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ABSTRAC':' 

I reviewed program DP/It"D/80/003 dealing with controlled 

release of pesticides. The main questions r-ere whether the 

staff engeged in the program have ~cces~ to tools needed, what 

progress was achieved so f~r and what one should exr.ect in 

the forseeable future, and final:y what improvements on ~per~tion 

can be SlJggested. 

At the personnel level, in general the staff has done high 

quality research but I felt there are too many scier,tis+.s assigned 

to the project. This observation beca?:?e obvious when one 

considers the limitations in s~ace and equi~ment. A director 

whose sole e.sl'lignment is to coordinate and suj:ervise the 

re~earch at the local level is es!':entia.l a.nd c~n improve research 

outp~t. At the know-how level there is a need to h~e access to 

the current natent literature. In this new field of controlled 

release most information ca.n be found only within uatents a.nd 

not within the usual scientific books or journals. This point 

is very important because of the l!mi ted contrict of the sta.ff 

here with other laborP.tories outside India. 

At the equipment lev~l there is an urgent ~eed fer reliable 

mixing equipment that CR.n handle enough mP.terial for large ecRle 

testings. ! attribute, a.t least in pa.rt, resultP tha.t canrot 

be reproduced due to poor mixing. After years of ex;.erience in 

this t~chrology I found th~t ~ro~er mixing CPnnot be ov~r­

eI?mhasi zed. 

j 
• 
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Frogress was made mainly in the ccntro:led release of 

Abate in !!'.osquito larvicide fcrmula.t1ons using monolj thic 

matrices and in the controlled rele~se of Carbofur~n in­

secticide used extensively in :rice t:'addies l'lnd encapq;7 ~.ted 

using the starch xa.nthide p~ocedure. While testing is 

currently performed under field conditions for the monolithic 

system the te~tings for the controlled release fcrmul~tion 

of CP.r'bot'vra.n is mostly under labt'ra.tory conditions. Both 

types showed significant inrproved ~ersistency. 

As for the foreseeable future (six months or les~) one 

shoul~ eXt'ect large scale pre~arations ?nd consistency of 

formulation of the insecticide Abate, distribution of the 

new formtlation to qualified testing stations followed by 

analy~is of data. A modified monolithic system using SBR 

latex for improved delivery a.nd loading of active ingredient 

s~ould be tried. As for the controlled release of Carbcfuran, 

a la.rge sc~.le -preparation and tf!sting under field conditions 

should be eX'Oected in the near future. A modified encapsulation 

of the insecticide within tl'te stRrch mPtrix should be made 

and teRted. The improved techniques which were developed at 

the Northern Regional Research Center in Peoria, IL. was 

demon~trated to the !':taff at the National Chemical Iabora.tory 

in Pune. 

l 
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INTRO:DUCTIO M 

This project, Bioscience ~nd Engineering DP/!ND/80/003, WP~ 

submitted by the Goverrm:ent of India. rt ~'8S approved by UNDP in 

Septdmber 1981 to extend to August 1986 and deals with controlled 

release pesticide technologies. 

Advantages of control~ed release include less active agent 

and fewer ap-plica. tions, ?!'lore effective coritro 1 of the target 

organism, reduced toxicity to nontarget organisms, and reduced 

environmental po 11 ution. such sys terns are being developed a.nd a 

few a.re bejng marketed boased on containment of the pF'sticide 

withi.n either a nolymer matrix or coa.tir.g. Synthetic ela~tomers 

serve to control the release of antifot;.ling agents in coc;tings 

for objects imrr.ersed in marine waters and for molluecicides. 

Insecticides incorporated in plastic strips provide slow release 

of tl:e active agent over several weeks. An insecticide is now 

being sold in tr.e form o! microcapsules where a polyarnide film 

surrot;.nds the active agent. 

Becai;se of the· diverse properties af: hundreds of bio lcgi ca.lly 

active chemicals for which controlled release would be beneficial 

and because the environments into which the form\;l?tions would 

'be pl~ ced va.ry so widely, cons idPr~ble rePeP.rch is needed to 

o~timize the numerous controlled relePPe ~yeterns. Cbvicvsly, 

for the sys terns tc be a.ccerted on a broad 5C~ le, they muPt be 

both technica.11y and econorni.ca.lly feaefble. 

This is the third "rP.view 'by eXT"ert" on thie project 

dealing witr. controlled rele~ee of nest1c!des. The f~rst reviP-w 
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was by Dr. Dora K. Eayes, USDA, Beltsville, 1ID 20105, USA 

dP.ted 15 December 1982 a.nd·the second by Dr. Na.te ]·. 

