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Abstract

Controlled release formulation (CRF) of the insecticide acetamiprid was made using tapioca starch, urea and sodium borate.
The data show the recovery of this CRF process is >95.43%, there is no obvious difference with increase of sodium borate added
however, with the increase of urea in the mixture, the formulation has a decrease recovery. In stability test, the decomposition
rate of acetamiprid CRF was less one tenth than that of the acetamiprid emulsifiable concentrate (EC) under UV radiation. The
release kinetics of acetamiprid from granules with variation content of urea, sodium borate and granule sizes were evaluated
in water under laboratory condition. The release data were fitted to the generalized Mpdet kt", whereM/M; is the
percentage of insecticide released at tideandn are constants, antis constant that indicates the mechanism of release. The
results indicated that the release of acetamiprid was diffusion-controlled. The time taken for 50% of the active ingredient to be
released into wateflso, was also calculated for the comparison of formulations. The results showed that the formulation with
the increasing urea in formulation had the higher valuggfwhich means a slower release of the active ingredient, while that
the formulation with the increasing sodium borate in formulation had the lower vallig,afhich means a faster release of the
active ingredient. It was also found that as the size of this formulation decreased, the release of the active ingredient was faster
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction nematodes and fungi that attack plants and transmit dis-
eases. Pesticides, however, require repeated application
Pesticides are employed in agriculture to improve at targeted sites during the growing season to replace
crop yields by controlling pests such as weeds, insects, losses due to volatilization, leaching and degradation.
Repeated pesticide application, it is undesirable be-
"+ Corresponding author. Tel.: +86 21 64785941/595908; cause of high costs and possible phytotoxicity, and be-
fax: +86 21 64787938, cause certain pesticides are well known environmental
E-mail addressytlu@sijtu.edu.cn (Y. Lu). pollutants. Various pesticide compositions and meth-
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ods for preparing them have been developed in attemptis a new insecticide. Besides contact, stomach poi-
to enhance pesticide efficacy so that less pesticide maysoning, it has strong osmotic and systemic action.
be used and to reduce the need for repeated applicationWith the special active mechanism, it can kill those
Exemplary of such compositions include controlled insects which have resistance to organphosphorus
release formulations (CRFs) which have become in- and other insecticides. It can be used on vegeta-
creasingly popular due to safe handling and ease of bles, melon plants, fruit trees, wheat, tobacco, mur-
application. phy, tea, cotton, etc. to control sucking insects in-
CRFs have the potential to reduce the environmen- cluding aphids, leafhoppers, leafminer moth, fruit
tal problems associated with the application of pes- moth, thrips, whiteflies, termites, and some beetle
ticides. The use of CRFs can, in many cases, sup-species, such as colorado potato beetle. It is used
ply the active ingredient (a.i.) at the required rate as seed dressing, soil treatment, and foliar treatment
for pest control while decreasing the total amount in different crops Tomlin, 1999. This insecticide is
of chemical needed, thereby decreasing the risk to widely applied in China, normally used as emulsifi-
the environment, savings in manpower and energy able concentrates (EC), seed treatments and wettable
by reducing the number of applications required in powders.
comparison to conventional formulations, increased  The present study provides an improved CRF com-
safety for the farmer or pesticide applicator, and prising a pesticide which is alkali-sensitive or high
a general decrease in nontarget effec®ehfeiber temperature-sensitive encapsulated in a polymer ma-
et al., 1993. The use of biodegradable polymers in trix of starch—borate—urea, and also provides a method
CRFs is one area which is expected to grow in the for preparing the CRF so that pesticide release rate and
