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Abstract: A rapid analytical method was developed for the determination of 14 heterocyclic aromatic
amines(HAAs) in meat products by liquid chromatography — ion trap — time of flight tandem mass
spectrometry (LCMS — IT — TOF). The samples were exiracted with acetonitrile. The extract was
cleaned up with Phenomenex strata_X-C  eluted with methanol — ammonia(9 : 1) then evaporated
with a stream of nitrogen to near dryness and redissoved with acetonitrile — water(1: 9). The separa—
tion of HAAs was performed on a Phenomenex Kinetex 2. 6y, C;g 100A (2.1 mm i.d. x 100 mm
2.6 wm) using 30 mmol/L. ammonium formate — acetonitrile as mobile phase by gradient elution.
The analytes were detected under positive-ion electrospray ionization mode. Results showed that the
linear ranges of 14 HAAs were 5 =250 wg/L with limits of detection(S/N =3) of 0.59 —3.27 pg/
kg. The mean recoveries of all the compounds at three spiked levels of 10 50 250 pg/kg were in
the range of 69% —107% 67% —106% and 76% —-113% respectively with the corresponding
RSDs(n=6) of 1.5% -15.6% 1.3% -11.8% and 1.8% —9.7% respectively. The estab—
lished method showed a wide liner range and a high sensitivity and could meet the requirements for
the simultanous analysis of the HAAs in meat products.
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1.1
(LCMS - IT - TOF) ( Shimadzu ) ; Phenomenex Kinetex

2.6 n G5 100A (2.1 mmi.d %100 mm 2.6 wm) Phenomenex strata—X-C

(60 mg/3 mL) Phenomenex ; ( 0.0001 ¢ SartoriusME

); ( Zymark ); ( Vision Scientific Co. Ltd) ; (

Supelco ); ( Hitachi ) ; Milli-Q ( Millipore )o

15 (Harman. Norharman. Norharman-d7. AaC. MeAaC. PhIP. DMIP.
TrpP4 « CH,;COOH. TrpP=2 « CH,COOH. 1Q. MelQ. IQx. 8-MelQx. 7 8-DiMelQx 4 8-DiMelQx)

Toronto Research Chemicals ( ) 1; ( Burdick&Jackson B
(CALEDON ). (J. T. Baker )~ (Sigma ) HPLC ; N (

); o

1.2
1.2.1 2.0 ¢( 0.01 g) 50 mL 3
mL 5 mL 5 mL 3 min 4 °C 15000 r/min

5 min 5 mL 1 o
1.2.2 HAAs o Phenomenex strata—X-C (60 mg/3 mL)

3 mL v 3 mL o 3 mL 0.1 mol/L HCI
3 mL 6 mL -
©:1) 40 C 1 mL - (1:9)
1.5 mL 14 000 r/min 10 min o

1.3
1.3.1 Phenomenex Kinetex 2.6 . C;3 100A(2. 1 mmi. d. x100 mm 2.6 pum);

A 30 mmol/L B 5 0.4 mL/min; :0~0.3
min 5% B; 0.3 ~4.2 min 5%~30% B; 4.2~5.1 min 30%~60% B; 5.1 ~6.8 min 60% B;
6.8~7.7 min 60%~5% B; 7.7~13 min 5% B. 40 C; 3 nlo
1.3.2 : ESI ; > m/z 150 ~ 250; 1200 C;
CDL 1200 C; 2 1.5 L/min; 2 100.0 kPa; IT 2 1.8¢™™ Pa
(0.243 6 Pa) TOF 1 2.0e " Pa(0. 036 63 Pa) : +4.5kV;

1.7 kV.



12 : - -

14 1379

2

2.1
2.1.1 3

Phenomenex Kinetex 2. 6 C;3 100A

(2.1 mmid x100 mm 2.6 wm). Shimadzu Shim-pack XR-ODS [ (2.0 mm i. d x75 mm 2.2 pm)

Agilent Rapid Resolution HT(3. 0 mm i. d x 100 mm

1.8 pm) 14 .

