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SUWARY 

Pesticide !ormul&tion! in India ere mainly the 

product or large international companies. A few formu­

lations baTe been deTeloped by Indian companies, notably 

by Hindustan Insecticides Limited. Formulated pesticide 

products in India are conyeational dust, we~table powder, 

emulai!iable concentr&te and oranalar !ormul&tions. Most 

are used on small fields using hand application or small 

mechanical applicators, or with hand or smell meehAnical 

applicators tor public health use. 

Capability !or pesticide formulation R&D in India 

was round quite limited, oataide large priTate companies. 

The amall sector pesticide !ormulatiag companies appeared 

to h&Te little technical aupport beyoad their sources ot 
technical pesticide chemical. The Pesticide I>eTelopment 

Programme goal ot proTiding eup?ort to the small formu­

lators, and in the public sector yia a Hindustan InBecti­

cid•• Limited iabo~ator7, can he met bJ good personnel 

•election, and with progrB111mes to deTelop exp~rtiae in 

product foraulations. The laboratory can also serve as 

a teat i ng reaourc e, to a asi st the Indian Govermen t 

improve regiatration regulation•, product standard 

aethoda and support qualit~ aasarance progrsmmea. 

UD programmes to deTelop tlowable and micro­

emulaion formulations were recommended. Programmes to 

evaluate potential of other •elected formulation types 

were propoaed. Se•eral inert ingredient inTestigations 

were suggested, including definition ot clay c'rriers 

tor powders, qranuie carrier identification or deTelop­

ment, and dispersant 1dentificat1on or deYelopment. 

Training approacnes/proJeeta were auggeated aa ••re 

•elected interaction with other groupa. A •trong. 

lnd~strial type safety programme waa suggested and 



additional equipment was saggested tor tbe eeYeral R~D 

proj ecta. 
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INTRODUCTION 

fie Pesticide DeTelcp11ent Programme 1 n Inca a is 

a UNll' assisted programme harlng general abjectives ot 
atrengthening the pesticide• industry in India, and o! 

foeter1n9 adaptation or appropriate technology tor the 

production ot quality formulations in Tarioua sector• ot 

tbe Indian pesticide industry. The G0Ter1Dent of India 

haa deaignated Hindustan Iaaecticides Ltd. (RIL), a GoTt. 

of India Enterprise, as the coordinating organisation. A 

Ceatral R&D Complex at t~• Dundahera Industrial Complex 

near Gurgaon, Baryana, is 1 n the ti ne.l. process o! conpl e­

tion and occupancy. This facility will serTe the corpo­

rate aeeds o! HIL, with adjunct facilities to meet the 

Pesticide DeTelopment Programme needs tor formulation 

R~D and technology deTelop•ent, including toraul~tion 

pilot plant activities, peraoanel training and technical 

formulation support for the industry in India. 

Regional collaboration ia planned with the Economic 

and Social Commission tor Asia and the Pacific countries, 

incl\1ding to.rmulatiorit technology traiuing. 

UNIOO is providing several experts (consultants) 

1a key aubjecta pertaining to the Pesticide DeTelopment 

Programme goats aad needa. Pesticide formulation reseerch 

11 one or the technology areas aelected !or attention. 

To this end, the author Ti ad ted Indi11 during the period 

1 October to 2-t December, 1983, with the following goalaa 

1. to surTey the pesticide formulation programmes 

and practices in India, and to be~oae acquain•ed 

wita agricultural and industrial practices in 

India as they relate to choice o! tor!!luletion; 

2. to identity opportunities for neY or aodi!ied 

formulation types, tor use or indigenous tormu­

lating ingredients, and tor tormul~tion ictD 

emphasis; 



3. to recommend appropriate approaches or action to 

capitalize on identitied opportunities, building 

on present formulation R&D strengths and prog­

rammes; and 

4. to suggest pest! ci de to rmul a ti on R&D training 

programmes appropriate to the needs of the 

country and industry. 

This report giTes the results o! the sur•e1 at 

Indian pesticide formulation R&D practices and or agricul­

tural/industrial practices releTant to formulation choice. 

The report also coTera the opportunities percieTed and 

reaaltant recommendations tor programme• or actions to 

further the purposes or the Pesticide DeYelop11ent Project, 

HIL and the GoTernment or India, as regards pesticide 

formulation research and deTelo?ment programmes. 

>. comparatiTe study ot pesticide formulation 

related practices in a coa~try as large •nd di Terse as 

India would be a aajor undertaking. Information and 

impressions !or the i:reeent surTeJ were obtained largely 

11aing a key questions/benchmark aubj ect approach during 

tbe courae or interTiewa, TiaitBtions and discussions 

i nTol Ti aq di Terse know! edgabl e persoanel. These pl us 

personal obserYation, careful listening and follow up on 

inputs are belieTed to result in a reasonable understand­

ing or the important peaticide formulation practices and 

statu!' in India. Participation in HIL - sponsored train­

ing programme• on pesticide registration and residue 

analyais was quite help!ulo 

This report bas been prepared ro r UN IDO as well as 

HIL. Some, or most, ot tbe background information presen­

ted is well known to BIL. HoweTer, the perception of 

opportunities, the conc!uaions and recommendations are 

tbe author's OYD• 
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l'.!COMMENDATIOHS -
I,. De Tel op and eTallaa te new types ot formulations 

and expertise in the underlying technology. 

A. Flowable liquid formulations (also called 

suspension concentrates). 

AdTantageas Liquid product instead or wettable 

powder. Low worker exposure, excellent au.­

pensibili ty tor use in hand operated sprayers, 

ease or measurement. 

lechnologya Wet grinding, particle size measure­

ment, colloid dispersion and suspension, 

rheology, suspension shelf lite. 

Potential pesticideai DDT, BHC, Cyhexatin 

(Pltctran), Oxycarboxin (PlantTax), Carboxin 

(Vitayax), Captan, Carbar,1 (SeTin), Benomyl, 

Sulfur (fungicide). 

B. Microemulsion concentrate formulation (for 

dilution with water by small formulators and 

sale as a ready-to-use produ~t tor crawling or 

flying insect1 in )ouses, food handling estab­

lishments, hospitals, etc.). 

AdTantage1s Use water carrier instead of pet­

rolemn 1olTent, reduced cost, no aol•ent o•or, 

no fire or exploaf~n hazard from dilutP form, 

good penetration of cracks, creTices etc. 

TechnolGQ1• Emu~ai!ier, coemuls1t1er and aol•ent 

chemistry and properties, aol•biltzation, HLB 

and PIT procedures, phase diagrams and response 

•artace testing. 

Potent! al peaticidesa Chlorp:rrifo~ (Baraban), 

Propoxur (baygon), Malathion (aay alao ba•e 

application for treatment ot atored product1, 

including grain)• 
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c. Obtaia functional tamlliarity With other new 

pesticide formulation types or technique• by 

con•iucting mall, e:Eploretory experiments where 

literature or other sources indicate potential. 

a - Concentrated emulsions haYing 20-50 percent 

pesticide by Yolume. 

b - Water dispersible granules contaiaiag 

50-90~ pesticide and forming suapeaaions 

when placed in water. 

c - ULV (Ultra low Yolume) fonaulations tor 

aerial use or tor ground application with 

miat blo-yer or aicrolliser equipment. 

d - Microgranales. 

II. IYal11ate aolid carrier ingredients tor auitabili ty 

in organophosphat~ or chlorineted hydrocarbon formu­

lation•. Classify aa to source, speci!icationa, 

identity and limitations or use. 

A. China clays/Kaolinite 
B. Bentoaite, talc, pyr9pbyllite, attapulgite, etc. 

c. Inorgeaic granule carriers 
1. Air dry clay and mineral granules. 

2. Calcined producta, e.g. crushed brick. 

D. Organic/plant material carriers 

1. Crushed nut halls, coconut shell. 

2. Food and grain processing byproducts, e.g. 

apple poalce, rice hulls, augarcaae bagaase. 

III. IYaluate potential stabilizers tor organophoaphates 

on clay carriers, dra•i*g leads from Tarious source• 

including aearch of patent literat•re and technical 

literatare 1ourcea aucb aa Product C~enaiatry, Che11 

Tech, Chemical abetract1; US - RPA eseapt tro• 

requirement or tolerance list. 
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If. IaTestigate clay extrasion teckniqaea and granule 
propertiea for potential in manufacturing granule 

carriers tor a•• in the pesticide indu1try. 

To A•••re tiaelJ and accurate Pnal1t1cal data to 
support shelf lite •tudiee, pesticide bioaTaila­

bilily, degradation, •tc. •tudiea. Thia aubject 

wi.11 be coyered in detail by another conaalta•t• 

TI. Expand the ataft •kill leTel in conTentioaal 

formulation technology. 

A. SelectiTe eTalaation of alternate ingredietit 

•oarcea, alternate toraulatlo~• aad improyed 

propertiea tor preseat product formulations. 

B. Establish technical interaction with suppliers, 

including seminars coTering supplier•' product 

chemistry and ases. 

c. Obtain aaaples and technical literatare for a 
cross aeetion of ayailable emulsifier struc­

tarea, inclading alkyl phenol ethoxylatea, block 

copolyaer pol1ethera, caator oil deriYatiyea, 
I 

alkJl ether and ester ethoxylates, sulfonates, 

etc. 

D. Adopt aeaeuring and eTalaation techniques 
suited to rapid acreening of materiala, meaning­

ful 1helt lite teating, and routine phy•ical 

propert1 aea•urement. 

&. St•dy te•t aethod1 uaed bJ T&rioue large pesti­

cide companieso Adopt those proced•rea asetul 

in India •• 

VII. Identify and utilise improyed di•peraing and aa.­

peudiag agents tor wettable powder formalationa. 

&. Sodtaa ltgno•altonate• are eapeciallJ aaefal. 

Suitable products from 1nd1genou1 paper aanu-
' faeture 1bould be deTeloped, tr aot alread1 

&Tail able. 
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B. An alternate tor carboxr•ethyl cellulose ahould 

be identified. 

c. AT•ilable aapbthalene and other aulphatee, 

aaccosulfonates, etc. should be catalogued and 

eT&l ua ted. 

YIII. Assure a leadership role in pesticide formulation 

technology and deTelopment to sapport BIL needa, to 

assist small 1 ndus try formulator• and to work wt th 

public agencies concerned with pesticide !ormalation 

properties or testing. 

A. Work with the Indian Standards Inatitution to 
aodernize the phyaical t~st methods specified 

by the standards. 

B. Work with Indian Central Insecticide Board and 

Registration Committee ~epresentatiTes, as 

appropriate, to rtodity the regulations tor 

registration. 

1. To allow alternate formulation registra­

tion of closely similar composition. 

2. To consider an approTed ingredient listing. 

3. To apply the aa.me criteria tor registration 

to wettable powder &'d dust formulation as 

are applied to liquids. 

