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1.1 SR F S48

FEMA AHAE-REN(BASES
) 5 Wl A K FEBUL (BIFEARRRHL A R AR ) 5
GPC-2: 8 3l & B ¥ 45 X (& E LCTech 247 );
XW-80A iR iEIR & ¢ (_ LB ER K #UER) )
Allegia X-22R & # ¥ % B 0L ( Beckman 23 5] ) ;
Milli-Q #8 4l 7K — {& #1 ( Millipore 2\ & ) ; N-EVAP
RAMAY ( Organo-mation /A F] ) o

FEEH IO b . LR OBE . IF (B4,
Merck 24 7] ) ; K JF (a) AR HE M (S B R T
99% ,Dr. Ehrenstorfer /2 &) ) o

HIF (a) BEARHENE £ VORI A WA T 1) - o
BAFRBGE B A I (a) EEARME M, FH 2 I BE i
BYREER 1 we/mL BIFRENRE W T S AR
BB E YR B A 100 ng/mL FYARE TAEW . DA E
BRI ET 4 CUKFEH R

TR it ] 5« BB B AR B A L BRRIR ST o
1.2 HmarsE
1.2.1 3B

PREX 2.0 g 2B FE )G B, B T Wik Ak
BT BB RE D, RIRIR S5, B3
E BT M HK B, LK 2 BOE ),
ZEUREE 100 C,ZH S5 min, WA, 7E
PP MA S mL A k-2 RO (1:1,V/
V) ,IRERGIR S ,4 000 r/min B> 5 min, Y4E
LVEWLRE T S mL R bE-ZBREBE(1: 1,
V/V)EERR IR, &3 LER, A O b-2R%
CBEE(1:1,V/V) 4% 10 mL, 7k
1.2.2 GPC %4k

GPC g BFFMAF g 5 mL, i 3l AH 36 2 -
CIRCER(1:1,V/V) B fG 46 2 2 mL, S
T, HZEEA R 400 L, whEiR ), H 0.45
pm 8RR 5 it GC-MS MIE o
1.3 ®iEREEy

i 41 : Rx-5MS B4 SM 54 (30.0
m X0.25 mm,0. 25 pm) ; FFERL . 20 ; 0K
50 1580 : R (LEEEN 99.999% ) 5 i 7 :
1.0 mL /min; #FAE & 1.0 wL; #E4F 0I5 B . 280
C; B ETFHRFEF : ¥R 70 C, f-%F 2 min, LA 20

°C/min F}Z 200 °C ({£3F 1.0 min) , 10 °C/min
F+ZE 310 C (444 8.0 min) ,,

B A B Jr o EL(70Ev) ; 3 77 =X
DR - MR (SIM) #8581 YRR B O 230
C3;¥OEE N 280 C, B(a)P WEME TR
252" 250,253 F1 126, Hrh « HNEBEF,

2 4R
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2.1.2  ZEBUREEMA
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Fig.1 Extraction efficiency of B(a)P at different

extraction temperature
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AR R, SRR, Bl A AE AT [R] B 3% i, R
I (a) v ZE B 1R 2 T0 (B 35 4R 0 , T A% B AR [|)
5 min B B R R . H I, A LR E
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Fig.2 Extraction efficiency of B(a)P

at different extraction time
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Fig.3 Total ion flow (SCAN) chromatogram of
B(a)P standard solution at 1 pg/g
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Fig.4 Mass spectrum (SIM) of B(a)P
standard solution

2.3 GPC R &HFHIERE

GPC Yt Fi# A 5.0 mL/min, L) 120 s Sh[d]
FRCAR VEWE . s GC-MS #aill , 25 R K 5 8
R, I (a) BETE 1 800 s DUJG e, LR HY B[]
FEEPTE 1860 ~3 180 s, Bk BRI BT A
1800 ~3240 s, WFFE R ,GPC BB (a) B
MEZFE T AL R , BBA 802 BR B A il i v
KE MRS R EA R .
2.4 ZMEEMREE

PRI (a) EEARE R B UK BE 317 GC-MS i
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RE , AT BN Jo B VR B 2 Wl A B £, 45 R 3R
B, 7E 0 ~ 100 ng/mL e R Py, HoZe vk (8119 75 7 Dy
y =2232. 954x, LR HEAH K R B R* =0.9999, [ 6
HFFF (a) EEMEM SRR T IS A . £
SRS iy NER TR A7/ VR = 324
(S/N>10) B3 (a) B E B IR (LOQ) Ky
2.5 ng/g, L S/N >3 B I (a) BRI KL H R
(LOD) 4 1 ng/g.
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Fig.5 GPC elution curve of B(a)P
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Fig.6 SIM chromatogram of B(a)P
standard solution at 10 ng/g

