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Determination of 8 polycyclic aromatic hydrocarbons in fried oil for churros using GC-MS
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(Shijiazhuang Center for Disease Control and Prevention, Shijiazhuang Technology Innovation Center for

Chemical Poison Detection and Risk Early Warning, Hebei Shijiazhuang 050011, China)

Abstract: Objective A method for the determination of PAHS in fried oil for churros was developed by modified SPE-
GC/MS. Methods The target analytes in samples were saponified by KOH/Ethanol, extracted with n-hexane and cleaned-
up by solid phase extraction column, detected by GC-MS. Results The method shows satisfactory linearity (R>0.99)
over the range assayed (10-250 ng/mL) , and the limits of detection (LODs) range from 0. 10-0. 20 wg/kg, the limits of
quantitation (LOQs) range from 0.35-0. 70 pg/kg. The recoveries varied from 70. 1% to 110. 7% with relative standard
deviation (RSDs) of 3. 6% to 10. 9% at spiked 3 levels. All PAHS were detected in 180 samples. 4 benzo [ «] pyrene was
detected in 90 oil samples, the most detection rates of PAHS8 was Chrysene (32.2%), and the highest mean concentration
of PAHS was 12. 7 pg/kg for Chrysene. In 90 fried oil, 21 samples were detected benzo [a] pyrene , and Chrysene was
the most detection rates of PAHS8, accounting for 50. 0%, the highest content was 32. 4 wg/kg for benzo [a] anthracene.
Conclusion The method has the characteristics of high sensitivity, low detection limit and good precision, and is
suitable for rapid and accurate quantitative detection of PAHS8 in Fried oil for churros.
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A B 0] REAFAE PAHs, H U XE = IR AU E 19 5 AR op
W 23774 PAHs. JEAEK , VF 25 38 1 2 B A (A
BUKERY I R PAHSs VB 281 . ZHU S840 T
R KL AR R0 I Lo JEE R PAHACE T [a B
AT Lal B i RIELD 98 B0 1 &% i 7 RUAE o B2 rp
W A8 Ak, 25 5k BRI E 5 O [0 2R I [o] B R0
PAH4 ¥ B2 43 i 3 K LA 2L A5 ORI [a | BE MR E
M 0.16~0.35 pg/kg EFHE 0.2~24.7 pg/kg, PAH4
WREM 2.97~3.16 pg/kg LFFE 1. 1~11. 27 pe/ke) .
A TR LSO R I AR T R Sl A T A% 1 F
SERIL,ATHE 32 h J5 3 Al AR T R JF [al B8 \PAH4,
PAH16(16 i 2 3 35 48 Z M) & & 70 5l 1. 58~
2.52 pg/kg.6.50~8. 60 wg/kg.18. 73~25.53 pg/kg
HAhNZ 2. 26~3.93 wg/kg.10. 35~10. 95 wg/kg.56. 10~
100. 71 wg/kgo T FAE R 3R E Jm R i i £
Yy, KAk /NS BE AL AT ULk 2 R KR AR K, B
AEAE Z2 KR A B 1 B0, PR O B4 9 PAHs X
T 2% AR P BEAFAE — 22 0 it B XU
N A LR IE (a) B PAHA (R I () BB .
AT (a) BRI (b) 28 80 Al PAHS (T (a) BE
AT (a) BRI (b) 2 R T (k) 98 B0 —80F
(a,h) B 289 (g, h, DB EiIF (1,2, 3-cd) EEENE
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R TR A KT AR RTEE Il D PAHSs V5 4L 1%
O AT AT 21 A B IXCRAE R 180 3 vl 45 H
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AR 3 - B3 AL (7890A-5977, 35 [ Agilent 2%
) 3 43 K OF- (BSA2245-CW , £ [5 Sartorius 23 #] ) ;
W TR A AL (Multi Reax, £ [E Heidolph /A ) ; & K
WAL (HCG-24A, REHH WA AR ) s IEC be . —
AWEE LMW b N (3% 2k, 56
Fisher Technologies NFEDD) sEu 2 5B (KRBT
FREIEARFEA BRA R ) 5 8 Fh 22 B8 05 S b E 15 W« ot i

W B 200 we/mL, W T 32 E 02Si A ,S 23
05 e A BRI W T MR B Dl 200 pg/mL, W TSR
02Si 2~ Hl .