4. To permit the use o! residue and efficacy 

comptriaon data to ahcw equiTalence between 

closely 1i111lar tormalaU.on1 ot the aaae 

coneentratton, without neceaaarilJ conduct­

ing a full two year te1t programme. 

c. ProTide test and study result• to the pablic 
sector, coTeriag the results or ingrediedt 

eTalaation, ro~mulRtion properties and teat 

metboda, shelf lite tests or methods, etc. 
These may be eubmitted to yartous journals, 

or published as bulletins. 
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IX. M&intai1' familiarity with new pesticide formulation 

techniques and developments. 

A. By continuing review of pertinent scientific 

and trade industry publications and, especially, 

ot the patent literature. 

B. Through attendance at international meetiRg& 

and SJmposia and by visttati~il to other l~rge 

company laboratories (especiallJ in Bllrope and 

the u.s.). 
c. By having training sessions or seminars conduc­

ted by knowledgable supplier technical p~rsonnel, 

by arranging collaboratiTe working visits to 

supplier lebs (e.g. HICO Products), and by 

inrtting selected scientific personnel for 

discussions or le~tures. 

I. Corollary and aupportiTe action recommendations. 

A. forking with other HIL groups, and outside 
laboratories, if necessary, provide tor bio­

efftcacy and phytotoxicity testing when new 

projects or formulations are under study. 

B. Establish shelf life test facilit1e1 including 

cold storage and oTens for accelerated testing. 

latabliab compaction and caking 1imulatio11 test 

procedures. Consider a humidity cabinet for 

testing packaged powders and granules. 

c. Imp 1 ement a strong i ndus trial aatety programme 

!or all facilities and personnel. 

D. ReTiew the suggested P-quipment additions, 

appendix I, and establish purch~ee schedules. 

E. Stock the library 111.th periodicals end tel(ts/ 

reference works, emphasizing colloid and surface 

chemistry; organic, ?hysicel, polymer and anely­

tic11l chemistry; agricultural and chemical 
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engineering; entomology, plant pathology, weed 

science, environmental sciences; patent index 

and search publications; trade journals and 

publicetions, including chemice.ls price end 

source information. 

F. Consider hiring a surfactant chemist with solid 

experience in surfactant technical serTices and 

in surf~ctant/emulsitier •election and property 

eTaluation techniques. This 111.11 consi~erably 

accelerate development of 1n-labor£torY sta!f 

~-,:pertise. 

G. Consider addi~g a trained colloid end surface 

chemist to the stat! at the ettrliest oppor­

tunityo In the interim, 11.rrange tor lectures 

and Toluntary study programmes introducing 

basic colloidal and surface chemical processes. 
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BACKGROUND 

Pesticide use is well established in India. Small 

1cale industry, public sector orgeniaatione end large 

multinational companies all have a role. Most multinational 

pesticide companies having significant pe1ticlde 1ale1 

are active in the c1:untry. Initially prodact1 were i11por­

ted but now most are formuleted locally. The formulations 

manufactured and sold are those deTeloped hy the parent 

company or local adaptations approved by the multinational 

technical staff. N'!w dissimilar formulations initiated in 

India and outside the company laboratorte1 are few, if 

present at all. Multinational company formulation labora­

tories are just starting to be established in India (e.g. 

Union Carbide). The large multinational companies have 

well established quality standards and programmes to 

aas11re compliance. The rule in genert1l is that all new 

or aodified pe1ticide formulations mus' be reviewed and 

appro•ed by knowledgable company atatf, irreepectiTe of 

eoa11tr1 or ini ti a ting en ti t1. Incountr1 estaoli shed 

laboratories or technical staff may heve been delegated 

the review/approval authority. The toreg~ing is standard 

practice among the large companies. The procedures, 

althoagh independentlJ deTeloped, all are adhered to for 

maintenance of product quality, good company image and 

product reliabiliQ'. Yhile the large international com­

p8.niea act responsibility and in their own eel! interest 

to conserTe tech•ical resources and protect company and 
product reputation, opportunities for in-country torma­

latton changes are correspondingly constrained. Training 

of formulation R~D personnel largel1 occare within the 

corporate structure, resulting in few •killed peaticide 

formulation reseerch or deTelopment people oatatde the 

large company organizations. 
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In India, the Go•ermaent bas consciously chosen to 

promote nall industries. including pesticide formulation 

production, •ia seTeral fa•ored treatment procedures such 

as allocation of production, tax treatment, etc. These 

companies coTer a considerable range in size, technologi­

cel ability and company praeticeso Little capability 

exists for those small companies to de•elop their own 

product formulations, or sometimes to eTen monitor their 

own product quality. One of the missione of the formula­

tion R.t:D laboretory being started at Dundabera will be to 

provide aupport to these small sector companies. 

Hindustan Insecticides Limited is a 'Public Sector' 

company, i.e. an Indian GoTernment company, under the 

administration of the Ministry of Chemicals ct: Fertilizerso 

It is the largest Indian pesticide company. HIL produces 

DDT, BHC, Malathion and Bndosulfan technical pesticides 

and their tormulations. They also formulate a number of 

other peaticidea, either tor their owr. labttl or under 

coatract. HIL baa a pesticide tormulfttion de•elopment end 

technical serTice •tat'f e.t the Udyoga.mandal plant in Kerala, 

aear Alwafe• The Delhi plant &llO has in-house formulation 

technical serTice support. Formulations de•eloped are 

wettable powders, ~ust• and emulsifiable concentrates. 

Graa•le termulations haTe been researched. The staff acd 
knowhow brought to the new Dundehera Centre is expected 

to be baaed on the people already working tor HIL. 

The aew Dandahera R&D Centre, under HIL, wt 11 

aerTe the country through the programmes of the Pesticide 

De•elopment Programme in Indis, and also •ia the HIL 

corporate purpose1. The formulation R~D goals, projects 

and peripheral acti•ities then baTe the uniqae composite 

character or a commercial R.t:D organization plas the 

public interest responsibility. Certainly it 1• •o 
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accident that a public interest R!:D !unction hfts been 
combined with the discipline and motiTation of a commercial 

Tenture. Those who conceived the model or are executing 

the programmes will likely smile if they haye read this 

far. HoweTer, it is important to define the characteris­

tics or the pesticide formulation R&D ru~ction concerned 

since the selection or appropriate opportunities and 

aetiyities is in part determined by the nature of the 

orgeni zation. 

I 
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DISCUSSION 

1. Formulation Ingredi..!.!l!I 

Most pesticide formulations marketed in l~dia were 

deYelope~ by a multinational company, or are domestic 

modifications or internationally proven .formulations. 

Modi!ieationa heye been made to utilise indigenous 

ingredi•nts, to ad.pt concentration to India needs, or 

both. Formulation manufacture in India will normally beTe 

cost advante.ges oYer import, and will nor!!!&lly be iraple­

mented as market sizet availftbility or facilities and 

ingredients, and regulations, allow. 

Large international companies are the source~! 

most or the pesticides used in India. Up-to-date numbers 

were not found but estimates from Yarious sources place 

the proportion attributable to international companies at 

larger than 80~. The major pert of that is now formulated 

in India. One reault of domestic formulating is a larger 

aartet tor indigenous formulating ingredients, especially 

•olyente and eaalsitiers. India now has production of 

mo•t eaulaitiers and diaperaants commonly used in pesti­

cide formulation~. These include 

alkyl aryl polyether~ 

~lkyl polyether alcohols 

glycerol eaters 

ratty acid esters 

cast~r oil polyether• 

phosphate ester surfactants 

block copolymer polyethers 

naphthalene salfonates 

~lkyl aryl sultonetea 

alkyl sulfates 

elkyl ether sulfates 
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~111 to •11.cci na t es 

aorbitol deri'latiyes. 

Xylene, petroleum oils and a 9-carbon aromatic solvent 

are readily aTailable. The indigenous ch~mical industry 

produces a good array o! useful formulating ingredie~ts, 

for example 

glycol ether solTents 

polyethers 

alcohol a 

esters 

k etones 

plasticizers 

antioxidants 

epoxi des 

chlorinated aolyents 

silicones 

yartou1 polymers and resins 

starch ea 

Tegetabl e oil 1 

chelating agents. 

The so-call~d "small sectorft to~mulators often 

use a pro•ision or the Indian Pesticide regulations 

all'orino production of a formulation of identical coapo­

ai tion to one already registered. These are Tery small 

or modest sized operations with little or (usually) no 

technical forDJulation support. They may in good faith 

purchase ingredients belie'led to conform to lb• intended 

formulation, but actually haYe no way to cbeck the 

ingredient. These operations could be materiallJ aesia­

ted by a publ1.c sector tormalation R.lD function. Formu­

lation C<J:npositions, materiftls specirtcation.a and source, 

quality assurauce procedures and assay methods would be 



-· 14 ·-

important contributions. Some tormulatiori testin'1, a"ch 

as accelerated shelf life, might be included. 

Wettable powder formulations usually contain 

diapersing and wetting agents. Suspending or sticking 

agents are sometimes included to improTe suspensibility 

or spray deposit adhesion. Gqar gum and carboxymethyl 

cellulose (CMC) are the only gums or 'hydrocolloids' 

identified by the author as ayailable locally. Apparently 

methylcellulose, polysaccarides, alginate• etc. are not 

ayailable, were not known to the people contacted, or 

possibly are available but miJsed in the author's quick: 
au rTey. 

Lignosal!onates are particularly useful in formu-

1 ati ng wettable powders or suspensions. Some products . 
•ere reported available trom the India~ paper industry. 

I 

These are not used in the public sector formulations 

recommended to small rormulatora. A programme to 

••alaate materials presen~ly ayailable, and to encourage 

additional modifications it warranted, would be expected 

to lead to e Taluable addition to the array ot Indian 

formulating ingredients. Lignin purity, especially 

residual wood sugar content, is one known variable. 

Degree or sulfonation and phenolic functionality are 

othere. Sodium salts haTe been taToured for wettable 

powder tormul ationa. 

laolinite-rich china clays a~e the !aToured 
carrier tor dust and wettable powder formulations of 

labile pestici.des such as malathion. These should be.Te 

low cation exchange capacity, be neutral or slightly 

acidic in 10~ aqueoua dispersions, contain little or no 

magnesium-rich minerals or ~ontmorilltnoid minerals, and 
+2 no catalytic surface ions such as Cu, Mn, Fe • B1 tar 

the most reliable eTaluation is an accelerated ahelt lite 

study. Indie.n china clays were reported erratic in suita­

bility tor dust or IP formulations of malathion but 
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distinguishing properties or aources were aot known. A 

study ~t Tarious sources and specifications would seem 

useful to formulatora if reliable guidance to suitable 

clays could be giTen. This would also reduce the chance 

or toxic "isomalethion• being formed in a com111ercial 

product. The '••all aector• formulator• would particular­

ly benefit as their products are p~edominately dusts and 

wettable powders. 

