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Risk Assessment of Mercury through Food Intake for Korean Population
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Abstract The present study was conducted to assess the dietary exposure to mercury and the associated risks for Koreans
resulting from their food intake. The probabilistic approach in the Monte Carlo simulation was used to estimate dietary
exposures. Based on several reports regarding heavy metals published by KFDA in the 2000s, 178 types of representative
foods were selected and data were collected on the occurrence of mercury. The contents of mercury in foods ranged:
agricultural products 0.1 (fruits)-45.4 ng/kg (mushrooms), 3.7 pg/kg (meat), and 9.3 (Echinodermata, chordata)-194.9 pg/kg
(fish). Others categories investigated were alcoholic beverages (0.7 pg/kg) and processed food (4.4 pg/kg). The mean and
95th percentile for exposure to dietary mercury were 4.29 and 12.48 pg/day, corresponding to 13.6% and 39.7% of PTWI
(Provisional Tolerable Weekly Intake), respectively. Therefore, overall level of mercury exposure for Koreans through food
intake is below levels recommended by JECFA, indicating the least possibility of risk, and is less than or similar to levels

reported in other countries.
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Table 1. Food list for safety assessment
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Monte-Carlo simulation®l] 719+& & &84 (probabilistic) 1313

7V AAISATHFig 1). ©1& 93] Crystal Ball program(ver
11.1., ORACLE, Redwood Shores, CA, USA)S AFE-3IAR 3L sim-
ulation 315== 100,000 01Tt SJalH 7ol AMEE 2Fe] T
& e GERY AEE HE S &% raw HolHE
[REO 2 WHE beta ¥ FGES AFESIAITH beta HEE BT
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Location parameter; ¢ =minimum, b =maximum

P(x) =

178 items, 17,965 samples

grape, apple, pear, persimmon, mandarin orange, peach, strawberry, melon, water melon
shiitake, oyster, white button, tree ear, manna lichen, enoki, mastutake, king oyster, phellinus linteus, others

pork, beef, chicken, duck, pork liver/kidney, beef liver/kidney, chicken liver/kidney, other products liver/kidney (goose, duck)
flounder, hair tail, mackerel, pacific saury, bastard halibut, common sea bass, sea bream, pacific cod, allaska pol-
lack, croaker, harvest fish, spanich mackerel, common mullet, angler, jacopever, alabesque greenling, eel (eel, con-
ger eel, inshore hagfish), yellow croaker, pacific herring, sandfish, horse mackerel, gizzard shad, tuna, anchovy,
spottybelly greenling, shark, swordfish, chum salmon, canned tuna, dried skipjack tuna, cat fish, others (sand
smelt, bull-eye perch, flying fish, shuttles hoppfish, redfin velvetfish, blue pointer, oilfish, sawedged perch, opah,

granulated ark shell, pacific oyster, abalone, mussel, turban shell, little neck clam, whelk, orient hard clam, ark shell

common octopus, common squid, whip-arm octopus, urechis unicinctus, beka squid, webfoot octopus, jellyfish
green tea, polygonatum odoratum, black tea, adlay tea, solid tea, black tea leached, coffee powder, coffee mix, cof-

baechukimchi, chongkakkimchi, kkakduki, yeolmukimchi, cucumber pickle, perilla leaves, danmuji

makgeolli, sake, beer, wine, fruit wine, soju, whisky, others (brandy, yakju, liquor, distlled liquor)

fresh ginseng, ginseng tea (granule), red ginseng, red ginseng extract, others of red ginseng

soybean curd, soybean curd fried, starch jelly, noodles dried, noodles wet, red pepper powder, wheat flour, pork

Cereal grains (9) rice, corn, brown rice, barley, indian mille, mille, hog millet, adlay, buckwheat
Legume (2) soybean, red bean
Tuber (2) sweet potato, potato
Vegetables (10) cabbage, spinach, spring onion, radish, onion, cucumber, carrot, garlic, pepper, leek
Fruits (9)
Vegetable oil (3) sesame, perilla, black sesame
Mushrooms (12)
(vegetable worms, agaricus blazeomurill, lingshi mushroom, coriolus versicolor)
Meats (14)
Fish (44)
patagonian toothfish, snakehead)
Shellfish (9)
Seaweed (4) laver, sea mustard, dasima (sea tangle), green laver
Crustacea (3) lobster, crab, shrimp
Mollusks (7)
Echinodermata & Chordata (4) | sea cucumber, sea urchin, sea squirt, warty sea squirt
Tea (13)
fee canned, others (barley tea, oolong tea, donggyuja tea, ssuk tea)
Kimchi (7)
Alcoholic Bev. (11)
Ginseng (5)
Processed food (10)
ham, pork sausage, salt
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Fig. 1. The probabilistic approach using Monte-Carlo simulation.
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L=mean, ¢=mode, a=min, b=max
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Table 2. Food intake of Korean general population from Korea National Health and Nutrition Examination Survey, 2008

Intake (g/day) Intake (g/day)
Foods Foods

Mean P95 Mean P95
Cereal grains 195.6 413.9 Seaweed 1.8 8.3
Legume 5.0 22.0 Crustacea 1.7 0.0
Tuber 304 144.1 Mollusks 3.7 184
Vegetables 91.8 436.8 Echinodermata & Chordata 0.3 0.0
Fruits 158.9 717.0 Tea 12.6 28.8
Vegetable oil 0.7 2.5 Kimchi 97.7 393.3
Mushrooms 32 8.0 Alcoholic Bev. 68.9 171.8
Meats 55.2 266.7 Ginseng 0.3 0.0
Fish 242 494 Processed food 439 145.6