1.2 ik

1201 o v A TiC )

53 AL 8 Bl 2 55 IR AR MEVE T 10 mL %
P, IECOBEE S, B 1000 we/L F 1R & b
BRI, 4 CARAE o I P AT BC 1 A% 10.20.25.40.50,
100,125,250 ng/mL JR & br il TAEW . 5 AN bR
W E O e BE B 4. 0 pg/mL.

1.2.2  FEShRTALBE
1.2.2.1 B

FRBGAARE 1 g(K5# 3 0. 001 g) F 50 mL B .04
HLOMA 4.0 wg/mL AR 10 pL1EA) . A 5 mL
1.5 mol/L & E AL B & W W, N a5 R TR &), il
(70+2)CAR B AT AL 3 mine Ak 58 WL
FRKAHZEER, I 4 mL 24K 5 mL IF 2%, i
FEHEHL 2 min, LA 10 000 r/min &> 2 min(& 0O 2FER
9.5 cm), L2 IE OB BUR TR 51 -
1.2.2.2 ¥k

7 [E A AR BORE BN 1 g 2847 JEK B R B, Ik
FH 3 mL & W ke .3 mL 1E O ke e iG b iE 1, 36 1k
45 5 W AR TE O e B B0 A 7% B [ AH A2 HURE
L WERERZY 1.0 mL/min, £ BOR 40 i Uk
AL 5 mL IE COBERGERR 2, A 5 mL
Bt - TR SR VR AR BULE L+ 1) PR BE , Mo 42 Ve i Vi T
15 mL .08 W BEREAE 40 C/KIET AR 2
VT 000, 2 mL P A - S o e T R (1+1) 98 8 i i
B I B AR HERE N, 2E GC-MS T
1.2.3 AU TAES M

{033 28 - (3% A DB-EUPAH B 414545 (20 mx
180 wmx0. 14 wm) ; FHE 7 - P46 B 70 “COR
2 min, LA 10 °C/min B9 3 B FHR 2 250 °C, PR %F 2 min,
PL 8 °C/min 3 BE FHIR F 315 C, R +F 5 min, 5
PL 20 °C/min B3 TR B 320 CIF PR $F 5 min; #F
FE IR BE 0280 °C5 20 B 2 R (99.999% ) | Uit
B 0.7 mL/min; Ao iR UEFE R 1. 0 pls

JE i S TR T (ED B PR L BE & 70 eV,
B URRLEE 250 °CL YA IR EE 150 °C, & i 2k i
280 C, ¥ A LEIR 16. 5 min, P 72 J7 2« 16 5 & F 458
MR, W s R L 1
1.3 R J5 TG e o o 375 Y ) o)

HU2s HORE e DL B S50 i 3R IS 7E 4R R
W I 22 0 5 R TR AR S WA S B VA [ A
4.0 pg/mL AR 10 WL, b 35 90 B 5 e BE I DA 1E
DA I 5 T 52 M) o A S5 36 326 P 66 J5 DG 75 A o (R 2
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A
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HUZS FURE &, 43 B0 AR b L e TR s
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Table 1  Retention time and qualitative/quantitative ions of PAHs and deuterated internal standard
E4S {4 B4 Bif ] /min W F N AR £ 85 B 18] /min W e
e 250(22).253(21) o
HIf[alde 27.60 D12-#Jf[altE 27.42 260(20).264*(100)
252*(100)
o 226(28).229(20) N
I [al & 22.71 D12-% ) [a] 22.52 236(25).240%(100)
228*(100)
226(28).229(17)
I 23.01 DI12-/ 22.89 236(25).240%(100)
228*(100)
I 250(23).253 (20)
ESHINp ! 26.36
252+(100) D12-Z8 9 [b]5% & 26.21 260(20).264*(100)
I 250(25).253 (20) i I : \
ES 13D 26.46
252*(100)
s 274(20),277(20)
Efi 9 [1.2,3-cd]iE 30.66
276*(100)
e 276(20).279(26) )
— AT lah ] 31.55 D12-#i 3£ [1.2.3-cd]EE 30.51 284(20).288%(100)
278*(100)
. . 274(25).277(23)
I [ghildb 31.77
276*(100)