A number ot granular formulationc are pr~sently 

marketed in India. These, like dust formulations, 1~on-

tai n low or modest level a ot active ingredient, often 

1-10~. The clay carriers are not calcined (heated to 

6oo-7oo•c to dehydrate and partially restructure the 

crystal form) in India. Loss of 1-2- active ingredient 

is o!ten obserTed. In some clays the process continues 

until most of the organophospbete - or labile carbamate 

is degraded. "Stabilizers" are commonly incorporated in 

such formulations to retard the degradation. This prac­

tice was found not well established among the pablic sector 

(non-multinetion~l formulation) products. Identification 

o! non-reactive granule sources would be Tery ueetul to 

all aectors. Study and definition of useful additives to 

retard degradation in solid formulations should find 

rea~ application. ID particular, costly over-formulating 

to allow for expected degradation could be reduced. The 

practice or only formulating in season, with no carry over 

to the next year {an alteraati•e to cTer-formulating) could 

be relaxed, with commensurate s&Tiags. 

The I 11 di a a p· es ti c i de reg u 1 a ti o n a exp l i c 1 tl y s t a t e 

that solid carriers are inert, and exempt solids !ormula­

ti ons from seYeral It inds of data re qui rem en ta. Thi 11 1 a 

not a valid concludon. It is auggettted that all types 

o! formulations should be reviewed by the same criteria, 

and conclasions drawn from solid data plus established 

scientific principles. 
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Another approach !or obtaining a non-reactiTe 

granule carrier is to identify a suitable clay or min~ral, 

extrude a paste into 13mall threl!.ds, breA.I!: the extruded rmte::-i~l 

into small segments after partial drying or curing, then 

dry and polish to form granules suitable for pesticide 

formulating. Tropical lateritic clay in the Philippines 

is known to be suitable. A comparable Indian clay may be 

&TBilable. SeTeral equipment configurations haTe been 

used for this procedure, including the complex Japanese 

Maumerizer process, pharmaceutical-type wet granulation, 

animal teed-type pellet mills, and extruder-cioTing belt­

sieTe arrangements followed by drying. The latter is 

possibly the most economical. Close attention to process 

conditions, equipment and meteri~ls or construction, and 

energy requirements will proTide good cost and Tolume 

esti111atea. It may be necessary to add binder to an inert 

clay, to assure granule attrition resistance. Internal 

porosity must be maintained !or good carrying capa~ity. 

Natural products haTe been found suitable carriers 

!or labile pesticides, especially ground corn cobs and 

walnut hulls. Coconut hull would seem a likely candidate 

in India. Similar products may be ayailabl e. Apple 

pomice is often used as a bait carrier, as is bran, 

middlings and other Cood/teed byproducts. Su1arcane 

bagasse has been used. Possible indig~nous materials 

should be surTeyed for potential utility .• 

2. !Jpe of Formulations: 

Pesticide tormuletiona now used in India are 

almo8t entirely conTenttonal emulsi!iable concentrates, 

wettable powders, dusts and granules. One tlowable or 
SeTin is regiatlred. Apparently water diaperaible 

granules, microemulsions, etc. are not used. Application 

methods coTer a wide range (J~hnstone 1983). HoweYer, 

small tractor sprayers and hand operated sprayers account 
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tor most liquid l'lpplications. Knapsack or Baclrpack units 

are consmon. Small hand operated barrel pumps sometimes 

power hand-held hydraulic spray wands. Dust bags carried 

by hand are a frequent duPt application methodo Granules 

are just becoming established. Household spray may be a 

ready to use, dilute petroleum oil solution. 

GiTen the reliance on hand applicators tor small 

fields, flowable prodqcts may hale Talme in lieu of . 
wettable powder. Without mechanical agitation, most ti> 

products separate rapidly, causing uneYen treatment. The 

auspension properties o! fl~wables are easily superior to 

conYentional IP, there would be no hazard o! concentrated 

dust being inhaled, and measurement o! liquid is easier 

than tor powder when in the field. The technology is 

somewhat complex but eome significant aspects have been 

pablished (IUPAC meeting proceedings, 1978, ZUricb). 

Grinding is usually done with sand or shot mills and uses 

equipment pertected tor the paint pigment industry. 

Uieroemulaion formulfttions are nearly transparent 

dispersions ot oil in wster, or conTersely. These may 

be considered micellar solutions, or aolubilized oils, 

by some workerao Terainology aside, the•e are thermo­

dynamically stable auapensio~s that result from a combi­

nation of emulsifier choice and concentration, and a 

coemulsifier, usually an itlcohol. SolTent may be used, 

but normally much leas than for a conTentionl!ll EC. The 

coemulsifier concen~ration is greater than the emulsifier 

concentration (tor those systems familiar to the author). 

One useful application is to formulate the actiYe 

ingredient (a.1.), 1olTent, emulsifier, coemuleitier 

system, without watero This microemulaton concentrate 

could then be •iiluted in water by users to form. clear 

~icroemulsion diaperaions, baTing good penetrating 

properties and little sol Tent T&por giTen otr. Another 
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use would haye dilute, stable, ready to ·use solutions 

prepared by small formulators !or sale as household 

insecticide. The cost of the microemulsion concentrate 

will be greater per unit a.1. than !or a conTentional EC, 

because of coemulsitier and emulsifier are r~latiTely 

more concentrated. I! the dilated product U!e& water in 

lieu or petroleum sol Tent, the sayings may greatly exceed 

the increased concentrate cost. Also, if the penetrating 

properties plus the low solTent content haTe commercial 

Talue, extra cost may be justified. Examples are sprays 

for use around electrical equi;>ment, in hospitals, etc. 

Stability of the nctive ingredient has not been a problem 

when pesticides and sol Tent haTing low water solubility 

were used (it is not known whether low water solubility 

is a condition for stability. 

Other newer !ormulation types should be familiar 

to professional formulation chemistso Whether these now 

baye a place in ln(ia is not clear to the author, but 

they abould be explored enough !or te.mil1arity ao that 

the Indian researchers will be in a position to evaluete 

potential tor themeelTes. 

Concentrated emulsions are one type just being 

eTalaated in researcho These are prepa~·ed emulsions 

haTing aqueous and oil phases in approximate Tolume 

ratio or ¥2 to i water/oil. These formulations require 

only small amounts of 1olTent, conventional amounts of 

emulsifier, and water or aqueous solution diluent. They 

are conTeniently prepared by taking adTantage ot the 

phase inTersion temperature {PIT) properties ot tbe 

emu 1 sifi ers. Choice ot emulsifier system, sol Tant and 

actiTe ingredient concentration are quite important. 

After torming the emulsion, no separation (or Tery slight 

top clearing known as synereais) should occur. Water 

dilutions should approximate EC propertie•• ObTiously 

' 
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good knowledge o! HLB (hydrophyle lipophile bal~nce) 

emulsification techniques, interactions with water 

solution, colvent effects etc. are useful to the research­

er. AdTantage~ or this new formulation type appear to be 

(1) 9ubstitution of water tor a portion of the solvent 

(2) potential fer including water soluble additiYes and 

(3) ability to combine water soluble and oil soluble 

active ingredients :!n the same liquid formulation. Freeze 

thaw resistance is perhaps the most difficult property to 

achieve but this is of no concern i.1 India. 

Water dispersible granules (WDG) are becoming a 

popular alternate for wettable powder tor tlowable pro­

ducts~ These are roughly spherical porous grnnules, 

resistPnt to attrition during han~ling but very rapidly 

disintegrating in weter to form a falrly stable suspen­

sion. ':be water suspensi·Jn properties are similar to 

wettable powder products. Active ingredient content 

may approach 90%, or be es low es 25%. Advantages are 

potentially high concent~~tion, no solTeat required, no 

duet, easy clean up from spills. Problems are process 

control to echieTe physical properties, poor distribution 

in the spray tank if a large amount is added too quickly, 
-

difficulty o! rework !or batches not meeting specifica-

~ions (requires grinding and blending with fresh powder 

ingredients). Se•eral granulation techniques are known 

but the one most appropriate !or iDG ie the pen or disc 

agglomerator. Dust is fed to a rotating shallow pan 

inclined to cause the dust to spread over the flat bottom 

as it rotates. A fine mist of w~ter or solution is 

sprayed on the dust, causing spheres to !orm during 

rotation. These fell to the bottom edge and spill over 

to e c o 11 e c tor • A d r y i n g e t ep may be r e qui r e d , de p end i n g 

on the comp?sition of the mixture. 

Ultra low volume spray eoplicPtions are receiving 
attention in areas depending heavily on aerial spraying. 

Smell hand npplic~tions end tractor-mounted units are 
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aTailable. One form ie often referred to as a controlled 

droplet applies.tor (CDA), il'!lplying deliberate control of 

droplet size. Actual droplet size distribution is fairly 

wide but few large drops are present (mee11urement11J repor­

ted by UniT. or Illinois and Texas A&: M agricultural 

engineering personnel). All rely on wind to effect 

deposition in the crop canopy and are highly •Usceptible 

to instantaneous nnd velocity, direction and turbulence 

changes. Spraying is normally restricted to early morning 

and late eTening to obtain favourable rind. conditions. 

Rend unit~ bave a consid~rable tendency to spray the 

operator 110 protective clothing and respirator are 

required, with most insecticides. ULV sprny will use 

about 1/2 - 2 1/Ha, according to which definition one 

chooses. To apply 1/4 - 1 Kg/Ha then requires a quite 

concentrsted spray. Small water drops ( < 120 pm dia­

meter) evaporate very rapidly. Formuletion enters the 

picture to provide ready-to-use solutions with low ~Tapo­

ration, or additive to mix with conventional EC products. 

Yegetable oil additives are presently receiving attention. 

Actually it is not necessary to use non-aqueous aolutionso 

It the iC solvent is non-Tolatile, 1/1 to 1/3 dilutions in 

water will give acceptable droplet behaviour, as loss of 

upto 3/4. the volume ot a sphere results in only about 1/3 

loss in diameter. Additives should be employed with 

caution, as contact angle, deposit micro1tructare, resi­

dual or etticacy effects may occur. Tbe se.me considera­

tions can be applied to low volume spr~1•, but here 

application 111 by conTentional agricultural sprr:y nozzles 

with volume up to about 100 l/Ha. 

Microgronule products were developed in Europe, 
•1th some application in Jepan. These are coarse powder 

or fine grarule1, large enough to avoid dusting and •mall 

enough to g!Te large numbers per gre.m, and dense coverage 

of the treated area. Application and efficacy a~ primary 

considerations. No special formuleti~g principles are 

inTolved, excepting grenule size. 
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Controlled release products are of considerable 

research interest. Few product• are on the market but 

more may be tor th coming. Mono 1 i thic matrix pro du.: ts, 

aatrix dispersions, barrier-coated particles, cepsule•, 

yapor diftuaers, etc. etc. are known. Release rate 

measurement, matching ot release rate tc loss or degrada­

tion rate, minimum leTels tor efficacy and cost, are some 

key considerations. Many prepars.tion tecbitl.que• are known; 

tew are simple tor manufacture. A project to de•elop 

technology is in progress at the National Chemical 

Labora-toryf Pune, Maharashtra. It seems appropria·~e for 

the R IL/PDP I group to maintain contact 'ri th NCL, to become 

familiar with the literature, b!!t not attempt to de•elop 

a product until •ucb time as market opportunity and 

kaowh6W appear fayoureble. 

