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Determination of eight benzene series in raw milk by automatic headspace
gas chromatography mass spectrometry

CHANG lJian-Jun, MA Ruo-Ying*, LU Guang, YU Dong-Wei, TIAN Mao, WANG Pei-Jia
(Inner Mongolia Mengniu Dairy (Group) Co., Ltd., Hohhot 011500, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of eight benzene series in raw
milk by automatic headspace gas chromatography mass spectrometry. Methods The benzene series in the sample
were heated and volatilized by the headspace sampler and then entered the HP-InnoWax (30 mx0.25 mm, 0.25 pum)
capillary column for separation. The determination was carried out by gas chromatography-mass spectrometry,
external standard method was adopted for quantitative analysis. Results The benzene series had good linearity in
the concentration range of 0-25.6 ng/mL, the correlation coefficient was greater than 0.99, the limit of quantification
were 0.1-0.8 pg/kg, the recoveries were 85.0%-106.8%, and the precision was less than 7%. Conclusion The
method has simple pretreatment and high sensitivity, and can meet the requirements of simultaneous determination of
eight benzene series in raw milk.
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H A E N AR PR R YRR R R S &
M, (EXTAEZLP PR RYBCA RIS EM SR, EFUUE
FAKAY i 86%~90% M B 5, A BEITAL PR R 4 X
W T T B L 7 M A e e HL AT o i 108,

AWF5E % HP-InnoWax BN @ik:, KA BT
2 S ERE- PRGN 8 FIOR R T EIE, |
TEE AT ZS S5 RO | BTk 45 Pk, 7 a7 SRR |
HERR T SE 0 A L 2R R RIS vk, e 4 AU P4k
PR

2 MREREE

21 UESEF
211 BB

300MS/MS A a3 - Hf B ST T AN (BT 3h 1002
(2 E Varian 72w ); MS105DU HL F K F (% 1+
Mettler-Toledo 23 #]); MS3 BASIC Jit i TR & % (F5 [E TKA 2
F]); 20 mL T ZS SRR CGHF RGP T2 HERE I 36 ) (36 [ Agilent
O] TS ERE T R 35 45 (95 [ Varian 23 #])o
212 &K A

H (R 4ll, 36/ Fisher A H]); SALA(IESal, H
ZHIRFAE ED(TE D B 400 °CHIKS 4 h, BHIE T 5 5
A EH, BT TR h R,

R, 2R -THE (- AR- R
SRR RKEAREY) B (G > 99%, F[E Accustandard
)o
22 FLWHE

22.1 BREEH
FRUERE AT (10 pg/mL): FFIAR ) 5 R B il %

»
ay

WIE N 10 ng/mL BIFRAERE R, BRI 6 1~ H .

TR AR R [E) (1 pg/mL): DS A 45 V8 I
JH A R B R R 1 pg/mL BOIR S AR ER R, %
AT AR AE— ] -

TRGPRUER S TAEW: MARHETR G v (8] b 4 501 B
40, 80, 160, 320, 640 uL, FIHEEEZE] 10.0mL 250
L BRI .

222 =EHRM

FREL 5.0 g B0 2 . FRE 5.0 g AEFLAN SR
EXY)Ev=R e g =
223 AR K4 H &

TE 20 mL Tizs PRSP AR 5 ¢ 2246 (R = 0.1 mg)
F AR, A BIINREAPRIER S TAER 1 mL, F
1 g G405 ST BD R AF TS AR RS, AETTEIRTR & 4% F5%
BIR2) 1 min, F#HL,

224 HoRegH&

£ 20 mL TS AR AR 5 ¢ 247 (RS 2 0.1 mg)
FEG, I 1.1 g SABENAN 1 mL FER)S ~7 B 4 10 28 R AR
i, ERERIEA S D RRIES 1 min, FAL,

225 MBLEH

{6,354 : HP-InnoWax(30 mx0.25 mm, 0.25 um), #F
I 40 °Cf#4F 5.0 min, 5 °C/min FHEZF 80 °C. {f#%
0 min., 10 °C/min FHEF] 220 °C{£4% 2 min, #H<: AKX
(4l =99.999%), B TFIbiiz: P EHE 73, S
B F 3 i # &K (single ion monitoring, SIM). i i :
1.2 mL/min, 43F3Bal: Z00i. 40Ut 200 1. #EAE H R
FF:250°C, BT 200 °C., fEH£RIREE: 250 °C,
PUFEAR IR : 50 °Co $EHERTIE]: 30 min, HFFEFHIREE:
60 °C, #FAf5E: 800 uL,

Bt B IE 1.

*z1 REER
Table 1 Mass spectrometric information
KR 2R B3 1 7] /min ERET FEPER T F B oAl

ES 3.59 78.0 77.0; 51.0; 49.9; 63.0 100:25:18:18:5
F2R 5.920 91.0 92.0; 65.0; 63.0; 51.0 100:65:20:18:10
V4% S 7.980 91.0 106.0; 65.0; 77.0; 51.0 100:30:18:12:12
it - 6 8.148 91.0 106.0; 77.0; 51.0; 65.0 100:40:18:14: 12
[ - — 8.278 91.0 106.0; 77.0; 65.0; 51.0 100:40:15:13:12

LR S 8.955 105.0 120.1; 77.0; 51.0 100:30:25:15
4B- 9.169 91.0 106.0; 77.0; 65.0; 51.0 100:38:16:13:11

KL 10.572 104.0

78.0; 50.9; 102.9 100:65:40:50
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3.1 BIEHHES

