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Investigation and analysis of 62 organic solvents in 110 liquid pesticide formulations

TANG Xiang—kai, FENG De—jian, XU Yang, WU Wei, SHI Xie—fei, LI Huai—ping"

(Institute of Biology, National Institute of Measurement and Testing Technology, Tea Key Laboratory of Standard and Testing Technology of
Sichuan Province, Chengdu 610021, China)

Abstract: The aim of this study was to investigate and analyze the content of 62 organic solvents in 110 liquid pesticide formulations. The
study would provide a basis and reference for the promulgation of the relevant limits of organic solvents in pesticide formulations. The
pesticide formulation was diluted with solvent, and the supernatant was filtered through a 0.22 pm membrane. After separation on a VF-
1701 MS column, the analytes were detected by gas chromatography—mass spectrometry (GC—MS) in the selected ion monitoring (SIM)
mode and quantified using the external standard method. A total of 110 pesticide formulation samples were analyzed. The results showed
that 28 kinds of organic solvents, including xylene, N, N-dimethylformamide, methanol, methylbenzene, naphthalene, and ethylbenzene,
were detected in 108 samples with content ranging from 0.07% to 77.23%. Among the 94 emulsifiable concentrate (EC) samples in which
organic solvents had been detected, 76 violated the relevant state regulations on the limits of organic solvents in pesticide formulations.
Liquid pesticide formulations generally contained high concentration of organic solvents and had great safety risks. We suggest that
government departments should promulgate relevant standard on organic solvents in pesticide formulations as soon as possible.

Keywords: gas chromatography—mass spectrometry (GC—MS ); pesticide formulations; pesticide adjuvants; organic solvents
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HUAR 24 1 FIRE b 1 GC-MS, 23 51 FH 5 v A F
T BAY T ARk . Hih i A vh 36 R ALY
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Table 1 Detection results of organic solvents in 110 pesticide formulations

HHS AR e BRI AR iz
¥ v it , A = 5 2 e it y o Rk
5 Fh Content of IR Total Number =5 Pl Content of I Total Number
No. Sample active Type content of of organic || No. Sample active Type content of of organic