3. Teating and ETaluations 

Present practices of testing during experimental 

work, and eTaluating final !ormulations, make considerable 

•ae ot CIPAC and IHO procedures. SeTeral key subjects are 

cliscussed belows 

a) Water q~ality tor emulsion and wettable powder 

teate. The 312 PP• Caco 3 equtyalent hardness is extensiTe­

ly ••ed by Indian formulation workers. Final testing and 

•pecitications tor 100 and SOO or 1000 PP• hardness water 

are suggested. Wo•t eartace waters fall in the 60-150 ppm 

range. Well water may exceed 500 ppm, and can be as hard 

as 2000 ppm if from deep wells. Supplementary tests in 

20 ppm hardneaa water, and in brackish water containing 

aboat 1000 ppm •alt (or dilut~ sea water) extend the 

testing range to Tery soft water and to estuary water 

from coastal areas. Actual waters chosen for routine 
screeni no should be adjusted to bracket Indi a.n co ndi ti one. 

Oistilled or deionized water is neTer used !or emulsion 

or powder suspension tests. 
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b) Emulsification tests durin~ bench research 

should use racks of 10-12, 50 ml nessler tubes each, or 

racks of 6-10 100 ml conical bottom, graduated centrifuge 

tubes. Graduated cylinders are unwieldy and subject to 

breakage. Emulsifier ratio tests in each of three waters, 

and comparison of emulsitier~, require numerous tubes. 

Shock emulsification, often called bloom or spontaneity, 

should first be Tisually rated on a 0-5 or 0-10 s~ale. 
For pesticides, the author conside•a this the single 

most important selector test. After stcndard addition 

to the tube, and rating, the tube is gently inverted 5 

or, at most, 10 tiraeso Cream and oil are then obserTed 

at intervals upto 24 hours. Redispersion is checked by 

counting the number of inversions to disperse the cream 

and oil. CIPAC methods are unsuitable to evaluate 

r~ally stable emulsions, i.e. less than .01 ml cream from 

100 •l emulsion after 2-24 hours. The CIPAC procedures 

are adequate to measure suspensibility/creaming rate of 

moderately stable emulsions, bat shock emulsification 

should always be tested during in-ple.nt quality checks. 

c) Test methods !or granules b&Ye been published 

by the American Society tor Testing Materials (AS'IM). 

The•• are recommended. The methods are those employed 

by •ajor manufacturers an~ ha'Ye prol'en Tery useful for 

a •u·iety of products. (Other ASN procedures are in the 

process or being established by a committee of pesticide 

manufacturer and ingredient supplier formulation chemists). 

d) SeTeral new CIPAC methods baTe been developed. 

These should be reviewed tor asetulness. 

e) Reliable, timely analytica.l deta is crucial 

to formulation development. Pesticide analysis will be 
the subject tor another consultant (Dr. Ashok Manchan..da). 

Assays to measure a. i. pre11ent during shelf lite studi ea 

is not as simple a3 it seeas. Changes of 2-4% of the 

amount present should be reliably apparent oTer a 2-3 
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year test. Initial Talues are the reference point. If 

the procedure or equipment is altered o•er the test period 

onomolous data may be eYident. A frozen or refrigerated 

initial sample is often Taluable in re1olving questians. 

Assay to measure appearance or degradation products, 

a:nount remaining en treated surfaces, etc. may be needed. 

The analytical laboratory planned has an excellent array 
• 

of equipment. Gi•en good operation, this area should be 

entirely adequate for formulation needs. 

t) Shel! li!e tests are now conducted in HIL using 

short-term accelerated tests. A comprehensiYe programme 

would measure a.i. content, and key properties such as 

emulsification, for at least two years. Testing in the 

sales container is suggested for these tests. Controlled 

atorage and a good scheduling procedure is needed. 

Accelerated tests now rely on the 1-2 week CIPAC tests. 

The author considers these useless, except to eliminate 

extremely unstable products. Tbe CIPAC 900 - 24 hour 

powder test is likewise without merit. 

Testing at 50°C is routine in most labs, al though 

a hi gbi!r temp era tur e "may be warranted .r or India.. Tbr ee 

month data at 50-S4•C is needed !or decision making, 6 

•~nths is Yery 1upportlYe. These would be sm~ll samples, 

200-500 al, in glass, with exposure to steel or aluminium 

i! proposed tor those containers. Other materials of 

construction should be checked, especially ot packaging 

me.terials and manufacturing equipment materials. Full 

term tests in aalee packftges are needed to confirm shelf 

lite o! pilot scale or manufacturing scale formulation 

lots. These should extend 2-3 yearso Accelerated test-

1 ng tor 3-6 months is Yery use!ul to identity variations 
from the small scale tests. 

g) :iloe!ficacy and pbytotoxicity tests are 

essential evaluations, either to check formulation suita­

bility before field tests, or as research tests. Usual 

' 
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practice inTOlTes collaboration With biologists and 
greenhouse workere. The formulation R&D people should 

be familiar with the common application and evaluation 

techniquee, to roster con!nl~nication and understanding. 

The greenhouse facility being installed at the Dundabera 

locetion should be useful in this respect. 

4. Training and TecbnologI& 

Resources are extremely limited for pesticide for:nu­

lations training. No uniTersity course work is available. 

A few institutes or uniTersities haTe done aaall formu­

lation research projects; none known to the author that 

warrant use for training, other than controlled release/ 

encapsulation subjecta. Engineering-oriented short 

course on P•tticle technology are occasionally offered. 

Pharmaceutical departments in a few universities offer 

coursework in product deTelopment, the drug industry term 

tor formulation R~~. Yueh of the basic technology and 

approach to problems ia similar. Expertise in pigment 

grinding, dispersion and suspenaion is found in the paint 

industry. Floor waxes and pharmaceutical creams and 

lotions incorporate some emulsion technology, especially 

tor •icroemulsions and concentrated emulsions. Shelf 

life teating ia well deTeloped by the drug industry. 

The American Societ~ tor Testing Materials (AS'IM) E-35 

committee on pesticides, through the E-35.22 subcommittee 

on formulation and application systems, has now sponsored 

tour annual aymposia on pesticide formulations. The 

series is expected to continue. The American Chemical 

Society has sponaorecl a few formulation symposia. IUPAC 

holds meetings eTery four years. The last three bad 

Tery good formulation sections. Attendance at the ASnt 

programme and others as &Tailable, would be helpful tor 

one or a te• key people from the HIL/PDPI formulation 

group. Discussions with other R&D peo~e pro Te in••lu­

able in understanding the function. Visits to a few 
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~ajor company formulation labs would be helpful. New 

technology/trade secrets would not be discussed, but 

information about test methods, equipme~t and outside 

resources are of ten shared. These, plus the general 

attitudes, approach to r>roblems, facilities and people 

would be most helpful in deciding on new programmes or 

facilities. 

Knowhow deTelopm~1t would be considerably accele­

rated if an experience• surfactant formulation/technical 

serTice cbe~ist were added to the group. Be/She should . 
baTe 3-7 years cc~mercial experience with a large surfac-

tant company, including pesticide formulations. He 

should be a professional person, with a good record ot 

accomplishment. Either an MS or a Ph.D. degree is accept­

able, as experience and ability are more important. He 

should not be an academic person. Through his presence, 

interaction and training !or the group, and execution of 

projects, group attainment of expertise in emulsions, 

11Pa etc. would be reached in about 011e yeer. Experience 

showa 2, or possibly 3 years, wi 11 be required without 

addition or a surfactant chemist. Projects r.en be exe­

cuted in the interim, end meeningful results obtained, 

but true expertise, with accompanying efficiency plus 

creati Ti ty Yi 11 be 1 ess. 

A surface and colloid chemist should be added to 

the group et the earliest opportunity. So much o! the 

fundamental science oasis o! !ormulattons !alls in the 

area o! colloid chemistry and of surface chemistry that 

professional level expertise i~ a requisite for capable 

formulation chetnists. Ueanwhile a series of lectu~es 

covering the basic colloid theories, rules and concepts 

should be arranged. These should be at the first colloid 

chemistry coarse leTel. Topics tor emphaais would be 

surface te'1sion and energetics, wetting, adheaion, 

adsorption from gas and liquid phases, catalysis, 

--, 

' 



-1 26 ·-

adsorbed species structure, electrokinetics, dispersions, 

h1drocolloids, capillary action, ion exchan~e and surfac­

tant properties. ~Diversity professors with physical 

chemistry and aurface/collojd chemistry training should 

be available i~ India to giTe such lectures. Only 

scientists aetiYe in teaching graduate leYel colloid 

or surface chemi~try, or actively engaged in colloids 

res ea re h, should be u ti Ii zed. 

The foregoing programs, ?las actiYe research on 

formulation projects, utilizing both theoretical and 

ei:peri!lental approaches, should result in a capable 

pesticide for~ulations develo?ment and research group, 

in the span of about 2-3 years. 

The sug•estions and recommendations given regards 

ingredients, formulation types, testing and training are 

eollectively intended to !ill apparent gaps in current 

practices and knowhow, and to establish rormulati1n R&D 

capability outside the international pesticide company 

labor,tories. Present cepability is quite limited. 

It should not be presumed that the !unctions o! 

the established international companies can be replaced 

with this, or any other public sector programme. Tbe 

international eompany products, quality and services were 

aniTersally admired and praised by eTery knowledgable 

person questioned by the author. Their continuing 

co11trib11tion appears esaential to the health or Indian 

pest management. 

DeTelopment o! a public sector formulation R&D 

function to improTe the potential contribution of HIL, to 

provide a needed resource tor the small industry sector, 

and to proTide a reaource or trained personnel, is 

considered a •table, useful goal. It complements the 

large, !)rivate company contrihution. 
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~. Interactions witl other organizations: 

During the author's 1'isits with outside personnel, 

some small industry f'.Jrmulators were reported ha•ing 

erratic product qualtty, with a significant minority 

frequently selling ~ubstandard products of dubious 

efficacy. Others ~ere reported responsibly trying to 

market reliable products, but having limited resources. 

The formulation R&D !unction being formed ander the 

present programme could serve as a useful resource to 

the small sector. Forreulation evaluation or apeci!ic 

tests, assays, de•eloping and assisting startup of speci­

fic small sector products, training and consultation a re 

some of the pot en ti el sup po rt ac ti 1'i ti es. 

A continuing interaction with the Indian Standards 

Institute should be established. The HIL group could be 

a •aluable technical resource to ISI in de1'eloping or 

81'&h1ati ng formulation tests and assay methods• Many or 

the present ISI standards for physical testing are based 

on oat ot dat• methodology. Some is without 1'alue, or 

•isleading (See section 3). Analytical procedures should 

be reTiewed. The HIL group should work with IS! to update 

the physical and analytical procedures in existing pesti­

cide standards, and to introduce modern practice in new 
•tandards. 

