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The hydrolysis of pesticides is an area that has received extensive study, since
most compounds entering the environment will at some stage be in contact with
water or be adsorbed in lipophilic media. It is useful to understand hydrolysis
pathways in order to determine the stability of the pesticide, to identify its
hydrolytic products, and thus assess their toxicology, and to analyze residues.

Thiamethoxam belongs to a new class of insecticides known as neonictinoids. Its
molar structure was shown in figure 1. Thiamethoxam is approved for use as soil,
foliar, and seed treatment for the control of aphids, whiteflies, and some beetles
among others (Maienfisch, et al., 2001). The U.S. EPA promulgated rules for
thiamethoxam use beginning in 2000 (U.S. Environmental Protection Agency,
2000, U.S. Environmental Protection Agency, 2000, U.S. Environmental
Protection Agency, 2001, U.S. Environmental Protection Agency, 2002). During
2001, thiamethoxam was approved for various uses by the Massachusetts
Department of Food and Agriculture, the Canadian Pest Management Regulatory
Agency, and the Australian National Registration Authority for Agricultural and
Veterinary Chemicals. Thiamethoxam, imidacloprid, and other neonicotinoids are
expected to replace organophosphates as the most widely used insecticides
worldwide (Antunes-Kenyon, et al., 2001).

As for the environmental fate for neonictinoids, researches published focus on the
fates of imidacloprid in environment. The photolysis ( Wambhoff, 1999, Schoz,
1999, Shan et al,, 1998, Shan et al, 1999, Wei, 2002, Malato, 2001) and
hydrolysis of imidacloprid (Wei 2002, Malato, 2001, Phillip, 2004, Zheng, 1999)
in environment , its migration and transformation in soil ( Shan, 1998, 1999,
Phillip, 2004, Zheng, 1999, Liu, 2001, Xuan, 2000, Rouchand , 1994, Barb
2000 ), and its effecting on soil respiration have been study. Few researches was
done to investigate the environment of thiamethoxam (Barb, 2000).

Thiamethoxam has been introduced to Chinese markets, has the bright future in
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Figure 1. Molar structure of thiamthoxam.

market because of its high insecticidal effectiveness and low mammalian toxicity.
The paper reports the effect of pHs and temperatures on the hydrolysis of the
thiamethoxam and the hydrolytic mechanism of thiamethoxam.

MATERIALS AND METHODS

Thiamethoxam purchased from Pesticide center of Beijing is above 98% purity.
Sodium hydroxide, potassium hydrogen phthalate, potassium dihydrogen
phosphate, boric acid, which are all analytical grade, were used to prepare
buffered solution. Redistilled dichloromethane is used as extracting reagent. The
thiamethoxam was analyzed by HP1100 HPLC equipped with diode array
detector, Zorbax-C18 column (250mm x 4.6mmID), The hydrolytic product was
analyzed by Aglient6890/5973N GC-MS equipped with HP-5MS capillary
column (30m x 0.25mm x 0.25um. Water bath (Beijing Changfeng Equipment
Company) was employed to maintain the temperature in hydrolysis experiment.
The Zymark TuborVap®LV Evaporator was employed to condense the extracted
solution.

Because the thiamethoxam has high water solubility, the standard solution
(500mg/1) can be prepared by adding the thiamethoxam into the water directly.
500mg thiamethoxam was weighed precisely and put into measuring flask
(1000ml), and then deionized water distilled from potassium permanganate was
added into the measuring flask to graduation. Buffer solutions (Yang, 1994) were
prepared as follows:

pH=7.0 29.6ml 0.lmol/l NaOH + 50ml 0.lmol/l K,HPO,; pH=8.0 46.8ml
0.1mol/l NaOH + 50ml 0.1mol/l K2HPO4; pH=9.0 21.3ml 0.1mol/l NaOH +
50ml 0.1mol/l HBO; (0.1mol/l KCI); pH=10.0 43.9ml 0.1mol/l NaOH + 50ml
0.1mol/l HBO3(0.1mol/1 KCI).