ingredient S(ﬁﬂj% solvents ingredient e(ﬂrviﬁ(;% solvents

1 FieioRs 5% ALV 48.45 5 41 PATSLE - S 400 g-L7"/  Fih 20.16 3
2 ik it 5% ALY 49.76 7 H 1 40 gL

3 g £ b 20% IRl 0.10 1 42 A % 15% FLih 29.41 4
4 R4 18% CIRGS &1l 8.96 2 43 WA 52 15% FLih 27.28 6
5 BFEER 2% EIRGREh 0.07 1 44 IRAEN 200 gL i 29.85 3
6 TFE 0.3% ALV 25.52 1 45 W 11 fpk 5% FLith 70.37 3
7 IE H Bk 20% CIRGSi &l 39.53 3 46 I H bk 5% FLih 15.22 7
8 e 1.5% IR 0.22 1 47 WE H1 Jpk 5% FLith 17.81 6
9 2 0.5% Rl 4.18 2 48 AL 45% L 64.73 7
10 E R 0.5% CIRGSi &l 0.55 2 49 BEFEMA 480 -1 Fluk 14.97 7
11 LY 0.5% GRS 3l 16.58 5 50 BEFEM 480 g-L"  Fluh 24.08 5
12 e 0.5% ALV 15.27 5 51 ZHGR 33% FLith 2.74 5
13 E R 0.5% A 13.22 3 52 THI R 33% FLih 10.54 8
14 2,4-7 T g 57% L 11.95 4 53 FE IR 50 -1 FLih 29.86 8
15 Burge-nk sk 0.5%/4.5% FLith 28.99 3 54 A 40% L 52.31 4
16 Pige-m&E 0.3%/1.5% L 2571 9 55 SAURE 400¢-L"  Flih 14.91 4
17 B4E-9rl 0.2%/24.3% L 49.65 7 56 AEE S R 5.1% FLih 28.35 5
18 BT £ - 12, 1.8% L 20.94 7 57 [SE e 25 g1 Lt 11.23 4
19 BdipE 1.8% L 17.49 3 58 kAU E A e 2.5% FLih 15.57 4
20 PUYEnEE 1.8% L 5.40 7 59  ARGERRANE 25g-L L 5.13 2
21 BT 4k B 2% 1.8% L 22.12 7 60 ARG R 4.5% L 65.87 3
22 PR % 1.8% L 4251 7 61 21 i 15% FLi 37.68 7
23 B & ] 2% 1.8% Lt 25.30 6 62 WEEPIEREE  2%/2.3% FLih 64.44 5
24 PIMEREER 1.8% L 15.41 7 RH R
25 BLERE 5% L 44.16 9 63 HAKMAEE R 1% FLi 60.55 5
26 PUYERE 5% L 4.25 4 IRHIR AR
27 PU4EREER 5% L 0.23 2 64  HIEBERTE R R 5% FLith 37.29 6
28 MdEEER 5% i 28.39 7 TR AR
29 PYEnER 5% L 16.75 8 65  HIZKPTAE R R 5% FLith 33.46 5
30 Bu4ERER 5% L 32.04 5 AR R
31 PgEE 20% L 9.18 5 66  HIZSERAE T % 5% L 11.72 5
32 KT 10% L 0.35 4 RHIRER
33 Rk R 40% L 25.68 8 67 RS T 20% FLih 33.29 7
34 KMk R 25% L 1.39 4 68 FH &5 - o Bk A 0.5%/10%  FLi 32.20 5
35 N P Bk 10.8% L 38.86 7 69 FH 4 - SR IR 0.2%/2% i 10.32 11
36 M H ik 5% L 0.33 1 70 i A s 25% FLih 15.65 12
37 MEMEEEREE 250 g-L7 FLith 6.49 5 71 I DA e 25% FLith 4.89 4
38 (RS 250 g- L' Flih 50.77 7 72 R Y 0.3% FLih 15.16 3
39 [EEZNES 250 g- L™ il 17.83 6 73 T 0.3% i 22.25 3
40 SpZNLE 250 g-1."! L 0.53 4 74 1l 95 ¢g-1" FLith 0.35 2
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Continued table 1 Detection results of organic solvents in 110

pesticide formulations

FRUB5Y AU AHLE A
PS=N AL i
= = [=EN 1 78 1E’\ [=EN ﬂ]ﬁ
s Fhdh Content of I Total content Number

No. Sample active Type of organic  of organic
ingredient solvents/%  solvents
75 IR A AR 25g-L"  Fllh 30.06 6
76 1A AR 25g-L" Fl 66.18 9
77 A AR 25¢-L" i 24.19 7
78 IR 2 T 25¢-L7" L 14.95 4
79 St 35% L 25.42 8
80 A 10% i 0.11 1
81 G- Mk bk 4%/1%  FLih 66.68 6
82 GM-EAEME  4.75%/47.5% FLih 13.06 3
83 Ihy-EEAL 10%/2%  FLih 77.23 4
84 DK i file 450 g-L"  FLih 15.69 2
85 Rl 73% L 0.57 2
86 Rl 730g-L7" FLi 245 5
87 =S 20% BRI 4.65 7
88 |- =gk 750 g-L7 FLim 1.53 5
89 A AFHEE  50g-L7 il 39.23 5
90 SR 10%/4%3%  FLi 2.30 4
91 SR 40% Lk 13.34 9
92 WA T 251" Flih 51.21 6
93 WA T 2.5% L 3.71 4
94 JHEE-HL-ERE 50%/1%/20%  FLiH 16.09 6
95 R 50% L 14.47 4
96 LW 50% L 10.82 5
97 i3 50% L 9.22 5
98 V%5 3 80% i 34.91 4
99 LR 80% L 28.36 1
100 LR 80% L 14.93 1
101 RNH R 720 g-L7 FLih 3.85 2
102 RNH R 720 g-L7 FLih 0.63 4
103 ENBRER 0.3% Lt 5.66 4
104 T 3% L 4.36 4
105 EXEXEWNE 0.01% L 4.52 5
106 BTk - ki 0.6%/5%  tHFLF 15.02 4
107 WZEFERTAE R 05%  fWEA 23.47 4

