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Detection Methods of 82 % Metolachlor - Metribuzin - 2 , 4-D-Ethylhexyl EC on
Soybean and Its Dietary Risk Assessment
CHEN Guo-feng, LI Xue-ru, LIU Feng, ZHANG Xiao-bo, DONG Jian-nan

(Safety and Quality Institute of Agricultural Products, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China)

Abstract: To evaluate the safety of compound pesticide 82% metolachlor - metribuzin -2 ,4-D-ethylhexyl EC of metolachlor,
metribuzin and 2,4-D-ethylhexyl in soybean, this study used an improved QuEChERS pretreatment method coupled with Ultra
Performance Liquid Chromatography Tandem Mass Spectrometry ( UPLC-MS/MS) and Gas Chromatography ( GC) to
determine metolachlor, metribuzin, 2, 4-D-ethylhexyl and intermediate metabolite 2,4-D in soybean, immature soybean,
soybean straw and immature soybean straw. The risk factors ( Risk Quotients, RQ) of these pesticides were evaluated by
comparing the national estimated daily intake with the acceptable daily intake. The results showed that the average recovery of
metolachlor, metribuzin, 2,4-D and 2, 4-D-ethylhexyl in samples were 72.3% - 105.7% , and the Relative Standard
Deviation (RSD) was 0.9% - 14.0% . The limit of quantitation (LOQ) of metolachlor, metribuzin, 2,4-D and 2,4-D-
ethylhexyl in soybean and immature soybean were repectively 0. 02, 0. 005, 0. 005 and 0. 005 mg-kg ™", in soybean straw was
0.04 and in immature soybean straw was 0.02 mg-kg™'. This method has been successfully applied to determine the
concentration of metolachlor, metribuzin, 2,4-D-ethylhexyl and 2,4-D in soybean field test samples. Under the conditions of
Good Agricultural Practices ( GAP), the terminal residues of metolachlor, metribuzin, 2,4-D-ethylhexyl and 2,4-D in
soybean, immature soybean, soybean straw and immature soybean straw were not detected. The National Estimated Daily
Intake ( NEDI) of metolachlor, metribuzin and 2, 4-D for the general population was 0.083 73, 0.011 6 and
0.279 5 mg- (kg bw) ™", respectively, and the RQs were 1.33% , 1.41% and 44.36% , which showed that the application
of 82% metolachlor- metribuzin -2 ,4-D-ethylhexyl EC compound of the three herbicides under GAP conditions had a lower
health risk for consumers.

Keywords: Soybean ; Residues ; Dietary risk assessment; Metolachlor; Metribuzin ;2 ,4-D-ethylhexyl
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F1 REBSEFG TEXBRSRAXE A

Table 1 Climate conditions, soil types of the test site and tested soybean varieties
TR Hh A KEmF by AR B Saes £3i| A
Location Soybean variety Geographic coordinates Soil type Climate type
BIRTT AR /R 45.35°N,
e e 48 wt TP
Harbin , Heilongjiang 126. 31°E
AR P 43.16°N,
e w47 wt A I
Siping, Jilin 124.20°E
TR 41.40°N, o
o B 20 Bt TR 2 M U i Pk

Shenyang, Liaoning 123.27°E

ST X 1 2 A 41.01°N, } )

N i 35 Hit Al 2L
Waulanchabu , Neimenggu 113. 06°E
VLR . 33.21°N, N

' HE5E R SF R 2R AU Ak

Yancheng, Jiangsu 120. 09°E
WA K . 28.25°N, N

- AT 2 WL AT R

Changsha, Hunan 112.99°E
L3 7k FH20 mL i €L e 53 FEAE PR, & JF IE CBEAR, 75
L3.1 Fgamdes SN RE EREEM 35 CORBTIEREZELRS, HIECHKEARE 1 mL,

