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Fr ik, B Z G kAT T 69 206 AR G B R AT T AW, RAF T E R B HIF P B AR A
eg. RABIHZTHHZE 10000425, £ikFH TR (SIM) EX TR, 8FF8h7 69 f
IR G Xt L M AR AR KM BT, #h 0.999 2~0.999 8; 8 A7 Bh ] /£ 100~1 000 mg/kg
BAKFT, BIKEA T6%~116%, ARA4FAEMREZ (RSD) ¥/ F 17%; 8 oAl 692 IR
(LOQ) £ 100~500 mg/kg Z- 18], *t 206 FF 1 & iR AR R 25 4| 5] 69 5 F 45 R AW 8 AP B A 494b i
FHE0.5%~31.1% Z 18, ABAFEA 7.2%~14.5% Z 4], BARRZGH F P RELEAMEN TRS. &
FIETT ARG I, IR Fa B F FREAT AR EIRAIRIE, R B A A A a9 g AR
A fa R 2 ﬁﬁiﬁﬁrs 7 éﬁ T

KR R 2G4 s AAUER], AAREE-RIRRA; ThE; AdRE

FES S S482.92; 0657.63; TQ450.263 SRR : A XERS: 1008-7303(2019)01-0119-06

Analytical method and sample screening of eight organic solvent adjuvants in

pesticide formulations using gas chromatography-mass spectrometry
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Abstract: An analytical method was developed to simultaneously determine inert ingredients, such
asmethanol, toluene, ethylbenzene, O-xylene, para-xylene, meta-xylene, N, N-dimethylformamide
(DMF) and dimethyl sulfoxide (DMSO) in pesticide formulations using gas chromatography-mass
spectrometry. The method was applied to the detection of inert ingredients in 206 commercial liquid
pesticide formulations. The pesticide formulations were diluted 10 000 times by acetonitrile, and the
target inert ingredients were detected in selective ion monitor (SIM) mode. The linearity of 8 inert
ingredients ranged from 0.999 2 to 0.999 8. The recoveries were between 76% to 116%, with the
relative standard deviations (RSD) were lower than 17% at the spiked level of 100-1 000 mg/kg. The
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limits of quantitations (LOQ) were 100-500 mg/kg. The level of inert ingredients ranged from 0.5%-

31.1% in 206 commercial liquid pesticide products. The content of inert ingredients in 7.2%-14.5% of

the pesticide products were higher than the proposed maximum residue limits. High application rates of

benzene organic solvents were detected in liquid pesticide formulations. This new method could supply

reference for pesticide production, pesticide administration and fixation of maximum residue limits. Our

results indicated that the usage of the harmful organic solvent in pesticides production was a noteworthy

problem.

Keywords: pesticide formulations; adjuvants; organic solvents; gas chromatography-mass

spectrometry; screening; detection rate
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I FH AR €% - 5 B I FH N T [ 300 s e 2 ) 71
HHEE, . 2%, DMF. DMSO. 4 —HIZE,
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17T I

1 MR5HEE

1.1 {55

S T - 5T 1% 16 A A (GC-MS-QP2010 Plus,
HA S ]), DB-1 ik (30.0 m x 0.32 mm,
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MG R BEZRZIE, 5 BUR 2R 1000
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TR IR N 4. 8. 124 16 120 mg/L.
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il 2. BEREDHRE 250 'C; HEATHE
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Table I GC-MS parameters of the 8 organic solvent adjuvants

weaEm gk A B B i) ERET ENEE T
Compound Molecule structure Retention time/min Quantitative ion, m/z Qualitative ion, m/z
O|H
Il methanol H —(|:—H 1.77 31 32,29
H
(@]
N,N-— I F ot g
N, N-dimethylformamide, DMF H 14.93 73 a4
FI2K toluene ©/ 15.77 91 92, 65, 39, 65
(0]
ZFAJE AR, dimethyl sulfoxide, DMSO Q 16.85 63 78
N
.7 ethylbenzene Ej 19.30 91 106, 105, 77
[B] — H 2K meta-xylene @\ 19.50 91 106, 105, 77
Xt —H para-xylene © 19.50 91 106, 105, 77
48— H 2K O-xylene ©/ 20.04 91 106, 105, 77
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I 1) Time/min
HEE. HOR, O, SBHIORBUEIREEN 2 mg/L, M HIZK, xf —H
N 4 mg/L, DMF., DMSO & 10 mg/L.
LHEE; 2.2/ 3.DMF; 4.2, 5.DMSO; 6.2%; 7.%f ~HIZM
B 2K 8ABHIK,

