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Conventional Analytical and New Raman Spectroscopy-Based Methods for Detecting Benzo[a]pyrene in Food:
Review and Perspective
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With a view to supporting the provisions of the current Korean food code for the detection of Benzo[a]pyrene, various analytical
methods of detection in foods were evaluated and established in terms of linearity, limits of detection/quantitation, efficiency,
and accuracy, amongst others. It was observed that to improve the technologies involved in the application of these methods,
complicated and combined preparation processes of foods, including extraction, separation and purification, have been the
main focus of efforts at optimization. Recently, on-site quick reaction for the detection of hazardous substances in the environ-
ment and food materials aims at developing simplified examination processes, such as lable-free and non-invasive technologi-
cal analysis, to reduce the costs and time involved in the examination. Herein, current benzo[a]pyrene detection methods are
reviewed in addition to new Raman spectroscopy-based trials established to pursue improve the speed, simplicity and suitabil-
ity of testing.
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Table 1. Major 16 polycyclic aromatic hydrocarbons (PAH)s classified by the IARC (International Agency for Research on Cancer)
monographs [13].

No. PAHs Abbreviation M.W. Structural formulas  |IARC group
1 Naphthalene NA 128 2B
2 Acenaphthylene ACL 152 O‘O 2B
3 Acenaphthene AC 154 O‘O 3
4 Fluorene FL 167 Q'O 3
5 Phenanthrene PHE 178 OOO 3
6 Anthracene AN 178 3
7 Fluoranthene FA 202 0’8 3
8 Pyrene PY 202 O‘OO 3
9 Benz[a]anthracene BaA 228 ‘O O O 2B

10 Chrysene CRY 228 OO‘O 2B

11 Benzo[b]fluoranthene BbF 252 OO“ 2B

O
12 Benzo[K]fluoranthene BkF 252 00’8 2B
13 Benzo[a]pyrene BaP 252 “ 1
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Table 1. Continued.
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No. PAHs Abbreviation M.W. Structural formulas  IARC group
14 Dibenzo[a,Alanthracene DahA 278 O O‘

15 Benzo[g,/,lperylene BghiP 276 "‘O‘ 3

16 Indeno[1,2,3-cd]pyrene PY

= L0

Group 1: carcinogenic to human

Group 2A: probably carcinogenic to human
Group 2B: possibly carcinogenic to human
Group 3: not classifiable as to its human
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Fig. 1. In vivo major generation pathway of benzo[a]pyrene
[36].
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Fig. 2. Pathways of benzo[a]pyrene activation [24].
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243} AHE A sfgkon, 20079 1080 BE 4§84
gt Mz 712E 20 pgkgo 2 74, Halsh B
21, 23], HEFEXHAL 4F 318 7128 wA3hn
Atk EA01 £ H¢ A2AFS A Yolar, TAAZRAS

o QEL AFOR S AZATL SETR] WS 2
$ 4B Rsto] 2 HTH(Table 2) [18)].

Joint FAO/WHO Expert Committee on Food Additives
(JECFA)A= A& W Wlzod S o) 10.0 ppbZ,
EUA= FA W Wlzod oS o 2.0 ppb2 73}
Aok, B9 2eng W WEHA AFE Auich, A9, -
# ol 7zF et 2 2.0-5.0 ppbQ] o]z} Q3 2ol A
% 10.0 ppb ©]3}, | o, Z2EZE, TR0 A= 8 heavy
ek WS g3t eas 7122 71 2.0 ppb o8t FF
5.0 ppb o812 7128 ARsTHs5). U2 ARE 7)%

Table 2. Maximum allowable levels for PAHs in various food
groups.

Food Maximum level (ug/kg)
Edible oil and fat 2.0
Rehmannia glutinosa 5.0
Smoked fish meat 5.0
Smoked dried fish meat 10.0
Fish 2.0
Shellfish 10.0
Mollusks and crustacean 5.0
Infant/baby formula diet 1.0
Smoked meat and its processed 5.0

foods

Table 3. Standards for PAHSs in oil.
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ol 4% w2 Ak gFar At eEjut Algsta ¢l
T}H(Table 3) [20, 44].