2,4 — ARV W C 1 43 B FRER 10 mg A5 o 5 2
10 mL 755, N S 45 %2 10 mL, ¥k B2 R1 000
mg-L™"o 2,4 — S EBRPR R R BC ] PR 2,4 -
B 51 10 mg # T 10 mL 25 5f I iE & e
I EZE 2 10 mL, bR S5 P9 R | R
2,4 — I TAEROH 0 F BB A% 100 mg- L™ 4R
HERA W 4 CIRTE,
1.3.2 #H&aiaz®  SpylfricE 7.(10.0 g) VKT
(10.0 g) 5 EAFT (5.0 g) FIRELFEFF (2.5 g)
i T 50 mL BELOAE R ARIINA 20 mL 25 851 7K il
20 mL 0. 2% W& 0 , ¥%3% 30 min, A 3 g NaCl,
IRJE 10 min, 410 000 r-min " Z5.0> 10 min, f554L .

SEN R R AT 2,4 - 8 1 mL B2
CIERH R 2 FA 50 mg PSA AU EL.OAE T, i i
305,10 000 r - min~' B .0 3 min, B IE W &
0.22 pmAHLRIERELTIE, FFl,

2,4 - RETR 4T HU10 mL B )R CEHH, 7351

R,
1.3.3 B EH i HE &S A B SORAH 6

(I-Class , Waters ) [ = B UM FT 5 15¢ i 3%/ ( UPLC-
MS/MS; Agilent) 7347 5 P4 FH 5L | 168 RE R R 2,4 —
e . M Acquity UPLC® BEH T3 (100 mm x
2.1 mm, 1. 8 pwm) T A (IS 085, FE7E R 30 °C,
PEREPR AN 2 L, i 0.3 mL-min ™', HiZhHH
0.2% W RTEK (A) FI LN (B) BIR G FI A
WMo 4Bt BE VR, VEAR Y :0 ~ 1 min,10% B;
1.0 ~2.0 min,10% ~90% B;2.0 ~3.0 min,90% B;
3.0~3.5 min,90% ~10%B;3.5 ~5.0 min,10% B,
R IS R ES IR Hi U EE A
i BAERE 3.5 KV B IR 120 °C; L
FITLEE :350 C 5 iy 7l it 650 L-h ™' AL
P50 Loh ™" s 4 2. 22 3 5 i Wi ( MRM)
AAABESBAE IR 1,

x2 RAPER.EREMM2,4 - FHHRESH

Table 2 Mass spectrometry parameters of metolachlor, metribuzin and 2 ,4-D

o £ B8 Bt [a] TEPER X FE R TR HEFLHLE ill 42 g 1 BT
4N
" Retention time Qualifier ion Quantitative ion Cone Collision Source
Pesticide
/min /(m-z7") /(mez™") /v energy/eV of ion
SN RE 283.98/252.07 0. 161 29
2.02 283.98/252.07 ESI +
Metolachlor 283.98/176. 13 0. 161 29
W 1 ] 215.10/74. 05 0. 053 25
1.79 215.10/187.20 ESI +
Metribuzin 215.10/187.20 0. 053 25
2,4 -7 218.80/124.90 0. 053 21
1.83 218. 80/160. 96 ESI +
2,4-D 218.80/160. 96 0. 053 21
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2.00 mg-kg ") BESL P BN EERSE S W H Bk
G3 BT 7RI S FE AR X A v O 25

1.4 BERIEFEXEIEMR

ST H R R R A 2,4 — i SR X 2,4 -
T Y H 5% & (NEDIL, mg ) 114 42 [ 34l {2 1 XU
Z 50 (Risk Quotients, RQ) & /AN
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NEDI
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L5 HUES

% Excel 2007 #1 Origin 8. 0 pro #F47 4045 4k
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2.1.2 HieditddE 1 L ERPFR CI8 &8
25 ~ 100 mg i, S Py R R R 2,4 - i S
VR 2,4 — ) IR T 85. 7% B 5 1 mL §2
By ) PSA 480 25 ~ 50 mg B, [0 i R
96.4% ~104.2% , T REP PSA ¥4k 5] & A P A&
S&, AT SR PO T A PLIR IR TR L (R WA
PR 455, LA F AR 25 FAC A B A
MRTRCR o 24 PSA fifi & B it 50 mg if,4 R L&
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Y ISR R . 28 1 mL S A 25 ~ B GCB 5 HAnfb &9 (8] H A 5im % 4 , 25 i 51 B
100 mg GCB 40T, S0 F B R R (2,4 — i S RDBCR AR A R 2, (50 mg PSA ¥ fb K& 75
SRR 2 4 — TR U EE R 44.2% ~87.4% K T KGR OAEF L5 R,