FIF 2.2.5 {XER & E P I%) VE-5, VF-WAX., DB-23,
HP-InnoWax & AN [l 4 AH R B (30 m=0.25 mm, 0.25 pm)
BB 4045 (3% A HEAT 0 2, VE-5. DB-23 (B4 (o ikt
Xof - 2 ] - R R DA T ST PR R AR - R R 0 A AN
JF, Jop B 2 VF-WAX F1 HP-InnoWax B4 (415 44

AL 8 IR RMISERS (K > 1.5), HERHE
VE-WAX AUl HP-InnoWax B 4045 (3541 5, SRk
HP-InnoWax B 404 (L H: . 8 Rl R MIARAERE I LA 1,

3.2 EIRLIBEMIL
32.1 RAushAe A FE AL

ML 1.1 g IR R, AR T
1.1 g B 2 - 4R TR, BRInA 1.1 g SAbBimt R
ARl GEARAR A X R AR 5 LR DL 2,
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Bl 1 8 AR AIEKI(0.4 pe/kg)
Fig.1 Spectra of eight benzene series (0.4 pg/kg)
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Fig.2 Effects of sodium chloride addition on sensitivity
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3.2.2  BLPHRE ARSI 49 AL

PEFEIRLRELE 50~60 °CH i Ji {5 5, Bifi 5 Tk J&F A4k 2%
Th i T A T e, 2 i 303 3 8 0 A R e K 23
5 2 W4 22 25 50 W 76 A A 60 5 A X 2R R W I 43 88 DA R AR
FIARUE, DNIEEHE 50 COR Bt EIRIE, Bibk i X R
BUE RN 3. SEFEE AN 30 min JF A0 0k TR
S, L IERE 30 min N fefEBERkit 1a], Bk e X 5=
RN 4,

3.3 AERWIE

33.1 ARfuh K AeAE K R4
PR GARER Y TVER T 2.2.2 #4505 ML, LA R

L TRI AR R AR AR, AR T AR B S R AR B 0145 B £,
SGERFW] 8 FOE R A RIUFAZTE LR (r’>0.99), 45
R 2,
332 ¥HmRE5ETER
&t BR 4% B GB/T 27404-2008 H 5% FUAEA 7344
CL=3Sh/b
CL-*’T‘HE'

25 FIERRED 22 CHA TN E 20 1R);
b-ﬁiﬂﬁi/@ﬂ%% R
AT E 20 AT

K HY R (S/N=3), MITiHE e &

25 AR 8 R R
FR(S/IN=10), FEILF 3.
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Fig.3 Effects of stirring temperature on sensitivity
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Fig.4 Effects of stirring time on sensitivity
+*2 FRERZFIEXEH
Table 2 Standard curve and correlation coefficient
B EX Y/ P N A NPT
P Y=1.6057x104X—14263 r’=0.9964
2K Y=1.4837x105X-30521 r’=0.9997
R Y=1.2680%104X—9893.7 r’=0.9997
Xf-—H Y=0.9477x104X-7284.5 r’=0.9979
] -— F 2% Y=0.9859x104X-7405.1 r’=0.9994
SR Y=1.1547x104X-8700.6 r’=0.9991
4R- R Y=0.8676x104X—6633.7 r’=0.9994
KN Y=0.9438x104X-12845 r’=0.9995
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333 EKRELEHEE 33.4 FERHELRE

b e B BRAE Y 3 AN IR IK AT 6 47 FiR SR FA e BAIL 6 A A FLRE S AN 1 AN SRR FE L (2 FF
FIUKE 2 B, 8 FhoK R 4 BICRAE 85.0% ~ 106.8%, RSD SE R BRI AR ) HEAT R R W g, B4R R 0 [l R 7
EE/NT 7%, FERE 4, 85%-91.3%Z I, AEZLFEM AR, T LA 2R ER .

&3 WHRSEEM
Table 3 LOD and LOQ

B P S N R LR Xf-— R |- H % LAISEN K- 2 W
G B/ (ng/kg) 0.24 0.03 0.24 0.24 0.24 0.24 0.24 0.24
EH PR/ (ng/kg) 0.8 0.1 0.8 0.8 0.8 0.8 0.8 0.8

x4 [ERERINEZE (n=6)

Table 4 Recoveries and precision(n=6)

KERW AR HIIKT/(ng/kg) P [l % RSD/%
0.80 85.8 6.4
P 2.00 94.5 5.1
3.20 97.5 2.8
0.10 86.4 6.9
LEES 0.80 90.6 4.6
2.40 106.8 32
0.80 87.9 6.6
R 2.00 85.0 4.1
3.20 101.6 2.5
0.80 89.0 5.7
- HR 2.00 96.5 2.7
3.20 99.7 2.6
0.80 88.6 5.3
[ - F % 2.00 94.5 3.1
3.20 95.0 3.0
0.80 90.4 5.5
EALES 2.00 93.0 4.8
3.20 97.2 2.8
0.80 91.0 6.0
4B-— % 2.00 97.5 2.6
3.20 101.9 2.7
0.80 86.4 5.7
KN 2.00 94.0 3.4

3.20 99.4 3.6
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Table 5 Determination of samples
PS5 FEARAER FS R R X K ] — HH LAGES AR _HIZR K
1 FEh 1 / / / / / / / /
2 P b 2 / / / / / / / /
3 R 3 / / / / / / / /
4 FEit 4 / / / / / / / /
5 FE& S / / / / / / / /
6 FEh 6 / / / / / / / /
1.38 nug/kg 0.17 ng/kg 1.40 pg/kg 1.38 ug/kg 1.42 pg/kg 1.44 pg/kg 1.46 ng/kg 1.40 pg/kg
’ ik 86.3% 85% 87.5% 86.3% 88.8% 90% 91.3% 87.5%
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