L T

2 #ER5itiE
2.1 FE AR 2]
2.1.1 $2£H

RV o3 52 9% A7 A8 K g 5 X HAE BE ) fi
A JBOME BE o DN R KE Vil v 4 J 22 3R 05 0 R R
FHA DL . ASLE ] 3 Fhed H 09 A Bl il (e
Cbe A b IR ) AR S B8 U R A AR R
S PR SO ) AT I E 7 W, TR 2 il
R B R R s o A 2 o 38 2k 25 A S [ I R 4R U Y

180

P oy DEAAR B W TR

160 -

[ /%

Il s 2% iy R IOV T L 25 R TR LI Ta, SEER A5 SR R
B, I C B ISR O R b, A T ek N
Ml e 25 . LA T R SR, KR 4 2 A 07 SR AR Tk
55, 50 5 Vi T 55 PR IR R e T R A A 4 O R B
AR A R, R PR T 2 T T i R e A K
Z S HCR AN R E o i X S A B A
WEE A F, Bn AR 5256 1 FOE O Be /o SR U, 12
S 45 B 11 0 050 38 1A Xk AR A 4 56 S DG i, R J5R DC i
P T 2R DL 1R 2

b
180 [ %555 C Tk [ FlorisilF: [ C18F

I /%

TE 2. A ] 48 O 000 [0 0 3 A9 200 b AN [ A€ BORE R[] Wi 5 44 52
PEL A B A X 22 B 55 2 IR () 52 ] (n=7)

Comparison of effect of different methods (n=7)

Figure 1
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Figure 2 Chromatograms of PAHs

2.1.2 ¥k

T R B T A2 %, H AR 22 BIL 7 12 B
Joi 3 T HE— 2 A AR S I 3 BT AH 25 X (Solid-
phase extraction, SPE) 1E kit 4k F Bt . 43l i FHl 2
W5 0@ L AR L C18 I Florisil A1k, L — &
Pt - LR TR 1+ 1) AR A e I 0 2 [l e %2 o 52
B R ILE b, 2R WoR , 25 L AL 8
22 ¥4 05 Ja 1 TR AT 23 5 GO gy T H At TR e [ R 2 ROAE:
HC 5 PR AT B AH T Florisil A1 AL I, 5 24104 5% 4%
BT R L AN AN e 7 3k 8 R RN o A R, X 3 A
FIES TR 45 th K 5 C18 A B AR BR IS RIURAR G, (HLJ:
C18 FE bR W [t 22 B8 55 K2 41, ] ] i £ W% i — 26 AN 2
A B 53, 3 B8 B A3 45 5 o A T R BRSO LR 5 B
J5 K I SR R IS, X AT RE S s E] 45 A A —
K FRo M2 55 5 L FH R B8 6% v IR /i P R b 2%
P B DR A S 5 3 ] 22 B0 05 08 L TR AT i AT
A IS AN 1 25
2. 1.3 SR BRI Y TH BR

B 5 - < I R R B U L AP O e o f e €1
ASE O 1) AU AR 5 o S 6 %) T B kRN R B . R
T B B it 256 JB 24 I, R FH 255 1 RE o B2 SBO A R s
VALY s T, DA AT A% R AT AN ) i J5 4 L 1 52 i
e M RN 5 R AR [ Y B A AR DT B
TRRE LR AL o 25 5 om0 4R 88 B[R] JL-F- 1%
AR HRRFY S A — R, HA 3 Fl
Z AT (ORI Lal B R IE o] B8 J5 T 200 7F
20% LAV, FCA AR EE 2 20% o
2.2 FEVEN
2.2.1  JrikmygE O &R KR R

FERA 22 () B A0 85 25 AN L i) — R A A [ vk
JE (%) 5 5t VG JC YR 5 A o U VR AT 0 2 B oA i
2k, 8 Fh Z IR IFIRAE 10~250 ng/mL 78 [l P & 1 ¢
F R MR >0, 997(56 2), AT LA 2 5E
ST R . DL 3 AR E MR LI R e b 8 R 2

35 12 09 % Y BR (Limit of detection, LOD) A 0. 10~
0.20 pg/kg. M4 S/N=10 # 2 & & F B (Limit of
quantitation, LOQ) & 0. 35~0. 70 wg/kgo

