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ABSTRACT: Polycyclic aromatic hydrocarbons (PAHs) are trace hazardous substances which can cause food

pollution, accurate and rapid detection technologies for trace PAHs in food is an important technical guarantee for

food safety. This paper summarized the types of food easily contaminated by PAHs and the research progress of PAHs

detection technologies in food. At present, the detection technologies mainly include chromatographic detection,

spectral detection and immunological detection. Chromatographic detection is the mainstream detection method of

PAHs in food, spectral detection and immunological detection show a strong application prospect based on its fast

and on-site characteristics.
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N BAEAE, T L ZRNR G VI AAAE, A BERkiE,
2001—2016 4F H [FH 7 25 P PAHs AR 23k Ok
3.35~910 ng/m’® ©*), 2000—2018 4 [E T 5 PAHs
W R 65.01~23603.5 pg/kg, F3{H K 2809.98 pg/ke!®,
I35, PAHs T IZAFAE T 7 b, S vk B2 Y 1 oy
0.159~33090 pg/kg!”,

NKZEEE T PAHs TEARRRRE b2 i it 58 A5 G
PAHs MR i, BHIXERGRE | H py B Py 45 PR 2877 2 1%
A PAHSs [ Mg 100 iy T bl 107 0 2% >
S, ARIERMMX)ER PAHs A BWATAFE,
FE PAHs AYJHBEAE R 3.56 png/d!, 5w T H b E %
(F 1) Wl &R A PAHs H0bShifinfd e xR, A,
— SB[ G UL X — 264 Z) V5 Y PAHs M B SLE T i
KBREEH LI PAHs 945 & 4 7K I [a] € (benzo[a]pyrene,
BaP) K F, BRI E 5Bl 7% 51 2 (Scientific Committee on
Food, SCF)HLE HZEFILERE S A il il v BaP ) e K5k B o
(maximum residue levels, MRL)A 2 pg/kg!™, BRYIB S
(European Union, EU) Al tf: 5t T 4= 40 41 (World Health
Organization, WHO)HLE XK H (1% BaP (i K AV E
10 ng/LUY, HSZER AR 2 5 R A K 5 BaP 54
T PR AR, A G A, AN B R A B
PRSI AR St S5t PAHs A AT IR ASLAE, H
ROEAERE NS PAHs BRI AR #ATERR, DI &
dh Y PAHSs AORGHA . DR SSRGS S L L

®1 ZFESUFRENGIHTERREAE
Table 1 Estimated dietary intakes of PAHs for
various countries

. .
M5 418, ﬁzzgi 954151 ﬁzzgﬂ
RFIE * 0.03 BERA 0.2
B A 0.39 HA 0.09
i} 2.9 T 2 0.52
L] 3.56 ey e 0.16
FEv 0.19 JE HFE * 6
£ 0.02 71924 0.02
722 2.34 i [ 1.1
eS| 0.09 [N 0.11
e 0.19 T e 0.08
i 0.005 el 0.06
Enpg® 11 USEPA 0.05

TE: ar BR AU SRIF RO BE AR AT, br B2 WE T A EEA
SRR, oo BRSO S A HAIEE ™ il 9% i, USEPA:

U.S. Environmental Protection Agency, 3% [ EZHE IR
1 ER5F PAHs SRHNABRLR

A WIE B, 2206 & EURNFI = & o 2 R )
PAHs, &/ hJF R %25 PAHs V5 EE R ZERH T, =
MK PAHs 15 5¢5710 AN, b AR i T AR A
LAY TE o AT R A B2 2R A2 B A 25 A L 22 N T
PE PAHs. 7 WA= BN TEIE PAHS BEDh 2020 f0 S A 2%
RIZEFIRRIZE & &, M PR 2= d . Bk R
TAE A AT R 20 U HE A DA DA B A e i 1,
TR AL S L L ol LA R PR 1 e L0200,

2 BIERNE

TR 9k — ELE AT PAHs B H RLRS U 2%,
A5 PSR R Cn e RO i s L SRR S ZRG
ES MG ET . KA TR 2% . i B s Tk
MEE RS A i, BB SCILE A R B PAHSs FOMER
Fog 71,
2.1 SHEeEE