Interaction with Indian Insecticide Board rep­

resenlati•es to implement changer:; in or additions to the 

rf!gi•tration procedures would be useful as !ollowss 

(1) To establish a re!erence list or formulating ingredi­

ents approyed for ase in India, and procedures tor eetal>­

lishi ng that priTate, trade name products contain arproved 

ingredients; (2) To modify the regulations to permit use 

or alternate formulations or the same product, prodded 

the change in ingredient identity is minor and retains 

functionality, and provided no change o! acti1'e ingredient 

concentration or physicel form is inYolTed. Co!lparati•e 
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bridging data would be proTi1ied showing comparable p1:oper­

ties such as emulsification, bioef'f'icacy, acute toxic-ity 

and probable re"Bidue leTels. Conclusiotts should be based 

on acientific judg-"'1tent without specifying extent or test­

ing. (3) To treat solid formulation with the same require­

ments as !or liqu1.ds, in that preseli.t rules falsely assume 

that solid carriers are all inert and that tew bazarda 

exist !or solids as compared to liquids. (4) To modify 

the emulsification classi!ication to relate to !unction, 

not appearance, and to proyide similar criteria !or other 

dispersible formulations. 

Interaction with Insecticide Board, !SI, or other 

go Ternment represent a ti., es to imp ro Ye quality aasura nee 

at the factory level, during production seasons would be 

a helpful input. Assay results sho~ld be promptly avail­

able to facilitate quality control with good productivity. 

Small sector formulators should receive primary attention 

and assiste,nce. It appeers to the author that practical 

procedures are already provided for by the regul~tions, 

and only need implementing. This aspect •ould be helpful 

in assuring quality products tor !armers, reducing risk 

ot farmer mistrust or lack of confidence in pesticides. 

Interaction with biology groups is needed to 

assure early bioef!icacy tests and to assist formulation 

selection. Various Indian research institutes have 

programs or expertise occasionally useful to formulations 

R&D. Continuing awareness of these resources should be 

maintained. 

6. Equipment and Operationss 

The lsborntories and pilot plant buildings provide 

good space !or conducting R&D ac ti Ti ti es. The equipment 

already on hand is well selected to support conventional 

formulations. One area of concern is safety equipment 

end isoletion ot hazP.rdous op~rations or materials. Duet 

' 
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and l'&por exhe.ust, ttnd cubicle cont'ainment of some pilot 

plant acti1'ities do not seem proTided tor. An outside 

storage area for flammable end combustible solvents is 

definitely needed to minimise the possibility of satas­

tropbic !ire or explosion. Sol1'ent cabinets ia the 

buildings seem Wfrranted. 

SeTeral pieces of equipment to support R&D on new 

formulation types are suggested (Appendix I). Other 

equipment has been suggested according to the author's 

experience with laboratory operatiocs. Analytical sub­

jects •ill be covered by another consultant. 

Library facilities are crucial to e!fectiTe R&O. 

The remote laboratory location dictates immediRte need 

tor periodicals, references, texts, indexes, etc. for 
' day-to-day use. Chemistry, agriculture, pharmacy, etc. 

should be covered. Back issues ot scientific periodicF-ls 

should be obtained for at least the last 5 years • Trade 

aagazinea are needed !or product and trade news inputs. 

J. 1trong 1 ndua trial safety pro gr a:nme should be 
started ae the facility is occupied, and continued. 

lq11ip111.ent, buildings, enTironment and people are all 

re1oarcea tobe protected. Safety programmes in India 

were generally not apparent to the author. A strong 

programme at Dundahera would be a leading ex8mple. 

' 
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APPENDIX I 

Equipment recommendationss 

1 

1 

1 

1 

l 

1 

1 

l 

2 

3 

6 

1 

l 

Each 1 ab 

lach lab 

Bach lab 

l 

1 

1 

1 

Shelf life test oven, external controls. 

Drying oTen, external controlE!. 

Refrigerator, e:i:te~nal controls. 

Large ventil~ted ov~n tor melting technical 
chemicels and dryin~ samples; pilot plant 
seal e • 

Constant temperature bath, approx. 0-80°C. 

Flesh point test, TCC. 

Stereomicrosr.ope, Yith camera. 

Research microscope, with camera. 

Stainless steel jacketed liquid tanks, vith 
covers and stirrer openings, 50 and 100 L. 

Ai r- d r i Ten s ti r re rs. 

Impellers. 

Laboratory attritor. 

Pilot scale attritor, approx. 2 cu.ft. chamber. 

Labora-4ory hood, 6-8 tt., nth sliding doors~ 
exhaust fans, electrical, H/C water, air outlets. 

V9nted safety storAge cabinet, tor fle.mable/ 
combustible liquid sample storage. 

Eye wash and safety ehower stations. 

Fenced, covered storAge shed for solT~nts and 
gas cylinders, epaced tr'lm buildings for fire 
protection. 

Pilot ;>lant cubical with filtered exhaust to 
remove dust, Tapors, sufficient size to eccommo­
dete eqUi?ment, e.go 12 tt x 12 rt. An industrial 
paint cubicle is suitable. 

Variable speed liquid pump tor chemicals serTice. 
Approximately 1/2 - 5 gpm capacity. 

Brookfield Tiscometer. 
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l 

l 
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Rotap si~ve and sieve sets. 

Pan agglomerator, laboratory size (16 inch). 
Dravo or Ferrotech. 

Pharmeceuticel coating pan rotor, with SS pans. 
Recommend Erweka (Germen). 

Industrial model wet vacuum, 5-10 gal. (!or 
pilot plant cleanup)o 

Clay extruder, approx. 1 inch head. 

' 
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APPENDIX II 

FACILITIES VISITED: 

Indian Agricultural Research Institute - Delhi. 

Central Plant Protection Training 

Institute - Hyderabad. 

Regional Research Laboratory - Hyderabad. 

International Crops Research Institute tor the 

Semi-Arid Tropics - Patancheru, Andhra Pradesh. 

Central Food Technological Research 

Institute - i,0·21ore. 

National Chemical Laboratory - Pune. 

Karnataka Agro-Industries Corporation 

Limited - Bangalore. 

Katne.taka State Cooperati1'e Marketing 

Board - Bangalore. 

HICO Products PTt. Ltd. - Bombay. 

HIL factoriea/R&D Labs. 

Delhi 

Udyogamandal, Kerala 

iasayani, •aharashtra. 

HIL Sales Offices 

H:·derabad 

Bangalore 

Other important contacts 

Yecbniah & Sons - Pesticide Dealer. 

Farmer a 

Hyderabad Ticinity 

Bangalore Ticinity 

Kerala aree., 

I 

• 
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APPENDIX III 

I. Papers giTen at training programmes on Pesticide 

Registration and on Pesticide Residues. 

. -- -~~---------------~ 
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GU;E.RAL FORi•:LLA'.IC. ce,SIOERATIC:.s FOR 
PESTICIDE REGI5TRA7IO~S 

--"'·~---·------------~------~ 

Dr· K·G· S[ymcur, 
UNIOO Consultant 

In genE.rJl, t:;ic::t:""ficacy :cst:..ng~ fiE.ld E:v:::luaticl's L:.r 

Efficacy ard absence cf un~2sired side eff5cts, toxicclcgy, :tc. 

are pcrfor~Gd with a spacific fcrmulation• If tha rosults shew 

thE orcpcscd fcrrnul:tcd =rcouc: tc be 53fo, rali3ble, eccnor;'ic~l, 

otc. tncn tho intEnt is :c rGgistor, m2nuf2cturc and ssll t~E 

sar:ie fcrf'.'1.,;laticr, as G:--pl:y~C in tne tcs:,ing ;:ro;r2G',i'E& Th2 inFlu­

enco of 0ny dalibEr2tc - er unintentional - changas in cc~pcsiticn 

or precessing snoL.;ld b~ ~v~lL.;:~cc b8fcro m3kirg the change. 1 -e 

nQturb of the c~arg~ l2r;Gly cot0r~ines new tne oval1.,;aticn st-cul~ 

products in tnc USA fcllcw frc~ :~c accve :rincioles. 

define thG formulatio~ cremic2l/p~ysic~l ~rcc~rtiGs, tc ascertain 

that 5ffic2cy and toxicity eJnfcr~ tc cxp3ctations and tc estab­

lisn residue levels. If tr.G fcrrrul2ticn r.as spacial charcicteristics 

(controlled rele2sc, unusu?l sclv~nt, diffcrert 2pclic2ticn 

t::chniquc, etc.) 2dditicn;:i_l ~:'t:::: ~''I bro rsquircj. 

All ccrnpcsiticn i:~rs arc require~, ~.i:h scccific;:i_ticns 2nd 

analytic~l er tEst mct~ods. Qu::::~itj ccrtrcl, :recess ccntrcl 2nd 

inspection orcccdurcs :-.:r·J ::c~.Jir.:::::, ::s .is ;>, cescriuticn cf thc 

manuf2cturing oquicmcnt 2nd c:ocoss. Fcr~ul~tion physic~l crccer-

ties, package soocific~ticns 9 wostc dispos~l methods and crcduct 

stabili~y dat2 are ~lsc requirEd· 

Oct~ils cf tnoso reg~str:ticn factors will be ciscussod, 

incluo1r.g impact on the.; ccursG cf f:JrmuL:2ticn dovelopment, 

inputs by sEminar particip~nts) 

cc:nditicns :end rogul:::tions .in Indi::;. 
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ABSTRACT 

Factors atrecting Pesticide 
residue• and &Mlp le s. 

Dr. KoGe Seymour 
UNIDO Consultant. 

Cond dera.bl e effort and time is exp ended to obtain 

samples !or pesticide residue analysis, in deTeloping the 

anelytical methodology and in performing the actual analy­

sis. The conclusions reached then have Telidity ins'lfar 

as the results reasonably represent actual field practices 

as Will occur following registration, manufacture and use 

of the formulated pesticide product. 

Other speakers have addressed sempbing procedures, 

sample preparation and various assay approaches. One set 

of rectors influencing the applicability or the ensuing 

data set concerns the nature of the pesticide formulation 

and the application te~hnique used to treat the area or 

s•rface for later residue eTaluation. On the fQrmulation 

aide, cloaely sii11ilar convention&! formulations may be 

expected to produce similar pesticide deposits and residue 

leTela. However, 1ignificant changes in active ingredient 

concentration, carriers with variant physical or chemical 

properties, or change in type of formulation may alter the 

initial deposit, the residue levels, or both. Some changes 

in formulation quality may also be important, such as quick­

breaking emulsions vs. ateble emulsions. 

