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Simultaneous detection of amide herbicides and their intermediates in beer
by solid-phase extraction coupled with gas chromatography-mass
spectrometry
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(College of Food Science and Engineering, Shandong Agricultural University, Tai‘an 271000, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 8 kinds of amide herbicides and
2 kinds of aromatic amines in beer by solid-phase extraction (SPE) combined with gas chromatography-mass
spectrometry (GC-MS). Methods The diluted samples were absorbed by activated C;g solid-phase extraction
column. Then they were eluted by a mixed solution of acetonitrile-toluene (3:1, V:V), and separated by DB-5 MS
quartz capillary column. GC-MS was used for qualitative and quantitative analysis. Results In the range of 0.1-
20 g/L, this method had good linear relationships and the limits of detection were 2.37-10.28 ng/L. At the spiked
levels of 0.1, 1 and 10 pg/L, the average recoveries were 92.1%-113.9%, and relative standard deviations (RSDs)
were 2.6%-5.4%. The developed method had been applied to detect another three brands of beer, but none of the
targets had been detected. Conclusion The established method is simple, with high recovery and high accuracy,
which can be applied to detect amide herbicides and their intermediates in beer.
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WAL 1T BRI HLE A RRER I B IR YT, B A A
BN R, b E 2 AR A R —,
THA R ARG TN, RIS . KOk Tk
SENEY N EBFURL, A AT REAZ FI) HH R AR 24 5% B AR i )
TE 2016 4 2 H, 14 3KR 32 XG0 B ] SR gl A oh 5 R
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Forh, CE R BT H RS AR 2-F 2
-6- 2. HEH i (2-ethyl-6-methylaniline, MEA), HIHifii . TH#E
JHe 0T B e ) v (A4S 2,6- = 2 HE R 2 (2,6-dimethylaniline,
DEA)!' ") 350 2 Fh A e 254 5t v LA 7 5 e Ak W e i A
R, Ao W2 Ik i b e A A 1) 2R
PR AR RS, IR AT AR AR G . AR R LA
AR A 7 Al v I K T YU A Dy 2R e A AR A
7, TR A . DRI, e A [ AR 0 R e
18 A5 245 R H TR R (I 2 i 7 0 ) B AL G 7 06 st i A5 14
B,

HAE, B AN B A5 43 BT 7 vk R 2 5 X 4
TP LT L A, X M A A DG ARSI R P02,
I HARA DS STk e S B F RO e 2 v A, JEFax 2 2%
FUAR K A4 b 4Gy 32122250, [ i 22 i fk o i Ak B
D7 LB S v S A KRR Ay L 8 R S R A R
LTRSS N T A S TRTSINY N v o/ NN I € 2= 3]
A WUHE AR 25 G 5 BIRE 38 v 1 SOM 3% - 5T % 3K P 9 (gas
chromatography-mass spectrometry, GC-MS), [&]H}%}ix 2 2&
Wy 5t (R 8 Folvi 245 70 2 ol (B 49y ) REA T AGEI, - LAY Ay i v
T frle 2[5 70 R G o ) 49 Sy O 4 R AR S

2 MRS

2.1 w5

SCEG AT T RS . BRI S ARTE . MEA(ZEE R
98.5%). DEA(ZEJE H 99.0%) . H BFEEE K 99.5%). &
B (AERE 99.0%) . N FI(AEEE N 99.0%) T HfHe (4 E
4 99.0%) . SN H ER(SEE R 99.0%) . SN FRE (SRR
99.0%) . BRR(ELEE R 99.0%) . REFHEEEE N 98.0%)(E
Dr. Ehrenstorfer 24 H]); HEE, fF. Z&H ki, W, &
5. ZERZWR . k(%A KEiRbE R A R
orl); ESEAREN . WREBERR (e, E 255 F bR A R
3 0.45 pm A HLIEAR (L EEE A BRA F).