Cardarelli, University of Akron, Akrcn, CH, tTSA dated 

2~ February 1983. AJDong Dr. Hayes recommendations were: 

to conduct field studies c · Abci.te-latex formulations, 

develop quality control criteria for trese for~ulations, 

establish parareeters of encar.sula tion of Ccirbof\ll"e.n ~sir.g 

st?rch xanthate forr'lulations to determine release rates 

of active ingredient and evaluate other pesticides using 

sta.rch xanthate as a matrix. AmOng Dr. Cardarelli 's 

recommendations were: to move up the completion date 

for the Temephos(Abate)•natural rubber project to June 

1985 and t~e Carbofuran project to December 1985, 

reforrm;late natural rubber latex with increased Ternepnos 

cor.tent, provide necessary equipment to the formulations 

group and entomology group and provide cidditional training 

to perflonnel. The purpose of my mis~ion wa.s to review 

pest research accomplishments relating to controlled 

release technologies at the Mational Chemical Iabore:.tory 

(NCI.), si;ggest analytics.l methods to evAluate new for~t;lRticns, 

discuss with NCL scientific personnel current trends in 

this field, make recol!M'lendations on future lines of 

research, equi~ment needs, and training of personr.el. 
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I. Reno rt on Controlled Relea.se of CRrbofuran al'.!d Feni troth ion 

systems. 

by.Dr. R· Ba.jagopalan 

C2rboturar. is a broad spectrum systemic insectic:de, ve'!Y 

effective against the common rice pests like tre leaf 

hop~er and the stem borers. It is at present ap~lied as 

3% granule (commercially available) two to three times ~t 

the rate of 15 to 20 kg per hectare during rice cultivation 

lasting about 3 to 4 months. 

It was decided to develop a controlled relea.~e Carbofur?..n 

system which will have considerably les~ handling hazards 

and which will be effective for the whole season vr:i tr. a 

single application. 

Two polymeric matrices were initially chosen for 

encapsulating Carbofuran, Tiz. ~tarch 8nd polyvinyl 

alcohol (PVAl). 

The encapsulation by polyvinyl alcohol was standardized 

using Carbofuran extracted from the 50% form~l~tjon. 

Using such purified Carbofuran, the. encapsulation w~s 

carried out by dispersing it in polyvinyl alcohol solution 

fo !lowed by addition of sod it::."? st-lfa. te so 11.:.tion with stirring 

to precipitate the PVAl ::ind deposit Carbof'uran p~rticles. 

The FVAl coatir.g wa.s then ha.rdened by he~ting it with 

Vanadyl Sulfate in ~cid medium. 

Encapsul1=1tion in !;tP.rch JM.tr ix vr::i s c::i rried out by f ir~t 

convert!ng starch ~c its xa.ntra~e with cs
2 

ar.d N?OH 

l 
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followed by dispersir.g the active ingredient (Carbofuran) 

and crosrlinkir.g with H2o2 or EN0 2 in acid medit;m. 

The release characteristics of these s:rste?!ls were 

determined initially in static ':'ater with occasional 

stirring ~nd following the amount of Carbo!uran rele~sed 

spectrophotometrically. 

The VRriation of the relea.se char?.cteristics were 

studied with resnect to the degree of substitution of 

the xanth-ate, the percentage of Carboft~ran incorporated, 

?.nd the ty~e of oxidizing agent used. 

In the case of the polyvi•iyl alcohol system, the 

ma in variable was the percentage of Ca.rbofur:ui in the 

encapsulated product. 

From the relea.se characteristics, it wes observed 

that the PVAl system had a much higher release lasting 

for about 3 to 4 days only. With tr.e stP.rch system, 

however, a product havi~g a fa.irly uniform release fer 

about 20 days could bt: obtained e.t a Ca.rbofu.ran 

content of 25%. 

At tr.is stage, the PVAl system was abandoned 

because of this much faster release rate. In addition, 

the encapsulation technique did no-t work if technical 

Cerbofuran was used {instead of pure Carbofura.n) as 

the po lyvin;,rl alcoho 1 preci -oi ta.ted and coagulated soon 

after its addition. 

The objective of this programme WP.s to develop a 

controlled release system which will la~t for S to 8 
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r.eeks so that a single ~nplicE1tion wil: take cRre of the 

plant for the whole sea.son. Eence attempts were made to 

reduce the re!.ea.se rate by using ~ddi tions to Carbofura.n 

si;ch as rt;bber latex, polystyrene, and vegetci.ble oil. 

All these ~dditives could reduce the release r~te to 

some extent and the vegetable oil gave the best results 

leading to a prcdi;ct lasting for aboi;t 60 days. 

Laboratory trials on release sti;dies in flooded soil 

showed release pro~erties lasting for ?bout 35 to 40 days. 

This '9roduct seems to meet all the reC'uirements b~.sed on 

our releR.se sti;C.ies in the laboratory. It is now 

planned to grow rice plants in small plots ~nd tFst 

the efficacy of this product against the rice pests. 