Calibration of application equipment, careful clean­
out etc .. needs no mention, to a technical audience, but 

some residue experiments o! necessity employ non-technical 

workers who may, or me:y not, appreciate the import of accu­

rate, tnitorm treetment. Even with the best of care, •ind 

and rain or other extraneous !actors may in!luence the 

initial deposit and therefore should at least be accounted 

tor. In this respect, semples to demonstrate actuaJ. 
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depoeition are excellent in1uranceo Prompt asgay may e~en 

permit corrective ecti~n if the results show an unaccept­

able deposit 1 evel or lack of uniformity. 

Examples and discussion will expand on the foregoing 
subj ec ta. 
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Ila Seminar topics 20 December 1983 

I. ConYentional formulation technology. 

2. Formulation opportunities in India. 
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Gener cl Fo rr:mlaticn Cmsid erations fer 
Pesticide Registration 

Dr. Keith G. Seymour 
m~ IOO Consultant on 
Pesticide Fb.tmulation 

A discus.:ion paper- presented at a Training Prc;rar..::-e 

on Pesticide :<..ec;;i.st.:-aticn, October 24-26, 1983, l~ew 

Delhi, ~ndia. The Progrccrune was conducted by 

HB.:I:UST;I: LiSECTICLiJES LIMITED for the Governnent of 

India, '1.mder the Pesticides DevelopmentProgra.1r.e in 

India (a U~DPj'Jta:oo Assisted Prograrnrre). 
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General Fo:rr.ulaticn Ccnsideraticns for Pesticides ~e·;ist.:::-aticn 

K. G. Se:z-r.;our 
Vi.~ IDC Con 3Ul ta.• t 

Laboratcr_i and field scale evaluation of a prcposed fo:r:iul :cteC: 

?esti.cife :_]reduct are generally intended to provide efficacy, s~E:tc·, 

physical ope.:-abili t'_;, reliability a.."1d similar .information cc.nee .:::-:-.ing 

a pc.rtic...:10.- pesticide fcr.;iulation. If these .results, plus ecc~or:-d.cs 

and market need are l:::elieved favourable, the decisic.: may f cllc ·,.; tc 

~~est c;cver:u:-er. t registration as a formulated prodt.!ct, an.::.. to 

manufacture and sell the s cine founulation employed in the test:-.; 

:.s 
As wit.'1 ma"'ly simple concepts or principles. execution' not sc st::-aic;ht 

for..;ard or simple. This paper will discuss t.'le prccedi.;re follo,.~d 

in the U .s. A. for :egiste ring Pesticide fo r:r.:ul a ti.ens, witn pr.:..r.12.:-".f 

at~:::tion to ~tual formulation properties, testinc_;, spec:.::ic2tion 

and ~preaches cpen to the registrant. We will not discuss reslC.ue 

~sting or long tenn toxicology testing o:= ~ teshnical pestici2l 

cheDical. My corr.men ts will re late to rules aid ;i .:::-ocedu..:::-~ s o: the 

u.3. Ehvironmerital Protection a~ncy as of 1982, ne.;lect.:...-i·J r.io<ii:'.:i-

cations ma::l.e this yearo 

To foster di.3Cussion and to relate t."1e subject to Inclicn 

procedures and regula.tions, please interupt at any time for ~estions 

or cornr.entso 
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Few technical pesticide ctemicals have physical anci ~e:-1ical 

?rcpe!'."ties v.r,ich permit a-1.d di!"ect use to control pests. ,;. :::or..ulati.on 

is t.""len used to provide physical rrodification of the ac-:.ive .i.'1grecfu..rit 

to facilitate a!Jplication, to p:mm:;,te safety or to ~rove e::: ::ective­

ness, etc. (table 1). (chemical alteration, 1:t'f defi.'"lition, resc.l-:.s ir1 

a d.iite=e:-it corr9ou.11d a'1d t.1-terefore a new pesticidal cheRical). 

A few ge:;~ral facto.::-s govern most pesticide formulation, ?.£..:J 

;oals, and c~oice of fornulation ccmposition (Table 2). 

k.on; these, prope.!'."ties of the :ictive ingredimt is pa.!'."ar::m.i.-:':., c...-:d 

in fact is a cause of r:iu..::n formulation rt.&D activity. ~·:a~~"1;; soli::.s 

in to liquids, liquids in to solids, mixi.i-ig wit.'! water, reciuc.i:"',g 

corrosicn, pr-eve::1ting or prorrotir1g adsor:;:>tion, reduci::; vcpo!'."i3ation, 

di~ensi:lg vapor (or solute), avoiding reacticrls or degraC:ation, etc. 

are a11 f.:equeht occ~atlons of formulation cl~er:ii.;;ts. 0.11 ccncern 

active i."1g.=-eciient properties, plus other parClile~rs. Various ty;JeS 

of fonnulations may be developed ( ta::ile 3) with a few J:ein .. ; r.ios:. 

brocrlly used and other hav.ing specialized niches. 

Keeping in rr-.ind t.'"le various choices and in fl uenc~s, let us tu.:n 

to t-J1e regi.:;tration i."1fomation c:nd data requ:i red. hucj of t;...,_e 

re ::uirement for fo~ulation info:r:maticn is direc~d towardS assur.i.."1g 

t'"ldt canpositions have well understood toxicity and safeti' to 

e:wironment or food; that custcmer (and the people) ca-i rely on t.'re 

!:=J!"oduct to pe rfom as intended; that the product is ~11 def:ned and 

is r.1an'..lfactu.!'."ed to provide the sa.roo product that was u.sed to ::.levelop 

tne G.ata base. Responsible mCl'lufacturers and buS.inesses have sirnilar 

in::ent. "fr.ile much has teen written (a.."1d more spoken) about agr:ter.,e~.t 



- .'..l -

or disagreenent among produ~.rs, govemr:ient C11d (so-called) pul:::rllic 

interest gro~s, in fact the sllbstance of essentially all responsible 

disagree"":"ent o:: negotiation results from varying viewG of what u=st 

procedures or accumulated data constitutes an adequate showi:-~~ of 

safety, performance, etc., or cmversely what would be regarded as 

not safe, L-ia::lequate performance, etc. Detailed data interpretation 

must rele.u= to specific pesticide chemicals, fo.::rnulations uses, etc, and 

will not be o:ins ide red he re. 

Cmsider now t:-i.e intent to manufacture a-id sell t1e sar..e 

formula-+-..i.on that was testi=d for sa£ecy, efficacy, r:eliabilitf, etc. 

Procedures a.'1d rationale have been evolved ~tween. the U .s. EPA and 

indus-::ry which, in t.1-ie authors judgement, provide high oonfidence ir. 

the registered formulations, yet pe:anit enough flexibilitf for 

producers to operat:f:! -tA thin normal ingredient availabilit'J fl octuations, 

provided foreaight and responsible ccn tin~ncy pla:m ing ~re exercised 

by the producer. nie rationale c:nd general procedure ( taole 4) first 

recogiizes that toxicity, efficacy, etc, etc. are di~ctly rel0ted t.o 

active ingredient chemical and biological characteristics, and that 

fo:cmulation may enhance or modera~ those charac~ristics. 

SUch chan~s as are effected by formulation result from physical 

or colloidal/surtiace chemical effects such as solve:i t.-biosurface 

partitioo or absorption effects, effect on application 

efficiency o:- location (~ray drift, droplet i.r\l) action, granule 

dist:-ibution, sedimentation in the spray tank during application etc.) , 

barrier or adso.rp tion ef fee ts and sc oo. A related cl ass of surf ace 
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cherucal effects ccncern corrosivity or CQill>atibility with package 

matE~rials or linings, .reastion with foll!lulati..119 ingredients, reacticn 

among impurties/related compounds from the technical pesticide and/or 

from the several formulating ingredients, or re~ti.::ins catalyzed by 

surfaces or by trace chemicals present in the mixture. 'llli~ grotps 
toge:...1-ier 

( N physical, colloidal or surf ace chemical modulation of biological 

properties or of pesticide chemical availability for biological action, 

and (B) chemical reactivity involving majur or mi..."'lor cor:ponen ts. 

'lbe latter gro~ may affect active ingredient content, c.'ria'lge in 

toxicity, change in physical properties, etc. The approaches noted in 
;:.a. 4 

table/permit reasonable flexibility for manufacture. Assu.rcnce that 

the s ~e formulation is a1 ways produced and sold as re in g a p articular 

comnercial product .relys on (a) specification tests of each batch, 

(b) chemicc:.1 identity and specifications of each formulating ingredient, 

plus (c) selected fmctional tests of formulations ma:ie fran the 

several ingredient sources. Usually the latter will inclu:ie an 

accelerated shelf life test, diution or suspensicn test, phytotoxicity 

and packag:'l ccc:patibility. Actual seleetion of tests to perform, 

or omit, is a technical judgement based on the knoW'l biology and 

chemistry of the p reduct, and indiv·idual ingredients, and Ol1 the 

fmctiaiaiity of the formulation. use of alternate foi:mulations rests 

on similar reascning but tequires additional ccmparative test:ng to 

show equivalence to determine sensitivity of the product function 
md 

and prcperties;to define altemate choices of aie or a few ingredients. 

Acute toxicity will almost alwayn 1::e ooe of the tt!sts. Bio-efficacy i.s 

frequently incluied, with the extent of te.i;:ting decided from the ext~t 

array of data of similar n-1ture o Two years of field testing at€ not 
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usually required. Which tests shou:d be dcne or ~ic!:J. are wlil<Ely to 

te meaningful must l:e decided from the scientific inforr.iation backg.::-ouid, 

applied to the specific question. For example, substituti.."'lg- cne eraulsif~ 

ier for another of similar function but differing stru:tu~ may hcVe 

no sig:iific:ant influence an pesticide residue. In the absence of similer 

data, a Sr.tall scale residue corrpariscn test might :te war.:-anted 

confirr.i the conclusion o: equivalence, but full scale residue e~erihraEn ts 

c:ndu:ted in tw.:> diffen~1t years m~'iPt re a waste of resources. 

Turning now to testing required for reg:s:.:-ation 

fi.."lds considerable si.-nilarity with Indian requirernE11ts. :he follo...zi.ng 

test discussion r.iay not inclu:le ever1 test requirement, as the.list 

is draw from menory I::Jlf the author. It does incluie a11 tests cmsi:::.ered 

of key importance. Efficacy testing includes r.:11c;e-::.i"1di:-.;; laooratory/ 

greenhouse scale tests plus field evaluation. If a new product. of a 

new formulation t:'jpe 1s proposed efficacy tests with companion 

observations oo phytotoxicity etc. may te extensive as to crop, geography 

etc.. If evaluating a forrrulation rnodif ication, less extensive and 

sma.J.ler scale tests are often employed, in cl udL'1g direct f O!T.!ula tion 

co~arisons if warranted. For new products/new formulation types the 

final field te3ts must b== made with the final fotr.iulation composition 

to be suhnitte~ for registration. Earlier tests with protot.t?e or -e 

similar formulations are admissible supplerrental data if reascnable 

c~arative information is included. Toxicity tests also re:ruire the 

final co~osition, as do residue experiments (see previous discussicn). 
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Acute toxicity tests in particular are required for each cor.positior. 

cha..""lge. Altt:>rnate ingredient sourc-es do not constitute a c.hanc;e in 

chemical coif;)oSi ti.on. 