Waters Sep-pak C;s FEIAHZEBU/PME(S00 g/6 mL, E[EH
Waters 2 1]); Poly-Sery PSD [E FHZEH/IME(500 g/6 mL, £
CNW 7 #l); Waters Oasis HLB [ A IU/ME(500 ¢f
6 mL, 3% Waters A\ #)),

AL (RN B AL AT R AR, RS S
WAL JIE A3 A BIR 2 vl ), SR b WAL (1L 7R 2% 1L A R\ ) )
B IREAR /NG O (P E TCB 4[],

22 LINER

GC/MS-QP2010 Plus(H A & H F]); Auto SPE-06C
4 A S AHZE UL (B RHMU A B A ] ); NE-1001 igfs 78 &
U(H A AR BAL AR 2t 2 4); QL-861 TR ENR % 77 (1175
HADURALES A R F]); KQ-250DB #E A A (Rl i B A Y
BAT R AD; Milli-Q ik & E#%(3EE Millipore A /]);
AEG-220 HLFR(H A B HA ),

2.3 FRERRREH

53 M HER PR RS R 25 R UE D 0.01 g(RE 8 2 0.0001 g)
F 10 mL S, FHNEER B2, TR bk
0~4 CHENIRIE. P — 7 B 1B A 2 hR i i i B VA W
F 10 mL F2EH, ANE(EES)ER 2L, RER
HEVRIR 0~4 CHlEEIRAE, WA 1 A~ H
2.4 HEAETAIE

FETER L 0.45 pm IEMS, HEFEI 40 mL, i
A 160 mL £8FK, Bk 200 mL IBAER; KRR 4551H
FEE . ik Xt Crg MEEA TG, (EEFNA R AE/NER
1584 3~4 min LIVE/NE . #4200 mL RV BSE I pH
RT A, A AL, RpKEEATE /MG, dkgkihas
2510 min LABRZEKSY. SR 8 mL MRS NG 2K
=3:1, V:V)IKBE/MEE, 3733 4 mL/min, A5 3R Tl
Mo KRR ZIR G, IEZ8 TR 1 mL A YL
VBRI, SRIFISRAARRE AERE /NI, TR 1 pL 7 GC-MS
W5E o
25 GC-MS %t
25.1 EaE&H

i ke DB-5 MS A Z E4NE (30 mx0.32 mm,
0.25 pm); ¥R WIERIRAE:70 °C, {431 min, LA 15 “C/min
FH% 200 'C, 4#4% 1 min, XL 5 C/min TFZE 270 °C, {f5F
12 min; K0 AR E: 280 C; #A: w4l N, Fk:
3 mL/min, FEMWR 30 mL/min; #FFEOIREE: 230 'C; /3
R 1:10; dEFESA 1 pl.

251 At

BT IRIRE: 230 CilEOiReEE: 280 C; DUMATIRE:
150 'C; BFU: Bl A5 E m/z 50~400;H FRERE: 70 eV;
SR B[] 2.5 min,
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BN 3.5~5.0 min, % 3~6 SRZFHMHEIBE N 9.0~
10.5 min, 2f 7~8 SR ZGHHHT A B R 10.5~12.0 min, £
9~10 SR 253 Hl It By 13.0~15.0 min., 755 R A 25 1 5t
R, B 2 ME e, ERET, ERETR
FEXT BN 100% 025 F, MR F BEAHXT 8 | B
A K HARE T30 AR AE B o AR A B s i) s 7
FREEN:, R ERETHERAUER. SIM X RikS
HIE 1.
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S [ A AS UG R 3R B R A AR L AR ZE UM |

Ve S L DR, AR BRI pH.
TRIE T ARG AT 10 F FARPI RS2 o 458K, 78
50~200 mL I AKH [F) 5 (¥ F AR %) A 2 R B W) 1)
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H: (2)25 1, (0)50 pg/L, (c)100 pg/L, (d)200 ug/L 1B FRIEE
1.MEA; 2.DEA; 3. BB 4. Z 5l 5. HIEEME; 6. SN,
7. SRR 8. ARFE; 9. T Hijlk; 10. NHE
110 Fh HARPIAS [R) e BE 1A 1R 45 A o VA VR P 50 8 i
Fig. 1 Total ions chromatograms of mixture of 10 kinds of target
objects standard with different concentrations