2.5 EWRSHEEE

FREL 2.0 g MHEE AR5, A BN 2.5.5.0
1 10.0 ng/g 3 AN/KFHIBRAES , ¥ B iR Ty gkt
FTAb3E , F GC-MS W& , SMaik & , BNk
FEE 8 K, TR RICRGAEREERR 1,87 ~
8 Nz HAERINIKF- 10 ng/g 5 YRR T
W, 25 SRR (a) BB Y NSRS
g 74.89% ~ 114.01% , %t bR E MW 2= (RSD) 3
B} 7.95% ~10.56% ,f5E B b 2T (a) B
B B8 A I 5K

F1 HEEE&PEIH(a) ERIMIREYRE
MBEE(n=8)

Tab.1 Recoveries and precisions
of B(a)P in smoked fish(n =8)

#It(a)
BRI e iR NIRRT
/ (ng/g) e Y
o % /%
2.5 74.89 101.72 10.56
5 85.06 114.01 10.36
10 83.34 103. 81 7.95
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Fig.7 SIM chromatogram of
a blank smoked fish sample

2.6 SEEREEMET

53 3R FE G 7K 2 B R SR i - T TS %
E#RE: (GB/T 5009. 27—2003°) ) B 4747 8: (SC/
T 3042—2008"7" ) %iF % [ 1k ) MR = S0 f A

Hfib R N R L S BT 10 PRRE A R R I
(a) BEBR B AT, ME LR WE 2. AK K
Jr ik R E bR RATAR R EU S R S . R, A
SRR I 77 1k B — s B AT SR, WY R T
BT (a) EEFRE HOTRE o

(X10. 000)
ITIC B(@P

SN
D U1 = DD U1 =y
SEISRBSS

GV
19.00 19.25 19.50 19.75 20.00 20.25 20.50 20.75 21.00 21.25 21.50
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Fig.8 SIM chromatogram of a smoked fish
sample spiked with the B(a)P at 10 ng/g

x2 FRAFETEEEBGRPEN(a) ERBHMNELER
Tab.2 Detection results of B(a)P by different methods in smoked fish products

WARE/ (ng/g)
FEARRE TG A K ZE BB S GB/T 5009. 27—2003 SC/T 3042—2008
%k P IR SR - B
BES-1 0.97 1.3 0.28
#uu-z - - =
B3 0.19 0.88 0.43
B4 - - 0.11
HEfh-5 - - -
ih-6 - - -
FEfh-7 - _ _
BE5h-8 0.51 0.36 0.84
ih-9 - - -
FEdH-10 - - -

. - SRR,

3 g

3.1 Wi FR7k ZERR &4 3 B R MR M

e K S48 R R MK B # g 100
C LA, I 5218 BE DA B, A7 T AR 35 4O 25
T AR BE AR 4, 7K A B B R gk
FIFRE B4 & A= AR Ak, IR L T I S K i 4 3 1k
FRRE X T IR E R T K, T SE B B
PR B P AR AR AR AR T (a) B

IR SR 7K 2 BB AR Hp s e AR B R A B
MR FRFEBUREE, —BOR B R S B
BUREMFA R MIER, e LERSRET
PHATREEORT AR AT BE 2 b 3R B B AR, HRIE
WASLI 25 R R W), AR BRI (a) BERTBE
HIRE T RBOR RN T M. 78 H R HE A 8

R REBORE KRS0 F (a) W
FEfpaE B —3 A9 (a) BERIR TH# XK. IE
1 YANG 251 3 15 SR 7K 2 B R A 4R ZE it e
FEELS ISP AT, 3X 5 Fhms s 254 IR i A
SEVEREE R AT R 2R AR, L, kA
TR BE I 2 AR 4 AN (] # Rt S SR B A 4 ik
e, T WG A KR ghn ] 100 C LA
FHPIRZ, ASSEH H AR T 100 C (150 °C F1 200 °C
3 ANFEEUREE , 2533 B iE 100 °C 2B AHE f
I (a) BB

BT E R R EBERREZ —, TE R
IKZEE H AR — e B 1R 4%, JLF- 1 h A3k
FIDASERL AT AL 3 . A SE 56 38 3 H A 5,15 A1 30
min 3 NEEEET H], 2558 R IE BRI A E
A B [E] PR RE A TR 57, 289 (a) BEAE 5 min B 5E
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AT LSRR R B R . FTRERE T A HE
BEJG , FEAE R AR U ], JRUAS B 2 3R B 2R
(a) BE 2 YL B 0 B 181 A & o HAWTHORNE
SR TG 5K B AR A B R L VTR P g
PCBs i, 25X 1 h Frill {3 Ay B 5 R FRI2E 18 h
Prgi RS . L, A S 3015 R A I 57k
BORZERUAE A H 97 (a) B, 7E 5 min PYEIAT
BB ARG, B TR BT %+ L
AN/INSS FRRTAL BR8], A 75 vk B B A B s (]
#o

e 57K AEHRE A X e ) i B SRR, B &
RRBERIR W, RAEE LW ES (/NT 4 MPa)
TG K AR AE B AR ZS BT o BRI A 52
B%oh T AL HUE S AU — BB
3.2 B/ REFRERNEEXNSBEEHF(a) M
i

