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CEO Recrulations. Regulations pro 
Council on Environmental Quality 

I n i t i a l  Environmental Examination 
the reasonably foreseeable effects 
environment. 

Threshold Decision. 

Environmental Assessment 
reasonably foreseeable s 
on the environment of a 

a definite format and 

Environment. The term environment, 
procedures means the natural and physic 

environment. 
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- 1  
in'national health programs in nearby every tropical country where I 

? they occur, Other important vector-borne diseases requiringvector . 
I control interventions include o vectored by bkack 
I 

I - I 

flies of the genus Simuliup;na~~~~a8~?kease, vectored i by I <  1 . . . A  5 >  

I triatomine bugs (pgkissing't bugs) ; wri- human tmanosamiasis 1 . .... 
I 1: . . 

(sleeping sickness), vectored by tsetse f l i e s  of the ge'nus . 1 -1:. 
I 
I Glossina; and lmhatic f u r l a s = ,  ~ectored by mosquitoes; of .. . i 

several geriera (e.9. Culex, Aedes, msonia , j4no~heles). ! > - .  ,. 
I 

Because malaria, arboviruses and/or schistosomiasis are ithe A -. 
1 "  

I 
% .  3 vector-borne diseases most frequently requiring U S A I D - ~ S S ~ ~ ~ ~ ~  .. / - - . i . ,: 

projects, these diseases are emphasized in  this document. I' ' ^ *  
\ 1 . , 

I " . .," i Ths. snail vectorsr o f  schistooarfasis and the debelopmedtdl 1 - ,- , . + ,  . , 

stages" of th. mosquito vectors of malaria and arboviruses iare-~~ . . . . ' . . 
I aquatic. Thus, vector control ,projects are often designed: to . - 

eliminate-or-manipulate aquatic habitats through .water, manzgcment: i ' ,;~"; 
I 

' . - .  
(drainage, filling, etc. ) other projects are .designed to reduce ?, . '  . - ,- 5 

I - <  * 

contact between humans and infective adult mosquitoes. fn.either 1 ,  .  us": . .  
case there are often physical alterations to the environment2 . o ~ .  . 8 *, 

f ' * *  - .  
I - >: - 

large-scale applications-of pesticides potentially impactingonithe . , 
j: I,..; environment. Although other options might be considered (e.g. :use - . Z' - . 

t 
. .. :' 

of parasites or predators of the vectors, exclusion by scxeenhg, G ..:Iv .Q42, d 

! ' , r >-.+"- < personal protection, etc. ) these would by their  nature have lkttle . , !,A " : - = I ."" 1 ,. . negative impact on the environment. ~t any rate, Reg.. 216 pro7?%des %- 

k * :,. ; r, ; 
I %.7 

guidelines for all types of interventions--chemical or<-physicall-- , , .--....- ::?' ., 

i : ," -and should be reviewed as early as possible in project planning &dr: 
, - 4 . . . : -.,. 

I guidance in compliance with environmental regulations.. t ., +,, , -  - 4, zb 
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health uses. This subject is more fully discussed in 
4D. 

etc.) . 

interests -- 

(4)  Insect Resistance to Pesticldea 
* .  

causes a shift  of the gene pool w i t h  the result that 
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control or related compounds, or by improper us 
pesticides, an understanding of resistance and 
essential to effective vector control. 

Resistance of 
ability of an inse 
generally lethal t 
resistance occur in insects: 

Phvsiolouical resistance: The ability th 
Processes to 
permeability of the insect 
storage of insecticides i n  body tissues such 

Some biochemical mechanisms 
are so general in scope tha 
similar or virtually unre 

Behavioral resistance: This type of re 
i n  the ability of the ins 
insecticide through protective habits 
anopheline mosquitoes resting outdoors 
interior wall surfaces, ~uch'resistan 
be genetic with the res 
being selected in a similar manner. 

Resistance t 
of insects. Among arthrop 
phenomenon was first noted 
1946 and 1947. 
importance were reported t 
were resistant to organop 
to be 104 species resista 
organophosphates, 
medical/veterinary i m p o  
or m o r e  classes of ins 
continued to appear, 

In some ar 
widespread resistance 
mosquitoes is no lo 
larvicidal oils .  Bec 
vector populations, 
susceptibility of 
control programs. It is particularly important to have 
level of susceptibility of a species to a new insect 
changing chemicals. 

In many parts of the world, the widespread use of 
insecticide in agriculture has led to resi 
public health i 
widespread use 
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. 
I 

malariamosquitoes tothis insecticide, eliminating the susceptible 1 
individuals, and gradually .developing a strain of Ano~Weles . < 

resistant to this chemical. This situation led to the failure of 
- . I  malaria control programs based on killing adult Anopheles by 

residual spraying of homes w i t h  the affected insecticide, Examples j* 
! of malaria vectors resistant to various compounds in at least some 

parts of their range are listed in Tables 4 & 5 .  
, 
1 

,I 
Kits for determining resistance to insecticides in mos@ito : 

adults and larvae, flies, fleas, lice, bedbugs, ' and other f . 
arthropods of public health importance have been developed by'tlae : ; 
World Health Organization (WHO). i - ? 

i 

These kits can be purchased from the WEIO and used to determine I 
j susceptibility levels to an insecticide before changing to aknew 1 

compound7. The drawback to the use of these kits is that resistance 1 
I to space sprays cannot be determined by using them, FPeld I +  

bioassay, even with problems of standardization of technique. F remains the only practical means for space spray susceptibility r 
evaluation. I 

. , 

Many genetic, biological, and operational factors lead to.. : i , 

development of (or loss of) resistance in a population. and courses- I , . 
I .  of action that might be affected by or contribute to increased , 
1 .  resistance in a vector population should be avoided when selecting ", - 

an insecticide for project application. 1 
+ 1 . -* 

A further discussion on resistance as related to insecticide i - .  
i '  > 

selection appears in Annex 3 3 ,  and on vector resistance land I . _  j 
agriculture in Annex 3C. 

! , ,  

(5) Hazards Involved in the Use of Pesticides f I L 

. I ;  

~ e g  . 216 covering pest ic ide  procedures includes , examination ! i 
of potential hazards to the human environment as an integral part ; 
of the review system and should be considered earzy in the review I I" - 
process. Once a decision is made to approve a planned pesticide : i. , ' 
use, the Project Paper (PP) shall include, to the extent , 

J .- 
practicable, provisions designed to mitigate potential adverse - . s" 

effects of the pesticide. 1 '  
4 - 

, { "  

I" 

7 
I - 

In addition to the kits, a series of unpublished WHO documents 1 .  
wfnstructions for determining the susceptibility of public I I 
health pests to pesticides, @' a catalogue of related materials 1 
can be ordered from the Division of vector. Biology and . 1 .  - - Control, World Health Organization 1211 Geneva 127, 

1 

Switzerland. i 
\ 
i 
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I 

I 

! 
I 
I 

I 

I 
I 

I proposed use and formulation must be individually 

I 

mile a clear USAID policy on the handli 
I hazards, apart from those regulations in Reg. 
I 
I 

I 
I 

I 

, Use of Pesticides (198 6. Food and Agriculture 
I 
I 
I USAID policy concerning pesticide safety is 
i the World Bank Guidelines and on which much of Re 