The concentrations of methanol, toluene, ethylbenzene and O-xylene were
2 mg/L, the concentrations of meta-xylene and para-xylene were 4 mg/L,
and the concentrations of DMF and DMSO were 10 mg/L.

1. methanol; 2. acetonitrile; 3. N, N-dimethylformamide ; 4. toluene;

5. dimethyl sulfoxide; 6. ethylbenzene; 7. para-xylene and
meta-xylene; 8. O-xylene.

1 )\#BHBFILBFIR SR ERREIEE
Fig. 1 Chromatograms of the 8 organic solvent adjuvants in

mixed standard solutions
22 ERBTIEE
WHEOK. OB ROl WERAIIE S 4t
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2R o, HA FoAh N B2 BTG, 1E O e 2% o I
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23 S EEIIE

&2 Afkn: FHEE. H2R. LORMALHK
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P, % 2H 23 10 0T B R B 5 ) (1 e T R ) 4% 1 A
FAE R, A 0.999 2~0.999 8 Z Al LLE/NRIN
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) LOQ ;¥ 100 mg/kg, DMF. DMSO ] LOQ N
500 mg/kg.
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(RSD) 735 °8: HEE 79%~97%, 1.6%~11%; H
HT6%~99%, 1.2%~9.6%; A8 — H %
85%~113%, 2.9%~10%; [A] —F 2 84%~116%,
3.1%~10%; XF FH K 92%~116%, 3.1%~14%;
LK 81%~104%, 3.9%~9.8%; DMF 78%~
112%, 1.8%~11%, DMSO 84%~97%,
4.7%~17%. SERFTH, 1%77 15 B I FOR %
B A 2GR SR 8 R A AL R E B4
Hr iR EE R,

24 MIAHRFELLER

SERL (R 3) W Ak, JKFLFIARLEL H
FOR. HIRAIZoR BRIk 280, 78 81 4
FLIHEIFIRE A 46 ANFESRET T 71X 3 BBhA,
K H 20N 56.8%; 10 NKFLFIAN 16 AMLFLAFE i
A 13 ANFEMESH T IX 3 KB, R EN
50%. TERTRCIVEAS R 25170, 8 FhBhir & &
1 0.1%~62.2% Z [0, K ZAE 0.5%~31.1% Z
], Forp Z HSRE BRI AR R 30%, W