Fbrmulating in g .:edien ts o~r than the technical pesticide, of ten 

referred to as "inert" ingredients, must be selected from a u.s. EPrl. 

list of materials knoW"l as ti)2 'Exeirpt from requirement of Tolera-J.ce 

list, or data must be su!:fni:.ted to establish safety anci residue/ 

tolerance levels for t..'le "inert" ingredient. Rarely will t'.1e l-2.tter t:e 

a<;tempted. The list has several catago.cies according to in~ended use, 

and co.rerz a ver1 usable range of chemicals/i.-igredient subStances. New 

in<;redients ma<j 1:e added to the list after suanission and review of 

mxicological data and fmctional utility information. 7ne requirement 

to use lll> ted ingredi.en ts in pesticide fomulations su::::r.iit ted for 

registratico is sanet.imes tedious but does help assure safety aid has 

proven (..;t.:i-te helpful in standardizing ingredie.rits. 

Shelf life or stability testing a11ows acc:elerated testi.nr; with 

provisional regist.ra.t.Jon. .Full registration requires at least 2 years 

data fran storage in the sales pacllage{s) under actual er simulated 

commercial ccnditions.. If accelerated tests do not ir1cl ude the p c:.ckage, 

data using package materials or e)(posure to metal specimens (fer liquids) 

may be required. 

0 
Accelerated t:J:st.inq mecns at least 30 days at 50 c. Esse:-itially 

0 a11 large corrpanie s test for 3-6 months at 50 C, some a1 so test fo-:-

6- :2 montlls at 38-4C0 c and all ~st for 2 + yea.tS at room terrperature or 

ambient ter.iperatu~. seasonal and diurna 1 teITJ>erature fluctuaticnz some-

times are very ~ort.cn t to project.ing shelf life in terrperate zcnes 0 .:::-

ccld er cl .ima.tes o 
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Assay of active ingredient in shelf life studies must re with a 

p::-ocedure specific to the active ch€17lical and which discr&i.minutes 

tetween a.i. and degradation produ:: ts. Functicnal physical tests are 

alsc :-e_:;o,_:i_:ed, su::h as emulsicn stability, w.p~ suspensability, 

redispersion, foar.t, caking of dusts or granules, etc •• 

Corrpatibili cy tests showins physical and cher.lical co~ cti bili 'cy 

a;re recuired if field milltures with other pesticides are to be 

recor.r.ended. These are shcrt;,..te:rm ~sts of 1-3 days. 

~everal re~uired 9hysica1 :;:iroperties are listed in t a:::lle 5 ar.d c.. 

few other i terns in table 6 o 

In conclusion, the data re·.;uired for us registration of pesticide 

formulations iS scme.tiat extensive. However, the regulations provide 

sane flexibility according to tne kind of product b;ing ce;nside.i:::ec.. 

It is particul2rly helpful, anu advisable, to eonsult the El? . .; officic..l 

ccncerned regarding those tests/data ""1ere tech.."lical judgel71Gn t en te ~ 

into design or extent of e~erirnentso This approach, keeping the 

discussion to question of fact or of scientific procedu~, have teEO 

fO\r.d mes t helpful. The result is e~eriment:.s yielding useful data 

end c::ncl usions, vs. ri.Sk of repeating work or of having omitted 

desired tests. 
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Some reasons to forr.iulat:e te~h.nical 

Pesticidal chemicals. 

Li~ui.de products for ease of use. 

Provide for convenient dilution, usually witl: water. 

Improve ease or accuracy of application. 

I rrp rove safety to pepple , c rop , en vi ronr.len t, etc. 

Provide stability in storage. 

Improve efficacy 

Ext.end or pre diet residual activity 

Provide for carpatibality wit.'! pack::.gir1g matericls. 

Imp rove economics. 

Match delivecy system to pest habits or li::e cycle. 

/dap t to agrcnomic or cul tu.:-al practic~s. 
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Factors 9)Ve:cning choice of formulation and 

P.&D cpal selection. 

Biological factors, including efficacy toxc ity, 

pest identity, CI:q) or host, etc. 

User practices and equiprrent or facilities. 

Foz:rnulating ingx:edien t availability, quality and cost~ 

Facilities for manufacture, existing or potential. 

Economics. 

User practicdes and equipment. 

Purity and batch-t.c-batch inforrnity of technical 

dlemical. 

Coopeti~r practjcdes/prcdu:tso 
.. 

People a:lncerned mow-how, attitu:les, capaoilities • . 
' 

Suppcrt facilities and services. 

Trends or feds in products. 
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~sticide formulation tyl'es 

Soluble liquid 

F.rnulsifiable o:mc:entrate 

Wettable Po"4er 

Granule 

.Soluble pot..der 

water disper Sible granule 

Flowable( suspension ccncen trate) 

Pl c.stic ma trices - vc. riou.s subtypes) 

Coated Particles. 

Encapsulated liquids 

Microencapsulated liquids, solids 

lie rosols/P ressurized containers 

Ready to use liquid 

Ver:y dilute, as household spray 

Ccn cen tra ted as UL V sp = eys , 

Concen t.::-a ~ d emulsions 

Mic roemulsions 

Mic.rogranules 

Vapor dispenser devi.:;es/polymeric stru:tures. 

Reservoir devices or structu~s, for metered or 

programmed release 

Dust 

Foam 



I 
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Ccncep ts and approaches to assu!'.'2 responsbile 

formulation def ini ticn and evaluation with ability to 
.) 

accomoda~ defined and evaluated modifications in 

in'g!:'2dient sources or specification. 

1. Only one fonnulation corrpositio.'1 may te 

rnanuf actured and labelled as a specific formulated 

p r-oduct. 

A. S!Jecific Forrnulnted Proeucts, e.i;;. 

SUP@. EUGICIDE XX 

active ingredient aaaa 

BEDBUG KILLER 12 EC 

active in<;redient xx.xx 

B. Different formulations of the S'37,e active 

ing!:'2dienen t mav or may not h2ve sirnil c.r ef:; icic ct:;y, 

safety, uses etc. and will have separate specifiAa 

registration and individual trade n 3.rnes. 

BEDBUG KlLLill 12 EC 

STEEPWELL Bill SP.RAY 12 EC 

HOU .SEHGW KE.:OY TC USE L.·• .5Ec:-:.cr LE 12 L 

F".wEA PO ~ER 6 D 

Co A g'.)od practice is to register a specific 

fozrnulation corrposition using cher.iical, minerclogic, 

etc. identity of each ingredient. List approved 

suppliers Trade names and specificaticns for each 

ingredien to 

II. Pr011iSion is made to register cne or mere alte:r-
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the sarre physical form and fmcticn, and closely similar but not 

identical forrnul ating ingredient co~osition. 

A. Only one registered formulatioo or alternate 

may be manufactured and sold under a given ~rade name 

at a given tmie. 

Bo If shortages or other circunstC11ces warrant one 

may disccn tinue using one registered fomulation 

and shift tc an alte.rnate pre-registered fo.tmulntion 

after notifying m:'A. Pe .t.":1iS sion is not recuired 

beyrnd the initial registration. 

c. 'l'o obtain regis tra ti.on of al te mate fo mi ul 0.tions , 

bridging data and information must be suhnitted tc 

demonstrate equivalence of properties end fu;ctlon 

among the p rim a.ry fo rmul a ticn ( as te s te d in the 

full testing range) and the altez:nate forrnulaticn(s). 

No chcnge of label is permitted for ar. altemate 

fo rmul a ti on. 
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Fb,anulaticn physical prop e.:.-ties 

Specific gravity' or bulk density 

Flash point (TCC) or dust e::>q)losibility 

Dilution· 

Emulsion spon tanie ty 

Su.:pension or emulsion 

Stability and redispersion 

Foar:lin g 

' 
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Table 6 :- other in -::orr.iatioo reauired 

C<Jri!)ositicn; % by weight c:£ a11 i."lCJredients, and 

Corrposition of a typiccl batch 

.3pecificaticns and test ?rocedures. 

Active ingredient release rate, for controlled 

release for:rulations. 

Un in ten tianal ingredients, such as moin irr;:i~it.ies 

from tne tedrnical active ing ::-eciien t. 
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FA·'.;TORS AFFECTI.:~G PS3TICIJE r~ESIDlTSS ~-D Sh.~LES 

by 

IR. KEI TE G. SSYMODR 
CCXSULI'A~'rT ON F:;sT::: c ::::us FO~~MULA~rm; 

RESIDUE A'- ;..LY SIS, 

OCT03ER 26-27 t 1983, NEW DEIEI, rm IA 

T:'"iE PROGR.:J-~·'E ',./AS CC"~DUCTED 3Y 

E I.:JDTJST~r r::sECT IC ID.SS LD~I T'S] FO~". 

TEE GOVSH.N~3NT CF TI<DIA, UNDEF. TEE 

IN n:nr;.. (;,. ·_;~rDP/UNIOO ASSISTED 
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Pesticide residue levels are typically esti~ated by analysis of 

plant parts, food, tissue, etc. following experimental treat-

ment of the crop or substrate. TD.e residue found by the sampli~:i; -

assay procedures is dependant on several variables affecting 

( 1) tue accuracy and spatial distribution of tr1e experimental 

treatment, ( 2) era ss-contarr:in ation among treated areas or 

surroundiYig er.virons and (3) fo~ulation, applica.tion or 

concentration fsctors wnich ~8Y influence pestici~e loss rate 

fro;n tr.:; pest ic iG.e deposit. S!veral steps are suggesteo to helJ: 

assure freedom from systematic or random er-ors arisir.g from 

formulation or application variables. Ttese irclude selected 

calibration, formulation and application factors known to be 

useful in the exec~tion of precise field experiments. 

• 
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The initial level of pestici.cie, ar:d residual levels, m2y be 

affected by tc.e fo :'::i.ulat io!'l emplo:ved, ty tne application tecr:.!1 icl1 e, 

a~d b.v "'7eatc.er coY-:ditio!!s. 0tc.er sDeakers nave also mentioned these 

well-recognised variab:es. 

T~le need to conduct resid11e experiments in sucn a way that o t~:ers 

can confirm tr1e re8ults is b~sic to good science. Samples ::i.ust 

f8.irly (ar:d sts.tisticc.lly) represent the pesticide treat'.ent so tr.at 

residue c:;_uanti tstio!1 in t::"e laborei.tory is in fact related to ti:J.e 

pe11ticide treatrier.t for t:ie crop or substrate concer:led. ' . .Je will 

briefly explore some o::.:.sic concepts co!:cerning t:.e effects of for::;u­

lc.tion and application upon resid 1les, a-.;.d will co~ sider how to allow 

for tco se concepts in t .. e experbental plan for resid'.le e:.:periments. 