I 

I 

L 

I 
! including hazard management aspects. Because of 

I 

I 
I , summarizing pesticide safety. 
I 

1 
When organophosphate {OP) compounds 

I fenitrothion are used it 'is imperative 
I 

cholinesterase depression in staff handli 
, standard WHO-approved field methods 
I 
I 

cholinesterase activity are described in 
I 

I 
i Figure 1 diagrams relative r isks  of pest 
I 
I 

i 



in integrated programs. The most success 
have been those directed against nos 
aquatic habitats. Espec 
Growth Realator (IGR) compaunds, p 
interfere with the normal physiol~ical processes of 
organisms disrupting molting or mnetamorph~sis; 
monomsalecul~ film 
hydrocarbon with 
conventional petroleum oils. A l t h  
as a biological control agent, 
thurineriensis r israelensis ( B t i  is more c 
biological in that it 
chemical and evaluated as a 
mosquito larvae to be effec 
bacteria, per a, but rather crystals derived from 
by laboratory cultured bacter 
Bet, i. formulations a 
larvicides, However ,  
bacteria in the biological c 

(a) Bioloffical Control 

W i t h  the exception of the use of 1 
approaches to the ef 
biological means must be co 
stages of development'. 
generally shown a high degree of biocont 
a need to find species which are adapt 
cmditions and in tenporary habitats. 

Although biological control agents alone are not 
be 100 percent effective, it is important to determine 
be used to supplement other control tactics in an 
Other than time proven larvivorous fish, the following gro 
organisms are considered to have potential in mosquito contr 
least under certain, rather specific conditions. 

1 Predators 

mbellaria.  Certain species of flatworms app 
potential for control of immature mosquitoes. 
readily mass produced and produce semidormant 
dorotocebhala has been shown to be effect 
of Florida pest mosquitoes including &. 
columbiae, and Cx. niuri~al~us. However, IS spec~e 
adversely affected by high salt concentrations, 

'The material in this section is derived basically 
"Integrated Pest Management for Mosquitoes in Floridau1 unpubl 
work document, May 1982, pp. 48-56. (Office of Entomology, 
of MRS, Jacksonville) 



(2) Parasj tes and Pathoaens 

asynchronous egg hatching, is difficu 

needed. Advantages of 8 . t . i .  
against nontarget organisms and 
range of mosquito species, 

(3) Funcri 

against mosquito larvae. New nos 
Metnrhizium aniso~liae have been 
for a w i d e  range of species. 



I 
i 
I 

I 
I 

, 
I 

The aquatic fungus qiaanteum can grow as a 
I .  saprophyte or as a parasite of mosquito larvae, The m o s q u i t o  1 

is killed when the infectlous zoospores penetrate the cuticle I 

and form an extensive mycelium throughout the hemocoel. This I I 
i fungus has excellent potential because of its broad mosquito I 

host range and ability to recycle. i 

! 
A .  

Other facultative fungal parasites of mosquitoes include - L l  !, 

species of C u r s .  These fungi have a wide mosqtiito I 
host range and produce conidia on mosquito cadavers thereby I I 

recycling in the aquatic environment- They may also be 
1 

j 

disseminated by adult moscpitoes. i 4 s ,  

I 
Fungi of the genus Coelomomvceg which infect mosquitoes. I ', ' 

are obligately heteroecious and require copepods ' =as " 
I 

intermediate hosts. Thus, they are likely to have limited - ! 77 A 

efficacy. Xnowledge of the host specificity of Coelomomvceg t .' . - 
I 

, . ", 
spp, is still rather limited, but the possibilityl of '  ; - , :  . %' 

introduction and establishment of exotic species should be + - - 
explored. : , 

. ~ 

,. I " .  ' i 
1 .  

< , " ': 

44) Protozoa , . ! - "  ? - 3  

I : - "  r . 1  

The most comman protozoan parasites of mosquitoes :are . . I' -.: :. ?. . & 

tbe microsporidia. Twa species, ~avraiq cullcis? and Nosem 1 - -. 
alcre~aehave been studied rather extensively. Neither species 

7 " . "-- 

results in extensive larval mortality, but both in  decrease 1 :  :. 
;." - - 

*. 

longevity and fecundity in adult mosquitoes, In field tests - 1 , ,. 
they show little ability to recycle, which limits their . * .  

1 usefulness. Another group of microsporidia, the p , > .  . 1 
Amblysoporidae, are currently being studied. This f6ily 1 . - .  ;- 
contains species which are dimorphic in development and ,can . ; ,  , L L  

i 
be transovarially transmitted for one generation in &me ?: I " .  
species and for multiple generations in others, They have not 
been transmitted horizontally a n d . i t  is possible-that an , I k t , A 

intermediate host may be required- They have the advantages I - S  , 3 r .  

- of being lethal to mosquito larvae and being transovarially ' i 
transmitted. E - ,  .7 

I i 

i 
( 5 )  Viruses r , ! .  

I 
I 

A fairly large number of viruses have been reported from, ' 

i " [ mosquitoes. The Baculovirus group offers the most promise ,far + ,  ~ ' 

I biocontrol potential because of generally high inefectivity , z  

I 
I 

and pathogenicity. Viral pathogens are generally d i f f i c u l t .  
L 

t " . 
I to mass produce and work i n  vector control lags behind similar 
1 wark for control of agricultural pests. I i . - 5  

L 

(6) Genetic Control I " ~ 

I 
I" 

- G$neticl control programs have been successful against - I  I 

I - sevefaat economically important pests including the screwworm, . 1 
i '  -1 > . % 

I 
I ' 24 I - -  I 

< 1 

I I " 

I 
I 

I : 
I 



I 
I 

I 
fruit flies, pink bollworm, and codling moth and research has. i 
demonstrated the applicability of the theory and principal: to 1 i 

t L  I 

I a variety of other pest species, Common to success has been ' I r l  

! 
I 

mass production, sterilization by radiation or chemical and . I 
, release of sterilized insects. Other genetic mechanisms such 
I as translocations, inversions, compound chromosomes, hybrid : ! 
! sterility, cytoplasmic incompatibility and others are being 
, investigated for their applicability to control programs., i 
I . i 

I 

, Research on genetic control in mosqtaftoe~ has k e n  ! restricted to.disease-bearing species in the genera Ano~hetas, 
I Culex and Aedes. These groups c m  be sterilized by radiakion I 

k 
and chemicals. Small scale field trials have demonstrated 

I that these sterile male mosquito can compete in nature and I . - 
I induce sterility in w i l d  females. Where experiments were ;run - I  ! 
I with small populations in relatgvely ieolated arks, l I .  

