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Determination of 2,4-dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxyacetic
acid residues in oil crops by automatic solid phase extraction combined with
gas chromatography-mass spectrometry

ZHAO Jian"", ZHANG Yu?

(1. Beijing Foreign Enterprise Human Resources Service Co., Ltd, Qingdao 266071, China; 2. Qingdao Chengyu
Food Testing Laboratory Co., Ltd, Qingdao 266108, China)

ABSTRACT: Objective To establish a method for determination of 2,4-dichlorophenoxyacetic acid (2,4-D) and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) in oil crops (including peanut, soybean and sesame) by automatic solid
phase extraction combined with gas chromatography-mass spectrometry (GC-MS). Methods The homogenized
samples were extracted with dichloromethane, then purified by automatic solid phase extraction. After the analytes
were separated by DB-5 ms column, the 2 kinds of pesticides were detected under selected ion monitoring mode and
quantified by external standard technique. Results The correlation coefficients, which were both higher then 0.999,
were obtained within their respective linear ranges. Also, the limits of quantitation (LOQs) for the 2 kinds of
pesticides were both less than 0.010 mg/kg. Meanwhile, the average recoveries ranged from 73.6% to 100.8% with
relative standard deviations of 3.31%~7.68%. Conclusion The established method with simple sample preparation

achieves the automated purification process and considerably improves the work efficiency. It has simple
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pretreatment, high sensitivity and good recovery, which is suitable for simultaneous determination of the 2 kinds of

pesticides in oil crops.

KEY WORDS: automatic solid phase extraction; derivatization reaction; gas chromatography-mass spectrometry;

2,4-dichlorophenoxyacetic acid; 2,4,5-trichlorophenoxyacetic acid

1 51 &

2,4- — G K %A Z PR (2,4-dichlorophenoxyacetic acid,
2,4-D)FI 2,4,5- =% H LR (2,4,5-trichlorophenoxyacetic
acid, 2,4,5-T)XHHWA R EN, B—E&E. &
B I Ak 2 B BRIV RIAR ) AR R ), 8 T A 2k,
FR R T RERRE R, AT TR AR . R 4K
Gy i A R B ARk S AT A R R, R
AR LR HERIRSAE  2,4-D S EA A M BUE R
APk, JE R RS R, TR W RS, #i
CLANMIIRAE, IMIZL A MY 5 0 RE 07, HU0RIIE . B E .
DLA R Z . B TS BR B 2 sl R . MERE A

M2 75 Y LR SR, 0 NS TSP A 9 Al R U« AT,

FIRTHE A - 2B K5 2,4-D M1 2,4,5-T 195% 88 =40 AH ™
FERIBRM, an H A E Z RRT 2,4-D A5k AR
0.050 mg/kg, HEHERZ S 2,4-D AR KGR B RE A
0.010 mg/kg,

Hair, EPNSMRE RN 2,4- " F IR A R 2,4,5-
SEARA WA T EEA M 65 L (gas
GO | W M @ i ¥ (liquid
chromatography, LC)™ /1 #H 2 13 - 5 B¢ 5 3% % (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)
O-1I% . Hirp GC A1 LC 35 RBUE AR, Joukil L BR &
{HZR . LC-MS/MS i B R U # i, R A IEAT R AL BE
Heak, WRE S RANAR IS TE I AN EA T A A AL, TR
W TF R AL NRE, USRS In N D RS (] AR,
FEAR A % . M (6 1% - J5T 15 156 FH i (gas  chromatography-
mass spectrometry, GC-MS)ifi # 75 B AT L Ab B, 157
AT B R RO, T EE M ERR, BT RHED
EMIEE 2, BB SR, SR TR, R 0 iRk
T B FH W 25 B (liquid liquid extraction, LLE)™ | [ 4H
# B (solid phase extraction, SPE)"81 | 43 #k [& AH %€ HL
(QUEChERS)!'>13! | ¥t ¥ 18 % 4 3% 7 (gel permeation
chromatography, GPC)!'%J5 1 X B S iF 4744k, X 2675
ANREREAT B BhHRAE, AR TR AR B A PRI, 4
A 3l A 20 AT LA Bh 58 A . B L IR AR
WESEALR, AL AR, Bikse 5%, ER
U o AR ST AT AL BRI A AR T v, 4 B B A AR TGA
ARG E Th Y 2,4- ZEOR A SR AN
2,45-ZHRELIR