future Wilkins, 1990. Much of the work carried out  release period can be adjustable. The objective of the
to date on agricultural CRFs has concentrated on de-work was to gain a better understanding of the release
vices using substrates such as starch, bentonite, kraftmechanism of the acetamiprid CRF. The effect on the
lignin, and alginate Mehltretter et al. (1974)stud- release rates of acetamiprid with the addition of urea,
ied the release of 2,4-D from several starch formula- sodium borate and different granules size were inves-
tions and found them to exhibit desirable release rates. tigated.
Boydston (1992found reduced leaching of norflura-
zon and simazine in soil columns when they were ap-
plied in starch-based granules as compared to the other2- Materials and methods
commercial productssish et al. (1994andSchreiber
et al. (1993)have also shown that these formulations 2.1. Chemicals
are beneficial in that they significantly reduce atrazine
leaching, and the greenhouse and field test of starch- The starch was a commercially available tapi-
based CRFs have been summarized by Schreiber etoca starch (85.5%, Zhongshan food factory, Guangxi,
al. Starch is a naturally occurring biodegradable ma- China). Urea, sodium borate were lab reagent grade.
terial, which is readily available, is inexpensive, and Methanol was chromatograph reagent (Shanghai ex-
has shown promise in the area of pesticide formula- Periment reagent Co. Ltd., China). Technical grade
tions Shasha et al., 1976, 1981, 1984; Trimnell and acetamiprid (98.5%) and its standard (99.6%) were
Shasha, 1990 Urea was used as one of additives in friendly supplied by Sanonda Zhengzhou Pesticide
these study, additives not only improve the properties Co0. Ltd. (Henan, China). Acetamiprid molecular for-
of the formulations but also affect the release kinetics. Mula and selected properties are as followsn(lin,
Urea s also a good fertilizer, inexpensive, and environ- 1999: molecular formula, &H11CIN4; molecu-
mentally safe. The starch and urea can form urea-starchlar weight, 222.68; melting point, 98€; vapor
polymer in the presence of sodium boraterf, 1990 pressure (20C), 1x 10-®mmHg; water solubility
Wang and Wu, 2003this polymer as matrix of formu- ~ (25°C), distilled Water, pH 5, 7, 9 are, respec-
lation provide timed release of the active ingredient.  tively, 4.25, 3.48, 2.95, 3.96 gL; octanol/water par-
Acetamiprid  ((E)N-[(6-chloro-3-pyridinyl)meth- tition coefficient,Kqw =6.27; the structure is shown in
yl]-N-cyanoN-methylethanimidamide GH11CIN) Fig. 1
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CH; powder, into small starch-coated granules. The resul-
/ \ cH 1\1 tant starch-coated particles have a particle size ranging
N\ CH; between about 0 and 2.83 mm. These particles are sub-
CH sequently dried at a temperature about 40:50the
N drying process is performed for a period of time about
20 h to reduce the water content of the particles to less
Fig. 1. The structure of acetamiprid. than 10 wt.%.
In this study, the granules were formed by mix-
2.2. Instrument ing the tapioca starch, acetamiprid, urea, water and
sodium borate in different ratiog¢ble 3. On cool-
Model JB-10 high-speed blender (Chongging de- ing, the glassy matrixes were crushed in a hammer mill
gold science and technology Co. Ltd., China); Model or blended and then sieved to obtain same size granules
1200 ultrasonic bath, Model CHM hammer mill (1.0-1.68 mm). A code for the formulations was used,
(Shanghai machinery and instruments Co. Ltd., China); ASBU[M]where A represents the active ingredient (ac-
Model SY serials wire mesh sieve (Anping county etamiprid), B is the mount of sodium borate, S is the
wire and wire mesh factory, Hebei, China); High per- tapioca starch, U is the urea added in the formulation
formance liquid chromatograph LC-10A (Shimadzu, (w/w), and M represents the size range (mm). In order
Japan). BH-2 Olympus microscope with digital camera to examine how does the granules size affect the release
(Olympus, USA); 36W UV germicidal lamp (Philips  rate of the CRF, formulation ASRJ,g was crushed in
lighting company, USA). a hammer mill and sieved to obtain different granules
of size: 0-0.50, 0.50-1.00, 1.00-1.68, 1.68—2.83 mm.