F3 AESELFIZT 4 FEREFI RSB SUR I

Table 3 Comparison of purification effects of different cleanup sorbent on four herbicide compositions

REE[LIES
HHL) R Average recovery/ %
Cleanup
sorbent Amount/mg 579 R 2,4 5 2,4 -
Metolachlor Metribuzin 2 ,4-D-ethylhexyl 2,4-D
c18 25 84.2+2.5 79.4+0.8 82.1+1.4 69.4+0.8
50 67.2+1.8 70.1 1.6 83.0+2.9 85.7+0.9
75 55.8 6.7 64.0 £5.6 73.6 6.5 79.5 1.1
100 39.2+£5.2 55.8+1.5 55.3 1.5 77.9 £2.8
PSA 25 87.6 +1.8 90.4 £2.6 75.6 £9.4 89.7+1.6
50 101.7 +2.6 104.2 £2.4 99.8 +3.8 96.4 +2.9
75 100.4 £0.8 99.5+3.4 95.4 £2.7 85.6 6.7
100 86.1+1.6 79.4 £2.1 80.6 +1.9 68.7+1.5
GCB 25 87.4 5.1 79.4+1.8 85.2+0.8 80.4 +2.7
50 71.6 £6.2 76.2 £0.9 77.9 £1.8 66.8 1.0
75 62.6+1.5 60.4+1.7 70.6 +10.2 52.7+0.9
100 58.4+£2.6 50.1+2.9 61.8 £6.4 44.2 +6.4

2.2 @il7TRRIE
i S A R R R (2,4~ i S R
2,4 — bR ER O R S I T B EAR 2R (10

Brai R s, M R B R T 0.999 1(% 4) , % W]
4 TR R S AR I R LR SC R R AF

R4 4 MEREFIR SR E N ERIFRAE H 2

Table 4 Calibration curves for concentration measurement of four herbicide compositions

R LM HRFREL
aw P T 2% . . .
Linear range Correlation LOD/ng
Compound Standard curve
/(mg-L™") coefficient
S §
¥y =67295x +613. 80 0. 005 ~0. 500 0. 9991 2.6 x10
Metolachlor
1% B2 1)
y =132884x —307. 29 0. 002 ~0. 500 0. 9999 1.2x10°¢
Metribuzin
2.4 - R . 6
y = 6 x10°x + 48620.00 0. 005 ~ 1. 000 0. 9998 1.1x10
2 ,4-D-ethylhexyl
2,4 -7
5 4D y =19106x +540. 14 0. 020 ~2. 000 0. 9995 2.1x107*

ELRFMT , T B R E 2,4 - %
FERAN 2,4 — A R ARKS R N 2.6 x 1077
1.2x107°,2. 1 x 10 F1 1.1 x107° ng, DL/
I BEVE R O 0 R A B IR AR AT
ST R R 2,4 - TSR ER A 2,4 - A
K B Je AR HR Wk B2 43 1) & 0..02,0. 005 ,0. 005
F110.005 mg- kg ™", 7875 & (1 fe I A H € 2 43 53
7 0.02,0.005,0.005 F10.005 mg-kg ™", ZEF% FF
(R IR A HH e B 45 0. 04 mg-kg ™', Y675 KRS FF o

