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Pesticides are at the present tir:e essential f.r commercial catton production in
 
Central America. Nevertheless their use has been found t:, have consequences on the
 
natural environment anr! the ie:d:th .fits %:rre ::.f
habitts. these c-nsequences 
represent economic I isses .iu.s:':c :,tt.-n activit/. 'he p.resent study discusses pesti
cide issues with a view to Ideif, in., ':h.,se,-.xna.emrc-:t ,.,esures which would reduce 
environmental and ecoo,,mic :.r.blerns while nrcflinrj :,r cnreasin.j the benefits 
dervied from cotton pr)duc6 .n. 

Most of the componen'r ;fthe Centrcl /r,ericc arxovlronment examined contain 
highly residual pesticides. I)OT c.ontcmY.inatr:n ranjes From '!.000042 parts per million 
(ppm).for estuarine water ; ,@.uuternala to 117.5' ppm for cow's milk in Nicaragua. It is 
not possible t-. determine the irnplications of insecticide residue accumulation in human 
and other'li.ving orjanisms in Central America at the present time. 

The aerial application of pesticides under unstable weather conditions is a key 
event in-the irevement of pestic~des through the environment, it was estimated that with 
the ultra-low volume appiication system about 75% of I;he amount applied falls -outside 
the swath of -the airplane under conditions )ftei;operatura inversion and moderate winds.~. 
Ifra 20-hectare :field. isbeing treated one canexpect ab.ut 56% of the insecticide to fall 
outside the target area. .Sone of the $70 million spent annually for cotton pesticides is 
lost because of drift. 

Pesticide drif increases sub-clinical intoxication and .he possibilities for clinical 
poisonings. It contributes to the contamination )fneighboring environmental components
and to the development of resistance by the malaria vector (Anopheles albimanus). Some
times it may create economic :,.roblems f,7r other asrcu!turol activities. Beef exporters in 
the recent past have lost between $1.7 and $2.0 million because of meat contarnination 
by DDT. 

The number of reported hu;mnan clinical poisonings in Central American cotton areas 
is still substantial. However, total cases diminish every year. Poisoning incidence has 
dropped from 6,078 cases in 1972 to an estimated 2,074 cases in 1975. During these four 
years, only a total of 40 people were reported dead from pesticide poisonings. Most poison
ngs" are attibuted to the non-persistent but highly toxic organophosphorous pesticides. 

Sub-clinical intoxication leveles are higher in the cotton areas of Central America 
that in urban centers or in other countries. .vera.e content of DDT in human blood "serum) 
fromn general population samples in cotton areas of Guatemala cnd Nicaragua was 520.6 
ppb. The average in urban areas of Central America was 76.16 ppb. General population 
samples from Dade county, Florida, U.S.A., averaged 46.4 ppb. However, although some 
studies indicate higher concentrations of DDT in a variety of pathologies, others have found 
no positive correlation between DDT residues and disease. Thus one cannot conclusively 
infer the human health implications of the high levels of sub-clinical intoxication found in 
Central America. 
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Resistance of P. albimanus to chemical control b%! CDT has been increased in the 
area. It is particularly" iTwte.re cotton is 'rwn. fxvara.e resistance in Guatemalan 

' cotton areas went from 58: to 863," between i97?. nd 1,75 , c 48% increase). In El Sal
vador it has remained above 80% in those years. .Valoric Control Agencies in the former 
country reacted by applin_ more. expensive oesticides -iore frequently which resulted in 
a drop in malaria rates in cotton creas (fron..6.34 cces,O in 1972 t , 2.21 cases/I,000 
in 1 75). Control in El Salvc4:r has not been %s ffc:.:hve cnd malaria rates have increas
ed. (From 39.2 cases/l,.' 0' to '65.7 cases/I,000 betweL 1 72 and 1974). 

Anopheline resistonce (significantly higher in citon,areas) results in human health 
and economic problems. The four countries [rid ittraing costs estimated at $11.95million 
because of the use of more expensive, less persistent chemicals for malaria control in 1975. 
Not all of the resistance can be attributed to pesticide use in cotton. DDT use in malaria 
control itself may create resistance. Yet the increased expenditures are almostexclusively 
made in cotton areas. In the absence of alternative, explonations one is led to infer that 
pesticide use in-cottor, may be the cause for greater expoenditures in malaria control, 
Failure to control adequately may result in greater -nalaria incidence. 

Human intoxication and malaria are intimat l related to the inadequate living 
conditions of the rural population of Central ,rnericc. Pesticide effects on humans 
cannot be fully understood in the vacuum of the socio-.economic and cultural circum 
stances of the population affected. 

The use of some pesticides is at the present time indispensable for cotton pest 
control. Yet there are indications that actual use levels are too high for best economic 
results to the farmer. The demonstration of integrated pest control in the four Central 
Amnerican countries shows thae it is possible to increcsc' yields and profits while reducing 
the number of pesticide appl i cations by about 390/o. Statistical analysis of Nicaraguan
country data also suggests that the economically optimum level of pesticide use under 

existing conditions is about 38% below present levels. 

Among the available alternatives to lower insecticide use the study examined 
integrated pest control, the use of more refined pest economic thresholds and the esta". 
llihment of selective import duties. These were integrated into a systems management 

Ircgram to reduce pesticide use in cotton and its environmental and economic conse 
quences. The program includec other management actions as well: adopt educational 
procedures to reduce worker's exposure to pesticides; improve and expand first-aid field 
clinics for treatment of intoxicated persons; implement integrated cotton pest control 
and discourage the use of "hard" pesticides; educate farmers on more efficient pesticide 
applications techniques and promote compatible crops in cotton areas to reduce external 
diseconomies, and establish an environmental monitorinj program for pesticides in Central 
America. 

The study I.recommendations are presented in the pages that follow (Part I), while 
the findings of the study are given subsequently Part II). 
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This report 'h-ws ".he res.o;s -:)flw-o ,rcrs-of researcl- on the effects of pesticidesin Central ,,merica. it is p.;edorirmriiy for environmental and economic planners,
health -gencie . cofto,' tec!-.r:icicis.. rowers "represento tivos and' echnical grbups orindividuals interested: in sc ie,ritic apprisals of pesticide problems. 

The reportis dwde, -'w.) parts. Ile first Part I) presents a summary ofrecommendatins under the 1'aboe of syster,:s rianc;,1e.vient-rrram. The second (Part 1i)discusses the technical issues rw 
 the stud ifxcused indetail, and the appendices
complement the dot6 resented PhipirYt'H. 

The eeport achieves s:rne deoree of c:mpartmentalizc.tion: reader, interested in:hurti' caJlrH.4,roblems *can proceed directly to Chapter 3 and expand from there to therest of thb'areas. Readers interested in policy implications ard advised to rebd Part Iand r'efbr to the rbie tefhrica! chapters as necessary. Nevertheless,- a global -under'standing of pesticiide problems can only be achieved by simultaneously focusing on the 
issues from different standpoints. 



BACKGROUND 

Pesticide use in cotton production .ia America is a complex environmentalCentrea 
and economic problem (see Summary). Since 1971, a group of scientists from the, Central 
American Research Institute for Industry (ICAITI) and the United States National Academy 
of Sciences (NAS) became interested in finding solutions to the problem consistent with 
the Central American economic and socio-political reality. A proposal to study the en
vironmental and economic consequences of pesticide use in cotton production in the coun 
tries of El Salvador, Guatemala, Honduras, and Nicaragua was prepared and submitted to 
the United Nations Environmentdragramme (JNEP). The project was approved and start
ed in 1974. The" results and recommendations of that study are r-aported herein. 

The study was carried out by ICAITI with the assistance af members of NAS. A 
joint NAS-ICAITI Executive Committee was formed and entrusted with the task of select
ing the project's director, the Central American experts in chur,'e of the studies and the 
advisory board composed of NAS members. 

In charge of over-all project supervision was Francisco . ',guirre B. (Deputy Director 
of ICAITI). The project D;rector was Fernando Mazariegos (Hec d of the Analysis and Test 
ing Division of ICAITI) who conducted the environmentnl studio with the support of David 
Pimentel (Cornell University) and Julia Alicia do Zeissig (ICAIYI), Environmental Chemist. 

Dr. Pimentel in addition developed the Systems Ecology Area with the assistance 
of Walter Lynn (Cornell University). Ccrlos Garc'a-Salas (Guatemalan Social Security 
Institute - IGSS) was resporesibe for the Human Hclth studios, with the advice of John 
Davies (Uni,,ersity of Miami). 

The loagrated Pest Control Demo..stralion program wa,. conducted by Alejandro 
Romero (National Bank of Nic rnguu -b i'f) vith ile counsel of Louis Falcon (University 

" California, Berkcley). Thu kt.sticide L/;.orcmic stuJies wcre carried out by Eduardo 
Villagr6n (ICAITI), jointly with Gerca.d C irl.on (North Carolina State University). Mr. 
Villagr6n also coordinated the prup:.'ati o r*r'pcrs. Jay D. ,eaport, of the National 
Academy of Sciences, cc,-ad u5 Cor..rdin;.tor of .h. .E jti ',;Co. imittoe. 

The project team benefitted FroM .csupp.r, a T,;c:hnical Resources Group. The 
group was composed of individual f'rom tik Four Cen.trc,, A.ni'rcan zountries and the United 
States. They included Was!ey Yaw.; (University of Clifornia D.ivis), pesticide drift ex
pert; Mario Vaughan and Gladys !.,.n (Notic.na! Ban': of Nicaragua), entomologists and in
tegrated cotton pest control experts; Roncid stradu (Univrsidad de San Carlos de Guate
mala), agricultural engineer; Oscar Vigil (Cooparativa Aigodon:ra Salvadorela), agriculQ 
tural engineer; Ricardo Romero-1rochez (Coop-rativa Agrapecuaria Algodonera del Sur -
Honduras), agricultural eng'neer; Santos Quant (Comisi6n iNacicnal del Algod6n - Nica 
ragua), economist; Julio Pellecer (ICAITI), mathematician; Alvaro Somarriba, agricultural 
engineer; Andrew P. Gutierrez (University of California, Davis), cotton systems analyst; 
Dalila Draz and Enrique Hern6ndez (ICAIT!), environmental analysis; 
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Jorge L6pez (Renewable Resources f, epartrieri'- El -;alv..or1 -marinebiologist; Mauricio 
Ram'irez (Renewable Resources Depcr,,ient El Sa!v.'r).:.',arine taxonomist. 

.Several..institutions made the successful completion of the pioject pogib'e, Chief 
'anon- ther- thd .riitedi Nations Environment Programme who ;1r6vided financial support. 
The Certra .Amer iki instifutions, whose .ooperatTon, is hc.,reSy acknowledged 'ncluded 
the Comisibn 'Nacional -2el.,46d656iCON,,L,. i'.4icaracua), the" Coop'erativa Alddbnera 
Spalva~dorer a. the Cooperativc Agropecuaria Algodorera del Sur (Hondur's);" the Ctnsejo 
.. acional' del, kgod6n (Clik, Guatemala), the Instituto-G,uatemalteco de Seguridad So

"cial (tV(-:SSg .G:.uotemalo), the Direcci6n. General -de Recursos Ncturoles'Ren6vabtes. (Hon
durasL, the Banco Nacional .de Niicaragua (/'.-,, thbDireccion'General de" Recursos:1ta
turales Renovables (El Sclvador),.and Public Health institution inthe fou'rcouniries. 



PART I 

A SY"STEMS MAA.'AGE'.iEN.T PROGRA, TO'REDUCE THE 

COi-,*SEQLUENiCES OF PESTICIDE USE IN CENTRAL AMERICA 
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I. SUMMARY OF RECOMMENDATIONS 

The objectives of this iesearch and demonsi,'l-ion pojecl on a systems manage
ment... program io recduce 'ho cor,55qcuunces of pc ticide use in Central America cotton 
production were: 

(i) Reduce hu.nan irsecticiJe poisordings 
(ii) Increase profits For the CO+i c , 
(iii) Reduce ric, social :,nd cco:,rrmic cwte: ,.ili is (costs) of insecticide use 
(iv) Restore t;',e o.aiif crn,iro;.mrur 

After completinj i:-.c;-osearch rind field work on various dimensions of problem 
(Part II), the followinq manigement actions are recominended to improve the social 
ecoromic, health, and environnental aspects of pesticide problem: 

(I) 	 Adopt occupational safety procedures thct would reduce worker's 
exposure to pesticides. 

(1l) 	 Improve and expand existing first-aid field clinics for prompt and 
effective treatment of human poisoninjs 

(ill) 	 Implement intcgrated cotton pest control as an alternative to the 
sole reliance on chemical pesticides. 

IV) 	 Educate farmers regarding the econornic cnd evironmental significance 
of planting cotton in suitable lands, applying insecticide efficiently 
and practicing soil conservation. 

(V) 	 Establish an environmental monitoring program for pesticides in Central 
America. 

The recommendations could be implemented by three types of institutions in 
each country working in an integrated manner. These would be a cotton growers' 
organization, a human health or worker security institution,.and environmental or 
resource management agency. Although many of these exist sume are still in the 
formative process. Their establishment may require legislative action possibly stimu 
lated by increasing public awareness. To that end it will be useful to disseminate in 
a non-technical style the more important results of this project. 
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2.,.. A SYSTEMS MANAGEMENT PROGRAM
 

Single-factor management programs have often created more problems than theysolve. For example employing an insecticide to solve one pest problem has insome
cast$ resulted in one or more other pest problems not to mention the other environ 
 -mental problems that resulted. Another example is the construction of tube wells -inthe Sahel to waterlivestock that resulted in overgrazing and desertation of some lands. 

In Central America a noted example of management (mismanagement) is the stock
ing of Lake Atitlan with black bass, a fish that dominated the total fish community. 

Management of'environmental resources always has tnuiti-faceted effects throughthe numerous interconnections among the many. factors that make up the environment.
is not possible to understand all the interactions nor consider all of them. but sound 

It 

decision-.making relative to environmental management must consider the major inter -
actions and ramifications of any recommended change. This was the goal of this systems
management program. 

2.1 The Program's Objectives 

The systems management program has four objecives: Remedy human health.pro
blems caused by pesticide use; improve the econorc 
.fficiency of cotton production,
.articularly in the area of pest management; rclduce economic losses emmanating from 
pesticide use to 6tfier economic activities, and protec." the environment. 

2.2 Recommended Management Actions 

The multidiscipl inary ii'mst;gations of the consE.quences of pesticide use in
Central American cotton production suggested five recommended.management actions
that are needed to improve the social, economic, health, and environmental aspects

of the pesticide problem. The recommendations plus explanations for each are listed 
as follows: 

I) 	 Adopt occupational safety procedures that wiould reduce workers' exposure to
'pesticides." . ' "f.
 

' '1 i aton farm laborers slould attend a )-day training lecture on pesticide'safety
before starting work. 'The lecture would be imparted 'at the farm by workei secu'rity staff.
It will include explanations on the nature of pesticides, gross detection and identificction
of pesticides'in the air and water, recognition of ,j'oisoning symptoms and other warning
signa.s, proper use of protective clothing and hygiene equipment, anid a possible demonstra
tionof the toxic actions of insectiaides on live rats or mice. Posters ncouraging pesticidsafety should be placed in strategic places on the farm to remind'workers'of the need for 
safety. 



The living conditions of cotton workers wou!d have to be improved to reducexvidrk
er exposure (P.11, p. 50 ). This would include walled-in :,ousing for temporary laborers, 
using metallic cloth, installing showers and rurning waiti., cind erecting letrines. 

Worker security or human health institutions in the four Central American countries 
producing cotton would require each cotton farm and pesiicide application firm to have 
basic; equipment for the prolection of workers. The list of.requirements should include 
mechanical loading towers, shower facilities, personnel protection equipment (hats,
goggles, masks, cover-alls.. gloves, and boots) for workers particularly exposed to. pesti

ecides and "loaders").("fljgers", "scouts', 

Worker security or human health personnel would visit every farm and applicator 
firm before the cotton season begins during April and July. Upon a satisfactory: exami 
nation of the equipment and facilities a permit to operate would be issued. During the 
cotton growing season, each farm should be re-visited. Continjous supervision needs to 
be exerted to guarantee that the equipment is prQperly.used. 

Cotton fields treated.with highly toxic insecticides shot Id be marked by appropoidte 
warning signs which the workers can understand. The signs plciced every 100 meters of the 
cotton fields perimeter would be left standing for at least 72 Lours. Workers would not 
enter these fields until after 72 hours have passed. 

Guatemala already has a worker security system that covers agricultural laborers. 
A similar system might be used in the. other countries. To finance the system- cotton 
farmers pay a set.amount based on the number of laborers working each Week. Also the 
workers contributea,proportion of their salaries for their own security. 

Cotton growers and workers alike will benefit From the application of these pre 
ventive measures. Healthy condi -ions rr ight attract better workers and result in improved 
efficiency. 

(1I). 	 Improve and expand xistinr first-aid-clinics for prompt and effective treatments 
of human poisoninss:: 

The field clinics shoul".' bo dei:,ned t,; ruducc ";eseverity of human poisoning cases 
and complement the preventive .-easurc.s outlined in recorimendation I. These clinics would 
have the necessary equipment a,d .antidotes be ae;,o tc live first..aid to insecticide 
intoxicated persons. The neac -s For one field clinic for every 3,000 manzanas; These 
could be constructed by the cotton growers. However, the field clinics would be staffed 
and operate.d by the worker security or human healthdins~itutions. 

-,.,:,As a part of recommendation I,;farmers, field workers, and supervisors would be 
jintructed,on what to do in. case of insecticide poisoning. Important points include 
recognitipn of sypnptoms, location.of the nearest field clinic and What to do and What 
not.o,do.with an intoxicated person. 
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(111) 	 Implement integrated cotton pest control Qs an alternative to the sole reliance on
 
chemical pesticides:
 

Lack of sufficient practical knowledpe on inteiraked cotton pest co;,.trol causes
 
farmers to use excessive amounts of pesticides. Integrcted pest control has been proved
 
to be a.more efficient pest management strategy than existing methodologies which de
pend almost exclusively on the application of chemical pesticides. Through large-scale
demonstrations and training farmers and cotton tech nicians can be made aware of the
 
benefits'that can be derived from this pest management system.
 

Integrated pest control emphasizes the need to work within the ecological con
 
text. of a particular ecosystem. It employs all available techniques and methods in.the
 
most compatible manner 
to maintain pest populations below economically harrn'u! lievels. 
It relies heavily on the preservation, introduction, and encouragement of natural control 
agents such as predators, paihop"n, and parasites. Cultural, mechanical, and climatic 
control are also employed to achieve the aim of producing optimum economic returns 
while 	faking into account short.-and long-term ecologiccl constraints. When artificial 
control becomes n.cessary (an application of pesticides or a IEeration of parasites) it is 
carrie out as selectively as possible arid only when economically and ecologically 
justified. 

Integrated cotton 	pest control philosophy and procedures are found in FAO, Manual 
Integrado.de Plagas ie Algod6n, (Rome: FAO, 1975), and in Part II, page 69 of the
 
present report. The results of demonstrating integrated control in Central Am6rica are
 
presented in Part II. 
 Appendix 3 presents a strategy For implementation in the area. 

The srrategy followed in the program was control bollweevil before planting,
select an adequate planthig date and density, optimize fertilization, effect a daily count 
of pests and beneficials, apply pesticides onl after thie plantation is about 70'days old,,
employ economic pest thres- !-!s. use !owr i..s...c i*:'oscs cnd more selective pesticides,
liberate.parasites ( Trichogramma'spp.) and harvest prompfly. 

Pre-planting control of Lollwe;vil res-uirs i. c. need to use methyl parathion.
This chemical has caused thc greatest number :f kur.-an poisonings because of its high
toxicity to mammals. Integrated bollweevil n ','educes the application of
 
Parathionata small cost to the farmer.
 

The strategy for bollweevil controi is to lea 1-2,, of thefield planted with' 
cotton in between seasons by not destroying old stoc<s and planting small cotton islands 
e6rly, Sinceco'tton is flie favorite h ost of th,..boflweevil th#se islands are constantlyin6fsited nd allow, for a large reduction of coloniz n. population through the use of 
small amounts of methyl Oarathion and the physical destruction of damed squares. The 
use of pesticides for boliweevil control during the conmercial season can be reduced by 
75%-100% with an investment of about $1 per hectare. 
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Planting date may affect the incidence o: pu3t citccks at a time the plant is partic
ularly susceptible ard planting density cffcts- 1he .ole:ano o' acfield to heavy infestations. 
Fertilizer used in excess promotes the use of pesticides through lengthening the growing 
season and increasing Iant attractiveness for pests. 

The backbone of integrated pest control is a day.-i'o'd,-y understanding of the ecolo-
ical conditions in a particular plot. Fields have to .c divided in conveniently-sized scout 

in,- units. Most Central American farmers make no systemiatic effort to observe population
trends within existing ecological conditions. A dailypest ad Iendidal court isvey.ddtablk. 
The study tried out one scouting method and found itsatisfactory (Part II, page 71). 

There exist a number of control criteria for different pests and situations (Part II, 
page 137). Some of these tolerable pest levels can be substantially improved. Yet exist
int thresholds are more likely to result in efficient pest management than the practice of 
applying pesticides based on the mere presence of pests in a field. 

The implementation of integrated pest control will resul in a reduction in-pesticide 
applications of about 40% according to demonstration carried ,ut. Studies suggest that 
this would be economically more efficient in addition to being environmentally desirable. 
It is recommended that integrated pest control be developed as rapidly as possible through 
demonstration, extension, education, training, and dissem inatiun programs. 

As a complementary step, a system of selective imnport duties on pesticides could be 
put into effect. Studies in Nicaragua and El Salvador have shown that a 10%increase in 
pesticide price is likely to result in a 6-40/ reduction in pesticide use per unit of cotton 
produced (Part II, page 165). Other studies suggest that moderate changes in pesticide 
price will have no effect -)n the volume of cotton activity. Changes in pesticide price 
will not damage the cotton economy to a significant degree and yej" they may lead tomore 
efficient pesticide use levels. 

(IV) 	 Educate farmers rerjord.'g the economic and environmental significance of planti;, g 
cotton in suitable lancis a;.!!ying, insecticide efficiently and practicing soI conserva 
tion: 

Farmers have-an econ,..ric inicentive t solve the pr,.biems of beef contamination, 
excesiive pesticide drift and unneiessar'., resticide run..oU. If they become aware of the 
potential savings to be ma6e from solvi:j . these v.,onmontal problems, they mightbe 
more receptive to possible s. iuti.;s and may even tal,.K =ctfln on their own initiative. 

Most of beef contamination occurs because large cattle ranches are established in 
cotton areas. Cattle are allowee to roam the vicinity of cotton fields. Ecologically, pas.
tures represent a less demanding land use than annual crops such as cotton. Beef producers 
shuuld.be-encoumgebto devote their lands to more profitable activities by means of show.. 
ing. them comparative farm budgets for alternative crops and cattle. 
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This would also help reduce the social anr ,.c.:onomc externalities of cotton pro
duction and protect the environment. The uniform distributior, of agricultural activities 
will help reduce human poisoning cases and eliminate thc exposure of other crops and 
livestock to cotton insecticides. 

Through. agricultural, ecological, and economic analysis by a team of experts ih, 
agricultural potential of selected areas for cotton production can be established. Cotton 
production should.be enc.ouraged in those areas that have the 4reatesi eczlugical and 
economic potential. In the long run cotton profits will be higher there than anywhere 
else and resource allocation in general will improve. 

A reduction in pesticide drift from aerial applications would serve'all ofthe objoc
tives of the systems management program. It would contribute to eliminate human poiso..
ings, increase cotton profits through a reduction af costs, reduce cotton economic external 
ities, and protect the environment.' A measure to reduce drift -would have two major 
components: aerial application efficiency imprpvement and substitution of ground spot 
treatments for general aerial applicatioris. 

- Application efficiency 

Studies show that under unstable weather conditions a large percentage of the total 
amount of pesticide applied does not fall where it was intended. Only 25% of the pesti.. 
cide applied fell within a 14--meter band underneath the airplane in an ultra low volurnie 
application. (The figure for a conventional spray Was 31%).I' Only 44% would fall inside 
a 20-.hectare field, so that 56% would be lost from a pest control standpoint (Partlil: page 
28 ). Smaller fields would report higher losses but larger fields would notonecessarily 
increase the amount deposited. 

High pesticide losse s ci: the *irre )f 'pi.:at;', are caused by weather conditions, 
type of application, and equipment calibration. Application timing should be Careful ly 
supervised. Optimal hours should be established in bach zone considering temperature
inversion and wind velocity. Requiring no treatment under inapprolriate conditions may
result in higher application costs more planes and more pilots) but the savings to be 
obtained Mll pr9bab'ly offsei the increased costs. 

Most spraying aircrafts pilots are probably unaware )f the extent and significance
of pesticide drift. A shor. c:urse could bu given stressing the importance of appropriate 
calibration, Optimal flying altitudes, the relationship betweer, weather conditions, time 
of day and pesticide drift, and the effects of misplaced pesticide on the natural and 
human environment. 

An equipment calibration program could be established, with periodic supervision
of airplanes, nozzles, and other elements. Although reducing drift is essentially in ihe' 
interest of cotton'grower's organizations, some support. from public"agencies might be 
needed. Publicl.y-provided tests with specialized equipment and additives could pay off 
in the form of'public health protection, reduction of beef and other economic losses, and 
greater environmental quality. 
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Spot treatments: 

Often, the treatment of an entire cotton field with pesticides is unnecessary. A 
reduction in pesticide use and drift could be obtained by treating only those spots
heayily infested whenever advisable. Better pest count systems than presently used 
should be implemented. The adoption of spot treatment technology for cotton pest
control appears operationally !inked to the devel )pment of integrated pest control. 
It is therefore recommended that this management action be included in the intigrated 
control program for each c.ountry. 

Last, reducing soiJ erosion and consequent pesticide movement will limit the 
c'ntamination of water bodies, especially rivers and estuaries, and pr.tect economically
valuable species such as shrimp and fish. Soil conservation also protects the natural
 
environment and contributes to increase cotton profits.
 

Soil conservation programas should include soil cover, drainage, and wind barriers. 
One soil protection practice includes leaving the old cotton stocks on the land surface. 
This also helps the integrated bollweevil managernent(Recommendation Ill). The stocks 
help protect the soils during periods of severe wind and water erosion. 

Fields should be appropriately planned and pr.Pcr - to -I low for proper drainage
 
of run-off water.
 

Dense stands of trees can be arranged s'stematiczl!y. aross cotton fields to diminish 
the erosion fcrce -f wins. The trees shcwic be spac! zc cs iot to interfere with cultural 

.operations. Sonre of then; can also serve f% buLfer-zjs i; prevent pesticide drift. 

Trees planied in the buffer zones wili hcve soi -roiection benefits as. well.
 
MinistrLs of agri,.ulture cnd cotton organizations shot!d F:,lish and distribute pamphlets
 
on soil conservation procedU-.s.
 

(V) Establish an environmentalmonitoring program: 

The purpose of environmental monitoring is to be able to detect significant changes
in the absolute and relative importance of environmental Problems., Within the context of 
the present study, it will also serve to verify the effectiveness of the proposed solutions. 
As an environmental instrument it will-aid directly in locating beef zones. free of insecti 
cide,d~ift through.milk analysis and by monitoring water run-oFf from cotton fields. 

Human health monitoring: 

Intoxication data by degree of severity should be collected every year; This will
allow dete'ction of trends and particularly check the effectiveness of recommended mea
sures. Samples of human, biological material will be collected every year 'from cotton and 
non-cottQn areas to verify levels of sub-clinical intoxications. More investigation of the 

...:Jinical effects in non-cotton areas is dictated by the facf that a large. percent of 
cotton workers are migratory. 



-15-

A complement to this program would be the systematic monitoring of mosquito resis-
tance to insecticides. This should be done on a regular basis in cotton and non cotton 
areas to allow for comparison. 

- Cotton agroecosystem management: 

Records of yields, costs,- pesticide use, planted areas, and average profits should be 
established and kept in the cotton prbducing countries on-yearly bases. Of special interest 
is the relationship pesticide use-yields-profits as it will reflect the effectiveness of integrat
ed pest control in this a-ea. Cotton organizations in each country are responsible to 
collect systematic data on this aspect of the systems nanagement program. 

- Contamination level monitoring: 

Samples of key environmental components (milk, meat, water and marine species) will 
be systematically collected and analyzed every year to obtain a rreasure of pesticide residual 
levels in the environment. Environmental protection agencies are responsibte for executing 
this measure and reputable chemical laboratories will be involved in the analysis of samples. 

It is recommended that while the systems manoucrnont program goes into effect, the 
Central American' Research Institute for Industry (IC'I,;) .>-rfirr rll the environmental 
monitoring actions outlined above. Upon executi;.n .r ;3r;., rci" ICAITI could continue 
as a consultant to Environmental Protection Agencies, S:.-.:ic:l 5c.urity Institutions and Cotton 
Growers Organizatibns. 

A visual representation of the syste!,s ma"a .rm will put all the manage'nent 
actions prescribed under c prspective which faci1i ctu;,4- i'ni,hr i.,dividual and.colloctive 

comprehension. In figures 1 through 5 the managci.ient c:,,s cac be seerq in relation to the 
main objective they are intended to pursue. Most cti -,.,s afcct n')orQ thcn one problem. 
For example, a reduction oF drif' iroblens, lalo.u.J! ,ri.c.,'l iitunded to reduce economic 

externalities, has a beneficial effect on intoxication rates. 

Table I shows the interactions between the recomnmended measures and.thc progrm 's 
objectives. 
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A-Systems -Vianage.-ient Progrcm: Increosinm, Cotton Profits 

I- _ weSabilize ,elds7, *c, c-ernentj ... 7... 

E fconservation 

R ____ se <cn~ 

TI 
EJ Increase cotton 
D Pp;i profits

" 

rzcio Improve huan health 

E __Reduce costs_•_. . 

S i -liscoura- e I 
__r_"_eticides II 

Recuce pesticide-drift 

J L-jwer pesticide use 

0 

T 
R 
0 

L 



FIGURE 3 
A Systems Management Program: Reducing the Economic Esternalities of Pesticide Use 
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FIGURE 4
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TABLE I 

A SYSTEMS MANAGEMENT PROGRAM 
TO REDUCE THE CONSEQUENCES OF PESTICIDE USE 

Program's Objectives 

Management 
actions 

Increase Reduce 
Improve • cotton economic 

human health profits externalities 
Protect the 
environment 

1. Reduce worker 
exposure 

** 

Effectiveness 
reduced 
without 2 

* 

2. Improve first aid ** 
fFcfe,,ivc imess 

* 

'3. Implement 
integrated 
cotton pest 
control 

** . * * 

4. Educate farmers 
on economic 
benefits of solving 
environmental 
problems 

* ** 

5. Establish 
environmental 
monitoring 
program 

•Weak effect 

* 

SOURCE: ICAITI 

* 

•*Strong effect 
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2.3 The Executing Agencies 

In order to implement the systems ,ranagementprogram three types f institutions 
are necessary. First it is indispensable to secure the cOuerati ,n of a truly representative.
progressive and well-organized cotton growers organization. It is also required to involve 
a social security or public health institution who covers agricultural workers. Last, it is 
necessary to engage an environmental resource manage ,,ent agency. 

Althouqh many other institutions will eventually become involved, the three
 
mentioned are believed to be the key executing agencies. The integrated pest control
 
program, for instance, will involve universities, schools, and ministries.
 

Most cotton growers organizations in Central Aunerica are representative, prog 
ressive and well-o)rganized, In Guatemala, where there are tw.' organizations represent
ing different sectors of the cotton activity, it might be useful t,-! form a new, truly repre.
sentative organization which is progressive as well.
 

Only one of the Central American countries has a social .,ecurity insitututi.-,n which 
covers agricultural workers. The others are restricted to industrial workers in urban areas. 
However, the infraestructure is already laid, and the rest of the Central American countries 
can benefit from the experience of Guatemala in the area of o.. ricultural worker security. 

Most countries have either departments of Natual Rescurces or embryonic institutes 
for the environment. These should be oriented toward an agency for the protection of the 
environment. Specific legislation might have to be designed and implemented to meet 
this end. 

It is recommended thcst appropriate authorities in the four countries promote the 
creation of the institutional infraestructure necessary to execute the recmmendations of 
this study and to provide for ;,.uch needed c'ivironr.,ntnI -orotectionat this rrialtively
early stage of Central American economic developr.ent. In this manner, Central Americc 
can benefit from and avoid the mistakes -)f more developed nations. The presente project 
may help achieve this ,cbjective by publicizng th, results and awakening public 
conciousness to these problems. 

Figure 5 shows the interactiun between cxecutin- cqencies ard the management 
actions they are to imple. ant. 
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FIG URI.'. 
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1. A DESCRIPTION C; CE[NTRAL AMERIC,. ArND ITS COTTON AREAS 

The area under study is described according to lottio:fl extension, ecologicalcharacteristics, human population, current utilization of agricultural resources andsocio-econornic characteristics. The cotton agroecosystem is discussed separately in 
these pages. 

1.1 Central America: 

It is located in the western hemisphere between 8:00 and 18:00 degrees latitudenorth. It includes five countries: Costa Rica, El Salvador, Guatemala, Honduras, and
Nicaragua. It is north-bounded by Mexico and the Caribbean, and south-limited byPanam6; the Atlantic Ocean provides the East Boundar and t.:e Pacific Ocean the
West. Central America covers an area -f 411 384 Km.. 

The area under study comprises the four countries situatec.' to the north of CostaRica and covers 360 484 Km. 2 . The latter country was not included in the study because
its cotton growing area is very small (around I 000 Ha.). 

Ecological characteristics: 

This part of the Continent is within the "Tropical Strip". Altitude variati-ns runfrom 0 to 4 2111 m (Volc6n Taiumulco in San Marcos, Guatemcla). These are wide
variations if one considers the small extension and narrowness 
 )I the territory. Thisabrupt topography. the geographical position of the region (bathed by two Oceans),
and the narnwness of the territr.-ry have oroduced c: wide rangu 
 of climatic conditions. 

The living zones comprise all trspiccGJ classificritions. They run from "very drytropical zones", where the average annual rainfall vcries from 500 to I 000 mm,"very wet tropical zones" 
to 

, with average yeary rc;nfal; over 6 000 mm. The annualaverage temperature varies From 28°C alor g the Pcc'ic o1wlands to less than 6C in 
the mountains. (1) 

The chemical and physical properties of She s-i! arc' also vcried. Virtually allcountries in the region hove r ,,ile soils )f v-Icanic )r ailuvical origin, and por soilswhich sometimes due to xcessivc runoff are rende-c6 unuitable for agriculture. 

This extreme variability of the envir.rnrnent in 'opography, climatic conditions,and soils are also reflected in the diversity of florc and fauna. 

(1) Holdrige, L.R., Zonificaci6n Ecol6gica de Centro .-,m6rica, 1967 
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' The'popularon of'the four counftries reached 15 21 215 inhab~itants.in 1974 .i!;a young, undernourished, rapidly -increasing population cf c race termed indolatin. 

The total population was u nvenIy' distributeIJ.n the four countries of the areaunder study. The country with thelargest number of inhabitants was Guatemala,.with"
6 223 940. El S 'iv.dor was"In second plae with6 3 937 701.j Honduras had2

|ihabitants and 'Nicaragua 2 180 274 in 1974. 
 Honduas a .. "7" 

.,.p ._tortion (62.8%) tf the total populaton of the 
arge mir.oa ..
rura areas" in1971 the f"ur countries lived inThe rural -opulation inionduras was 71.6% of its total opi'a'tionElSadlvador had 66;5 %, Guatemala 59.4% and:'Nicaragua had the ljo-is'ilation, 54.2% of the total. "trur" 

. ral popu
:16:'1974,,the p0ula'dfi'~ re was.... " e " :...edensity of the whole area was 42.2 inhabitants per sguarekilornetr. This dehsity was different for eachcouithy. El Salvador has t86.1 inhabitantsper squcre kilometer; Guatemala had 57.1 ; H6nduras 25.6 ;.ad Nicaragua 18.4. 

:,Almost halfthe Central American population (466) was " .lessyeO i in I7.
' '.han wasr 1n15) "leld'19
Less than 10% of thp"opufation was included in the group over 50 years old. 

This populafion 'has uuidergone a rapid growth in recent years as reflected in the
birth and deati ra"tes (44/1 000 and 10/ 1 000 respectively). In 1940, Central America
had 6 400 000 inhabitants. The annual growth rate of the population increased as a
result of a drop in the general death rate caused .bybetter sanitary copditions. D ring
the fbllowi& decade, thib population rose by 25%'bnd reached 8 759 000 inhabitants in1950 Fro 't hen on'the growth rate. increased at'an e'en faster pace. The annual!
overage growth rate, 2.5% between '1940-50,was 3.4percent in the followi.ng decode.
An annual growth rate of 3.590' is expected for 1965-.80. 

The Central American opulotion is the-result of'mi;cing ietween an indian race of
Mayan extraction and a Spanish Eurq. .race. The resulting breedis known.as indolatinrace. The malor part E the Plation'be1origs6. fhis heterogeneous racial group. 

Undiernourishinent refers to loW color); in6gsio cniJa defc"ient protein diet and itis documented extensively elsewhere '(). "
 

I-ond use: 

.Land Us n the'cuhtr'es covered by this studys relat~,eYq'Iw. In 1970, only .33%of the land was used for -agriculture (Uniited States 0 %, 'Kirance: 64%, Chile :40016, 

(1) INCAP, EvaluacinNutri'ona:de ia Poblac"on de Centroar~r.icoy Panam6
 
.. NC9AP,
(Gof~iHa; 56-and seVerd" other. publications. .. 

http:known.as
http:1965-.80
http:followi.ng
http:inhab~itants.in


-26-

Holland: 64%, Pakistan: 36%). tibout 70% of the total agricultural production(in monetary terms) was exForted ,at year. The mai or p.crt of the land was used. in the form of relativeI large concerns, wille t'e ma drit> of agriculiural families occupied relativEly
small fa nms (1). -. . 

Of the 36048'400 hectores in thcocounfrieE considered in this study, I i 799 000were usedf6r agr;culiure d,,r43.q I9.u. "'hus c:bout 33% of the total land surfcie was
 
under some type of cult'aio,.. L 
 alva'j , i rid a n.ore irterisive lard.use (77.8%) andHonduras had the loav.ti;Iend utilizotio. 3f the four ccun:*riea. (22.0%). (2). 

In"1970 approximately. 1781 000'hc :tr were us.d for uniival cultures. This . represented ab6ut15% of .np ,r.nd ex:pimfed i':' Fcrms. P.n6riert cultures used 960"000hectares(8%).' The t;-aior prt w-s 'Iedicazod ta giazi.c, nd fotclled 5 100 000 hectares
(43%). The remaining 39.1 800 h3ciares w.-*re nct in use (34%). (1) 

Thd oat' impoirtant ogrcultural pr6ducts accordiig'' to val e were: coffee, cattle'produce,cotron,: corn, b61nanas, sugar ca" and beans. The fit-st three were major export'products. Anior6 ?1'e la'i., corn and'becns are the most ;np'ortant staple' food for thehuman population in Centrc! America. It is.s7rnificant tbanote again that the value of theCentral Americ;n agriicultii-a! exports wcs 70/c of'the total agricultural production in 1970.Both subsistence and -xport agriculfijre are very important for Central America.' 
Yet the dgr.rion structure of the region Fs very tunlalanced. About 67% of agricultural lard was'exploited in unis l'argor than 35 hectares. Only 8%.corresponded :to exploitations in less than fou: htares.: (2).

.'.
..-o.

The signifcance• 

'f thit fact is that the small fam coeicentrate. ,. . a major port of the• 


human population. A '76%0 of:agriculturul hur~an pdo'6lati'0n lived in farms of less thanfour hectares, and 6% of thte 0bpulation occupied 67% of the agriculturai land in' farms

of 140 hectares on the c%,erc- ,-.
 

Socio-economic characteristics: . .ri.. 

The economically,a-tive 
. .~* 

.population of Central America is app!roxinatey one third 
of the total population. About 60% of this rictive population works in the agriculturalsector. Thisgives an agricUlturally active'population of 2 8& 66 0 - - o7 nd477700077-'din all economic sectors of the countries under study. 6" 000 pe son, .. . 

In 1970 this active population generated an annual averacle income of tC 284 perperson ($CA I = US $1). This income showed widely separated extremes: 5% of the peoplehad $C/ 1760 per person and absorbed 31% of total inccme; ,alf the people had anaverage inb~me of $'CA"74 and shared 13% o'Ae total income. 

(1) Anub0.io.de la lroducci6n 1973, FAO,.. ame, 1974.'.(2) SIECA, Perspectivas para el €desrio'lo y'la int r-..ci6nd .....- "" Itur# eCenr 
Amr ca, (GuatemaF 1a - -ICA,ir/4) 

http:Anub0.io.de
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The average inc6one per capita Was $C, 141 amcng'the agricultural pop'ulation.
 
That is'half fhe national'average income. '
 

The landless families and peasants with less than four hectares, which made up 76% 
of th'd dgricutueal"population, had an average income of only $C/%49. Fcmilies with 
more than 35 hectares, 6% of the agricultural population, had in 170 an average'iticome 
of $CA 952. This figure is 19 times larger than that of the lowest stratum. 

'1.2' The Cotton Agroecosystem: 

The:'ge6graphical location, extension, characteristics, utilizationhistory, and :pr6- • 

sent tituation of the cotton agroecosystem are described in the follow''ng sections. 

Location and extension: 

The Central Americcn cotton growing area runs parallel to the 900 km o fle Pac i'. 
fic coastal plain between 120 and 16' latitude north. In 1974 the area cultivated in the 
four couhtries under study totalled approximately 393 000' hectares. 

Characteristics: 

Almos't all of the cotton growing area is within th6 "dry-tropical zone", acco'rdiIg 

to Hcdrige's initial ecological zonification. (1). 

Thi 'area is characterized by a flat topography. Most of the cotton area ii nb'more 
than 200 meters above sea level, The average rainfall varies from 1 000 to 000'mrd 
per yeat.. There is a well defined dry season from' November io April and "arainy secscn 
fromMay toOctobbr. The annual average temp6rcture is 28*Cand has a veiy noriw vo
rnati'on rdnge. The maior'part of the soils 'is of voicanic'€nd alluvial origin. 

The cott6oplant thrives well in fertil'e, 'deep cnc' * ebll drained soils'. ' requires 
a minimum rainfall of 650 irir during vegetativ'e gr,)vf and blooming stagesa nd absence 
of rain dur:ing maturatib.n and harvesting. The fastest rare of growth occurs between 250 
and 30* C and the plant needs more than 50% lur.in.:sit,. The Pacific codstal plains meet 
these agro-climatic requirements, which explai.s why cotton growing is concentrated 
there. . :. , 

A substantial part of the human population of the countries under study lives in'the 
Pacific watershed, withinr very near the cotton ,irowing zones. 

Background: 

Cotton growing was initiated in a commercial scale dur.ng the first quarter of.tthe 

(1) Holdrige, L.R., Zonificaci6n ecol6gica do CentroAmrica, 1967. 



present century. Central American formurr, 5-er; by the results obtained in the United 

States and other countries in South America, impurted seeds and agricultural techniques 

from 	the Southern itates of the United States (if America. 

Cotton cultivation during and before this period may be considered as a stage of
 

subsistence. (1).
 

low. 	Pests were controlled withIn the subs*ister.ce phase the use of pesticides was 
calcium arsenate, sulphur, or an infusion of tobacco leav6s. This was done by "progressive" 

producers. The majori,y depended on natural control anJ manual gaohering.of insects. 

At that time the main pests were three: the red boll weevil (Anthonomus giandis Bah.), 
urm.).the leafworm (Alabama argillacea), and desert locust (Schistoorcc "cCnes 

At the end of the Second World War, a successful campaign was launched against'
 

the desert locust. The important pests for the cotton produce. were reduced to two:
 
the red boll weevil and the ieafworm.
 

These two insects, according to some agroecologists, are the only ones. that I'ave arl
 

ecological potential as~.ot~on pests in Central America. The loll weevil, which is
 

apparently native to this part of the world, has developed pc-allel to the cutton plan;.
 
The cotton plant s his favorite host. The leafworrn, because .f his migratory characer,
 
follows the apparent motion of the sun ani Yss favc:"t . frod ik the cotton leaf.
 

According to come old cotton producers, before the use of pesticides there were no
 
"worm" pests in 1heir plantations, and they were only con: .,'d about collecting the
 
bollweevil. This gives an idec of the slight perturbat;on existing in some agroecosys.ems, 

which favored an effective natural potect;on for the highiy exposed species. The system 
had been disturbed by lumbering, fire cnid subsistence agri~-irliure before .thi discovery 
of America but in suffic:; ntly smai' uj ,. allow an "adeqia'e" ecologi,;al oquilbriuin. 

Cotton yie!d: p;r unit oi a-.ac vere not vsr, hiE,. The maximum va'ues were 2 000
 
kg of cotton per hect.';re, wiN!h averar, c.-oabout , .350 k;h,'-a.
 

Current situation: 

During the 1950-60 drcade Ce',trc, /.r.ch1,a ".ere' ,v/hoSr ith calls the '!explcitb
tion phase" of cotton grc.w\v i,,. (2). iniensiv us(; of ;.iocl"'nry and chem'cals started du
ring this phase. 

At the begir.nin% of t!is phase-Ahe harmful species whach attained pest levels were
 
two: the red boll wepvil (Anhonomus grendis) and the leafwoim (Alabama argillacea).
 

(1) 	 Falcon, L.A. aiJ Smth R.F., Manuaide Con.frol Integradu de Plagas del Algodonero, 
Roma, FAO, 1974. 

(2) 	 Smith, R.F., Cited reference. 

http:gaohering.of
http:subs*ister.ce
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The introduction of organosynthetic insecticides for control of these pests caused a 
real revolution. Pest control became easier, moreeconomical, and efficient. Average 
yields increased from 1550 kg of cotton with seed per hectare to 2270 kg. This made 
cotton an afractive venture and planted areas began to increase rapidly. 

The most common organosynthetic insecticides used were DDT, BHC, and Toxaphene. 
These were used pure, mixed with each other, or in some cases with sulphur. The average 

number of insecticide applications per surface unit was eight per season. 

In the middle of the decade the organophosphorous insecticides made their appea
rance. These showed greater-efficiency in'pest control. 

The increasing use of organosynthetic insecticides apparently *ought about an 
increase in 'the number of harmful species which reached pest levels. By the middle of 
the decade three more problem species were added to the existing two: Boll worm (Helio
this spp.) , aphid (Aphis gossypii), and false pink boll worm (Sacadodes pyralis).-'' 

In the following decade (1960-1970) a greatvariety of organosynthetic insecticides 
appeared in the Central American market, mainly ,r.janophosphates and carbamates. 
Inadequate governmental restrictions concerning the agricultural use of pesticides turned 
Central America into a sort of experimental grounds for -. r-sticide m-.anufacturing companies. 
Many pesticides used in cotton production in Contr-fl ,.erica were not approved for 
commercial sale in their country uf origin. 

The inadequate regulation of pesticides and t':.u .i thcita mix of several pesti -
cides increased control efficiency Icad cotton jroworn i sihiati.ns in which;they could 
choose from more than fifty clternatives between er.. .-;cts and mixes fhr the chemical 
control of one pest. 

By that time the applicafions of pesticides unclr a c-ilendar system became impor -. 
tant based on the apparent: need of maintaining certain toxic level in the plantation and. 
to cover new parts of the plant. 

The number of pesticide applications per season increased to an average of 28 and 
the species that reached pest levels varied. Of the five irnprtant harmful species exist
ing in the previous decade the false pink boll worm ceased to be important, the aphid 
became a species of less importance, but four species which did not cause problems, the 
army worm (Prodenia spp), the white fly (Bemicia tcbaci), the cabbage looper ifricho 
plusia ni), , and the army worm (Spodoptera spp) rea-ched pest levels. In some parts 
of Re egion, one species (Creontiades signatum) attained pest level. 

The appearance of new pests and resistance to insecticides compelled cotton grow
ers to use larger amounts of insecticides and make more frequent applications. Pest 
control e.-penditures reached 50% of production costs. Unit yields- which had attained 
a maximum level around the middle of the decade, began to decline. 

http:sihiati.ns
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A pice drop :of the fiber ir, the ,nterna'nonoa .marke. pr:'mpted the abandonment of 
marginal lands. lnef'icient c±ot n growers had t.) withc:,aw from the activity. 

At the beginning of thc currcrt Jeca.{,ho n: f hi'nful species of importance 
increased to eight whj, the Creontiades signatur r cched the. L'tfus of important pest. 

In the light of the'situction some countrie lqurced •:'ograms aimed at" reducing the 
number of pesticide applications. El Salvador; with ihe advice of the %.;overnmentof 
Israel, started a technical assistance program which coverccl a rather extensive physical 
area. Research was mainly developed by the Cotton Growers Cooperative of El Salvador 
with the advice of the French Research Institute for Cotton and Exotic Fibers. 

Nicaragua, with the advice of the United Nations FoAd cd Agricultural Organization 
(FAO), initiated cn integrated pest control piogram. This program coIsists of technical 
assistance, training, and research. Technical assistan'ce is provided, by the:Ministry of 
Agriculture and the National Bank of Nicaiagua. Trcinong is conducted by the National 
University of Nicaragua. Research is carried out by the Cotta 1 Experiment Center with 
the advice of the French Research Institute for Cotton and Ex )tic Fibers. There is also an 
integrated Pest Control 'Coordinating Committee made up of r(:presentafives of all entities 
involved in cotton production. 

In Honduras, the Southern Cotton Growers Cooperative i;:itiated a technical 
assistance program which covers the whole cotton growing arca f that country. Although 
they have.conducted little research of tkeir own, they have utilized to advankiage.the 
results of research condurtcd in Nicaragua. 

All these programs have hcd good results, for the use of pesticide in cotton produc. 
tion has been sometvhat -educed. With the exception of Guatemala, which has no 
organized programme to provide technical assistance, the other countries.have achieved 
some reductions in pesticide cpplications in compcris )n with the number qf ap;plica.tions 
effected in the previo:us !ccidc. Neverthelss, currc..i" technology suggests that it is 
possible to reduce insectic,?e u:rgo furticr wd restore s. .f'he original ecologicalOFme 
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2. THE ENVIRONMENT AND PESTICIDE USE 

This chapter discusses the contamination leveIs in Central America, some important 
events which propitiate pesticide movement and some environmental implications of 
pesticide use. Special emphasis is given to the results of a pesticide drift test and the 
.ontamination of meat and. milk in relation to pesticide use in cotton production. 

2.1 The presence of pesticides in the Central American' Environment 

Pesticides are widely disseminated throughout the Central American environment. 
Most of the samples analyzed in the present study were contaminated with DDT, many 

.with.Toxaphene and some with ethyl and methyl Parathion despite the more readily 
degradable nature of the latter. It is apparent that organosynthetic pesticides have become 
a part of'the natural and human environment. 

Although enough evidence of pesticide contamination was gathered by the study, 
pesticide effects at very 1:w doses were not studied. For the m st part the study of 
envitonmerital impaci in the case' of pesticide cor fitirues1t6 be a prelirninar nature. 

The pesticide lodd: 

In 1974 about 27,300 metric tons if :)esticir4(s ,;c rnsurned in the four countries 
under study. This amount represented o little .)ver75 k t-ru.mns per square kilometer of 
surface area and about 2 kilograms per ierson pxer year. (See tables 2, 3 and 4).", 

El Salvador "vhd Guatemala Were 'the highest consum;ners inabsolute tefms, 'fol'wed 
by. Nicaragua,. with Honduras Qvery distapt, ,ounrt. Oc; :"ersurface-area. basis this-.... 
ranking was maintained as well as per capita. This different pesticide locd may be 
reflected in the consequences f pesticide use, for instance number fpoi 6ning.c 
and.sub-clinical intoxication j.v.els,.(See pagc 57 58.and .67). 



TABLE 2 

TOTAL PESTICIDE LOID 
IN THE CENTRAL AMERICAN ENVIRONMENT 

1972 - 1975 (in kilograms) 

COUNTRY 1972 1973 1974" 1975 

El, Salvador 

Guatemala 

Honduras 

Nicaragua 

Central America 

9014838 

5 292 127 

-

7 123 657 

-

12530783 

10 264 903 

226 800 

7 809 774 

30 832 260 

11 068537 

11 208 665 

158 916 

4859 079 

27 295 197 

7293718 

13 471 380 

-

SOURCE: ICAITI 



PESTICIDE 

COUNTRY 

El Salvador 

Guatemcla 

Honduras 

Nicaragua 

Central America 

SOURCE: ICAITI 
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TABLE 3 

CENTRAL AMERICA: 
LOAD PER TOTAL SURFACE AREA OF COUNTRY 

1972-1975 (in kg/ktn2 ) 

1972 1973 1V74 1975 

427.0 

48.6 

... 

60.2 

-

593.5 

94.4 

06.C 

5.5 

424.2 

102.9 

1.42 

41.0 

75.7 

345.4 

123.7 
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TABLE.4 

CENTRAL AMERICA' 
AVERAGE PESTICIDE USE IN COTTON PRODUCTION 

1972/"3 	 1974/5 (kg/ha a.i.) 

COUNTRY 	 1972/73 1973/74 ,74/75 

El Salvador 58.4 72.1 70.0 

Guatemala 45.6 5 T:9 

Honduras 	 .7.0. 

Nicaragua 	 5i.2 44. 1 

SOURCE: 	 ICP.ITI, CONAL, cnd, for 19740'5 irn N'icaqgua. Banco Nacioncl do 
N icaragua. 

- Not available 
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TABLE 5 

CENTRAL'AMERICA:" DDT USE IN COTTON PRODUCTION 
197475 

COUNTRY 

El Salvador** 

Guatemala* 

Honduras 

Nicaragua 

POUNDS/MANZANA 

10.28 

15.77f 

3.72 

9.69 

Kg/Ha. 

6.7 

10.22 

.2.41 

6.28 

SOURCE: ICAITI 
CONAL Nicaragua 
ALGOSUR: HONDURAS 

** Survey of farms in whole country. 
* Survey of farms in La Gomera. 
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Contamination levels: 

The objective of tlis .rtin of the study was to c!.-cumrent the levels and
 
geographical distribulion o*F&.oosticide c .1ntcminafl.n in the area. To this end a number
 
of environmentc' ,omneits weroe 
 s-cted for cxp1lobty sampling and cnalysis. The 
samples fall i, .'.ree Lr.,.-J c. goris , -isc;r,iecl , rtani to include a Irge number 
of human and unir!ni..'J nLJ '. This reictes ,. fl.c, project's concern for humanCcds. 
health problems and su"--lii,.! i ntoxi,' . I. s. , s_,c-nd jrsu.p.was thai' of econo 
cnicallyuseful fcun,:. ces I:. contomi:,,t i, ' .w Iu yllyresult in adverse effcts 
for these valuable species v.' :r(- als, hur,.n Fo.ds. .ssamlks of wildlife were
 
obtained to documenr nici: conturiincoi.,n wi .. sti . ues.
 

The study relied huv; , l ; c'.: e;i : .. institutions for the obtention
 
of samples. As a result ,'.C! ":'1,621soriplLs were ct-AIkcro,"' and Crnalyzed, Never 
-
klieless, this reliance on .xte'r'::l s,urces m.-de 'r -r.-ifficultto finllow asystematic
sampling pattern ,nto obicin scJm:l,:s for all cwnpon-.i.is n each country. Although t-is 
makes compcris)ns becrtween countrics vly limited ihe results provide c comprehensive

picture of contamination in the whole CareC.
 

Some difficulties wore encountered in the collection of wildlife samples. Arms 
control is more stringent in Central America tha.i in nm;, )ther areas. Birds and lizards
 
had to be acquired frorn third sources when they wer, , vcil6k,lc.
 

The samples collected were labeled, packed, and shippec! tn 'the laborator:., for
analysis, The content of pesticides in parts per millio.i (-f weight was estcblish'ed through 
gas chr.matography. Except in the cases of milk und ndCe., c .ntamination wc:s expressed
in relation to total weight ,4 the aninial or plant. In the of meat and milkcases 
contamination was determined in the fat ard expressed in relati-on to its weight. 

Table 6 presents c sum.;m-ry of the infrmati-n ,-t--ned. Environmental com)onents
are grouped in classes and the average found f:r ,;ver)" country is presented. The tcble 
also shows the stcndard deviation )f the average and the number of samples analyzed. 

Sample number refers t. the number of separate c-iclysis performed on a particular
environmental component. Ior instance c sample number of 7 for cottonseed does not 
mean that 7 seeds were analyzed but that 7 lots of see! were analyzed. This is true in 
all cases except a few instances of fishes, reptiles, and birds: when a single individual 
was analyzed. 

Some aspects of table 6 are worth noticing. As in most pesticide contamination 
studies it is evident that higher concentrations of pesticide are found in the higher
trophic levels. Water shows that least contamination of all environmental components.
Producers (plants and plr.nt products) follow with noticeably nigher contamination levels
but still be!l.ow 1 ppm. Animals and animal products appear consistently more contamina 
ted than the rest of the elements of environment. 

* This total does not include 1871 samples of meat that were also analized. 
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TABLE 6 

Central America: Average DDT Contamination in Selected Environmental Components, in ppm. 1974-76 

Environmental EL SALVADOR GUATEMALA HONDURAS NICARAGUA 
Components x s n x s n x s n x s n 

Ground wc-ter 0.0055 0.0076 2 0.00020 0.00038 60 0.00011 0.00016 14 0.000065 0.00012 23 
river water 0.00015 0.00022 21 0.033 0.108 11 0.00099 0.0I1 9 0.000054 0.000067 9 

. estuarine water 0.000043 0.000033 14 0.0 0.0 1 0.00011 0.000096 6 
c-rn 0.0055 0.0081 29 0.0119 0.0075 4 0.019 0.023 14 

.v rice 0.88 0.92 2 0.32 0.34 3 0.16 0.16 1 
5 beans 0.011 0,g14 24 0.015 0.018 6 

2 sorghum 0.24 0.40 12 0.646 0.528 2 0.033 0.024 7 
cottonseed 32.15 84.26 7 0.092 0.061 5 0.242 0.179 5 
cottonsed flour 0,162 0.170 6 
sesame 0.010 0.00509 2 

, animal feed 0.18 0.20 3 0.063 0.063 1 0.126 0.160 2 
a 	edible greens 0.185 0.209 9 0.030 0.024 2
 

pasture 0.72 1.27 42
 
E fruit 0.007 0.11 18 0.23 0.46 6
 

tobaco 0.15 0.16 21
 
earthworm 1.41 1.41 1 0.60 0.60 1
 
frogs 4.035 3.03M- 2
 
shrimp C,40 0.78 57 4.06 5.419 3 0.090 0.056 2 0.42 0.69 14 
other shellfish 0.46 1.40 70 3.070 3.838 5 0.071 0.071 1 
fish 2.77 4.44 142 8.26 13.59 9 0.63 1.30 20 1.53 1.47 22 
reptiles 0.14 0.16 4 0.021 0.018 3 1.80 2.97 26 
br 	 8.57 9.93 2 4.63 4.63 1 35.05 28.56 3 

u 	 meat 6.29 11.46 13 89.124.93 6.60 302 
cheese 3.06 4.80 20 
milk 7.29 12.09 49 4.54 5.16 408 2.54 2.84 7 36.05 32.66 32 

SOURCE: ICAITI 
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.Deprtments 

La Pa 

Lsulutan 

San Mguel 

San Vicente 

Somonate 

Lo Unl6n 

LoLibertod 

kIuochapn 

Chalatenongo 

,obom 

1en Salvador 

Cwcatlen 

TABLE 7 

EL SALVADOR: PESTICIDE CONTAMINATION IN SELEC7ED ENVIRONMENTAL COMPONENTS 
1974-76 BY DEPARTMENTh, 

?Maonm 

Area 
Km2 

of cotton 
growing 
74-75 

% of cottn 
growing 

area SAMPLES 
t of 

samples 

Average of residues in porht per million (ppm) 
7"" -iI17Flh, 

meto~olite Dieldrin lX poroth. porash. Efdrin 

1224 33699 19.24 bercd 2 0.011 0.0C3 
Crrrn 1 0.00:1 0.lI 
mrl;. 3 1.72 0.016 
meat 1 3.09 

2130 44901 14.73 ri'er water 20 0.00207 0.000008 0.0001 0.00004 0.000036 
est.adne water 14 0.000045 0.74 
ground water 2 0.0055 
hrimp 66 0.366 0.0017 

.other shellfish 61 0,502 0.0046 0.609 
fish 69 3.47 0.012 011 
sorghum 4 0.34 0.52 0.14 
beans 6 0.0051 0.0001 
corn 9 0.0028 0.00018 
frults 4 0.014 0,00002' 
milk 12 20.C0 .1.22 . 

2077 32937 11.08 iver water 1 0.00034 0.00006 
fish 6 10.94 5.24 
sorghum 3 0.0, 0.0009 0.15 
beans . 3 0.X3 U.00 
cram 8 0.0'15 0.000r 
rice 0.23 ',1 0.76 
frults 3 1).X.6 C001 0.13 
milk . Is .*. "..',"I 0.073 
checse 3 . ,,r, 

1184 12794 7.65 sorghum I I 1. 1.77 
bean i ' 

" 
ricet,)oao s; . I .

,.', 
C. l4 

. "1 

• milk . 
cheese 7 0. 1 
meat. ? 

1226 6263 3.57 shrimp 1 ., 

other shcilfish 1 0.2 1 
fill, o '.00 0.08 1.? 0.09 
beam 2 ,.0 .,? 0.16 0.10 
corn 4 0,0.74 0. .LX1 
toboco 1 O.C" 5 
milk . Co 
meat I (. E:; 

2074 5802 1.95 other shellfish 5 0,208 
Fish 32 1.279 "0.043 0.028 0.163 
sor!hum 4 0.C("6 0.0907 
corn 1 0.006 0.004 0.28 
milk. 1 1.12 • 
cheeie 4 1.54 0.015' 

1653 4236 1.79 other shellfish 3 0.14 0.006 0.03 
fish 20 1.61 1.37 0.009 0.004 
beans 7 0.0124 
corn 3 0.0055 0.0010 
toboco 4 0.141 0,0007 
fruits 11 0.0060 0.0004 
meat 2 0.93 .. 0.025 

1240 2136 1.20 fish 6 0.92 0.93 
corn 2 0.017 0.0003 0.16 0.08 

2017 396 0.13 toboco 1 0.17 
milk 8 0.94 
che.m 3 1.32 
meat 3 2.00 0.016 

1104 40 0.02 beans 2. 0.0074 
toloco I" -

milk 3" 0.49 
cheese 3 0.92 

886 is 0.01 toboco 7 0.257 0.420 
milk 1 0.37 

756 - - " bea' I 0.003 
corm ......... 
toboco 

1 
:5 

.. .' 0 
o.089 

-. 
' 

0.001 
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TARLE 8 

GUA'IRAi.A: PESTICIDE CONTAMINA7 ION 114 SEI.ECILD ENVIf'ONMENTAL COMPONENTS 
1974-6 BY DEPARTMENTS 

f cot rItn% of cgttn o%";gv ol rr;, in ports per million (ppm) 

Arro growinc'i of -r)" Ttlyl thylf at 

DepofmwnI% Km2 74-75 c"'l E> ianIX ,p'.;rtfi, *)e~jt Lwch Endd 

blulhuleg 1856 44736 16.84 A',vwo,I- 0.'43 

,235 
t} ellfR=i. 3 ,:!. 	 .66 

ril. . IU.A.: 	 16.77 
zo; .. I. l 0.001 0.045 
(,, 1r2.';:. 0.008 

,e 0.15 0.003 0.005 
E. , , ,:, 3,,;0 	 0.026 

' ..: • :.,i.. 0 (,2. 0.016 
i1r. 2 15 0.09 
mrnk ,7-" 0.'08 

5tculntlo 4384 78782 12,56 	 five. Wolt.f i 0.('' 
gsound water " r.CCI. J O.Qi0'A^13Y 

ahtrp' 	 403 0004 
oirsheitfld, .. 

