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Abbreviations (as they appear in the report> 

' IFJIPAP - legional Network on Pesticides for Asia and the Pacific 

lllIDO - United Nat ions Industrial D!velopment Organization 

ACll - Axricultural Che•icals Research Institute 

nrc - International Technique Cooperation Center 

- lural D!velopment Ad•inistration 

FAO - Food and Agricultural Organization of the United Nat ions 

IAEA - International Atomic Energy Agency 

- United Nat ions D!velopment Programe 

CSF - Cesellschaft fur Strahlen und Ull9eltforschung, Jlmich 

- Controlled lelease Form1lationts> 

IBP - Iprobenfos, tlitazin P> 

- 2-sec-butylphenyl methylcarha•te, tfenobucarb> 

Cl - granules 

IP - wett&ble powder 

EC - emulsif iable concentrate 

SL - soluble concentrate 
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ABSTRACT 

Title: Controlled lelease Pesticide For .. lation 

Project No: Jl>/IAS/881'131/ll-5~ 

Objectives: - To review activities of the Pesticide For .. lations Unit at 

the Agricultural Chellicals lesearch Institute. 

lural Development Mainistration. Su.eon. lepuhlic of lorea: 

- to assist in selecting formlation types and •terials. and 

- to •te further rec~ndations within the scope of CIF. 

in accordance with the needs of the countr1. 

a.rat ion of the aission: 1 aonth. Septeaher 1991 

As the •in conclusion of the aission. selection of pesticides and formlating 

agents for CIF could he •naged. The selected pesticides are as follows: 

IBP. tricylazol. prohenazol, isoprothiolane (fungicides>. butachlor, aetolachlor, 

pendiaethalin,napropaaid (herbicides). fenitrothion. diazinon. BPIC and cartap 

(insecticides). As formlating agents naiural polymers were rec.-nded. rather 

than theraoplastics. Such natural polymers include polJS&Ccbarides,lite algi­

nates and cellulose derivatives. lite hJdroxy-etlql-cellulose. 

COllbinat ion of pesticides and fertilizers in CIF •s ::-eprded as a good 

opportunity to i.,rove appl lcat ion technique and to save costs of application. 

Urea, as the •in fertilizer for paddy-rice, has heen selected. 
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I . INTIOJIJCTION 

A. General re•rts 

One of the •jor deficiencies in current pesticide technology is 

that pest control •Y he yery te11PDrary even with the best 

pesticide available. Pesticides •Y often he applied in excessive 

uounts to mintain the necessary leyels of activity during the 

time period for which pest contrl'l is most urgently needed. 

Losses to the environment and from environmental actions prevent 

most of the pesticide from reaching its hiocheaicals sitels) of 

action in target species. 

Ne• formulation technology can he higher effective in increasing 

pesticidal effectiveness. A few of the parameters of pesticide 

efficiency that can he iaproY'ed with better formlations include 

volatility, photodecomposition, and poor penetration into target 

species. This field is in its infancy, and research on formlation 

needs to he greatly expanded, especially in controlled re lease 

f "?Chnology. 

Within the IENPAP project, the Pesticide Form lat ion Croup of 

ACll, IDA, decided to •Ice more efforts moving into this modern 

direction of pesticide formlations and requested a one-month 

consultation froa lllDP and lllIDO. 



-6-

B. Controlled release concept 

CIF of pesticides are defined as depot systeas which continously 

release their toxic constituents into the environ11ent over a 

~ified period of tiE. usually months to years ( l>. According 

to this def il,it ion • such formlat ions can he successfull't 

e11Ployed where a chronic exposure to biologically active compounds 

is required over a longer period. 

Initial wort was concerned with the production of protective coatings 

for sonar systeas in mrine ecosysteas. BJ means of antifouling 

paints or rubber coatings containing tri-n-butJl-tin oxide. 

the growth of marine organisas on sonar domes. buoys and hulls in 

the water could he effectively prevented (2.3>. 

C. Systeas for CIF 

Controlled release systeas are divided into two main groups such as 

the group of ~sically incorporations and such as the cheaicallJ 

linked ones. which again are further subdivided (4). 