chromatography,

2 PRSI

Yy oo

2.1 SKIGINER

GCMS-QP2010 S AH &% T i 156 A (H 7R B HE A |D;
GX274 HEEAMAEBULGERE S RHEAF); All mEALH
EHLEEE IKA 2 7)); MS3basic R IR G A (2 E 1KA 2
l); N-EVAP &M AL (3 [ Organomation /A #]); KQ-250DV
TR 75 T A (B L i P AU A BR A 7); 3K30
A UEDHL(FEE Sigma A F]); Milli-Q £BFrK kA%
(3% Millipore 23 ).

2.2 LIGMR

KO, Eok. AR, HE(EGL, R
Fisher 24 7l); Wehile . @ALan . —SLil ZmE (e, [
Zh4EH); Florisil £:(3 mL, 500 mg, L H/RANH]); AriEdIR:
2,4- "G RE LR (4 E =97.5%, f8[E Dr.Ehrenstorfer 7%
FAl) . 245- A RR LW (A E = 98.5%, 1% [E Dr.
Ehrenstorfer 23 A)).

2.3 EWHE
231 AAEEM

(IERE: AL, HP-SMS(30 mx0.25 mm, 0.25 pm);
A AR, 4E =99.999%; Jk: 1.0 mL/min; (iS4
BT WIIHIRE 60 C, ££%F 3 min, 30 ‘C/min AR Tt
% 200 °C, 2 C/min Ay ZFHE % 220 'C, 20 “C/min [Ji#
RIHEE 280 C, FrAEE9 ming HEAE R 260 C; HfFEmE:
1 uL; PERES 20 R IERE, 2 min J5FT 433 1 A e 4
WA
232 FEiAt

i, 125 i JF (election impact, EI): 70 eV; BT IHIR
JE:200 ‘C; GC-MS #% i : 280 C; Hi: @®#EE
AR
233 4 g3 EMFREMt

[E| FHZEBURE : Florisil #:(3 mL, 500 mg); WRE b &
3 mL/min; W% ) B 5 mL/min; WS EE: 0.3
mL/min; HEFENEEE: 2 mL/min; HEAEFIHEE: 5 mL/min;
HES I EE: 0.3 mL/min,

Florisil #1:43 2 45 5 mL IE Qe A Tisfk, Kekthh
PRIOR A EBm L /M, 43 2 45 FH 10 mL IF CBE A bkt |
FEMT, A 20 mL B 2 k-1E C RS T(1:49, V:V)UER
FrEk, PR E AR T 5 i 2RI
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2.3.4 ARG BLH

Sy BIMERIAREL 2,4- —FARA LR 2,4,5-—FARE LR
10 mg(K5fi £ 0.00001 g), AN M E A E 10 mL, 155
WeEEA 1000 me/L MIFRIERE &A1, FHPITERAS 2 Fhbm i
RUSTRFBSMRAEH 10 mg/L BIR-SARAE TR
23.5 HEEZGEE

HEFIFR I INRE i 5 gORAIE 0.01 g), & T 100 mL
AR, A 10 mL JE/K ZBE . 10 mL SRERIETR(1:9, V7).
5 g EALENAN 50 mL A ke, BRI AT R () Sk
PERTH 10 mL S BEvEBE) . 1h B B i Ul (b B A T
FE, 10 mL S H BETEvEugE), K IEBOEE T 250 mL 4y
Wl =k, FAA 50 mL10%(F &2 B0 & Lahiam,
1 mol/L WA ARV pH H, /KK pH HXT
12, XtF S AR S AT AN 3 g &fkah, ST
PP TR . ¥ 3 min, BHESE, FET
AWEEZE, 30 mL SRR, FE A TR,
WA PN ABRBR YW (1:9, V:)iEATIRMk, 75 pH {8/
T2, 4350 50 mL #1140 mL —S R EERBUKAE, &34
AR HIET 200 mL e ZE kP iE T, HmzEk
JHOMA 3 mL = HALIN L - W14, V), EE,
TE 60 CAKIFHINA 1.5 h, BUBAHIZZER, Florisil 4%
A 10 mL IECREREfL, 1 FRAHIR &5 A Florisil
b, MW, A 20 mL IEC ket s,
HA 20 mL ZBE-C AR B W(1:49, V-V )ATEERL, WA
e . MHRARXANK TG, EORERE 2 mL, &
GC-MS 43 il & .