Since at 25% Carbofuran content the conventional 

dose is only about 2 kg/ hectare, there will he 

practical dif~iculty in broE1.dcasting stch a srna.11 amount 

over a wide area. Renee work was undertaken to gran­

ulate this formulation with inert ~a.terials like 

bentoni te, china clay, etc. to arrive at a concentration 

of 3 to 5%. From the!"e studies, a china clay gra.nu.lated 

~reduct could be made satisfying tre requirements. 

Future Sti;.dy: The Carboft·ran-et?rch ;~:'!'nthR.te 

forl""ulP.tion is being subjected to field trials in 

small laboratory plots at present. Depending upon the 

results, suitable modifications will be mPde if neces~ary. 

Scaling up of the encapsulation process ,,,ill ce ti=tken 

up ;-:i.s soon as the Sigma-blade r~i~er is obtained. 
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II. Controlled Release Fenitrothion §ystem. 

Fenitrothion is an effective p~~ticide fer ~osquitoes. 

The aim of the programme is to develop sprayable disper~ions 

of controlled release microcapsules of fenitrothion to be 

used as a long lasting cca.ting on the water a.nd roofs for 

protection against IOOsquitoes especial~y in slums. 

Microencapsulation of fenitrothion by interfacial 

polycondensation in polymeric and p~~ya.~ide matrices is 

being investigated. The monomeric materials used were 

the diacid chloride like sebacoyl chloride and ethylene 

diall'!ine, tol~ene diisocyanate and polyamines and poly­

isocyanates as cros!!ilinking a.gents. The interff!.cial 

polycondensation technique has been studied and 

microcapsules in the re.nge of 1 to 30 microns diameter 

have been obtained. 

Future work: The development of a controlled relea.se 

system for fenitrothion is to be further studied with 

regard to its release characteristics found on degree 

of crosslinking, capsule diameter, and wall thickness. 

The methodology of the study of the release properties 

is to be worked out. 

III. Work is to be initiated on developing controlled relelise 

sy~teme for so~e more ue~ticides. Initially a 

lY"Ponhilic orgenonrosnhorus soil ne~ticide (phor~te) 

will be tPken up for encann:lAtion in a. starch mRtrix. 
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Controlled Relea~e l!osgui to !Ervicide Fo?'?'!uletions in 

a l!onoli thic ~trix 

by Dr. D. Baghuna th, Project. !.eader 

A 60% natural rubber latex ~nd Abate/Temephos (larvicide) 

were selected for developing suit~ble form~lations for the 

release of Abate in a slow and steady rate over a period of 

6-8 months in static water. 

In order to achieve a .technical~-Y feasible product, 

formulations containing 5 to 14 parts of Abate in the 

r~bber matrix were studied for their proce~~ing character• 

istics, relea.se rates of the active ingredient, ~nd longevity. 

In the formulations, in e.d".iitior. to 60% natt·rt-1 rubber 

and Abate, commercially available el!lUlsifying agents, 

plasticizers and porosigens, viz. Caco3 , were made u~e of. 

O~t of the 33 formulations, 28 formulatior.s were subjected 

to bioassay studies in the laboratory and two of the 

formulations were found to be promising. The formulation 

conta.ining 14% Abate, caco3 and a nlasticizer appeared to 

h~ve longer longevity, was selected for bioa~~ay studies 

in small experimental ponds in tne natural surroundings. 

The results so far are encouraging ~nd the exneriments 

~re be~ng continued. 
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60% nacura.l rubber latex a.nd Abate (l~rvicide) were 

selected for develo-ping suitable forrnulationF for the 

release of Aba. te in a slo"7 and stecidy rate over a period 

of 6-8 months in ~tatic water. 

In order to arrive at a. technically feasible product 

~3 formulations were tried; o~t of tnese 5 forrnulations 

would not be processed in the conventional rnetnod and 

hence discarded; the 28 formulations contaL,1r.g 5-14 pa.rts 

of Abate in the matrix were developed and cioas~ayed 

for its efficacy. 

As a starting ~ater1al, a maeterbatch.. containing 5, 

10 ~nd 14 -parts of Abate in 60% N.R. latex WC!S prepared 

in the conve-ntional manner •. The product th'!;.s obt:=lined was 

subjected to further processing common in the rubber 

industry. The formulations, conditions and the observa.tions 

are as follows: 

Exoeriments 

1) 5 formulations 

2) 2 formul~tio~~ 

3) 7 formulations 

Conditions 

Natural rubber 
base 
Compression moulding 
with ccnventional 
compounding ingredients 

Casting method 

Pret::-eated, 
unvulcanized 

Na.tural rubber with 
fillers, comJ)ounded 
and vulca.nized 

Results (Bioas~ay) 

In most of the samples 
tne relea.se o:t" t.i1e 
toxicant was too fast. 

