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ABSTRACT - This study was conducted to compare and estimate the daily PAHs dietary intake from both home-
cooking and dining-out, through approach of model diet used in exposure assessment of food contaminants. Food
commodities reflecting in model diet were selected from the KHIDI report and were analysed in cooked or uncooked
edible forms using HPLC-Fluorscence Detector. The PAHs dietary intake comparison between home-cooking and
dining-out was based on one meal intake suggested in model diet and PAHs dietary intake was estimated by using
food consumption rate and body weight of the Korean adult group. The daily PAHs dietary intake was calculated
by permutation and combination method with assumption that a person consumed 2 meals from home-cooking menu
and 1 meal from dining-out menu. The total PAHs levels in 36 food commodities with 200 samples were ranged
from 2.00 ug/kg to 141.28 ug/kg and a food showing the highest PAHs level was the stir-fried anchovy. The TEQg,,
levels of PAHs were calculated using benzo(a)pyrene equivalents individual congener level and corresponding TEF
value and the TEQ,,, level were ranged from 0.03 ugTEQg,/kg to 1.31 ugTEQy,/kg and a food showing the
highest TEQg,p level was the hamburger. The PAHs dietary intakes per one meal from home-cooking and dining-
out were 2.4x10° ugTEQg, »/kg/meal and 4.0x10” ugTEQy,/kg/meal, tespectively. This data showed the PAHs
dietary intake from dining-out was about 1.7 times higher than from the home-cooking. The daily PAHs dietary
intakes of general Korean adult having two meals from home-cooking and one meal from dining-out per a day were
ranged between 8.0x10°~9.7x10” ugTEQ, p/kg/day and mean value as 8.9x10° ugTEQg,/kg/day.

Key words: PAHs(Polycyclic Aromatic hydrocarbons), KHIDI(Korea Health Industry Development Institute),
TEQ(Toxic Equivalents), TEFs(Toxic Equivalency Factors)
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Table 1. Condition for HPLC analysis of PAHSs in foods
Supelcosil LC-PAH column(25cmx4.6cm) with

Column C,3 Guard column
Detector Fluorescence(Detector 3013, shiseido)
Flow Rate 1ml/mi
Acetonitrile(%
Min
50% 100%
Solvent Tnitial 40 60
System 10 0 100
35 0 100
40 40 60
Min nm(Em/Ex")
Wavelength 0.0-18.5 267/384
(Em/Ex) 18.5-32.5 290/410
32.5-40.0 293/498

*Em : Emission wavelength; Ex : Excitation wavelength
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3t ZYPL supelguard LC-18(supelco, USA)S} LC-PAH
colume(2.5cmx 4.6 mm LD., sum, supelco, USA)S AME-
sttt

i) et FE AT AEFEA

500ml ZE2EF7)o A8 30ge @ol 2M KOH/
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% FRE AFIEA 70°CelA A3t 3 ¥ p-hexan 100
mlE H71E 158 F 75 100miE 378 a2y &
Qb X351 Hexane 39 50ml& #3l4 N, gasZ F
298 HAZAZ F acetonitrile 1mlol &3} A1#4 High
Performance Liquid Chromatography-FL(Detector 3013,
shiseido, Japan)& HA3}%ch'® PAHs 414 913 AL
gobet fF AT FEAEAT

PAHs StEIE QlA|=EH7}

S48712(Toxic Equivalents, TEQ,,,) & - ¥4
I A7 s PAHs SIHE 29X benzo(a)pyrened]|
Ao o2 AHEshe AdhEAdA S (toxic equivalency
factors, TEFs)x Nisbet & Lagoy2] Zh(Table 2)= &3}
o] TEQg, &S AHE3%th(Equation 1)

Equation 1)

TEQp,p(ugTEQy,p/kg) = 3 (Cif) X TEF

=1

i Number of food commodity considered in one

meal.

J Number of PAH congener occurred in edible
food commodity.