Ph.Ysical systems 

ligration control by Ellhranes: - aicroencapsulation 

- mc1·oencapsulat ion 

- other Ellhranes 

ligration control without Ellhranes: - capillary systems (hollow fibres> • 
- porous polymeric sub.citrates and roams 

- po13'118ric gels 

- osaot ic PllllPS 

• 
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l.aainate systems 

lonolithic systems: solutions and dispersion in non-porous polymers 

Cheaical systeas 

Ionic linked pesticides 

Covalently bound pesticides 

- Migration ~ithout .. trix erosion 

- Migration cused by matrix erosion 

- copolymers with pesticidal coaonoaers 

- polymer analogoos reactions of 

pesticides with polymprs. 

D. Advantai:es and disadvantages of CRF 

Ba;sed on the structure principle, CIF have a nuaber of P.dvantages: 

- reduction of the mtllmBlian toxi~ity of the for11Ula~ions: 

- reduction of phytotoxicity; 

- reduct ion of active constituent losses through evaporat ior. and oc-epage 

- r~uct ion of active substrates degradation (in the •tr ix>; 

- reduction of an environmental contaaination with pesticides, and 

- prolongation of the period of activity. 

Compared to the advantages, there are also several fundamental disadvantages 

connected with these for11Ulations, which .. te it necessary to carry out a 

risk/henef it analysis in each individual case before expensive new 

develo)lllents are initiated froa the 11Ultiplicity of for11Ulation 

possibilities. Th£ following points represent, to date, a large 
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unknown quantity: 

- beha\•iour of the polymer mtrix in the environEnt: 

- beha\•iour of polymer additives such as plastici2ers. stabilizers. 

antioxidants. etc .• in the environEnt. as well as 

- the J,ong-ter• behaviour of the degradation products of the matrix and 

the additives at the application site. and their transfer i~to 

other:- environEntal aedia. 

I . ACTIVITIES 

A. l.eview of previous activities of the group 

l. Pesticice for11Ulations in general 

The working group started its activities 1981 and mule considerable contri­

lilltion 198'. to the field of pesticide for11Ulations. It developed e. g. a 

aicro - granule for11Ulation \5) against the rice plant insect, 

brown pl11\l hopper (~ilaporvate lugens>. which allows to increase the 

depositi>n of pesticides on the rice shoots and decreases drift to other areas. 

fur~her!aore, the group developed a very effective fu•igant for11Ulation for 

greenhc use applications, which considerable reducing contamination of plants 

and so I. 
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2. Controlled. release formulati&ns 

Within a FAO/IAEA project (IOl/5/925), the group carried out 1985/86 

some CIF, using radiolahelled. pesticides for evaluating properties of 

formlations. 

These activities included. pesticides lite tricyclazol and IBP for 

illPl"oving efficacy of formlations in the control area of leaf and 

neck blast (Pyricularia oryzae> of rice plants (Oriza sativa L., 

chucheongbyeo >. Some natural polymers, lite starch and 

kraft lignin were used as formlating agents. The group al~.o tested. 

a hydroQ-ethyl-cellulose {Natrosol> - carbofuran formlation, which 

was developed by the expert { 6). and supplied. 1986 by IAEA. 

Since the group joined late to the terainatig project {(see IAIA Final 

Report, (7)) no significant progress could he reached during the short 

period. 

B. Selection of problea areas and of pesticides 

1. Paddy rice 

It could be agreed after intensive discussions that the min target for 

pesticide applications, thus for application of CRF is the rice paddy 

{Annex I ) , with its attaoing pests. The most serious problea is on 

one hand the fungi, rice blast, which occurs in two foras, namely the 

leaw blast and the neck blast, and on the other hand the insect 

brown plant hopper. During this period, fungicides are applied 3 to 4 times. 

To reduce application frequencJ CIF could help to support fighting 

against fungi deseases. fungicides selected in order of priority are: 
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tricyclazol, 12 (Annex IV): IBP, 6: probenaz!!L_ 11: 

and isoprothiolane, ,7. 

The brown plant hopper appears fro• July to Septellber. The application of 

insecticides during this period is not very succesful for two reasons. Firstly, 

the widely used syste•ic insecticide carbofuran will not be taken up by plants 

in necessary toxic quantities because of the slow biological activity of 

the plants. And secondly, sprays hardly re:teh the lower part of the 

steas, where insects sitting. Thus, high quantities of pesticides 

has to be used to eli•inate the insects, short befor ripeness of grain. 

CBF could significantly help to solve these probleas. 