No release over 2 weeks 

Toxicant releP.se over 
a period of 36 weeks 

Discontinuous release 



Ex'Oeriments 

4) 4 formulations 

5) 5 for~ula.tions 

5) l formula.tion 

7) 3 formulations 

8) 1 formulation 

Remarks 

11 

Conditions 

Compo~nded by the 
addition of 
vulcanizing dispersions 
and oven cured 

Compounded with t.~e 

addition of 
porosigens/plasticizer 

Plastics as base 
material 

Increase of Abate in 
the matrix and change 
of the plasticizer 

With commPrcially 
available Abate 
concentrate: Cast 
sheet 

Results (Bioa?~ay) 

Al-though results were 
encouraging, there 
were processing 
difficulties. 

Compounding 
difficulties 

No toxicant release 

Re~ults (bioas?ay} 
a.re encour;:iging and 
is in progress 

Ver,; fast release 

Out of the formulations tried the two formula.tio ns at 

sr. No. 2, had a longevity of 38 weeks and toxicant concentra.tion 

(0.05 - 1 ppm, average 0.44) was evaluated in open air and 

sunl:ght in 40 1. aquaria containing aquatic plants. The 

dispensers vrere placed in flea.ting as vrell as submerged forms. 

As the sample apneared to be promising, one of them WPS selected 

for si:rr.uln ted field trials in trenches of 10 ft. :t 2 ft. x 1 foe t. 

However, after two weeks it was observed (by bioassa.y method) 

that, the release of the toxicant had slowed down, proba.bly due 

to the de~osit of silt. In o~der to improve the product and 

reduce the cost, attempts are being made to develop 5-6 newer 

formulations. 

In view of this, the field trials in ~.nd around Poona hi;i.ve 

been nostphoned. 
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Difficulties:- Abate {Temephos) an imported larvicide used 

in t..~ese for~ulations is not availa~le for further work; 

·.:nless a sizeable q..ianti ty is rnade ava.i lc:ible, the time 

schedule cannot be adhered to. 

Work Programme:-

1. :lodifications in the -present formula.tions and scP ling 

up to l Kg. b~.tch. 

2. Use of synthetic polymers as ma.trix in place of natural 

rubber. 

- I 
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RECO ~C.':£!IDAT IO NS 

I. Manpower Reorganization as described in t..~e "Abstract". 

II. Better Access to Literature. 

Most of t..~e new knowledge in t..~e field of controlled 

release of pesticides is available onl.f through patent 

literature. :.rest all of these patents a.re in English 

language and issued in the United Sta.tes. I recommend 

that the library at NCI. subscribe to the Official Gazette 

of the United States Patent and Trademark Office, which 

is published weekly and contains mainly three sections: 

a) General and ~echanical, ~) Chemical, and c) Electrical, 

all of which can be of interest. Subscription information 

can be obtained from the superintendant of Documents, 

Government Printing Office, Washington, D.C., 20402, U.S.A­

The following is a list of recent u.s. patents de~ling 

with encapsulated pesticides: 

jRffe, Yicroencapsulation Process, u.s. 4,272,398 (june 9, 198] 

Himel and Cardarelli, In-Flight Encapsulation of Pa.rticles, 
u.s. 4,286,020 (August 25, 1981) 

Himel and Cardarelli, In-Flight Encapsulation of Psrticles, 
u.s. 4,353,962 {October 12, 1982) 

Scher, Encapsulation Process and Capsules Produced Thereby, 
u.s. 4,285,720 (August 25, 1981) 

Kydonieus, Process for Controlling Cockroaches and other 
Crawling Insects, u.s. 4,320,113 (March 16, 1982) 

Lim and Moss; Encapsulation of Is.bile Biological :fr>terial, 
U.S. 4,324,683 {April 13, 1982) 

Mazzola, Enca-psula ted B:eaches cind ?:!ethods for their 
Preparation, U.S. 4,327,151 {April 27, !982) 



14 

Ort."'1, Jr., Slow-Release Nitrogen Fertilizer Employing Waste 
Proteinaceous Animal Food and :.!ethod of l'-Pking and Use, 
u.s. 4,328,024 (May 4, 1982) 

YolAllg and Prussin, Adherent Controlled Release Pesticides, 
u.s. 4,352,833 (October 5, 1982) 

Koshi and Ma.tsukawa, Process for the production of :licrocaps~les, 
U.3. 4,353,909 (October 12, 1982) 

Senyei and Widder, tlet."'lod of Incorporating Water-Soluble 
Heat-Sensitive Therapeutic Agents in Albumin Microspheres, 
u.s. 4,357,259 (November 2, 1982) 

Allan and Ko, Method for Preparing a Controlle~ Release Composition, 
u.s. 4,388,352 (June 14, 1983) 

Ishida, et al., Process for :ranufacturing Regenerated Cellulose 
Hollow Fiber. U~S. 4,388,256 {June 14, 1983) 