(B ARG M 35 0. 02 mg-kg ™',

K 4 B R FE 5 43 1 GRS 72.3% ~
101. 5% , A1 % 45 4 22 (RSD) 4 0.9% ~ 10. 0%
(F£5). SH R REE 2,4 - 3 5 6L A
2,4 AT SRR E N 77.9% ~ 101.9% ,
RSD 412.0% ~9.7% , KGFEFFH ik 4 Mtk &9
(] 0k %k 82.5% ~ 105.7% , RSD H 1.5% ~
11.8% , 57 P9 H Bt (W R 2,4 — i SF-E TR AN 2,4 -
THEE SRS ey e, 82. 1% ~102. 0% ,RSD
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H2.4% - 14.0% (£ 5) . VA ESREY 205k B0 S KRG SRR SN P R R
ARG 4 3, i B R SR 0% A D[R I i E R 2,4 - TSR R R A 2,4 - TR Y BR
x5 ARERA 4 FHEREF ML EYZE

Table 5 Recoveries of four herbicide compositions in different materials

ST B IR B ] 4 - i 5o lE 2,4 -
Metolachlor Metribuzin 2 ,4-D-ethylhexyl 2,4-D
R wmve i I IR B
_— - i 3¢ - afres - i 3¢ - i 3¢
Additive Additive Additive Additive
. Recovery . Recovery . Recovery . Recovery
concentration concentration concentration concentration
rate/ % rate/ % rate/ % rate/ %
/(mg-kg™") /(mgkg™") /(mg-kg™") /(mg-kg™")
NG 0.02 87.8+2.9 0. 005 101.5 £8.9 0. 005 93.3 +8.7 0. 005 72.3+£9.2
Soybean 0.05 83.4+9.6 0. 050 92.1+3.5 0.010 94.0 +10.0 0.010 87.5+9.0
0.50 98.8 +0.9 0. 100 96.2 +4. 1 0. 100 98.6 5.1 0. 100 78.0+5.3
H 0.02 91.7 +4.8 0. 005 77.9 £5.6 0. 005 80.2+7.5 0. 005 81.3+8.7
Immature soybean 0. 05 101.6 £2.0 0. 050 82.7+4.6 0.010 90.8 +7.3 0.010 101.9 £7.4
0.50 97.8 £2.6 0. 100 80.9+9.7 0. 100 84.1+9.7 0. 100 99.6 +7. 1
REFEF 0.04 96.2 £2.2 0. 040 83.2+2.4 0. 040 100.9 +5.9 0. 040 99.7 £10.9
Soybean straw 0.20 95.0+1.5 0. 400 91.6 £8.5 0. 100 93.9 +8.2 0. 400 90.1+£5.9
2.00 105.7 £5.1 0. 800 82.5+9.6 0. 500 93.9 +6.4 0. 800 95.1+11.8
HERT 0.04 95.8 +14.0 0. 020 90.6 £6.9 0. 020 97.5 +12.3 0. 020 99.7 £3.2
Immature soybean straw 0.10 102.0 £4.5 0. 200 91.5 £8.5 0. 100 96.8 £4.7 0. 200 89.0+8.8
2.00 97.0+2.4 0. 400 82.1+6.7 0. 500 94.9+7.3 0. 400 95.5+7.8

2.3 KEFR%E- AR -HEEIAMNRELRE
BERERERENK TR
6/\ﬂ'|_julj—ij(4‘\ B JA\j(A*:kiﬂ:ﬂ:ﬂ H 4‘%':*:':':':‘ E/J

i B EARME B TR A R KRR R &)

(GB2763 =2019) KL x Y K &2 v S5 P PP el Jig de R 3%

AR 0.5 mg-kg ™", MR RER 5% B4 I T R 114

SN R R 2,4 - R R AR KO R R A KAk B PR & 0.05 mg-kg ', K1,

6 R 4 FhAE B b R R R R B T rh E (R WL R EASAT AN SR AT R 2,4 - T
F6 AMERP4IMBEFRSNELRESE

Table 6 Terminal residues of four herbicide compositions in four materials (mg-kg™")
29511 S R I8 ] 2,4 - TH 5 R 2,4 -7
Matrix Metolachlor Metribuzin 2,4-D-ethylhexyl 2,4-D
K E Soybean <0.02 <0.005 <0.01 —
T . Immature soybean <0.02 <0.005 <0.01 —
K EFEFF Soybean straw <0.04 <0.040 <0.08 —
T G5 FF Immature soybean straw <0.02 <0.020 <0.04 —

RPAEAR AT 6 AHURL 12 B AR M4

The data represent the results of an overall analysis of 12 data from 6 locations.