2ml standard solution of thiamethoxam was measured by pipet and added into
100ml measuring flask, then buffer solutions of pH= 6, 7, 8, 9 were added into the
measuring flask to graduation separately to prepare the solution of 10mg/l. In
order to restrain the growth of bacterial, the measuring flasks were sterilized in an
autoclave at 121°C and 0.2g NaN; was added into every measuring flask. The
solution prepared were place into three water bath which temperature maintained
at25 4+ 17C,35 = 1°C,45 £ 1°C separately for the duration of experiment.
10ml aliquot of hydrolysis sample was added into 150ml separating funnel, then
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the solution was extracted with 10ml redistilled dichloromethane three times. The
three extracted solutions were added into the same test tube and were evaporated
to dryness in Zymark TuborVap®LV Evaporator, after which 1ml aliquot of
deioned water was added into the tube to dissolve the residue which served as the
sample for analyzing with HPLC. During evaporating, the temperature maintained
at 40°C and the ultrapure nitrogen gas served as shielding gas. All extractions
were performed in triplicate and the results were averaged.

The hydrolytic rate was determined by monitoring the rate of disappearance of
thiamethoxam. The sample’s analyses were performed on a HP1100 high
performance liquid chromatography equipped with diode array detector, Zorbax-
C18 column (250mm x 4.6mmID). Injection volume: 20 1t 1; Column temperature:
25°C; mobile phase: water/acetonitrile (80/20, 1.0ml/min); detector: 254nm. The
thiamethoxam retention time: 5.796min.

The sample hydrolyzed completely was extracted by dichloromethane. The
dichloromethane containing the product from the thiamethoxam hydrolysis was
analyzed with GC-MS after being dried with sodium sulfate. Helium was used as
carrier gas (1.0ml/min). Split injection ( ratio = 50:1) of 111 were made at the
inlet temperature of 230°C. The oven program was as follows: isothermal at 50°C
for 2min, followed by heating from 50°C to 180°C at 10°C/min, finally
isothermal at 180°C for 20min.

RESULTS AND DISCUSSION

The sample of pH 7 and pH 8 were measured for 90days, the pH 9 for 9 days and
pH10 for 4 days at 25°C. The results are showed in Table 1. From the Table 1 we
can see that the thiamethoxam hydrolyzed very slowly at pH 7 and 8. Only 7% of
thiamethoxam was hydrolyzed within 90 days at pH=7 and about 40% of
thiamethoxam disappeared within 90 days at pH=8. With concentration of OH’
increasing, the hydrolysis of thiamethoxam accelerates. At same temperature of
257C, the hydrolysis rate of thiamethoxam at pH 8, 9 is far faster than that at pH 7,
which show that the hydrolysis of thiamethoxam is a kind of base catalyzed
process. Because few available data about the hydrolysis of thiamethoxam at
pH=7 were acquired, the equation of thiamethoxam hydrolysis at pH=7 isn’t
available.

The equations in Table 2 result from data of thiamethoxam hydrolysis at pH=8§, 9,
10. From the Table 2, we can see that the hydrolysis of thiamethoxam fit the first-
order kinetic equation. The results of thiamethoxam hydrolysis at different
temperature are showed in Table 3, from which we can see that the hydrolytic rate
of thiamethoxam rise with the temperature rising at pH=8, 9, 10; At the same
temperature, the hydrolytic rate of thiamethoxam rise with pH rising. The
experimental data were fitted with orgin7.0. The results of the data fitting are
shown in Table 4, from which we can see that the hydrolysis of thiamethoxam fit
the first-order kinetic. The relationship between temperature and reaction constant
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Figure 2. Reaction constant of thiamethoxam hydrolysis at different temperatures.

Table 1. The hydrolysis of thiamethoxam at 25°C.

Time (d) Concentration of thiamethoxam (mg/L)
' pH=7 pH=8 pH=9 pH=10
0 10.000 10.000 10.000 10.000
1 - : 9.422 6.883
2 - g 7.822 5084
3 = - 6.903 3.728
4 o, - 5.181 B
S = - 4.914 =
6 2 - 4.250 =
7 3 - 3.480 2
8 : - 3.080 2
........ 9 s . 2.477 =
10 ] 9.107
30 9.806 6.050
60 9.649 3.640
90 9.302 2.450

Table 2. The equations of thiamethoxam hydrolysis at 25°C.