F1 10 HEFYHRENE. EHBFIEEET
Table 1 Retention time, quantitative ions and qualitative ions
for the 10 kinds of target objects standard

{4 B s} 1]

Hir¥) . ERE T EMER T
(min)
1 MEA 4.082 120 135
2 DEA 4616 134 149
3 e 9.488 161 163
4 N3 9.685 146 59
5 FH R fi 9.949 160 45
6 SN 10.18 146 162
7 RNHRRK 11.097 162 238
8 AHFE 11.348 72 100
9 TR 13.315 176 160
10 T fi 13.736 238 176

SO, (EFESEBRAR SRS oA T AR AR T R A AR, P
PIFEFE 200 mL,

[ AHAE U B FAS IR A 3ERE, XFix 10 Fp BARYIA
AR B RE F7 . A 2 i, 43 B Cg BARAE UM |
Waters Oasis HLB [ #£ HL/ M A Poly-Sery PSD [ AH#E B
INEEREATRE B, SEHGEE SRAERA, C g BAHAERUIMEXT 10 Fh
H BRI A B W e T, ZE OO B i -

T 2 KRERIREA —E 2R, HRTH A
HBE . N . R TG . Tk R H e e A8 BOHOR (1)
S, Z5ARNE 3 BOR, PICRECRIEAE ., R 4, B
G2 T FHAS ) EE AT A9 2 R FR 25 15 8 0 %o 1 4 04 52 i,
SNIRZIE . ZIE-RZEG:L, V). ZE-HZEA:L, V),
CIE-H R (13, V)R O ) 2SR R, CE-H2R(3:1,
V) A R R H 5

2T FEBUATIAE 2~10 mL X33 2 Fl 48 ek o i) 44
8 Ik e S ok B R A VR ACR, o 42U R AR 8 mL
M, [EISCRAS TR B R T, TR R 2, R
Ve HoE M e fEfE.

F5E T pH 7 3~11 XF ISR 52 mg . AEHEs S anlal 5
FioR, 10 F HFRYIFE pH G N R HEIEAR TR . o,
HEfE . B . S0 S RN TN R 1) [T Rt 5 pH
FIBE TN /L ; MEA F1 DEA () [EISCR IS pH B3E I3
fn; ABESFRENCRTE pH 3~7 WWEINAZE, 75 pH KT 7
WAL, BB SN BN T R [T pH 3~5
TR NIE LRI, 7E pH 5~7 JE NS, 7€ pH KT 7 B,
SRR T . SCER 4SR5 MG ek A — 3B &
HHEREZE IR, Y pH o 7, 10 Rl H ARYI A AR XS HAE 1 (8]
e, BT RAE H o i .

PR T 5~13 mL/min B _FRE R B AR, T
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Fig.2 Recoveries of 10 kinds of target objects under different solid-phase extraction columns (n=3)
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Fig. 3 Recoveries of 10 kinds of target objects under different elution solvents (n=3)
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Fig. 4 Recoveries of 10 kinds of target objects under different ratios of elution solvents (n=3)
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FERCRUWIR AR, W 2nt; BRI, WIEE 53k ke i+
SEURL RS S B, AR AT A 2 B 2 O I A A
BRSO, AEH S R R, 24 FEAEEER N 7 mL/min B, A
ROLHRHEN, Boel R MdEE, wih, FH8T 2~
8 mL/min P 5 T 5450 81 AH 26 AR5 10 o 3 12 PO e ot i o8,
FERT K, VRBE M Sk, P BRI R, 38 L
ERIARRESE TR Bbrd, SRR g2, 5
IS ZERLIER, MYEME %A 4 mL/min I, HARYIIEASE 4
VRN T 3k o
3.3 ERHK