TEH iR
108 F4E- B g 4%/16%  EIEH 27.53 6
Ty — — — 21.86 4.86

77.00% , V-3 55 B 16.54% . A [R) 71 B4 4 2 1 51 v
ARSI A — e 2 7, X E RS
AN[I R B AR 245 0853 B b Bon T 128 26, an
FLIH ) 32 B R A AN K, B 2R L
A 205 1 390 1 A 7 ] REATG K 9 26 15K T ORI
— 788 —

KBS VRS A B, e ik BB R 25 3 H Y
24 RAFFPEWNAEFEES5HERREPI LR

I, 3 ] R bl X0 B A 24 351 v A WL )
FRAGER AT bR e A 2014 43 A 1 H 1E R 8256 A9 HG/T
45762013, IZARHEXT R G FLIM PR 2R R
R FHEE N N-H LR LR 2556 7 R E R
FE T BRI MR 4R, 7 94 0y FLIMFE S AT 76
By ARFF4A HGIT 4576—2013 b (L E , Horp N N-
T HEH R 2R B 20K R ZERIR R
b AR K 29.8% . 29.8% . 27.7% . 18.1% . 17.0% .
9.6% .8.5% , H. %t ¥ i & Thn PR 8, Ui Wi bn
WEA B0 SR 22 IR RO E A Ak i A 7 22
BT R, X 0] BE S AR AR U 56

2015 4F 7 J1, B gRolb 3R AR 2 4 e BT R A 1 (AR 24
B FVAS B FH 44 B ) (ESR R IR ) L $OU6E 1,428 — 5 (408
KRR (2-2F 0 BRSF 9 BRI T 25 X 2
B 1,2,3- 0 =M 2K 2 R TEE AR T H R
THERE 7S KR IATIRA 2SR EX B G .
SO T LI AESK B WA A Am i i A 25 i 7 oh
BLVE 7 AR A PRI L, F 8 5 RTAT, 110 13 R 245161
IR 1 I AAF A (A 24 Bl 390 A5 R 44 B ) (FiF >R 75 L
Fe ) BB, R B FE Ry N, - R L
e R CORAE S R HLIAE R, B EE OV N- L
FmERGE K 22K 1,2 &N ke . H R 6 fa
BLIE ) ) AR 32T 10% o

AN 285 ST, A 24 il 0] Hp UL 74 R (A
AR AT I 3B 5 1 At A T R0 1 ol A O A 2
SR, 38 D) B A O B L Sk 2 Bl 7
SEiE A PRI AR AEE ARG, AR R 1 SRR O,
TR % A 25 1 300 A 0O Ay AN TR R RO 1 T
8l R B 8 (R 2 B IS R 44 1) 45
FHSEAR 2 B BRI AL, TRIE, f T3 T RSA A
LV 791 e 20 i PR T 0 A AR v Y 2, R 2
il 70 AT BEAEAE I IR A A A DL A AL T W
DX, IR PR N7 T B i R A 24 5 rh AL dE A L
VA TRLE PR %) PR SO SRS A o, e 22 ) e e 245 1 7
HhES B R0 A AR AR AR R DR TR 3R 19 1R B RS
WA T BT R A A B AR 27 ML i & o
KR VSR i R Al 22 4 A 7 AR AR P K
LA BRI AR OB SRR DL R AR SR

3 #ie

(1) R TR A 24 5 mp 3 5 A 2 Bl LI 7

http://www.aed.org.cn



JREREBIL, 25 < 110 03 W ARAR 245 0550 h 62 FloAT HILIE 7 2 ik 18 5 0 H7

2020594

R2 28FHEHRFIZE 110 R ZGHIF P& Ls R

Table 2 Detection results of 28 organic solvents in 110 pesticide formulations

Jrs oz K R AL RS B A R

No. Compound Times Rate/% Range/% Average content/%
1 TR 76 69.1 0.01~37.84 5.27
2 N, N-" P T 69 62.7 0.02~44.03 5.75

3 FH 66 60.0 0.05~77.00 14.59
4 LES 56 50.9 0.01~25.16 3.49
5 Z 53 48.2 0.01~3.35 0.49
6 LR 50 45.5 0.01~15.17 2.18
7 1,2- 45k 40 36.4 0.02~11.66 1.83
8 L1 25 227 0.02~11.26 3.76
9 ES 21 19.1 0.02~17.62 2.47
10 A T AR (2- 2 H B ) Fig 8 73 0.13~0.40 0.21