AR R A RO | s AT T SR A
AR A 3t s e T T 5 o S R A, AT A
o SF 1R 9 S B RS B B oM, fR TR - IS i (gas
chromatography-mass spectrometry, GC-MS)H. 45 & 7> #EHK
FLX PAHs A S AR A9 H BRI, 78 AR 22 PAHSs 4047y i 1%
PABEHERE (Y. SANTOS 25122071 Fi] GC-MS $lll 2 Mg v
16 ' PAHs MHATAY &R, KM PAHs HKEEH 6.34~
35.84 pg/L, 5 RN 0.003~0.128 pg/L, & & RN
0.011~0.427 pg/L. ULk, £ FH IR 2 bR ic 19 AR (Gt
PAHSs) AJ LS B 5 VA 1) 2 e S0 M NS A A bT . L1 2600 F)
FHTRML 2R B ik Xy AT KE 1L B2 b PAHs i B8 EA T 1A,
S PRI S K RERS P AR A PAHSs ¥R L (HZ, GC-MS
SIAT A R T B 2 BN E], N5 SCEL PAHS FZARE
PEAEA, TH A B A o i AR I 25 10 i, RSt AE T
T R4, W48 GC LU E R SR, H
T B K AR T L S Bl A £ 1 L R 40, ER G
i AT EBRIR BRI E 5 T4, 48 TER PAHs 9509
#, GC-MS/MS 5 H| T it PAHs 76 5E ft 204 b it 435 24
MA 22 ] GC-MS/MS A% A 16 Fi PAHS, 46t
FA 0.024~0.06 pg/kg, EHBEA 0.08~0.2 pg/kg, IR
K 70.4%~106.3% . BL AL, 4> B RS % I (high
resolution gas chromatography, HRGC-MS)ELA = i i 1
ARG B, AT 4 b i 3 M HoAT 2 Fp T4 1k PAHSP), {H
XA PAHS AOAGIN S 4R . DI %27l il HRGC-MS
W02 F7 58 g1 fa JULIA H PAHs ¥R EE, A 2] 5 Rl PAHS ¥
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9 0~1.908 pg/kg, K difEly 0.008~2.5 pgkg, EERA
0.024~7.5 pg/kg, FNCEN 92.68%~114.57%,
22 HKHEGIEE

WOAH 15 75 AR 02 S B AR HE R M T S IR AR M fE G
W o B, WO Sk R AR 1R M (S vk e AR At A
PAHs FIGESEBUR ) PAHSs 158405 8, (H5 5 6a S
IZREC B, ATSCAE AR A PR B4 PAHs KPS,
Je 9L 4 POV R FH A 0 3 - BB B R 3 % (liquid  chromate
graphy-tandem mass spectrometry, LC-MS/MS)#&:iill-£& F7ih
HEH 16 Fft PAHs, KR4 0.02~0.43 pg/kg, IR
86.5%~104.6%, PAHs & i [Bh 11.68~146.06 ng/kg.

HPLC Jj&2—Flm . S, ik e 2 B3 A A
IR A TR, 2 H AR il 0 22 B b PAHSs /9
Peo HHADGTERN Jrik—FE, HPLC il 59O %
(fluorescence detector, FLD)I i Al 44 &, 72
BRI REUE . T PAHs B VEGHEHE, HPLC
Y5 FLD 2541/ . et % F Fl HPLC-FLD A4t Y
PEED L 14 Fh PAHs, KRN 0.15~0.3 pg/ke, RN
0.5~1.0 pg/kg, IR 60.9%~125.4%.

B AWM B 3% % (ultra performance  liquid
chromatography, UPLCOWEN—Ffi aig+i K, 5 HPLC
R PEAH ], ELRE 0T 43 B S R R A, R I A
FOME R, R RIS HPLC Ry . (HALER R
T )l K 2 it i — R B ORI AR Ak, OF
L2243 M ARG it i Ak PSSR 45 v, 6 B R A I A
B0 e g 4B B UPLC-FLD Hest s il At i vh 15
FhZ 50, 450 15 R PAHs 75 9 min P58 424355, il
FEREA PAHs SEIHEE N 66.94 pg/ke, #HiFRJ 0.025~
0.8 ug/kg, E &= R A 0.08~3.0 pgkg [BI UL % K
75.8%~96.4%. GOSETTI 2125 3:1 4% UPLC-MS/MS 5 [#]
HHAEBUREE, /S HravEReaH A 13 F PAHSs W, KRR
4 0.028~0.768 pg/kg, [EIEFRA 0.002~0.125 pg/kg, [EIIK
N 70.6%~120%.