. 0.0.) 0.29 0,008 .0.054 
crn ? 0 
vdible 23 0,5 

'. 3 	 0.001 0.005 

2 4.c;s 
6.0-18

,.ili. 34S= !.20 0. 

meol ;26 5.27 0.001 0.29) 
Suxhilepquez 2510 19779 5.50 mcilk 3.28 

meat 27 4.01 
uetoltenongo 1951 5350 1.91 meot 5 3.81 

San WoeCo 3791 57P0 1.06 meat 3 1.91 
Synta Rosa 2955 4500 1.06 meat )n 2.47 0.23 
Socotepequez 465 - milk 46 0,3682 
AItu Verapa- 8686 -- meot / U.6 

Ikabnl 9038 - - Iret 6 0.2b 
Guolemula 2126 - arimoI feed 3 t'.18 

cottcomed flout 6 0.16 0,0015 
milk 6 0.9v 
Ieal 1 2.24 

Zacapa 2690 - - ment 6 0.36 
jult%'a 3219 ' meatl 1 0.56 

Solola 1061 - - milk 1 0.30 
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TALE 9 

HONDURAS: PESTICIDE CONTAMINATION IN S'L'T"; E,4vI(NWA[.jT, l CONMPONENTS 
1974-76 BY tDt PARIV.,,; S 

Deparlments 
Area 
Km2 

of cotton 
growing 

74-75 

% of cation 
grow:ng 

oleo SAMPLESr 
I afor+ 

san'oles 

Avrrog? cf 
"')Y' 
nl.tobol;te: D;elli, 

esikuei In part pr milon Ippm) 
Er yI 

QX pai.rrl, porath. Endrin 

Vaile 1564 2000 0.89 estuarine water 6 0.00011 0.000016 0.000015 
shrimp 2 0.09 
fish 13 0.49 
other shellfish T 0.071 
sorghum 4 0.031 0.OuI 
carn 3 0.031 
sesore 1 0.007 
reptiles 2 0.031 
milk 4 2.67 

Choluteco 4211 4797 0.79 river water 8 0.0011 0.000003 
ground water 6 0.00019 0.0001 
fish 6 1.02 
corn 7 0.017 0.0010 0.0001 
sorghum 2 0.027 0.0002 
bean 1 0.0108 0.0004 0.001 
sesame 1 0.0142 0.0006 
birds 1 4.63 
reptiles 1 0.00 
milk 1 5.71 

Oloncho 24350 4269 0.12 ground water 4 0.00 
river water 1 0.00 
frsh 1 0,109 
corn 5 0.007 
beans 5 0.0168 0.00008 
rice 3 0.32 
cottonseed 4 0.075 0.0012 0.035 
animal feed 1 0.06J 
edible gree 2 0.0303 
ear hwarms I 0.60 
nilk I 0..Ct 

Poariso 7218 635 0.06 Uraund wt)er 0.0(,012 0.000045 
Fco. Moroz6n 7946 74 0.006 milk 1 1.09 
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N!CAi AGUA: PESYiCiD, CONAiA ., 
1974--76 

- ELL'.rLO :N/DNViRONMENTAL 
Y DEPARTMENTS 

COMF'ONF:NTS 

Manzanas
of cotton % of cotton. Average of residues in paris per mullion (ppm) 

Area growing growing # of DDT + Methyl Ethy 

Departments Kn2 74-75 area SAMPLES samples m.etoholites Dieldrin TOX parcth. par -.r. E.ri 

Leon 5234 131474 17.55 river water 9 ).C0QI)5 0.0000045 0.000001 
ground wafer 16 0 000088 0.0000017 0.(WD,32 
shrimp 8 0.50 0.0005 
fish 12 1. "6 0.036 0.9f8 
reptiles 
cottonseed 

7 
4 

0.! 9 
0.2) 

0.026 0. 9F 
C.5 0.0017 

animal feed 1 0.(13 
rice ' 1 0.15 
birds 3 35.A5 0.026 
milk 26 32.* 1 0.25 

C hi .ro.- i 4662 111766 16.75 ground water 3 0.0( 
shrimp 5 0.2( 
fish 7 1.01 0.023 0.15 
eptiles 6 1.20 (073 .P.09 

,. ilk 2 11.23 . 195 
Mosaya 543 9921 12.77 g. -und water 3 0.00 

2 3.39 i.60 

reptiles 13 2.73 U.02, 0.25 
cottonseed 1 0.0064 0.005 
animel feed 1 0.24 
milk 4 73.42 0.05 

Managua 3635 18547 3.56 ground 
shrimp 

voter 1 
1 

0.000069 
0.088 

0.00001 
0.003

0.00004 

Cranada 964 3342 2.42 fish 1 0.00003 
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Although meat and milk appear in many cases to contain DDT above tolerances 
established in some countries, the different dietary habits of Central Americans make 
any conclusion on human healti', effects inapplicable. Specific studies would have to 
be made to creale a set of standards adapted to the area. Such studies would appear 
useful for beans, rice, corn, cottorseed oil, meat, n'milk , and other .popularly consumed 
products. 

Only very limited comparisons between countries can be made because of the nature 
of the sampling effected. It can be :sid for instance that Honduras appears to be the
least contaminated of the i:our countries. This makes sense because Honduras has the 
smallest cotton area and the least insecticide use in relative and absolute terms (tables 
2 and 6). 

Tables 7 through 10 show detailed information on the presence of DDT and other
 
pegficides in the four Central American countries.
 

2.2 Pesticide drift from aerial applications in Centrcl /...merica 

One of the most important sources of pesticide polliion is drift during an aerial

application under less than optimal conditions. rhe stu!,, intend1ed to clarify several
 
points. It seemed relevant to !-now wlic, .;i
!-;ro." kot d insecticide discharged

during an aerial applicatiooi fell within the 14-..
:Jor strip: underneath the airplane.

Technically speaking, everythin, else folls .;fftc r- .,:.:d, 
 it seemed practical to
 
be able to estimate total drift fr-,.m regulc.r s..c::' , . I the premise that cottbn
 
growers mcy noi consider it a loss if somc Clru: "mor. :c-sticide than others. Third, 
it was important to find out how for ccr i',secticdL prom -,:aerial application travel 
downwind and possibl), contarinate other areas. 

The tests performed inc!ic-. that c: . 5 c -f. f:: estkck c-pplied iti UltraLow Volume (!.'LV!) fell on the 14 -meter airplane swot! and 31 percent of the material 
applied in the conventional diluted form fell on icr.jet. This inplies tha" within a field 
the sections ul wind ure geiting too little pesticides while: the areas downwind ;el"an 
overdose. It is also cpparent thit the conventionalisystom is25% more effective than 
Ultra Low Volume. 

The farmer may be more concerneJ about the amount tkat falls outside a particular
field being treated. It the field has 20 hectares and is upproximctely square in shape
(has 450 meters per side) one can expect about 43.6 percent to fall inside the field 
boundaries with ultra low volume and about 45.6 percent with 'he conventional system. 

By the same token, 56.4% and 54.5% respectively falls or ,'rifts outside the 20 
hectare field with ultra-low volume and conventional applicati ins. In the test, it was 
found that even at 1,600 meters about 0.01 grams of DDT per hectare were still falling 
on the sampling plates. This implies contamination to surrounding agricultural activities 
and higher levels of sub-clinical intoxication for rural populations exposed as wcll as 
increased resistance build-up of human and other pests. 
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"The-study was conducted to-evaluate-the spray distribution churci'erisdics of two 
typical methods used for aerial -applicution of ir-secj~ci->s inCentral America. The 
LJLV application was a DDT formulation applied wi+.,.,'" C i'ulion while the diluted 
spray contained the sarne amiount of DDT formulatio!-i but'ws .iluted with four parts 
water to one part of cheioical .urn;ulatioi'. The SiL),- was desiqi~ed to measure the 
deposit in the treated area as well as the drift as far cs 1j. 010 meters downwind froni 
each application. Each test consisted of spraying six c:.nsccutive passes over the same 
spray line for a lengh of 1,609 m. This technique permits an evaluation of.the character.. 
istic deposit versus distance which can be utilized to predict drift for various sizos ancd 
shape.s cf field as indicated in t'he discussion section. j .pplicctions were made over C; 
larme block of cotton in Finca "Tolim6rI Tiquisate, Escuintla ('.uatemcia) 

Materials and methods: 

Table 11 lists the details of the application information. P. -irper Pawnee aircraft 
fitted with four Micronair AU 3000 atomizers with c!35' bicade setting was used for both 
cpplications 'figure 6). N'!o drop size data was taken; however, ,he higher flow rate for 
the diluted application would reduce the rotat:onal s'peed of thL atomizers which would 
result in a larger drop size (1). It was estimated that the VMD was 120 m''for the ULV 
application and 135 rn for t'he dilute application. 

The sampling line was along a ranch r. ad perpendicular to the sprcy line a.:J 
parallel to expected wind direction (figure 7 ). Each sample plate consistec 6f c 600 sc,. 
centimeter Mylar film stapled to c plywood board. The sample Loard was placed -n a 
stake *which held it flat dncl slightly above the crop levol. Samples were located at 0.a 
meter intervals from 11r9 meters upwind to 50 meters downwind. i-rom 50 mdiwnwind, four 
replicate samples were taken: two (;n each side of !he. 3a-neter widJe rcnch road and one 
meter apart from one another. The distance frorn Cnt t ine increased Iogaritkiically "'() 

00, 200, 400, 100, and 1,600 11. The Mylar samples were removed anr!placed into 
separate jars cnd sealed for transport bac' to the laboratory for analysis (figure ). The 
DDT was str;R--! off the piates with an appropriate . c s.lvent and the totai c:-,ount;r1. 
per 	plate quantified through jas chr:riatograAv.. 

, portable weather st,:tic,:,' L::" ncxi :-..: ,:At', fie!d -bout 1,00.n0 1 c wr.wc's set 
wind from the application (fl..ure ,).The temperciture ";r..'i. 1reweeo 10 and 2.5 r., 
and the ambient temperature c:-2.5 r,wc:s mecsure4 i'w:, Gspirlated and shielded 
thermistor proes connected i:Lrkije circuitr)y ',f.w S:.r. inst. Co.) . The fuil-scale 
temperature difference wcis + 100 F. The wind speed w .s mio-lsured ct a height of 5 m wii'h 
a Cassella sensitive cup anemometer. The wind di'ec.i ;:wcts..measured at a hei -ht of 5 n" 
with a ,Ighti.eight vane connected to a pztentio ctioec-J 	the direction recorded on c 6-. 
in. srip chart recorder. Figure 10 shows a rescoled renorcr of the wind direction during the 
tests. Table 11 shows the record of the temperature, temperature. gradient, cverage winc vel... 
ocity, relative humidity, and average wind direction durirg the tests. 

(1) 	Akcwon, N.B. an~d W.E.Yates,.1974. The use of aircraft in agriculture, FAQ 
Agricultural Development Paper No. 94, FAO, Rome. 
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The 	Stability Ratio wos calculated as fol! )ws: 

S.R. = (tlD 2.5) 105 

'5
 
where "t" is the temperature in °C and "V" is the wid velocity in cm/sec. The S.R.
 
is ct.convenient turbulence para,;',eter that has been useful in reloting the micro.-weather
 
to drift levels(I).
 

The ULV applicction, :'est 1, was applied from 12:4D to 13:00 on November 25,. 1975. 
The dilute application, test 2, was applied the same day from 15:00 to 15:25. 

Results: 

The average emission rate for Test 1 was 3.4 grams of DD i' per meter per pass and
 
for test 2 was 3.1 grams DDT/n/pass. Beccuse of the slight difference, the residue data

from each test was 
normialized to an equivalent emission of 3.2 grams DDT/m/"jass. For 
a 14 m swath spacing, the normalized application rate was equivalent to 2,27v grams
 
DDT/hAc.
 

lepcsits in the target a~c~arc~ri i . (.-~is :i. . :&e scrples within the first 
15-25 meters of the aircrcai. 7iauros 1 cr:J 2 arc ik':s i'Ie n.rmalized residue daac 
converted to gm/ha/pc.;s versus ihe ows:w, Cs fr cis 5 	 . The data represents
the avera.e of 6 aircrc fi asses, 7 in ecc, cir~cti..:. ,::o;h' r useful means of presenting
this data is shown in .fi ures i3 and 14. T7- ',r ,.:w i-:e cu:iulative recovery
expressed as percent of total e-nisioncas c functionr .': isi*,."ncc downwind. Amount recover
ed per plate at the different s;-atbs is shown in fi:jurt s Vc!n:J 16 aid shows the same spray 
pa.ttern. 

The 	 normalized drift deposit data from 50 n. to 1 :." re plotted'onIo -g .xis as shown in figure 17. The dclta was analyzeci sinuiar io previous drif't studies (1). Briefly, 
c regression curve was calculcated for the following .,e;.eral form: 

log D= b, +bi (log d) + b2 (log c) 

where "D" is the deposit on Mylar in g/ha; "d" is tihe disi'ance downwind in meters; and
"bo, bl, ant! b2" are reoression coefficients. For test 2, the data from the 800 and ,,"03

stations were omitted froin the analysis since the wind direction data indicated the 
particle trajectories missed those stations part of the time. 

(1) 	Yates, W.E. and N.P. A1kesson, 1974. "Criteria for mininIzing drift residues on 
crops downwind from aerial applications". Trans. of the i.SAE, 17 (4), pp. 627-.632. 
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TABLE II 

Application Data for Pesticide Drift Tests 

Tol m6n, Guatemala, November 25, 1975.
 
Piper Pawnee, 160 km/hr., 1.5 n.wheel height

1609 mlength of spray pass, four Micronaire AU 3000 atomizers, 276 kPA
 
(40 psi) pressure, 350 blade setting.
 
Area treated: 2.25 hectares
 

Test 1 Test II 
ULV Diluted 

Time of Applicction 1-l.:40.- 13:00 15:.':-15:2E 

Type of .pplication 

Applicatiqn rate with a 14 r,swath, liters/hf:. 6.17 2S.. 
'urnber of passes 6 6 

Spray Mixture 

. '(c)DDT Formulatio r! DDT/",, o Q.3 76.8(3'2 ir 
(b) Dilution waer, liters 1 307.0
 

DDT emission rate, j.rams DDTi,/mPass 3.., 3.1
 
Normalized emission rate, grams ')DT/n/ass .2 3.2 
Normalized applicction. grams DDT/ha (14 ni/wath) 22*;0 227 

Weather 

Ambient temperature, r (2.5m) 228.9 "8.3 
Temp. difference (lemperature (10 m) - temperature 
(2 .5 m), 0C -0.833 -.. 38; 

Wind velocity, m./sec (5m) 223.5 304..' 
Stability Ratio -1.67 0.42 
Relative Humidity 89% 67% 
Average Angle of wind deviation from sampling line: 8 East 24' East 

SOURCE: ICAITI 
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Table 12 shows the regression coefficients obtained for the ULV and dilute ap -.
plication tests. -iso shown is the simple correlation coefficient for the two tests.

Correlation between deposit and distance was 
excellent in both cases. 

T/'%L E 12 

DDT DEPOSIT / S A FU,>'T!C:" CF DISTi ACE TC, APPLICATION LINE:" 

RE'RESS IC. : Ai, :. CCRREL/ T.. COE FI EN 1 
C . -.UL/.TE7; FOR Ei ":TEST 

TEST bo b S1 r 

ULV 6.5438 -2.6942 0.0156 0. -938 

Dilute 2.0323 1.5242 1.0,07 0.9911/ 

SOURCE: W.E. Yates and IC/.ITI 

The above values were used to calculate the cumulctive deposit data at one
meter intervals from 50 m out to 1,600 rn. The values again were expressed as percent

of the total emission. 
 A few values of cumulative recoveries frorm 10 m to 1,600 m are 
given in Table 12 A. 

-Discussion: 

The micro-weather data, table 11, indicated a very unstable or turbulent condition
for the ULV applicalion, S.R. = 1.67 compared to a slightly unstable condition, S.R. = 0.42 , for the dilute application. The very turbulent conditions would tend to diffuse"
the spray vertically and cause a more rapid reduction in deposits with distance as 
compared to the conditions during the dilute application (1). 

(1) Yates, W. E., N.E.. Akesson. and H.H. Coutts K966. "Evaluation of drift residues 
from aerial applications" Trans. of the .S,E, 9 (3), pp. 389--3, 397. 
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TABLE 12 A 

Estimated Cumulative Downwird Recovery fr 

Pesticide Drift Pests, % : 

Distance Downwind Meters 

Test: 

Test 1 

Test 2 

"T 

30.7 

38.5 

25 

43.0 

47.9 

50 

50.9 

51.9 

100 

57.8 

55.0 

400 

60.6 

56.3 

SOURCE: ICAITI 

* From equations shown in table 12. 



FIGURE 6
 

A Pawne 235 prepares to leave the ground to effect the first drift test. 



FIGURE 7 
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Mylar sheet being mounted on wooden poles near the application line. 
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FIGURE 8
 

v 
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Mylar sheets being picked up, rolled and placed in glass jars for transport 
to the laboratory. 
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FIGURE 9 
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Weather station used for monitoring climatic conditions during the drift test. 



FIGURE 10 

WIND DIRECTION DURING THE DRIFT TESTS 
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FIGURE 12 
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CUMULATIVE PERCENT. DDT RECOVERY FROM ULTRA LOW VOLUME APPLICATION 
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FIGURE 14 

CUMULATIVE PERCENT DDT RECOVERY FROM DILLUTE APPLICATION 
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FIG. 15 

PESTICIDE DRIFT PATTERN FOR AN ULTRA-LOW VOLUME 
APPLICATION OF DDT, MG. RECOVERED PER PLATE 
AT DIFFERENT STATIONS DOWNWIND. 
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4° FIG. 16 

PESTICIDE DRIFT PATTERN FOR A CONVENT O!IA-, 

APPLICATION OF DDT, MG. RECOVERED PER F-.-\Tr 

AT DIFFERENT STATIONS DOWNWIND. 

el 

-

:0

-I-

I 

I 

> 
0 

Lii 

I 

II 

II 

*i
a. 

I0 

o 

10 

I 

1 

. 

oI 

D I 

a I 

DISTANCE 

I 

IN METEPS FERP-ENDICULAR 

I 

TO THlE 

! 

LINE OF APPLICATION 

' ' 



RATE OF PESTICIDE DEFORIT AT DIFFERENT DISTANCES DOWNWIND 
100
 

--e ,,FIGURE 17 

w%
 

to 
..-
 .. 

.I.. \XTEST I - ULV 

TEST 2 - r)ILLUT , 
A 

x|
 

x 
x 

01 .

10o 00o 10000 

METER~S DOWNWIND. 

'70URCE- VCAT 



-60-

The distribution patterns, figures 11 and 12 show the Dilute application had slightly 
higher deposits under the aircraft and !ess fallout from 15 m. or. downwind. Thedifferences 
would probably be even greater under similar weather conditions. The above observations 
are further verified by reference to table 11. The cumulative deposit for the diute 
application is much higher ar buth 0 cii:. 2$ rn Jv .,1:-J the;. reverses and the ULV 
produces a higher fallout c't the mcre disaant stalioni. For instance, from 50 to 100 n 
the ULV application depo.itec; 9.7% ,,f 'I'he spray compored to 4.4 % from the Diliitz 
application. The differnrices cre ati'ibti!ed- to the f'ner afo'mization obtcined at the 
lower flow rate for the ULV .jpplicaticn ar.J ;he rWwer 'vap ra.;on rate of the ULV 
formulation. 

The total recovery from tests 1 and 2 were 60.O nr 5'..3 % respectively. A very 
limited amojnt of data ,s availcble on tl.e to'o r,:ove:k.s f,'o; this type ..f application. 
Previous stuJies in Cali:orr.:a viit, iarge," droplet r.pectru.,is and :.i:Are stable conditions 
produced recoveries of 100% (1). SO-udies Ly Cou,'shee and Couls! (2) indicate abcut 70% 
recoveries for ULV applications with a MicrLncir ser at a 35% pitch aigle. G. Ware et al 
(3) have also reported recoveris in the tcrget orea .f 57% for dilluto aerial applications 
with flat fan nozzles at 28.JAa. Hinden et al (4) reported DDT recoveries )n glass :)!ate: 
of 30% and 22% from aerial applications. 

Thus, the recoveries reported in these tests appear reasonable. The losses are attr 
buted to (a) losses remaining in the air due to fine atomization and turbulent weather con
ditions and (b) possible volatility and photodecomposition of the DDT on the Mylar sheets. 

The basic drift data and regress-on curves of fallout from 50 m and greater are shown 
in figure 17. The levels indicate approximately 2 times as much fallout from the ULV ap 
plication as the Dillute application. 

Prediction of drift hazards ffom above type of treatments: 

The regression curves were used to calculate the cumulative fallout that would likely 
result from two different sizes of simulated appiications. The field lengths were assumed 
to run perpendicular to the wind direction and were 1,609 m long. The amount of drift 

(I) 	 Yates, W.E., P. Christensen and N.B. Akesson, 1972. "Residues and air pollution 
hazards related to aerial applications. Proceedings of the International Conference 
on Tropical and Subtropical Agriculture, Hawaii, ASAE pg. 317-320. 

(2) 	 Courshee, R.J. and H.H. Coutts, 1974 "oPatterns of ULV sproying"'. Proceedings ibf 
Pesticide Application by ULV Methods, British Crop Protection Council Monograph, 
No. 1I , pg. 67-72. 

(3) 	 Ware, G.W., W.P. Cahill and B.J. Estesen, 1975" Pesticide drift: aerial applications 
comparing conventional flooding vs. raindrop nozzles. J. Econ. Entomol. . 68:329, 
330. 

(4) 	 Hinden, E., D.S. May and G.H. Dunstan, 1966. "Distribution of insecticides sprayed 
by airline on an irrigated corn plot." Orqanic Pesticides in the Environment, Advances 
in Chemistry Series 60, R.F. Goud Editor, American Chernical Society, Chapter 11, 
pp. 	 132 - 145, 
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concentration downwind would thus be a function of the number of passes or field width. 
One 	simulated treatment was for a fiel J 16 ti wi!e, whi:h required 12 ;Passes with a 14 
m swath spacing. The other was for a field 1,.2 :.'rn wide which required 103 passes 
with a 14 m swath spacing. Cumulative fcl-lot values for different distances downwind 
are 	shown in table 13. All of the calculated values were withi.' the distance of ihe 
actual sample locations. Blanks are left in part of the table to avoid extrapolation of the 
data. 

Previous studies in California determined a direct correlation between deposits on 
Mylar sheets and the residue of green alfclfa in pp,.m.l). lt.Ycs found tb~t the residue :f 
DDT 	in alfc~fa could be estimiated from DDT deposit rate according to th'e followi,'t 
equation (R = .99): 

Log P .. 2.4544+ 1.00.1ogC 	 I 

where "p" is ppm .in green alfalfa and "C". is rlicrograms/ft 2 on Mylar sheets. 

The above correlation was used to convert the fallout values in g/ha to residues )in 
alfalfa in ppm. Table 14 indicates the predicted drift in terms.: f ppm on green al-Falfc. 
All of the alfalfa samples were taken just prior the harvest end represented a yield Zf a'.out 
2.4 tons/acre. If the forage crop is smaller and if the crop is cult and allowed, to dry,..thr 
ppm would be greater than the above estimates. It s.ould be remembered thcat the 6bcv,. 
tests were applied inthe middle of the day during unstab'le weather Conditions. Aplicctios 
during early morning or Icte evening would likely be during more stable conditions an: 
could produce higher residues. Values during ver,, st5c'le conditions ha,e been re.ortc'J cas 
high as 10 times as much as during neutral conditions (1). 

Table 14 illbstrates the estimated c.ntamination outside the treated area for a ULV 
application would be about 2 times as much as a dilute application. Also for a .. L\' 
treatment of a small field the contamination 204 m downwind would be over 0.5:2r and 
for a large area treatment the contamination woulc; e ".ver0.8 ppii:. 

Summary: 

In comparison to the ULV application, fth, dilu, 	 ,roducedpplliccti-.nsomsewhat 
higher deposits within the treated area :1,-i !r!swoth) and lower fai'out downwind of the 
t'rea'ted orea. "From5O to ,'0 .- 6Wr'wind the dep .si sfr,;. thrc U:LV treatmznlt were ab".ut 
2 times as much as the dilute treatment. Fallout 204 r downwind fr.or a 14 swath ULV 
application would likely deposit 15.1 *.j/a compared '-.)4.' h/lia fur'a dilute application. 
Higher recoveries both in treacMent area and 4ownwn," oreas would likely ocurr durin; 
more stable atmospheric conditions. 

(1) 	 Yates, W.E. and N.&. Akesson, 1974. "Criteria for ninimizing drift residues )n crops 
downwind from aerial applications ". Trans. of the ASAE, 17 (4), pp. 627-632. 



-TABLE .13' 

PREDICTED FALLOUT ON MYLAR 
FOR VARIOUS TYPES. OF PESTICIDE APPLICATIONS 

(Wind perpendicular to length of field) 
(Fallout measured downwind fr3m edge of treated field) 

SIMULATED APPLICATION Test 1 - ULV Tbst 2 - Dilute 

Field Length I 609 m I 609 m I 609 m 

Field Width 196 m 1 400 n: 196 m 

DISTANCE FROM EDGE OF 'FIELD Fallout 

(meters) !(g/',a) 

50 205 220.5 94.5 

106 53.7 65.0 239 

204 15.1 22.1 4.8 

400 3.7 - . 

806 0.7 

1408 0.2 

SOURCE: ICAITI 
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TABLE 14 

PREDICTED RESIDUF ON GREEN ALFALFA
 
FOR VARIOUS TYPES OF APPLICATIONS
 

(Wind perpendicular v) length of field)
 
(Residues on alfalfa downwind from edge of treated field)
 

SIMULATED APPLICATION Test I - ULV Test 2 - Dilute 

Field Length 1 609 m I 609.m I 609 m 

Field- Width 196 m 1400m 196 m 

DISTANCE. FROM EDGE OF FIELD Residue on Green Alfalfa 
(meters) (ppm) 

50 6. 7.20 3.08 

106 !.75 2.12 0.78 

.204 G.49 0.72 0.16 

.400 0.12 

806 0.02 

.1 408 0.01 

SOURCE: ICAITI 



: -64-. 

TABLE 15 

DDT RECOVERY FOR DRIFT TEST WITH ULTRA-LOW-VOLUME 
APPLICATION. MILIGRAMS/PLATE 

Sample Sample 

-10 = 0.0005 24 = 3.44 
- 9 = 0.0005 25 3.47 
'-8 = 0.0010 26 = 3.54 
- 7 = 0.0005 27 " 2.97 
-6 0.59 28 = 2.38 
-5 = 2.04 29 2.18 
- 4 2.85 30 = 2.04 
-3 = 5.60 31 = 2.66 
- 2 = 23.52 32 = 1.94 

1 = 32.23 33 = 2.56 
0 = 41.4.0 34 = .1.84 
1 = 52.24 35 = 1.85 
2 = 49.85 36 1.76 
3 = 45.34 37 = 2.37 
4 = 43.39 38 2.48 
5 - 27.02 39 2.29 
6 30.40 '40 = 2.24 
7 = 35.54 41 2.75 
8 = 26.50 42 = 2.22 
9 = 25.26 43 1.59 

10 = 29.07 44 1.17 
11 = 21.27 45 = 1.17 
12 = 10.54 46 1.59 
13 = 11.17 47 1.52 
14 = 10.47 48 = 1.52 
15 9.83 49 1.50 
16 = 7.78 50 1.44 
17 = 8.84 51 = 1.72 
18 = 4.84 100 = 0.1781 
19 = 7.56 200 = 0.0441 
20 = 5.25 400 = 0.0026 
21 = 3.98 800 = 0.0002 
22 = 2.90 1600 = 0.0006 
23 = 4.12 
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TABLE 16
 

DDT RECOVERY FOR DRIFT TEST WITHDILUTE APPLICATON.
 
MILIGPAMS/PLATE 

Sample Sample 

-10 = 0.00G7 24 = 6.43 
- 9 = 0.0006 25 6.55 

8= 0.0005 26 - 6.16 
7 = 0.0007 27 5.84 

-6 = 0.0007 28 = 5.63 
-5 0.0007 29 = 3.71 
-4 =. 0.50 30 4.10 

3 = 0.67 31 = 4.76 
-2 = 6.53 32 = 4.36 
- 1 = 22.88 33 = 5.25 

0 = 19.13 34 = 3.69 
1 = 31.57 35 = 4.91 
2 = 50.18 36 = 52.3 
3 = 44.77 37 = 4.56 
4 = 41.24 38 = 6.0 
5 = 30.36 39 = 3.89 
6 = 28.03 40 = 3.43 
7 = 29.77 41 3.11 
8 = 27.30 42 = 2.04 
9 = 24.65 43 - 2.88 

10 = 20.14 44 = 2.93 
11 = 19.17 45 = 2.30 
12 ' 12.74 46 = 3.96 
13 = 10.67 47 = 2.51 
14 - 10.77 48 = 4.28 
15 = 12.02 49 = 2.24 
16 = 10.51 50 = 2.88 
17 = 13.31 51 = 2.80 
18 = 8.98 100 = 0.79 
19 " 10.23 200 = 0.14 
20 7.19 400 = 0.01 
21 = 6.54 800 = 0.02 
22 - 6.94 1600 = 0.001 
23 7.99 
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2.3 Monitoring pesticides levels through milk analysis 

The systematic analysis of milk samples from the some herd and the same cow was
found useful for detecting changes in pesticide levels through time and between different areas. It isapparent that cows milk can be used as a reliable indicator of relative
contamination in different regions. Continuing analysis inone region can detect si:,ificant
changes in the level of ccntcjmi.nation and reflect the pesticide load in the environment. 
Considering that milk is inex'pensive and easy to obtain these findings suggest that milk 
can be.a valuable onvironi'ental mnonitor for pesticds. 

The. study of milk conta;,ninction in Central Armeric' hcd four objectives. First it
seemed desirable to find out whether the levels of DDT residues in milk varied accordingto the cotton rowing season whien pesticide use is more. intensive. It was also desirable kr
see whether milk reflected significantly different levels of conlanination between c 
 ttonr.growinj areas and flher c:gricultural regions. It also se.eomes ir'. ortant to correlate -(lk
contamination with the observe'd pesticide usE in one area to fi.d out exactly with what
pruicslon rnilk residue levels reflect pesticid, use. Last, it wa. thought adviscble to oblc:in
 
a good.idea of the levels .f contamination in mill since it is a widely-consuned Food for
 
infants as well as an industrial input.
 

Mithodolo fy: 

Three dairy farms similcir herd compositict- wr.,.: C:hosen o;-e in the midst of the
cotton.-growing area, one .ght .wil.rreters 
 fr..m :i.L :'r, ;r. s' cot,'on far.n and one removedabo).,ut! 45 kilometers from the ;fton aroc. Ii i.--m 'crris under different conditions

of pestic" Jo use would all -w F-rr..compariso.r:s .... l, Frnill: cortc:minatioil Cnd
r:" .eveis 

the behrvi.o.r of these leves tr,.ugn tin-
 in -, o . r.t zo ,es. SCrniples )f ,nc; liter were 
tc ken frbm the wh,,le :r, in the. three fcriys ct iar.. t .ico r: wcei:. Sarnping iil t-,c farm
within.otton arecs wcs effectod 2-3 timas r week i.. -: :i: n.re precise mecsure -f theflucfuat! ns through the sens,.. Separate su.r,!.! r..; (1 c',,rrol! ani;;: l were bLtained
in the first tw.) fvrs. These sc:i.les were refrigorc'. ' 1 :n- si ;: e:; t.i the lcab&rctor.
Occcsional s.mples of wter, pasture ,:nd cnirol fcc. wae toker i the three fcrrs. 

:4The samples were analyzed thr:'ujh gas chronmotorpt up n arrivol. Records were 
kept'f'the residue levels c.f ',HC, AIdrin, DDT plus.mcq!'blites, Dieldrin, Taxa 1'hcne, and
Azodrin. Only DDT is considered in the present anclyss although all of the others appo, ,r - ' 
on occasion. DDT was chosen •as tracer because of i s hiqh Fpersistance and widespread use. 

To fulfill the second objective the nmoan contcmi;iation in each zone was comparedstatistically with the rest :,i tho i:6nes through anal/sis"of varicrice. The purpose was to see how significcnt were the differences in contaminat-ion between zones with differen
intensity of cotton cultivation. 
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In addition 9 -cottorn Farms near the tdciry vr-i .i-.stE.s to c-ton were visited
 every week to btci;, pest '2; ,.,s'.,rri :.,
icL DT) ;ic samples. The average 
amount of DDT r:ctive ij:.redien used per Ikec,-cdrenw::s .orro::Jted statisiicoll', witl
the contcninati,:, o.f the sonplc f,-r that wee',. rhi wCS done to acconplsh the third 
'4 ';jective )!the study. 

In order to find out whether milk reflects pestickle .se caricjges thr4oughrut tha
 
cotton seas:n, analysis of scihiples was effected for c 
whole yecr from planting to

planting. Visual inspection of Graphs 
wcs able t,clearl)y show the behavio:ir of milk
 
contamination througho.ut the cotion season.
 

Resul ts 

Figure 18 shows the becavior of milk contcminaati ;n in t-,rce Guatemalan dairy

far;rs from Ma, 1975 to May,1"76. 
 The values presented are ncnthly avera.ges .

the results obtained for every sample (see tables I 
 .19 for actual values .:btaineci).
k-oft-on is normally l.nted in early July and pesticide trcc:t.ents begin in August.

Notice the steep increase in residue levels in the roilk from 
 the form within the cotton 
area. In the farm near (but n)t within) the cotton area it is ;-)ssiblc. to notice a
 
definite but less significant increas-.. 
 In the farm cwc ,From cotton no significant
 
trend can be discerned.
 

Within the cotton area:, contamination reaches a peak i', December-January. /,s
insecticide use begins to decline. contamination leveis return to practically the same

am)unt as before the senson begun. T>-.us it is cipparen ti c siort-term .nviroorentnl
 
contamination is directi,." linked iMpesticide use in 
 . producti-nn. 

Average contamination :vi the f:r:,, wiihin the co)tkc;n arec was ,.416 :r:ni r DT.F-;p
in the fat of cow's rnil.. (144 sc!;1s) . In the f; nec-r c t.n the average wcs i.4.
 
pprn ( 95 samr!es). In t4. . .5 ki I:-mtors -:w(-" 
 '+e-verc,e was 0.3682 Ppm ( 4".
samples). The differences between these ;,ecn:,,re ik',:hI, 
 skinificant ncc LrdH-' the

analysis of variance ' cxt-- ). 
 cmn:,Ie sizc vries beccuse of the necessit", 
to sample more oftue-, in flhe carL 15where wMder 1]',:.i .,.s wore ibserved and,
conversely, the reduced .!for intensivo sa,,.li,.;o e 
 where c.ntamination levels cp -.
 
peered more stable.
 

Judiciously perf. rincd. nlil;analysis ..dequc-:'c!,r .lcts the relative contaminctio nin areas under differ.--nt csfii .'c loas. Tf., , -.r...eful wh., tr:..Ing to estcalbish the 
severity )fenvironmentdl co,',tuminntin c -.:11esti eret curtris. Of crursL
tlhe-re has to be a sam;.,; 'oi:-.., whic .jw rcin '.es cmp;c'rabilit,. between somiles. 

.ccumulated 'D':Tusc. inc.tton f.-r-nis (-'rrelatedJ si"-nificc:ntlv wit.; DDT presence
in milk in noigh!,.rin. ;:7:r:s*taL-Ae: 54.--., Appendix 1). As the total amount of DDT 
used per hectare increases through the season the levels of milk contamination als,;. 
climb. 

http:througho.ut
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TABLE 17
 

Milk Contcaminotion in a Dairy Farm Located Inside the Cotton Area of Guatemala, :1975/76. - DDT + Metabolites in ppm
 

4 may 
11 may 
25 may 

1 jun 
8 jun 

12 jun 
15 jun 
19 jun 
22 jun 
2 6 jun 
6jul 

13 jul 
17 jul 
20 jul 
24 iul 
27 jul31 jul 

Samples. from the Same Animal. 
13.85 2 oct . 7.90 31 jan 
11.58 4 oct 10.70 19 feb 
1.0.31 , oct 14.30 21 feb 
:8.69 1:1 oct 9.99 26 feb 
8.62 16 oct 7.43 28 feb 
7.40 18 oct -11.41 4 mar 
6.64 23 oct 11.39 6 mar 
4.87 .25 oct 10.5S 11 mar 
4.2b 30 oct 19.69 13 mar 
4.15 3 1oct 11.58 18 mor 
5.45 6 nov 12.68 2 0 mc-r 
4.64 13 nov 10.35 27 mar 
2.57 15 nov 9.18 31 mar 
1.39 .2C nov 1.0.13 7 apr 
1.46 22 nov 10.09 10 apr 
2.19 27 nov 10.66 22 apr1.7" .29 nov "12.18 23 apr 

16.39 
"15.32 

14.81 
15.44 
12.54 
12.03 
11.09 
13.12 
11.16 
10.38 
13.83 
12.20 
12.55 
10.52 
10.54 

10.09
9.80 

. Samples from the Whole Heard 
3 jun 7.75 19 feb. 19.12 

12 jun 4.80 26feb 11.34 
19 jun 3.76 4 mar 14.00 
26 jun 2.91 11 mar "9.88 

2 jul 3.31 18 mar 9.32 
"17jul 1.01 31 mar 10.96 

*24 jul 2.54 7 apr 9.19 
31 jul 1.69 22 apr 8.48 
7 aug 3.49 23 apr 8.35 

14 aug 2.14 29 apr 7.94 
21 aug 3.16 6 may 8.44 
28 aug 2.79 13 may 6.93 
4spt 4.08 2 0 may 8.75 

11 spt 9.35 27 may 5.93 
. 18 spt 6.22 3 jun 5.23 

25 spt 9.002 oct .11.34 
2 aug 
7 aug 
9.aug

14 aug 
16 aug 
21 aug 
2 3 aug
28 aug 

2.02 
2.19 
1.83 
1.80 
1.73 
1.7& 
1.90 
1.56 

4 dec 
6 dec 

11 dec 
13 dec 
18 dec 
20 dec 
23 dec 
27 dec 

15.03 
12.56 
17.78 
17.73 
12.41 
12.72 
14.02 
10.05 

2 4 apr 
2 6 apr 
2 9 apr 

1 may 
6 may 
8 may 

13 may
15 may 

. 

9.25 
12.53 
8.70 
9.62 
8.60 
9.01 
8.70 
6.94 

9 oct 
16 oct 
23 oct 

6 nov 
13 nov 
20 nov 
27 nov 

4 dec 

15.77 
14.54 
.10.67 
12.74 
16.88 
13.04 
12.34 
14.34 

30 aug 
4 spt 

2.45 
3.22 

31 dec 
8 jan 

17.10 
"14.70 

2 0 may 
22 may 

6.12 
6.36 

. 11 dec 
.!8 dec 

18.36 
12.04 

6 spt
11 spt 
18spt 
20 spt 
25 spt 
27 spt 

2.85 
8.78 
4.70 
7.38 

12.64 
13.83 

10 jan
15 jan 
17 jan 
22 jon 
24 jan 
29 ian 

13.78 
15.17 
16.16 
1724 
16.98 
20.24 

27 may
29 may 

3 jun 
. 

5.42 
8.06 
6.35 

. 

.23 dec 
31 dec 

8 jan 
151 jan • 
22 jan 
29 jan 

13.11 
12.17 
13.46 
11.14 
13.68 
14.20 



TABLE 18 
Milk Contamination in a Dairy'Farm Located Near the Guatemalan Cotton Area 1975/76. - DDT + Metabolites in ppm 

Samples frornithe Same Animal30 apr 2.84. Samples from the Whole Heard12 aug 0.67 4 nov 2.05 29 jon 3.012 may 2.90 14 aug 0.61 6 nov 
21 may 2.69 22 jan 3.622.20

6. 30 jan 3.67" 3 jun 1.92 29 janay 3.01 15 cug 0.64' 7 nv 2.60" 3.73 
2 3 may- 3 fob 3.57 12 jun 1.03 19 feb 3.371.19 19 aug 0.63 11 riov 2.70 19 feb 3.00 19 jun2 7 may 1.10- 2 1aug C.90 13 nov 2.52 20 feb 2 6 

0.56 26 feb 3.00
3.07" jun 1.1030 may 0.79. 22 aug 0.78 15 nov 1.79 

4 mar 3.2524 feb 3.163 jun. 0.7.97 2 jul 0.93 11 mar 3.8418 nov 2.70 26 feb 3.17-. 17 jul 0.750.66 28 cug 0.71 20 nov 18 mar 2.83A-u 2.48 28 feb 3.87- 24 jul 0.2312 jun 0.67- 29 cug 0.66 21 nov 24 mar 2.552.41 2 mar 3.12- 31 jul 0.94 31 mar13 jun 0.65 2 spt 1.28" 25 nov 2.94 2.84
4 mar 3.00 7 aug 1.02 8 apr15 jun 0..6Z 4 spt 0.59 2.422 7 nov 2.18"17 jun 0.85- 5 spt 0 _6 8 i 2 8 nov 
5 
9 

mar 3.03 14aug 1.13 22 apr 2.36 
19jtm, 1.25 

2.40 mar 3.1.4 21 aug 0.74 2 7apr 1.939 spt .61-. 2 dec 2.67 11 mar 3.00
20 jun 0.68. 11 spt 0.58- • 2 8 aug 0.77 2 9 apr 1.56
4 dec - 3.16 9 mar 3.48 4 spt24 jun 0.51. 0.89" 30 apr 1.3412 spt 0.61• 5 dec 2.66- 12 mar 2.87- 11 spt 0.70 
: 

26 jun 0.66 16 spt 1.53 9 dec 4 may 1.60 €3.57 18 mar 2.35 18 spt 2.09. 6 may27 jun 0.46 18 spt 0.25 11 dec 2.212.92 19 mar 2.29 25 spt 1.75' 7 may 1.52I jul 0.56 19 spt 0.74 18 dec 2.69 23 mar 2.21- 2 oct2 jul 0.45 2 3 spt 0.67 16 dec 2.49 2 4 mar 2.30 
1.31 11 may 1,29
 

4 jul 0.40. 25 spt 
9 oct 1.75- 13 may 1.66
0.76 23 dec 3.63- 31 mar 2.238 jul 0.52. 26 spt 1.07- 16 oct 1.45; 20 mcy 1.1712 dec 2.62- 8 apr: 2.35- 23 cctIIjul. 0.39 2.29-.: 2 7 may 1.1430 spt 0.98- 30 dec 3.86 16 apr 1.69 30 oct 1.80. 315 jul 0.51 2 oct 0.33 jun 0.9431 dec 3.79 22 apr 1.48 6 nov17ul 0.78 1.48""%oct 1.1] 19 dec 3.07- 2 3 apr 1.68 13 riov 2.2822 jul 1.18. 7 oct 1.06 3 jan 2.89


24jul 0.55 
2 7 apr 1.38 20 nov 1.92"
10 oct 2.17. 9 jan 4.05 2 9 apr 1.36 2 7 nov 2.30"25 jul 0.68 13 oct 2.71 13 jan 4.17 30 apr2 9 jul 0.90 16 oct 1.21- 4 dec 3.431.97 15 jan 3.34 4 may 1.63. 



31 jul .0.34 17 oct 2.09 16 jan 4.10 6 
11 dec 3.42 

1 aug 0.43 23 oct 
may 1.26 18 dec 3.091.29 20 jan 3.80 7 may 1.50 23dec 3.605 aug 0.61 24 oct 1.94 22 jan .3.79 .11 may 1.22 31 dec 3.287 aug 0.74 30 oct 2.25 23 jan 3.77 13 may 1.16 8 jan 2.918 aug 0.68 31 oct 2.06 27 jan 3.98 14may 1.42 15 jan 3.23 
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TABLE 12 

MILK CONTAMINATION I,.A D.IRY FARM E.'OVED. FROM THE GUATEMALAN 

21 apr 
22 apr 

8may 
12 may 
15 may
29 may 

6 jun 
12 jun 
19 jun 
26 jun 

3 jul 
28 jul 
31 jul 

19 ago 
28 ago 

4 spt 
I spt 

19 spt 
24 spt 

2oct 
13 oct 
16 oct 
24 oct 

COTTON /.REA 

0.27 
0.31 

0.34 
0.31 
0.32 
0.35 

0.22 
0.44 
0.31 
0.34 

0.23 
0.29 
0.81 

0.38 
'0.37 


0.39 
0.38 
0.57 

'0'.52 

0.52 
0."64 
0.27 
0.32 

19751176. 
 DDT -i METABOLITES 

1nov 
6 nov 

13 nov 
18 nov 
26 nov 

4 dec 

10 dec 


15 jan 
22 jan 
29 jan 

21 feb 
26 feb 

3 mar 
12 mar 
18 mar 
24 mar 

,apr 
7 apr 

22 apr 
28 apr 

m12iay 
20may 
27 1m.cI, 

IN PPM 

0.27 
0.21 
0.30 
0.41 
0.31 

0.49 
0.48 

0.74 
0.30 
0.12 

0.39 
0,46 

0.31 
0.67 
0.25 
0.28 

0.31 
.0.59 

0.25. 
0.23 

0.22 
0.30 
0.24 
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The statistical analysis gave a relationshii: -fthe for,,: 

Y 	 10 x .1242 

where: 	 Y = DDT in pcrts per million in c-.w's milk (whole herd) 

X 	 Av-rage DD use in 9 c:)tton fcrns -ccumulated up to 
the week when milk scimnle was taken, in kg/ha, active 
ingredient. 

The number 10.99 is c:constant and 0.1242 is the change in the rate of pesticide 
acumulation in cow's milk for different levels of pesticide use ('t 10% increase in DDT 
use is likely tu cause a 1.24 % increase in milk contamination by DDT). Simple correlation 
for equation (1) was r = 0.8, a value significantly different from zero. 

Figure 	19 shows a graph of relationship (1) 

From figure 19 it is apparent that pesticide use reflects itself rather rapidly in 'thecow's 
milk of nearby farms. This would suggest that even a low level of DDT use would contaminate 
milk in farms inside cotton areas. Thus it is possible theft in orde," to eliminate the presence 
of DDT in milk it would be necessary to separate the production of milk from the production 
of cotton, at least while the environment remains in. the present c~ntaminated conditiQns. 

Conclusion: 

Milk analysls clcurly rc-fiects the effects of the intensive pesticide use season on the 
level of contaminatiin. It is clec:r that Pesticide ,sco in cotton is responsible for short,-term 
-nilkcontaminction (and probcbly l-ng-.term as well". Milk contamination can thus be 
-onsidered an economic oxternuiity .fUcotton proc'uction. 

The analysis, frrmilk saninles car,'detoct signif-c.:,nt .:ifferences in the environmental 
?esticide load 3f different regons. It clar be tjse.'.: ,..osloblish preliminary differences in 
the degree of environment::! c-;ntcmination in thsc. reuions or countries. Although it can 
be a valuable first insight into the pollution p: bl o!) kirc.uountry, it should be complenent
ed by more widespread analysis to ackiuve, ::n,' r'c -jlcorhcinty. 

The average contamination of milk in Guc.tenclo.D wcs high: 4.52 ppm of DDT. This is 
very high compared to United S'ales standards, whikh set a limit of 0.05 ppm for that 
product. Average contaminution in Guatumalc is 90 'iros higher. 

'
Last, it is apparent that other management measures should be explored jointly with 
pesticide use reduction to eliminate milk contamination. These include, for example, drift 
avoidance, promoting compatible crops in cotton zones and buffer belts. Present crops 
patterns lead inevitably to milk and cattle contaMination (figure 20). The solution to even 
this relatively small environmental problem already implies the necessity to use a multiple-. 
focused , systems approach to environmental management. 
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FIGURE 20
 

Cotton and cows cooxist in Central America which results in milk and beef 
contamination. 



2.4 Meat contamination as an environmental and economic problem 

Meat contamination arise- frcm tfl. ciexislen,:. -f cattle ranches and cotton farms.
 
Contaminated nmeat is eithue ex,,orted or consumed !ocally. In the latter case it
 
contributes t.)pesticidJ buii.': up in hu'nan tissues in: ureas removed from cotton zones.
 
If the beef is exported and i';Is DDT conteot is coove e.tcblished tolerances in the country 
of destination the bee' cc: be rejece :d. This causes economic losses in the form of 
increcsed transportation., stnrc:ge, an.dJ morketing 3sts. 

After the first few reiucins rc'.rre.: in .hc ec:rl, the nccit-p.:ckers reacted b 
analyzing suspicious samp!cs prior the shipment. So'i. c..st were av')ided but chemical 
analysis is expensive. '."CatPackers began ; unishin, 'xnt rninateci cattle and this 
started an adjushent tren.d which will contribute tc, se arc:te c':ws trom cbtton. 

Most samples above the established tolerances i:i !,g. principcel market came from 
cotton areas. The United States Luys most of the beef Central America exports. Its 
sanitary inspe~tors mc:y roject shipments whose fat sample containsmore than 5 pp-.m of 
DDT. The averoje r.)ntc,'.-inaHion in samples from 320 beef lots from cotton areas. in 
Guatemala was 5.7u ppr,' betviden 1973 and 1976. By contrrist, 39 samples from non.. 
cotton areas contained cn average of 1.14 ppm, whereas 33 samples from afarm 20 
kilometers away from cotton averacged 3.67 ppm. These differences are highly significant. 
(See tables 20, 21, and 22). 

Beef contamination in cotton areas was higher during the 6 months of more intensive
 
pesticide use. In Guatemala and El Salvador, the highest contamination levels 6ccurred
 
most often in September, October, November, December, January, and February (spe
 
tables 23 and 24 and figures 21 and 22).
 

Cattle from cotton areas is contaminated through eating pcsture which has received 
insec. icide drift, drinking water. 'ith.pestic.ide runoff rnd eating cotton stalks. Cows 
near cotton areas take in pesticides from contaminated pasture and forages for the most 
part (figure 20). Beef away from cotton gets contaminated through feeds and forages which 
contain pesticides. 

. substantial prcftrrtion of the samples analyzed contained DDT above the tolerances 
established in the main importing.country at the time of the analysis. Out of 2,199 samples 
analyzed in Guatemala and El Salvador between 1973 and 1976, 277 were above the 
tolerances, 12.6 % of the total. Assuming average sample si:ze and cattle weights, 277 
samples imply 2,150 metric tons of meat and an economic lois of $1.02 million if one also 
includes costs of chemical analysis of $35 per sample. 

Total losses for the beef industry in the four Central American countries are estimated 
between $1.7 million and $2.0 miillion-in the recent past. This is the i'ncreased cost caused 
by pesticide use in cotton production.(See Chapte. .n,the Economics 61 pest.i'cide use). 



TABLE 20 

GUATEMALA: BEEF CONTAMINATION IN COTTON AREAS, 
DDT IN PPM 

Samples Samples Samples Average "vMkium 

C. above 5 ppm below 5 ppm contamination levels levels 

% # % p#PPppm 

Coatopcque 4 1 25 3 75 3.23 39 5.74 
Chiq ur.lilla 17 1 5.88 16 94.11 2.66 -.43 8.86 

3Chompericr, "3 3 100 0 14.07 6.00 26.56 

Lc Goiiera 31 21 67.7 10 32.2 9.78 1.53 34.78 
Mcsagua 32 3 9.37 2? 90.62 2.15 0.18 8.83 
Retalhulou 

.San ;n:r6s V.S. 

72 

24 

30 

6 

41.6 

25 

42 

18 

58.3 

75 

5.97 

6.70 

1.02 

0.30 

29.44 

74.04 

Santo Don-ingo S. 18 4 22.2 14 77.7 4.03 0.53 2).75 
Tiquisate 27 13 48.14 14 51.8 6.20 0.81 18.11 
Mazatenango 2 2 100 0 0.0 10.51 6.34 14.69 

TOTALS / 230 5.76 

SOURCE: ICAITI -



TI/';LE 21 

GUATEMAL/: Bc cf .,1tcrvinct : . ,:nr, L:;,.es, 

Scm.:;s Samples 
ci.ovc below - verigc Minimum Maximum 

# of 5 :pro 5 pprr, c,;ntarnincaion levels levels 

COUNTY- sarn,les # % % ppm pm ppl 

Democrocic 24 6 25 18 75 3.92 1.13 13.70 

Escuintlci 7 1 14.2 6 85.7 2.8'.) 0.35 9.15 

G6nova 1 1 100 0 0.0 6.15 6.15 6.15 

Pto San Jos6 1 0 0 1 100 1.44 1.44 1.44: 

3.67TOTAL 33 


SOURCE: ICAITI
 



TABLE 22
 

GUATEMALA: BEEF COMTAMINATION IN rOUNTIES REiMIOVED FROM 

COTTON AREAS, PPM"(0 DDT 

COUNTY 
# of 
Samples 

Samples 
above 
5 ppm 

# % 

Samples 
below 
5 ppm 

# % 

Average
Contamination 

PPM 

Minumum 
levels 
PPM 

Maximum 
levels 

PPM 

Cobdn 
Cuyotencingo 
Chisec 
Gual 6 n 
Los Amates 
Livingston' 
Mariscos 
Pajapita 
Pasabo 
Santa B6rbara 
Ski Lucra Cotz. 
San Jose' Pinulc 
Taxisco 

1 
4 
8 
6 
3 
2 
1 
3 
1 
3 
4 
1 
2 

. 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
4 
8 
6 

3 
2 
1 
3 
1 
3 
4 
1 
2 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 

1.30 
1.71 
0.58 
0.36 
0.36 
0.20 
0.23 
1.98 
0.56 
2.65 
2.32 
2.24 
0.93 

1.30 
1.34 
0.26 
0.11 
0.20 
0.09 
0.23 
1.02 
0.56 
2.19 
0.93 
2.24 
0.61 

1.30 
2.25 
1.42 
0.86 

0.61 
0.32 
0.23 
3.07 
0.56 
3.*14 
4.96 
2.24 
1.25 

TOTAL 39 1.14 

SOURCE: ICAITI 



TAPLE 23 

GUATEM.L "BEEF CONTAMINATION BY MONTH 

DDT IN FPM (1973 /75) 

_-_.. MAX 
___•____,17/0 

t.. .MI,X !VE 
I.U 
.. 

. ..
\EMIX,"M/X 

1975
IV!IrWIMAXV 

* nJcua ry 17 . i 0 " r7-,.5.2') 102.59 .17 6.64 

*February 22. . .C 5.49 65.39 0.16 6.37 

Mcrch 1 ..31 i1.4 ,.87 11.32 0.02 3.05 

April 0.? .... 0 101.53 .15 9.39 

May 2.34 1.77 2.06 17.65 0.09 3.54 

June . 16.16 .12 5.69 

July .87 .86 .86 14.69 .90 4.24 

Augqjst 13.90 13. 90 13.90 9.15 0.26 1.90 
* September 15.75 0.69 7.11 18.85 .10 4.53, 6.96 0.85 2.80 

October 7.01 0.17 1.92 18.52 0.05 3.11 .15.21 .18 2.56 

* November 27.22 0.60 4.94 73.-03i . .17 j : 5.12: . . 9.92 0.72 3.22 

December 21.03 0.18 4.9 . 

* Intensive pesticide use season. 



EL SALVADOR: 

TABLE 24 

BEEF CONTAMINATION BY MONTH, 

DDT IN PARTS PER MILLION (1973 - 76) 

MC NTH 

*January 

* February 

Mc rch 

3.71 

31.10 

..44 

1973 

3.71 

0.31 

5.84 

AVE 

3.71 

6.95 

7.19 

MAX 

11.02 

23.64 

33.04 

1974 

MIA\N 

3.03 

0.00 

0.00 

AVE 

1.59 

2.83 

3.48 

Mt.X 

14.46 

1975 
hIN 

0.18 

AVE 

1.16 

-

MA 

8.28 

5.58 

1.79 

1976 
MIR', 

1.02 

1.39 

0.43 

AVE 

2.00 

2.73 

0.2 

April 3.85 2.46 3.11 9.84 0.19 0.86 - - 1.23 0.76 0.97 

i'cy 

Jur;u 

8.19 
9.87 

0.13 
0.27 

1.74 
2.07 

33.60 

1.35 
0.U04 
0.64 

1.81 
1.13 

1.26 0.23 0.54 106.27 
- --

0.63 21.46 
-

July 3.3i 0.30 1.33 - - -

August 

* SeFtember 

7.33 

3.80 

0.19 

0.18 

1 .... 

1.45 - - -

* October 6.03 0.25 2.19 6.32 3.15 1.05 8.81 0.32 1.96 -

* Ncvember 32.46 0.28 2.80 37.91 0.19 2.94 17.85 0.49 3.18 

* December 11.63 0.16 2.16 8.77 0.23 2.39 7.08 0.47 2.67 

* Intensive Pesticide use season. 
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According to beef exporters meat contamination is.a commercial problem4 SupP >s
,edly, the importing countries intensify sampling when the supply of beef is plentifui and 
let more contaminated meat into the country when supply is low. Besides they'argue that 
present tolerances cre crbitrary in the sence that n,b!,. -y knows the effect of continuously 
eating beef with m re than the tolerable amount .f DDT. 

Contamination o.f beef was hiiher ii Cuate-ijc!a than in El Salvador. About 26,1 
of 685 samples were ab'.wv ',.lercr~ces co:ipfired to .,'ily 6. 5% in 1514 samples from El Sal.
vador. This may reflect c: higher pr )portion. of chlurinctod hydrocarLons used in Guate 

mala (see table 54) and less separcti..ii between c. ,v-:.nc, cattle areas. 

Under a ce' ain Ii;:ht beef contcirninction c;e.ievrs to be an agroeconomic problem. 
Catt'e raising in Central i.merica represents an uxtensive. use of land resources. All cotton
lands are located in areas of .gricultural .- tenticl for annuc.l, intensive crops such as 

cotton, .porn,. sorghum ,n-. c ow.Pecs. Cattle raising in 0r near cotton zones implies under
utilization of Icnd. resources. Thus, it would seem to be economically-desirable to separate 
co!w',s from cottonand promote compatible crops in cottbn areas. This would also elimincte 
meat commercialization problems and contribute to reduce sub-clinical intoxication in 
Central Americans. 

2.5 The need for evaluating the effects of contamination on the marine envirbnmient 

Ope of the first sources of popular concern-over the consequences of pesticide 
use in Central America was occasional fish kills. As of yet there has-been no sys'fematic 
effort to evaluate these environmental and economic loses. The necessity to investigate 
pesticide effects on the marine environment is all the more importcnt since the oceans 
eventually receive all the contamincnts washed into rivers. 

The initial objective of this portion of the stud" was to detect possible differences 
in catches of shrimp and fish per unit of fishing effort in ocecn waters with and without 
drainage from cotton lcnds. It was hoped that large enough differences in pesticide load 
would reflect themselves in different catches per unit of effort. Ihe shrimp ( Peneaus spp) 
fishery was selected because is one of the most modern and systematic operations at a 
commercial scale in Central American fishing. 

The study took place in Salvadorean waters for reasons of topography. From the 
Guatemalan border to the Port of La Libertad the shoreline is abrupt and there is nocotLn 
upland. The coastline between La Libertad and Jiquilisco Bay is flat, sandy and cotton is 
grown almost at all points. There is a clear potential, for differencesin pesticide load in 
the two portions of the ocean. 

Permission was obtained to sample from commercial shrimp trawlers with the 
intention of comparing catches in zones with and without heavy pesticide drainage. For 
obvious reasons the shrimp producers were very interested in the study and theircooperation 
was a valuable asset. In actual practice the study encountered a series of logistic and 
methodological problems which limited the information that was obtained. 
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'The first difficulty arose from .he cctuaIl.manner. in which shriml trawlers'do their 
•fishing.. 	 They endeavor to find sizable shrimp banks and -once they do stay on them 'for as 6oros 
they can. This !imits the area to be cavered and biases the sampling procedure. 

Second, shrimp tend! to b.e gregari)us. They cluster in dense patches and any 
survivors. from a~legedlv .conamln :ted estuaries w':ul=J soon be lost among'the rest. 

Thir4 fishin..; does i'oi proceed unif-rrily :n! uninterfered. Vessels frequently 
cross the path of one rnother. Since there is some ;vidence.:of overfishing the activities 
of one boat may result in c diminished scjtc-, for tl, next rejcrdless of the presence of 
cotton in the mainland. 

Partly to overc.)rre Mne first difficult.. it wcsidecided to analyze water samples 
from the surface and. the botton of the ocan. It wcs expected that the.degree of pesti
cide contamination cgould help distinguish.reas with insecticide drainage. During the 
sampling trip records were kept of the .Ilcation ., depth, shrimp and fish catches per hour 
of trawling and samples of water, fish and shrimp .were taken from each time the net was 
recovered. 

No significant relationships between catches and contamination could be derived 
by analyzing the results obtained. /.side from the difficulties mentioned above it is 
possible that better results could have been obtained if the cverage size of individual 
shrimphlad been measured. Ecological disturbances often affect the cge structure of the 
populations involved. -Table 25 shows the data collected and the results of analyzing 
shrimp, fish, and water scmples.. . 



-85-

TABLE 25 

CONTAMINATION OF MARINE SAMPLES AND FISHING CATCHES,
 
PER UNIT OF EFFORT, EL SALVADOR 1975
 

(PPM) DDT Contamination Cctches (Ibs/hr) 

Casting Water Shrimp Fish Shrimp Fish TOTAL 

1 
2 
3 
4 
5 
6 
7 
8 

10 

.00003 

.00004 

.00006 

.00012 
.00006 
.00005 
.000025 
.000045 
.0000735 

n.a. 
.083 
.022 
.loS 
.067 
.Y45 
.003 
.0108 
.C'3 

0.08 
.086 
.398 

-

.04 

.28 

.11 

.I"V) 

.1J 

.63 
3.33 

16.28 
6.55 

11. 
1.77 
5,p 1 
.55 
:..-2 

15.77 
26.67 
34.88 
32.75 
21.58 
10.6 
15.81 
7.27 

1(.53 

16.4 
30 
51.16 
39.3 
33.57 
12.37 
31.62 
21.92 
16.84 

SOURCE: ICAITI
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FIGURE 23
 

A, 

Amrntaoi i te ss s to e 

A marine taxonomist identifies the species to be sampled. 
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FIGURE 24
 

A member o'fthe project team marking each -sample'prior to storage. 
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3. HUMAN EA.LT-i 

This chapter gives n i~icture of the impact of po.ticide use on the human popula
tion of Central America. The universe affccted is first, describe.&, followed by an accountof the most obvious consequence of pesticide use on humcns, intoxication. A discussion isthen presented on the relationship between pesticide use cnd the sub-clinical presence ofpesticides in humans. Last, the effects of pesticide use on malaric and its control are high
lighted. 

3.1 The inhabitants of central america's cotton areas: 

About 1680000 people live in rural areas with ut least 1%of the countyV. surfaceplanted with cotton. This figure: around 10% of the total population of the 4 countries,represents the group most affected by pesticide use. By country, the cotton area residents
of El Sclvador totaled 742800; those of Nicaragua were 377000; the Guatemalans were 
364000; and those of Honduras only 196200, in 1975. 

The inhabitants of prime cotton lands, or highest pesticide risk areas, were about
700000 in 1975. Tables 29to 43 show the population by county over the last 4 years.
 

This population group is growing at fast rates. The annual increment by country
was 3.3% for Guatemala, 3.5% for El Salvador, the same for Honduras and 3.3% for Ni 

caragua in 1975. 

-


Perhaps the easiest wc:y to describe the people from cotton areas is to talk abouttheir living conditions. From c; public health standpoint (and rather subjectively) they can
only be termed deplorable. Follows a more objective summary extracted from a survey of 
cotton farms in Guatemala, 1974 (Tobl.l .N 26 and Figures 25 and 26). 

Over 75% of the people intecviewe' were iliterate. This is translated as ancapacity to read warning signs 
in 

pesiicide use instructions, reports on the effects of pesti-. 
cides, and instructions on the use of protection equixmient. It also reflects a low level ofmodernism, which implies ip iorance of the nature .- ctvity of pesticides. 

Most of the buildings where these .e::ple li!-,:. c;-J floors.nL The difficulty tokeep a mud floor clean should not be stressed. kbout 3',%though had floors made of wood. 

The majority of walls were also mede of w's.od, mostly plancks with spaces betweenthem. They provide litile protectiun against insects such as mosquitoes, fleas and ticks.Housing for temporary workers has normally no walls and thus provides no protection against
insecticide drift. 
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FIGURE 25
 

Young child standing next to cotton fields near his house. 



FIGURE 26
 

Peasant--b-uilt--, ctanardhh,.ectni s 

Peasant-built cuts along a road which crosses cotton fields. 
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About 60% of the "houses" surveyed had n. toilet. This means that their iniiW.
bitants must do per force elsewhere. Aside from other unscnitary implications,. the risk 
of pesticide intoxication Hcreases throuf.h direci"contact and through the hahit to use 
surrounding vegetation inclu .!i.,j cotton .Lc.ves , ,7 iu:l ;urposes. 

Many of the buil-dings H:Jd no running water; -); y7 25% di J. Some (20%) used what 
is l beled a "sanitaiy" V/ell, ,..t a 37/ ha sr. u.zmiltry wt&supply. 80% of all hyin 
structures had no drcinc.-e J ;ny kin-!. 

During the survey, o,,e: .OO.T of the 1c)ucs w;ro F)un.2 to he,..'e insect cnr- rodent 
pests inside them. None of therr haJ ;-y frci;i-; 
25% had bathrooms with sh.v ,rkcilifias. This 
being exposed to pesticie.a. 

f ..,"the 'i:-poscl .afgarbage. Less than 
:n1:r:s,',e rlficulties .f:C hi ng.after 

I of these contribute to incre.se the ti.. kt,azar.s .)f pesticide use. They 
also reflect a social and economic realit, from whisl': i-,e c )nsequences of pesticide use 
cannot abstract (see table 25). 

