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2.1 B 5iIEH

NNGS575W UG (HAKS T HLAS A 7)) 5 BSA-124S-CW BIJp A7 KA (38 2 R R 274X
MAFRAT]) ; LM-02AF22 R JE4 (WA 1) 5 Agilent 1100 25 55 850 080RH €0 3% - 5 3% B A ( 26 [
Agilent A7) ; API 4000 %Y Q-Trap %Y ( 35 [E Applied Biosystems 22 7)) ; ZORBAxSB-C18 AU AH (1%
FE (250 mmx4.6 mm i.d. , 5 pm, 3EE Agilent A F]) , G BIK 28R A IS A IR I AL i e
BN,
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Fig. 1 Schematic diagram of microwave-assisted steam extraction combined with solidification of floating
organic drop( DMASE-SFO ) system

SPE, solid phase extraction.

POV ( Simazine) 75 257 (Atriazine ) | 514t ( Desmetryn )  $h K EHE ( Propazine ) . 35 K5 ( Ametry) |
FNEL (Prometryn) 6 Fl = B2 BR B FIBRAE S (4B >99% , f81E Ehrenstorfer A ] ) ; 2 (g4l , 32 F
Fisher AW ) , A1 9EA0 (200 ~300 H, FFEZENR ) B+ PEE ONE  OfE  CRFEK (5 rat,
EHARRF) ) 5 LB K R 2t Milli-Q 47K 255 (6 Millipore 23 & ) il & B4l K

B v i V85 ) 71 4 o I HE R BRI 5 mg — R S B B bR o T, DLW B E AR & 25 mL, il 4%
200 pg/mLIY) =B ERRLRIAR HEA TR .

BERRAT 7 RIS A4S 2 RS 2 B ROk 2 F/KRA T FPEEOK, ¥ TR KA T

R, B AT ik 40 B, & T AR . Horh ) FROk A R A B BT ST Y 6 R =5
FEBRFLT K HAE Ry 23 IR SRR T IR 5256 AR R 1 g /g) , LAGHE S AT 2 ORI AL
2.2 XBHE
2.2.1 TUREBIKERERN HEFFRIL0.S ¢ BUFERBAR, 52 ¢ ARIRAG A, R EF I
IR 140 pL (E-F 2B, AR H R SRR S, K BE R 60. 0 mm, N2 R 5.2 mm, AE UM
Ui E LIRS, LAEE R . e, IR ZEIR A A4 A 1 L B4l/K 5 min, LU=AKFER; 25, JF
Je BLAS SR, S D215 R 800 W, HEA TR 4 Bl /K Z8 VAR I, A W il v i) — RIS o 2 1) g 7K
ZRIREAT HE AR BEE T, P8 BE AR U
2.2.2 LEEFRFIBERER  EUREERZEBRTIIA 2.0 g NaCl 4 4, 3000 r/min B0 2 min, FH
SEBR R A BRI A 0, R E T UKV R 3 min; KREERE A RS RS E 1 ml
BT EIET R, TP ERE R R R 300 pl, 2 0.45 wm JERET E)S 74T HPLC-MS/MS 23T,
2.3 BRHEEE-RILSH

WA S S5 TSI ZE-7K (65:35,V/V) Tk 0. 8 mL/min,

JERE A AR IE B PR, DA O 3 B B W I ( MRM) (9 TAEBE AR 4508 AT N,
(30 psi) ; ZALS N, (55 psi) ; fliA#ES N,( Medium) ; BN, (50 psi) ; B THE% HLE 4500 V; BT
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TRLEE 400°C , BEREMTINES 1~ (m/z) , BERD = BREBR B A G 1 40 0] 15— o) R 8 X N X S 8 1
xf, e BUE e S L 1,

K16 Fh =R B T

Table 1  Precursor ion, product ion and corresponding declustering potential ( DP), focusing voltage ( EP), impact chamber
inlet voltage (CEP) , collision energy ( CE) and impact chamber outlet voltage ( CXP) for detection of 6 triazine herbicides

i BEE T TET LKL IE il 1 g B REME s ACOBRE fEE=E S OBE
Anal] les Precursor ion Product ion DP CE EP CEP CXP
yte (m/z) (m/z) (V) (eV) (V) (V) (V)
PH L 104.1° 53 40 8 20 3
Simari 202.1
imazine 96. 1 52 25 8 20 3
P 104.0 45 25 9 20 3
Ea 216.2
Atriazine 174.1* 52 40 8 20 3
B 172.1* 30 25 10 20 6
214.2
Desmetryn 82.1 30 45 8 20 6
R 146. 1 50 40 8 25 3
. 230.2
Propazine 188.2* 50 25 8 20 1
75K 186.1" 30 25 10 25 6
A 228.2
metryn 96. 1 30 30 10 25 6
FNEE 200.2 40 30 10 30 3
242.2
Prometryn 158.2¢% 40 30 10 28 3