Tocker, Contz·olled Release Granules, u.s. 4,399,122 (August 16, 1983 

Connick, Jr., Controlled Release of Bioactive ?.fa.terials 
using Alginate Gel Beads, u.s. 4,401,456 {August 30, 1983) 

Cardarelli, Controlled Release of Herbicide Compounds utilizing 
a Thermoplastic Z-·!atrix, u.s. 4,405,360 (September 20, 1983) 

Lowery, et al., Microporous Hollow Fiber and Process and 
Apparatus for Preparing such Fiber, u.s. 4,405,688 
(September 20, 1983) 

·l'he cost of a patent copy is one dollar and ca.n be 

ordered from the Commissioner of Patents and Trademarks, 

Washington, D.c., 20231, u.s.A. Be sure to include the 

patent number. 

At the NCL library I found only one reference handbook 

dealing with nesticides. The following are recommended: 

a) Pesticide 1fa.nual, 5 t."'1 Edition ( 1977) , edited by H. 

Martin and c.R. Worthing and issued by the British Crop 

Protection Council. 

b) Herbicide Handbook, 4 th Edition or later. This book 

ca.n be purchased from \"leed Science Society of America, 

309 W'est Clark Street, Champaign, Illinois, 61820, U.~.A. 
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c) Farm Che.~ical F.a.ndbook, ~eister Publishing Co., 

37841 Euclid Ave., Willoughby, Ohio, 44094, U.S.A. 

III. Large scale mixing equipment is lackir.g. A Double 

Planetary :Uxer with 2 gal. cat)r city is recommendPd. 

Literature was sent recently to Dr. R. Rajagopalan 

at MCL, Fune. 

IV. ~uick and reliable quality control tests of granular 

encgpsulated products within starch matrices is needed. 

An article dealing with this subject ~as sent to NCL 

and a copy is enclosed herewith. Although bioassay of 

formulations are essential, screening tests that can 

save valuable ti~e are important. 

V. Advanced training in current trends a.nd new techniques 

dealir.g with encapsulation is needed. The location should 

preferably be the U.S. in a government or academic 

institution for a ~e~iod of not less than 3 months. 

I also recommend t.~e solicitation of top scientists in the 

field to spend a sabbatical year at NCL, Pune. 

ll!NOR: 

I. Try to entrap larvicides within SBR latexes to imp~ove 

loading, re-producibi li ty, and efficacy. ?.!a.ny types of 

SER latexes are available commercially. 

II. Analyze forrnul::i.tions by elemental ana.lysis such as Chlorine 

and Sulfur. Details of procedures were sent recently to 

Dr. Rajagopalan. 

III. Use only unmodified starch for enca.psule.tion of CR.rbofurgn. 
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IV. Newer encapsulation tec..'loiniques as demonstrated to NCL 

staff d~ring my visit should be tried. 

v. Effects upon entrapment of larvicides and insecticides 

of ionic and non-ionic emulsifiers should be examined. 

vr. Preliminary enca~sulation studies of living bacteria 

such as Bacillus thuringensis should be conducted. '1"his 

type of organism was shown to be a potent nathogen 

against mosquitoes but can survive for only a very 

short time in the open. 
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METrllS FOR TESl1NG • .\ND f.~RS AFFECTING RATE OF Rm.A.SE OF 

~\PSUL\TED PROll.'CTS PF.EPARED V!.1. ST.~ XANIHA~ 

Sart:wi. S. Shasha 

Non.~~rn RegiCl"..al J\esearr-..h c~n::e:­
Federal Research 

Science ar.d Education .~-US'tration 
U.S. Depart:nen:t of Ag!'io.il ture 

Peoria, Illir.cis 61604 

A simple and eccr.cmical way to entrap wat:eT-insoli.lble cCr:IpCUnds, 

inc:!.uding pesticides, within a starch ma.tri.i: was reported. l, Z The 

prccedure ccnsists of disp~rsi.Tlg the ac-:ive ag~t in an aqueous starch 

:cant.i.ate solution and swsequently C"Ossli?'..kin5 :he starc:.l-i :cant.i.3.te 

either oxidatively, or ~ith rnulth-:alent mei:J..l ions, er wit.'1 dif.:ncticn:l 

r~agents such as epichlorohydrin. Cereal flo.urs, which con:ai.'1 abcut 

10\ protein along with sta.n:.h, also ca."! be xanthated ami used as an 

encapsulating matri."t. Upon crosslin.ki..,g, which is effected wi:hir. a f~ 

s~conds under ambient co~.ditions, the entire mass becanes gell·like and, 

on continued :nixing fo:- an additicnal few secor.d.s, cecanes a particulate 

solid that can be dried to law moisture content with only min.i..ial or no .. 
loss o! entrapped cr.emic:a.l.. 