Cl
N__

2.3. Preparations process
2.4. Analysis of acetamiprid in the granules

The controlled release pesticide formulation are
manufactured by admixing tapioca starch powder, ac-  Granules (100 mg) were treated with methanol
etamiprid, urea and water in suitable ratios and dispers- (25 mL) in an ultrasonic bath for 10 min. This led to the
ing the mixture with high-speed (1200 rpm) blender at complete disintegration of the granules. After standing
atemperature ranging between 60 and@0for about for 24 h at room temperature, the mixture was soni-
10-15min to gelatinize the starch and to thoroughly cated for a further 10 min and then filtered quantita-
and uniformly disperse the pesticide in the gelatinized tively through a syringe filter (0.2m). The volume
starch. Sodium borate is then mixed into the gelatinized was then made up to 50 mL with methanol, and the
mixture to convert the mixture into arubbery mass. The resulting solution was then diluted 1:4 with methanol
rubbery mass is then ground, under high-speed blenderand analyzed for the acetamiprid using HPLC. Three
or hammer mill and in the presence of additional starch replicates were carried out for each formulation.

Table 1

Different composition of acetamiprid CRF

Component (g) Acetamiprid Water Urea The first starch Sodium borate The second starch
for gelatinization for grinding

ASBsUp 12 70 0 50 5 60

ASBs5U19 12 70 10 50 5 50

ASBsUj5 12 70 15 50 5 50

ASBs5U>20 12 70 20 50 5 50

ASBsU3s5 12 70 25 50 5 50

ASByU20 12 70 20 50 0 60

ASB> s5U20 12 70 20 50 5 50

ASB7.5U20 12 70 20 50 Y] 50

ASB10U20 12 70 20 50 10 50
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2.5. HPLC analysis where My/M; is the percentage of active ingredient

released at time; k, the constant that incorporates

The aqueous samples from the staticimmersion testscharacteristics of the macromolecular network sys-
and the methanol extracts of the pesticide matrices weretem and the active ingredient; anm the diffusion

analyzed using a reverse phase column (Spherisorbparameter that is indicative of the transport mech-

ODS, 220 mmx 4.6 mm, Sum packing) and detection  anism. All the experiments were done in triplicate
on a variable wavelength UV detector at 254nm. A plates.

flow rate of 1 mL min! was used, with a mobile phase
composition of methanol and water (60:40), injecting

volume 10uL. 3. Results and discussion

2.6. Stability test 3.1. The acetamiprid recovery of the process

CRF granules (50 g) were packed in glass tube and A suspension of tapioca starch powder, acetamiprid
stored at 40, 50, 60C for a period of 60 d, then ana-  and urea in water was formed and gelatinized by high-
Iyze the active ingredient Changes; stability against uv Speed agitating blender at a temperature ranging be-
radiation was assayed by exposing samples to a 36 Wiween 60 and 80C for 10 min, with the addition of
germicidal lamp (254 nm) at a distance of 20 cm about sodium borate, the gelatinized mixture was convertinto

48 h, then analyze the active ingredient changes, theg rubbery mass, therefore acetamiprid was encapsu-
3% acetamiprid emulsifiable concentrates was teSted|ated into rubbery mass in the presence of additional

as a control in the same time. starch powderTable 2shows the total of acetamiprid
added in the initial mixture, extracted from granules
2.7. CRF structure under microscope and the recovery of the process. The data show the re-

covery of this CRF process is >95.43%, there is no ob-

The acetamiprid CRF granules were carefully cut vious difference with increase of sodium borate added,

to expose the crosssection without deformation of the and with the increase of urea in the mixture, the formu-
granules, the structure of the granules were observedlation has a decrease recoveFgble 2shows that the

with various magnification under Olympus BH-2 mi- losses of the acetamiprid on formulating with starch,

croscope. urea, sodium borate and water were relatively low, be-
tween 1.18% and 4.57%. Losses of acetamiprid are
2.8. Static immersion tests ascribed to the evaporation, degradation, or hydroly-

sis of the acetamiprid on heating with other additives.

Granules (1g) were immersed in double-distilled It may be ascribed the encapsulated acetamiprid to be
water (300 mL, pH 5.5-6.5) at room temperature, with incompletely extracted.
three replicates for each formulation. Samples were
taken for analysis by HPLC every day for the firstweek, 1,pc 2
after 7 d, and then every week thereafter. After each The acetamiprid recovery of the preparations process
sampling time the water was replaced with fresh water co . iation ~ Added (g)  Extracted (g)
to maintain sink conditions.

Recovery (%)

ASBsUg 11.82 11.68 98.82

ASBsU1g 11.82 11.61 98.22

2.9. Treatment of data from release studies ASBsUss 11.82 11.55 97.71
ASBsUzg 11.82 11.44 96.78

The release data was analyzed by applying the em-ASBsUzs 11.82 11.28 95.43

. - ) ASByUzg 11.82 11.63 98.39
pirical equation proposed Iiitger and Peppas (1987) ASBy sUso 11.82 1136 96.11
ASB;7.5U20 11.82 11.58 97.97

M, ASB10U20 11.82 11.46 96.95

= kt"
M, The weight of extracted acetamiprid was a mean of three replicates.
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Fig. 2. Micrographs of the structure of acetamiprid CRF (£0R00x).

3.2. Micrographs of the CRF structure preparation produces the slowest acetamiprid release.
The formulation with the same size can be ranked in
Fig. 2 presents micrographs of encapsulated ac- order of increasingsg values:
etamiprid in a polymer matrix of starch—borate—urea at
different magpnifications, the acetamiprid encapsulated ASB5Uo < ASBsU10 < ASBsUss < ASBsUzo
in starch is of different diameters various between 2 — ASBsU,s5

and 20um.
The possible mechanism may be describeffigs4a

or b (yun, 1990 Wang and Wu, 2003 Fig. 4a
shows the tapioca starch could be modified into
dialdehyde starch with sodium borate as catalyst, the
dialdehyde starch prefer to react with urea and produce
cross-linked starchi-ig. 4b shows the tapioca starch

