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Abstract: A method for multi-residue analysis of g-agonists, clenbuterol, brombuterol,
tulobuterol, salbutamol in pork was established by using isotope dilution combined with
gas chromatography-tandem mass spectrometry and based on solid phase extraction
method. B-agonists, which are well-known for their ability to improve growth rate and

reduce carcass fat when fed to farm animals, were often adulterated into animal feed ille-
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gally. However, this misuse had caused some severe accidental poisoning in humans.
Therefore, the use of -agonists in animal dreeding is banned in many countries, and the
establishment of a high sensitivity, accurate of f-agonist detection method is very neces-
sary. In this study, the homogenized samples were spiked with isotope-labeled internal
standards clenbuterol-Dy, brombuterol-D,, tulobuterol-D,, enzymatically hydrolysed
and extracted by acetic acid-buffer, adjusted pH by perchloric acid, and cleaned-up on
HLB and MCX cartridge, and derivatized with N, O-bis (trimethylsilyl) trifluoro
acetamide (BSTFA)+1% trimethylchlorosilane (TMCS), finally analyzed by GC-MS/
MS. The experimental results showed that spiking with the 4 f-agonists at 2.5-35
ng/kg in blank samples, the recoveries were 92.2%-112. 8% . and intra-day and inter-
day coefficients were 1.0%-12. 6% and 1.9%-13. 2%, respectively. Using isotope as
the internal standard for the determination of the material, it can effectively reduce the
sample errors in the pretreatment, derivatization and instrumentation process. And un-
der the certain conditions, 4 f-agonists can be effectively separated. The linear ranges of
4 B-agonists were 35-158.00 pg/L, the coefficient of correlation was not less than
0.999 7, detection limits were in the range of 0. 13-0. 4 ug/kg, and the quantitative lim-
its were in the range of 0. 40-1. 27 ug/kg. The method is demonstrated to be suitable for
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the determination of clenbuterol, brombuterol, tulobuterol, salbutamol in pork.
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Table 1 Comparison of recoveries by 3 different purification methods for 4 f-agonists

HLB MCX HLB-MCX
B2k
e e 8 (] i % PIIIKIEN 5 (1] i % e HHAME I
pagonists Added Calculated Recoveries/ Added Calculated Recoveries/ Added Calculated Recoveries/
value/pg value/pg % value/pg value/pg % value/pg value/pg %
ZATREE 0. 283 0. 043 15.2 0. 283 0.166 58.7 0. 283 0. 243 85. 3
TS S 0. 100 0.013 13.0 0. 100 0.071 71.0 0. 100 0.110 109. 6
7T R 0. 088 0.001 1.2 0. 088 0.036 41.1 0. 088 0.072 82. 4
TRA 2 0.082 0. 007 8.3 0.082 0.034 41.0 0.082 0. 066 80. 7
*2 BFRRESREETFENEX TR EHE
Table 2 Triplequadrupole mass spectrometric parameters in MRM mode
[a=27 R B I (8] E VB X JE T fill 2 H, e
Compounds tr/min Qualitative ions (m/z) Quantitative ions (m/z) Collision voltage/eV
TAi 7.676 86.0/30. 2 86.0/57.1 15
AR -Dy 7.705 95.0/31.0 95.0/66.0 15
e Y 10. 252 86.0/30. 2 86.0/57.1 15
SAE RS -Dy 10. 196 95.0/31.0 95.0/66. 0 15
VT R 10. 454 86.0/30. 2 86.0/57. 1 15
AR E 11. 640 86.0/30. 2 86.0/57. 1 15
TR -Dy 11. 590 95.0/31.0 95.0/66. 0 15
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Fig. 1

Ion current chromatograms of the derivatives of 4 f-agonists and

3 internal standards in Scan (a) and MRM (b) modes

x10*
1+2
401 5
301
51
= L +7
g 20 3+4 o
(=]
2 n
< 10
ok Y
T T T T T
7 8 9 10 11 12

t/min
E A RFEREN LG FE 1
B2 MRM#EXTEZAHEGPRNIMEMLE
MERFI 4 F-ZHRHBARERNEFRE
Fig. 2 lon current chromatograms of blank samples
spiked with 3 internal standards and

4 f-agonists in MRM mode

2.3 HEEER

2.3.1 JrimYRIEIEE ORI B IR
BFNR A bR T A 25 W 43 ) PR e R . il
Hor 5 A8 R 2 I Uk B 43 0 S 158. 00, 88. 00,
35.20.,17.60.8.80.,1. 76 pg/L; i 77 45 B 1) ok
J#E 43 5 R 122,00, 67. 50, 27. 00, 13. 50, 6. 75,
1.35 pg/L; Z A1 R B 19 ¥ B2 43 1l 2 136. 00,
75.50,32.30,15. 10,7. 55, 1. 51 pg/Ls ¥ T e