3 EIERME

St e 2 Pk T R R T 0 F AT 2 2T Bl
HIREE S, T PAHs BOZRIREEMIAG B —25HL4E = M
FHREME A FHIEIE AT FoK AL, I B IO X TR Stk 7
BRMZERGLRR | IO T RE R A, RO AT X RE S A T
PRI . HETIE S PAHs 1Y% RIS v
DI MRS G, LUAMGIE: . K25 OB AE
R TG G I B A U] g 4880
3.1 WEAIEE

DGR R T & b PAHSs #I A& 58 1,

1T HPLC il GC 7EAHUE Al H PAHSs 23 THAE R R 1G],
HAFTE PAHs TEABGI PR AR, Mtk
ARBUZE . KR, SREtss | AR SR EUE I
dhrh PAHs %0 00 FRT#H AR Stk i it
T 0 J5 4 55 PR ¢ N 5o 8 o w0 B A 4 A s, #R T
PAHs HA RIRGGHFE, M 2 663 v 4w il d i 1
PAHs G, fERia B N 54> PAHs AR BURHIEE
WERY, SR, PAHs /- FE5H2E0, SRRSO ER, H
b T Ak A 0 A A R b B B S e T A
2SI R . EEXTIGIR L, AR E R
ZRh B 1EAR RO T BRI EOR

SHEG IO, APPSO E R AL
feifl, PR, Ve A DG TR AR, i
BT REIEFMZAUMREMR T 2T R T 2R
PO HAR, AL A E i P K ] 2P 98 6 O 3 ¥ (constant
wavelength synchronous fluorescence spectroscopy, CWSFS) .
10 5E B 2 [A] 2 7€ % 631 1% (constant  energy  synchronous
fluorescence spectroscopy, CESFS). RJZF & [R5 6%
% (variable angle synchronous fluorescence spectroscopy,
VASFS)FIJE i 55 HL A7 [R] 25 9 6 6 157 (matrix  equipotential
synchronous fluorescence spectroscopy, MISFS), CAI £
F CWSFS [Alisf s e FLifi i HH i 5 & PAHSs, 23 BR0R
REF, 5RO EREEA L, RIS ERZENT 10%, fiiiR
4 0.0051~0.021 pg/L, E&BRA 0.0153~0.063 pg/L, ENH
h 85.6%~98.42%. Ak, VASFS il MISFS 414 fili FH . i —
BOREA B SRS PRI ERENE o 45 — B B AR 2
B, ATRLE— R e R

I TTEE R T PAHs 20T, ik s
SEF, NG, R T, 07 Z R AHE
YERL . 23 T 956 S RE LA K JAVEE SER80% Kb, RERS ™ Az
AN B0 b v 2 IR 2 25 H O B, Rk, AR AR
PAHSs B2 HHARBLINZOLOEIE, X i PAHSs #E477E
S E PR T AT RETE
32 RBNIEE

o TR IR A PAHs 43775 HURE 58085 Gl 4
R ASCIREEE T 4y 2 ), HBLE 6% o N T
PAHSs 43 F 4 Hrfis i . £HXT G, RIEBgsmh S00i%
% (surface enhanced raman spectroscopy, SERS) . f7 8%
3 L 2 HL ST 1 (graphene enhanced Raman spectroscopy,
GERS) il 48 b £k $L ¥% 47 2 7 (ultraviolet resonance raman
spectroscopy, UVRR)Z 178 555 15t £ A ¥ & AP

SERS il i2f 43 a8 4 K IR R K PRI G2 4854 1) 2 1T 25 5
TSRS, TERREAAL AR PR RIERTT, # H oz
EYRIRLZBEHE SO, mT PAHs AYRGUKIE, XF
)@ SERS {& LR LK, T2 SERS AYAIN R &



%17 T2, % mah IR 2RI EOR T 7039

JEAR, XY EEL ISR E X PAHS 23 T-HISETI )
SR ) B AR AR . WANG ZEB8TF R T —Fl Au 44
KRBT RN A AT BRI ALK 2 TRk SERS & Jkdti F il
ilig&rh 4 F PAHs, &N 0.2~2 pg/L, {HILHFFEANT 4
Fl' PAHs HEATE B 04T o LIN ZEBMifi Fi LB /S W IR 16 1 1)
AuGRIURLZE 1 SERS 1% I8 A LA 13 £ Fi il Hh BaP,
KithBRiXE 1 pg/L. GERS DIASEINE Au, Ag 548 A
fF SERS #JiK. ILATE 8 GERS X Hu IR W5 e 437 A9 BF 5
SER (5 SRR AR 500 1%, I HAS S RBELES T
%)@ SERS, 3k A M 4143 PAHs #2416 T 8
55