Y P:esented a~ the 5th International Sy:q:Jcsim on Controlled Release 

of Bioactive Materials, National 3ureau of StJnda:-ds, Gaithersbul'g, 

;.taeyland, August 14-16,· l97S. 

2.31 
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&luccpyraDDs~ units oi a-Q-(1-') lir.bges tl1'i lr{d.~l:-uts c:a:rple~ely to 

yield Q-gluccse. Because of the ~ of free hydrorfls, su:c.i. is 

easily cieri •tatized. riegi-ee of derl1ta.tizatioc or substitu'tion (D.S. ) is 

defined as tr.e m.:mbeT of subs'titu=nt;S peT ;Jlucosa <.mit. Thus, :h~retic:alli· 

a D.S. of 3 is possible. For the purpose of em:.apsulati.an, sure.~ is 

~riva.ti:ed throuih xanthaticn to yield a D.S. ci 0.!-0.3 follm.-ed by 
• 

cossli..,.~g to yield starc:h xmt.\ide. The c.imistry and technclcw of 

:xanthates , 

s 
II 

Starch-CH + cs2 • NaCli ---f') Str:h-CC'.SNa. 

... s s 
H , (O] ll II 
___ _,.. • Starcaa-CCSSCO-Starc:h 

especially cellulose xan":..'ute, is '4-ell dccunlmted. 3 In recent years, 

crosslinked s'ta.rd1 xantha'te has beezl shO'wn to have poten'tial 2S a paper 

additive, 4 for reinfcrcemen't of r:Jbber, 5 fc:- maki."lg cf poWered rubber, 6 

.. 
and for removing heavy metals fran aqueous solu'ticns. ' 

. . 
Shelf life of the surch·enc:apsulaud pcsti~ides is good, and the~e 

i.s no appreciable loss on storage during a't least l year. When placed 

in open containers far several weeks, loss of volatile agent is negligible . 

a Me:l'ticm of a pesticide in this paper does not ccr.sti f:"Jte a 

recarmenda'tion for use by the U.S. Oepan:nent of Agricult1..'r'! nor C.Ces 

it imply registration t:nder FIFRA as amended. 
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:i.owever, when products are wetted or U:mersed i.'"l wa-cer, active ager.t is 

then released fran the mauix. A simple labora-cory screening tes~ (iiel: 

:est:) was devis~ for cauparini release properties of thiocarba:nate-

.:ontairJ.ng products to assist in selecticn of fotmUla'tions fer subsequent 

·,ioassay. ~'ler f3Ct0rs t.'lat affea the ra'te of release are t.~ characteristics 

:f the en'tTapped chedcal; for example, i."l an aqueous rr.edi.1.C, the hi.;her 

the solubility in water of the active agent, the faste·r it will diffuSe 

Jut of the starch matrix. Thus, the herbicide ~-ethyl dipropylthiocarbamate 

·EPTC) will be released faster than the herbicide S-ethyl di.isobutyl thiocarbamate 
- - . 

_bur/late). (Wa-cer solubility of EPIC at 20° is 370 ppn and of butylat:e 

_.. 22° is 45 ppm.) 

111e use of polymeTic ~.a.terials in con:rolled release applicaticn 

ys"tems almost always involves consideration of the solubili t"/ and -
iffusiviey of the active agent in th.e polymer matrix. 3 The lit.erature 

,~als exter.siiely with the solution, diffusion, and per.neation of low­
' 

Jlecular-~eight gases, vapors, liquids, ar.d ions in polymer films. 9-H 

The ~teristics of the polymertc xant.'late lT'.atri."C used for the 

~capsulation also play an i;uportant role in :he rate of release. rt 

·.s found, 2 for exa;nple, that under mois't conditions an acid-aiodified 

our matrlx releases ac:'tive agent faster tha."l an acid-modified flcur­

a.rc:h mix'tUre and that this mi."CtUre releases faster than starch alone. 
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It has been SUg&ested• t..iat ei~her the protein ccz:ponent in t.i.e 

flour or the lower moleculr weight of t.'le starch component: of the flour 

contributes to a faster releas3 of bucylat~. Also, th= recover/ cf the 

encapsulated agent is hi&her ·.au sta.."'C.o\ t.~ witit aci•i·modified flcur­

starch mixture and poorest ·.rit."1 acid-modified flour alone. 

Addition of small a."?l:lun~ of latex. suc:h a.s SBR 1502 to t..~e .xant.rulte 

retarded sig-:tificantly the r1te of release of 1,2-dibram>-3·<:.hloropTOpa...,,e .. 
(DP.a>). /-ddi-:ion of predissol':ed polyme-:-s such as polys"tyrene L"l be:i:ene 

seems to have the same effect. On the ether har..d, the rate of release 

of butylate or of EPTC was not changed significantly by t.i.e addition of 

latex SBR 1502 nor by t."le additicn of polystyrene. 