I 
p~pulation reduction occurred. Where experiments involved - .  , . - - 

I small to large areas without isolation, migration tended to , I . 
hinder reduction. Current research involving sterilityz is t 

1 promising. i 

i 
. [ 

. 1 , ,  
I 4.3 P b s i c a l  Control I Source- Reduction) j f 

I 
, L 

. ,, - 
I Physical control, as used in this document, refers to ; a l l  : 1 ..: 

commonly employed methods of mosquito control other than chemical - 
I 1 ~. : 
I or biological. Physical methods include mainly thlase which involve 1 ,  , - ' -  - 
I I '- the physical or: mechanical alteration of topography in the ~ L . - % - -  

management of vator, Elimination or reduction of mosquito breeding i :: I sites by these methods is often termed "source reductionw or - , . 
I , physical larval control (PLC), All source reduction me-bds T ' < " .  . " 
, require some manipulation of the environment, and . should : be 1 
I . . i  -- , , , 
I examined for possible negative (or posftive) effects on the r ! ~ ,  . * 

environment (Appendix 11). While physical control techniques are - , * 1 

i 1' :-:: effective--they may not always be feasible for environmental, . - economic, cultural or other reasons, i. -.'.-.. 
I - 

1 

< ,  1 

I ? r i.' 

i Source reduction methods most commonly used include fillinq, -: , #, . -" 
[ deeaeninq, draininq, ditchinq, water level manaaement, shorelYne 

A , A 
! - .  I . '  

maintenance, manasemen% vecretation, and others in selected. \ :  
I I I ' ,  situations.* I~po~dmgnts, reservoirs, irrigation systems, I . r .  

navigational dredging, natural wetlands, and the presence , of 1 a,J . 
1 - 

, endangered species present special problems in mosquito control; by F :. 
I I 

4 . .  

i 
physical means. t 

~ ; - ,  
I L ' i 
I A brief description of the more common physical control i methods used in vector control is given below, and their naturd is I I 

I such that environmental impact (positive or negative) must always I 1 
be considered. + 

1 , - 
4 '  . 

, * A convenient reference is s4Manual on Environmental ~ana~eabent. 1 . s  

for ~osquito ControlM WHO Offset Publ, No, 66, Geneva 1982: 4 - 
i ' pp. 283 

I 
j ,  . 
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I 
5 . 0  Trainina of Vector Control PersonneL 

A.I.D. approved activities require mitigation by training of;in- 
I country personnel, such plans would be incorporated in ,the 
I appropriate documents, For example, R e g .  216.3 (b) , in dealing with 

patentiaf hazards. of pesticide use, states..." the Initial 

I 

I 

I necessary, such technical assistance as may be required ta mitigate 
these risks." In many cases the most effective mitigating factor. 
would be training i n  the  s a f e  use and monitoring of pesticides in 

I 

I 

I 

I 

I 

Provision for Traininer of Halaria Control Insecticide US& i 

I 

, 
I 
I , are provided regularly by NIMRT in Lahore. .The courses 

offered- are designed to meet the current malaria contra1 
I program needs. Presemice courses include 12-14 week courses ' I 

I 
I 

I 

I , objective is to give refresher training to these trainers, who- 

I 
When spraymen and mixers are employed for the spraying, 

season each year,. they are given a one week training percod 
by the malaria supervisors who will be their squad leader. 
This training includes proper mixing and spraying techniques, - 

and safety precautions to . protect emplayees as well ! as 
I I 

I 
I 







TABLE 1 

fnsecticides available for use in A.1.D.-Supported Vecta 
I 

I Projects and Registered far Mosquito Control by EPA (See 
I 

I Most Common Use in 
~nsecticfde VC Proiects 

I Adulticides: 

Malathion Intradomiciliary 
I 

residual spray 
against an~pheline 

I vectors of malaria 
Fenitrothion 

I 

Bendiocarb 
I ------------I---------------------------------- 

I 

I Malathion Ground or air  ULV 

I 
I Naled Ground ULV 
I 

I ~enthion Ground ULV 
I 

chlorpyriphos Ground ULV 

R e s m e a r i n /  Ground ULV 
Pipelonyl butoxide (Pbo) 

I 

I 
Pyrethrin/Pbo Ground ULV 

I Temephos Ground Wand Application 
I 

Chlorpyriphos 

I Fenthion Ground Hand Application trates, 
I 

I Malathion 
I 

i Methaprene (IGR) Ground Hand Application tive 
I 
I 

I 
B-t.i. (bacteria) Ground Hand Application e p  

i 
I ~rosuri? Ground Hand Application aeraa 
I 

I 

I 

I 

I 
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score 0 ox 1. The total score indicates the facility I 
4 

grade. The intention of the score and priority 1 
setting is not to move a facility from 10, to I 

25, for example, in one week (which is - .  
1 
i 

unrealistic) rather it is tended that through 1 

a seria of inspections to show steady progrkss i 

and thereby achieve the objectives to me I 
I , 7  

program i n  a doable time period. 1 ; 
Action ' person Indicates who is responsible for impl.rontiaq 1 ' .  

I 

+&e proposed action. This could range from the - 
1 , . 

warehouse janitor, to the warehouse manager, . I *  
to the inspector, to the central office. : i- 

t 
Action Indicate an action that is doable by the action I - 

person. More one pass may be requirkd. , .  
For  example, on general cleanliness, on the I 

I ' 
first pass the inspector may  indicate that b e  . 
janitor shs-d sweep out and wash d m  khe- ? 1 
loading area. At a much later date the I 
inspector might indicate that the warehouse i ' 
manager should have the facility painted. ' t  p ~ .  

1 ' ^  
' i - I '  

" f, 
I - 

I .  -. 
" J .  

Inspection it- are broken into the following sub-areas: L 
c i 

Transport/Receiving/Sbipping 
Wakehousing 1 1. 
Disposal i " 

F i e l d  Operations 1 .  
A c c i d e n t  Contingency- Planning I 

a -  / % .  

t 1 .  - I 
1 -  

eccivina/Shippinq Transoort/R I '  ' 
I 1 

;, 
- - j ' ,  

Transport Vehicle Appropriate, maintained in good wor]iing ' 1 
order, properly, cleaned etc. Veh3cle 3 .  
operations and maintenance proqram , in I - 
place. If sea containers, are they . j 
returned properly cleaned? I . . ! 

I L - 
r 1 

Transportation Route Known route, adequate mads, poiice + 1 , 
informed, etc, I 

C :. 
Driver Safety Driver has excellent safe driving redord i ' .  

f '  
t 

Vehicle Yard/Shop Vehicle yard and shop in good order. 1- 
Staff appropriately trained. What qoes I 

L 
' 5 .  

shop do w i t h  waste oil, etc.? 
* ' i .  I 

3 
I I 

4 ,  

! 

i 
h : ;b 

i 
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ANNEX 38 I 

i 

Selection of Insecticides - If a project is planned, for a j 
three to five year period it is impassible to guarantee tQat any 
insecticide(s) initially proposed will remain effective fpr the : 
life of the pro3ect. The possibility of the development of 
resistance to the insecticides used in a program, or in i 
agricultural practices in the same area, has been known since 1947, j 
when the salt-marsh mosquitoes Aedes - . .  and - &. 4 
taeniomhvmchu~ began to show resistance to Di%%?il%ida (Brown, 1 '  - 
1986)- In some parts of the world, and in some species4, this ; 
resistance developed slowly but in other areas it has occurred ; 
rapidly. ' .  