Savets 2006d 7Y 29 B
2.0 ppb= 7| &S AT o] F, A
FA o 2 S Fstaar 20139 A3 570d 371
AL st on Wz, ofaPoluto|E F 23%9]
wsﬂﬁ}ﬁ}g A4S AR AAEE 93 =2 Holx ot
[35].
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NE U WETRAY WHAWY 3 ASY

AE W HzgdE E457] YoM A Ee 4H3}-F5-
A AA e BHs AA HESHA ok Az H L,
AE S vFes E457] ol AAet &3 YA
= 7474°F‘¥_} EAA FEEd2RE g LA goens
4 A5Y A4S =9 & A3l W AEFH=
AlE E AR AAIF e, Al 12 R S=n}
EI90/¥ 3 HE7|(HPLC/FLD)E ARESH Weo], 281
A ooz 7iA I FutE d ) /AFEA 7] (GC-MS)S ©]
&3 o] 7l&E o tH2]. B WREZEE S B2
A, AREE A, Aok, AEEd 2AY, AF 2
o] FA =] 9tH31]. L ¥ofquartz crystal microbalances,
fluorescent spectrometry 5°] A/ =& ¢o AEA, 9=
of 910 2ef Aj4lo] BaTE AHeaL Ycks)

25
ohE WS Beled £2WE 4F9) matrix 2 420
uie} T 44079 3

hexane, methanol, acetonitrile,

Food Targets Maximum level (ug/kg)

Korea (KFDA) Edible oils & fats B[a]P 2.0
EU Oils & fats Bla]P 2.0
Spain Olive residue oils 8 PAHs" 2.0
sum of PAHs 5.0

Canada Pomace olive oil 8 PAHs? 3 TEQY
Germany (German Society for Edible oil Heavy PAHs? 5.0
Fat Science) sum of PAHs 250
China Edible oil B[a]P 10.0

1) Benzo[a]anthracene, Benzo[b]fluoranthene, Benzol[klfluoranthene, Benzo[alpyrene, Benzo[e]lpyrene, Dibenzo[a,h]anthra-

cene, Benzo[g,h,ilperylene, Indeno[1,2,3,-cd]pyrene

2) Benzo[a]anthracene, Chrysene, Benzo[blfluoranthene, Benzo[klfluoranthene, Benzo[a]pyrene, Dibenzo[a,hlanthracene,

Benzo[g,h,/]perylene, Indeno[1,2,3,-cd]pyrene
3) Toxic Equivalent Quotient

4) Benzo[a]anthracene, Benzo[b]fluoranthene, Benzo[a]pyrene, Benzo[k]fluoranthene, Dibenzo[a,h]anthracene, Indeno[7,2,3,-

cdpyrene
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A

NE U OB HEE S0 429 848 B
&, matrix, AR o A HFS HolH, 7&%?}
Ae HE 0.1-1 ugkgl & 1= QIth(Table 4). Y+ ¢}
3 HES Sdleas o BAY o1 Y 20 pgkgS®
HuEg1]. &, MS/MS HH2 =2 A9 g2 d&s
A7t 0.1 ptg/kgEE} wri[42]. 3l¢=&2 HPLCY GC 2%
0% ool AW ARTHE FFE WRFLFE 20Tk
e Aoz BIHYTL, 16].

Table 4. Sensitivities of various methods for benzo[a]pyrene
detection.

Limit of detection

Analysis (ug/h) References
Elecrochemical 2.8 [30]
HPLC 0.005 [17]
GC-MID 0.1 [32]
GC-MS 0.06 [40]
Fluorescence 0.36 [29]
SERS 20 [43]
SERS 1 [9]
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