TE GC-MS i, FEBAN 328 kA= 78 bR F1 3|
(A DL Kt AR BRI R 2 0], BARYI S KRR
[Fi) T 5 R 860 81 A SR BT AR X 7 35 0 DAY JE Rk

N, B BEFRSUN = blax100%, a Sk gyl vhge 25 157 3
NEE, b Shas FURR SR SE ST R A TR] 5 2 A0 AR 24 14 S35 )
BEAEP AERALSAE R, JEFRABRAETE 97.7%~110.6%2 [,
R ES TN, K E AR AN KR, (A SR
TONAERf, e X N (42 1 3 I B o R 2R AT AR
E,  DAHGIH Z5 0 355007 4 52 10

T ARG EFETESN
AL JG B SPE MLk s R VEVE Bl MG R B (r )
K 4 B (limit of detection, LOD) il & & FR (limit of
quantification, LOQ)4NZ% 2 iR . ZMEIERIN 0.1~20 pg/L,
A% R B () TE 0.9990~0.9996 Z ], LOD(SN=3)
1E 2.37~10.28 ng/L Z 1], LOQ(SYN=10)7F 7.89~34.27 ng/L
Z I,

IEA
2

34

s
g
NG
A
120 , ok
- = 2 HENs 2 ok Zi H
80 83 | FHH 2 SEE = Sl
- 8E :: = !:z’hg Z = = L
s §E = g EBR= 7 8= Z
g = & g EERE z aE Z i
£ HE AL THETHE T
¢ | = = i3 -] - = L]
1 = 2 HER= gh=0 o z
40 o = s R ZR== ] g L
i g 2 B8RS g 8s 2 L
HHEE B z EBRE ZhEE|lHERS Z i
20 ] g - I | £ |
H OO LHHEHE T TH
| = 1] = 12 = = - H}
o LLEEE T A LEEEEEE THEEIEEE [
pH=7 pH=11
pH
TR FERSEAE BAR, ZHE-FR (3:1, VeV); HAtAFIR] 1A 4.
K5 10 F BARPLEAE pH T IR (n=3)
Fig. 5 Recoveries of 10 kinds of target objects under different pH values (n=3)
2 10 BN MESE, LMEE. HXFEHK. LODs #1 LOQs
Table 2 Calibration equations, linear ranges, correlation coefficients, LODs and LOQs of 10 kinds of target objects
Hr# S R Ll (ug/L) MXRE . KB R(ng/L) FE B (ng/L)
MEA Y=32450.18X+374.1699 0.1~20 0.9990 10.28 34.27
DEA Y=32450.18X+374.1699 0.1~20 0.9993 7.25 24.16
o Y=101336.8X+111.4347 0.1~20 0.9993 2.37 7.89
LRI Y=28943.56X+48.79205 0.1~20 0.9996 5.94 19.78
IR Y=64476.55X-93.81277 0.1~20 0.9996 2.50 8.34
LARE i Y=16276.8X+230.5478 0.1~20 0.9996 9.37 31.23
5 R Y=95778.8X+933.0841 0.1~20 0.9996 3.02 10.05
AHFE Y=106925.2X-615.9968 0.1~20 0.9995 2.85 9.52
THE Y=22400.12X-29.10398 0.1~20 0.9996 4.96 16.55
[REXS Y=34336.68X+127.9018 0.1~20 0.9996 3.73 12.43
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Table 3 Recoveries and precisions of 10 kinds of target objects in beer at 3 spiked levels (N=7)

