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Dietary Risk Assessment for Polycyclic Aromatic Hydrocarbons in Foods

Hyomin Lee, Eunkyung Yoon, Kyungah Park, Yunhee Kim, Soyoung Jung, Kisung Kwon,
Myungchul Kim, Insang Song, Cherlho Lee*, Jisun Yang, and Kihwa Yang
Korea Food and Drug Admiristration
*Graduate School of Biotechnology, Korea Univ.

ABSTRACT -This study was executed to determine the cumulative dietary risk of PAHs exposed by food
ingestion. Food samples including barbecued beef, barbecued pork, grilled chicken, ham, bacon and vegetable oil
which were collected from food markets. These samples were saponified, extracted and cleaned up to purify PAHs,
and then the purified sample solutions were analyzed by HPLC-FL. Generally, the levels of total PAHs in barbecued
beef (0.2 ppb), bacon (0.3 ppb), barbecued pork (0.7 ppb), ham (0.8 ppb), and vegetable oil (1.2 ppb) were low,
whereas the level of total PAHs in grilled chicken (9.3 ppb) was significantly high. For the exposure assessment of
PAHs due to food ingestion, PAHs levels converted into TEQg,, the average body weight for 20-73 age group and
consumed levels of food proposed from report on the National Health and Nutrition Survey were used. The estimated
lifetime average daily intake of dietary PAHs was 4.32x10* pg-TEQg /kg/day as the mean value. The dietary risk
adjusted to cancer potency of benzo(a)pyrene as 7.3 (mg/kg/day)’ was 3.44x107° based on current data.
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Table 1. Condition for HPLC analysis of PAHs in food
Supelcosil LC-PAH column (25 cm*4.6 mm)

Column with C,4 Guard column
Detector Fluorescence
Flow rate 1 m/min
Injection Vol. sowl
min 50% ACN : 100% ACN
0 40 60
Solvent system 20 0 100
35 0 100
39 40 60
40 40 60
min nm
Wavelength(Ex/Em) 0.0-18.5 267/384
18.5-325 290/410
32.5-40.0 293/498
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Table 2. Proposed Toxic equivalency factors for individual PAHs
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Congeners U.S.EPA Chu & Chen Clement Nisbet & Lagoy U.S.EPA
(1984) (1984) (1988) (1992) (1993)
Naphthalene 0 ND ND 0.001 -
Acenaphthylene 0 ND ND 0.001 -
Acenaphthene 0 ND ND 0.001 -
Flourene 0 ND ND 0.001 -
Phenanthrene 0 ND ND 0.001 -
Anthracene 0 ND 0.32 0.010 -
Flouranthene 0 ND ND 0.001 -
Pyrene 0 ND 0.081 0.001 -
Benzo(a)anthracene 1 0.013 0.145 0.100 0.100
Chrysene 1 0.001 0.004 0.010 0.001
Benzo(j/b)flouranthene 1 0.080 0.140 0.100 0.100
Benzo(k)flouranthene 1 0.004 0.066 0.100 0.010
Benzo(a)pyrene 1 1.000 1.000 1.000 1.000
Indeno(1,2,3-cd)pyrene 1 0.017 0.232 0.100 0.100
Dibenzo(ah)anthracene 1 0.690 1.100 5.000 1.000
Benzo(g,h,i)perylene 0 ND 0.022 0.010 -
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Table 3. Toxicological data used for induction of cancer potency of BaP

.. Cancer potency
Toxicity data Model (mg/kg/day)! Ref.
- Tumor Type Conditional upper bound 59
forestomach squamous cell papillomas, carcinomas two-stage model ’
- Test animals : CFW mice, sex unknown
- Route: oral, diet
Dose (ppm) Tumor Incidence
0 0/289
1 0/25 .
10 0/24 Upper bound estimate by extrapola- Neal arllg 6I§Igdon,
20 1/23 tion from 10% response point to 9.0
30 0/37 background (two-stage model)
40 1/ 40
45 4/ 40
50 24/ 34
100 19/23
250 66/ 73
* Tumor Type
forestomach squamous cell carcinoma
- Test Animals : SWR/J Swill mice Rabstein ef al.
- Route : oral, diet Weibull-type model 4.5 197339 ?
Dose (ppm) Tumor Incidence
0 2/268(male)
0 1/402(female)
- Tumor Type
forestomach, larynx and esophagus,
papillomas and carcinomas
- Test Animals : Sprague-Dawley rats
(both sex) Brune
- Route : oral, diet Linearized Multistage Model 11.7 36)
Dose Tumor Incidence etal, 1981
(mg/kg diet/year)
0 3/64
6 3/64
39 10/64
Mean 7.3 (mg/kg/day)”’
¥ 08 EMHNN, el 2R TEQpke, RETOIHALIIM 0.272 pg-TEQgp/kg, ol
719} 79+ benzo(b)fluoranthene®], &&-F3le] A& 7oA 0.140 ug-TEQg, kg, £EOIH 7oA 0.053 pg-

benzo(gh,i)peryleneo] 7} =& F=Z UehlUTh PAHs  TEQg/ke, oA 0.037 ug-TEQ, /keol AHUIE Q¥ xE

o] EEAFEHY BaP T & AWEH £EFO|HY) e JERNITE TEQu #ollAE TEFsite A-83t71xd s

oA 1.876 ppb, £ETOIHA 7oA 0.191 ppb, 2-&-FA = tEA EA|5L)9F dlole] PETE e 3he B

oA 0.175 ppb, WolANA] 0.080 ppbE. H|EZ] &L Zlo] Atk oloe A= ThE congenerE R U ¥& TEFs:

HEHH < Z}= BaP# dibenzo(ah)anthracene®| FEztolol] 25|
TEFsghke 2&-sled 34hel PAHs®] TEQgak9] congener gt o=

H EEE AHRY iR 2FdA BaPol 7 & 9

FrEe YeERdOoY, A8/ S TEFRe] & I S8YI}

dibenzo(a h)anthracenco] 7% & 72 BTl & PAHs B A7 AdA=EFE PAHs FL=EES £
2AEE AHEH £ETOIHLINA 294 ug-TEQ, vkeZ  AU7Y =EHE ZA=R sl Hrsinh. AA=EH )
M 2L LY9EE ey, HE/ANN 042pg 2 98 IFI0) O3 =ES FY=EE FHdle] W
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Table 4. PAHs congener's levels in food

Foods

PAHs level (ppb)

Chr BbF BkF BaP DahA BghiP 1P Total
Hams 0.640 0.006 0.065 0.023 0.000 0.039 0.000 0.773
Bacons 0.093 0.056 0.026 0.080 0.010 0.058 0.000 0.323
Barbecued beef 0.067 0.093 0.018 0.041 0.000 0.000 0.000 0.219
Barbecued pork 0.159 0.204 0.065 0.191 0.010 0.046 0.022 0.697
Grilled chicken 2.449 2.086 0.576 1.876 0.135 1.379 0.841 9.342
Vegetable oils{comn, soy, olive) 0.259 0.159 0.081 0.175 0.041 0.340 0.114 1.169
chrysene(Chr) dibenzo(a,h)anthracene(DahA)
benzo(b)fluoranthene(BbF) benzo(g,h,i)perylene(BghiP)
benzo(k)fluoranthene(BkF) indeno(1,2,3-cd)pyrene(IP)
benzo(a)pyrene(BaP)
Table 5. TEQ,,, values estimated using TEFs values in food
TEQj,p value® (ug-TEQg,p/kg)
Foods Chr BbF BkF BaP DahA BghiP P Total
ota
TEF® 0.01 0.1 0.1 1.0 5.0 0.01 0.1
Hams 0.006 0.001 0.007 0.023 0.000 0.000 0.000 0.037
Bacons 0.001 0.006 0.003 0.080 0.050 0.001 0.000 0.140
Barbecued beef 0.001 0.009 0.002 0.041 0.000 0.000 0.000 0.053
Barbecued pork 0.002 0.020 0.006 0.191 0.050 0.000 0.002 0.272
Grilled chicken 0.024 0.209 0.058 1.876 0.674 0.014 0.084 2.938
Vegetable oils 0.003 0.016 0.008 0.175 0.206 0.003 0.011 0.422

*TEQpg,p : Toxic Equivalents
PTEF : Toxic equivalency factors based on BaP cancer potency
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Table 6. Exposure factors used to estimate lifetime average
daily intake of PAHs by food intake.

Exposure factors Values Source
exposure period (years) 20-64 (45yrs)  Lifetime table, 1999°"
body weight (kg) 60kg KRISS?, 1998

ham 1.8
bacon 0.1
food vegetable oil 3.7 b
Intake ) MOHW?”, 2002
(@/day) chicken 10.7
FEY) T peef 206
pork 289

*KRISS : Korea Research Institute of Standard and Science
"MOHW : Ministry of Health and Welfare

=ZFo] 807x10”° pg-TEQy/ke/day, 1.61x107° ug-TEQ,,/
kg/day, 1.13x10° ug-TEQgpkg/dayS2 YERT) 285
A9] 735 19F Aol g H S vl AJARE LAFFo]
Fof AA=Fo] ¥A vebtal, £E7old e Aee
TRE A% vls)] LP5Ee wkoy 193 wo|dFH

o Bol AA=Zo] EA A=EAUTH
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Table 7. Estimate of lifetime average daily intake of PAHs
induced by food ingestion

Food Lifetime average daily intake

(ug-TEQg,p/kg/day)
Hams 6.77%107
Bacons 1.44x107
Barbecued beef 1.13x10°
Barbecued pork 8.07x10°
Grilled chicken 3.23%x10%
Vegetable oils 1.61x10°
Total 4.32x10™

A=LH

PAHs 52534 E432 21 PAHsS] Hsix 4
3ld U.S.EPA9] IRISOIA AlAISH BaPe] $7dF-<de o

o
2
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ol 73 (mgkg/day) '3 =EE AT o8 AEE
1Y =2 432x107 mg-TEQy,/kg/dayS ©|-8-3}
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