Reaction rate Half. lives of
Sample equation constant . R
0 hydrolysis (tys)
pH=8  InC=2.3154-0.0162t __ 0.0164 4278d 09972
pH=9  InC=2.3443-0.1524¢ 0.1524 4.55d 0.9957
pH=10 InC=22788-0.3222t 0.3222 2.15d (0.9993
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Table 3. Hydrolysis of thiamethoxam at different pHs and temperatures.

Concentration of thiamethoxam (mg/L.)

Ti
Y pEES pH9 pFE10
25C  35C 45C 25C 35C 45C 25C 35°C 45°C
0 10000 10000 10000 10000 10000 10000 10000 10000
6 - - - 6619 - - 6240
12 - - - - 3.728 - 6733 3853
18 - - - - 2512 - - 2423
24 9235 8688 9422 7192 1603 6883 4513 1517
48 - 7901 782 5468 5084 2184
72 8109 6673 6903 4063 3728 1.070
9% 7448 5755 5181 2010 2713
120 7360 4973 4914 1582
144 6404 4358 4250
168 5824 3808 3480
12 5181 3281 3080
240 9107
720 6050
1440 3.640
2160 2450
Table 4. Equation of thiamethoxam hydrolysis at different pHs and temperatures.
Samol Equatio Reaction Half-lives
ampile quation constant (k) (tg5)
. InC=2.3154 - 4
25°C 6.748 X 10~ 6.748 X 10 1027.19h 0.9972
. InC=2.3191-
pH=8 35C 0.0033t 0.0033 210.05h 0.9887
o InC =2.2823 -
45°C 0.0056t 0.0056 123.78h 0.9956
. InC =2.3564 —
25C 0.0066¢ 0.0066 105.03h 0.9956
N InC=2.3738 -
pH=9 35C 0.0159¢ 0.0159 43.5%h 0.9873
. InC =2.3048 —
45T 0.07711 0.0771 8.99h 0.9984
. InC=2.2772 -
257C 0.0134t 0.0134 51.72h 0.9994
pH= 35T MO gm0 2236k 09998
10 o £ 52988
o, n = 4. -
45°C 0.0785¢ 0.0785 8.83h 0.9999

was displayed in Figure 2. From the Figure 2, the conclusions can be made that
the reaction constant rise with the temperature rising at certain pH; at 45°C, the
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Figure 3. Chromatograms of thiamethoxam hydrolysis (a: thiamethoxam; b:
Hydrolytic product of thiamethoxam).
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Figure 4. Total ion chromatogram of product of thiamethoxam hydrolysis.

reaction constant of hydrolysis of the solution of pH=9 and pH=10 are
approximately equal, which indicates that when the concentration of OH- reach a
certain level, the reaction constant of thiamethoxam hydrolysis is determined by
temperature.

The HPLC pattern of aqueous thiamethoxam after hydrolysis is shown in Figure 3.
From Figure 3, there is only one hydrolytic product apart from the thiamethoxam.
The retention time of this hydrolytic product was longer than that of
thiamethoxam. No further hydrolytic product peaks were observed during the
subsequent degradation of the thiamethoxam, and the hydrolytic product remained
stable thereafter. It was concluded that there was only one main hydrolytic
product of thiamethoxam in basic media, and it was stable in alkaline solution and

not easily decomposed.

947



_ 182 212 247
2 1007 132
® ]
e g0
c
© |
T 44
5 60 ..
< 404
Q 15 73
> .
£ 20 58 l 160
© ]
o 0 || ! “IM l:l. di o1 I'I l‘: L . l”l' .
40 80 120 160 200 240
miz

Figure 5. EI mass spectrum of hydrolysis product of thiamethoxam.
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Figure 6. Proposed mechanism for hydr01y51s of thiamethoxam.