K2 ZHIFRRITEA R E R v
Table 2 Linear equation, LODs and LOQs of the 8 PAHs

LhpEX & LOD/  LOQ/

I\
fea) fil )1 )5 7 r (ne/kg)  (ng/ke)
I [al B Y=1.60X-0.06 0.999 9 0.20 0.66
)= Y=1.93X-0.14 0.998 9 0.20 0.60
ZEIF[b]9¢ T Y=1.29X-0.06 0.999 5 0.20 0.63
R I [k Y=1.13X-0.11 0.999 8 0.20 0.63
It laltE ¥=1.35X-0.05 0.999 7 0.20 0.63
Bigf[1.2,3-cd[iE Y=1.89X-0.12 0.999 3 0.20 0.70
TR [ah ] Y=3.47X+0.03 0.997 2 0.20 0.70
29 [ghilik Y=1.25X+0.01 0.999 5 0.10 0.35

2.2.2 ISR FRS % B

FEZS FFRE S 4 B 1..0.10. 0.50. 0 pe/ke
HIR A FRAE A TR, TR HE 1 min, BCE 2 h 5 #4732 BUR
Wi TR R, PRI 3. & 3 T LG L8 Ff
LTI IR 70, 1%~110. 7% ,RSD N 3. 6%~
10. 9% , 16 B13Z J7 1L 1 B s v EE R
2.3 SEBRAE SR

Shy W I A G T Y A% R R K b b 22 3R 05 IR I
15 YL, 2023 A AL A ZE T 21 A~ B IX 5350
R B HE T S5 W57 Ab A JIL 0 i N 28 2k 22 YR A ) R
&, BB X ATERT S 4R 3~5 7, 23t 180 .
3 Ao X ST B A g 8, KR TR Y AR S A T
[ 8 T 22 30 35 ke A AN [ B B2 g A 1, LA 45 SR T
4. NI EEIRE  BUAERT I KA (37/90) iy K
Kt Z W55 A 22— mnr W, i
2% TR E JEORE I 2 B 05 R i T g AR AR S .
PAH4 A AR AR BE AR, s 289 [ ]2 4 17,
Kt R0 4.5%, & &N 1.46~5.36 pg/ke, KT
K GB 2762—2022( & i & & F K hrifE & & h s
e ) B ek )R E A T B B G b RO () BEBR
HH (10 pg/kg) , (0 H 3 4y = F B A5 1
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RT3 ZIIFRITIEINR RICE KRS % B (n=T)
Table 3 Recovery and RSD of 8 PAHs in spiked oil (n=7)
o 1.0 pg/kg 10.0 pg/kg 50.0 ng/kg
" Il i %/ % RSD/% Ie] i ./ % RSD/% Ie] i ./ 9% RSD/%

ZE a0 77.6 10.1 90.2 73 88.6 43
i 76.5 8.4 85.3 10.2 91.0 3.6
I [ 79.2 7.1 90.4 6.3 92.1 42
Ik 72.8 6.1 80.1 7.1 107.1 8.1
It 72.1 10.7 94.8 7.4 110.7 8.4
BiIE[1,2,3-cd]tE 70.1 6.4 82.3 10.9 102.6 10.4
T [ah ] 80.4 53 87.2 7.0 86.6 10.2
2 I [ghil i 72. 10.3 84.7 7.9 86.4 5.5

[ Regulation(EU) No. 2023/915 " il iE 2 FE HF: (a)
BB E (2 pg/ke) o PR IF [al B 21 M7, k6 R
23.3%; i 29 By Ko R 32.29% IR (D] 2 4 46
2R 2.29%; PAH4A 30 4, K 128 33. 3%, & BHE 1. 02~
31.6 we/kg, Hom 4 15 >10 wg/kg, # H B AR

[ Regulation (EU) No. 2023/915] '3/ 1 311 i§ 2 PAH4 FR
HEAE (10 pe/ke) o 15 Y K - dc i 1 A2 i (12,7 we/ke)
FZR I [al B (9. 94 wg/kg) A S5 JKE JFURL M o 28 5
(a) BB & PAH4 15 /KP4 SHI %™ (R I (a) TE 0. 12~
6.28 pwg/kg PAH4 1.48~27. 84 wg/kg) FIHFFEHA Y .