# o 2 5 2T (Quantative ion).

3 HR5E

3.1 UK KR ERE MM

H TRV 2 Sl i A WRE ol AR I s S Rb T R IE K Z8 PRl s R i . B T Rk
AR S A TR A 151 ~1:5 B K ZEVE S R S5 R I s e 1:4 K UL B, K
ZRIRBBAR A MM S A RE S AR . R SRR IR SO R 5 A B 1 EL BN 1:4 (w/w0)
3.1.1 RURIhERAERE B A RO T BRSO, — R IS R R A RS R g  TE R AE BO T R
800 WA AR , 2 J5 4R SE G NI h 3R 28 1000 W, = B4 4 % 5] [ ISR A T ARG, 7T RS = 2K 1%k
FHILE 1000 W L D3R ST RE B R0k > Uk, Be R Th ol 800 W,
3.1.2 EEURWEETRAEE FHRBORICERTITE 6 ~ 12 mL 2Z [0, i A BURICE AR, =%k
JEIRFEFA ) TSR T 5, =22 05 P 0 A ORI R R, = R 2R o 500 1 TR S R AR R AN AR |
U, P REAE ORI AR R R 12 mL,
3.1.3 JKEFEEFEMIERE  WE 2 R, FEAE 0.5 ~ 1.0 mL/min 8 PN, = B8 254 B 71 [0 50 % 74 ¥
ThE, ZJE WA B, AEAE R RS (0 251 T, /K 2R PR e R, R 7 1) A BT ) s, 3
SIERBRERIPIOR T, L5 % E ROK TR R 1.0 mL/min,
3.2 LHiFBEFIENEREGHMRL

VEFHIE + ZFh IR, O B X T AU b i) = R 2R bR R LA IR A AR, B
FAFORFEAAS 200K 80 ~ 180 Wl 1E + Sl A AL G v A AR 3, 25 42 0E 1 AR R = e R
TR DRI FEM , 7E 80 ~ 140 wL AYIRFGE FE PN, Bl A 1F - R AR R N, = W 2 i 15700 1y [l i
RIE; 140 wl 1E T EERT, = BEEBR R [RIBCR B R 5 4RSI IE -+ R RER, =R BRI 1
AR A FTRRA . R, 2685 140 pL 1E -+ WA R de itk 5518
3.3 EHMERE

B TR S A AT R [ R ) e g T R = R SR R AR BOOR R, R TR T
IKAH I B Fa BE , Hi45 H AR AAH 7 A BE RIS, A R T =R 2SR B ) E + R rh e . 548
THE 12 mL ZBOR T INA 0 ~2. 5¢ NaCl X = BB 5] & EROR 2, 4n & 3 7R, NaCl X F =B
FEBRECH A AU — 2 AR VR, M A B P INA 2.0 g NaCl B}, 6 Ff = 52 25 B3 R0 1) A8 U i
I, PG ZEBUFE R 2.0 g NaCl,
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Table 2 Linear ranges, regression equations, correlation coefficients, limits of detection (LODs) and limits of quantification
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K3 ARSI R R ER FR B [T (n=6)

Table 3  Recoveries of triazines in spiked cereal samples (n=6)