3.2 Human intoxicution. 

This section deals with the most obvious effect -f pesticide use on humans. Num.
ber of poisoning cases and rates per country are given for several years. /Ilso presented 
are the results of an epidemiological study which delves somewhat into the circumstances 
which most often lead to intoxication. 

Number of pesticide poisonings: 

At the outset, it is useful to distinguish between cn intoxication and a death. ThCre 
were 2284 human poisonings reported in cotton growing areas in 1975, and only 10 of these 
people passed away, less than .5%. The intoxicutions reported include mild, meirc te and 
serious cases as well as deaths. Tables 27 and 28 give a summary of pesticide rpois, ings, 
while tables 2.9 through 44 give a detailed account of poisoning cases and other related 
factors. 

El Salvador has consistently reported the highest number of poisonings. There were 
1280 cases in 1974, of which 6 resulted in the death of the person. The poisoning: rate was 
5.J6 cases'per thousand rural inhobitants of prime cotton zones. 

From this perspective, the most significant point to be rrade is that El S6lvCIdor uses 
the highest proportion of organophospba~es (parathions) among the main producing countries, 
48% (see table 53 These pesticides have the highest toxicity for mamtnals'of ' those used 
in cotton production. Ethyl parathion has an LD 50 of about 16 mg/ 1g, compared to an 
LD50 of 600 for DDT, so that it would take 60 times more DDT to kill 50% of a population 
than would be required if ethyl parathion is used. 
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TABLE 26 

GUATEMALA.: POPULATION. EDUCATION, HOUSING, AND SANITARY CONDITIONS 

IN COTTON FARMS IN THE DEPARTMENTS OF ESCUINTLA AND SANTA ROSA, 1974. 

No. % 

I. POPULATION 

Age Group:
 

Less than one year 124. 2.60 
From 1 to 4 years 349 7.06
 
From 5 to 6 years 213 4.44 
From 7 to 15 years 522 10.88 
Over 15 years 3589 75.02
 
TOTAL 
 4797 100.00
 

Educati'on:
 

Literate from 7 to 15 years 
 2.89
 
Illiterate from 7 to 15 years 
 403 9.80
 
Literate adults 445 10.55 
Illiterate adults 31.44 76.76 
TOTAL 411: 100.00 

Ii. HOUSING 

Ownership Conditions: 

Owners 77 2.73 
Tenants 252 97.27 
Buildings not examined 0 00.00 
Total buildings 259 '.100.00 

Building use: 

Exclusively for living 240 
 91.67:
 
For food handling 10 
 3.86
 
Commercial 5 '"193,

Other uses 4 1.54 
Buildings not examined 0 0.00 
Total buildings 259 100.00 
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TABLE 26(Cont.) 

No. % 

Floor Material 

Cement tiles 78 30.10 
Clay. tiles 1 0.38 
Wooden floors . 56 21.61! 
Earth floors 124 47.91 
Buildings not examined 0 0.00 
Total buildings 259 100.00 

Wall Materials: 

Masonry walIs 18 6.94 
Wooden wal Is 149 58.55 
Wooden walls and others 45 16.37 
Buildings not examiied 0 0,00 
Total buildings 259 100.00 

Ceiling Materials 

Woocen ceiiings 12 .4.63 
Blcinel ceilings . 0.00 
Other ceilings I' 15 
Without ceiling 244 94.22 
Bui! dings not examined .: 0.00 
Total buildings 252 100.00 

Roof Materials 

Concrete roofs 0 .0.00• 
Zinc sheet roofs 219 84.56 
Clay tile roofs 0 0.00 
Strawroofs and others 40 15.44 
Buildings not examined 0 0.00 
T6tai buildings ,. 259 '100.00 

Generpl Conditions of buildings: 

In good conditions 29 11.19 
In regular conditions 148 57.16 
Inpoor conditions 82 31.65 
Buildings not examined 0 0.00 
Total buildings 259 .100.00 
Total•:number of bed-rooms 289 . . 
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TABLE 26 ic(c,it.) 

Kitchens: 

Buildings with independent kilchen 
Building without independent kitchen 
Building without kitchen 
Buildings not examine,:! 
Total buildings 

Bathrooms: 

Buildings with bathrooms 

Buildings without bathrooms 

Buildings not examined 

Total buildings 


Il. BASIC SANITATION 

Water Supply: 

Buildings with running water 
Buildings with sanitary well 
Buildings with unsanitary well 
Buildings supplied with municipal water 
Buildings supplied with spring water 
Buildings supplied by other waters 
Buildings not exormined 
Total buildings 

Excretion Disposal: 

Buildings with toilet 
Buildings with flushing toilet 
Buildings with septic Icilets 
Buildings with non septic ;'clIts 
Buildings without excretion disposal 
Buildings not examined 
Total buildings 

Drainages: 

Buildings without drainages 
Buildings with drainages in public 
network 

No. 

201 

54 


4 

0 


259 


60 

199 


0 
259 


69 

52 

93 


4 

28 

13 

0) 


259 


1 

36 

5 


50 

149 


0 

259 


%
 

77.58 
20.88 

1.54 
0.00 

100.00 

23.96 
76.04 
0.00 

100.00 

25.63 
20.07 
36.95 

1.54 
10.80 
5.01 
0.00 

100.00 

7.33 
13.89 

1.93 
1930
 
57.55 
..0.00 
100.00 

204 79.77 

10 3.86 
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TABLE 	26 '.c 

Buildings with cesspool drainage of F.S. 

Buildings not examined 

Total buildings 


Garbages: 

Buildings with sanitary deposits 

Buildings with unsanitary deposits 

Buildings without deposits for garbage 

Buildings with garbage collection 

Buildings not examined 

Buildings with free disposal 

Total buildings 


Animals: 

Buildings with animals 
Buildings with rodents 
Buildings with pigs 
Buildings with cows anJ horses 
Buildings with dogs 

IV TYPE OF ESTABLISHMENTS 

1. 	 General and .grocery :,,res 
2. 	 Restaurants, eating .laces, cafeterias 
3. 	 Bars 
4. 	 Butcher shops 
5. 	 Foodstuffs, beveraes, foctor'ces 
6. 	 Candies, stores, fcctories 
7. 	 Ice, icecreams, factories 
8. 	 Hotels, boardings houses, ro.xming 

houses 
9. 	 Dairy shops 
10. 	 Corn cooking and cereal meals 
11. 	 Bread stores, cake shops, pcstry shops 
12. 	 Small and large slaughter houses 
13. 	 Fowl slaughter houses 
14. 	 Tortilla shops 

. ). 

45 	 1i.37 
0 0.00 

259 100.00 

0 	 0.06 
1 0.38 

258 99.62 
0 	 0.00 
0 	 0.00 

259 	 1L).00 
259 	 100.0 

214 82..PO 
222 85.609 

17 	 5.56 
11 	 .24 
71 	 27.4) 

i3 	 5.01 
4 	 1.54 

. .
 
9 

0 

2 0.77 
0 
0
 
0
 
1 	 0.38 
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TABLE 26 (cont.) 

No. % 

Business: 

1. Barber shops and beauty parlors 0 
2. Warehouses 0 
3. Movie houses cnd thenters 0 
4. Companies 0 
5. Hardware stores 0 
6. Haberdasheries 0 
7. Workshops 0 
8. Funeral parlors 0 

Agricultural Industries: 

1. Pigsties 0
 
2. Hencoops 0
 
3. Vegetables 
 0
 

Public Offices:
 

1. Post Offices 
 0
 
2. School (La Montafleza) 1 
3. Churches 
 0
 
4. Municipal Buildings 0 
5. National Builcings (specify) 0 

SUMMARY 

Total number of inhabitcnts 4797 
Total number of buildings examined 259 
Total number of buildings noi examined 0 
Total number of buildings 259 
Total number of empty lots 0 

0.38 



T-%,BLE 27 

CENTRAL A.ERICi',: MC.RBIDI'T;Y .V PES'TICIDJES BY COUNTRY, 
1972./ 5..-10i 

, 1975COUNTRY 1972 ,72 

8041 621 946Guatemala 2 313 

1 7 3 1 274 1 083 * El Salvador 3 163 

Honduras 30 4E 37 21 

243 ' 136% 159Nicaragua 557. 

TOTL 6 063 .3 615' 2 393... 2067 

.• Projected,,"-' 

SOURCE: ICAITI, based .., investigations in the four countries under study. 
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TBL E 23
 

CENTRPL AMERICA: MO.T. LITY BY PESTICIDES BY COUNTRY, 
1972/75. 

COUNTRY 1972 1973 1974 
 1975
 

Guatemalc 2 0 2 1
 

El Salvador 5 5 6 
 1*
 

Hondurns 4 6 0 
 0
 

Nicaragua 4 4 0 0
 

TOTAL 15 15 
 8 2*. 

*...Projected 

SOURCE: ICAITI, baIsed '--I investigations in ihe four countries under study. 



TABLE 29 

r:tment COU.4TY 

EL SALVADDR: iNTOXiCAT1ONS: MLALARIA, COTTON AREAS AND HUMAN POPULATIO'N BY ",]OUNTYj. 1972 
toti 

toc con Inoxicc ;n. Totai i.tox.Rurca irrox. MALARIA molacr. 
,rcocec POPULATIONu' re or rc,,e fcr % res~stence 1o rote x 

K2n2K2 - Urbon nrcierv oearet IC,00) (1000) cases DDT OMS (iC 

TurcaI 
mcla: 
rie 

(.. 

Ana Texs'er-eque 177.60 
643.76 

0.70 
0.70 

0.39 
0.11 

1833 
543. 

514,+ 
4.,--0 

?5.62 
71.7c 

52' 0.13 
0.0 

0.23 
0.0 

1411 
-

-
42 

- 3.70 
&.9 

6.. 
00..: 

:choapn Si. Lc.e'zo 40.00 
S cc- -Anfnd.219.20 
G'y :nr. 52.99 

297.75 
Ai:qt;z2yo 62.84 

0.53 
15.77 
0.70 
2.25 
0.35 

1.32 
7.19 
1.32 
0.75 
0.56 

581 
963 

1071 
i048 
839; 

4q11 
18.% 
1323 
14737 
!7' 9 

... I/ 
9;..' 

216.-1 
52 ,'i 

411.0 " 

--

" 
........ 

.... 

....... 

. 

So 
44 

1 

4.29 
-

-

5. 
-

-

Dnce Sc-te 
N35.i;n. 
Aco ... I a 
A..r.a 4a 
isu-..-

214.82 
3,.13 

123.83 
66.00 
77.00 

35.09 
3.42 
6.15 
4.46 
0.03 

16.32 
9.73 
4.97 
6.76 
0.04 

36415 
1599 
6080 
9467 

823 

15757 
32"3 

181 )A 
1 i W 
67 38 

242.1 
-,.-
,2 
"--.,.. 
-. ,-

P89 !59 

-7 

. 

2.51 1420 70 

52. 

-
88 

82 

5.82 
-

-

9.1 
-

-

iberod La L.;-ertcd
Lc a;oo 

146.84 
-

22.22 
1.76 

15.13 
-

7908 
-

12, 3j " .0.02 0.03 
-.. 

5187 
.-

- - 17.41 26.8 

olenc-j. Choitenango 
;'svo Ccncepc. 

145.16 
254.00 

1.32 
0.35 

0.91 
0.14 

7939 
.?19 

5 
1 5......-. 

.C, i 2564 
67 -

13.59 
-

18.4 
-

solvcde, Gua-z2 
Pn c 

. 
,ri'aolco 104.00 

. 3. 
0.21 

0.C3 
0.20 

3024 
36 C(4) 

"6F 
15 120 

!X.3 
1 3.06 

I -

-
- 1760 

-...... 
- - 2.34 I1.C 

Te.h-'?Feque 54.94 0.10 0.18 2036 5279 133.14 0 - - 747 - - 5.26 6.2 

'/icent. Scn V-icene 
Teco'uca 

268.13 
3M2.10 

7.29 
68.25 

2.72 
21.87 

21546 
.2882 

28305 
23179 

185.92 
83.50 

92 
.... 

0.56 0.80 3916 -
-

- 23.98 
-

34.3 

,, 



TASLE 29 (CNTD.) 

Dccr:p." nt COUtTy 

toial 
arca 

.. 2 

cot.on 
area 

Km2 % 
POPULAT!ON 
Urban :,cl 

prp,c!,on 
Den;-y 

jnox:cetion 
by 

dcpcr.ncn 

Too; i-.;ox. R.U.c; ,n:ox. AkAz A r c ro.e for ro.;- for % res;.ence to rote x 
(CO) (0£00) cc-cs DDT C:iS '' 

.cnc 
rc., x 

" 

La Pr,= Zcc. 'c,-o!..= 407.67 
Sni :onucico 125.92 
sjic.,L3cO 6?2.6 
S Ret ""--io 10.94 

cc 32.18 
S L., "',c;pa 64.03 
S : . . 38.52 
Ro~:,': L .z '".. 4 
S Jt;on To:pa 3. . 

65.47 
35.83 

6.74 
3.53 
C.95 

37.27 
41.14 
'22.35 

.5 

16.05 
238.49 
9.74 

32.72 
10.,-
53.21 
29.70 
4C.0c 

: "5. 

17325 
49c5 
5-G9 
1V;97 
41.: 
i321 
27'.7 

43767 
2 "-7C 
1lC,2 

,3.; 

103&0 

i.')78 
24.76 

5333 -
...14. 
74.57 
94.59 

.'..-.-. 

A,1I,'.-

'&,51 
.-... 

-

..... 
-

6.82 

.... 

-

9.92 

-

4202 

-

-
$ 

-

E? 
0 

. 
-

-

21.21 
-

. 

. 

.. 

30.67 
-

. 
-

S.u 
15 

.. :o53>23 
12 

.: 00 

£,.3, 2 

r 

;!v 

2 , 
1 
3:2; -: 

'23.42 
2732.56 
>iulc"'70

5 

1227 
-

..... 

3.95 
---

5.52 -

9C 

-

4-' 

S.121 . 
-

-

2.73 

-

Sn Do,.ici.....5... 
Jucu. 12:, 210. 3 2.7.3 

. 2 . 
3 7 3 .17 ....-

-.-.. 98 6 
-. 

-

u , 
P!, Trur,fo " . 0 7 

,c 1.c.s 115.72 
N';o G..z :do 52.72 
Et:rlr-- 92.97" 
S.1 i tI .4 
•Merc. J-ana 63.9i 
S oFoe 2c'ie. 2 .,3 
E1 r unro 27.00 
s Mrcc; Lcmpo -
Tecc.,6n 53.03 
S,,;o Marro 43.0 
Sn Suenaventuro 22.00 

.72"3. 

3..3 
-.. 2 
3.5, 

.." 
4.241 
6.3 2 
(.72 
0.CZ 
0.03 
0.35 
0.56 

1. 
, 

",29, 
.. J7771"9.9".-o, 

2-. 
2.67 2322 
- -
0.11. 171 
0.31 95, i 
2.54 1170' 

' 

6 

$,6 
-425 

2670 

5081 
7146 
4659 

6 ....... 
7 .3 .....-
93.54 ..... 
25..0 -

:).76 
-

! 19.9 
2 1. :,,I..... 
124.89 ..... 

-
1-;2.2....'" 
3387.37 -

264.95 

-

-

.... 
....... 

.. 

, 

-

_ 

-

" 

.. 

-

. 

-
. 
.. 

.. 
.. 
-

. 

. 

. 

-
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5artment COUITY 

0+01. 
.?re= 
Kin2 

cotton 
area 

Km2 % 
POPULATION 
Urban Rural 

pepz:.a.o 
Dersi" 

irtoxication. 
by 

dawtm.nt 

Tote] intox. Rural intvx. MALARI ..n-o:. 
rate-for rate for % cs~terce to o~e x 

(1000) (1000) cases DDT C.MS (.) 

r ic , 
rote 

, 

Miguel Son M.7gual 
Moncog-ia 
U:.yezapo 
Cha2,JItiqu3 
CI.;rilacua 
Qaelepa 
Cumacor6n 

620.00 
112.80 
41.48 

104.80 
211.20 
-21.66 
36.00 

115.79 
3.47 
1.95 
9.12 

12.93 
6.80 
0.65 

18.67 
3.08 
4.70 
8.70 
6.12 

31.39 
1.80 

55017 
1289 
1398 
1792 
5582 
1211 
809 

63126 
14216 

2 .3 
9027 

15u 59 
3/-33 
2u7 

190.55 
137.45 
103.69 
103.23 
101522 
21 ,.:0 
1.. 2.. 

4 

..... 
....-
. 

-

0.01 
-

0.01 
-

4020 
-

91 

100 

-

56 

. 
-

98 
-
. 

11.70 
-

. 

-

. 

17 
-

. 

-

. 
Chinancca 75.04 
Nva G-jido!upe 18.08 
S Raft.el Orient. 47.68 
El Tr6n-i.o 49.96 
Loloti;ue 104.03 
Sn Jor3e 40.00 
Sesori 253.92 

0.02 
0.14 
4.17 

26.63 
1.94 
0.14 
0.09 

0.03 
0.7/7 
8.74 

53.30 
1.86 
0.35 
0.03 

7,155 
3191 
6S.45 
7248 
3366 
4734 
1643 

1847 
227 
719 

1027 
11071 
6385 

1644, 

..... 
3 0.2.2
23,929 
351.1 
13. 82 
277.07 

.' •-..... 

-

..... 

..... 

. . . . 
. 

. 
. 

. 
. 

. 
. 

. 

. 
. 

-az~n Sn Fco Gotera 
Sn Ccrlos 

110.00 
36.00 

0.75 
1.45 

0.68 
4.03 

5019 
432 

56"2 
2132 1 . 

26 0.20 0.25 802 - 4..2 5 

in."n Lo Un;6n 
Sn A!,jo 
Yucu-.y, urn 

110.36 
185.28 
56.96 

10.57 
2.92 
0.14 

9.58 
1.57 
0.2/1 

1879? 
4434 
34-5 

16".1; 
1U .1 
J21 if 

2-
. -

-:"-.... 

0.02 
-

4645 96 
91 

-

43 
19.90 26 

-

Yuycntique 
Bolivar 
El Cc.men 
Ccrnc'guo 
Intipuc6 
Sn Jose La F. 

67.93 
94.24 

123.71 
204.49 
158.08 
12.43 

0.69 
0.03 
3.34 

96.69 
3. 45 
0 06 

1.01 
0.C3 
2.70 

47.28 
2.18 
0.48 

1253 
1101 
1 
26,:C 
4!;,, 
14"4 

4 - 5 

1'zI15C... 
'.',d 

.. ,-. 
?A'.2. 

-

c..jb .. 

S 
..---

. 

.... 

-2--.-

--.... 

-,89- -

. . 
. . 

Sta Rosa Lima 
Pascquina 

122.40 
301.60 

3.75 
- 4.82 

3.06 
1.60 

7. 3 
2395 

1754_ 
18233 

2,.7 
6 

..... 
... -

. 

.. 
. . 

E! Sauce 
Polor~s 
TOTAL 
SOURCE: 

82.83 
116 32 

-
ICAI 

0.59 
0.13 
36.42 -

0.72 
C.11 
.-Z" 

1274 
77 

413 

9637 
9908 

102.25 
92.72 

.2 

..... 

3162 2.32 .2 
.. 

-7-7 8 

. 
6. 6 

55.6 

. 
2. 3 

2732 3 

. 
. 

0 
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TA.LE 30
 

EL SALVADOR- INTOXCATIONS, MALARIA, COTTON AREAS AND HUMAN POPULATION BY COUNTY, 1973 

-
 ITotal Rural 
tot~al cotton I.ocic;-ions Total in-ox.Rural intox. MALARIA molar. molcrarea crea POPULATION pCpulotion by rote for rate for % reslstence to rote x rote 

sartment COUNTY Km2 Km2 % Urbana Rural' Dc-nsity d2ocrtmc t (1000) (1C00) ccses DDT OMS f., (1 

to Ano 	 Tex'.s%%, eque 177.60 1.76 0.99 1818 156;47 98.34 82 0.23 0.40 1966 - - 5.51 9. 
M.tai: n 643.76 0.49 0.08 8I0 34947 66.9? - -  -


ochap6n 	 Ahuad-.sp6. 2.5.33 0.10 0.04 19257 39310 23,.,-3 17 .08 0.11 335 - - 1.73 2.-
S Fco MenCAnd. 219.20 8.68 3.96 78j 23F74 112.49 - - - 

Gucy.ncngo 52.99 1.16 2.J? 951 10- 3 225.40 ...... -
Juiutfa 297.75 2.29 0.77 ZC8 171053 5.,:: ..... . . . 
Atiqu;zoyo 62.84 0.35 0.56 779.5 7E.5 4r7.7-.. -....
 

;onote 	 Sonsoicte 214.82 29.46 13.71 32238 162.59 253.73 216 0.86 1.36 1043 4.7 6.f 
Nch~ulingo. 35.13 1.41 4.01 16:-3 "3.58 :2. .... . . .
 
Acciolo 123.83 13.54 10.93 9766 18:37 212 20 . 55 . . . 
Armenia 6.00 0.07 0. i 79") 125'0 3,.:.;.. 

.iber.oa. 	 La Itbe.tod 146.84 26.42 17.99 8 814 10! 9- - 0.01 5744 - - 18.96 2&. 
Chilt:,p15n 103.88 0.06 0.06 1471 5c ,9 . -.-....
 

latcnang:-	 Chakltenango 145.16 2.65 1.82 8017 14i6 0.04 0.05 2218 - ".O 1,-
Sta Rstr 49.93 0.42 C.S4 i1 242,14 

Salvcdor San Ma-tin 52.7) 0.08 0.15 5Cf9 9:37 .3i 2-4 0.03 0.13 1977 - - 2.52 10.7 

-;i~cs 	 Tejutep-que • 54.94 0.10 0.18 895 4-2 ;i. ', 0.01 0.01 384 - - 2.77 3.2 

Vicente San Vicente 263.13 10.03 3,74 27379 ,94.4. 	 85 0.50 0.70 2080 - - 14.40 17.2 
Teco!uea 312.10 69.90 22.39 3.2? 2:=2-- '" 

Sn. Lorenzo 17.45 0.70 4.01 1685 ":10 n.06.30 ..... 

-

. . . 
Sn Hiefonso 123.00 0.10 0.08. 1384 8810 32.88 ..... 
 . . .
 



TABLE 30 (CNTD.) 

total cotton Intoxications Total intox. Rurol l.tox. MALAR IA molar. maladt 

3rtment COUNTY 
area 
Km2 

area 
Kn2 % 

POPU LAT IO N 
Urbana Rural 

papulation
Densi! 

by 
department 

rate for 
1000. 

rate for 
(1000) cases 

% resistence to rote x 
DDT OMS - n 

rate x 

Cz Zecotecoluco 437.87 59.02 14.47 16818 43303 147.40 616 3.17 4.45 7660 - 39.42 55.3( 
Stgo Nonualco 125.92 
S Juan Nonuol. 69.16 

39.47 
16.52 

31.34 
23.89 

4247 
3192 

22301 
42059 

210.83 
220.52 .. 

- -

.. 
- -

. . 
-

. 
-

. 
S Rafael Obroj. 10.94 0.89 8.13 1967 4059 550.46 ..... . . . 
Olocuilta 82.18 6.34 7.71 3522 8197 142.60 .... . . . 
S Luis Talpo 64.03 33.60 52.47 1437 3514 77.32 ..... . . . 
S Pedro Mosah. 138.52 49.95 36.06 2246 10068 94.67 .. .. . . . . 
Rosario L Paz 46.49 12.41 26.69 2903 3157 130.35 ..... . . . 

ut6n Usulutan 158.66 32;15 14.57 20262. 29361 312.37 237 0.75 I.Ci 7597 - 24.20 32.6 
Sta Elena 50.92 5.46 10.72 4299 11898 306.06 - . .... 

Jiquilisco 480.00 153.02 31.88 5159 37244 88.34 ..- -
Sn Dion'co 70.51 11.89 16.86 390 2937 47.18 ..... . .. . 
.Jucuc-,' 210.33 9.90 4.71 1487 18914 96.99 -... P - - -

Eregua)gu'n 18.30 6.39 34.92 ,1235 5105 346.45 -.... .. . 
C:.ar'Sn 46.16 4.29 9.29 3290 8510 255.63 -. . . .. .. 

Conc Bcres 99.45 40.48 40.70 1665 11298 130.35 -... .. .. 
Sto IAr, 12.eO 7.37 57.58 959 3562 .353.20 -..... . .. 
Plo El Tlunfo 90.27 8.03 " 8.89 4403 3193 84.15 ..... 
JucU3oL 45.72 0.29 0.63 6361 8736 330.20 -... 

E£tnzuc.as 115.72 5.70 2.92 2632 7161 84.63 -.... .. 
Nvi. Granada 52.72 3.25 6.16 1438 4776 117.87 -... . . 
BZrI'n 92.97 4.87 5.24 5581 19402 268.72 ...... . .. 
Sn Agustn 109.48 4.3 4.41 1853 16132 164.28 .... ... 
Marc. Umorla 83.91 4.10 4.61 2A29 8117 118.61 -.... .. 
S Fco Javier 29.43 1.34 4.54 1211 7420 292.77 ..... . . . 

Miguel San Miguel 
Moncaguo 

620.00 
112.80 

154.25 
5.44 

24.88 
4.82 

6743? 
1376 

61401 
14323 

207.81 
139.17 

.397' 
.... 

1.14 1.74 
-. 

1714 99 
. 

-
-

4.95 
-r 

7.5, 

Uluozopa 41.48 2.24 5.40 1472 2574 97.54 - ... . . . . 
Chapeltique 104.80 10.46 9.98 1755 9068 103.27 .... . . . . . 



TABLE SU (CNTD.) 

" 	 j'T~otao
Rua
total cotton 	 .Intoxiotions Total tntox,Rural intox. MALARIA molr,malaria 

area • area POPULATION population by rote for rate for % resistence to rate x rate x 

tment COUNTY Kmn2 Km2 Urbana Rural dDenstdpartment (1000) _-.(1000, cases DDT OMS 00Q .1M) 

iguel 
nuaoc6n) 

ch;r:laguo 
Quelepo 
Coma:cr:n 

211.20 
21.66 
36.00 

13.15 
0.72 
0.45 

6.23 
3.32 
1.25 

5017 
783 
735 

17286 
3193 
5553 

105.10 
183.56 
119.11 

-

... 

... 

- 96 -

.. 

... 

- -

. 

Chncn1c#.,; 75.04 0.16 0.21 7164 -3-03'0.54 ... .. . 

I-Iva Gt,::ec!..,pe 18.08 .:0 0.55 *307 t.!64 313.66 
Sn Rofc-l Orl, 47.68 2.66 5.58 i2 7G;5? 256.73 - , .. ... 

EI Tr&ns7to 49.96 27.71 ''f 4 665-46630. 25,98 ... -

t.alotq c 
Sn JorgO 

!04q.I0 
29.71 

0.42 
0.42 

) 40 :-
..i57 

30 '32.99 
325.98 ... 

.... 

.. a 

Sesor 253.92 1.30 L.J.- 4,5 -0.36 ... ... 

I 	 - - 460 - - 2.72 2.336n 	 Yamobal 89.00 0.0A 1.0, ,,73 45.59 

Torolh 4?.72 0.03 ' _.07 ;A".l '4, :47,24 ...- .. 

"61 	 Lo Umin 110.36 7.48 !..- A- f,^2 , 762c, 323.62 1 - - 1277 - - ,.L2 7.3 
a..
SnA~co 185.29 2.4. 123.34 ..	 . .. 

.Yucuayqu'in 56.96 0.3, :.,' '3' ,23.18 ........ 
Ycycntiq'se 67.93 0.97 1 7.. "7,.04 
Be)!vat 94.24 0.04 .. 433 58.24
 

El Cc'nren 123.71 2.55 i4 " L 106.26 . I.L)
 

Ccnchaua- 204.49 7.71 I.i7 2 et0 15'196 105.41 .
 a.....
 

lntmeuc6 158.08 3.98 -.52 3- Z651 46.19 -	 - . - - 85 - - -

SJo: L F,.en:e 12 48 0.17 1-6 1r";2 244- 279.-1 ..... ...
 

Ste Rso lima 122.40 3.08 2 5; 5999 16806 186.31 ..... ...
 

Pcsocuino 301.60 8.61 2.b5 2203 176!4 65.77 ..... . .. .
 
El Scuce 82.88 0.67 0.83 1220 9264 126.50 - .... ...
 

...
Nva. Esprta 75.68 0.02 0.03 1490 4206 141.33 ..... 


Poloras 116.32 0.18 0.15 940 8837 84.05 ... .... ..
 
0546.75 	 " 


TOTAL. "970).Z 952 .79.79 - "T7155 	 1689 . 168 34455 -6.3 0 24.20 34.23 
SOURCE: ICAITI 



- - - -
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TABLE 31 
EL SALVADOR: INTOXICATIONS, MALARIA, COTTON AREAS AND HUMAN POPULATION BY COUNTY, 1974 

"  i-To.a Rurortotal cotton Intoxications Total intox.Rural intox. MALARIA 7 crea area mc;rnr, r ri,POPULATION pep,-Ilt;onortment COUNTY Kn2 Km2 % by rote For rate for % resistence fo rate x oclo xUrbana Rural Demity department (1000) (1000) cases DDT OMS (1J (O 
A ,lao Tex;st' pcque 177.60 1.85 1.04 1881 16188 101.74 - 5516 - - 14.95 26.0 
achap6n Sn Lc:r-zo 40.00 1.06 2.65 728 5052 1798 

Ahua{'icp~n 245.33 0.18 0.07 n19; 40679 246.93 . .. 20 M -S Fco Alenend. 2;7.20 7.13 3.21i CI2 2i""?? 116.33 .....Jujutl3 297.75 6.53 2.23 424 i7C.53 60.91 .... 

;onate Sorra .c.e 214.E2 28.34a uin,. 35.13 2.; 1.6.01 31i.': 631 262.5017."0 ". 4 ] "2d"- ...... - - - 2338 - 50 9.03 44.27. 
 .,-...

Acajudi,; 123.F3 13.65 *1.02 

56 . - 1,3 2-:0.22  . ... .
 
."berted La Libertod 
 146.E4 29.'3 2. " '.'h 112/ 137.20 8676 - - 27.- 2.0 
loaenanqo Chalcten ngo 145.16 1.25 r.U . "62.74 

Sta Rita 49. .3 2 54377 5,i-5.4 .035 79.03 .... . . " "" 
Salvador Pcnch:rmciro 104.00 0.70 i:'' 8. f.0. iO , 18"7 2 4 4148- , L" 

.aos firbasco 234.00 Q.-,o : 4 16;'. 692-
Vicente San Vcenle 268.13 11.68 43.3 C.F 31 61 195.99  " - 4273 209O!ecouc3 ,2.10 77. , " 3 9.1•~~~~~~-- ,,:., . -"' 6-. 3 11377.. ... -"i ,6 -Sn lldefonso 123.00 1.00 Cs. , 09

0]4 8,.744 ..... . . 
Paz Zacotecoluco 407. 7 60.37 1.S 173%' 44 '.;1 152.52  - - 11417 S!'o Nonui3lc. 125.92 36.27 28. 43 - 56.7? 79.723072 2i .12 - .... . .Sn Juan Non. 62.16 9.21 13.32 2702 .

1247.$ 228.14 ....Sn Rkia.! Oar. 10.94 0.87 7.95 203 41 5 569.4Q ..-oloc4lo 82.18 8.45 10.28 3644 84:)3 - 1 
-Sn Luis Tolpa 64.03 37.09 57. 3 71. 35-" ..Sn Pedro Masch]38.52 62.17 44.86 23.4 ;43 . . .97 

- . . . . 

http:Masch]38.52


TABLE 31 (CNTD,) 

ti 3Fcotn 
*,.Aar 

- COUNT" 
crev 
Kn2 

crca 
Kin2 

POPULATION 
U-bcna p.,rcl 

peoulation 
Denrr;y deparmer.t 

rotL'-or 
(iCcuj 

rci, i'o 
(t000 cases 

%!rcsistence to 
DDiT OMS 

rote x rce x 
(-1L , 

Rcsoro I. Poz 46.49 22.30 47.97 ,,03 32.5. 1.85 -

.zC.!E5) S juci ToIpo 36.00 0.58 1.61 262c 4£26 ; .6 - - - -

1U:u-u:5n 158.66 30.S2 19.4 2961 ..... 323. i7 - - 1437g - . 44.27 5'.74 

J, E,'_rv 
Ji~AI:.ico 

50.92 
4%0.03 

4. §F.54 
166 11 34.61 

,'1,5 ,28, 
f' 

,... 
1.3? -

. .. . 

S.I Di-:nico 70.51 12.24 17.36 i33 "-r,,;,,?. .. 

J,zu=-6n 210.32 10.81 5. i4 i5.2S 1:3 120.35 ........ . . . 

Ercuurn 18.30 5.96 22.57 12;8 "1

46.16 5.59 12.11 342. 2,.,: - .. .. 

Ccnc 'c!-cs 
5.,V ir: 

99.45 
12.80 

46.75 
6.56 

47.01 
51.22 

17,3 11' '.3 
f'

•-,-,-- -

-.)j [I ,iurFo 
_ cu:pc: 

90.27 
45.72 

3.36 
0.27 

3.72._ 
0.59 

," 
65P1 .0S 

[s-(:lcucias 115.72 4.68 4.04 "77"3 - .. . 

Nv . G;on-id 52.72 
9.97 

3.62 
6.49 

6.07 
6.23 

1'-
7,47 

, " 
.,., ., ,; --.. 

-. .. . . . 

Sri A .;stfn 109.48 2.57 2.35 7!"- ",.. , ... 

.,,. Ua F88.91 3.53 3.97 7. 3 8 -"r ..... . . 

S F~o J£vic: 29.48 1.05 0.03 :'.3 ". ... 

N.Trtjm:o 27.00 0.b6 3.. Z." t -

uel San W'u-I 
5).0 

620.00 
0.07 

.00 00 
0.0.. 

24.34 627,1 6Kt4 . . - - 933 ,W 16.73 

Mnc i a 117.I0 9.68 0.'3 1424 . L : "'  -.... 

Uiuozaca 41.48 3.22 0.02 1523 ;6, 'i.2 ... 

Ch.;pcique 
Chirilacuo 

104.80 
211.20 

8.48 
13.87 

S.09 
6.-,7 

1i,, 
5120 

9.i 11.-
14,,5 

ir.C,I V.. 
109.7', - - -

Quclv-pa 
Com:nccr6n 

21.66 
36.00 

7.34 
0.07 

33.88 
0.i9 

8i0 
760 

30,4 
3 76 

12/.9393-
23.22 

-

... 
- ... . . 

. . 

Chino-neco 75.04 1.15 1.53 7411 1?023 352.3 ..... . . . 
0 



tut=: 
CC-: 

coton;l
a:cuo POrULAT'ON $c .urtion 

hn--7ci-.o. '-.. n~ox.rwuci .:x.MA- RIA
bv" roe for role for % rcstenco molor.to rate , nalcrio 

.oc x 

D=-r':renO COUNY <.-2 K.m2 _ U.. t.--!Dcnsy _____ .,(.1, (:.0) 0&C,) cases DDT OMS ( ': 

La Paz Zccc'c,'oluca 407.S7 65.47 16.05 17325 43767 l.9.78 1351 6.82 9.92 '202 - 82 -21.21 30.S7 
Snt toi10"ilco 125.92 35.,S8 28.49 4965 22078 214.76 - - - 95 0 - -

S J r'-:o.vjuco 69.16 6.74 9.74 5109 11C,2 234.11 
S Rel ,::';o-,c 10.94 3.58 32.72 1907 7 5 3., - - -
Ooc-,: 2.18 8.95 10.L9 /,373 7-;77 1!6. -... . . . 
5 Lu!; Tc:ia 64.03 37.27 53.21 1331 3463 72.87 ..... . . . 
S Pc'ro Mnsch. 138.52 41.14 29.70 2137 10366 24.59 ...... . . . 
Ros:r'o 'aPoz 46.49 22.35 43.07 3465 3324 -.'.03 ..... . . . 
S Ju,'- TO'pa 36.03 5.45 15.14 2464 336 6'.11 ..... . . . 

UsdIu:Sn .Auu.6r, 
* '-cno 

15".L6 
50.92 

34.16 
7.66 

21.50 
15.04 

2 -0.0'5 
5,3 

2'619 
1 , 

/3.-9 
222.L& 

1227 3.95 
.... 

5.52 5712 
. 

18.41 
. 

25.73 
. 

Ji;;s 4.0.0) 156.14 32.53 7.;4 3./2 5/.,' - - - 93 44 - -
Sr Dio::iclo 70.51 18.77 26.72 535 2 3 7.9" - - - 93 60 - -

210.33 8.70 .14 1820 1 %. - .... . . . 
Ereg,. :.q n I.?) 7.16 39.12 1337 3V.0! ..... . " -

OQ r.;A6,: .....6 7.82 16.94 4C72 ,.;50-4-,.7- ..... . . 
Coa-, :'atrcs 9?.45 39.73 39.95 2049 J *, - - 94 17 - -

SIo rJ:O 12.E) 7.43 50.C5 103.36 
,5.72 0.07 0.15 • .341' 

P;tl "T,urc 90.O0 7.39 S.21 345.,,.. ."<... 
t.z o 1 15.72 3.23 2 3 3022 

N,a Gicricdo 52.72 4.52 8.57 16.,3 
Zcrlrn 92.97- 3.56 3 53 6515. - . ' ..... . . . 
Sr, Ajust-n 109.42 6.05 5.53 1 9 
vlrc. U:ncl,
S Fco Javie. 

83.91 
29.48 

4.24 
6.22 

4.77 
21.10 

"" 
12! 4 

.. 
'.- " 

... . ..-
F, - " -. 72 2.17 2322 . 7... - - - -

l.. :rcm Lempo 
Tacc.cn 

-
50.03 

0.3 
0.08 

-
0.16 

-..... 
1731 508. " ..... . . . " 

Stso do McorC 43.00 1 0.35 0.81 75il " " ,5 "737 -51 - - . . . . 
"n 3.enovcnturo 22.03 0.56 2.54 1170' 'o5? 2 .. . . . . . . 

0 



TABLE 31 (CNTD.) 

crtment COUt'TY 

total 
area 
Km2 

cotton 
" rea 

Km 2 C 
POPULATION 
Urbana Rural 

poploticn 
Densi 

Intoxi-,ion 
by 

dpartmeit 

Tot IntoxRural intox. MALARIA molar. 
rote for rate for % resistence to rote x 

(1000) (1000) coes DDT OMS C O 

molorl 
rc'?e 

(i0 

&guei
,ntnuac;Sn) 

Sn Rafoel Ori.
El Tr6juito 

47.6F 
49.S6 

3.24 
27.20 

0.07 
54.44 

5362 
6859 

7302 
9220 

265.60 
337.25 

...... 

... .
... 
8-

Lolotilue 
SI Jor e 
Scso;i 

104.00 
40.00 

253.92 

1.75 
1.14 
0.r2 

1.68 
2.85 
0.20 

.. 05 
356 

1485 

1204 
56e1 

16463 

137.59 
250.42 
70.72 

-.... 

-.... 

-.... 

.. 

.. 
... 

3z6n Sn Fc Gotera 
Sn Ca;ics 
Jocoro 

110.00 
36.00 

126.00 

1.15 
0.01 
0.15 

1.04 
0.03 
0.12 

5153 
637 

2974 

533e 
1759 
8572 

99.87 
66.55 
91.63 

-

....-. 

... 

- - 1064 -

. 
.. 

6.08 
. 
.. 

7.41 

In'sm La Unin 110.36 8.72 7.90 18714 18236 33".81 - - - 2409 - 33 9.88 1 

Sn A. jc- 185.28 
YucuOyc~uf'n 56.96 
Yuyart que 67.93 
El Comr3n 123.71 
Conchaoua 204.49 
Intioun6 158.03 
Sn Jo:e Fuente 12.48 
Sic Rcso Lima 122.40 
P!c+'qra 301.60 
El SOLC. 82.88 
Polors 116.32 
Cone O-iente 116.UU 
Anomor6s 91.00 
TOTAL 9307.36 

SOUR:E: ICA|TI 

2.20 
0.07 
0.48 
2.53 

10.53 
5.53 
0.14 
1.83 
7.50 
0.41 
0.77 
O.Ov 
0.04 

1.19 
0.12 
0.71 
2.04 
5.15 
3.50 
1.12 
1.49 
2.49 
0.49 
0.66 
0.03 
0.04 

4263 
3156 
1313 
1764 
2442 
3771 
!073 
6206 
22Ci 
12.ll2 
972 
3 " 

s122 
-

93/ 
4692 
1471 

1183f, 
193595. 
:i7V5 
25:1u 

1F2 :3 
'534 

9', 
8; 6 

yg 

10- ,-
13. .-. 

/ 

,0 ..... 
,--,r; 

.... 
.-,:... 
. 5 

" 
. 

;06.32 
-5i2177.85..... 
13.5--

-

......-

" 

..... 

-

-

-

. ... 
.... 

-..... 

.... 

--

... 

10.29.'-th7'091,95-2 

-

-

no 

... 

... 
0 

. 

... 

-

... 

.. 
64---65.72 

-

. 



TABLE 32 

GUATEMALA: INTOXICATIONS, MALARIA, COTTON AREAS AND HUMAN POPULATION BY COUNTY, 1972
otl 	 i'tl• 	 (i'_j Rural Rur 

totl cotton INTOXICATIONS Intox Intox MALARIA molcr. molcri 
area crea POPULATION population Mode- rote x rcle x % resTstence to rate x rote )

irtment COUNTY Km2 Kn'2 % Urbana Rural Densit/,y Mild rae srvcre Fatal Total IOCP -(( ) ccscs DDT OMS C.001 k1C 
Vorcos fryula 204 21.31 10.45 3796 8677 61.14 50 26 1 0 77 6.17 8.87 35 - - 2.50 4.( 

Ocs 205 16.35 7.97 740 9018 47.60 4 14 1 0 19 1.95 2.11 203 69 2 20.80 22.! 

toltenango 	 Coolepeqtle 372 25.02 6.72 17948 36083 145.24 24 16 15 0 55 1.02 1.52 57 - - 1.05 1.! 

hu1eu Fetaihuleu 796 115.93 14.56 19211 30062 61.90 29 19 10 0 58 1.18 1.93 136 - 2.76 4.! 
(:h.perico 416 133.54 32.10 5141 10299 37.11 171 23 4 0 198 12.82 19.22 243 57 6 15.74 23.!5.A..-VIIaS. 256 9.47 3.70 1125 25373 103.50 10 0 0 0 10 0.38 -. 39 446 60 0 16.83 17.! 

itep.quez 	 Mazatenon: 35.5 9.78 2.75 23928 16473 113.48 10 0 0 0 10 0.25 0.60 "46 - - 1.14 2. 
$.o. DomingoS 242 102.40 42.31 2684 17772 84.53 102 39 5 0 146 7.14 8.21 139 -  -6.79 7.1 

intlo 	 Tiquisue 892 .207.98 23.32 15437 91769 120.23 477 198 24 2 701 6.51 7.6' 110 - - 1.02 1.;
Lo Gc-,c!o 640 220.52 34.46 2076 40821 67.03 427 557 32 0 1016 23.68 24.-89 e,3 60 0 1.53 1.! 
It Derocrnc. 320 1.71 0.53 2650 16146 54.74 0 0 0 0 0 0.0 0.0 33 ,1 1.91 2.(

448 6.61 1.47 1653 22621 54.18 6 0 0 0 6 0.24 0.26 91 -- - 3.75 4.C 

, Rosc 	 (-hi-,;r.ui.a 499 - - 4238 30237 69.09 3 5 8 0 16 0.46 0.53 65 50 - 1.82 2.1 
Guczoopo 172 2.44 1.42 1350 9687 64.17 1 0 0 0 1 0.08 0.10 2 64 - 0.18TOTAL r 8 87306 15.0i 10197- 365038 0.27- '1314 7 . .3 -- 7 - 4, . 

0.1 

SOURCE: ICAIT• 



TABLE 33 

partment 

t Morcos 

COUNTY 

Ayulla 
Oc's 

GUATEMALA: 

total cotton 
area area 
Km2 Kin2 

204 25,86 
205 15.44 

INTOXICATIONS, MALARIA, COTTON AREAS AND HUMAN POPULATION 3Y COUNITY, 
ota Rural 

INTOXICATIONS intox. intox. 
POP U LAT 10 N popu!afson Mode- rate x rate x 

% Urbana Rural densh L Mild rate Severe Fatoa. Total O 0.30 

12.68 3909 8930 62,94 26 32 0 0 60 4.67 6.72 
7.53 780 92 3 49.09 8 9 •0 0 17 1.6 1.83 

1973 
Total Rutci 

MALARIA malar. mclcri 
% res~stence to rate x rcte x. 

cases DDT OMS (10,, (i, 

4 - - 0.31 0.44 
27 60 5 2.68 2.91 

,ezaliaongo Coatepeque 372 38.79 10.43 18478 371 r7 147 54 45 29 9 0 8,3 1.49 2.23 10 - - 0. 1 0.27 

alhuleu Retalhuleu 
Champerico 
S.A. Villa S 

796 
416 
256 

127.65 
146.54 
10.74 

16.Q4 19977 
3.22 533 

4.V' 7 

3L 77 
i0TC. 
26353 

£4.38 
. 56 

iC'; 

41 
444 
.3 

16 
31 

1 

1 
4 
1 

0 
1 
0 

58 
80 
5 

1.13 
4.98 
0.18 

1.85 60 
7.47 76. 
0.'19 -24 

..-. 

24 
85 

-

0 
0 

1.17" 
4.74 
4.50 

1.92 
7.)0
4.7C 

:hitepiquez Mzatenango 
Sto DomingoS 

356 
242 

22.08 
116.68 

6.20 2,;2.-i11 
4C.21 277, 

V;',: 
W'. 

.0P 
£7.10 

17 
44 

3 
35 

1 
6 

0 
0 

21 
85 

0.50 
4.03 

1.24 
;464 

21 
38 

-
-

-
-

0,50 
1.80 

1.2 
2.C7 

:uintla Tiquisate 
La Gomera 
La Democrac. 
Ma:csguo 

892 
640 
320 
448 

2.24.74 
266.82 

4.8? 
6.64 

25." !K 956"-' 
41.6 , 2 , 
1.53 7-
.. 4P 1747 

,", 
/ 

',.5 
" 

7 3 
.9, 

51 11 

218 
3.22 

0 
2 

51 
154 

0 
0 

2 
7 
0 
0 

0 
1 
0 
0 

271 
494 

0 
2 

2.40 
10.91 
0.0 
0.07 

2.80 
11.46 
0.0 
0.08 

39 
34 
12 
46 

-
0 
-

100 
-
-
-

0.34 
0.75 
.60 

179 

0..: 

". 
:.; 

to Rosa Ch:quimuliilo 499 21.17 
Gvazaccap n 172 3.52 

TOTAL 5C8T1T3i 1.3. 

4., 4,; 

2.C3 14, 

: 

',nJ 
' 

71.03 
. L04, 
8.2 

2 
0 

I982 

37 
0 

6 
0 

0 
0 

45 
0 

1.26 
0.0 

1.45 
0.0 

22 
2 -

1 
-

0.6z 
0. '7 *.2 

SOURCE: ICAITi 



rtment COUNTY 

G UATE," LA!. : ,A.Xl-,.ATON.,. M.iJ/.RI, CO.TTO'Oi AR-AS AND VH!JMVANN K.PPULATO-1 BY COUNTY, 
_ iota-Rural 

toa cton7-- intox. ir!%). 

o.ea area POPU LAT IO N populotion rote x rate :: 

Km2 Kin2 % Urbana P ral den'.y • :t Se'., ;a#,. Tot- (10l .'X) 

1974" 

A IAL 
% vest:e:c to 

,. P O(.S 

Total Rur-a 

ol. 
ratc ;, jz:e x 

, O31, 

Aoreos Ayutla 

Oc6s 

204 

205 

22.55 

16.84 

11.05 

8.21 

4025 

821 

9192 

9554 

64.79 

50.61 

12 

1 2 

C. 

V 

i7 

3 

1.29 

0.22 

1,85 

0.31 

1 

38 

.:6 
' 

-

83 

. 

3.66 

0.1 

3.93 

taltenango Coatepeque 372 37.39 10.05 09021 38257 ,57. 25 27 5"5? 1.C3 1.5411 2 91 6 0.03 0.05 

huleu Refolhulou 
Chomperi~o 
S.A. Villa S. 

796 
416 
256 

120.08 
179.79 
12.82 

15.08 
43.21 

5.01 

20872 
5556 
1235 

32519 
11i18 
27378 

67.07 
40,03 

111.77 

91 
69 

1 

0 
0 
1 

0 
0 
0 

0 
0 

91 
69 
2 

1.70 
4.14 
0.06 

2.1f' 
6 1 
0.07 

37 

3? 

a 
"2 
$;" 

11 
"' 

0.69 
5.83 
1.82 

1.14 
8.81 
1.90 

itepiuez M-azatenan-,: 356 
Slo Domn3 S 242 

19.99 
118.22 

5.61 
48.85 

25345 
2861 

17450 
19866 

120.21 
93.91 

34 
20 

47 
4 

0 
0 

0 
0 

al 
24 

7Ie8? 
1.06 

4.64 
1,,q 

34 
2.-

.4 
67 

26 
-

0.79 
1.01 

1.95 
1.16 

Tqui.'e 
..a Gnzrcrz 
L e.c 

ai'7892 
640 

:u 320 
,4, 

22.61 
307.35 

4.27 
9.43 

25.74 
48.02 
1.33 
2.10 

17180 
2323 
2952 
1845 

103310 
45449 
17978 
25177 

;35.00 
74.64 
65.40 
60.32 

71 
284 

0 
0 

109 
87 
0 
0 

33 
2 
0 
C 

0 
0 
0 
0 

213 
373 

0 

0 

I 77 
7.SO 
0.0 
0.0 

2.-(1 
P.2 

0.0 

321 
?: 
7.1 

36 

: 
2 

3 

1On 
.00 

-

41 

0.27 
1.95 
0.6 

1.33 

0.32 
2.05 
1.00 

1.43 

2ka 0,quirw!ilh; 

TOTAL 

99 28.30 
172 3.14 

38181109.78 

28.30 
1.82 

19.07 

485 
1451 

109972 

31960 
10237 
394 

73.03 
67.95 

6 

8 
0 

616 

3 
0 

2U 

3 
0 
44 

0 
0 
2-

14 
0 

946 

0.S 
0.0 
T. 

0.4 20 
0.01"-

56 
38 

16.7 

Js 
33 

0.55 
0.34 

0.62 
0.39 

SWURCE_ lCItTI 

I 



TABLE 35 

ortment COUNTY 

GUATEMALA: INTOXICATIONS, MALARIA, COTTON AREAS AND HUMAN POPULATION BY COUNTY, 
- I ot Rurcl 

total cotton IN TOX ;CATIO _F4 intox. intox. 

area area POPULATiON Population Mode- rate x rate x 
Km2 Ka2 % Urbana Rural ,JldIdc-nstyrate Severe Ftal, Total kX04 (0AIS 

1975 
TO 

MALARIA mrlcr. 
o resistence to rce x 

acses DDT OMS (I) 

roT 
mclOf 

,ate:,.
(K. 

Marcos 

zoitenonao 

Ayutla 

Oc65 
Coatepeque 

204 

205 
372 

18.31 
13.03 
25.53 

8.97 
6.36 
6.78 

4143 

861 
19585 

9460 
9336 

39J85 

66.28 

52.!8 

158.52 

15 
0 

6 

1 

0 
3 

2 

0 
1 

0 

0 

18 

0 

10 

1.32 

2.24 

0.17 

1.93 

4.60 

0.25 

3 

24 

30 

6 

?6 

-

29 

53 

42 

0.22 

2.24 

0.51 

0.32 

7.44 

0.76 

Ihuleu 

:itepcquez 

Itlo 

a Rosa 

e~talhuleu 796 

Champerico 416 
S.A. Villa S 256 

Mzotenango 356 
Sto Domingo S 242 

Tiquisate 892 
La Gomero 640 
Mosagua 448 

Guozoccpon 172 

TOTAL 6637 

103.98 13.06 21679 

89.00 21.39 5773 
5.28 2.06 1294 

96.38 27.07 26084 
9.15 3.78 2957 

225.21 25.25 18127 
243.37 38.03 2453 

6.02 1.34 1951 

2.99 1.74 1503 

. 1263 106.1-.,.8'..2C 

33828 

11552 
284.13 

179o) 
19445 

102024 
47965 
26567 

10522 
593 

69.63 

41.65 
116.18 

123.72 
92.57 

142.5, 
7L.7, 
63.1 

69,5 

14 9 

42 6 
1 0 

16 0 
21 9 

;9 120 
" : 
" 

C 
2 4. 

1 

2 
0 

0 
0 

24 
10 
0 

u . 

0 

0 
0 

0 
0 

0 
1 
0 

1 

22 

50 
1 

16 
30 

243 
413 

0 

0 
805 

0.40 

2.88 
0.03 

0.36 
1.34 

1.96 
8.19 
0.0 

0.0 
1.71 

0.65 

4.32 
0.04 

0.89 
1.,54 

2.28 
8.t1 
0.0 

0.0 
2.2-

124 

223 
I41 

48 
109 

12 
163 
198 

2 
10-. 

93 46" 

80 P.8 
- 55 

- 62 
-

93 i0: 
- 45 
- 34 

- -
E,.6-.55-

2.23 

12.87 
4.74 

,09 
C4.c6 

1.12 
3.23 
6.94 

0.17 
2.,5 

3.65 

19.3 
4.9t 

2.67 
5.60 

1.30 
3.-4Z 

7.45 

0.19 
3.32 

SOURCE: ICAITI 

N) 



TABLE 36 

ment 

eca 

COUNTY 

Marcovia 
El Triunro 
Nomasig-je 
Apasila.7ua 
S Ant de Flo. 
Yusguare 
Choluteca 

HONDURAS: INTOXICATIONS, MALARIA, COTTON AREAS AND HUMAN POPULATION BY COUNTY, 
J total Rural 

total cotton INTOXICATIONS intox. intox. 

area area POPU LAT ION Population Mode- rate x rate x 

Km2 Km2 % Urbana Rural dens ty Mild rate Severe Fatal Total (KQ (IC0 

364 - - 922 14685 42.87 - - - - 24 - -

518 - - 2713 11947 28.80 - - - - -

322 - - 759 7845 26.72 - - - - -

145 - - 960 6428 50.95 - - - - -

137 - - 283 3240 25.71 - - - - -

41 - - 948 2758 90.41 - - - - -

975 - - 23392 21933 46.49 - - - - - 0.52 1.09 

1972 
Total Rural 

MALARIA molar, malaria 
% resistence to rote x rote x 

ccses DDT OMS i")V-_ 

2398 - 61 153.64 163.2'
737 99 - 50.27 61.68 
305 - 6 35.44 32.P7 

71 - - 9.61 11.C 
18 - - 5.10 5.55 

132 - - 35.60 47. 6 
1427 - - 31.48 65.C6 

rso 

oroz6n 

Catocarnas 6438 
S Fco Becerra 743 
JuticalpO 479 

Nocaome 464 
Sn Loronzo 228 
Moroceli 665 

Danl1 3390 

El Porvenir 320 
Sn Ign.c. 208 
TOTAL 15437 

-
.-

-

-

-

-

_0 

-
-
-

-

-

-
-
0 

8456 
1333 
9401 

5488 
8624 
1347 

10587 

2201 
2052 

79466 

14135 
2075 

26076 

21394 
3380 
3606 

37157 

6497 
3774 

16 90 

3.51 
4.61 

74.06 

57.94 
52.65 

7.44 

i4.03 

27.18 
28. 

2 

-

-

-

. 
. 
U 

-
-

-

-

... 

... 

. 

. 
U 

-

-

-

... 
0 

-
-

.. 

0 

2 
-

26 

-
-

0.05 

-

. 

. 
0.10 

-
-

0.07 

-

. 

. 

. 

. 
0.14 

13 
27 
96 

1577 
278 

18 

830 

18 
2 

7947 

-
-
-

-
-
-

-

-
-

99.0 

-
-
-

3 
-
-

57 

-
-

31.7 

0.57 
7.87 
2.70 

58.66 
23.15 
3.63 

17.28 

2. 06 
0.34 

29.&3 

0.91 
13.C' 

3.S 

73.71 
82.2. 

4.99 

22.33 

2.77 
0.12 

42.51 

SOURCE: ICAITI 

co 



TABLE 37 

HONDURAS: INTOXICATIONS, MALARIA, COTTON AREAS AND HUMAN POPULATION BY COUNTY, 1973 
To1al Rural To RurT 

total cotton INTOXICAAONS intox. intox. MALARIA malar. mclati, 
area area POPULATION Pcpulation Mode- rate x Cato x % resistence to ratex rlle x 

nt COUNTY Km2 Km2 % Urbana Rural density Mid rote Severe Fatal Total 90P (100 cases DDT OMS (1h ,":'Zi 

o 	 Marcovia 364 1.07 0.29 955 15218 44.43 0 0 0 0 0 0 0 273 - 99 16. F7 17.53 
El Triur.fo 518 10.52 2.03 2811 123C-0 29.33 0 0 0 0 0 0 0 100- - 17 6.58 8.C7 
Nomasigte 322 1.34 0.42 787 8130 -27, 0 0 0 0 0 0 0 37 - 13 J.14 4.56 
Apacilguo 145 - - 995 6661 52.80 - - - - - - - 4 - - 0.52 0.6-
S Ant de liar 137 - - 293 3358 26.65 - - - - - - - 3 - - 0.E2 0.86: 
Yusguore 41 0.25 0.61 983 2859 93.51 0 0 0 0 0 0 0 13 - - 2.38 -. 5.' 
Choluteca" 975 3.25 0,33 24241 22729 48.17 5 2 2 0 9 0.19 0.39 229 - 13 4. V 1.C.: 

Catacamcs 6438 18.48 0.29 8763 14648 3.64 0 0 1 1 2 0.08 0.13 79 - - 3.37 5.3: 
Sn Fco Becerro 743 0.06 0.008 1382 2151 4.78 1 1 0 0 2 0.56 0.92 30 - - S.-9 13.9: 
JutictCo!a 479 10.93 2.28 9742 27022 76.73 6 2 1 3 12 0.32 0.44 76 - - 2.06 2.81 

Nacaor-e 464 8.66 1.87 5688 22170 60.04 3 0 0 0 0 119 - 31 1.; 1 1.3; 
Sn Lorenzo 228 5.40 2.37 8937 3503 54.56 0 0 0 0 0 36 - 8 *.A". 5.13 

Moroceli 665 - - 1396 3734 7.71 0 C 0 0 0 0 0 3 - - 0.58 0.E 
Danli 3390 4.74 0.14 10971 ,C5 05 "69 0 0 0 0 0 11s - 2 0* 3.0! 

z 	 El Porvenir 320 - - 2281 6733 28.17 0 0 0 0 0 0 13 - - 1.44 1.93 
Sn Ignacio 208 0.05 0.02 2127 39 : 29.03 0 0 0 0 0 0 0 1 - - 0.16 0.25 
TOTAL 15437 64.75 0.42 82352 - i937-2---8. 12 . 5- 4 4 25 0.09 0.13 11-34 n. 4.1 5. KF; 

SOURCE: ICAITI 

http:Triur.fo


TABLE 38
 

HONDURAS: INTOXICATIONS, MALARIA, COTTON AREAS AND HUMAN POPULATION BY COUNTY, 1974
r1otol ua Total Pura! 

total cotton INTOXICATIONS intox. intox. MALARIA mclar. molaor 
area area POPULATION Popu!atton Mode- rate x rate x % resistence to rote x rote 

3rtment COUNTY Km2 Km2 % Urbana Rural densit/ A',,d rote Severe Fatal Tota! (1ol = cases DDT OMS -- (.(1) 


tuteca 	 Marcov'a 364 8.97 2.46 989 15769 46.04 3 0 0 0 3 0.18 0.19 121 - 27 7-22 7.67 
El Tiunfo 518 12.98 2.51 *2913 12829 30.29 0 1 0 0 0 0 1 382 99 20 25.15 29.7Z 
NamasgU 322 8.38 2.60 815 8424 28.69 0 0 0 0 0 0 0 175 55 19.62 20.77 
Apacilcgua 145 1.41 0.97 1031 6902 54.71 0 0 0 0 0 . 0 0 14 - 1.83 2.03 
SAnt . Flor 137 0.14 0.10 304 3474 27.58 0 0 0 0 0 0 0 8 - 2.19 2.3: 
Yusgua-e 41 0.42 1.02 1019 2963 97.12 0 0 0 0 0 0 0 29 - 7.55 9.7 
Choluteca 975 0.58 0.06 25120 23553 53.19 i 2 0 0 3 0.06 0.13 i84 13 0.26 0.55 

.cho 	 Catocomas 6438 8.92 0.14 9081 15179 3.77 1 0 0 0 0 0 0 231 - 9.87 15.22 
S Fco Becerro 743 0.60 0.08 1432 2229 4.93 0 0 0 0 0 0 0 15 - 4.24 7.73 
Juticalpa 479 13.88 2.90 10095 28002 79.53 4 4 0 i0 0.26 0.36 168 - 4.57 6.00 

e 	 Nocaome 464 14.95 3.22 5894 22974 62.15 0 ' 0 0 0 0 42 18 0.65 0.78 
Sn Lorenzo 228 0.60 0.26 9261 3638 56.57 0 0 0 0 0 19 - - 1.53 5.22 

Iraiso 	 Moroceli 665 2.18 0.33 1447 3869 7.99 4 0 0 0 1 - - 0.19 0.26 
Danlo" 3390 5.76 0.17 11369 39901 15.1: 0 0 0 0 76 - - 1.54 i.90 
TOTAL 14909 79.77 0.54 80770 '1 9706 F01. - i...4 -80 0.07 0.09 1465 W 5.42 7.72 

SOURCE: ICAITI 

CI 



TABLE 39
 

HONDUPAS: :NTOXICAT#ONS, MALARIA, COTTON AREAS AND HUMAN POPULATION 3Y COUNTY,
FTotcI Rurcl 

1975 
T0:l ?.;r-. . 

,crtment COUNTY 

total 
area 
Kin2 

cotton 
area 

Kmn2 % 
POPU LAT IO i 

Ubana ,ur-.i 
Popula:ion 
denit' MId 

:NTcxICATONS 
M de-
iote Severe Fotr! Total 

intox. ;n~ox. 
role x rotle x 

(CQ I 

MALARIA mraicr. rrclc 

% resistence to rc-e x rat, 

cuses DDT OMS (c.al 

,luteco Morcovic 
El Triunfo 
Nama:.gle 
Apaci| ", a 

S Ant de flor 
Yusgu .re 
Cholutca . 

364 
518 
322 

41 
975 

-

4.00 
3.64 
6.80 

-

-

0.24 
1.20 

1.10 1023 
0.70 3015 
2.11 1067 

- -

- -

0.58 1055 
0.12 25999 

16320 
13278 
7143 

-

-

3067 
24137 

48.6.4 
31.45 
29.59 

-

-

1...53 
5 1.53 

i 
0 

0 

1 
0 
2 
-

-

0 
2 

1 
-0 
1 

-

0 
1 

-

0 
0 
0 

-

0 
0 

-

2 
1 
3 

-

0 
6 

-

0.11 
0.06 
0.03 

-

-

-
0.10 

0.12 
0.08 
0.04 

-

-
0.25 

1771 
1522 

877 
-

-

146 
1263 

-
-
-

-

-
57 

37 
-
-
-

-

-
23 

102. iI 102. 
93.4; 11" 
91.-2 122 

- -

- -

35..:z 47.7 
25.07 51. 

ncho Ccaacamas 6438 
S Fco ,ecerro 743 
Juticolpa - 479 

2.71 
1.13 
5.99 

0.04 
0.15 
1.25 

9399 
1432 

1048 

i5. a0 
2307 

2F9E2 

3.88 
5.0? 

82.31 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
8 

-
-

0.20 

-
-

0.27 

5 9 
22 
419 

-
-
-

-
-
-

23.5.€ 

5.81 
10.63 

37.. 
9 

14.

le Necaom, 
Sn Lor-!nzo 

464 
228 

8.44 
0.50 

1.82 
0.22 

6100 
9585 

23778 
3765 

64.39 
58.55 

0 
0 

1 
c 

0 
0 

0 
0 

1 
0 

0.03 
-

0.04 
-

338 
138 

-
-

-
-

11.31 
10.34 

14.. 
36. 

orciso Morocali 
Danli' 

665 
3390 

0.92 
2.78 

0.14 
0.08 

1498 
11667 

3994 
41297 

8.26 
15.63 

0 
0 

0 0 
i 

0 
0 

0 
0 

-

-
-

-
13 

745 
-
-

-

-
2.37 

-4.07 
3.? 

18.. 

Moraz6n El Por-e'lir 
Sn lgncio 
TOTA'-

320 
208 

15437 

-
-

38.35 

-
-

0.25 

2425 
2281 

87044 

7221 
4j93 

1953 

30.14 
31.12 
-,T--9 

C 
.5 6 . 