I L 

-based resistance has been well described in I- 
and Pal, 3971). Resistance has not only j 

developed to specific insecticides, but the selective mechanisms 
! - 

of resistance have resulted in multiple and cross-resistance L 
rendering whole classes of compounds ineffective. I 

I I 
I 

The variety of resistance patterns shown by ~mosquitbes 'in i 
Central America (Table 5 )  is illustrative, and linked to' the 
extensive use of a broad range of insecticides to control ,cotton i 
and other agricultural pests. Georghiou and Mellon .(1986) have : 
shown that in  certain areas of Southern Mexico insecticides (of : 
numerous classes-OC , OP, carbamates and phyrethroids) have been I 
used at doses reaching a total of 30 liters of ,active . 
ingredient/hectare (13 quarts c3.25 gallons] per acre). ' Such ; 
massive amounts are not required to pressure vector populations to ! 
develop resistance, however, 

I 

Although all well managed vector control programs are supposed 
to monitor target populations for the development of resistance 
this is often not the case. As a result large quantities of [ 
essentiallyworthless, but expensive, insecticides are employed'and I 
exert little i f  any control on the vector populations, As the cost i . 
of application is often equal to the cost of the-insecticide-, 
employed there is additional waste of operational resources, I 

I 

1 
Monitoring for resistance should include all population? where 1 

insecticide spraying or lamiciding is employed, and should be done ! 
at least t w i c e  a year to ascertain whether their LC,, or LD, levels, j 

- 

as measures of susceptibility to the insecticide in use, are i. 
increasing over the original level. The preferred method of 
testing is the use of the WHO Insecticide Test Kfts~available from : -  
WHO/Geneva. Mosquitoes are exposed to either filter ,papers '; "- 

impregnated with precise concentrations of the insecticide being : 
tested (adults), or liquid concentrations of the insecticide ; 

i - 
(larvae), Exposure is for one (1) hour (adults) 0 24 hours i 
(larvae) and mortality is observed directly (larvae) or after a i 
resting period of 24 hours (adults). The dosage and obsened -I 

mortality are entered on a graph (log-probity) and a regression j 
1 .  

4 
I 

' I 
I 





Vector Ze 
insecticides c 
larval and adu 
the effectiveness of similar insecticides as a me 
control. 

situations are 

Agricultural practices have been implicated i 
of vector resistance when: 

- vector populations were suppress 
sprays, but were less affected by 

- increases in reststance coi 
agricultural insecticides; and 

- the spectrum of crass-resis 
compound (s) used. 

encephalitis pr 
agriculture on vector resistance. Widespread use 
to protect high-yielding varieties of rice in 19 
concurrent control of these rice-field 

application. 

most tropical d 
to minimize su 
pub1 ic health 





ANNEX 3D 

Avaf1abiL;itv of Alternative Insecticides: 
insecticides are made exclusively for use in 
programs, and several that are only used in public h 
withdrawn by the producing companies for lack of pr 
investment, As a result, the pesticides available are 
have their primary market in agriculture, As these are 
used in the same areas where they are also used in 
programs the development of resistance in the v 
surprising. 

The number of insecticides in use worldwide an 
WFIO for mosquito control is- given in Table 2 ,  This 
numher compared to those used in agriculture, 
resistance continues to develop, national 
rely on increasingly more expensive insecticides. An 
such increasing costs is shown in Table 3, where the 
(insecticide only, not of labor for application) is s 
index of 1.0: malathion at 4.6; fenitrothion (Sum 
propoxor at 21.0 ; and bendiocarb at 26.6. These f i 
by place and time, but the general ratios will re 

Therefore to conserve funds in financially 1 
control programs and to delay the development of res 
advisable to use the most effective and least cost1 
for as long as possible. When it is necess 
the development of resistance, selecti 
insecticide should be based on the tested 
the population to the candidate insecticide an 
development of resistance or cross-resistance. Co 
also be given to the possible simultaneous use of 
compounds in agriculture in the same area. Cos 
considered, as well as the safety of the compound 
workers in the programs, and the general environm 

8 



AIWEX 4 

Introductioq -. 

1. Pest control is widely recognized as an 
improving human welfare in all areas of the 

of cuPturab practices, selection and breeding 
varieties, encouragement of natural eneaies a 
of biologicah control agents, as well as 
chemical control materials (including 

livestock pr~duction and human settlement. 
frequently taken without adequate safeguards for 
or may be expased to the pesticides or for the 
with little regard to pest-induced crop losses 
effectiveness of chemical control, 

1 



of agronomic or related practices which reduce the severity of pest . 
attack. The Integrated Pest Management (IPM) approach, which 1 
includes the prudent use of pesticides when damage reaches ; 
unacceptable levels, should be the objective of Bank strat* in 
agricultural development. In addition, it is important tliat I 
appropriate attention be paid to technical suitability, safety and ; 
efficient procurement during the preparation, appraisal and : , , 

supervision of all Bank projects which promote or increase the use 1 
of pesticides and particularly those which would finance the 
procurement of pesticides (either explicitly or through short term j 
credit f o x  production inputs). , 

I 

3. The following sections provide guidance on the -use of 1 
pesticides and their selection and purchases. Section A outlines 
the present state of the art in Pest Management Practices ,within i 
the context of which a pest control program should be assessed. i 
Section B concerns handling, storage and application safety. 
section C discusses particular considerations in the selection of ! ' 

pesticides for a particular situation. Section D treats pesticide i 
procurement. These sections may from time to time require mare i 
detailed treatment than is appropriate in this OPN. In such cases : 
Supplementary Technical Notes will be issued jointly by the j 
Agriculture Department (AGR) and the Environment Unit (PPDES) and 1 
will have the authority of this OPN w i t h  w h i c h  they should be f " '  

filed. 1 i 
I 
1 

4. During appraisal and supervision of Bank lending operations 1 .  
in which financing is being provided for pesticides, it is the 
responsibility of Bank missions to ascertain whether :  pest : 
management is or w i l l  be appropriate and safe, and if necessary, i: 
to make appropriate recommendations to correct the situation. 

1 i 

pest and Pesticide Manaaement Pra ' A, ctlces 
I ~ 

5,  Effective pest management involves maintaining quantf ty . and :-^ 

quality of production or improving health by the least costly means 
and the maximization of net benef i'ts should be the guiding 
principle of all pest management. While pesticides will cantinue i 

: <  to play an important part in pest management, an integrated ; 
approach combining the use of resistant varieties, biological. i .  
control. techniques and modified cultural practices where : ' 

appropriate, together with .judicious use of chemical pesticides, i 
can offep better prospects for long term control and *educed ! 

environmental damage while increasing the margin between benefits j 
and the costs of control measures. I 

! 

6 .  The costs of pest control can be direct such as those for the 
purchase, distribution and application of pesticides and the i 
increased costs of changing cropping practices, or indirect such 
as the harmful effects  on human health and the environment w h i c h  j 
can arise from inappropriate and unsafe pesticide use, They can j 
be short or long term, the latter including the cost of changing : 

I 

2 I 



chemical control materials to combat incr 
Some costs are straightforward while o 
quantify. Use of pesticides as well as other control 
should always be the result of a consid 
benefits to be gained outweigh the direct and indire 
so-far as these can be assessed. 