4 REFRMNFE

oI TP S HUA MR S | AT 2SS
NS AT AR ABE R KT 80 ARAHE T I & i A T Al
PAHs [ tbp )ik, G54 SR LIas . At
AR S AT, SRTHLAL . SO TR ik
AT, BE%SE PAHSs F R R, i R PR AG I
BRI T 1 LA (AR A% (BT L TR R TRAL
TR AR R D | B LA R/ N A A
BT LB
4.1 HARESIE

2 B 28 S B v (flow cytometry-based immunoassay,
FCIA)E# 1Z A TIfi K2 Wi, MEIMARIDOU %12V
FH TR NS e R BaP i, R RA
800~1700 pg/L, % w R~ 96~100 pg/L, & [F] B % A
GC-MS (49.5 pg/L)kiill Irig 253809 2 £5, X Alae 2l F
T AL 9% o3 BT 5 PAHs TR W) K A 58 SURNE, - 3 B AG:
W B2 5 B IAE AT
4.2 BREX SR IR E

T S 88 W B 5 (enzyme linked immunosorbent assay,
ELISA) 2 AR 4470 s R 1 22 1] (4 4 S5 M Sz o e Mk Bl
Ay MR I (0 07 1 . ELISA W] LT3R B8 ali £ AL &b
PAHs ) 5K, MENG 2E15R B e R AU ) 950 4
ELISA JryEAaill i K i BaP, 4545451 I3 [ A A B
(molecular imprinting solid phase extraction, MISPE)#i K,
o th BaP W5 GC-MS K45 A0 2R 2 £, WREZH
F MISPE (8t . ELISA 58 SURI A L B B v
PAHs 1RG0 FN 2 22 55 B0
43 BUFEREBEINE

B, b 27 495 725 (electrochemical immunoassay, ECIA)
2R HL AR A DU R R 5 g B R AR &5 G 1Y S g I E
T A P B R BT AR 2Z )09 B R A S e i o AR E S
AR A AR e BE A [ B 7 A 08 45 5 98 BE R [ R A s A, 2

AR POl AREE . R RS TR
FRMEME - . A BBIG A 1- T 3k -3- B L miomse L pu 5 o 1 £5
B B S A WAL F o e A% SRR AR 5 £ Il b BaP MR,
K] BaP &K 1.51~2.16 pg/kg, B K 0.03 pg/L,
IR 92.54%~105.14%, 52 25 5 5 [ i SR F v sk ik
A ES RS RIEAR—, FILZ AT RN BaP 1)
PRFHI S ST AT
44 REBRESWE

P18, FAHNRICH ZEUSILT oo vy et SEHi iR M ik
H AR A L 8 A PAHS S s (R A I 2 H Rk HR B EE,
Ry 0.25 ng/mL, FISCES 70%~140%, {Hix L
BEF S5 A PAHs LAY RREFEE R 3C LR, STHEH
AT, X R 2SR L ERE R R g il 58, LR
FAPER BR A & i B K0 .

5 Hdm sk

51 EMERIKE

F4N45 HL 1k % (capillary electrophoresis, CE)f&—FlLA
BANE N EEE, DS R IR T K A B
54 ik . B M E XA H Uk Ik (capillary  zone
electrophoresis, CZE)E&R W MK CE Fkz—, B4k
BT AL PP BIAE (cyclodextrin, CDYEHlY CZE Jrik,
ZTEFTUAEARE] 15 min LA 202 & AmmH 19 Fp
PAHs™, fif PAHs (R E 255 | SRR H ke
52 HUFESIE

FAL Ak 27 43 AT 1 02 22 H BB R b 27 B =2 (] 4 A B 5 4k
KESLHLE TR . FETFIHET B4R 100 nmol/L BaP,
Wit CE-K ZJ0A Bk BaP MR B 35 55 Bk LA (glass
carbon electrode, GCE) I, RG34 1 2 NE-/KIERGHE
172500 kbR 2 &L, FF A 0 — sy R BORT s S Rk A
I BaP ) {8 HL AL 22 40 M i1, IR R his e Ak 2 o it
ESZIVR K BaP ¥R E 14 AR
53 EMERGIEZX