Cy Concentration of congenerj in food commodityi
(ug/kg)

TEF;: Toxic equivalency factors using for converting
individual PAH congenerj level into TEQg,,
TEQg,p: Benzo(a)pyrene equivalents adjusted TEFs value

(ugTEQg,p/ke)

U JrEA|at 24 Acto| PAHs SIEIE QNI &Y
(PAHSs dietary intakes) && ~ 71213 2 2ALE B3
AFHske 71Y¥E PAHs 3FE AA=EFS =Y 60
kg A GERAAFAE A, 1998)28 ke sidz,
HrEL Wrdste AFE TEQ, #F 12 131 (one
serving size)dFA HF R SE G S EENARE, 2003)P&

g3t A3 th(Equation 2).
Equation 2)
PAHs dietary intake per one meal

(i‘cyx TEFj) x IRi
=j

= (ugTEQg,/kg/meal)
i=1 BW
i Number of food commodity considered in one
meal.
J Number of PAH congener occurred in edible food
commodity.

C.: Concentration of congenerj in food commodity:

(ug/kg).

TEF;: Toxic equivalency factors using for converting
individual PAH congenerj level into TEQg,p

IR; Amount of one serving size per one meal of
food commodityi (g/meal).

BW: Body weight of adult (60kg).

12 35 AAME 12{8t PAHs 51EHE OIX| - &2 (Daily
PAHs dietary intake) {+&

FRIAZFGFZAIR A whE AQ) M At e eA
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Table 2. Toxic Equivalency Factors using for converting individual PAH congener level into TEQj ;2"

Congener TEF Congener TEF
Naphthalene 0.001 Benzo(a)anthracene 0.100
Fluorene 0.001 Benzo(b)fluoranthene 0.100
Phenanthrene 0.001 Benzo(k)fluoranthene 0.100
Anthracene 0.010 Benzo(a)pyrene 1.000
Fluoranthene 0.001 Dibenzo(a,h)anthracene 5.000
Pyrene 0.001 Benzo(g,h,i)perylene 0.010
Chrysene 0.010 Indeno(1,2,3-c,d)pyrene 0.100

TEQjg,p: Toxic Equivalents; TEF : Toxic Equivalency Factor
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Table 3. Home cooking menu and dining out menu considering
primary foods consumed in large amount by Koreans

Home cooking menu Dining out menu
Loaf bread Cooked rice
Cow's milk Oven baked chicken
Fried sausage Sea mustard soup
A Fried bacon Pan-fried eggroll
Pan-fried eggroll Baechu kimchi
Stir-fried onion Chicken radish
Apple Citrus
Cooked rice Cooked rice
Barbecued beef
Soy bean paste pot-stew
. Soy bean paste pot-stew
Broiled mackerel e
e Stir-fried anchovy
B Stir-fried fish paste
. Seasoned bean sprout
Fried ham
Baechu kimchi Letwce
. Green onion kimchi
Persimmon
Apple
Cooked rice
Sea mustard soup
Broiled yellow corvinal Hamburger
C Stir-fried anchovy Fast food french-fry
Green onion kimchi Coke
Stir-fried oyster mushroom
Pear
Cooked rice Cooked rice
Bean-spout soup Barbecued pork
Fried bean curd Sea mustard soup
D Seasoned spinach Stir fried oak-mushroom
Stir-fried potato Stir-fried fish paste
Kakdugi Lettuce
Citrus Green onion kimchi
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Fig. 1. Total PAHs level and Total TEQg,, level of primary
foods consumed in large amount by Korean.
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Fig. 2. Distribution of individual PAH congener in foods
according to cooking methods A:Fried food group; B:
Stir-fried group.
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SolFo] 081 ugTEQgupkg, AlFAUE 0.67 ugTEQy,/
kg, €842/l 0.54 ugTEQ, kg 22 A&HAUTH
(Fig. 1). SA57 9] /¥ PAHs 33HE B¥E dvny
g FE 2] Zo|A indeno(l,2,3-c,d)pyrene, benzo(a)pyrene,
dibenzo(a,h)anthracene =22 &7 Yelgton] 3o &
EAENEE 77 332 ugTEQg,/kg(30.46%), 1.82
ugTEQy,/kg(16.70%), 176 ugTEQ,/ke(16.61%)0] ATH.
Indeno(1,2,3-c,d)pyrene 3150 ToloA 0.60 ugTEQg/ke
(17.85%), benzo(a)pyrene= FH AHollA 0.518 ugTEQg,/
kg(28.49%), dibenzo(ah)anthracenee &AM Aol ol A