3.3. Release kinetics

3.3.1. Effect of urea added in the mixture on the
release of acetamiprid from CRF

The cumulative release of acetamiprid from
granules with various content of urea, same size |,
(1.0-1.68 mm), is shown irFig. 3. In this study,
technical acetamiprid was completely dissolved in 4 h,
and the treatment ASRRJp[1.0-1.68] was completely
dissolved in 14 h. InFig. 3, the slowest release of
acetamiprid is from treatment ASB25[1.0-1.68]
granules. The other release data were analyzed by
applying the generalized mod&i/M, =kt". There is a
good correlation of the release profiles of acetamiprid
granules with the empirical equation. The correlation
coefficients ) were higher than 0.9947. Thevalues
ranged from 0.47 for the ASf8)10 [1.0-1.68] to 0.57
for the ASB;U>5 [1.0-1.68] (Table 3. The n values
close to 0.5 indicate the release is diffusion-controlled 0
(Ritger and Peppas, 1987The Tsg value was calcu-
lated for the formulations. These values are also shown
in Table 3 The higher value oTsg corresponds to the  Fig. 3. cumulative release of acetamiprid from granules into static
ASBs5U»5 [1.0-1.68] matrix, which means that this water with various content of urea.

0.8}

0.6}

—&— ASB5UI0[1.0-1.68]
—8— ASB5U15[1.0-1.68]
—A— ASB5U20[1.0-1.68]
—>— ASB5U25[1.0-1.68]

0.4}

Cumulative acetamiprid release

0 2 4 6 8 10
Time (weeks)
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Table 3
Constants from fitting the generalized modé{/M, =kt", to the release data of acetamiprid in water from granules with various content of urea,
sodium borate and different granule sizes

Formulation k (weeks)" x 1072 n r Tso (weeks)
ASB5U10[1.0-1.68] 32.54 0.47 0.9947 1.65
ASB5U15[1.0-1.68] 32.34 0.54 0.9979 2.25
ASB5U20[1.0-1.68] 27.86 0.57 0.9984 2.77
ASB5U5[1.0-1.68] 25.94 0.57 0.9990 3.16
ASB; 5U20[1.0-1.68] 24.78 0.61 0.9986 3.18
ASB7.5U20[1.0-1.68] 31.57 0.55 0.9980 231
ASB19U20[1.0-1.68] 35.97 0.51 0.9983 1.90
ASBs5U20[0-0.50] 45.55 0.46 0.9951 1.23
ASB5U20[0.50-1.0] 37.83 0.49 0.9968 1.77
ASBs5U»([1.68-2.83] 24.38 0.59 0.9990 3.37

could be hydrolysed intm-(+)-glucose with sodium
borate as catalysh-(+)-glucose can react with urea study carried out with treatment AgB20[1.0-1.68]
and produce urea-starch reshig. 4a and b illustrate  as control showed that, in this case, granules were
that urea was used as one monomer for synthesiscompletely dissolvedni 1 d (17.8h). The other
polymer, with the increasing of urea, the urea-starch release data were also analyzed by applying the
polymer molecule should be larger. The results also generalized modeM/M,=kt" (Table 3. There is a
showed that the formulation with the increasing urea good correlation of the release profiles of acetamiprid
in formulation had the higher value dfsg, which granules with the empirical equation. Timevalues
means a slower release of the active ingredient. ranged from 0.51 for the ASBU20[1.0-1.68] to
0.61 for the ASBsUp0[1.0-1.68]. Then values
3.3.2. Effect of sodium borate added on the close to 0.5 indicate the release is diffusion-
release of acetamiprid from CRF controlled. TheTsg value was also calculated for
The cumulative release of acetamiprid from the formulations. The formulations with the same
granules with various content of sodium borate, size can be ranked in order of increasifigo

same size (1.0-1.68 mm), is shown kig. 5 The

CH0H CH,OH )_%
I | ~ —+CH HC—O—t
CH—O_ | i |
ac H\C 1,0 Heat /CH—O\P‘l H>NCONH, (‘jHOH CHOH
— 0O HY = - T
\(I)H Cl/LO NaB,0, |H g é/LLO NayB407 NH II\JH
| | I-‘I (H) C|:O (‘::()
t ot n n I NH  NH—
— -n
(a)
[ cH.0H B CHO - CH-NH-C—NH |-
H OH OH
CH—O
HC/ \(lj H,0 Heat nHO H,NCONH, HO
ou H 3 —_—
_J\cl é/ I—o-_ Na;B405 oH NaBiO; OH
| ] OH OH
H
L OH | CH,0H CH,0H A

(b)

Fig. 4. The possible mechanisms of development a polymer matrix of starch—borate—urea.
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—B— ASB5.0U20[1.0-1.68]
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0.2

Cumulative acetamiprid release
Cumulative acetamiprid release

0.2 1 1 L
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Time (weeks)

0 2 4 6 8 10 . . o o
Time (weeks) Fig. 6. Cumulative release of acetamiprid from A%Bg with dif-

ferent granules sizes.