FR AR AR5 A E s, s B A R H &
P RE R LR 2,4 - T R BRER AL S ADI i
ITHRE AR G AT IR KU PP AL . S5 AT
Jie WEELER (2,4 — i S5 SEBRAY ADIs 43514 0. 100,
0.013 1 0.010 mg - (kg bw) "o K T #E 8 ¥F £k
NEDI, 2% & v [ (1) IR 48 A 7 20 DL SR v [
el I 5 PR R e R L 2,4 — VR SR TR R AE )
KOHAE A [ AE I B K8% R BR 5, 20 v [ ] R
FAEYIR IR E AR Fi, R b E L
HASHHERNED A KR, K KE4% 23

P RS E T 2 B R
S STMR (0. 020 mg-kg ™" ) 571 538 K i i
Y NEDI, HAR 09 VE 9 43 280 v [ 5% [ Rk B
) MRL (B35 NEDI Al $5 K5% B BR 5 (9 18 £ 4%
B E > CAC > 6 > BRER > WH)E > g > |
AP 24T o A, 2SR R 1Y NEDT B, X
TEPEB IR 25 5 1 i th NEDI $5 55 19 2 % 5k B IR
SEA B (9 A NEDI 4 0.083 73 mg, RQ K
1. 33% ; W& ¥E fiji () 44 NEDI 2470.011 60 mg, RQ &
1.41% ;2,4 - i 53150 5 NEDI {f 470. 279 50 mg,
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RQ {4 44.36% (£ 7) . ¥ ,RQ KT 100% F/R
OREE ERON 3 N AR E RN TrF A
e, LA 4R, 82% 15 - S5 N Y - i 7 L Tk

TAEFP T AT LA2 460 g a. i hm 77 (HIF]E 0. 3
gem ) HEZE 1R, K S R | R R
2,4 — i S BRI 2R R i U FE 8

xRT KEH%IE-FH R - HEIEFLim A EE XS TE
Table 7 The Chinese dietary pattern and risk probability of 82 % metolachlor - metribuzin-2 ,4-D-ethylhexyl EC in soybean

it H i A
2l EL7/L S ZEMRE RESRR IR A 22
- Meal amount " * TMDI /mg Allowable daily N
Pesticide Food class MRL Source RQ/%
/kg intake/mg
S TN P e fr KB A SHEs|
0.2399 0. 100 0. 02399
Metolachlor Rice and it’ s products China
HERE SR
0.0233 0. 100 0. 00233
Other cereal China
0. 0495 0. 200 0. 00990
Yam U.S A
RRCE SV &N B H
0. 0160 0.020 0. 00032
Dried bean and it’ s products STMR
W o
0.0915 0. 100 0. 00915
Dark vegetable China
M i
o 0. 1837 0. 100 0.01837
Light vegetable China
KR SHEs|
0. 0457 0. 050 0. 00229
Fruit China
e i
0. 0327 0. 500 0. 01635
Plant oil China
0. 0044 0. 100 0. 00044
Sugar, starch China
fuik B
0.0120 0. 050 0. 00060
Salt E. U.
ait
1. 0286 0. 08373 6.300 1.33
Total
I3 1 ] HEARSE EHE|
0.0233 0. 050 0.00117
Metribuzin Other cereal China
R SHEs|
0. 0495 0.200 0. 00990
Yam China
SEES T S
0. 0160 0. 005 0. 00008
Dried bean and it’ s products STMR
0. 0044 0. 100 0. 00044
Sugar, starch U. S A
fit
a 1.0286 0.01160 0.819 141
Total
2,4 — i 5 g [laprasn i SHEE|
0. 1385 2.000 0.27700
2 ,4-D-ethylhexyl Wheat and it’ s products China
HEANRSE GHE|
0.0233 0. 100 0. 00233
Other cereal China
A R Sl
0. 0160 0.010 0. 00016
Dried bean and it’ s products STMR
&it
1. 0286 0.27950 0. 630 44.36