0 
0 
3 

0 
0 
0 

0 
0 

21 

0.10 
-

0.07 

0.14 
-

0.11 

4 
0 

7847 

-
-

57 

-
-

3.L; 

0.41 
-

2.75 

0. 
-

40. 

SOURCE: IrAIT! 



TABLE 40 
NICARAGUA: 

.==.ON_ 
INTOXICATIONS, MALARIA, COTTON AREAS AND HUMA11 POPULATION BY COUNTY,

ITotal Rural 
1972 
MALARIAuro 

Depa::ment COUNTY 

toal 
orea 
Ktn2 

cotton 
area 

Km2 0%' 
POPU LATION 

Urbeno Rural 
Populcilon 

do'nsity M;,d 

i NTOXiCATI 

rate Scere !ccI Total 

iONntox. 
rate x 

(CU 

intox. MALARIA maTfr. 
rote x %resstence to rate x 

1C! eases DDT OMS (1l 

moaric 
rate x 

"(10 

Ch.r...ga nneega 625 174.66 27.94 36703 15882 84.13 139 1L-9 88 0 236 6.39 21.16 - -
El Viejo 
Posol es2 
Chichisclpa 
El Reclejo 
Morc:z6n 

1271 
144 
253 
100 
224 

229.54 
39.36 
36.66 
26.86 
26.96 

18.06 
27.33 
14.49 
26.86 
12.03 

9633 
1333 

16344 
600 

2016 

16047 
6285 
8415 
1665 
4-42 

20.34 
5 2.8' 
97.86 
22.6 
191.1 7 

-

0 
0 
0 

-

0 

0 
Z 

-

0 
Q 
0 
0 

0 
0 
0 
0 

1 
1 
0 
0 

0.0 
0.13 
0.04 
0.0 
0.0 

0.0 
0.16 
0.12 
0.0 
0.0 

-

-

-

-
-

-

-

-

-
- " - -

So,.otiflo 
Vil!anucvo 
Sn Francisco 
Corinto 
Sto To.-r.6s 

928 
794 
144 

10 
34 

14.84 
4.87 
0.53 
0.04 
0.09 

1.60 2130 
0.61 14S7 
0.37 518 
0.004 14091 
0.26 861 

10291 13.3.: 
7558 i).3n 
4603 --.-

81. 1490.92 
2533 99.7 

0 
0 
0 
1 

0 
0 
0 
" 

0 
U 
r 

0 

0 
0 
0 
0 
C 

0 
0 
0 
2 
0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 

-
-
-

-
-

-
• . 
. 
. 
. 

. 

. 

. 

. 

. 
.. 
.. 
. 

Le6n Le6n 
Lor, eyn-go 
Telica 
Ouf.zclgucque 
Lo roz Centro 
Nagcrole 
El Sauce 
El Jecral 
Achuopa 
Sto Rosa 

852 
834 
364 

A8 
872 
602 
700 
206 
342 
204 

203.85 
133.46 
124.48 

. 48.15 
98.17 
11.34 
25.45 

4.53 
1.o2 
0.26 

23.93 
16.03 
34.20 

103.%3 
11.26 

1.83 
3.63 
2.20 
0.,/ 
0.13 

64607 
6275 
2413 

374 
6903 
8055 
3625 

464 
1417 
543 

22963 
11714 
6973 
33,0 
7i51 
5703 
10473 
2,;61 
733 

4089 

s02.71 
21.f7 
31.'23 
53.. 
i6.'. 
22.:J 
1f.. 
16.34. 
29...9 
22.71 

" 

I 

" 

0 
0 

u 

'3 
C 

C0 

-

0 

i 

0 

0 
0 
0. 

0 

86 
11 
2 
1 
3 
U 
0 
0 
3 
0 

0.98 
0.05 
0.17 
0.27 
0.21 
0.0 
0.0 
0.0 
3,,.-, 
0.0 

3.74 
0.08 
0.22 
0.30 
0.42 

.0.0 
0.0 
0.0 
0.00. 
0.0 

-
-
-

-

-
-

-
-

. 

.. 
. 
. 
-

-

-

-
-

. 

. 

. 

. 

-

. 

. 

. 
.. 

-

. 

-

Mancgua Managuo 
Tipilopo 
Sn Raofel S. 
&Motecro 
S F.o Camic. 
El Carmen 

816 
1000 
386 
248 
771 
414 

64.50 
67.96 
13.70 
4.15 
8.68 
7.06 

7.90 342512 
6.80 8150 
3.55 3876 
1.67 1587 
1.12 992 
1.70 967 

53774 
15568 
1b69 ,4 
3873 
77C6 
9502 

23.72 
55.88 
22.02 
11.28 
25.29 

15.64*1 
2 
0 
0 
0 
0 

2 
0 
0 
0 
0 
0 

0 
2 
0 
0 
0 
0 

2 
0 
0 
0 
0 
0 

15 
4 
0 
0 
0 
0 

0.04 
0.17 
0.0 
0.0 
0.0 
0.0 

0.28 
0.26 
0.0 
0.0 
0.0 
0.0 

-

"--. 
. 
. 

. 

. 

. 
. 

. 

. 

. 

. 

. 

. 

. 
. 
. 
. 

. 

. 

. 

. 

. 

. 



TABLE 40 (CNTD.) 

Dezrrent 

Maya 

COUNTY 

Mosayo 
Nindir 

total 
area 
Km2 

160 
121 
73 

cotton 
area 

Krn2 % 

0.57 0.36 
22.17 18.32 
47.91 65.63 

POPULATION 
Urana Rural 

39860 11521 
2543 6119 
2581 649 

Popularon 
der-ty 

339.88 
71,59 
42.25 

M Ild 

0 
5 
3 

IN TOXIC AI1ON 
Mode-
rate Severe Fatal 

11 "3 1 
1 1 0 
5 1 0 

Total 

24 
7 
9 

Toal 

Intox. 
rote x 

0010 

0.44 
0.81 
2.79 

ural 

intox. 
rate x 

"= 

1.65 
1.15 

13.26 

Totol ura. 

MALARIA molar. malorio 
% resistence to rate x raeex 

cases DDT OMS ( () 

.. . . . . 

. . . . . 

. . . . . 

G-no!a Granada 
Nanda.mo 

509 
385 

14.27 
5.67 

2.60 
J.47 

45206 
6159 

9651 
9561 

107.77 
42.26 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0.0 
0.0 

0.0 
0.0 

. 

. 
.. 
.. 

. 

. 

MOaSolpa 

Corazo 

Son l-dro 
Ciudcd Darro 
SMbcco 

Diriamba 

192 
736 
317 

341 

9.39 
3.69 
3.0' 

6.35 

4.80 
0.50 
'.97 

1.86 

2697 
6005 
2596 

1227; 

4164 
17057 
607 

17086 

35.7-3 
31.33 
30.52 

88.14 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 

-

. 

. 

-. 
. 
. 

. 

. 

. 

-

. 

. 

. 

. 

. 

. 

Sn Morcos 113 0.C6 0.CS 4 53 4",565 96.00 0 0 0 0 0 0.0 0.0 -

Booco Teutepe 585 0.06 0.01 1271 i 154 21..3 I 0 0 0 0 0.0 0.0 . . . . . 

EstelT' Pueblo Nuevo 176 0.23 0.13 o31 
TOTAL 17694T1485.22-"8.79 7c'-75 : 

'Y55 61./6 
-'6. 

0 
212 

0 
156 

0 
120 

0 
4 

0 
492 

0.0 
0.47 

0.0 
1.28 

. 

n.t;. 
. 

n.a. 
. 

,.o. 
. 

*.. 
.. 

, 

SOURCE: ICAITI 



TA3LE 41 

NICARAGUA: INTOXICATIONS, MALARIA, COTTON ARFAS AND hUMAN FOPUL.flON BY COUNTY, 1973 
_.'oal Rural 	 Total Rural 

totc cotton INTOXI-.A-IO; NS$ itox. inc. MALARIA metar. molorlo 
area crea POPULATION Populction Moc e- rote x roto x % resistence to rate x rote x 

Degar ment COUNTY Kri2 Krn2 % Ubano Rurol den:- Mild roe Sever Fat. -Total ( ( ccses DDT OMS (i D) 

CI.nc.degc 	 Gina.dega 625 - - 37952 16424 87.03 79 29 "12 2 122 2,24 7.42 9 - - 0.16 0.54 
El Viejo 1271 - - 10133 16595 21.03 1 1 0 0 2 0.07 0.12 82 - - 3.05 4.94 
Posoltuga 144 - - 1278 6499 54.70 0 0 0 0 0 0.0 0.0 2 - - 0.25 0.33 
Chichigalpa 253-- - 14932 8702 IC1.2 	 1 0 3 0.11 0.34 70 - .- 2.72 6.C4 

LeS 	 Le~n 852 - 66812 23747 1C'.29 ii 1 1 43 0.47 1.81 36 - - 0.39 1.51 
Lorrcynaga 834 - - 6o9 12114 2?.30 0 1 0 0 1 0.05 0.08 79 - - 4.24' 6.52 
Telico 364 - - 24i5 9279 ".35 2 0 C' 0 2 0.16 0.21 69 - - 5.86 7.43 
Quezolgueque 43 - - 387 3434 L).02 4 0 C 0 4 1.04 1.15 11 - - 2. 86 3.18 
La Paz Centro 872 - - 7139 7395 15.67 8 0 F 0 8 0.55 1.08 26 - - 1.78 3.51 

M.rn.guo 	 Monog. 816 - - 354201 55609 5( -.22 0 1 0 0 1 0.0 0.01 159 0 12 0.38 2.&5 
Tip; ala 1000 - - 1!28 1-99 ; . C..7 0 3 0,12 0.18 53 - - 2.16 3.29 
S Ra!-cl Sur 386 - - 4C08 3293 ".79 0 0 1 0.04 0.05 17 - - 0.76 0.92 
S Fco Comic. 771 - - 1026 6352 7.77. 0 2 0.22 0.24 19 - 32 2.09 2. 35 
El Carmen 414 - - 1V0 ,S26 .'.l 0 0 0.0 0.0 20 - - 1.84 2.03 

tWcszya 	 Mosoya 160 - - 41220 15C, 3:t.4 2- , 0 29 0.51 1.93 5 - - 0.08 C.33 
Nlindiri 121 - - 2620 6323 , i.:, -, 0 2 0.22 0.31 1 0..i 0.5 
Ti.".no 73 - - 262' 671 -j.7:2 0 12 3.59 17.88 1 0.29 1.49 

otegclpa Matao,lpd -1860 - - 24730 4S ". 5 , 1 10 0.14 0.22 40 	 0.52 0.90
TO.TAL 1On'S. (. n.a. 58956' -7'7 , , , 4' 25 0.2 U. " 	 2.51 

SOURCE: ICAITI 



TABLE 42 

NICARAGUA: 

total" Cotten 

INTOXICATIONS, MALAR A, COTTON AREAS AND HUMAN POPULATION BY COUNT', 1974
",otol ARutorofclua 

I,4ToxF'-AT IONS ;ntox. lnox. MALARIA mclar, mo!arlo 

Depamir-.-t COUNTY 
crea 
Km2 

area 
Km2 % 

POPULATION 
Urbana Rurcl 

Populatlo-' 
dcnsity Mild 

Mode-
rote Severe Fatal 

ra:e x 
Total (1C 

rote x 
(1!-m 

% resistence to re x 
cases DDT C..S ( 

rote x 
r0fl

cjn;s.n.:go Chincde3a 
E!V;el., 
Pc3o;tega 
Chfchi:-uipo 
El Reali., 
,,o;C zan 

Somotiilo 
Villont,eva 

Sto Tar,& N. 

625 
127 . 

144 
253 
100 
224 
928 
794 

34 

223.76 
334.69 
53.28 
51.37 
35;.62 
38.92 
24.22, 
23.4"1 

(,.02 

35.&0 
26.33 
37.00 
20.33 
35.62 
17.?7 
2.6! 

.95 

t.. 5 

39247 
10484 

1425 
1747? 

6"1 
2156 
22;5 
i5.0 

j 
:20 

16934 
17161 
6721 
8Y;'? 
1781 
14.' 

1IC,5 
3C7'? 

"i7.*,3 

39.97 
21.75 
56.57 

104.65 
24.22 
20.51 
i4.31 
12.' 
S.4 

1Q'6.J3 
. 

16 
2 
2 
7 
0 
0 
C 
3 
0 
0 

21 
2 
1 
4 
0 
0 
0 
0 
0 
0 

9. 
1 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
"0 

46 
5 
3 

11 
0 
0 
0 
0 
0 
1 

0.81 
0.18 
0.36 
0.41 
0.0 
0.0 
0.0 
0.0 
0.0 
0.27 

2.70 
0.29 
0.44 
1.22 
0.0. 
0.0 
0.0 
0.0 
0.0 
0.36 

96 
1042 

16 
543 

42 
31 

302 
340 

14 
36 

-
-
-
-
-
-
-
-
-

-

-
-
-
-
-
-
-
-
-

-

1.70 
37.60 

i.96 
20.50 
17.34 
6.74 

2?.73 
35.'4 

2 
9.92 

5.65 
60.71 
2.33 

6 .3 
23.5E 
12.72 
27.4
42.06 
2.

13.2' 

Le& Lc6n 
Larreynar.,a 
TelicaQucZcig-aoque 

852 
834 
36448* 

341.00 40.C2 69Y2 
152.39 23.7 
140.45 38.5 2.,63.10 " 131.4A . 

-,;;',.2527 
??.3., 

W1S1C°.92 
23.0 
-,3.48 75 

17 
0 
02 

e 
( 
00 

1 
0 
00 

0 
0 
00 

24 
0 
02 

0.25 
0.0 
0.00.50 

2.96 
0.0 
0.00.59 

137 
139 

8942 

-
-

--

-
-

--

1.46 
7.'*2 
/."U10.:7 

16.94 
11.09 
92;12.57 

La Pz Centro 
,oor-.e 

El.S.uce 
El J .crol 
Achuo~a 

872 
602 
700 
206 
342 

14".08 
27. FO 
50.53 

5.45 
0.23 

4.62 
7.2 
2.o4 

O0.C3 

7iF,
i4 

C2 
,:1."-

:6.,.7 /.4 
c-.'.99 24.4 

21.2,' 
17.26 

-344 31.75 

1 
0 
0 
0 
0 

0 
0 
0 
1 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
0 
0 
1 
0 

0.06 
0.0 
0.0 
0.28 
0.0 

0.13 
0.0 
0.0 
0.32 
0.0 

97 
33 
95 

170 
20 

-

-
-

-

26 
-
-

S 
2 4 
6J8 

AT. : 
1.4 

.-
5.,1 

. 
55.55 
2.;, 

Mr.cngw hionoauo 
Tipitoi o
S Ruofal Sur 

816 
1000
386 

38.87 
74.90

6.95 

4.76 36z? 
0.37 IL
1.8S0 414i 

82999 
16648
18722 

5i9.3e 
25.36
59.76 

2 
0
! 

2 
0
0 

2 
0
0 

0 
0 

6 
0 
' 

0.01 
0.0
f.04 

0.07 
0.0
0..9 

2061 
297

46 

-
-
-

-
W 

.3 
1,.70

119 

2,:.SZ 
17.89
2.43 

El Camr-en 414 9.90 2.39 1034 10161 27.04 0 0 0 0 0 0.0 0.0 23 - - 2.05 2.26 

Mea.ye masoya 
Nindir' 
Tismo 

160 
121 
73 

15.81 
15.94 
38.11 

9.88 
13.17 
52.20 

42627 
2720 
2760 

15529 
6544 

694 

363.47 
76.55 
47.31 

6 
1 
1 

2-
1 
0 

2 
1 
1 

0 
0 
0 

10 
3 
2 

0.17 
0.32 
0.57 

0.64 
0.45 
2.88 

15 
6 
3 

-

-

-

-

-

27 

0.25 
0.69 
0.86 

0.96 
0.98 
4.32 



TABLE 42 (CNTD.) 

Depc..nt COUNTY 

total 
area 
Km2 

cotton 
area 

Km2 % 
POPULATION 

Urbana Rural 
Popuclen 
De.-sity Muid 

INTOX!CATION 
Mode-
rate Scere Fatal 

• /-otali~urt 

intox.. intox. 
raex rate x 

T ,I:a (1M ( 

-Total 

MALAR|A 
%0ires.stnceto 

cases DDT 0,' 

Rurct 

motor. molaro 
ro: x iote x 

0'11) CCo) 

Granada 
*Marome 

509 
38,5 

18.51 
5.03 

3.64 
1.30 

48344 
- 7153 

10321 
1026 

115.25 
45.19 

6 
1 

0 
6 

2 
3 

0 
0 

8 
10 

0.13 
0.31 

0.77 
0.97 

6 
1.93 -

-
-

0. 0 
Ii.09 

0.53 
18.$3 

hcalj, Sn Isidro 102 3.15 1.64 28E4 4453 38.21 0 0 .0 0 j c.0 0.0 ,63 . 22.21 36.60 

Corozo Dlriambo - 341 1.94 0.57 13872 1-0272 94.26 2 0 0 a 2 f',.06 0.i( 2-. - - - 1.23 19.75 

Zelc,,, Cucrcd Rama 7728 
TOTAL 21372 

0.03 
1940.77 

0.0004 2175 
9.0-- 680i6-

341S9 
;8067j 

7.70 
49Z 

0 
"7 

0 
46 

0 
23 

0 
0 

0 
136 -

0.0 
. 

55; -

t 
1. 3,3. 16.29 

S.-.-

SOUICE: ICAITI 



TABLE 43 

NICARAGUA: !NTOX'CATIONS, MALARIA, COTTON AREAS AND HU'AN POULATION P.Y COUNTY,~la R .Jal 
1975 

To al " R r l 

Dep.et COUNTY 

tOtal 
area 
K2 

*cotton 
area 

K2 % 
?OPU LAT 10 1 

Urbana Rjr'2: 
Populat;io,
de.'siy Mid 

I N TOX I CATION S 
Mcde-
rote Severe Fota 

intox. 
role x 

Total CM 
;ntox. 
rnte x 

. 

MALARIA ma;r.- malaria 
% resisterce to rate x re x 
s DDT OMS ., . 

Chir.,-rnegc Ch;-.cnde,jo 625 159.5 25.5 40 P6 17564 93.04 24 6 1 0 41 0.70 2.33 470 97 74 3.00 26.76 
El V'ejo 
Prsoltesa 

1271 
144 

2E3.9 
11.3 

22.3 
21.7 

10842 
1474 

17747 
6950 

22.49 
53.50 

1 
0 

0 
0 

! 
0 

0 
0 

.2 
0 

0.07 
0.0 

0.11 
0.0 

1577 
157 

-
-

92 
-

5C.16 
18 63 

tsO.s_ 
22.59 

Chicli; o-a 
El ReaFc.jo 

253 
100 

37.2 
22.9 

14.7 
22.9 

1E075 
£o3 

9306 
1842 

10".22 
25.05 

7 
0 

4 
0 

2 
0 

0 
0 

13 
0 

0.47 
0.0 

1.40 
0.0 

2477 
76 

100 
-

97 
-

90.4.6 266,17 
2f.34 41.26 

&AgOz6:i 224 25.5 11.3 2220 252i 21.20 0 0 0 0 0 0.0 0.0 230 - - 4S.42 91.23 
So-nc,,ho
Vil!.nc. vo 

928
794 

11.5 
14.5 

1.2
1.8 

2356
1645 

11381
-8359 

1.80
12.6C 

0
0 

0
0 

0
0 

0
0 

0
0 

0.0
0.0 

0.0
0.0 

575
172 

-
-

-
-

41.85
1;19 

50.52
20.58 

LcSn L..6r, 
L.rreynocja
Telica 

852 
834 
364 

40.9 
104.2 
151.7 

4.8 71450 
12.5 6939 
41.6 2668 

2ISr,5 
12955 
9723 

113.67 
22.C5 
34.59 

17 
0 
1 

2 
0 
3 

0 
0 
0 

0 
0 
0 

19 
0 
1 

0.20 
0.0 
0.08 

075 
0.0 
0.10 

579 
434 
225 

-
-
-

-
87 

.98 
2i.8 
17 87 

27.E0 
33.50 
24..7 

QuezclgLoquo 
Lo Pcz Centro 

-18 
872 

69.5 
98.1 

100.0 
11.2 

414 
7635 

34534 
7908 

F3. 5 
17.8 2 

0 
0 

0 0 
1 

0 0 0.0 
0.06 

0.0 
0.13 

33 
448 

-
83 

-
87 

7 el 
2 02 

9. ,5 
56.e.5 

Nngvrc.c 
El Souce 
El Jicarol 
Achvurpo 

602 
700 
206 
3-12 

5.5 
33.1 
16.2 
0.3 

0.9 
4.7 
7.8 
0.08 

8908 
4009 

513 
1567 

5307 
11532 
3164 
9663 

25.27 
21.21 
17.C-4 
54.51 

2 
0 
0 
0 

0 

i' 

0 

. 
. 

0 

0 
0 

0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

127 
235 
160 
8,5 

-
-
-

-
-
-. 

".35 
!. 20. 

4.50 
757 

20.13 
1 79 

50.57 
0.79 

Mr-g''o Ma:c.- 816 29.1 3.5 373789 CJ03i 537.Oii 12 :, 0 ( 17 0.04 0.20 5744 - 96 17 11 "6.72 
Tip;ta 1000 56.0 5.6 9013 1,217 26.22 1A 0 1 0.04 0.06 937 - 91 3z2.72 5 .4.-Z 
S Rafael Sur 
S Fco Ccmic;Li ..... ,, 

386 
771 -,.-, 

4.7 
0.4 

.:
4. 

1.2 
0.054..) 

4236 
1097 

-Y56' 
511!0l .O 

61. 
1?.j"- "7.2 .-

0 
L)" "" 

0 
0C 

0 
0 
'3 

0 
' 
n:O. 

0 
0 

0.0 
0.0 

0.0 
0.0 

;236 --

38 868 - T'-

84 
E 

5t.81 
3.91 
'OJ 

.3.!.! 
A.41 
7 7 

mas y Masoya
NindirT 160

121 9.91.1 6.10.9 440812813 '60596767 375.887 r/.17 100 50 40 00 190 0.310.0 1.180.0 12231 -
-

-- 2.033.23 7.6
4.58 

T;sma 73 31.5 43.1 2854 718 4;.93 0 0 .0 0 0 0.0 0.0 17 - 93 4.76 23.68 

I) 

S-.
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TABLE 43 (CNTD.) 

" :t°! ictal Rurol"iurc(i 

tot;:t cotton . NiOXiCA N intex. Intox. MA-.ARIA ma!cr. ra'crio 

PO.U LATION Popul'ion Mode- raoe x rote x % res--ence "o rcte 

re COUNTY Krn2 Kn2 % Urbona ur density XlMd rote 5evere Fc~l To'-al . ,., eases DT 
r crec 

5.: -23 3.. 2. t5- 327 20 ?2 30.64G*ccda 509" 16.4 3.2 49994 10673 119.19. 10 6 7.. .0 
-764 69 i,% 42..6 72.'M. ;-Acd.e 385 1.6 .. 41.5 7397 0C596 46.73 14 5 2 0 2! 1.17 1.98 1 . 

0 0.0 0.0 52 . - '... 924Dir;orrc 40 0.7 1.7 49z-1 2625 269.15 0 0 0 

Diriomba 341 3.1 0.9 14345 1 S96 Q7.48 0 1 .030.C' - - 13.5- 23.% 

TOTAL .14175 1276.9 9.01-77 - ,- F,, z . ., , ... . .56 .'.2 

SO RCE: ICAITI 

iA 
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During the year of 1975 Guatemala reported a total of 803 poisoning cases, of
which only 2 were fatal, less than 25%. The poisoning rate for the principal cotton

growing counties was 3.64 cases per 1000 heads. Guatemala, with second place in
 
poisonings, used a proportion of phosphates of vblut 27%.
 

Nicaragua reported 159 poisoning cases in 1975. There were no deaths in official records. The poisoningj rate per 1000 populction was 1.14. Only 24% of all pes-.ticides used were organophosphates. There appears to be a logical relationship between 
the two. 

In Honduras, pesticide poisoning is not a serious problem yet. Only 21 cases wefereported in 1975, which gives a rate of .28 per thousand people. Honduras used 66%phosphates in that year. Its average level of use, however, is by far the lowest (see table
54) and, in absolute terms, 66% smaller than any of the other countries. 

Factor and circumstances associated to intoxications 

From epidemiological studies it is apparent that the greatest number of poisoningsis caused by organophosphorous pesticides(one study reported over 90%). The most affected group was young adult males between the cges of 16 and 35, the majority of them tempor
ary day laborers engaged in cotton harvesting. 'ho greatest number of cases invariably
occured during the months of October, N..v,-.mber crJ December, the season of most
 
intensive pesticide use in cotton.
 

For a more detailed description o) the studis., see Final Report, phase 1 of this
 
same endeavor, P. 79..91.
 

Most of the cases occured because the workers entered treated fields before 72
hours had elapsed, because workers at,k Jcink cr,2 s.,;:kec! ir recently-treated fields,

because of bathing in contaminated drainage ditches cnd because of direct contact with
 
the cotton plant.
 

Intoxications result from a combination of unsafe wc.rking conditions and unsafeacts on the part of uneducated peasants who ignore the nature and activity of pesticides. 

Most of the poisonings occur in cotton-growing areas(:n Guatemala, 93%).
Furthermore, there is a direct relationship between the number of planted hectares and
poisoning rates. This resulted from the analysis of 4 years of county data for Guatemala 
and Nicaragua. 

In Guatemala, a 10% increase in the number of hectcres planted with cotton appears to result in a 4.5% increase in the poisoning rate ( e= .45). This elasticity was
derived from a regression coefficient of 0.02029 significant at o=0.05. As an example
of the meaning of this elasticity, if planted area in Tiquisate(presently 22500 ha.)Aent upin 7500 hectares, a 33% increase, an observer could expect the present poisoning rate
of 1.3 cases per , 1000 population to go up to 1.5 cases / 1000. This is interesting 
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from the standpoint of public health ar.6 preventive nedicine planning, as it allows for 
channeling more resources to expanding c.:;ttcn areas before the pesticide spraying season 
begins,,and may allow for the prevention of itioxications. 

The same relationship can be observed in Nicr'rc.quC;. although not with the same 
strength. Here the elasticity was 0.34, so thct a 10% incre:;se in planted area may be 
expected to result in a 3.4% increase in the poisoning rate of a particular municipality. 
The coefficient obtained was significant at aK = 0.10. 

The lower influence of cotton area on poisoning rates may be another reflection 
of the smaller use of phosphates in Nicaragua". 

Statistical analysis in both countries also showed a possitive association between 
poisoning rates and cotton area as a percent of the municipc.lityls total area. The elastici
ties were 0.41 and 0.32 for Guatemala and.Nicaragua,, respe';tively. The significance of 
this value was m=0.10 in both cases. 

A simple.correlation between cotton pesticide use pe: hectare and poisoning rctes 
by country :showed that a 10% increase in the former causes poisoning rates to increase by
20% (o =0.10). The analysis covered only 3 years in 4 countries and an expanded data 
base would serve to ascertain this relationship. . 

The implications of pesticide intoxications: 

Broadly, these can be separated into "social" and "economic". Except for the
 
economic, 
most are intangible in that they cannot be measured accurately. They are si.
milar to most other human illnesses in that sense.
 

Even slight intoxications can produce vomits,.dizzinziss, general tremou'rs, b!uried
vission, diarhea, cram-s, salivation and general distruss. If there are medical facilities 
nearby and if the person recognizes the symp oms he ,ay go and receive adequate treat
ment. In that cacse. his disconfort and ill.mean rncy be short-lived. Otherwise he may.'go 
on sick for days, and evcin become exposed :.,pesticides .)n additional occasiohs. 

.The efficiency of a working .erskn wifl diminis" cnO! he might become unable to
 
continue to work either of his .wn 
 cccor:" or at his ormlt6yer's suggestion. Only one
 
Central American Courtry has social s.cu:'it), proyar.Is which cover agricultural workers,

Guatemala, 
 Elsewhere ;ihe.worker would. have to. becur the economic conseqeiences of his 
illness by himself. Paridoxically a cotton grower. might diminish an inefficient worker 
unaware that his mallise isamed by pesticide' po.sning. 

Treating intoxicated persons is expensive. Although there is no indicaton of the 
proportions of poisoned people who do not receive assistance, those who do cause expenses
of about $32 per case on the average. Human health institutions spent an estimated 
$73000 because of 22S4 pesticide poisonings in cotton areas in 1975. The figure for 1974 
was $76500 with 2393 poisoning cases. For 1973 there were 3630 cases which cost $16 160. 
Although small and by no means a measure of the social impact of poisonings, this amount 
has to be paid every year in addition to the disconfort and ill-being which poisonings 
provoke. 

http:proyar.Is
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For instance, over the next five years this amounts l'oover half-a-million US 
dollars... Preventive medicine programs costing up 'o ihis amount coold be justified if

they effectively eliminate all poisonings. The figure can be considered as a measure
 
of the cost incurred by not taking preventive m.asures H- the area of human health
 
today.
 

3.3, .'Efflects of pesticide use on malaria 

There exists evidence that the sustained use of pestic;des increases the resistanceo
of the malaria. vector (Anopheles albimanus) to DD" in cotton areas. This-forces malaria
control agencies to switch to more expensive pesticides or to accept higher malaria rates. 
The result is higher malaria control costs and/or potential for greater human health 
problems because of malaria. 

Resistance of Anopheles albimanus .to DDT was found to be substantially and
significantly higher in cotton-growlng counties than in coun"Ies where no cotton is grow%,.
After being exposed to DDT at a concentration of 4% during ne hour 80% of the
mosquitos in cotton areas survived. By comparison only.50% )f the mosquitos from non
 
cotton areas were fou'nd to-be resistant. This difference was .ignificant at c =0.01.
 

Resistance of A. Albimanus to DDT has been increas'na in Central American 
cotton areas. Average resistance in Guatemala's cuflon cuu.,ties went from 58% to 86%
between 1972 and 1975. In El Salvador resistance went'from 30% to 86% during the 5cn.: 
period. No consistent information is available for the cther iwo countries. 

Higher resistance may lead to higher malcric: rates. / sfatist.*cal analysis of four 
years of county data in Guatemcl: suggests ihat d L0% increase in resistance in a county
can be expected to result in a 7.5% increase in malcria rates. The regresson coefficient 
from which this ratio is dQriyed was .fo'nd significant at-av= 0,05. 

.The effect of resistance on malaria r-tes is counteracted by the efforts of malaria
agencies to contro! Anopheles _jIlimonus with more efficient insecticides. In Centrci 
America there has boen a pariJF~t-T iitution of the use of OMS-33 (Propoxur, BQaion )
for the use of DDT:." O,';iS-.:3 hcd ai notabh: iMpOcI %:41!,'"-s ,jsebegan in the early 70 's
but there are.already nlear sgns '-hat Annphe. i:D :ulafi-,rs cre developing resistance 
to OMS-33 (Tables ;29 throucjn ;43). 

Between, 1972.and 1974 rural rnlcria rates in :o'n -areas of El Salvador have 
gone from 35/.,0000 to 65/1,000. This suggests that in the face of ir.creasing resistance
malaria control has not become more effective. Neverthelci :.,6laria authorities report
having sprayed over 77,0C0 dellings with Propoxur at an estimated extra cost of $3.8 
million in 1975... 
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Malaric rates in cotton areas of Guatemala were 4.6/1,000 in 1972;.14/1,0,00
in 1973; 7.2/1,00 in 1974, and 3.32/1,000 in 1975. Thus they have remained at the 
same level. In the meantime malaria control agencies were spraying ovqr 32,000 houses 
per.year with Propoxur in *1975 at an estimr.itcd increcsoed cqs'.of.$1.6 mill.icn.,Malaria. 
is less of a problem in Guatemala s cotton creas. 

ln Honduras rural malaria rates have fluctuated widely. They stood at 42.5/100
in 1972,. dropped to 5.8/1,000 in 1973, rose to 7.7/1,000 in '974, and jumped !.-ack to 
40.2/1,000 in .1.975. By that time malaria agencies report spraying almost 10,000 houses 
with Propoxur qt an estimated extra cost of $5.4 million. 

The malaria situation in Nicaragua seems to be getting more serious. Rural malaria 
.rates per thousand-population in cotton counties were 2.51 in 1973; 18.4 in 1974, and 47.4 
;in 1.975. Increased malaria control expenditures caused by the use of Propoxur were $1.05 
.million (the smallest in the four countries) and a total of 21,."00.dwellings were treated 
with this material. 

Most of the houses that had to be treated with Propoxur in Guatemala because of
the ineffectiveness of DDT were located in cotton--producino c-unties. About 90% of tll 
the housessprayed with Propoxur in Guatemala were located inthe cotton areas. No 
information is available for the rest of the countries ut there are reasons to believe that 
the situation is similar. 

An effort was made to relate mcicric rca'w,iIII, c...tt. acreage, resistance und
 
malaria control expenditures in 15 cati.n-.:','wing c,'tis .-Guatemala during the
;f 

past four years. The results indicate 6i'at rn'kdcu rct s' r.re strong /associated with 
resistance and clearly related to the t:,eBcC 1i .'.:L surfelcu .4 C: c.t.unty that is planted
with cotton., The effech o.f malaria cont,-(,l efforts a-: ,..scur :d cause even though
they result in lower incidence it is precisciy inI lh:, rn-,lerinic counties whereie7c-e 
the greatest efforts cre mc.. ..
 

.The analysis.indicated that an increase of 1l..irn I-he resistance of Anopheles to
 
DDT results 
 min:an increase in rural malaria rates :fG.185, cas's per thouscnd population..
The regression coefficient of resistance (in percent) as an explanatory..'ariable for rural 
malaria rate was found to bo 0.185 and significant a-- cx = 0 05. In percent terms this 
can be stated to m.an that c 1-)% increase in resistance. is likely. to result in malcria 
rate* 6.4% higher in. a particular county. . 

Likewise increqses in the proportion of a county s surface area.devoted to cotton 
appear.to be associated with higher malaria rates. A change of 1% in the area. of a county
planted..with cotton in. relation to total planted area may result in an.increase of 0'136 
cases of malaria per thousand population (regression coefficknt = 0.136.significant a.t 
aK = 0.05). However, malaria rates did not appear to correl..te with total cotton 
planted acreage.in,a given county. 

http:acreage.in
http:appear.to
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One explanation for this inconsistency may. be that the malaria rates reported 
relate to the rural population cf the whole county. In larger counties a large cotton 
area in comporison to other ocunties may not be sufficiont to affect malaria rates in the 
whole county. This effect is .r-counted for whon o'ic- considers cotton area as a.0ercent 
of total area as the explanatory variable. 

Another qualification to the above analysis is that there may be factors affecting 
the development of resistance other than cotton pesticides. It is Obvious that the use of 
DDT in malaric control itself i',lay eventually result in high resistance. In this sense'cotton 
pesticides m~y have only catalyzed the process and 'cause problemsbefore they were'd'e to 
occur. 

The fact that resistance is higher in cotton areas and thc;t malario control authorities 
are forced to spend more in cotton counties suggests in the absence of alternativeexplanctiors 
that indeed there' are actual and potential malaria effects of pesticide use in co'ton. The 
economic consequences are discussed in the chapter' "The econcmics of pesticide' use 
From a human health standpoint it can be said that a slackening in the malaria control 
efforts may prove to be a danger for the population of cotton areas. 

There is a need to develop alternative mehocds for Anopheles control. Resistan:e 
to Propoxur isalready high in many cotton growing ccuinties of Central America. Other. 
pesticides 'r already being tested in substituti.on for Pi )pixur. Integrated Anopheles "' 
control may be one possibility tostop this nevur-.en,44n;g circle of innovation and 'resistance. 

3.4 Sub-clinical intoxicati')n levels in Centr-i. inoric:: 

One of the main sources of concern :.ver pesi-ic.Os is their .ccumulathon in 1'.uman 
tissue, this s particularly true in the'case of rc1no cblcrinattc pesticides whose bu ld 

up is enhanced by their high pcsist-dnce . ,lu .. :..ow o no'st'dy relating DDT 
accumulation levels to physical ills, it seemed im,:ortcnt f!.or compc:rativ'e purposes to 
determine the levels of pesticide residues in members of the Central American urban and 
rural population. A furthermotivation was to explore the most important factors associated 
with pesticidei:!uild up. 

A total of 135 individuals were.requested to doncte blood samples for analysis in 
two CentralAmerican countries. Of these, 15 came fror, urban areas and the remaining 120 
came from cotton areas in Nicaragua and Guatemala in equal proportion.* 'The samples 
tr.,<en were refrigerated and shipped to laboratory facilities; at the time of sampling the 
donor was requested to pro'vide information such as'age, occupation, prev;ous illnesses, 
previous poisonings and, in cotton areas,"time of residence. Subsequently the serum was 
extracted and the sdinples analyzed through gas chromatography. 

The levels of sub-clinical intoxication turned out to be substantially higher.in 
cotton areas as was expected. Average levels were 520.6 parts der billion (PPB) for cotton 
areas in both countries(Guatemala and Nicaragua), a figure 6.8 times higher than the 
average levels in urban areas. Here the presence of DDT in blood was 76.16 parts per
billion. The difference reflects drastically the increused exposures of workers in cotton areas 
of intensive pesticide use. 

http:higher.in
http:pesi-ic.Os
http:substituti.on
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'The presence of DDT residues is much higher in Control American areas than

in countries like the United States. /.n c;nalysis of 462 samples of various races and
 
socioeconomic conditions in Dade county. Florida, gave c.n averajc corttcminati,n of 
46.4 ppb in blood serum. This figure is 1 times smaller thc.n the cverage human conta.
minction in Central American cotton areas and 1.6 tiries sirc:ller than the figure for
 
Central' [-merican urban areas. 
 (1) The figure for coiton areas in Central Americci is 
only comparable to residue levels in DDT manuf--c.uri;og workers, 59'0;5 ppb in 35samples 
from California . (1) 

By world standards; Central American cotton wo.rkers are among the populations
most highly exposed to pesticides. To the extent that pesticide accumulation is harrlfu! 
to humans. 6 potential cause of health problems underlies the Central I:.mericar, popula;'ion. 

Sub-clinical intox.crtion was significantly higher in Guatemalct thcn it wo:s ir. 
Nicaragua. The average for 68 Nicaraguan cotton workers was 394.7 ppb (r=185.4) C! 
figure 1.6 times smaller than the average for 67 Guaterncilcin cotton laborers, 646.5 p & 
(r = 753.9). This difference should be interpreted with caution as all samples came from 
two Forms in each country and there is some room for distortions caused by d;fferc-,
insecticide use levels .;nd mix in the pcrticulcr farms involved. However avera e use of 
chlorineoted pesticides was higher in Guatemal. :bsA.lutein terms. In 1 74.//5 Gucte . r..
 
!rn cotton growers used an average :f 51.3 ko/ho of .., Fhrines, wherecs Nicara-.
 
guan farmers used 37. kg/ha, c: figure 1.": ti:...s ".. r it is sensible to expect

higher DDT contamination where inore oT 0is rrctc!ri, is(..
J.
 

A statistical analysis was perforr.c-c t c-)roi ." residues in Llood with the 
age of the donor, his irne .-f rcsidence in res aspt and present ill..;)n -r&n -,ccu.c-tion,.n 
nesses cnd previous clinicol iifoxicctios. Tiwis w..,, I -..rder to understand betterthe factors affectinq suL-cliniccl -ntoxic,,i,.. Iinellor,r1.),.:o.;wasv~ fItitte," .f:)the dcta fror.-
Nicaragua, the country with the more c.,r, -leie f,:.rCI !5c. 

Time of residence: It wc:s hypothesize! thI-t ti . :.terson liver! in cottonI )UI-)cr 
areas, the hi:.her DDT resik-s in his bloo. w-oulk . "his was stc:tislicc:1l>Y confirme.!. 
There appeared t-be c.reltionship between +e-numrr.-cr :cj.: rs :if reskc rnce and the
level of sub -.clinical int;'oxicction by DDT in parts -.4ri ii -n.The an:lysis suc josted
that each year of residence incotton arecs increesed the !:OT level in 15., ports per
billion. The regression coefficlent was si.gnificant c:it = -. :A. In percent terms h-he 
elasticity of sub.-clinicc:l in;'hxicction was 0.36 In oter wads, one could expect that 
a person with 11 years of livin. in cotton areas would '-ave 3.6% more DDT in his blood 
than his comparison with 10,years. 

When a study is done relating sub-clinical poisoning levels to disease or c thres-"
hold for DDT levels in blood is designed, the above information will be valuable fur 
adopting retirement or :.re-locating procedures for over-exposed workers. 

(1) Davis, John, et.al., in Press, 1971. 
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O!her vcriables: 1(l-:thr age, cccupution, p'eoviou., .Ine-as or the occuranu.,
of previous intoxica;;ons appe.ared to bt signific.in'ly ussociaied with sub.-clinical into 
xication levels. The r~cson aigiii ie "n the manner In whorkh this information was 
collected. A very short interview ran;,..t provid, jood 'qucnrittive information on
 
occupation (we did not kno, how mrq yecis t;,u 
 iolk',i'.Lecn in 'hat position), o:"
previous illnesses for which there a-no clinicai r.;corcs. /.je arid exposure may l_ int.'.. 
related in that olde.r people riiht ivoid u,.necescr, exposure. The incidence of previou
intoxication was too low i%)providu ,!stcng eplcna&;in for DDT residue'varicbility 

The studies per orme.' show that sb-clincol int;:.'icr.t--n kvvels in Cenral
America cotton areas cre. vry hSgh. This reflects inierziv ox;pnsur, ,'oresidual pes!icc., 
,nece:sary complement to stu',ies of this type is to relate r,5sid4uc leve!-: to human ln'.

For although "some reporr have indicated higher concetrations or DDT and its -nte'Abo!i
in a variety of pathologies including cancer, hypertension an(.' disease of the liver, othrc
have found no positive correlation between fat residues of 1%'T und disease"(]) 

In order to further explore sub-clinica-l.into),icatlon cId to pro,'vid witi ,.:-,

compo.'ison with ei'her crecy, 
a study of DDT residue ':.,vels i hu.man .:tts wc" C

performed. / total of 46 srrnples of abdorninc,! ICt W: O,taioi'. rom cot'n ,::na nor,
 
cotton i'was in the four countr*.s. ' . re..c,l.:.d ,{ -!as chromatog:cphy, 

Avera, DOT corni.,nt in I- - :..... . " S. billion ppb. In
cotton areas thc. u,,r:.? wcs 4..3. (.z', - ., , inno,.
:'rn ,.. .n averae 
cotton ( r;,. ",g.. : ....z) 2& ' .*. . o . \,,-r. ,2d not iur,,, ,:, 
out t.. h ;'ist.rn., o',.,s',t ,..n-, or(..':::',. ... .c 

withir the same c-:'e_.qc"v, 
Javirchn n,jrum .,,cs '..,'. :11" niah ..:e,, . '*., .:''."., Th' .- ~e Inr,-nco&,.:n.
 

arz.as wc-s ,ph, :, o. j."t,-
55.02 r o SC,, ,........ Civ in :,1
iC.,- 4s couitr.. 
!arm~l.s fro .: (O-uc:'e~nar r~c, ocrJ hi-ic-i' k.on..;:"n¢io.'i s ye:"sc i.v .- hev 

4').9 ppb fo- :-it.n c. - ionn.. 0 . s. ' " '2'.96 fo* i-icc); ,:1 clfol lowed.. v 
averages of 35.S anc I for ccA ,-Dr on I -c-,. OCZ, r.-'.ect'i', . 

Honduras had the lomesl- content of DDT in f,:ij,,iu-, 2>.3 rpb cnd 15,0 ;:.pl.
for cotton and non-catkon cr..xz', respec *'iely. 

Table 44 summari.s DDT presence in humr,falu ir ' fotr cotntries. 

As with other environmental data, the only way to pr..ient fuiture ills is to stu& ,
the present situation and its associated factors. For instance, Lotton workers couid b .,
made uware of the fact that each year that passes inceases " ! levels of toxic 'ultan
(DDT) in their bodies in 15.3 ppb or its equivalenti.n. the loca jargonrt This and the 
relationship between cotton production and human po*:onH rs ,ighi help increase th.-r 
conciousness of personal risk and lead them to prer fihose faci
is where occupational 
conditions are healthiest. 

(1) Davies, Johr7"Mnitoring Residues :r. ,,", c.:.11nL',.o Plaguicidas, SanS alvac&,. 
El Salvador, Dec '973, p. 2 



The consequences of pesticide use are only one )f the many ills that affect the 
Central American rural workinj population, with t4ie difference that their cause can be 
easily traced to pesticide use in cotton. It is therefore possible to work concretely on 
the reduction of pesticide 'lozards at the farm level throu,+'h codequate preventive 
measures. 
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TABLE 44 

DDT RESIDUES IN HUMAN FAT IN FOUR CENTRAL, .MERIC/N COUNTRIES 

1975/76 (ppb: * 

DDT Residues, ppb
 
COUNTRY Cotton Areas Non-Cotton Areas
 

El Salvador 55.02 N.A.
 

Guatemala 40.90 22.96
 

Honduras 22.28 15.02
 

Nicaragua 35.92 18.16
 

Central America 40.32 20.38
 

N.A. : Not Available SOUCE: ICAITI 

* Parts per billion units of weight. 
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4. INTEGRATED COTTON PEST CONTROL FOR CENTV,L. ',MERlCP, 

Since its inceptirfn, this project h s ac, -.caterd 1'-e use of alterncive cotton pest 
mana,gement procedures as c 1,njor solution to pesticdc, po.ems. Specifically the 
project has emphcsized thc dewopment of integrtd! zol,.;:.est contr:ol cs a techlnically 
feasible and economically profitable wcy to pro,oic. .".rc. t! ,iioniai us. of ;esticides. 
Whct makes integrated pest control particularly desir.bL. it: the present case is its 
potential to reduce pesticide consequences while mring cotton r.roduction more profif'c!."le 
thus prom-3ting this importa:-it economic' activity. 

Integrated pest control is a comprehensive ucologicui a;prooch to pest mronge
rrentwhich works within the-context of a particulai ecosystei'i employing all availaIble 
techniques in the most compatible manner to maintain --lust ),;pulcitions below econoriuilly 
harmful levels. The approach is based on a day--to-day unideitanding of ecolo:.-iccl 
conditions within and around the fields. It relies heovily on !he preservation and 
encouragement of natural control agents such as parasites; pathogens and predat,)rs. Culru:'cjl, 
mechanical and climatic Factors are used to advantuge ir, orckar to achieve the .ir, of 
producing maximum profits while taking into accour.; short aid long tetrm ecological 
constraints. When artificial control becomes necessary it,• is carried out as selectivel,,, 

possible and only when economically and ecologically justified. 

Although integrated cotton pest control has been thoroughly tested in one ;tuntry 
nost Central American farmers presently ignore the exact nature of its methodology c.n: 
economic implications. Likewise many farmers are not acquainted with this technolog) 
even though it would help solve many of their pest management problems. Furtho.r, inra, 
the methodology hcd previously Leen tested rigorously only in onc country a;wj cilihou4h 
ecological conditions are vti' similar farmers tend to believe only what thc see !:c, 
pening in their own zone. '.side&from tiis there is the oL'iijs consideration of rerinir... 
integrated pest control to s .: ,t.particUL.r ecol.gic): .:j:itions in the fc .r cotton piro.'uc. 
ing co6ntries. 

.Thus it seeecd ':,a" the st courso tio,. hii ,r.:;er t.) develop integrcted co' 
,ton pest control was .:e,.1 ' 1orstrctuUi cr-acs. I c un:'ries urier the.sunervision of 

the project. Demonstraflon, 'ii cti'.v.:i:. r:''err,'i.c..ie amount of training coolc 
be effected simuItaH,'e:l;. :jsi i. each country's exprncc. Although the program met with 
institutional difficulties i.,'de!ky. nrjJ s 'fferec' frvi-t .:.:.rai evenis such ns 'luricanes, 
volcanic eruptions; ar- e'aIrthquckies, the resu!ts cl: ,.hl sc:-isactorv: These are present.
ed belov. 'With the oil-n of infor' ,na qteres.ec Cer:tra/-Aerican farmners, officials, Cind 
other interested parties in both -griculture crnd ecjl,-- on the program's methodolou! and 
results. 

http:qteres.ec
http:desir.bL
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4.1 	 Objectives 

The objectives of the integrated pest control demonstration program were as follows: 

i) C ,rnonstrate the methodology of i-itegrated pest control and the results
d its application in comparison to specifically selected check plots and 

national averages of pesticide use and cotton yields. 

ii) 	 'Transfer integrated pest control technology to c number 	of cotton
technicians and cauxiliary personnel which would be in charge of 
managing the demonstration areas. 

iii) 	 Publicize the integrated cotton pest control experience in order to 
generate interest in more extended progrcans. 

4.2 Methodology . 

,central featur'5o,'tfe methodology employed was the selection, establishmentmanagement, and moiitoring of demonsiration "plots" in each 	Central American country.The official cotton grower organizations in each country were contacted and requested
to provide suitable demonstration areas in c.ommercicl or experimental cotton farms.
The cotton organizations'also provided the cgroror;sts necessary for the managem-ent ofthe demonstration plots. Those .rowers who vo'lunteered their lands also paid for all expenses incurred and bore the risks inherent in tLc! tesrir:;' of any new technology. Theproject provided technical assistcnce and su:'ervisior through'i an integrated pest control
expert. This expert was assisted by c l6cJl tecrinccl res-Ources.group as well as by
internationally-known experts in integrated pest co.;trol. 

,basic cotton pest control strategy was .deni.:;-ie," 'or the Central American cot ton area. This strategy relied heavily on experience obtai;,e. ;n one of the countries
( !icaragua) since the late l%.'s(1). However, the proje :: is responsible for a number
Of adjustments to the methodology and for the partirul.r fOrm in whici it was applied. 

Before 	presenting co outline 	of the strategy dasijned c'nd implemented it is-wellto note 	an important condition which affected the program's development. The philosophy
.ofthe 	demonstration prograr was to incorpor.ate more.efficicnt pest management and
agronomic techrImques while working Wvithin the cons..rcints of the farmer's particularconditions and attitudes. Thus the strategy. designed provided a valuable point'of
reference but its actual execution had to be adapted to pcrticular circumstances as theyarose. This isprobably a feature of most demonstration programs in commercial farms
and indeed of most technical assistance programs in agriculture. 

(1) 	 Proyecto Algodonero de Asistencia Tecnica(PAAT), Banco Nacional do Nicaraguaand Comitg de Control Integrado de Plagas del Algodcnero, on inter-institutional 
technical group. 
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The pest management strategy can be dividec ;n ;5ur stales: Pre-planting (or

between seasons); plant estciblishement (from plcnt;,ij to appeurc.nce of the first floral
 
button); crop formation (fror First floral button to first oper,boll): and ,naturation of the
 
crop. Recommended managerment cctions -ire different for each :-f these stages. This
 
makes their separate consideralion necessury.
 

(1) Pre-plal'itiny : 

Cotton pest control bejins immediatel, ar'ter the :revious year's crop has 
been harvested. Pre-planting octivities have cs o1 ec'ives to cicourage the development
of beneficial species, protect the soil against wind erosion ( a scrious problem in some areas 
of Central America), propitiate ;enetical diversity in pest populations and confine c mc,or 
part of-the colonizing populalios f hollweevil (Anthonomous Crandis.Boh) fror both the 
prcvious season as well as now ;nfestations. 

Old cotton stocks are left standing in the field until about May 1st. when raos- but
 
the greenest arc-as are destroyer,. Those green arecs (culled "coiiton islands") are four row
 
in width and about 51meters Ion:; and cover 1.-2% of to al surface.planted.
 

Immediately after these cotton islacnds -jrc fr~nec the careful rnonitori.ig of arthropod
populations begins. The mairn objective of these :.;"5)ts is to:be cble to perc icvc 
significant increases in bollweeevil :o"l'tions. C,'., rs rore r:-ix:c using'specifically c;esigned
tclly sheets (table 45)- Daily results or(:- entere'-J ini, rc - '.w1ich shows: the evoluion of 
weevil populations. 

Weevil control !e,o4-" necessary when ':l..X:r" : ,'--ersistent increases in its 
populations . r-..-;occur. Control in this stage cnsstsz ,- u:ult w'evils manually ri so
 
far as possible. When this is rpossiLle oe cc..'-.r co usi
'" .ntrol etyl
parathion in doses of r-About 1.4 kilograms of acftive .jre,;. ' 6r. liters of the 
commercial formulation at 48%). 

Cotton islands help corcentrate and control ":iiwe1. 1s ri;inr:n.fr.)i-i the prcious 
season. Thei are left stondin,' u til one week ol: er 2 cains:'which-c mark the :.;inning
of the next season. At that point "trap crops" substituie ;or cttO, islciWIs. 

Trap crops are small PlJ)ts of cotton ,lanterd' with s.;Ufici.nt anticipation to ,:oncent,.ak 
those weevil populations whi !hinvade cotton fro nhe s urrounding .eVetciti,,. These small 
plots are also four rows wide and 50 meters long. They arc pirvte&irnrrdictely after the 
first rains in those pts wihich experience has shown to !'o I'prefe.ential entries for kllweil. 

(In most cotton. piantations bollweevil first cjppers in ccrtain areas of the ficld. 
These areas are calle bollweevil entries. In fields to be plant-J for the first Hir,e one 
should consider the existence of rivers, alternative weevil hosts such as sugar cane and
plantations and predominant wind direction during the day to establish the trap crops.
Obviously no cotton islands can be where no cotton has existed previously therefore tr'e 
importance of the trap crops is enhanced) 

http:oncent,.ak
http:s.;Ufici.nt
http:rnonitori.ig
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TABLE 45 

TALLY SHEET FOR RECORDING PLANT DEVELOPMENT 
AND ARTHROPOD POPULATIONS 

PROYECTO ICP.ITI'N, S-UiN EP 
HOJA DE RECUENTO 

Finca Lote No.
 
Fecha Revis6"
 
Estaciones 1 2 3' 4 5 Total
 
Picudos R. -


Picudos N.
 
Bellot. HB. "_..... 

Bel lot. HR. 
Bellot L.P. 
Bellot L.G. 
Proden. iM.. -

Proden. L.P. ____ 

Proden. L.G. __ 

L. Medi. H. t1 1 
Chu-padoresL.Medid. L. 

'Otros- __ --I1jqo. Plantas - -J 

Pits. Poda.
 
/It.Prom.
 
Daios Hojas - -


No. Chuspas - -

Dairds P./B. 
No. Flores -"
 

Bellot. peq. 

Dc'ios P./B. 

-

'_"
 

Bellot gds; 
Bell6t: podr. 
Motas " _' 

Cicatrices 
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Trap crops are plarnted on the edges of the fields so cis not to interfere with other 
operations. Non-certified seed can be used but fertilization, weeding and thinning must 
be effected with the some carc as in the rest of the farm. 

Weevil controi in tr4.. crops differs sli.hri> iror, c.ntrol in coiton.islands. The 
strategy here is to colloc;' ud. wvi'c.vils j'lLS wz,'il..dm,.jcd floral buttons froia. both the 
ground and th, nt i': '. ," ".. pl.,,i .r.,w ,irol becomes increasinjly diffi,:-.It 
and chemical control , to '-., emploed. 

Trap crops are i: nco," skhi..irthrou~h.p,,ji. rost"of the coh'on growing season. 

2) PlanSt us iz', rn1) 

The first ster is to divide the fiel s i,'. :.ts ,: lout 14, hectares to he 
managed independently frc,,, a pest rnanagerent"s'tandpoin. Soil pest counts are ,nade 
one month and one week b",efore -.icinting begins. 'he fields Lre kept free of weeds 1'o 
reduce pest populatio.is 'hrough elinminafing their !°.3sts. 

Planting dot:Je is est'imated with a view to reducing pest incidence during 
the most intensive :eri of fruit formation which occurs when the plcnt is Letween 7', an.= 
110I days old. It has ..eer, established that a full m _,ori in c clear night inhibits the activit). 
of adults of the noctuidne fcjmily to which bollworci .Heliotis zea D. belongs. It order to 
maximize the potential cidvantage of this natural contro- effect the planting date is set 7') 
days before the September new inoon. 

Planting density is relatively high since aboui' 32 kg of seed are erployed 
per hectare. The idea is to obtain a high initial plaint population of 43,";O to 57 4"i& 
individuals per hectare which provides enough buffer in crse the plantation isaffected !y 

.an early infestation of defoliators. This plant population is reduced to between 22,.YX... 
43,000 individuals/ha after 25 days. 

Final density depends on soil quality and eape.ted ruinfal!. Loosely speaking, 
better soils with adequate precip)itation suggest smaller 7,lant populations and vicoversa. 

1Fertilizatio:i clepends on exising soil fertility and the physical and chemical 
properties of the soil. The ini'ejrated control strategy is to recommend between 65 and VY; 
kilograms of nitrogen per hectare (active ingre6 ant) and between Cand 39 kg/ihc: (a.i.) of 
both phosphorous and poicssium. These two elements ore added prior to or during plrni'ing. 
The addition of nitr6gen is accomplished in three equal portions, one before or during
planting, the other to coincide with the apparition of the first floral button and the thirc
with the apparition of the first flower. 

http:populatio.is
http:diffi,:-.It
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Fertilization a'ffects pest incidence and therefore is an instrument of pest control. 
Excessive 	fertilization makes the plant appear lush anc' hence more attractive for pests. 
It is not recommendable to add nitrogen after the plant is 60 days old unless there isa 
deficit (evidenced through chennical analysis of leaves or vy lecves turning yellow) or the 
plant has 	suffered severe physici dacnagc anc, ir is noe;cssary to induce additional vegeta'ive 
growth. 

Weed ,nanageme'.t ir :;lsc very importcnt For iitegrated pest control. Weeds are the 
habitat of pests and Leoneficial or:.,anisms. This includcs woeds within the cotton fie!d and 
around its edges. The strrrcg,' rocoi.mended is to tread" weeds so (is to obtain a maximurn 
benefit from their destructior.. For instance if the nuv:L.er of pests in weeds exceeds the 
number of beneficicls it might be wise to keep rho weeds c !ittie longer so as not to induce 
migration to the cotton. 

Weed management implies systematic populction counts. Indeed, population counts 
are the backbone of the integraited pest control strcteg,,,. They include data on plant develop.
ment, beneficial population as well as pest counts and are carried out every day (table 45). 
Emphasis is placed on obtainoi: 3 a comprehensive appraiscl of the agroecosystem which 
includes the effects of pest on the plants and the factors affecting pest populations as well as 
the capacity of the plant to absork damage. 

During the plant establishment period (from plantinc to the appearance of the first 
floral button or about 32 clays) pest management is directed towars leaf .-eaters, lecf.-suckers, 
shoot pruners, and bollweevil. *he cotton plant during this period can withstand up to 50% 
damage to its leaf surface and this allows the tolerance of fairly large populations of leaf
eaters. The proportion of small larvae (less than 1.2/ cm) to large larvae is important because 
it allows an estimate of the efficiency of beneficials and other factors in effecting natural 
pest control. Other factors affecting population trends include the phase of the moon and 
the climate and they should be taken into account. If crrage begins to approach 50% natural 
control can be supplemented with liberations of Trichogramma. In cases of attacks by Alabama 
argillacea with damage above 50% it is recommended to apply triclorfon 95% in a dosis of 
215 grams/hectare(1). 

Damage to the plant by shoot pruners (Creontiades spp) can be circumvented by 
delayed thinnings to eliminate damaged plants preferentil 7 If thinning does not solve the 
problem and pest populations remain high with little possibilities for natural control localized 
applications of triclorfon (290CD-/'30 g/ha) can be made. 

In case of suckers (Aphids and leaf hoppers) management must take into account the 
capacity of the plant to tolerate foliar damage much in the same manner as in the case of 
leaf-eaters. Selective and differential control is emphasized here too. 

Bollweevil management in this stage depends for its success on the prompt detection 
of infestation points. Control is manual as far as possible and if necessary chemical but 
localized, employing about 4 kg/ha of methyl parathion (active ingredient). Control in this 
stage is very important because bollweevil will develop very rapidly once fruit begin to 
appear. 

(1) 	 For other pests see, oit6 de Control integrado do Plagas del Algodonero, 
Gur'a de Control I ntegracdo de Plagas del AIjoJonero pcra 1975 -1976(Managua: 
Banco Nacional d6 Nicaragua, 1975), p.41.-42. 

http:nuv:L.er
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3) Fruit formation: 

Damage to the leaf surface during this period can only be tolerated up. to 25%.
 
All other recommendations reqcr'ing kl.af--eaters are l same as those given for the
 
period of plant establisL." '.'he s,.c C.;-c:r.suc,ers except for white fly
 
(Bemisia spp) , whose control is cffectcU t:,.j' wCed :-,anaoernentand localized
 
applicalt- os of syster,,ic pesticidi.s such c:s .. cro'jo's in C,dosis of .8 -1.6 kg, .i.
: 	 c (-,. 

The most itnori'. :).,...sts curig t,;s sicce or:. i.,sa wh!ich attack the fruit. The), 
include bollweevil mod Lollw.jrn (HJiotis sp-:-l- ;nluence in the agroecsystem is 
crucial in determinirc,* -t ,lds.C -l-,s. , he management strntegy-ie..f 

recommended for thc : -. i'c :. lrtL I: It.
 

Bollworm activit. this stage is 	 i cting date(see p,13 fertili..il:n-e 	 M),
zation 	(p. 138 ), and brneficial insect mrnacrnent, i'zneficial populations are encouragec 

throuigh selective control oi lec f.-eaters and cdequoto wijed mcnageinent(p. 138 )..As the 
seasonadvances it becorr,cs increasingly difficult f.r 'he beneficial fauna to maintain 
bollworm population in chek, /-t that point parasite liberations can be the most effective 
Factors such as roin con aid in the oatural control oi" I:ollwor-n populations too. 

As time elapses daily population counts become i;.ore important. It is estimated
 
that one bollworm larva damages c6out one fruit port per day during the 14-day period
 
between hatching and pupatirf.fhus for pest mancaement rurposes one larva rmleans
 
the loss of one fruit part in that day.
 

One of the most -Important factors in 'ie ccntrol of ...llworm is derived from
 
the plant fruiting habiis. Cotton belongs to the gr.oup of the indeterminates so that
 
fruiting normally exceeds the capacity of the plant i'., support all fruit until maturity.
 
As a consequence fruit shedding occurs naturally and the loss of a considerable number
 
of fruit parts has no impliccr;ions on fi:ial yields.
 

The strategy rccomreneed was t,.. effect che::iiccl control when the number oi:
 
small larva (less than .. exceeded 8,,6"j .er
27 c:) hectare !',ut in reality the po.-.ulation
 
trend had great importance in deciding an application of pesticides. As the season
 
advanced the economic threshoid was allowed to go up ii iight of evidence that naturcl
 
fruit shedding rates also increase with time. Besides with prese-it cotton and pesticides
 
prices bollworm populations have to go abo'Ve 5,G)0C larvae/ha before it becomes
 
economical to apply. In implementing the strategy however one must take into consider
ation the farmer's risk aversion preferences(1).
 

The strategy recommended was to use chlordimeform 500 in a dosis of .215..3 5;
 
kg/ha (a.i.) (2). An alternative is to use toxaphene - DDT (5 --2.5) ULV in a dosis .f
 
4.25 liters/hectare. These measures are applied only when economically and ecologica!ly 
justified. 

(1) 	 For a more detailed discussion of bollworm economic thresholds see chapter, on
 
the economics of pesticide use.
 

(2) 	 After the 1975-76 season had ended the principal manufac'fers of chlordimeforrn
 
temporaril> retired its product from the market on grounds of potential human
 
health hazards.
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If an appropriate management strategy has been followed beforeplanting and
during plant establishrrent boliweevil may not be c.pro:blem in this stage. Manual 
collection of dcreaged ,':n fallen floral buttons bontiomjcs, Cl1emical control:U.ing

methyl parathion in a dosis of 0.8 to 1.6 kg/ha' (a.i.)is restricted to heavily infested
 
spots or plots.
 

4) Crop maturation: 

As in the stage of plant"establishment'the sir tegy is to tolerate up to 50% leaf 
damage once the first open boll appears. Bollworm and bollweevil management is the 
same as in the previous stage except that greater populations can be tolerated. 

Whitefly contral is rnstirtportant during this stage as whitefly produces Fumagina,
a sticky substance which interferes with cotton processing (and lowers cotton prices)and 
promotes the' development of fungy. Crop maturation status is very important in whiteflycontrol. If onlya small proportion of the crop is open, chemical control can become 
necessary when there are five or more adults per plant and more than 80 nymphs. The 
recommendation is to use metamidophos in dose )f.43 to .64 kg/ha (a.i.). 