(x10,000)

3 HER5SH

3.1 (UEEHFRMK
3.1 EaAEeiLdE

SR WA T ASIRI UK 1) (S R FE, # W4 DB-5MS,
HP-5MS. DB-1. HP-IMS. AL, 2 ERGE WG
THEAT Y, A4 — € N#H R,
HP-5MS R A SZ 50 4 F 54 .
3.1.2  AdEAFH AL

HERE L N 3 T sl = AR S P B AR 0k o,
[RHHERE TR S8 260 °C o MRS S T AR &
(R 5 ¥ R RE &, AR R SCARRE &, A5 B 2,4-—
AIRE TR EEAN 2,4,5- = G0 A LR FF IR A0 b s 4211,
g FIRE T, BCRFA RS2, 2 min 5 HARY)
WA e 4, FTH4 T I A AR v itk A 433 5 Ko
Y THRHAEE S T RER RS 1 207, JEIRAETF Ry
T EO A S, R B AR Y R RAR IE B 4 BT 22 A A R
3 3o YR L ) P AR, BB AR N A A AR AR R S T
HEATHE | A3 B, PR SERR N G 3 i = 0 R,
THA 4%, BOEPRRET TR .
3.1.3 &Mkt

2,4-"HEECRTEER 2,4,5- = F KA LR TP HEM
S T RS E A UL 1~ 3. Jod, & 2 A 3
o, BEARARAR R T T L (m/z), BV HORL T ) SR (A
aw) SN N )2 th, oM, YRR AR 2
FEEE, ATHORE AR R, B LLES 0w 3% B R

400 [
375 F
350 F
325 |
3.00 [
275 [
250 [ :
225 [
200 F
175 [
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100 [
075 [
050 F

025 [
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Fig. 1 Total ion current chromatogram of two pesticides
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Fig.2 Mass spectrogram of 2,4-dichlorophenoxyacetic acid methyl ester
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Fig.3 Mass spectrogram of 2,4,5-trichlorophenoxyacetic acid methyl ester

(UG Ry e, AR R 100%, Hith 2 FI458 5 2 HuAi) A AH
YRR, BN K%, TR ISR 2,4-E R A LR
BERERES TN 236.00(100%), EMEE TR 234.00(125%);
245-ZFE R E R PERIER B TR 270.00(100%), &M
BTN 268.00(101%) o 3% Ak 435 14 B 7 F1E £ B8 1 7 =X,
S PR TR EL AN B S TR AR R AT LR B
W, S5 552 ST R e R AN A A i T, TS nm 25
SR R P R0 T AT, T 6 43R T LA X A K B 1
e R, SR BN AR E T o
3.2 ZBmxEMREEREHNMK
32.1 EARFRCAzeGiLE

X F [ AHZEICSE G, [ AR ZE RO B e L,
AR CigkE . PSA AL Florisil ¥EE4T 5286, 45 R & M
Cis A1 PSA AE R, HEF SR,
Florisil #J8 T8 A RERA:, AR BRFES TR Pl
g, kAR RAT, i H SR R, faEEE Florisil A28
ARSI 1 [ AHZE U

32.2 4 B3 EAEERMAIKN KA

F R VA RS B AR, TR TR o PSR
W, B AE, PRI A TAERCR, X e
BTk, S5 AR YR AN 3 mL/min B, A2
FEARARI, W 3 mL/min HWRFEEERE; RIS A T LA AL AR
g A BA A A AR BUNE o, X HERE S B AT T Ak,
4 2 mL/min, A4 A SIEAHZERNSES ] FHERED
SHIATIL

H T REA RS B H AR RRE S R % R, TR AR R
FIPEE M R S, YRR MR AR, BRI IR A
[ AHZE O, ONREVRIE TR YRR AR, HAR
WA o — R VR TR, 1 AN AR I TE G, SEEG A IR
FRFRLC(V: )50 1:19,1:49 F 1:99 ) 2Tk -C e A
PR AR, A 1:99 BYPEBEBT, HARY [E
WA, UL R B A B AHZEBUNME S S A
1:19 BEBE T, H AR IR, (HRAR 22 2% ot bl
PRI R, s H bR 1 A AR 1S Y Y
i 1:49 BOVEBERET, HERY IR, Haemh i i
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FETEAHZEBUNME A, WA B — AR PR ok, BRI
AR B TARGF B4 8, WSk 3 ik FAAR R Ho=1:49 119 2, k-
CLBEVA A S R B -