BN (pg/L)
Hir¥ 0.1 1.0 10
B (%) AXARAER2ZE (%) B (%) MR HERZE (%) FICR (%) AHXHRAER2ZE (%)
MEA 98.0 3.4 100.6 3.6 97.5 42
DEA 103.7 42 106.1 3.9 102.3 4.6
O 107.2 3.5 106.0 4.2 104.2 3.6
% 106.8 3.1 109.0 4.1 102.9 3.5
B e 106.0 3.8 109.4 3.9 107.4 3.8
SN 105.5 49 102.1 2.8 103.3 3.0
ST H R 109.2 3.2 107.9 2.6 110.3 3.3
ALY 96.2 42 92.1 3.1 98.3 4.1
TR 108.0 3.3 107.4 4.2 110.8 5.4
TN R 110.6 48 113.9 3.9 112.7 3.0
FEMEP PRI 0.1~10 pg/L (9 3 AMREE0.1. 1 Al Bk
10 pg/L), FEASHRBEOESEE 7 ASEATHE, 5 2% BIBCR AR W s 02pgl 2 g/l 20 pg/L
= . — Hirty »
I 3, RISCRTE 92.1%~113.9%2 8], AHXH by 22 i MgL)  [Res) B )
(relative standard deviation, RSD)7E 2.6%~5.4%2 [f], JIEAH ., .
- n MEA ND 98.944.0  103.6+3.5  100.2+3.8
TR R R T
e o DEA ND 103.1+4.8  106.7+3.1  100.8+2.2
3.5 SEPRMEEmBITIR
) . . Hop ND  100.2+3.1  104.4+3.4  108.6+4.2
4390 FE AR Ak % 18 A A T ) 35 WAL | R e 3 g -
. , A LA ZE ND 108.8+4.3  107.1£2.7  110.2+2.7
W, Po/RTEER /N MOE A TRE I . 25 R E% 4, ik 4 1] %
L, 3 R R RAG I B S AT 2 BN (Rl AR R 8 R (T ND 103.0+4.4 107529  107.3x4.7
HBREH, 7EX 3 FHGITBIIA 0.2, 2 F1 20 pg/L ¥R MR ND 97.943.5  100.3£2.1  99.8+33
— S 4 N i
FUBR, A TR JLIRCR S 90.1%~112.2%, RSD 1 5 SNWER ND 108847  110.8+25 1122427
2.1%~5.7%2Z (8], FEBHIZ 7 1570 N7 67 0 o g FRAR N
057210, Ry I AL UL 8 AEFE OND 93246 99.1%37  97.7:2.6
FT4a Hith 3 N RAEMEEREIE(N=3) T ND 109.7£3.0 1102423  108.4+3.5
Table 4 Recoveries of 3 other brands of beer(n=3) "
TN E ND 106.1£3.3  110.8+3.0  111.8+2.3
/=3 B S 0.2 ng/L 2 ug/L 20 ug/L
L By MEA ND 96.5£3.4  99.4+4.6 95.2+5.7
L] Mg/L)  EfR%)  BEER%) %)
DEA ND 98.4+3.7  101.6+3.3  104.2+3.4
MEA ND 97.0+3.6  96.3+3.8 99.242.9
o EE ND 102.9£3.3  106.0+3.1  109.0+2.9
DEA ND 99.1+2.4  101.744.2  97.3+3.2 o
7N [ETO
O ND 97.842.1 105.7£2.7  103.7+3.0 s LR ND 109.1+3.5  108.0+4.5  105.8+2.3
A ND 106.843.6 1104427 1042428 o P ND 102.1442  111.6£3.0  107.4+3.6
H
5 FH 21 iz ND 102.0£2.2  108.5+4.0 108.1£2.5 ; N L ND 102.6+4.2  104.0+4.6 101.1+2.5
MR OND 104330 99335 1014435 g SEATEE ND - 106.943.8 1118423 108.7+3.0
" FHHE  ND 100.5£3.0  107.6+2.4  110.6+2.8 I N R Y ND 90.1+4.1 98.0+3.6 95.7+3.3
AKFE OND 96.7+4.0 948430 95.6+2.9 THEE  ND 1039423  107.4%3.6  105.6:4.1

TN B ND 104.5+4.2  108.0+4.3  110.1+4.7

1 ND FoR Ak
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