Once 50% of the expected crop.(larje bolls+npen bolls) is already open the
 
strategy is to defoliate selectively up t,.: h.- surface.
.50% )f t1e Ia..r All control -is suspended
when only a small percent at the crop is in the Form .,r soft Icr:je bolls (unopened). Aprompt
harvest may be the best way to avoid whitefly pr:Jle i.s c.te in the season. The use of any
chemicals during hcrvest must take into c-c,jn heo increcseci possibilities of human pois
onings and emphasize low toxicity products.
 

The methodol),gy outlined wcs complerent.-' vit'- i) the selection of a check
plot and the monitoring -)f activilies and expenses i ilH plots the first year; 2) a care 
-
ful monitoring of all agricultur. c-ctiviries the secnnd vee~r with a view to establishing
the acceptance of the strcte3y suggested, and 3 ) statistical comparisons of economic and 
organic variables in both years cs applicable. 

RESULTS
 

Table 46 shows the demonstration plots in every country in both years and their

total extension. Differences in size and number 
are attributed to grower willingness and
ecological differences in each country. The second year a total of 1,357 hectares were
supervised, which represents a little more than 0.3% of the total surface planted with 
cotton in the region. 

Table 47 shows a comparison between integrated control demonstration plots and
neighbouring plots under the conventional system with respect to number of insecticide 
treatments and costs, yields and profits per hectare for 1974-75. Integrated control plots
made an average of 6.7 pesticide treatments less .than the neiohbors under the conventional 
system. This difference .(.c reductiog of 32% .in, the number of treatments) was statistically
significant (ax = 0.05) when cornparing all twelve plots.', 



.Although yieldsiwere 211 kg/ia higher in the integrated control plots(a dif
ference of 8%) they were not significantly higher. This isprobably attributable to
 
Guatemla.os experience and the variation it introduces into the analysis. Obviously

there isno tendency toward lower yields in the integrated pest control plots.
 

Total costs and pest control costs weresmaller in the integrated control
demonstration plots. Total costs per hectare: were $95.1 higher in the conventional,. 
check plots and this difference was significant ataK 0.05. Pest control costs per
hectare were $70.6 lower in the intregrated' control plots and this differ*ence was also 
significantlt =0.01. The-samd is true'for pest control costs per'kilgram of cotton 
produced. Here the differehce was of $0.028 kilogram (table 47). 

.As a result of the above differences total and relative profits were higher in the
integrated control plots. Statistical analysis showed the differences in-profitabllty signif'cnt 
at cx = 0.05. Absolute profits per hectare were $162.29 higher in the integrated control 
plots and rel-ative profits (total profit- total cost) were three times as high. 

In all-cases an increased cost of $14.3/ha v.s ssigned to the integrated cnttftl 
costs in order-to account for more expensive technical assistance and scouting. Still,
integrated control produces significantly higher profits while reducing ( also significantly)
the number of pesticide: , application by 32% in the first year of the demonstration. 
Tables 74 to 79.in the oppendix show' the agroeconomic comparisons in slightly greater 
detail-and expressed in local units (manzanas). Also shown in the appendix isa,partial'"
table which gives detailed insecticide use information on three of the demonstration plots 
and their respective check plots (Table 80). 

The results for the second year show essentially the same facts. Largely because of
institutional difficulties careful monitoring of the check plots was not effected. However 
a great deal more agronomic and economic data' concerning the demonstration plots was 
obtcined. Table 48 shows cotton. yields/ectare and number of pesticide applications for 
the twd.years and table 49 a-summary of all the relevant agricultural operations performed
in the-integrated control plots in 1975-1976. 

In j975-1976, the reduction in the number of pesticide application is more marked 
than in the previous year while the difference in cotton yields remained constant. This 
shows the effects of experience and confidence on the parts of the growers who experierced
the demonstration-in! their own lands. . 

The two-year average yield 'for the whole region (integrated control) was 3,359
kilograms of seedcotton per hectare.with 15.25 applications on the average. Its 
comparison (traditional control) had yields of 3,038 kg/ha and mode about 25 applicctions.
Integrated control obtained yields 11% higher and made 39% less pesticide applications. 

•. t ". {,..'.t " ' ' . ' ; • .. • ' .. ' 
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Table 49 gives a detailed picture-.f the agriculturalactivities and results in the 
demonstration plots during the.1975-1976 season. From the table it is possible to determine 
the degree to which recommendations are accepted by the farmer. This is important 
because technical assistance is not compulsory and depends on the interaction between 
the technician and the grower. It was not possible to obtain analogous information for 
the check plots because no such records werekept in these farms. However the activities 
discussed willH.be refered to aggregate practices whenever possible.. 

Pre-planting bollweevil management was. tried in Guatemala forthe firsttime. 
It generated considerable interest. The surface of the cotton islands was less than 1 % of 
planted area in Guatemala as well as in the other two demonstration plots which engaged
in this activity. Total insecticide use was 1.4 kg (a.i.) of methyl parathion in each plot
during the whole pre-planting stage. Average cost for pre--planting.bollweevil control 
was less than $1 per planted hectare. . . 

Final plant population density is within the recommended limits in most cases..: 
Guatemala and Nicaragua II are excepiun. The farmer's lower density is caused by
specially moist soil conditions in Tiquisate i(Guatemala) while the case of Nicaragua II 
is the exact opposite. Leon.is: !ocated in a Zone .frequently affected by drought. 

....................
 ,.......
 

Except for the use of potassium most fertilization scheduls were within the recom
mended dosis.. There is a marked tendency.in Central America to use excessive fertilizer.-
The average for the counties where the demonstration took place in two of the countries is 
around 165 kg/ha (a.i.), whereas the average for the plots was 142 kg/a. . 

In the majority of the demonstration plots pest counts were carried out every day. 
Where.this was. not possible. counts were spaced. two days apart.. . . 

The first application. of pesticides in the demonstration plots was made on. average
of 67 days after planting (range: 60-87 days.).: Most Central -American farmers begin~treat
ingaround day.,40. Delaying,-the first appli-ation helps preserve the ecological balance 
within the agro-ecosystem by not destroying beneficidls. Bollweevil did not cause the 
first application in any of tlie demonstration plots. The only plot with serious bollweevil 
problems was the Hnduras .plot, No trap-crops were set up in the demonstration fcrmthere; .. 

Average pesticide use in the demonstration plots was lower than the average use 
in the four Central American countries. The situation varied from country to country. 
Guatemala reported the highepswteduction since the value in the integrated control plot 
was 33.1 kg/ha (a.i.), .nd.th' national average was!.7.9.9 kg/ha ,(a.i.).( a reduction of 
almost ,Q. ).: . ., .. , 

Savings were second highest in El Salvador: Integrate. Cintiol =. 53kg/ho., 
country average=70.0 kg/ha. In Nicaragua and Honduras the integrated control plots 
were actually slightly higher than the national average: Nicaragua's average use was 
20 kg/ha whereas in the demonstration 30 kg/ha were used. On the average, the 
demonstration plots used 50.5 kg/ha and the Central American average was 62.5 kg/ha. 

http:tendency.in
http:willH.be


Several factors explain why pesticide us. i. dem., nstration plots in Nicaraguaand Honduras were .slightly higher. The most important is that the national -average isbiased downwards by ' large nunnher of marginal growors ;i-, '.,-)th countries. Theintegrated control plots were located in prime czatton lci.ds where insecticide use was
higher. For instance insecti-.ide use in Ch .. (i,icr-ua)was 3' kg/a and it•
Le6n (Nicaragua II), 82 kgI/ha. 

In Honduras the small size. of the cotton sector c:,', ' tho abundcnce of lowtechnology growers maintains over all insectide use low... It is different to compare
pesticide use in demonstration areas with pesticide use in check plots them to compare
it with national values. 

In the final analysis the success of a demonstration program is measured by theimpact it has on the growers themselves. One way to mousuru this impact is-to find auttheir willingness to continue and expand the demonstrction t- large areas. This wasdone in the present case and the results are highly encuragi ,g 

On the basis of two-year of results arrangements had 'een made in El Sclvc:d)rto stage a large scale demonstration effort this year. The pro gram would cover 3,500hectares in the main cotton area of that country. institutionc i difficulties cod delayscaused to plan to be filed.away but the option remcins for fuure programs. 

The Guatemalan grower on whose farm the 35.-hectare demonstration plot was
operated was willing to extend -the demonstration area lo 700 hectares. 
 The interuptior.of the program meant a cancdla tion of those plans. iievcrtheless lie personally hired
the project's technician in charGe of that plot in order to continue the integrated rPesi

control experience on his own.
 

In Honduras the cemonstration arec wcs 'oinc to be extended to cover 610)hectares this year. With the interruption of the program this idea also had to wait.Again, the farmer sought an integrated pesi contr:: teciiniciar on his own and continues 
to work in this direction. 

The N icarauc . crcrn rJlrecad,,',.: .,v rs:Y-:; iu.er of farms and influencosa considerable percent2,ec'.* :lon-ed.':r.;,-.. . i however is suffering some

financial difficulties cand 
 ii-vv,'l7al t ¢., ttuin eff!:rt t ,o ntain its original momentum. 

Itoan be safelv st:'ted ti,.H;- 'his ; r :jeci" hcs mck ,e c hec,'"stort toword integrated
pest control in the four Centr-l ,.anericcn couiiries rhr .) w cotion. 

DISCUSSION 

The potential benefits of integrated pest control in'Central American cotton'production are substantial. Every year about $7) million are spent for cotton pesticides.If control costs per hectare ccn be reduced by 23% through inregrated pest control the
potential annual savings are about $15 million. 
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Integrated pest control results in significantly lower use of insecticides. There arepotential environmental benefits to be derived from this reduction. The emphasis on low .
toxicity products will have immediate benefits for the human helth of the Central Ame -
rican population. 

Integrated pest control requires an investmer-ii in hu-ran technicc!l resources as well as further demonstrctior, cnd disse;:ination of rcsult- anl.. methodology. The committee forthe professionalization of inte.jrc, e pest control i,'i*!iccrcjuc estimates a cost of $1miin.ionannually for the training of technicians clone (1). Furrier Uemonstration and dissemination 
costs have been estimated at cI',0Lt $0.2 million for one yer2). 

The adoption of integrated control represents a way to provide environmental
protection while encouraging an important economic acti:vity. One of 	the main atractives
of integrated control is its economic benefits. Farmers would be helping solve environment
al problems while pursuin._ their own self-.interest. 

In order to expand integrated control it will be necessary to devote considerahle
effort to increased demonstrations and dissemination of existing results. The present
project 	has only begun tu scratch the surface of the real problem, which is to change. pestmanagement practices in Central America.' Dissemincition of'results in the form.of conferenceand informed talks has'Leei meager so for and it should be undertaken seriously if the
project is to have any significant impact in the Central American environment and economy.
As an optimist put it "the operntion may have been a success but the patienthas not vet 
been cured".." 

(1) 	 Le6n, G., M. Vargcs an! M. Vaughan, Project for the Developmentoof a Teaching
Program in Integrated Pest Control forMiddle Americain Nicaragua, FAO,/UNEP
Consultation on Pest Management Systems for the Control of Pests of Cotton 13-16 
October 1975, Karachi, Pakistan. 

(2) 	 Central American Research Institute for. Industry (ICAITI),. A Systems Management
Program to Reduce the Environmental Consequences of Pesticide Use inCentral
American Cotton Production (., Proposal for Extension), Guatemala:ICAITI, 1976. 
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TA'BLE 46
 

CENTRAL AMERICA: INTEGRATED COTTON PEST CONTROL PLOTS PROVIDED -BY-COMMERCIAL GROWERS FOR 
DEMONSTRATION PURPOSES, 1974-75 and 1975-76, HA. 

C.ountry 1974-75 ha. 1975-76.ha. 

El Salvador 44 210 

Guatemala (i) 37 35 

Guatenmck (11) 25 * 

Hondurcs 130 145 

-icr quC() 260 267 

(Nicarau(II) 14 700 

SOURCE: ICAIT; 

Tho second Guatemala plot had to bc dropped in 1975-76. Increases in El Salvador and Nicaragua 
reflect more interest and expansion of the mthodology. 



TABLE 47 
CENTRAL AMERICA: RESULTS OF INTEGRATED PEST CONTROL DEMONSTRATION, 1974/75 

Size cf Number of Yielcis(kg of Control/cost Control/cost Total costs Profits RelativeprofitsCOUNTRY Plot (ha) treatments seedcotton) ($/ha) per kg. (S/ha) ($/ha) (profit/cost)(%' 

EL SALVADOR
Integrated control 47;.i 19 3500 266.74 0.076 661.73 497.57 75.3Conventional plot 42.0 21 3020 304.13 0.100 691.55 308.02 44.5
 

CUAT EMALA

Integrcted control 36.7 10 2594 194.36 0.075 687.94 170. 06 25.0Conventional plot 58.1 27 3567 410.55 0.1151 46.33 233.42 25.0Integrated control 25.2 12 1628 183.68 0.1129 632.73 -94.34 -14.9Conventional plot 37.7 19 1680 261.29 0.1552 741.56 -185.57 --25.0
 

HONDURAS
 
Integrated control 130.2 21.4 3385 304.72 0.090 724.07 396.05 54.7Conventional plut 29.C 24.0 2140 261.00 0.103 755.04 -47.19 -6.00 

NICARAGUA 
Integrated control 14.0 11 2983 180.39 0.060 829.61 157.09 i8.90Conventional plot 14.C 17 2933 229.20 0.073 878.42 108.28Integrated control 260.4 12.4 12.303761 260.14 0.073 868.21 375.89 43.00Conventional plot 245.0 18.0 3243 347.06 0.107 960.87 111.62 16.60 
AVERAGE 

• 
CENTRAL ..MERICA
Integrated control 85.6 14.3 2975 231.67 0.081 733.88 250.39 33.67Conventional plot 121.0 21.0 2764 302.29 0.109 828.96 88.10 11.23 

NOTE: To estimate profits, seedcotton prices of US$0.33 per kg. v:re assigned.
SOURCE: ICAITI 
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TABLE 48 

CENTRAL.AMERICA: YIELDS AND PESTICIDE APPLICATIONS IN INTEGRTED
 
CONTROL PLOTS AND CHECK PLOTS IN TWO SUCCESIVE YEARS,
 

1974/ 975 and 1975/1976
 

1974/75 1975/76 
Kg/ha Pesticide Kg/ha Pesticide 

COUNTRY seedcotton applications seecdcotton applications 
Yield Yield 

EL SALVADOR 

Integrated control 3502 19 2727 14 

Traditkncal compa
rison 3022 21 2856 24 

GUATEMALA 
Integrated control 2594 10 .,,5 13 

Traditional compa
27 35rison 3567 87895 

HONDURAS 
Integrated control 3385 21 A 3376 16 

Traditiqonc:l compa
rison 2140,24 237 24 

NICARGU/-. 
Integrated controi 3761 12.4 3634 16 
Traditional compa.

18 27rison 3243 2246 

CENTRAL AMERICA 
15.7 340 ' 14.8Integrated control 3310.5 

Traditional cvmpa
22.5 27.5rison 2993 3048 

SOURCE" ICAITI 
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TABLE 49
 

CENTRAL AMERICA: AGRICULTURAL AND ECONOMIC INFORMATION ON THE 
INTEGRATED PEST COI'ITROL DEMONSTRATION PLOTS, 
S975A976. 

ACTIVITY El Salvadpr!.Guatemala Hond.uras Nicaragua I..- icaragua II 

Size of weevil trap crops(ha) 0 .16 0 .22 .7
Scouting frequency in traps. - daily - twice a week every 2 days
Use of methyl parathion(kg/ha) 7.9 - 5.9 2.4Planting date July 21 June 21 July 10. July 11 July 23Surface planted (ha). 210 35 145 267 700
Plant population per hectare 24310 10580 3000030000 45760Nitrogen addition(kg/ha a.i.) 80.3 86.1 76.8 89.5 121.7
Phosphorous addition(kg/ha a.i.) 62.9 58.40 58.4 51.9
Potassium addition (kg/ha a.i.) 0 0 19.4 0 6.5

Scouting frecuency daily daily 
 every2days three times daily 

a week

Days 1before first insecticide 
application 
 60 84 65 
 67 60
 
Target Pest. Bollworm Bollworm Whitefly Alabama Bollworm
 
Toxaphene used (kg/ha a.i.) 19.0 1.5
11.5 16.6 6.4

Chlordimeform uscd(kg/haa.i.) 2.3 3.2 1.5 0.3 
 3.9
DDT used (kg/ha a.i.) 9.5 5.7 0.8 0.6 0.2
Formation used(kg/ha a.i.) 0.6 -
Monocrotophos used (kg/ha a.i.) .,3.7 .2 .7
Metalkamato used (kg/ha a.i.) Z4 .2
Metamidophos used (kg/ha a.i.) - 1.5 2.7 0.8 1.1Ethyl parathion used (kg/ha a.i.) 10.0 7.8 1.5 0.8 25.0
Methyl parathion used(kg/haa.i.) 9.7 18,31.7 19.7 21.4
Trichlorphon used (kg/ha a.i.) -
 .- 0.4
Leptophos used (kg/ha a.;.) ... 1.2 .. 
Gramoxone used(kg/ha a.;.) .1 
Dicrotophos usod(kg/ha a.i.) 

.... 

. .2 . "
 
Endrine used (kg/ha a.i.) .8 
Triazapenta used(kg/ha a.i.) .
 .1
Total insecticide used(kgac.i.) 53.0 3.033.1 39.6, 59.04
Insecticide expenditures $/ha 170.00 143,05 163.40225.90 180.00
Trichogramma liberated/ha 81000 ,- 200000 14000
Trichogramma cost $/ha. 3.00 7.00 .50 
Plant age at the beginning of 
harvest 
 20 159 -.. 143... 151 
 180

Seedcotton yield kg/ha. 2724.0 
 4020.9 3469.0 3671.0 3307.0

Average cost/hectare 808.5 743 
 945.2 623.1 705.0
Price of cotton $/kg. .467 .404 .386 .502 
Income $/hectare 1272.1 1625.3 1339.0 

.360 
1842.8 1190.5

Gross profit $/hectare 463.6 882.3 3Y3.8 1219.7 485.5SOURCE: E. Deshon, 0. Vigil, R.Estrada, P. Vestrini, M. Molina, G. Le6n, R. Castillo. 



5. THE ECONOMICS OF PESTICIDE USE
 

This chapter evaluates cotton within the Central-n ;nerican economy and the role

of pesticide use in the production of cotion. 
 it diiscusses. the relationship between.pesticides
and other inputs, addresses the question of how much pestici!es seem necessary for cotton 
production and explr.res possible wcys to move pesticice use towards an economically

desirable level. Among the many possible alternatives, technical assistance, economic

thresholds, scouting, fertilizer use and preferenticl import duties are examined for ';'hei.r
 
potential benefits and costs. 

5.1 Cotton Activity in the Central American Economy: 

Cotton contr.butes significantly to the economy of the f.:ur Central American countrkes 
where it is grown. Its relative contribution is nevertheles; belcv that of other agriculturc!
activities, Cotton gives employment*o half a million .-jIricuitural laborers for a total of 36
millior, rnan-.days. Pesticide use in cotton production causes external diseconomies (damages 
to other ec.nomic activities) which qualify these benefits. 

Value--cdde-.'J!: 

The yeari., contriburion of cotton t:rodus.t:t.i i -. rss international product (GIP):j.

otf the four couotrie. under study ian..s 8" J J'1,iiilion dollars in 1974and 1975
(current prices), This amount (roughly ) iu, .0," .'r year) represents payments to
 
the three large factors of eQ c fcivi.' . i .".oiic.!, !tincludes sdaries. 
warges, prfits, land rental. aid pavr,:c!:Os fo. z , 't ii asolute terms, large; and
 
seconid onl, to cofee ,:;:,:
bar.c;ncs. 

::"orlMost 'other agricultural activitie.s 'iec rii'&i. Lior on or their production.iaiue
to the gross internal proc!uct. Thls Ion(Lxpr.ss., uvropoue-added divided by total
volue of poJuction) is .8for the vhol agr.ucruraI sec'o, cid only .6 for co;"ton- Itreflects 
the exltent to which '.tonprouciiun rcs ;I !'Lticit.es, fertilizers cudon t 

machinery.
 

tekvr.theies3 cotton is an important eLcononic -:iivit,. Its value added represents
Co!ut 10% of ihat pprti-n of -'he GIP genetated by the agricultural sector and near to 3%
of the toal GIP of the four countries under study. In . iscussirng the consequences of pesti
cide use in cotton. i.twill be valuable to :remember thct there are strong economic interests 
behird ..his activi'ty. 

Employment Benefits: 

Central America cottQn production is.labor.-intensive. The largest share of productioncosts goes t.olabor, especially that employed for harvest. Cottc n gives occupation (mostly
temporary) to a half million agricultural lqbore.rs. 

http:lqbore.rs
http:Lticit.es
http:Ion(Lxpr.ss
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Even though salaries are comparotive!v low, the Iar-e number of workers employed
 
results in a large absolute contribueion 1'o
rurrJ.:l incoarioi. Daily wages for Central American 
agriculturclI Icborers range between one and two dollcrs. The totl number of work-days
paid by cotton is around 36 million. If average salc:ri s are $1.50. the annual payment of 
cotton to labor is about 54 rnllion, a sizecble sun b;, C:ntr Americcn standards. 

For the most port cotton payments to Centrcl Anmericcn labor are a small but neces
sary complement to other agricultural activities. The average laborer works in the cotton 
fields about 72 days. The small cash sum they earn is'particularly important since the rest 
of the time the p'easant might be devoted to self-sufficient agriculture with no other source 
of income. 

Economic Externalities: 

Pesticide use in cotton production causes economic losses to other activities. Very
few of these can be quantified in monetary terms. Among the most obvious ones are increas
ed cost of mulatia control, beef contamination and the clinica' treatment'of intoxicalions. 

Perhaps the most si.gnificant economic consequence of .:esticide use in cotton is the 
increase in the cost of malaria control caused by the developm.ent of resistance of Anopheles
albimanus populations to chemical control. It is apparent that high resistance only devclops
in cotton areas (see chapter on public health). This forces malaria control agencies to switcr 
to OMS-33, a product several times more expensive. 

It cost about $16 to spray one house one time with OMS-33 and only $7 to spray it 
with DDT in.1975. 

A total of 96,430 houses received two complete treatments with DDT in Guatemala 
in 1975. Most of these houses were located in non--cotton growing counties. Around $1.35 
million were spent in malaria control with DDT in that country. An average of 32,695 houe. 
in or near cotton areas were sprayed four times with OvS.-33 for a cost of $2.1 million. Thu,
malaria agencies had to spend $1.6 million more because of resistance induced by pesticide 
use. 

Pesticide and application costs for malatIb control being about the same throughout
Central America makes it possible to estimate similar increased costs for other countries. In 
El Salvador an average of 77,990 houses had to be sprcyed four times with OMS-33 and re
sulted in extra expenditures of $3.9 rnillion in 1975. In Nicaragua 21,088 houses received 
special treatment for an increased cost of $1.05 million in malarib control. The figures for 
Honduras' were 99,974 houses and $5.4 million extra. The total for the four countries was 
$11.95 million. This is the cost of increased resistance that must be paid every year by ma-
laria control organizations. 

One important qualification to the above analysis is the fact that malaria control 
itilf induces some resistance. In non-cotton counties tested in Guatemala, average re
sistance to DDT-ct the usual mosquito control dosis (4%) was 53% in"1974 and 33% in 1975. 
Thus one may argue that at least part of the resistance (and therefore part of the increased 
cost) is not solely attributable to pesticide use in cotton production. 



The cont6mi ,i ti.on )f exprrt beef with pesticides(of which cotton is-by for the 
largest user) hcis increScdihe cosis :f rmcct packers *andcuttle raisers. Over the last. 
15 years the ,eef industry in the four ciurNties has hrc increcsed costs of over $ 1 .7 
million beccuse )f pesticidc c.,ntaminuti mn. /- contaminated beef 1Ut can be rejected 
ccusinj losses in sr ,r" 1e. traos 1 irt:'ti'n, marketin. arid insurance as well as forcing 
the exporter :D sell -' tcr.vc; nrkets.C4t I.er t.rice. /voidin,.- rejections implies 
chemical ancl,..sis J .r, lce u-s is., xprensi 'ie cqu;::',rni ,:id tech iiques. 

lsidu from n ss1 rC ::1 -.: .)ilier , - . thc i-.A.c, tio,, -f human beings results 
in increcsod economic '.,sts f,,,- I 'i erth ." : ,'t is cs'rriated that about 
$150 .;'o00are speni -v , , I. tr,..Cj.'-,e , , . , : p'yments fr intoxiccted 
persons. / lt!.u'4h it is k,,si&.'i1'., I.o ) . o ayment every year 
in which intoxicati. n l ',, s , th w : ' ' .... "or nst'nc th 
actualized cost )f .is.u, rtr,',h tL *wr,1.: ,d :,,,u yecars is estimated at . ver half 
a million dollars. 

The s..ci)--ec )rioricbejiefits )ftc tto:npr-duction care diminished by the conse -
quences J pesiiciuc use. The eco,-iorcally qucntificA.,,.-social c.asts alone amount to 
$13.8 milli,n.. 1. 5 ,i'n ihir .-,.fwhich have to be prli, every year f.r malaria control. 
Even if c conservati.,c skc.nr," is taken and only 47% u.' 'he cost )f increased resistance is 
cttributed i:: ,.)usH'IiC- usC in c.:tto,'i .)ie is left with a sizable sum of over $8 million 
"1U) % 3o., r ationc:! resistcnce lovel= 470/c .ttribut ,lo , sicide use in cotton. This 
assumes that if mlaria c,:ontrol agencies have t.) make the switch to a different pesticide 
resistance is 10. c.for prcacticr:: p:urposes). Systems mcna,ement programs. to reduce the 
consequences :' r pesticit-J usc In c itton are thus an economic nccessity from a social 
stcnpoint. 

5.2 Factors f.iffectir.: l c.tton supply 

Stud'in the fact. ;s w!iIch determine cotton su ,.!.ly facilities the search for 
solutions to pesticide I'roblems which are potentially beneficial to cotton as an ecqnomic 
activity.' By knowin - whai rnickes pIcnted c.rea increase fr..m one year to the next one 
can find p-.ic, tols which will hel. thec tton sector mc:intain its profitability and 
growth. This is consisteil with the phi!,sopF.y -)f the present study which is to solve 
environmental cnd economic ,rob[lerrs without creating new ones. 

Cotton supply is c pr.oduct f planted crea and yields per hectare(Table 50). 
This section examines the effects f prices, yields, and technical assistance on the 
number o-f hectares planted in c: given season. The factors affecting cotton.yields per 
hectare are presented in the next section in the context of pesticides as:cn economic 
input for cotton production. 

Price: A,priori, the prices for cotton and importcnt inputs may affect planted 
area. t..s p ting time nears the farmer considers past and present prices to help in his 
decision of how mcny hectares to plcnt. Higher prices imply greater incentives. 
Contrariwise high prices for pesticides and fertilizers would seem to discourage a farmer 
from alanting. 

http:nrkets.C4
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Yields: Prevailing ecological and technological conditions reflect themselves
 
in physical yieds which may encourage "r discourage farmers. Asring of good years
 
will tend to make them confident and optimistic while bad years have a negative effect.
 

Technical assistance; This factor has two effects: increases yields and reduces
 
risk by reducing the fluctuation in yield from one year to the next. The effect of tech 
nical assistance on pesticide use levels also makes it desirable to examine its effects
 
on cotton supply.
 

METHODOLOGY 

In order to examine the effects )fthese factors statistically, a series of nine yec.rs
of data for the four countries wc:s developed. The variables observed were average price 
per bale Of cotton, average cotton yields per hectare, ratio of pesticide prices to cotton 
prices, planted hectares, and information on technical assistance. Since 1970 Nicaragua 
has been developing an integrated pest control program and therefore a variable was 
included since that year to reflect the infuence fnumber of iectares covered by tech 
nical c;s:istonce on planted area. 

RESULTS 

The data point.s were linearly related throu:;h c nu,!tHple regression. Total multiple
correlation wcs high: R = 0.97 and most of the varic* e-.; were f:ound to be significant. 
Table 51 shows the variables, their regression coefficie. t, si.jnificance, and the elasticity 
when this is applicable. 

DISCUSSIO-..
 

In table 51 the intercept (28.7) shows the number 0f 6.:tares (in thousands) which 
would be planted in Nicaragua if all other variables were zero. The dummy variable for 
Guatemala, El Salvador, and Honduras shift theintercept by 7 42.21, -.53.63, and -111.8, 
respectively' For instance, to estimate yields in Guatembla, one would have to shift the 
Nic'aragua intercept downwards in 42,210 hectares to reflect the former country's smaller 
planted area. 

The regression c3efficient for price of cotton indollars per bale shows the influence 
of cotton prices on planted area. A oie-dollar increase in the price per bale makes the 
number of planted hectares go up in 0.046 thousand. In percent terms a 10% increase in 
prices would be likely to result ina 4.7% increase inthe area .lanted to cotton(elasticity= 
0.47). The *v"riable was evaluated as the average price inthe past two years to reflect the 
time it takes to adjust to price changes. 
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T. LE 5u 

CEt\TRA. L /'AMiERICA: PL, NTED ARE , C&'£TTC:;,j YIELDS 
t MD COTTON SUPPLY, l7/',//75. 

COUN.TRY 
Planted 
crea(ha) 

Seedcotton 
yields(kg/hac) 

Scedcott'y" 
IrI,.uctioi(kg) 

Cotton fiber 
prcduction(kg) 

El Sclvador 100470 205".5 2-J692 75806 

'.Gucternala 111138 271 Y.) 30218. 10510, 

f.tfd uras 8234 1766.7 14547 512 9 

i,'icaregua 177880 2039.2 36274; 121089 

SOURCE: ICAITI
 

For previous yecrs see Appendix four , tables 88 and 89.
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T/(,LE 51 

FtICTOR t FFECTINr'G COTTON StIPPLY IN CE!\':TRI.L AMERICI 

VARIA.BL E 

(ihectores plcnted) 

Regression 
coefficient 

Significance 
(t value) Elasticity 

Intercept 

Price of cotton (X1) 

Yield (X2) 

Technical Assistance (X3) 

Guatemala Dummy (X4) 

El Salvador Dummy (X5) 

Honduras Dummy (X6) 

Pesticide price (X7) 

28.7 

.046 

19.07 

64.0 

- 42.21 

-. 53.63 

-. 111.8 
3.0 

2.33 * 

4.12 ** 

3.62 ** 

6.07 * 

8.35 ** 

3.63 ** 

niot sinificcnt 

0.47 

0.49 

0.64 

* Significant at the five percent level. SOURCE: ICAITI 

•* SignificGnt at the one percent level. 
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ole !'er 
hectare would result in ci. ii-crease in -,cknted c-rec of 1,.27,. hectares, /,s in thc case F 

pric..et, w s a .-:clo,:.,._;n cvera.-( .f the tw.r )rovi us years. its elasticit), of 0.4', 
',shdws the ',.rcentucl rcs,, .o. ccrec jL i, c ,ne' unit increcse iri yields. 

Yields also havo c: positive effect o.-- plantd cre,:. /n hicrease ,fae 

/' most intercst,; r, ji: .;' tLe ..n;l',sis wvs ti.-c C.ffZrt t4echnical- assistane."on 
planted "are: 7sreti n,." ., .Lnici sisr:.. .cws includad ',cs number 6'f hecta

res covercrd (- ' r .i ,c rte . ust - ,' ' ror:;I P.PA I'] rPro.rrma/,l.pd' 
n r- / siste ci. ,' . to i's . ouf..r orch additfldral i'housand 

hect ;res to whic-h tn'.. r w s .x c :di t.r,.,.: ' - re. in thc- countr'y ir,6ecsod 

L,'
C 

b'ect..res tTu 
1t;....r,.&,Jr, 

11% TI s C.:* I X, " 
.h 

4% increase in acreaje For 
esr c:.rtr.I technical 

assistrnce proir'," -

Pcstick'r. price ,vciuctec cs he r-i- -.f :)rices to cotton prices wcs not 

fouric! Si lniTicc.Mnt in thT. Ts ,!.L Iiist: ;!. ;..o; t riccs tmpay aftect pestIcie 
use :and thor ere ),I-'M1) within. ,L,'Q4r!c .')l secs,.ns is .*bscurc(.., &thecs"'.t 
more import:nt faclors s :s-c'o ).t.)n prices i: h-turstiii.)y,,ssist.nco.crIni.cl 

it suggests tht rin, the 4 -,c may not have an effect )n 

cotton Qct;viPt) c . L;v'iy if c Ii the -ther :icr.)rs (are fivorc-. le. 

Teck.iiG ,sistr.',;' mc'y pr.omote co ;-l r ,'.,iin mainly throuJh reducing va 

ricr,cc nd risk ihere : narrners m.ire' c:nfiderL Lcsi es there is the obvi iseffect. 
.fircreasin,. rits , d ir: the previo)us cIc';er. if integrated control s'. ,ance 

adso contributes si.jrifircantl", rerducini3 desticid. us(e, ,nc policy tool apparently works 

simul*tano usl,, t. ,vcrd-he ,',:.i atires of :)rotecti , Ii6 eowi'r.',.rrient and increasin. tile 

bonefits )f cotton or duc ti& . 

5.3 The kinds und levels -if csticido use which :,pear 'economically desirAble fu)r 

cottor productin. 

Pesticide usc in Ce&-f,..I / mericar'. cotton ' .,!.ction cappears to be above those 
•,vels Whic4, &fider oresent ao ns would be ec:inormicI k. efficie 't. Furtherrnore, 

there -re indic(ti6ns.;,.at tbu m:uch :pastici !es of th& wr:inj kind ecoionomically sibeakinj) 
are Lel-nj used. 'The stcndar," 7or corr parisoo. is a theoretical 7iod ex'perirnontal level (&ind 

rmix .t whic pr.5fits to ,i'h far.ier ,re at a maximum1. 

The standard wc~s -eveloped in twr. ways: 1) through the results of experiencin:, 
intejrated c'tt.on pest c+;ntrol and 2)'through the'statisticcl conalysis of exi'tinj farm arid 
county'dta. The results:of integrated pest contr6l are presented 'in a separai6 Cctor. 

The results of statistical anolysis related to optimum insecticide use levels and mix afe 

discussed here. 

http:indic(ti6ns.;,.at
http:crIni.cl
http:secs,.ns
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Present pesticide use incotton:
 
Table 52 shows umouiats of pestici'e (active ii",;rLei'-i) used in Central American
 

cotton production, The variation in use lvels between countries stands out. This reflects
different ecological and technological conditions. Hu, curas is beginning to recover from 
a period of low production cind pest control techn.)l.o'..y isdeficien" in spite of efforts to 
the contrary. Pesticide use may oe economically t'.)o 1.w there. Guatemala is the highest
user and suffers from almost no research or extensia-, i; cot1.) pest control technology. A
combination of cheap labor and good lands helps maintain yields high and discourages 
technological development. 

Pesticide use has been recently increasing in countries like Guatemala and El Sal
vador cnd it has tended to decrease in Nicaragua since 1,72. As mentioned ecrlier this 
country has been developing an integrated pest control extension program since 1970. No
other convincing explanation is found for the fact that between 1972 and 1974 pesticide 
use in Guatemala and El Salvador went up by 75% and 20%, re.;pectively, while Nicara
:.jua's average even decreased slightly. Table 53 shows pestici(.e use per unit of cotton 
produced.
 

Table 53 shows interesting facts: Sclvadoreans care hovi ig to invest more in pesti-
cides per unit of cotton produced than other c-untries. Guctemala, highest user in a per 
crec basis, slips to a second place thanks to hig.h yiul.is. FLe differences between Vicar.-
gua and the .other countries persist, but less markedl).. There is (n apparent relationship
between pesticide use, yields, and returns. 

On the averc.e Contrl Americasn cotton producin:, countries use two kilograims
of chlorinated pesticides (mainly Toxc::,heie r,nd DDT) for each kil , of organ:Iphosphctes.

Nicaragua, the mn:st advar.-e.' country in ctt.on techolo',, 
uses the smallest proportion
of phosphates; Honduras cl:"El S,!v:r *:rtho largest. Te si.gnificance of pesticide mix 
will be discussed in the :.,lt. :.. . ".n':! :,u.". . .',l
tians of high phosphce 
use on human helth are alr a .'.Mown(see ,.-.h-c.tr 0o1hu,-.'an health, p. 124 ). 

Table 54 shows '-i , . .:seo cnd .1C :veraic; nix in ever), country. i"-lotice
the wide variations between c ,uniries. It is iot suoar -lous .orepeat that Nicaragua, the
smallest user of organophos:,h-es., clso has rap rtc,' tho I ;v,ast rcites of human intoxication
and the highest levels -rMD- rcsiducs in-ilk. he,. . trc.de.ff apparent between 
human health and environrrental quality. .optirnu:- ;iIx will be affected by economic, 
human health, and environ,.o:: -sicler-tions. 

It is well to-mention the variability of present levels between countries, thereduction shown by Nicara.C; in the recent pos t-'e differeices observed:,,:'. in pesticide 
mix. : 
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TA&LE 52
 

CENTR/.I./-'.MER: 	 /..\.'ERj 'E FESTIC.E UE i COTTO'! 
PRODLK.TIO.:V72/73... .74//75(k/h,ai.) 

COUNTRY 	 1,72/73 i__,"' I,74/75 

El Sc:ivcdor 58.4 , . T)., 

2 uacrla 45.6 75.2 79.,' 

'Andurcs 27.) 19.3 

.'-.icarclua 	 51.2 .49.8 

SOURCE: IC! ITI, C'i'.L.ci-'!, for 1974/75 in *ic'r,:.3uc, Mario Vaughan (75). 

• c vailoble.no.nt 



TABLE 53 

CENTRAL i..iERIC/.: PESTICIDE US.SE PER 'TRiC.ON OF 
TTOk . PRODIJ ,.E,, 74175 

L:.j/, . ,!-:, kg/ca/. 
COUNTRY IY-72/73 1 73,/-4 1974/75 

El Salvador 81.1 96.5 9(7.5 

Guatemala 46.6 64.8 83.5 

Honduras - 55.0 34.2 

N icaragua 74.4 55.9 73.2 

SOURCE: ICAITI. 
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TABLE 54 

CEi-TR,'/ tA'd . fSrIC!DE E I- .:TrON ';"MAIN 
JYPES, , 4/p75 

Chl.I ri .v.t,.,. Ph :,i , 1 u 

SpsIc i,l TOTALCCINTRY ,/-lnoun ,. /C h-nn % 

..tri,,s') (!-,i tric t'ons) 

El Salvador 37"7 ' "" "" 4CS. " 686 "' " 

Gui.lu.556.2 * 237.8"'2.' 27.1* 7. K. 

Honduras 58.5 'i.3 '17 1 66.7 175.6 100.0 

miaragur 7'' I .2 23.P 6858.4 100.0: 76:. t8.3 

ICTAL . 7. '7.' . . 33. 2396S.9 100.: 

SOURCE: ICAITI 

• 	Pased on a socinple.,;f i..% . 15% of pli-ted arerac. 4l other fi gures relate. to the 

total universe*. 
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Optimum use levels-

The unclysis w::s ;:erfor-'ncd for Niceraguc ,*.ly. With certain limitations pesticide
use appears to be hiqjh in wi'y.,,V in.. -rtai i- regions .: that country. The Central American
 
cotton area can be co'isier ,recJr .ji: 
h,::.jue ano sor-ic tentative conclusions
 
can be criadk ( i:i
c.bout pesrc( Ic use the -'hc:" ,1.,,.ries too. 

Methodology. 

The anclysis wc.s Ii'v! i.two st,.:fes.. Hsi"i su';ee *ecesscry to establish with some degree of cccurac,, 'he triL.,tion of diifereH :':.-Lrs of pr-ductior, to cotton yields.
In other words how fertiil.er, .%sicids, and fcr: siL-,'s c..f'ec yie!s. Once this is done it 
becomes possible to esli:.iotc oftitiur,, lIvcs :f use for sormc of these inputs. 

The procedure was to oLtin tw.) yecrs F .iota -o c_ mon production inputs and

yields for all cotton pro,:'uciog counties in Niccragja (i".ation-l Cotton Commisiio,

CONAr). The data were converted to appropriate units -Jnd related statistically through

a multiple re,]ression. ii quadr;atic form was selectec to reflect possible diminishing

returns and it resultecd in kte highest multiple correlation (R = .83). Other functio:nal
 
forms tried were linear, Iogcrithmnic, power curve, and square root.
 

The quadratic form hrs been successfully usecl in estimating cotton yield responses
 
to pesticide in previous studies(l)
 

Resul ts: 

A preliminaty production function was obtoined. Yields depended to a large
extent on the useof pesticides. Since it was a multiple-vcricble equation which included 
fertilizer use and size of farme these variables were fixed to their average values to
 
obtain an input-output relai'ionship for yield and :-esticices. 
 This was done by multip!;,ing
the average value of each variable tines its rei.ression coefficient and adding the total 
to the intercept. The preliminary input-output relctionship obtained in this manner was: 

23.5: ') - . a142X2+ Q;.3412 X 

where: Y = seedcotton yields, in hundred pounds per monzana 
(1 manzcnc 0.7 hectares) 

X = pesticide use, in pounds of active ingredient per 
manz.na. 

The above equation was used for estimating the marginal physical product of
pesticides (MPP). The MPP is the contribution of the last unit of an input to total yields.
It is defined by the first derivative of a production function with respect to the input
being analyzed. For the above function the MPP is: 

MPP = 0.3412 - 0.00284 X 

(1) J. Gwvn Sutherland, G.A. Carlson, and D.M. Hoover, Cost of Producing Cotton in
the Southeast 1965, Economics informcAtion report :",io. 25,. Dept. of Economics, North 
Carolina State University (Raleigh: 171,. p.40. 

http:fertiil.er


It is interpreted --.:s the increase in cott'. i .s cttribu;-able to the Iasi- pound
of pesticides applied. This contribution' decracse s1 tkI, level of use .oes up. 

The optimum ,heori,"cl leve! ..f .eslic,'J use 1 thc; level at which the lost
unit applied just pays for itscif. Tie mcrgioi.. physir_,[i :,r&'jictvatuc-d c:t the current 
price of a hundred wei1h1' of cott.-;-. just equc:ls 0.f, )S Cr';1: ..ounr of pcstici-es applied 
at this point. 

With current (1;7i) prices Mf pestcick~s J :;1." per rourid 'rpplied) crd .$13.00 
per hundred weight of scedcorton one can estimate r:n opti,um pesticide use level of
6 '.7 lbs/mz, or /5.2 k..j/hectc:rc. This is Leccusa 

Mpp * Pc = PI where Pc = cotton price and Pp . esticide price, so thatI. ' 

(0.3412 0.0-3284X) 13 = 1.86 

' 0.,1,.X 1.86 "-0.3412 
1 

• 0- 23 4)( = J.]1 97 &' 

X = 69.7 lbs/riz., or 

45.2 k A;c. 

Pesticide use levels for Nicaragua stand at about 5(' kg/ha in 1974/75, and 
average 48.4 kg/ha ovr the last three. years. They are slightly above the ecoromic
 
optimum estimated. Howeer, these are nationw;d c'.er.es. 
-There are a number ofimportnnt municipclities wkere i-esticide use.hs .'uc hier. For instance. Chinancega,
 

Quezdgucque, cind La Pz Ce:'tr gc., Nk!g/nic89 in
Posoltefga, /braz6i, Le6n. 0 ' averaged ,o 
1,73/74 and accounted f.,r oftc:l I.L. :Od i:-:. tka" '.,car. Low r:tiond civerages
reflect use in mar.ginal In most H.ortcnt c c~raasies. ormi pesticide use is well cbove 
the estimaled optimum. 

If ,,ccr.uj : '..Tvr:I , * -. r r,-:: J for res; fti,, z.ircl ;can PcL ific 

Coastal plai:, then pesti,.'e use is to, , i;-. roc. !k Y74/75, c* cvercge or
62.4 k-g/hc were,.used i; the I:,r co.,t-'us. 38% t' ve th' estimated opt Murm. The 
integjrated. pest c r trol oe ri :ce -;"the. -s :: w .. rti~cr shows t:'7t it is possible
to produce hi 3her pro,:is Ih./..'i less .:.: c r,,.s ,:,, -is :cde. These Iwo criteria 
suggest that present pC~ticikO.use ieels c:re in,.,J "o high n-. that profii: to the
farmer could, be increcsed t,roue-i. a rctioncl rcIuct:ion ;io pesticide use. 

http:c'.er.es


Optimum pesticide mix: 

There are indiccftions thc itju much pesricir es --.f the wron. ty;,e are presently being 
used. Main pesticides .jsed now are the chlorihated hyc!r..)crbons Joxaphene and DDT) the 
or.anophosphorous ethyl,. anu methyl prcthion, cind t:a c.r6,amctes. The former two are by
far ihe m:;st significc,t frr L.)t'on pest control; the r!c.ve become important for 
maloria mosquito abatement. Statistical and economiic -!r-Jl.sis su.ests that, possibly, too 
much organophosphorous Fpesticides are being used for efficienr cotton production in
 
Central America.
 

Methodology: 

The analysis was an extension of the previous one. It iiadas objectives to separate

the contribution of chlorinated cand phosphorous pestickdes and 
to quantify the contribution 
of additional production factcrs, most importantly rainfall, technical cssistance, land 
quality, cnd labor. Additional data permitted evaluating these variables statisticall'.. As 
before, a quadratic functional form was used. 

Results: 

Table 55 shows the regression coefficients obtchec, for the most signific,-:no
variables. 

Several important points stcnd out. Phosphoro'us nesticides apparently havc 
negative effects on cotton production. This is reflecter, ;;y the negative sign c-id high
significance of variable X2. Land value as ,a proxy to." land quality has a large positive
coeffic, ntojd sp 4oes rci:'h;Il 'tens -f milimeters recorJe,. during September, October; 
and the first ten r!ays oF : )ven'. er). Technical assistc-,ce, measured as number of manz -
nas covered by the. "tPro.,uc'.u i.Hodoero de Asisteicic "'cnica" (PAAT), also has a 
sijinificant positivo influence u n c.ttoir. ,ields. This is an interesting finding ii the 
context of the present st',. 

As regards oes"iei.: ,. .,nc,.sis si,nilur tz, the one performed in the previous
section suggests an 1ptimun,38.& Lj.,Aa of cih-lori:icted pesticides and no ;:)hospho-.vel 
rous pesticides at a.l. However, tE:.e °,h,sphc.tcs (e,:.eci:lly methyl parathion) are esseni'icl 
for chemical control of Lollweovil (Antunornus grLidis). This is an agriculturul fact, and 
even. integrated bollweevil ,.;c ia.e-nen: requires s,;ilfl r;.nounts of methyl parathion. There
fore, it seems reasonable to postulate an .pti.urn mix :)f 3S ci!ograms per hotare of. chlo
rinated hydrocarbons and the sr-iilles; -'ount of phos:,-haies necesscry fhr bolIweevil 
control. The presente balcnce of two kilos of chlori-:ies for oach kilo of phosphates im,plies
that excessive pesticiLe use refers rnostl, to the phosphal'es anir! that.it seems desirable fron 
an economic standpoint to redjce as -,uch as possible the levels of organophosphates use:2 
in Central America (See table 54). 
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TAB LE 55 

FACTORS. AFECYK., COTTON YIELDS '..; IC/A,RAGUA, 1'72//74. 

Varic:lo. .oefficient 

In'tercepl 'qq/iz) Xr. 
Chrorhnated pesticides(Ibs/nz) X1 
(Chl.. rincted pesticides)2 (Ibs/mz)X1 2 

Phosphorous pesticides (IL~,,;z) X2 
(Fosphorous pesticides)2 (Ibs/mz)X2 2 

Lcnd value ($!nz) X3 
RcInfall fl'. nni) X4 
Far;i size (mz) X5 
Fertilizer (10 lbs/mz) Xo 
Technical Assistancc (mz) X7 

Regressio, 

7.4' 
0.37 

- 0._02 
- 0.423 

0.0036 
0.4 
0.22 
0.025 
0,23 
0.02 

(t volue) 
significpance 

1.51 
4.54 ** 

- 3.07 ** 

-. 2.73 
2.11 * 

3.03 ** 

3.71 * 
2.34 * 

1.03 
2.17 

SOURCE: IC/ I! 

Significant r:1 he 'Pve I.-rcoot level. 
•* Significc:.nI at t'c ,norn levcl. 
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Discussion: 

Several agro..ecolo, iccl factors contribute to explai:n why phosphates can have ne.

gative effects on yields. 'ricir higher toxicity and wide spectrum, conbline with disastrous 

results for beneficial faunc. /-. secondary effect .f the parcthi.,as is to increaso the infra 

red emission of the cotton :i;c t: t;,:ereby increasin., 1:5 cttrc:ctiv ness to potentially unde -. 

sirable insects,* Last, the' ,rcy havw direct negctivo ,ronsequences on the plant itself. 

These facts may be re:lected in tile negative sign coniferec! to phosphorous pesticides in the 

statistical analysis. 

The human health factors cgrdnst the use of parjthions are also strong. These toxic 
substances account for over % f all poisonings. Furthermore, their use may have contributed 
to the development of cross-resistance in Anopheline poopulations to OMS-33 in cotton ca.eas. 
This cross resistance may result in greater malaria problems. 

There seems to be cmple evidence which testifie,;.-to the ,f~sirability of cutting back 
the use of parcthion:, for cotton pest control in Central America. How far back they can go 
dce.ends on how successfully can alternatives for bollweeviI:.control be developed and adop
ted. notably integrated Lollweevil management. 

Technical assistance: In a given Nicarcguc.- r.;.jwcipclity, increasin. the acreage 
covered by technical assistance in 1... nanzoncs r.sult'. ii. rwe;tounds of cotton per man
zana more. 'This underlines acin the p)sitivu effec s ' te :hnical cssistance on cottonac
tivity and cotton sui.,pi. Investina in teci:-ccl ass: .:.ic is onc possible way to estimulate 
higher yields and higher supply. 

Since its ir ;ption thjis stuiy has str hi,JFor', r': '.ocatc. intejrated -:test con 
trol technical cossistancr as o rmecsure to decrease e.-va :'..:c.:cide use. Demonstration 
and experimentation in the lasl' two years Lave sh.:wn in;::Ais s quike rpossiLle. N;ow, it 
has been statisticall con ;irme," '' tem!' assit'", , this L'pe results in higher yields
at an aggregate level. 

5.4 How to Encaffqp a More Economical Use of PesticiL.s i;- Cotton Prou'ction: 

It was possible to clarify the influence of kpy varic:!:,les on pesticide use. The study 
was complementary to integjrated cotton pest control resecrch, itself an efficient way to 
bring about a more rational pattern of pesticide use. The over-all philosophy was to find 
those factors which would enhance and support the adop,tion of integrated pest control. 

Methodology: 

The objective of this portion of the study was to find out which agro-economic varia-
Lies affect pesticide use and by how much. A preliminary model was conceived, and a survey 
designed to obtain the necessary data. The data gathered were tabulated and processed 
statistically to relate them to pesticide use. 
IN Falcon, L.A., Personal communication, 1976. 
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The working model stai'ed thc t pesticide use wcs v function of prices, scouting, 
sciles efforts by pesticic ;irrs: o.Iro ecologicr] ikior,,ction, technical assistance, 
fertilizer use ond siz ;-If fc,rin. It seemed obvious ha; n-dr .er prices woulo discourc 
use, as would technical cssisicnc, ccolopiccl. irfort,,ai'i.n cind scoutin.g. On the contrary.. 
sales efforts, fertilizer use " r' size .f farr' would teici t.. pr.,r,ctc hi:;.her use levels. 

Since -li unavai laie c survey was designed in !'..icaraguUof this in'rrm-,io,- wos 
c-d El Srlva,-or. Abou' . fctrr.s were visited in ecch -':-)try...pies of the questionnai-
rc are Found in/x,: .dix . This information was then rc!-tcd statistically through n mul-. 
tiple regressi oi. 

The influence of pricc - pesticide consum.tior.: 

Statistical cj'y!.,soFfhe .'.ato obtained showec., two important facts: 1)price is 
the most consistently sfrificc ,acto)r offectinj )osticidr. use, and 2) the influence of 
.... the existence of pest control dterna'ives. These findin..s are-isCnwjitioned L-. 

scu~se.r! below.
 

El Selvador. 

Price- has n clcari.; stro:'. niegative influe,-:c ,;';.os;;..ide consumption at the farm 
leval. kn incre.jse in ;: prir- n.. ,.,n:: . :.; . r.sult in a decrease in 
Aosticid-e use. l .!nti, consurred by betweenI. VJ% risc in -'oco. will ,r.* u J. 
five a 1 i:-: El eel'sr.;. ,:ke:'rr.U estimated betwee:i --.5 ei,)ht percc-;" ,vr,:::r. '-icL .:: 

In c polic,, c'lex'.- "0% :uty isk.. ; t i.s irrqrorted into El Salva
cdr,n cc)uld expec'Cr ' lve!- . . about 45 kgAa, theus(.' - ' *.O tt, 

~i'; r .cc:r,.ur ' , 
reducin duties in the srF;c i, .ri This* '," rier,,pt Mrnseet Objective. 
reicides with particu'!.::, e'r.i.;entc'i .)r hurtsi 'tr., 'cigescould e subsidized 
to encourc .-e helr use. 

es'i,',ated e :i , . . I,,s:,-r!u..te ;ocsticirJe use by 

;-:ere the effec' rice changes on posticLic 'Jsc '.cr hectare appears to be more 
:,.arke. The price elc:siicit: Jf demcindc nr for lcru,.L' w,;esue~lteC..ostirfnterinetweecng8nd8Cinc;V'/,) ro between -.
.. 12. which mens thc.' c' 1Q% c1an n prices will p; .. h result in a l 0 / change in 

use ir the ,pposite directic.i. 

The price elas.iicit), of pesticide demand is Irocter more clastic) in Nicarcjuc 
i-han El Salvador. Two k::,tors may account for this fccr. The general price level of pesti
aides is hiiher ibNicaragua. Farmers may be more senisitive to charjes in pesticide 
prke§ as they porcentually "moan" more. Second; .-iccranuq has practically devel par! 
integrnted pest'control as an alternative to pesticide use. If pesticides go up in price 
fcrncrs can choose to delay the first application, to use higher pest population thresholds 
to lower pesticides dose or to rely on natural enei-?iies. .he options are also availoble io 
farmers elsewhere in Central America but they cre not cwcre enough, trained enough not 

.
do they have reliable technical '-jacking and advice o);their decisions. 



Price changes are c fe!sible alternative to promote :!-ore economical pesticide use 

levels and mix. As show-1 i, ai, uarlier sectio;n (j.. 155 ) pasticide.price increcases or 

decreases app.ear to hove "--!,I ,-.i;cant effect on picin,'ec area within o certrAin range.. 
Yet their effect on pes)ldi use levels is notaLle. %is is especially so where an 

alternative exists. F-or ' .ucoi rlC:and Hondjras onc wuuld tend to expect a reaction 

similar to that of Salvcar" .'-,s; :'cJc'ti t..:,rc i,,cstic in the face of price changes 

because of the unavailailr' ., .1_Irnafi',,.cs. Thu u: :C;ivencss :.f price changes as a 

policy tool depenis >' L..:k'. ca - fca i su,stiiute methods for pest control. 

Pesticide suLsti.:fht. in ,cAdIiti-r,, to tec-inicoi c ssts.:: ,-ce could be advice on 
economic thresholds usC . r. cru1 s, ,-'siscrta ,.rie-&es u;id .itherstrategies. 

Other variables c "hct '; ;esticile us,: 

-Although less consistc:;iv tha, price, other variables appeared relatcJ to pesti 

cide use. These r.nge fron fielK numbers h the nu , or of scouting? looks per season per 
ilot and include secui.; 's Ierrt;, fertilizer use, far:,, size,, yiels, scout training and 
technical assist.ic visits. Follows C discussion of these variables in the countries where 
they were found to 6(. significant. 

El Salvcdor: 

Factors positiveiy associate., with 10sticide use were the percentcge of scouts 
trc:ined and the total nu;nber of' technical assistcnc: visits. They had elaticities of 0.03 
and r)."127 , respectively. This suyJgests that thc type .' iechnical assistance and-traininj 
presently effected in 1$t country encour-.jes pesticide use. 

Two variables appeared 'o affect pesticide use ;.e.ctively. These are farm yields 
rnl scout's experieice: with elsticities of ..0.27 an-d '..32 . High yielding farms 
reported lower levels of insocticide 'j-C ,.su,.,F more professioncl manaje
ment. klso, more experiennet scouts resulted in less "esi"icides used per hectare. 

In a separate circlysis, technical assistance c:ncd percentage of scouts trained 
appeared to decrease the shcre -f organophosphorous .esi-icides and increase the proportion 
of chlorines. Elasticities for these variables were .022 ..nJ 9.27, respectively. All of the 
variables were significant at ":.J5 ., .. 10. 

N icaragua: 

Apparently the effects of technical assistance are .if,'icult to detect when 
eunining farm data. Technical. assistance variables were not found significant probably 
because of how they were quantified. The number of extension visits may result in lower 
pesticide use,. but it may also reflect increased extension efforts in particularly unreceptive 
farms. 

http:assist.ic
http:Irnafi',,.cs
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Three. fao-tos seermed to increcse pesticide use: scasun's length:'field&numbers and 
fertilizer, use. The elasti-.N.,s far thesc varinblc were ..668, 1).1 cnd 0Y.55, espectiVely. 
The Iongcr.cttr1 is ;e i-.' cn the "round, the rnori -,.ield fcrmer'cahlget.and thd more 
pesticides he ,nc!s T ,u,'cr )f fields -, l"'farm may indrease' pesticide us& byup klsir oe 

increrisir'q th, ,.x..,sibi I it-, .. f Iti.go cfCstutions. Liri I.:or ,cse rtalibtcans the cotton opli+it
 
It.s,.and citract.ve fror p;stF. It rc-.sul" in i .':hcr ,;sc .':hosph.rous pesticides in i,-ica
rg9'ue. Prom. tin- opfihi, ri'ilizr jse m ,.',iel s Side efectf c sizable (e .55)
 'roc,'cction in the use' .f ... . s. 1. 1'..% d -ec s i. - usc f'tiliz r rc:y causcs,- V 

5.5 decr,se n th, i , o 0urYh,, .,.. 

Factors circre. s;, i . o, i i -, ! . ,.:r: 'ields, scoutin'g Io6ks
 
and. scoutsye.:rs f tri:.. . e a! ;.ui :'r ths. v.:'irLf s ,rayere -- 1 S, - 1.12,
 

77 and . i... ' ". ,w
., .. .. rsp . s.i, . c:,e bettei rmicncjgement; the 
sir ififka~nie o sict. r !, on pesticide SUbsti'tutioni" F.;.s'.ihcs'is 

in !',icarcguci. . '.
 

Selective pricr: e(c.iss. .:hc . <i:nts appear to Ie the quiclest and 
m'ost effective w:;y t., '. .slticide Other vcric:i:, C use. ,s, notably fertilizer use, scouting 
c!.d techniccl c:ssist,-,.C: I. irportc-it rile, T., -ffectiveness of .;rice on pesticides
Q:;-.Cc.rs to be rekatc'. i:T'e cx'is,tce )r"icible rlttr;-, cs0 chemical pest control. 

k.I tor n6tivs i"clud ipitr' te ,)esst, cntrol ; nd its 'cm;onents. trap"rops, economic thres
hi;l.s for ,ess, dsc:e r .u ,i.,n; scouting, orltrm; Irhc 'li'Mion, etc.
 

Pricc increases o{ |1'% would cpipecr to ccuse'reductions in peti'cid., use of
 
between 6% r.nd 1C%.; rdapedini r c
on whether or nof there cilteratives avallcble, 

I . . . . ..-. 

5.5 Natural fruitshedding and economic 'pest thresholds for cotton. 

This sectlon disusses the potential for developing and using more approprit6eco
nomic pestthresholds for cotton frui;pes.ts Fruit pests (especiallybollwevil and bbnfworm) 
are economically Important. They cause the naiorlty ofe iscticid *llctlon.in Central 
America. The dicussion that follows will deal exclusively with the bollworm (Heliothis zea) 
parly because its fruit constuption habit'are better known.' With regids to~bollweevilT"
is felt that future innovations will be the apptli on and refine ent of integrated weevil 
management(see previous chapter). , *.. . ".... .... * 

. !5.5.1. Background: 

In a strict economic sense a pest threshold is the population number whose poten
tial ecinomtc damage to the r.6 i exactly.equal to the cos of avoIding that damage.
It is the poInt at which the marginal castof controling equats tJh. marginal benefit of con
trol expressed by the value of the cotton s% ;ed.' It can be unristood by isying'that a post 
control measure has to pay for itself in order to be justified. So one lets the pest eat and 
grow until the damages it Isabout to cause are exactly equal to what it would cast to des
troy it. 

http:llctlon.in
http:frui;pes.ts
http:Q:;-.Cc.rs
http:citract.ve


It is doubtful that farmers regard pest control in such a precise manner. They sel
dom have a precise idea of the potential economic damcge of a pest like bollworm at 
every stage of crop development. Furthermore there is a tendency to employ pesticide 
applications as a kind of risk insurance cgainst possible crop losses. Too, some farmers 
strive to obtain maximum yields without due regard to costs. 

The objective of this section is to give an idea of the potential economic damage 
of bollworm at different crop stages. This is approached by discussing the capacity of the 
cotton plant to withstand fruit losses. This capacity and other economic considerations 
may serve as a point of reference for developing more refined economic thresholds for 
bollworm. 

The use of more refined economic thresholds may lead to a more rational use of
 
pesticides in cotton production in a strict micro-economic sense.' It may also lead to a
 
reduction in the use of pesticides which might bring about the environmental and human
 
health benefits of a lower pesticide load.
 

5.5.2. Fruit shedding: 

The cotton plant produces many more fruit than it has capacity to nurture and 
support untit.'they become open bolls of cotton. Whenever the demand for plant energy
by these fruit and other plant processes becomes greater than the available supply of 
energy the plant may drop a sufficient number of young fruit to balance the energy 
equation. This can also occur in response to environmental stress. This behaviour (called 
natural shedding) becomes more intensive as the cotton growing season advances. 

Natural shedding is a genetic characteriWilc which results from the "indeteimi nate 
mode of reproduction of the cultivated cottons" . This reproductive mode is called 
"opportuniitic" and.it means rhat the plant isconstantly producing new fiuit (I1h 'ugh 
at different rates)'.4n he hops that some of them will encounter favordbhe envirorntnehtai 
conditions, This:'belhavor is believed to be a left-over of the times When dctton'g-•w 

:.wild~in deii'tik clirates many years ago (1). ., 

'.Natural-shedding still confuses many Central American farmers. They fee that
every floral button and boll should be defended from pes* attacks ven thoogh they know 
that only a portion of these fruit will ever become cotton bolls. They ignore when or why 
natural shedding occur. Pesticide salesman may often share and enhance'thei'",el'l-in 
tentioned over protectiveness. 

(-1)- Davison, A,, -Computerized plant GrtovotIAlyisbf 'the i?'te 'ctios of!Artro - l 
::" pests aM other factors with the cottd3 plant1,(UnpOlblish-d Ph. D; dissrttioWH) 
' '(Berkeley: Universil of Calforla,I973) p'3:. : '" """. 

-.-I..,,...;. -,)... ;... . ' ::. .. . . 
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-Some aspects-of-natural shedding.make its understanding difficult.. Natural shed
ding-suppbsedly-occurs as a.response to a gap:betveen.energy supply and demand..-The 
supply of energy is affected-by photosynthetic rates and foliar surface. Photosynthetic 
rates depend on solar luminosity, chlorophyll concentration,. temperature, chemical com-
position of the air, moisture, etc. Chlurophyll %;,,cetrationin term is dependent on 
available--nutrientsv,!and so. on. The demand for energy depends on the rate at which ve
getative grown-prOceedsi the number and age structure of the fruit'parts, respiration and 
so forth. ... .. 

i. ,There -is tpresent no model available which relates all of these factors toexplain 
the occurance and intensity of natural fruit shedding..1l 1-, 

Another source of difficulty stems from the fact that shedding may alsobe induced 
by pest attacks. Although pest-induced shedding may (an indeed does) substitute for na
tural shedding:.to a large extent it is believed by many that the two do-not coincide. A 
farmer 	or technician,whq:counts the scars left on plants when fruit foil- has no straight.
forward way of telling which ones represent natural shedding arid which ones are caused 
by pest attacks. 

Two characteristics of natural s:.edding deserve to be discussed further. First, it 
is apparent that as the cftoeason advances shedding rates increase. This has been ob
served by-mary before."'" The second can be btated as hypothesis, and is that pest
induced shedding offsets natural shedding to a fairly lar,e extent. 

That shedding rates increase as the scson uvZivnces can be explained through the 
energy balance model of the plant.5 Frui- dmo.ar,.! .: ;arge amount of energy when they 
are going from small bolIs to large bolls. A- iror'. b!'.s eg ro grow the plant must 
somehow meet the increased energy dernind. 't does so by shedding a number of young 
fruit. In Central America this high energy dem.:,rr, period occurs aFter 60 days from 

.. ..
planting have -lapsed. 