11 [ e 7 6.4 0.11~0.21 0.15
12 EC 6 5.5 0.18~2.84 1.15
13 12- =kt 6 5.5 0.04~0.58 0.17
14 N—F B A5 ] 5 4.5 0.09~15.65 4.56
15 A 5 45 0.04~0.93 0.34
16 EN) 5 4.5 0.05~0.22 0.12
17 AR HE 4 3.6 0.05~0.47 0.29
18 ot F 4 3.6 0.05~0.23 0.13
19 AR R T 4 3.6 0.02~0.03 0.03
20 TP 3 2.7 0.28~2.35 1.29
21 AR 3 2.7 0.02~1.00 0.46
22 208 FH 15 2 1.8 0.09~0.16 0.12
23 NN- 3L 7, T 2 1.8 0.06~0.12 0.09
24 P st F ik 1 0.9 8.53~8.53 8.53
25 [i] P 7y 1 0.9 0.31~0.31 0.31

26 AR H R 1 0.9 0.07~0.07 0.07
27 S P9 S 1 0.9 0.07~0.07 0.07
28 A8 AR 1 0.9 0.03~0.03 0.03

HH oA WL 7 5 it
P A AR N

(2) A58 110 D A 24 i) 55 FL A i 28 Tl AL
F, AR A R E A g R, R N N-
H M s R 28 L K 1,2- N e R
TR O AT ALV ) 2 R Y A 24 700 A ™ v i Y
A B

(3) P Y 771 8 e 245 ) 70 0 2L ek TR 2454 390 A
R A VLSRR A A 22 5 W T R Sk
255008 RO A BV R SO T T2 26

(4) K6 I 25 5L 7R 94 47 FLIAE 5 v 76 I AFF &
HG/T 4576—2013 (I RLAE , 110 134 24 1 I AE 7 91
I ASFF A (AR 2 By SR B B FH 44 B ) (AF SR 28 DL AR )
SE AR 2 300 v L B 2 s A0l A B A LA SR e

AR 2G50 A B A ROR e
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(1] Do, T4, B 53, 2 AR 250 b Rl ARG IR AT 2 XU 23
HrlJ1. 42, 2014, 53(12): 932-936.
BU Yuan—qing, WANG Zan-chang, ZHI Yong, et al. Investigation and
risk analysis of pesticide inert ingredients in pesticide products[J]. Ag-
rochemicals, 2014, 53(12): 932-936.

[2] Li H, Jiang Z ], Cao X L, et al. SPE/GC~MS determination of 2—pyrrol-
idone, N-methyl-2-pyrrolidone, and N-ethyl-2—pyrrolidone in liquid
pesticide formulations[J]. Chromatographia, 2017, 81(2): 359-364.
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Table 3 Detection results of organic solvents in different type of pesticide formulations

AR5 Al R i R lazsy] o tH AL far ity gl EH
Type Sample quantity Compound Times Rate/% Range/% Average content/%
AT R 13 FH it 11 84.6 0.07~25.52 4.57
N,N-H 3L R 7 53.8 0.02~44.03 18.38
BINEAL 5 38.5 4.12~9.05 6.60
TR 5 38.5 0.01~0.27 0.09
HI 2 15.4 0.01~0.54 0.28
AP H R (2- 2,3k L3 iR 2 15.4 0.18~0.25 0.21
C R 2 15.4 0.11~0.15 0.13
e 2 15.4 0.06~0.09 0.07
PN T T gk 1 7.7 8.53~8.53 8.53
LR 1 7.7 0.01~0.01 0.01
L 94 ZHR 68 72.3 0.01~37.84 5.75
N,N-—F L ik 61 64.9 0.02~20.78 439
R 53 56.4 0.02~25.16 3.67
FH st 52 55.3 0.05~77.00 16.54
e 49 52.1 0.01~3.35 0.52
L 47 50.0 0.01~15.17 2.30
1,2- S 38 40.4 0.02~11.66 1.84
H 21 223 0.02~17.62 2.47
RO 20 21.3 0.02~11.26 3.04
N 6 6.4 0.18~2.84 1.15
RIE IR WL (2- 2,2 2 3 ) TR 6 6.4 0.13~0.40 0.21
12-Z5 0kt 6 6.4 0.04~0.58 0.17
N—F 0L A Tl 5 53 0.09~15.65 4.56
=R 5 5.3 0.04~0.93 0.34
gL 5 53 0.05~0.22 0.12
R R 5 53 0.11~0.21 0.15
I b 4 43 0.05~0.47 0.29
Xf F 4 43 0.05~0.23 0.13
AR TR 4 43 0.02~0.03 0.03
N 3 32 0.28~2.35 1.29
AR 3 3.2 0.02~1.00 0.46
AR H 2 2.1 0.09~0.16 0.12
N,N- 3L 2 ki 2 2.1 0.06~0.12 0.09
(i) FY 753 1 1.1 0.31~0.31 0.31
SN SN 1 1.1 0.07~0.07 0.07
AR R IR 1 1.1 0.07~0.07 0.07
4B AR 1 1.1 0.03~0.03 0.03
[3] 2R, AR SCTE, M MH3E, 55 e fa e 2 B30 i A 7 R 3% B R U5 206.