0.45 ugTEQ,»/keg(25.59%).2 7174 ¥4 UElsdt}. PAHs
SHRHE 29=et SASTHEY AE &9 HEs HAvEY,
FAES, FHETR, A, R, &AATFe] §4 PAHs
e edee oo, AiisgArE e 549571

2 @A Uetstth ol F PAHs 3FE F 49U
PAHs 313HE §H3o] w7] oz Alg ). v, vd=
I NFAUES PAHs 3138 QEmTt vote FA4571E
o] ®o}, Welgd PAHs 319HE o] 2 AL ¢ + 4
Aok AgHolst A, £EHIL7]T0], LFTl, £F
M) 9A] F PAHs SIE QEE ¥t ofl 54

Table 4. The PAHs dietary intakes per one meal from home cooking menu and dining out menu

Home cooking menu Dining out menu
: 12) . : . . .
Foods Food intake Dietary intake Foods Food intake dietary intake
(g/meal) (ug/kg/meal) (g/meal) (ug/kg/meal)
Loaf bread 70 3.3x107 Cooked rice 210 4.9x10*
Cow's milk 200 7.0x10* Oven-baked chicken 150 1.3x103
Fried sausage 40 1.2x10* Sea mustard soup 200 1.8x10°
Fried bacon 20 1.5x10* Pan-fried eggroll 50 4.5x10%
A Pan-fried eggroll 50 4.5%x10* Baechu kimchi 50 1.3x10*
Stir-fried onion 25 2.1x10™ Chicken radish 50 3.2x10*
Apple 200 2.7x10% Citrus 100 1.0x10™
Total 615 2.2x10° Total 810 4.6x10°
. -4
Cooked rice 210 49x10™ Cooked rice 210 49107
4 Barbecued beef 200 2.0x10
Soy-bean paste pot-stew 250 1.2x10 4
. 3 Soy-bean paste pot-stew 250 1.2x10
Broiled mackerel 80 1.1x10 e 5
. 4 Stir-fried anchovy 15 8.0x10
Stir-fried fish-paste 40 1.0x10 4
B Fried ham 40 33%10% Seasoned bean-sprouts 50 3.3x10
. e Lettuce 490 9.0x10°
Baechu kimchi 50 1.3x10 . . . 4
Persimmon 30 5.0x10° Green onion kimchi 50 1.1x10
: Apple 200 2.7x10%
Total 750 2.3x10° Total 965 3.0x107
Cooked rice 210 4.9x10™
Sea mustard soup 200 1.8x10°
Broiled yellow corvina 100 1.8x10™* Hamburger 180 3.9x10°
Stir-fried anchovy 15 8.0x107 Fast food french fry 150 2.8x10™
C Green onion kimchi 50 1.1x10* Coke 480 0
Stir-fried oyster-mushroom 50 1.4x10™
Pear 100 6.0x10”
Total 725 2.9x10° Total 810 4.2x107
Cooked rice 210 4.9x10™ Cooked rice 210 4.9x10*
Bean-spouts soup 250 5.0x10™ Barbecued pork 200 1.5x107
Fried bean curd 80 52x10* Sea mustard soup 200 1.8x10”
Seasoned spinach 50 5.6x10™* Stir-fried oak mushroom 50 3.1x10?
D Stir-fried potato 50 7.0x10° Stir-fried fish-paste 40 1.0x10°
Kakdugi 50 6.0x10° Lettuce 40 1.0x10™
Citrus 100 1.0x10% Green onion kimchi 50 1.1x10*
Total 790 2.3x10° Total 790 4.4x10°
Average 2.4x107 Average 4.0x10”
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dlo

S7HEE Eol WA PAHs 3RHE %o 228 ¢ &
01211;}._
U JFEAT 9|4 Altlo] PAHs SHEFE QA&
Hid - $2uvel 49 Ha AFF 19 188F54HFS
PAHSSIBHE S.HTol A&3l &St 71U 7123 9
2]¢] PAHs 3TE FFAA=EFL Zzt 24x10°
ugTEQ, Jkg/day, 4.0x10° ugTEQy Jkeg/dayS 2 9]2jo] 7}
A4 2ot 1.7 B =EFFS UePith(Table 4).