The less toxic (than carbofuran> carbamte insecticide, BPMC, 1. the 

bis-thiocarbamte, cartap, 3, and furthereaore the aost widely used 
herbicide butachlor 2 have been selected for this area. 

2. Veget.lbles, fruit-trees 

r.enerally occuring insects like moths, aites etc. on vegetables and fruit 

trees are widely treated with the insecticides diazinon, 4 and 

fenitrothion, 5, which are selected for CBF, as well. 

To improve herbicides efficacy for upland applications, following 

herbicides have been selected (in order or iaportance): )!filldimeth~•in, 10: 

napropa•id, 9 and metolachlor, 8. 
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c. Selection or rorlllllating agents 

First priority for selecting for11Ulation 11Bterials was to review possiblP 

atural sources, like agricultural wastes in Republic or Korea. Since 

those materials are few and mostly used for animal feed or as a 

soil nutrient, further searching was necessary. It was agreed, that 

artificial polymers are less practicablP in the selected problea areas. Thus, 

natural polymers should re•in the choice of quality. 

m . RECOMMENDATIONS 

A. Recowndations to the group of AClI 

Accord;ng to his experience ( &,8). expert reco11Ended 

to use polysaccharides (e. g. alginates) for less water soluble pesticide 

formulations, and to use cellulose or llOdified cellulose (e. g. 

hydroxy-ethyl-cellulose) for aore water soluble type or pesticides. 

~cording to the purchase of such mlterials, a most econo•ic appro~ch 

should be considered. tlastes, e. g. shells of coconut from Philippines 

or latex fro• tro~ical countries could be considered). 

According to the phisical-che•ical properties of the pesticides selected 

for Cllf ~ AnnPx IV >, following recomendat ions were Mde. 
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Action and 
Area of Appl . 

For .. alt ing 
Agent 

Type of 
Formlation 

--------------------------------------------------------------

l> BPllC 

2> Butachlor 

3) Cartap 

4> Diazinon 

non-systeaic 
I. rice 

systeaic H, rice 

non-systeaic I. rice 

non-systeaic I 
upland 

A + Ca. 
poss:ble 
coabination 
with carriers 

A + Ca 

CB. 

CR - CR 

N - cross linked CR CR 

A + Ca SL - CR 

5> Fenitrithion contact I. vegetables A+ Ca SL - CR 

6) IBP systeaic I, rice A + Ca CR - CR 

7) Isoprothiolane systeaic F A + Ca CR - CR 

B> lletalochlor upland H. vegetable N - cross linked CR - CR 

9) Napropaaid upland H. fruit trees A + Ca CR - CR 

10> Pendiaethalin pre-eaergeoce H. 
upland 

11) Probenazol f, rice 

12) Tricyclazol f, rice 

A + Ca GR - CR 

A + Ca CR CR 

N - cross linked CR CR 

---------------------------------------------------------------------
I = insecticide, F = fungicide, H = herbicide, A = sodiu• alginate, 
Ca = Ca ions e.g. fro11 CaC12, N = natrosol (hydroxye·.:.hyl-cellulose> 

B. RP.comendation to UNIDO 

Further support for this important area of work needs technical and 

additional training inputs. 



-13-

JV . CONCWSION 

Exper" discussed probleas of pest control in the Republic of lorea 

and selected pesticides and formulating agents for CRF, together with 

the staff of ACRI. 

He carried out some alginate for1a1lations for laboratory and greenhouse 

testing. 

He furtheremore assissted in separation of inpurities of the technical 

grade herbicide butachlor, and held two seainars, entitled: 

1) Controlled Release Pesticide For1a1lations with Natural and Artificial 

Polymers, 14 Septellher, 1991, and 

2> Pesticides of the Future, 21 Septellber, 1990. 

After clearance with the Enageaent of his reserch center in Jlbmich, 

expert will offer a training facility for Mr. Jin-Hwa Kia in Jtlrch/April 

1991 at the CSF - Institute of Ecological Cheaistry. 
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~" UNIDO 
~ 

B. Sugavanam/rp "-.. 
25 Ha'\· t 990 

UNITED NATIONS INDUSTRIAL OEVELOPMENT ORGA!'li!IZATION 

JOB DESCRIPTION 
DP/RAS/88/031/11-59 

Posttitle Consultant on R&D for controlled release pesticide formulation 

Duration 1. 0 m/m 

Date required October 1990 

Outystation Suweon, Rep.of Korea 

Purposeofproject To provide regional co-operation in the safe develo;:r:1ent of 
management of pesticides in the Asia region. 