33 FHEEXR

33.1 ARBEMERE T R B E TR

FH A% WA W RS S A IR AR W, IE © Be e )
10.0, 50.0, 100.0. 500.0. 1000.0 pg/L MkrHERF], LIA
TR BT R AR, B R v B R Ak BR A T [0
30, ARBNGE I R A R (LER 1),

P2 PR AEVE L TT, IR R GE AR e G, 5 I8
235 HFIEHEATATAC R M E, DL OS/N=3 MR,
S/N=10 & s BR(ILEE 1),

H2% 1 ATA, 2 Pl & W St AH et AT, MHC R B
rAERT 0.999, 2,4- —FARA LR 2,4,5- = F R E LB

BYH H BR (limit of detection, LOD)Z» 1N 1.132 pg/kg F
1.040 pg/kg, <& # PR (limit of quantitation, LOQ)4¥ %A
3.396 ug/kg Ml 3.120 pg/kg.
332 FikeED R Aok B B

SYRIRRBCIEAE . REL . ZIRRZS FIRESL, 25 AU IR i
T 4% 20, 50, 100 pg/kg 3 AN R IR A B INRE A,
BRI Al 8 AU IR BE A4 B0 P A T80 6 RN, i BR
2.3.5 LA T RS BT T I, THEE 2 Rk 2517
47 [BIUAC SR FIURH X A M A 22 (relative standard deviation, RSD),
SRR 2~ 4. & 2~3 4TI, 2 PR ZG7E 3 FOR ]
= N B T N i 717195l N R e W e <
73.6%~100.8%Z [H], FHXTFRUEMMZEAE 3.31%~7.68% 2 [A]
K o4, s e . KE . ZRRAYES FIRESh I I A
FRFE g

F1 2HRAPKMSE, KEEE. BXEY. RHRREER

Table 1 Linear equations, linear ranges, correlation coefficients, LODs and LOQs of 2 kinds of pesticides

A 22K ey R (pg/L) AR ZHL(r) LOD(ug/kg) LOQ(ug/kg)
24-ZERA LR Y=175.165X +0.254 10~1000 0.99997 1.132 3.396
2,4,5-ZFRA W Y =152.792X +0.389 10~1000 0.99999 1.040 3.120
F 2 HEF 2 MRAWEILERNESEE (1=6)
Table 2 Recoveries and precisions of 2 kinds of pesticides in peanut (n=6)
RETEFR A JEAE (ng/kg) BNE (ng/ke) P2 S (pg/kg) - 1R (%) RSD(%)
0 20.0 15.64 78.2 7.42
24-ZH R A SRR By 0 50.0 41.60 83.2 5.93
0 100.0 95.34 95.3 3.75
0 20.0 15.59 78.0 6.77
2,4,5- /AR A SR W IR 0 50.0 40.94 81.9 4.96
0 100.0 93.35 93.4 435
F3 KIEP 2 HRAMWEKEIIEEE (n=6)
Table 3 Recoveries and precisions of 2 kinds of pesticides in soybean (n=6)
A B TR AJEAE (ng/kg) BNE (ng/kg) SEH S INE (ng/kg) S R (%) RSD(%)
0 20.0 15.89 79.5 6.60
2,4-ZH KA SRR 0 50.0 42.50 85.0 6.21
0 100.0 89.56 89.6 3.49
0 20.0 16.57 82.9 6.52
2,4,5- = RE TR e 0 50.0 46.43 92.9 432
0 100.0 96.85 96.9 3.93
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R4 ZHRP 2 HRAEERERFEEE (1=6)

Table 4 Recoveries and precisions of 2 kinds of pesticides in sesame (n2=6)