When made wit.i. xanthates having a D.S. of 0. 3 a."'ld wit.'i H...07 as an 
i. -

oxidant, pTOdUcts release t.~e act;.ve aient more slowly than do those 

made with the same D.S. but with NaNOz as an oxidant. The reason seew.s 

to be that wi-:h NaNo2, during the neutrali:ation step, ~lOz gas is procuced 

and partly entrapped within the starch :natri.x. Upcn dryi."lg, the end 
. 

pTCch.Jct has many crac.ks that facilitate t.1e release of active ingredient. 

With H2o2, on t.i.e ot.i.er hand, the proeuct has a sinoot."l ar.d contincous 

surface. 

The technique of double er.capsu.lation provid~s a slower rate of 

release with cert.ai.'1 pesticides than does single encapsulation, especially 

in cases where a single encapsulation does not entT'a'P all of the <7.C~ive 
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:.gent ar.cl some of it is adsorbed loosel/ to t.."le surface of the starch 

:o:-..atrix. The double er.capsulaticn tec..:....~qt;e involves the addition of 

,;.nether layer of xanthate 't:) t..i.e crosslin.'<ed xanthate ccnt:aining the 

.:.ctive agent. After mixing, :.':e seccr..d layer is crosslinked as before. 

Finally, the mesh si::es of the end p'I'Od;.:ct also seem to influence 

:-ate oi :release. Preli'llir..ar; Ca.ta show tha: EPTC and DBCP with granular 

.:izes of mesh 30 or higher !lave a :ate of release faster than product-

.-:ith granular size of mesh lower th.an 30. 

· IBniOCS FOR TESTING elC.~SUU'IEJ PRCWC:S 

While bicassay tests are the ul!imate tests for encapsulated products, 

-:hey aTe ti'lle-consumi.'1g and unavailable in r:-Dst !.abor:i:ories. T.11us, 

1uick and indicative ways we~e sought to screen larse rn..-nber of samples 

.:or their comparative rate of release. n~e :ests fall mainly L"lto o.-o 

:. road ca.'tegories: (l) t:~se which ex3mine :.he rate of bt'eakdc'l-fn of 
' 

;-:arch by enzymatic: means and hence the relel.Je cf active inzredient, anci. 

(2) those which examine the rate of diffusiiJn of acti•1e ingredient f:-cm 

~he starch ir.atrix. 

The r3'te of brealcdcnin is .. -related to ~1.e degree oi crosslinking of 

:;:arch by the disulfide bonds. It was exami."led by r.Leasuring the swelling 

: f the encapsulated produc: i.'l water and b}' ~.easuri.'lg t..1e a:r.ount of free 
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glucose released ur.der s~andard ccnditicr.s :.:pen t:-eatment of the en~sulateci 

proCuc't with diazyme (an amylase :ype er.:yme t.i.at hydrolyses starc.:."l to 

free glucose). A good correla'tion was !c-..md be~ s-..-elling and di<k.-ytr.e 

tests and they an cauplementary to eac.lt ct.1.er. 

If the encapsula~ed agen~ is a solid wit."1 low solubility in c::JrniOOn 

sol vents, tr..en the pl"Cduct is exa:nined tl-.roug.~ a magnifyir.g lens ""i th 

30-50 times magnification to observe wi-.et:her loose particles cf t.lie 

agent are p-resent unencapsulated. 

A second test, which u more ceaningful and easy to carry out, 

involves imnersion of the produ:t i:. a <lilu~ed ~ ioC.L-ie solu~ion 

for 1-Z min. Since only t.'ie starch part •..ri.ll stain wi. th iodine, the 
observation of the inlr.ersed sai::ple tr..roug.~ the ler.s will reveal the 

.. 
entrapment's qw it-;. -

If the encapsulated. aient is a solid or is a liquid soluble i.1 

common organic solvents, then, besides t.he iodir.e test, a portion of ~~e 

prccb.la (about 10 g, containing 15% encapsulated age.'1t) is suspended in 

the appropriate organic solvent (SO ml) for l hr. The portion of the 

agent extracted reflects tr.e part tha: is r.ot encapsulated or t.~t is 

close t9 tjle surface of the encapsulated gramile. 

If the encapsulated agent is a volatile lic.uid, a por:ion of t.'1e 

p:"Oduct is exposed to an air curren~ (well-ventilated hcod will suffke) 

and t.'!e remaining product is analyzed peric<ii~.:llly. Another simple 

t~st, the "wet test," consists of plac:ing several l·g portions o: t.:.:e 
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·J.uct L-i 2 ml oi wa~r. The water is J..llCW'e<i :o ew;:ora~e, anc after 

:i.ticn oi ~ater and evl?Jraticn is re;::es.ted. :i total of * t~es, an.C. 