GBI, AR B THRAR P B
SRR B AR R HE R P KL, R
AR T, (R (a) EER B R ALK
Mo FFPEARNARSCT BT B A, A (XA
SHBEFER TR EE ERE T, &
i 3/ B SR M R R, A LW AR (a) EERY
PREAISSE] 2 19. 57 min, 55 B 18] P 8 AT 45 2 H A5

PG, B E] I, A XA (a) BB AT
H AT BIAUR
3.3 AEAERHEMLE

E A 0 I A 7K A B R A £ 15 3 i
GB/T 5009. 27—2003"'  GB/T 4893—2010"" |
SC/T 3042—2008"" % Bt Stk S5 R, 2
I (a) BEFR B8 (A I 3 22 1 F shAE P i K 7=
A SR, DB X S RG] R 2RI (a) BEBR
BB . T 3 K 2 BB AR AR g — BT 9
FEFEBREAR, FRERIEHTHI(a) BHER
ZRUATHIFERL . R 3 AT UL, AHEE T I AE B
J, W R KB ARZERCRIF (a) EERA LU TR
Fe (D FEMBFRERNN 2 o, B TG I E:,
T THME; (2) BRI A HFE 5 min, 5H
A b, RORAE%E T R AL B[], 428 T 52
IROR; (3) HX AL I A VAR EFEE K
PRI A, SH 7K AR A 2 BRI e 0l — b SR 5% R 4 2
FBORAF 5 (4) FECH B AR VEAT LB Ay 5, 2K
S AT, I, T I SR K R B AR X 37 4
BARTGRSBIGRED, 6 G WEK,
TENHEE f ] i P 2RIT (a) BEER BE MG O TET 45 2]
T BEFHIN .

R3 AAFEFERRMGRILLE

Tab.3 Comparison of the extraction conditions in different methods

ik TR K ZEH R GB/T GB/T SC/T
S ARG TR 5009. 27—2003 4893—2010 3042—2008

R I SAREIE-FE WA ICICRE: RO AR B 1 AR - B
E 9/ A T £ 1 PR UK = A Y K=
B39 FIH(a) b I (a)eh ZFI(a) E275 52
REER/ g 2 50 ~60 2.5 50
LB A]/min 5 600 ~720 120 ~ 160 30 ~600
LIRS FE/ mL - 200 100 500
R B AR AE TR { e EE 2R

i - FORRBE AL

B2k
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Determination of benzo ( a) pyrene residue in smoked fish by subcritical
water extraction and gas chromatography-mass spectrometry

SHI Si', YI Xiong-hai’, ZHAO Shan-zhen’, DENG Xiao-jun’, CHEN Shun-sheng', FAN Xiang’, ZHU
Jian®
(1. College of Food Science & Technology, Shanghai Ocean University , Shanghai 201306, China; 2. Technical Center of

Inspection & Quarantine in Plants, Animals and Food, Shanghai Entry-Exit Inspection and Quarantine Bureau, Shanghai
200135, China)

Abstract: A method was developed for the B(a)P determination in smoked fish by gas chromatography-mass
spectrometry ( GC-MS) method with subcritical water extraction( SCWE). B(a) P were extracted by water
under the extraction temperature of 100 °C for 5 min, transferred into cyclohexane-ethylacetate (1:1, V/V)
and then cleaned up by the Gel Permeation Chromatography ( GPC). The GC separation was performed on a
Rtx-5MS capillary column. The B(a)P were determined by MS in selected ion monitoring( SIM) mode. The
method showed good linearity over the range of O to 100 ng/mL with the correlation coefficient of 0. 9999. The
limit of quantification (S/N > 10) was 2. 5 ng/g, the limit of detection (S/N >10) was 1 ng/g and the
precision( RSD) was between 7.95% and 10.56% . The average blank spike recoveries at three levels of
2.5, 5 and 10 ng/g ranged from 74.89% to 114.01% (n =8). The sensitivity ,accuracy and precision of the
method are suitable for the determination of the B(a)P in smoked fish.

Key words: subcritical water extraction; gel permeation chromatography ( GPC) ; gas chromatography-mass
spectrometry ( GC-MS) ;B(a) P;smoked fish
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