Consider a pesticide spr~;1 ap;.lic2tior: on a growir.g ere::;. 3pra;r 

droplets are for:ned as tr:.e expa!",dirig liauid 2pr2y sheets develops 

wave :Urbulence and brea,,.cs into li.,_;id t;;.rec..ds or ligands, 1,u:icn in 

turn break up as surface tl!nsion draws tne expanded li.c;-aYJds b acK 

into spnerical/droplets. ,.,.,11 sprays form droplets as tnreads of liquid 

stretcn to bre2.k1ng; tne broken section then as 'Umes tne spherical 

shape. The poi~t is that prod·Jction of a."1 array of drop sizes is 

no~al to the process and "uniform" drop size is not attaina't>le 

except witn sophisticated equip~ent not pre~ently employed for 

agTic';lture sprays. Coarse sprays~Desually errrployed for afTicultural 

sprays. Coarse sprays usually emnloy larger application vo lu~e ~d 

low pressure, but nav8 a significe:.t number of very small droplets 

present. Very fine sprays use hip1er spr2.y pressure and (usually) 

less volume. These contain relc.tively fewer large· droplets. Large 

droplets, i.~. tnose larger tha~ about 200 um diameter, contain much 

of tr.e spray volume and therefore more pesticide (Table 1). La.rge 

droplets deposit readily on flat .aurfr.:.C8S so a crop canopy tends to 

collect a large protion of tr.e lar~e drops. Very small droplets 

inpacts larF:e surfaces wi•th low efficiency so the small dropl~ts te!1ds 

to -:J<?netrate i?": to t:.e fo 1 iaf('e ca;o py. '.::'i:e se 2.re r:!o lle<;ted rro re or. 

leaf L2..:.rs, le;:;f edges et~., Gr : 11 to ke rro~rnd. 
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Spray drift is anotrier source of cross contamination a.."'.ld error ill 

treating residue plots. hir-bo:r..e drift is allliost alw~vs nresent 

but ca_"'.l be kept to accept3tle leirele if strict atte~tion is given 

to wind direction and velocity, gustiness, t'emperature, grad.:..er.t, 

turbulence end hu::i.idity. Yozzle orientation, type, spray pressur'2 

application volume e"':.c. all affect the P'l.agnitude and exte:!.".t of air 

borne drift. As sLr.ple 2 factor as R partially obstri1cted nozzle 

orfice will i...rJcrease crift co!'"1si·'.lersbly, plus e.limin2tinf the 

p:Jssibility cf u::ifo!'n de}:Osition. Fossibly the most da-r.agi:r..g 

fact is that spray drift usu2lly ca."'l!"lot be seen by tne spray ap~li-

c2tor, even if the 2~ount i3 ;;·1ite significant. J... casual observer 

may or may not see tne drift. One -;2.J1 use sun angle, e::d b ack[I'ound 

to assist visual ob servE!tion via tte Tyndall effect. Simple 

collection devices such as a glass rod (or a pair of eyeglasses) held 

downwind or moved through tue region where a disperse droplet cloud 

is suspected can be a most practical on-site wa.v to be satified that 

drift is/is not a significa.."lt factor, without having to resort to 

enensive sampling and assay. 

In-flight evaporation of spray droplets conttibutes t:J sprey loss 

as tne small drop fraction '1uickly lose carrier (water) ar:d tne 

residue is carried by air currents. Droplets smaller than 100 u~ 

will completely evaporate after falling only a fraction of a metero .. 
1ve::1 under near- cab conditions small droplets may be carried corsi­

deraole distances 2.S normal air eddy currents often keep trle drops 

suspended. 
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proceeds the mole fr act ion remai..'l'ling becomes less, tte vapor 

pressure is reduced a.~d vaporization rate is correspondingly 

reduced. This causes tbe last portion 0f pesticide to Tl!!Ilain 

for some ti'Je, al t.uougr .. o trier fa8tors determine if tne small 

resid.ual amount is pesticidally active (Figure 1). If the 

minimum efficaceous amount is A, Figure 1., the deposits will 

snow essentially equal residual effective12eee. If tr~e minimu8 

efficaceoue level is at 3 tne deposit with 11on-vo la tile solvent 

will have more residual actii·ity. In tne latter cas~, the autnors 

experience suggests an increase ill effective residual activity of 

1.5-3 times may be observed (for example frcm field spr2~ usi..~g 

aoybee.n or cotton seed oil as t-.e solvent). Whetner tne observed 

·41.egree of increase is usef1;l and co st effective will be determined 

by the ~articular pesticide, crop, pest etc. concerned. 

The microatructure of the deposit residue on a tre<lted surface 

was previously alluded to. This strJcture IDBiY take one of R number 

ef ferms. Some examples are schematically shown iD Figure 2. Some 

sprays 1111 tially wet a non-porous surface, _the drops coalesce, the 

carrier (usuc..lly water) and any volatile solvents vaporize (figure 2,1), 

As the concentration cbsnges, the liquid often fails to wet the 

underlying monolayer and ae drying proceeds irregular islands of 

concentrated residue mczy result. Known as autophobic behaviour, this 

part~culer pilenomena was first reported by tne US Naval hesearch Lab. 

and is the principle used for hignly persistent, effective "clock 

oils". Aging of spray droplet de po site may reeul t in one of several 

deposit microstructures (fig. 2, II). The pesticide ma,v not be 

soluble in tne emulsifier/cosolv"'!nt residue or coriversely, ar.d various 
) 
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configurations may form, according to the particular s.vstern 

details. Liq_·1id film on liquid, liquid on solid, solid on 

liquid etc. may re1Ult. It is apparently not widely 

recegnized that protective layers may form, or alternately 

that pesticide rri.ay be preferentia 11 y exposed. Fig. 3, I II, 

illustrates the rules governLl'lg coverage (or drop engulfment) 

of two im~_iscible li"Juids. (surface area and interfc~cial) 

tension Af12 were omitted in the schematic sketch in fig. 2, 

for t:r.e salce of brevity). The general rule that surface (free) 

energy tends to the minimum is manifest in t~}e"rule of thumb'' 

a low energy liquid will wet a surface of higher energy, but 

not a surface of lower energy (surface tension eauates to sur­

face free energy). 

Recalling that many pesticides, or concentrated residues 

from eo lution s, can remain far extended periods as supercooled 

liquids, one can unde~stal'ld why it is always recom!ended that 

residue tests re done with the formulation to be sold, near tne 

recomme~ded dilution and with similar spray coverage. 

Any discussion of Facto re affecting pesticide resid'Je mu st 

include weatner effects. SprC\Y drift effects were previously 

~enti0ned, as were microclimate effects on pesticide va}JOrization. 

Anotner :ni tigating effect of wind and turburlence is the influence 

on sprey distribution in the canopy. Small drops will be carried 

:i,nto a crop canopy by wi!'ld and air turbulance, or simply be blown 

away if the wi".'ld velocit:r is too -high. ~'or'!erate (3-8 k!ll./hr.) 

velocities favor per.etratiJr. with :;iodewt drift loss - if plots 
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are large - and less wind favors deposition at tne top o! 

the camopy. Contamination of downwind plots is an ever­

present hazard, even under near - calll cendi tie•s. 

sunlight is a recognized agent in pesticide degradation. 

Heac. from the sun may also cause thermal gradients to caxey 

epray away from plots. Prevailing temperature (at tne leaf 

surface) affects degradation and lo es kinetics, confusing 

comparisions between experiments in different areas or at 

different times. 

After readi!'lg this far one can justificably ask "eo what 

practical steps should be taken to keep uncertainity and errors 

to a reasonable level"? Some guides al'e 1 isted i."'. T~,b le 3. 

First, calibrate - don' t est .i!nate or guess. It ie eseen t ial 

ta know how much pesticide was sprayed on a given area. Next, 

collect and quantify the deposit, per unit area treated. 

Diserepancy is often observed between the amount(believed to be) 

epr~ed and tne amount collected (representative or not). 

Prebleas should be resolved before the residue plots are treated. 

Vapor less or degrada.tio!! of pesticide can be rapid, so samples 

should be taken premptly after eac:. spray test. Pse the correct 

formulation dilution and application tecnnique as recom::iended 

to the user (farmer). Uniformity trials on a "dummy'' experi-

ment are invaluable in statistically determining Sallple collection 

procedures. It also "de-bugs" equipment and trains tbe crew 

(and the crew leader plus tne analyst). 

The forgoing con siderat ions will not elim1 n ate errors. 



- 61 -

However, most avoidable sources of var~ation will be kept 

to a manageable level. Confidence in the data, and in 

the reaearchers, can only be favored by these precautiens, 

if taken in conjuncti.m with the geod practices described 

by the ether speakers during this semi.liar. 

- -• • • 
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TABLE 1. 

Droplet volume, number and surface area for a liquid 

senarated in to uniform size aronlets. 

Droplet Volume Number per 
diameter per drop liter of liquid 

60 um o.1x10-3 ul 100x108 

100 0.5 20 

200 4 2.4 

300 14 0.7 

- - - -• • 0 0 0 

surface 
e.rea/li ter 

6 2 2.3x10 er: 

1. 2 

o.6 

0.4 



lestic ide 

Re:naining 
(per unit 

area) 

Figure 1. 
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TABLE - 3 

Actions te mi.Ilimize systematic and random formulation 

and application errors in pesticide residue data 

1. Calibrate equipment and application technique. 

2o Collect and aesey samples from a trial application 

to quantify the material balance calibration, i.e. 

amount (kg. a. i. /b a.) applied vs9 

amount collected, and te measure the sampling/ 

ass~v errors. 

3. Cellect time zero samples im~ediately after 

applicatian, not longer than 20 minutes, unless 

the active ingredient is known to have a lgng 

residue time. 

4. Calculate the material balance and the sample variance 

for use lll finalizing tr:.e sampling and analysis designs 

(Experimental pre:ciaion usually is favored by one (or few) 

assa.ys per sample end by more samples taken in a pre­

determined sampling design). 

5. Use exactly the formulation being registered for sale. 

If data on a clG aely similar formulatfan is U> be 

c~mpar~d conduct an approp~iate special experiment to 

demonstrate equi~alency/non-equivalency ef the results. 

Contd .• 

- - --~ - - -- ~--------------'-----~-~----------------___. 
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Table 3 Contd. 

6. Employ the dilution( s) reco ~~ended on the label 

7. Fse application equipme~t and procedures to approxi­

mate expected customer/user practices. Spray 

(application) coverage, distribution on the crop er 

area, drop size etc. si1ould not be materially 

differe~t from expected practices. (Application 

precisicn, reliability etc. will be much improved/ 

over farm practices). 

8. :.:ind a'l"ld weather conditions shouJ.d re as uniform as 

possible during actual ap~licatio~s to the experimental 

areas/plots. Special attention must be given to 

potential cross-plot contamiriation. 

9. Keep detailed records of all activites, conditions end 

other factors that might need clarification or reference 

when interpreting the data. 

- -0 • • 
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