7. Every effort should be made to promote the 
Management concept within Bank agricultu 
pesticides and pesticide use patterns which are 
IPM approach. Three major points should be con 

a. pesticides should be viewed as 
the build-up of a particul 
levels which have been found a 
and past experience to be economically damag 
overall control of pest populations should be 
by other methods such as the use cf crss varis': 
are resistant or tolerant to the 
control, and cultural practices inc 
timing of planting to avoid the co 
particularly susceptible gr 
peaks in pest populations or dl 
timing of irrigation to discourage suscepti 
plants to fungal infection. 

b, wherever possible, narrow- 
should be selected which are effe 
species but cause minimum harm to othe 
(especially the important predators and 
pest species). Thi's approach requires 
key target pest species and, if possible, 
nature enemies first be properly identi f  

c. application methods and timing also 
minimizing the risk of harming these 

8, The build-up of pesticide resistance, particul 
populations, is a serious constraint on chemical 
Measures to reduce the rate of this build- 
the usefulness of effective materials include: 

a, using a few chemical pesticide applic 
and delaying application until pest 
present economic thresholds and suscep 

b. refraining fromusing agxiculturalpesteontrol ch 
which axe also in use in the same vicinity fo 
disease vector control. 

c, using application methods which minimize the ar 
pesticide exposure, 

3 





3. Handlincr, Storaae and AmJication Safetv 

9. Correct and careful hand1 
pest ic ides  is essential for saf 
reduce the risk of acciden 
resulting from misuse sf p 
effectiveness of their application, it is essen 
precautions be taken in the packaging, transpo 
disposal of pesticides and surplus pesticide 
necessary equipment and proper training in ap 
be provided t o  the users, 

10. Standards of packaging of 
tenders and should be' adequate 
which can occur during tr 
labelling of all packages to 
contents should alwa 
appropriate language and 
accepted standards such 
on good Labelling Practices for Pesticides,' 
pesticides in single dos 
encouraged to reduce the nee 
alleviate some of the  problems of on-farm storage 
containers, Repaekagi 
licensed and inspected fa 
standards and preferabl 
should be fu l ly  respon 
including PabelPing and use instructio 
repackaged product and the safety of the 

11. while all empty containers 
unrealistic to expect. adherence 
empty containers suitable for s tormg 
To avoid this hazard, manufacturers shsu 
containers which disc 
container where a 
containers are available,  the borrower 
specify them in tender documents. The Ba 
re-use of pesticide containers and strongly r 
possible deterrent measures be taken but, in 
only available and suitable 
returnable drum and where de 
cannot be ensured, their 
solvent and numerous water rinse 
the risk i n  the event of re-use. Flammable 
incinerated in a site where fumes will not be 
areas by prevailing winds, 

1 See FA0 Plant Protection Bulletin No, 2 1983 Vol, 13. 



12. Stores should protect containers.and their contents from the 
elements, be fenced to discourage unlawful entry, have a nearby 1 
water supply and be adequately ventilated, Containers should be 

I stacked on a hard standing with a sill to contain spills and 
containers should not be stacked beyond the recommended stacking 
height. Drainage from the storage area should outfall into an i 
evaporation pond to eliminate contamination of streams, canals or i 

groundwater. Where substantial quantities of highly toxic 1 
pesticide materials are stored, their presence may require a L - -  
Serious Hazard Assessment to be undertaken. This involves the i 

consideration of the kinds of accidents which may occur, : i 

endangering the staff, people nearly and the surrounding 1 
environment. For such a situation the assessment would determine i 
the adequacy of: I 

i a. the warning systems installed which would alert staff and , 
the public to an emergency L 

I 
< ,  ; .  - 

; 

b. the established procedures to deal with such an emerghcy , ; 
-incllu&ing evacuation of people if it should ba necessary; I I 

c. the availability and working order of emergency I 
equipment; and - r 

I 
L 

1 
d. the training of staff  and their regular practice of -i 

emergency drills. : ,  
I 

Guidance on this should be sought from PPDES. + , 

13, To prevent contamination in the process of pestflciae - ' . : , 
distribution, food materials should never be transported ; .  

simultaneously with pesticides. Vehicles used regularly, to , 1 
transport pesticides should be clearly marked and should not be , 

used to transport food products. When other, general purpose 1 
vehicles are used to. transport pesticides they should be thoroughly i 
decontaminated by washing immediately afterwards. When offloading 1 , .  
containers into store, a ramp should be provided in the absence of ; 
fork l i f t  equipment to avoid rupture and damage to contakners- + -  - , 

resulting from dropping to the ground. Any damaged containers, 
should be set aside and the contents transferred to sound . 
containers under supervision. ' j  , ' 

14. Persons handling concentrated materials should have protective \ 
face shields or goggles, gloves, aprons and footwear and shouXd be ;- 
adequately supervised. It is unrealistic to expect workers to ,wear j I 

more complete protection and respirators in hot conditions, but j 
selection of pesticides should take into account the minimal j 
protection which handlers will practice. Materials which are 

I - likely to become widely distributed should be made available .only 
I in relatively low-toxicity formulatians. Arrangements shoulg be : 

mads for the washing and decontamination of clothing and particular i 
care should be taken to avoid workers contaminating their -home 

I 



environment. All spills should be pro~ptly washed down. I 

15. Where pesticides are applied by contractors they should be ; 
required to take all necessary precautic,,.a to protect the p d l f c  : '  
and the environment from damage due to spray d r i f t  or o r  ! 
accidental contamination. Licensing of operators on completion of 
an appropriate course of training is recommendedwhen particularly 
hazardous materials are to be used. Operators and supewksory ] 
staff engaged in regular spraying operations should be train& in ; 
the specific first aid procedures fox poisoning relating to ths i" 
material being used. Medical services should be familiar with 1 - 
symptoms and treatment for such poisoning cases and specific I 
antidotes should be readily available. With particularly toxic - A 

m a t e r i a l s  it may be expedient to require the supplier to supemrise 
the correct handling and application of the materials in accordance j - - -  
with accepted safety standards. I 

I 
I. , . 

16. where pesticides are being supplied to farmers it 'is essential , 
that materials are selected which can be applied safely, and 
effectively without close supervision and that the extension, i 
services are adequately supported and trained in the use of the. 1 
materials so tha t  they may demonstrate the correct kechniques ande : , ' 

give appropriate advice, including advice for on-farm storage of , 
concentrates and eventual disposal of surplus gesticides and empty ' i :. . 
containers and calling on specialists in past contzol ,when  problem'^ i 
arise. Training should include the storage and. handling of ' 

concentrates, dilution and mixing, application techniques and ;- , \  

suitable application equipment, cleansing and maintaining spray . 
equipment and precautions to avoid enviromental damage through- + j 
spray drift or leaching into "streams or groundwater. Equi$ment and . i 
clothing needed for the safe and effective use of pesticides should . ! . 

be easily available and all reasonable measures should be taken to - 1 
promote its proper use and maintenance. Farmers should be: 1 
instructed on safety precautions, wearing a suitable protective ;, 
clothing, the importance of decontamination and of avoidLng f 
introduction of pesticides into the household environment. .They ; 
should also be able to recognize possible early symptoms of ! 

4 " 

poisoning and be aware of the need to seek medical assistance - - i  

quickly. / ,  

Selection of ~esticide materials and besticide famulatiorig 
' I= 

C. 
I 
i 

- ,  17. The selection of chemical pesticides for use in agricu$tura - 

should take account of the safety and effectiveness of alternatives 
under local climatic and environmental conditions, their i 
compatibility with Integrated Pest Management, the existence of 1 
national or international regulations or recommendations regarding - ! 