Phe—

nomenex Kinetex 2. 6 . C;3 100A(2. 1 mm i. d x 100 mm 2. 6 m)

TrpP2. MeAaC 7 8-DiMelQx. 4 8-DiMelQx

HAAs 2 TrpP2. MeAaC 7 8-DiMelQx. 4 8-
DiMelQx o
2.1.2 13 1 5
6
(10. 20, 30 mmol/L). 30 mmol/L no e 313
~0.1% N ~ 0.1% - N 4
(0.1, 0.2, 0.3, 0.4 — 4]
mL/min) o 30 mmol /L. I
. —
0.4 mL/min | it X
14 e ————— A
V.
° pH 0 20 30 40 50 60 70 80
30 mmol/L pH A
6.5 pH : 150 pg/L
4.0. 4.5. 5.0. 5.5+ 5.75 6.0 Fig. 1 Extracted ion chromatogram of HAAs at 50 pg/L
1. harman; 2. noharman; 3. AaC; 4. TrpP2; 5. MeAaC;
pH HAAs T 8= 6 puP; 7. DMIP; 8. TrpPd; 9. 1Q; 10. MelQ; 11. 10x;
DIMBIQX 4 S—DIMGIQX 12. 8-MelQx; 13. 7 8-DiMelQx; 14. 4 8-DiMelQx
o 30 mmol /L - HC cH
3.0 S = 3
(95 :53) 0.4 mL/min o Qﬁ)\mﬂ2 \ N,
. < H H
1.0 TrpP2 — *~MeAaC
2' 2 0.0 T T T T T T
5 5 1 0.0 20 40 tg.rgin 80 100 120
A 2 TrpP2 MeAaC
Fig.2 Extracted ion chromatogram of TrpP-2 and MeAaC
pKa
3.5~8.5 :
4 . NH
. . . NaOH - R N T B v
ao04 i C R CH,
~ HCI - é H]c& CH,
= 2,04 7,8DiMelOx" ||| ™4, 8-DiMelOx
0.0 T T T T T T
0.0 20 40 60 &0 100 120
t/min
° 3 7 8DiMelQx 4 8-DiMelQx
29299 Fig. 3  Extracted ion chromatogram of 7 8-DiMelQx
and 4 8-DiMelQx
o Phenomenex strata=X-C(60 mg 3 mlL). Dikma ProElut PXC(60 mg 3
mL) . Waters Oasis MCX(60 mg 3 mL). Varian Plexa PCX(60 mg 3 mL) CNW MCX(60 mg 3 mlL)
5 1. Phenomenex strata—X-C
2.2.3 5% 10% « 20% « 30% « 40% « 50% -

10% - o

. 1 50 pe/L

10% -



1380 30

3 mLO0.1 mol/LL HC1 3 mL 2 mL
- ©:1) 5 5 1.0 mL -
(1:9) o 4.5 1
2 6 mL.

1 14
Table 1  Effects of different solid-phase cartridges on recoveries of 14 HAAs

Recovery R/%

Compound Waters Oasis ~ Dikma ProElut Varian Plexa Phenomenex
CNW MCX
MCX PXC PCX strataX-C

Harman(1- OH- 3 4b ) 74 69 86 84 92
Noharman(9H- 3 4b ) 69 71 82 80 88
AaC(2-  9H- 2 3h ) 66 46 68 78 85
TrpP2(3- 4-  5H- 4 3b ) 60 33 58 67 93