The completely hydrolyzed solution was assayed via GC-MS in electron impact
(EI). The results were shown in Figure 4 and Figure 5. By comparing HPLC
retention time and MS spectrum of the isolated hydrolytic product, the hydrolytic

product was shown to be 3-(2-chloro-thiazolyl-5-ylmethyl)-5-methyl-4-oxo-

oxadiazine.

According to the structure of hydrolytic product, the possible thiamethoxam
hydrolytic pathway (Figure 6) was proposed. Owing to the strong electron
withdrawing character of the NO; group, a small positive change (5 is induced
on the carbon of the C-N group of the oxadiazine ring, so that it is readily attacked

by OH".

948



REFERENCES

Antunes-Kenyon SE, Kennedy G (2001) Thiamethoxam: A new active ingredient
review;,; Massachusetts Pesticide Board, hitp: //www. state. ma.
us/dfa/pesticides/water/ REVIEW _THIAMETHOXAM.pdf

Barb JS, Sparrow FK (2000) Nian E. Simultaneous derivatization and trapping
volatile products from aqueous photolysis of thiamethoxam insecticide. J
Agric Food Chem 48: 4671-4675

Liu HJ, Zh W, Liu WP (2001) Effect of pesticide imidacloprid and its metabolite

~ on soil respiration (in Chinese). Environ Sci 22: 73-76

Liu WP, Zheng W, Gan JY (2002) Competitive sorption between imidacloprid
and imidacloprid-urea on soil clay minerals and humic acid. J Agric Food
Chem 50: 6823-6827

Maienfisch P (2001) Chemistry and biology of thiamethoxam: a second-
generation neonicotinoid. Pest Manage Sci 57: 906-913

Malato S, Caceresa J, Guera A, Mezcua M, Herannda D (2001) Degradation of
imidacloprid in water by photo-fenton and TiO, photocatalysis at a solar pilot
plant: a comparative study. Environ Sci Technol 35: 4359-4366

Phillip G, Chib IS (2004) Soil photolysis in a moisture and temperature controlled
environment. 2. insecticides. J Agric Food Chem 52:2606-2614

Rouchand J, Gustin F, Wanters A (1994) Imidacloprid insecticide soil metabolism
in sugar beet field crops. Bull Environ Contam Toxicol 56: 29-36

Schoz K (1999) Photolysis of imidacloprid (NTN33893) on the leaf surface of
tomato plants. Pestic Sci 55: 633-675

Shan ZhJ, Zhu Zhl., Cai DJ (1998) Study on the environmental behavior of
imidacloprids (1) (in Chinese). Pest Sci Admin 4: 11-15

Shan ZhJ, Zhu Zhl, Cai DJ (1999) Study on the environmental behavior of
imidacloprids (2) (in Chinese). Pest Sci Admin 20: 17-19

U.S. Environmental Protection Agency (2000) Thiamethoxam; pesticide
tolerances for emergency exemptions. Fed Register 65: 79755-79762

U.S. Environmental Protection Agency (2000) Thiamethoxam; Pesticide tolerance
[corn, sorghum, wheat, milk, meats, etc. Fed Register 65: 80343-80353

U.S. Environmental Protection Agency (2001) Thiamethoxam; Pesticide tolerance
[fruits and vegetables]. Fed Register 66: 28386-28397

U.S. Environmental Protection Agency (2002) Thiamethoxam,; pesticide tolerance
[corn as food and feed]. Fed Register 67: 66561-66571

Xuan RCh, Wang QQ, Zheng W (2000) Study on the adsorption of imidacloprid
in soil and interaction mechanism (in Chinese). Acta Sci Circumst 20: 198-
201

Rouchand J, Gustin F, Wanters A (1994) Soil biodegradation and leaf transfer of
insecticide imidacloprid applied in seed dressing in sugar beet crops. Bull
Environ Contam Toxicol 53: 334-350

Yang KW, Mo HH (1994) Method for studying hydrolysis of organic as function
of pH (in Chinese). Environ Chem 13: 206-209

Zheng W, Liu W P (1999) Kinetics and mechanism of the hydrolysis of
imidacloprid. Pestic Sci 55: 482-485

949