Total
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KGRy v AN AT s il A R B FOR AV E D,
PN UE 7 @V N R ST S NN B 7 D
H A R R A 7 2% B If LA B R 32
PR M A T H 11 [ e )G 0 Ty 2 A I 1 28 A W
T HETEZRAEH MR 5% 3 T TR B 2 ),
E N DN E N NGRS R G S ARSI AN/ )
BT 2,4 - R EREt X 4, IR G F W KRG
FERF R GREFF M IF T L0, AR L3k 3 i bk e 551
R AR 2,4 — 35 LA R 5554 A 4% B4
FRE HE KSR SRR 4 R
RIS (B A 7 AT AL . 230Xt R
5 S R ERAT A SRR R SR BOE R, &P
0.2% R LM+ 7K (50250 ) 1 Ay 4 s 77 5 A 42 i
ROCRAT, DR | mlicRs e, H B BUA W h 5L i T
P E AL

JEEAE 2 RS T e RO 3 — H I T
TN R v S DS R B AR B, A S A 4y
FRC [P A BT A AR 26 B/ INRE PR BR AR T S 7
WA, BATFZE A F 9 0. 2% B R 2.5+ 7K (50:50)
PRI B 8% [ 1o 7 55 B3 Jo v ) S 79 Y e e
FOR 2,4 - SRR EEA 2,4 - . B AT AR
245 5% 8 53 B[ AH 2 B BHAT PSA | GCB Al C18
20 PSA FE T LRI PSR R, 4 44 Bl
fiz NgWife s, C18 FT ABrAEM M T, i dn
JEBMEZE 1M GCB FE T A M BRI
FIEM IR A 252 L AR BF ST e Akt AR
XA 245 5% B AL I L EAT EU XS, &30 50 mg PSA fig
2R R Yy NS AN = AN NI o 4 R W o 3 R R L)
Ze BT, HAR S0 B bR A 25 7 A W BHVE T, A 808 v
MmN i 1% 3558 95 ig s g I

WRARLT 25 BT T R R A K RN R bR
ARSI T T AR AT 5 A ST )RS T T 1) B B
Kz T KRG AR AR
T B BISCR R I BRAIG L 5 A e T
5 RACEL A, B AR S . il xR S
SEVEY) b D9 R R RN 2,4 — T R R R
At 5 ADI AT HCBOR A X 2 il e XU: , RQ
ER R AR & B E . (AR T B KR
i XA 4320k 21 A T WHO A7 383 Rk ™
i, AT 0002 Fh g i (4™ i), BR 23 A XF
36 AMERE MM A BERY 124 2H3E 1 100 ZFE 5,
(A=) o R T A EA T I 2 R R VEAG , T
TER NG BT 2R B 5508 1, JEAR A W) 4T i B AN
GRNARIEAT AL, AT HR AT R 2 PR A 5 S 4

4 %

ARHFFETIF L T —Fp i o R AL S Ik, 4
4T LY QuEChERS # A& #il UPLC-MS/MS . GC-
ECD K, mT [l 5 i 2 K E 5 B R E R
T SREFE AP S0 B R R R 2,4 - AN 2,4 -
TS EERIAR & 2O B IR
Fe AT A RS AR A A BT AR S 1 O s TR
T PR AT 3K R K R R R RS R
S L EEEER 2,4 — RN 2,4 — T SRR
5% EA AN o 7E R Z R R, 7E it FH 82% W - 575
FH 372 TR 2L T S 7 R R B R R i K
T KRS AF RN GRS AT o S5 T R | R
2,4 - % 5o TR A9 B 20 5% 88 2% T H A L Y
MRL, K H A 5 P9 HE o e | e B 2,4 - T 57
K P 1 XU T Ay &5 SR /i, B AR A K R
RQ HJMKTF 100% . AAFFE 76 B K 5 A B fil
FH 82% s - S W - Tk 2 T LM B2 448 T 858 S 4, oF
XK G 2 AT TR
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