.' dried ~rrcduct is analY?ed after e3.Ch ;.,-ettL'l&-drtin& cycle for less 

~.capsul.a."Ced agent. 

'EODS OF ENC.\PS"''UTICN 

For the pu.~se of encapsulation, com starc:.i. (16: g dry basis) i3 

::Tied in wao;l!r (l liter) ar.d mixed ·ri-:.'1 carbon disulfide (·rn ml), 

.. !.owed by sodiun hydroxide (40 g) dissolv~ in wa:er (350 ml). 

_:ition occurs i.imediately. The mi.~.in~ is continued until a hc:moger.eous 

·<:ur~ is obtai.1ed. In about l hr, the :can:l-..ate is ready to be used. 

: pr~duc:t has a D.S. of 0. 3 ar.d is useful for encapsulation for· up to 

:i.3.ys when kep't at 5°C. Severtheless, to :r.in:i.id:e the fcm.ation of 

~:-cduc't.s, it is advisable ~o prepare a ires!'\ batch as needed. For the 

:;aration of stare..~ xanth.ate ~ith a D.S. of O.Z, :he abcve recipe is 

. lowed except t!':.at tr..e amci.mts of carbon di.rulfiee a.id so6!.:ti hyd:ro:dde 

halved. .. 
These xant..'-.ates con.ta.in 12· 14' solids. Hi~er solids content (\.."P 

ZO\) can be made, but t.lie gel thus prodl;ced is too thick to handle 

' 'ily. Sigr.i.ficant reduc:~icn i."1. viscosi:y oc~rs ·_-pan mi;d.ng t.~e 

.:h:lte L1 a high·speed WarL"'l& Blenc!.or for 10-ZC seconds. !=or cer.:ain 
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for.::ul.aticns, cr:.e ll".ig.'"':.t use acid-c:oiiii~ s"ta:r~'l a-r acid-mcd:.:ie:. fl-.::..::-· 

(bc·th. are ccr.r.:ercia.lly availzble) • ~e xant...11.ates h.!re .rre ill!..:.~ lt:!ss 

•risc:us, and a solids CC'Ilti?r.t of 50' or hlg.-:....Cr can be easily· achi.evei. · 

Other po!.yols can a.l.so be used for encap~a.'t:ion via :<a..-it.'.-:ation. 

Pclymers such as cellulose and polyvi .. ~yl alcohol are easily XID1t.."late1, 

al :hough one might not apply the sa:e recipe as wi. th sta.-ch.. 

Encapsulation of Licruid.s ~ E! Bu'tVla.te .. 

(a) UsL'lg H70~ as oxidant, st~rch xa.~thatc at D.S. of 0.3 (20C g) 
w 4 

is cooled to S°C and :ni.xed thoroughly with bu~:late (6. 7 E, 10 _sj follc....-e'~ 

by tile additi.on of glacial acetic acid (8 r:U)-HzOz 30% (5. S ml). Aft.~r 

t:eL"'lg mi.xed arui a!.loweci to stand fer 15 mi..'1, t.::e ni.xture is :uteretl 

pressed ux:ci.er a r..ibber dam to re=ove most of the -:,.,-ater. The p:-ociuct is 

ground wi:h a Waring Blenco:- ai:.d dried in a h.r;od. to yield 3g g of 

granular :nateria.l ccntai..'ling 16.4% ~ut'/late. 

(b) Using Na.N02 as oxidant, starch xant.h..1.te a.t D.S. o: '1.17 (2..20 .~; 

is ~L~ec with SO' NJ}~Jz solution (3.5 ml), follcn..-ed by butyl1te (6.7 ~' 

10 g) a:1d glacial acetic acid (10 :nl) • The p-roduct is isolated md 

dried as above :o yield ZS g product con-:ai.."'ling ZZ. 4% ~t"/late. 

. These p~cedures to er.capsu.late butylate a:e easily adaptabl~ tJ 

encapsulate lcw-mel ting prcciucts and C::::IpOunC.S .,.,i t.h a. high C.eg:-ee of 

solubility L' organic solve.~:s. 
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Encapswatian ~ Solids ~ ~ CO\lll3Chcs 

For encapsulation of this type of material, fi.~est pc~er (air 

llri..lled or al.ilce in mesh si:e) should be 1.!Sed. 

Starch xanthate at D.S. of 0.3 (1200 g) is cooled to 5°C and ITTixed 

in a Waring Blend.or with 20 g Counapr.cs (tec.i:lica.l grade). Acidification 

a.'ld C'!'Osslinking are performed with addition of glacial acetic acid 

(45 ml) and Hz02 30\ (ZS ml). The produC't is isolated and. ciried as 

above ta yield 193 g ai encaps-.Jlated Cauir.aphos containi..i.g 10. 4 \ ac!i ve 

ingredient. 

.. 
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