T 1) ik 3 43 1 Sk 144. 00,80. 00,32. 00,16. 00,
8.00,1.60 pg/L. 73 %4 bk ¥ W+ A
50 pLIEA B SRR 10 N AR I W K IR X 2R 31 A
Y T ARV TR BE 20 AT 30 7% 15 1 97 T A e e
DAYV VR B Ay A8 A o s R R P R 2 1 06 T AR
FLAE AN b 2l AR e 22 . 4 B B3 1R
Bl L 7 B A 06 B B K R (LOD) K&
ERRLOQF FFE 3, HE3 Al WL, 4 F g%
PRBBIFILE 1. 76~122. 00 pg/L ¥ EFE HI N LK
PEXRR BRI MRRE R =>0.999 7,

2.3.2 K HFR(LOD) AE R (LOQ) R A
] 25 1A% R RE S e in A B AR S 90 10 5 1 4%
HECLL 30104 1 7 I5 BEAT AR G A BRI N . LA
fEltt S/N =3 45 J5 % 4 KR (LOD) , LA
S/NZ=10 137 ik m R (LOQ) . 4 Ff 321k
BRI LOD 7E 0. 13~0. 40 pg/kg 2 ], LOQ
fE 0.40~1.27 pg/kg Z i, 5% GC/MS
AREEE Uk e e RE 2 KRR 1. 0 pg/kg.
T MeBER RS 1B 0.5 pg/ke) o A J5 ¥k BT 45 1)
BRI O LR PR AR T GB/T 22286—
2008 HSTARRED Vb T W RN TR A R 2 A K
B 0.5 pg/kg. AR B 38 [ 2 P 5 £
98 TRVRS 1 5% BE B 1 g/ kg A 5 1 A PR
A R R T R
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Table 3 Linear equations , correlation coefficients(R?),
limits of detection (LODs) and limits of quantitation (LOQs) of 4 p-agonists
[l a=g7] LR R Ty LIPSV 6 i BR JE 1R
Compounds Linear ranges/(pg/L) Linear equations R? LODs/(pg/kg) LOQs/(pg/kg)
AR 1. 35~122. 00 y=41.20152—0. 0052 0. 9999 0.24 0.72
A 1. 51~136. 00 y=159.0014x+0. 0056 0.9999 0.13 0. 40
iSRS 1. 76 ~158. 00 y=43.49492—0. 0007 0. 9998 0.28 0. 87
Yo T g 1. 60~144. 00 y=24.08722x—0. 1665 0. 9997 0. 40 1. 27

2.3.3  JriEEVCRFIRE B 7R RN
B AR 3 A AN [ VR Y SE AR R S TR A
Fe AR U0 T B AR E A B R K
SEHEAT 5 RCEAT SE 5, % 5807 1 I TSR RORG
WG TR A, SRR FOEINKE
(4 1] e 6k 92. 2% ~112. 8%, 41t PN 48 5 R 8K

(CV)H 1.0% ~12. 6% . L[] 45 5§ R B (CV)
K 1. 9% ~13.2% ., FI I RL 2 A Sk o b
2690 I3 T LA 280 D/ R g T A A AE A
DL B AR ) 3 A o 7 A B 2% L L A [ fir 2
PRIk A B AL T AR R [
&

R4 4T FZEHBFHONRLERERERRE(CY) (n=5)

Table 4 Recoveries and variation coefficients of 4 p-agonists (n=35)

] — 4tk HER Z 18]
&y 70 In the same batch Between batches
Compounds Added value/(pg/kg) S £ [ i AR S [a] i R BRAK
Average recoveries/ % CV/% Average recoveries/ % CV/%
A 1.17 92. 8 9.1 92. 6 11.6
7.0 97.0 5.5 98. 7 3.5
35.0 105. 8 1.2 101. 8 2.7
ZAiEE 1 99. 0 11.0 99. 0 11.0
6.0 99. 4 4.4 99. 4 4.4
30.0 105. 0 4.8 104. 6 4.8
98 7 0.9 92.2 12.6 93. 8 13.2
5.4 101. 4 3.9 100. 0 4.4
27.0 98.5 1.0 99. 7 1.9
T R 1.1 96. 8 10. 4 95. 8 9.8
6.4 112. 8 4.0 104. 2 6.3
32.0 97. 8 4.2 101.4 5.2
3 g SR 85 A IR A3 0,13 /e, %

AL T TR B M RSO € - R I
R IAE A PSSR R R AR
VT A AR B 3 OGS AR i Y AL B 2R A
B 3 2 PR R AT AL 5 40 832 1A 8 5 T A

A0 T 3 A Tl WSC SR O 3 B2 4 T T 42 Tl A R
[ A S T 11 0S5 245 5k B A G 0 PR e E5R [] e
L] Sy AL 332 TR 8 8 790 2K 24 W 4 e D) i AR
SEE
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