I use of particular materials for particular crops and ~ the -t 

reliability of potential suppliers to deliver products. af a jhigh . !< 
quality, appropriately packages and backed by well qualified. -1 ' ' 

technical advice and support. In addition the indigenous 
capability for handling toxic materials and regulating their 1 

7 
, ' 

i - 





purpose has been reviewed 
Pesticides Residues 1 and 
residue levels subsequently rec 
on Pesticide Residues 2 or if 
reviewed for a similar rather than identical applicat 
these latter cases special provisions must be made to 
residue levels and the manufacturer may 
information regarding residue decline rates and 
analytical method suitable for 
and significant metabolites 

22. When pesticides are to be used on fa 
ensured as far as possible that FAO/WHO 
recommendations will not be exceeded. In 
make a significant contribution to the diet, max 
must be viewed in the light 
daily intake levels are not exceeded, Where such 
be used on food crops for export, compliance w 
residue limits or tolerances established by the 
must be assured. If a pesticide is being con 
registration in developed countries precludes its 
forages and crop residues subsequently to be 
provision should be made to prevent s 
materials to animals, 

23. If a proposed pesticide is not regi 
proposed use but a pesticide regulation author 
necessary steps t o  assure registration should be 
is introduced into the country. Such regi 
labelling requirements for the product and require 
by the manufacturer of particular information on 
toxicity and persistence and the mov 
possibly harmful breakdown products in the envi 
readily available in published Literature, 

24. selection of pesticides should be ba 
evaluation of possible hazard to the e 
natural resources. For example, materials h 
to fish or aquatic invertebrates should not be 
aquatic resources which could be adv 
d r i f t  or soi l  erosion and those highly toxic to hon 
not be used when they  will present a threat 
pollinators. Informatbn on toxici 
should be available from the manufa 

1 FA0 publishes periodically reports and suppl 
recommending maximum residue limits in food and liv 
feeds . 

2 The committee is responsible for development of internatio 
limits for residues in food wi 
 omm mission which is a joint FAO/WHO food standards progr 

9 



\ ,  

I 

published literature. Any use ~f pesticides should be designated 
to minimize the area of exposure, but when materials known1 to 
present a significant environmental risk are used an environmental - I 
monitoring program should also be implemented. I' 

* - 
i D. Procurement of Pesticides ; 
! 

25.  Wherever possible competitive tenders should be sought for the I !.. 
supply of pest ic ides .  In order to evaluate tenders from different 
sources offering different materials in field tests is necessary 
to evaluate their relative efficiencies. Where adequate I 

information is available, efficiency weightings may be given, ta 
different materials and used in the evaluation of bids but tq do ( .  

! so, the weights must be made public in the documents supplied-+ to 4 
potential bidders so that in making offers they are aware of khe 
conditions under which their product will be evaluated, Such i i 1$ . 

weights m a y  be used to reflect the advantage a particular material 
t might offer by controlling other pests besides the one for which 

the spray is intended, by being less harmful to predators, or by * 

, 

being less dangerous to handle and apply. Where data. is 1 
insufficient to apply such efficiency factors, materials ,are ' i, -. 
compared on the basis  of their cost per unlt area when applied; in I 

1 ' accordance with the local recommended practices in the country and 
- l j taking account of the manufacturers recomanendations, at the riate , .  

and frequency to control the pest concerned. Where one matefial : 
I 

has been shown in trials and in practice to offer a longer period I . -  
of control than anothar so requiring fewer applicaf ions, the saving f - 
in application costs needs to be taken into account in evaluating 1 

bids. i 
1, 

2 6 ,  To enable different suppliers, each formulating a particular' i .  
active ingredient under one or more different trade namesp to I 
compete, the invitation to bid and tender documents should use tha i 
accepted generic name or names of the material or materials which, 

v , 

would be considered. The specification should define a11 the 
critical characteristics in the ionnulation covering such aspects -. 

I 

as solvents, emulsifiers, and surfactants in the case , of -, 

emulsifhble concentrates, or particle s i z e  in the case of dusts ^ 

! 4 - 
or suspensions, which may affect the performance of the pesticide. " .  
The manufacturer should certify that the product is exactly i the i 

same (in terms of physical and chemical properties, formulating, 
ingredients and manufacturing process) as that marketed ! and- 
registered in the country sf arigin, or be willing to state :any 4 : 

deviations and provide an acceptable rationale for them. Materials 
to be u e d  for seed treatments rhoubd be formulated with warning ! 

1 . -  

colorants or dyes which will persist under anticipated storage and !. 
handling conditions. , I 

L 

I 

27, The specification should indicate any special features of 1 
I 

packaging and labelling which are necessary for product protection' 1 
during handling and storage and to ensure effective use. It should I 
require packaging a ~ d  labelling to be consistent with accepted , 

i 







I 

The toxic actions of the various classes of pesticides to 
humans are summarized below: 

Organophosphate pesticides I 

The phosphate ester group af pesticides includes some of the 
most toxic pesticides as parathion, On the other hand, other 
organophosphates, including thosemost often used in public health, ! 
are only moderately toxic and some, notably malathion, when 1 ,  
formulated and used correctly are among the safest insecticides. 
Parathion has been implicated in more pesticides poisonings than 
any oaer pesticide. , 

1 

Symptoms of organophosphate pois 
nausea, sweating, blurred visf an, chest 
vomiting, and diarrhea. Onset of s 
exposure. With some organophosphate 
has not been massive, onset of sympt 
hours, but rarely longer than 12 hours. 
poisoning, difficulty in breathing, 
coma, pulmonary edema, and respi 

Fortunately, highly specific antidotes a 
treatment of organophosphates po 
atropine sulfate, alone or i n  conjunction with p 
(2-PAM) can save victims who h 
dose, 

An important precaution p 
therefore, is to ask 
emergencies to obtain the nece 
The physician should also be 
product(s) to be used whic 
specific information. 

Carbanate pesticides 

The carbamates act almost like organophosphates. 
the signs and symptoms of poisoning; however, 
can be treated more easily by a physician. 
carbamates are safer than organophosphates. 

Chlorinated hydrocarbons 

Chlorinated hydrocarbon insecticides h 
in larger quantities th 
mef r mode of action is unkn 
been done in efforts to unc 
chlorinated hydrocarbon insecticides als 
acute toxicity . Aldrin, dieldrin, and endrin are 
products, whereas DDT, BEC, chlordane, a 



The most frequent source of acute poisoning 
organochlorine pesticides has been dermal exposure to massiv 
of concentrated liquid formulations from spilling material 
skin or on nonprotective clothing, Symptoms of acute pois  
indicate stixsulation signs and symptoms 
headache, nausea, vomiting, general discomf 
person also may be unusually excited andlo 
severe poisoning convulsions follow; they may even appear 
the warning symptoms. Coma may follow the convulsions. 

Chemical analysis o f  blood samples may 
diagnosis of chlorinated hydrocarbon poisoning, In 
postmortem findings are nonspecific, There are 
antidotes available for poisoning by 
is usually limited to symptomatic trea 
Fortunately, only relatively f e w  cases 
have resulted f r o m  the use of chlorinated hydro 

Fumigants and solvents 

Too much exposure to these c 
intoxicated, The signs and s 
slurring speech, confusion, and draw 
exposure to the fumigant methyl bromide has cau 
internal injury without early signs or symptoms of 
fatal dose of methyl branride may be abso 
appear. 

plant-derived pes t i c ides  

Some plant-derived pesticides, such as 
toxic, but most are not. Technical pyrethrum 
reactions. Some rotenone dusts irritate the r 

CHRONIC AND SUBACIJTE PESTICIDE POISONING 

Repeated exposure to subacute levels of pesticid 
cumulative toxic effects and result in gradual onset 
symptoms. Workers handling pesticides over prolonged perio 
time are exposed to this risk, as well as persons work 
pesticide-treated areas. 