1. 	 However, the work of cotton plant analysts such as Andrew P. Gutierrez at the 
University of CaliFornia, Davis, and other- is .eadrng in this direction. 

1. 	 Vaughan, M., and G, Leon, Personal communicct'on, 1975. ,. 
2. 	 Falcon, L., Personal communication, 1975. 
3. 	 Gutierrez; A., Perscnal communication 1975, 1976. 
4. 	 Davison, A., Op. Cit. P. 7, 157-8. 

Tc o m u n c n 1976o '" : " " 5. 	 Gutierrez, A.", . 197 . "P-onal muh.catn 
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The intersection of natural and pest-induced shedding can cIso be explained byenergy supply and demand. By eliminaffhg some of the f'uit parts pests effectively reduce
the demand for energy. 'This will reduce the necessity for the plant to shed fruit'parts 'on 
its own initiative. 

Direct'bbservation and analysis seem'to support the aseverations.made'above.' Thedata base consi'sted of plant fruiting information on twb Nicaraguan'plots durti ng the sea-. 
son 1974-75.6 A total of 10 plants were monitored in each plot. Frequent counts were'made of the number of scars as well as other parametcrs of growth such as leaves, mainstem
nodes, squares; flowers,' bolls and plant height. One of the plots received no insecticide 
treatments and the other was thoroughly defended Thus it is possible to'see whether shedding rates differ greatly where pest-induced shedding is large as opposed to where natu
ral sheddi ng-predominates. 

The following equation gave best fit in expressing total shedding asa f ncti'on
of time for the unprotected plot in. (El Ojoche) Nicaragua (R= .95) '(se 
 table 95; ap
pendix 4).
 

D3 .7 - - - - - - - - - - - - - - - - - - - - -Su = (1.135*10-6) (1) 

Where Su "Total shedcing in one plant in the •unprotected pl6t.
D = 'Days after planting (in Central America one!calendar day equals one 

day degree) 

From equati6n (1)the shedding rate can be derived:' 

D2 .7dSu (4.2 * 10-6) (2).dD : . , • . ., 

It is apparent that as the number of days (D) increases expected, daily sheddihg
becomes larger. The exponent 2.7 gives the change in the rate of shedding for that 
equation. 

-

For the protected plot the following equation was calculated (R= .95) (table
96, appendix 4). 

Sp = (3.33*10 - ! 1) D5 .782 - -- - - - - - - - - - - - - - - - - (3) 

Where Sp = total shedding in one plant in the protected plot.

D = days after planting.
 

6. Data tables were provided by Dr. Rainier DaxI and are shown in appendix 4. 

* DaxI, Rainier, Personal communication, 1976. 
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Again, the shedding rate is given by the first derivative of equaion (3). 

D4 7 82- - - - - - - - - - - - - - - (4)dSp = (1.02*10-10) . 

Here again the shedding rate increases as time elapses.. Comparing equations (2) 
and (4) gives an idea of the magnitude of the intersection between "natural" and pest
induced shedding in this pcrticular case. Figure 27 shows a graph of equations (2) and 
(4) superimposed. The increase of shedding rates with the passage of time is clear. Also 
evident is a certain corresponder.ce between shedding rates in the protected and unpro
tected plots. 

Although shedding rates are higher in the unprotected plot in the beginning (pre
sumebly because of pest attacks) they do not appear to increase as rapidly as the rates 
in the protected plot. In figure 27 the two curves actually intersect at about day 120. 
It is possible that the energy savings caused by the destruction of fruit by pests early in 
'he season he!ps curtail natural shedding in latter stages. 

If all of the shedding were induced by pests the curve for the untreated plot would 
be a fiat strcight line at about 5 thousand scars. This is because the usual threshold for 
a plot of 1 manzana with 20,000 plants is cbout 5,000 larvae and one larva consumes 
about one fruit-part per day. 

-h,-dingNatura. shedding , xish separat from pc..t-;-,cuced and the two subs

titute for each other. Otherwise thk two :.r .. in ,q']urc 27 would never cross. 

Comparing the integrals of both cu:rv..-'.:n XG anc! 140 days gives total ac
cumulated shedding for that period. This in.e_,r'a! ws Y4.7 fruit parts For the undefended 
plot and 84.7 for the protected plot. Total sh,;ddiig ,vcs oniy '0% higher in the unpro
tected p!ot, ?resumably because of prst Ottucks. ?est. 1r.,-u*,.d heddiiij indeed seems to 
compensate for notural shedaog to a larg- exwi-,. 

The dufa seem to support the hypothesis that peSt--indUed sheJding makes natural 
sheddinq less necessary. This is consistent with the notion .,fan energy balance within 
the plant. 

The analysis above has several limitations. One of them is that only two plots in 

particular circumsicnces were compared. Furthermore one of the plots is located near 
Managua and the other in Posoltega, two localities under di'fwtmidonli6utl ioffpkbtnd 

t eaThestbrae pbotecords available of pest-incidence in e'ther plot. It is reportedly 
difficult to count scars very accurately (although this problem *ssmaller when only ten 
plants are being monitored). Nevertheless it is clear that shedding rates increase with 
time arid that possibly pest induced shedding offsets natural sheding to a large extent. 
This hypothesis must be tested further in order to be accepted without reservations. 

http:corresponder.ce
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5.3.3. Shedding and economic thresholds. 

The shedding behavior of the cotton plant contributes,substantially to the design 
of economic thresholds for fruit pests. If pest induced shedding offsets natural shedding to a 
large extent then the economi thresholds for fruit pests should increase as the plant grows 
older paralell to increased shedding. This is apparent from the nature of equations (2) 
and (4) and from figure 27. 

Present knowledge indicates that a bollworm larva consumes about one fruit part 
per day during Its 14-day existence as a larva , 2 From a pest management standpoint 
tolerating 8,000 larvae per hectare during one day implies a willingness to lose 8,000 
fruit parts that day. If natural shedding rates are above the rate of boll destruction by pests
it is like!y that total yields will not be smaller because of that particular bollworm popu
lation. 

If pest-induced shedding can largely substitute for natural shedding (up to 90%, 
say) and if the shedding rate observed in the protected plot adequately reflects natural 
shedding one could make some inferences about tolerable popu.ations from equation (4).
Those inferences would only be valid for the plot where the observations were made and 
for the year in which they were made. 

In order to maximize the tolerable population (and thereby minimize pesticide use)
subject to a condition of no-decrease in "normal" yields one would only have to apply 
equation (4). From the number of days after planting and a plant population dehsity of 
20,000 plants/hectare one could estimate an expected shedding rate. Because of the 
observed one-to-one correspondence between bollworm population and fruit damage the 
shedding rate becdmes the maximum tolerable population of bollworm lurvae during one 
day which will not result in smaller cotton yields/hectare. 

For example, at day 70 the maximum tolerable population would be about 2,500 
larvae (large and small). At day 80 it would be 4,800; at day 90 the number would rise 
to 8,500, at day 100 it would reach 14 071, and so on. 

This is not an economic threshold for bollworm because one still needs to take into 
account the price of cotton and the cost of control. Current seedcotton prices (1976)
stand at about $0.20 per pound. It takes an average of 100 bolIs to produce one pound 
of cotton. The potential value of one bbtl Is therefore $.002. Unless localized applica
tions are employecd it costs about $10.00 to treat one hectare with a common dosis of 
usual pesticides. In order to justify spending $10 in an applicatiorn of pesticides one 
would have to save (10 r .002) bolls, or 5,000 bolls. One must tolerate, therefore, 5,000
larvae/ha, above the threshold of physical damage to reach the threshold of economic 
damage. In abstract terms the economic '"band. :cibove phsical thresholds isgiveh by: 

-- --

I. Romero, A., Personal communication, 1976 
2. Falcon, L., Personal communication, 1976 
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Where Pp:= cost of thP control measure per unit area,: 

,:,Pc =prike of.oQe.pound of cotton w;th seed 
" " . =..number of .bollsto make one pound of cotton 


C = estirnated boll consumption by one individual pest ir.opedy.
 

thresholds suggzsted by.equci ons.. (4) and (5) .%ith preset,ottonS.The econqmic 
and peticijde pri.ces and~for that particular yuar (1.71. 75).in thrjt pqrticular plot. 

(Posoitega+ Ni aragua) would be-as follows. 

TABLE 56 

Economic Threshold for Bollworm ir.:?.so!tega, licaragua for..1974-75,.. 
....,in Thousands o.f Total. Lo,rvae/Hectare .. ... 

Plonshectare ,,. . Day . of totai bollworm lIryoe* 

60 6,08020,000 7,250.70.:: 
. .80. 9,320.200 . 

20,0o 090
.:;20,.009). . .,:.: i'0 ' 17,600.i 

20,000 IGO I100 '
 

,..20,.Q00.. .. 110. 24,800..
 

* This column was calculated as folIows: 

• I. t . I 

°++j4" , L1N whic 
SP *i D * 0.9 + P , hepresent case, 

C 

-10. 4.782 00
 
becomes (1.92* 10 D5000." 6.9 


.Using tabli 56 for pActicatpupseswould entail several risks. Average shddig 

rates may be. different from one yaro the. next even in the same plot. Pest-4nduced 
shedding 'nee' riot oMelo natual.sheddinb. .rices and c-osts are alds subjet to' 

chrdanes-at any timei' ' ,. 

tO gi."someN~ve!thI peset b6llworim threihld knowledge makes 'it possi 

experimental recommendations. The Nicaraguan integrates pest control assistance program 

recommends a threshold of 5,700 to 7,000 small larvae per hectare after the first small'boll 

appears (day 60) and 8,600 or more after the first boll opens (day 120 approximately)." . . . . . .. ;. % ," . . " . . , 



The above analysis is consistent with the recommendation of tha Nicaraguans at the be
ginning but suggests that the threshold level minht be allowed ;'o :pidly. Tablerise more 

-
56 shows a value of 17,600 larvae for day 100, fo instance. It would be very easy and 
perhaps profitable to compare the two th-esholds iHthe field. 

The actual threshold that a former employs is affected by his risk aversion prefe
rences. A conservative farmer may prefer to invest in pesticides rather than to risk losing 
a part of his expected crop. A less conservative farmer may be willing to accept more 
risk. A careful technician is basically in the same position, Furthermore,* in deciding to 
treat a pest-infested plot the technician or the farmer takes into accuunt a number of 
factors such as climate, beneficial population activity, pest population growth rates and 
even the phase of the moon. 

The simplest way to give and example of risk aversion would be to imagine someon' 
who believes half of what is said above. He would be natura!!y inclined to halve the 
numbers given in table 56. It is obvious however, that the thrwshcld need not go below 
5,000 larvae/hectare with current prices and costs. So this prudent technician' would 
start with a threshold of 5,000 larvae/hectare at day 60, and would oc.dto that number 
half of the increment given in table 56 for the rest of the intens..e fruit-setting period. 
Thus, at day 70 he would be using as a point of reference : ihlihold .f 6,125 larva/ha; 
at day 80 he would raise it to 7,160, at day 90 to 8,825; at do; 100Co 11,300; at day 
110 to 14,900 and at day 120 to 20,300 t-otal (smcll Inod ,arc.:) 1 ~vcu p,!r kectare. 

These numbers are given mainly to .timuia' in!-.nc.: ;n h potcntial benefits of 
more refined thresholds and to pive idea...r field 'ri reaiity' the farmer or:r'.,rr.,,ntn.. 
technician bases his d-cision on c.numbLr " ... s.Lc'ibns ,s;'oted ,buve. Obviously 
daily pest counts are almost essential for ihc colrr' o: 1;"w r..nciplas outlined. Even 
a threshold bcsed on expected shedding gvei accc1j.,,:--: !an]1 ci.ntic conditions would 
not be more than one reference point in the complex s-isterm of o pest management metho
dology. 

The technician and the farmer are especially inte:est.d in sirali bollworm larva 
(less than 1.27 cm.) because beyond that size chemi..a! contrrnl isv'.ry difficult. Within 
the framework of the above analysis one has to add up all th. larva tog.her. When con
trol becomes neces cry itis hoped that destroying the small larva may be sufficient to 
drive the populatioii below the threshold. Even so the pruie;t crmer might decide to 
control a population because existing environmental ar.J ecologeical conditions suggest 
high future populations of large larvae. 

Studying fairly intimate details of the behavior of the cotton plant and of its 
related fruit pests may lead to more efficient pest management :riteria. So far a limited 
understandiag of these interactions has probably propitiated a :igher insecticide use'than 
would appear to be economically desirable. Many of the poin:; discussed above are com
mon knowledge among co'ton technicians. Perhbps a more ger ralized distribution of re
search results might encourage a more rational use of pesticide: to the benefit of the far
mer, the environment and the economy. 
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6 ISYST.E'S ..ECOl.OGY AND ENVIRONMENTAL iv,,NAGEMENT TO 

R.,:,.EDLCE. PESTICIDE POLLUTION IN CENTR/' LAMERICA, 

Introduction: 

.,serious enyiri,mentril problem, exists in Centrc. /.merica as a consqqun.nCq-qf 
pest0de us~e. iq co.tton rioduction. The cim of the research project is to develqp.J.\ 
systems management prograrm to reduce the hazards to the environment and public.:heclth.
and also "to reduce the economic costs of pesticide use in Central America, Pesticide.s• 
is a'highiy complex environmental problem in Central America and is interrelated with 
the economy, human welfare, public health, cnd environmental quality. 

An, irnvesti9gtion of such complexity necessitates Cl mul ti-disciplinary effort. 
Hence,,the research. project includes a team of specialists; envir'nmental chemists, public
health -epidemiologists, -economists, pest control Apecialists, a.'d systems ecologists. The 
environmental chemists are rneasuring how widespreada.cind seriously pesticides are' 
distributed.in food and water as well as various wild species vJ plants and animals'in 
Central America.' The pubiic health epidemiolo!.ists are collecting data .'.n the extent 
and seriousness of human insecticide poisonings in the :.opulation and'documenting the 
relationship.of increased human malaria to pesticide use in cotton production. The 
economists are studying to which extent c pres-::"c~z. f Psticide use necessary for 
profitcible..cotton.oduction and what cre th. social cnd pri'vcte costs arid benefits of 
producing-cotton to:the Central /.merican economy. 

f The pest coqntrol speciolists cre invest'ct;, sir'te!i:s of reducing insecticide use 

for insect control in cotton employin., an intc:,rcCi'.' i.est control pro:jram, The effectiveness 
of the...integrated pest control program is be;o ,. :uate b'.sed on cconomic,'environmental 
and health risks and benefits. 

The systems ecologists of the project arp describing the ecological system' related 
to the environmontal pesticide problem by focusing on the interrelationships that exist 
among the major factors that mniake up the system. The aim of systems ecology for this
multi-disciplinary.rrsearch effort is three-fold: J1) :o identify cnd describe the major
factors and.the ecology of the interactions among them; (2) to explain in detail. the 
ramifications of pesticide use in cotton. in the Centrcl American ecological system; dnd(3). 
to examine all proposed solutions for their possible benefits and risks as.they relate, to the
whole ecologiccl system. 

The need -for systems ecology is to help guarantee, that any new proposed systems 
management program will not lead to fyrther environmental. problems. Anh equolk, important 
need is to provide an understanding ofthe problem.. to..!egislators, p.ublic-health officials;
agriculturalists economists, environmentalistp, and thoe public "ngeneral. Information bn 
the ecolog'cal-sy.stom should provide a: clear explcnation of how governmerit, laws, the-* 
economy, the environment, public health: and tL-, p-ublic,.are .ll interrelated,'in'this :j 
pesticide pollution problem associated with cotton. 

http:relationship.of
http:distributed.in
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The systems ecology information plus the proposed environmental management pro
gram will aid each group (government, economy, public health, agriculture, and public) 
to identify their responsibilities cnd the necessary policy decisions that have to be imple
reented to solve this complex environmental problem. Hopefully, this aproach will make 
the decision rnrk!og processes more effective by reducing self-interest conflicts. 

The systems ecology investigation will be developed in two stages. First, we will 
provide an 6verview of the total ecological system as one might view a "forest" from- on 
high. Second, we wiji focus on each of the major factors that make up the structure of.the 
system and examine the interrelctionships oF these major factors in detail. Although some 
;.of the sub-models such as the economic model of cotton production can be developed by 
utilizing mathematics, the ecological system involved in.this investigation .is too.rmiuch 
complex at this time for mathematics and exact quantitative relationships. Therefore, our 
presentation will.employ:diarams, matrices.. and written exp!anations to describe and 
analize the dynamicsof the ecological system i-n Central ,'.merica, 

6.2 Overview: 

/n overview of the prime factors in the ecol6gicai system and the.interrelation -. 
ships that exist amon 3 these factors are diagrammed infi:.,,urc 28. The lines in the diagram 
indicate the complexity :.f this ecological systern !.nd s.gest that any systems environrment
al management program should involve decision mnakers from various segments of society 
such as government... agriculture. industry, environmental concerns, public health, and 
publlic -interest*groups. 

The lines in figure 28 fndiccte some f tha interrelationships; details of the interre
lations are presented in figures 29-36. ,tn-verview . ffhe mcjor factors interrelated with 
the pesticide pollution problem in Central Armericc cre discussed in the following 
categories: 

Cotton and the economy 

Agriculture dominates the economy of Central America (figures 28, 29).About 60% 
of the':economically active population is involved.in agriculture and an estimated 70% of.' 
the nation 'sexports are, food and fiber products. As for the value of export. crops, coffee is 
first followed closely by bcnanas cnd cotton. Thus, cotton is a dominant part of the 
economy of Central America. 

An estimated 393,000 ha are in cotton in the Central American nations of EI Salva
dor, Guatemala, Honduras, and Nicaragua. Cotton is a dominant influence in the economy 
and a large part-of the environment in Central America. 

http:involved.in


Insecticides used in cotton: 

The pesticide pioblem is primarily an insecticide problem (figures 28, 29). Relati
vely small quantities of fungicides and herbicides are applied to cotton in Central America. 
Nearly 28,139,000 kg of pe~iicides arb used cnr ucdly1, in cotton production; an average of 
71.6 kg per hectare is applied to cotton. In El Salvador where insecticide use is the heav
iest, an estimated 515 kg is applied per km2., An estimatod 1/5 of the world's parathion is 
applied in this small nation. 

Cotton would bE; difficult to produce. in Ca'ntru! .merica without insecticides becau
se of severe insect pr.oblerns. Starting about' 1950,'w,01, ticides were first used exten
sively on.cotton, about 8 sprays were appliec during the c. tton season. The number of ap
plications has risen to about 30 cnd as high cis40 per season in some cases. The reason for 
the widespread increase in insecticide use is that this c:ction represents the only currertly
available response of ihe cotton farmer to deal with increcsing insecticide resistance in 
pest insects and loss of natural controls (beneficial predators and parasites). Because of the 
large number of treatments and heavy dosages, the cost of cotton production has risen sig
nificantly. However, insect pest control is still not satisfactory. Because of this situation, 
an economic crisis underlies Central American cotton production. 

Insects in the cotton ecosystem: 

Cotton originated in. Central /merica as well as in the West Indian Islands (figures
28, 34). In addition tobeing the native home of the cotton piant, Central America isalso 
the native home of some of the most serious cotton pests including the bollweevil and se 
veral bollworm species.. Because some )f the natural resistance to insect pests is cibsent in 
commercial cotton and temperature and moisture are,.ptinium, conditions are ideal for these
and other cotton pests. Hence, there is a need for some insecticide to.prevent pest out-. 
breaks. 

Several species of nuturai enemies(predutors cod parasites) function effectively to 
limit cotton-pest insect populations. However, if insecticides are applied without know-. 
ledge of both the ecology of.the pest and beneficial insect populations, natural control ef
fectively disappears.. This .has happened in Central America and is on of the reasons that 
more and more insecticide treatments are necessary to deal with worsening insect pest 
problems. 

Human poisonings: 

Non-fatal and fatal human poisonings total about 3,0G0 annually in Central Ame -
rica (figures 28. 30). Only a small percentage (about 0.5%) of these poisonings.qre fatcl. 
The insecticide that is primarly responsible for most of the poisonings is methyl and ethyl
parathion. Most human contact with the insecticides occurs when farm workers and scouts 
come in contact with the insecticide-contaminated cotton fields and plants, The insecti 
cide residue is picked up while farm workers are weeding and/or harvesting cotton. The 
scouts who monitor insect populations are also exposed to toxic dosages of the insecticides 
while measuring pest and beneficial insect populations. 
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Malaria and mosquitoes: 

The anopheline mosquito (Anopheles-clbimanus) is the prime vetor'of malaria in 
Central America (figures 28,'1). ThT.eavy use -f insecticides on cotton in the coastal * 
plain regions (and c 'r-zinination of the aquatic hal.itat of the mosquito) has resulted in the 
evolution of mosquito populations that are highly resistant to a wide range of insecticides. 
Currently, all insecticides, with one possible exception, are relatively ineffective against 
this mosquito. 

One important reason why the mosquito populations in the coastal plains have be
come resistant to the cotton insecticides is the use of aircraft applications. About 50% of the 
insecticide applied by aircraft drifts to habitats outside of the cotton fields. Thus, most of 
costal plain habitat including the mosquito s aquatic habitat has been contaminated with 
cotton insecticides. With such intense exposure to a wide variety of insecticides, the 
mosquito population is highly tolerant to a wide variety of insecticides. 

Bacause of this high level of resistance to insecticides, mosquito contr, l expenses
have increases significantly. For example, house spraying with DDT cost only $7 per house. 
With resistance to DDT, propoxur (carbamate insecticide) was substituted for DDT. The cost 
of house spraying increased to about $15 per house. Now with many mosquito populations
resistant to propoxur, the only insecticide available is larndrin. This material costs about 
$22 per house treatment. It should be pointed )ur thui. houses have to be treated about 4 
times a year except when DDT is used. 

With increased mosquit'o populations Lecause )i ineffective control, malaria(Plas
mcdium falciparum). is increasing. In El S~lvodor, one; of the worst problem areas, th
incidence of malaria :increased from 33, ,00 cases ii 1";73 to cout 66,000 cases in 1974. 

Effect of insecticides on livestock,' other crops, r,nd the fishery industry: 

Beef cattle that are produced on the coastal piains-where cotton is produced rcy
become contaminated with insecticides (figires 28, 20, 31, 33) . Beef containinggreater 
than 5 ppm of DDT, for instance, cannot be exported to the United States. Several ship
ments of beef have been rejected and/or could not be shipped. Some of this contaminated 
beef is also sold in the Central American market at lower prices. A few cattle have been 
killed when they were cccidentally exposed to high insecticide dosages. 

Milk and other dairy products may contain high pesticide residues. Reported milk 
contamination averages about 20 ppm and ranges as high as 100ppm. Beef and dairy cattle 
obtain insecticide residues from both contaminated forage and contaminated concentrate 
feed, such as cotton seed meal. The forage becomes contaminated from atmospheric drift 
via aircraft applications. 
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Corn is one of the ,'nain staples in the diet of the people of Central America. Corn 
grown adjacent to cotton areas has been found to be contaminated with insecticide resi 
dues. In addition, circunstc:nticil evidence suggests that corn disease is more prevalent 
on corn grown in the cott)n rejions. 

The production .)T:other crops such as beans, squash and other food drops may be af
fe'ted by the insecticide ;::ollutikn because the necessary pollinating inse :t:populotio'ns 
have been reduced. Crops -rowi in the coastal p.icin with cotton also become contaminated 
with insecticide residues. For excmple, from Q.1 to V-.', p f DDT has been found in 
beans. How serious the insect prot-ler.is ore because 4 i'he residue present in the envirorment 
has not been determined. Some reports suggest that inr.-ct nest problems are more severe .n 
crops in the cotton region. The corn pest Iroblem mentioned earlier isonly one example. 

Reports have clso been received that commercial fish and shrimp populations have 
been reduced due to severe insecticide contamination. Since accurate population data on 
fish and shrimp are not cvailcble, it is not possible to confirm or deny these claims. How
ever, there is no question of insecticide residues in both the shrimp and fish; 

Fresh water and salt water(estuaries) are reidily contc-minated since pesticides 
drift in the atmosphere and alight on water, and insecticides are washed from the land into 
strams and ponds. 

Effects of insecticides on the environment: 

The water, land and cir are all contaminated.- with ins&cicides because of the large 
quantities of insecticides copplied and because most of ihe insecticide is applied by aircrcft 
(figues 28, 33). Less is known about the impact of thc pesticides on the biotic environment. 

The biotic environment in Central American probably consists of an estimated 100,000 
species of plants and animals. Leccuse of the intense 1.i..olo..:jcal activity of insecticides, it 
is expected that the large quantity of toxic insecticides applied tu the Central American 
environment is having a!significant impact on many animal cnd plant populations. Without 
good population data before insecticides contaminated the env.ronment io compare with 
after contamination data, it is impossible to give an estimate of the impact. On the basis' 
of experience in the U.S.. the impact should be significant. 

Government: 

The government is included as a major component of the ecologi'cal sysitm for se... 
veral reasons: (1) the government establishes laws such as pesticide regulatioiis that in 
fluence use and methods of applying pesticides; (2) the government controls public health 
programs, establishes industrial hygiene standards, and institutes effective worker compen
sation programs; and (3) the government responds to public pressure and is constrained by 
the strength of the nation's economy. Hence, the government, including the legislators, 
interacts with all the major components discussed (figures 28, 30, 31, 35, 36). 

http:prot-ler.is
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6.3 Ecological System in Central America: 

An overall perspective of the ecological system was provided in the overview. This. 
perspective is valuable in gaining a general understanding of the interrelationships of the 
major components, however, it does not provide the detailed un6erstanding of ecological 
system that is needed for effective environmental systems management programs. 

It should be ernphcsized that not all factors in the system can be include,:" in this 
analysis because the ecological system is much too complex and in sume cases is beyond cur
rent available knowledge. In addition, to include all the factors in this systems analysis 
would hinder our understanding because many of the important factors would be hidden! in 
the complex maze of many minor factors. For example, there are an estimated .100,000 
species of plants and animals in Central America. It the taxonomy and ecology of all of 
these species were known, the task of analyzing and documentinj cll of their interaIctions 
plus the interactions with the physical environment and man and all of his manipulations 
would be much too complex for comprehension. Hence, a significant degree of aggregation 
is necessary and 130 major factors have been identified as significant in this systems analysis. 
The interrelationship among the 130 factors provides the potential for 16,900 interactions. 
Some of the interactions have little or minor effects. Consideration in this analysis will be 
given primarily -to those faictors that have strong interactions. The focus of this cialysis will 
be to provide an understanding of the ecology of ec'ch of the 13-) major factors and their 
interdependencies. 

Several flow diagrams (figures 29,36) itdhr:ti :, .he major interactions of several 
factors related to a particular aspect of the ecological systom have been prepared. The 
interdependencies amdng diagrans are easily dcectcc' !:.y identifying one or more factors 
that occur on another diagram. 

The 130 major factors are listed below .nd an ex.cIanation ;.f the mcior interactions 

are described: 

Parathion: 

iPthi:!(mbthyl *.&hyl) is one of the commonly used insecticides in Central Ame
rica for cotton' production (figure 29). The reason for parathion's widespread use is its re 
lative effectiveness ajainst the bollweevil, bollworms, beef armyworms, leafworms, sucking 
insects, and other pests of cotton. Parathion also is relatively low in cost and this makes 
it attractive for use by cotton growers. 

Parathion, ds well as destroying insect pests, also destroys beneficial lady beetle.
predators, lacewing predato.s, other predaceous insects and mites,- Trichogramma spp. para
sites, and other beneficial insects. 'Whet beneficial natural enemy populations are reduced 
to low levels, pest populations, once free of the effect of parathion, increase rapid ly to 
outbreak levels. These outbreaks require further insecticidal treatments. 



The prime cause of the non-fatal and fatal human poisonings is parathion use(figu.
re 30). The LD50to man for parathion isabout 10rmgAg compared with DDT that has an
LD50 of about 600 mg/lg. Obviously parathion is highly toxic to man; However, an ad.-. 
vantage of this toxicant is its low persistance in the environ~ieni. On the surface of plc:nts
it seldom lasts longer thcrn a week, whereas in soli or woter it may persist for a maximum. 
of 3 to 6 months. 

The human population most oftei exposed to parathion are the cotton farm workersand scouts. The farm workers (mostly cdult mole) come into contact with the parathion
while weeding and harvesti;ng cctton iiKthe fields. The scoui's.who monitor insect popula
tions come in contact with pcrathion residues )nthe cot: plant while measuring pest
and beneficial insect populctions in the field. 

Support of the fact thai rmost of the non..fatal cnd fatal insecticide poisonings are
due to parathion is-the evidence that the symptoms and signs of the poisonings are choli 
nergic.
 

Parathion is applied to cotton as a dosage of about I kg/ha, using aircraft. Large

quantities (about 25 kg/ha) of parathion are used; it is widely dispersed since most appli
cations are made by aircraft (see aircraft cpplication). Parathion is extremely, toxic to
 
most animal life. 
 Parathion residues in the environment ar& one of the prime selective for
ces causing resistance to evolve in the anopheline rrosquito population.
 

Since all parathion is. imported, this is costly to.Central America. The pesticideindustry in Central America that formulctes parathion benefits from the large parathion volu.
me applied to cotton. 

DDT: 

DDT alone or in mixture with Toxaphene is also a comrnonly used insecticide in 
cotton productor, in Central America (figure 29). The chemical is cheap and relatively
effective against bollworm4i ard some sucking insect pests much as plant bugs. An Important
value of DDT use on cotton is that DDT allows mora piedators and parasites to survive and
remain effective in controlling cotton pests than is the case with parathion. 

Because DDT is a persistent pesticide and has a half lifn of 10 to 30 years, se:r,
residue problems exist in the environment. DDT residues and other chlorinated residues 

us, 

have caused rejection of beef cattle shipments, Residues in milk are also qui.te: high,
averaging about 20 ppm and ranging as high as 100 ppm. In thissituation, DDT acts as a
good marker indicating the movement and accumulation of persistent pesticdes. inthe 
environment. 
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As indicated in the parathion section, DDT is relatively non-toxic to man. He-ice, 
although residues of DDT are realtively high in man, all evidence suggests there i,no se -
rious health problem from DDT. With predaceous birds, the situation is just the opposite 
based on US. experience. Hawks, falcons, and other predaceous birds are particularly
sentitive to DDT and the effect is eggshell thinning ani. er,ibro mortality. Although it has 
not been investigated in Central America, the situution is probably similar to that in the. 
U.S. 

With DDT residues widespread throughout the enviroanmcnt, the anopheline mosquito
populations are highly resistant to DDT (figure 31). The resistant mosquitoes are difficult to 
control and malaria in man has increased. All of the DDT is imported and the pesticide in 
dustry does all the formulating in Central America. 

Toxaphene:
 

Toxcphene mixed with DDT, is also commonly used in cotton production in Central
 
America(figure 25). The ecological aspects of toxaphene in the cotton ecosistem and
 
other parts of the environment are similar to that of DDT. 

Toxaphene is more toxic than DDT to man an,! is esi'imoted to have an.LD 510 of about 
100 mg/kg. 

Propoxur:
 

Propoxur is a carbanmate insecticide usec&ft;r c.:'!opheline ,iasquito control (figure 31).
The chemical was initially effective but now the -iosqui-'o populations on the coastal plain
where cotton insecticides have contaminated the enviro-.-.int are resistant to propoxur. The 
result has been an incredse in mosquito populations wvhic,, in turn has resulted in an increase 
in malaria in some of the cotton regions.. 

When first used, piropoxur contributed to a reduction in mosquitoes and malaria and 
was a significant factor in improving pubtic heclth. In ma:ny areas, nis mentioned,,propoxur 
is no longer effective because of mosquito resistanc'e. 

As with'the other insecticides, propoxur is imported and then formulated in Central 
America. 

Landrin: 

.andrin is a new carbcmate insecticide that is effective against anopheline mosqui.
toes that are resistant to propoxur (figure. 31). The chemical, however, 'isnot presently re -

gistered. for use against mosquitoes. Also the chemical is twice as-expensive as plropoxur 
for house spraying (see house spraying). 

Since Landrin isalso a carbamate, it is doubtful that Lan-rin will remain ettective 
against the mosquito population for long. The multiple-insecticide resistant-mosquito po -. 
pulations should overcome this chemical in a year or two. 



Galecron (Fundal): 

Galecr:n (or Fundol) is a new cottoti inseci'i,;ide iaict' is as effective as parathion for 
control Sf some cotton pests but has the cdvantage of bri less toxic to mcn and to natural 
enemies in the cotton field (fiyure 29). These advunt(cges'aake this insecticide highly de 
sirable for the integrated pest control prtrram (figure 34..). 4-&owever, the principal producer 
of Galecron has temporarily retired its product fronm ih lc.rke -because of health hazards. 

As with the other insecticides, these chemicak :.ro imported and formulated in
 
Central Arnerica.
 

Cotton production: 

As mentioned in the overview cotton production is a vital element in the econormy 
of Central America (figures 29, 32). It is the third most importnt export crop in Centrcl 
America. Most of the economically active population (60%) are employed in agriculture, 
and cotton is a dominant factor in farm worker(includin- scouts.; employment. Most- of the 
work is weeding cnd harvesting cotton. 

Some of the farm workers live in the hill regions ard mgrate to the coastal plains 
during the cotton irowing season. 

Because cotton is native to Central America and many )f the pests are also native 
to the region, serious insect p:est probler.-'is are common )n cotton. Insecticides are present.
ly essential to cotton produci'ion. 

With large quantities of insecticides (an estirated 60,kJ/hc) being used in cotto~h 
production and most of those materials cpplied by aircraft (ultra..low-volume), serious on
vironment contamination hus resulted. The residues .)f chlorinated, phosphate, and carbc ... 
mate insecticices in the environnent has resulted in ma.y, diverse ecological effects(figu
re 33). Beef, milk, and other fo!ods have been contamincted. In the case Of beef some exports 
have been rejected at the pork of entry and in other'ccscs the beef could only be sold in 
Central America at lower prices. 

The soil in cotton fields is contarrinated wii i viony kinds of insectides These che
micals probably have some effecr on the growth )f 4d-e cottona plant. 

Cotton insecticides cs ientioned are iJirectly responsible for the resistant rnosqui 
toes and increase in malaria in some cases. 

Shiinrip and fish populations are resportedly lower than expected because of the toxic 
effects of the insecticides on these valuable food species. Confirming this effect is not 
possible because population data have never been collected. However, there is no question 
about the high insecticide residues present in shrimp, crayfish, and fish populations. 
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Clearing and managing land for cotton production has had a significant impact on 
the fauna arnd flora independent of the use of insecticides. Adding insecticides to cotton 
culture singificantly increased the impact of cotton on the environment; 

Since cotton is one of the most important agricultural enterpriles in Central Ameri
ca, the machinery, fertiliz.er: p~iro.-chemical, and pest'ioiue industries all benefit from; 
this agricultural enterprise. 

SCorn: 

Cnrn along with berans forms the staple food of the people of Central America(fi-~ 
gure 32). Most of the corn nieeded for the population is risced in small plots throughout 
both the coastal and hill regions of"Central/.merica. Corn is also a dominant factor in the 
economy, society, public healthi, nutrition, and other c'.spects of the ecological .system of 
Central America. 

Corn production appears to be affected by the use of insecticides on cotton. 
Reports exist that corn stunt disease (virus) ismore prevailent in corn grown near cotton. 
Corn stunt djsease is tranlsmitted primarily by leaf hoppers. It ispossible that natur~al 
enemies of the leaf hoppers have been reduced allowing the leaf hopper populations to 
increase. Another possibility is that the sub-lethal dosages. o.,t" e. cie rfi~ 

onto the corn has stimulated the rate of increase in the leaf hopper population. Support 
of this proposition comes from the experiments with sub-lethcl dosages of parathion and 
dieldrin on Colorado potato beetle populations. Beetles exposed to low dosages of these 
chemicals produced up to 65% more offspring. This suspected' increased disease problem 
in corn is important and deserves inveshiga tion. 

Corn isalso contaminated with pesticides, primarily with chlorinated insecticide 
residues. ". . : 

•"Other crops: 

The other crops grown on the coastal plains are exposed to insecticide residues
 
(figure 32). Residues of chlorinated insecticides have beern detected on squas and other
 

vegetables used as food by the people. 

""More severe pest problems have also'been reported as occurring'on these crops.. 
As with corn, the problem may be'issociated with a dest'ruction of beneficial natural 
enemies and/or a stimulation in the reproduction of the insect pests. Production of these 
crops has been hindered in some cqses in the~cotton :region by a lack of'insect pollinators. 
..These pollinators wer probably eliminated by.insecticide used on.cotton:. 

'"°eef cattle:"' : 

Beef production isan important agricultural industry in Centra: Nnerica(figure '32). 

Several million dollars worth of beef are exported annually to the U.S. 

http:fertiliz.er


Problems, as mentioned in the overview, have developed in the export, market be
cause beef has been contaminated with .DDT,. toxaphene. and other chlorinated insectici,
des. 

-
Some beef shipments have been rejected Lecause of insecticide contamination. 

Others were not exported and had to be sold in the Central American market at lower 
prices. Overall costs incurr,." reach aboul $1.5 n;ll.o. 

Beef cattle are being contaminated with insecticides by eating forage: that has been 
contaminated by insecticide drift from the aircraft applic-tions to cotton, Another way
that the cattle obtain insecticides is through concentrate feeds that contain cotton seed 
meal also contaminated with insecticide residues. 

Other livestock: 

Miilkproduction, is important to the. livestock indusfry (figure 32). Most of the milk 
and milk products are consumed in Central Americc. 

Milk produced in the cotton region has been found to 'je heavily contaminated with 
DDT and the other chlorinated insecticides. Residues have av.raged about 20 ppm and * 
range as high as 100 ppm. The tolerance level for U,$. milk..; only 0.05 ppm of DDT and 
other chlorinated insecticides. Exactly what impact thp cons',mption of contaminated milk 
is having on young children is.unknown. 

Land: 

The topography of the land influences soil quality an .soil erosion problems(figure 
32). More will be said about land quality in the'sections on coastal andhill, regions. 

It is well knowr that laid type influences crap and I'vestock production industries.
Land also provides the habitat for terrestrial plants an animals. Land and the organisms
living in the soil are important in the r>cycling of the vital chemical elements required 
by all life. 

Soil quality: 

Soil quality (structure and nutrients ) determines the success if crop and livestock 
production (figure 32). The coastcl plain region hus oood quality and this contributes tothe success of agricull'ure, especially cottor, in his region. 

Increasing insecticide residues in the..soil is degqding soil quality;soi.I microrga
nisms, beneficial. insect,and earthworm (apne! ids) popul.at'ions are being reduced.based on
information, from other studies. These organisms are important in degradi.ng waste, preying 
on pest insects and microrganisms, and in turning over the soil. In addition, increasing
the quantities of insecticide residues in the soil may suppress the growthof cotton and 
other crop plants. 

http:degradi.ng


Soil erosion: 

Soil erosion 'isa'serious problem ioi-Central American agriculture*. Cotton is nor-. 
mally 'lanted in-40inch rows ( figure 32). This leaves the soil unprotected andsevereero 
sion occurs. On the coastal plains an estimated 16 to 20 tons of top soil are beingwashed 
and blown from the cotton fields annually. This erosion degrades the soil for crop produc
tion. 

At the same time the insecticides deposited on the upper layer .of soil are washed 
or blown with the soil irit6 other parts of the environment.- *The aquatic habitat particular
ly receives large quantities of the insecticides transported with the soil. 

The soil sediments carried into the aquatic habitats also have a detrimental ecolo
gical effect by killing fish, crayfish, insects, and plants. 

Steams: 

The slow flowing streams on the coastal plains ar. major factors within the ecolo
gical system (figure-33). These streams provide waler .formany farm workers and families. 
The streams receive large quantities of insecticides via drift and runoff (soil erosion) from 
the cotton lands and fish, crayfish, and other organisms in the streams are exposed in some 
cases to lethal dosages of insecticides. 

The insecticide residues do not remain at hitgh levels irn streams for long because 
the contaminated water is flushed into the Fstuar,,. These streams are the prime means 
of transport of pesticides to estuaries. Fish. shrir-p. v;..rDther orjanisms are affected in 
this valuable habitat. 

The slow flowing streams on the relatively flat coastal plains are sometimes weed
clogged along their hanks. This habitat is ideal for clophel i'e mosquito breeding. The 
insecticide contaminated water contributes to the selective pressure on the mosquito popu
lation and increasing the level of resistance in the mosquito population. 

Drainage ditches: 

Most cotton farms have large drainage ditches running through them 'to carry away 
the water from the heavy rainfall during the rainy season (figure 30). The water in these 
ditches is highly contaminated with insecticides.. Although this wates is contaminated, it 
is used for washing by farm workers because adequate washing -facilities are seldom avail
able or conveniently located. The situation contributes to the burden of insecticides that 
the -laborers are exposed to. 

These ditches also may harbor fish, crayfish, and other organisms, but survival of 
these organisms in the toxic water is probably poor. 
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Ponds: 

Ponds and pools occur on the coastal Plain more frequently than in the hill region
(figure 33). These. ponds and poois are frequently associated with the strecms:f46wing on 
the plains. Some of the pools are spring fed Cnd eventually empty into the cidijoining 
streams. 

The ponds and pools are cj fcvorite brecdin.j site for Anopheles albimanus. As with 
the streams these ponds and pools are contaminated -with insecticide drit from the aircraft 
applications to cotton. This insecticide ,xpl-sure to mosquito larvae and pupae contributes 
to resistance in the mosquito population. 

Rainfall: 

Rainfall is necessary for cotton, other crops, livestock, and all other life in Central 
America(figure 32). It keeps the streams flowing and the ponds and pools full. 

Rainfall also has several other effects on the ecological system. Rainfall on ogri 
cultural soil- results in soil erosion. This wcter and contaminated soil is carried into streams 
and ponds..... 

The rainfall reduces insecticide residues on the cotton plant thus helping to reduce 
the exposure of the farm workers and scouts to toxic levels of insecticides. Of course, 
washing the'insecticide off the plants makes the cotton plant moren susceptible to insect 
attack. Further. insecticide applications must be made within a: short period.-

Other moisture: 

The high humidity of the atmosphere contributes to some of the clouds and of course, 
is essential-for rainfall (figure 32). 

The high humidity during the rainy seasonstimulates outbreaks of entomophagous
microorganisms in the pest and beneficial insect populations. The cotton plant and other 
plants and animals are also more subject to attack from pathogenic microorganisms. 

Sunlight: 

Sunlight'is a vi-tal component of the ecosystem and is the prime drivirmg force of the 
total life system that-includes man (figures 32, 33 ). 

Sunlight also plays an important role in breaking down insecticides and reducing
exposed residues in the environment. 

• . .
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Moonlight-

Moonlight may 'affect the activity pattern of some animals Und in particular, cer

tain Moths(figure 34). Knowing the phase of the moon and when p6st moths afe cctive, 

pest control specialists can predict how severe the insect pest problem will be. Uti li'zing 
this information aids the specialist to make the appropriate decision of when ;jto'treaf or 

not treat, 

Atmosphere:' 

The atmosphere is a vikal factor in the ecological system (figure 33). Its relafion

ship to climate needs no explanation. The atmosphere, of course, provides th6 r'edium f'r 

insects (including mosquitoes), birds, and other animals to travel. 

Aircraft use the atmosphere and the atmosphere is the medium that transports from 

50 to 75% of the insecticide applied over cotton to other locations in the coastal plain 

environment (figures 29, 32, 34). 

Wind: 

Wind is a component of the atmosphere (figure 29). Wind speed influences the ani

nals that fly as well as the degree of insecticide drift. The 50% to 75% loss of insecticide 

in the atmosphere is for normal c:ircraft spray operations of winds less than 10 mph. At higher 

wind speeds, insecticide drift is a more severe problem. 

Aircraft applicaions: 

Most insecticide treatments made in Central America bn cotton are applied by air 

craft (figure 29). Timing of the ;'reatment is critical. Insecticide applications 'have to be 

made within a half day to a " while the insect pest !crvce are small and larvae have a 

high degree of susceptibility _ncd Cr'h be effectively contr'olled. 

In addition to ground equipment being too slow, cotton in lkter stages cannot b'e 

driven through with spray -equipment without dama:;ing the cotton. The land is wet and 

muddy during the-rainy season and this also hinders the use of ground applicatior equipment. 

Aircraft applications cont'ibute importdntl , tu 'hecntaminaiflon of the Central 

American *environmentwith insecticides. Studies hcv;e demonstrated fha'd from 50 to 76% of 

'the insecticides applied under normal use condition's by aircraft'never reaches the crop but 

drifts off in the atmosphere. Large quantities of the insecticides settle ou'in the en

vironment 50 miles or more from the target area. Other crops, livestock, streams, ponds, 

and other natural areas 'are contaminated ith the drifti g' insecticides. 
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Ultra-low volume sprays: 

Aircraft applications are made using c incentrated sprays utilizing ul tra-low volu
me spray'equipment on the aircraft (figura 29). The ad.vantage of this equipment for insec
ticide applikcaions is that the aircraft can carry a larger payloud of active insecticide in 
gredients. Therefore, the aircraft has to make fewer trips for a re-loading of insecticides;' 
for trecting. 

For larger insects such cis caterpillars, ultra-low volume may be effective; however,
for small pests such as aphids, mites, and white fties, ultra- low volume sprays are less ef 
fective than high volume sprays because the coverage of the plant surface is, relatively poor
with ultra-low Volume equipment. The spray pattern with ultra-low volume includes few 
concentrated droplets. 

The concentrated spray droplets are a great hazard to workers in the cotton fields.
 
The concentrated insec'ticide droplets easily contaminate farm workers who rub against the
 
treate'd cotton plants.:
 

The drift problem may also be more severe when using ultra-low volume equipment

because of the desire to make the droplet size small for better coverage. Small droplets

have a greater tendency to remain in the atmosphere and drift than do the large droplets.
 

Farm workers: 

An estimated 60% of the work force in Central America is involved in agriculture
(Figures 29,30, 35, 36). Cotton production employs 17.4% of these workers for weeding
and hcrvesting cotton (half .million peasants, for c!total of 36 million man/days). Ob -
viously cotton production isimportant to the econory of.Central America.in providing
employment. 

Employing labdr6 'fbr weeding cand harvesting is more economical than using chemical 
herbicides and mechanica! hcirvesters. IJsfn g farm labor, of course, benefits the economy 
and labor force. 

The disadvantages of emiploying farm; workers for weeding and harvesting .isexpds
in the farmh workers' to toxic levels of insecticides in ;he freshly treated fields. The work
ers enter the treated cotton fields the day following treatment. Under these conditions the 
laborer;'commonly pick up toxic levels of thq insecticide as documerited.by the large num
ber of human poisoninqs. "There is ah obvious need for a longer reentry time and an adequate 
enforcemet'of the straidas:' 

The longer reentry ime, however, conflicts withthe use of farm labor since the 
workers cannot wock if'they cannot enter the fields. 

http:documerited.by
http:America.in
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Scouts: 

The scouts measure pest populations and natural enemy numbers to determine when 
insecticide treatments should be made !figures 29,30). The scouts are an essential part of 
the integrated pest control pr:ogram. 

Similar to farm workers. couts are susceptible to insecticide poisoning. The scouts 
enter the treated cotton fields soon after treatments. *Ty rubbing against the contaminated 
cotton plants while'countin3 insects they ma, beco .me contaminated with toxic levels df in
secticides. 

Rural population: 

The rural population is divided into tWo jroups: #use living in the cotton regions 
and those in the hill rejians (figures 29, 32, 34, 36). The population living permanently 
in the cotton reion are e:posed to more insecticides than those that live in part or all the 
time in hills. Although the farm workers (including scouts) are the prime group exposed to 
insecticides through the work in the cotton fields. the remainder of the'-ural population 
are exposed by insecticide drift from the aircraft applications. They also obtain insecticides 
by consuming contaminated foods and water. 

The rural population living on the coastal plain also have a greater chance of con
tracting malaria than either the urban or rural population living in the hill region. Ano
"pheline mosquitoes are more abundant on the coastal plcin because of more suitable breed
ing habitat and because the mosquitoes are resistant to most insecticides'. Since malaria is 
more abundant, it is also more easily transmitted from person to person. 

Cotton and other agricultural activities cause •the migration of large numbers of pieo
seants from the hill regions to-the coastal plain. /. predominantly indian temporary w6rk 'for
ce is exposed to entirely different conditions, for one or two months. The changed environ
ment includes of course malaria pesticides, heat and humidity and strenuous work. 

Urban: population: 

Although' the urban population is not:.affected directly by the events occurring in 
the rural areas of the coastal plain (cotton producing regio'n), they are indirectly influenced 
(figures 29, 32, 34, 36). The food crops, meat, and milk they consume may be produced 
in the cotton growing region and may be contaminated with insecticides. Urban population 
visitors to the coastal plain may be exposed to malaria in this region. 

-Cotton contributes significantly to theeconomy of Central America dnd'therefore 
this population benefits from cotton production. Numerous industries, especially the: pes
ticide industry, the petro-chemical industry, and the vegetable oils industry, which employs 
cottonseed benefit from the demands of the cotton industry. Most of the industries employ 
urban workers. 
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Non-fatal insecticide poisonings: 

The number of reported non-fatol insecticide poisoriings is .-stmated at about 
3,000 annudclly in Central America (figure 30). Kcwrwicny poisonins arejunreported is 
unknown. Most of these p'oisonings 'as we had indicoed occur to farni workers (including 
scouts). 

The reason the poison'ings are primarily non-fatal inthe method of exposure to. the 
toCKicants. As'mentioned, the farm workers are ex.)osed to the insecticides while rubbing 
against conta'minated cotton plants during weeding' and harvesting :)perations. The,w.orkers 
under these conditions obtain only small quantities of the toxicani at a time. Because the 
sub-.lethal dosage is obtained graduclly, the workers often begin to feel ill before they se
cure a lethal dosage. When ill, the workers are no longer able to work in the cotton field 
and often terminate their exposure temporarily. 

Of course, there are spray operators who actually handle the toxic chemicals (pa
rathion in particular) during the.spray operdfion. In this case, exposure from accidental
spills may be sufficient to be fatal. 

Fatal insecticide poisonings: 

Of the 3,000 annual insecticide poisonings, only about 0.5% are fatal(see non-fa
tal poisonin'gs f'or an explanation) (figure 30). 

' Cholinergic symptoms and signs: 

The symptoms nd signs f most human ,poisonings suggest reuced cholinesterase ac.
tivity and poisoning (figure 30). The cholinergic. symptoms of most poisonings s.uggest pa.. 
rathion exposure. 'Both methyl and ethyl parathion cire known. to be highly toxic to.man. 

Seasons: 

Since most of the human cases of pois. rings )ccur fr.:m cotton spraying, it is not 
surprising to find a seasonal trend in the occurrence of the incidence'of human poisonings 
(figure 30). The peak period of poisoning crises occurs.in September, OCtober, -and Novem
ber when most of the cotton spraying is carried out.. 

Children: 

A considerable numaer or young clliaren kless than ED years )t age) work in the 
cotton field during harvest.. However, few childrer are recorded in the human poisoning 
statlstics probably because-they are not covered by social security medical programs. 

http:occurs.in
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Adult females: 

Few female adults work in the 'cotton fields. The statistics record few poisoning 
cases in the female group (figure 30).' 

,Adult males: 

Most of the human poisonings are males in the age group 15 to 45 years of age.

tbout 99% of the poisonings occur in adult male form workers (figure 30).
 

Washing facilities: 

Most farm workers are not provided with washing facilities. This and the suffocating
heat forces them to use water in the drainage ditches in the c:otton'fiel'ds for what limitated 
washing they do (figure 30). The drainage water is highly contaminated with insecticides. 
Washing in insecticide.-ladden water con tributes 'further to the insecticide burden 'the 
workers have in their bodies. 

Washing with only 'water removes little of the oil 6on the skin in which the insecti
icides are present. Good washing facilities, including soap; would help reduce the insec
ticide exposure in°the farm workers. 

Workmen's compensation: 

The workmen's compensation program that is avacilable influences the number of 
reported poisonings (figures 30, 32). Without workmen's compensation farm workers strug-.
gle to work while ill with insecticide poisoning. If the nation has a good workmen's com
pensation program, a farm worker who is ill with insecticide poisoning will repo:rtto a cli'
nic or.hospjtal for treatment. He is treated and is paid for thetime that is required for'his 
recovery. In nations that do not have workmen.s coml-ensation, workers seldom report their 
poisoning because they are not paid while away from their job. These workers' continue to 
work and continue their exposure. The stclisfics on p isonings are not &-dequate to deter.
mine whether the continued exposure ,f form workers alrrc'dy ill from pesticide poisoning)
leads to a higher fatality rate. -This would be the ex!)ected result. 

Government: 

The policies.cnd phil sophy .of the )overnment influence the use arid misuse of pes
ticides (figues 29,30;35,36).. Governments interested in protec'ting farm w.rkers ahd th6 
public generally from the hazards '5f inseciticidces"cari 6.o so with appr~pria'ci legislatioin
iand enforcement..,.The same applies to peotecting theiergironment. As an example, the le
..gislation.,:f.the U. S. c'ntr,.l'ling the .use of pesficides has been quitb effective in minimiz
ing public health and envirunmental hazards. 

The workmen's compensation program mentioned earlier is also legislation that has 
a direct relationship to human exposure to pesticides. Having washing fbcilities and other 
appropriate industrial hygiene programs also relates directly to the government and effec
tive legislation. 
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Laws: 

Laws and their enforcement, especially as they relate to pesticide use and the treatment of exposed human beings, play important roles in reducing human pesticide poisonings(figure 30). Or course, the laws that crc: adopkt. enforced depend upon the philosophy
and policies of the government in power. 

Pesticide regulations: 

Few 	regulations on the use of pesticides exist in Central America (figure 30). Ef
fective pesticide regulations in oTher nations frequently include: 

(1) 	 Restrictions on the dosages and kinds of toxicants that can be applied in 
agriculture. 

(2) 	 Limitations on the atmospheric conditions under which aircraft applications 
are made. 

(3) 	 Restrictions on the time when farm workers can reenter a field after it has been 
treated with certain pestic ides. 

(4) Training programs on the safe use and handling of pesticides. With effective 
pesticide regulations, the exposure of farm workers and the public to pesti
cides would be significantly reduced in Central America. 

Human density: 

As.the density of the rural population continues to grow in Central -America, moreand more of the rural pop;ulction is forced to live close: to the ,;otton field (ffiure .30).This
places these families adjacent to areas where insecticide applications-are made. The drift 
patterns of aircraft applications are extensive as mentioned. Thus 	the population living
close.to the cotton field is.exposed to large quantities of insecticides. 

Climatic conditions. especially rainfall, wind, and temperatures;, influence the ex -posure of the farm workers, t-he public an, environment to insecticides (figures 31,32).
Rainfall , for example, 6 to 8 hours after trect.nent _f a cotton field, will reduce the parathion residue present ,n the c.ottoo plants. Reducinj the parathiqn residue presenton the 
cotton plants would reduce the exposure o the hurnan population to parathi6n in the cotton
field.. High air temperatures wg)uld cls:) increase the rate -if volafilization of parathion inthe field and reduce the totalquantity present o)n the cotton plant. Onthe other hand. high
air temperatures enc:urage farm workers to remove s.ie clothing, this increasing their direct 
exposure to insecticides. The interactions of the various factors related to pesticide exposure 
are most compC. 

http:close.to
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For example, wind speed influences the amount of insecticide that. falls. into the 
target cotton" field and the amount that drifts off into the environment. A slight breeze of 
more than 10 mph .p a bright sunny day may result in pesticide drift of 50 miles or more 
down wind. The result is greater pollution of the environment. 

Private clinics: 

Some of the largje cotton producers maintain their .own private clinics(figure 30).
The reasons for maintaining these are: (1) for greater efficiency in treating illness and 
poisonings by having clinics close to the farm; (2)costs. to the grower are frequently less
than sending his workers to. govern.ment clinics ond hospitals; . (3) to hinder public health 
officials from detecting the seriousness of human insecticide poisonings. 

These clinics clearly influence the accuracy of the epidemi'ological statistics. 

Malnutrition: 

Malnutrition is another factor that influences the incidence of human poisonings
(figures 30,35). Workers that are malnourished have a lower tolerance for the toxicity of
insecticides. This has been demonstrated with laboratory animals. The diets of farm work
ers consists mainly of corn (about 500 grams/day) and black beans (about 100 grams/day). 

lndustrial Hygiene: 

Little if any. instruction and/or facilities (washing and appropriate protective cloth
ing) arei available to.protect the farm wQrkers and scouts from insecticide exposure and poi
soning (figures 30, 35). With appropriate industrial hygiene programs on cotton farms, G 
significant reduction in the number of human poisonings would be possible. 

Education and literacy: 

Education and. literacy of the human population relate to the ecological system in 
several ways (figures 30, 35). Without an education .andthe. ability to read, farm workers 
are unaware of the dangers of the insecticides they are handling and are unaware. of thxe 
precautions that should be Ipracticed to protect themselves. Many workers. have .nq know.. 
ledge of Spanish, the official language, and can only understand one of the many indian 
dialects that descend from the ancient language of the. Mayas. 

An educated worker is also better able to understand and appreciate the toxic na
ture of pesticides, their routes of entry, and modes of action. 

Harvesting cotton: 

Farm workers are employed to pick cotton and this exposes the workers to insectici
de residues on the cotton plants (figure 30). The workers obtain the poisons while handling
and rubbing against the contaminated cotton. Workers reenter the cotton fields for picking 
a few hours after the fields are treated with insecticides. 



Weedi'ng cotton:;' 

Mos't of the weeding of cotton fields is carried out us'inj farm labor,.( figure 30). 
This has the advantage of providing wrk for this labor force but at the soie time weeding 
operations expose the workors to toxic levels of insecticides for similar reasons.given in 
harvestin3 cotton. 

C6tton'bud consumption: 

-Thestaple diet of the farm workers cs ;m"C-M.ned, is primarily corn (500 g"'ay)
anid beans (100 g/ddy) (figure 3);T soe v'ty to this monotous diet the workers 
sometimes eat young cotton buds. Whoniyong tie Luds ojre reported t'ohave a sweet" 
flavor. 

The workers, when harvesting cotton, clso will sometimes hold a contaminated
 
stem of cotton in their mouth. These behavior Patterns add to the insecticide load and
 
increase the chances of human poisonings.
 

'Lodations of hor.'es: 

.
 Farim workers, when 'bluidihg homes close Cb cotton fields,' expose themselves and 
their family to insecticide drift coming from the treated cotton (figure 30). As mentioned, 
with a high rural population density the location of homes is mor'e likely to be close to 
cotton fields. At present, it is found that between 80 and 100% of cotton workers live 
within 100 meters of the cotton fields. 'Another. reason for living close to the cotton 
fields is the lack of transportation since these workers cannot afford even'a bicycle for 
transport. 

Chlorinated insecticide residues: 

DDT, Toxaphene, and )ther chlorinated insecticides used :on cotton are generally 
persistent (10-30 years) (figures 30, 35).' This pei'sis'tence resul.ts in residues accumulating
in the environment. The materials also become widdl di'tibuted inthe environment be. 
cause the long-lived materials have opportunityto more by physical :factors inthe environ
ment (e.g. water an.d wind) and by thie move/ments of organisms themselves. 

Because much of the environment in the cotton growing regions is contaminated, 
chlorinated insecticide residues are common in man and most other animals. Man,..as
mentioned, has.a high toleration le eI for DDT and'mbst of the other chlorinated insecti
cides, therefore, the impact on'man directly is p'robabry, minimol. However, other animals 
are quite sensitive to DDTToxaphene, and other chlorinated insecticides.. This will be 
discussed further later on. 

http:resul.ts
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Phosphate and carbomate residues: 

Parathion, other phosphate, and carbcmate insecticides are relatively non-persis
tent (3 to 6 months) (figures 30,33). Therefore, these residues are not accumulating and 
are less widespread compared with the chlorinated rosidues. 

The danger fr',m parathion and other phosphate and carbomate insecticide residues 
is primarily within the target c:rec (c'.,tbn field). Farm workers are the group in which sig
nificant human poisonings are reported. The drift probler. from aircraft applications is im
portant but probably is not as serious in causing humcn "'oisonings as exposure in the cotton 
fields. 

Exactly how serious the parathion-and.other insecticides are in affecting the f uia 
and flora is inknown. Certainly,.some-sensitive species are being affected but the extent 
is unknown. 

Reentry timb.: 

Farm workers and scouts, as mentioned, enter treated cotton fields in 12 to 40
 
hours after treatment (figure 30). With this short reentry time, farm workers and scouts
 
come 
 in contact with highly active, lIthal •residues of parathion and other insecticides 
present on the cotton plants. The slort reentry time corntributes importantly to the. 
incidence of humon poisonings. Obviously; if the reentry time were longer, fewer human 
poisonings w6uld. result. Of course, the -problem of farm workers having sufficient :enip'loy
ment and carrying out the weeding and cotton harvesting tasks would exIst with a long" 
reentry time such as a week. 

Malaria: 

The incidence of malarain the human population depends directly upon the con-* 
.tagiousness of malaria ccses, in the population and the abundance and distribution' of the 
vector mosquito (Anopheles albimanus) (figure 31). The contagiousness of malaria is related 
to human density, distribution of the humcns cnd their homes, incidence of malaria in the 
population, and the-availability of the infected individuals. The factors in the epidemio
lo.gy of..ralaria.are discussed. later. -

As with contagiousness of malaria, the abundance and distribution of the vector 
anopheline mosquito is affected by a great many factors such as aquatic habitats, mosquito 
fish, other mosquito predators, mosquito parasites, house spraying, and cotton insecticides. 
The relationships of some of these factors have already been discussed and other will be
dis,¢wse4 . 

Anophetine mosquitc 

The adult anopheline mosquito (Anopheles albimanus) isa delikate animal. After 



mating and having a blood mecl, the femcle will Ily severcl hundred eggs on the water

surface (figure 31). These hatch and the y.ung.larvae feed on detritus and other matter

in the water. When full grown in c week or less, the larvae pupate. They remain as pupae
for 4 to 5 days. The adult mosquitoes cmerge from the pupae with mating occurring.soon
after emergence. The total life cycle may be completed under optimal conditions in about 
15-20 days. 

The female only feeds on man or other mammals or birds. She must have a blood
 
meal f6r her eggs t6 be viable.
 

The early mosquito stages survive only in the aquatic habitats that have relatively
quiet water. Stream water is satisfactory in the water flows slowly as would be..typical of
the margins of weed chocked streams with a low gradient. 

Ponds are also a favorite breeding site for Anopheles albimanus. Small ponds and
pools closely associated with streams are often used by the rcsquito. These pools are some
times formed from underground springs. The water from the pc.Dls into the associated streams 

The mosquito ismost abundant.on the coastal plains because this is where suitable
aquatic habitats (ponds, marshes, and slow moving streams) abound.
 

The mosquito is less abundant in the hill regions.because the water in these regionsis usually fast flowing, there are fewer ponds, lower temperature and geiierally fewer suit
able aquatic habitats exist for anopheline mosquitoes. 

Mosquito fish: 

Several species of fish in Central America prey on mosquito eggs, larvae, and 
pupae in the aquatic habitat (figure 31). The mosquito fish (Gambusia spp.), introducedinto Central America, has proven effective in controlling mosquitoes in a few of the aquatic
habitats. 

One limitation to use of the mosquito fish is thet rural people catch and eat thesefish. This occurs inspitte of the .act that these fish .re relatively small (2-3 inches). Under 
certain conditions these fish can effectively compete with native fish and can cause the 
extintion of native fish in a few habitats. 

Other mosquiio predat.rs: 

Several other speci's of animals prey orL anophellne mosquitoes or so, larvak.pupa
and adult (figure 31). Notennectics and several other species of aquatic insects prey on
the eggs, larvae, and pupae of the mosquito. Certain terrestrial insects such as adultdragonflies prey on adult mosquitoes. Hydra prey on mosquito larvae and pupae. Also
nematodes prey on the larvae in the aquatichabitat. Amphibians and rept.;.qs prey
actively on adult mosquitoes.: Many-small l irds and b3ats'feed on adult mosquitoes. 

http:rept.;.qs
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Several species of aquatic plants capture mosquito larvae and' use the larvae as a 
source of nutrients. Some cquatic plants also release chemicals into the water that are to
xic to mosquito larvae. 

Mosquito parasites: 

Several species )f microrganisms attack mosquito larvae and pupae (figure 31).

At least four genera of protozoa have been reported to parasitize mosquito larvae and
 
pupae. Parasitrc fungi and bacteria'also attack mosquitoes. There are also reports of
 
virus diseases in.mosquitoes. All of these parasites have some impact upon anopheline

mosquito populations, and under certain conditions significantly limit mosquito numbers.
 

Coastal plain: 

The coastal plains consist mostly of alluvial deposits (figure 32). The land topogra
phy is relatively flat including some rolling hills. Soil is deep 'and rich and hence, is of
 
excellent quality for'crop production including cotton.
 

The flat topography is ideal for slow moving sfreams and many small ponds and
 
pools. 
 These aquatic habitats are most desirable for anopheline mosquito breeeding.". 