Fd o SCPRAE SR E SR

Table 4 PAHs concentrations in oil samples

PAHe K 003 B (K 8 9% ) k H¥E/ (pg/kg) far i fe/IME / (g /kg) ot fe R AE/ (pg/kg)
JEURH G R e R JR} R E JERH R G
HIf[aliE 4(4.5) 21(23.3) 3.04 3.59 1.46 1.44 5.36 19.4
I [al B 21(23.3) 41(45.6) 3.57 474 2.06 1.88 9.94 32.4
i 29(32.2) 45(50.0) 3.40 4.49 1.02 1.14 12.7 17.2
ZEIE (b 2(2.2) 2(2.2) 2.22 18.5 0.78 3.74 3.66 33.2
R Ik A 27(30.0) 29(32.2) 3.67 3.54 1.07 1.18 27.7 33.7
BiIt1,2,3-cd i 22(24.2) 24(26.7) 6.02 5.53 1.03 1.14 30.6 355
TR [ah ] 8(8.9) 10(11.1) 5.99 5.59 1.17 1.74 8.66 10.7
H I [ghildk 5(5.6) 7(7.8) 2.41 2.41 1.12 1.00 6.78 7.36
PAH4 31(34.4) 53(58.9) 6.67 9.79 1.02 1.14 31.6 102
PAHS 54(60.0) 61(67.8) 9.57 13.1 1.18 1.14 68.5 167

FIKE 0 B PAHs 5 Yk W5 F Wy mi, — 2 & H
YA & 54 PAHs [ E: R 15 A& H
H 2RI [al B B & B IK 9. 20 wg/kg, 32 3T 36 [ [
b BR 2 {H 5 16 Bl 2 3R 35 58 BN 0~72. 47 pe/kge
%A% ORI T B 1 96 4y B M R 519% AR
KRR SR 230558, a2 &S
Tk I A R v R A AL R — R R ke
FCRE 7= A PAHs. B KRG 158 4y BT KE I
R, RIF[al MR 3 5 ik 83. 5%, Hifth £ 34 05
A A AR R R . A RSN o & AR
— E W RUME R BE R, B i A MK, £ P o O
[al B8 Fdub il o o) el o 25110 52 00 & 0 0 O R
o B SRR T R () T R R . 5
JECRHIAH L3, Z2 W RHE J & Il 8 Bl 2 348 35 18
HA(26/90) 63 KA i, S99 45 3R o BRI &
HON AN 2 38 55 45 B BN, A S RE 5 JRURL I R R
WREE WA R . PAH4 I (o] 21 4y,
RN 23, 3%, 5 FURHITAE LL 3G i 4 £ 2, AH H A
Z IR I e o AR A —103 19. 9 pe/kg,
IR E GB 2762—2022( 1 it & 4 [H AR UE £ i
15 Yy BRI s RO [a] B 41 B, KR R

45. 6% ;5 JFURL M AT FL I T — % s 5 45 0 K R
50% , 5 JFURHM A FL 38 AN 50% 25 43R (b9 8 2 iy,
Kot 2. 2% ; 5 JEORHM AR [F]  PAH4 53 {7, K i R
58. 9%, 5 I RE il AH b 3G T 50%, F A 1. 14~
102 pg/kg, 19 3 FES > 10 we/ke, 8 H W 5 1
[ Regulation(EU)No. 2023/915 " FR A, & & W U]
B2 — 153K e e R [a] B
(32.4 pg/kg) MR TFF (a) B (19.9 pg/kg) o AL L
R RE A TP 2501 () BEE A PAHA V5 Y2 K F R & T
R KR YOUSEFT %720 45 5L 5 2K 3F (a) B8 K
FAR T HAO %5245 H (H 15 31.9 pe/kg, B &l
99.9 ng/kg) ,PAH4 K- HAK T HAO 52V HF 58 45 51
(¥I{E K 30.4 wg/kg, fie i fH 1213 pg/kg) o ARBFH
FIKERT 5 FE S bR s 26 05 g i A2 T La ] ORI
X 22 IR 5 I TG Y KT B e R X R A .
WFoE 45 R 5 RGN A LA PUR MOLLE 48
(BT TE 45 SR, T AR 2K e Z A & 90

3 451

&

W5 R A B9 180 03 BIUKE T Ji il 2% JH BKE b
B it v R PAHSs 35 3%, BUKE i 5 R il v g AT
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C ol i — 6 [5] B fR 4 20K, — LU AR i R PAH4 L
ik ] B BR i 5K
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