4EFE AR P4 AT 2.2x10°-2.9x107
ugTEQyp/kg/meal TFELE 7HEAC7t 7HE =41 A==
o} U] QAT 1.8 ugTEQ, /kg/meal(21%)2.
2, PAHs 33t 0HEw BX|W 5457 1322F
AFFo| thE A Ed H|3} wo} 72 C Bt ohe} 714
2 A HFAM 7HE B =279EE Yt 2

gog FFojFo]l 1.1x107° ugTEQg,/kg/meal(12%),
$-F 7.0x10* ugTEQg /kg/meal(8%), AFXUE 6.0x10*
ugTEQy p/kg/meal(6%), FH-Fo| 5.0x10* ugTEQ,/ke/
meal(6.02%), FLWHES 5.0X10-4 ugTEQg,/kg/meal(5.7%)
59 MR =E71H9%7F 24 JEET

A 4FF At AA=ZFHS 30x107°-4.6x10°
ugTEQg pkg/meal TE02 X A7} 7P A A=2HUT
YA ANME A CAAM S o] Pl Fo] T BE =
271958 YeERAR, 94 AA AF FelMe dW AT
71 2 =27195E YERY @A vdds JAx
Z3o] 2H] ojAel 39x10° ugTEQ,/kg/meal(30%)=
PAHs 3HE L= ¥ ¥ ofves} SA4S7HE 13E4F
AF % E5 Fol PAHs 8589 F8 =F7]948<2 A
S & 5 UG WA gees £EHIIF| 2.0x107
ugTEQ, kg/meal(16%), ¥ 1.8x10° ugTEQ, /kg/meal
(14%), £EFA LT 1.5x10° ugTEQy, Jkg/meal(12%),

Bory 7] 7o) 1.3x10° ugTEQ, Jkg/meal(10%) <02 =
271958 Yt JIA=EF A 2EedER &8
e 5457FRRE EuAS} agolFol, £EH 7ol 1
A, RN, AIFAUE SollA 28 ¥ olle} 1
S EAEMNHAFE Lol PAHs 35S QA= do] 7 4t
ZHA. LEHIIFO], Ff, FUET T SHEHE
o] Yol 13]RAE4# o] Wol PAHs 33HE A =E
Fe B AEHAAR, Po], GEES, welHdTo] 2
S4B 7HFo] Eols 13EAFAAF Tl tE A FRT &
71el QA =EFE WA AEHIA

12 38 AAE D133t 1Y PAHs SEE QN-EH
7t - AskE AAEIER] 7184 28] 94 15]E Fa=
B Aelr 2AE 4579 7FE F 239} 43R 94
At F 13 HALE V|E0E SEXRFTE olgde |, &

5 33 2Al) 99 e 24 7Y AEd 7 2HE
9] /2 1Y4 PAHs FFE AA=EF BH= 8.0x10
’~9.7x107 ugTEQgo/kg/day S50]tH(Table 5). -}
Mg ¢ sUizAle] t7]E 53 PAHs S3E9] 1990
ZFE7ER, 19995 1.8x10° mgTEQ,,/kg/dayol AL,
ArelA g M AAEE FF 1UAA=EE 72
8.8x10° mgTEQ, y/kg/day2# PAHs 3&E2] FQUA %
EARR 3F=EH AFHEFAE 2EEE o, F A=
% T AEHFE B QA=EFEL 80% oMoz
FEAY. ol Y Ao|4dHE T8 PAHs S =
Bl P el=