) B [LUEZTES F5RH TR FhK 55K R
ANYIRE bR B Simazine Atrazine Desmetryn Propazine Ametryn Ametryn
Cereal Spiked
sample (ng/g) Recovery RSD  Recovery RSD  Recovery RSD Recovery RSD  Recovery RSD  Recovery RSD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
TORRER 1 2 85.1 4 87.4 4 86.6 4 90.2 3 87.3 4 88.9 4
Corn 20 84.6 5 90.5 4 87.5 3 88.9 3 87.6 3 87.6 4
sample 1 100 92.1 3 91.8 3 90.0 3 89.7 3 90.5 3 86.9 5
KR 2 2 89.0 3 90.2 3 89.0 5 92.0 4 82.7 4 97.6 3
Corn 20 93.1 4 86.5 2 91.2 4 86.7 3 89.2 4 89.7 3
sample 2 100 90.0 5 83.6 4 95.6 4 96.2 5 88.7 3 92.3 4
KRR 1 2 83.1 4 91.6 4 87.3 6 83.4 3 84.5 5 85.6 5
Millet 20 82.6 5 86.7 4 88.6 4 86.5 3 82.3 6 87.8 5
sample 1 100 89.8 4 87.0 5 87.5 3 86.8 4 86.2 3 82.3 4
NKEES, 2 2 87.9 2 86.5 3 89.0 4 87.6 4 92.3 4 83.5 3
Millet 20 92.3 3 91.2 5 92.3 3 89.1 3 94.3 5 86.5 4
sample 2 100 92.0 3 89.7 4 91.6 3 92.3 5 96.5 3 93.2 3
SR 1 2 84.1 3 84.6 5 94.5 5 93.5 6 92.1 5 97.4 3
Rice 20 85.2 5 90.2 3 95.8 5 95.6 3 95.4 6 96.4 3
sample 1 100 84.6 4 93.4 3 97.1 4 99.0 3 9.3 5 98.5 3
SR 2 2 83.5 3 87.9 2 85.6 3 86.5 4 98.3 4 82.7 4
Rice 20 84.6 3 88.3 3 86.8 3 87.8 4 83.2 4 86.5 4
sample 2 100 92.3 3 92.3 3 83.9 5 84.8 3 89. 1 5 87.6 3
RS 1 2 82.2 4 95.0 5 92.6 4 89.9 5 86.7 4 89.3 3
Black 20 91.0 4 91.3 4 93.4 4 92.3 6 89.2 3 92.7 5
kerneled rice
sample 1 100 97.1 5 9.5 4 95.6 3 97.6 4 92.1 5 99.6 3

R4 YRR BRI (n=3)

Table 4 Recoveries of triazines in spiked real cereal samples (n=3)

) B g2t FERH T B R G R FREL
ANYIRE bRk B Simazine Atrazine Desmetryn Propazine Ametryn Prometryn
Cereal Spiked
sample (ng/g) Recovery RSD Recovery RSD  Recovery RSD  Recovery RSD  Recovery RSD  Recovery RSD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
o 2 86. 1 3 89.8 4 91.2 6 88.2 4 91.3 3 89.1 3
KEMM 1
20 87.3 4 93.4 4 93.7 4 90.1 4 92.3 5 91.2 4
Soybean 1
100 89.2 5 90.1 5 91.6 6 90.2 5 95.6 4 87.6 3
. 2 91.0 4 89.5 3 85.4 3 89.0 4 90.3 5 88.9 6
KRR 2 20 88.7 3 90.2 4 88.5 4 93.7 6 88.4 5 90.2 3
Soybean 2
100 87.2 4 9.1 4 83.8 4 92.5 5 93.1 3 92.5 6
. 2 89.1 4 86.2 5 85.7 3 91.8 4 87.9 6 89.6 4
J“éﬁ”l” 1 20 9.2 5 9.5 5 84.6 4 90.1 5 90.1 5 98.6 4
100 89.3 6 89.4 3 9.8 3 89.0 3 88.9 4 9.5 5
. 2 93.1 3 88.1 5 87.2 5 88.2 6 90.1 4 89.8 5
iéﬁ‘? 2 20 90.2 4 95.1 6 89.3 4 87.2 3 88.7 5 90.3 6
100 97.3 5 90.2 4 91.2 4 97.3 5 90.2 6 90.2 5
. 2 88.9 6 92.5 5 85.1 3 88.7 6 87.1 4 93.2 3
’J‘ﬂfﬁf‘;‘ 1 20 92.7 3 89.3 5 87.6 5 91.0 6 90.7 7 9.1 4
100 96.0 4 92.2 6 96.0 4 92.7 3 90.2 5 98.2 4
. 2 92.3 3 89.6 5 93.3 3 93.1 4 90.9 5 88.4 3
/J‘gmff; 2 20 93.1 3 88.2 5 93.0 5 88.1 6 94.0 4 90.2 5
100 92.9 5 95.9 6 88.9 4 93.2 5 95.7 6 93.6 3
SRRE R, | 2 91.1 4 95.8 5 93.2 3 96.4 4 90. 1 5 92.2 6
Black 20 91.9 6 91.8 4 94.1 2 90.7 4 94.2 5 90.2 3
kemeled rice 1 159 971 ¢ 2.6 4 93.5 4 3.6 5 95.8 3 3.0 6
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3.7 AEXEE

KEATT 1 5 e = R ZR BRI Al B A BERAGIN 7 2: #EAT LU A B 2R W3 50 ML TIVE T A
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FS5 AN = RIBRER T A R PR RE LU