A 245 % Bk AR AH (ng/kg) A INE (ng/kg) - 35 52 (ng/kg) - 34 (8] 2R (%) RSD(%)
0 20.0 14.72 73.6 7.68
2,4-“H R E LR R 0 50.0 38.81 77.6 5.11
0 100.0 90.67 90.7 3.96
0 20.0 15.02 75.1 7.06
2,4,5-=FRA LB g 0 50.0 46.58 93.1 5.22
0 100.0 100.77 100.8 3.31
(x10,000) (%10,000) (x10,000)
35F F =)
236.00 F 236.00 8.0 [ 236.00
2.00 [234.00 £ 934.00 0 F 234100
3.0
175 | E
A 25 B
1.50 [ E
125 [ 2'0;'
1.00 I 1.5 ;— :
“ E 3.0 [
0.75 | g Lo [ E
o :
025 L -8 . 10F
1350 1375 1400 1425 1350 1375 1400 1425 13.50 13.75 14.00 14.25
(x10,000) (x10,000) (x10,000)
225 [236.00 g s [236.00 = 33 F236.00 ]
2.00 [234.00 25 23400 30 :_234.00
1.75 | D 5 1_00:_ E : . F
1.50 |- ,
125 | 0.75 |-
1.00 | r
0.50 [
0.75 | C
0.50 |- 0.25 |-
025 [\, L NN
13.50 1375 1400 1425 1350 1375 1400 1425 13.50 13.75 14.00 14.25

T AAEAEAS FIRR s Bi2,4-D MR R 50 pg/kg AEAE IARAR S C:R 28 FIFE A D:2,4-D MR 50 pg/kg (9K G INFRAE b B2 BRas (A FE
A Fi2,4-D W EE R SOng/kg (92 IKMNBRAR &
B 4 2,4-D WFE S 5 E

Fig. 4 Chromatograms of samples containing 2,4-D

333 HSAN ST IBRRE R B T . 4 W], BZead 4 Sl AT
BEHLIEIR il BB . RO ZRAE 10 GiFRel IS4, B4 936 R LB 28, THRARORAEAE, (HER
ARG, BRI 2 Fhfe sl o S B BCEERAE S TP Y — SRR S ARG

APEATREBUS IR T LS8, 181 6 S B A AR KIRE i FLRE



B R i 5 AZhFEARAR R ERE-FOE AN E Y 2,4- " SURE LRI 2.4,5- SRR LRIV 3617

4.0

35
3.0 [
25 [
2.0 [
L5 [
1.0 [-

0.5

1.2
1.1

1.0 |
09 [
0.8 [-
0.7
0.6 |-
0.5 |
04
03
02
0.1}

T AEA S FIRESD; Bi2,4,5-T W 50 pg/kg (AL IAREE S CoRIE4S kRS D:2,4,5-T Wl 50 pg/kg (R S INFREE M ; B2 hRas

(x100) (%1,000) (x100)
27G[00 1.2 £270.00 A 274.00
26800 < F N 40 [26400
A 1120800 g k
10F 35
09 30k
08}
0.7 25 |
0.6
o3t 20 f
0.4 15 [
03
02k 10 |
. . . . 01F J ; ; 0.5 : : .
1575 1600 1625  16.50 1575 1600 1625 1650 1575 1600 1625  16.50
(x1,000) s x1,000) (¥10,000)
270,00 i3 "7 127000 175 F 270.00 8
- 268100 3 [ 1268.00 > F268.00
D - - E 150 [ F
1.50 |- R
125 [
125 1.00 [
075 [
1.00 |- 050 F
025 [
: - o7s MM S L
1575 1600 1625  16.50 1600 1625 1650 1675 1600 1625 1650 1675

A

FIRE i Fi2,4,5-T W R 50 pg/kg RO RRINBRAE S o
5 2,4,5-T IR ISR

Fig. 5 Chromatograms of samples containing 2,4,5-T

(x10,000) (x10,000)
236.00 35 £ 236.00
200 L 234.00 L 234.00
. r N
30 | &
175 | : 2
25 |
1.50 | .
125 | 20 ¢
1.00 |- L5
075 | = 10 [ /
& r
wv L
N L
0.50 | x 0.5 |-
— F N
025 [ : e ] I J_J W—rﬁ/?\(‘.
13.50 13.75 14.00 14.25 13.50 13.75 14.00 14.25

e AEAES FIRE R Bi2,4-D W R 50 pg/kg ROAEA: S5 InARAE &
6 Aed:maigi

Fig. 6 Chromatograms of peanut
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