Fig. 5. Cumulative release of acetamiprid from granules into static

water with various content of sodium borate. face area of the matrix being exposed to water, along
a smaller distance over which the acetamiprid must
values: diffuse from the center of the granule. Similar results
were obtained for the release of diuron and imidaclo-
ASBoU20 < ASB10U20 < ASB75U20 < ASBsU20 prid from granules based on a lignin matrix system
< ASB,5Us0 (Cotterill et al., 1996; Ferandez-Rrez et al., 1998
The data were fitted to the generalized model; the
The possible mechanism may be describeHim 4a constants obtained from this model afigy values

or 4b (vun, 1990 Wang and Wu, 2003 which show are given inTable 3 The n values ranged from 0.46
the sodium borate was used as catalyst in forming urea-for the ASB;U,q [0-0.50] to 0.59 for the ASBU»q
starch polymer, an optimal rang of sodium borate con- [1.68—-2.83]. TheTsg values ranged from 1.65 weeks
tent should be selected. The optimal molecular weight for the smaller granule size (0—0.50 mm) to 3.16 weeks
couldn't be obtained with less sodium borate; on the for the larger granule size (1.68—2.83 mm).
other hand, sodium borate would be used as a carry ma-
terials when the content of sodium borate more thanthe 3.4, Stability of CRF
maximal content. It is well known that the release rate
from polymer matrix is found to increase with increas- To determine the effect of temperature variations
ing amount of a water soluble, low molecular weight and stability against UV radiation, acetamiprid CRF
additive. In this study the optimal rang of sodium bo- and EC were stored at 40, 50, 8D for a period of
rate should be between 2.5 and 5.0g. The results alsogQ d, and the results of the active ingredient changes
showed that the formulation with the increasing sodium \vere determined by HPLC described as abdable 4
borate in formulation had the lower value @bo, showed that acetamiprid CRF was more stable than the
which means a faster release of the active ingredient. acetamiprid EC under high temperature. The decompo-
sition rate of acetamiprid EC was more ten times than
3.3.3. Effect of granules size on the release of that of the acetamiprid CRF, the later had no more than
acetamiprid from CRF 3% decomposition rate under UV radiation test. A for-
To analyze the influence of the granule size on the mulation with good stability against UV radiation and
release rate, the ASB,o formulation was used. The temperature has many advantages in preparation, stor-
results are shown ifig. 6. The smaller granule size  age, transportation and application. Acetamiprid CRF
(ASBs5U20[0-0.50]) results in a faster release of ac- can have a number of advantages over acetamiprid EC:
etamiprid. This was as expected due to a higher sur- have longer residual biological activity; may reduce
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Table 4

CREF stability effected by temperature and UV radiation

Tests Content of acetamiprid Acetamiprid CRF (%) Acetamiprid EC (%)
Initial 8.24 3.16

Storage at 40C for 60 d After storage 8.18 3.12
Decomposition rate 0.73 1.27
Initial 8.22 3.18

Storage at 50C for 60 d After storage 8.08 3.06
Decomposition rate 1.70 3.77
Initial 8.28 3.14

Storage at 60C for 60 d After storage 8.02 2.86
Decomposition rate 3.14 8.92
Initial 8.26 3.16

Irradiation at 254 nm for 48 h After irradiation 8.04 2.08
Decomposition rate 2.66 34.18

Data are the means of triplicate samples.

mammalian toxicity; control or reduce evaporation of and is releasable from these particles, hence providing

pesticide; may reduce phytotoxicity to the crop; reduce an added fertilizing effect for the pesticide formula-

fish toxicity; reduce groundwater leaching; reduce sol- tions ofthe present study. The present study provides an

vent usage in the formulation; reduce the pesticide ap- improved CRF comprising a pesticide which is alkali-

plication rate. sensitive or high temperature-sensitive encapsulated in
a polymer matrix of starch—borate—urea, and also pro-
vides a method for preparing the improved pesticide

4. Conclusions formulation so that pesticide release rate and release
period can be adjustable.

The use of tapioca starch, urea, and sodium bo-
rate for the preparation of CRF was studied. The data
showed the recovery of this CRF process is >95.43%, Acknowledgment
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