Table 5 Comparison of different methods for detection of triazines

AR TR T LS 6 1o A R L PR [ ARG H BR LA Al R

y A BT AL B 1) [l R A i R PN
Mjft}(?f d Organic solvent Pretreatment M% F‘i‘ Recovery LOD I? f% jCFﬁk
etho consumption time ax (%) (ng/g) elerences
S PO A B B
e iR A B -~ S
Dynamic microwave 5.2 mL 5 . Z
assisted extraction- 5.2 mL Acetonitrile 7 min Tomato 68 ~104 0.08~0.33 [15]
salting liquid-liquid
extraction
5 7 Hik
Matrixsolid-phase 20 mL Ethyl Acetate + 30 min & U1 Mussel 78.2 ~105.2 0.10~0.18 [16]
dispersion m Yy, ccetate
5 mL acetonitrile
BT -
B2 (i A
;‘;lf;‘; hqmd'“g‘it:]‘)’;rji‘g;‘{ [ CoMIM | /[gP F6 ] 20 min A% Ginsen 78.2-95.4  0.02~0.035  [17]
ultrasonic  atomization-
solid phase extraction
J3 - T A 2 B 2 mL - )
Dispersive  micro-solid 2 mL Acetonitrile-formic 8 min (e Honey 89.8 ~116.2 0.02~0.2 [19]
Thase extraction acid (1:1, V/V)
SRR, e
Packed adsorbent 6 mL Ao T il 440 min FEK Corn 91.1~109.1 3.3~10 [20]
microextraction mi Acelontiriie
oK RK
%@%%ﬁ?ﬁ;{gﬁ{% 40 mL IE 8 40 mL /J\ﬂ;}'jgﬁ _—
Pl PLH N-Dodecanol . B T
ZEI 300 mL H f# 300 mL 12 min Corn, rice, millet, 82.2~99.5 0.28 ~0.61 This work
DMASE-SFO Methanol soybean,,
black kerneled rice
A
4 Hig

SR BB B K 28R RS & iR A AR T A W Hh ) =R SR BR300, 3 Bolc ey Bl Kk 28391

REWORN L P 0 [ AL A ) 2P EAT T O , )P i 8RR (0 - A TR B R VR 0 2 R it v — RS B
FIBEAT TAGEI . S5 SRFR], AT EA RO T A PLE R, A 1R bl UL B R, A1 L TR 5205
L MR AR, AHFTEEE R, el il B 7K 28040 & 3 1700 [ 4k 2 o PR 70 I MRAS 2R i
WA T BURAT R4 B TR
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Rapid Extraction of Triazine Herbicides in Cereal by Microwave-
assisted Steam Extraction Combined with Solidification
of Floating Organic Drop Method

LI Gui-Jie'?, WANG Da-Wei ™', DING Lan **
"(College of Food Science, Jilin Agricultural University, Changchun 130033, China)
*( College of Chemistry, Jilin University, Changchun 130012, China)

Abstract A simple sensitive and green method was established for the rapid determination of six kinds of
triazine herbicides in cereal samples. The method combined the advantages of microwave assisted extraction,
water steam extraction and floating solvent extraction. Certain amount of dodecanol was added to the sample in
the extraction vessel, and then triazines were extracted by water steam under microwave energy, after that,
sodium chloride was added into the extract liquor. After the extract liquor was thoroughly stirred and put into
the ice-water bath, the sample scoop was taken out and the dodecanol solid of triazine herbicide was removed
and transferred to the centrifuge tube. After thawing, the content was filtered, and then triazine herbicides
were tested by liquid chromatography tandem mass spectrometry. In the experiment, the experimental
conditions of microwave assisted water steam extraction and solidification of floating organic drop were
optimized. Under the optimal experimental conditions such as 800 W of microwave extraction power, 12 mL of
extract liquor volume, 140 pL of dodecanol as floating solvent, 2.0 g of NaCl and extract liquior at pH 7, the
linearity region for detection of six triazine herbicides was 2-200 ng/g, with correlation coefficient of 0. 9979 -
0.9998. The limits of detection and the recoveries of triazines were 0.28-0.61 ng/g and 82.2% -99.5% ,
respectively. The relative standard deviations of intra-day and inter-day variations were 2% —7% and 3% —
6% , respectively. Compared with the traditional extraction method, the proposed method was more
environmentally friendly, rapid in detection and simpler in operation. Besides, the method had many
advantages such as low cost, high concentration fold and low organic solvent, and could be used for detection
of triazine herbicides in complex solid samples.

Keywords Microwave assisted extraction; Water steam extraction; Solidification of floating organic drop;

High performance liquid chromatography-mass spectrometry; Triazine herbicides; Cereal
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