A AL TR bR R v Y — SR BhAR . HORE
DMF Al = H [ fi e o R 0 B > 50%, 25 R

mBIFIFZE; DMSO A R gk, RE 14
FEm AR, HEN AT R 5 HATR B A %
HRT, 0 24 1) 750 v Bl 7] i 4 B OE
P NE R, AR R 25 B 25 R A
R (ER G WAR) ) U S EE (5%). R
(1%)« —HZK (10%) 47K (2%) A1 DMF (2%) I
AR AR AE AT LU, ORI P s IR A AR 24
HFR I 5 BB A AR AN PEE 11.2%,
A 7.3%, —HHK 14.6%, 47K 13%, DMF 9.7%.
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Table 2 The linear range, linear equation, 7, LOQ, recovery and RSD of the 8 organic solvents adjuvants
, L IKFLFH K
O 3 . N . RSN S 7
e 2% fi{lim 2P H2E R TR b1 JJIUJ(JF EC EW AS
Compound ran;;g?l; /L) Linear equation (;(g/(lg;) levesly(lr];eg(}kg) EIES e e
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
[E) 2~10 y =157 834x + 890 783 0.999 5 100 100 97 4.4 97 4.8 86 1.6
methanol 1000 79 24 81 11 79 23
MN_E?:?% 10~50 y=328433x+ 68 947 0.999 7 500 500 102 6.1 112 8.6 78 1.8
Pk Ml
DME 1 000 90 3.7 97 11 101 6.7
F2R 2~10 y=1651387x+2351134 0.9997 100 100 95 4.1 81 5.3 76 1.2
toluene 1000 99 9.6 94 9.2 85 6.5
B TE AR 10~50 y=349431x - 471 199 0.999 2 500 500 97 7.6 92 7.1 84 17
DMSO 1 000 92 9.8 89 9.2 93 4.7
K 2~10 y=903488x+2687 131 0.9998 100 100 104 4.6 100 6.1 81 3.9
ethylbenzene 1000 96 9.2 94 9.8 85 6.1
B 2R 4~20 y=5805230x+ 8 047 068 0.999 7 100 100 116 5.3 112 6.7 92 3.1
meta-xylene 1000 96 9.0 93 10 84 6.2
X HR 4~20 y=5805230x+ 8 047 068 0.999 7 100 100 116 53 112 6.7 92 3.1
meta-xylene 1000 94 3.7 93 14 100 5.6
SRR 2~10 y=1567306x+2101934 0.9997 100 1 000 113 53 109 6.1 87 2.9
O-xylene 1000 99 93 95 10 85 6.1
3 AR RAFIFIFEIBFILEE TG ER
Table 3 Detection of organic solvent adjuvants in 7 pesticide formulations
PRy N IR — — b xR /\ T
il NN UL % — R — 2% (100 TR
Methanol DMF Toluene DMSO Xylene 1 Og 1
Y eE il (100 samples)
pesticlde gmget g RUEE SR RUNE SR RREE SR RMER GE O RGER gR
Number of & Number of 8 Number of 78 Number of & Number of 78 Number of &
detected  Content detected  Content detected  Content detected  Content detected  Content detected  Content
pesticides range/%  pesticides range/%  pesticides range/%  pesticides range/%  pesticides range/%  pesticides range/%
FLi EC 28 0.1~54.1 14 2.5~58.0 23 0.2~47.9 0 — 42 0.2~62.2 15 0.1~7.1
EIEF EC 2 0.5~1.7 0 — 1 3.4 0 — 5 1.1~-32.8 3 0.3~1.1
K7 AS 4 0.3~51.1 1 16.7 1 1.9 0 — 5 0.2~41.2 2 0.1~21.1
WA ME 9 0.3~29.1 4 9.0~21.4 1 26.1 0 — 8 0.6~34.2 2 0.5~27.2
KL EW 0 — 1 8.1 1 0.2 0 — 4 4.9~45.6 2 3
gty
ﬁ‘ﬁsr‘&i’&“ 1 8.9 0 — 0 — 1 34.8 0 — 0 —
i OF 0 — 0 — 0 — 0 — 0 — 0 —
W — K.
Note: — indicates not detection.
=+, = 2 — B 2 S 2 By >
3 ZEig B, HEE. DMEF 1 R 5 B A (1 B ) vl
N ~, ISREN i = Ry bk —
K, JUHEFLM . AKRFAFNAGELR R AR,

AT FUER S T SR - T B I e S AR
2o . R, AR R, A R X
—HIZ, ZZE. DMF M DMSO 8 il Lz 72k
BRI 7745, FERRIZITENE T 206 Fhiii il
AR, RIS 7R 8 B LA FIZE D)
FFR 0 HAE 0.1%~62.2% 2 [8], kiR HA 0.5%~
31.1%, FHAHIZR, ZHIRAI 2RV IR H 38 4L

AR IR ISR A AL B R, SR
AR AR AR 2 AR T AL . AW AE R AR
A REVER L FL . KGR KRR R
FR S R A T A 7R B o A B AR A
HrAnBhFR R AR HER T R 2%
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