MeAaC(2- 3-  9H- 34b ) 48 64 71 76 98

PhIP(2- 4-  6- 4 5b ) 53 81 83 90 91

DMIP(2- 4 6- 4 5b ) 77 47 44 80 81
TrpP4(3- 4 4- SH- 4 3h ) 63 30 65 66 79

QC2- 4- 4 54 ) 81 52 32 88 98

MelQ(2- 3 4- 4 54 ) 76 52 32 84 84

0x(2- 3 4 54 ) 82 66 43 89 91
8-MelQx(2- 3 8- 4 54 ) 87 67 54 89 92

7 8-DiMelQx(2- 3 7 8- 4 54 ) 81 67 62 88 93

4 8-DiMelQx(2- 3 4 8- 454) ) 86 68 62 91 92
2.3

5. 10, 25, 50, 75, 100, 250 pg/L
6)) (v pe/l) 6
2. - 14 5~250 pg/L
O 0.994 0. 3 (S/N) 14 (LOD)  0.59 ~3.27
pe/kg.
2.4
10+ 50+ 250 pg/kg 3 14
6 2,
14 14 N 3
69%~107% « 67%~106% « T6% ~113% (RSD n=6) 1.5%~15.6%
1.3%~11.8% + 1.8%~9.7%
2 14 N N (GOR (LODs) (n=6)

Table 2 Retention times target ions correlation coefficients(r) limits of detection(LODs) of 14 HAAs and
their spiked recoveries and RSDs (n =6)

) Molecular  fx  Target ion LOD Added 10 pg * k‘g_] Added 50 pg * k‘g_l Added 250 pg '\kg_]
Compound formula  /min  (m/z) "o (pg-kg™ flecovery o flecovery o flecovery o
R/% s 1% R/% 5./ % R/% 5.1 %
Harman CpHpN, 5.685 183.09 0.996 2 0.92 107 2.5 104 2.1 104 2.4
Noharman Gy HgN, 5815 169.08 0.996 2 0. 81 99 10.5 106 2.0 113 1.8
AaC Cy HgN;  5.875  184.09 0.994 0 2.10 73 11.4 67 11.8 84 8.2
TrpP2 CpH; N3 4,595 198.10 0.997 5 2.39 69 3.2 74 3.5 100 2.4
MeAaC CpH; N3 6.165 198.10 0.994 8 3.27 86 6.5 81 7.1 97 8.7

PhIP C;Hp Ny 5,585 225.11 0.996 1 0.59 95 1.5 101 2.4 104 5.2
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( 2)
, Added 10 pg * kg~ Added 50 pg * kg ' Added 250 pg * kg~
Compound Rﬁ:iz;fr /:::in Tiriszl)on r w/(;.;(?[:(g’l) Recovery = HSglg) Recovery . RS?) Recovery : HSDg
RI% 5,1% RI% s /% RI% s %
DMIP CgHigNy 3.172 163.09 0.999 7 1.98 82 2.7 82 2.3 98 5.5
TrpP- C3Hi3N; 4,962 212.12 0.999 0 3.22 73 6.3 78 3.5 99 6.4
1Q CiyHppNg 3.632 199.10 0.998 2 1.43 84 12.8 84 5.1 95 6.8
MelQ CpH;p Ny 4,148 213.11 0.997 8 1.48 89 15.6 86 7.7 108 9.7
10Qx CioHgNs  3.172  200.09 0.999 8 1.40 74 4.1 75 3.8 76 6.7
8-MelQx Gy Hy Ns 3.645 214.11 0.999 4 2.68 96 4.0 83 1.3 81 6.4
7 8-DiMelQx C;Hi3Ns 4.008 228.12 0.999 1 1. 19 95 2.9 94 2.0 102 7.1
4 8-DiMelQx Cj,H;3Ns 4.218 228.12 0.999 4 1.79 102 7.9 92 3.6 93 6.9
2.5
N N 3
HAAs 3 Table 3 Content of heterocyclic aromatic amines
o 4 - Har— (HAA) in meat products w/(pg * kgfl)
man( 1- OH- 3 4-h 0.78 ~ 263.80 Anal Roast eel Bacon Beef jerky  Pork jerky
Y ) oy ¢y
Mg/kg) Noharman (9H_ 3 4b 13.51 ~ Harman 263. 80 0.78 4.50 7.83
27.00 pg/kg) Harman Noharman  27.00 13.93 13.51 22.72
263.80 pg/kg DMIP =" - 9.81 -
. 1 DMIP * no detected
9.81 pg/kgo N N o
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