 1.92- 9.92 5.012+2.549
Seolong-tang/ residue *
Galbi-tang )
Fluid 21 0.04- 3.74 0.902 4+ 0.819
Drained 21 1.95- 8.52 4.652+1.894
Yeukkye-jang residue
Fluid 21 0.24- 3.02 1.47510.709
. Drained 21 2.23- 9.93 5.260+ 1.996
Dognjang residue
-chigye-bab R
Fluid 21 0.48- 3.88 1.8334+0.979
Bibim-bab Drgined 21 1.54- 7.98 4.567 +1.762
residue
Bibim- Drained 21 1.53-14.10 3.628 +2.608
naengmyon residue
Drained 105 1.53-14.10 4.624+2.219
Total residue
Fluid 63 0.04- 3.88 1.403+0.915
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Table 9. Total level of individual heavy metals in
restaurant meals collected from Seoul area
(unit: pg/meal)

Meals Cd Pb Cu Zn
Seolong-tang/ 41.9** 185.1" 460.3™ 4070°
Galbi-tang
Yeukkye-jang ~ 30.8° 158.1" 487.2" 4084°
Doenjang-chigye- 29.5°  150.6™ 512.0"™ 4403*
bab
Bibim-bab 18.5¢ 127.1~ 313.8™ 3122°
Bibim- 19.3°  102.8* 305.5™ 2590¢
naengmyon
Average 28.0 144.7 4158 3654

* Total amount in different meals not followed by the
same letter in the same column are significantly dif-
ferent at a =0.05 level by Scheffé’s test. ns means no
significant difference in the same comparison.
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a2tz Pbet Cugl YA 2 HAEY 23
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ol dellM ge @7 A FI4e HF YFL
EdE 8% A7E Hede A 3 3344 ]
A% 14 FANFE 4 & A3 Table 103
o, HFEAA @G dFS 500~600Kcal 2 ¢ A
Az ¢FAe 19F 14 dFAHALES 4 2,000Kca!
7t 22 AAZE £ AT Y 24P
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1) 7= §(Cd)

Cdej 1912 1Y FAHNFEL B4pge 2 A 4=
o] & HF™e] A 70.5¢g01 1t FAQO/WHO®!
19 H3 S|4 71.4uge 2FHsigon, 49 AF
oz AHAastw 1.40pg/ke B. W.o] 5o #5 34
Qq 1.194¢/kg BW.& A dojxqz e, 2 el
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/day® st AFENAM 9 67ug/day= 4=
o AEN LRZNEH EMY 14 AIAHAF 154
30ug,® &2 AlAutF U 2 AL o) 4 36~52ug/day™
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19723 WHO ol ] <lztel Aol & 3¢ Cd o AH
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Table 10. Estimation of total dietary intake of heavy metals from restaurant meals collected in Seoul area

Intake level

FAO/WHO limits*

:Z:l}s, (ug/person/day) (uglkg B.W./ (ug/person/ (uglkg B.W./
(mean+S.D.) day)*** day) day)***
Cd 84.0+ 91.2 1.40 57.1-714 0.95-1.19
Pb 434 + 407 7.24 429** 7.15
Cu 1247 +1281 20.3 " Not established
Zn 10960 +5650 183 Not established

* From 16th report of joint FAO/WHO expert committee on food additives"
** By FAO/WHO intake of Pb as specially stated as not being applicable to infants and children.
*** Average body weight was assumed to be 60 kg/person.
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