Shellfish 32 6.0
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I TR0 R FolwAl, ASAL IR WA E

A o 2
LST:‘;Z'—:_:—:T

o
=

& Lol AEHATE A, TawAl, ZERHA, dolmAl,

molulsl, HoluAl, AolmAl,
Fe ugith §7e
HTHs RAEOA F2 ol

AF e

AW SollME W o
T 3.7 ugkgol ATk 3171
Atk AF] Ha 72 F

2 1949 ng/kgol Ak Aol TS MXF2 6932 pgkeel RoH
AalgolF, ddol®, AMAFE At oFelA 2o g2 o

T2 903 pg/kgol ALt o7l F £ 7IE 0.5mgkeS ZIgt

o

A= =0 14(565 pgkg), T 174(903 pgke)o 2 2382 7t

7} 1.8, 3.1%°1} HR7e] Ha

>~0
T

Sk 30.2 pg/kgol At

7}
weko] HufghEe 152 pgkell AN 1 TR 49 ug/kgS = 171
off 3HllAl 100 ugkgs ZF3E 20] AZEHSTh 7o 52
7122 500 pgkgs A3 A= A slxFe Ha 72

61.3 pg/kgol ATt

2~ 0.5 o
FosEre

FFE 127 pgkeol Do, FFE FFe| Z Aol HolA ¥
UARE TpAjmtell A tha A AEEA AR Hd 7
e v, Al A

=on, H) g3 A9l 431.0 ugkglZ 500 ugkg vlvto|3l
= & TS 17.1 pgkgel Atk 27gojollA 3

Food Daily intake (ug Hg/day) % of PTWI*
00
Mean P50 P95 Mean P50 P95
Cereal grains 0.73 0.44 2.45 23 1.4 7.8
Legume 0.01 0.00 0.06 0.04 0.0 0.2
Tuber 0.05 0.00 0.18 0.2 0.0 0.6
Agricultural Vegetables 0.04 0.01 0.16 0.1 0.03 0.5
products Fruits 0.01 0.01 0.05 0.04 0.02 0.2
Vegetable oil 0.003 0.0003 0.01 0.008 0.001 0.04
Mushrooms 0.03 0.0003 0.20 0.1 0.001 0.6
Sum 0.88 2.8
Meat 0.13 0.02 0.62 0.4 0.06 2.0
Fish 2.80 0.13 10.34 8.9 04 329
Fish/shell Shellfish 0.06 0.004 0.23 0.2 0.01 0.7
Sum 2.87 9.1
Seaweed 0.02 0.00 0.13 0.1 0.0 04
Crustacea 0.07 0.001 0.05 0.2 0.002 0.2
Sea food Mollusks 0.11 0.00003 0.57 0.3 0.0001 1.8
€a109¢ Echinodermata & Chordata 0.002 0.00001 0.00005 0.005 0.00004 0.0002
Sum 0.18 0.6
Tea 0.01 0.0004 0.03 0.02 0.001 0.1
Kimchi 0.09 0.04 0.34 0.3 0.1 1.1
Alcoholic Bev. 0.04 0.00 0.11 0.1 0.0 0.3
Ginseng 0.0001 0.000006 0.000009 0.004 0.00002 0.00003
Processed food 0.18 0.05 0.64 0.6 0.1 2.0
All food 4.29 1.80 12.48 13.6 5.7 39.7

*Provisional tolerable weekly intake
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Fig. 2. Contribution ratio of dietary exposure to mercury of
general population.
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T 2.1 pgkeo 2 HAF HF 72 FF 135 pgkgeh #
gteh S - HAF g A E 2 7ES A, AR
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7.6 nghkgelRom =& 7123 100 pgkegs 243 A= 371
2 2IEL 14%0I). 3719] 2 TRR2 225, 250, 277.5 pg/
kgelom o5 AlQgt A5 Hof T 225 pgkg, Bt T
2 37 ughkgl 2 W+t ko] 12 Fasisih

ghEelel £2 =& ¥ fsiE

AES 53 5 HHAFS 429 pg/dayS = PTWI thH)
13.6% ol th. SEP95) HFH F2 1248 pg/dayZ PTWI T
H] 39.7% F=0]UTHTable 4). Wk, SEvkal Fwe] AES
T e AFAFES AEleEt w2 ks ol AF
H e 2 F 798S AR, oullFrt AA 2 AFHF
66.8%= A 8H%

I FAE F IR 171%E 2 HE ol
(Fig. 2). oJ¥Fe= 2 TF 9 HFAFe] o2 Fd v& =
7l 7HE =& & HF 79ES 1Yo IFe vy

2} H7lo] 7P Wol MF sk A AFTe] vkd=Ed &
2 g vrgie 2 4AH 719E0] A4 JUgth

A T 2 AAFES I3/ AAY 974%E s A
AstAom, AF F 72 HFH7AE0] P B2 FE52 A,
oo, o, AXTxHoR 27t 250, 247, 6.6, 4.6%°]3ATh.
AR, tols fegae] E9h7] witola goje} I
AF o] E7) "otk AX, gFgole FedHo] &
Aoz & d¥A o 7EH LA F FLo] ofd HES
1.0 mgkgo = =3 9t}
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Fig. 3. Comparison of daily dietary exposure to mercury in
countries.
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