B ddMe felvet AEE AAES 1 29
Ao s &8sl 7PgAs €24 AThelie] PAHs 313t
E JMA=ETFE vwgrisiact. L As) 92e] 7R
U} PAHs 31389 & o] 177} =7 vehdor, dy
A, £EA37)0], £EFATC], 50Tl 52 PAHs
e edEe 45U, 13AEEFATC] BT =of
PAHs F8=Z2&2 A& & F U3 o]A2E PAHs
=Z&7]|Fe] /A ETE A4d ¥ B FES AA
S USS & UL 4G B 24T HES aEs
7t alst 9aolMe] 19AA eEFLE 8.2x10°~9.6x10°
ugTEQy pkg/day oIt 371, &, EY¥ 55 B3 &=
Z5< PAHs SIE2 AIEEC] 3oz & + gA
gk, 21F2 5% PAHs SIHE =22 /7Y =¥ <3
A 29 5 ik #A s A E3F »F FTkekaL )
ou® 7pgy olele 9 Tl =EFE F e A
AsEZ e HEFEF HEAHHAN IS 1= dES
& & e AYE Agae] B8AE AL Ut #
gk olE}, Aol E ARIAE flal AE<HAAl) o)
g 2140} Baspilnt.

"y o

Table 5. The daily PAHs dietary intake calculated by
permutations and combinations with assumption that a person
has two meals from the home cooking and the one meal from
the dining menu out per a day (unit : ugTEQBaP/kg/day)

One meal from dining menu

a b c d

AB 9.1x10° 8.0x107 8.7x10° 9.0x107

Ewoﬁeals AC  96x10° 8.6x10° 93x10° 95xI0°
OMMOME =3 N9 1x10°  8.0x10°_ 8.7x10° 9.0x10°
cooking —~ — - 5
BC  9.7x10° 87x10° 94x10° 9.6x10

menu - —~ —~ -

BD  92x10° 82x10° 8.8x10° 9.1x10

CD 97x10° 87x10° 94x10° 9.6x10™

*the lowest level **the highest level
1. ABCD: Home-cooking II. abed: Dining-out
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=220

PAHs 3352 R712asitEe] £ddddd o) 2 2Askad], dvISS drledd A 3527
ez EY ATHA7 FR QA=EAEEE SEA T Utk B AFolME PAHs 313150 Q9E 4Fo] 4
Aol B2 FES AA o] feEivet dEAES FE 7PgAF f4e Aes Asi AT Hds
THZ AF 5 PAHs 33E S9EE F4sle, B4 PAHs 389 29 AEE S48 7P 94 17]
AR 71EoE AA=E S Hlustal, A9 3R 7HEA 28], ¢ 13] AdFAY 19SS Brleidt o
HlE - thA]AEoA PAHs S35 SEEE 24% A3 & PAHs 355 2.00~141.28 ugkgd] HAZ AEHU
o, ga128o] 7Pg ¥ Ueldth ASAAS(TERs)E 8851 88 SA571R 0.03~1.31 ugTEQ, kg
WG, 7HE 22 3E 71 AEL AuAITh AEE SYEs) REUSES sk A& 71U 7P
23} 2o M2 PAHs 3158 HaAeEake 72} 24x10° ugTEQ, /kg/mealst 4.0x10° ugTEQy, /kg/meal® 2
9)2jo] 7P 2 BT} PAHs 313HES] QAleZo] 1787 & o8 Vst WA, £EH37]70], £EF
Abto], agel el PAHs 313HE =9} 4571 2 1384 F4FH0] &F =} PAHs 31jHEe] £
=E7]94E 2 & 5 AATh 7Pl mgte] 1.8x10° ugTEQy/ke/meal® 2, £l2]dlME FwA7}
3.9x10” ugTEQypkg/meal®E 7|H=7} 71 E3th 315 33 AL Z@T 19 PAHSIEERIA =452
8.0x10°~9.7x10” ug/kg/day ©1Ath £ A7 Z37} PAHs 31389 bdAdwrre) 7|&14449) HeA 2 AF
HBYE AT #AE AskE 712 Asrt =4 vigbd, PAHs S¥tEe] 1x23EE 29 T e WY
AGE A ZA], ol g RS AF3A; st
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