Duties 1. Recent approaches on controlled release formulat::..:m of 
pesticides 

2. Formulation techniques using biodegradable natural polymers 

3. Pesticide formulation techniques using thermoplastic polymers 

4. Quality control measures and evaluation schemes cf controlled 
release formulation quality 

Appl1eat1oni and commun1c1t1ons re9ard1n9 tt11s Job Oescr1pt1on should :t sent to: 

Project Personnel Recruitment Section. Industrial Operations 01v•s.on 

UNIOO. VIENNA INTERNATIONAL CENTRE. P.O. Box 300. V1enn2. Austria 

• 
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forr:iul.nion ch.·::-.1st w1:h l'Xp••rit•nc•• ir. rh•· .1r•·.1 ol 

pt>sticid .. ch.•misrr\", pt\"sics and polymer sci••nc•• 

English 

Asia region, during the last 20 years, has developed 
infrastructure and facilities for pestici~e manufacture 
and formulati,n. The increase in consumption of fertilizers 
and pesticides is reflected in the great leap forward in 
agriculture production in many countries. This has resulted 
in many countries becoming self sufficient and a few countries 
becoming major exporters of food grains, fruits and cash 
crops. 

The increased production and use of pesticides also 
brought with it awareness to the safe development of pesti­
cide production and use. As an innovative approach, UNDP/ 
UNIDO sponsored a project in 1982, to have a regional 
approach to address to the various problems associated with 
the production and use of pesticides. Thi~ project in its 
first phase provided training, consultancy services and 
organi1eu seminars, workshops, covering number of aspects 
related to pesticides. These areas included: 

- Harmonization, trade and tariff regulations; 

- Quality control; 

- Formulation technology; 

- ToxicolCJgy; 

Regional harmonization in registrction of pesticides; 

- Regional pesticide data collectio~; 

- Residue analysis. 

6ased on the benefits accrued , th~ project has been 
extenrled till 1992 and will put emphasis on formulation, 
effluent control, environmental toxicology, quality control 
and residue analysis. ~art part of this programme, the 
formulation technologyiis 6:ing organi~ed in New Delhi in 
collaboration with the festicide Development frogramme India. 
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ANNEX I 

Persons contacted 

Position Affilat ion Address 
-------------------------------------------------------------------

Dr. Young-Sun Part Actl. IDA 249 Seodundong 
l.eonsuntu 
Suwoen 441-111 

Dr. Chae-Yun Cho 00 nee, RDA 

Dr. Young-Ho Jeong Director Pest.Chea.Div. 

Dr. BJung-Youl Oh Head Formlation Lab 

Dr. Jin-U. Ii• In charge CIF Formlation Lab 

Dr. )Jung-Hun Song Head Cheaistry Lab 

Dr. Oh-lyung leon Jun. IP.searcher Che•istry Lab 

Dr. Pyung-Cheol Part leg. Rep. llOF /tlilDO Seoul 

Dr. S. P. Dhua leg. C:>ardi. llOF/KDIPAP New Delhi. India 
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AlltEX IV 

Pesticides selected for Clf 
• 

Name of Pesticide •.pl'b.p Solubility Anooal Usage 

0 c in 1 I Water in Tonnes 
--------------------------------------------------------------------

1) BPllC 31 - 32 661 me EC 7.733 
112 - 113 dust l, 735 

2) aitachlor -5 23 me Cl 21,362 
156 EC 277 

3> Cartap 179 - 181 211 g ca 8,358 
solu. 6,214 

4) Diazinon 41me ca 4,199 
83 - 84 EC 1,575 

5) Fenitrothion 14 llC EC 1,173 
141 - 151 Ir ! 

6> IBP 1 g ca 4,978 
126 EC 3,229 

7> Isoprothiolane 51 - 54 48 me ca l ,941 
167 - 169 EC 1,857 

8) letalochlor 531 llC EC 34 
111 

9) Napropa .. id 75 73 llC IP 525 
EC 53 

11) Pend imethalin 45 - 58 1.3 llC EC 1,261 

11 ) Probenazo I 151 Ilg Cl 3,914 
183 - 184 

12> Tricylcazol 1.6 g IP 6,118 
187 - 188 susp. 791 