BUIRT]. 4624, 2019, 58(1): 11-15.
LI Gen-rong, YU Wen—qin, XIAO Zhao—jing, et al. Research status of
toxicity and residual detection of high-risk pesticide adjuvants[J]. Agro-
chemicals, 2019, 58(1): 11-15.

[4] FLEERS, B35, £, 4. A ZHIIEUNE 2 TR MG VeI 2R 25 B 7]
BOBREEAT R PR SRR )], Ak BT IR S R 2 42, 2017, 34(3): 197~
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KONG Xiang—ji, WEI Xiao, WANG Na, et al. A review on the environ-
mental behavior of the polyoxyethylene type nonionic surfactants adju-
vants in pesticides[J]. Journal of Agricultural Resources and Environ-
ment, 2017, 34(3): 197-206.

[5] SKME, XA, J50T, 45 . OO (il - B R B TR A I =K 20
HERIH IR L IRREL]. 31, 2017, 35(7): 730-734.
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Table 4 Exceeding standard situation of harmful solvents in 94 emulsion pesticide formulations

Fre ey PR AR B Pl TS SR
No. Compound Limited value/% Exceeding standard quantity Exceeding standard rate/% Average content/%
1 NN-ZFH HEF il 2.0 28 29.8 9.19
2 R 1.0 28 29.8 6.79
3 B 5.0 26 27.7 31.97
4 LR 2.0 17 18.1 5.59
5 R 10.0 16 17.0 20.10
6 %% 1.0 9 9.6 2.11
7 g 1.0 8.5 6.16
T 94 Rl AT 76 D FEBR AT & HO/T 4576—2013 HURLRE -
Note: A total of 76 of the 94 emulsion pesticide samples do not meet the requirements of HG/T 4576—2013.
x5 0B RAGHFI P EVAFERER
Table 5 Exceeding standard situation of organic solvents in 110 pesticide formulations
Fr Ew) B4 (L R R AR
No. Compound Limited value/% Exceeding standard quantity Exceeding standard rate/% Average content/%
1 K SR 5 4.5 0.12
2 iz 5 33 30.0 28.22
3 N.N- " F SRR 2 32 29.1 12.06
4 LS 1 28 25.5 6.79
5 ZH 2 17 15.5 5.59
6 1.2- 5N K 1 17 15.5 3.76
7 AR 10 16 14.5 20.10
8 # 1 9 8.2 2.11
9 #* 1 8 7.3 6.16
10 N=FH SRR A 5 2 1.8 11.03
11 A B 1 2 1.8 1.79
12 Xof F 1y 0.1 2 1.8 0.20
13 PR 10 1 0.9 11.26
14 TN B 1 1 0.9 8.53
15 [ia] FH 75 0.1 1 0.9 0.31

TE 0 FE AP T O RE S A5 (IR 25 W R A5 BT 44 5 CRESR T2 DLARD IR

Note: A total of 91 of the 110 samples do not comply with the provisions of Restriction List of Pesticide Adjuvants (Exposure draft).
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