The potential effects of repeated exposure to pesticides 
humans are difficult to predict from animal experiments; there 
much of the knowledge about these effects develops slow 
hman experience. Organophosphate and carbamate insec 
inhibit a vital body enzyme, cholinesterase, and this inh 
can be detected by appropriate tests of small blood samples 
more severe poisoning symptoms occur. This offers an oppor 
for early detection of low-level exposure of workers 
organophosphates. Workers may be removed from further 
the pesticide until their cholinesterase level has 







FIRST AID PROCEDURES 

Read the directions in the 'IStatement of Practical Treatmentm 
on each label, The label is the most important information that 
can be given to the physician in the case of suspected pesticide , 
poisoning. Pesticide on the skin should be removed as quickly as 
possible, Remove all contaminated clothing. Prompt washing may , - 

prevent sickness even when a person has been exposed to a larye 
amount of a pesticide by spilling the compound. Do not forget hair i 
and fingernails. Eyes may be rinsed with water or saline solution, I 

Water-wettable powders or suspensions are easy to remove with plain 
water, as are most emulsifialale concentrates and emulsions. I 

i solutions of pesticides in petroleum oil or other solvents are 
harder to remove without soap or a detergent. Detergents work 1: 

j 
better; washr00mS and emergency field washing facilities should I 

have detergents rather than soap, In cases of pesticide ! 
inhalation, get the victim to fresh air immediately, When 
pesticide has been splashed into mouth or swallowed, rinse the 

.( 

I 
mouth with plenty of water and go or be taken to a physician 
immediately, 1 t is sometimes dangerous to induce vomiting, - 1 , I 

especially in the case of volatile organic solvents. FOLLOW -EL . . 

DIRECTIONS. I 
I 

i z  

REPORTING AND CZ,EANUP OF PESTICIDE SPILLS 

Minor s n i l l s  
r 
! 
I' 

K e e p  people away from spilled chemical. If the pesticide 'was I 

spilled on anyone, give the appropriate first aid and decontaminate I ,  

them imnmadiately. The area should be roped off and flagged 'and - -  I 
someone should be present to warn of danger. Confine the spill; 
if it starts to spread, dike it up with sand or soil. Use an I 

absorbent material, such as sawdust, soil, or any special product 
made for this purpose. Shovel all contaminated material into a 
leakproof container for disposal, Dispose of it as excess. T ,  - 
pesticides (See Chapter 7). Do not hose down the area -- this T I 

spreads the chemical. Put something on the spill to stop tthe I 

chemical action, Common household bleach or a solution of lye or 4 

ammonia can be used. Call the chemical manufacturer if in doubt I 

about what to use, To avoid hazards of contaminating workers i 

cleaning up the spill, always work carefully and do not hurry, I 

Restrict entry to the area until the spill is cleaned up, 1 i 
I 



Ma3 or s u i l b  
I 

For spills too large for M e  personnel on hand to deal ' w i t h  
or in cases of doubt about proper action, call the manufacturer 
for help. In either case, keep people away, give first-aid as. ; 
necessary, and confine the spill. If a major pesticide spill i 
occurs on a State highway, county road or city street, have someone i 
call the highway patrol, sheriff of city pe1ic.e for help. ( C a m  1 
these telephone numbers with you.) Qa not leave the site of the I 
pesticide spill until responsible help arrives. Report all major i . v 

spills by telephone to your State pesticide regulatory agency. If ] 
water is contaminated, notify State health officials, regional, 
State, or Federal water quality or w a t e r  pollution authorities, and ! 
the State fish and game agency. 1 

I .  

i 
STORAGE OF PESTICIDES i I 

All pesticides regardless of quantity should always be stored. 
in  the original labeled container with the label plainly visible. j I 
Pesticides must never be stored in ariy other container, especially { 
not in old bottles or other container where they could be mistaken I 

for food, beverage, or drugs for humans or animals, pesticides ' 

must not be stored near food or other items which may become : $  

contaminated by spilled material, volatile pesticides, odors, etc. 
l ,  
+ 

Larger quantities af pesticides should be stored in warehouses 
or warehouse areas specifically designed for this purpose. - 
Ideally, pesticide storage areas should have concrete floors with ; 
drainage t o  a sump or other holding area where contaminated water ,! 
can be decontaminated before release. Earthen or wooden floors are I 
difficult to decontaminate, The storage area should be dry and I - 
well ventilated. Some pesticides must not be stored at 
temperatures below freezing, while other cannot be stored atthigh : 
temperatures. Specific storage requirements of each pesticide . j 
product should be ascertained from the label and complied with, , .  

i 
Pesticide storage areas should be locked and secured against : 

theft and the entrance of unauthorized persons, especialay 
children. These areas should be identified with prominent, water- I ,  

proof signs over each entrance. 1 t 

: I 

I 
! 

A complete inventory of all pesticides in the storage area is I 
essential. The age of pesticides in inventory should be monitored 1 

1 to prevent them from beceming unusable due to deterioration.; In 
case of emergencies, a list of products stored and their locations 
should be given to safety and fire department personnel. 

i All pesticide stocks must be examined periodically for leaks ; 
or any signs of deterioration in containers and for spills. Any ~ 

, 

spilled material or broken containers should be completely removed I' 
and the area decontaminated and cleaned promptly. , . 



I 

l. 

Steps should be taken to make certain that run-of f water ' f kcom ! 
cleaning in pesticide storage areas w i l l  not contaminate i 
residential areas or bodies of water. The storage areas should be [ 
diked or otherwise arranged in such a way that, all run-sff water 
can be trapped in a suitable pool or , sump for proper ! 
decontamination and disposal. 

I 

I 

Since pesticide fires present grave dangers, fire preveGtion I. a 
and protection measures in pesticide storage and warehousing area3 i- 
are particularly important. These should include effective - ff re i 
detection systems and use of spark-proof electrical wirintj in 1 
equipment such as safety lamps, motors, switched, outlets ,  :etc. 1 . -  
Pesticides should be kept away from steam lines, heating units, , 
exposed windows, and other heat sources. I 

, I 

Local police, fire department, public heaith and &her , I 

" concerned agencies should be familiarized with the pesticicle 
storage area and the operating procedures of the facilities. Plb 
workers and supervisory personnel storage area involv+4 fd the. , .5- 

' handling, Transportation, and storage of pesticfdes shauld 'hdve - 1. 
ready access to qualified medical aid and to -information on- the ' , .- '  
chemical ,. physical and toxicologic properties of the pesticides, , - i L  
including detailed information on how to deal wi%h s p f l l a .  i I 

I 
? * i . . 