Hill regions: 

The hill regions have little suitable ic.J fc~r acriulture especially cotton produc
tion (figure 32). The land topography is generally s.ee:: an. the soil of poor quality.
 

This habitat is also poor for the anophelin!b mosquit6 because the streams are gene
rally fast flowing with the normal steep .gradients. Ponds ocl pools are less common in this 
habitat. 

Contagiousness of malaria: 

A sufficient number of humans have to be infected with malaria in a sufficiently
dense human population for the infection to be effectively spread (figure 31). At the same 
time, of course, the anopheline mosquito population must be sufficiently abundant to trans
mit malaria. Hence, .with a suitable mosquito population and'suitable population of sus.*-. 
ceptible. humans, a sufficient number of humans must'be infected for malaria to persist. 

Human parasite load: 

The parasite load in man' itreracts with malnutrition, malaria, and human poisonings
(figure 31). Individuals that are carrying a heavy parasite load are more likely to be 
malnourished. Often these individuals are less likely to survive malaria infections.*A similar 
situation would be true for individuals carrying a heavy parasite load who are exposed to 
parathion and similar toxic insecticides. 
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House structure: 

Because few of the worker homes have window screening, mosquitoes have easy ac
cess to homes and to feed on the pe.ple within (figure 31). Certainly this type of house 
structure contributes to the ability of the mosquito ioattack infected and susceptible humans 
and transmit malaria. 

'Human mobility: 

In open trucks and similar means of transportation, people travel from the hill re

gions where malaria is scarce to the coastal plains Wkere malaria is prevalent (figure 31).

On the coastal plain the "hill people" may become infected with malaria.
 

Human migration: 

Farm workers in several parts of Central America migrate' from the hil' regions to
the coastal plains during the cotton production season (figure 31E. While present:on the
coastal plains the workers and their families are exposed to insecticide residues and are
exposed to malaria. Malaria is carried back to the hills but the spread in the hill reion
is minimal for two reasons: (1) the mosquitoes are less abundant in the hill region; (2) the
anopheline mosquitoes in the hills are not resistant to insecticides and thus mosquito control 
is effective. 

Human medication: 

With the anopheline mosquito population on the coastal plains where cotton is grown
highly resistant to most insecticides, control of mosquitoes in this region'is relatively
ineffective (figure 31). To :offset poor mosquito control and aid in malariacontrol preven-.
tive medication is being provided to the exposed human population. The aim is to reduce 
malaria by attacking the mosquito and tre.ting the human population to reduce the con 
tagiousness of malaria. Hopefully this will slow the spread of malaria. 

..Public health: 

Public health policies determine how effectively the programs aid'insecticide poi 
soning victims and what is done for malaria control (figure 31). All public health programs
have Ludget limitations and the budget priorities-determiie what each of the health pro -
grams will be. 

For instance, in one Central kmerican nation aJditional health clinics were needed.
Thus, the priority of the public health program'was tocontrutclinics. Some of the moniesfor the construction had to come from the malaria control program. The reduction in mala 
ri,q control resulted in some increase in malaria. Trading increased malaria foe more clinics 
is a difficult decision. 
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House spraying: 

.Maiaria control costs have increased significantly because of increased resistance 
in the mosquito population and the increased costs of the newer insecticides (figurei 31).... 
When DDT wcs the prime insecticide for house spraying. the cost per treatment was.qround. 
$7 per treated house. The houses had to be treate .!about 2 times per year with DDT. 

When the mosquitoes became resistant to DDT, propoxur (carbamate) was employed 
for mosquito control . The cost per house, treatment increased to $15 and the houses had to 
be treated 4 times per year. Most of the mosquito populations on the coustal plcin region 
are now resistant to propoxur and the need is for another effectivc insect*icide.,. Prel.imina
ry tests with landrin (carbamate) indicate that it would be effective, if registered, for this 
use. However, the cost per house treatment would rise to $22 ond treatments would still 
have to be made 4 times per year. 

Exactly. how long landrin would remain effective.is a question since it is also a 
carbamate insecticide. However,, there is no question that the incrersed cost of malcria 
control is having a significant imppct upon the publiq health. pro)gram of Centrcl America,., 
and diverting medical resources from other important public hec:lth problems. 

Insecticide costs: 

The costs of house spraying for effectivemosquito control have increased, .cis men 
tioned, from about $14 per house per year to $60 per house per year (figure. 31). The new-
est maferial (lancdrin) which is effective .(if registered) will cost $88 per house per year. 

In c.otton production, insecticide costs have increased but n)t as drastical:l.y. Csin
public health. In most cases, insecticide costs have. increased 2.fold. This still means a 

great deal .f .money because of the large quantity of insecticide that is employed in .cotton 
production. 

The advantage of the high insecticide costs (if one could term high costs an advan
tage) is that it will en ourcage i'he ajdoption of integrated.control.procedres for;pest control. 
In other words, reducinga 'e um1er of.sprays and cwrnount.of.insecticide, use:,will have. a 
stronger economic ince.ntive. This will in turn benefit the .nvirnment. 

Multiple insecticide resistance in mosquito: 

The anopheline mosquito populations on the coastal plain have a high level of re 
sistance to a wide variety of insecticides(figure 31).,.The cause of this. has beenth.e expo 
sure of the mosquito. population tp thewide varietyof insecticides employed. in cotton.. The 

cotton insecticides..have drifted and/.r b;een washed into the aquatic habitat of.the mosqui.
to from c'otton field applications. 
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Genetics of mosquito resistance: 

:.The type of resistance that has evolved in the anopheline mosquito population is 
controlled by dominant.genes (figure 31). The result is cl high level of-resistance' that is 

relatively persistentoin the mosquito population. 

Zoophilic: 

The anopheline mosquito can feed on vario0s birds and mammals includiriglives 
tock to obtain its necessary blood meal f6reggproduction (figure 31). The behavior con
iributes to the abundance of the mosquitoes. 

Aquatic plants: 

The abundance of aquatic plants is streams and ponds help protect the egg, larvae, 
and pupae from predator attack (figure 31). These same plants slow the flow in some parts 
of the streams to almost a standstill making -the strecm water hilohly attractive for mosqui 

to breeding. The decaying aquatic plants also provide necessary food 'for the iarv6e:of the 
mosquito in streams and ponris. 

Cotton yields: 

The yield of cotton per hectare determines in part the profits to be reclized from 
production (figure 35). Insect pests tend to reduce yields whereas both natural enem ies 
and .insecticide usage generally tend to increase yields. The effectiveness of the insect 
cide depends on what chemical is used, the dosage used and when it is applied. The cost 
of the insecticide depends on both the material used and the dosage applied. The evidence 
thus for collected suggests that more insecticide is being used'than is profitable baged 'n 
marginal yield responses to insecticide use.* 

Cotton prices: 

Cotton prices directly influence the. results of the cost/berefit ecj)atin of cotton 
production' (figure'35).! -With high prices and relatively low insecticidb'costs,.1g owers would 
be more apt to use larger quantities of insecticides. Hence, cotton prices ma"y affect "ny 
environmental management prograrn. 

Exports: 

Cotton, as mentioned, is the third rhost importohi export crop in Central America, 
after coffee and bananas (figure 35). Hence, it is a sig.ificant factor in the'economy of 
Central America.. Because tf cotton's dominant role in the economy of the' nations, it sig., 
nificantly influences the social structure of Central America. 

* . 

http:insecticidb'costs,.1g


Imports: 

Related to the equation of economics and the social system is the cost and quantity
of imports (figure 35).: Or'e important iti.port item is the inserticide used in cotton. The 
value of insecticide imports ;n Central America amounts to about $100 million ainually. 

Petroleum costs: 

The rapidly increasing petroleum prices in the world are having significant impact
on the economics of cotton production because so many items used in cotton production uti
lize petroleum in Manufacture (figure 35). Central America hcs to import most of its petro
leum since it lacks oil as an abundant natural resource. 

Petroleum for farm machinery is more than 2-3 times more expensive than it wcs 3 
years ago. Insecticides and fertilizers both require large inputs of petroleum for production,
and the prices of these items have increased 3 to 4 -'fold durinj the past couple of years.
The high price of petroleum has increased cotton production csts about 2-fold during the 
past 3 years. 

Machinery: 

Most of the machinery is imported and the c& F'ofb.eratng this equipment is expen
sive (figure 35). Farm machinery costs are a significar,; item in cotton production. The 
cost of this equipment has also increased greatly because of the high cost of the energy 
used in its production. 

Nitrogen: 

Nitrogen as a fertilizer is separated out because the price of nitrogen has increased 
3 to 4 -fold during the' iast 3 years (fi.--tie 35). The rocson for the high cost is that largr.
quantities of energy (about 15,00 kcal g) are required for nitrogen production. Most of
 
the nitrogen fertilizer is imported.
 

Phosphorus and potcssium: 

Most of the phosphorus and potcasirm fertilizers"used in cotton production are i.rn
ported (figure 35). Not 6nly are these imports an expei-.se . n cotton p'roduc.tion but' these 
fertilizer costs have alsb increased. 

Saprophytic insects 8: mites: 

Some species of insects and mites are scprophytic (figure 34). These organisms alonj
with some microorganisms, earthworms, and other animals play a vital role in degrading pluni
and animal wastes. 'WithoUt these organisms wastes would accumulate'on land and in thc 
water and the life system would eventually run out of the vital elements such as CH,N,O,
P,and K. Many bf the saprophytic insects alko"serve "as food for many other animals such 
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as mammals, birds, amphibians, and reptiles. 

On the basis of previous studies, we expect that the large quantities of insecticidesused in cotton production has drastical ly reduced the numbers of saprophytic insects andmites in the cotton fields and nearby these fields. The costs to the Central American ecosystem for this reduction are unknown. 

Herbivorous insects and mites: 

34). 
Many species of insects and mites are herbivores and graze on living p!qnts(figureIn nature, due to the natural resistance in plants, parasites, and predators, seldom dothese herbivorous insects and mites consume more 
than 5 to 10% of plant protoplasm.
 

However, when man modified the environment and the. genetic make-up of plantsfor use as'crops, some species of herbivorous insects and mites became pests. This is truewith cotton in Central America. The prime herbivore pests of cotton include the bollweevii, Lollworms, armyworms, leafworms, and sucking insects. These pest species plus theother pests of cotton and other crops make up less than 1%of all thaeotImated 100,000 plantand animal species in Central America. 

Entomophagous microorganicsm: 

Entornophagous microorganisms (viruses, Luctcria, fungi, protozoa, and nematodes)parasitize both beneficial and pest insect species 'jfirc 34). With the pest species, theseentomophagous microorganisms may provide effective ,..o:itrol of the populations at certain
times. 
 However, when these r;iicroorganisms roducc ;'he numbers -f beneficial insect populations, the result is often pest insect population outbrecks. This occurs mostly during therainy season when entomophagous pathogens increase rapidly and beneficial insect popula.tions are substantially reduced. The resulting increase in pest populations then requires
insectivide treatments. 

Pollinating insects: 

Several species of insects pollinate most of the blossoms on crops and natural plantsin Central America (figures 33,34). Without these pollinating insects many species of plantwould no longbr survive and several crops would totally disappear.. The use of insecticides
in cotton is destroying some pollnators thdt are'sensi tive to insecticides.
is having on What impact thisthe effectiveness of these insects in pollin6ting food' crops and natural rlants
is unknown. 

Shrimp and crayfish: 

Shrimp and crayfish species are us'd as.human food (figures.33,34). Shrimp.arealso .captured and packaged for export., to the United States, These animals provide avaluable income for the fishing industry on t6e west coastof Central Anerca. 



-205-

Shrimp and crayfish are highly sensitive to. insecticides and the circumstantial evi
dencesuggests that, in .the cotton region, these populations have been reduced. 'The insec
ticides causing this reduction qre probably DDT, Toxaphene, and the Dther.chlQrincated 
insecticides. These insecticides persi.t in the environment and are easily concentrated 
in shrimp and crayfish populations. 

The residues in shrimp have been reported in some cases to be too high for export
 
to the United States.
 

Fishes: 

Because large quantities of insecticides ure washed into and drift"'io IShfresh waters 
and estuaries, these clquctic habitats accumulate large quantities f insecficides (figure. 
33). This is particularly true of the persistent chlorinated insecticides, like DDT and 
Toxaphene. Fish popu!ations are especially sensitive to insecticides for two reasons. 
First, the fishes have tremendous capacity for the biological accumulation of insecticides. 
For example, one species of fish in water coniaining 0.5 ppb of parathi.on. bioaccumulated 
this insecticide to a level of 100,000 times. that in the water. Second, most fishes. are 
predators feeding on other animals. The prey animals in the aquatic habitat bioaccumulate 
insecticides; then when fishes feed on their prey they further concentrate the insecticides 
in iheie bodies. The dccumulated insecticides are sometimes lethal to the fish populations. 

Fish are an important protein-food sovrce-in Central America. Again circumstan
tial evidence suggests that somne fish populations have been reduced because of the large 
quantities of pesticides applied to cotton. 

Annelids: 

Earthworms and other annelids are imporiant in the ecosysterr in degrading-plant
and animalwastes (figure 33). They aiso play an important role in circulating:and aerat
ing the soil. Earthworms may number 2000 to 3000 kg per hectare. Thus, they have a sig
nificant impact on agricultural soils. 

Earthworms also-are important food for-birds, mc:mmcls, and many other organisms
iin the ecosystem (figure 33). Because earthworms are. in the soil, they pick up large quan
tities of insecticides. The other animals that feed on them may obtain high dosages of 
insecticides. This was documented in a study that reported about 10 ppm of DDT in the 
soil, about 140 ppm of DDT in khe earthworm, and 444 ppm of DDT in the robi:ns that fed 
on the earthworms. 

Mollusks: 

Both fresh and'saltwaternollusks are used as food by man as well as by other: 
animals (figur 33). Because-some of the aquatic mollusks feed by fil.tering organic
materials our of water, they are particularly effective in accumulating large dosages:.. 
of insecticides. 

http:parathi.on
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-For example, oysters in sec water containing 0.5 ppb DDT accumulated this insec
ticide in their bodies to -levels of 10,000 times the level in salt water. Other animals such
 
as predaceous birds feeding on the mollusks may themselves accumulate toxic dosages.
 

Predaceous birds: 

Predaceous birds are quite sensitive to insecticides especially DDT, Toxaphene,

and other chlorinated insecticides (figure 33). First of all these birds have a low.level of
 
tolerance that makes them susceptible to low dosages of the toxicant in the environment. 
Another reason thrit these birds ore affected in the natural environment is that they feed on 
animals that already have accumulated relatively large dosages of the insecticide from the 
environment'. This is especiclly so for aquatic predaceous birds that feed on insecticide 
contamintited fi-sh. 

Other birds: 

The seed, insect, and fruit-.eating birds are probably being contaminated with in 
secticides in the cotton region (figure 33).: What impact the pesticides are having on these 
birds is unknown. 

Birds are an important component of the environment especially form an aesthetic 
standpoint. Ecologically they do not appear vital to the survival of the Central American 
ecosystem as is the case for. inse'cts, earthworms, and rmicroorganisms. 

Mammals: " . 

Several species of wild m',ammals are active in thie ecosystem and some. a're a source 
of food for man (figure 33). With the occassional exceotion of rrts, few of the animal 
species are serious pestsof cotton. 

Some of the mammals are contaminated With insecticides in the.cotton growing region.
However, the impact of the insecticides on the populations is unknown. 

As with the birds, we doubt that the mammals ore vital to the survival of the eco.
system in Central America . Nevertheless their.protection may be desirable from aesthetic 
or other.standpoints... . : . . . 

Reptiles and amphibians: *.. . 

Many species of reptiles and amphibians occur in the Central American environment 
(figure 33). Most of the species are beneficial to man by preying on rodents..and pest in
sects. Because these animals are in contact with the residues in the soil and are feeding on 
animal life that is contaminated with insecticide residues.from the environment, .one would 
expect that the reptile and amphibian. populaiions are bei.pg reduced by the large quantities 
of insecticides being applied to cotton. . i. ., 
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Pathogens of animals:
 

Numerous species of pathogens (viruses, bacteria, fungi, and protozoa) parasitize

animal life in.Central America including man (figure 33). These organisms play a -role in 
limiting the-numbers of the:animal populations. 

Evidence concerning birds and fishes suggests that sublethal dosages of insecticides 
make animals more susceptible to disease organisms. However, the actual, impact-of insec
ticides on the incidence of disease in the animal populations of Central Akmerica is unknown. 

Pathogens of plants: . . 

As with animals, the pathogens (viruses, bacteria, and fungi) of plants limit the 
abundance and distribution f some plants (figure 33). ,Although it has not been demonstrat
ed, information on.q.ther systems suggest that the physiological stress caused by insecticides 
on plants.may make somespecies of plants more susceptible to diseases.-. 

This has been well!demonstrated in.the case of herbicices with plants. The herbli 
cide, 2,- 4-D for instance; increases the susceptibility of corn ;:) corn smuth disease and corn 
leaf blight. Similar effects have been reported for other plants. 

Terrestrial plants: 

Terrestrial plants are vital to the survival of the ecosystem (figure 33). They collect 
lightenergy, produce protoplasm, and serve as the prime suppliers of food for the'terrestrial 
ecosystem. These pjants may be influenced in several ways with the addition of the insecti
cides in the coastal plain. Natualenemies that may control some herbivorous animals that 
feed on the terrestrial plants may Le reduced thus.freeing an intense attack, of the herbivo
res on the terrestrial planis. 

DDT,, Toxaphene, canc other insecticides have been found to alter the micro-and 
macro.element content of plants at low dosages. This alteration may influence the nutri
tional quality of the plants either resulting in 3utbreaks of herbivorous animals on the plant 
or resulting in declines in the animal feeding spec ies., 

Soil midroorganisms: 

Few appreciate the large numbers of microorganisms that exist in rich soil (figure
33). The bacteria, fungi, and protozoa alone .may weigh about 5,.000 kg/ha. They out 
weigh the livestock per hectare 10to 20-fold. 

These microorganisms play a vital role in dejrading plant and animal wastes making
the critical elements (C, H, N, 0, P, K, etc.) available to plants for reuse. The ecosystem 
would not survive without this recycling process. 
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The biological fixation of nitrogen is an importcnt process to the ecosystem. In
 
Central America an estimated 85%of the nitrogen used by crop plants is added by nature
 
and only 15% by commercial processes. There Is'documented evidence thdt some of the
 
herbicides influence nitrifying bacteiic but no evidence exists relative to insecticides.
 
However, one should immediately p.oint out that this question has received little attention
 
in post investigations.
 

Cotton":growth: 

The growth rate of the c,.tton piant is influenced L;y post insect.feeding pressure,

weed competition, plant dathogens, insectcide toxicity, rainfall, solar radiation, tempe
rature. and fertilizers used, particularly nitrogen (figjre 33).
 

The cotton plcnt is a ;erennial. B i'.ding nitrogen at appropriate times the plantWill continue its indeterminate growth. This'Forcesthbepkint to continue to grow Iand 
produce cotton and also makes the plant an atractive food host for pest insecticts. This has 
advantages and disadvantages to pest control. The advantage is that with pest hosts present, 
natural'enemie's have food drnd als0"remain at high densities. The disadvantage isthat the 
peit populations also'remcin at'high densities. 'ln.genIeral, the advantages of maintainihg
large numbers :f natural enniiies outweigh the disadvahtages.. 

Bollvaevil: 

The boll'weevil is the most serious pest of cotton in Central America (fibure 33). 
The use of wide-spectrL,.,, highly toxic insecticides on this •pest usually results in incrbased 
chances for human: intoxicatio'n and 'inreductions in the number of natural enemies of the 
other pests like the bollworms. 'Hence, bollWeevfl'c:6nfrol is critical to the integiated peit 
coritrol prograi,bec'aus6 what is d.ne al6ut 'thbbollweevil oftei affects the success of 
the control for bollworms and the other cotton pests. 

One of the* iWo impottant means of 6m'ih'ing boliweevil populations is leaving suit
able- live cotton g-owing to keep both the bollwe'vi! and its natural enemies interacting 
through the off sedson. With lcrge numbers'of ncturcal enemies avbi lable, these control 
agents can move into the newly planted cotton fieldsi to control bolweevils that invade 
these fields. Another advantage of not destroying crop residues in the cotton fields is to 
reduce soil erosion especially by wind during the off-season. 

For con'trol of the bollweevil as wel'l'as'th'bolIworms, growing cotton wi'th a short.. 
season program limits'pest atfack Lecause the number of generations of pests is reduc6d. 
Reducing the number of generations prevents pes't p6ioulations 'From increasing to outbreak 
levels. 
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Bollworms: 

the cotton bollworms are normally controlled by an array of predator and parasite 
enemies, however, during the rainy season the entomophagous microorganisms may reduce 
natural enemies of the bollworm to dangerously low levels allowing the bollworms to ex 
plode (figure 33). 

Early in the cotton season, if insecticides have'to be used against the bollweevil, 
th'se insecticides may also reduce the numbers -of the natural enemies 3f the .bollworm.. 
The result is &'rapid increase in number of bollwo'rms. 

The integrated control program aims at keeping insecticide use against the boll 
weevil to a minimum to'encourage the natural enemies ('of the boliworim. Also in this pro
gram, insecticides are employed that have minimal impact on natural enemies but maximal 
impact on cotton pests. 

Beet armyworrns: 

Beet armyworms are important pests of cotton and hav to be controlled to prevent 
serious losses in cotton:. production (fihjure 33). Again natural enemies are important in 
controlling these pests. 

As with other pest populations, if the natural enemies are reduced beccuse of in 
secticides and/or entomophagous microorganisms, then the arn:yworms increase rapidly and 
reach outbreak levels. 

Integrated control aims to reduce armyworms using minimum insecticide quantities 
that have minimal impact on natural enemy populcti',ns. 

Cotton leafworms: 

The'ecologiccl situction with leaf'worr's is'similar to the beet armyworms (figure 33). 

Sucking insects: 

The "sucking insect" group includes. aphids, iilint bugs, white flies, and several 
other irsect arid mite species thet feed on the plaint'using their sucking-type 'mouth parts. 
(figure 33). 

These sucking insects are usually effectively controlled by both predators and 
parasites. However., using! an improper insecticidg that destroys or reduces the number 
of natural enemies can result in serious outbreak .of these pests. Certain climatic condlition: 
may also rediice the natural enemy pop'ulation'while allowing this population to increcse 
rapidly. 
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Outbreaks of these sucking insect have occurred often during the rainy season when 
entomophagous microorganisms increase and reduce the natural enemies. With few natural 
enemies, the sucking insect population may explode in number and have to be controlled 
utilizing insecticides; 

Other insect pests:, 

In addition to bollweevils, bollworms .beet armyworms, leafworms, and sucking 
iniects, there dre Se6veral other species of insects' and mites that are pests of cotton (figure 
33). These othei insect pests are less seri)us;buit 6s a 'group do contribufe to the*ibsses in 
cotton. [ ' 

From year to year occasional outbreaks'-f an individual species may occur. One 
cause of the ouibreaks of one or more of these pest groups is the use of an insecticide that 
kills the predators and/6r parasites of the. p*st population. Without further control a par'
ticular pest population may explode in numbers and seriously damage-the cotton. 

Lady beetle predators: 

Lady beetle predators are also known as "coccinellids' (figure 33). Both the larvae 
and adults'of this beetle family*6re predaceouson aphids, small bollworm larvae, and other 
small soft-bodie.. insects. These lady beetles can be highly effective"in controlling the 
numbers of pest insects in cotton. 

The aim of the integrated control progam is to'keep 1'he use of insecticides to ami
nimum and at the same time employ an insecticide that is more toxic' to the pest populations 
than the lady beetle populations. 

Lacewing predators: 

The larval stages -f the lacewing are sometimes called "aplid lions"(figure 33).
These small predators can be highly effective in controlling aphids, small bollworm larvae, 
and other small'Sft bodi6d insect pests. 

As a part of the integrated control, the aim is to encourage these predators through 
the judicious use of insecticides, i.e. those insecticides that are less toxic to lacewings 
than to the pests. Alsdl he use-of insecticides is hbld' to a minimum so-as ndf*to reduce or 
interfere With the .n6.ia.aciv.iesfnormalthis ............................................predator.
 

Other predators: 

Many' t~pes of Oredaceous animals otheri than I'ady beetle "predatdrs and"latewing 
predators are piesehit in'the- otton fields (figure'33). These predators that indilude oter 
insects:as well ai"predaceous mites dnd pr'ddceuis vertebrates (amphibiahs an 'reptiles) 
have some impact on the pest populations..% 

All of these predators have some degree of susceptibility to the different insecti
cides. 



The aim -is to use issctiides that have "minimal ihipact on these predaceous species. 

Trichogramma spp. parasite: 

The minute Trichogramma spp. wasps pcrasitize the eggs of boliworms and are high
ly effective. in limiting the numbers of bollworms (figure 33). . . 

Bectuse these parasites are susceptible to insecticidles; the'intedrated lst cdontrol 
program selects insecticides that have minimal effect on this parasite and m6nximdl effect 
on pest populations. The result is effective pest control that fully utilizes the natural ene-
mies. . " 

The egg parasite, Trichogrcmma spp. can be recred and released in cotton: fields. 
These releases help increase parasite numbers so they are more effective in the field. 

Releasing parasites may often reduce the number of insecticide treatments that have 
to be made. 

.,Other..insect parasi tes: . .:. . 

Several species of insects are parasitic especially )n larvae and pupae of bollworms, 
leaf worms, drmyworms, and other caterpillars (figure. 33). Hence, every effort is made in 
the integrated control program to cause minimal effect on theseparasi-tic insect populations. 

Birthrate: 

1he birthrate in Central America runs cbut 42.2 per thousand per year. The rela 
tively high birthrate and low death rate results in ! population growth rate of 3.2 % per 
year (figure..36)',V:: The -aduse for, the: high. rate .- growth in the populaItion is due primarily 
to reduc-ed.'death rates andt*e bi'thrate remainin, relatively.high. . .'". 

A.. rapidly growing population, as is typicc:l in Central ,,meric.-, places a significant
strain on the economy. Rapid population growthslows 'he growth of~in:omes and perpetua
tes the inequalities that exist in the economy. Food supplies and food productioh must be 
greatly increased to meet the needs .f the rapidly rowinn population. Also because the 
number of people that are entering the labor force is large, unemployment..and-underemploy
ment is a problem. This relates to the large numbers Df furm workers who are employed in 
cotton production for weeding and harvesting....; . . . . 

Age structure,.,. • .:,1 :, . '.., , . . ' . 

The age structure of the population is skewed toward lurge numbers of young(figu 
re 36). This has the effect of creating stress in society as a whole. At the same time it puts 
a strain on public health programs and education programs, primarily because there is lack 
of funds to; support these programs. In addition#'.with.argi- numbers of young, insufficient 
trained adults are availoble for teaching aswe| as.staffing the public health prograns., 
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With the population made up of large numbers of young, the birthrate is higher..
than normal. 

Military: 

The military isa costly item in the economy of thenations of Central America(figure 35). The need for a military program has always been debated by the people of allnations in the world. -Still, little appears to be done about the over large military expen
ses to both rich and poor nations. 

On the positive side, the military have been used in some cases to straighten streamchannels on the coastal plain to eliminate mosquito bre.eding pools. Altering the stream
channels also. increased the flow of water helping make these streams poor mosquito habi
tats. .. 

Sanitation: 

Pollution is becoming a greater problem in Central America as it is in other nationsof the world (figure 35). Poor sanitation is related to the increasing population numbers inCentral America and the increased use of goods and resources. 

Wi.th a weak economy, sanifation and public health programs are'likely to also be;
weak'. Increased disease rates such as-malaria are a further drain on iociety and the eco -: nomy as a whole. Malnutrition isalso a type of desease and has a depressing effect upon
the economy. 

Petro-chemical. industries: . '. 

Petro-chemical industries in Central America are present (figure 35). -They do i.ontribute to the economy of Central America and are vital to providing mahy of the'inputs 
such as fuel needed in cotton production. 

These industries, as well as most other industries are located close to the large 
urban centers. 

Pesticide industry: . 

Only Toxaphene isproduced in Central America(figure 35).. Otherwise the peit!cide industry imports the technical pesticide material from other nations and formulates thepesticide for field use. Cotton production is the largest user of pesticides'in Cebtral
America and accounts for 85% of all pesticides used. 

Food industiy: " 

The food industry pocesses ahd packages various foods for use'in:Central Americaas well as export. ,Thefood industry is concerned about pesticide c'ntiminatibn of the
foods they process. Having pesticide residues in export foods could result in these foodsbeing destroyed. At the same time this would reflect on quality control carried out at the
plants in Central America. In turn, this could hurt export sales. 
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Service industries: 

The service industries are art important part of the economy of Central America (fi
gure 35). The cotton producers :provide a large amount of income to the service industries 
since they make good use of these services and are cn important part of the economy of 
Central tmerica. 

Other industries: 

Many other industries have a relationship to cotton production and the economy of 
Central America as a whole (figure 35). Little more needs to be said about their valuable 
role in the ecosystem of Central America. It is important, however, to mention the vege
table oil industry because it uses cottonseed as a basic raw material. Fluctuations in 
cotton production attributable to price or other changes may affect this vital industrial 
activity. 

Police and firemen: 

These are public services provided by the governments in Central America (figure 
36). They are expensive services but are vital to the mainte:nance of stability in the human 
society of Central America. 

Economy:
 

The economy of Central Americc determines many of the policies of the government, 
activities of industry, and the dynamics of society (figure 35). As mentioned, a large labor 
force is utilized for weeding and harvesting cotton i.steac! of using chemical herbicides 
and mechanical harvesters. Employing large numbers of farm workers is a beneficial proce
dure in the Central American economy. 

The economy of Central America influences mcny other factors in the ecological 
system such as public health and malaria control, but these are self evident and were men
tioned in earlier discussions. 

Society: 

The society in Central America is related to many factors in the ecological system 
(figure 36). These include such factors as climate, land, water, vegetation, animals, disea
ses, population density, birthrates, age structure, agriculture., industries, and many other 
factors. A.gain, interrelationships of these flctors in the ecological system have been dis
cussed. 
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A.PPENDIX I 

ENVIRONMENTAl STUDIES 

This appendix presents samples of analysis performed for several types of pesticides in all countries of Central Americc as well cs other relevant environmental datawhich wol not included in the text of the report. 



TABLE 57 

GUATEMALA: RESIDUAL PESTICIDES IN FOODS, FORAGE, WATERS, FLORA,
AND FAUNA DURING THE COTTON GROWING SEASON 1974-75 

COUNTY 
Arec 
km' 

% of cotton 
growing area SAMPLE 

# of 
samples 

Average of Residues in PPM
DDT + Toxaphene 

metabolites 
Dieldrin 

Santo Domingo 242 49 meat 18 4.03 

La Gomera 640 48 meat 
water(well) 
fruits 
cotton seed 
cowmilk 
forage 

26 
1 
1 
4 

25 
3 

10.70 
0.0001 
1.18 

56.23 
5.10 
0.046 

0.14' 

- -
63.49. 
-

0.04" 

Champerico 416 43 fish 
shrimp 
edible greens 
water(well) 

cowmilk 
clams 
seafood 
meat 

3 
2 
3 
3 
3 
1 
1 
3 

1.02 
5.89 
0.016 
0.00017 

3.88 
7.51 
7.04 
14.07 

-. 

9.35.-

- . 

22.03 
3.97.-.
-

-

Tiquisate 892 26 meat 

cowmilk 
water (river) 
water (well) 
fish 

20 

6 
10 
13 

4 

6.84 
11.76 
0.0367 
0.00051 
7.52 

0.089

-

-

10.36 



TABLE 57 
(Cont.) 

COUNTY 
Area 
km2 

% of cotton 
growing area SAMPLE 

# of 
samples 

Average of Residues in PPM 
DDT + Toxaphene 

metabolites 
Diedrin 

Tiquis'te 892 26 amphibians and 
annelids 3 3.16 - -
fruits 
edible . reens 
corn 

5 
3 
2 

0.048 
0.25 
0.0083 

-
-
-

-
-
-

Retalhuleu 796 15 meat 
edible greens 
cowmilk 
fish(river) 
lobster 
birds 
reptiles 
forage 
water (river) 
c tton seed 
sarghum 
water(welI) 

49 
3 
3 
1 
1 
2 
3 
8 
3 
2 
2 
2 

7.36 
0.29 
5.93 

41.0 
0.43 
8.57 
0.17 
1.61 

.0004-
0.067 
0.64 
0.0032 

-
0.30 
-

65.09 
-

-
3.86 

-
1.83 
-

02 
0.02 
-

-
0.0006 

Coatepeque 372 10 meat 3 3.66 -

Chiquimulilla 499 6 meat 15 2.87 0.30 

San Andres V.S. 256 5 meat 23 6.90 0.18 



TABLE 57 
(cont.) 

COUNTY 
Arec 
km2 

% of cotton 
growing area SAMPLE 

#of 
samples 

Average of Residues in PPM 
DDT + Toxaphene 

metabolites 
Dieldrin 

Masc!gua 448 2 meat. 26 2.07 0.04 0.002 

La Democrocic 320 1 meat 
cowmilk 

forage. 

21 
38'" 

5 

4.35 
0.97. 
0. 1-32 

-
-

-

Chisec 1486 .3 meat. 8. 0.58 

Antigua 78 V cowmlk 13 0.35 

Guatemala 0 concentrate for 
cattle 
milk 

2 
4 

0.056 
0.57 

-

-

-

-

Panajachel 0 milk 2 0.30



TABLE 58 

EL SALVADOR: RESIDUAL PESTICIDES IN FOODS, FORAGE, WATERS, FLORA,
 
AND FAUNA DURIN.G THE COTTON GROWING SEASON 1974-75
 

Average of Residues in Parts per Million(PPM)
Area % of cotton # of .-DDT+ Tox. Diel. Methyl Ethyl 
Km2COUNTY growinj q.rea MSAMPLE samples metabolites parath. parath. 

San Luis Talpa 42 88" meat 1- 3.09 " - - -

San Pedro MAsahuat 146 62 corn 1 0.0041 ....
 
San Pe'dr0 Maschuct 146 62 bearis 2 0.011 - 0.0003 -

El Tr6nsifo.3 48 56 meat: 
 1 24.48 - -
El Tr6nsito 48 56 corn 2 0.0050 - -

El Tr6risito 48 56 milk 1 1.94 - -
Jiquilisco 400 41 corn 3 0.0041 - -

Jiquilisco 400 41 sorghum 2 0.051 - 0.0005 - -
Jiquilisco. Z0Q 41 milk 7 24.34 - 0.20 - -
La Uni6n 24 36 sorghum 1 0,0093 - 0.001 -
La Usiion- 24 36 c lams 2 0.20 - . 
La Uni6n 24 36 fish" 14 1.06 0.09 - 0.05 0.34 
La Uni6n 24 36 oysters' 1 0.28 - - -
Tecoluca 26e 29 sorghum 1 1.19 1.77 -Tecoluca 268 29 cheese 7 6.08 0.03 - - -

Tecoluca 268 29 mreat" 2 20.47 4.46 - - -
Tecoluca 268 29 milk 4 2.81 - 0.25 - -
Chirilagua 54 25 milk ... 4 5.39 0.13 -
Chirilagua 54 25" sorghum 1 0.05 ---
Chirilagua 54 25 cheese 3 1.90. 0.09 - " 
San Miguel 640 24 sorghum 2 0.11 - 0.0013 -
Son Miguel 340 24 melon 2 0.005 0.1 Z 0.'0005 _ 
San Miguel 640 24 water(river) 1 OANX14 - ').0"6 - 



(Con t.) 

Average of kesidues in Parts per Million (FPM)Area % of cotton  # of DDT+ Tox. Diel. Methyl EthylCOUNTY Km growing area S.MPLE samples metabolites Parath. Paroth. 

San Miguel 640 24 corn 6 0.0004 -  _San Miguel 640 


24 meat 1 3.54 . ...
San Miguel 
 . 640 24 Seans 3 0.023 - 0.001 - -San Miguel 640 24 fish(fresh water) 6 i0.95 5.24  - -Usulut6n 156 20 "corn 5 0.0014 - -Usulut6n 156 20 sorghum 2 0.63 - 1.34 0.005 - -Usulut6n 156 20 pepper 1 0.0105 - -Usulut6n 156 20 melon 2 0.02  0.0002 - -Usulut6n 156 20 :.beans 4 0.0326" - 0.0001 -Usulut6n 
 156 20 clams 


25 0.21 - 0.001 - 0.07Usulut6n 156 20 crab i 0.11 -Usulut6n 156 20 :conch 8 0.12 - -
- -. 

Usulut6n . 156 20 shrimp 12 0.24 - 0.003 - -Usulut6n 156 20 fish 20 2.38 6.22 - 0.39 0.16Usulut6n 156 20 water(river) 1 -. ..
La Libertad 158 19 meat 1 0.42 . ...La Libertad 158 19 fish 15 1.68 4.58 - 0.007 -La Libertad 158 19 oysters 3 0.14 - 0.006 0.04 -Zacatecoluca 327 18 milk 3 1.72  015 - -Acajutla 111 12 corn 1 0.016.:  - - " Acajutla 111 12 fish 8 0.79 0,.09 1.32Acajutla 111 12 shrimp 1 2.30 - - - -Acajutla 111 12 meat 1 0.81 . ..Acajutla 111 12 plantain 1 -. .. 



TABLE 58 
(Cont.) 

Are? % of cotton 
Average of Residues in parts per Million(PPM) 

COUNTY lm growing area SAMPLE # of DDT+ Tox. Diel. Methyl Ethyl 
samples metabolites Parath. Parath. 

S:nsonate 250 11 milk 2 2.06 ... 
Sonsonate 250 11 plaintain 1 .. ... 
Son Vicente 252 11 beans 1 3.035 . .... 
:)locuiltlc 1200 9 milk 2 4.47 . .... 

Pto. El TriUnfo 40 8 conch 9 2.01 4.12 0.001 - -

Pto. El Triunfo 4) 8 shrimp 35 149 - 0.001 - -
Ptb. El TriunO 40 8 crab 2 0.57- - .. 
Po. El Triu'nfi 40 8 fish 26 6.2'- 3.54 02 - -

Pto. El Triunfo 4.3 8 milk 3 1.81, - . 
Intipuco.- 88 6 milk 1 1.12- - 3.20 - -. 
intipuca" 88 6 cheese 4 1.55 - ;., - -
Jucuar6n .224 5 milk 2 32.31 - 3.02 - -

Conchagua' 264 4 sorghum i .15 - 'u01 - -
Conchaqua .264 4 fish 12 1.72 - - 0.01 0.04 
Conchoguc7 264 4 oysters 2 3. 18' - . ... 
Jujutlc 312 2 fish 6 K.93 .. .. 0.94 -
Jujutlc 312 2 corn 1 0.029 . ... 
El Carmen 120 2 corn 1 0.006 " -.. 

El Carmen 120 2 sorghum 2 .2--: 0.0005 - -

El Carmen 
San Jorge 

120 
56 

2 
2 

fish(fresh water) 
tomato 

2 
1 

U.86 
0.043 

-

-

-

0.003 
-

.... 

-

. 
Chalctenango -135 1- meat 1 0.87 - 0.25 - -



TABLE 58 
(Cont.) 

COUNTY 
Anes. 
Km 

% of cotton 
growing area SAMPLE # of 

Average of Residues in Parts per Million(PPM) 
DDT + Tox. Diel. Methyl Ethyl 

samples metabolites Parath. Parath, 
Ilobasco 
San Carlos 
Nueva Concepci6n 
kNuevc Concepci6n 
Nueva Concepci6n 
Zaragoza 
San Isidro 
San Isidro 
Atiquisaya 

200 
20 

258 
258 
258 
27 
84 

84 
54 

0.1 
0.01 
0 
0 
0 
0 
0 
0 
0 

beans 
meat 
meat 
milk 
cheese 
meat 
milk 
cheese 
corn 

2 
2 
2 
8 
3 
1 
3 
1 
1 

0.007 
-0.52 
2.58 
3.94 
1.33 
0.95 
0.50 
1.09 
0.0058 

.... 

.... 
-
.-. 
-
-
-.. 

.... 

0.025 

-

r,.05 

-

_ 
-

-

-

_ 
-

Ciudad i.rce 
Ciudad Arce 
Ciudcd Arce 
Ciudad Arce 

92 
92 

92 
-c2 

0 
0 
0 
0 

corn 
beans 

pepper 
tomato 

2 
7 
3 
"6 

0.0018 
0.012 

0.014 
.088 

..... 

.... 

-

-

0'0002 
0001 

-

-

_ 

-

-
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TABLE 59 

HONDURAS: RESIDUAL PESTICIDES IN FOODS, FORAGE, WATERS, FLOR-, 
. AND FI'JNA DURING THE COTTON GROWING SEASON 1974-75 

tverage of Residues in Parts per Million (PPM) 
DEPT. COUi"!TY Area % of cotton 

Kn2 
. crowino crer - SAMPLE 	 # of DDT+ Tox. Diel. Methyl Ethyl 
samples metacolites Parath. Parath. 

Choluteca 4211 1
 
Choluteca Ncmasi-jue corn 2 0.310 ...
 

-....
Choluteca :lainsigue water(well) 3 j.0019 
Chol utecca .Nanasiguo water(river) 1 ... .. 

Choluteca q.cmasiguo. fsh 3 *J'27 . ... 

Choluteco Apccilagua- corn 1 :376 0.0004 

Choluteca Apacilqgut: • soighum 1 0.J3 - ".0004 -

Cholutecc Yusguare corn 1 u.08 - 0.0o - -

Choluteca Yusguare sesame 1 9.015 - -

Choluteca Yus-ucre so-rghum 1 .03 0.002 -

Cholutecc Yusguare - beans 1 U.gll .. .. 

Choluteca Triunfo corn 1 0. 0031 -0.D03 
Choluteca Triunfo water(river) 1 0.10013 . .... 

Choluteca Triunfo wcter(well) 1 0. 00005 - - 

3,.006 - 0.0003Cholutecc Marcovic corn 1 

Choluteca Marcovia fish 8 0.80" ". 

Choiutecc Cholutecc:. wcter(river) 2 0V0013 -

Choluteca Choutec water(well) 4 0.'9111. -1 -

Choluteca Choluteca gull 1 4.63 ... 
lizard 	 1 .Choluteca Choluteca 

Choluteca Roi ,. water(river) 1 0.X 23 . ... 

Olancho 24350 0.2 
Olancho Cctaccmas milk 1 0.30 



TABLE 59 
. (Cont.) 

DEPT. COUNTY Area 
Km2 

% of cotton 
growing area SAMPLE #of 

Average of Residues in Parts oer Million(PPM) 
DDT + Tox. Diel. Met sy! Ethyl 

samples metabolites Parath. Parath. 
Olancho 
Olancho 
Olancho 

Catacamas 
Catacamcs 
C:atacamcs 

corn 
concentrate 
beans 

I 
1 
1 

0.014 
0.063 
0.0"61' 

. 

.... 
... 

... 

Olancho 
Olancho 
Olancho 
Olancho 
Olncho 
Olancho 
Olanchc 
Olancho 
Olancho 
Olancho 
Olancho 
Olanchc. 
Olancho 

Catdcamas 
Sn.Fco. Becerra 
Sn.Fco.Becerra 
Sn. Fco. Becerra 
Sn.Fco.Becerra 
Sn. Fco. Becerra 
Sn.Fco.Becerra 
Sn. Fco. Becerra 
Sn.Fco.Becerra 
Sta. Ma. del Real 
Sta. Mc. del Real 
Sta. Ma. del Real 
Juticalpa 

water(well) 
corn 
rice 
Sorghum 
greens 
beans 
cotton seed 
water(well) 
fish 
corn 
beans 
water(wel!) 
corn 

1 
1 
1 
1 
2 
1 
1. 
1 
1 
1 
1 
1 
2 

-. .. 
c.01 . 

0.72 . ... 
0.08 - 0.006 
0.031 ... 

0.012 . ... 
0.14 . .. 
- - -

0.02 .... 

0.012 . ... 
0.012 . ... 
- .. . .. 
0:006 - - -

.. 

-

_ 

-

-. 

Clancho 
Olancho 
Olancho 

Olcncho 
Olancho 

Juticalpa 
Juticalpa 
Juticalpo 
JuticalpC 
Clancho 

rice 
beans 
water(river) 
water(well) 
cotton seed 

2. 
2 
1 
1 
3 

0;125 
0.027 
-

-

0.054 
" 

....
... 

-

_ 
.. ... 

. 

Valle 1565 1. 
Valle Nacaome . . milk 2 4.76 :.- -



TABLE 59 
(Cont.) 

Average of Residues in Parts;per Million (PPM 
Arec % of cotton 
Km*22DEPT. COUiTY growing area SAMPLE # of DDT+ Tax. Diel. Methyl Ethyl 

samples metabolites Parath. -Parath.
 

Valle Nicaome corn 1 0.018 - -

Vai le Naccome sorghum 2 J.05 - c'.&2.2 - -

Valle Alianzc 1565 1 milk 1 0.45 
Vallt. ..liCnzc corn 1 0.014 .. .. . -

Valle Alicnzc sorghum 1 3.J16 . ... -

Valle ,Iicnzc lizard 2 >."27.....
 
Valle Corcy corn 1 0.063 -. -

Valle Corey sorghum 1 C.013 - - - -

Valle Coray milk 1 C.73 .. ... 
Valle Valle fish 3 i.31 . .. 
Vallt San Lorenzo water(estuary) 1 0.0D03 
ValI San Lorenzu, fish 6 0.14 
Valle San !.orenzj shrimp 2 j.C2 .. ... 

Valle San Lorenz. oysters 1 0.;71 . 

cotton growing area refers to the whole Department.NC TE: The percentcge f)r. 
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TABLE 59-A 

AVERAGE CUMULATIVE DDT USE PER HECTARE IN 9 COTTON FARM! 
OF LA GOMERA, 1975 

WEEK DDT USE (CUM.)IjG/A od/ 

12 - 18 Sep. 0.014 

19-25 0.544 

26-2 Oct. 1.229 

3-9 1.669 

10-16 2.367 

17-23 3.237 

24-30 4.321 

31- 6 Nov. 5.217 

7-13 5.972 

14-20 6.792 

21-27 7.892 

28-4 Dic. 8.739 

5-11 9.505 

12-18 9.955 

19-25 10.225 

SOURCE: ICAITI
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APPE'N DIX 21," 

PUBLIc. .HEALTH; 

This appendi.x consists of information on malaria and factorsassociated to human poisonings in :Central America. 
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TABLE 60 

RESULTS OF THE STUDY OF 131 PESTICIDE POISONING CASES 
IN GUATEMALA, 1974
 

1. 2. 
Distribution by age groups Distribution by sex 

less than 1 year 1 Men 128 
1-5 years 

6-10 years 
2 
7 

7.6% Women 
TCTAL 

3 
131 

1I- 15 years 17 4. 
16-20 years 29 68.7% Distribution of 
26-30 years 15 residence 
31.35 years 29 
36-40 years 9 Temporary 100 
41-45 years 
46-50 years 

12 
3 21.4% 

Permanent 
TOTAL 

31 
131 

51-55 years 1 
56-60 years 3 7. 
61.-65 )ears 
66-70 years 

1 
2 

2.3% Symptoms and Signs 

TOTAL 131 100% Giddiness 
6. Niausea 

Distribution by Month Vomits 

Stomachache 
January 17 13.j8% Headache 
February 2 1.5% Asthenia 

March 0 ivyalgia

April 0 Ataxia 
May 0 Hyperdrosis 
June 0 Sialorhea 

July 0 Diarrhea 
August 0 Myosis 
September 0 Mydriasis 
October 42 32.1% Conjuntivitis
November 37 28.2% High blood pressure 
December 33 25.2% Unconsciousness 
TOTAL 131 100% Phlegms 

8.
Days of Stay 


Minimum Maximum 
4 

3. 
Distribution by activity 

97.7% day laborer 106 80.9% 
loader 9 6.9% 
flag man 4 3.0% 
tractor 
operator 2 1.5% 

5. 
76.3% Distribution by graveness 
23.7% ' 
100% T S M S D 

131 73 45 13 0 
ICO%55.7%34.3%10% 

9. 
Insecticides Reported 

Tamaron-Ethyl-Methyl
 
Phosphorated-Chlori nated 
Ethyl -Methyl 
Toxide--Fundal
 
Bladan-Galecron 
Galecron-,Niran 
Tamaron-Toxaphene 
Tamaron-Bladan 
Tamaron-Ethyl-Methyl 
Bladan-Toxide 
Niran-Carbicron 
Tamaron
 
Toxaphene
 
Melathion 
Baygon
 

Valexon
 
Lannate 
Phosphorated 
Chlorinated
Bladan 

1 



TABLE 61 

An Analysis of 131 Cases of Human Poisonings in a Municipality in Guatemala 
during 1974 

Analysis of Human Poisonings 

AGE (YEARS) .'.o. SEX Ko. WORK No. I Hi-BITI NTS No. 

1 
1-5 
6-10 
11-15 
16-20 
2o-3r. 
31-35 
36-40 
41-45 
46-5' 
51-55 
56-60 
,.1-.65 
66-70 

1 
2 
7 

17 
29 
15 
29 
9 

12 
3 
1 
3 
1 
2 

iVcle 
Female 

128 
3 

Day worker 
Tower 
anderillero 

Tracor diver 
FielcJ Scout 
Other 

106 
9 
4 
2 
2 
E 

Permanent 
Temporary 

31 
10 

TOTALS 131 131 131 131 



TABLE 62
 

EL SALVADOR: FOISONING CASES BY PESTICIDES AS NOTIFIED BY HEALTH SERVICES BY 
'ONTH AND BY YEAR, 1964-1974 

MONTHS 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 TOTAL % 

JANUARY 133 2(. 25 26 6 12 24 2 22 49 41 366 3.3 

FEBRUt RY 50 28 4 22 7 18 7 14 28 13 30 221 2.3 

MAR'RCH 27 9 7 2 - 6 22 11 32 116 28 260 2.4 

APRIL 12 7 4 3 1 19 '33 20 22 14 32 155 1.4 

MAY 6 3 38 11 21 20 9 18 72 18 32 248 2.3 

JUNE 5 13 39 22 74 45 61 43 68 70 63 503 4.6 

JULY 26 44 32 37 13 27 60 39 -56 28 78 440 4.0 

AUGUST 93 57 8- 51 7 33 16 27 123 72 41 607- 5.5 
•-',- . -- .. , ,. : -,-.:,- .-

SEPTEMBER- 277 236 183 110 228 53 102 100 385 119 158 1951 17.8 

OCTOBER 18C 330 227 194 195 194 '33 175 726 . 376. .378 3008 27.4 

NOVEMBER 110 145 65 82 31 111. -38 53 826 279 163 1903 17.4 

DECEMBER 68 45 91 32 19 55 72 84 500 108 230 1304 11.9 
987 943 802 592 602 584 474 586 2860 1262 1274 10966 100.0 

9.0% 8.6% 7.00/, 5.4% 5.5% 5.3% 4.3% 5.3% 26.1% 11.5% 11.6% 100.0% 

SOURCE: Divisi6n de Epidemiolog'a, Direcci6n General de Salud. 



TABLE 63 

HONDURAS: PESTICIDE POISONING CASES BY-AGE AND SEVERfY" 
1.972 AND 1973 

By years By severity 

1972 19 cases 67.8% Mild 15 cases 53.6% Mortality; 0%1973 9 cases 32.2% Moderate 8 cases 28.5%TOTAL 28 cases -100.r% Severy.: 5 cases 17.9% 
rOTL 28 cases 100.0O 

By age group Dy Department 

from 14-2,, yecrs 7 cases 25 % Cholutec" 19 cases 67.8%.from 20-25 yecrs 12 cases:' 42.8% Vaile 9 cases 32.2%from 25-;oJ yecrs 4 cases. - 14.3% TOTAL 28 cases IUm.0% 
5 cases 17.9% 

TOT.L 28 cases 100.0% 



-240-

TABLE 64 

HONDURAS: EPIDEMIOLOGIC STUDY OF 44 PESTICIDE POISONING CASES
TREATED AT SAN FELIPE HOSPIT.L. YEARS 1972, 1973, AND 1974 

DISTRIBUTION BY YEARS
 
TOT,.L 1972 
 % 1973 •%0 1974 % TOTAL 

44 4 9.0 21 47.7 19 43.2 -;100% 

DISTRIBUTIOIk,: BY DEGREE OF SEVERITY 
TOTAL MILD % MODERATE % SEVERE % %LJ4KNOWN 

44 31 70.5 ..5 11.3 7 15.9 1 2.3 
3. 4.Distributionby age group 5Distribution by sex Distribution by marital status 

14-15 years 6 13.7% Men 24 54.5% Singlk 41 93.2%16-20 years 19 43.2% Women 2021-25 years 45.5% Married 3 - 6.8%9 20.4% TOTL 44 100.0/0 T 4 100.0%26-30 years 4 9.1% 6. 7.31-35 years 2 4.5% Type of Pesticide Distribution by Occupation3640 years 0 0.0% student 940 and more 4 9.1% 20.4%phosphate 32 72 . 8%housewife 14 31.8%TOTAL 44 100.0% chlorinate 2 4 .5%farmer 14 31.8%c.rbomate 2 48. .5%military menPenetration Tract 1 2.3%rocdenticide 2 4 .5%motorist 1 2.3% 
withoutIngestion 37 carpenter 2 2.3%84.1% spectrum 6 13.7% teacherSpraying 4 9.1% TOTiL 44 1JC....% (grammar) 1not specified 3 6.8% 2.3%artist 1 2.3% 

9. TOT.L 44 100.0%10. Accidental ing.Distribution by Discharge 16 43.3%Intentional ing. 21 56.7%
TOTAL 44 100J.0% Daysof Stay 

11. 

Recovered 43 97.7% 
Deaths 1 2.3% MinimumTOTAL I day44 100.0% MCx imum 10 days 

TOTAL 67 days 
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TABLE 64 
(cont.) 

12. 13. 
Distribution by Location Symptoms and Signs Observed 

Vomits 13 Loss of 9 
Tegucigalpa, /Moraz6n 14 31.8% Giddiness I, conciousness 6 
Comayaguela, Moraz6n 
Sn.Vicente,Sta.B6rbara 

19 
2 

43.1% 
4.5% 

Nausea 
General Tremor 

7 
6 

Tachycardia 
Headache 

5 
5 

Ojos de Agua,EI Pararso 2 4.5% Blurred vision 5 Cold 2 
AlI.Mateo, Moraz6n 1 2.3% Weakness 4 Stomach burn 2 
El Chimbo, Moraz6n 1 2.3% Diarrhea 2 Distress 15 
Suycpa, Moraz6n 1 2.3% Cramps 1 Myosis 9 
Sn. I'ati'as, Moraz6n 1 2.3% Lack of pupillcry Sialorrhea 6 
Ald.Casitas, Moroz6n 1 2.3% reflexes 9 Hyperreflexia 4 
Aid. Conacaste,Moraz6n 1 2.3% Insecticide smell 9 Phlegm 4 
Tamara,.Moraz6n - .1 2.3% Tochypnea 5 Tremor 4 

Lung rattles 4 Excitation 3 
Breathing failures 4 Cyanosis 3 
Teary eyes 3 Vomits 3 
Obnubilation 3 Distress 2 
Convultions 3 Diarrhea 2 
Unconciousness 2 Stomachache-
Bradycardia 2 touch 2 
Fasciculation 2 Stress 1 
Nose fluttering 1 Lack of coor-
Disorientation I . dination I 
Disarthria 1 Fibrillation I 
Hematemesis 1 Sweat 4 
Stomachache I 
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TABLE. '65 

NICARAGUA 

RESULTS OF A STUDY OF 243 POISONING CASES, 1973 

1. 3. 
Distribution by Age Group Distribution by Month 

0-1 year 3 1.2 January 9 
1-5 years 14 5.8 7.% February 4 
6-10 years .7 2.9 12.0%; March 0 
11-15 years 22 9.1 April 4 
16-20 years 78 32.1 63.4% May 8 
21-25 years 49 20.2 June 14 

. 
2 6 -30 years 27 11.1 July 5 
31-35 years 16 6.6 12.8% August 2 
36-40 years 9 3.7 September 21 
41-45 years '6 2.5 October 79 
46-50 years 4 1.5 3.2% . November 88 
51--55 years 1 0.4 December 9 
56-60 years 3 1.2 TOTAL 243 
61-65 years 0 0.0 
66-70 years 2 0.8 1.6% Distribution by Activity 
71-75 years 2 0.8 
TOTAL 243 100.0 Day laborers 170 

Unknown activities 30 
Distribution by sex Housewife 17 

Others 12 
Men 219 90.1% Students 8 
Women 24 9.C% Aircraft mechanic 6 
TOTAL 243 100.0% TOTAL 243 

3.7 
1.6 
0.0 
1.6 
3.3 
5.8 
2.1 
0.8 
8.6
 
32.6 77.4%
 
36.2 
3.7 

100.0 

% 
69.9 
12.3 
7.0 
5.0 
3.3 
2.5 

100.0 
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T/BLE 66 

MALARIA, MORBIDITY 'RY MONTHAND PERCENTAGES FOR THE FOUR 

COUNTRIES, YEARS 1972, 1973, 1974 

1972 1973 1974 

MONTH . cSES. % CASES----'---.. % CAS ES % 

JANUARY 7 296 13.54 3,981 6.YJ 7 644 8.60 

FEBWRUARY 4 446 8.25 4 775 8.28 7 129" 8.02 

MARCH 3 534 6.56 3 435 5.95 6 165 6.94. 

APRIL 3 534 6.56 2 416 4.19 4 526 5,10 

MAY 4 671 8.67 3 114 5.40 8 580 .9.66 

JUNE 4 135 7.67 4 230 7.33 6 936 7.81 

JULY 7 377 13.6, 4317 7.48 6 821 7.68 

A.UGUST 7 896 14.65 6 857 11.88 .6 485 7.30 

SEPTEMPER 2 926 5.43 7 115 12.33 6. 714 7.56, 

OCTOBER 3 831 7.11 6 251 1-.83 10788 12.14 

NOVEMBER 2 l,68 5.51 6 400 11.09 10 544 11.87 

DECEMBER 1 274 2.36 4 811 8.34 8 496 9.56 

TOTL 53 888 100.00 57 702 100.0i' 88 828 100.00 
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TABLE67' 

GUATEMALA: COUNTIESWHERE NOPHELES ALBIMANUS IS RESISTANT 
TO OMS -,33 

COUNTY DEPARTMENT POPULATION No. OF TESTS % RESISTANCE 

*Oc6s' San Marcos 1C413 . 2 :.60 
Oc6s 

*Coatepeque 
San Marcos 
Quezaltencingo-. 

10413 
17795 

14 
1 

88 
6 

*Sn Andres V.S. Retalhul'u 23189 2 95 
*SnAndres V.S. Retalhul'u 23189 19 98' 
*Champerico Retalhul'u 18008 1 47 
*Champerico Retalhuleu 18008 40 98 
*Retalhuleu Retalhulu 35316 1 11 
*Mazatenango Suchitepequez 26518 4 96 
*Mazatenango Suchitepequez 26518 16 94 
*Mazatenango Suchitep6quez 26518 1 4 
*Tiquisate Escui ntlc 32099 2 89 
*Tiquisate Escuintla 32099 16-" 100' 
*La Gomera Escuintla 27878 7 100 
*Masagua Escuintla 17367 1 41 
Pto.Sn Jose Escuintla 19538 1 28 
Pto.Sn Jose Escuintla 19538 19 88 
Iztapc Escuintla 4345 2 3 
Guanagazapo Escuintla 5798 :1.' 80 
Guanagazapa Escuintla 5798 1 6 
Taxisco Santa Rosa 12678 3 66 
Taxisco 
*Guazacap6n 

Santa Rosa 
Santa Rosa 

12678 
8204 

14 
.1 

8 
33 

.*Guazacap6n ...ta. Rosa.. 8204 4 12 
*Chiquimulilla Santa Rosa 28080 1 35 
'Chiquimulilla Santa Rosa 28080 7 50 
Pasaco Jutiapa 4932 1 42 
Pasaco Jutiapa 4932 1 3 
Moyuta Jutiapa 19920 3 12 

SOURCE: National Service for Malaria Erradication (SNEM) 1974. 

* All these counties have cotton growing areas. 



TABLE 68 

EL SALVADOR: SENSITIVITY TESTS TO OMS-33 MADE DURING THE YEAR 1972 

time of Mortality % No. of mosquitoes usedLocaton County Department Conc. exposure Date Exposed Control Exposed Control 

Miraflores Son Miguel San Miguel .1 240' 15/1242 84 4 54 25Tecomatal " .1 240' 15/12/72 86 0 100 25

Sn.Ant. Silvc " 
 . .1 240' 13/12/72 97.6 16 100 25Sn Ant Silvc, San Ant Silva " 0.01 240' 13/12/72 36 28 98 25(+)El Brazo " " .1 240' 30/11/72 33.7 8 100 .25El Brazo " " 0.01 240' 30 /11/72 1;) 4 98 25El Zamor6n " " . 240' 25/11/72 43 7 '24Santa In's " 240' 23/11/72 54 4 48 23..La Trinidad " .1 240' 22/11/72 87 j 98 25

Tecomatl 
 " " .1 480' 18/11/72 84 - 98 25El Brazo " " 1 480 2/11/72 65.2 8 99 25El Brazo " " 0.01 480' 5/10/72 12.1 9 '96 23Anehico " " .1 480' 22/9/72 95.2 16 50 '25Sn Ant Silva " " .1 480' 19/972 1,5.4 12 50 25El Brazo " " 0.01 480' 7/9/72 48 4 100 25.El Brazo " " .1 48' 7/9P2 96 4 50 25

San Pedro Chirilagua " .1 
 75' 22/1/2 2 0 60 25San Pedro Chirilagua " .1 120' 22/1/2 98 0 100 25Son Pedro " " .1 30' 21/1/42 86 0 58 23El Brazo San Miguel " .1 30' 20/1/72 44 0 50 25El Brazo o " .1 480' 20/1/72 86 0 99 25El Brazo " " .1 60' 15/1/72 60.2 12 100
Puerto Avalos Jiquilisco Usulutl6n .1 

50 
480' 21//72 80 0 100 25

Puerto Avalos " " .1 480' 21442 81.0 16 100 25La Canoa " " .1 480' 18/8P2 56 0 100 25Lo Anchila Concep.Batres " .1 240' 25/8172 88 0 75 25S. del Potrero Jiquilisco " .1 480' 18/1 /72 65.9 12 50 25(1)S. del Potrero " " .1 480' 3/11/72 68.2 12 50 25(1)S. del Porero " " .03i 480' 27/6/72 90.9 12 50 25(1) 
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TABLE 68 (Cont.)
 
t:iMe of Mobility %/0 No..of Mosquitoes used 

Location 
 C6unty Department Conc. exposure Date Exposed Control Exposed Control 
S.del Potrero Jiquilisco Usulut6n .125 480' 27/6/72 97.8 8$.de, Potrero " 50 25(1).125 480' 5/7"2 82 0S. del Potrero " 98 2S(1.)