E 40 4 H 4 1% 7 (capillary electrochromatography,
CEC)ZiG T HPLC MITHE X7 -k I 4EME, 5 MS (1
454 F PAHs B0 . CHENG 2£MLRH CEC-RS
J Ak 2% H B (atmospheric pressure chemical ionization,
APCI)-MS J3 A A BTl i 52 B A 5 h R B PAHs 1Y
e, {H5[E R LC-APCI-MS Jrik A te, 3RA5 B
W R AN I3 B BOR A 2%

54 BiaFREBEE

Bl LA {6 3% (supercritical fluid chromatography,
SFC)& LAl S i A 20 A, HKEE i sh AR i hl Ak e )
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SKHEATA B FSAHT . YOSHIOKA S5O0 %t — il R
JERHTRL SFC-APCI-MS J5ik, A Hr Wik} A1 2 gLy v
1 PAHs 1% 75 7] LAZE 14 min NSZEUE T 1 pg/ ke i) PAHS
B A, ELnT @ s PAHs BIVER 5 FE Y SEC
FITEF R 3= MS Rl i REEE . 3% 2 S TIE &
PAHs il 751

6 4ERIG
friih PAHs 75 UL 2 Mol B2 510 2 3 6T 5 22
LW PR AILR R ST, TR R DA AR )y 3, MR T

i il o PAHs BTG5 GEIR DL FFEEIATTIORTFE (344
ARATY R S S 56 25 /IR iy JBORE A I 75 SR B9 1 1, (3
T3 FAT B0 n R MR A R ORE, (HSA, AR, A
T8 T B P A I o 61 AR e e 2 HOR i PAHSs 19
R S PR T A, H AT AR R BR TN E FRBEAE A,
B Z WA FON T R B A ARk AR I
J7 U 0 S R A T A B AL AR B A /N AL L BAL
HUT 210 a7 A LB AR df (4 /N T A, B DR A6 ) s
SRR R

#z2 BST PAHs BN A ELCE
Table 2 Summary of detection methods for PAHs in food

o PAHSs Fi% - PAHs % J¥ JE 1 R i PR ECEY Bt
H(uglkg) /(ug/kg) /(nglkg)

MY 16 flt PAHs GC-MS 6.34~35.84 0.011~0.427  0.003~0.128 80.1~100.3 [22]
vean| 16 il PAHs GC-MS/MS 4.99~6.59 0.07~5.52 0.02~1.66 85.1~102.8 [25]
1 16 il PAHs HRGC-MS 0~1.908 0.008~2.5 0.024~7.5  92.68~114.57 [26]
AR 16 fil' PAHs LC-MS/MS 11.68~146.06  0.006~0.129 0.02~0.43 86.5~104.6 [29]
TEYPE 14 Fl' PAHs HPLC-FLD 66.94~87.97 0.15~0.3 0.5~1.0 60.9~125.4 [13]
TEph 15 F PAHs UPLC-FLD 66.94 0.025~0.9 0.08~3.0 75.8~96.4 [31]
Bfr 13 F PAHs UPLC-MS/MS - 0.002~0.125  0.028~0.768 70.6~120 [32]
L 5 fil PAHs [R5 9 ek 0.12~1.8 0.0153~0.063  0.0051~0.021  85.6~98.42 [35]
HIES 4 b PAHs FRTH TR 2 T - 0.2~2 0.6~6 - [38]
INE R R BaP T2 A A g 43 T 96~100 - 800 - [42]
K BaP AR IR G 8 Y0 159.63~945.06 - 65.08 95.1~102.2 [44]
B BaP FRL 2 G 43 BT i 1.51~2.16 - 0.03 92.54~105.14 [45]
F kK £ LB o A 0.6~3.8 - 0.8 70~140 [46]
RAIK BaP ERAR = TS — 0.67 95~101.4 [48]
R ERTl 19 7 PAHs EUE BIkE 7.32~7.52 - 1 - [47]
T fif PAHs %% ¥ B0 s 10 — 0.03 49.3~105.4 [49]
Mg, SRR 16 Fh PAHS I AR - — 0.1 82~115 [50]

TE: —RR S SRS AR N A
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