Many pesticides, no matter how well manufactured, fomulatkd, . . ! - I and packaged, deteriorate- Lpon storage, especially, under conditibns' - ; 
of high temperature and high humidity. Such #+et+rforatiod may , . 

include loss of active ingredient sue to chemical 'decompasition, ( I  

loss of emulsifiability in the case of emulsifiable concentrates, j compaction and caking in the case of d r y  fomtlations,'. 'and 
corrosion or deterioration of containers a&& labeling. Some ' ; 
pesticides convert into more toxic (to mammals) substances rupon . . + , 

aging. Z - 
, I 

In general, formulations containing low concentratfonS. of: ] 
active ingredient tend to lose active ingredient mare' rapidly. than. .!- 

I '  more concentrated pesticide forms. Some liquid pesticide products . i 
tend to develop gas upon deterioration which may make container . j 
very hazardous to open and lead to eventual explosive rupture of f 
containers. i 

i 
l 1  

Stocks of pesticide products which have deteriorated in one 1 , % '  

or more of these ways may cause very serious problem, It .is 
difficult to handle and transport them without breakage and spills, 

' ,  which present serious human and/or enviromental safety hazards. i , I .  . .  ' 
If such products deteriorate to the point where they become. 1 ', 

I unsuitable for their intended pest control use, their safe df sposal'.- , 
may present an even bigger problem. . i 

i 
. > 

i 
I 

It is very important for persons involved in the purchasing .; . ,. 
I I of pesticides for use in other countries and in making arrangements " 

j - 
for their transportation and delivery t o  be aware of these, i 

8 .  
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I 
problems, Acquisition of pesticides for use in tropical countries 1 
should be scheduled and implemented so as to minimize storage.-fbe 1 , - 
and remove the pesticide from the original supplier to its ultimate ' 1. 
user as expeditiously as possible. Sometimes, pesticides will. have 
to be held over from one season to the next. Such storage should 1 be held to a minimum, and under no circumstances should the :time I, 

between manufacture and use exceed 24 months. I . I 1 

DISPOSAL OF PESTICIDE CONTAZNERS AND SURPLUS PESTICIDESi i - 

I 
The proper handling and disposal of emptied pesticide 

containers and leftover or unwanted peskicide prodhets, I 
concentrated of diluted, is basically the responsibility of the 
person, company, or other organization who received and ernP6tied . I- the full container. Improperly handled or stored memptpn pesticide 
containers or surplus pesticides may present or become a serious 
safety hazard to people, especially children m d  unsuspecting i 

r ,  

persons, and t o  livestock, pets, wildlife, fish and many other 
f o m s  of life. They may cause contamination of water, soil, or ; % ‘ .  
air, and have many other adverse effects, Safe disposal of emptied- : 

I pesticide containers and surplus pesticides is therefore a $very !. 
essential, although some2imes neglected, step in the proper : .  
RandPing of pesticides, 

L 
' _ 
t 

The problem of how to dispose of used pesticide contaikers, , ; . 
especially large, heavy steel drumas, has received a great deal of 

" 

attention in recent years, but no truly satisfactory or universally j , . applicable solution has been found to date. This is not surprising I -  
in light of the fact that pesticide containers, as pointed out ! 

previously, have to be very durable to afford adequate protection- 1 - , - .  .. 
of the pesticide product during transportation, often over great - :,. 
distances, involving different modes of transportation. and rigorous . 
handling-during transfer from one vehicle to another, and storage.- 1 ' 

' 

under conditions of high moisture and humidity, On the other hand; 4 . , I .<>$ ,. 

3 - it would be very desirable for pesticide containers to be .easily . ><, 

disposable after they have been emptied at their final destination. - - 

No technology has bee developed to date which would satisfactorily 1 . :- 
9 .  

fulfill these seemingly incompatible requirements. ~echdca l  ! 

pesticides to be formulated or formulated pesticides for. j , 

repac-ging are usually shipped in bulk or in larger contailiers, - I 
rarely in containers smaller than 30-or-55-gallon drums, If 1 
neither re-use nor retum to the supplier are feasible, large metal j 
drums may be sold to a cooperage firm equipped to handle drums ; 
contaminated with toxic materials. If this is not possible,.ways 1, 

must be found for the -safe destruction and disposal of such dhms. t 

F ' .  
~pplicable laws and regulations vary greatly between countries - I  : and from State to State and are subject to change as new and better .: 

methods for dealing with this problem are developed, Therefore, i . 
it is not possible to supply generally applicable instructions at -. 
this time. Persons, companies, ar agencies can jointly develop . I 
suitable procedures. No fast, easy and safe methods for handlhg - i  . 

I 

9 
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t *  
I 
I 

this problem have'been perfected to date. 
7 

Pesticides are expensive and for economic as well as; for ! 
- I  

! safety reasons, pesticide containers should be emptied carefully . 
and comgletcily. Emptied pesticide containers ere never completely ] 
Itempty" and, therefore, are-a serious hazard to people or: the i 

I envirs-ent if not properly handled, The same is true of leftover 1' 
I or unwanted pesticide products or dilute -tank m i x e s  of pesticides. 
I t 
I 

4 
The following procedures are commended go elininat4. or . I- 

minimize the hazards involved in disposal of pesticide containe* " ! . ;  I 

I or surplus pesticides: .\ . i I - - , <  

- 1 
I 

For I .  . .  -- ' After llnohalw i - .-- containers of l w d  ~ ~ ~ ~ t l c i d e a  ."" 
7 " 

, emptying, drain the container into the  spray^ tank in a .,I ' 

, vertical position for 38 seconds. Then rinse thkee time$ &' 4~ ; 
drain into the spray tank in a vertical position for 30. 1 
seconds after each rinse, Use one quart for each rinse 'far : 

I 
I a 1-gallon can, 1 gallon for each rinse for a 5-gallon~can, 
I , :  - .  and 5 gallons for each rinse for 30- or 50- gallon dkums. : I - 

I This "rinse and drain proceduren has been found to be a I 
I simple, quick and economical method for significantly reducing [ 
I the potential hazard of used pesticide cans and drums. .This i c  

procedure will render the container ready for proper disposal. 
but NOT for reuse for other purposes. No amount of cleaning ,. ' 

I 
I .or decontamination at the user level, f ncluding rinses [with , 

detergents, caustic soda or other purposes. In particular : 
such containers must NOT be used for storage or transpolrtatzon i 
of food, water, or other i t e m s  for consumption by humans or- i r II 

animals. Finally, rinse water should be disposed of in'such " I 
I a way as to avoid environmental contaminatio:~&. 

; " - .  , The EPA divides types of pesticide container &QG three groups - ' - . , .. 
based on suggested means of disposal: . .  

< "  , - 
. < I , , 

I Group I containers: These are containers vhich williburn .. 4 - ,, - ,  
I 

I and previously held organic or organametallic pesticides, but i 
not organic mercury, lead, cadmium, or arsenic compohd~~. I . .. . 

I They may be disposed of by burning them in a special pestbcide . . !: 
I 
I incinerator, burying them in a specially designed landfill, , , .- 2 

burying them singly at least 18 inches below the surface in ' ' . . .' 
" .  

! open fields, or burning small numbers of them as directed"byb I i ' i 
I State and local regulati~ns. In burning pesticide bags, i s  

boxes, fiberboard drums, etc., care must be taken not .to i 
expose people or animals to the smoke or fumes from the fire. . : 

I 
Grout, I1 containers: These are containers which will not. 1 A 

burn and held organic or orga]rrometallie pesticides, but, not 1 
organic .mercury, lead, cadmium, or arsenic compounds. &fore , j . : 

, disposal rinse the containers three times. Many large . - j . -  - , 

containers in good shape can be reused by the supplier. .-\ . 