" .1 480' 11/7/72 97.7 12 98S. del Potrero " Z5(1)" .1 480' 12/7/72 92.8S. del Potrero 92 25(1)S. del Potrero 25(, )1 48,' 20/7/72 90 4S. del Potrero " 98 24(1).1 480' 20/7/72 :0 100San Felipe Concep. Batres 
" 70 25(1)" .1 240' 26/72 82.6Miravalles Sons6nate 8 50 25(L)Sonsonate 
 .1 00' 28/7/72 100 5Sacramento 38 20S. Fco Men~ndez Ahudchcp6n .1 60' 12/7/72 100 0La Ceiba " 25LaCia".1 18/71172 C5 2;63' 8/72 10O50 
 25

La Ceiba Jucutla 0.01 300' 1- o2FayaFaya ,, ,n 1804/72 56 4, .1 50 25.
480" 25/172 59.1 12 50 25 
31" C3lderas it.pastepeque San Vicente •1 

25/7,42 .96 0 50 2560' 1)/'/,72 98.8 16C"deras I1 
100 25(2)

60' 20/1 1/72 100 16 100El Sauce 25(2)Stgo Nonualco La Paz .1 480' 11/7/7Z 100ito los Reyes Z~cctecolucc" . 10 25 (3)" .1 480' 22/7/72 18.2 12 73Hoto Nuevo 25San / iejo 1-c Lni6n .0.31 24J' 27/7/72 10%Hato Nuevo San /.lejo 12 50 23(4)" .125 15' 27/6/72 100 4Hato'Nuevo 50' 25 (4)" " 
 .125 120' 27/6/72 100 12 50
Hato Nuevo 25(4)" " .1 12!" 12,4,472 98.9 12 10)Hato Nuevo 25(4)" .1 480': 20/9/72 96 4.Hato Nuevo 50 25 (4).1 480' 20/9/72 90 12Hto Nuevo 
" 

50 25 (4). 480' 3/11 /72 78.6Hato Nuevo , 
16 5.0 25 (L)

H1ato Nuevo ,, 
" .1 120' 3/11/72 57.1 16Hato N~evo I -. .16. 240' 27/5/72 S9 0 50 25(4)1.l00. 25 '(.4Hato Nuevo .16 120' 14/4/72 96 . 4Hato Nuevo " 50 25 (4)" .16 60' 14/4/72 94 4Hato Nuevo " 49 25 (4).16 30' 14/4/72 49Olderas Apastepeque San 
" 

Vicente .1 
94 4 25 (L)6' 20/1/72 58.Airavalles Sonsonare - 100 25Sonsonare .1 2-/ /Z


-iraval les "".1:262. 
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TABLE 68 (Cont.) 

time of Mortclity. % No. of mosquitoesused
lation County Department Conc. exposure Date Exposed Control Exposed Control 

/iavalles Sonsonate Sonsonate: 0.01 60' 27/1/'72 12 0 100 25 
iavjlles 1" .1 240.' 27/1/72 97.8 8 99 25 

;rvalles " " 0.01. 48' . :. 28/1/72 95 4 100 25

avclles " " .1 " 60' 28/1/72 81 9 74 25

Lz Pie,-ras Ishuat6r .16 120' 1":'/4/72 96 0 5 25 
La Piedras " .16 6t' 19/4/72 94 9 50 25
La Piedras " " .1 3-5' 1,/4/72 86 0 50 25 
L Picvzras H " 0.01 48' "20/4/72 84 : - 50 25 
La Piedras " " 0.01 2 4!' 20/4/72 64 50 25
L- Piedras " 0.01 12..-:'" 20/4/72 18 .. 0 50 25
 
'i Julian ixcajui'la '" .16 30' 18/5/72 88 0 60 20 
Sm Dic,.isio San Cionisio Usulut6n .1 60' 14/1/72 3B.9 10 94 50 
Sm Dioiisio " " .1 48-' 14/1/72 80.4- 8 50 25 
Sm Dionisio " " .1 48' 19/1/72 89.1 8 9 " 25 
S-del Potrerc jiquilisco " 16 • 240' 26/5/72 75. 0 100 25 

LEGEND: + = Unsatisfactory 

1 = Colonia Salinas del POtrero S-rain (CNAP) 

2 = Colonia Ca!deras strain, Malaric Research Center 

3 Colonic El Sauce Strain
 

4. = Colonia Hato Nuevo strain (CNAP) 

L = Local strcin 
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TABLE 69
 

NUMBER OF BLOOD SAMPLES ANALYZED FOR MALARIA INNICARAGUA , POSITIVE SAMPLES, VECTOR SPECIE$':.FOUND 
1958-1973
 

NUMBER OF SAMPLES ANALYZED 
 SPECIES FOUND
 

YEAR SAMPLES CASES Percent P.Falciparurn P.Vivax P.Malaria
 

1958 23982 890 
 3.7 4619 1256
1959 38966 1875 
 4.8 4217 3311
1960 70074 7528 10.2 
 3001 5721
1961 109293 8722 8.0 
 3428 7772
1962 162733 11200 6.9. 
 2742 7851
1963 152239 10593 6.9 
 2403 8794
1964 173968 11179 6.5 
 883 7787
1965 167589 
 8670 5.2 2C45 11850
1966 197472 13895 7.0 
 2353 13968
1967 269575 16321 
 6.1 479" 7771
1968 •411544 
 8250 2.0 
 2673 1'3j70
1969 498119 16043 3.2 
 518- 22080
1970 281386 27260 9.7 
 30!1 
 22262
1971 223098 25303 
 11.3 
 8929
1972 208232 9595 4.6 
6666 

(1 3053


1973 174320 3214 
 1.84:
 

Source: National Malaria Eradication Service.
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TABLE 70 

NUMBER OF BLOOD"; SAMPLES ANALYZED FOR MALARIA IN GUATEMALA 
POSITIVE SAMPLES, VECTOR SPECIES FOUND, 1955 973 

NUMBER OF SAMPLESANALYZED SPECIES FOUND 
POSITIVE SAMPLES ASSOCiATED 

YEAR SAMPLES CASES Percent P. VIVAX P. Folciparum P. Malaria SPECIES 

1955 3716 351 9.44 295' 55 1 

1956 12698 3088 24.32 2192 889 - 7 
1957 25232 5653 22.4, 3812 1792 4 45 
1958 62119 12829 20.65 7786 4960 - 83 

1959 108047 7849 7.3C 6346 1524 - 24 
1960 12Y742 3387 2.61 2969 409 1 8 
1961 219628 4083 1.86 3298 767 5 13 

1962 323373 59c6 1.85 4375 1575 20 26 

1963 348866 15116 4.33 9510 5404 49 153 

1964 289058 20401 7.05 15358 4769 40 234 

1965 380562 14472 3.80 12157 2095 2 218 

1966 376439 22045 5.8.; 18815 30'03 3 224 

1967 439192 19684 3.94 18307 1284 - 93 

1968 492940 10407 2.11 10043 -346. 18 

1969 521336" 10494 2.01 10284 198 1 11 

1970 447706 11044 2.50 10961 80 - 3 
1971 332531 8280 50 8246 32 1 1 

1972 345156 7750 2.25 7746 4 
1973 38626 6182 .7 A79 3 

Source: National Malaria Eradication Service 



TABLE 71 

GUATEMALA: MORBIDITY RATES OF M.LARIA FOR COUNTIES 
WITH COTTON AREAS , YE/RS 1972 74 

COUNTY 
"' Rate per 1000 inhabitants" . 1972 .. .1973 '1974 

Ayutla 4. 0. 4..
Ocos , 22.5 2., 3.9Coatepeque 1.6 :).2 0.05Retalhuleu 2.e 1.9 1.1Champerico 23.6 7.1 8.8San Andr~s Villa Seca 17.6 4.7 1.9Mazatenango 7.8 1.2 1.9Santo Domingo S. 1.2 2.(0 1.1Tiquisate 1.7 0.4 0.3La Gomera 2.0 9.8 2.0La Democracia 4.0 0.7 1.0Masaguc 2.1 1.9 1.4Chiquimulilla J.2 0.7 0.6 

Guazacqp6n 2.8 0.2 0.4 

SOURCE: ICAITI 
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TABLE 72 

GUATEMALA: 	 SPECIFIC RATES OF MALARIA MORBIDITY IN COUNTIES 

WITHOUT COTTON AREAS. DEPARTMENTS OF BAJA VERAPAZ, 

IZABAL AND EL PETEN, YEARS 1972, 1973, 1974. 

COU NTY 

Cubulco 
El Chol 
Granados 
Rabinal 
Salam6 
San Miguel Chicaj 
El Estor. 
Livingston. 
Los Amates, 
Morales. . 

Puerto Ear"ios 
Dolores 
Flores 
Melchor do Mencos 
Santa Ana 
Sayaxch " 

Poptun 	 :"8.38 

SOURCE:: ICAITI 

1972 

2.35 
3.69 

23.57 
1.70 
1.82 
4.45 

27.74 
3.95 
0.52 
0.78 
0.18 

20.80 
5.79 

24.74 
34.40 
63,96. 


Rate per 1000 inhabitants 

1973 1974 

0.13 0.26 
1.44 0.56 
4.66 0.56 
1.38 1.14 
2.19. 0.31 
0.11 0.22 

11.77 2.58 
7.74 6;22 
0.91 0.23 
0.78 0.77 
0.23 0.05 

11.04 21.85 
3.95 2.52 

15.39 4.02 
20.47 16.65 
34.68 .32.88 
3.78. 1.88 
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APPENDIX 3 

AGROECOSYSTEM MANAGEMENT 

The Existing Conditions for Developing Integrated Cotton Pest Control in Central 
Americ: 

Cotton in Central Arr:ericc: 

Ecological characteristics and agricultural techrniques make an evaluation of cotton
production in CentralAmerica somewhat confusing. Cotton yields rank among the highest
in the world, for instance. Yields in Guatemala are second only to those of israel; El Sal
vador and Nicaragua rank among the first five. Yet the studies carried out in the past 2 
years clearly show that present cotton technology in Central America could be substaintial 
ly improved. 

-

Some parts of the Central American Pacific plains are almost ideal for cotton,

production. 
 The soils, of volcanic or alluvial .origin, are deep, loamy and well-drained.
 
Average ambient temperatures are 
within the optimcl range for the growth and development
of the cotton plant. The rains normally start in mid-.4', and end in early November, pro-,
viding sufficient moisture for an adequate period in which the cotton fruits can -row, follow
ed by a dry period for the open bolls to dry. Accordinj to some experts, Cotton(Gossypium

hirsutum) is native to Central Americc. Also na'tive is a landless rural population with a
 
strong agrilcultural vocation which is willing to work for very low wages ($1.25.--$1.50 per
 
day).
 

-Thus stimulated,i ncviy farmers und entrepreneurs have entered the cotton activity
and made cotton the third -iost importa.'it export cror of the region after coffee and bana
nas. The same favorable conditions have somewhat prevented the development of produc
tion techniques, especially in th-e. area of pest mcnajement. Thus, while compounding pest
problems force cotton growers to use increasing amounts of pesticides, other fcvorable con
ditions and the reasonable hope of-goo6 prices keel-, them. confident',nd-6ften skeptical
about improvements in cotton production technolcgy. 

Cotton productio.,; in Central America fits wit!h rea-sonable adequacy in the slot 
labeled by Smith as "stage (of crisis": (1) increasinl. . frquent applications of pesticides 
are necessary; these start earlier in the season and their effectiveness is smaller every year
as resistance becomes generalized. Secondary species become pests; production costs climb 
every season: a consequence of jreater insecticide use because of resistance and secondary 
pest outbreaks. 

The situation varies from country to country. Some are nearer the exploitation, or"boom" phase, like Honduras; and others, like Nicaraguc are proceeding into the integrat-.
ed control stage. This affects the potential receptiveness to integrated control programs,
and will be discussed in that context. 

(1) Smith, Ray F. and Louis A. Falcon, Manualde Control Integradode Plagas del 
Algodonero. (Rome: FAO, 1974) P. % 

http:1.25.--$1.50
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Integrated pest control for Central Ameri:' 

Although an integrated pest control progrci, in cotton is technically feasible and' 
e'conomically desirable, there are institutional and cultural realities which'would condition 
its acceptance and its eventual success. Institutions vary from country to country. Yet the 
mentality and culture is,,remarkcbly similar throughout, especially wi th regards to receptivility. 

Technical assistance (the instrument of change) is a two-wacy flow of irnformation; it 
benefits from basic grounds for communication above and beyond self-interest and the need 
to.get a job done. The person in charge of conducting technical assistance must have a 
thorough, intimate knowledge -if the area and the cultueeif he is to succeed establishing 
effective channels 2f information. He must be able to communicate at the same level 6nd 
in the same language with the farmers and technicians, even with the same sense of humor. 
Above all, he must be an expert in integrated control in cotton in Central America. 

The role of other international experts in integrated cotton pest control muif be 
sharply defined. Their expertise will provide an invaluable technological input into :the' 
communication (eitension) process. Yet their knowledgo will be needlessly wasted unless 
they have a Central Americaco counterpart who -can Le the leader in the field. 

Aside from a solid scientific background, the only recommendations for a Central 
American integrated control program to succeed is to have a strong. component of local 
staff in positions of responsibility, perhaps as counterpart to international experts 

To different degrees, all countries have counterparts, laboratory and office facili 
ties, extension services of a general nature, favoraLle access to- universities, and in all 
countries it is possible to secure the cooperation of cotion 9rowers in order to set up -de
monstration areas. In matters specifically related to cotton, the infraestructure avcAilcble 
in one country varies greatly frox' the next. This is reflected in table 41. 

!Inspite of-these differences, there exist biases for joint research. The cotton grow.
ing area isan ecologiccl (and cultural) homologue. In fact, these differe'nces open possi.
bilities for technical trotnsiar wi 'hin the region with.,: minimum of adjustments. 

Honduras: Cotton activity is still embry:)nic in this country. Planted area went 
from 8234 ha in 1974/75 to cbout 48-0J ha in 1975/76 .y coparison, planted area in Ni 
caragua, Guatemala and El Scivcdor were 177 806 ha, 111 138 ho and'100 470 ha, respec
tively). This incipient status cis a cotton producing country i-,anifests itself in most aspects 
of the cotton activity in Honduras. 

Yields, for instance, are lowest in :Hondurcs than anywhere else in the region. For 
1974/45, these were.. 1766.7 kg/-ia, 14% less than the second lowest; Nicaragua, and 35% 
smaller than the highest, Guatemala. This is primarily caused by the relatively lower'level 
of technology (highly technified Honduran growers produced 3376 kg/ha this past season. 
91% above for national average which goes to show the defficiency of ordinary agroecosystem 
management techniques in the country). A possible explanation is the increasing participation 
of peasant associations with low levels of technology, whose yields are correspondingly lower. 
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Related to the lower yields are the low levels of pesticide use. Farmes!used an
 
average of 20 kg/ha of pesticide active ingredient in 1974/75 (averages in Guatemala
 
were 4 times higher). This results in lower levels of environmental degradatioh (see chqp
ter on the environment p 35 ), and a lower intoxication rate (p97).
 

While there exists notable interest for the production of cotton in Honduras, the

activity is hindered at the present time by technological , financial and institutional diffi
culties.: The application of land reform lows has broken up large holdings and has all but

stopped the capacity-to cultivate cotton on rented lands. Although-large credit programs
for cotton are being:contemplicted, the flow of capi-l hc:s been insufficient in the past.
Even though the main cotton institution, Cooperativa Agropecuaria Algodonera del Sur,
has mouhted a serious, well-organized extension prograrn, most farmers are still to become 
more open to-suggestioons, especially the. ag-ricul tural coo:..)eratives. 

In comparison with c.ti-on farmers elsewhere , Honduras growers generally show low
er levels of entrepreneurship. This reflects the pervasive- conditions of social and economic 
development in that country, The aggresive,. innovative farmers easily succeed,. which. 
shows one~aspect.of the reol constrainst to efficient cotton production.' 

The Hondurcn cotton cooperative is making substantial efforts in technical assistan
ce of the extension type. .This pdst seasonq, a total of 67 :agricultural enterprises received
continuous technical counseling thoughout the whole season. Six cotton technicians Co -
vered 3568 hectares, 75% of the total area planted this year (75/76) .'Most farners receiv
ed between 3 and 6 visits per week, a very significant effort by Central American standards. 

In order to fully exploit the benefits of the extension program, it is apparent that 
many of the technicians could receive further training outside Honduras. There is a subs 
tantial body of knowledge available in nearby Niccrcguc or elsewhere,. and to which they 
can easily become exp.osed. 

To sum up , there exists in Honduras a definite potential for. cotton production if 
the entreprenurial capacity is further developed and the technical assistance, perfected;
The existing institutional framework (with particular reference to land reform) itnot fdvorable 
to the cotton activity. Honduras stands at a point in its development where it is possible
to design a cotton agroecosystem management program which benefits from the mistakes 
(economic, agricultural and environmental) that have been made elsewhere in the' region
3nd.which maximizes the benefits of cotton production. 

A strategy for Honduras: The most expedient way to develop an integrated cotton
)est control program in Honduras would be to work jointly with the extension service which 
he Cooperativa Agropecuaria Algodonera del Sur sponsors. The group is well-organized
notivated and eager to learn. It is well- known and accepted by c0tton growers, d signii
:ant quality. The program could be easily complemented and expanded. . 

http:one~aspect.of
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TABLE 73 

CENTRAL: AMERICA: 	 EXISTING INFRAESTRUCTURE FOR THE DEVELOPMENT 
OF AN INTEGRATED COTTON PEST, CONTROL• PROGRAM. 

ITEM 	 El Salvador Guotemala Honduras Nicarcgua 

Notio'nal cotton plant on the wane ro yes yes
 
protection program
 

Cotton research 'e'cer 	 yes no no yes 

Integrated cotton pest
 
control- eperts 2 . 7
3 ,. 

Adequate cotton
 
extension services fair 2)ior medium g';od
 

Proximity to universities
 
engaged in cotton-.
 
related research fair poor fair good
 

AvaiIobility of demonstratijin

and research areas good '.good good.. 


Cotton.-related publica'i'ions' 2 	 1 1 3
 

SOURCE: " I CAITI 
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in integrated control expert who knows the people and the zone could easily con
vince the cooperative of his capacity to motivate cotton growers and obtain the cooperati
ve sbacking. More than in rny other country, the Honduran cultural make.-up makes it 
highly desirable to detach personnel whc can'commuict with growers and technicians 
at their level and in their words. The cooperative would act as the executing agency in 
charge of channeling the program there. 

A research group, closely related to the cotton research center in Nicargua, could 
.be developed parallel to the extension program. The Nicaraguan center is only 120 kilo-, 
meters away from the heart of the Honduran cotton zone. Joint experiments and tests could 
be developed by the two countries, avoiding unnecessary duplications. 

Training could take place with the assitance of two agricultural schools: The Es 
cuela Panamericana de Agricultura and the Escuela Nacioncl de Agricultura. Short cour
ses for growers and auxiliary ;'.ersonnel could be developed with the assistance of these 
centers. .lso the schools ould provide student help for specific research or extension pro
jects, with mutual benefits. The training of technical personne: could be more efficiently 
effected in the University of Nicaragua at Le6n 

The Cooperativa Agropecuaria Algodonera del Sur publishes periodical information 
bulletins. These should be improved, expanded and coordinated with similar publications 
in the rest of Central America. The godl is to achieve a national publication in every 
country, adapted to the needs c;nd circumstances of each, ;.ut centrally coordinated for the 
whole region. Subjects of general and specific interest could flow from research centers to 
the growers and back. Dissemination would'becoremore effective and responsive in spread-. 
ing integrated pest control methodologies and philosophy. 

It was apparent that some cotton is grown in lands not w-,ited for that crop. A pre
liminary zoning would help concentrate the extensiofi efforts in tin more suitable creas 
and discourabe cotton production in the rest. 

Last, some efforts should be made to chjnge present governmental indifference to
wards cotton i1rowing. The development of crnry progrr,: could be facilitated within an at
mosphere of protectio-and encouragement frr, tlhe Hondurc't national government. . 

Guatemala: The situotion in Guatemal- can '-e sumrnmed Lp as follows: excellent 
cotton lands, aggresive entrepreneurs, ki )h use of pesti':ices, fertilizer and machinery and 
obsolete pest -mancgenient technology. This resuihisin high .ields (although no longer in
creasing), over-confident farrmers and worseninj pest proLlems. Cotton production in Gua
temala is at the threshold of the crisis stage, and there are no institutions presently enga 
god in cotton research or extension.. 

It is apparent that a p-eak was reached in 1971172 cAd that yields have reached, a 
plateau with a tendency to decline. During the pcst decade, cotton yields in Guatemala 
have gone from 2272 kg/ha in 1965/66 to a peak of 3359 :../ha in 1971/72; the following 
year they declined to 2870 kg/ha, rose again to 3333 kg,/ha and again declined to 2716 
kg/ha in 1974/5. 
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Meanwhile, pesticide use has been increasing markedly. From an average of about 
50 kilograms of pes.ticide active ingredient applied per hectare per season in 1971/72, use 
levels went to 80 kg/ha in 1974/75. These high levels have resulted in sharp increases in 
production costs, which tend to lower profits.. 

Guatemalan cotton farmers-are not easily open tc suggestions on how to manage 
pest populations and pesticide applications are made according to the calendcr in many 
cases. Their only exposure to technical assistance was unsuccessful mainly because the 
few experts imported were not sufficiently familiar with local conditions. Typical farmers 
are wealthy, with relatively large farms, easy access to capital and their own airplanes and 
machinery. 

Partly because of their economic solvency, they afiract and suppcrt large.numbers 
of pesticide salesmen. The salesmen reinforce the belief that "the only insect is a dead 
insect" and that the purpose of cotton production is to obtain the highest possible yield 
(often without regard to costs). 

The one fortuitous circumstance which makes cotton prcduction profitable (and per
haps enhances the farmers' over-confidence) is the relatively high yields. Aside from pos
sesing all the characteristics of prime cotton land, about 60% ef the Guatemalan cotton 
zone remains moist throughout the year because of underground seepage from a lake in the 
highlands. The loamy soil facilitates rood penetration and subsequent tapping of underground 
highlands. The loamy soil facilitates root penetration and subsequent tapping of underground 
water deposits. Cotton plants continue to produce new fruit after the first-formed b:;ls are 
open. The farmers get a second, smaller crop with a similar investment in pesticides rnd 
fertilizer and are thus able to obtain the second highest cotton yields in the world. 

The farmers' selfo-confidence, however, is being continually eroded by yields which 
show a certain tendency to decline, the inability of pesticides to control resistant pests, 
wild fluctuation in cotton priccs and evnr-increasin- prices for petro-.chemical inputs. There 
is a dawning understanding-that cotton-growing is a business for the purpose of maximizing 
profits, not yields. Although at present there areno scientific institutions engaged in-cotton 
research and extension, farmers are already bocomiig increasingly curious about new 
technologies. Any effort to ir:prove cotton t:echnoalgy in this country will encounter the 
obstacles outlined above. 

A strategy for Guatemala: A prograIrI for .Gu;-emala:has to begin by persuading 
growers through successfully demonstrating the advcntages of integrated control . There 
are no technical assistance services at the national level, nIor is there much-hope for ono 
in the future. The reason is that growers have.relatively large farms and tend to be wealthy 
beyond the need of government help. . 

.The strategy would be to contact the Consejo Nacional del Algod6n (National Cotton 
Council) and the'Association of Cotton Growers and obtain their support. They are in 
position to provide some degree of economic aid, such as counterpart salaries, and the 
opportunity should be explored. The council and the association can also arrange for the 
provision of adequate demonstration areas for the program. 
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The first year, an expert and his counterpart could stage a demonstration in some
350 hectares. This would help to unify methodologies and serve as a showcase. The follow
ino year, the area of demonstration could b'e expanded ond the expert and his counterpart:
would take care of different units. The Faculty of Agronomy at the National University

could work together with the ,xpert and counterparh'. Training and demonstration could
 
proceed parallel to one another and at the greatest possible speed.
 

Once enough gr'owers have been convinced and there is a 'large number of. trained

technicians, a technical assitance. program 
can be started. The. sponsor could be the Con
sej6 Nacional del Algd6r6n and/or the Cotton Growers Association and the growers could 
pay for the program on a per unit .. area basis. Enough technicians should be trained, tcking
into account the fact that a number of them will be hired away by the growers while the 
group develops. 

The existing publication of the National Cotton Counci, "algod6n", should coveraspects of immediate practical importance to the farmer as well as subjects of general in -
terest and statistics. Obtaining enough high quality material ..,ould be facilitated by coor
dinating with other Central American Cotton Publications. Th :aim is to pubilish four maga
zines one in each oountiy, under one editorial coordination tc achieve the highest possi -

ble level of dissemination of integrated control. 

There is a government sponsored research group, but~its activities d! not include
 
cotton at the present time. A iWay should be found to integrate the lnstituto de Ciencia y

Tecnologra Agrrcola (ICTA) to the program 

Only through contii6uing demonstration for a number of years can enoughq ases be
built to laInch an integrated cotton pest control program. In Guatemclc, most of the work 
isstill ahead. 

El Salvador: The oldest producei of cotton inCentral America has already reached 
the stage of crisis, made a false start toward inte'grtq d,control and reverted backo a nearcritical' situation. Cotton continues tobe pr'fitabIe mainly bcause of a prducer's coopae
rative which facilitates the acquisiton of nputs qnd t-kes care of commercialization.. Tech
nicians are not overly receptive to innovations.. 

Insecticide use reached a peak of 85 kg per hec,'are in 1967/68, when an extension 
program based on pest management was started with the assittance of a foreign government.
The program was very' successful in the beginning, and by 1970//1, insecticide use had
dropped to 4:1 kirograms pei hectkre, over 50% the initial amount. Reportedly, from this 
year on the technicians who started the program began to be hired elsewhere. The second 
generation of cotton experts was unable to maintain the program's credibility and, under
the now negative influence of the old experts insecticide use began to climb. By 1974/75 
average,use levels were back to almost where they statted. 70 kilograms per hectare. 
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Pest control technology is in frank recession. All the problems which characterize 
the '"crisis" stage of cotton production are present: high resitance of pests, declining yields, 
high levels of insecticide use, dirinishing returns. The one redeeming feature of the Salva

dorean situation is the existence of the c.otton growers cooperative. 

The Cooperativa t.lgodonera Salvcdorehc c,,-,itributes to maintain the cotton activi 

ty profitable and may be instrumental in its eventucil recovery through integrated pest con
return they have an 60ition to buy in-trol. All cotton growers in the country belong and i.i 

puts.and pesticide applicatioi services at reduced prices. The cooperative buys all the 

cotton> processes it an'd sells it.Through efficient, lbulk marketing (and clean harvest proce

dures) the Salvadoreans c.onsistently get higher prices for their cotton than the rest of the 

Central American countries. 

Although nominally there exists a tec'hnical extension program which covers cotton, 

its poor credibility with the farmers makes it ineffectual. Worse, farmers seem to be pre 

disposed against help in matters related to pest control. 

For this coming season (176/77) the cooperative had shown interest in obtaining 
assistance to launch a large fully-supervised 5000..hectare integrated controi demonstration 

program. Because of institutional difficulties this was not possible but the Option remains 
The potential role of the Salvadorean cotton cooperative will be subtantial in improving 
cotton production technology. It already supports c research station with one fulltime 
scientist and several technicians who could easily speurhead an integrated control program 

for the whole country. 

A strategy for El Salvador: The Cooperativc/ glgod )nera Salvadorefia could carry 

out researchand ektension, and become the executing agency which utilizes existing insti

tutional infraestructure. This includes a technical c:ssisiclnce program which, although with 
c nctional center for Agiiculturaldifficulties, ernb6dies the experience of several yeqrs; 


technology, wit hacmple la':oratory fccilities, aschiml if cgriculture, and a school of biology.
 

The cooperative itself already has facilities useful to 6n integrated control program. 

There is a small but well--mounted cotton research --epcrt.ent which deals with pest control, 

agricultural practices,.genetics and fiber technology. .Ic:bc:ratory for the mass-production 

of Trich'giamd w .spsis functioning con'.inu'uslY'. The cooperative owns a large, 210 -. 

hectare farm which operates a t a commercial scale and can be used for research and demons.
tration. 

An integrated cotton pest control program could be develOped by international di 

central american experts. Training at the lower levels could Leeffected 'with the ass tance 

of the school of agriculture. The school of biolojy could help prepare technicians whose 

training would bi completed in the University of Nicbrogua 6t Le6n:. 
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The cotton cooperctive and the Ministry of Agriculture have both established cot
ton related publications. These should be integrated, coordinated with'the restf of Central
 
America, and expanded.
 

The National Gover.'ment is aware of the imp ,rtcinc4 of cotton to the local econo.
my, The key factor in developing a successful program in El Sclvador is the capacity to 
integrate all existing institutions into a cotrdinated effort under the leadership of the coope
rativa Algodonera Salvadoraoha. 

Cotton p'roduc'tion and technology'in Nicaragua: Although with important qualifi
cations, Nicaragua has rade the greatest progress"towards integratedpest.dontrol in cotton
in Central America. •Yields may not be the highest, bu't insecticide use (49 kg/ha)'is the 
lowest in the area (with the exception of Honduras). There is a coordinated eff6rt to spread
int.egra.ted control and a cotton research center operating. 

Pesticide use in Nicaragua has been stcble or decreasing in the last few years. In

1972/73, 51 kg/ha were employed;' in 1973/74 the number was pushed down to 44 kg/hc

and this past.season 49 kg/ha . for the rest of Central America,
-,s Guatemala used 80 kg/
ha; El Salvador 70 kg/ha and Honduras 20 kg/hA. A steadying in the use bf pesticides re
flects favorably the success'obtained by the integrated control extensi6n program -in Nica
ragua. 

.After a .lowpoint in 1969/0, yields have remained fairly constant. They were
2039 kg/ha in 1974,/5, a little smaller than the overagje of the previous 4 years."A slight
reduction in pesticide use was achieved with cssentclv.!I constant yields. 

Ironically, the main potential proLlerrn underl,in. tho Nicaraguan dotton technolo
situation has resulted fron-gyits success. The first cro:, of trained technicians is'bein. hired 

qway by internatio.nal institutions and privcte growers. Those whdj remain, although
technically experts, have still i devel* p the skills und Ihe philosophy which will 'r ake
them successful scientists in 6pplied ecoo y.'The lcc, 01 financial 'support to cap6ble 
groups has propitiated a "Erciin-.drain" which might send Nicaragua back into the ranks 
of the technologically.defficient. 

Another ob.'tace to the general ictiohof advanced pest management techiijues
lies inathe av erage size of cotton farms. ',bout 80% of the farmers have relatively srm.all 
fields, of less 'fhon 35 ha. Their capacity t.)obtain private:technical assistnnce is low. 
Any national program designed to spread pest management information should take into 
consideration the agrarian structures of the country and specifically set out to reach the 
numerous smalI farmers." 

P.strategy for Nicaragua: A sensible course of action"'on this country would'be to 
reorganize and expand existing integrated pest control efforts. -There is an on-.going 15ro
gram, coordinated by ui integrated cotton pest control comm'ttee cnd which includes the
activities of six institutions plus private cotton technicians. Activities include extension
(mainly through the Proyecto Algodonero de Asistencia Tecnica PAAT), research conduc
ted by the Cotton Research Center(CEA), training in applied ecology at the University
of Nicaragua (UNAN -LEON) and disemination through several independently-published 
magazines and bulletins. 
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Through the integrated cotton post control committee two significant modifications 
can be implemented: transfering the extension group, Proyecto Algodonero de Asistencia 

-Tcnia (PAAT), to the National Cotton Commission(Comisi6n Nacional del Algod6n 

CONAL) to give it national projection, and, through that program, reaching the 80% of the 

cotton activity which is conccntratedl in small farms. Since its'inception, PAAT has been 

underthe National Bank of iNicarcgua and this imposes natural limitations to its eventual 

growth. 

Once the program has been transfered and expdnded, the human reservoi cavailable 
There is a relatively large number of technicians cnd auxiliainNicaragua can be tapped. 


ry personnel with a working knowledge of integrated cootrol.
 

...The expandea prounir- would have two obiectv,s: continue to influence and coor

dinate private tech'niciris whowork with large farmers, cnd organize direct technical assis

tance for'small growbrs. 

In order to achieve the second objective, 'the progrom would asign small arebs 

(850 ' to 400 ha) to an integrated control technician. He would teach the farmer to iden

tify and count drthropod populations, and complement the grower's knowledge in other agri

cultural matters such as soil preparation, planting date and density, fertilization, harvest 

etc. The farmer would periodicall, report'his daily data to the'technician and the techni

cian would keep up-dated records. He would analyze the data and give pest control reco.. 

mmendations "as. needed". The records wouldserveat the end of the season as evidence of 

The technician could be informally in charge ofcatalysing any'asso

' 


the progrcms m rits. 
with a iew 1o obtaihingecoiomies ofciative tendencies or efforts evident in his zone, 

scale for thefarmers. 

The program would start in a pilot form and expand taking into account resource 

availability constrainst such as money cnd qualified technicians. Although a subsidy m-ay 

be initially needed, the program could Lecome increasinljly self-supportive as its.benefits 

becom'eapparent to the farmka. 

Cottoh research and trai'nin% should continue , but receive technical and financial 

aid in order to expand.*The infroestructurb is basically sound and should be developed. 

The three or four existing publications should be integrIted and coordinated. As in 

the rest of Central America, topics of immediate relevance to the farmer should be comple-

mented by more general aspects and by price and production statistics. With a minimum 

amounrt of effort, the iagazine-"Algodoner6" could easily become quite effective as source 

of integrated dotton peS c6htrol methodology dissehinafion. 
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Summary: 

The cotton area fo Central America is located inside a strip 900 km long and 30
km wide which runs parallel to the Pacific coast betweun 12 0 and 16
.0latitude north. Itis essentially uniform with regarcls to temperatures, timing and amount of rainfall, soil cha.racteristics and associated fauna and flora. Its ecological homogeneity makes it possibleto design an agroecosysteii management program at a regional level with subsequent minor
adjustments for each particular country. 

As discussed, the program would have four major components: Technical assistance,research, training and dissemination. These would be developed in close coordination. Thetechnical assistance would consist of establishing constant communication between cottongrowers and integrated pest control experts. The research group would be in charge of expanding this knowledge'in light of priorities established jointly with the technical assistance 
group. The training would consist of transmitting knowledge to selected personnel so they
can effect successful technical assistance. The dissenfination would employ all available
 
means to spread the integrated control philosophy and methodolojy in a language that
can be easily understood by farmers, technicians cnc public officials engaged in cotton 
--re
lated activities. 

As with any science, progress is constantly being made ir, the field of integrated
cotton pest control. A future of certain petrochemical scarcity cnd growing world needs
requires that increasingly refined agroecosystem management methods be discovered and
applied. It is also necessary to fully comprehend the faci'ors affecting.crop production andtheir main interrelations in order to take full advantage of ecological principles alreadyknown. An integrated pest control research center is a necessary complement for an exten
sion program. 

No extension program could succeed without a oarallel development of human ex -pertise. Three groups are of prime'interest: fa*rmers,( rixiliary personnel (field scouts) andtechnicians. Inevitably most of the training would be "on.-the job". The three groups wouldhave to be instructed step4,y.-step about the tqsks they are responsible for. There would beconferences designed primarily for farmers and techn~icians; short courses for all groups anduniversity training for technicians only. The better integrated control is understood, the easier 
it will be to apply it. 

A last, related componet of the integratE.- control program is the dissemination ofresearch results and extension experiences. This shoyld !e accomplished by a specializedgroup who can communicate at cl scientific level .a;d at a popular level. A.t least one pu -blication should be developed in each country, and all publications would be coordinated
through a regional editorial board. In this manner, relevancy and generality can be achieved
and experiences shared. 
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TABLE 74 

COMPARISON BETWEEN PEST CONTROL COSTS AND OTHER COSTS 
AND PROFITS BETWEEN INTEGRATED CONTROL PLOTS AND TRADITIONAL 

CONTROL PLOTS IN EL SALVADOR IN 1974- 5 

Integrated Control Conventional Control 

1. 	 Planted area (mz)* 60 68 
2. 	-Pesticides and applications
 

(CA$/niz) 161.53 197.68
 
3. Field scouts and supervisors
 

(CA $/rz) 25.00 15.00
 
4. 	Other costs (CA$/mz)** 275.52 270.92 
5. 	 Total costs (CA$/mz)** 462.05 483.60 
6. 	 Yield (qq/mz)*** 54.r) 46.6 
7. 	Cotton price (CA$/qq) 15.00 15.00 
8. 	 Total income (CA$/mz) 810.CV 699.00 
9. 	 Profits (CA$/mz) 347.95 215.40 

10. 	 Profits/costs (%) 75.3 44.5 
11. 	 Control cost/yield (CA$/qq) 3.4S 4.56 

* 	 1 manzana (mz) equal 0.7 hectares. 
** 	 Land cost not included, hence profits are taken as a retur:; 'o administration and land.
 

I quintal (qq) equal 45.35 kilograms. Figures are given in quintcies of seedcotton.
 



-264

[ABLE 75 

COMPARISON BETWEEN PEST CONTROL COSTS AND OTHER COSTS
 
AND PROFITS BETWEEN INTiLGRiTED CONTROL PLOTS AND TRADITIONAL
 

CONTROL PLOTS IN GUATEMALA (TIQUISATE ZONE) IN 1974-75
 

Integrated Control ConVentional Control 

1. Planted area (mz) 52.4 •83.0 
2. Pesticides and applications 

(CA$/mz) 110.92 272.10
 
3. Fie.ld scouts and supervisors
 

(CA$/mz) 25.30 " 15.00
 
4. Other costs (CA$/mz)* 360.16 344.67
 
5. Total costs (CA$/mz)* 481.08 661.77 
6. Yield (qq/mz)** 40 55
 
7. Cotton price (CA$/qq) 15 15 
8. Total income (CA$/mz) 600 825 
9. Profits (CA$/mz) 118.92 163.23 

10. Profits/costs(%) 25 25 
1. Control cost/yield(CA$/qq) 3.40 5'22 

** Includes"land cost, so that profits are a retur'n to management. 

•* Estimated yields. 
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TABLE .76. 

COMPARISON BETWEEN PEST CONTROL COSTS AND OTHER COSTS 
AND PROFITS BETWEEN INTEGRATED CONTROL PLOTS AND TRADITIONAL 

CONTROL PLOTS IN GUATEMALA (RETALHULEU ZONE)IN 1974-75 

... Integrated Control ' Conventional Control 

1. Planted area (mz) 36.0 53.8 
2. Pesticides and applications 

(CA$/mz) 103.09 167.36 
Field scouts and supervisors 
(CA$/mz) 25.36 15.36 

4. Other costs (CA$/nz)* 314.02 336.03 
5. Total costs (CA$/mz) 442.47 518.57 
6. Yield (qq/mz) 25.10 25.92 
7. Cotton:price (CA$/qq) 15. CC 15.00 
8. Total income (CA$/mz) 376.5') 388.80 
9. Profits (CA$/mz) - 65.97 129.77. 

10. Profits/costs(%) .i 25.02 
11. Control cost/yields (CA$/qq) 5.121 7.04 

* Includes estimated costs of CA$100 for land rent, so that profits cre a return to 
rmanagement. 
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TABLE 77 

COMPARISON BETWEEN PEST CONTROL COSTS AND OTHER COSTS, 
AND PROFITS BETWEEN INTEGRATED CONTROL PLOTS Ai,!D TRADITIONAL 

CONTROL PLOTS IN HONDURAS IN 1974-75
 

1. 	 Planted area (mz) 
2. 	 Pesticides and applications 

(CA$/mz) 
3. 	 Field scouts and supervisors 

(CA $/mz) 
4. 	 Other costs (CA$/mz) 
5. 	 Total costs (CA$/mz) 
6. 	 Yield (qq/mz) 
7. 	 Cotton price (C/,$/qq) 
8. 	 Total income (Ct$/mz) 
9. 	 Profits (CA$/mz) 

10. Profits/costs(%) 
11. Cost control/yield (CA$/qq) 

Estimated 

Integrated Control 

186 

I88.0' 

25.00 
293.25 

5Y.34 


52.22 
15. .Y 


783.3' 

27'. 96 

54.6.' 
4..8 

Conventional Control 

470 

168.00* 

15.00 
345.00* 
528.00" 

33.00* 
15.00 

495.00 
33.00 

-. 6.00 
5.55 
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TABLE 78 

COMPARISON BETWEEN PEST CONTROL COSTS AND OTHER COSTS
 

AND PROFITS BETWEEN INTEGRATED CONTROL PLOTS"AND TRADITIONAL
 

-CONT OL.PLOTS liq NICARAGUA.(LEON ZONVE) IN1974-75
 

IntegrateJ' Control Conventional Control 

20201. Planted area (mz) 
145.282. Pesticides cnd applications 	 101,15 

3. Field scouts and supervisors 
15.0025.0"(CA$/mz) 

4. Other costs (C,$/mz) 	 4;25.1110 454.00. 
614.2858J.155. 	 Total costs (CA$/mz) 


46 46
6. 	 Yield (qq/rnz) 

15 15
7. Cotton priece(C/$/qq) 

6906908. Total income(C1'.$/mz) 
9. Profits (CA$/rnz) 	 109.35 75.72 * 

18.9 	 12.310. Profits/costs(%) 
2.74 	 3.4811. Control cost/yield(CA$/qq) 

Source: Cotton Technical Assistance Programme, National Bank of Nicaragua. 
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TABLE 79
 
COMPARISON BETWEEN 
 PEST CONTROL COSTS AND OTHER COSTS,AND PROFITS BETWEEN INTEGRATED CONTROL PLOTS AND TRAITIONAL.CONTROL PLOTS IN NICARAGUA (CHINANDEGA ZONE) IN 1974-75' 

Integrated Control Conventional Control 

1. Planted area(mz) 3722. Pesticides and applications 
350 

(CA$/mz) 
157.14 228.063. Field scouts and supervisors

(CA$/mz) 
25.004. Other costs (CA$/mz) 15.00

416.00 428.885. Total costs (CA$/mz) 607.146. Yield (qq/mz) 671.94 
58.007. 50.00Cotton price (CA$/qq)

8. Total income (C,$/mz) 15 15
870.00 7509. Profits (CA$/mz) 262.8610. Profits/costs (%) 78.06 
43.0011. Control cost/yield (CA$/qq) 16.6 
3.14 4.84 

Source: Cotton Technical AsSistance "rogramnme, National Bank of Nicaragua. 



TABLE 80 

INSECTICIDE USE IN SOME OF THE INTEGRATED PEST CONTROL DEMONSTRATION PLOTS 
1974-75 (in kg (a.i.)/ha) 

WESTICIDE 

GUATEMALA (I) 
Integrated Conventional 

control check plot 

GUATEMALA (11) 
Integrated Traditionol 

control check plot 

EL I 
Integrated 

control 

IMAOR 
Traditional 
check plot 

Taxaphene kKgAc-) 28.53 24.50 22.57 20.75 22.37 

DOT 14.;'1 -12.26 11.93 10.37 11.19 

Methyl Parct'iion - 20.94 7.33 16.99 13.10 16.54 

Uhyl Parctnion 21.7 4.02 15.30 15.82 21.92 

MnocrotoHlos - . .45 .87 1.78 1.78 

Methomyl - - .23 .23 

Chlorphen.idine- 1.28 3.50 .52 .32 .43 .21 

Ifndosulfan 1.62 2.04 

IUcrotophos .39 -

Metamidophos 1.23 2.40 .81 .81 

Ihdrine 2.59 

Mevinphos -.. .26 1.75 

Wichorfon .29 . 

TOTAL 46.67 49.22 52.19 73.13 62.48 74.24 
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APPENIDIX 4 

ECONOMIC DATA 

This appendix presents some of the Information used for economic analysis in 
the project. The data obtained in a survey of farms to determine relationships bet
ween inmecticide use and several agroeconomic variables is first given. Follows a 
section of tables of data used to design the cotton supply model. Some tables on 
cotton production and planted area in Central America over the lest few years are 
presented. The questionnaire used for the survey isalso ihaw:. 
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TA BLE' 

GUATEMAA,: INCOME 	FER.HCTA E iAREA PLANTED THE ..
 
FOILOWI4 YEAR'
 

Yield Theoretical Gross 	 Area 

YEAR $/,.e Bales/ba income $/Ha. pjant, following year 

1965/66 124.28 ." 3.64 452.38 '84111 
1966/67 126.6,o, 3.54 448.41 89544 
1967/68 139.43 :1. 4.00 557.72 .96269 

"
1968/69 113.52 '%r: 3.52 399.59 34633 
1969//0 117.59"77" 2.93 344.54 72488 
1970/71 121.89. 3.48 424.18 ;69700 
1971/42 143.40 5.38 771.49 .89381 
1972/73 167.30' 4.60 769.58 103656 
197374 304.01 5.34 1623.41 109901 

* Preliminar 

SOURCE: ICAITI, based on SIECA's data and tables 88 and 84. 



TABLE. 84 

COTTON:PkICES "STRICt MIDDLING -i/6", IN CA$ CIF LIVERPOOL 

MONTH CA$/AVERAGE POUND 

January 
February 

.8841

.8216 f, 
March .7400 
April .7016. 
May .6501 
June .6231 
July .6202 
August 
September 

.6142 

.5899 
October .5376 
March (75) .4300 



TAiLE 85 

EL SALVADOR. 	 INCOME PER HECTARE AND AREA P/LAN'Tb 
THE FOLLOWING YE.R 

.'YieV. .Theoretical Gross Area 
YEAR' /Bale Bales/Ha. h,come $/Ha. planted following year 

1965/66 124.28 2.4 .303.24 68300 
1966/67 126.67 2.62 331.88 43305 
1967/68. 139.43 3.55 494.98 55944 
1968/69" 107.55 3.72 "400.09 58358 
1969/70' 117.59 3.65 429.20 63471 
197011711. 121.89 4.02 '490."" 74171 
1971/2 143.40 4.27 , 612.32 94222 
1972/73 172.65 3.31 --571., 7 99428 
1973/74 313.71 3.44 1079.16 98000 

Preliminar " . •.
 
SOURCE: Same as Table 83 ICAITI, based on SIECA's informotion and tables 84, 88.
. 
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TABLE 86 

HONDURAS: 	INCOME PER HECTARE AND AREA PL.TiD., 
THE FOLLOWING'YEAR 

... 	 YieldYP. rice per bale. 	 Theoretical Gross Area 

YEAR . $,bale Bales/Ha. income $/Ha., planted the following 
.. ...... .. .. year 

1965/66 119.40 2.67 	 318.80 14956 
1966/67 122.13 3.12 	 381.05 11152
 
1967/68 131.45 3.50 460.08 

. 

10139 
1968/69 95.60 3.55 339.38 3974 
1969/0 114.72 3.77 432.49 3251 
1970411 ' 120.31 3.08 370.55 3624 
1971/42 130.02 3.04 :, 395.26 7268 
1972/43. 154.44 2.61 403.09 8400
1973/4 280.63 286 802.60 . 9100 * 

* Preliminar 
SOURCE: ICAITI, based on SIECA's information and tables 88 and 84. 
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TABLE 87., 

NICARAGUA: j INCOME PER HECTARE AND AREi' PLANTED 
THE FOLLOWING YE/R" 

.Price per bale -Yield Theoretical Gross Area 

YER . ..$/bale. Bales/Ha. income $/Ha. planted the follow 
""'""ing year
 

150140
1965/66. 119.83 3.55 425.40 
426.87 145742
1966/67 121.27 3.52 

423.81 1312Y3
1967/68 131.21 3,23 

359.50 108536
1968/69 109.94 327 

324.79 94992
1969/.70 .111.61 :2.91 


3.82 447.17 108787
1970/71 117.06 

.554.81 147639..1971/42 126.67- 4.38 

495.58. 181547
1972/73 156.83 3.16 


264.98 3.63 1034.48 168000 * 19723174 


* Prelimiiar
 

SOURCE: Same as previous table
 

http:1969/.70
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TABLE' 88 

CENTRAL AMERICA: 	 COTTON PLANTED AREA 1967/68 - 1973/74 
IN HECTARES 

COUNTRY 1967/68 1968/69 1969/70 1970/71 1971/72 1972/73 1973/74 

El Salvador 45 305 55 944 58 358 63 476 74 171 94 222 99 428 

Guatemala 89 544 96 269 84 633 72 488 69 700 89 381 103 656 

Honduras. 11 152 10 139 3 974 3 251 3 624 7 268 8 400 

Nicaragua 145 742 131 293 108 536 94 992 108 787 147 639 181 547 

TOTAL. 291 743 293 645 255 501 234.207 256 282 338 510 393 031 

SOURCE:. 	 SIECA, Cotton in Central America (several years). National Cotton Council, Gua
temala; Cotton Growers Cooperative of El Salvador; Southern Cotton Growers 
Cooperative of Honduras; and National Cotton Commission, Nicaragua. 
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TABLE 89
 

CENTRAL AMERICA' 	 COTTON PRODUCTION, 1967/68, - 1973/ 4 
IN THOUSAND BALES * 

COUNTRY 1967/68 1968/69 1969/70 1970.1 1971/42 1,72/73. 1973/74 

El Salvador 161 208 213 255 317 312 342
 

Guatemala 358 339 248 252 375 411 553
 

Honduras 39 36 15 10 11 19 24
 

'Nicaragua 471 429 316 363 .77 467 659
 

TOTAL 1029 1012 792 880 1IPO 1209 1578 
SOURCES: SiECA-, Cotton in Central America (several y..'rs). Nationc! Cotton Council, Guq-. 

.temali Cotton Growers-Coope6tive of El Srlvador. 'l Sa.lvadr; Southern Cotton 
Growers Cooperative of.Honduras; and Nctional Cottdlon Cornminsionj Nicaragua 

1Bale = 479 lbs. 
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TABLE 90
 

NICARAGUA: 	 PRODUCTION COST PER HECTARE AND PER BALE 
1971/42 - 1973/74.(in$) 

$/HECTARE 	 $/ BALE 

1971/72 1972/73 197374 1971/72 1972/43 1973/74 

Labour.+ services 192.33 184.22 285.83 43.91 58.29 78.74 

Pesticides and
 
application 118.24 121.06 159.18 27.00 38.31 43.85
 

Fertilizers 32.00 38.98 54.37 7.30 12.33 14.98 

Land rental 66.68 72.68 79.57 15.22 23.00 21.92 

Others. .... 24.34 26.06 30.33 5.53 8.25 8.36". 

TOTAL 434.34 443.03 609.28 99..16 140.20 167.84 

SOURCE: Naional Cotton Commision and Central Bank of Nicaragua. 
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TrABLE 1i.. 

N ,CARA-UA 	 :AVEIf AGE.P.RODUCTION CO.TS PER.HECTAK5 
A,97142- 1972/74 fPERCENT'AGE 

1971/72(%), 1972/43(%) 1973/44(%) 

Labour + services 44.29 1.58 46.91 

Pesticide and application -.. 27.23: -27.33 26.13: 

Fertilizers 7..37 8.80 8.92. 

Land rental 15.36 16.41 13.06. 

Others 	 5.58 5.88 4.98 

TOTAL .	 100.00 . 100.00 100.00 

NOTE: Total may not add up dL," to rnundi;ng ,fpmrticl f!hures.
 

SOURCE: Tables 88 and 89 and National Cotton, Commission.
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TABLE 92 

EL SALVADOR: 	 AVERAGE PRODUCTION COSTS PER HECTARE 
PER BALE PRODUCED :1971/,2-1974/,5 

1971/72 1972/43 1973/74 1974/45* 1971/72 1972/3 1973/74 1974/45 

Labour + services 203.43 253.14 302.91 388.86 47.64 76.48 89.51 110.47 

Pesticides 	and
 
application 120.00 
 188.57 224.28 394.28 28.1C 56.97 65.20 112.01 

Fertilizers 36.28 50.28 75.42 85.71 8.50 15.19 21.92 24.35 

Land rental 71.43 71.43 71.43 71.- 3 16.73 21.58 20.76 20.29 

Others 17.71 22.86 23.14 35.43 4.15 6.91 6.73 10.06 

TOTAL 448.86 586.28. 702.1,0 990..k"J 105.12 177.12 204.12 281.25 

* Preliminar 

SOURCE: TabIes 	88, 89, and Cotton Growers CooperdlVe of El Salvdd6r. 
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TAB.L.E 0'3 

EL SALV',I!DOR: AVERAGE (OSTS PER HA. (%) 
1971/72 1974/7,5 

. . 1971/72 IS92//3 1973/74 1974/75 * 

La'bour + services 45.32% 43.18% 43.85% 39.28% 

Pesticides and application 26.73 32.16 31.94 39.83 

Fertilizers 8.08 8.58 10.74 8.66 

Land rental 15.91 12.18 10.17 7.22 

Others 3.94 3.90 3.30 3.58 

TOTAL 100.00% 100.00% .. 100.00%. 100.00 % 

* Preliminar 

SOURCE: Same as table 92 
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T/'.BLE 94 

HONDURAS: 	 PRODUCTION COSTS PER HECTARE AND 
PER BALE 1971/772 (in C.AS and %) 

Costs ;-,er Hectare Costs :xr Bci!e Costs per Hectare as 

($/ifa) (S/BALE) percentage of the total 

Labour 162.12 53.33 44.04 

Pesticides 100.43 33.03 27.45 

Fertilizers 43.04 14.16 11.76 

Others 60.25 19.82 16.47 

TOTAL 365.85 	 120.34 100.00 

NOTE: Total *do not add up due to rounding of figures. 

SOURCE: Tables 88,89, and Southern Cotton Growers Cooi-erativc. 
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TABLE 95 

SCAR COUNTS FOR AN UNPROTECTED PLOT IN EL OJOCHE, NICARAGUA, 
1974- 1975
 

DAY TOTAL SCARS 

48 3.0 
54 2.5 
58 2.0 
62 4.5 
64 4.0 
68 9.0 
71 8.0 
75 7.5 
78 8.0 
88 23.5 
92 23.5 
95 28.5 
99 37.5 

103 11).0 
106 64.0
 
110 59.5 
113 50.0 
117 55,; 
120 54.0 
124 63.) 
127 58.5 
131 62.5 
134 61.0 
138 76.0 
141 66.5 

SOURCE: Rainer Daxi, FAO - Nicaragua. 
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TAL.E 96 

PLANT GROWTH DATA FOR A PROTECTFD PLOT IN POSOLTAGA NICARAGUA, 1974-75 
Cotton Model Nicarrgua Posolftt' 1974-75 Plont Growth end Fruitlng (W+ s for TOplets) 

Cro Mu +CL -- AR Open rintbug.ag 	 Leves MSN 1/4 1/A.2 	 ' 1/2 S.ures Soils Bol. cm 
days. a T s. ~s x 

37 11.2 4.05 6.8 1.81 
41 1.0 7.54 10.5 1.84 0.90 1.66 
40 1.2 9.51 10.0 2.11 1.70 2.16
 
48 29.5 10.17 13,5 1.84 8.6 5.15 0.20 0.63

S1 42.4 0.42 13.9 
 1.20 7.9 3.75 2.2 1.32 0.4 0.754 34.20 23.40 12.8 1.81 4.0 4.24 0.6 1.07 n 58 42.2 11.37 14.6 1.26 
 5.4 3.84 3.9 ?.96 1'.5 0.71 0.2 0.42 0.2 0.42
61 40.0 10.38 14.8 1.14 5.50 3.37 2.10 
 1.6 0.1 - 0.3  1.20 1.9965 56.1 20.66 16.2 1.48 8.2 2.97 7.11
68 64.8 21.26 17.8 1.03 12.2 5.27 7.1 

5.C4 
5.7 0.2 

0.4 0.7 
1.4 
0,2 

1.26 
- 0,1 

1.60 1.17 
-

0.7 
2.0 

0,95 
1.76 

0.1 
58.5 6.98 

71 44.3 13.86 15.2 2.15 7.8 2.82 5.7 2.63 - 74.8 8.40.2 - 0.3 - 0.2 '- 0.6 76 23.9 30.48 19.4 2.32 14.7 6.83 	 53.1 17.8710.2 2.7 1.0 0.82 1.20 1.03 1.3 1.83 3.3 3.68 79 6.4 16.08 19.6 1,84 13,6 	 86.8 13.537.92 10.4 2.95 0.6 0.84 2.2 1.23 0.4 - 1.8 1.55 82 99.2 30.99 19.6 1.65 27.3 12.13 7,2 4.83 0.4 - 5.7 5.38 1.5 0.71 6.0 7.3 	
84.3 ".74 

0.4 86 311.4 	 98.8 5.3147.78 22.3 1.64 22.2 9.98 19.20- 10.56 2.4 2.5 4.7 1.95 5.2 5.03 6.990 176.4 53.72 23.8 1.23 33.0 	 5.57 0.1 - 107.1 ',.814.4o 27.4 13.C2 3.22 1.92 8.0 4.74 7.5 7.14 3.7 2.83 3.0 3.594 133.2 46.43 2180 2.3 3&.3 13.02 8.3 5.44 0.6 -	 119.5 10.379.5 6.2 6.4 4.22 7.5 7.06 16.096 135,0 34.74 23.8 	 10.4 108.2 14.892.15 23.5 9.95 14.7 8.23 2.7 1.64 10.0 3.02 8.9 4.51 8.8 8.08101 146.3 36.47 24.5 1.08 30.9 7,42 	
3.6 4.09 122.6 10.7711.3. 4.3 2.5 1.96 12.4 9.58 6.1 3.25 7.5 5.04 6.7 7.15104 141.2 40.95 24.7 22.4 	 140.1 12.532.00 13.82 1',.2 8.18 5.10 3.31 10.2 7.32 13.3 7,62 18.6 29.52 5.4 4.25107 163.2 54.29 27.4 	 13.5.1 16.872.27 32.6 14.45 17.6 11.81 4.2 2.53 14.4 7.14 16.5 10.96 11,7 7.17 12.7111 143.3 65.95 26.8 	 10.3 146.9 16.392.78 28.2 11.91 11.7 '11.19 2.7 1.57

115 	 8.2 5.57 13.8 10.21 8.2 5.98 24.5 35.92 157.4 15.69128.22 54.13 26.67 2.06 21.44 10.63 9.22
119 	

7.22 1.89 0.78 9,22 5.36 16.56 11.63 14.88 8.(!4 13.16133.9 59.29 25.6 2.37 25.6 15.96 .1O 	 16,63 153.2 25.524.33 4.0 3.43 11.5 5.5 18.40 21.09122 116.0 49.5 27.2 2.15 23.7 12.60 11.4 	
13.9 9.2;' 13.75 14.28 156.9 16.439.67 1.80 1.32 1.2 7.27 13.50 9.91 12.7 12,24 12.8 12.78126 140.6 36.31 29.3 1.49 	 152.9 19.3215.6 11.9 20.4 20.32 4.3 2.36 12.1 6.3 2";.8 10.75 10.0 5.58 31.2 7.5129 136.8 44.48 30.2 	 151.3 13.031.99 13.7 6.45 13.4 .5.87 1.9 3.2133 143.3 32.88 30.1 	

11.6 5.27 21.5 5.36 14.8 10.12 28.9 9.86 172.3 12.341.97 7.5 5.04 7.4 4.33 1.6 2.12 16.1 7.02 35.4 9.2 23.5 24.72 59.3 115.92 159.2 15.4137 125.6 34.53 30.7 2.11 9.0 6.8 7.8 4.89 3.2 1.93 17.0 8.71 29.9139 98.4 59.02 28.6 4,35 3.7 	 10.83 28.6D 20.98 24.70 22.66 1.6 2.07 169.40 7.755.10 3.0 4.22 2.1 2.77 7.8 7.63 19.6 13.22 22.0 18.78 25.6 18.08 1.7142 145.0 33.9 31.3 	 2.0 145.1 31 331.64 0.7 1.25 3.8 6.21 1.0 1.33 15.7 11.26 36.5 11.28 35.5 21.25 48.10146 123.9 31.5 28.9 	 23.4 6.1 4.56 175.3 17.02.64 0.4 - 1.1 1.73 0.8 
149 	

10.1 5.82 33.6 10.69 25.1 26.14 36.9 18.92 4.2 3.74 169.6 8.33121.3 45.98 30.2 1.75 0.9 1.85 0.5 - 0) - 7.9 7..2 29.91 13.36 30.8 20.94 44.8 31.15 4.9 2.42 176.9153 109.3 38.38 28.5 4.03 	 11.450.5 - 0.4 - 0.4 - 6.3156 149.0 54.97 31.1 3.14 0.4 - 1.4 - 0 - 4.8 
0.96 28.9 10.93 28.1 20.32 45.7 1.14 4.5 6.42 155.7 29.5 

160 140.7 36.02 30.4 2.8 1.4 - 1.7 	
3.55 44.3 17.03 23.4 21.65 62.4 19.3 16.0 8.46 171.6 14.81- 0 - 2.5 3.4 41.8 17.34 21.7163 :48.8 41.93 32.0 1.83 0.2 -	

30.59 53.7 23.25 17.4 11.09 168.2 10.220.2 - 0 - 0.? - 38.9 12.25 21.8 15.55 75.9 25.56 18.4 15.0167 96.8 26.64 29.9 2.81 0.1 - 0 - -	
174.9 18.380 1.0 0.67 27.6 12.57 3.8 4.02 81.9170 81.2 27.21 32.1 2.69 0.1 - 0.3 - 0 - 0.6 	 75.9 21.9 11.27 172.1 8.94-174 111.3 68.17 32.1 3.07 0.3 - 0.3 0.1 - 0.4 -

33.7 
.39.1 13.18 

9.31 10.4 
15.1 20.97 

8.67 71.5 
82.9 

29.34 22.1 11.26 178.1 14.62-
177 :67.8 18.14 29.6 2.17 1.4 1.35 	

49.06 23.2 12.37 178.9 19.914.5. 4.51 0 0 - 36.2181 83.5 32.25 31.7 2.54 1.5 2.51 	
7.52 7.2 7.32 76.0 75.56 31.3 9.06 174.8 13.641.2 2.49 0 - 0.5 - 43.8 18.67 2.6 3.89 68.4 27.20 37.2 18.43184 60.0 14.68 32.2 2.49 1.7 2.45 0.3 -	 181.0 2.150.1 - 4.2 8.75 41.6 14,1 6.4 8.00 73.5187 '45.4 25.33 30,7 4.06 2.8 5.59 0.6 	 36.5 40.9 13.62 175.4 18.01 - 0 - 0.9 1.20 36.4 6.65 1.1190 '46.1 18.32 30.9 3.31 1.7 1.34 0,8 1.03 0 0.9 32.8 

- 68.6 25.01 36.8 7.15 158.4 22.99 - - 7.67 4.1 5.57 49.7 36.62 32.6 8.00 160.8194 61,5 33.77 32.44 2.65 1.3 - 0.4 0 - 0.3 	 12.32 
- 35.4 11.06 4.5 5.87 86.0 40.02 35.3 11.04 172.4 1.5.06197 58.0 23.2 31.0 3.0 0.7 1.34

201 48.1 23.76 28.9 2.33 1.1 0.3
204 65.8 53.14 32.6 4.03 5.0 4.47 1.5 1.84 0.2200 115.0 688 .34.1 3.54.12.3 -. 5.21 . 4.4 4.45 0.1 .. 0.1 .. 
211 150.7 123.34 36.3 3.09 20.8 21.67 11.0 12.27215 63.2 43,95 3.9 4.91 5.1 3.35 

0 .. 0.5 0.532.3 3.02 0 - 0.5 0.2- . . ... ......
218 89.9 33.79 29.3 5.81 7.9 6.14 4.7 6.33 0 .2221 133.9 81.55 3-.5 5.93 14.3 13.98 9.2 7.10 0 1.6 2.5 0.1224 116.2 39.06 31.2 5.83 12.5 9.13 4.1 5.97 0.3 0.3 - 0.2 228 98.6 49.96 36.5 4.48 5.6 4.06 6.5 4.01 0.1  1.0 1.25 0.3230 160.6 97.1 29.6 5.46 21.2 21.88 11.9 12.97 0.7 - 1.8 3.33 1.2 1.55235 '134.1 76.0 33.7 4.37 6.5 .3.54 9.7 5.96 0.4 - 2.5 2.92 0.3 

SOURCE, 	 Rainier Daxl andoents Corroles.
 
FAO-Nicovauo and lanco Noclonal de Nlcmegua.
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TABLE 97 

SAMPL EOF QUESTIONNAIRE USED FOR FARM SURVEY 
ICAITI - NAS - UNEP 

Cuestionario ;iara entender los factores que afectan el alto y brijo uso de plaguicidas a 
nivel de finca; 

Localizacion 

Area sembrada de algoc5n mz. 

Aios de cultivar alg6cid&': Propiet___i o_ 

Mandaior
 

Uso de insecticidas, ternporadc 1975/1976 

Nmero de Aplicaciones genercles 

Materiales usados' 

Nombre -Ilones Precio/gal6n 

Costo de aplicaci6n a~rea por mz. (cony) (UBV) 

tractor por mz. 

a mono por mz. 



TABL E 97 (cet.) 

Plagueo.
 

N~mero de plagueros: "
 

Fecha inicio de plagueo(en relaci6n a la fecha de siembro)
 

Intervalo de plagueo/Iote...
 

Tamafho de late
 

M6todo de recuento
 

i-,!Nmero de plagueros con cursillo de plagueros
 

Control de Plagas:
 

Quren toma las decisiones
 

Qu6 criterio usa
 

A los cuantos dras despues de Ica siembra. se hizo Ic primerc .plicaci6n .... 

Contra qu6 plaga que producto us6 - d6sis_..... 

6rea tratada. c; los cuantos di'osse hizo Ic pri 

mera aplicacion general 

Asistencia tecnico:. . 

Ti.ene t~cnico privado..... 

Asiste. e.1t~cnico a.reuniones t~cnicas cu6les. 
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TABL E 97 (cont.) 

Recibe boletines informativos 	 De ccsas c%)merciales 

de instituciones 

Cuantas visitas de t~cnicos rec;li) durante Ic er'..dcppuscda? de tcnico privcido 

de tecnico de cases comercioles 	 de tecnicos de instituciones 

Tiene su tecnico entreramierto en ecologrc aplicado 	a nivel tecnico 

a nivel post -jrado 

Esfuerzo de ventas de cigroquimicas: 

Cuantas visitas de vendedores de insecticidas recibi6 la temporacd pasada 

Tiene piloto propio 	 le paga sueldo fijo 

Aspectos generales: 

Cosecha por manzana 1975/76 

Edad del planti6 al finalizar la cosecha 

Uso de fertilizante: cireca 

Urea qq/mz rnz 

Sulfato de amonio qq/mz. mz 

Abono completo qq/mz mz 

Fol i,-r qq/nz mz 

Valor del alquiler de Ia tierra en su finca o los alrededores: 

Precipitaciorn Pluvial: por mes en temporada 1975/'6: 

mm Inm mm mm 

mm mm mm mm 

mm mm mm mm 

mm mm mm mm 


